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O01ma XapakTepuCTUKA HA TUCEPTANUOHHUS TPY/A

1. AxrtyajaHoct

B Hacrosimus MOMEHT, KOTaTo MPOMEHUTE U TUTUTAIHATA TpaHC(POpPMaLUs ca HEOOXO0IUMOCT
3a Ou3Heca, 3a Ja OCTaHe KOHKYPEHTHOCIIOCOOEH, KOMIIaHUU, KOMTO HE YCIISIBAT Jia Ce CIIPABST C
IIpoMsiHaTa, PUCKYBAaT Ja OCTAHAT HA 3a/eH IUIaH WIM Jla IPEKpaTsIT CBOETO ChIIECTBYBAHE.
TexHonoruure, pa3BUBAILIM c€ C MO-OBP3U TEMIIOBE OT OOMKHOBEHHU Tele(OHH Ipe3 CEH30pH,
CbOMpaIM JNaHHM M M3MOJI3BAIM C€ MOYTH HABCAKBIEC B €XKEJHEBHETO HH JI0 KOMITIOTPH,
pobotuka, M3KycTBEH MHTENEKT, 00JauHu TeXHOJIOruH, ['onemu naHHu, IHTEepHET Ha Hewara u
JIp. C€ CUMTAT 32 OCHOBATa Ha JUTUTAJIHATa TpaHChopMaLUs B Pa3IudHU cepHu.

JlururanuzanusaTa ¥ AWTHTAIHATa TpaHcopManus o0XBalaT pa3InyHA BUIOBE IPOIECH B
KUBOTA HM, KaTO MPOTrpecUpaT € U3KIOYUTEIHO OBbp3U TEMIIOBE. AJANTHPAHETO HAa HOBU
TEXHOJIOTUM TIlOMara 3a [IOBMILABAaHETO Ha e(UKACHOCTTa M MPOAYKTUBHOCTTA IpPHU
IUTUTAIU3alMsITa Ha pPhUYHUTE Hpolecu. VMa M3KIIOUUTETHO MHOTO IMOJ3U OT JUTHTajHaTa
TpaHchopMalys, HO €IUH OT Hal-BaXKHUTE (GaKTOpU €, ye romara Ha Ou3Heca Jla CTaHe Io-
epeKTHBeH M opraHusupaH. To3u mpoluec WMa MOTEHIMala Ja HalpaBd OPraHU3AIUHUTE I10-
I'bBKaBH, €PEKTUBHH U KIMEHTCKO-OPUEHTHUPAHU.

B nocnenHoTo aeceTniieTHe yrnpaBiIeHUETO HAa €KCIIOHEHLMAIHO HapacTBaIllUTe KOJINYEeCTBa
JAaHHY CTaBa BCE NO-IIPEIU3BUKATENHA 3a1a4a. C pa3BUTHETO HA TEXHOJIOTUNTE, AUTUTAIN3ALMATA
Ha MPOIECUTE U IUTUTAJIHATa TpaHCPopMaIus Ha OM3HECUTE BOJU JI0 TEHEPUPAHETO HA OTPOMHHU
KOJIMYECTBA JaHHHU, KOUTO TpsiOBa Ja ObJAT ChbXpaHSIBaHU, YNPABISIBAaHU U aHAIW3UPAHU, 4Ype3
MOAXOIAIIN METOAU. Pa3BUTHETO HA TEXHOJIOTUUTE U TEHEPUPAHETO HA JaHHUTE MPEICTABIISABAT
II'bPBOHAYaHaTa M Hai-liecHa cThlKa. [Ipenns3BukarencTBara 3amodBaT CbC CHXPAHSBAHETO,
00paboTKaTa, aHAJIM3UPAHETO U U3BJIIMYAHETO HA PE3YITATU OT CbOpaHUTE JAHHHU.

B MuHanoro, koratro € mocTaBeHo Hayajlo Ha pa3BUTHETO HAa MHPOPMAILMOHHUTE TEXHOJIOTUH,
OCHOBHMSAT THI ChOMPaHU JJaHHHU ca OuwiM cTpykTypupanute. C qTUruTanu3aiusaTa Ha Bce oBeyue
U MoBeue OM3HECH U JUTUTAIHO TpaHc(hOopMupaHe, 3all0yHa U TeHepUPaHEeTO Ha Pa3InYHU TUIIOBE
JaHHU — TIOJMYCTPYKTYpHpaHE U HECTPYKTypHpaHU. 3a pa3lidKa OT CTPYKTYpPHUpPaHUTE NaHHH,
JpyTUTE J1Ba TUIIA MPEJCTABIABAT U3KIIOUYUTEIHO TOISIMO MPEIU3BUKATENICTBO 32 ChbXpaHEHUE U
o0paboTka. OOMKHOBEHHTE peNalMOHHM 0a3uW OT JaHHM, H3IMOJI3BAHM 33 CHXPAHEHUETO Ha
CTPYKTypUpaHH JAaHHU HE ca MOAXOISLIH 32 OJIYCTPYKTYPUPAHUTE U HECTPYKTYPUPAHUTE, KOETO

BOAU OO HeO6XOJII/IMOCTTa OT CB3aBAaHCTO W PAa3BUTHCTO HAa HOBU HAYMHU 3a CbXPAHCHUC HaA
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pa3IMYHUTE BUIOBE JaHHU. EJHO OT KIIFOUOBHTE M3UCKBAHUS 33 ChbXpaHeHHeTo Ha ["ojeMu qaHHH
e, 4e TpssOBa Jia ce CIpaBs ¢ OIPOMHHU KOJUYECTBA JIAaHHU, KaTO BH3MOKHOCTHTE 32 ChbXPAaHCHHE
MIPOIBIDKABAT J1a CE YBEIM4YaBar 0e3 J1a ObJ1e IPEeKbCBaH paObOTHUS TPOIIeC.

[Ipe3 mocneauuTe roauHu, (PUHAHCOBHST CEKTOP CE Pa3BUBA U C€ AUTUTAIH3UPA BCE MOBEYE,
KOETO BOJHM JI0 HY’XKJaTa OT MPOMEHH. 3a Ja MOraT ()MHAHCOBUTE MHCTUTYIIMH Jia OTTOBOPSAT Ha
M3MCKBAHUATA, HY)KIUTE M OYaKBAHMATA HA CBOMUTE KIMEHTH € OT M3KJIFOUMTEIIHA BOXKHOCT J1a CE
MPaBAT MPOMEHH U JIa Ce afanTupaT Obp30 KbM Pa3BUBAIIUTE CE TEXHOJOTUU. B JombIHEHHE Ha
TOBa, TO3W THIT WMHCTUTYIUU TPsOBA Ja yHPAaBISBAT M3KIOYUTEIHO TOJIEMU OOEMH OT JaHHU
JIOKaTO MPaBAT MPOMEHH HAa TEXHUTE CUCTEMH, O€3 J1a MPUUMHAT 3aryoara UM WM IpoOJieMH 3a
KIMEHTH ci. OUHAHCOBHUTE YCIIyTW MpEIUTaraHd OT OaHKHW, KPSIUTHH JIPYKECTBA, CUCTOBOIHH
KOMITaHUH, 3aCTPaxOBAaTCIHU TAKWUBA, MHBECTHIIMOHHU (OHIIOBE, CTOKOBH OOpPCH H JIPYTH, CE
HYXJasaT oT 0a3u JaHHH, KOUTO JIa MOTaT Jia ce afanTHpaT KbM HYKIUTE 3a aBTOMAaTU3HpaAHE, HA
KOUTO HepenannoHHuTe 0a3u morar ga otroBopsar. NOSQL 6a3zute Morar jga ce cripaBsT CbhC
ChXpaHEHHETO U 00padoTKaTa Ha TOJEMH KOJIMYECTBA OT JaHHHU, ChC CBOSTA CKAIMPYEMOCT U
MIPEIOCTABSIHETO Ha MO-100pa MPOU3BOIUTEIHOCT IIPH 00paboTKaTa Ha JTaHHHU.

1. OGekT, ueau u 321a4M HA JUCEPTALMOHHUS TPy

O0eKkT Ha HacTosIIaTa JUCEpTalus ca OM3HEC PePEepPEHTHUTE apXUTEKTYpH HACOYCHU KbM
nsnon3BaneTo Ha HepenaroHHn (NOSQL) 6a3u oT maHHM CBBP3aHU ChC CHUCTEMH 3a I onemu
JTAaHHW HaCOYEHU KbM ()MHAHCOBHTE yCITyTH.

Henara Ha AucepTallMOHHUS TPYH € MPOEKTUPAHETO Ha Ou3Hec pedepeHTHa apXUTEKTypa
HacoueHa KbM u3nonBaHeTo Ha NOSQL 6a3u oT JaHHU CBBpP3aHU ChC CHCTeMU 3a ['onemMu 1aHHH,
KOSTO Ja ObJIe PHUIIO’KEHA U TECTBAHA C JIAHHU 32 KOHKPETHA (PMHAHCOBA yCIIyTa U JeUHUPAHETO
Ha MeTo/I 3a oreHKa 1 n30op Ha NOSQL 6a3u ot manHM 32 GUHAHCOBU YCITYTH.

IIpenmer Ha TucepTallMOHHUS TPY € IPOEKTUPaHE Ha peepeHTHA apXUTEKTypa 3a u300p Ha
NoSQL 6a3u oT JaHHU CBBP3aHU ChC CUCTEMH 3a ['olleMu NaHHU, HACOYEHU KbM (PUHAHCOBU
YCIIYTH ¥ METOBT 32 U300p W OIlIEHKA Ha HepeIallMOHHUTE 0a3n OT JaHHH 32 (DMHAHCOBH YCITYTH.

N3caenoBaTelICKUSIT BBOPOC TIOCTAaBEH B HACTOSIIHS JUCEpTAllMOHEH Tpyn e ,,Kak ce
ch37aBa OusHec pehepeHTHA apXUTEKTypa HacoueHa KbM u3non3BaneTo Ha NOSQL 6a3u oT manHu
CBBp3aHM ChC cucTeMu 3a ['onemu nanHu B chepaTa Ha PUHAHCOBUTE YCIYTH, MO KAKHB HAYUH
MOJKE JIa Ce MOYYH KOJMYECTBEHA OIEHKA, Ype3 KOSITO Jia u30epeM TOIX0 11 HepeaaioHHa

0a3a oT maHHHM 3a pepepeHTHaTa apXUTeKTYypa?



33113'—11/1, KOHMTO CC€ M3IBJIHABAT B IIPOLE€CAa Ha pCajin3aliiia Ha MoCTaB€HaTa 1EJI Ha HACTOAIIUA

JTUCEPTAIIMOHEH TPY/I Ca CIICTHUTE:

N3caenane n anau3 Ha pepepeHTHA ApXUTEKTYPa 3a (PMHAHCOBH YCJIYTIH.

v

O030p ¥ aHanmM3 Ha aKTyaHUTE NpPOOJIEeMH, CBBP3aHU ChC CHXPAHCHHETO Ha
pa3nuyHuTe BHIOBE ['OleMH MaHHM U peQepeHTHH apXUTEKTYpH, CBBP3aHU C
M3II0JI3BAHETO HA HEPEJallMOHHM 0a3u OT JJaHHM HAaCOYCHM KbM (PMHAHCOBUTE

YCIIyTH.

Jepunupane Ha kpurepun 3a u3dop Ha NOSQL 6a3a or 1aHHU CBBpP3aHHU CbC

cucremu 3a I'otemn JAHHHU HACOYCHHU KBbM HU3II0JI3BAHETO HA (l)I/IHaHCOBI(I yciayru

v

JlepuHMpaHe Ha MOXO0/ 32 KOJIMYSCTBEHA OIIEHKA 3a H300p Ha HepellallnoHHa 06a3a
OT 1aHHU B c(hepaTa Ha (PUHAHCOBUTE YCIYTH.

N360p Ha xputepun 3a omenka Ha NoSQL 6a3u B chepara Ha (huHaAHCOBUTE
YCIIYTH.

[IpoekTrpaHe Ha KOHLIENITYaJICH, JJOTMYECKH U (hU3ndecKn Mozen Ha pedepeHTHa

apxuTeKTypa 3a puHaHcoBH yciryru ¢ NoSQL 6a3u ot qanam

Pa3paGorka Ha MHCTpPyMeHT 3a oueHka u u3oop Ha NOSQL 6a3u ot nanum,

CBbpP3aHHU CbC CUCTEMHU 3a T'ojemMH JaHHM HACOYEHH KBbM (l)I/IHaHCOBI/I Yciayru 3a

M3MOJI3BAHETO 1 B pe)epeHTHATA APXUTEKTYpa

v

v

ITpoexTHpaHe Ha HHCTPYMEHT 3a OLIEHKA U M300p Ha HepeslalMoHHa 6a3a OT JaHHU
CBBp3aHM ChC CUCTEMH 3a ['onemu JaHHU Haco4YeHa KbM (DMHAHCOBH YCIIYTH.

WuctpymenT 3a n36o0p u onenka Ha NOSQL 6a3u oT naHHM 32 PUHAHCOBH yCITYTH.

IIpakTHYecko NpPHIIOKEHHE HAa METOAa 3a MNpPOeKTHPaHe Ha pedepeHTHH

apXMTEKTYpPH 32 PUHAHCOBM YCJIYTH

v

v
v

Cp3naBaHe Ha eKCIIEpUMEHTAJIeH IPOTOTHUII Ha pehepeHTHA apXUTEKTypa CBbp3aHa
cbe cucrema 3a ['oreMu JaHHU HaCOYeHH KbM (DMHAHCOBH YCITyTH
[IpakTHdecko mpuiIoKeHNe Ha eKCIIEpUMEHTAIHUS TPOTOTHUII

OHCHKa Ha PE3YyJITaTUTC OT NPAKTUICCKOTO ITPHUIIOKCHUE

2. PabdoTHU XMIIOTEe3H HA TUCEPTALMOHHUSA TPY/

Xunoresa 1:

Bb3moxkHO € na ce ch3gane pedepeHTHa apXUTEKTypa, NMPUIIOKHUMa 3a ChXPaHEHUE,

o0paboTka u paboTta ¢ ['onemu JaHHU CBBbpP3aHU ¢ (PUHAHCOBU YCIIyTH.
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Xumnoresa 2:
BB3MOXHO € 5a ce Jane KOJIMYeCTBEHA OIEHKA 3a pepepeHTHA apXUTEKTypa, KaTo ce
Ch3/1aJic METOJ 3a OIICHKA, KAKTO U MHCTPYMEHT 32 aBTOMAaTU3HPAHETO U NpUJIaraHe.
Xunoresa 3:
BB3MokHO € 51a ce mocTurHe e(h)eKTUBHA UHTETPallvsl Ha KOMIIOHEHTUTE Ha pedepeHTHATa
apxutekTypa 3a ¢punanconu yciyru ¢ NOSQL Ga3u ot nannu 3a pabora ¢ ['onemu naHHu.
3. IlpuHocH Ha AMCEPTANMOHHHUS TPY]
Hayunu
e Cn3mazieH € MeTOA 3a KonmuecTBeHa oreHka Ha NoSQL 06asu manHHM 3a
BHE/IpsiBaHE HA U(POBU HPUHAHCOBH YCIIyTH
e @dopmynHpaHe HA UHIUKATOPH U U3MepuTenu 3a n36op Ha NoSQL 6a3u oT nanHu
3a (PMHAHCOBU YCIIyTH
e [IpoekTHpaHe HAa KOHIICTITYaJICH, JJOTMYECKH U (PU3HUYECKU MOeT Ha pedepeHTHA
apxuTeKTypa 3a ¢puHaHcoBu yciryru ¢ NoSQL 6a3u ot jaHHH
Hay4Ho-npHI0KHH
e [IpuHnunu 3a npoeKTHpaHe U Ch3J]aBaHe Ha MHCTPYMEHT 3a n300p Ha NoSQL 6azu
OT JIaHHU 3a (MHAHCOBHU YCIIyTH
e CTpyKTypHa U UHTErpalioHHa TpaHcpopmalnusi Ha OuszHec pedepeHTHa
apXUTEKTypa KbM JeTailjiHa apXuTeKTypa 3a usnos3BaHe Ha NoSQL 6a3u ot

JTaHHA

4. O0eM M CTPYKTYpPa HA JUCEPTALMOHHHS TPY]

JlcepTallMOHHUAT TPYJ CE CbCTOM OT BbBEJICHUE, YETUPH TJIaBH, 3aKIIOUCHHE, TIPUHOCH,
myOJuKaluy, JUTEpaTypa, NPUIOKEHHUS, CIIUCHK C (QUIYPH, COUCHK C TaOIMIM, COUCHK C
rpaduku U npunoxeHus. Toil e B obuy obem ot 122 crpanuuu (110 crpanunm 6e3
NpUIIOKEHUATA). M3non3BaHuTe U3TOUHUIM ca 85 Opos, oT Tax | Ha ObArapcku e3uk, 84 Ha
AHTJIMICKY e3UK U 73 MHTepHeT ajpeca. B uznoxkenuero npucsersar 45 ¢urypu, 5 tabnunu
u 1 rpaduxka.

BbBegeHueTo ImpejcTaBs akTyaJdHOCTTa, OOeKkTa, IenuTe, 3ajauute U pabOTHUTE
XUIIOTE3H Ha MpoOJeMHUTE pasriief]laHu B JUCepTalMOHHUA TpyA. PopmyiupaHu ca Tpu
XUIOTE3U, a KaTo HEroBa IeJl € IOCTaBeHO ,,IIPOCKTUPAHETO Ha Ou3Hec pedepeHTHa
apXUTEKTypa Haco4YeHa KbM m3moi3BaneTo Ha NOSQL 6a3u oT 1aHHU CBBP3aHHU ChC CUCTEMH
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3a ['oneMu naHHM, KOSITO @ ObJie MPUIIOKEHA U TECTBaHA C JaHHU 33 KOHKpeTHa (hMHAHCOBa
yciyra v 1euHIpaHEeTo Ha MeTO/1 3a orieHKa 1 n30op Ha NOSQL 6a3u ot nanam 3a pruHAHCOBH
yCIyTru.

IIspBa riaBa e ¢ o030peH xapaktep. B Hes ce BBBEXKIAT OCHOBHUTE MOHITHS U
neUHUINK U3MOJI3BaHK B JAMCEpTalMOHHMS Tpyd. HampaBeH e kpaTbk aHanu3 na Hadoop,
HEroBUTE OCHOBHHU NPEUMYIIECTBA M HeAOCTaThlU. Pasrienanu ca TUMOBETE JaHHU, KAKTO
BugoBere NOSQL 6a3u oT qaHHM ¥ € HampaBeH aHaIU3 Ha PeEPEHTHUTE APXUTCKTYPHU KaTo
5710 ¥ € KOHKPETU3UPAHO B BUJIOBETE TaKWBa 32 (MHAHCOBU yCITyTH.

Bropa raaBa npexncraBs meton 3a omneHka u n30op Ha NOSQL 6asu ot jmaHHu 3a
¢bunancosu yciyru. Toit e 6a3upan BbpXy aHaIU3 Ha JTUTEPATypHU M3TOYHUIIM, KAKTO U Ha
MPAKTUYECKH PEaTU3UpaHu pemeHus. V3BeneHn ca KPUTEpUU U € HalpaBeHa EKCIepTHa
OIICHKAa 3a OCBINECTBSIBAaHETO Ha u300pa. IIpoekTmpaH € KOHIENTyaleH, JOTHYCCKH H
¢busnuecku Mozien Ha peepeHTHA apXUTEKTypa 3a GUHAHCOBH yCIIyTU

B Tpera rinaBa e npoexTHpaH U Ch3aJIeH HHCTPYMEHT 32 olleHka u n36op Ha NOSQL 6azu
OT JIaHHU 32 (DMHAHCOBH yCITyTH, 0a3upaH BbPXY METO/1a 3a OIICHKA U M300p Ha HEepEJIallMOHHH
0a3u oT maHHU ch3aazaeH B ['asa ll.

YeTBBPTA IJ1aBa [IPEICTABIABA EKCIIEPUMEHTAIHATA YacT Ha AUCEPTAIIMOHHUS TPY.
Pasrnexxna mpakTrueckara mprIOKUMOCT Ha METo/1a 3a otleHka u u36op Ha NoSQL, kakto u
peasm3upanus (GU3NISCKH MOJIENI Ha MpOCKTHpaHaTa pedepeHTHA apXHTEKTypa, KOHTO €
TECTBaH C (PMHAHCOBU JaHHH.

B 3akir0o4enneTo ce 0600111aBa, 4ye KaTo pe3yirar oT pa3paboTkuTe, popMynupaHuTe
XHUIOTE3U ca JOKa3aHW, KaTo Ce u3pa3sBa HaMEPEeHHE Ja C€ MPOJBIDKAT M3CIEIBAHUITA U
pa3paboTkuTe B 00JIaCTTa Ha HEPENAMOHHHUTE 0a3u OT JaHHU, KaKTO Pa3BUTHETO Ha
WHCTpYMEHTa 3a oneHka u n30op Ha NOSQL 06a3m oT maHHHW, KakTO M MPOABIDKAaBaHE Ha

IMpaKTUYCCKaTa pa60Ta 110 peajin3nupaHara Ou3Hec petbepeHTHa APXUTCKTYpaA.



KpaTko u3jioxkeHue Ha IMCEPTALMOHHUA TPY/

1. BbBenenue

BbBeneHueTo rnpeicTaBs akTyaTHOCTTa, 00CKTa, IEIUTE, 33JaunTe U paOOTHUTE XUITOTE3U HA
npoOJieMHUTE pas3riielaHd B JUCEPTAMOHHMS TpyH. DopMynupaHu ca TpH XUIIOTE3H, a KaTo
HEToBa IIeJ1 € TIOCTaBEeHO ,,[IPOCKTHPAHETO Ha OM3HEeC pe)epeHTHA apXUTEKTypa HAacoueHa KbM
usnon3BaneTo Ha NOSQL 6a3u oT JaHHM CBBpP3aHH ChC cHCTeMH 3a ['oemMu JaHHM, KOSTO J1a Obae
MIPUJIOXKCHA U TECTBAaHA C JaHHU 3a KOHKpeTHa (PMHAHCOBA yciyra U Ae(UHUPAHETO HA METOJ 3a

orieHka 1 n36op Ha NOSQL 6a3u ot qaHHu 32 PUHAHCOBH yCIyTH.

1. I'naBa I. AHaiu3 Ha (UHAHCOBH YCJIYIM M reHepupaHuTe oT TAX [osemu AaHHM.

Bb3moxxnocTH 3a u3noj3Bane Ha NoSQL 6a3u oT 1aHHU

DuHAHCOBH YCJIYIH — 1e(UHULNSA U BUJOBE

DUHAHCOBUTE YCIYTd ca UKOHOMUYECKHU YCIYTH, KOUTO Ca IPEIOCTaBsIHU OT (pMHAHCOBATa
WHAYCTPHS, KOATO 00XBalla MUPOK KPBI OT OM3HECH, 3aHMMABAIlld C€ C YNpaBIICHHE HA MapH
BKJIFOYMTEIHO KPEIUTHU CbhIO3M, OaHKH, KOMIIAHMU 3a KPEIUTHHU KapTH, 3acCTpaxoBaTEIHU
KOMIIAaHWHM, CYETOBOJHHU KOMIIAHMM, HOTPEOUTEICKO (UHAHCHpaHe, OOpCOBH IOCPEIHUIM,
WHBECTHIIMOHHU (DOHI0BE, MPABUTEIICTBEHO CIIOHCOPHPaHU npennpustus. [1]

OUHAHCOBUTE YCIYI'M c€ JAENAT Ha OaHKOBU, OOMEHHM, MHBECTHIIMOHHH, OCUTYPUTEIHH,
(uHAHCOB U3HOC U IpyTU (PUHAHCOBHU yCcIayrH. Besika eHa OT Te3u OCHOBHU (DMHAHCOBH YCIYTH
Ce paszelid Ha OLIe MOLyCIIyTH.

v BaHKWUTe - JaHHHUTE 33 aHAJIN3 B GAHKOBHSI CEKTOP MIBAT OT Pa3IMYHU H3TOTHHIIH:
JUYHaTa UH(pOpMalMs Ha KIMEHTHUTE, JIeTalInTe Ha aKkayHTUTE, TPaH3aKIUH Ha
KJIMEHTH, KIMEHTCKH OIUIAKBAaHUS U 00CIy>KBaHe, HH(OPMAIIMOHHUTE CTPAHUIIU B
COLIMAJTHUTE MPEXKH, HACTPOEHUS Ha Ia3apa, NpeCTaBsiHE Ha NMpoayKTH u ap. C
nomouITa Ha ['oreMuTe AaHHM OaHKUTE MOTraT Ja MPEOJIOJIEAT TojieMu OHU3HEC
MPEAN3BUKATEICTBA, KATO JOXOJHOCT M MpEIACTaBsHE 4pe3 aHanu3 Ha [‘omemnu
JaHHU, KaToO CBIIO MoMara Ha OaHKHUTE Ja HaMalAT PUCKA M Pa3XOJIUTE IpU
npuaoOMBaHEe Ha KIMEHTH, NPEABWXKAaHE Ha pPUCKA NPU 3a€MU M HIOTEKU.
[TorenunanuusaT aHanu3 Ha ['onleMu 1aHHU B OaHKOBaTa MHAYCTpHsI OM JOBEN 110
MPEeIOTBPATABAHETO HA HW3MaMH, WJAECHTHU(PHUIMpPAHETO M Npua0oOMBaHETO Ha

KIIMCHTH, 3aAbpPKAaHCTO Ha KIHUCHTH, HOI[OGpﬂBaHeTO Ha KIHCHTCKOTO
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W3KUBSIBAHE, ONITUMU3UPAHE HA OIEpallvH, MOA00psBaHEe Ha MPOIYKTOB JHM3aiiH,
yBeJIMYaBaHe Ha MPO3PAYHOCTTa, CIIA3BaHE HA PEryJaTOPHU U3UCKBaHHUs. [2]
OO0meHHM ycJayru/B 4y:kOmHa/ ce mpeayiaraT OT OaHKU W CIICUMATHU BalyTHU
opokepu. UyxnecTpaHHUTE OOMEHHH YCIyTH T€HEPUPAT HU3KIIIOYMTEIHO T'OJIEMHU
00eMH OT JaHHU — CTPYKTYypUPaHH, MOIYCTPYKTYpPUPAHU U HECTPYKTYpUPAHHU,
KaTo nHpopMaIuATa, KOSTO OCTaBa CKpUTa BhTpe OM Moria Ja Oble mosie3Ha 3a
yYaCTHHUIIUTE Ha ma3apa. [3]

MHBeCTHIMOHHM YCJIYrH ca IIHPOK KPbI OT AaKTUBHOCTH CBBP3aHH C
WHBECTULIMATA B pa3jiMyHU (PUHAHCOBM MHCTPYMEHTH. 3a Ja ce€ HaMajlW pHUCKa
CBBbp3aH C MHBECTUIUMTE, MHBECTUTOPHUTE W3IOJ3BAT PA3JIMYHU TEXHOJOTHYHU
petieHust 0a3upaHu BbpXy ['olleMu JaHHHM, 3a Ja MOTaT Ja B3eMaT MPaBUIHUTE
petieHust. M3mos3Baiky TO3W THIT HHCTPYMEHTH, MOTAT J1a B3UMaT HH(GOPMUPaHU
WHBECTULIMOHHU pEIICHUs, 4Ype3 ChOMpPAHETO Ha JOCThIIHA WH(pOpMAIIHS,
UACHTU(DUIIMPAHETO HA TEHACHIIMUTE B MHIYCTPUATA U MPABUIHOTO YIIPABICHUE
Ha aktuBuTe. OCBEH CTaHAapTHA CTPYKTypupaHa uHboOpMalus, pU
MHBECTHIIMOHHUTE YCIYIH MOXE JIECHO Jia ce chhepaT ayauo (aitioBe, KOUTO ca
HECTPYKTYPUPAHU JaHHHW. TO3M THII JaHHU MOTaT Ja MOMOTHAT 3a Mo-0Bbp30TO
Ch3/IaBaHE HA OTUETH, KAKTO W 3a W3BIMYAHETO HA Hali-BakKHATA WH(pOpMAIIHS 32
3auHTepecoBanuTe una. [4] [5]

3acTpaxoBaTeJIHM YCJIYIH TIPEJICTABISBAT JOTOBOpP, MPEICTaBEH OT IMOJIHIIA,
MEXJy JIBe CTPaHU, B KOWTO MPUTESKATEIAT Ha TOJMIA MOJydaBa (puHAHCOBA
3alUTa WK Bb3CTAHOBSIBAHE CPEILy 3ary0H OT 3acTpaxoBaTelIHATa KOMITaHUs. 3a
M3KIFOUUTEITHO MPOABDKUTEINICH MEPUO]T OT BpEMe, 3aCTPaXOBATEIHUTE YCIYTH CE
0asupar BbpXy TPAIUIIMOHHUTE OM3HEC MOJIEIH, HO ChC CITydYBaIllaTa ce JUruTaIHa
TpaHchopMaIys ¥ Pa3BUTHE HA TEXHOJOTHHUTE, MHIYCTPHTA 3aIlI0YHA JIa U30JI3BA
MPOTPECUBHU TEXHOJIOTHM M JIUTHTAIHUA IIaTGOPMHU, KOWTO TO3BOJISBAT Ha
3aCTPaxOBaTEHUTE KOMITAHUHM J1a TIPOCIIEASIBAT, H3MEPBAT U KOHTPOJIUPAT PHUCKA.
KommanuuTe 3a 3acTpaxoBaHe Ha IMbTYBaHHS, 3JpPaBHH 3aCTPAXOBKH W JIPYTH,
pa3uMTaT Ha CTaTUCTHKAaTa, 3a Jia CErMEHTHpAaT J00pe CBOWUTE KIIMEHTH.
CraTucTuKa 3a WHIMICHTH, MH(QOpMAIUS 3a 3aCTpaXOBaHHUTE, KAKTO W JaHHU

cbOpaHM OT TPETH CTpaHHW, MOMaraT 3a IPyNUPAHETO Ha XopaTa B Pa3IM4yHU
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PUCKOBH KaTETOPHH, 3a MPEIOTBPATSABAHETO Ha M3MaMH M ONTHMHU3HPAHETO Ha
paszxoau. CbOpaHHuTe CTPYKTYypHPAHHU, MOJTYCTPYKTYPHPAHH U HECTPYKTYPUPAHU
JaHHU MOTarT Ja Ce U3II0J3BAT U aHAIU3HUPAT 32 LIEHOBOTO 0(OpMIICHHE, PEITHHTA,
MmapkeTuHra u ap. [6] [7]

v (DUHAHCOBHAT H3HOC ¢ HMHAHCOBA yCIIyra MPEJOCTaBeHa OT MECTHA (pUpMa KbM
qy)KCCTPAHHA TaKaBa WA WHUBU]L.

v Jlpyru punancosu ycayru [8] [9]

duHaHCOBaTa WHIYCTPUS W3I0J3Ba IOBEYEC CHCTEMH C pEJIallMOHHM Oa3W JaHHH,
HACTBIIBAIIIATA JUTUTAIU3AIMS ¥ JUTHTATHA TpaHCcHOopMAIKsl TH PUHYXKIaBa 1a TpaHchopMupar
cBosATa paboTa, 3a Ja IMOCPEIIHAT HYXIUT€ HAa CBOMTE KJIMEHTH. [loBe4eTo KOMIIaHWHM BBHB
¢uHaHCOBaTa MHAYCTPHS ChXpaHsBaTr [ oleMu JaHHU 1 B MOMEHTA, HO HE 3HAST KaK J1a U3BJIeKaT
TEXHHUs TIOTSHIIMAN, ThI KaTO UMa MOJYCTPYKTYPHUPAaHH U HECTPYKTypUpPaHU TakuBa. Ha mbpBO
MSICTO OpTaHU3alMUTE TPsIOBa Ja pa3depaT CTOMHOCTTAa HAa ChOPAHUTE TaHHU M KaKBO O3HAYaBaT
Te 3a KIMeHTUTE W OusHec mpouecurte. [lopaau dakra, e HacnencrtBenure cuctemu (legacy
Systems) He Morar Jja moAAbpKaT NOJyCTPYKTYPUPAaHU U HECTPYKTYPHUPAHU JaHHU, TpAOBa 1a ce
TBPCAT HOBU PEIICHUS Ha TO3W mpoOsieM. ['ojremure naHHM BBB (huHaHCOBaTa cdepa mpes
MOCJIEAHUTE TOJMHU JOBEIOXa N0 TOJeMH HWHOBAIlMM B TEXHOJOTMUTE, KaTO IO3BOJISABAT
Cb3/IaBaHETO Ha yNOOHW, MEPCOHATM3UPAHU M CUTYPHU pelieHus. Thpropusita Ha akUuH U
o0JWTanuy, MHBECTUIINHY, 3aCHYAHETO W MPEJOTBPATSABAHETO HAa M3MAMHU M aHAJHM3 Ha pPHCKa ca
caMo 4acT oT (PMHAHCOBUTE YCIIYTH, KOMTO ce Bb3moa3Bar ot ['onemute nanuu. [10]

B munanoro I'onemure naHHM He Osixa MPUCHIH 32 PUHAHCOBUTE HHCTUTYLIUH, KaTO 110 Ta31
MPUYMHA € HeOOXOAMM JIBJIBT MPOLIEC Ha MPOMSHA, KOMTO U3UCKBA KAKTO TEXHOJOTHYHA, TaKa H
noBeJieHUecka npoMsiHa. Hammuwero Ha ['onemMu AaHHU, B YAaCTHOCT IONYCTPYKTYPUPAHU H
HECTPYKTYPUPaHH, BOAM [0 HEOOXOTUMOCTTAa 3a HAMHUPAHETO Ha TOAXOMSI] HAyWH 3a
ChbXpaHeHHe, KbjaeTo ce HamecBat Hepenannonaute (NOSQL) 6a3u ot nannwu. [10]

HepenanmonHauTe 6a3u OT TaHHM MpeIaraT He caMo I'bBKaBOCT 3a MPUJIOKEHHUATA, KOUTO ca
pa3paboTeHH BBEPXY TAX, HO M MalladUpyeMOCT Ha HUCKA IIeHa, HEIO0, KOETO € HEBB3MOXKHO MPH
penanroHHuTe 6a3u oT JaHHU. HeoOxoaumocTTa 3a 00paboTKaTa U aHAJU3 B PEATHO BpeMe 3a

ABTCHTUKAI U, aBTOpU3ALUA, 3aCHYaHC Ha OITUTH 34 U3MaMa BOAW N0 HYXKJaTa OT NOSQL Oazwure.
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v Tlomo0peHo nmpexoTBpaTsiBaHe HA H3MAMH W MOHMTOPHHI HA NPECTHIICHHS
BbB (uHaHcoBaTa cdepa. ToBa € egHO OT HaAW-TOJIEMUTE MPEAMMCTBA HaA
HEepeTalMOHHUTE 0a3u OT JaHHH C aHaJIM3a, KOWTO MOXeE J]a C€ U3BBPIIN B PEaTHO
BpEME U € OT U3KIIFOUUTEIHA BaXKHOCT 32 (PUHAHCOBUTE yCIYTH — OaHKH, KPEIUTHU
u 1eOutHu KapTH. Bcuuku Te3uM HMHCTUTYHMH pabOTAT C HM3KIIOYUTEIHO
YyBCTBUTEIHA MHGOPMAIUs, KOSTO € OT U3KIIOUUTEIHA BAXKHOCT 3a pa30upaHeTo
U yIOBIIETBOPSIBAHETO Ha KiIMEHTHTE. 3mMamuTe BBB (PUHAHCOBUTE YCIyTH ce
yBEJIMYABaT, KOETO MOXE Jla C€ NPENOTBpaTH, Upe3 aHallu3, aHAIM3UpaHE Ha
aHoOMaJnM, KiacuduKalus U KIbCTEpUpaHe, KOETO MOXKE Jla Ce pealu3upa ¢
HepeTaluoOHHUTE 6a3u OT JaHHH. . [12]

v JldruTanHa aBTOpU3anus B peanno Bpeme. OT M3KIIOYHMTENIHA BaXKHOCT 3a
(UHAHCOBUTE YCIIyTH, 32 a MOXeE Ja € CUTYPHO, Y€ HsIMa JIa ce CIIyYd U3MaMa 1 3a
peasiHaTta uAeHTU(UKAIMS HAa XopaTa, ¢ KOUTo ce KomyHukupa. NoSQL 6azute ot
JAaHHM MMAaT TaKhBa BB3MOXKHOCTU TMOPaJM HamalieHaTa JIATEHTHOCT Ha YeTeHe,
KaTO aBTOpPHU3AIMATA MOXKE Ja CE CIIyuH rmouTH Beanara. [11][12]

v' Iepconaiausupanu odepru. 3a KIMEHTUTE € BAXKHO Ja II0JydaBar
MepCOHANU3UPAaHU O(pepTH, KOUTO J]a OTTOBAPST HA TEXHUTE HYXU. ToBa HE € 1o-
pa3IMYHO BHB (PUHAHCOBUTE YCIYI'M — OCUTYPHUTENHHU MOJHIM Oa3upaHu Ha
MIEPCOHAIHUSI PUCK, JINXBEHH MPOIIEHTH Ha 0a3a rmoracsBaHe U KarnauuTeT U JIp. 3a
pealn3upaHeTo U NPECTaBIHETO HA MEPCOHATM3UPAHUTE 0EePTH Ha KIMEHTUTE €
HeoOXoauMo Ja ce cbOepe HMH(oOpManus — MOBEIEHHE, AaHTaKUPAHOCT B
COLIMAJTHUTE MEIUHU, OMCKBUTKU, OHJIAWH Ma3zapyBaHE U JIp., KATO BCUYKU JaHHH
UABaT OT pa3dM4YHM M3TOYHHUIM, KaTo 3a Ta3u LeJd Ha IOMOII UABaT
Hepenanuonaute 6a3u ot ganan. NOSQL 6a3uTe momarat 3a O6p3 aHAIH3 B pEATHO
BpeMe, 3a Jla MOKe KJIMEHTUTE Ja ObJaT CHaOJeHM C MOAXOJAIIU MEePCOHAIHU
oeptu. [12] [13]

v' Oka3BaHe Ha chbjelicTBMe NpeaH TbPropusi. IIpoyuBaHmsATa COYAT, uYE
nH(popmanuaTa cr0paHa OT pa3IMYHU M3TOUYHMIIM, KAaTO JTAaHHUTE MoraT Aa ObaaT
KaKTO CTPYKTYPUPAHH, TaKa U TIOTYCTPYKTYPHPAHU U HECTPYKTYPHUPAHH, a I10 TO3U
HAYMH MOXKE J1a Ce HalpaBH OIEHKa Ha pHCKa U MOTraT Ja ObJaT B3€TH pelleHUs

CBBP3aHHU ChC 3aKyIyBaHETO Ha JaJieH npoayKT. [11]
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v IleneBu mapkerunr. ChoupanaTa nHGOpPMALUs U JaHHU 32 ThPCEHE, KYIYBaHE,
npejjaraHe € HeoOXoauMa 3a M3BBPIIBAHETO HA aHAJIM3 B PEAHO BpeMe U Ja
NPEAJIOKH Ha KIMCHTHTE NPAaBUIIHUTE peKiIaMu. LIeJIeBUAT MapKETHHT ChILO € OT
M3KJIFOUUTEIHAa BA)XKHOCT, KOTaTO CTaBa JIyMa 3a (MHAHCOBH YCIYTH, 3aIllOTO
KOTaTO JIAHHHUTE Cca aHAIM3UPAHU MPABUIHO, TOBA JaBa HA KOMITAHMHUTE 3HAHUS 3a
HYXIUTE, M3MCKBAaHUSITA M OYAKBAHUATA HAa KJIMEHTHTE, W ONpEAeIs KOH e
nepGeKTHUST MPOMYKT 3a Mpe/ularaHe, KONTO B MOCIEACTBUE Jla IpEpacHe B
nponaxoa. [11] [13]

TojieMH TaHHH — XapAKTEPUCTHKH U BHI0BE

lNonemu mannum (Big Data) e TepMHHBT, KOHTO ONUCBA JAHHUTE, KOUTO Ca TOJIKOBA TOJIEMH H
CIIOXHH, Y€ € TPYJHO WM B HSIKOU CIIydyad HEBB3MOKHO Ja ce 00paboTBaT ¢ MOMOIITA Ha
TpaauuuonHu MeToau. ChOMpaHeTO Ha TaKWBa OrPOMHHM KOJMYECTBA JaHHH € IOJIC3HO 3a
M3BBPIIBAHE Ha IMO-A00pPH M MO-IIMPOKH aHAIM3M Ha JaJCHU MPOOJEMHU, KOUTO Ca BaXKHU 3a
kommnanuute. [14] TonemMuTe NaHHM ca TakWBa TOJeMH OOEMH, KOUTO HE MOrar jaa ObaaT
00paboTeHH OT TPAJAMIMOHHUTE METOIHU, KaTo peNaluoHHUTe 0a3u oT naHHU. OCHOBHHTE
XapaKTEPUCTHKH, C KOUTO Te pasmnoJjaratr ca nmerre V [15] [16]:

v' Pa3znoo6pasue (Variety) or JaHHHM ¥ M3TOYHMIK, OT KOUTO OMBaT chLOupanu. B
JHEIIHO BPEME U3TOYHHUIMTE, OT KOUTO MOTaT Ja Ce ChOMpAT JJaHHU ca MMEHIH,
n3oopaxenus, [11dD daiinose, ayauo dainose, BUAEO U Ap., KATO JAHHUTE MOTAT
1a ObJIaT CTPYKTYPHUPAHH, TIOJTYCTPYKTYPUPAHHU H HECTPYKTYPUPAHH B 3aBUCUMOCT
OT M3TOYHHKA, OT KOWTO H/IBAT.

v' O6em (Volume) - M3KIFOUMTETHO TOJEMU KOJIMYECTBA, 3AI0TO BCHYKH CUCTEMH,
YCTPOICTBA, COIIMATHU MPEXKH U MPOIIECH TeHEPHPAT IJAHHU B TOJIEMH KOJIMUECTBA,
HE CaMO €XETHEBHH, €)KeYacHO, HO U BCSIKa CEKyH/Ia.

v" Cxopoct (Velocity) - renepupanero Ha ['onemu JaHHH Ce CIyYBa C ToOJsIMa
ckopoct. Ta3um xapaktepucTuka aedUHUPAa CKOPOCTTA, C KOSATO JaHHHUTE Ce
reHepupar B peajiHoO BpeMe U CKOPOCTTa, C KOATO ce 00paboTBar.

v" Croiinoct (Value) - nanuure TpsiOGBa na ObJAaT BaXKHU W LEHHHW. 3a Jga ObJaar
CchOMpaHu, ChbXpaHsIBaHH, 00pAOOTBAHU W aHATU3UPAHH 10 KOHKPETEH HAYHMH €

BayKHO Ja ObJaT MOJE3HH 3a OM3HECA.
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v' JlocrosepHoct (Veracity) - nannure Tps6Ba qa ObJAT TOUHH M HAJEKIHH, KATO

TOBa MOXKC Ja 6’[:,[[6 JOKa3aHO C U3TOYHHUKA HAa JaHHHTC.

B 3aBUCHMOCT OT U3TOYHHULIUTE, OT KOUTO CE€ ChOMpAT JAHHUTE UMa 3 THIA — CTPYKTYpUpPaHH,

MOJIyCTPYKTYpPHUPAHHU U HeCTpyKTypupanu — Tabmuma 1. [17] [18] [19]

Bunose nanau

Ornucanue

ITpumepnu

[Ipenedunupan TabauyueH Mojied, C

CYETOBOJIHU TPAH3aKINH, ICTAUIN
3a ajpecH, neMorpadcka
uHdopMaIus, OlleHKa OT KIIMCHTH,

TBPCEHETO, YIIPABICHUETO U aHAIN3a
Ha HECTPYKTYpHUPAHU JaHHU €
U3KIIFOYUTETHO TPYIEH.

CrpyKTypHupaHu BPB3KHU MEXAY PEIOBETE U JIOKalMK OT pa3iuyHu
KOJIOHUTE. yCTpOiCTBa, HHGOpMAaLUs
cbOUpaHa OT CEH30pU U YMHU
YCTpOKMCTBA.
To3u Tvn nanHu uMa peuHUpaHu
IIOCTOSIHHU XapaKTEPUCTUKU, HO
[TosrycTpykTypupanu HsIMa TOYHa CTPYKTYypa, KakTo ce Nwmeiinu
OYaKBa OT pelallMoOHHUTE 0a3u
JaHHHU.
CpxpaHeHueTo B TaOIWYEH BUJ €
HEBB3MOXKHO U HE MOXKE Ja ce
ch3zaje npeneuHUpaH MOJEN. N300pakenus, BUaeo, ayauo,
Hectpyxrypupanu ITopanm nuncara Ha CTpyKTypa [NAD ¢aiinose, chabpkaHue OT

CONUAITHHU MPECIKU

Tabéauna 1 BunoBe 1annn, onucanne U NpuMepu

NoSQL 6a3u ot naHHu — Ae()MHUIUSL, TUTIOBE, XapAKTEPUCTUKH

Nma getupu Tuma NOSQL 6a3u maHHM, KOUTO MOTaT Jla pa3perraBar pa3indHu MpoOIeMu Bb3

OocHOBa Ha HyxauTe Ha kKommanus. NOSQL 6a3ute OT naHHU ca HEpeNalMOHHH 0a3u, KOUTO

HM3M0I3BaT KJIKY-CTOMHOCT 3a CbXPaHCHUCTO, NOCTBIIBAHCTO U HU3BJIMYAHCTO HAa JAHHHW BMECCTO

TPAIUITMOHHUS HAYMH U3IOJI3BaI] TaOJIUIIN ¢ KOJOHH U peaose. Hepenanmonnute 6a3u oT JaHHU

HE CE€ HYXJasAT OT IPeIBapUTEITHO TepUHNpaHa cXeMa, KaTo 10 TO3W HAYMH MOTaT J1a ChXpaHsBaT

pa3nuyHu BujoBe naHHu — Tabmuna 2. [20]
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Bupgose 6a3u Onucanue [Mpumepu

JIOKYMEHTHO-OPHEHTUPAHHUTE 0a3u ChbXPaHSIBAT
nH(popManuaTa B JOKyMeHTH. To3u Tum 6a3u
JIoKyMeHTHO- HMMAaT I'bBKaBa CXeMa, KOSITO IT03BOJIIBA MOJIeNa Ha MongoDB, CouchBase,

OpUEHTHPAHU JTAaHHU J]a Ce pa3BUBA 3a€IHO C MIPUIIOKEHUETO. OrientDB
MMa BB3MOXKHOCT 3a XOPHU30HTAIHA
Mmamabupyemoct. [21]

Kittou-croiiHocT 6a3uTe NaHHU U3I0JI3BAT Hal-
OOMKHOBEHHU KJIFOU-CTOHHOCT METOJIH 32
ChXpaHEeHHE Ha JaHHH. TO3M THIT ChXpaHEHHE €
ONTUMU3UPAH 32 YETCHE U 3aIMCBaHE HA JTaHHHU.
Kitou-croiiHoct 6a3ute umar 100pa
XOpU30HTaIHA Maabupyemoct. [22]

Kirou croiinoct Amazon DynamoDB, Redis

[I1pOKO-KOJIOHHUTE XPAHUIIUINA HA JTaHHH
OpraHu3Mpar JAHHUTE 110 TAKbB HAUWH, Ye
MI03BOJISIBAT MMO-€()EKTHBHOTO ChbXPAHEHHUE U I10-
[I1poKo-KOJIOHHK | OBP30 U3IMBIHEHUE Ha 3asBKH. TO3M TUI Oa3u ce
0asu pa3aessIT IECHO, KOSTO TO3BOJISIBA
pasIpeieieHUETO Ha TOJIEMU CETOBE OT JJaHHH B
MHOKECTBO BB3JIH 32 BUCOKA €(DEKTHBHOCT M
HHUCKa JJaTEeHTHOCT. [23]

HBase, Cassandra

['pad Ga3ute ChbXpaHsABAT BB3JIH U BPB3KU BMECTO
TaOJIMIY WK TOKYMeHTH. [laHHuTE ce o
1 HOKY A Neo4j, OrientDB
CBbXpaHsBAT OTPaHUYEHHE B IpeePUHUPAH
MOJIET MO3BOJISIBAHKH TOJIsIMa ThbBKABOCT. [24]

I'pad 6azm

Tadnauna 2 Bunose 6a3u, nepuHuIns ¥ IpuMepH

C gururanuzanusaTa Ha MPOIECUTE, TEHEPUPAHETO HA OTPOMHHU 00EMH OT Pa3IUYHU THIIOBE
JTAHHU C€ pa3BU U HEOOXOAMMOCTTA OT HEpeIaIMOHHUTE 0a3u OT JaHHU, Thil KaTO PEIallMOHHUTE
TaKuBa HsAMAT HEOOXOAMMHUTE TMapaMeTpu 3a CBHXPAHSIBAHETO HA TMOJYCTPYKTYpUpaHU |
HECTpyKTypupaHu naHHH. OCHOBHHTE XapaKTEPUCTUKH Ha HEpENallMOHHHUTE 0a3u OT JaHHH,
KOUTO 1€ pas3riefaMe ca: CKaJupyeMoCT, T'bBKAaBOCT, JHICA Ha HEOOXOIUMOCT OT
npeaeuHUpaHa cxeMa, pasnpe/esieHa 00paboTka U U3IPHKIUBOCT. [25]

Cucremu 3a I'osiemMu JaHHU — 1e(PMHULINS, IPEUMYIIECTBA, HEAOCTATHIH, APXUTEKTYpPa

Hadoop mno3BossiBa pasmnpezencHa o0paboTKa Ha TOJIEMH CETOBE OT JIaHHH pa3mpe/iciicHH B
MHOYECTBO KITBCTBPH OT KOMITIOTPH, U3IOJI3BalKK IPOCTH ITporpamun moaenu. Apache Hadoop

€ MMPOCKTHUPpAaH, 3a Ja CC€ pasiminupsaBa OT CAMHUYIHHN 10 MHOXKCCTBO CbPBbPHU MallIMHH, KaTO BCAKa
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€/IHa OT TAX Mpeiara JIOKAJIHU U3YUCIICHHS U MSICTO 3a ChXpaHeHue. Peanusupan 1o To031 Ha4YuH,
Hadoop npencrasisiBa peHTaOUIHO PEIIeHHE 3a ChbXpaHeHHEe U 00paboTKa Ha rOJIeMHU KOJINYECTBA
CTPYKTYPHUpPaHHU, MOJYCTPYKTYPUPAHU U HECTPYKTYpUPAHU JaHHU Oe3 M3MCKBaHHUA 3a (opmar.
[26] [27] [IpeumymiecTBaTa Ha Apache Hadoop ca ciennute: 1ieHa, MamadupyeMocT, IbBKaBOCT,
CKOPOCT, YCTOHYMBOCT Ha I'PEIIKH, BUCOKA IPOU3BOIUTEITHOCT M MUHHMAJICH TpapUK B MpEKaTa.
Henocrarsuure na Apache Hadoop ca ciemnure — mpobseM ¢ Manku QaiiioBe, ysS3BUMOCT,
CUT'ypHOCT, TTakeTHa 00paboTKa, 00paboTKa Ha BUCOKO M HHCKA MPOU3BOAUTEIHOCT ¢ 00paboTKa
Ha MaJIK¥ (aiiose.

Apache Hadoop ¢ ¢ Ttomomorms Ha raaBeH - noguuHeH(master-slave) u mo3BossiBa
CBhXpaHEHHETO Ha TOJIEeMH OOEMH OT JIJaHHM B CHUCTEMa OT BB3JH. [IpH TO3M BHI TOMOJOTHS,
paboTara Ha IJIaBHHSI Bb3eI € Ja Pa3lpelielid KOHKPETHA 3a/laua Ha Pa3IMuHK MMOTYMHCHU Bb3JIN
U JIa pa3npeielid PeCypCeuTe, KaTo peaiiHata padoTa U U3YMCIICHUS Ce M3BBPIIBAT OT MOAYMHCHUTE
BB31M. Apxurekrypata Ha Hadoop mo3BosisiBa napanenna o0paboTKa, KOATO M3IOJI3Ba HIKOJIKO
KomroHeHTa: PasmpeneneH cioii 3a cexpanenune - HDFS(Hadoop Distributed File System),
VYnpasjieHue Ha KIBCThpHU pecypen - Hadoop Yarn, O6pa6otsai cioit — MapReduce, Apache
Spark u unTepdeiic 3a mporpamupane Ha npuioxenus — HBase, Solr, mokasanu na @urypa 1 mo-

noiy. [28] [29]

Cnoese Ha apxuTekTypa Ha Hadoop

WHTtepdeic 3a nporpamupaHe

Ha NpUIOMEHUA C H Ba se, §MNOLL

eSpark, MapReduce

Vnpa BAEHWE Ha KNbCTEPHATE
pecypcu

eYarn

PasnpepeneH cnoi 3a
CbXpaHeHue C H DFS

®urypa 1 CiioeBe Ha apxutekTypaTta Ha Hadoop

Pedepentna apxurexrypa — nepuHMLMS, BUI0BE U MOIXO0] 32 Ch31aBaHe
Pedepentrara apxuTekTypa € TOKYMEHT UJIH ChbBKYITHOCT OT IOKYMEHTH, KOUTO TIPETOCTABST
npernopbyuaHa CTpykTypa u unHterpauuu Ha UT mpoaykT, kouto aa dopmupar pemieHue. PA
obenauHsBa B cebe cH HaW-TOOpUTE TMPAKTHKH B HHAYCTPUATA, KaTO OOMKHOBEHO Mpejara

ONTHUMAJHUS METOJ 3a crenupuyHu TexHosioruu. PedepenTHara apxuTekTypa mpesuiara Hai-
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noopure UT npaktukum B JiecHO pazOupaeM ¢opmar, KONTO HaAmpamiIsBa MPUIATaHETO M

M3II0JI3BAHETO Ha CJIOXHH TEXHOJOTrHYHU perrenus. [30]

Wznom3Banero Ha 100pH TNPaKTUKHA TpPU CH3JABAaHETO Ha peQEepeHTHH apXUTEKTypu

nono0psiBa edukacHOCTTa, OTroBaps Ha HOPMATUBHUTE HM3HCKBAaHMS M HaMmallsiBa IIaHCA 32

rpemiku. PedepeHTHaTta apXuTeKTypa momara Hpu B3eMaHETO Ha PElIeHHs 3a W300p Ha Haii-

no0pus MOJIENT ¥ HauWH 3a Ch3JaBaHe Ha coTyepHa apXUTEKTypa, 3a Ja Cce cCpeurHaT Ou3Hec

uenure. [31]
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®urypa 2 PedepenTHa apxuTeKTypa 3a 6aHkoBH ycayru Ha IBM. M3rounnk: [32]

Pe(pepeHTHaTa APXUTCKTypa 3a OaHKoBaTa HHAYCTpUS HU3IOJI3BA MCTOAW W MOIACIU 3a

HHAYCTPUAJIHA CTAaHAAPTH, KOUTO [a AOMNPHUHACAT 3a MOCTUTAHC Ha MO-TOJSAMO CBOTBCTCTBUC

Mexny UT m uanycrpusara. @UHAHCOBUTE MHCTUTYLIMM MOTAT J1a CleIBaT KOHCYJITAaTUBEH METO/,

3a Ja ACHTHUIMPAT Bb3MOKHOCTHUTE 3a MOJ00PEHUE M MHOBAIIMH, KaTO U3IM0I3BaT Mpexara 3a

apXxuTeKkTypaTa Ha OankoBara mHAycTpus (Banking Industry Architecture Network - BIAN),
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HNudopmannonna pamka Ha IBM (IBM Information Framework — IFW) u IBM Komnonentu 3a
ousnec moaenu (IBM Component Business Models - CBM) 3a ¢punancoBu ycayru. Te3u akTHBH
NPEIOCTaBAT CHelM(DUYHU 32 MHIYCTPHITA PAaMKH, KOUTO MOTaT Ja ObJaT H3IOJI3BaHH 3a
ISUIOCTHATA MOJICpHU3AIMs Ha OaHKoBara rporpama — @urypa 2. [32]

Ch3naBaneTo Ha peepeHTHA apXHUTEKTypa € M3KIFOYUTEIHO MPEIU3BUKATEIIHA 3aada Tpu
JUIIcaTa Ha MPEABAPUTETHO 3a/1a/ICHU CTHIIKH HITH TPOIIEC 3a Ch3JaBaHeTo M. Mima et ocCHOBHU
CTBIIKH, KOUTO TPsiOBa J]a Ce M3ITBJIHAT: WACHTU(UIIMPAHE Ha LeNTa, POpMyJIHpaHe Ha IPHHIHIIY,
3ajlaraHe Ha TEXHUYECKH MpaBWJIa M CTAHIAPTH, IOCTPOSBAaHE HAa MpaBWiIa M CTaHAAPTH, U

mpujaaraie Ha KOHTEKCT. [31]

3akioueHune

Jlururanu3aiuaTa v JUruTaiHata TpancopManus 10Be10Xa 0 MHOIO POMEHHU BbB BCHUKH
cdepH, a aBTOMATU3ALKATA HA MMPOLIECUTE U M3IMOJI3BAHETO HA HOBH TEXHOJOrMH Kato MHTepHeT
Ha Hemara, M3KyCcTBEH MHTENEKT, CEH30pH W JPYTH, JOBEAOXa 0 TEHEPHPAHETO HAa OTPOMHU
KoJudecTBa ['oieMH JaHHH OT Pa3jMYHU THIIOBE — CTPYKTYPHPAHHU, TOIYCTPYKTYPHpPAHU H
HECTPYKTYPUPAHH, a TOBA OT CBOSI CTpaHa HOCH HEOOXOMMOCTTA 32 HOBH HAYMHH HAa ChXPAHCHUE
u o0pa0oTKa, ThH KaTo peJIAIMOHHWTE Oa3d OT JaHHM HE MOorar Ja ce CIpaBsT ¢
MOJTyCTPYKTYPUPAHUTE U HECTPYKTYPUPAHUTE TAHHHU.

DUHAHCOBUTE yCIYyTH OT CBOS CTpaHa ca Oa3upaHW OCHOBHO HA CUCTEMH C PEJIAIMOHHH 0a3u
OT JIaHHU, KOETO HOCH HEOOXOJMMOCTTA OT MPOMsHA. TO3W THIT YCIyTH Cce JIeNsAT Ha OaHKOBH,
0OMEHHU, UHBECTHUIIMOHHU, 3aCTpaxoBaTeNHH, ((MHAHCOB U3HOC U APYTU GUHAHCOBHU YCIYTH, KATO
C HABJIM3aHETO HA HOBHUTE TEXHOJOTHMHM WABAT M [oneMuTe MaHHUM U HEOOXOJUMOCTTa Ja Ce
ChXpaHsIBaT B TOJXOJSAIIM MECTa, KOMUTO Ja MOraT Jia C€ CHpPAaBIT ChC CBHXPAHCHHETO H
MOCIICABAIINTE JCHCTBHS C MOJYCTPYKTYPUPAHUTE W HECTPYKTypUPAHH JaHHH, KBJIETO Ce
HamecBaT NOSQL 6a3ute ot 1aHHM U cucTeMuTe 3a ['oleMu JaHHU.

Ot npeacraBeHuTe mo-rope GUHAHCOBU YCIYTH U BUIOBE JaHHU, KOUTO CE€ TeHepupar OT TAX,
HAYMHHUTE HA ChXPaHEHHE KbM MOMEHTA, KAKTO M HAJTMYHUTE pehePSHTHH apXUTEKTYPH 32 TAaKbB
TUT YCIIYTH, CE OTKpHBa BH3MOXKHOCTTA 33 Ch3AaBaHETO Ha METOJ omeHka u m30op Ha NoSQL
0a3u OT JAaHHU 3a (pUHAHCOBHM yCIyrH. MeTOIbT, Ha MHPBO MICTO MOXE Ja OBJe MPHIOKEH

MPAaKTUYCCKU, YPC3 CH3JaBAHCTO HAa HHCTPYMCHT 63.3I/IpaH BBPXY KPUTCPUUTEC U OLICHKUTEC, KAKTO
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" Ja CC Ch3Jaac INpaKTHYCCKa pcaln3alusa, Ype€3 CKCICPUMCHTAJICH IIPOTOTHUII HA pe(bepeHTHa

APXUTCKTYypa CBbp3aHa CbC CUCTEMA 3a I'omemu JaHHHW HaCO4Y€HA KbM (bl/IHaHCOBI/I YCIYTu.

2. TI'mapa II. Metoa 3a u300p U npoeKkTHpaHe HA OU3Hec pedepeHTHA apXUTEKTYypa 3a

NoSQL 0a3u oT 1aHHM 32 GUHAHCOBH YCJIYI'H

Metona 3a nu36op Ha NOSQL 6a3a oT 1anHu 32 pUHAHCOBH YCJIAYTH

Bceexku Bug NOSQL 6a3u oT 1aHHM MMa CBOMTE NMPEIMMCTBA U HEJIOCTATHIM 3a Crienu(pUIHA
cutyanuu. B Ta3u 4acT Ha HAYYHOTO M3CIIe/IBaHE e ObAAT pa3riielaHu MPAKTHYCCKH PUITOKECHU
pUMepy Ha HEepelnalMoHHU 0a3W OT JaHHHU BBB (pUHAHCOBaTa cdepa OT pealHH KOMIIAHWUH, OT
KOUTO B TOCIEACTBHE I OBJAT M3BEACHH KPUTEPUH M OIICHKH, KOWTO IIe Morar jaa Obaar
usnon3Bane 3a u30op Ha NOSQL 6a3u u 3a monxosiia peepeHTHa apXUTEKTypa 32 KOHKPETHUTE

HYXIHW Ha KOMIIAHUSATA.

@uHAHCOBU YCJIYIHM B pe3yJiTAaT HA NMPAKTHYeCKH pPa3padoTeHHMTe KbM MOMeEHTa Ou3Hec
NPUJI0KEHUS

B cnenpammTe Touku mie ObIAT pasriieaHU Beue ChIUIECCTBYBAIIUTE (PUHAHCOBU YCIYyTH
0a3upaHd BHPXY Pa3IMIHUTE HEPEJIAIMOHHU 0a3u OT JaHHH, 3a€THO C MPEIUMCTBATA, ITOPAJIH,
KOUTO MOTaT JIa Ce U3IOJI3BAT Te3U KOHKPETHU 0a3u, KaTo CJIe/] TOBA Te3W (MHAHCOBH yCIYTH IIIe

O0baat 700aBeHU KbM pa3pabOTEHUS METO/I.
v' JIOKyMEHTHO-OpHEHTHPAHH (6a3u

a. MongoDB
MongoDB e nepenannonna 0aza oT JaHHU 0€3 cXema, KOSATO MPEe0CTaBsi BUCOKA
MIPOU3BOJUTEIIHOCT, Karo moabpka MapReduce, uWHCTpyMEHTH 3a aKyMyJHpaHe,
XOpHU30HTAIIHA CKATMPYEMOCT U BrpajieHa perukaius. bazara nonabpika cnenuanu3upad
koHekTop ¢ Hadoop. MongoDB npenocTtaBst aHaIM3upaHe B PEaHO BpeMe, KaTo JaHHUTE
MOrar Ja WABaT OT PAa3JIM4YHM M3TOYHMIIM, KOETO CIOMara 3a aHajiu3a Ha HYXJIWUTE U
M3UCcKBaHuATa Ha kimeHnture. MongoDB morar na ce cb3gaBaT npuiaokeHus, KOUTO ca
OmIM HEBB3MOXKHH 3a Ch3/IaBaHE C PellallMOHHU 0a3u oT AaHHHW. Ta3um 0aza JompuHACS C
TEXHOJIOTUYHA OCHOBA, KOSATO 1M03BoJIsiBa: [33]
v' CpxpansBaHeTo Ha JaHHH B rbBkaBd JSON JIOKYMEHTH, KOETO Ha IpaKTUKa
03HayaBa, 4ye IMoJjeTaTa, KOUTO C€ ChXpaHsIBAT MOTAT J1a Bapupar OT JOKYMEHT J0

AOKYMCEHT, KaKTO U, Y€ CTPYKTYPUTEC OT JaHHU MOrart Ja 6’I)ZIaT IIPOMCHSHHU.
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v JIOKyMEHTHUAT MOJEN, KOWTO Kaprorpadupa 0 OOEKTHTE B Koaa Ha
MPUIIOKESHUETO TIPAaBHU JIAaHHUTE JICCHU 3a padoTa.

v Pasmpenenena 6a3a ¢ BHCOKa JIOCTBIIHOCT, XOPHU30HTAJIHA CKAJIUPYEMOCT U
reorpadcka pa3npeaeseHOCT ca BIpaieH! U JIECHU 32 U3II0JI3BaHE.
bazupanero Ha cucremu Bbpxy MongoDB kato 6a3a OoT maHHHM JONpPUHACA 3a:
MOJICpHH3MPAHETO Ha HacieacTBeHuTe cuctemu (legacy systems), 3amuTaBaHeTo
Ha wuHpopManuATa Ha KiaueHTHTe, [locTMraHe Ha BHUCOKA JOCTBIIHOCT |
CKaJINPYEMOCT

MongoDB npenocrass perieHus 3a ciaeaHuTe GuHaHCOBU yciryru — Ourypa 3.

OTBOpEHO

‘ IImamasmna ‘
‘ OaHKIpaHe

OCHOBHO
daHKHpaHe

N /

. mongoDB.
/ AN

3acnuaHe Ha Ilepconamuzu
OIHTH 34 paHo
3MaMa H3KUBABAHE

®urypa 3 ®unaHcoBH ycayru 6asupanu Bspxy MongoDB

v' OUHAHCOBH MHCTUTYIHH 0a3Mpaju cBouTe cucteMu BLpxy MongoDB
Tpu ronemu puHaAHCOBM MHCTUTYLIMHU, KOUTO Oa3upar cBouTe cucteMu Bbpxy MongoDB
— Royal Bank of Scotland, AHL — ronsma uaBectuimonna kommanus u Bendigo and Adelaide
Bank.
b. Couchbase
Couchbase mpesiara ckaJupyeMOCT C MHOTO M3MEpEHHs, KOETO O3HayaBa, 4ye
MamabupaHeTo MOXE Jla Ce CIyYH JIECHO JIOpH, JoKaro Oaszara ce m3mon3Ba. [1o To3m
HAYMH TPOM3BOJUTEIHOCTTAa Ha MPHJIOKEHHETO Ce TOBHWIIABA, a IIEHATa Ce HaMaJlsBa.

CKaJ]I/IpyCMOCTTa C MHOT'O UBMCPCHUA pa3aciisd, U30JIMpa U Mama6npa YCIIyIru Ha Oa3ara —
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MHJIEKC, 3asBKa M JaHHWA. ToBa € HAYMHBT, 10 KOWTO PECYypCHTE MOrar aa Oblar
ONITUMU3UpPaHH Oe3 /1a mocTpasa paboTara U MPeACTaBIHETO HAa cUcTeMaTa. M3mon3BaHero
Ha Couchbase 3a aHanmu3 B peaJHO BpeME € M3KIIOUMTENHO OBpP3 M € BaXKEH 3a
IPEOTBPATABAHETO HA M3MAMH, PEATU3UPAHETO HA THPTOBCKH aHAIHM3H U IpyTH. [34]
basupanero Ha ¢unancosu yciyru Bepxy Couchbase ce cimydsa nopasu:
e (CxanmupyeMocT B MHOT'O M3MEPEHHS, aHAJM3 B PEalHO BpPEME, OTTOBOp Ha
cHCTeMaTa 32 MIUIMCEKYH U, PETUIMKAIMs Ha KPBCTOCAHH IIEHTPOBE 3a JaHHH,
MOIIIEH €3UK 3a 3aBKH, MOOMIIHU (PMHAHCOBH yCIYTH Ha pbh0a

Couchbase npenocraps perienus 3a ciieiHUTEe GUHAHCOBU yciuyru — Ourypa 4:

OIIHMTH 3a

" 3acHJaHe Ha ‘
H3MaMa

‘ E-mroptdetin ‘ ‘ E-mmnamanns ‘

o Couchbase

Ha KaTalaor

" Vipasnenne ‘ ‘
HHBeHTap

ITazapHu TBproecku
JaHHIT PETHCTBP

®urypa 4 ®unancoBu ycayru 6azupanu Brpxy Couchbase

v' (DUHAHCOBH MHCTHUTYIHMH 0a3upan cBouTe cucTeMu BbpXy Couchbase
YacT oT rojeMuTe KOMIOaHUU BbB (pruHaHCOBaTa cdepa, 6a3upaiu CBOUTE YCIYyTH BbPXY
Couchbase ca PayPal, FICO, EQUIFAX u REVOLUT.
v Kuw4-cToiiHOCT 6a3n
a. Amazon DynamoDB
Amazon DynamoDB e HepenanmonHa 6a3a OT JaHHH, KOSTO MOJIbpXKa
XOpU30HTAJIHA CKAIMPYEMOCT, UMa I'bBKaBa CXEMa, KOETO IO3BOJISIBA JIECHO aJalTUPAHE,

KOTaTO HM3UCKBAHHUATA Ha MNPUIOKCHHUETO CC€ IPOMCHAT. DynamoDB npeajiara
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aBTOMaTHUYHa peruiuKaus u mamabupyemoct. Bepxy Tazu NoSQL 6aza ca Ga3zupanu
0aHKOBU MHCTHUTYIMH, KalIUTAJIOBHU Ma3apu u apyru. [35]
basupanero Ha punancosu yciyru Bbpxy Amazon DynamoDB ce cinyusa 3apanu:
e [locnenoBarenHa MPOM3BOAUTEIIHOCT BB BCIKAKBB Mallad, KOETO O3HAYaBa,
4ye HsAMa HyXkJa oT mpepaboTBaHe Ha 0a3zaTa ¢ yBelM4aBaHETO Ha oOeMa OT
JaHHH.
e DynamoDB nomara 3a moacurypsiBaHeTo Ha JaHHUTE C KpPUIITUPAHE U
HEMpPEeKbCHATO apXUBUPAHE HA IaHHUTE.
e ['bBKaBa cxema, KOETO IMO3BOJISIBA JIECHOTO MpepaboTBaHe, KOraro Ou3Hec
M3HUCKBaHUATA ce MPOMEHAT Oe3 na ce Hajara npeneduHupaHe Ha IsiaTa
cXeMa, KakTo TpsOBa J1a ce cllydu, ako 0azara € pejalroHHa.

Amazon DynamoDB mnpenocTas penienus 3a cieaaute GuHaHCOBH yeiuyrn — @urypa 5:

Bankupane ITnamanms

amazon
DynamoDB

Karmuranosu Tazapu 33CTan0BKH

®urypa 5 ®unaHcoBu ycuayru 6azupanu Bspxy Amazon DynamoDB
v\ (DUHAHCOBM MHCTHTYUHH (a3uMpajd CBOMTE CHCTeMH BbpXy Amazon
DynamoDB

YacT oT rojeMuTe KOMIaHUU BBB (pruHaHCOBaTa cdepa, 6azupaiu CBOUTE YCIYyTH BbPXY
Amazon DynamoDB ca Raiffeisen Bank u CI Financial.
b. Redis
Redis npeajiara in-memory CbXpPaHCHHUEC, KOCTO OaBa BB3MOXKHOCT 3a H0-6’bp3I/I
OTTOBOpH HAa CUCTEMATA U NOAAbpKAa MUJIIMOHU OIICpallvu. Tos3u BUJ HEPCIIAIUOHHA Oaza

OT JaHHM HMa BHCOKa €QEKTUBHOCT U J00pa CKaJupyeMoCT — BEpTUKaJIHA U
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xopusoHTtanHa. Redis e HenmpoOMEHJIMB M0 OTHOLICHUE HA JaHHHUTE, KOSTO O3HAYaBa, 4e TC
Ile OCTaHAT HAJIWYHH, JOPH MPH MOBPEIH HAa ChPBBPA, KATO CHIIO Mpejaara rojsiMo
pa3HooOpa3ue OT CTPYKTYpH OT JaHHH, KOCTO JIaBa BE3MOXHOCT Ha pa3paboTduimre aa
u30epaT Hal-MoAXO/sIIaTa Bb3MOXKHOCT 33 TAXHOTO MPUIIOKCHHE. MHOTO COIMATHH
Mmpesxu u3non3Bat Redis 3a 6a3a ot jaHHH, HO U MHOTO (DUHAHCOBH MHCTHTYIIMH 3a[10YBAT
na ce oopbiaT kpM To3u Bug NOSQL. [36]
basupanero Ha ¢puHaHCOBH ycayru BbpXy Redis ce ciay4Ba 3apaau:
e BuHCOKO CKOPOCTHH TPaH3aKIUH, KOUTO Ca OT U3KIFOUYUTEIIHO ToIsMa
BXHOCT 3a (DUHAHCOBHUTE UHCTHUTYIIHH.
e Redis npeanara pa3jiuyHA MOJAETH HAa JAHHHA, KOUTO MOTAaT JIECHO J1a
OBbJIAT PUIOKEHH 38 PA3IHMYHU YCIYTH.
e Redis mo3BonsiBa Ha NPHIOKECHUATA Ja MOJIBPKA CTHOBPEMCHHHU
BIICHTH HA MHOKECTBO Teorpad)cku Jlokanuu 0e3 1a KOMIIPOMETUPAT
JIATEHTHOCTTA WK €(DEKTHBHOCTTA M.
e llMa BHCOKAa TOJEPAHTHOCT KBbM TIPEIIKH, YCTOWYMBOCT M BHCOKA
HAJTUYHOCT.

Redis npemocTaBs perieHus 3a cieHuTe GUHAHCOBH ycayru — durypa 6:

Sy N S,

ABTOMAaTII3HPaHO AHamH3 H ‘

3acH4aHe Ha OTYHTAHE B
OIINTH 3a H3MaMa peamHo BpeMe

A v N oS Nl oS

&P redis

) N ) N

VIparleHle Ha
pHCKa

IlepcoHanmu3mpane

OT1BOpeHO
H aHTaKIPAHOCT

OaHKHpaHe

N vy AN A

®urypa 6 ®uHaHCcOBH ycayru 6a3upanu Bbpxy Redis

v (DUHAHCOBYM HHCTHTYIMH 0a3Mpaji cBouTe cucreMu Bbpxy Redis
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YacTt oT roJieMUTe KOMITAaHUHM BBB (pMHAHCOBaTa cepa, 6a3upain CBOUTE YCIYTH BbPXY
Redis ca Ekata u Deutsche Borse Group.
v IIIupOKO-KOJOHHHU 0a3u
a. HBase
HBase e gact ot exocuctemara Ha Hadoop. B To3u Tun mmpoko-kojgoHHH 6a3y,
JaHHHUTE Morart ja Obaar cbxpanssand B Hadoop, karo Haii-BakHHTE (PyHKIIMOHATHOCTH
ca, ue ¢ cKajMpyeMa, iMa aBTOMaTHYHA ITOIPBXKKA IIpH IpodiieM, naTerpupa ce ¢ Hadoop
U MMa PeIUTHKAINS Ha TAaHHUTE B KIIbcThpuTe. HBase ce n3mnoissa oT COUATHUTE MPEXH,
HO Be4e MMa U (UHAHCOBH yCIIyTH, KOUTO Ca s aJalTHPAIH KbM CBOUTE CHCTEMHU.
Basupanero na punancosu yciyru Bbpxy HBase ce ciyusa 3apaau:
e Jluneitna w MoayiaapHa Mamabupyemoct. HBase e cw3mamen 3a
CKaJIMPYEMOCT IPe3 XU/ ChPBBPH U yIIpaBJeHHe Ha I0CThIIa 10 PB
OT JJaHHH.
e bBbp3 A0CTHIT M HUCKA JTATCHTHOCT HA YETCHE U 3aIUC HA JaHHU.
e ToJIepaHTHOCT KbM I'PEIIKH, KaTO JaHHU CE ChbXPaHABAT Ha MHOKECTBO
XOCTOBE B KJIBCTHpa. [37]

HBase mpenocrass pemienus 3a cnennute GpuHaHcoBHU yciuyru — @urypa 7:

VipaeiieHue Ha
pHCKa

Anamrs ITepcoHammsupa

‘VipasieHHe Ha

MOPBYKH KIIHCHTH

®urypa 7 ®uHaHCOBH ycJayru 6azupanu Bbpxy Apache HBase
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v/ (DUHAHCOBH HMHCTHTYHHH 0a3Mpajd CBOMTe cHCTeMH BBpxy Apache
HBase

Yact ot roiemMute KoMnaHuu BbB (prHaHCOBaTa cdepa, 6a3upaiu CBOUTE YCIYTH BbPXY

HBase ca FINRA u Celer Technologies.

b. Cassandra

OcnoBuute pyHkmonanmHocty Ha Cassandra ca, 4e e ckanupyema, pasmpeesieHa
U U3KIIOYWTEIHA TOJIEPAHTHA KBM TPEIIKH, 3all0TO JIaHHUTE Ca aBTOMAaTHYHO
cbxpaHsBaHu u perumkupann. Cassandra moxaspika MapReduce, kakro u Apache Hive u
Apache Pig. bazata e XOpU3OHTAIHO CKaaupyeMa W KOraTo KOMITAHHUATA HMa
HEOOXOAUMOCT ce J00aBAT moBeue KIbCThpH. [38] [39]

Basupanero Ha punancoBH yciyru Bepxy Cassandra ce ciydsa 3apajiu:

e (Cassandra ce cripaBst OTIIMYHO C TOJIEMH OOEMH OT IaHHHU, KOUTO TPsIOBa
na ObJaT 3anucaHu. PasnpeneseHreTo Ha JaHHU BbTPE B KITbCTBPUTE €
Obp30, 3aMUCHUTE ca €BTUHU, KoeTo npaBu Cassandra M3KIIOUUTETHO
no0pa c rojemMuTe 00eMu OT JIaHHH.

e Cassandra ce cmpaBst ¢ peIUIMKAalMATa Ha JAHHHU, Thil Karo Te ca
pasnpezesicH Ha MHOXECTBO KI'bCThPU U B MHOXKECTBO IICHTPOBE 32
nanHu. [lopamu Ta3u mMpUyYMHA, aKO YacT OT KIbCThPUTE HE palboTHT,
WK LIeNHs IIeHTHP ¢ nanau, Cassandra mie ce CrpaBu ChC CHTYaIUSITA.

e AKO ce OYaKBa HapacTBaHE Ha JJAHHHUTE B peaiHo Bpeme, Cassandra uma
U3KITFOUUTETHO TOJISIMO MIPEJUMCTBO.

Cassandra npenocTaBst peleHus 3a clieIHuTe GUHAHCOBH yciuyru — Ourypa 8:
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3acHJaHe Ha OIHTIH [TepcoHamm3upane
3a U3MaMa
K S
\ s
(m@
ITmamanns | —
cassandra
ABTeHTHKAaIIHA ‘ IIpenopbKu ‘

\ ¥ A . 7

®urypa 8 ®uHaHcoBH yciayru 6a3upanu Bppxy Cassandra

v/ OUHAHCOBH MHCTHUTYIHH 6a3Upajin cBouTe cucreMu BLpxy Cassandra
Yact ot rojemure KOMInaHuM BbB (puHaHCOBaTa cepa, Oazupanu CBOUTE YCIYTH BbpPXY
Cassandra ca Fractal Labs u ACI Worldwide.
v' I'pad 6a3mn
a. Neo4dJ
Neo4j e HepenanmoHHa 0aza OT JlaHHU C I'bBKaBa CXeMa, KOATO W3MOJ3Ba rpad
Mozen. To3u Mojen chabpkKa Bh3IH, KOUTO Ca CBbP3aHU euH ¢ Apyr. Neo4j moaabpxa
ACID cBoiicTBa, KaTO CHIIO € CKaTUpyeMa U HajaexKaHa O0a3a. [40]
basupanero Ha ¢puHaHcoBH ycayru BbpXy Neo4j ce ciryuBa 3apaiu:
e I3kmrountenHo OBP30TO MPEACTABSIHE HA 3asiBKUTE B PEATHO BpeMe
3apaau rpad apxurekrypara.
e Ilenocrra Ha nanHuTe ce 3amna3Ba Onarogapenue Ha ACID cBoiicTBara,
KaToO HE3aBUCUMO Jalld TPAH3aKIMUTE Ca HAMBIHO YCIEUIHU WIH

MMpOBAJICHU, JAHHUTC HAMaA Ja 6’B,HaT TIIOBPCACHHU.
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e ['sBKaBOCTTA € oOIIe eIHO NpenuMcTBo Ha Neo4j. ba3ara HsaMa Hyx1a
oT mpeaeuHUPaHN TAOIHIM, KAKTO M, aKO OM3HEC M3UCKBAHUATA CE
MIPOMEHST, MOACITBT Ha TAHHUTE MOJKE J1a CE€ aJanTupa 32 MHOTO KPaTKO
BpeMe.

Neo4j npenocTaBst pelieHus 3a ciegHuTe GUHaHCOBH yciyru — durypa 9:

VipaBiieHne Ha MOHHTOPHHT Ha

3acHuaHe Ha MpeskoBa H UT
OITHTH 3a H3MaMa AocTbia i b

| CaMOJNHYHOCTTA | | HHDPAcTPyKTypa |

-Neodqj

IIomoGpeno
AHTHIIpAHE Ha KubepcurypHoct KJIHCHTCKO
napu
P H3KUBABAHE

v' OUHAHCOBH MHCTUTYIHH 0a3MPaId CBOUTE cucTeMH BLpPXY Neodj
@urypa 9 ®uHaHCcOBH yciayru 6azupanu Bbpxy Neodj
Yact ot rojemure KoOMInaHuM BbB (puHaHCOBaTa cepa, Oazupanu CBOUTE YCIYTH BbpPXY
Neo4j ca UBS u Global 50 Bank.
b. Orient DB

OcHoBHuTe xapaktepuctuku Ha Orient DB ca ckopoctTa, kaTo Ta3u NoSQL 0aza
OT JaHHU Moe Aa cbxpanu 10 120 000 3anuca 3a cexynaa. basarta e reBkaBa U Moxe Ja
paboTu, Ha KOATO W Ja e 1uaTdopma Oe3 koHpurypauuu u uHctanauuu. Orient DB
pasmosiara ¢ ejJacTM4YHa JIMHEHHa CKaJupyeMOCT, KaKTO U IOCTENIEHHO HapacTBAIlU

samucu. [41]

basupanero Ha punancoBu ycinyru Bepxy Orient DB ce ciy4Ba 3apaju:

28



e Orient DB 3anucBa u 06paboTBa JaHHHUTE C U3KIIOUUTEIHO BHUCOKA
CKOPOCT, KaTo HaJJMIHaBa B IbTH PEJAIMOHHUTE 0a3U OT JaHHU, KOUTO
ca 0aBHU u ckbiu. Orient DB BpbIa 0TroBopu Ha 3asBKH 32 CEKYH/IH.

e To3u Tunm 0a3za MO3BOJSIBA CKAIUPYEMOCT, KOETO BOJIU JO JIECHO
aJlanTUpaHe Ha CUCTEMUTE MPH HYKJa OT IPOMEHH MTPU U3UCKBAHUSATA.

Orient DB npenocTaBs perienus 3a ciieHuTe GruHAHCOBH yciuyru — @urypa 10:

3acHuaHe Ha OIHTH

OmIaiiy [mIamagud
3a H3MaMa

Orient

®urypa 10 ®unancosu ycayru 6a3upanu eopxy Orient DB

v (DUHAHCOBM MHCTHTYIMH 0a3upaju coute cucremu Bppxy Orient DB
Yact ot rojemure KOMInaHuM BbB (puHaHCOBaTa cepa, Oazupanu CBOUTE YCIYTH BbpPXY
Orient DB e 99Bill.
Cnen 3anbpn0oueHO pasrieX[aHe HAa HaydHa JIMTEpaTypa, KakTO M Ha MPaKTHYECKH
NPUIOKEHHU pellleHus 3a (uHaHCOBUM ycimyru Oasupanu Bbpxy NoSQL 0asu or naHHU ce

000co0MXa CIeTHUTE YCIyTH.
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Jdedpunupane Ha MeTO 32 AaHAJIN3 U OLIEHKA HA pe)epeHTHA apXUTEKTypa
OT mpakTHyecka riaeiHa TOYKa Ha BeUe peau3upaHu pelieHus ce OTKPOUXa CIIETHUTE YCIYTH

— @urypa 11, peanu3upanu BbpXy pa3IMuHU TUIIOBE HEPETAUOHHM 0a31 OT JaHHU M IPUII0KEHU

Ha MIpaKTHKa OT 6H3Heca, KOHWTO pa3rjicjaxme B IpCAulIHaTa TO4YKa.

OcHoBHO OTBOpPEHO 3acuyaHe Ha onNuTKU
E-nnawanmna MNepcoHanusmnpaHe
6aHKMpaHe 6aHKnpaHe 3a Usmama
YnpasneHue Ha
o Tvproscku Kanutanosu
E-nopTdenn KaTanor un MasapHM AaHHKU
perncrbp nasapu
WHBEHTap
AHanus n otunTaHe YnpasneHue Ha KnnpuHr Ha
3acTpaxoBKu AHanus
B peasiHo Bpeme pucka KNNEHTH
YnpasaeHue Ha MOHWUTOPUHT Ha
YnpasaeHue Ha
KIMEHTI ABTeHTUKaumA Mpenopbku Aoctbna u mpexxosa n UT
CaMOJINYHOCTTA MHpPaACTPYKTYypa
AHTNpaHe Ha napu KnbepcurypHoct

®urypa 11 BugoBe puHAHCOBH YCIYTH OTKPOEHH! HA §a3a MPAKTHYECKH OMUT
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Or TEOpETHUYHA TIJIC€JHAa TOYKa, OT I'maBa 1 ce OTKpouxa CJICIAHUTEC (1)I/IHaHCOBI/I YCIyru —

Odurypa 12.
[OenosunTtu OBbpapadTu
YacTHo
YnpasneHue Ha
KanuTanoso
6aHKOBU CMETKM
buHaHcupaHe
CnusaHua n CTpyKTyprpaHo
npugobueaHua ¢dvHaHcUpaHe
Bpokepcku ycnyru OcrosHo
POKepckn ycay 6poKepcTBO
®PuHaHCK 1
Mpe3acTpaxosaHe
3aCTpaxoBKa
KoHrnomepaTu

Pa3pelaBaHe Ha

PasnnawaTtenHu
CMETKMU

O6msAHa Ha BanyTa

MpecTpyKTypMpaHe

YacTHo 6aHKupaHe

®UHAHCOB N3HOC

Avarose

MomoLwHu ycnyrm
Ha dMHaAHcoBMU

YnpasneHue Ha
napu

baHKoBW NnpeBoan

MHBeCTUUMOHEH
MEHUOKMBHT

3acTpaxoBaTesiHO
nocpeaHn4ecTso

AHrencka
WHBECTULIMOHHA
Mperka

YnpasneHue Ha
JIMKBUAHOCTTA

[apaHTMpaHe Ha
Obnrose n
cobCTBEH KanuTtan

Mpoy4yBaHe Ha
LEeHHW KHUXKa

3acTpaxoBaTesiHO
noemaHa

Mpexn 3a
KpeauTHa KapTa

Bb3cTaHoBABaHe

Ha NnauwjaHe

nasapw

®durypa 12 BunoBe GpuHAHCOBM YCJIYT'M OTKPOEHHU Ha §6a3a TEOPUTHYEH ONMUT
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Besika eqHa oT oTkpoeHHTe (PMHAHCOBU YCIYTHM OT TEOpPETUYHA W MpaKTUYecKa TieHa

TOYKA, € 4acT OT pa3IMuHuTe BUa0Be prHaHcu. Te BKirouBaT Tpu moj kareropuu — ['paduka 1:

Ny6anynu
(AbpKABHM)
duHaHcKn

I'paduxa 1 ITox kaTteropum puHAHCH

Haii-ronsiMa 4act OT yCiIyruTe, KOMTO 0siXa OTKPOCHU OT TCOPETHYHA U MPaKTHYECKa TiieIHa
TOYKa ca OT II'bpBATa MO KaTeropus Ha (GPUHAHCUTE — IEPCOHATHUTE PUHAHCH WM (PUHAHCOBUTE
YCIIYTH, KOMTO Ca MPSKO CBbP3aHM C KJIMEHTa. Y CIyTUTe OT TO3M THUII TeHepupar ['ojeMu JaHHH,
KOMTO pasIojiaraT ¢ OCHOBHHUTE XapaKTEPHCTUKH, KOWTO Osixa pasriieaanu mo-pano B I'masa |. Ot
rjieIHa TOYKa Ha (UHAHCOBUTE YCIAYTH TH PA3rISkKAaMe MO CIICAHUS HAUNH:

< 0O6em(Volume)
DUHAHCOBHUTE MHCTUTYIMH Pa3Iojiarar ¢ roJisiM Opoil KITMEHTH, KOETO OT CBOSI CTpaHa
BOAU OO T'OJISIM 6p0171 Oonecpanr, KOMTO C€ M3BHPIIBAT 3a KIIMCHTUTE, @ TOBA OT CBOA
CTpaHa BOJHM JI0 TCHEPUPAHETO HA TOJEMH 00EMH OT JaHHH.
« Cropoct (Velocity)
CkopocTTa, C KOSITO ce TeHEpUpaT JaHHWTE B Ta3u cepa u ToBa, ue TpsiOBa 1a Obaat
U3ITBJIHSABAHU ONEpalluy B PEaTHO BPEME WUJIU [OYTH PEAIHO BpeMme, Oa3upaHu BbpPXY
TEe3W JTaHHH, B IPOTUBEH CITy4ail MOXe J1a Ce CTUTHE JI0 3ary0a Ha KJIMEHTH U OTJIHBHT
UM KbM JIpyTH GUHAHCOBH HHCTUTYIIHH.
+ Pasnoo6pasue (Variety)
IMopanau ¢akra, 4e GPUHAHCOBUTE HHCTUTYIIUH MTPSKO CBBP3aHHU C KITHEHTUTE TeHEPHPAT
pa3IUYHU BHIOBE JaHHH 3apajid HAYMHNATE HA 00CITY>XBaHE — MPUCHCTBEHO, TUTUTAITHO

n KOM6I/IHI/IpaHO. Te3u Tumone O6CJ'Iy)KBaHC BOIAT OO pa3JIMYHU U3TOYHUIH HA JaHHU
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— CTPYKTYypUPaHH, MOJNyCTPYKTYpUPAaHU WM HECTPYKTYPHUPAHU, KOETO BOAU H [0
TOJISIMOTO pa3HOOOpa3ue OT TaHHH.
s Croiinoct (Value)
Bwnpeku HaIMYUETo Ha TOJIEMH 00EMH OT AaHHU OT Pa3IMYHHA U3TOYHUIY TeHEPUPAHU
C rojisiMa CKOPOCT € MHOTO B&)KHO Te Ja ObJaT CTOMHOCTHU W LIEHHH. 3a IEUTE Ha
(UHAHCOBHUTE ONEpaIKi TOBA € OT M3KJIFYMTENHA BAKHOCT, 3a Jla MoraT jaa Objaat
MOJIE3HU 32 aHAJIM3HMPAHETO M M3BJIMYAHETO Ha W3BoAM. Hampumep, 3a puHaHcoBuTE
WHCTUTYLIMU OU OMIIO OT O'POMHA T10J13a M CTOMHOCT J]a M3BJICKAT JAHHU 3a KJIMEHTA 3a
TOBa KakBa 3aCTpaxOBKa MOTraT Ja My IMPEIJIOkKaT B 3aBUCUMOCT OT TOBa KaKBH ca
HYXXIUTE My — JaJld UM KOJIa, allapTaMeHT, KbIlla, CCMEHUCTBO U T.H., TOECT CTOWHOCTTA
Ha TeHEepUpaHUTEe, ChOPAaHH U aHAIM3MPAHM JAHHU IIe ObJe OT ToJIsiMa 10132, aKo B
KpaifHa CMeTKa TOBa Ce MPEBbPHE B MPOAAKOA.
% JocroBepHocr (Veracity)
B cdepara Ha puHAHCOBUTE YCIYTH € MHOTO BaKHO JAHHUTE Ja ObJaT HAJICKIHU U
JOCTOBEPHH, KaTO TOBA TPsIOBa ja Ob/ie TOKA3aHO OT U3TOYHHUKA HA JAHHUTE.

C pa3BHBaHETO HAa TEXHOJOTHHTE, TUTUTAIM3AIMATA W JUTHTATHATA TpaHCopmanus,
TCHEPHPAHETO Ha TOJIEeMU 00EMHU OT TOPEIIOCOYCHUTE BUIOBE TAHHH, BOJM JIO 3aKJIFOUCHHSATA 32
MHOTO KOMITaHUH, 4e afgantupaneTo Ha NoSQL 6a3u oT TaHHU KbM TEXHUTE CUCTEMH OU TOHECTIO
camo 1oi3u. Jlopu GUHAHCOBHUTE yCIYTH, KOUTO M3IIOJI3BAT HACIIEACTBEHU CHCTEMH, Oa3MpaHu
BBPXY pEJallMOHHM 0a3M OT JaHHH, OCh3HABAT HEOOXOAUMOCTTA OT MMPOMSIHATA, 32 JIa CE CIIPABSIT
C HOBUTE U3MCKBAHUS HA KIIMEHTHUTE.

Cren noapoOGHOTO MpOyYBaHE Ha HEPETALMOHHU 0a3u OT JaHHM 32 (PMHAHCOBUTE YCIYTH — OT
TEOpPETHYHA U MPAKTHYECKa IJIeJHa TOYKa, He 0e OTKPHUT crenn(ruveH HauYMH Kak Ja ce m3odepe
noaxosama NoSQL 6a3a ot 3a ¢puHaHCOBaA yceinyra. FiMa MHOTO KOMITAHHU U YeOCaTOBE, KOUTO
mpejajaraT CpaBHEHHE Ha PA3IMYHUTE XapaKTEPUCTUKU Ha Oa3uTe OT JaHHU, HO KaTO ISJI0 HUIIO
3a KOHKpeTHaTa cepa uium ycmyra.

ITo Ta3u mpuunnaa 6u O6UIO 1EIechOOpa3HO Aa ce pa3paboTH METO/I 3a KOJIMYECTBEHA OIICHKA
Ha NOSQL 6a3m oT maHHM 3a KOHKpPETHH (uHaHCOBH yciayrn. B I'maBa 1 ca nmeduHMpaHu

npeaAnMCTBa Ha HCPCIIALITMOHHUTC 0a3u oT JaHHH, KOUTO Ca CICIHUTC — GDI/Irypa 13:
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I'Io,u,o6peH0 npeanoTspaTABaHe Ha USMaMU U MOHUTOPUHT Ha NpecTbnNaeHnA

[AurutanHa aBTopM3aums B peasHo Bpeme

OKasBaHe Ha C'b,D,ei/‘ICTBVIe npean TbproeuAa

[ MepcoHannsmpanu opeptu
[Ll,eneBM MapPKEeTUHT

®urypa 13 IIpequmcrea Ha NOSQL 6a3u ot nannu, nepmHUPaHN KATO KPUTEPUHU

basupano Ha Te3u mnpeauMmcTBa, Ie T JAedUHUpAME KAaTo KPUTEPUM 3a OIEHKa Ha
HEepeNaMoHHNUTe 0a3u OT naHHU. JINCTHT C M30paHUTE KPUTSPUHU HE € M3YepraTeicH U MoraT Ja
ObaaT 100aBEHH OIIIC B 3aBUCUMOCT OT HY)KIUTE U M3UCKBAHHTA HA KIIMCHTUTES/KOMITAHUATA

[ToaxonbT, KONTO € pa3pabOTeH IeNu 1a AaJe Bb3MOXKHOCT 3a U300p Ha TUIl HepelaluoHHa
0asza OT JaHHH, KOSTO J1a C€ CbOOPa3H OT €/IHA CTPaHa ChC 33/1aJICHUTE KPUTEPUH, OT Jpyra CTpaHa
C THIIA JIaHHU, KOUTO 00paboTBAT KaKTO U BpeMeTo 3a oO0paboTka. B Tabnuna 3 ca pasrienanu
(DMHAHCOBHM YCIyTH, 32 KOUTO HMMaMe MPAKTHYCCKH NPHUIIOKEHU PEIICHUS OT KOMITAHHU,
CHOTBETHO Ca OLIEHEHU C OMpEJeNIeHa TEeXECT , KaTO B 3aBUCHMMOCT OT TOBA JIajH CHIECTBYBa
pEIlIeHre U ce J]aBa TEKECT.

Kpurepunre: CurypHoct, Ananu3 B peanHo Bpeme, [lepconanusanus, CpaelicTBue npenu
ThproBus u lleneBn MapKeTHHI ca OLEHSBAaHU IO ckamara oT 1 7o 5, kaTo Te ca Oa3upaHu Ha
OIICHKaTa Ha EKCIEePTH C pa3IU4YHU OONACTH Ha ekcrmepTusa. Kpurepuurte ca OlEHSBAaHU C
paznuuHo Teruo: 1 — Cnabo, 2 — HesanoBonutenHo, 3 — J{o6po, 4 — Muoro 106po u 5 — OTaudHo.
Bceku oT Te3u met KpuTepus ce olleHsBa Ha 0a3aTa Ha eKCIIePTHA OIIEHKA U ChOTBETHO BAKHOCTTA
My 3a BCSIKa eTHa (DMHAHCOBA YCIIyTa.

B rtabnuuara ca mpencTtaBeHHM M3BEIECHUTE KPUTEPUU 32 YETHPUTE BUAA 0a3u OT JaHHU —
JOKYMEHTHO-OPUEHTHUPAaHU, JABOWKA KIIIOU-CTOWHOCT, HMIMPOKO-KOJIOHHA U rpad 6a3u ¢ mo aBa
mpuMepa 3a BCsKa €IHa OT TAX. 3a JOKYMEHTHO-OpHMEHTHpaHHWTe ca pasrieaann Couchbase u
Mongo DB, 3a nBoiika kimo4-ctoiinocT — Amazon DynamoDB u Redis, 3a miiupoko-KOJIOHHHATE —
HBase u Cassandra, u 3a rpa¢ 6azute — Neodj u Orient DB.

BropusT enemeHT, KOMTO ce OIeHSBA € JaJd MMa BeYe CH3JaJCHO pEIIeHHe, TaKoBa B

pa3BHTHE WJIM HUKAKBO. 3a IeNTa ce m3moi3Ba ckamata ot 0 10 2, karo 0 — o3Ha4aBa, 4e HiIMa
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pemienue, 1 — B pa3paboTka u 2 — HaITBJIHO pabOTEIIo pelIeHne 3a (GruHAHCOBA yCayra, 0a3upaHo
BbpXxy NOSQL 6a3a ot ganHwM.

[Tpunaraiiku TO3M METOJ 3a OILEHKA Ha HEpeNallMOHHU 0a3M OT JAAaHHU, BCSKA €IHA OT TIX
chOupa 001 cOOp OT TOYKH, KOWTO MOKa3Ba KOJKO MOAXOJAIIA € ISJIOCTHO 3a MpUJlaraHe KbM
¢unancosu yciayru. IIpu moxkymeHntHo-opreHTHpanuTe 06a3u Couchbase cw6mpa 190 Touku, a
MongoDB -126. ITpu HepenannoHHUTEe 0a3u OT THII KIr04Y-cToiHOCT Amazon Dynamo DB crbupa
156 touku, a Redis — 192. 3a mmpoko-komonnute 6a3u HBase — 154, Cassandra — 250, a ipu rpad
0asure Neodj — 146, Orient DB — 60 Touku.

Ha 0a3ara Ha ch3ganeHuss METOJl M PE3yJITATUTE TOIYYCHU TPU OLIEHKATa Ha JOKYMEHTHO-
opuentupanute 6a3u MongoDB ¢ 126 u Couchbase ¢ 190 Toukwu, 1me cw3gageM pedepeHTHa
apXHUTEKTypa 3a (PMHAHCOBH yCIYTH.

Pedepentnara apxurektypa mie Obae Oasupana Bbepxy MongoDB, koiiTo BbIpekn ue
MoJTy4yaBa Mo-MaJKO TOYKH CIIOPE]] eKCIIepTHATa OIlEHKAa OT JIOKyMEHTHO-OPHUEHTUPaHUTE 0asw,
MMa Beue Ch3JIaJICHU peaiHoO O0a3upaHu PEUICHHUs, KOWTO ca B cepaTa Ha OCHOBHOTO OaHKHpaHe,
KBJIETO Ca TUIBT JaHHH, KOWTO IIE M3IOJI3BaME 3a TECTOBU — JIOTOBOpPH, (DHUIIOBE, PETIOPTH,

WMEWIHN U APYTH.
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JlokyMeHTHO- JIBOliKa KIIH0Y-CTOHHOCT Inpoko-KOIOHHU I'pad
OPUCHTHPaHU
Couchbase | MongoDB Amazon Redis Hbase Cassandra Neo4j OrientDB
DynamoDB
®DuHAHCOBY yCIyTru Kpurepun CK | CP? | KC | CP? | KC | CP? | KC | CP? | KC | CP? | KC | CP? | KC  CP? | KC | CP? | KC
3acu4aHe Ha OMHTH CurypHocT 5 2 10 2 10 2 10 0 0 0 0 2 10 2 10 2 10
3a U3Mama
JIA B peaiHO 5 10 10 10 0 0 10 10 10
BpeMe
Iepconanuzauus 3 6 6 6 0 0 6 6 6
CoaelicTBre 2 4 4 4 0 0 4 4 4
Mpex ThProBUs
enesu 1 2 2 2 0 0 2 2 2
MapKETHHT
E-noprdeitn CurypHocT 5 2 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0
JIA B peanHo 5 10 0 0 0 0 0 0 0
BpeMe
Iepconanuzauus 4 8 0 0 0 0 0 0 0
CorelicTBre 2 4 0 0 0 0 0 0 0
Mpex ThProBUs
Henesn 1 2 0 0 0 0 0 0 0
MapKeTHHT
E-nnamanust CurypHocT 5 2 10 2 10 2 10 2 10 0 0 2 10 0 0 2 10
JIA B peanHO 5 10 10 10 10 0 10 0 10
BpeMe
Iepconanuzanus 2 4 4 4 4 0 4 0 4
CnaeiicTBre 1 2 2 2 2 0 2 0 2
Mpeu ThProBUs
Henesn 1 2 2 2 2 0 2 0 2
MapKeTHHT
[Ma3apHu maHHA CurypHocT 3 2 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0
JIA B peanHO 3 6 0 0 0 0 0 0 0
BpeMe
Iepconanuzanus 3 6 0 0 0 0 0 0 0
CnrelicTBre 5 10 0 0 0 0 0 0 0
MPex ThPTrOBUS
Tenern 5 10 0 0 0 0 0 0 0
MapKeTHHT
Trade CurypHoct 5 2 10 0 0 0 0 0 0 2 10 0 0 0 0 0 0
JIA B peainHO 5 10 0 0 0 10 0 0 0
BpeMe
Iepconamm3amms | 4 8 0 0 0 8 0 0 0
CoaelicTBre 4 8 0 0 0 8 0 0 0
Mpex ThPTrOBUS
Tenern 3 6 0 0 0 6 0 0 0
MapKeTHHT
OcHOBHO CurypHocT 5 0 0 2 10 2 10 0 0 0 0 0 0 0 0 0 0
o
Aniipare NABpeamo | 5 0 10 10 0 0 0 0 0
BpeMe
INepconanmzanus 2 0 4 4 0 0 0 0 0
CopaelicTBue 2 0 4 4 0 0 0 0 0
Mpex THPTrOBUS
Tenern 1 0 2 2 0 0 0 0 0
MapKeTHHT
IMepconanusupane CurypHaoct 2 0 0 2 4 0 0 2 4 2 4 2 4 2 4 0 0
JIA B peanHo 2 0 4 0 4 4 4 4 0
BpeMe
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[Nepconanu3anus 0 6 6
CopaelicTBue 0 2 2
TIPEN THPrOBHUSI
enesu 0 2 2
MapKETHHT
Ananus u CurypHocT 0 0 4 0
OTYHUTAHE B PEAJHO
BpeMe JIA B peainHo 0 4 0
BpeMe
Iepconanuzauus 0 2 0
CopaelicTBue 0 6 0
MPEeAd ThPrOBHUs
enesn 0 2 0
MapKETHHT
Kanuranosu CurypHocT 2 10 0 0
nasapu
JIA B peanHo 10 0 0
BpeMe
Iepconanuzanus 8 0 0
CnoaeiicTBre 8 0 0
MIPEAd THPrOBUs
Lenesu 4 0 0
MapKETHHT
3acTpaxoBKH CurypHocT 2 8 0 0
JIA B peanHO 8 0 0
BpeMe
Iepconanuzanus 6 0 0
CnaeiicTBre 2 0 0
MPEAN ThPrOBUs
Lenesu 2 0 0
MapKETHHT
ABTEHTHKALHSA CurypHocT 0 0 10 10
JIA B peanHO 0 10 10
BpeMe
Iepconanuzanust 0 4 4
CuaeiicTBre 0 4 4
MPEead ThPrOBHUsI
Ilenesn 0 2 2
MapKETHHT
OtBoOpeHO CurypHocT 0 0 10 10
Ganupane JIA B peanHo 0 4 4
BpeMe
Iepconanuzanust 0 8 8
CnaeiicTBre 0 2 2
MPey THPTOBHS
Lenesn 0 6 6
MapKETHHT
VYrpasnernue Ha Curyproct 0 8 8
Katrajor i JIA B peanHo 10 10
WHBEHTap
BpeMe
INepconanmzanus 4
CnaeiicTBre
MIPEN THPrOBUSI
enern 0 2 2
MapKETHHT
ToeproBcku CurypHaoct 0 0 8 8
perncTap JIA B peanHo 0 6 6
BpeMe
Tepconanuzanms 0 2 2
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CnpaelicTBrE
MPead ThPrOBUs

IleneBu
MapKETHHT

AHnanuz

CurypHoct

JIA B peanno
BpeMe

Iepconanuzanus

10

CopaeiicTBre
TPEH ThPrOBHS

IleneBu
MapKEeTHHT

Knupusr xa
KJIMEHTH

CurypHocT

10

JIA B peanno
BpeMe

Ilepconanusanus

CopaeiicTBae
MIPEAd THPrOBUs

Llenesn
MapKEeTHHT

Ynpasnenue Ha
KIIMCHTH

Curyproct

JIA B peanHo
BpeMe

Iepconanuzanus

CoaeiicTBre
[peau ThProBUs

Llenesn
MapKETHHT

IIpenopsku

Curyproct

JIA B peanHo
BpeMe

10

Iepconanu3anus

10

CoaeiicTBre
Mpeu ThProBUS

Ilenesn
MapKEeTHHT

10

VYnpasneHnue Ha
JIoCcThIIA
CaMOJIMYHOCTTA

CurypHocT

10

JIA B peanHo
BpeMe

Iepconann3anus

CoaeiicTBre
MpeIu ThProBUs

Ilenesn
MapKEeTHHT

MoHHUTOPHHT Ha
mpexoBa u UT

HHppPaCTPyKTypa

CurypHocT

JIA B peanHo
BpeMe

Iepconanu3anus

CnpaelicTBrE
TpeH ThPrOBHs

Ilenesun
MapKETHHT

AHTHpane Ha apu

CurypHocT

JIA B peanno
BpeMe

Ilepconanusanus

CoaeiicTBue
TPEH ThPrOBHs

38




pucka

Tenesn 0 0 0 0 0 0 0 0
MapKeTHHT

Kubepcuryproct CurypHocT 5 0 0 0 0 0 0 0 0 0 0 0 0 2 10
JIA B peainHo 4 0 0 0 0 0 0 8
BpeMe
Ilepconanu3anus 1 0 0 0 0 0 0 2
CoaelicTBre 2 0 0 0 0 0 0 4
Hpea ThProBus
Henesn 1 0 0 0 0 0 0 2
MapKEeTHHT
VYnpasnenue Ha CurypHocT 5 0 0 0 0 0 0 2 10 2 10 2 10 0 0
JIA B peanno 4 0 0 0 8 8 8 0
BpeMe
Iepconanu3anus 1 0 0 0 2 2 2 0
CopelicTBue 2 0 0 0 4 4 4 0
Hpea ThProBus
Lenesu 1 0 0 0 2 2 2 0
MapKeTHHT
O6mu1o 190 126 156 192 154 250 146

Tadanua 3 Ouenka na NoSQL 6a3u 1annu cnpsiMo 1euHUPAHT KPHTEPHH

IIpoexTHpane Ha 6u3Hec pedepeHTHA apXUTeKTYypa 3a punancoBu ycayru ¢ NOSQL 6a3u ot
AAHHU

Bcesika enna ¢puHancoBa MHCTUTYIUS 3aHUMABalla Ce C PA3IUYHU BUI0BE (PMHAHCOBH YCIYTH
reHepupa, cbOupa, o0paboTBa M aHANM3UpPa AAHHU OT PA3IUYHU TUIIOBE — CTPYKTypUpaHH,
MOJIyCTPYKTYPUPAHU M HECTPYKTypUpaHU B TOJIEMU O0EMH, KOETO OT CBOsl CTpaHa BOAM IO
Pa3IMYHK HYXX/IM Ha HHCTUTYIIMHATE. B 3aBUCIMOCT OT THITa (MHAHCOBA HHCTUTYIIUS 3aBHCH BHIA
JIAaHHU, KOMTO OMBa reHepupaH, KOETO IbK OT CBOSI CTpaHa BOAM JI0 PA3IMYHU M3UCKBAHUS 32
MSICTO 32 ChbXpaHEHHE, METOIU 3a 00paboTKa U MHCTPYMEHTH 3a aHAJIU3H.

C BHenpsiBaHETO HA HEpENAOHHM 0a3u OT JaHHW BBHB (DHHAHCOBUTE HHCTUTYLUU H
aJlanTHPAiKu TEXHUTE UCTOPUYECKH CHCTEMHU KbM HOBUTE 0a3H, BOJM 0 Pa3BUBAHETO U HYKJaTa
Ha yCIIyrute B cepaTa Ha MHAHCUTE J1a 3ama3sAT CBOETO KOHKYPEHTHO MPEJUMCTBO, KaKTO U J1a
U3JIS3aT M0-HANpe] OT TEXHUTE KOHKYPEHTH B cdepaTa.

[lenta Ha cb31aBaHETO HA peepeHTHA apXUTEKTYpa, HE3aBUCUMO JAJIM 32 U3IM0JI3BaHE CaMo
B €/[HAa OpTaHHU3AIHS WK 32 YHUBEPCATHOTO U a/IallTUPaHe B MHOXKECTBO (PMHAHCOBH MHCTUTYITUH,
€ Ja TMOJACUTYPU IIOCIE0BATETHOCTTa M MNPWIOKUMOCTTa HAa M3MOJI3BAHETO Ha JaJCHU
TEXHOJIOTUHM B KOHKPETHA OpraHU3aIus.

Ha 6a3a Ha u3uCKBaHUATa, KOUTO MOTaT J1a MPOU3JA3aT OT (PMHAHCOBUTE YCIYTH, 3a€/IHO C
HaIPaBeHOTO TEOPETUYHO MPOYYBAHE HA JIUTEPATypa, KAKTO U Ha MIPAKTUYECKOTO TAKOBA Ha Beue

CHILECTBYBAILIM PeLIeHUs Ha (UHAHCOBU YCIYT'H BbPXY Pa3JIMYHU HEPEIAMOHHH 0a3u OT JaHHH,
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Oe ch3lazieH MOJeN Ha yHHMBEpCalHa KOMIIOHEHTHa pedepeHTHa apXUTEKTypa 3a (PMHAHCOBH
YCIIYTH.
-  Konuenryasen Moaen
Konuentyanausar mMonen Ha pedepeHTHATa apXUTEKTypa 3a (PMHAHCOBHU YCIYTH IPEICTaBEH
Ha @urypa 14 npezacraisBa reHepaHaTa CTPYKTYpa U €IEMEHTH, OT KOUTO CE€ ChCTOM TsI, KAKTO
1 He0OXOAMMUTE JAHHU U CUCTEMH, 32 JIa C€ MOCTUTHAT OM3HEC U3MCKBAHMITA, KOETO O3HAYaBa
HOJ/IphKKaTa HAa (DUPMEHM TPOLECH, 3alMMCBaHE Ha OW3HEC CHOUTHS M TPOCIEASBAHETO Ha
npexacrassiHeTo. B ['maBa | e nedunupan nmoxxon 3a u3rpaxaaHero Ha peepeHTHa apXUTEKTYDa,
KOHTO Cce ChCTOM OT MET OCHOBHM CTHIKH. Ch3JaJeHUSAT KOHIENTyalleH MOJe] Ha Ou3Hec
pedepeHTHaTa apXHUTEKTypa 32 (PMHAHCOBU YCIyTH € B PE3yNTaT OT IBPBUTE JIBE CTBIKH —
uAeHTH(UIMPAHETO Ha Henta u ¢opMmynupaHero Ha nenrta. Llenra Ha OusHec pedepeHTHaTa
apXUTEKTypa 3a (UHAHCOBHU YCIIYTH € Jla alaliTupa MOJCpPHUTE HAUMHU HA ChbXpaHeHue Ha ['onemu
JaHHU 32 Pa3JINYHU THIIOBE — ITOJIyCTPYKTYPUPAHH ¥ HECTPYKTYPUPAHH JaHHHU KbM (PMHAHCOBHUTE
WHCTHUTYIIUHU, KOUTO POIBIDKABAT CBOETO OBbP30 pa3BUTHE U AUTHTAIHA TpaHCHOpMAIIHS.
PedepentHara apxutekrypa ce cbcTom OT 3 cnosi: Cucrema 3a CbXpaHCHHE Ha JIaHHH,
Wurerpannonen cioit 1 CbpBBp 3a CbXpaHEHHE Ha JaHHH, KaTO T ca CBBP3aHH ChC CUCTEMH 3a
00paboTka Ha PUHAHCOBU YCIYTH.
% Cucrema 3a cbXpaHeHHe HA TaHHH
Cucremara 3a ChbXpaHEHHE Ha JJAHHH € CHCTeMaTa, KOSITO ChbXpaHsiBa JJAHHHUTE CIIE/ KaTo ca
MOCTBIUIIN OT CUCTEMHUTE 3a 00paboTKa HAa (PUHAHCOBU YCIIYTH.
% HHTerpauuoHeH cJoii
WHaTerpannoHHUsAT ciIoi B pedepeHTHAaTa apXHTEKTypa C€ OTHACS [0 KOMIIOHEHTHTE
OTTOBOPHU 32 HWHTETPUPAHETO HAa CHUCTEMUTE 3a CHhXpPAaHEHHE HAa JaHHH WM CBPBBPHUTE 32
cbXxpaHeHHeTo UM. To3u ciIoi mpenocTaBss LEHTpalu3upaHa MiardopMa 3a YHIpaBICHHUETO,
JBMDKEHUETO Ha JJAHHU M KOMYyHHMKALlMUTe MEXJy pa3IMuyHUTe cucTeMH. HTerpallnoOHHUAT ClIon
Ce ChCTOM OT KOHEKTOPH 32 JAaHHU MEXIy CHCTEMaTa 3a CbXpaHeHHE U ChpPBbBpa.
% CbpBBp 32 CbXpaHeHHE HA TaHHU
ChpBBPBT 32 CbXpaHEHHE HA JIaHHU € MACTOTO, Ha KOETO C€ ChXPaHSABAT JAaHHUTE, KOUTO
JOCTHUTraT, Ype3 UHTETPALMOHHUS CJIOM M KOHEKTOPUTE 32 IaHHU OT CUCTEMHUTE 3a ChXpaHEeHUE Ha
JAHHW, KOUTO BJIM3aT KbM CHUCTEMaTa 3a ChbXpaHEHHE Ha JAaHHHW OT CHCTEMHTE 3a 00paboTKa Ha

(hMHAHCOBH YCIIYyTH.
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Cucrema 3a
obpaboTtKa Ha
¢$punHaHcoBM
ycnyru

Cuctema 3a CbXpaHueHue Ha A aHHU

MHTerpaumnoHeH cnom

CbpBbp 3a CbXpaHeHue Ha AaHHU

®@urypa 14 KonuenrtyaneH Moje Ha Ou3Hec pepepeHTHA apXUTEKTYpPa 32 PUHAHCOBH YCJIYTH
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- Jlormyecku MoxeJ

Cuctema 3a o6paboTka
Ha puHaAHCOBM ycnyru

[T |

Cuctema 3a CbXpaHUEHUE Ha AaHHU

[ OKymeHTHO- Kntou-cToitHoCT

SRR opueHTUpaHu 6asun 6a3u

LLINPOKO-KONOHHU
6asn Tpad 6a3u

1]

WHTerpaumnoHeH cnoi

CavpasaHe cue Data Connector 1 Data Connector 2 Data Connector 3

U1

CopBbp Ha cneunduyeH
NoSql

cneumduuen NoSql

S

®@urypa 15 Jlornyeckn Mojen Ha 6u3Hec pedpepeHTHATA APXUTEKTYPa 32 GHHAHCOBU YCIYTH

B noruueckusaT Mozen ca 3aJ0)KeHU TEXHUUYECKUTE MPaBHIIa U CTAaHAAPTH 3a Ch3/IaBaHETO HA
OousHec pedepeHTHaTa apXUTEKTypa, KaTo MpU HEro ce 3ajaraT MpaBHiiaTa, 3a Jla Morar Jia ce
MIOCTUTHAT 3aJI0keHuTe mpuHIUIu. [Ipe3 cucremara 3a 06paboTka Ha PUHAHCOBU YCIYTH BIU3aT
JTAHHUTE OT (DMHAHCOBUTE MHCTUTYLMU, KOUTO B MOCJEICTBUE Ca ChbXpaHsIBaHU, 00pabOTBaHU U

aHAIM3MPaHU B OCTAaHAIMTE CI0eBe Ha pedpepenTHaTa apxurektypa. Ha ®@urypa 15 e npencraBen
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JIOTHYECKUAT MOJIEN Ha Ou3HeC pedepeHTHATa apXUTEKTypa 32 GPUHAHCOBH YCIYTH, KaTO MO-I0TY
€ pasriie/iaH oApoOHO BCEKU €IMH OT HEWHUTE CIIOCBE.
% Cucrema 3a cbXpaHeHHe HA TaHHH
B mepBuAT ci0il Ha pedepeHTHaTa apXUTEKTypa, T.Hap. CUCTEMa 3a ChbXpaHEHHE Ha JaHHU
Morar Jia ObJIaT pasMoyIoKeHH | WM MOoBeYe YETHPUTE TUIA HEpPEeNAllMOHHU 0a3H OT JaHHU —
JIOKYMEHTHO-OPUEHTUPAHH, KIIFOUY-CTOHHOCT, ITUPOKO-KOJOHHHU U Tpad 6a3zu. Tunosere NOoSQL
0a3u OT JaHHU OsXa pasriieJaHd Ha TEOPETUYHO HHUBO, KAKTO KAKBU Ca TEXHUTE BH3MOXKHOCT B
I'maBa |, a B HacTosimaTa rinaBa 0sixa pasrieJaHd Ha MPAKTUYECKO HUBO — KAKBH NPHIIOKCHHS
CBBp3aHU ¢ (UHAHCOBUTE YCIYTH Ca Ch3aJIcHH BbPXY KOHKPETHU HEPEJAllMOHHH 0a3H OT TaHHH,
KOETO J1a CIIOMOT'HE N300pBhT Ha KOHKpeTHa 0a3a.
N360pbT Ha TakaBa ce peanm3upa 0a3upaHO BBPXY CIEIHUTE €IEMEHTH, KOUTO TpsiOBa na
ObIaT pasriesaHd BHUMATEIHO MPEean MPUCThIIBaHETO KbM KoHKpeTHa NOSQL 0a3a:
» Hanuyna cucrema/cucremMu Ha (UHAHCOBATA WMHCTUTYIHS, KOSTO IIE
TpsiOBa 1a ObJIe MUTPpHpPaHa KbM HOBaTa 0asza
* Tun ¢puHAHCOBH YCIIyTH, C KOUTO C€ 3aHMMaBa ()MHAHCOBATA MHCTUTYLIHS
*» TumoBe AaHHU, KOWTO TeHepupa (UHAHCOBATA WHCTHTYIHS Ha Oaza
(UHAHCOBUTE  YCIYI'H, KOMTO  OOCIyXBa —  CTPYKTYpPHpaHH,
MOJyCTPYKTYPUPAHHU U HECTPYKTYpPUPAHU TaHHU
% HHTerpanmnoHeH cJioi
Ha 6a3a Ha Hepenarmonnara 6a3a, KosiTo € u30paHa B cHCTEMara 3a ChbXpaHeHUE Ha JIaHHU Ha
0a3a Ha pasrielaHUTe €JIeMEHTH, ce U30Mpa HaAuYMHBT 3a cBbp3BaHe che cneunpuyen NoSQL,
KOMNTO ce MO3MIMOHNpPA B UHTETPALIMOHHUS CIION Ha pedepeHTHaTa apXUTEKTypa.
% CobpBbp Ha cnenuduuna NoSQL 6a3a oT nanHu
B 3aBucumocT ot m30paHara HepelalpoHHa 0a3a OT JaHHHW B CHCTEMaTa 3a ChbXpaHEHHWE Ha
JaHHH, TOCeBaIis n300p Ha HauWH 3a cBbp3BaHe Ha KoHKpeTHa NOSQL 6aza ot manHH, ce
nocTtura 1o cbpBbp 3a crneuudpudeHn NoSQL, B koiiTo ce chXpaHsBaT JaHHUTE Ha (pUHAHCOBATa

HHCTHUTYLUA.
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-  dusznyecku MoaeJa

Cuctema 3a o6paboTka
Ha ¢pUHaHCOBM ycnyru

Cuctema 3a CbXpaHUEHUe Ha AaHHU

Spark Java

I
I
|
I
I
|
I
I
|
I
I
: MongoDB Amazon DynamoDB
I

OrientDB

Ll

WUHTerpaymnoHeH cnoi

Mongo Spark Amazon EMR Spark HBase OrientDB Spark
Connector Connector Connector Connector

®urypa 16 ®uszuyeckn Mojes1 Ha fu3Hec pedlepeHTHATA APXUTEKTYPA 32 (PUHAHCOBH YCJIYT'H

Cw3nanenust ¢usnyeckn monaen Ha durypa 16 e peanusupaH ¢ KOHKPETHH NMPUMEPH Ha
HepeNalMoOHHU 0a3u OT JJaHHW M KOHEKTOpH 3a Tsx kKbM Hadoop. Beeku ennH OT Te3u eneMeHTH
MoOJKe J1a ObJIe 3aMEHEH CIopeI Hy)KAUTe Ha (pHAHCOBATa MHCTHTYIHS, KOSTO MCKA J]a aJanTupa
tas3u pedepentHa apxutektypa ¢ NOSQL 6a3u oT naHHU 32 COOCTBEHUTE CH HYXIH.

B mbpBus cilol, KOWTO € chcTemMaTa 3a CbXpPaHEHWE Ha JaHHHU, MOraT Ja CE€ pas3IojoKar
YeTHPHUTE THIIA HEPENAIMOHHU 0a3u OT JaHHW — JIOKyMEHTHO-OPHEHTHUPAHH, KIFOY-CTOWHOCT,

IITUPOKO-KOJIOHHN W Tpad 0a3u, KaTo B TO3M CJIOW Ce pasmosiara KOHKpeTHaTa 0asa, KOsATO €
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n30paHa upe3 MeTojia 3a orieHka 1 u30op Ha NOSQL 6a3u ot nanHu 3a puHAHCOBH yCiIyrd. BbB
(bu3nvecKus MOJIEI ca Pa3NoI0KEeH! 0a3H OT BCSKa €lIHA OT BHJIOBETE:
= JlokymeHTHO-OopHeHTupaHa 6aza: MongoDB
» Kimou-croitHocT 6a3a: Amazon DynamoDB
» [Ilupoko-komonHa 6a3a: HBase
» I'pad 6aza: Orient DB
BbB BTOpHA CIIOH, T.Hap. MHTEIPALIMOHEH CJIOM CE€ HAaMUpaAT CBBP3BALIUTE EIEMEHTU C
paznmuunute NOSQL 6asu ot mannm, Hamp. NiFi, Spark Connector u apyru Bugose Data
Connectors moaxoasmiy 3a JAPYTHTE TUIIOBE HEpENAMOHHU Oa3u OT AaHHU. KOHKpeTHUTe
KOHEKTOPH Ha JJAHHW OT CHCTeMara 3a ChbXpPaHCHHUE Ha JIaHHW KbM ChPBBpa Ha creluduyHaTa
NoSQL 6a3a oT 1aHHU ca CIICAHATE:
* 3a goKyMeHTHo-opueHTupaHata 6aza MongoDB moxe na 6b1e n3nonzsan Mongo
Spark Connector
= 3a kIo4Y-cTolHOCT Oazara Amazon DynamoDB wmoxke na Oble HM3MOJI3BaH
Amazon EMR Connector
» 3a mupoko-kojoHHa Oa3a HBase moxxe nma Obae u3non3san Spark HBase
Connector
» 3arpa¢ 6azara Orient DB moxe na 6n1e nsnoassan Orient DB Spark Connector
Tperust cnoit e cepBbp Ha cnenupuynara NOSQL 6aza, karo 3a peanuzanusTa Ha

busnveckus MojieN Ha pedepeHTHATa apXUTEKTypa 3a GUHAHCOBH yCIIyTu € n3bpan Hadoop

IMoaxon 3a u3nosn3Bane Ha npoekTupaHa PA Bogema kbM cb3n1aBane Ha ICT Apxurtektypa

ICT Apxurexktypara (MHbopMallmoOHHM W KOMYHUKAllUOHHM TEXHOJOTHMHU) OCHUIypsBa
KOHIIETITyaJIeH MOJIEN, CTIeU(HUIMPAKH HA OCHOBHO HUBO enemeHTuTe Ha ICT apxurekTypara
(mpunoxxenue, 6a3u ot naHHM, TexHonorndHu ICT enemMeHTH), KaKTO U BPB3KUTE MTOMEXKIY UM.
Ha Ga3ata Ha pedepenTHaTa apxutekTypa 3a punancosu yciyru ¢ NOSQL 6a3u oT 1aHHHU, KOATO
0e ch3mazeHa B MpeIUIIHATa TOYKA U € JIeMOHCTpUpaHa Ha durypa 22, mie ¢h3aaeM KOHKPETHA
ICT apxurekTypa, KOATO I1I€ € peann3upaHa u TectBana B [ maBa [V.

PazpabotenusT puznyecku Mojen 3a pepepeHTHa apXUTEKTypa Chbpka 3 cllos — cUcTeMa 3a
CbXpaHEHHE Ha IaHHU, HHTErpallMoHeH clioi u cioii 3a cneruduuern NoSQL, kato B nmpenuiHaTa
TOYKa pasriiejaxmMe NoIpoOHO pa3IMYHUTE TUIIOBA 32 HEPEIAllMOHHU 0a3H OT JaHHH, C Pa3InYHU

BHJIOBE KOHEKTOPH 3a JIAaHHU, KOUTO MOTaT Jia Ob/1a CBbpP3aHu C¢he cios 3a crenudraen NoSQL.
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ITpu cw3naBanero Ha ICT apxuTekTypara 3a cHCTeMa 3a ChbXpaHEHUE Ha JaHHH(ITBPBHUSIT CJIOK),
e ObJIe U3I0I3BaHa JJOKYMEHTHO-OPUEHTHPAaHaTa HepenaonHa 6aza oT nanau MongoDB, Twit
Karo T 0a n3bpaHa 4pe3 Ch3JaJACHHUS METOI B MPEAUIIHATA TOYKA U OTTOBAPs HA U3MCKBAHUATA U
uMa Bede Ch3/1aJieHa (PMHAHCOBA YCIyra, KOSATO U3I0JI3Ba THIIA IaHHH, C KOUTO 11e ObJIe TeCTBaHa
apxuTekTypara. Bropusar uHTEerpamumoneH cioil me u3noi3Ba Apache Spark Connector 3a
MongoDB. ITopaau (hakra, ye moaAphKKaTa Ha AMPEKTHHs KoHeKTOp HA MongoDB xsm Hadoop
e crpsiHa, 1e u3noyizBame To3u npe3 Apache Spark. Tpetusr ciioii octaBa 3a cUCTEMaTa roJeMu

nanau Hadoop, kosiTo 1me n3non3same 3a cbxpaneHue — Gurypa 17.

.mo oDB.
g

-~ ™,

‘ Apache Spark Connector for MongoDB

. iy

Ourypa 17 Konkperna ICT apxutekrypa

3akaoueHune

Pa3paboren e meton 3a n360p u oienka Ha NoSQL 6a3u ot n1aHHU 32 (PUHAHCOBH YCIYTH, KaTo
TOM e Oa3upaH Ha pa3pabOTEHHU U MU3MOJ3BAIIM CE€ MPAKTUIECCKU MPUIIOKEHUS Ha 0a3uTe, KaKTO U
Ha eKCriepTHa olleHKa. Pa3riienanu ca v ca aHaTu3upaHu MPAKTUIECKU MPUMEPH OT YETUPUTE BUIA
HepenanuoHHu 0a3u oT naHHu. Ha 6a3a Ha TsX e mpeanokeHa Ou3Hec pedepeHTHa apXUTEKTypa,
KaKTO M MOAXOJ 32 U3IOJI3BAHETO U KbM ch3aaBaHeTo Ha ICT apxuTekTypa, KOsITO € peau3upana
u e Ob71e moApOoOHO pasriienana u TectBana B [nasa IV.

Ha 6a3a ma cwh3mameHus MeTon 3a aHanm3 U orneHka Ha NoSQL 0a3u oT maHHM € Ch3JajcH
aBTOMATH3HMpPaH MHCTPYMEHT 3a W300p Ha HEepeJIalloOHHU 0a3u OT JaHHU 3a (PMHAHCOBH yCIYyTH,

KOMTO I 6’5)16 IMMPEACTAaBCH B CJIC/BalllaTa IjiaBa.
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3. TI'mapa III. UacTpymenT 3a u360op Ha NoSQL 6a3u oT 1aHHU 32 GUHAHCOBH YCJIYTH

Ha 6a3a cp3panenust meton 3a u3bop u omenka Ha NOSQL 6a3u or maHHuM 3a (PMHAHCOBH
YCIyTH € CBh3JIaJIcH aBTOMATHU3MpPaH MHCTPYMEHT 3a M300p HA TakuBa. 3a Ch3JIAaBAHETO MY €
n3bpana yeb Texnosorus 6asupana sepxy Microsoft .NET Framework, uznonssaiiku C# u Visual
Studio.

IMorpeouren/Komnanuss Anvuaucrparop/ExcnepT
Peructparus
Bxon
Onenka u m360p Ha NOSQL
CIOpEJl KpUTEpUU

Job6assae na NoSQL 6a3a He
Penakiusa na NoSQL 6a3a He
Wzrpusane Ha NOSQL 6aza He
Jlo6aBsiHe HA (MHAHCOBH He
YCIIyTH
Penaktupane Ha puHaHCOBU He
YCIIyTH
W3rpuBane Ha (hUHAHCOBU He
YCIIyTH
JloGaBsiHe Ha KpUTEPUH 3a He
OIICHKA
PenakTupane Ha KpuTepuu 3a He
OIICHKA
W3tpuBane Ha KpUTEpHH 32 He
OIICHKA

Taoauna 4 [oTpedUTENCKH POJIH

WHCcTpyMeHTHT 32 onieHKa u u36op Ha NoSQL 6a3a oT 1aHHM 3a GUHAHCOBH YCIIyTH UMa JIBE
notpeburencku poinu — Ilorpedburen/Kommanus u Anmunuctparop/Excniepr — Tabnuna 4.
Cucremara ce CBCTOH OT pasiiniyHu CTpaHUIHU U q)YHKHI/IOHaJ'IHOCTI/I B 3aBHCHUMOCT OT
OTpeOUTENCKaTa posl.

IMoTpedouTencka poJisi [lorpeduren/Komnanusi

3a [lorpeburen/Kommanuss HHCTPYMEHTBT C€ ChCTOM OT HayallHA CTPAHUIIA, CTPAaHHIA C
II0BCYEC I/IH(bOpMaI_[I/ISI, KaKTO U TaKaBa ChC CIHUCHK HAa HAIMYHUTE 0a3H OT JaHHHU C JOITBJIHHUTCIIHA
uHpopmanus 3a TIX. B agcHaTa yacT Ha MEHIOTO ce Hamupar OyToHuUTe 3a Peructpanus Ha

HOTpC6I/ITeHI/I U 3a Bim3aHe B cucteMara Ha Beue ChIICCTBYBAIIUTC HOTpe6I/ITCJ'II/I - (Dnrypa 18.
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OueHka u n3bop Ha NoSQL 6a3u oT aaHHK 3a huHAHCOBM ycnyru

L[OKyMeHTHO- KonoHHu 6a3u
opueHTMpaHu 6asu

—_
h / NoSQL6a3uoT\ *

LaHHKU

/

(0

Knoy-cToHocT
6a3n [pad 6asm

®urypa 18 Hayanna crpanuua Ha uncTpymeHT 3a Knnent/Komnanus

Crnen BnIM3aHe B NPUWIOKEHUETO C PErucTpalus MOTPEeOUTENsIT/KOMIAHMUATAa M30Mpa TUI
(¢uHaAHCOBa YCIyTrH, KATO MOXE J1a MapKHpa HSAKOJIKO BHIA OT MPEIBAPUTEIHO JehUHHpPAHUTE
TakvBa B MHCTPYMEHTA B 3aBUCHMOCT OT TOBA KaKBH YCIYI'H ca IpeJlaraHd OT UHCTUTYLUSTA.
Cren ToBa MOTPEOUTENIAT 3asiBABA JaJId UMa MPEANOYUTAH TUI HepeslalMoHHa 0a3za OT JaHHH,
KaTo TOBA 3aBHCHU OT CUCTEMHTE U COPTyepHUTe, KOUTO CE MOJ3BAT B 1aJicHaTa KOMITaHUsA. AKO UMa
JKeJlaH TUI HepelaluoHHa 0a3a OT JaHHM KbM, KOMTO KOMMAHMSTA CE€ OpUEHTHpa, U30Hupa
CBhOTBETHOTO I10JI€ HAa CTpaHMIlaTa 3a u300p, a cje HEroBOTO MapKUpPaHE Ce MOsBSIBA NaAal0TO
MEHIO C YEeTUpUTE THUIAa HEpeNalloHHM 0a3H, OT KOMTO MOXe jaa u3bepe — JIOKYMEHTHO-
OpPUEHTUPAHU, IIUPOKO-KOJIOHHH, KIIOU-CTOMHOCT M rpad 6asu — durypa 19. Ako Hama
KOHKpeTeH THI 0a3a, KOsITO 1a Ob/ie JKelaHa OT KOMIIaHUsATA, Ce 0TOEIA3Ba ChOTBETHO I10JIE, KOETO
B TO3M CJIy4all HE MO3BOJIIBA Ha MaJall0TO MEHIO ¢ TUIoBe 0a3u na ce mosBu. Cien ToBa ce
HaTHCKa OyTOHBT Hampel, KOHTO OTBeXkAa MOTpeOuTenss KbM Cle[BaliaTa CTpaHHMLAa C

I/IH(I)OpMaI_II/Iﬂ, KOATO CJICABA Oa 6’5)16 IOII'bJIHCHA.
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N36op Ha NoSQL 6aza oT gaHHM 3a (hbMHaHCOBM yCnyru

%
DUHAHCOBH YCnyru BaxkupaHe

[ MnBecTuumonHm yenyru
[] o6mennun yenyrn
SacTpaxoBaTenHu ycnyru
®HHAHCOB U3HOC

[ gpyru counancosm yenyru

Wmate nu npeanoyuTaH ¥ ba
Tun NoSQL Gasa? [ He

Bug NoSQL 6asa LokymeHTHO-opeHTHpaHa Gaaa
Hanpen

© 2023 - OueHka 1 uabop Ha NoSQL Baau

®urypa 19 Crenka 1 3a nu36op Ha NOSQL 6a3a ot 1annu 3a pUHAHCOBH yCJIyrH

B ciywasar, xoiito aeMoHcTpupame ¢ paboraTta Ha HMHCTPYMEHTA, MOTPEOUTENAT HCKa
HEepelalMoHHa 0a3a OT JIaHHH, KOSATO € MOAXOJINA 3a YCIyr'H B cdepata Ha OaHKHUPAHETO,
3aCTpaxoBaTCIIHUTE YCIAYrd W (UHAHCOBHUS HW3HOC, KAaTO CBIIO HUMa MPEANOYUTAH THII
HepeNauMonHa 0a3a OT JaHHHU, KOSATO Ja ObJIe OT JOKYMEHTHO-opueHTHpanute. [Ipenu xa uzbdepe
nanu uma npeanountad T NOSQL 6asza oT JaHHM, KIIMEHTHT TPSAOBa Aa ChOOpa3u CUCTEMUTE, C
KOUTO PabOTH M TOBa Jalld IE TPsAOBA Ja MHTErpHpa W MHUIPHpPA HACTOSIINTE CHUCTEMH Ha
WHCTUTYIUS WIH IIe U3TPaK/Ia HAITBITHO HOBH, KOUTO JIa Ca HAIThJIHO ChBMECTUMH C HOBaTa 0asa.
CrnydasiT, mpyu KOHTO HACTOSIIUTE CHCTEMHU TpsOBa Ja ce MUTpUpAT KbM HOBa 0a3a € MHOTO
YyBCTBUTEJICH U TPsAOBa 1a ObJIe BHUMATEIHO MPELEHEH OT TEXHUYECKUTE eKUITH Ha KOMIIaHHATA.
Jpyruar BapuaHT, B KOWTO ce Ch3JaBaT aOCOJIIOTHO HOBU CHCTEMH 3a paboTa ¢ HoBou3OpaHaTa
HepenanuoHHa 0a3a OT JaHHU OTHEMa M3KIIIOUUTEIHO MHOTO BpeMe U (prHaHCOoB pecypc. M300pbT
IIpH TakaBa CThIIKa TpsiOBa Aa Ob/ie MHOTO 100pe MpeTeriieH.

[Ipu crnexBamara CThIKA OT OIEHKATa Ha HEpPENAlMOHHUTE 0a3u JaHHU OT MPEABAPUTEIHO
neUHUPaHUTE KPUTEPUU, KOWTO ca u3BeleHU 4pe3 meTona oT I'maBa Il u choTBeTHO UM €
3a/1aJIeHa OIIEHKa OT 1 110 5 OT eKCIepTHUTE B CUCTeMaTa, KOMITAHHUITa MOXKeE Jla U30epe caMmo HIKOU
OT TSAX, Ha KOUTO Jla ce HaOJeTHe B TSAXHATa CUCTeMa OasupaHa BBhpxy HoBaTa NOSQL 6a3a ot

JaHHHU UJIHN CbOTBCTHO BCUYKHU OT TAX — CDI/Irypa 20.
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M36op Ha NoSQL 6aza oT gaHHM 3@ PMHAHCOBU YCnyru

Kputepnu ) Mopobpero npegoTBpaTABaHe Ha M3MaMKW U MOHUTOPMHI Ha NPECTBNNEHNUA
QurutanHa aBTOPW3aUMA B peanHo BpemMe
MepcoHanusupanu ocepTu
OxasBaHe Ha Cb/eMCTENE NPean TLPIoBHA

M Lenesu mapkeTHHr

Waumcnm

© 2023 - OueHka v u3bop Ha NoSQL Baan

®urypa 20 Ctenka 2 ot n360p Ha NOSQL 6a3a ot 1annu 3a pUHAHCOBH yCIyrH

B 3aBHCHMOCT OT TOPEOCOYEHOTO, KAaKTO U Ha MPeIBaApUTEIHO neuHUpaHaTa HHPOpMaIHs
3aroBa ko NOSQL 0a3u Bede mMat MpakTHUECKU MPUIIOKUMHE PEIICHUS 32 (UHAHCOBH YCIYTH,
KOETO HOCH JIOIIBJIHUTEITHA TEKECT KbM OlICHKATa U Ha 0a3a aJiroOpuThMa 3a/1aJIcH B HHCTPYMEHTA
3a OICHKa M M300p Ha HEpPEJAlMOHHU 0a3u OT JaHHU 3a (PMHAHCOBU yCIYT'H CIIe/] HaTUCKaHE Ha
Oyrona M3umcnu Ha eKpaHa ce MOsSBSIBAT pa3IndHu Bh3MOKHOCTH 32 NOSQL 6a3u, kouto morar

na ObJaT MPeUIOKEeH! TIPU ChOTBETHO M30panu ycioBus — Ourypa 21.

N36op Ha NoSQL 6a3a oT gaHHM 3a pMHaAHCOBM yCnyru

PeayntaT oT oueHka Ha NoSQL 6a3n oT gaHHKU 3a UHAHCOBK YCryri

Msacto | HavmeHoBawue Ha Gasa | PeaynTar oT ougHka
1 Couchbase 190
2 MongoDB 126

3

3ano4Hu oTHOBO

© 2023 - OueHka 1 uabop Ha NoSQL Baam

®urypa 21 Pesyarar ot onenka Ha NOSQL 6a3u oT nannu 3a puHAHCOBH yCIayru
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[Ipu HEOOXOAMMOCT, OlIEHKaTa MOXe Aa ObJe 3alo4yHaTa OTHaYalI0, KaTo Ha CTPaHMIIaTa, HO
KOSATO ce u300pa3sBa pesynrara, uMa OyTOH 3amoyHU OTHAYaJlo, KOMTO 3aHysiBa pe3yaTaTuTe

MOJTy4EHHU 0 MOMEHTA U Tperpaiia norpedurenure KoM cTpanuiata cb¢ Cronka 1.

IMoTpeduTescka poJsi Anmunucrparop/Excnepr
Anmunuctpatop/EkcriepT pasmosiara ¢ Bb3MOXKHOCTTA Jla Ch3JlaBa, pelakTHpa W U3TPHUBA
CIIGTHUTE €NIEMEHTH, KOUTO ca HEOOXOAMMHU 3a paboTaTa Ha MHCTPYMEHTA!
v" NoSQL 6a3u ot nanau
v (DUHAHCOBM YCIIYTH
v Kpurepun
ExcriepThT ChINO pasmornara ¢ Bb3MOKHOCTTA Jia TIPAaBH OICHKA M M300p HA HepellallMOHHH
0a3u OT JaHHM C IIeJl TECTBaHEe Ha MpaBUIHATAa paboTa HA MHCTPyMEHTA. AJIMUHUCTPATUBHOTO
TabJo 3a ymnpaBieHHe HA MHCTPYMEHTA 3a OIIeHKa U U300p Ha HepelaluoHHU 0a3u OT JIaHHU ce

BU3yaJIM3Upa 0 cieHus HauuH — Purypa 22.

AOMUHUCTpaTUBHO Tabro 3a ynpaBneHWe Ha MHCTPYMEHT 3a oleHka 1 u3bop Ha NoSQL 6a3w
OT AaHHU

) BEH o= ok

[okyMeHTHM 6a3u Lnpoko-KkonoHHW Ba3sun Knrou-cToiHocT Basu Mpadh 6asn

I © 2023 - Ouenka 1 nabop Ha NoSQL Baau

®urypa 22 AAMUHHCTPATHBHO TadJ10 32 ypaBJjeHe HA HHCTPYMEHT 3a onenka u u3dop Ha NoSQL 6a3u ot nanHun

B MeHIOTO OTrope Ha cTpaHuIaTa aAMUHUCTPATOPBT MOXKE J1a JOCTUTHE 10 CTPAHUIUTE
no0aBsiHe, peJaklysg U U3TPUBAaHE HAa KpUTEpUH, (PMHAHCOBH YCIYT'M M HEpelaluOHHH 0a3u OT

JTaHHH.
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a. NoSQL 6a3u ot nanHmn

[lpu peanuzanmsara ¥ ynpaBJICHHETO Ha CIIEMCHTUTE CBBP3aHU C HEPEITAMOHHH 0a3u OT

JTaHHY, MHCTPYMEHTHT MpeJjiara ClieJHUTe PyHKIIMOHATHOCTH.
i. dobaBsine

[Tpu nob6assiHeTo Ha NOSQL 6a3u oT 7aHHM B HHCTpyMEHTa ce Je(UHUPAT HAMMEHOBAHUETO
Ha 0a3aTa, OmHMcaHue, OT KOW THUMN € — JIOKyMEHTHO-OPHEHTHpaHa, IUPOKO-KOJIOHHA, KIIF0Y-
cTroiiHOCT wim Tpad 0aza, KakTo W 3a KOW THUN (DMHAHCOBU YCIIyra BeYe MMa Ch3JaJCHO
MIPAKTUIECKO pelIeHre 0a3upaHo BbPXY Ta3M HepelalmoHHa 6a3a oT qaHHu. ToBa € HeoO6X0 MO,
3a J1a MOXK€ B IIOCIIE/ICTBUE NPH WU3YHCISBAHE Ha KOCPHUIIMEHTHTE 3aCHO ChC CTOMHOCTTa Ha
KPUTEPUHTE J]a CE MOJIyYH BH3YAITHO NPECTaBsIHEe KOJIKO moaxosima ¢ koHkperHa NOSQL 6a3za

3a [eNnuTe Ha Jajiena opranuzamus — Gurypa 23.

Ct3pnaBaHe Ha NoSQL 6Gasa oT aaHHM

HaumeHoBaHWe Ha
NoSQL 6asa

Bua NoSQL basza WaBepeTe sua NoSQOL Gasa

OnucaHue Ha NoSQL
Gazara

PUHAHCOBW YCNyrH [ BaHkupaHe

[ MuBecTUuMoHHM yenyru
[ OBmennu yenyru

[ 3actpaxosatentu yenyrun
[ @unancos usnoc

[ Bpyrv dounancosm yenyrm

Cobanai

®urypa 23 Cb3naBane Ha NOSQL 6a3a ot nannu — Ctenka 1

[Ipu no6aBsiHETO Ha HOBa HepesalloHHa 0a3a OT JaHHU KbM MHCTPYMEHTA, BUABT, OT KOWTO
ce n30upa OT Majalo MEHI0, KbAETO T€ ca MpeABapUTENIHO JeQUHUPAHH, 32 J1a HE ce MOIydar
JOM'BJIHUTEITHH OOBbPKBaHUS ITpU paboTa. DMHAHCOBUTE YCIIyTH, OT KOUTO MOXKeE J1a c€ n30upa rnpu
ne(pUHUPAHETO HA HepellallMOHHA 0a3a OT JaHHHM ca OHE3W, KOMTO aJMUHUCTPATOPBT € BbBEI
MIpeIBApUTENIHO Ype3 CTpaHUIIaTa 3a yrnpapieHHe Ha GMHAHCOBH YCIYTH B UHCTPYMEHTA, KaTo Mpu

BBBCIKAAHC HA KOHKPETHA 0a3a morar Jda Ccc 1/136epaT HAKOJIKO BB3MOXHOCTH — (I)I/Irypa 24.
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Cb3pgasaHe Ha NoSQL 6aza ot gaHHu

HavmeHoBaHUWe Ha MongoDB
NoSQL 6asa

Bug NoSQL 6a3za Wabepete Bua NoSQL Baza ~

[lokyMeHTHo-opueHTUpaHa Gaaa
Wupoko-konoHHa Baza
Kniou-cToiHocT Gasa

- Ipac Baza

DUHAHCOBM YCNyru e

Onucanune Ha NoSQL
basarta

I MuBecTuumonnu yenyru

[] o6mennn yenyru

[ 3acrpaxosatennu yonyru
[T dunancos uanoc

[ Apyru dunancosu yenyru

Cbvanan

ap KbM CAMCHK

®durypa 24 Co3naBane Ha NOSQL 6a3u ot nannu - CThnka 2

ii. PemakTupane
B wuHCTpyMeHTa ce mpemocTaBs BB3MOXKHOCT 3a peIaKTHpaHE Ha BeYe Ch3JajJcHaTa
HepenalnnoHHa 0a3a OT JaHHHU, KATO BCHYKH HEWHHU €JICMEHTH MOTaT J1a ObJaT POMEHSHH.
iii. M3rpuBane
[Tpu HEOOXOAUMOCT BeYe U3JIMIITHUTE 0a3u MOTaT Jia ObJaT U3TPUBAaHU OT MHCTPYMEHTA 3a
otienka u n30op Ha NOSQL 6a3u ot ganHu.
iv. Cnucbk ¢ NOSQL 6a3u ot qaHHu
3a yiecHeHHEe Ha aJIMUHUCTPATOP/EKCIIePT BCHYKU HAJTMYHU HEPETAIMOHHU 0a3H OT TaHHH C
TEXHUs THII, OITUCAHKE U 32 KOU (PMHAHCOBH YCIYTH PabOTAT CE MOKa3BaT B CITUCHK.
b. ®unancosm ycayru
i. lobdaBsine
Upes cb3magaeHus naTepdeiic B MHCTPyMEHTa ce 100aBAT pa3IHuyHUTE BUIOBE YCIYTH, KOUTO
ca HaJIMYHH Ha a3apa U Ce peaiu3upar OT HHCTUTYIMHUTE. HaTMUHUAT CIMCHK B PUIIOKECHUETO

OT IpeABapUTeNHO pasrienanute B [aBa | ¢punancosu ycnyru — @urypa 25.
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Cb3paBaHe Ha huHaHcoBa ycnyra

Bup douHaHcoBa ycnyra

Onucaxue Ha
tpuHaHcoBa ycnyra

Hazag kbm cnuchl

Cuanan

© 2023 - OueHka 1 n3bop Ha NoSQL Gasn

®urypa 25 Cp3naBane Ha puHaHCOBA ycayra

Pepaktupane

Or CTpaHHULara C HOI[pO6HO OIIMCaHHEC Ha (1)I/IHaHCOBaTa yciiyra MOXeE a CC IIperiicia KakBo

TOYHO IIpeajiara 1 CbOTBETHO Jia CC IIPCAIIPUCMC PCAAKI A IIPU HCO6XO,Z[I/IMOCT

HU3rpuBane

Upe3 uHTepdeiica Ha HHCTPYMEHTa (PMHAHCOBHUTE YCIYTH CHIIO MOTAT J1a M3TPUBAT, KaTo

CbOTBCTHO IIPCAU M3BHPHIBAHCTO HA OII€palusdaTa CC U3UCKBA IMMOTBBPKIACHUC 3a TOBA — CIDHrypa

26.

MaTprBaHe Ha cbmHaHcoBa ycnyra

CurypHu v cTe, Yye uckate Aa M3TpUeTe Tasun chMHaHcoBa ycryra?

Bwp, chuHaHcoBa ycnyra
OnucaHwe Ha
tpuHaHcoBa ycnyra

Matpueane | Hazapg kem

iv.

OBMeHHW yenyri

MNpeanarat ce ot 6aHkK U cneunanHu BanyTHW Gpokepw. YyxaecTpaHHUTe 0BMEHHW YCNYr reHepupaT M3KNIYMTENHO ronemi oGemMi oT AaHHn —
CTPYKTYpWpaHH, NONYCTPYKTYPMPaHA U HECTPYKTYPUPaHU, KaTo UHhopMaumnATa, KOATO OcTasa ckpuTa BbTpe 61 morna aa 6bae nonesHa 3a y4acTHUUWTE
Ha nasapa. OrpaHuyeHnATa OT CUCTEMUTE MINON3BaLLM PenaunoHHi 6asn oT 4aHHK, He [aBalle Bb3MOXHOCT 3a W3BNMYaHe Ha MHBOPMaLUA OT MMeRnw,
TEKCTOBM CbOGLLEHWR, BUASO, CHUMKK W ayano daiinose, Kato pa3BUTMETO Ha TEXHONOTWUTE W aHanwuaa AOoBeAe [0 Bb3MOXHOCTTa 3a U3BNUYaHe Ha
WHhopmauwsa oT Tean aaHHW. PUHAHCOBHUTE OPraHM3aunK OT TO3M TUN Ce HYXOAaAT OT aHanW3 B pearnHo Bpeme, KakTo U OT BPb3Ka C UCTOPUYECKH JaHHH.

CUCHK

®urypa 26 U3tpuBaHe Ha (pUHAHCOBA yCJIayra

Cnuchbk ¢ pMHAHCOBH yCJIYTH

DOuHaHCOBUTE YCIyru ce€ npeacTtaBAT B IBJICH CIHMCBK C TAXHOTO OIHMCAHHUE, KAKTO U C

BB3MOKHOCTUTC 3a PCAAKIUA U U3TPUBAHC.

c. Kpurepumu
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VYrpaBiieHHETO Ha KPUTEPUH Ce pealu3upa, upe3 ch3AaeHus nHTepdeiic Ha MPUI0KEHHUETO,
KaTo 3a TSIX ce 100aBsi ChbKpaTeHO HaMMEHOBaHHE, KOETO Jla C€ BU3yallu3upa Ha MOTpeOUTEIuTe,
MOJIPOOHO OMKMCAHUE U TEKECT HA CAMUSI KPUTEPHH.

I. Jlo6aBsine Ha kKpuTepun — ®urypa 27

CbagaBaHe Ha KpuTepumn

ChKkpaTeHo
HauMeHOBaHWe Ha
KpHUTEpHi

OnucaHne Ha KpUTepHi
TexecT Ha KpUTepHit

Cbagait

© 2023 - OueHka 1 uabop Ha NoSQL Baan
®urypa 27 Cp3gaBaHe HA KPUTEPHH B HHCTPYMeHT 3a oneHka Ha NOSQL 6a3u oT nanHu
ii. PemakTupane
Bceku CAUH OT CIICMCHTHUTC Ha I[O6aBeHI/ITe KpUTCPUU MOKE [a 6’[:,[[6 IIPpOMCHCH OT
aJIMUHUCTpATOp/eKCIIepT, Ype3 Ch3aaJcHUsT UHTepdeic, BKIIOYMTEIHO U TEXKECTTa Ha CaMuUs

kputepuii — @urypa 28.

Penakuma Ha kpuTepum 3a oueHka Ha NoSQL 6a3n oT gaHHK

Kputepwii

CuKpaTeHo MNpeaoTeparABaHe Ha M3aMaMi W MOHUTOE
HanmMmeHOBaHWe Ha
KpUTEpUIH

OnucaHue Ha KPUTEPHUH ToBa e OT M3KNKYUTENHA BaXHOCT 3a
TexecT Ha KPUTEPUIA 5

3anasu

© 2023 - Ouenka u nabop Ha NoSQL Baau

®urypa 28 PenakTupane Ha KpuTepnu 3a onenka Ha NOSQL 6a3m ot nannm

iii. M3rpuBane
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ITpu HEOOXOMUMOCT BCEKH €IMH OT KPUTEPUHUTE MOXKE J1a Objie M3TPHUT.
iV. CHHCBK C KpUTEPHH
B cucremara 3a aIMHHHUCTPATOPCKOTO TabJIO C€ BU3YyaTU3UPAT U BCHYKH HATHYHH B MOMEHTA

KPUTEPHUH 3a OIIEHKA Ha HepeJIalnoOHHU 06a3u oT JaHHu — Purypa 29.

Cnuncbk ¢ kputepun 3a oueHka Ha NoSQL 6a3u oT gaHHU

CukpaTeHo OnucaHue Ha KpUTepUIn TexecT Ha
HauMeHoBaHWe Ha KpuTepun

KpuTepun

Mpenoteparasane Ha  ToBa € OT U3KMIOYUTENHA BAKHOCT 38 HMHAHCOBMTE YTy — BaHKM, KpBAUTHY 1 AeBUTHI KapTH. BCUYKY Te3n MHCTUTYLMM 5

Wamamu u PaBOTAT C M3KMIONMTENHO YyBCTBUTENHA MHPOPMALWS, KORTO € OT U3KNKHUTENHA BaXHOCT 3a paabupaHeTo u Rerainu |
MOHWUTOPUHI YAOBNETBOPABAHETO Ha KNUeHTUTE. MamamuTe BbB (PUHAHCOBUTE YCNYrK Ce yBenu4asar, KoeTo MoXe Aa ce NpeaoTeparw,

4pea aHanna, aHanuanpaHe Ha aHoManum, Knacvuukauvsa U KITbCTEpUPaHe, KOBTO MOXe /ia Ce peanuaupa c
HepenauuoHHITe 6aan OT AaHHH. PEAOTBPATABAHETO Ha M3MAMM M MOHUTOPUHT Ha NPECTBNNEHNA Ca OT UIKMIOHUTENHA
BaXHOCT, 3a A1a Ce JAWMTAT KNMeHTCKaTa NyHa W YyBCTBUTENHa H(MOPMAaUMA, KaKTO U TEXHUTE OHNaiH TPaH3aKuMn U AaHHu

Avruranwa Taan hyHKUMOHANHOCT @ OT U3KIIOYWTeNHa BaXHOCT 3a (PUHaHCOBUTE YCryTK, 3a Aa MOXE [ja @ CUTYPHO, 4e HAMa aa ce 5
asTopuU3aumns B CNyHM U3Mama U 3a peanHara WaeHTUGHKaLMA Ha XoparTa, C KoUTo ce komyHukupa. NoSQL 6aaute oT aaHHM UMaT Takusa LAervannu
peanto Bpeme Bb3MOXHOCTI NOPAAy HaManeHaTa NaTeHTHOCT Ha YeTeHe, KaTo aBToPU3aLMATA MOXE /1a Ce ClyNU NONTH BeaHara Watpusani

[urutanHata aBToOpU3aLMs B peanHo Bpeme e QUPEKTHO CBbP3aHa C NPeoTBPaTABAHeTO Ha M3MaMK, KaTto Mo Taau Npu4uHa
OTHOBO € C N3KIMIOYMTENHO BUCOK NPMOPUTET, KOraTo Ce roBopM 3a (HMHaAHCOBK yenyrv 1 e Heobxoaumo aa Gbaat
PeanuaupaHi, Korato ce NPaBsT OKNaitH TPaHIaKUMM,

MepcoHanuanpanm 3a KNMEHTUTE © OT U3KNIOMUTENHA BAXHOCT A1a NONY4aBAT NEPCOHANUANPaHM OEPTH, KOUTO Aa OTTOBAPAT Ha TEXHUTE HyKaW. 3
ocbepTyn ToBa He € NO-PasNUUHO BbB (UHAHCOBMTE YCIYTY — OCHIYPUTENHU NONULK Ba3NpaHi Ha NEPCOHANHMA PUCK, NUXBEHN
npoueHTH Ha 6a3a noracsiBaHe 1 KanauwTeT v Ap. 3a PeanuanpaHeTo U NPECTABAHETO Ha NePCOHANUaUpanHUTe odepT Ha
KnueHTUTe e HeobxoauMo Aa ce cbbepe UHOPMaUMA — NOBEAEHUE, AHTAXNPaHOCT B couManHuTe Meaumn, GUCKBUTKM

SBT3

[ oA | OHNaitH NasapysaHe W Ap., KaTo BCUMKM JaHHU UABAT OT PA3NUYHM UBTOMHMLM, KATO 3a Taau Lien Ha NoMmoLy uaeart
®urypa 29 Cnuchbk ¢ kpurepuu 3a oneHka Ha NOSQL 6a3u oT 1aHHU 32 GUHAHCOBH YCJIYTH

HN3Boam

Cw3aneHoTo npuiiokeHne 0a3upaHo Ha METOJa 33 aHAIM3 U OLIEHKA Ha HEepelalMoOHHU 0a3u
OT JJaHHHU IIeJIK J]a CIIOMOTHE U ynecHU u3bopa Ha NoSQL 6a3u oT naHHuU 3a (UHAHCOBU yCIyTH,
ClIe]l KaTO eKCIIepTHAaTa OIICHKA € M3Bela KOHKPETHH KPUTEPHH C TEXKECT, KaTo € HalpaBeHO
roJISIMO MPOYYBAHE HA JINTEPATypa M MPAKTUUECKU OIHUT 32 BeUE CHIICCTBYBAIIUTE MPAKTUUECKU
peIlIeHNs, KaKTO | 32 MOTCHIIMAITHOTO pa3BuBaHe Ha TakuBa. M360pbsT Ha NOSQL 6a3a ot manHu
BBPXY, KOSITO 1a OBJAT MUTPUPAHU BeUe CHIIECTBYBAIM CUCTEMH WM Ch3/1aJIEHU HOBH, TpsiOBa
na ObJie HalpaBeH U3KIIOYUTETHO BHUMATETHO.

N3bpanara HepenanmoHHa 0a3a OT JaHHU, B TIOCIEJACTBHE MOXE Ja OBbJe M3MOJ3BaHa 3a
CTPYKTYpHAa W HHTETpaIlMOHHA TpaHcpopManus Ha OusHec pedepeHTHA apXUTEKTypa KbM

JieTaiIHa apXUTEKTypa.
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4. TI'nasa IV. IlpuiiokeHue HA MeTO/ 32 MPOeKTHPaHe HA pedepeHTHA apXUTEKTYypa 3a

¢GuHaHCOBH yCJayru

ApXHMTEKTYypa 3a u3libJHeHHe Ha puHaHcoBH ycayru ¢ NoSQL 6a3u oT nanumn

C Bce mo-roysiMata aBTOMAaTU3alUs U JUTUTAIN3AIUs HA TIPOLECUTE, U HABIM3aHETO Ha I0-
rojieMd oOeMH OT JaHHH OT pa3jIMyHU TUIIOBE — Hai-Be4e OT MOJYCTPYKTypUPAaHU H
HECTPYKTYpUpPaHHU, OU3HECHUTE CE U3IPABAT MPE] OTPOMHOTO MPEAM3BUKATEIICTBO 32 ChOUPAHETO,
ChXPAaHEHHETO M AaHalM3a Ha HECTPYKTypupaHu naHHu [79]. dUHAHCOBUTE HHCTHUTYIUH H
yCIyTUTEe, KOUTO Mpeasiarat ca oT Obp30 pa3BUBALUTE ce OM3HECH, KAaTO MO Ta3U NMPUYHUHA TE
TpsaOBa N1a ce ajanTupaT ObP30 M HABPEMEHHO KBbM pasrphIIAIIATE CE€ TEXHOJOTHMH U KbM
YBEIIMYABAIINTE CE U3UCKBAHUS HAa KIIMEHTUTE, KAKTO M HA MIOCTOSTHHATA KOHKYPEHIIUSI.

Ha 6a3a HanpaBeHUAT JeTaiifieH aHAJIW3 Ha Hay4Ha JIUTepaTypa CBbp3aHa C HepelalluOHHUTE
0a3u OT JaHHU U M3MOJI3BAHETO UM 3a peallu3upaHe Ha CUCTEMH 32 (MHAHCOBHU YCIYTH, KAKTO U
Ha 0Oasa paspaboreHuTe Owm3Hec pemieHus, B ['nmaBa |l Ge paspaborena OusHec pedepeHTHA
apXHUTEKTYypa, ChCTOSINA CE OT CHCTEMA 32 ChXpPAaHEHUE Ha IaHHU, MHTETPAIIMOHEH CJIOH B CHPBBP
Ha cierduaeH NOSQL, kosTo 6 pa3BUTa U JOCTUTHA JI0 PEATU3UPAHETO HA (PU3UUCCKU MOJIEI.
B t0o3u Mozen morat aa 0baT pa3noioKeH! BCEKH €IUH OT YETHUPUTE THUIIA HEPEeNAlMOHHU 0a3u
OT JJaHHH, KAKTO B KOMOHMHAIIUA 3a€THO, TaKa U IO OT/IEITHO.

Bbasupano Ha pe3ynrara mojy4eH OT MeToa, OTHOBO pazpaboteH B I maBa |1, konkpernara ICT
apXHUTEKTYypa, KOATO Ie Obe pa3paboTeHa € CTpyKTypHa U MHTETPallMOHHA TpaHCchopManus Ha
OousHec pedepeHTHA apXUTEKTypa KbM JeTailiHa TakaBa, 3a u3non3BaHero Ha NOSQL Ga3u ot
JIaHHU 32 (PMHAHCOBH YCIIYTH.

ICT apxutexrypara, KOSITO € TECTBaHa MPAKTUYECKH CE ChCTOM OT CHCTEMa 32 ChXpaHEHUE Ha
nanau — MongoDB, unTerpanuonen cioit — Apache Spark Connector 3a MongoDB u cspBBp Ha
crierpuuer NOSQL, karo B ciyuast € U3Mosi3BaHa pasnpe/eseHara ¢ainosa ciucrema Ha Hadoop.

Konektopbt 3a nanau Ha MongoDB npe3 Spark mo3BomnsiBa nHTerpanusta Ha TOKyMEHTHO-
opueHTupanata 6a3za MongoDB wu Apache Spark, xoeto mo3BosisiBa Ha MOTpeOHTENUTE 1A
peanu3upar CI0KHHU aHAIIM3HU C TOJIEMHU CETOBE OT JJAaHHU. B omrbiiHEeHNe Ha TOBA, Y€ KOHEKTOPHT
MO3BOJISIBA OIEpAllU 3a YETEeHE, CHIIO JIaBa BB3MOXKHOCT 3a 3alUC Ha JJAaHHH OOpaTHO KbM
MongoDB mpe3 Spark xonektopa. ToBa jaBa M3KIIOUMTENIHA BB3MOXKHOCT 32 3allFCBaHE Ha
pe3yaTaTd OT U3BBpIIeHUTE 00paboTKu B Spark ma 6b1aT 3anucanu ooparao B MongoDB u ciien

TOBa aa 6T)JIaT M3II0JI3BAHU 3a JOIIBJIHUTCIICH aHAaJIU3.
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HHucTananus v KOHPUrypamus Ha He00X0AUMM KOMIIOHEHTH 32 peaJIM3UpPaHe HA POTOTUIIA
Ha pedepeHTHATA APXUTEKTYPA 32 QUHAHCOBH YCJIYTH
3a peanm3amusaTa Ha (QU3MYECKHUS MOJEN Ha OW3HEC pedepeHTHaTa apXUTEKTypa ca
HEOOXO/IMMU CIIETHUTE KOMIOHEHTH:
v" Hadoop
v Apache Spark konexTop 3a MongoDB
v Python
KbM momenTa ICT apxutekTypaTa € peain3upaHa Ha JIOKaJIHO HUBO - Bpb3ka Ha MongoDB
ype3 Apache Spark konekTopsT ksM Hadoop. 3anousa ce ¢ mokaiHa uHCTanamus Ha Python, Teit
kato nie Obae w3mos3BaH PySpark. 3a ma ce mHcranupa u koHdurypupa Python ce cBamsr
HeoOXxoauMuTe (ailioBe, KOUTO C€ CTapTHpaT Ha JIOKaJHATAa MallWHA, 4pe3 CTaHAapTECH
MHCTaJIAIIMOHEH coTyep, ¢ KOWTo pasmonara. Cies 3aBbPIIBAHETO U, CE MIPOBEPSBA HAJTHMYHATA
Bepcust Ha Python Ha mMainHara, 3a 7ia € CUTYpHO, Y€ MPOIECHT € 3aBbPIIUII MPABUIIHO U paboTara
0 CJIeBAIMTE CTHIIKK MOXe 1a Objae nmpoabnkeHa. B Command Prompt ce usnucea cinenHara
koman1a python —version, kaTo ako WHCTANAIMOHHMUS MPOIIEC € IIPEMUHAIT YCIICIIHO TPsOBa J1a ce

nosiBu ciieaHus pesynrar — durypa 30.

C:\Windows\System32>python --version

Python 3.9.4

®@urypa 30 Pe3yarar npu npaBujiHa uHcraganus Ha Python

NHcrananusra Ha Spark Ha JoKaqHO HHBO ce U3BBPIIBA Ciied H300p Ha KOHDUTYPALMUTE U
CBaIIHE HA HEOOXoAWMHTE (ailyloBe Ha MammHaTa. [lpyu mpaBwiHA WHCTananus Ha Spark u
BbBEKJIaHe Ha cieqHara komanga B Command  Prompt:  C:\Spark\spark-3.1.1-bin-
hadoop2.7\bin\spark-shell, Apache Spark ce craptupa u ce Bu3yanumsupa ekpaHa MO-IO0Ty —

Qurypa 41.
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org.apache.spark.SecurityManager.<init>(SecurityManager.scala:79)
org.apache.spark.deploy.SparkSubmit. secMgr$lzycompute$l(SparkSubmit.scala:368)
org.apache.spark.deploy.SparkSubmit. secMgr$1(SparkSubmit.scala:368)
org.apache.spark.deploy.SparkSubmit . $anonfun$prepareSubmitEnvironment$8(SparkSubmit.scala:376)
scala.Option.map(Option.scala:23@)
org.apache.spark.deploy.SparkSubmit.prepareSubmitEnvironment (SparkSubmit.scala:376)
org.apache.spark.deploy.SparkSubmit.org$apache$spark$deploy$sparksubmit$grunMain(Sparksubmit.scala:894)
org.apache.spark.deploy.SparkSubmit.doRunMain$1(SparkSubmit.scala:180)
org.apache.spark.deploy.SparkSubmit. submit(SparkSubmit.scala:203)
org.apache.spark.deploy.SparkSubmit.doSubmit (SparkSubmit.scala:98)
org.apache.spark.deploy.SparkSubmit$$anon$2.doSubmit (SparkSubmit.scala:1030)
org.apache.spark.deploy.SparkSubmit$.main(SparkSubmit.scala:1039)
org.apache.spark.deploy.Sparksubmit.main(SparkSubmit.scala)

sing Spark's default log4j profile: org/apache/spark/logdj-defaults.properties

o adjust logging level use sc.setlLoglevel(newLevel). For SparkR, use setlLoglevel(newlLevel).
Welcome to

version 3.1.1

sing Python version 3.9.4 (tags/v3.9.4:1f2e308, Apr 6 2021 13:40:21)
[Spark context Web UL available at http://LAPTOP-2FKTL@SR:4€4@
ISpark context available as 'sc' (master = local[*], app id = local-1680097593681).
[SparkSession available as 'spark'.

®urypa 31 Pesyarat npu npaBuiHa uHcramamus Ha Apache Spark

Ilpu npaBuiHata WHCTamanus W craptupade Ha Apache Spark, ocBeH choOIICHHETO B
Command prompt, au ce mpeaocTaBs mOTpeOUTEIICKH HHTEpdElic mpe3 Opay3bpa, KOWTO MOXKeE 1a
ObJIe M3MOJI3BAH 32 HAOJIOJICHUETO HA PA3IMIHUTE 00pabOTKU, KOUTO ce M3BBpIIBAT — Durypa

31, na cnennus agpec: http://localhost:4040/.

s
S‘puofks 311 bs Stages ige  Environme Exect PySparkShell

Stages for All Jobs

Failed Stages: 1

~ Failed Stages (1)

Page: 1 Pages. Jumpto 1 Show 100 items in a page. Go

Stage Tasks: Shuffle  Shuffle

Id - Description Submitted Duration Succeeded/Total  Input Output Read Write Failure Reason

0 at 2023/03/29 10s 0/1 (1 failed) Job aborted due to stage failure: Task 0 in stage 0.0 failed
NativeMethodAccessorimpljava:0 16:49:47 1 times, most recent failure: Lost task 0.0 in stage 0.0 (TID

0) (LAPTOP-2FKTLOSR executor driver):
org.apache.spark SparkException: Python worker failed to
connect back. detail

Page: 1 Pages. Jumpto 1 Show 100 items in a page. Go

®urypa 32 Unrtepeiic Ha T0KaJHO HUBO B 6pay3bpa 3a HaOJII0/IeHHe HA U3ITbJHEHHE HA 3a/1a4Yd Ha
Apache Spark

CrnenBamiata CThIKa 3a peaju3aluaTa Ha (U3NYECKUSAT Mojena Ha OusHec pedepeHTHaTa
apXHUTEKTYypa, KOSATO TPIOBa J1a e U3MIBJIHU ¢ nHcTananuara Ha Hadoop. Toii ce cBast, mpaBsr ce
Heo0XoIuMUTE KOH(MUTYpaIK Ha MallIHATa, KAKTO C€ JOOABAT U AOMBJIHUTEITHA KOHPUTYpALIUU
KbM HsKOHM OT (paiimoBeTre Ha Hadoop, kouTo morar ga ObJaT OTKPUTH B MPHIOKCHHATA Ha

HACTOALIMS TUCEPTALIMOHEH TPYJ. 3a MPOBEpKa Ha TOBA JalM MHCTAlalusATa € Ouiia ycneliHa B
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Command prompt ma mammHarta ce u3nucBa cieaHara komanma: cd Hadoop-2.9.2\sbin , karo

TpsIOBa J1a ce MosBU ClIeTHOTO Hemo Ha Purypa 32.

C:\>cd Hadoop-2.9.2

C:\hadoop-2.9.2\sbin>

®urypa 33 Ycenemna nacrananus na Hadoop

B Opay3bpbr Ha ciemnus aapec: http://localhost:50070/ ce orBaps MOTPEOUTEICKHST

uaTepdeiic, ype3 KOWTO Npu MNpaBWIHO crapThpane Ha Hadoop moxe na ce mpociensT

KIIBCTHPUTE C JAHHU U JPYTU.

Namenode information

localhost:5007

& Apps

Hadoop  Overview  Datanodes  Datanode Volume Failures ~ Snapshot  Startup Progress

Utilities

Overview 'ocalhost:9000' (active)

Started: Sat Mar 12 14:36:15 +0200 2022

Version: 2.9.2, r826afbeae31cab87bc2f8471dc841b66ed2c6704
Compiled: Tue Nov 13 14:42:00 +0200 2018 by ajisaka from branch-2.9.2
Cluster ID: CID-d6b73a70-8a96-4abb-9352-48da9c2e2352

Block Pool ID: BP-239703326-192.168.100.3-164708814 1258

Summary

Security is off.
Safemode is off.

1 files and directories, 0 blocks = 1 total filesystem object(s).

®urypa 34 Unrepdeiic na Hadoop

Ilocnennara cThIKa 3a PCAIN3UPAHCTO HaA (1)I/I3I/I‘-ICCKaTa APXUTCKTYypa € HHCTAJlallusATa Ha

Apache Spark xorekropa 3a MongoDB, koeto ce peanusupa upe3 Pyspark u ciegaure komann

--packages, karto ciiej1 TOBa OT IPEA0CTaBEeHUTE Bh3MOKHOCTH ce n3bupa mongo-spark-connector,

KOMHTO ce HWHCTAJIMpAa HAa MalllMHATA.

CTapTI/IpaHCTO Ha BPB3KUTC CC CIIydBa, UpEC3 CICAHUA KOMI:
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bin/pyspark --conf
"spark.mongodb.read.connection.uri=mongodb://localhost:27017/Financial Data.Stocks?readPref
erence=primaryPreferred"
--conf
"spark.mongodb.write.connection.uri=mongodb://localhost:27017/FinancialData.Stocks"
--packages org.mongodb.spark:mongo-spark-connector_2.12:10.1.1

IIpnioxxeHnne Ha THIMYHA HECTPYKTYPHPAHHU JAHHH NPH PUHAHCOBH YCJIYTH

Besika enna ¢uHaHcoBa yciayra pabOTH € pa3iMYHM THUIIOBE JAHHU — CTPYKTYpHUpaHH,
MOJYCTPYKTYPUPAaHU M HECTPYKTYpHUpaHH, CHOUPAHU OT PA3IUYHU M3TOUHULM B Pa3IUYHU
dopmaru. Ce3nmaneHata pedepeHTHa apXHTEKTypa 3a (MHAHCOBH YCIYyTH C JOKYMEHTHO-
opueHTHpaHata 6aza MongoDB cebp3ana upe3 koHekTop Ha Apache Spark ¢ Hadoop, pabotu ¢
JIAHHU B JIOKyMEHTEH BapHaHT.

To3u TUI HECTPYKTYpUpaHH JaHHU ca TUIIMYHU 32 MHOTO YCIYI'M B OCHOBHO OaHKHUpaHe, e-
IUTALAHUsS, aK[UH, OOJHTraluy, TEepCOHAIM3HpaHe, e-MOpTQeilsl, 3aCTpaXxOBKH, KIMPUHT Ha
KIMeHTH, YIpaBlIeHHWE Ha KiIWeHTH W Jpyrd. [lo Tasm mpuumHa ch3gajgeHara pedepeHTHa
apXMUTEKTypa € TeCTBaHa C JIaHHU, KaTo J0roBOpH, (hUIIOBE, UMEIIN, PETIOPTH, JaHHHU 32 CTOKOBU
aKIUM W o0Iurauuu U Apyru. Yact oT Te3u JaHHU ca MAaKeTHU, T€HEpUpPAaHU JIOIBJIHUTEIHO,
nopaau (Qaxrta, 4ye JaHHUTE, C KOUTO pabOTAT (PUHAHCOBUTE YCIYTH Ca HU3KIIOYUTEIHO

YYBCTBUTEIHU U HE MOTAT Jia C€ OTKPHUAT TAaKUBa ChC CBOOOICH JIOCTHII.
TecTBaHe Ha pedpepeHTHA APXUTEKTYPa ¢ GUHAHCOBU JaAHHU

-  M3T0YHMK HA (UHAHCOBHU JAHHM — AKUHUH
JlaHHUTE 32 ¥ CBBP3aHU C KJIIMECHTH, KOUTO Ca TCHEPHPAHH, M3IOI3BAaHU U ChXPAHSBAaHU BHB
(UHAHCOBUTE MHCTUTYIIMM Ca W3KIIOYUTEITHO UYBCTBUTEIHM W He OMBa Ja Objar
pasnpocTpaHsBaHU CBOOOIHO, KaTO CHIINO TPIOBa Ja ObIAT ChbXpaHsIBaHH CIIOPE]] W3UCKBAHUATA
3a 3amuTa Ha JuuHuTe AaHHu. [81] [82] duuaHcoBM maHHM Morar aa ObAaT OTKPUTH MHOTO
TPYJHO CBOOOJHO B MHTEPHET MPOCTPAHCTBOTO, KATO 3a LEIUTE Ha TECTBAHETO Ca M3MOJI3BAHH
cBOOOJTHO JOCTHITHY JaHHHM 32 akiuu ot Forbes, Nasdag, Nyse u SP500 B json dopmar.

Haunute Forbes, Nasdag, Nyse u SP500 cbabpskaT ciaeIHUTE MoJieTa :

ITosaera CroiiHOoCTH
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currency CroTBeTHATa BanmyTa
symbol CumBoin
exchangeName OOMeHHO uMe
instrumentType Tum uHCTPYMEHT

firstTradeDate

IIspBa narta Ha nponaBaHe

regularMarketTime

PerynsipHo Bpeme Ha nazapa

gmtoffset”: -18000

timezone

Bpemesa 30Ha

exchangeTimezoneName

BpemeBa 30Ha Ha 0OMeH

regularMarketPrice

PenoBHa 1iena Ha masapa

chartPreviousClose

priceHint

Ilonckaska 3a nenara

currentTradingPeriod

HaCTO}IH_[ IEPUOT 3a THbPI'yBaHE

pre
timezone YacoBa 30Ha Ha IpeABapUTEIHATA IpoIaxk0a
start CraptoBa nata
end Kpaiina gara
gmtoffset Paznuka ot Bpemero 1o ['punyny
regular

timezone": "EST",

YacoBa 30Ha Ha peryJsipHa mpoaaxoa

"start": 1670855400,

CraproBa gata

"end": 1670878800,

Kpaiina nara

gmtoffset Paznuka ot Bpemero no ['punyny
post

timezone YacoBa 30Ha cieJ npojaxoa

start

end Kpaiina mara

gmtoffset Pasnuka ot Bpemero 1o I'punyny

dataGranularity

JleTaliJIHOCT HA TaHHUTE

range

Jnanazon
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validRanges Banuanu BpeMeBH uamna3oHu

Taoamua 5 IMonera ¢ nannu ot Forbes, Nasdag, Nyse u SP500

JlaHHUTE 3a aKIMK OT pa3auuHuTe u3tounuim - Forbes, Nasdag, Nyse u SP500 ca nax
10I'b, xouTo mIe OBIAT 3apEICHH B apXUTEKTypaTa, KOSATO CE peaiu3upa B HACTOsIIATa IiaBa —
Tabnuua 5.
- 3apexnaHe Ha (PMHAHCOBM JJaHHU
Cw3nanenara apxuTeKTypa Moxe 1a oomens nanau ot MongoDB nipe3 MongoDB konekTopa
kbM Apache Spark u o6patHo. 3apexxaanero Ha nanau ot Hadoop kM Mongo ce peanusupa, upe3
PySpark.
3a nenTa, IBPBO € HEOOXOIUMO JIa c€ J00aBIAT HEOOXOAMMUTE OMOIMOTEKH U J1a CE Ch3/1aJe

cecust Ha Spark ¢bC ciaeaHUSA KO

spark = SparkSession.builder.Financial Test("HadoopToMongoDB")
.config("spark.mongodb.output.uri*,"mongodb://localhost:27017/Financial Data.Stocks ")
.getOrCreate()

C xopma mo-mony 3apexaame ganaure or Hadoop B PySpark Frame:

df = spark.read.format(*com.mongodb.spark.sql.DefaultSource").option( uri”, "mongodb://
http://localhost:50070/FinancialData.Stocks.load()

Karo nakpas 3anucBame qanaute ot Hadoop 8 MongoDB, upe3 cienus Ko

df.write.format(*com.mongodb.spark.sql.DefaultSource™).mode("append").option("uri",
"mongodb://localhost:27017/FinancialData.Stocks") .save()

Ha ®urypa 35 ca Busyanusupanu fanHute 3apenenu npe3 Apache Spark konekropa na MongoDB

ot Hadoop.
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http://localhost:50070/

¢ MongoDB Compass - localhost:27017/FinancialData.Stocks

Connect Edit View Collection Help

I Documents I Documents
” localhost:27017 FinancialData.St... FinancialData.St... +
{} My Queries . .
FinancialData.Stocks
€ Databases < o+
| ‘ Documents Aggregations Schema Explain Plan Indexes Validation
+ & FinancialData
Fiter® @ « Type a query: { field: 'value'
| I Stocks
- , \
b Y = PYTLYYSTSE) | (¢ EXPORT COLLECTION |
» € admin
» & config _id: ObjectId('6444c7502d05543b146744cf"')
» chart: Object
» £ local

| v ] _id: ObjectId('6444c8222d05543b146744d1")
~ « chart: Object
v result: Array
v 0: Object
v meta: Object
currency: "USD"
symbol: "AAALY"
exchangeName: "PNK"
instrumentType: "EQUITY"
firstTradeDate: 1363354200
regularMarketTime: 1670519484

Emtuffset: 18000
®urypa 35 3apenenn 1annu or Hadoop kem MongoDB

client = MongoClient()
db = client['Financial_data']
collection = db['stocks']
spark = SparkSession.builder
.appName(*"Financial Stock™)
.getOrCreate()
df = spark.read.format(""com.mongodb.spark.sql.DefaultSource")
.option("database", "Financial_data™)
.option("collection™, "stocks")
Joad()
df = df.filter((col("symbol™) == "ACGL") & (col("firstTradeDate") >= "2017-05-02") &
(col("firstTradeDate") <="2017-10-10"))
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result = df.groupBy(year(*"date™).alias("year"), month("date™).alias("month™))

.agg({"close": "avg"}) .orderBy("year", "month™)
result.write.format(*'com.mongodb.spark.sql.DefaultSource™).option(*"database",
"Financial_data") .option(*collection”, "stock_analysis") .mode("overwrite") .save()
client.close()

spark.stop()

Cob3nanenara nporpama Ha PySpark nsmnosn3sa JaHHUTE OT aKIUKUTE, KOUTO OsXa 3ape/icHH
B HAYaJI0OTO Ha eKCIIEpUMEHTa ¢ pedepeHTHarta apxutekrypa or Hadoop ksm MongoDB. ITspBata
CTBIIKA €, Y€ ce MpaBu Bpb3ka ¢ MongoDB, a ciien ToBa ce oTBaps cecusra cbe Spark. Jlanuute
ce (uaTpUpar o HAMMEHOBAHUETO Ha aKIUUTE, a B TMOCJICIICTBUAE CE€ THPCAT CaMO OHE3H, YHATO
IbpBa JaTa Ha mpojaxkOa e MexAy 3amaaeHus unrepBan. Ciex ToBa mporpamara rpynupa
pe3yaTara 1o JilaTa U U3BeX/Ia yCpeHEHATa CTOMHOCT Ha IICHaTa Ha KOHKPETHATA aKIIUs 32 IICIIHsI

nepuo B uHtepBana. Jlanaure ce 3anuceatr B MongoDB 6a3ata u cecusita ce 3aTBapsi.

HN3Boan

[IpoekTupan € KOHIIENTyaJleH, JOTWYeCKH M (HU3MYECKH Mojen Ha Ou3Hec pedepeHTHa
apXHUTEKTypa, KOWTO Ca CBh3JaJEeHH C TOMOINTa Ha MOJIXOAa 3a Ch3JaBaHe Ha pedepeHTHa
apxutektypa B I'maBa |. Ha 6a3a Tesu monmenu, B I'maBa |V OGemie peanusupaH yCIHEHIHO
¢uznyeckus Mojen Ha Ou3Hec pedepeHTHaTa apXuTeKkTypa 3a puHaHcoBu yciryru ¢ NoSQL 6a3u
OT JaHHM W TO-KOHKPETHO CBBP3BAHETO Ha JIOKYMEHTHO-OpPHEHTHpaHaTta 0a3a OT JaHHU —
MongoDB, upe3 Apache Spark kouekropa 3a MongoDB ¢ Hadoop. Peanusupanara apxurekrypa
MO3BOJISIBA ChXPAaHEHNETO, OOMEHA M aHaM3a Ha JaHHU C BB3MOKHOCTUTE, KOUTO TIpejsiaraT
Apache Spark 1 MongoDB.
3ak/roueHue

C pa3BUTHETO Ha TEXHOJOTHHTE, JUTHTAIM3ANMATA W JUTHTAIHATa TpaHchopMarus,

KOSITO C€ CIIy4Ba BbB BCHUKHU c(hepH, JaHHUTE Ce TeHepUpar Bce 1o-0bp30, C BCE MO-TOJIEMHU 00eMH
u no-rossiMa ckopoct. Cdepu kaTo pUHAHCOBUTE YCIyTH pabOTEH ChC UCTOPUYECKH CUCTEMH,
KOUTO ca 0a3WpaHM BHPXY pETalMOHHM 0a3W OT JaHHHW, ca TMPUHYICHH Ja Ce pa3BUBAT U Ja

MUTpUpPAT CBOUTE CUCTEMU KbM HEPCIIAIIMOHHN 0asu oT JaHHH, 3a J1a YCICAT Ja CC aallTupaT KbM
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HOBUTE U3UCKBAHHUS HA CBOUTE KIIMEHTH U Jla CE CIPABAT C HapacTBallaTa KOHKYPEHIUS, KaKTO U
¢ OBP30TO pa3BUTHE HAa TEXHOJIOTMUTE U HOBUTE YCIYTH, KOUTO MpeJiarar.

JlucepTaoHHUS TPy Mpeuiara pa3padoreH MeToy 3a ouenka u n3dop Ha NoSQL 6a3u
OT JaHHH, 0a3MpaH BbPXY aHAJIU3 HA JIMTEPATYPHU U3TOUYHHUIIM U PEATHU MPAKTUYESCKH TPUMEPH.
MeToabT BOIU 10 Ch3AaBAaHETO Ha MHCTPYMEHT 3a OIEHKA M M300p Ha HepeNalMoOHHU 0a3u oT
nanHu. ToBa cTaBa OCHOBaA 3a MpOEKTUpaHeTo Ha pedepeHTHa apxuTekTypa Ha NOSQL 6a3u ot
JAHHU, KOSITO € IPAKTHUYECKH INpUIIOKEHa, upe3 cBbp3BaHeTo Ha MongoDB c¢ konekropa Ha

Apache Spark 3a Mongo u cpoTBeTHO upe3 Hero cBbp3BaHe ¢ Hadoop.

B HayanoTo Ha HacTOSIIMS TUCEPTALMOHEH TPy Oaxa nedUuHUpaHU TPU XUIIOTE3H:
Xunoresa 1:
Bb3MoxkHO € nma ce cwh3mane pedepeHTHa apXUTEKTypa, NPHIIOKHMAa 33 ChXpaHCHHE,

obpaboTka u pabota ¢ ['onemu JaHHU CBBpP3aHU ¢ (GPUHAHCOBHU YCIIYTH.

Xumnoresa 2:
BB3MOXKHO € ja ce Jane KOJMYESCTBEHA OICHKA 3a pe)epeHTHA apXUTEKTypa, KaTo Cce

Cb3aaac METO/ 3a OLICHKA, KAKTO U MHCTPYMCHT 3a aBTOMATHU3UPAHCTO H Inpujarane.

Xunoresa 3:
Bb3MoxkHO € 1a ce mocturHe edeKTHBHA MHTETpaIisl Ha KOMIIOHEHTUTE Ha pedepeHTHaTa

apxuTekTypa 3a ¢unancoBu ycayru ¢ NOSQL 6a3u ot mannu 3a padora ¢ ['onemu gaHHU.

C orJjiel Ha U3BbPIHICHATA HAYYHO-HU3CIICAOBATCIICKA pa60Ta, KaKTO U Ha pCaIM3UpPaHUA
MPAKTUYCCKHU IMPOTOTHUII, MOKC Ja CC 3aK/III04Yd, Y€ XHIIOTE3UTC Ca J[IOKazaHM, 3ada4YuTe
Heq)HHHpaHH B HA4YAJIOTO Ha HACTOAIIUA AMCCPTAIMOHCH TPYyd Ca U3IIBJIHCHU, KOCTO HHU JaBa

OCHOBAHUC J1da CHUTaMC, 4€ LICJITAa Ha JUCCpTAllUATA € U3ITbJIHCHA.
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General characteristics of the dissertation work

2. Actuality

Nowadays, when change and digital transformation are a necessity for the businesses to remain
competitive, companies that fail to keep up with change, risk being left behind or out of business.
Technologies developing at a faster pace from simple phones to sensors collecting data and being
used almost everywhere in our daily lives to computers, robotics, Artificial Intelligence, cloud
technologies, Big Data, Internet of Things, and more are considered the basis of digital
transformation in various spheres.

Digitization and digital transformation cover various types of processes in our lives,
progressing at an extremely fast pace. The adaptation of new technologies helps to increase
efficiency and productivity in the digitization of manual processes. There are countless benefits to
digital transformation, but one of the most important factors is that it helps businesses become
more efficient and organized. This process has the potential to make organizations more agile,
efficient and customer centric.

In the last decade, managing exponentially growing amounts of data has become an
increasingly challenging task. With the development of technologies, the digitization of processes
and the digital transformation of businesses, it leads to the generation of huge amounts of data that
must be stored, managed, and analysed through appropriate methods. Technology development
and data generation represent the initial and easiest step. The challenges start with storing,
processing, analysing and deriving results from the collected data.

In the past, when the development of information technology was initiated, the main type of
data collected was structured. With the digitization of more and more businesses and digital
transformation, the generation of different types of data - semi-structured and unstructured - has
also started. Unlike structured data, the other two types are extremely challenging to store and
process. The usual relational databases used for the storage of structured data are not suitable for
semi-structured and unstructured, which leads to the need to create and develop new ways of
storing different types of data. One of the key requirements for Big Data storage is that it must
handle massive amounts of data, with storage capacity continuing to grow without disrupting the
workflow.

In recent years, the financial sector has been developing and digitizing more and more, which

leads to the need for changes. For financial institutions to meet the demands, needs and
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expectations of their customers, it is of utmost importance to make changes and adapt quickly to
evolving technologies. In addition to this, these types of institutions must manage extremely large
volumes of data while making changes to their systems without causing data loss or problems for
their customers. Financial services offered by banks, credit unions, accounting companies,
insurance companies, investment funds, stock exchanges and others need databases that can adapt
to the automation needs that non-relational databases can meet. NoSQL databases can handle the
storage and processing of large amounts of data, with their scalability and providing better data

processing performance.

5. Object, goals, and tasks of the dissertation work

The subject of this dissertation are the business reference architectures aimed for the use of
non-relational (NoSQL) databases related to Big Data systems for financial services.

The aim of the dissertation work is the design of a business reference architecture aimed for
the use of NoSQL databases connected to Big Data systems, to be applied and tested with data for
a specific financial service and the definition of a method for evaluating and selecting NoSQL
databases for financial services.

The subject of the dissertation is the design of a reference architecture for the selection of
NoSQL databases related to Big Data systems aimed for financial services and the method of
selection and evaluation of non-relational databases for financial services.

The research question posed in this dissertation is "How to create a business reference
architecture aimed for the use of NoSQL databases related to Big Data systems in the field of
financial services, how can a quantitative assessment to be obtained, through which we can choose
an appropriate non-relational database for the reference architecture? ™

Tasks that are performed in the process of realizing the set goal of this dissertation are the
following:

v Research and analysis of reference architecture for financial services.

e Overview and analysis of current problems related to the storage of different types
of Big Data and reference architectures related to the use of non-relational
databases aimed at financial services.

e Defining criteria for selecting a NoSQL database related to Big Data systems aimed

at the use of financial services.
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v Defining a quantitative assessment approach for non-relational database selection in
the financial services industry.
e Selection of criteria for evaluation of NoSQL databases in the field of financial
Services.
e Designing a conceptual, logical and physical model of a reference architecture for
financial services with NoSQL databases
v Development of a tool for evaluation and selection of NoSQL databases related to Big
Data systems aimed at financial services for use in the reference architecture.
e Designing atool for evaluation and selection of a non-relational database related to
Big Data systems aimed at financial services.
e Atool for selecting and evaluating NoSQL databases for financial services.
v’ Practical application of the method for designing reference architectures for financial
services
e Creation of an experimental prototype of a reference architecture related to a Big
Data system aimed at financial services.
e Practical application of the experimental prototype
e Evaluation of the results of the practical application
2. Working hypotheses of the dissertation work
Hypothesis 1:
It is possible to create a reference architecture applicable to the storage, processing and
operation of Big Data related to financial services.
Hypothesis 2:
It is possible to quantify a reference architecture by creating an evaluation method as well as a
tool for automation and implementation.
Hypothesis 3:
It is possible to achieve an effective integration of the components of the reference architecture
for financial services with NoSQL databases for working with Big Data.
3. Contributions of the dissertation work
e Scientific
o A method for quantitative evaluation of NoSQL databases for implementation of

digital financial services was created.
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o Formulation of indicators and metrics for selecting NoSQL databases for financial
services

o Designing a conceptual, logical, and physical model of a reference architecture for
financial services with NoSQL databases

e Scientific and applied.

o Principles for designing and creating a NoSQL database selection tool for financial
Services.

o Structural and integration transformation of a business reference architecture to a

detailed architecture for using NoSQL databases.

6. Volume and structure of the dissertation work

The dissertation consists of an introduction, four chapters, a conclusion, contributions,
publications, references, appendices, a list of figures, a list of tables, a list of figures and
appendices. It has a total volume of 122 pages (110 pages without the appendices). The sources
used are 85, of which 1 is in Bulgarian, 84 in English and 73 internet addresses. The exhibition
includes 45 figures, 5 tables and 1 graph.

The introduction presents the actuality, object, goals, tasks and working hypotheses
of the problems considered in the dissertation work. Three hypotheses are formulated, and its
goal is "the design of a business reference architecture aimed for the use of NoSQL databases
connected to Big Data systems, to be applied and tested with data for a specific financial
service and the definition of an evaluation method and selection of NoSQL databases for
financial services.'

The first chapter has an overview nature. It introduces the main concepts and
definitions used in the dissertation. A brief analysis of Hadoop, its main advantages and
disadvantages has been made. Data types are considered, as are the types of NoSQL databases,
and reference architectures are analysed in general and more specifically for financial services.

The second chapter presents a method for evaluating and selecting NoSQL databases
for financial services. It is based on an analysis of literary sources, as well as on practically
implemented solutions. Criteria were derived and an expert assessment was made for the
implementation of the selection. A conceptual, logical, and physical model of a reference

architecture for financial services was designed.
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In the third chapter, a tool for evaluating and selecting NoSQL databases for financial
services is designed and built, based on the method for evaluating and selecting non-relational
databases created in Chapter I1.

The fourth chapter represents the experimental part of the dissertation work. It
examines the practical applicability of the NoSQL evaluation and selection method, as well as
the realized physical model of the designed reference architecture, which is tested with
financial data.

The conclusion summarizes that because of the developments, the formulated
hypotheses have been proven, expressing the intention to continue research and development
in the field of non-relational databases, as well as the development of the NoSQL database
evaluation and selection tool, as well as continuation of the practical work on the implemented

business reference architecture.
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Brief presentation of the dissertation work

2. Introduction

The introduction presents the actuality, object, goals, tasks and working hypotheses of the
problems considered in the dissertation work. Three hypotheses are formulated, and its goal is "the
design of a business reference architecture aimed at the use of NoSQL databases connected to Big
Data systems, to be applied and tested with data for a specific financial service and the definition
of an evaluation method and selection of NoSQL databases for financial services.'

6. Chapter 1. Analysis of financial services and the Big Data generated by them.
Opportunities to use NoSQL databases.

Financial services - definition and types

Financial services are economic services that are provided by the financial industry, which
encompasses a wide range of businesses involved in managing money including credit unions,
banks, credit card companies, insurance companies, accounting firms, consumer finance,
stockbrokers, investment funds, government sponsored enterprises. [1]

Financial services are divided into banking, exchange, investment, insurance, financial export
and other financial services. Each of these basic financial services is divided into further sub-
Services.

v' Banks - data for analysis in the banking sector comes from various sources:
customer personal information, account details, customer transactions, customer
complaints and service, information pages on social networks, market sentiment,
product introductions, etc. With the help of Big Data, banks can overcome major
business challenges such as profitability and performance through Big Data
analysis, also helping banks reduce risk and cost in customer acquisition, predicting
risk in loans and mortgages. The potential analysis of Big Data in the banking
industry would lead to fraud prevention, customer identification and acquisition,
customer retention, improved customer experience, optimized operations,
improved product design, increased transparency, regulatory compliance. [2]

v' Exchange services/abroad/ are offered by banks and special currency brokers.
Foreign exchange services generate extremely large volumes of data — structured,
semi-structured and unstructured — and the information that remains hidden inside
could be useful to market participants. [3]
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v Investment services are a wide range of activities related to investment in various
financial instruments. To reduce the risk associated with investments, investors are
using various technological solutions based on Big Data to make the right decisions.
Using this type of tools, they can make informed investment decisions by gathering
available information, identifying industry trends and properly managing assets. In
addition to standard structured information, investment services can easily collect
audio files, which are unstructured data. This type of data can help generate reports
faster, as well as extract the most important information for stakeholders. [4] [5]

v Insurance services are a contract, represented by a policy, between two parties in
which the policyholder receives financial protection or reimbursement against
losses from the insurance company. For an extremely long period of time, insurance
services have been based on traditional business models, but with the ongoing
digital transformation and technology development, the industry has started to use
progressive technologies and digital platforms that allow insurance companies to
track, measure and control risk. Companies for travel insurance, health insurance
and more rely on statistics to segment their customers well. Accident statistics,
information about the insured, as well as data collected by third parties, help group
people into different risk categories, prevent fraud and optimize costs. The collected
structured, semi-structured and unstructured data can be used and analysed for
pricing, rating, marketing and more. [6] [7]

v" Financial export is a financial service provided by a local company to a foreign
company or individual.

v’ Other financial services. [8] [9]

The financial industry uses more systems with relational databases, the ongoing
digitization and digital transformation forces them to transform their work to meet the needs of
their customers. Most companies in the financial industry are storing Big Data even now, but they
do not know how to extract its potential, as there are semi-structured and unstructured ones. First,
organizations need to understand the value of the data collected and what it means for customers
and business processes. Since legacy systems cannot support semi-structured and unstructured

data, new solutions to this problem must be sought. Big data in the financial sphere has in recent
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years led to major innovations in technology, enabling the creation of convenient, personalized
and secure solutions. Stock and bond trading, investments, fraud detection and prevention, and
risk analysis are just some of the financial services that benefit from Big Data. [10]

In the past, Big Data was not inherent to financial institutions, so a long process of change
is required, requiring both technological and behavioural change. The presence of Big Data, in
particular semi-structured and unstructured, leads to the need to find a suitable way of storage,
where non-relational (NoSQL) databases intervene. [10]

Non-relational databases offer not only flexibility for the applications that are built on
them, but also scalability at a low cost, something that is not possible with relational databases.
The need for real-time processing and analysis for authentication, authorization, detection of fraud
attempts leads to the need for NoSQL databases.

e Improved fraud prevention and monitoring of financial crimes. This is one of the
biggest advantages of non-relational databases with the analysis that can be performed in
real-time and is extremely important for financial services - banks, credit, and debit cards.
All these institutions work with extremely sensitive information that is of utmost
importance to understanding and satisfying customers. Fraud in financial services is on the
rise, which can be prevented through analytics, anomaly analysis, classification, and
clustering, which can be realized with non-relational databases. [12]

e Real-time digital authorization. Of utmost importance for financial services to be sure
that fraud does not occur and for the real identification of the people with whom it is
communicated. NoSQL databases have such capabilities due to reduced read latency, and
authorization can happen almost immediately. [11][12]

e Personalized offers. It is important for customers to receive personalized offers that meet
their needs. This is no different in financial services — insurance policies based on personal
risk, interest rates based on repayment and capacity, etc. To implement and present
personalized offers to customers, it is necessary to collect information - behaviour, social
media engagement, cookies, online shopping, etc., all data coming from various sources,
and for this purpose, non-relational databases come to the rescue. NoSQL databases help
in fast real-time analysis so that customers can be provided with relevant personalized
offers. [12] [13]
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e Provide pre-trade assistance. Studies show that information collected from various

sources, such as data can be structured, semi-structured and unstructured, and thus risk

assessment can be made, and decisions related to the purchase of a product can be made.

[11]

e Target marketing. Collected search, buy, offer information and data is necessary to

perform real-time analysis and offer customers the right ads. Target marketing is also

extremely important when it comes to financial services, because when the data is analyzed

correctly, it gives companies knowledge about the needs, requirements and expectations of

customers, and determines which is the perfect product to offer and subsequently grow on
sale. [11] [13]

Big data —

characteristics and types

Big Data is the term that describes data that is so large and complex that it is difficult or in

some cases impossible to process using traditional methods. The collection of such huge amounts

of data is useful for performing better and broader analyzes of given problems that are important

to companies. [14] Big data is such large volumes that cannot be processed by traditional methods,

such as relational databases. The main characteristics they have are the five V's. [15] [16]:

v

Variety of data and sources from which it is collected. Nowadays, the sources from
which data can be collected are emails, images, PDF files, audio files, video etc.
and the data can be structured, semi-structured and unstructured depending on the
source it comes from.

Volume - extremely large quantities, because all systems, devices, social networks
and processes generate data in large quantities, not only daily, hourly, but also every
second.

Velocity - the generation of Big Data happens at a high speed. This characteristic
defines the rate at which data is generated in real time and the rate at which it is
processed.

Value - the data must be important and valuable. In order to be collected, stored,
processed and analysed in a specific way, it is important that they are useful for the
business.

Veracity - the data must be accurate and reliable, and this can be proven with the

source of the data.
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Depending on the sources from which the data is collected, there are 3 types — structured, semi-
structured and unstructured. [17] [18] [19]

Type of data Description Examples
accounting transactions, address
A predefined tabular model, with details, demographlc m_formatlon,
Structured relationships between rows and customer rating, Io_catlons from
columns various devices, information

' collected from sensors and smart

devices.

This type of data has defined
. persistent characteristics but does not i
Semi-structured Emails

have a precise structure as expected
from relational databases.

Unstructured

Tabular storage is not possible, and a
predefined model cannot be created.
Due to the lack of structure,
searching, managing, and analysing
unstructured data is extremely
difficult.

Images, video, audio, PDF files,
content from social networks

Table 1 Types of data, description, and examples

NoSQL databases — definition, types, and characteristics

There are four types of NoSQL databases that can solve different problems based on a

company's needs. NoSQL databases are non-relational databases that use key-value to store, access

and retrieve data instead of the traditional way of using column and row tables. Non-relational

databases do not need a predefined schema and thus can store different types of data. [20]

Type of database

Description

Example

Document-oriented
databases

Document-oriented databases store information in
documents. This type of database has a flexible
schema that allows the data model to evolve along
with the application. It can scale horizontally. [21]

MongoDB, CouchBase,
OrientDB
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Key-value databases use the most common key-
value methods for data storage. This type of

Key-value storage is optimized for reading and writing data. | Amazon DynamoDB, Redis
databases .
Key-value databases have good horizontal
scalability. [22]
Wide-column databases organize data in a way
that allows for more efficient storage and faster
Wide-column execution of queries. This type of database is
) ", : HBase, Cassandra
databases easily partitioned, allowing large data sets to be

distributed across multiple nodes for high
performance and low latency. [23]

Graph databases store nodes and links instead of
Graph databases tables or documents. The data is stored within a Neo4j, OrientDB
predefined model allowing great flexibility. [24]

Table 2 Types of databases, definition, and examples

With the digitization of processes, the generation of huge volumes of different types of data,
the need for non-relational databases also developed, since relational ones do not have the
necessary parameters for storing semi-structured and unstructured data. The main characteristics
of non-relational databases that we will consider are scalability, flexibility, no need for a
predefined schema, distributed processing, and durability. [25]

Big Data Systems — definition, advantages, disadvantages, architecture

Hadoop enables distributed processing of large data sets spread across multiple clusters of
computers using simple programming models. Apache Hadoop is designed to scale from single to
multiple server machines, each offering local computing and storage. Implemented in this way,
Hadoop is a cost-effective solution for storing and processing large amounts of structured, semi-
structured and unstructured data without format requirements. [26] [27] The advantages of Apache
Hadoop are the following: cost, scalability, flexibility, speed, fault tolerance, high performance,
and minimal network traffic. Disadvantages of Apache Hadoop are as follows — small file problem,
vulnerability, security, batch processing, high and low performance processing with small file

processing.
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Apache Hadoop has a master-slave topology and allows the storage of large volumes of data
in a system of nodes. In this kind of topology, the master node's job is to allocate a specific task to
various slave nodes and allocate the resources, with the real work and computation being done by
the slave nodes. The Hadoop architecture enables parallel processing that uses several components:
Distributed storage layer — HDFS (Hadoop Distributed File System), Cluster resource management
- Hadoop Yarn, Processing layer - MapReduce, Apache Spark and application programming

interface - HBase, Solr , shown in Figure 1 below. [28] [29]

AP *HBase, Solr

Processing layer eSpark, MapReduce

Cluster resource
management

eYarn

Distributed storage
layer e HDFS

Figure 1 Layers of Hadoop architecture

Reference architecture - definition, types, and approach to creation

A reference architecture is a document or set of documents that provide a recommended
structure and integrations of IT products to form a solution. RA incorporates industry best
practices, usually offering the optimal method for specific technologies. The reference architecture
offers IT best practices in an easy-to-understand format that guides the implementation and use of
complex technology solutions. [34] Using best practices when creating reference architectures
improves efficiency, meets regulatory requirements, and reduces the chance for errors. A reference
architecture helps make decisions about choosing the best model and way to create a software
architecture to meet business goals. [35]
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Figure 2 IBM Banking Services Reference Architecture. Source: [37]

The Banking Industry Reference Architecture uses industry standard methods and models to
help achieve greater alignment between IT and industry. Financial institutions can follow a
consultative method to identify opportunities for improvement and innovation using the Banking
Industry Architecture Network (BIAN), IBM Information Framework (IFW) and IBM
Components for Business models (IBM Component Business Models - CBM) for financial
services. These assets provide industry-specific frameworks that can be used for the overall
modernization of the banking program — Figure 2. [37]

Creating a reference architecture is an extremely challenging task in the absence of predefined
steps or a process to create it. There are five main steps that must be taken: identifying the purpose,
formulating principles, setting technical rules and standards, building rules and standards, and

applying context. [35]
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Conclusion

Digitization and digital transformation have led to many changes in all spheres, and the
automation of processes and the use of new technologies such as the Internet of Things, Artificial
Intelligence, sensors and others have led to the generation of huge amounts of Big Data of various
types - structured, semi-structured and unstructured , and this in turn brings the need for new ways
of storage and processing, as relational databases cannot handle semi-structured and unstructured
data.

Financial services, on the other hand, are primarily based on relational database systems, which
brings the need for change. This type of service is divided into banking, exchange, investment,
insurance, financial export, and other financial services, and with the advent of new technologies
comes Big Data and the need to store it in suitable places that can handle the storage and
subsequent actions with semi-structured and unstructured data, where NoSQL databases and Big
Data systems intervene.

From the financial services presented above and the types of data that are generated from them,
the ways of storage now, as well as the available reference architectures for this type of services,
the possibility of creating a method of evaluation and selection of NoSQL databases for financial
services. The method, first, can be applied practically, by creating a tool based on the criteria and
evaluations, as well as create a practical implementation, through an experimental prototype of a

reference architecture related to a Big Data system aimed at financial services.

7. Chapter Il. A Method for Selecting and Designing a Business Reference Architecture
for NoSQL Databases for Financial Services

A Method for Selection of NoSQL Database for Financial Services

Each type of NoSQL database has its advantages and disadvantages for specific situations. In
this part of the research, practical examples of non-relational databases in the financial sphere from
real companies will be examined, from which criteria and evaluations will be derived, which can
be used for the selection of NoSQL databases and for a suitable reference architecture for the
specific needs of the company.
Financial services as a result of the currently developed business applications

In the following points, already existing financial services based on the various non-relational
databases will be discussed, together with the advantages due to which these databases can be

used, and then these financial services will be added to the developed method.
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v" Document-oriented databases

c. MongoDB
MongoDB is a non-relational, schema-free database that provides high performance by
supporting MapReduce, storage tools, horizontal scalability, and built-in replication. The database
supports a specialized connector with Hadoop. MongoDB provides real-time analytics, as data can
come from various sources, which helps analyse customer needs and requirements. MongoDB can
create applications that were impossible to create with relational databases. This base contributes
a technological base that enables: [38]

v' Storing data in flexible JSON documents, which in practice means that the fields
that are stored can vary from document to document, and that the data structures
can be changed.

v Document model that maps to objects in application code makes data easy to work
with.

v A distributed base with high availability, horizontal scalability and geographic
distribution are built-in and easy to use.

v Basing systems on MongoDB as a database contributes to modernizing legacy
systems, protecting customer information, achieving high availability and
scalability.

MongoDB provides solutions for the following financial services — Figure 3:

Payments
Basic Banking Open banking

.mon oDB.
g

Fraud Personalized
detection experience

Figure 3 Financial services based on MongoDB.
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v Financial institutions based their systems on MongoDB.
Three major financial institutions that base their systems on MongoDB — Royal Bank of

Scotland, AHL — a major investment company and Bendigo and Adelaide Bank.

d. Couchbase
Couchbase offers multi-dimensional scalability, meaning that scaling can happen easily
even while the base is in use. In this way, the performance of the application is increased, and the
cost is reduced. Multidimensional scalability separates, isolates, and scales services on a per-index,
query, and data basis. This is how resources can be optimized without affecting system
performance and performance. Using Couchbase for real-time analytics is extremely fast and
important for fraud prevention, business analytics, and more. [45]
Basing financial services on Couchbase happens because:
v" Multi-dimensional scalability, real-time analytics, system response in milliseconds,
cross-data centre replication, powerful query language, mobile financial services at
the edge.

Couchbase provides solutions for the following financial services - Figure 4:

Fraud
detection ‘ E-wallet ‘ E-payments

N\ /
® Couchbase
/N

[ Catalogand |
inventory
| Mmanagement )

Commercial
register

Market data ‘

Figure 4 Financial services based on Couchbase.

v" Financial institutions based their systems on Couchbase.
Some of the big companies in the financial sphere that have based their services on
Couchbase are PayPal, FICO, EQUIFAX and REVOLUT.
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v Key-value databases
c. Amazon DynamoDB
Amazon DynamoDB is a non-relational database that supports horizontal scalability, has a
flexible schema that allows for easy adaptation as application requirements change. DynamoDB
offers automatic replication and scalability. Banking institutions, capital markets and others are
based on this NoSQL base. [50]
Basing financial services on Amazon DynamoDB happens because:
v’ Consistent performance at any scale, meaning there is no need to redo the database
as data volumes increase.
v" DynamoDB helps secure data with encryption and continuous data backup.
v A flexible schema, which allows for easy redesign when business requirements
change without having to redefine the entire schema, as must happen if the database
is relational.

Amazon DynamoDB provides solutions for the following financial services - Figure 5:

Banking Payments

amaZon
DynamoDB

Capital markets Insurances

Figure 5 Financial services based on Amazon Dynamo DB.

v Financial institutions based their systems on Amazon DynamoDB
Some of the big companies in the financial sphere that have based their services on Amazon

DynamoDB are Raiffeisen Bank and CI Financial.
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d. Redis
Redis offers in-memory storage that enables faster system responses and supports millions
of operations. This kind of non-relational database has high efficiency and good scalability -
vertical and horizontal. Redis is data immutable, meaning it will remain available even in the event
of server failures, and it also offers a wide variety of data structures, enabling developers to choose
the most appropriate option for their application. Many social networks use Redis for their
database, but many financial institutions are also starting to turn to this kind of NoSQL. [57]
Basing financial services on Redis is happening because:
v’ High-speed transactions, which are extremely important for financial institutions.
v" Redis offers different data models that can be easily implemented for different
Services.
v" Redis allows applications to support simultaneous updates across multiple
geographic locations without compromising latency or performance.
v Has high fault tolerance, resilience, and high availability.

Redis provides solutions for the following financial services - Figure 6:

Real-time .
. . Risk
Fraud detection analysis and
. management
reporting

N/
&P redis
/ N

) Personalization
Open banking and engagement

Figure 6 Financial services based on Redis.

v Financial institutions based their systems on Redis.
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Some of the big companies in the financial sector that have based their services on Redis

are Ekata and Deutsche Borse Group.
v" Wide-column databases

c. HBase
HBase is part of the Hadoop ecosystem. In this type of wide-column databases, the data
can be stored in Hadoop, the most important functionalities are that it is scalable, has automatic
support in case of a problem, integrates with Hadoop, and has data replication in clusters. HBase
is used by social networks, but there are already financial services that have adapted it to their
systems.
Basing financial services on HBase happens because:
v’ Linear and modular scalability. HBase is built to scale across thousands of servers
and manage access to PB of data.
v" Fast access and low latency of reading and writing data.
v Fault tolerance as data is stored on multiple hosts in the cluster. [73]

HBase provides solutions for the following financial services - Figure 7:

Risk i rats
management Analysis Personalization
A P A H E 2

Customer
clearing

Order
management

Figure 7 Financial services based on Apache HBase.

v Financial institutions based their systems on Apache HBase



Some of the big companies in the financial sphere that have based their services on HBase

are FINRA and Celer Technologies.
d. Cassandra

The main functionalities of Cassandra are that it is scalable, distributed and extremely fault
tolerant because data is automatically stored and replicated. Cassandra supports MapReduce as
well as Apache Hive and Apache Pig. The base is horizontally scalable and when the company has
a need, more clusters are added. [63] [64]

Basing financial services on Cassandra happens because:

v’ Cassandra excels at large volumes of data that need to be written. Data distribution
inside clusters is fast, writes are cheap, making Cassandra extremely good with
large volumes of data.

v Cassandra handles data replication as it is distributed across multiple clusters and
across multiple data centers. For this reason, if some of the clusters are down, or
the entire data center, Cassandra will handle the situation.

v’ If real-time data growth is expected, Cassandra has a huge advantage.

Cassandra provides solutions for the following financial services - Figure 8:

Fraud detection Personalization

| S

cassandra

/N

Recommendations

Authentication

Figure 8 Financial services based on Cassandra.

v" Financial institutions based their systems on Cassandra.
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Some of the big companies in the financial sphere that have based their services on
Cassandra are Fractal Labs and ACI Worldwide.
v' Graph databases
c. Neo4J
Neo4j is a flexible schema non-relational database that uses a graph model. This model
contains nodes that are connected to each other. Neo4j supports ACID properties and is also a
scalable and reliable base.
Basing financial services on Neo4j happens because:
v' Extremely fast rendering of requests in real time due to the graph architecture.
v Data integrity is preserved thanks to ACID properties, so whether transactions are
completely successful or fail, the data will not be corrupted.
v Flexibility is another advantage of Neo4j. The database does not need predefined
tables, and if business requirements change, the data model can be adapted in a very
short time.

Neo4j provides solutions for the following financial services - Figure 9:

Accessand | | Network and IT |
Fraud detection identity infrastructure
management monitoring

.Neodqj

_ Improved
Antl-lnopey Cybersecurity customer
laundering experience

Figure 9 Financial services based on Neo4j.

v" Financial institutions based their systems on Neo4;j.
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Some of the big companies in the financial sphere that have based their services on Neo4j
are UBS and Global 50 Bank.
d. Orient DB
Orient DB's main features are speed, as this NoSQL database can store up to 120,000
records per second. The base is flexible and can work on any platform without configurations and
installations. Orient DB features elastic linear scalability as well as incremental records. [70]
Basing financial services on Orient DB is happening because of:

v Orient DB records and processes data at extremely high speed, far surpassing
relational databases, which are slow and expensive. Orient DB returns responses to
queries in seconds.

v’ This type of base allows for scalability, resulting in easy adaptation of systems as
requirements change.

Orient DB provides solutions for the following financial services - Figure 10:

Fraud detection Online Payments

Orient

Figure 10 Financial services based on OrientDB.

v" Financial institutions based their systems on Orient DB
Part of the big companies in the financial sphere that have based their services on Orient
DB is 99Bill.
Crnen 3agpn00O4YeHO pasriiekIaHe Ha HayyHa JMTepaTypa, KakTO M Ha MPaKTUYECKU
NPUIIOKEHNU pelleHusl 3a (QuHaHcOBHM yciyru Oaszupanu Bbpxy NoSQL 6a3u or naHHM ce

00oco0uxa cleHUTE YCIyTH.

97



Definition of a method for analysis and evaluation of a reference architecture

From the practical point of view of already implemented solutions, the following services

stood out - Figure 11, implemented on different types of non-relational databases and applied in

practice by the business, which we considered in the previous point.

Basic Banking

E-wallet

Insurances

Customer
management

E-payments

Catalog and
inventory
management

Real-time analysis
and reporting

Authentication

Money laundering

Open banking

Market data

Risk Management

Recommendations
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attempts

Commercial
register

Analysis

Access and identity
management

Cyber security

Figure 11 Types of financial services highlighted based on practical experience.

Personalization
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From a theoretical point of view, the following financial services stood out from Chapter 1 -

Figure 12.

Deposits

Overdrafts

Current accounts

Money
management

Liquidity
management

Private equity Bank account Currency Debt and Equity
. . Bank transfers
financing management exchange Guarantee
Mergers and Structured . Investment Securities
. . . Restructuring
acquisitions financing management research
Brokgrage Prime brokerage Private banking '”Sufar?ce Insurance
services mediation covered
Finance and . . . Angel Credit card
. Reinsurance Financial export Investment
insurance networks
Network

Support services
in financial
markets

Conglomerates Debt resolution Refund

Figure 12 Types of financial services highlighted based on theoretical research.
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Each of the highlighted financial services, from a theoretical and practical point of view, is

part of the different types of finance. These include three sub-categories — Chart 1:

Public  parconal
(state) finance
finance

Corporate
finance

Chart 1 Finance sub-categories

Most of the services that were highlighted from a theoretical and practical point of view are
from the first sub-category of finance - personal finance or financial services that are directly
related to the client. Services of this type generate Big Data that has the main characteristics
discussed earlier in Chapter I. From the perspective of financial services, we consider it as follows:

% Volume

Financial institutions have many customers, which in turn leads to many transactions
being carried out for customers, which in turn leads to the generation of large volumes of
data.
% Velocity

The speed at which data is generated in this area and the fact that real-time or near-real-
time operations must be performed based on this data, otherwise customers may be lost
and flow to other financial institutions.
% Variety

Since financial institutions directly related to customers generate different types of data
due to the ways of service — physical, digital and combined. These types of service lead to
different sources of data — structured, semi-structured and unstructured, which also leads
to the wide variety of data.

< Value
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Despite the availability of large volumes of data from various sources generated at high
speed, it is very important that it is valuable and valuable. For the purposes of financial
operations, this is of utmost importance so that they can be useful for analysing and drawing
conclusions. For example, it would be of great benefit and value to financial institutions to
extract customer data about what insurance they can offer them based on what their needs
are — whether they have a car, apartment, house, family, etc., that is the value of the data
generated, collected, and analysed will be of great benefit if this ultimately translates into
a sale.

% Veracity

In the field of financial services, it is very important that the data is reliable and
credible, and this must be proven by the source of the data.

With the development of technologies, digitalization and digital transformation, the generation
of large volumes of the above types of data, leads to the conclusions for many companies that
adapting NoSQL databases to their systems would only bring benefits. Even financial services that
use legacy systems based on relational databases are realizing the need to change to meet new
customer demands.

After the detailed study of non-relational databases for financial services - from a theoretical
and practical point of view, no specific way was found how to choose a suitable NoSQL database
for a financial service. There are many companies and websites that offer a comparison of the
various features of databases, but generally nothing about the specific field or service.

For this reason, it would be appropriate to develop a method for quantitative evaluation of
NoSQL databases for specific financial services. In Chapter 1, advantages of non-relational

databases are defined, which are as follows - Figure 13:

Improved fraud prevention and crime monitoring

Real-time digital authorization

Provide pre-trade assistance

|
[
[Personalized offers
[
[

Target marketing

Figure 13 Advantages of NoSQL databases defined as criteria.
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Based on these advantages, we will define them as evaluation criteria for non-relational
databases. The list of selected criteria is not exhaustive, and more can be added depending on the
needs and requirements of the customers/company.

The approach that has been developed aims to enable the selection of a type of non-relational
database that will comply on the one hand with the set criteria, on the other hand with the type of
data they process as well as the processing time. Table 3 examines financial services for which we
have practically implemented solutions from companies, respectively, they are evaluated with a
certain weight, depending on whether a solution exists, and a weight is given.

The criteria: Security, Real-time Analysis, Personalization, Pre-Trade Assistance and Target
Marketing are rated on a scale of 1 to 5, based on the assessment of experts with different areas of
expertise. The criteria are evaluated with different weights: 1 — Weak, 2 — Unsatisfactory, 3 —
Good, 4 — Very good and 5 — Excellent. Each of these five criteria is evaluated based on expert
judgment and, accordingly, its importance for each financial service.

The table presents the derived criteria for the four types of databases — document-oriented,
key-value pair, wide-column, and graph databases with two examples for each of them. For
document-oriented, Couchbase and Mongo DB are considered, for key-value pairs - Amazon
DynamoDB and Redis, for wide-column - HBase and Cassandra, and for graph databases - Neo4j
and Orient DB.

The second element that is evaluated is whether there is a solution already created, one in
development, or none. A scale of 0 to 2 is used for this, with 0 meaning no solution, 1 being in
development, and 2 being a fully operational financial service solution based on a NoSQL
database.

Applying this method to evaluate non-relational databases, each one collects a total score that
indicates how well suited it is overall for application to financial services. For document-oriented
databases, Couchbase collects 190 points, and MongoDB -126. For non-relational key-value
databases, Amazon Dynamo DB collects 156 points, and Redis - 192. For wide-column databases,
HBase - 154, Cassandra - 250, and for graph databases Neo4j - 146, Orient DB - 60 points.

Based on the created method and the results obtained in the evaluation of the document-
oriented databases MongoDB with 126 and Couchbase with 190 points, we will create a reference

architecture for financial services.
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The reference architecture will be based on MongoDB, which, although scores less on expert
opinion than the other document-oriented databases, has already built real-world solutions that are
in the realm of core banking, which is the type of data we will use for testing — contracts, slips,

reports, emails and more.
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Document-oriented Key-value store Wide-column Graph
Couchbase | MongoDB Amazon Redis Hbase Cassandra Neo4j OrientDB
DynamoDB
Financial services Criteria CK | CP? | KC | CP? | KC | CP? | KC | CP? | KC | CP? | KC | CP? | KC | CP? | KC | CP? | KC
Fraud detection Security 5 2 10 2 10 2 10 0 0 0 0 2 10 2 10 2 10
Real-time DA 5 10 10 10 0 0 10 10 10
Personalization 3 6 6 6 0 0 6 6 6
Pre-trade 2 4 4 4 0 0 4 4 4
assistance
Targeted 1 2 2 2 0 0 2 2 2
marketing
E-wallet Security 5 2 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Real-time DA 5 10 0 0 0 0 0 0 0
Personalization 4 8 0 0 0 0 0 0 0
Pre-trade 2 4 0 0 0 0 0 0 0
assistance
Targeted 1 2 0 0 0 0 0 0 0
marketing
E-payments Security 5 2 10 2 10 2 10 2 10 0 0 2 10 0 0 2 10
Real-time DA 5 10 10 10 10 0 10 0 10
Personalization 2 4 4 4 4 0 4 0 4
Pre-trade 1 2 2 2 2 0 2 0 2
assistance
Targeted 1 2 2 2 2 0 2 0 2
marketing
Market data Security 3 2 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Real-time DA 3 6 0 0 0 0 0 0 0
Personalization 3 6 0 0 0 0 0 0 0
Pre-trade 5 10 0 0 0 0 0 0 0
assistance
Targeted 5 10 0 0 0 0 0 0 0
marketing
Trade Security 5 2 10 0 0 0 0 0 0 2 10 0 0 0 0 0 0
Real-time DA 5 10 0 0 0 10 0 0 0
Personalization 4 8 0 0 0 8 0 0 0
Pre-trade 4 8 0 0 0 8 0 0 0
assistance
Targeted 3 6 0 0 0 6 0 0 0
marketing
Core banking Security 5 0 0 2 10 2 10 0 0 0 0 0 0 0 0 0 0
Real-time DA 5 0 10 10 0 0 0 0 0
Personalization 2 0 4 4 0 0 0 0 0
Pre-trade 2 0 4 4 0 0 0 0 0
assistance
Targeted 1 0 2 2 0 0 0 0 0
marketing
Personalization Security 2 0 0 2 4 0 0 2 4 2 4 2 4 2 4 0 0
Real-time DA 2 0 4 0 4 4 4 4 0
Personalization 3 0 6 0 6 6 6 6 0
Pre-trade 1 0 2 0 2 2 2 2 0
assistance
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Pre-trade 3 0 0 0 0 6 0 0 0
assistance
Targeted 4 0 0 0 0 8 0 0 0
marketing
Customer clearing Security 5 0 0 0 0 0 10 0 0 0
Real-time DA 4 0 0 0 0 0 0 0
Personalization 3 0 0 0 0 0 0 0
Pre-trade 2 0 0 0 0 0 0 0
assistance
Targeted 1 0 0 0 0 2 0 0 0
marketing
Client management Security 3 0 0 0 0 0 0 0 0 0
Real-time DA 4 0 0 0 0 0 0 0 0
Personalization 4 0 0 0 0 0 0 0 0
Pre-trade 2 0 0 0 0 0 0 0 0
assistance
Targeted 4 0 0 0 0 0 0 0 0
marketing
Recommendations Security 3 0 0 0 0 0 0 6 0 0
Real-time DA 5 0 0 0 0 0 10 0 0
Personalization 5 0 0 0 0 0 10 0 0
Pre-trade 4 0 0 0 0 0 8 0 0
assistance
Targeted 5 0 0 0 0 0 10 0 0
marketing
Access and identity Security 5 0 0 0 0 0 0 0 10 0
management Real-time DA | 4 0 0 0 0 0 0 8 0
Personalization 2 0 0 0 0 0 0 4 0
Pre-trade 3 0 0 0 0 0 0 6 0
assistance
Targeted 1 0 0 0 0 0 0 2 0
marketing
Network and IT Security 5 0 0 0 0 0 0 0 10 0
infrastructure Real-time DA | 4 0 0 0 0 0 0 8 0
monitoring
Personalization 1 0 0 0 0 0 0 2 0
Pre-trade 0 0 0 0 0 0 0 0 0
assistance
Targeted 0 0 0 0 0 0 0 0 0
marketing
Anti-Money Security 5 0 0 0 0 0 0 0 10 0
Laundering Real-time DA | 4 0 0 0 0 0 0 8 0
Personalization 1 0 0 0 0 0 0 2 0
Pre-trade 0 0 0 0 0 0 0 0 0
assistance
Targeted 0 0 0 0 0 0 0 0 0
marketing
Cybersecurity Security 5 0 0 0 0 0 0 0 10 0
Real-time DA 4 0 0 0 0 0 0 8 0
Personalization 1 0 0 0 0 0 0 2 0
Pre-trade 2 0 0 0 0 0 0 4 0
assistance
Targeted 1 0 0 0 0 0 0 2 0
marketing
Risk Management Security 5 0 0 0 0 10 10 10 0 0
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Real-time DA 4 0 0 0 8 8 8 0

Personalization 1 0 0 0 2 2 2 0
Pre-trade 2 0 0 0 4 4 4 0
assistance
Targeted 1 0 0 0 2 2 2 0
marketing

Total 190 126 156 192 154 250 146

Table 3 Financial services evaluation
Designing a Business Reference Architecture for Financial Services with NoSQL Databases

Every single financial institution dealing with different types of financial services generates,
collects, processes, and analyses data of different types — structured, semi-structured and
unstructured in large volumes, which in turn leads to different needs of the institutions. Depending
on the type of financial institution depends on the type of data that is generated, which in turn leads
to different requirements for storage space, processing methods and analysis tools.

With the implementation of non-relational databases in financial institutions and adapting their
historical systems to the new databases, it leads to the development and need of services in the
field of finance to maintain their competitive advantage, as well as to get ahead of their competitors
in the field.

The purpose of creating a reference architecture, whether for use only in one organization or
for universal and adaptation across multiple financial institutions, is to ensure consistency and
applicability of the use of given technologies in a particular organization.

Based on the requirements that may arise from financial services, together with the theoretical
literature review, as well as the practical one of existing financial services solutions on various
non-relational databases, a model of a universal component reference architecture for financial

services was created. services.

- Conceptual model

The conceptual model of the reference architecture for financial services presented in
Figure 14 represents the general structure and elements of which it consists, as well as the
necessary data and systems to achieve the business requirements, which means the maintenance
of company processes, recording of business events and performance tracking. In Chapter I, an
approach to building a reference architecture is defined, which consists of five main steps. The
created conceptual model of the business reference architecture for financial services is the result
of the first two steps - the identification of the goal and the formulation of the goal. The purpose

of the Business Reference Architecture for Financial Services is to adapt the modern ways of
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storing Big Data for different types — semi-structured and unstructured data — to financial
institutions that continue their rapid development and digital transformation.
The reference architecture consists of 3 layers: Data Storage System, Integration Layer and Data
Storage Server, which are connected to financial services processing systems.
% Data storage system
The data storage system is the system that stores the data after it has been received from
the financial services processing systems.
% Integration layer
The integration layer in the reference architecture refers to the components responsible
for the integration of data storage systems and their storage servers. This layer provides a
centralized platform for management, data movement and communications between different
systems. The integration layer consists of data connectors between the storage system and the
server.
% Data storage server
The data warehousing server is where the data that arrives through the integration layer
and the data connectors from the data warehousing systems that enter the data warehousing

system from the financial services processing systems is stored.
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Figure 14 Conceptual model
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- Logical model
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Figure 15 Logical model

The logical model lays down the technical rules and standards for the creation of the business
reference architecture, and it lays down the rules so that the set principles can be achieved. Through
the financial services processing system, data from financial institutions enters, which are
subsequently stored, processed, and analysed in the remaining layers of the reference architecture.
Figure 15 presents the logical model of the financial services business reference architecture, with

each of its layers discussed in detail below.
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% Data storage system
In the first layer of the reference architecture, the so-called A data storage system can host
1 or more of the four types of non-relational databases — document-oriented, key-value, wide-
column, and graph databases. The types of NoSQL databases were discussed at a theoretical level,
such as what they are capable of in Chapter I, and in this chapter, they were discussed at a practical
level - what applications related to financial services are built on specific non-relational databases,
to help the selection of specific base.
The choice of such is realized based on the following elements, which should be considered
carefully before proceeding to a specific NoSQL database:
e The financial institution's existing system(s) that will need to be migrated to the new
base.
e Type of financial services in which the financial institution deals
e Types of data that the financial institution generates based on the financial services it
provides — structured, semi-structured and unstructured data.
% Integration layer
Based on the non-relational base that is selected in the data storage system based on the
considered elements, the way to connect to a specific NoSQL is selected, which is positioned in
the integration layer of the reference architecture.
+» Dedicated NoSQL database server
Depending on the selected non-relational database in the data storage system, the subsequent
selection of a way to connect a specific NoSQL database, a specific NoSQL server is reached in

which the data of the financial institution is stored.
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- Physical model
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Figure 16 Physical model

The created physical model in Figure 16 is implemented with concrete examples of non-
relational databases and their connectors to Hadoop. Each of these elements can be replaced
according to the needs of the financial institution that wants to adapt this reference architecture
with NoSQL databases for its own needs.

In the first layer, which is the data storage system, the four types of non-relational
databases - document-oriented, key-value, wide-column and graph databases - can be located, and

in this layer the particular database that is selected is located. through the evaluation and selection
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method of NoSQL databases for financial services. Bases of each type are located in the physical
model:
e Document-oriented database: MongoDB
e Key-value database: Amazon DynamoDB
e Wide-column database: HBase
e Graph: Orient DB
In the second layer, the so-called integration layer is where the connecting elements with
the different NoSQL databases are located, e.g., NiFi, Spark Connector and other types of Data
Connectors suitable for the other types of non-relational databases. The specific data connectors
from the data storage system to the server of the specific NoSQL database are as follows:
e For the document-oriented MongoDB database, the Mongo Spark Connector can be used.
e Amazon DynamoDB key-value database can be used Amazon EMR Connector
e For wide-column HBase, the Spark HBase Connector can be used.
e For the Orient DB graph database, the Orient DB Spark Connector can be used.
The third layer is a server of the specific NoSQL database, and for the implementation of

the physical model of the reference architecture for financial services, Hadoop has been chosen.

An approach for using a designed RA leading to the creation of an ICT Architecture

The ICT Architecture (Information and Communication Technologies) provides a
conceptual model, specifying at a basic level the elements of the ICT architecture (application,
databases, technological ICT elements), as well as the relationships between them. Based on the
reference architecture for financial services with NoSQL databases that was created in the previous
point and demonstrated in Figure 22, we will create a specific ICT architecture that will be
implemented and tested in Chapter 1V.

The developed physical model for the reference architecture contains 3 layers - a data
storage system, an integration layer, and a NoSQL-specific layer, and in the previous point we
discussed in detail the different types of non-relational databases, with different types of data
connectors that can relate to the NoSQL-specific layer. In the creation of the ICT architecture for
the data storage system (the first layer), the document-oriented non-relational database MongoDB
will be used, since it has been selected through the method created in the previous point and meets

the requirements and has already created a financial service. which uses the data type with which
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the architecture will be tested. The second integration layer will use the Apache Spark Connector
for MongoDB. Since support for MongoDB's direct connector to Hadoop is deprecated, we will
use this one through Apache Spark. The third layer remains for the Hadoop big data system that
we will use for storage — Figure 17.

.mo oDB.
g

- I

‘ Apache Spark Connector for MongoDB

" J

Figure 17 ICT Architecture

Conclusion

A method for selection and evaluation of NoSQL databases for financial services has been
developed, and it is based on developed and used practical applications of the databases, as well
as on expert evaluation. Practical examples of the four types of non-relational databases are
reviewed and analysed. Based on them, a business reference architecture has been proposed, as
well as an approach to the use and creation of an ICT architecture, which has been implemented
and will be examined and tested in detail in Chapter IV.

Based on the created method for analysis and evaluation of NoSQL databases, an automated
tool for selecting non-relational databases for financial services was created, which will be

presented in the next chapter.

8. Chapter I11. NoSQL database selection tool for financial services
Based on the created method for selecting and evaluating NoSQL databases for financial
services, an automated tool for selecting such databases was created. Web technology based on

Microsoft .NET Framework using C# and Visual Studio was chosen for its creation.
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User/Company Administrator/Expert

Registration Yes Yes

Login a Yes

Evaluation and selection of Yes
NoSQL according to criteria Ha

Add new NoSQL database No Yes

Editing of a NoSQL database No Yes

Delete of a NoSQL database No Yes

Add financial service No Yes

Editing of a financial service No Yes

Delete of a financial service No Yes

Add criterion for evaluation No Yes

Editing of a criterion for No Yes

evaluation
Delete criterion for evaluation No Yes

Table 4 User Roles

The tool for evaluation and selection of NoSQL database has two user roles — User/Company
and Admin/Expert. The system consists of different pages and functionalities depending on the
user role.
User roles — User/Company

For a User/Company, the tool consists of a home page, a more information page, and a list of
available databases with additional information about them. In the right part of the menu, there are
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Figure 18 Homepage
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the buttons for User Registration and for Login to the system of already existing users - Figure 18.

After entering the application with registration, the user/company selects the type of financial
services, being able to mark several types of predefined ones in the tool depending on what services
are offered by the institution. The user then states whether they have a preferred type of non-
relational database, depending on the systems and software used in the company. If there is a
desired type of non-relational database that the company is targeting, it selects the appropriate box
on the selection page, and after marking it, a drop-down menu appears with the four types of non-
relational databases from which it can choose - document-oriented, wide-column, key-value and
graph bases - Figure 19. If there is no specific type of base that is desired by the company, a
corresponding box is checked, which in this case does not allow the drop-down menu with types
of bases to appear. The forward button is then pressed, which takes the user to the next page of
information to be filled out.

OueHka 1 n3bop Ha NoSQL

N36op Ha NoSQL 6aza oT gaHHKM 3a hvHaHCOBM yCnyrn

%
DUHAHCOBM YCNYTH BaxkupaHe

[ MnBecTuumonHm yenyri
[J o6menHu yenyru
3acTpaxoBaTenHu ycnyru
®HHAHCOB U3HOC

1 gpyru counancosm yenyru

Wmarte nu npegnouvTaH ¥ ba
Tun NoSQL Gasza? [ He

Bug NoSQL 6asa LokymeHTHO-OpUeHTHpaHa Gasa
Hanpen

© 2023 - OueHka U nabop Ha NoSQL 6aan

Figure 19 Step 1 for selecting NoSQL database.

In the case we demonstrate with the tool working, the user wants a non-relational database that
is suitable for banking, insurance, and financial export services, and also has a preferred type of
non-relational database that is document oriented. Before choosing whether there is a preferred

type of NoSQL database, a client should consider the systems they are working with and whether
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they will need to integrate and migrate an institution's current systems or build completely new
ones that are fully compatible with the new database.

The case where current systems need to be migrated to a new base is very sensitive and should
be carefully considered by the company's technical teams. The other option, in which completely
new systems are created to work with the newly selected non-relational database, takes an
extremely large amount of time and financial resources. The choice in such a step must be very
well weighed.

In the next step of evaluating the non-relational databases from the predefined criteria, which
are derived by the method of Chapter Il and are accordingly assigned a rating from 1 to 5 by the
experts in the system, the company can choose only some of them to emphasized in their system

based on the new NoSQL database, or rather all of them - Figure 20.

M3bop Ha NoSQL 6aza oT gaHHK 3a hUHaAHCOBKM yCnyru

Kputepuu M Nopobpexo npegoTEpaTABaHe Ha M3MAMKU U MOHUTOPMHT Ha NPECTLNNEHNA

OuruTanHa aBTopU3auMa B peanHo BpemMe
NepcoHanusupanu ocepTn
& Oka3saHe Ha cbaencTBME Npeau TLProBUs

i Uenesu MapKeTHHI

Waumcnn

© 2023 - Ouenka u uabop Ha NoSQL Baan

Figure 20 Step 2 for selecting NoSQL databases.
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Depending on the above, as well as the predefined information, therefore, which NoSQL
databases already have practical solutions for financial services, which brings additional weight to
the evaluation and based on the algorithm set in the tool for evaluating and selecting non-relational
databases for financial services after pressing the Calculate button, various options for NoSQL
databases appear on the screen, which can be offered under the correspondingly selected

conditions - Figure 21.

N36op Ha NoSQL 6asza oT gaHHKU 3a hpMHaHCOBM yCIyru

PeayntaT oT oueHka Ha NoSQL 6a3n oT gaHHKU 3a UHAHCOBK YCryri

MsacTto | HawmeHosawue Ha Gasa | Peayntar oT oueHka
1 Couchbase 190
2 MongoDB 126

3

3ano4Hn 0THOBO

© 2023 - OueHka 1 u3Gop Ha NoSQL Baau
Figure 21 Result of evaluation of NoSQL databases

If necessary, the evaluation can be started from the beginning, as on the page that displays the
result, there is a button Start over, which resets the results obtained so far and redirects the users

to the page with Step 1.

User role Administrator/Expert
An Administrator/Expert can create, edit and delete the following items that are necessary for the
tool to work:
v" NoSQL databases
v" Financial services
v Criteria
The expert also can evaluate and select non-relational databases in order to test the correct
operation of the tool. The administrative dashboard of the non-relational database evaluation and

selection tool is visualized as follows — Figure 22.
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Figure 22 Administration Homepage

In the menu at the top of the page, the administrator can access the add, edit and delete criteria,

financial services and non-relational database pages.
d. NoSQL databases

In the implementation and management of elements related to non-relational databases, the

tool offers the following functionalities.
i. Adding

When adding NoSQL databases in the tool, the name of the database, a description, what type
it is - document-oriented, wide-column, key-value, or graph database, as well as for which type of
financial service a practical solution has already been created based on this non-relational database.
This is necessary to subsequently calculate the coefficients together with the value of the criteria
to get a visual representation of how suitable a particular NoSQL database is for the purposes of a

given organization - Figure 23.
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Figure 23 NoSQL database create — Step 1

When adding a new non-relational database to the tool, the type is selected from a drop-down
menu, where they are predefined, so as not to cause additional confusion when working. The
financial services that can be selected from when defining a non-relational database are those that
the administrator has previously entered through the financial services management page in the

tool, and when entering a specific database, several options can be selected - Figure 24.
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@®UHAHCOBM yCnyrn rounRnpanT

Onucanune Ha NoSQL
basarta

I MuBecTuumonnu yenyru

[] o6mennn yenyru

[ 3acrpaxosatennu yonyru
[T dunancos uanoc

[ Apyru dunancosu yenyru

Cbvanan

Haaag kbm cnucek

Figure 24 — Create NoSQL database — Step 2

ii. Editing
The tool provides the ability to edit the already created non-relational database, and all its
elements can be changed.
iii. Delete
If necessary, already redundant databases can be deleted from the NoSQL database evaluation
and selection tool.
iv. List with NoSQL databases
For the convenience of an administrator/expert, all available non-relational databases with their
type, description and which financial services they work for are displayed in a list.
e. Financial services
i. Adding
Through the created interface, the different types of services that are available on the market
and implemented by the institutions are added to the tool. The available list in the appendix of the

previously discussed in Chapter | financial services - Figure 25.
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Cb3paBaHe Ha huHaHcoBa ycnyra

Bup douHaHcoBa ycnyra

Onucaxue Ha
tpuHaHcoBa ycnyra

Cuanan

© 2023 - OueHka 1 n3bop Ha NoSQL Gasn

Figure 25 Create financial service
ii. Editing
From the page with a detailed description of the financial service, it is possible to review
exactly what it offers and to undertake editing accordingly if necessary.
iii. Delete
Through the interface of the tool, financial services can also delete, and accordingly, before

the operation is carried out, a confirmation of this is required - Figure 26.

3TprBaHe Ha domHaHCcoBa ycnyra

CurypHu v cTe, Yye uckate Aa M3TpUeTe Tasun chMHaHcoBa ycryra?

Bup chuHancoBa ycnyra  OBMeHHW yenyrd
Onucanwe va [pegnarat ce oT GaHkk U cneunanHu BanyTH Gpokepw. YyxaecTpaHHUTe 0BMEHHW YCnyrv reHepvpaT U3KNIOYMTENHO roneMu obemmn oT gaHHu —
hbUHAHCOBa ycnyra  CTPYKTYPUPaHW, NONyCTPYKTYPUPaHU W HECTPYKTYPUPaHW, KaTo MHAhOPMaUMATa, KOATO OCTaBa cKkpuTa BbTpe Bu Morna Aa Gbae nonesHa aa yyacTHUUWTe
Ha nasapa. OrpaHuyeHnATa OT CUCTEMUTE M3NOMN3BaLLM PenaunoHHi 6asn oT 4aHHK, He [aBalle Bb3MOXHOCT 3a M3BNVYaHe Ha MHHOPMaUUA OT UMeidny,
TEKCTOBM CbOGLLEHWR, BUASO, CHUMKK W ayano daiinose, Kato pa3BUTMETO Ha TEXHONOTWUTE W aHanwuaa AOoBeAe [0 Bb3MOXHOCTTa 3a U3BNUYaHe Ha
WHhopmauwsa oT Tean aaHHW. PUHAHCOBHUTE OPraHM3aunK OT TO3M TUN Ce HYXOAaAT OT aHanW3 B pearnHo Bpeme, KakTo U OT BPb3Ka C UCTOPUYECKH JaHHH.

WMatpueane | Hasan kbm cnvckk

Figure 26 Financial service delete

iv. List with financial services
The financial services are presented in a complete list with their description, as well as with
the options for editing and deletion.

f. Criteria
The management of criteria is realized through the created interface of the application, adding
for them a shortened name to be visualized to the users, a detailed description and weight of the

criterion itself.
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i. Adding criteria — ®urypa 27

Cb3naBaHe Ha KpUtepun

CukpaTteHo
HauMMeHOoBaHWe Ha
KPHUTEpHiA

OnucaHmne Ha KpUTepHi
TexecT Ha KpUTepHi

Cbanai

©2023 - Ouieva  niop Ha NoSQL 6aon
Figure 27 — Creation of criteria
ii. Editing
Each of the elements of the added criteria can be changed by an administrator/expert through

the created interface, including the weight of the criterion itself - Figure 28.

Penakuma Ha kpuTepum 3a oueHka Ha NoSQL 6a3n oT gaHHK

Kputepwii

CukpaTeHo MpenoTeparABaHe Ha M3MaMi W MOHWTOE

HaMMeHOBaHHe Ha

KpUTEepUn
OnwucaHue Ha Kp“TBpMﬁ ToBa & OT U3KMKHUTENHE BAXHOCT 38 Iilﬂ
TeXecT Ha KPUTEPHK 5

3anasu

© 2023 - OueHka v nabop Ha NoSQL Baaun

Figure 28 Editing of criteria

m -
iii. Delete

When needed every criterion can be deleted.

iv. List with criteria
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All currently available non-relational database evaluation criteria are also visualized in the

admin dashboard system - Figure 29.

Cnuncbk ¢ kputepun 3a oueHka Ha NoSQL 6a3u oT AgaHHU

CukpareHo OnucaHue Ha KpUTepun Texecr Ha
HauMeHOoBaHWe Ha KpuTepun

KpUTEpWiA

MpenoTepartssate Ha  ToBa © OT M3KMIOYNTENHA BAKHOCT 38 (UHAHCOBITE YCRYTY — BaHKM, KDSAMTHY M ABUTHM KapTV. BOUUK T3N MHCTUTYLMM 5

Wamamu u PaBOTAT C UIKMKNMTENHO YyBCTBUTENHA MHOPMALWS, KORTO € OT MAKNKHUTENHa BaXHOCT 3a paabupaHeTo u Nerainu |
MOHUTOPUHT YAOBNETBOPABAHETO Ha KNMEHTUTE. VIaMaMITe BbB (HUHaHCOBUTE YCNYT Ce YBENMHaBaT, KoeTo MOXe a Ce NpeaoTepaT

4pea aHanua, aHanuaupaHe Ha aHOManuy, KNac1Kauus i KITbCTeprpaKe, KOeTo MOXe Aa Ce peanuaupa ¢
HepenaunoHHuTe 6aau ot aaHHw. MNpeaoTBpaTABAHETO Ha M3MaMN U MOHUTOPUHI Ha NPECTBNNeHUs Ca OT U3KNIYUTenHa
BAXKHOCT, 3a 1 C6 JALUMTAT KIMEHTCKaTa NUHHa 1 HyBCTBUTENHa MH(DOPMALMA, KaKTO ¥ TEXHUTE OHNaiH TPaH3aKuMu i AaHHM

Ovrwranka Taau (hYHKUMOHANHOCT @ OT UIKITIOHUTENHA BAXHOCT 3 (UHAHCOBMTE YCMYTH, 3a 1a MOXE A3 © CHTYPHO, e HAMA Aa c8 5
aBTOpU3aLMA B CNlysM MaMaMa V¥ 3a peanaTa UAeHTUMNKALMA Ha XOpaTa, C KOUTO ce KoMyHMkipa. NoSQL 6aauTe OT AaHHM UMar TakMsa Deraiiny |
peanto Bpeme Bb3IMOXKHOCTH NOPaAN HAMANeHaTa NATeHTHOCT Ha YETEeHe, KaTo aBToOPU3aLMATa MOXEe Aa Ce CIyNM NONTK BeaHara

AurwtanHarta aBTOPM3aLNA B peanHo Bpeme e AUPEeKTHO CBbP3aHa C NPeAoTBPaTABAHeTO Ha M3MaMK, KaTo No Tasun NPpU4UHAa
OTHOBO € C M3KNMIOYMTENHO BUCOK NPMOPUTET, KOraTo Ce roBopM 3a (HHaHCOBM yenyrv 1 e HeobGxoaumo aa Gbaat
Peanuaupaxi, KoraTo ce NPaBsiT OHNAaiH TPaH3aKUuu,

MepcoHannanpaxn 3a KNNeHTUTE e OT UKNIOMUTENHA BAXHOCT Aa NONy4aBaT NepcoHanuanpaH oepTy, KOUTO Aa OTFOBAPAT Ha TeXHUTE HyXau. 3
odepti ToBa He € NO-Pa3NUUHO BbB (UHAHCOBMTE YCTYTY — OCHIYPUTENHN NONULM 6a3MPaHN Ha NEPCOHANHMA PUCK, NUXBEHN Deraiinu |
npoueHTH Ha Gasa noracsBaHe W KanauuTer 1 Ap. 3a peanuanpaHeTo U NPeACTABAHETO Ha NepcoHanuaupaHuTe ogepTu Ha
KnueHTuTe e HeoBxoammo aa ce cubepe e MR — N aHrax T B COUManHuTe Meauu, GuckeuTKM,
[ 4 | OHNaliH Na3apysaHe 1 Ap., KaTO BCUMKM AaHHM WABAT OT PAANUYHM UATONHULW, KATO 3a Taan Len Ha Nomowy uasat

Figure 29 List with criteria for evaluation

Conclusion

The created application based on the method of analysis and evaluation of non-relational
databases aims to help and facilitate the selection of NoSQL databases for financial services, after
the expert evaluation has derived specific weighting criteria, and extensive literature research and
practical experience have been done for already existing practical solutions, as well as for the
potential development of such solutions. Choosing a NoSQL database on which to migrate existing
systems or create new ones should be done very carefully.

The selected non-relational database can subsequently be used for structural and integration

transformation of a business reference architecture to a detailed architecture.
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9. Chapter IV. Application of a method to design a reference architecture for financial

services.

An architecture for executing financial services with NoSQL databases.

With the increasing automation and digitization of processes, and the entry of larger volumes
of data of various types — mostly from semi-structured and unstructured, businesses face the
enormous challenge of collecting, storing and analysing unstructured data [79]. Financial
institutions and the services they offer are fast-growing businesses, and for this reason they must
adapt quickly and in a timely manner to the unfolding technologies and to the increasing demands
of customers, as well as to constant competition.

Based on the detailed analysis of scientific literature related to non-relational databases and
their use for the implementation of financial services systems, as well as on the basis of the
developed business solutions, in Chapter Il a business reference architecture consisting of a data
storage system was developed, an integration layer and server of a specific NoSQL that was
developed and reached the realization of a physical model. Each of the four types of non-relational
databases can be deployed in this model, either in combination together or separately.

Based on the result obtained from the method again developed in Chapter Il, the specific ICT
architecture that will be developed is a structural and integration transformation of a business
reference architecture to a detailed one, for the use of NoSQL databases for financial services.

The ICT architecture that was tested practically consists of a data storage system - MongoDB,
an integration layer - Apache Spark Connector for MongoDB and a specific NoSQL server, in this
case the Hadoop distributed file system was used.

The MongoDB Data Connector over Spark enables the integration of the document-oriented
database MongoDB and Apache Spark, allowing users to implement complex analyzes with large
data sets. In addition to enabling read operations, the connector also enables data to be written
back to MongoDB through the Spark connector. This provides an outstanding opportunity to
record results from the processing performed in Spark to be written back to MongoDB and then
used for further analysis.

Installation and configuration of necessary components to implement the financial services
reference architecture prototype.

The following components are required for the implementation of the physical model of the

business reference architecture:

125



v Hadoop
v Apache Spark connector for MongoDB
v Python
Now, the ICT architecture is implemented at the local level - a MongoDB connection through
the Apache Spark connector to Hadoop. It starts with a local Python installation, as PySpark will
be used. To install and configure Python, the necessary files are downloaded, which are run on the
local machine, using standard installation software available. After the completion of and, the
available version of Python on the machine is checked to ensure that the process completed
correctly and work on the next steps can be continued. In the Command Prompt, type the following
python —version command, and if the installation process was successful, the following result

should appear - Figure 30.

C:\Windows\System32>python --version

Python 3.9.4

Figure 30

Installing Spark locally is done after selecting the configurations and downloading the
necessary files to the machine. Upon proper installation of Spark and entering the following
command in the Command Prompt: C:\Spark\spark-3.1.1-bin-hadoop2.7\bin\spark-shell, Apache
Spark starts and displays the screen below — Figure 31.

at org.apache.spark.SecurityManager.<init>(SecurityManager.scala:79)
at org.apache.spark.deploy.Sparksubmit.secMgr$lzycompute$l(SparkSubmit.scala:368)
at org.apache.spark.deploy.SparkSubmit.secMgr$l(SparkSubmit.scala:368)
at org.apache.spark.deploy.SparkSubmit.$anonfun$prepareSubmitEnvironment$8(SparkSubmit.scala:376)
at scala.Option.map(Option.scala:238)
at org.apache.spark.deploy.SparkSubmit.prepareSubmitEnvironment(SparkSubmit.scala:376)
at org.apache.spark.deploy.SparkSubmit.org$apache$spark$deploy$SparkSubmit$$runMain(SparkSubmit.scala:894)
at org.apache.spark.deploy.Sparksubmit.doRunMain$l(Sparksubmit.scala:180)
at org.apache.spark.deploy.SparkSubmit.submit(SparkSubmit.scala:2e3)
at org.apache.spark.deploy.SparkSubmit.doSubmit(SparkSubmit.scala:9@)
at org.apache.spark.deploy.SparkSubmit$$anon$2.doSubmit(SparkSubmit.scala:1638)
at org.apache.spark.deploy.SparkSubmit$.main(SparkSubmit.scala:1@33)
at org.apache.spark.deploy.SparkSubmit.main(SparkSubmit.scala)
sing Spark's default log4j profile: org/apache/spark/logdj-defaults.properties

[Setting default log level to "WARN".
o adjust logging level use sc.setlLoglevel(newlLevel). For SparkR, use setlLoglevel(newLevel).
Welcome to

A S A
NN N
/1IN /S [N\ version 3.1.1
/_/
sing Python version 3.9.4 (tags/v3.9.4:1f2e388, Apr 6 2621 13:48:21)
[Spark context Web UL available at http://LAPTOP-2FKTLOSR:4040
[Spark context available as 'sc' (master = local[*], app id = local-1680097593081).
[Sparksession available as 'spark'.

Figure 31
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When Apache Spark is properly installed and started, in addition to the Command prompt
message, we are provided with a browser-based user interface that can be used to monitor the

various processes taking place - Figure 32, at the following address: http://localhost :4040/.

Sﬁdigj11 bs | Stages  Storage  E Execute PySparkshell ap
Stages for All Jobs

Failed Stages: 1
~ Failed Stages (1)

Page:

1 Pages. Jump to 1 Show 100 itemsinapage. Go
Stage Tasks: Shuffle  Shuffle
Id r Description Submitted Duration Succeeded/Total Input Output Read Write Failure Reason
0 showString at 2023/03/29 10s 0/1 (1 failed) Job aborted due to stage failure: Task 0 in stage 0.0 failed
NativeMethodAccessorimpljava:0 +details 16:49:47 1 times, most recent failure: Lost task 0.0 in stage 0.0 (TID
0) (LAPTOP-2FKTLO5R executor driver):
org.apache spark SparkException: Python warker failed to
connect back detail
Page:

1Pages. Jumpto 1 Show 100 items in a page. Go

Figure 32

The next step to implement the physical model of the business reference architecture that needs
to be done is the Hadoop installation. It is downloaded, the necessary machine configurations are
made, as well as additional configurations are added to some of the Hadoop files that can be found
in the appendices of this dissertation. To verify that the installation was successful, type the
following command in the machine's Command prompt: cd Hadoop-2.9.2\sbin , and the following
should appear in Figure 33.

C:\>cd Hadoop-2.9.2\sbin

C:\hadoop-2.9.2\sbin>

Figure 33

127



In the browser, the following address: http://localhost:50070/ opens the user interface through

which, when Hadoop is started correctly, the data clusters and others can be traced — Figure 34.

Namenode information
localhost:

i Apps

Hadoop Overview Datanodes Datanode Volume Failures Snapshot Startup Progress Utilities

Overview 'ocalhost:9000' (active)

Started: Sat Mar 12 14:36:15 +0200 2022

Version: 2.9.2, r826afbeae31cabt87bc2f8471dc841b66ed2c6704
Compiled: Tue Nov 13 14:42:00 +0200 2018 by ajisaka from branch-2.9.2
Cluster ID: CID-d6b73a70-8a96-4abb-9352-48da9c2e2352

Block Pool ID: BP-239703326-192.168.100.3-1647088141258
Summary

Security is off.
Safemode is off.

1 files and directories, 0 blocks = 1 total filesystem object(s). -

Figure 34

The last step to implement the physical architecture is the installation of the Apache Spark
connector for MongoDB, which is implemented using Pyspark and the following --packages
commands, and then from the options provided, mongo-spark-connector is selected, which is
installed on the machine.

The initialization of the connections happens through the following code:

bin/pyspark --conf
"spark.mongodb.read.connection.uri=mongodb://localhost:27017/Financial Data.Stocks?readPref
erence=primaryPreferred”
--conf
"spark.mongodb.write.connection.uri=mongodb://localhost:27017/FinancialData.Stocks"
--packages org.mongodb.spark:mongo-spark-connector_2.12:10.1.1
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Application of typical unstructured data in financial services

Every single financial service works with different types of data — structured, semi-structured
and unstructured, collected from different sources in different formats. The established reference
architecture for financial services with the document-oriented database MongoDB connected
through an Apache Spark connector to Hadoop works with data in a document version.

This type of unstructured data is typical of many services in core banking, e-payments, stocks,
bonds, personalization, e-wallet, insurance, customer clearing, customer management and others.
For this reason, the reference architecture created is tested with data such as contracts, slips, emails,
reports, stock, and bond data, and more. Part of this data is mock-up, generated additionally since
the data with which financial services work is extremely sensitive and cannot be found with free

access.
Testing the reference architecture with financial data

- Source of financial data - stocks
Data about and related to customers that is generated, used, and stored in financial institutions
is extremely sensitive and should not be freely distributed, and should also be stored according to
the requirements for personal data protection. [81] [82] Financial data is very difficult to find freely
on the Internet, and freely available stock data from Forbes, Nasdag, Nyse and SP500 in json
format was used for testing purposes — Table 5.

Forbes, Nasdaq, Nyse and SP500 data contain the following fields:

IHonera CroiinocTn

currency ChoTBeTHATa BalyTa
symbol CumBon
exchangeName OOMeHHO uMe
instrumentType Tun uHCTpYMEHT
firstTradeDate [IppBa nata Ha poiaBaHe
regularMarketTime PerynspHo Bpeme Ha mazapa

gmtoffset": -18000

timezone Bpemesa 30Ha
exchangeTimezoneName BpemeBa 30Ha Ha 0OMeH
regularMarketPrice PenoBHa 11ieHa Ha ma3zapa
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chartPreviousClose

priceHint

Ilonckaska 3a nexnara

currentTradingPeriod

Hacrosin nepuon 3a TepryBase

pre
timezone YacoBa 30Ha Ha MpeBApUTEIIHATA TPOJAK0a
start CraproBa nara
end Kpaiina mara
gmtoffset Paznuka ot Bpemero 1o ['punyny
regular

timezone": "EST", UYacoBa 30Ha Ha peryJispHa npoaaxkoa

"start": 1670855400, CraptoBa gara
"end": 1670878800, Kpaiina nara
gmtoffset Pasnuka ot Bpemero 1o I'punyny
post
timezone UYacosa 30Ha cie mpojaxoa
start
end Kpaiina gara
gmtoffset Paznuka ot Bpemero 1o ['punyny
dataGranularity JleTaliIHOCT HA JAaHHUTE
range [wnanazon
validRanges Banmuaau BpeMeBr uamna3oHu

Table 5 Test data fields

Stock data from the various sources - Forbes, Nasdag, Nyse and SP500 is over 10GB,
which will be loaded into the architecture that is implemented in this chapter.
- Loading financial data
The created architecture can exchange data from MongoDB through the MongoDB connector
to Apache Spark and vice versa. Loading data from Hadoop to Mongo is implemented through
PySpark.
To do this, it is first necessary to add the necessary libraries and create a Spark session with
the following code:
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spark = SparkSession.builder.Financial Test("HadoopToMongoDB")
.config("spark.mongodb.output.uri*,"mongodb://localhost:27017/Financial Data.Stocks ")
.getOrCreate()

The code below loads the data from Hadoop into PySpark Frame:

df = spark.read.format(*com.mongodb.spark.sql.DefaultSource™).option( uri”, “mongodb://
http://localhost:50070/FinancialData.Stocks.load()

Finally, we write the data from Hadoop to MongoDB, using the following code::

df.write.format("com.mongodb.spark.sql.DefaultSource™).mode("append").option(" uri",
"mongodb://localhost:27017/FinancialData.Stocks™) .save()

Figure 35 visualizes the data loaded through the Apache Spark connector to MongoDB from
Hadoop.
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http://localhost:50070/

¢ MongoDB Compass - localhost:27017/FinancialData.Stocks

Connect Edit View Collection Help

I Documents I Documents
” localhost:27017 FinancialData.St... FinancialData.St... +
{} My Queries . .
FinancialData.Stocks
€ Databases < o+
| ‘ Documents Aggregations Schema Explain Plan Indexes Validation
+ & FinancialData
Filter® @ Type a query: { field: 'value'
| I Stocks
- , \
b Y = PYTLYYSTSE) | (¢ EXPORT COLLECTION |
» € admin
» & config _id: ObjectId('6444c7502d05543b146744cf"')
» chart: Object
» £ local

| v ] _id: ObjectId('6444c8222d05543b146744d1")
~ « chart: Object
v result: Array
v 0: Object
v meta: Object
currency: "USD"
symbol: "AAALY"
exchangeName: "PNK"
instrumentType: "EQUITY"
firstTradeDate: 1363354200
regularMarketTime: 1670519484

Emtuffset: 18000
Figure 35

client = MongoClient()
db = client['Financial_data']
collection = db['stocks']
spark = SparkSession.builder
.appName("Financial Stock™)
.getOrCreate()
df = spark.read.format(""com.mongodb.spark.sql.DefaultSource")
.option("database", "Financial_data™)
.option("collection™, "stocks")
Joad()
df = df.filter((col("symbol") == "ACGL") & (col("firstTradeDate") >= "2017-05-02") &
(col("firstTradeDate") <="2017-10-10"))
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result = df.groupBy(year(*"date™).alias("year"), month("date™).alias("month™))

.agg({"close": "avg"}) .orderBy("year", "month™)
result.write.format(*'com.mongodb.spark.sql.DefaultSource™).option(*"database",
"Financial_data") .option(*collection”, "stock_analysis") .mode("overwrite") .save()
client.close()

spark.stop()

The generated PySpark program uses the stock data that was loaded at the start of the
reference architecture experiment from Hadoop to MongoDB. The first step is to connect to
MongoDB and then open the Spark session. The data is filtered by the name of the shares, and
subsequently only those whose first sale date is between the set interval are searched. The program
then groups the result by date and outputs the average value of the price of the stock for the entire

period in the interval. The data is saved to the MongoDB database and the session is closed.

Conclusion
A conceptual, logical, and physical model of a business reference architecture was designed,
which were created using the reference architecture creation approach in Chapter I. Based on these
models, the physical model of the business reference architecture for financial services was
successfully implemented in Chapter 1V with NoSQL databases, and specifically the connection
of the document-oriented database - MongoDB, through the Apache Spark connector for
MongoDB with Hadoop. The implemented architecture enables the storage, exchange and analysis
of data with the capabilities offered by Apache Spark and MongoDB.
Conclusion
With the development of technology, digitization and digital transformation that is
happening in all spheres, data is generated faster and faster, with ever greater volumes and greater
speed. Fields such as financial services operating with historical systems that are based on
relational databases are forced to evolve and migrate their systems to non-relational databases in
order to be able to adapt to the new demands of their customers and cope with with increasing
competition, as well as with the rapid development of technology and the new services they offer.
The dissertation offers a developed method for evaluation and selection of NoSQL databases,

based on an analysis of literary sources and real practical examples. The method leads to the
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creation of a tool for evaluating and selecting non-relational databases. This becomes the basis for
the design of a reference NoSQL database architecture, which is practically implemented, by
connecting MongoDB to the Apache Spark connector for Mongo and, through it, connecting to
Hadoop.

At the beginning of this dissertation, three hypotheses were defined:
Hypothesis 1:
It is possible to create a reference architecture applicable to the storage, processing and

operation of Big Data related to financial services.

Hypothesis 2:
It is possible to quantify a reference architecture by creating an evaluation method as well

as a tool to automate its implementation.

Hypothesis 3:
It is possible to achieve an efficient integration of the components of the Financial Services

Reference Architecture with NoSQL databases for Big Data work.

In view of the scientific and research work carried out, as well as the realized practical
prototype, it can be concluded that the hypotheses have been proven, the tasks defined at the
beginning of this dissertation work have been fulfilled, which gives us reason to consider that the

purpose of the dissertation has been fulfilled.
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