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ABTOp Ha auceptaumoHuus Tpya: Mapuana boiikosea Kosauesa

Tema Ha nuceprauuonnus tpya: Ilpoexmupane na oOusnec pegpepenmuu
apxXumexKmypu HAaAcoO4eHu KbM U3N0J36aHe
Ha NoSQL 6a3u om oanHu

OcHoséanue 3a IPEJICTaBSIHE HA CTAHOBHUIIIETO: YYacTHE B ChCTaBa Ha HAYYHOTO
KypH TI0 3alMTa Ha JUCEPTAlMOHHUSA TPYyH ChryacHo 3amoBen No
972/06.04.2023 na 3am.-pextopa mo HUJI na YHCC.

1. Undopmanus 3a 1ucepTanTa

JlucepTaHThT ce € oOydaBaj IO JOKTOPCKA IIporpamMa KbM Kameopda
 Unpopmayuonnu mexnonoeuu u xomyuuxkayuu“ Ha YHCC mo wuayuna
cneyuannocm Ilpunosicenue Ha u3dUCIUMENTHAMA MEXHUKA 8 UKOHOMUKAMA
(npogpecuonanno Hanpasnenue 3.8 Hrxonomuxa) cwriacHo 3amnoBen No
969/30.04.2020 r. na Pextopa Ha YHCC. OOy4eHHETO € OCBIICCTBEHO B
3a00una Gopma nipe3 neproaa 27.04.2020 - 27.04.2023 r.

2. O0ma xapaKkTepucTHKA HA MPeJICTABEHNs TUCEPTALMOHEH TPY/

HuceprannonnusaT Tpya Ha Mapuana KoBaueBa € cTpykTypupaH BEHB
BbBenenue, derupu riaBu, 3akmoueHue, Jlureparypa, Cnucbk Ha ¢GUrypH,
Crnucbk Ha rpaduku, V3non3Banu TepMuHM U ChKpaiieHus u [lpunoxeHus c
obur obem ot 123 crpanuuu. OCHOBHHUAT TEKCT Ha Tpyaa € B obem 110
CTpaHWIIM, a TPWIOKEHUsATa ca B obem oT 13 crpanmmu. B u3noxkenuero ca
npeactaBenu 45 ¢urypu, 5 tabnauim u 1 rpaduka. bubnuorpadusara crabppxa
85 nureparypHH N3TOUYHHKA.



TemaTta Ha AMCEPTALMOHHUSA TPYJ € U3KIIOUHUTEHO aKTyallHa, ThH KaTo
M0 OTHOIIEHWE Ha u3moi3BaHeTo Ha NoSQL 0a3u oT JaHHU 3a pa3IUYHU
WKOHOMHMYECKH JEHHOCTH M B YaCTHOCT B cepaTa Ha (PUHAHCOBUTE YCIyTH
MMa HaTpynaH 3HAYUTEJEH MPAaKTUYECKH OIHUT, KOWTO HMa HyXIa OT
TEOpEeTUYHO o00oOmaBaHe u aHainu3. CbIIEBPEMEHHO, TemaTa HMa U
HETNOCPEICTBEHA IpaKkTU4Yecka HACOYEHOCT, a HMMEHHO Jia [OAIOMOTHE
KOMIIAHUMTE, NPEJOCTaBSIIM pPA3NUYHU (PUHAHCOBU YyCIyru B u30opa Ha
HOJIXOAIINTE 3a LEJITa UHCTPYMEHTH.

BbB BBBEIEeHHMETO € O00OCHOBaHAa aKTyaJHOCTTa Ha TeMara Ha
aucepraiuoHHus Tpya. Kato o0ekt Ha u3cneaBaHeTo ca AepUHUpaHH ,,0u3HEC
pedepeHTHUTE apXUTEKTYpH HACOYCHH KbM M3MOJ3BAHETO HA HEpelallMOHHU
(NoSQL) 6a3u oT 1aHHUW CBBpP3aHU ChC CUCTEMH 3a ['oeMu JaHHU HACOUECHU
KbM (QuHaHcoBuTe ychnyru“. Ilpeagmer Ha JAMCepTallMOHHUSA TpYyHd €
"mpoexTupaHe Ha pedepeHTHa apxuTekTypa 3a n30op Ha NoSQL 6a3zu ot
JAHHU CBBP3aHU ChC CHCTEMH 3a ['0JeMH JTaHHHM, HACOYEHH KbM (PUHAHCOBU
YCIYTM ¥ METOABT 3a M300p M OLICHKA HA HEpelallMOHHUTE 0a3u OT JIaHHU 3a
¢unancoBu yciyru'. Llenm Ha aucepTallMOHHHS TPyA € 'MNPOEKTUPAHETO Ha
OusHec pedepeHTHa apXUTEKTypa HacodeHa KbM u3mosi3BaHeTo Ha NoSQL
0a3u OT JaHHM CBBP3aHU ChC CHCTeMHU 3a ['ojleMu JaHHH, KOSATO Ja Obae
OpUJIO’)KEHAa M TECTBaHAa C JIaHHM 3a KOHKpeTHa (HHAHCOBa yciayra M
ne(pUHUPaHETO Ha METOA 3a oleHka U u3bop Ha NoSQL 0a3u or gaHHM 3a
¢uHaHcoBu yciyru'. @opMyIupaHu ca YETUPU OCHOBHHM 3aaud, KOUTO clieaBa
na ObJaT M3MBJIHEHW B PAMKHUTE Ha H3CIEABAHETO U ca JepUHUPAHU TPpHU
paboTHU xumnoTe3u. M3TbKHATH ca U BB3MOXKHOCTUTE 3a NPHIIOKEHHE Ha
pe3yNTaTUTE OT U3CIEABAHETO B MPAKTUKATA.

[IppBa TnaBa wW3cienBa M aHAIM3Upa OT €IHA CTpaHa pPa3IMYHUTE
(UHAHCOBM YCAYyrM M TpoOJeMUTE, C KOUTO Te ce€ CcOIbCKBAT NpH
HEOOXOJIMMOCTTA OT ChXpaHEHUE M 00paboTKa Ha rojieMu nanHu. OT apyra ce
pasriexaarT MHCTPYMEHTUTE, KOUTO MOraT Ja C€ M3IO0JI3BaT 3a PEIICHHE Ha
Te3u npobnemu - Hepenarmonuute (NoSQL) 6a3u oT maHHM, KaKTO U APYTH
cuctemMu 3a roiemu JnaHHu karo Hadoop. IlogpoOGHO ca mpencraBeHn
ocHoBHUTe THNOBe NOSQL ©6a3u oOT JaHHM U TEXHUTE NPEIUMCTBA.
[IpencraBenu ca ChIO Taka NpeauMcTBaTa U HegoctaTbliuTe Ha Hadoop, kakTo
Y HEroBaTa apXUTEKTypa. TpeTHusT Kpbr' BBIIPOCH, BKIIFOUEHH B IIbPBA IJIaBa, CE
OTHacs 70 peepeHTHUTE apXUTEKTYPU U TOJXOIUTE 3a U3TPAKIAHETO UM.

Bropa rmaBa e mocBeTeHa Ha MPOEKTHpPAHETO Ha pedepeHTHa
apxuTekTypa 3a ¢puHaHcoBU yciayrd ¢ NoSQL 0a3u or mannu. Pasrnemanu ca
MHO>XECTBO KOHKPETHM NpPHUMEpPU Ha MPUIOKEHUE Ha TMPEACTABUTENN Ha
ocHoBHUTe TUMoOBe NoSQL 6a3u or pannu. Kato mnpencraButenu Ha
JIOKYMEHTHO-OPUEHTHpaHUTe 0a3u OT JaHHU ca pazmienann MongoDB u



Couchbase, oT xpaHunuiaTa OT TUI KIOY-CTOHHOCT - Amazon DynamoDB u
Redis, or mmpoko-kononaute xpanwnuma - HBase u Cassandra u ot rpad
6asute ot ganHu - Neo4j u OrientDB. Hampasen e moapoOeH aHann3 Ha
MpeIMMCTBaTa Ha BCEKU OT MHCTPYMEHTUTE U CHOTBETHO MPUIOKHUMOCTTA UM
3a KOHKpeTHM (puHaHcOoBU yciyru. IlpencraBeH € M omuThT Ha penuua
KOMIIaHUM, MPEIOCTaBSIIN (UHAHCOBH YCIyTH, B u3mos3BaHeTo Ha NoSQL
0a3u OT naHHU. B pesynrar Ha aHanu3a € pa3paboOTeH METOJ 3a KOJIMYECTBEHA
ouneHka Ha NoSQL 0a3u OT JaHHM 3a KOHKPETHM (DPMHAHCOBH YCIYTH.
JlepuHupanu ca meT KpUTEpHs, BCEKHM OT KOUTO C€ OllieHsBa Ha Oa3aTa Ha
ekcrepTHa oueHka. CrenBaiaTa CThIIKA € IMPOEKTHPAHETO Ha pedepeHTHa
apxuTekTypa 3a (unHaHcoBu yciayru ¢ NoSQL 6a3u ot ganau. Ch3gaaeH e
KOHIENTYyaJeH MOJeN Ha pedepeHTHaTa apXUTEKTypa 3a (UHAHCOBHU YCIYTH.
Pedepentnara apxurekrypa ce cbctou OT 3 ciosi: Cuctema 3a CbXpaHEHUE Ha
nanHu, MuTerpannonen cinoil 1 CbpBbp 3a cbXxpaHeHue Ha naHHHU. Ha Ga3zata
Ha KOHIICTITYaJIHUS MOJEN Ca Ch3JaJCHH JIOTUYECKH U (U3NYECKU MOJIEN Ha
OouszHec pedepeHTHa apXUTEKTypa 3a (PUHAHCOBU YCIYIM U € MPeIoKEH
MOJXOJ 32 M3MOJI3BAHETO Ha MPOEKTHpaHaTa pedepeHTHa apXUTEKTypa Ipu
ch3naBanero Ha ICT apxurekrypa.

B Ttpera rnmaBa e mpencraBeH codTyepeH HUHCTPYMEHT, OazupaH Ha
Ch3Aa/leHus1 MeTo]l 3a n300p u ouieHka Ha NoSQL 0a3u oT naHHu 3a (PUHAHCOBH
ycayru. ToBa € CpeacTBOTO, HACOYEHO JAUPEKTHO KbM IOANOMAaraHe Ha
KOMIIaHUMTE, MPEJOCTaBAlM (PUHAHCOBU YCIyrd, npu u3zdbopa uMm Ha NoSQL
6a3u ot gaHHU. Cb31aCHUAT UHCTPYMEHT € J0CTaThYHO I'bBKaB U MO3BOJISIBA
KaKkTo 00aBsiHE M peJaKkTUpaHe Ha (MHAHCOBH YCIYTH, TaKa U HA KPUTEPUH 32
OLICHKA.

YerBbpTa TJIaBa € IIOCBETEHAa HAa NPAKTHUYECKOTO NPUIIOKEHHUE Ha
MpOEKTUpaHaTa pedepeHTHa apxuTekTypa 3a (uHancoBu yciayru ¢ NoSQL
0azu or naHHu W Oasupanata Ha Hes ICT apxutekrypa. IlpakTtuuecku e
peanu3upaHa apXUTEKTypa, ChCTOSIA CE OT CUCTEMA 3a CbXpPaHEHUE HA JaHHU
— MongoDB, unterpanuonen cnoit — Apache Spark Connector 3a MongoDB u
cepBbp Ha cnenuduuer NoSQL - pasmpenencHata ¢aiijoBa cucTeMa Ha
Hadoop. TecTBaHeTo € U3BBPIICHO C pEalTHH JaHHU OT ThPTOBHSATA C AKI[HH.

B 3akmrouenumero ca 0000IIeHM TOCTUTHATUTE PE3yJNTaTd H ca
Ha0essI3aH! HACOKH 3a MO-HATaThLUIHU U3CIICABAHUS.

Hucepraunonnusst tpya Ha Mapuana boiikoBa KoBaueBa mnokassa
3a1bJIOOYEHN TIO3HAHMS Ha ChbBpPEMEHHATa Hay4yHa JIMTEpaTypa, CBbp3aHa C
TeMaTa Ha AMCEPTAIMOHHUS TPyA. B crmmchka ¢ m3Mmoi3BaHaTa JIUTEpaTypa ca
NMoco4YeHN 85 M3TOYHHMKA, KATO BCHUYKH M3TOYHHIIM Ca IIUTHPAHU B TEKCTA Ha
JUcepTaIusTa.



3. OuneHka Ha MOJyYeHUTE HAYYHH U HAYYHO-TIPUJI0KHM Pe3yJITaTH

JlucepTanMOHHUAT TPY/ € Pe3yJiTaT OT OTPOMEH 00eM HM3CieaoBaTeNicKa
paboTta o crOupaHe, aHaTu3upaHe U 0000IaBaHe HA CHIIECTBYBAIUS OMUT B
nazeHaTa mpeaMeTHa obsact. B pesynraTt Ha Tasum paboTta € ch3maaeH MpOoayKT
ChC 3HAYMMa HayYyHa W HAYYHO-TIPUJIOKHA CTOMHOCT, KOMTO 3aciTy’kaBa BUCOKA
OIICHKA.

JlocTaThbuHO apryMEHTHpPAHO JOKTOpPAHTKAaTa IOCTHTa OCHOBHATa CH
M3CJIeIOBATENICKa 1€ W pellaBa TOCTaBEHUTE H3CIICIOBATEICKUA 3a]add, a
UMEHHO:

e AHaiM3 Ha akKTyaJHUTE NPOOJIEMH, CBBP3aHH CHhC CHXPAHCHHETO Ha
pasnuyHUTE BHIOBEe [oneMn maHHM W pedepeHTHH apXUTEKTYpH,
CBBP3aHU C HM3IOJI3BAHETO HA HEPENAMOHHW 0a3u OT JaHHW HACOUYCHU
KbM (PMHAHCOBUTE yCIIYTH.

e Jlebunupane Ha TMOAXOJ 3a KOJWYECTBEHAa OIleHKa 3a H300p Ha
HepeslalMoHHa 0a3a oT JaHHU B cpepata Ha (MHAHCOBUTE YCIYTH.

e M300p Ha kpurepuu 3a oreHka Ha NoSQL 6a3um B cdepara Ha
(bUHAHCOBUTE yCIIYTH.

e [IpoekTupane Ha KOHIIENITyaJeH, JOTHYCCKH W (HU3UYECKH MOJIECT Ha
pedepenTHa apxutekTypa 3a ¢uHaHcoBU yciayru ¢ NoSQL 6a3u ot
JaHHHU.

o [IpoekTupane M cCh3JaBaHE Ha HMHCTPYMEHT 3a OIEHKa M H300p Ha
HepeslallMoHHa 0a3a OT JIaHHU CBBP3aHU ChC cucTeMu 3a ['oeMu naHHU
HACOYEHA KbM (PMHAHCOBU YCITYTH.

e (Cb3maBaHe Ha EKCIIEPUMEHTAJICH POTOTHUIN Ha pedepeHTHA apXUTEKTypa
CBbp3aHa ChC cuUcCTEeMa 3a ['oleMH JaHHM HACOYEHU KbM (PUHAHCOBHU
YCIIyTH.

o [IpakTHuecko MPHIIOKEHUE HA €KCITEPUMEHTATHHS TIPOTOTHII.

e OreHKa Ha pe3yATaTUTE OT MPAKTUIECKOTO MPHUIIOKEHHE.

4. OueHKa HA HAYYHUTE U HAYYHO-TIPUJIOKHHU TPUHOCH
B mucepraunonnus tpya Ha Mapuana KoBaueBa ca HOCOUYEHU CIEIHUTE
Hay4YHU MIPUHOCH:

e Cw3aazeH € MEeToJ 3a KolmdecTBeHa oneHka Ha NoSQL 06a3u jmaHHM 3a
BHEJIpsiBaHE Ha M (POBU (PMHAHCOBU YCIIYTH,

e QopMynHpaHe HA UHAUKATOPU U U3MeputTenu 3a n3dop Ha NoSQL 6a3u
OT JJaHHU 32 (PUHAHCOBH YCIIYTH,

o [IpoexTupane Ha KOHIIENTyaJeH, JOTUYECKH W (U3UYECKH MOJET Ha
pedepenTHa apxutekTypa 3a (uHaHcoBU yciayru ¢ NoSQL 6a3u ot
JTAHHHU.



ITocouenu ca u CJICAHNUTC HAYYHO-TIPUJIOKHU ITPUHOCH:

e [IpuHUUMIN 3a MPOEKTHpPAHE M Cbh3/1aBaHE HAa MHCTPYMEHT 3a M300p Ha
NoSQL 06a3u oT naHHu 3a (GMHAHCOBH YCIIyTH
e CTpyKTypHa M MHTETpallMOHHa TpaHchopmalus Ha OusHec pedepeHTHA
apXUTEKTypa KbM JeTalljIHa apXUTEKTypa 3a usnosusBaHe Ha NoSQL 6a3u
OT JaHHU
CerimaceH CbM MO CBHIIECTBO C Taka (GOPMYIHMPAHUTE KAKTO HAYYHHU U
HAYYHO-TIPWJIO)KHU TPUHOCH. BTOpHST OT HayyHUTE MNPUHOCH, a UMEHHO
"®opMynupaHe Ha MHIWKATOpU U u3Meputenu 3a u3dop Ha NoSQL 0Oasu ot
JaHHM 32 (UHAHCOBHU YCIYTH'" MOXKeE Jla C€ Bb3MPHUEME KaTo YacT OT Ch3AaICHUs
METOJ 3a KojaudecTBeHa oueHka Ha NoSQL 0a3u naHHu 3a BHEOpsiBaHE Ha
urppoBr (UHAHCOBH YCIYrHM, HO MMa OCHOBaHHSA M 3a TOBa Jla c€ CMATa 3a
camocrosiTesieH npuHoc. CuumraM, Y€ OCHOBHUTE HAyYHU [PUHOCH -
Ch37aBaHETO HAa METOJ 3a KoyindecTBeHa oueHka Ha NoSQL 6a3u nanHu 3a
BHeApsABaHE Ha UU(POBHM (UHAHCOBU YCIYTM U TPOCKTHUPAHETO Ha
KOHIIENTYaJIEH, JIOTUYECKU U (U3NYECKU MOJIEN Ha peepeHTHa apXUTEKTypa 3a
¢unancoBu yciayru ¢ NoSQL 6a3u OT JaHHU ca JOCTaThYHO CHIIECTBEHU U
oOoraTsiBaT Hay4YHOTO 3HAHHUE B Ta3H 00JIACT.

5. OuneHka Ha My0JIMKAIMUTE MO JMCEPTALUATA

[lo Temara Ha [OWCEPTAMOHHHUS TPYyHd ca HamnpaBeHH 4 HayYHU
myOJIMKaluK, OT KOUTOo 3 JoKjaja (2 caMOCTOsITETHU U | €IMH B ChaBTOPCTBO)
n 1 crarus, nyOauKyBaHa caMOCTOATENHO. Bcuuku mnyOnukamuu ca Ha
aHTIMICKK e3uK. Te3u myOauKaiuu ca ciaeaHuTe:

1. Mariana Kovacheva, Storing Big Data in NoSQL Databases Compared
to SQL - Advantages and Problems, 10TH INTERNATIONAL
CONFERENCE ON APPLICATION OF INFORMATION AND
COMMUNICATION TECHNOLOGY AND STATISTICS IN ECONOMY
AND EDUCATION ICAICTSEE — 2020, November 27 — 28th, 2020,
University of National and World Economy, Sofia, Bulgaria, ISSN 2367-7635
(PRINT), ISSN 2367-7643 (ONLINE), JIOCTBITHA Ha!
https://icaictsee.unwe.bg/past-conferences/ICAICTSEE-2020.pdf

2. Mariana Kovacheva, lvona Velkova, Digitalization in Bulgarian
Higher Education — Present and Future Opportunities, 4th International
Academic Conference on Education, 2021, 10th December 2021, Barcelona,
Spain, ISBN: 978-609-485-239-8), JOCTBITHA Ha:
https://www.dpublication.com/proceeding/4th-iaceducation/#Table-of-Contents

3. Mariana Kovacheva, Evaluation of NoSQL Databases for Digital
Financial Services Implementation, AUTOMATICA and INFORMATICS,



ISSN 0861-7562 (Print), ISSN 2683-1279 (Online), Year LV No. 4/2022,
JocThITHA Ha: https://sai-bg.com/wp-content/uploads/2023/01/Al-4-2022.pdf

4. Mariana Kovacheva, Creation of an automated tool for evaluation and
selection of NoSQL databases intended for financial services based on
predefined criteria, VIII INTERNATIONAL SCIENTIFIC CONFERENCE
HIGH TECHNOLOGIES. BUSINESS.SOCIETY 2023, 06-09.03.2023,
BOROVETS, BULGARIA, ISSN 2535-0005(PRINT), ISSN 2535-0013
(ONLINE), noctbina Ha: http://hightechsociety.eu/sbornik/2023.pdf

[IyOnukanmuuTe 1Mo TeMara Ha JUCEPTAIIMOHHUS Tpyd Ha MapuaHa
boiikoBa KoBaueBa ca AJO0CTATBbYHMU 110 00eM u XApaKTCp U CBHIACTCIICTBAT 34
IIOCTUTHATA AOCTAaThUYHA CTCIICH Ha Hy6JII/I‘-IHOCT Ha PE3YyJITATUTC OT HAYYHOTO
HU3CJICIBAHE.

6. Ouenka Ha aBTOpedepaTa

KbM aucepraniMoHHus TpyA € MPEACTaBeH aBTopedepar, KOWTo € B 00em
oT 71 crpanuuu. ABTopedepaThbT TPEACTaBS M3IUI0O W KOPEKTHO
ChIIBPKAHUETO HA AUCEPTAIIMOHHUS TPY/I.

7. KpuTuuHu 0ej1esKKU, NPeNnopbKH U BHIPOCH

Hsamam cbiiecTBEHM KPUTHYHH OCNEKKH 10 ChIBPKAHUETO Ha
nucepTanoHHus Tpya. Karo mpenopbka Moxke a ce M3ThKHE MO-MPEU3HOTO
U3IOJI3BaHEe HAa TEPMUHOJIOTHATA B MpeaMeTHATa 00JIacT, Ch3HaBAaWKHU Y€ TOBa
HE € JIECHO JIa Ce MOCTUTHE, KaTO C€ MMa MPEJIBU]I Y€ YaCT OT TEPMUHUTE HSIMAT
oOIIOMpPUET BapUaHT HA OBJITAPCKU €3HK.

8. 3akioueHue

B 3akmoueHwe cuuram, Y€ OPEACTABEHUAT 3a  PELUECH3MPAHE
nucepTandoHeH Tpya Ha Mapuana KoBaueBa Ha Tema ,,IIpoekTupane Ha OuM3HeC
peepeHTHN apXUTEKTypu HAcO4YeHHW KbM u3MnoyizBaHe Ha NoSQL 6a3u ot
JaHHU® B HaydyHa oOnacT ,llpunokeHue Ha HW3YMCIUTENIHATa TEXHUKA B
MKOHOMMKATA® TpUTEkKaBa HEOOXOJIMMHUTE KayeCTBa, B TOBA YUCJIO ChIbpKa
JOCTaThYHO 3HAYMMM HAyYHU M HAYYHO-TIPUJIOKHU NMPUHOCH. Bb3 OCHOBa Ha
TOBA U3pa3siBaM MOETO CTAHOBUIIE 32 MPHUCHKIaHE HAa oOpa3oBaTeHa U HayYyHa
CTereH ,,JoKkTop~ Ha Mapuana boiikoBa KoBaueBa 1o HaydHa CHEIMATHOCT
,»| [PUJI0’KEHUE HA U3UMCIIUTEIIHATA TEXHUKA B UKOHOMUKATa*.

17.05.2023 | (63110 (N
Codus /mout. 1-p Mutko Panoes/



UNIVERSITY OF NATIONAL AND WORLD ECONOMY

OPINION

From: Assoc. Prof. Dr. Mitko Genchev Radoev
UNWE, Department of Information Technologies and Communications,
Application of computer technology in the economy (3.8 Economics)

Subject: dissertation work for the award of the educational and scientific
degree ""Doctor' in Application of computing technology in the
economy (3.8 Economics) at UNWE.

Author of the dissertation: Mariana Boykova Kovacheva
Dissertation topic: Design of business reference architectures
aimed at using NoSQL databases

Reason for presenting the opinion: participation in the composition of the
scientific jury for the defense of the dissertation according to Order No.
972/06.04.2023 of the Deputy Rector for Scientific and Research Activities of
the UNWE.

1. Information about the PhD student

The PhD student was trained in a PhD program at the Department of
Information Technologies and Communications of the UNWE in the scientific
specialty Application of computer technology in the economy (3.8 Economics)
according to Order No. 969/30.04.2020 of the Rector of the UNWE. The
training was carried out in part-time form during the period 27.04.2020 -
27.04.2023.

2. General characteristics of the submitted dissertation

The dissertation work of Mariana Kovacheva is structured in
Introduction, four chapters, Conclusion, References, List of figures, List of
graphs, Terms and abbreviations and Appendices with a total volume of 123
pages. The main text of the work is 110 pages long, and the appendices are 13
pages long. The text contains 45 figures, 5 tables and 1 graphic. The
bibliography contains 85 literary sources.

The topic of the dissertation is extremely relevant, because in the field of
the use of NoSQL databases in various economic activities, and in particular in
the field of financial services, there is considerable practical experience that
needs theoretical summarization and analysis. At the same time, the topic has



an immediate practical focus, namely to support companies providing various
financial services in choosing the appropriate tools for the purpose.

The relevance of the topic of the dissertation is justified in the
introduction. As the object of the study, "business reference architectures aimed
at the use of non-relational (NoSQL) databases related to Big Data systems
aimed at financial services" are defined. The subject of the dissertation is "the
design of a reference architecture for the selection of NoSQL databases related
to Big Data systems aimed at financial services and the method of selection and
evaluation of non-relational databases for financial services". The goal of the
dissertation work 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 a method
for evaluating and selecting NoSQL databases from financial data". Four main
tasks have been formulated, which should be performed within the research,
and three working hypotheses have been defined. The possibilities of applying
the research results in practice are also highlighted.

The first chapter explores and analyzes on the one hand the various
financial services and the problems they face when it comes to storing and
processing big data. On the other hand, tools that can be used to solve these
problems are considered - non-relational (NoSQL) databases, as well as other
big data systems such as Hadoop. The main types of NoSQL databases and
their advantages are presented in detail. The advantages and disadvantages of
Hadoop and its architecture are also presented. The third round of questions
included in the first chapter concerns reference architectures and approaches to
building them.

A second chapter is dedicated to the design of a reference architecture for
financial services with NoSQL databases. Numerous concrete application
examples of the main types of NoSQL databases are discussed. As examples of
document-oriented databases, MongoDB and Couchbase are considered, from
key-value stores - Amazon DynamoDB and Redis, from wide-column stores -
HBase and Cassandra, and from graph databases - Neo4j and OrientDB. A
detailed analysis of the advantages of each of the instruments and their
applicability for specific financial services has been made. The experience of a
number of financial services companies in using NoSQL databases is also
presented. As a result of the analysis, a method was developed for the
quantitative evaluation of NoSQL databases for specific financial services. Five
criteria are defined, each of which is based on expert evaluation. The next step
Is to design a reference architecture for financial services with NoSQL
databases. A conceptual model of the reference architecture for financial
services has been created. The reference architecture consists of 3 layers: Data



Storage System, Integration Layer and Data Storage Server. Based on the
conceptual model, a logical and physical model of a business reference
architecture for financial services was created, and an approach for using the
designed reference architecture in the creation of an ICT architecture was
proposed.

In the third chapter, a software tool based on the created method for
selecting and evaluating NoSQL databases for financial services is presented. It
is the tool aimed directly at helping financial services companies in their choice
of NoSQL databases. The created tool is flexible enough and allows both
adding and editing financial services and evaluation criteria.

The fourth chapter is devoted to the practical application of the designed
reference architecture for financial services with NoSQL databases and the ICT
architecture based on it. An architecture consisting of a data storage system -
MongoDB, an integration layer - Apache Spark Connector for MongoDB and a
specific NoSQL server - the Hadoop distributed file system, is practically
implemented. Testing was done with real stock trading data.

The Conclusion summarizes the results achieved and outlines directions
for further research.

The dissertation work of Mariana Boykova Kovacheva shows in-depth
knowledge of modern scientific literature related to the topic of the dissertation
work. The bibliography lists 85 sources, and all sources are cited in the text of
the dissertation.

3. Evaluation of the scientific and applied results obtained
The dissertation is the result of a huge research effort to collect, analyze
and summarize the existing experience in the given subject area. As a result of
this work, a product of significant scientific and scientific-applied value was
created, which deserves to be highly appreciated.
Sufficiently reasoned, the doctoral student achieves his main scientific
goal and solves the set research tasks, namely:
e Analysis of 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 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.



e Design and creation of a tool for evaluation and selection of a non-
relational database related to Big Data systems aimed at 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.

4. Evaluation of scientific and applied contributions
In the dissertation work of Mariana Kovacheva, the following scientific
contributions are indicated:
e A method was created for the quantitative assessment of NoSQL
databases for the implementation of digital financial services;
e Formulation of indicators and metrics for selecting NoSQL
databases for financial services;
e Designing a conceptual, logical and physical model of a reference
architecture for financial services with NoSQL databases.

The following applied contributions are also indicated:

e Principles for designing and creating a NoSQL database selection
tool for financial services
e Structural and integration transformation of a business reference
architecture to a detailed architecture for using NoSQL databases
| agree essentially with the so-formulated scientific and applied
contributions. The second of the scientific contributions, namely "Formulation
of indicators and metrics for selecting NoSQL databases for financial services"
can be perceived as part of the established method for quantitative evaluation of
NoSQL databases for the implementation of digital financial services, but there
are reasons to be considered an independent contribution too. | believe that the
main scientific contributions - the creation of a quantitative evaluation method
of NoSQL databases for the implementation of digital financial services and the
design of a conceptual, logical and physical reference architecture model for
financial services with NoSQL databases are substantial enough and enrich
scientific knowledge in this area.

5. Evaluation of the dissertation publications

Four scientific publications were made on the subject of the dissertation
work, including three conference reports (two independent and one co-
authored) and one article published independently. All publications are in
English. These publications are as follows:
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1. Mariana Kovacheva, Storing Big Data in NoSQL Databases Compared
to SQL - Advantages and Problems, 10TH INTERNATIONAL
CONFERENCE ON APPLICATION OF INFORMATION AND
COMMUNICATION TECHNOLOGY AND STATISTICS IN ECONOMY
AND EDUCATION ICAICTSEE - 2020, November 27 — 28th, 2020,
University of National and World Economy, Sofia, Bulgaria, ISSN 2367-7635
(PRINT), ISSN 2367-7643 (ONLINE), available at:
https://icaictsee.unwe.bg/past-conferences/ICAICTSEE-2020.pdf

2. Mariana Kovacheva, Ivona Velkova, Digitalization in Bulgarian
Higher Education — Present and Future Opportunities, 4th International
Academic Conference on Education, 2021, 10th December 2021, Barcelona,
Spain, ISBN: 978-609-485-239-8), available at:
https://www.dpublication.com/proceeding/4th-iaceducation/#Table-of-Contents

3. Mariana Kovacheva, Evaluation of NoSQL Databases for Digital
Financial Services Implementation, AUTOMATICA and INFORMATICS,
ISSN 0861-7562 (Print), ISSN 2683-1279 (Online), Year LV No. 4/2022,
available at: https://sai-bg.com/wp-content/uploads/2023/01/Al-4-2022.pdf

4. Mariana Kovacheva, Creation of an automated tool for evaluation and
selection of NoSQL databases intended for financial services based on
predefined criteria, VIII INTERNATIONAL SCIENTIFIC CONFERENCE
HIGH TECHNOLOGIES. BUSINESS.SOCIETY 2023, 06-09.03.2023,
BOROVETS, BULGARIA, ISSN 2535-0005(PRINT), ISSN 2535-0013
(ONLINE), available at: http://hightechsociety.eu/sbornik/2023.pdf

The publications on the subject of the dissertation work of Mariana
Boykova Kovacheva are sufficient in volume and type and testify to the
achieved level of publicity of the results of the scientific research.

6. Evaluation of the abstract
The dissertation is accompanied by a 71-page abstract. The abstract fully
and correctly presents the content of the dissertation work.

7. Critical comments, recommendations and questions

| have no significant critical comments on the content of the dissertation.
As a recommendation, the more precise use of terminology in the subject area
can be pointed out, being aware that this is not easy to achieve, considering that
some of the terms do not have a generally accepted variant in the Bulgarian
language.

8. Conclusion

In conclusion, | believe that the dissertation work of Mariana Kovacheva
submitted for review on the topic "Design of business reference architectures
aimed at using NoSQL databases” in the scientific field "Application of
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computer technology in the economy" has the necessary qualities, including it
contains enough significant scientific and applied contributions. Based on this, |
express my positive assessment of the dissertation and | recommend the
scientific jury to award an educational and scientific degree "Doctor" to
Mariana Boykova Kovacheva in the scientific specialty "Application of
computer technology in the economy”.

17.05.2023 Signature: ...l
Sofia [Assoc. Prof. Dr. Mitko Radoev/
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