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CTAHOBHUIIE

Otr: nmpogp. 0-p Kpacen Cmegpanos Cmegpanos, CV , Cs. Krumenm
Oxpuocku* - @axynmem no mamemamuxa u uHgopmamuxa, Hayuna
cneyuantnocm. Ungopmamuka u KomniomvpHuu Hayku

OTHOCHO:  JUCEPTALMOHEH TPYA 3a MPUCHXKJIaHEe Ha 00pa30BaTEeHA U HAy4YHA
CTEIIEH ,,AOKTOP* 1o Hayuna cneyuarnocm B YHCC.

ABTOp Ha TUCEPTALIMOHHUS TPY/I: Mapuana bouxosa Kosauesa
Tema Ha nucepranmonnust Tpya: [Ipoexmupane Ha OusHec peghepeHmHuu
apxumexkmypu HacoyeHu KoM usnonseane Ha NoSQL 6a3u om oanHu

OcHoeanue 3a IPe/ICTaBSIHE Ha CTAHOBUIIIETO: yYaCTUE B ChbCTaBA HA HAYYHOTO
KYpH T10 3alllTa HA JUCEPTAIMOHHUS TPy chriacHo 3amoBen Ne 972/6.4.2023
r. Ha 3am.-Pektopa 10 Hay4YHO-H3CIEAOBATEICKA JEWHOCT W HAY4YHO
cpTpynHruecTBO HAa Y HCC.

1. NUndopmanus 3a JucepTaHTa

JlucepTanThT ce € oO0yuyaBaj Mo JIOKTOpCKa rmporpama ,,Ilpunoxenue Ha
U3UYMCIIUTEIHATA TEXHUKA B MKOHOMHUKATa*“ KbM xameopa ,, Mngopmayuornu
mexHono2uu u Komyruxayuu“ Ha Gaxyrmem Ilpunoxna wundopmatuka u
cratuctuka Ha YHCC no nayuna cneyuannocm 3.8 Ukonomuka. O0y4eHHETO €
OCBIIIECTBEHO B 3adouHa (hopma npe3 nepuoaa 2020 — 2023 r.

2. O01ma xapakTepuCTHKA HA MpeACTABEHUs TUCEPTANMOHEH TPY/

JlucepTallMOHHUAT  TpPyA  BKJIIOYBA  BBBEJICHHWE, YETUPH  TJIABH,
3aKII0YEHUE, TPUHOCH, MyOJIMKAlUMU, JIUTEepaTypa, MNPUIOKEHHUS, CIHUCHK C
¢urypu, cnuchk ¢ TabIUIM, CIUCHK ¢ Tpaduku U npuioxkeHus. OOmusIT odem
Ha gucepTtauroHHus Tpya € 122 crpanuim (110 ctpanunm 6e3 TpuiIoKeHUTA).
N3non3BaHuTe U3TOUYHMITU ca 85, KATO caMO €AUH OT TSIX € Ha OBJITapCKU €3UK,
a octaHanute 84 ca Ha aHIVIMUCKHU €3UK, 3a /3 OT T€3U U3TOYHUIIA Ca IIOCOUYEHU
¥ WHTEpHET aapecu. B Texcra Ha gucepranmvoHHus Tpya uma 45 durypu, 5
Tabymiwm u 1 rpaduka.



Temata Ha JuUCEepPTAIMOHHUA TPYA € M3KIIOUUTEIHO akTyaiaHa. Ts
OTroBapsi Ha ChbBPEMEHHOTO CHCTOSIHME HAa 00paboTKaTa Ha ToJeMu 00eMH OT
JAHHU BBbB BCUYKU CepH Ha >KUBOTA, BKIIOYMTEITHO W BHB (PUHAHCOBaTa
cdepa, ¢ U3MOJI3BAHETO HA HEPENAIMOHHH 0a3H OT JaHHH.

3a mocTHraHe Ha TIOCTABEHUTE IETW B JWCEPTAlMOHHUS TPYyd ca
TJIAHUPAHK CIICTHUTE 3aa9H:

* UscnenBane m aHanu3 Ha pedepeHTHA apXHTEKTypa 3a (HUHAHCOBU
YCIYTH.

* Jlepunupane Ha kKpuTepuu 3a m30op Ha NoSQL 06aza oT maHHH
CBBP3aHU CHhC CHCTEMH 3a ['0leMH MaHHM HACOYCHW KHhM H3IIOJI3BAHETO HA
(UHAHCOBHU yCIIyTH

* Pa3zpaboTka Ha MHCTpPYMEHT 3a olieHka u u300p Ha NoSQL 06a3u ot
JTaHHU, CBBP3aHU ChC CUCTEMHM 3a [0jieMH JaHHU HACOUYEHU KbM (PUHAHCOBH
YCIIYTH 3 U3IMOI3BAHETO M B peEepEeHTHATA apXUTEKTypa

* [IpakTHyecko NMpuUIIOKEHUE Ha METO/Ia 3a MPOEKTUPaHEe Ha peepeHTHU
apXUTEKTYpH 32 ((PUHAHCOBU YCIYTHU

3a oOcChlIeCTBABAaHE HA HAYYHHUTE W3CJCIBaHUS, KOUTO Ca OCHOBEH
MpeAMET B HACTOSIIUS JUCEPTAIMOHEH TPy, JOKTOpaHTKata (opmyiupa H
W3CIIe/IBA CICAHUTE PAOOTHH XUITOTE3H:

Xunorte3a 1: Bb3MOXHO € Ja ce ch3nane pedepeHTHa apXUTEKTypa,
MPUWIOKUMA 32 CbXpaHeHue, 00paboTka u padota ¢ ['onemMu JaHHU CBBbpP3aHU C
(MHAHCOBH yCIIyTH.

Xunore3za 2: BB3MOXHO € 1a ce Jalie KOJIWYECTBEHA OICHKa 3a
pedepeHTHA apXUTEKTypa, KaTo C€ Cb3/aJie METOA 3a OIICHKa, KaKTo u
WHCTPYMEHT 32 aBTOMATH3UPAHETO U MIpUIaraHe.

Xwunore3a 3: Bp3MOXKHO € J1a ce mocTHrHe edeKTUBHA MHTErparus Ha
KOMITOHEHTHUTE Ha peepeHTHATa apXUTEKTypa 3a puHancoBu yciayru ¢ NoSQL
0a3u oT JaHHU 3a padora ¢ ['omemu naHHM.

3. OueHka Ha MOJy4YeHUTe HAYYHH M HAYYHO-TIPUJIOKHH Pe3yaTaTH

Co3nanena e pedepeHTHA apXUTEKTypa 3a (PUHAHCOBU yCiIyrH, Oa3supaHa
BbpXy MongoDB, ¢ nen na agantupa MOJEpPHHTE HaYMHHU HAa CbXPAaHEHUE HA
l'omemu faHHM 3a pa3IWYHU TUIOBE — MOy CTPYKTypUpaHH U
HECTPYKTYPUPAHH JaHHU KbM (PMHAHCOBUTE WHCTUTYIIMH, KOUTO MPOIbIKaBAT
CBOETO OBp30 pa3BUTHE W JWUTHTaTHA TpaHcopmanusa. Pedepentnarta
apxuTeKkTypa ce cbctom OT 3 cinosi: Cucrema 3a CbXpAaHEHHWE HA JaHHH,
Nuterpamuonen cioif u ChpBbp 32 ChbXpaHEHUE Ha JaHHH, KATO T€ Ca CBbP3aHU
ChC CUCTEMHU 3a 00paboTKa Ha (PUHAHCOBU YCIYTH.

Pazpaboren e meron 3a m300p u ornenka Ha NoSQL 6a3u oT maHHU 3a
¢buHaHCOBU yCiyTH, 6a3upaH Ha pa3pabOTEeHW U M3MOJI3BAIIM CE MPAKTUYECKU



NPUJIOKEHUST U Ha eKcIiepTHa oleHka. Ha 0a3aTta Ha TO3M METOJ| € peau3upaH
MHCTPYMEHT 3a OIleHKa W u300p Ha HepeJaluoHHU Oa3u OT JaHHH.
Pedepentnara apxurekTypa 3a HepeJalMoHHa 0a3a OT JaHHU € MPUJIOKEHA Ha
IpakTUKa 4ype3 cBbp3BaHeTo Ha MongoDB ¢ konekTopa Ha Apache Spark 3a
Mongo u nocienaio cebp3Bane ¢ Hadoop.

C ornen Ha u3BBpIICHATA HAYYHO-U3CIEAOBaTEICKa paboTa, KAaKTO M Ha
peanu3upaHusl NPaKTUYECKU MPOTOTHUI, MOXKE J1a C€ 3aKJII0YH, Y€ XUIOTE3UTE
ca JI0OKa3aHW, 3amaduTe JaeUHWpAHW B  HAYAJIOTO HA  HACTOSIIIHS
JTMCEPTALIMOHEH TPYJl Ca U3ITBJIHEHHU, KOETO HU J1aBa OCHOBAHHE J]a CUUTAME, Ye
LeJTa Ha IUCEepTalusATa € U3IIbIHEHA.

4. OueHKa HA HAYYHUTE U HAYYHO-TIPUJI0KHHM PHUHOCH

B pesynarar or HayuyHata pa®oTa Ha JIOKTOpPaHTKaTa ca MOCTUTHATH
CJIETHUTE IPUHOCH:

Hayunu

* Cp3aJieH € METO/ 3a KOJIMYECTBEHA OLEHKAa Ha HEpeNaluoOHHU 0asu
JITaHHU 32 BHEJIpsiBaHE Ha IM(PpoBU (PUHAHCOBU YCITYTH

+ @opMynupaHH ca WHIUKATOpU ¢ HU3MEpUTENH 3a u300p Ha
HEpeNalMoHHN 0a3u OT JaHHU 332 (PUHAHCOBH YCIyTH

* [IpoekTupane Ha KOHIENTYaJeH, JOTHYECKH U (PU3UUIECKH MOJEN Ha
pedepeHTHa apXUTeKTypa 3a (DMHAHCOBHU YCIyTH C HEpEeTalMOHHU 0a3u
OT JaHHU

Hayuno-npuiioxuu

* IIpoexTupan U Ch3AaJAECH € MHCTPYMEHT 3a M300p Ha HEpeJaluOHHU
0a3u OT TaHHU 32 PUHAHCOBH YCIYTH

* IlpeanokeHa e KOHKpeTHa peaiu3alnus Ha OusHec pedepeHTHa
apXuUTeKTypa 4pe3 JeTailiHa paboTocrocoOHAa apXWUTEKTypa 3a
M3I10JI3BaHE Ha HEpEJallMOHHU 0a3u OT JaHHU

5. Ouenka Ha MyOJUKALMUTE 10 JUCEPTALMUSATA

JlokTopaHTKaTa € HarpaBuWia MeT Hay4YHU IMyOJIuKaI[uy 10 TeMaTUKaTa Ha
JOKTOpaHTypaTa, OT KOUTO YETUPU ca MyOJIUMKyBaHU U  MPEICTOU
nyOJIMKYBaHETO Ha IeTara.

Tesu myOnaukaruu oTroBapsaT Ha u3nckBanusTa Ha YHCC u npencraBst
peanucTUYHO padoTaTa Ha TOKTOPAHTA.

[Topanu MankoTo BpeMe ciel MyOJIMKYBaHETO UM HE € WM3BECTHO Jajiu
MMa UTUPaHUs Ha Te3U MyOIUKaIiH.

6. Ouenka Ha aBTopedepara



ABTOopedepaThbT € M3rOTBEH B CBOTBETCTBHE C HW3UCKBAaHUITA Ha
[IpaBuiHMKaA 3a yCJIOBHATa M peja 3a MPUI0OMBAHE HA HAyYHHU CTEICHU M 3a
3ae€MaHe Ha Hay4yHHU JThxkHOCTH Ha YHCC.

ABTOopedepaThT 0Tpa3siBa IIbIHO, U3UEPIIATEIIHO U TOUHO ChIBPKAHUETO
Ha JUCEPTAllMOHHUSA TPYJl, KAaKTO W Ha OCHOBHHUTE HAyYHU W MPHUIIOKHU
MIPUHOCH.

7. KpurnuHu 0ejie’KKU, NPenopPpbKU U BHIPOCH
Hsamam xputndam Oenexku KbM IpeIcTaBeHus Tpya. Mora ja HampaBs
CJIEIHATE MTPENOPHKHU 3a ObJeIIaTa HayqHa I€MHOCT Ha JIOKTOpaHTa:
e Jla ce Hacouu KbM MyOJHMKAlUA BbB BOJCIIM HAYYHHU CIHCAHUS C
UMIIAKT (PaKTOp U UMIIAKT paHT
e Jla mpencraBu pe3yaTaTUTE CU HA BOJCUIM CBETOBHU KOH(PEpEHIIUU
e Jla ce opueHTHpa KbM CHBMECTHU HAy4YHU MPOEKTH C BOJCUIU
CBETOBHU HAay4YHHU MapTHHOPH.

8. 3akiouenne

[Io obem u chabpKaHHUE, PE3yATATH UM TNPUHOCH, MPEACTABEHUST
JUCEPTAlMOHEH TPYJ OTTOBaps HAI'bJIHO HA U3UCKBAHUATA 3a MPUCHKIAHE HA
oOpa3zoBarenHaTta ¥ HaydHa creneH “mokrtop”. Ilopaaum ToBa maBam
MOJIOKUTEITHA OLICHKA Ha MPEACTABEHUS McepTalloHeH Tpyl. Karo ciencreue
HA BCUYKM M3JOKEHH JI0 TyK (HaKkTH, CUUTaM Y€ PELECH3UPAHUIT
JIVCEPTAMOHEH TPy HAIBJIHO YAOBIETBOpsiBa u3nckBaHusita Ha 3PACPD,
[I3PACPB u IIpaBunHuIIMTE 32 YCIOBHATA U pela 3a NPUA0OMBaHE HA HAYYHU
CTENIEHM U 3a 3aemMaHe Ha HayyHu miekHoctu Ha YHCC. VYo6eneno
IIpENnopbUBaM Ha YBa)KaeMOTO HAYy4HO KypH J1a npuchan Ha Mapuana bolikoBa
KoBaueBa oOpa3oBaTenHaTa M HayyHa CTENEH ,JJOKTOp~ B MPOQPECHOHATHO
HanpasieHue 3.8. HMKOHOMHKA, HaydyHa CHEOHATHOCT ,llpunoxenue Ha
W3YUCIUTEIIHATA TEXHUKA B UKOHOMUKATA .

26.5.2023 r.
rp. Codus IMoamuc: .......oovvvvviiiiiinn....



UNIVERSITY OF NATIONAL AND WORLD ECONOMY

OPINION

By: Prof. Dr. Krassen Stefanov Stefanov, Sofia University ,,St. Kliment
Ohridski “ — Faculty of Mathematics and Informatics, Scientific field: Natural
Sciences, Mathematics and Informatics, Professional field: Informatics and
Computer Science

About: dissertation for awarding the educational and scientific degree
»doctor®“ in a scientific field ,,Application of Computing in
Economics* at UNWE.

Author of the dissertation: Mariana Boykova Kovacheva

Topic of the dissertation: Design of business reference architectures aimed for
using NoSQL databases

Reason for presenting this opinion: participation in the scientific jury for the

defense of the dissertation according to Order No. 972/06.04.2023 of the

Deputy Rector for Research and Development of the UNWE.

1. Information about the PhD student

The PhD student was trained in a doctoral program at the Department of
"Information Technologies and Communications” of the UNWE, professional
field 3.8 Economics, doctoral program "Application of computing technology
in the economy", according to Order of the Rector of the UNWE No.
969/30.04.2020. The training was carried out in correspondence form during the
period 27.04.2020 - 27.04.2023. Dismissed with the right of defense, according
to Order of the Rector of UNWE No. 1054/20.04.2023.

2. General characteristics of the presented dissertation

The presented dissertation includes introduction, four chapters,
conclusion, contributions, publications, references, appendixes, list with figures,
list with tables, list with graphics. The dissertation contains 122 pages (110
pages without appendixes). The references used are 85, one in Bulgarian and all
others in English, and for 73 of them Internet addresses were given. The text of
the dissertation also includes 45 figures, 5 tables and 1 graphics.

The topic of this dissertation is extremely actual and important. It fully
conforms to the contemporary developments in the field of Big Data



implementations in all the domains, including the finances, based on the non-
relational (NoSQL) data bases.

The subject of the dissertation are the business reference architectures
aimed for the use of NoSQL databases related to Big Data systems for financial
services.

The main goals of the dissertation are 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 real data for a specific financial service,
and the definition of a method for evaluating and selecting NoSQL databases
for financial services.

In order to fulfill the stated goals, the PhD candidate formulates the
following tasks:

« Research and analysis of reference architecture for financial services.

« Defining a quantitative assessment approach for non-relational

database selection in the financial services industry.

« 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.

» Practical application of the method for designing reference
architectures for financial services

For achieving the stated goals and tasks, the PhD candidate also
formulates the following hypotheses:

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. Evaluation of the obtained scientific and applied results

A referent architecture for financial services was developed, based on
MongoDB in order to adapt the current and contemporary big data types in
finances. It consists from three layers: Data storage system, Integration layer
and data base server, which are further inter related with financial services
transaction systems.

A method for selection and evaluation of NoSQL databases for financial



services has been developed. 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.

Based on the reference model and its layers, the physical model of the
business reference architecture for financial services was successfully
implemented 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.

On the base of all results obtained, it can be concluded that the
hypotheses have been proven, the tasks defined at the beginning of this
dissertation work have been fulfilled, and as a coincident the main goals of the
dissertation are also achieved.

4. Evaluation of the scientific and applied contributions

As a result of the work done and described in this dissertation, we may
conclude that the following contributions are achieved:

Scientific

« A method of quantity measurement of NoSQL data bases for financial
services implementation was developed

« Indicators for choosing the right NoSQL data base for financial services
implementation were formulated

 Conceptual, logical and physical layers of the reference architectures
for financial services based on NoSQL data base were designed
Scientific-applied

« An instrument for choosing NoSQL data base for the implementation of
financial services was designed and implemented

« Specific implementation of the reference architecture was developed
based on the NoSQL data base

5. Evaluation of the publications related to the dissertation

The PhD candidate presented five scientific publications in the fields of
the dissertation. Four of them are already published, and one is expecting to be
published soon.

All the publications conform to the requirements of the UNWE and
represent truly and realistically the scientific achievements of the PhD
candidate.

Due to the short time after their publications, it is not known if some of
these publications are cited or no.



6. Evaluation of the abstract

The abstract of the dissertation fully conforms to the requirements of the
UNWE for achieving the scientific degrees.

The Bulgarian and English abstracts meet the requirements' volume and
content for accurate, complete, and concise coverage of the dissertation.

7. Critical notes, recommendations and questions
| have no critical notes to the presented dissertation. I can make the
following recommendations regarding the future scientific activities of the PhD
candidate:
e To try to publish in leading academic journals with impact factor
and/or impact rang
e To present her scientific achievements in world prestigious
conferences and events
e To participate in joint research projects with leading world
scientific partners.

8. Conclusion

Having become acquainted with the PhD thesis presented in the
procedure and the accompanying scientific papers and on the basis of the
analysis of their importance and the scientific and applied contributions
contained therein, | confirm that the presented PhD thesis and the scientific
publications to it, as well as the quality and originality of the results and
achievements presented in them, meet the requirements of the Act on
Development of the Academic Staff in the Republic of Bulgaria, the Rules for
its Implementation and the corresponding Rules at the UNWE for acquisition
by the candidate of educational and scientific degree “Doctor” in the
Professional field: 3.8 Economics, doctoral program "Application of computing
technology in the economy”. In particular, the candidate meets the minimal
national requirements in the professional field and no plagiarism has been
detected in the scientific papers submitted for the competition.

Based on the above, | strongly recommend the scientific jury to award
Mariana Boykova Kovacheva, the educational and scientific degree “Doctor”
in the Professional field: 3.8 Economics, scientific speciality "Application of
computing technology in the economy".

26.5.2023 r.
rp. Codus [Moamuc: .....c.oovvvvvviiiiinnn....



