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Or: IIpog. 0-p Kamenus I'eopeuesa Cmeganosa;
VHCC;
IIpunosicenue Ha uYUCTUMETHAMA MEXHUKA 8 UKOHOMUKAMA

OTHOCHO: JUCEpPTAllMOHEH TPY[l 3a MPUCHKIaHE HA 00pa30BaTe/IHA U HAy4YHA
CTEIEH ,AO0KTOP* MO Hay4yHa CHOeUUanHocT ,,/Ilpunoowcenue Ha
uzuucaumennama mexnuxa 6 uxkoHomuxkama “ 8 YHCC.

ABTOp Ha ucepTalinoHHus Tpya: Meowna Ilnamenosa Benkosa - 0okmopanm Kvm
kameopa ,, Ungopmayuonnu mexHonocuu u KomyHukayuu "

TeMa Ha TUCEpTALIMOHHUS TPY/I:
., [Ipunyunu u memoou 3a npoexmupane Ha ONepamueeHr YeHmMvp 3d YNpasieHue
HA UHOPMAYUOHHA CUSYPHOC 34 CUCTNEMU C 20AeMU OaHHU

OcHnoeanue 3a IpeCTaBsHE HA CTAHOBUIIIETO: YYAaCTUE B ChCTaBa HA HAYYHOTO
Kypu TI0 3allUTa Ha JUCEPTAllMOHHMUSA TpyaA CbIVIACHO 3amoBen Ne
973/06.04.2023r. Ha 3am.-pekropa o HUJl u MC na YHCC.

1. NUndopmanus 3a 1ucepTanTa

HucepranTsT € oOy4aBaH MO JOKTOpPCKAa TporpamMa KbM Kameopa
» Unpopmayuonnu mexnonocuu u xomyuukayuu” ©Ha YHCC mo wuayuna
cneyuannocm ,,[Ipunodxcenue Ha uzyuciumenHama mexHuka 6 uKoHomuxama “
cbritacHo 3amoBen Ha 3am.-pektopa mo HUJ] mva YHCC Ne 966/29.04.2020r.
OO0y4eHHETO € OCBIIECTBEHO B pedosra dhopma mipes nepuoaa 2020-2023 rog.

2. O0ma xapakTepuCTHKA HA NMpPeACTABEHUs JUCEPTALMOHEH TPY/

ITpencraBeHUAT 3a pELEH3UPAHE AUCEPTALIMOHEH TPYJ € IIOCBETEH Ha
U3KJIIOYUTENIHO aKTyajHa MpoOJeMaTuKa, KOSITO oOXBalla MHOXKECTBO HOBH
HACOKH U Ba)KHU PEILICHUS 32 pa3BUTUETO HA MHPOPMALIMOHHUTE CUCTEMU JHEC.
[IpeBpbIllaHeTO Ha TOJIEMUTE JAHHM B KPUTHUYEH PECypc 3a YINpaBiieHHWE Ha
MH(GOPMALIMOHHUTE CPEeIr IOCTaBsi MHOIO BBIPOCH Mpel TEXHOJIOTHYHATA
OOLIHOCT 3a pa3BUTHE HaA pa3jIMYHU acCleKTH OT (PYHKIMOHUPAHETO Ha



CUCTEMHUTE.

JlokTopaHTKaTa MHOTO aMOWIIMO3HO M 33bJIOOYEHO MOAXO0XKAA KbM
u3ciefoBaTesickaTa TeMa M HacoyBa CBOsiTa pa3paboTKa KbM HMHTETPUPAH
MOJIXO0/1 HA MPOYYBAHE HA OCHOBHUTE MPOOJIEMH HA CUTYPHOCTTA, U3KYCTBEHUS
WHTEJIEKT, TOJIEMHUTE JaHHW, CHOTBETHUTE HEOOXOIMMHU TEXHOJIOTHH, 3a Ja
MPEVIOKN HOBU TPHHIIMIN W METOAM TPHU TPOSKTHPAHETO Ha IEHTPOBE 3a
nH(OpMAIIMOHHA CUTYPHOCT 32 CHBPEMCHHHTE CHUCTEMHU B cpela Ha TOJIeMH
JTaHHU.

JucepranmoHHuAT Tpya € B o0y odem ot 170 crpanunu. CTpyKTypHO
ChAbpXKa. BbBEJACHUE, TPU TJIABU, 3aKJIIOYEHHE M W3MOJ3BaHA JUTEparypa. 3a
3anbpa0oyYeHaTa HM3clie/loBaTelICcKa paboTa CBUJETEICTBAT  U3IOJ3BAHUTE
U3TOYHUIM, KOUTO ca 119 u mo-ronsiMa 9acT OT TSIX ca OT MOCHeAHHUTE 2-3
T'OJIMHHU.

[IspBaTa THaBa € BBBEICHUETO B JHCEPTALMOHHUS TPYH, KOETO
MOJIXO/SIIO0 € HACOUYCHO KbM aKTYaJIHOCTTa Ha M3CJIEAOBATENICKUS MpoOJieM B
KOHTEKCTa Ha 3HAYMMOCTTA Ha U3TPaXKIAHETO HA €AMHEH IIEHTHP 3a OlepaThBHA
CUTYPHOCT, 332 KaKbBTO HSIMa MU3BECTHU PEUICHUS 32 OOCTUHSABAHE HA PA3JIMYHU
CHUCTEMH 3a TOJICMH JaHHH, KOUTO W3BJIMYAT W 00pabOTBAT HECTPYKTypHUpaHU
naaau ¢ MM oT pa3HOpOAHW W3TOYHHUIIM, M € IOCTUTHATa KOTHUTHBHA M
aJanTHBHA CUTYPHOCT.

JucepTanThT 000CHOBaBa KOPEKTHO CBOATA pa3padboTKa, KaTo popMynupa
ChOTBETHO OOEKT, MPEIMET U 1IEJ1 Ha U3CJIEIBAHETO.

Obekmbvm Ha Wu3CIEIBAHETO OOXBalla MPUHIMOUM U METOAU 3a
IPOEKTHPAHE HA OTIEPATUBEH IIEHTHP 3a YIPaBJICHUE Ha CUTYPHOCTTA B CUCTEMH
3a roJIeMH JaHHHU.

Ilpeomemsm Ha W3CIEABAHETO € HACOUYEH KbM M3TPAXKIAHETO HA HOB TUTI
OTEpaTHBEH LIEHTHP 3a YMPaBIICHUE HAa CUTYPHOCTTA, 0asupaH Ha oOpaboTKa ¢
NN Ha HECTpyKTypHUpaHU JAHHHU, CUCTEMU C TOJIEMU JTAHHU U YIIPaBJICHUE HA
uHpopMaIMsiTa 3a CUTYPHOCTTa M CHOUTHATA, HHTETpUpaHH B 0oOIIa
apXUTEKTYypa.

Ilenma Ha nucepTallMOHHUS TpyHd sICHO € jAceduHHMpaHa: Aa Obaar
MPEIOKCHN TIPUHIIMIN W METOAM 3a TMPOCKTUpPaHE U W3TPaXKIaHE Ha
OTIEpaTUBEH IICHTHP, KOWTO Ja YMpaBisiBa WHGOPMAIMOHHATA CHTYPHOCT, 3a
CUCTEMHU, OTIEpUpAIIH C TOJIEMHU JaHHHU.

3. OneHka Ha MOJyYeHUTe HAYYHU U HAYYHO-TIPUJI0KHH Pe3yJITaTH

Bropa rnasa e mocsereHa, MHOTO IIPOCTPAHHO, HA TEOPETUYHUTE ACTIEKTH
Ha u3cienBanute npodaemu. [IpeacraBenu u nepuHupaHy ca OCHOBHU MOHSATHUS
Y TEXHUTE XapaKTepUCTUKHU. OMHUCaHU ca pa3INuYHUTE BUAOBE JaHHU U JAEITBT UM
Ha reHepupane B cBeta. OOBPHATO € CHelMalHO BHUMAaHHE Ha CHIIHOCTTA Ha



rOJICMHTE JaHHU M 0COOCHOCTHUTE Ha CHCTEMHUTE 3a 00paboTKaTa uM — Apache —
Hadoop, Spark, Hive u MicroFocus IDOL. Tyk ca npeaioxeH: KpUTEPUH 3a
CpPaBHEHHME U Ca CHIIOCTaBEHU pa3audHu codTyepu. M3BBHPIIEHOTO CpaBHEHHE
moMara 3a B3MMaH€ Ha pelieHHue KOW MPOAYKTH Jia ObJaT M3IOJ3BaHU IIPU
M3TPaKJAHETO Ha ObJeIIaTa apXUTeKTypa.

Cnensamara Touka ¢ nocsereHa Ha [IPUJIOJXKEHUE HA N3KYCTBEH
UHTEJIEKT 3A CUT'YPHOCT I1PU I'OJIEMU JTAHHU u pasraexna BaxHU
acriektu ot possita Ha MU 3a yripaBieHre Ha CUTYpHOCTTA.

O6ocobeHo MsCcTO B raBarta € otaeiaeno Ha TTPMHIIUIIN 14|
[HOAXO 1 3A VIIPABJIEHUE HA NMHOOPMAILIMOHHATA
CUT'YPHOCT. fcHO ca omnucaHu pa3iuyHU BHUIOBE CHUITYPHOCT, BHUIOBE
XaKePCKH aTaky, pa3IMyHu (PYHKIIMA Ha CHCTEMHUTE 3a CUTYPHOCT B cpejia Ha
roJIEMHU JIaHHU, UHCTPYMEHTHU 32 CUTYPHOCT.

Crnenparrata To4ka npejacTaBs nmpoyuBane B oosiacrra Ha OIIEPATUBHU
HEHTPOBE 3A HWH®OPMAIIMOHHA CHUI'YPHOCT. MW3Benena ¢
nepuauima 3a OLMC wm ca pasrieganu pasauyHATEe (QYHKIHH, KOHUTO
u3nbIHABA. [IpeacTaBeHn ca ChIIECTBYBAIM PELICHUS 3a yIpaBJICHUE Ha
MH(pOpMAaITMOHHATA CUTYPHOCT B CUCTEMU C TOJIEMH JIaHHMU.

Tpera riaBa, JOrMYHO € HACOUYEHA KbM CHIIHOCTTA U METOAOJIOTHUSTA Ha
u3cienoBaTesckus mpoduem. [Ipoydyenn u onucanu ca OCHOBHUTE, YTBbPIUIH
ce B MIpaKTUKaTa, IPUHIMUIMN U METOJIM Ha MpoekThpane Ha OnepatuBeH LIeHTHp
3a CurypHoct. [IpeacTtaBeHu ca HaKpaTKO 0COOCHOCTHUTE Ha PA3IMUHUTE BUIOBE
nokosneHusa Ha OLUMC, xapakTepHH 3a pa3IMuHUTE €TAIU OT TAXHOTO Pa3BUTHE,
KakTO W TpeIu3BUKATENICTBaTa IMpea KOWTO ca wu3mpaBeHu. OO0oOmieHa e
paspabotkata Ha nieto nokosienne OLIUC u ca nepuHMpanu TpUHIUIHN, KOUTO
Ja moMorHar ja m3rpaxaaHero Ha HoB OLIMC. M3non3BaHu ca KOHTPOJU 3a
curypHoct oT ctagaaprta 1SO 27001, kouto uMat OTHOIIIEHUE KbM MpeaMETa Ha
aucepTaudoHHus TpyA. ChIIHOCTHATa 4acT U OCHOBHOTO JIMYHO, TBOPYECKO
MOCTHXKEHHE B MPEJJIOKEHATa pa3padoTKa € MPOSKTUPAHETO Ha (PyHKLIMOHATHA
apxutekTypa oT HoBO nokosenue 3a OLIMC u o6ocobsiBaneTo u neruHUpaHETO
Ha TPU HUBA 3a INOCTUTAHE Ha MO-BUCOKO HUBO HAa 3alllMTa ¢ u3non3Bane Ha M1
MpyU CHOMPAHETO HA PA3HOPOJAHU THUIMOBE JaHHW OT PA3JIMUYHU H3TOUHMIIH.
Cnensa moapoOHOTO omucaHue Ha (YHKIMOHATHOCTUTE W WHCTPYMEHTUTE
MOCJIEIOBATEIHO 3a BCAKO HUBO OT apxuTektypara Ha OLIMC 3a cucremu c
rojleMd JaHHHU. J[eMOHCTpUpPAHO € TO03HABAHETO HAa MHOTO pa3JIMYHU
TEXHOJIOTUU, TEXHUTE (YHKIIMOHATHOCTH U HACOKH 32 CBBP3aHOCT, 3a LIEJTUTE Ha
ch3aaBane Ha OIIMC 3a cuctemMu ¢ rojaeMH TaHHU.

[Toapo6HO ca omucaHu POIUTE HA BCEKU MHCTPYMEHT, KOUTO C€ Mmpujiara
Ha BCSIKO OT TPUTE HUBA HA MPEJIJIOKEHATA apXUTEKTYpa.



YerBbpTa T1J1IaBa € TIOCBETEHA HA IMPWIOKHUTE AaClEeKTH Ha
nuceprauMoHHus Tpyd. [loka3zaHu ca KOHKPETHU pe3yiaTaTh OT TECTBAHETO Ha
KOMIIOHEHTUTE Ha apXWUTeKkTypara. ONMUCaHU ca MPOIECUTE HA TEXHOJOTHYHO
M3TpaKJaHe Ha apXUTEKTypaTa U € MOCTUTrHaTa ePeKTHBHATa ChbBMECTHUMOCT
MEXKJy OTHEIHUTE NPOAYKTH. M3I0KEeHHETO MOCIenoBaTEeNHO JO0Ka3Ba
aJIcKBaTHOCTTa Ha M30paHUTE TEXHOJOIMU 3a BCAKO €IHO OT HHBaTa Ha
OTICpAaTUBHHS IIEHTHP 3a HWH(OpPMAIMOHHA CUTYPHOCT M TOCTUTAHETO Ha
1ejaeBuTe (QYHKIMOHATHOCTH. APXUTEKTypaTa € TEeCTBaHAa C peajHu JaHHH,
KOHUTO Ca U3BJICYCHH OT COIMAITHU cpeu — T witter,

JIOTUYHO B 3aKIOYEHHETO CE€ I10COYBaAT ACIICKTUTC, B KOUTO MOXKC a4
IMPOABJIKH U3CIICABAHCTO U Id 6’bIIaT HO,Z[O6peHI/I Ha IIPCHJIOKCHUTC ITIOAXOIU.

4. OueHka Ha HAYYHHUTE U HAYYHO-TIPUJIOKHU NPHUHOCH

OmnpeneneHo, MpenCTaBEHUAT JUCEPTALMOHEH TPYyJd HMa CBOMTE
U3CJIEI0BATENICKU U HAyUYHO-TIPUIIOKHH ITPUHOCH.

[Ipuemam cnucbka ¢ TPEATIOKEHUTE MPUHOCH, KaTO pe3yaTaT oOT
3a1bpa00YeHaTa  HAYYHO-M3CJENOBATEICKAa W IpWIOKHA paboTta MO
TUCEePTAIIOHHUS TPY.

5. OueHka Ha MyOJUKAMHUTE MO AUCEPTANUATA

[TyOnuKanuuTe 1Mo AUCEPTAIMOHHUS TPy 00XBaIlaT €HA CTATHUSI M TPH
JIOKJIaJa, OT KOWTO JBA JIOKJIA/Ia U CTaTUATA Ca CAMOCTOSITSITHH, @ OCTAHAIIUTE ca
B CHaBTOPCTRO.

[Tox meuar e goxmanm Ha TemMa Approaches to higher security level for
Hadoop environment.

6. Ouenka Ha aBTopedepara

Cuuram, ye aBTOpedepaThT KOPEKTHO OTpa3siBa CHIIHOCTTA, 00XBaTta U
MIPUHOCHUTE aCMEKTH Ha pa3paboTeHUs AUCEPTAIMOHEH TPy, ABTOpedeparsT e
B 00eM oT 135 cTpaHui, KaT0 OCHOBHOTO MYy ChAbpP>KaHHE € B pazmep Ha 65
cTtpaHuid. Tol Chabpka OCHOBHUTE MOMEHTH Ha AUCEPTAIMOHHUS TPY A, KAKTO
U CITpaBKa 3a MOCTUTHATUTE HAYUYHO-TIPUJIOKHHU MPUHOCH.

/. KputuuHu 0e/ie:KKH, IPeNnopbKH U BHIIPOCH

KbM JIOKTOpaHTKaTa MMaM CJIEIHUTE BBIIPOCH:

1. KakBo Hanara mpoektupanero Ha HOBO nokosienne OLIMC u ¢ xakBo
OCHOBHO IMOBHUIIIaBa (PYHKIIMOHAIHOCTTA Ha CHILECTBYBAIIUTE?



2. KaK CC CTUra a0 IpCHAIOKCHUCTO 3d Ta3W KOMIIOHCHTHA CTPYKTYpa Ha
OLINC?

8. 3akiouenne

I[To most mpelieHka, MNPENCTABEHUAT JUCEPTALMOHEH TPyJ Ha Tema
HLHPAHIAIIN U METOIMU 3A ITPOEKTUPAHE HA OIIEPATHUBEH
HEHTHP 3A VIIPABJIEHUE HA UTHOOPMAIIMOHHA CUT'YPHOCT 3A
CUCTEMU C T'OJIEMU JJAHHU®, 3a npumoOuBane Ha oOpa3oBaTeiHa |
Hay4Ha CTENeH ,,IOKTop”, ¢ aBTop MBoHa BenkoBa, mpuTekaBa HEOOXOIUMUTE
KauyecTBa Ha 3a7bJI00YEHO, CAMOCTOSITEIHO MPOBEACHO U 3aBBPIICHO HAYYHO
U3CJIE/IBAHE.

Cuuram, 4Ye € TMpeACTaBeH 3HAUYMM pe3yaTaT OT MOCTHUTaHE Ha
3a0eneXUTeNIeH 00eM HOBHM 3HAHHWA, OT 3all03HABAaHE C HOBU TEXHOJIOTMH, OT
npeajiaraHe Ha HOBU PEIICHUS] U OT pa3paboTBaHE HAa KOHKPETHHU MPUIIOKHU
peleHus.

[Ipennaram Ha yBaxaemure uieHoBe Ha HXK ma mpueMem mocturHarure
pe3yJTatd OT u3cienoBaTenckara naelHoct Ha IBoHa BenkoBa kato
OCHOBATEJIHM M Ja B3eMeM pemreHne 3a npucwkxaane Ha OHC ,,mokrTop® mo
npodecuoHaHO HarpaBiieHue 3.8. NkoHOMEKa, Hay4yHa CHEHUATHOCT
,»,| [PHJIO’KEHUE HA U3YMCIIUTEIHATA TEXHUKA B UKOHOMHUKATA .

27.05.2023r. Iommuc: «..oovveeieeeeaa.

[Ipod. n-p Kamenus Credanona
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"Doctor" in scientific specialty "Application of Computing in Economics™ at the
UNWE.

Dissertation Author: lvona Plamenova Velkova;, PhD student at the
Information Technologies and Communications Department

Thesis topic:

“Principles and methods for designing an operational center for managing
information security for big data systems*
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scientific jury for the defense of the dissertation work according to Order No.
973/06.04.2023 by the Vice-Rector for Research and International Affairs at the
University of National and World Economy (UNWE).

1. Information about the dissertant

The doctoral student has been trained under the doctoral program at the
Department of Information Technology and Communications at the University
of National and World Economy (UNWE), specializing in "Application of
Computer Science in Economics,” according to the Order of the Vice-Rector for
Research and International Affairs at UNWE No. 966/29.04.2020. The training
has been conducted in a full-time form during the period 2020-2023.



2. Overview of the dissertation

The dissertation presented for review is dedicated to extremely topical
Issues that cover many new directions and important solutions for the
development of information systems today. Big data becomes a critical resource
for managing information environments that raises many questions for the
technology community to develop various aspects of systems functionalities.

The PhD student very ambitiously and thoroughly approaches the research
topic and directs her development towards an integrated approach of exploring
the main problems of security, artificial intelligence, big data, the relevant
necessary technologies to propose new principles and methods in the design of
information security centers for modern systems in a big data environment.

The total volume of the dissertation is 170 pages. The structure contains:
introduction, three chapters, conclusion, and list of references. For the benefit of
research work were used 119 relevant materials and most of them are from the
last 2-3 years.

The first chapter of the dissertation appropriately addresses the relevance
of the research problem in the context of the importance of building an
operational security information center. There are not currently known solutions
for integrating various big data systems that extract and process unstructured data
using Al from heterogeneous sources, while achieving cognitive and adaptive
security.

The doctoral student appropriately justifies her research by formulating the
object, subject, and goal of the study.

The object of the research encompasses principles and methods for
designing an operational security information center in big data systems.

The subject of the research is focused on building a new type of operational



security information center, based on Al processing of unstructured data, big data
systems, and Security Information and Event Management, integrated into a
common architecture.

The goal of the dissertation is clearly defined: to propose principles and
methods for designing and building an operational center that manages

information security for systems operating with big data.

3. Evaluation of scientific and applied research results obtained

The second chapter extensively addresses the theoretical aspects of the
researched problems. It presents and defines fundamental concepts and their
characteristics. Special attention is given to the substance of big data and the
features of their processing systems, such as Apache Hadoop, Spark, Hive, and
MicroFocus IDOL. Criteria for comparison are proposed, and various software
solutions are compared. This comparison aids at making decisions about which
products to be used in the construction of the future architecture.

The next section focuses on the APPLICATION OF ARTIFICIAL
INTELLIGENCE FOR SECURITY IN BIG DATA and examines important
aspects of the role of Al in security management.

A significant part of the chapter is devoted to PRINCIPLES AND
APPROACHES TO INFORMATION SECURITY MANAGEMENT. Different
types of security, types of hacking attacks, various functions of security systems
in the context of big data environments, and security tools are clearly described.

The following point presents a study in the field of OPERATIONAL
SECURITY INFORMATION CENTERS. A definition of OSIC is provided, and
different functions it performs are discussed. Existing solutions for managing
information security in big data systems are presented.

Overall, the second chapter successfully evaluates and discusses the



theoretical and conceptual aspects related to the research problems. It provides a
comprehensive understanding of the key concepts, technologies, and approaches
relevant to the dissertation topic.

The third chapter logically focuses on the substance and methodology of
the research problem. The main principles and methods for designing an
Operational Security Information Center (OSIC), which have been established in
practice, are investigated, and described. The characteristics of different
generations of OSICs, typical of various stages of their development, as well as
the challenges they face, are briefly presented. The development of the fifth
generation OSIC is summarized, and principles are defined to propose the
construction of a new OSIC. Security controls from the ISO 27001 standard,
relevant to the subject of the dissertation, are utilized. The core and main creative
achievement of the proposed development lie in the design of a next-generation
functional architecture for the OSIC and the introduction and definition of three
levels to achieve a higher level of protection by utilizing Al in gathering diverse
types of data from various sources. A detailed description of the functionalities
and tools for each level of the OSIC architecture for big data systems follows.
Proficiency in multiple technologies, their functionalities, and connectivity
guidelines is demonstrated for the purpose of creating an OSIC for big data
systems. The roles of each tool applied at each level of the proposed architecture
are thoroughly described.

The fourth chapter is dedicated to the practical aspects of the dissertation
work. Concrete results from testing the components of the architecture are
presented. The processes of technological construction of the architecture are
described, and effective compatibility between individual products are achieved.
The description systematically demonstrates the adequacy of the chosen

technologies for each level of the OSIC and the achievement of target



functionalities. The architecture is tested with real data extracted from social
media environments, specifically Twitter.
Logically, in conclusion, the aspects in which further research can be

conducted and the proposed approaches can be improved are indicated.

4. Evaluation of scientific and applied contributions

Certainly, the presented dissertation work has its research and applied
contributions.

| accept the list of proposed contributions because of the well demonstrated

in-depth scientific research and applied work on the dissertation.

5. Evaluation of dissertation publications

The publications on the dissertation consist of one article and three papers,
of which two papers and the article are individual and the rest are co-authored.

A paper on “Approaches to higher security level for Hadoop environment”

IS in print.

6. Evaluation of the authorship

The authorship correctly reflects on the substance, scope, and contribution
aspects of the developed dissertation. The authorship has a volume of 135 pages,
Its main content is 65 pages. It contains the main points of the dissertation, as

well as a reference to the achieved scientific and applied contributions.

7. Critical remarks, recommendations and questions
| have the following questions to the PhD student:
1. What does the design of a new generation OSIC entail and how does it

primarily enhance the functionality of the existing systems?
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2. How have you decided to configure the suggested architectural structure
of the proposed OSIC?

8. Conclusion

In my opinion, the presented doctoral thesis on the topic ,,Principles and
methods for designing an operational center for managing information security
for big data systems* by Ivona Velkova possesses the necessary qualities of in-
depth, independently conducted, and successfully completed scientific research.

| believe that significant results have been achieved through the acquisition
of a remarkable volume of new knowledge, the exploration of new technologies,
the proposal of innovative solutions, and the development of concrete practical
applications.

| recommend that the esteemed members of the honorable members of the
Scientific Jury acknowledge the attained research outcomes by considering them
substantial and decide to award Ivona Velkova the educational and scientific
degree "Doctor" in professional field 3.8. Economics, scientific specialty

"Application of computing in economics".

27 May 2023 With respect: ........cccoevvennenn,

Prof. Dr. Kamelia Stefanova
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