YHUBEPCUTET 3A HAITMOHAJIHO 1 CBETOBHO CTOITAHCTBO
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Ot:  ooy. 0-p Monuxa Becenunosa llanesa;
VHCC, xameodpa ,, Unghopmayuonnu mexuonocuu u KOMynuxayuu
Hayuna cneyuannocm ,,Ilpunooicenue na uzyuciumennama mexHuka 6
ukonomukama
OTHOCHO:  JUCEPTALMOHEH TPy 3a MPUCHXKJaHe Ha 00pa3oBaTesiHa U Hay4YHa
CTENEH ,JAO0KTOP* 1o HayuHa cneyuarvocm B YHCC 3.8
Nkonomuka,  goktopcka  mporpama . llpunoxxkenue  Ha
W3UYHCITUTEIHATA TEXHUKA B MKOHOMHMKATA.

OcHnoeaHnue 3a TIPEIICTaBSHE Ha PEICH3UATA: y9acTHE B ChCTaBa Ha HAYYHOTO
KypU TIO 3alUTa HAa JUCEPTAIlMOHHHUS TPyH CbhriacHo 3amoBen N
972/06.04.2023. na 3amectHuk-pekTopa mo H1J[ na YHCC.

ABTOp Ha JUCEPTAMOHHHUS TPY: Mapuana bouxosa Kosauesa

TeMa Ha TUCEPTALIMOHHUS TPY/I: “Ilpoexmupane Ha b6usHec peghepernmmu
apxumekmypu HacodeHu Kvm uznonzeane Ha NoSQL 6asu om
oanHu”

1. Undopmanus 3a qnucepTanTa

JlucepTaHThT ce € oOydaBaj IO JOKTOPCKAa IporpamMa KbM Kameopda
 Unpopmayuonnu mexnonocuu u xomyuukayuu Ha YHCC mo wuayuna
cneyuannocm Ilpunooicenue Ha UYUCTUMETHAMA MEXHUKA 8 UKOHOMUKAmd
(npoghecuonanno uanpaenenue 3.8 HUrxonomuxa) cvraacHo 3amoBen Ne
969/30.04.2020 r. na Pextopa Ha YHCC. O0yueHHETO € OCBIIECTBEHO B 3A00UHA
dopma mpe3 nepuomaa 27.04.2020 - 27.04.2023 r.

Mapuana KoBaueBa 3amouyBa paboTa MO CHEIMATHOCTTA BEAHAra Cliel
TUIUIOMHUPAHETO CH KaTo OakanaBbp 1o ,,bu3zHec nHpopmaTuka 1 KOMyHUKAIIUU
C MpenoIaBaHe Ha aHTJTMHCKH €3UK “‘,KaTo 10 MOMEHTA € MPUA00uIa 3HAaUUTENeH
U pa3zHooOpa3zeH mpodecruoHajeH ONMUT B pa3paboTkaTa, aIMUHUCTPUPAHETO U
eKCIUIoaTalusaTa Ha HMHQOPMAIMOHHU CHCTEMU B OW3HEcCa BKJIIOYUTETHO U
koopauHupanero Ha UT npoektu. OTIMYHO BrieyaTIeHUE TPaBU YMEHHUETO U Ja
chyeTaBa HAyYHO-U3CIIeJ0BATENCKATa paboTa (M 10 MOMEHTA TSI € U3CJIeJ0BATEN



MO MPOEKT ,, Jlurnranuszamnus Ha WKOHOMHKATa B cpena Ha [‘omemu naHHH™)
IIPETOJABATEICKATA U Pa3BOMHATA JEHHOCTH.

ITo Bpeme Ha cBOETO 00yUYEHHE B IOKTOPAHTYpa PETYJISIPHO, KAUYECTBEHO U
B CPOK HW3IBJHSBAIIC CBOS HMHIMBHIyaJeH IUIaH. BreuamieHusta MM OT
3aHATHUATA, NIPOBeAeHU OT Hed npef cryaeHtute ot YHCC ca otnmnynu.

2. O01ma xapakTepucTUKA HA NPeICTABEHUS TUCEPTAIMOHEH TPY/

JuceprannoHHusaT TpyX Ha Mapuana KoBaueBa € CTpyKTypupaH BbB
BoBenenne, yetnpu rnaBu, 3akmiodeHue, CIUCHK HAa HAYyYHUTE W HAYYHO-
npwiokHUTE TpuHOCcH, CIUCHK HA HAMpaBeHUTE MyOJUKAIMKM 1O TeMara Ha
nucepranusTa, bbaema padorta, Jlureparypa, Cnucbk Ha ¢urypu, Cnucbk Ha
rpaduku, M3non3Banu TepMUHU U cbkpaieHnus u [Ipunoxenus ¢ o6y ooeM ot
123 crpanunm, ot kouto 110 cTpanunu ocHOoBeH TekcT W 13 cTpaHuUIU
npuioxkeHus. B pazpabotkara ca BkiroueHu 45 ¢purypu, 5 tabnunu u 1 rpaduxa.
bubnuorpadusara odxBamia 85 nurepaTypHu U3TOYHUKA, U3JAJACHHU TTOCIETHUTE
npe3 HAKOJIKO TOJUHU NMPEIUMHO Ha aHTJIMHACKH €3HK.

Temara Ha quCepTAIIMOHHUS TPYJl € MHOTO aKTyajHa U € €JHOBPEMEHHO
MPaKTUKO-TIPUJIOKHA WM ChC CEPHO3EH HaydeH TmMoTeHnuand. PaspaboTkara
pasmupsaBa BB3MOXKXHOCTHTE 3a TPIJIOKCHHE HAa MOJCPHU HH(POPMAITMOHHU
TexHosioruu (rojsemu naHHu U NoSQL 0a3u qanHu) BB rHaHCcOBaTa cepa Ha
Ou3Heca, KOWUTO ce OTIMYaBa ¢ royisiMa AMHAMUKA, MHAPOKa KIMEHTCKa 0aza u
OTpoMeH Opoit Ou3HeC TpaH3aKIMKU U3UCKBAIIM U3ITHIHEHUE B PEAIHO BpEME.

BbBeneHneTo npencTaBs akTyallHOCTTa Ha Mpo0JemMa, npeaMera 1 00eKTa
Ha u3cnenBanero. Karo oOeKkT Ha AMCEpTallMOHHUS TPYJ ca MOCOYCHH OU3HEC
pedepeHTHUTE apXUTEKTYpHU HACOUCHU KbM H3IIOJI3BAHETO HA HEpENallMOHHU
(NoSQL) 6a3u oT 1aHHM CBBP3aHH ChC CUCTEMU 3a ['ojleMu JaHHN HACOUCHHU KbM
(UHAHCOBUTE YCIyTU, a HETOBUAT MPEAMET € MPOCKTUpaHEe Ha pedepeHTHA
apxutekTypa 3a u36op Ha NoSQL 0a3u OT JaHHH CBBpP3aHU ChC CHUCTEMHU 32
['onemu nannu, HacoYeHU KbM (DMHAHCOBU YCIYTH U METOIBT 3a U300D U OllEHKA
Ha HepenaluMoHHUTEe O0a3u OT JaHHM 3a (uHaHcoBM yciayru. llenta Ha
TUCEPTAIMOHHUS TPyH € AchuHUpaHa KaTo ,IPOCKTHPAHETO Ha OW3HEC
pedepeHTHa apXUTEKTypa HacoueHa KbM u3mnos3BaHeTo Ha NoSQL 06a3u ot
JTaHHU CBBP3aHU ChC CUCTEMHU 3a ['oieMH JaHHU, KOSTO Aa ObJe MPUIOKEHA U
TECTBaHA C JIAHHM 3a KOHKpPETHa ()MHAHCOBA yCayra U 1e(UHUPAHETO Ha METO.T
3a omeHka U u30op Ha NoSQL 06a3u OT AaHHU 3a (PUHAHCOBH YCIYIH.“.
dopMynupaHd ca H3CICAOBATEICKHIT BBIPOC, OCHOBHUTE XHIIOTE3W Ha
JTUCEPTAIIMOHHUS TPy, NeDUHHpaHU ca TPYNU 33Ja4yd U TMOA3a7a4d, KOUTO
pa3zpaboTkaTa TpsOBa J1a PEIu.

[IspBa rimaBa uma 0630peH xapakrep. OCBEH TOBa TS MOTUBHUPA JIOTHKATA
Ha WU3CIEBAHETO M pa3pabOTKa: HU3XOXKIAWKH OT OW3HEC IMPOIECUTE B



choTBeTHaTa cdepa (puHaHcoBaTa) ce 00yciaBs HEOOXOAMMOCTTa OT
NPWIOKEHUE Ha aJeKBATHU TEXHOJIOTMH 32 00pabOTKa Ha pa3IMYHUTE BUIOBE
rojieMd JaHHU, KOUTO Bb3HUKBAT U ce 00padOTBaT U 06€3 KOUTO JIEWHOCTTA Ha
(MHAHCOBUTE WHCTUTYIIMU HE MOXKE Jla C€ U3MbJIHsABA HOpMaIHO. BbBexkaar ce
OCHOBHMTE NMOHATHUS U30JI3BAaHU B TPYJIa U ce paBu 00cTtoeH aHanu3 Ha NoSQL
b/l u cucremure 3a ronemu ganan (HADOOP). Ocoben uaTEpEC IIpencTaBsaBa
yacTTa OT II'bpBa IJlaBa MOCBETEHA Ha peepeHTHUTE apXUTEKTYpH (CHIIHOCT,
BUIOBE M IIOAXOJM 3a Ch3JaBaHETO HM). B 3akimiodyeHrne € 000CHOBaHa
HEOOXOJIMMOCTTA OT Ch3/IaBaHE HA METOJ 3a olleHKa 1 n300p Ha NoSQL 6a3u oT
JaHHM 3a (UHAHCOBM YCIYT'M, KOWUTO Ja C€ HUHTErpupar B pedepeHTHa
apXUTEKTypa CBbp3aHa CbC cHcTeMa 3a [ojeMu JaHHM HacoYyeHa KbM
(MHAHCOBHU yCIIYTH .

Bropa rnaBa e o3arnaBena “Metoj 3a U300p U IPOEKTUpaHE HA OM3HEC
pedepentHa apxutektypa 32 NoSQL 06a3u oT naHHM 3a PUHAHCOBU YCIyTu U
ChAbpKAa OCHOBHUTE€ HAay4YHM TIOCTIDKEHHUS Ha JUCEPTAllMOHHUS TPY.
3anpa004eHO W JIETAWIHO € aHANM3HpPaH TNPAKTHYECKUAT ONUT TIpU
eKcIUToaTalsl Ha pa3jiuyHd BHUAOBE (JIOKYMEHTHO OpHEHTUpAHH, KIIIOY-
CTOMHOCT, MHPOKO-KONOHHU U rpad) NOSQL 6a3u ganau u paznuunu CYB/,
kouto ru peanusupar (MongoDB, Couchbase, Amazon DynamoDB, Redis,
HBase u mu.np.) B penuua ¢uHaHcoBM KommnaHuu. Ha Tasu ocHoBa e
CHUHTE3UpaH HA0OPHT (MHAHCOBH YCIYTH, KOUTO Ca pealn3nupaHd Ha OCHOBAaTa
Ha NOSQL 6a3u naHHM M € ChIOCTaBEH C TEOPETUYHO HEOOXOAUMHSI HAOOp
yciyru aeuHupad B mbpBa riaBa. JIOTHUHO MPOABIHKEHUE Ha TE3U PE3yNTaTh
ca popmynupanuTe Kpurepuu 3a n300p Ha NoSQL 6a3u oT JaHHHU TPUIIOKUMHA
B cheparta Ha ¢puHaHCOBUTE ycIyru. OOOOIIEHN U OTIMYHO ca MPEACTABEHU U
pe3yiTaTUTe OT HalpaBeHATa €KCIEPTHA OICHKA Ha TSAXHATa 3HAYMMOCT IPHU
OCBUIECTBSIBAHETO Ha TO3U U300p. Hall-chliecTBEHOTO NOCTHKEHHE B Ta3U IJ1aBa
€ NMpoeKThpaHaTa Ou3Hec pedepeHTHa apXUTEKTypa HacOUY€Ha KbM U3I0JI3BaHE
Ha NoSQL 6a3u ot nannu BB (puHaHcoBara cdepa. [Ipennoxen e u moaxon 3a
M3IMOJI3BAHETO HA MPOEKTHUpaHaTa peepeHTHA apXUTEKTypa 3a Ch3/IaBaHE Ha
peanna ICT apxurekTypa.

Tpera rnaBa mpeacTaBss HHCTPYMEHT, OpUTHHAIIHA aBTOPCKa pa3padoTKa
Ha JOKTOpaHTa, 3a u30op Ha NoSQL 0a3u oT maHHM 3a (PUHAHCOBM YCIyTU
0a3upaH Ha METOJIa 3a MPOCKTUPAHE HA PePEPEHTHU ApXUTEKTYpPH, KPUTCPUUTE
M OIICHKaTa cb3lageHu B rmaBa Il. ApxuTekTypara Ha MPHUIOKEHHETO €
IPaBUIIHO MPOEKTUPaHA, MOTPEOUTENCKUAT HHTep(deiic € y100eH U oTroBaps Ha
NPUETUTE ChBPEMEHHH CTaHIapTH 3a MPOCTOTa U YAOOCTBO Ha u3Mos3BaHe. Ta3u
4acT Ha IMCePTAIUATa MPECTaBs MOCTUTHATUTE HAYYHO-TTPUIIOKHHU IPUHOCH Ha
paszpaboTkara.



YerBppTa TJaBa OpefcTaBs  eKCIepUMEHTalTHATa 4acT Ha
AMCEePTALMOHHUS TPYA. ANpoOHpaHa € IpakThYecKarTa MPUIOKUMOCT Ha METO/1a
3a TPOEKTHpaHe Ha pedepeHTHa apXUTEKTypa 3a (MHAHCOBH YCIYTH U TO-
KOHKPETHO CBBP3BaHETO Ha JIOKYMEHTHO-OpHEHTHpaHaTa 0a3a OT JaHHH —
MongoDB, wupe3 Apache Spark xkonekropa 3a MongoDB ¢ Hadoop.
Peann3upanara apxuTekTypa MOIABpKa ChXpaHeHHE, OOMEHa W aHaiuHM3a Ha
naHHM ¢ u3noia3Bane Ha Apache Spark m MongoDB. Ta3u uacT Ha nucepranusra
J0Ka3Ba MOCTUTHATUTE HAyYHO-TIPUIIOKHH TPUHOCH Ha pa3paboTKara.

B 3akmouenueTo ce 00oOmIaBaT MOCTUTHATHTE YPE3 IUCEPTALMOHHHUS
TPYA pe3yJTaTH, a UMEHHO Y€ (OPMYIIHPAHUTE XUIIOTE3H Ca JOKA3aHHU, 3a/1aUUTE
ca U3IIBJIHEHHU, KOETO BOJM J0 M3BOJIA, Y€ MMOCTaBeHaTa Mpe] JUCepTallMOHHUS
TPY/ LEJ € IOCTUTHATA.

JIOKTOpaHTBT H3pa3siBa HAMEPEHUs Ja MPOABIDKA H3CIEABAHUATA U
pa3paboTkuTe cu B 00JacTTa HA TUCEPTAIIMOHHMS TPYI B MOCOKA MPUIOKECHUE
Ha pa3paboTeHHs] MHCTPYMEHTapUyM Ipu U300p Ha cepu 3a pasimupsBaHe Ha
Ou3Heca Ha (PMHAHCOBU MHCTUTYIIUH B HAIPABJICHUS, KOUTO KbM MOMEHTA HE ca
00XBaHATH WJIH ca cJlabo 0OXBaHATH.

3. OueHka Ha MOJy4YeHUTe HAYYHH M HAYYHO-TIPUJIOKHH Pe3yaTaTH

[{s710CcTHOTO BIIEYATIICHUE OT AUCEPTAIIMOHHUS TPYA €, Y€ TON € OTIMIHO
CTpYKTypupaH, OQpOpMEH | WIIOCTPUpaH pe3ydTar oOT 3aabibodeHa u
T00pOCHBECTHO U3BBPIIICHA U3CIIEIOBATENICKA IEHHOCT.

Bucoko oreHsiBaM OrpOMHOTO KOJHUYECTBO H3CIIEZIOBAaTENICKa paboTa 3a
aHanu3 U KijacuUIMpaHE Ha ChHIIECTBYBAIllMsS B CBETOBEH Mamiad ONUT B
usnon3Baneto Ha NoSQL 6a3u nannu B cdeparta Ha GUHAHCOBUTE YCIYTH, B
pe3yJITaT OT KOeTo € JehMHUpaH MOJX0 ] 32 KOJIMYECTBEHA OLIEHKa 3a N300p Ha
HepelanuoHHa 0a3za OT JaHHU B cepara Ha (QUHAHCOBUTE YCIyTH M ca
CUHTE3UpaHu Kputepuu 3a onienka Ha NoSQL 6a3u B chepata Ha puHaHCOBHUTE
yciyrd. Hampasen e n300p Ha met ocHOBHU kputepusi: CUTYpHOCT, AHAIIU3 B
peaniHo Bpeme, llepconamuszanms, CwaeicTBue mnpenu ThproBus u llemeBu
MapKETHHT, KaTo ca choOpa3eH! KAKTO XapaKTePUCTUKUTE HAa BH3HHUKBAIIUTE,
CbXpaHsBaHUTE U OOpabOTBAaHUTE JaHHU CHOOpPA3HO cheuuPuKuTe Ha
duHaHcoBaTa cdepa, Taka W HM3UCKBAHMUATA KbM HMHGOPMAIMOHHUTE
TEXHOJIOTHH, TpHWJIaraHd 3a aBTOMATH3alMs Ha JCHHOCTUTE W aHaIW3 Ha
MOCTUTHATUTE OM3HEeC pe3ynTaTh. [[punokuMocTTa Ha BCEKH OT YETUPUTE BHUIA
NoSQL 6a3u oT jaHHN — TOKyMEHTHO-OprueHTHupanu (Ha npumepa Ha Couchbase
u Mongo DB), nBoiika kito4-croitHocT (Amazon DynamoDB u Redis), mpoxo-
kononHa (HBase u Cassandra) u rpad 6a3u (Neo4j u Orient DB ) B o6iactra Ha
¢buHaHCOBUTE YCIIyTH, € OIICHEHa Ha OCHOBaTa Ha HallpaBeHaTa EKCIEpPTHA
OIICHKA 1O BCEKU OT JNCPUHUPAHUTE KPUTEPUHM U TOIYUECHUTE PE3YJITATH ca



3aJI0)KEHU B CH3aJICHUS] MHCTPYMEHT 3a olleHka U u36op Ha NoSQL 6a3u ot
JaHHU 32 (PUHAHCOBH YCIIYTH.

Karo Haii-ChllleCTBEHOTO TOCTHKEHHE Ha TpyJla MOXKE Jla Cce IMOCOYHr
IpoeKTHpaHaTa Ou3Hec peepeHTHa apXUTEKTypa HACOUEHA KbM U3II0JI3BaHE Ha
NoSQL 6a3u ot nanau BB (prHaHCOBaTa cepa. PedepenTHaTa apxuTekTypa e
TPUCJIOKHA U BKJIFOYBA CUCTEMA 32 ChXPAHEHHE HA JaHHU, HHTEIPAllMOHEH CIION
u cppBbp Ha crnerubuydeH NoSQL, B kosSTO Morart ga ObIaT WHTETpUpaHU
KOMOHMHAIMSA W/WIM MOOTIEIHO BCEKU €IMH OT YETUPUTE TUIA HEpesalliOHHU
06a3u oT maHHU. TS € mpeAcTaBeHa JIOTUYHO U TOCJIEIOBATEIHO Upe3
KOHIENTYyaJleH, JOTHYeCKd U (u3ndecku mozen. llpemnoxeHusar moaxon 3a
U3MOJ3BaHEe Ha MpOEKTUpaHaTa pedepeHTHAa apXUTEKTypa 3a Ch3JlaBaHE Ha
peanna ICT apxurekTypa [0Ka3Ba Ha MpPAaKTUKA HEWHATa KOHCUCTEHTHOCT,
(GyHKIHOHATHA MTBITHOTA U PAOOTOCIIOCOOHOCT.

CrienvasHO BHHMAaHHE CII€[BAa Ja CE OTIAEIM M Ha CEPHO3HUTE YCHIIUS
MOJIO)KEHU 3a TPEOJOJIIBAHE HAa BCHUYKU TEXHOJOTHYHU MPOOIEMH, KOUTO
HEN30€KHO ChI'BTCTBAT MHCTAIMPAHETO, KOHQUTYPUPAHETO U MHTETPUPAHETO
HAa HOBU IIATGOPMH, B YCJIOBHUSTA HAa HEOCTAThYHO ONUT M OTPaHUYCHA
JOKYyMEHTAIHS.

B pazpabGoTkara ca oTpa3eHU HallpaBEHUTE MO BPEME HA JIOKTOPAHTCKHU
m3nut ‘“‘PedpepaT mo Temara Ha JUCEPTAUMOHHUS TPy~ MNPEAJIOKEHUS 3a
MPECTPYKTYPUPAHE U JIONBJIBAHE HA U3JIO0KEHHETO, KAaKTO M OENeXKUTe
OTIpPABEHHM 10 BpeMe Ha 3auiuTa Ha Tpyaa npea Kareapara.

Karo msno pesynrarute ot pa3zpaboTkara Morar Ja ce M3MOJI3BaT KaTo
n00pa OCHOBA KaKTO 3a ObJELIM HayYHU M3CJIE/BaHUsA, TaKa U 32 MPAKTHUYECKU
OpoeKTH B obsacTTa Ha MHTerpupaHeTo Ha NoSQL 0a3u oT JaHHM ChC cucTEMa
3a CbXpaHEeHHUE Ha TOJIeMU JaHHU BbB (prHAHCOBaTa cdepa, KaTo 1Mo TO3W HAYUH
Ce Ch3/1aBaT yCJIOBUS 3a OTKPUBAHE HA HOBU Bb3MOXKHOCTH MPEJ] TO3U OM3HEC.

4. OueHka Ha HAYYHHUTE U HAYYHO-TIPUJIOKHU MPHUHOCH

B nucepranmonnus Tpya Ha Mapuana KoBaueBa KOpeKTHO U 000CHOBAHO
Cce MOCOYBAT CJIETHUTE OCHOBHHM HAyYHU IPUHOCH:

1. Ce3maneH e MeTo 3a KomuecTBeHa orieHka Ha NoSQL 6a3u ganHM 3a

BHEJpsiBaHE HA U(POBU (PMHAHCOBU YCIIYTH,

2. opmynMpaHe Ha UHAUKATOPH U u3MepuTenu 3a u300p Ha NoSQL 6a3u
OT JJaHHM 32 (UHAHCOBU YCIYTH,

3. IlpoexTupane Ha KOHIENTYaJlCH, JIOTUYECKH U (PU3NYECKH MOJEN Ha
pedepenTHa apxuTekTypa 3a uHancoBu yciayru ¢ NoSQL 6a3u ot jaHHM.

[IpyuemaM ¥ OCHOBHUTE HAy4YHO- NPHUJIOKEH MPUHOCH IOCOYEHHU B
paspaboTkara:



1. IlpoexTupane u ch3aBaHe HAa UHCTPYMEHT 3a n300p Ha NoSQL 6a3u ot
TaHHM 32 (UHAHCOBU YCIYTH,

2. CTpyKTypHa 1 UHTErpallioHHa TpaHchopmalust Ha Ou3Hec peepeHTHa
apXUTEKTypa KbM JI€TaliJIHA apXUTEKTypa 3a u3noi3BaHe Ha NoSQL 6a3u ot
TaHHHU.

CuunraM, 4e MOCOYCHUTE HAYYHH U HAYIHO-TIPIIIOKHU MPUHOCH TTOKa3BarT,
Yye TOoCTaBeHaTa e MpeJ AUCEPTAIMOHHUS TPYA € MOCTUTHaTa, a MapuaHa
KoBaueBa mpuTekaBa COCOOHOCTH 3a LSJIOCTHO MPOBEXKAAHE HAa 3HAYMMO
HAYYHO M3CJICJIBAHE C PEATTHO U3MOJI3BACMHU MPAKTUUECKH PE3YJITATH.

5. Ouenka Ha NMyOJIUKALMHUTE MO IUCEPTALMSTA

CBBbp3aHUTE C AUCEPTAIMOHHUS TPYJ MyOJHMKAIUK HA JOKTOpaHTa ca 4
(3 OoT TAX CaMOCTOSTENHU), BKIIOUUTEIHO | cTaTus U 3 JOKJIaaa Ha aHTJIMUCKU
€3MK, BCHUYKUTE B MEXKIyHAPOIHU HayIHU PopyMHU, €IUH OT KouTO B Mcnanus.
Ome enna HeiWHa myOnukamus € moj nedar. [lyOmukanuure TpeacTaBsT
MOETAITHO M CHCTEMHO W3BBpIIEHATa H3CleaoBaTelicka padora W HEWHUTE
pe3ysTaTH, KaKTO U CEPUO3HOTO HAyYHO M3pacTBaHE Ha JIOKTOpaHTa B IepHoja
Ha 00y4eHHe.

6. Ouenka Ha aBTopedepara
Asemopeghepamvm Kopekmno ompazsiea CvbObPHCAHUENO HA OUCEPMAYUOHHUS
mpyo u cucmemamusupa pe3yimamume Om U3CAe08aHemo OOKA3BAUKU
YCNewHomo U3nviHeHue Ha NOCMAageHume Hay4HO-Uu3c1e008amecKu 3a0ayu.

7. KputuuHu 0e/ie:KKH, NPeNnopbKU U BbIPOCH

Hsamawm coiiectBenn 3a6€neXku KbM pa3paboTkata, HO OUX Ipernopbyaia
Opu CTPYKTypUpaHE Ha CJEABAIlM HAay4YHH pa3padOTKU Ja ce TOThPCHU
BB3MOXKHOCT 3a TMO-ACTAMIHO OTpa3siBaHE Ha IEJUs MPOIEC Ha MPOEKTHUpaHE,
KoH(pUrypupane, pa3paboTka U TECTBaHE, 3a Jla MOKE OT €/lHa CTpaHa Jla ce
VJIECHH HM3MOJI3BAHETO HA PE3YNTAaTUTE B OBACIIM HAYYHH W TPAKTHICCKU
pa3paboTKu, a OT JApyra - BJIOKEHHUTE YCWIWS JAa OBJAaT OICHEHH II0
JIOCTOMHCTBO.

8. 3akjrouenue

llpeocmasenusam oOucepmayuornen mpyo obXeawa pezyaimamume Om
3a0b1004eH0, 000POCHBECMHO U  CAMOCMOSMENHO HAYYHO  U3CAed8aHe
usevputeno om Mapuana Kosauesa, xoumo moeam oa OvOam noae3Hu 8
meopusima Ha 0bpabomka HaA 20iemu OAHHU U 8 Ou3HeC NpaKmukama Ha
Gunancosume uncmumyyuu. Ha ocnosama na npeocmagenume 6 peyeHsusma
U3600U U OYeHKU, ce 0000wasa, ue oucepmayuoHHuIm mpyo papabomen om



Mapuana Kosauesa omeoeaps Ha uzuckeanusma Ha 3aKoHa 3a pa3eumuemo Ha
akaoemuunuss cvcmasé 6 Penyonuxa bwneapus, na Ilpasunnuka 3a
nPOBENHCOAHemo Ha KOHKYPCU 3a NPUOOOUBAHe HA HAYYHU CIeneHU U 3aeMaHe Ha
akademuunu onvocHocmu Ha YHCC, kakmo u na Illpasunnuka 3a yuebnama
oetinocm na YHCC 3a nonyuasamemo Ha obpaszoeamenHama u HAy4Hama
cmenen ,,0okmop ”. Toea mu dasa ocnosanue oa 2nacysam ,,3a " u 0a npeonoica
Ha HayuHomo xcypu 0a npucvou Ha Mapuana Kosauesa obpazosamennama u
HayuHa cmenen O0OKmop no npogecuonanno Hanpaenenue 3.8. Hkonomuka,
Hayuna cneyuainocm ,, Ilpunodicenue Ha uzyucIUMeEnHama MexHuxKa 8
ukonomukama “.

25.05.2023 IMoamuc: .....cooovvvvviiiiinn....
Jou.n-p Monuka [{aneBa
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of Information Technologies and Communications of the UNWE in the scientific
specialty Application of Computing Technology in Economics (professional
direction 3.8 Economics) according to Order No. 969/04/30/2020 of the Rector
of the UNWE. The training was established in correspondence form during the
period 27.04.2020 - 27.04.2023.

Mariana Kovacheva started working in the specialty immediately after
graduating as a bachelor in "Business Informatics and Communications taught in
English" and has thus far acquired significant and diverse professional experience
in the development, administration and operation of information systems in
business, including the coordination of IT projects. An excellent impression is
made by her ability to combine research work (and until now she is a researcher
in the project "Digitalization of the Economy in a Big Data Environment" with
teaching and development activities.

During her doctoral studies, she regularly, qualitatively and on time
fulfilled her individual plan. My impressions of the classes she conducted for the
students of UNWE are excellent.



2. General characteristics of the presented dissertation

The dissertation work of Mariana Kovacheva is structured in Introduction,
four chapters, Conclusion, List of scientific and scientific-applied contributions,
List of publications made on the topic of the dissertation, Future work,
References, List of figures, List of graphics, used terms and abbreviations and
Appendices totaling 123 pages, of which 110 pages are main text and 13 pages
are appendices. The development includes 45 figures, 5 tables and 1 graph. The
bibliography covers 85 literary sources, published in the last few years mainly in
English.

The topic of the dissertation work is very up-to-date and is both practical
and with serious scientific potential. The development expands the possibilities
of applying modern information technologies (big data and NoSQL databases) in
the financial sphere of business, which is characterized by great dynamics, a wide
customer base and a huge number of business transactions requiring real-time
execution.

The introduction presents the relevance of the problem, the subject and the
object of the research. Business reference architectures aimed at the use of non-
relational (NoSQL) databases connected with Big Data systems aimed at
financial services are indicated as the object of the dissertation, and its subject is
the design of a reference architecture for the selection of NoSQL databases
connected with Big Data systems targeting financial services and the method for
selection and evaluation of non-relational databases for financial services. The
aim of the dissertation work is defined as "the design of a business reference
architecture aimed at the use of NoSQL databases connected with Big Data
systems, to be implemented and tested with data for a specific financial service
and the definition of a method for evaluation and selection of NoSQL databases
for financial services. The research question, the main hypotheses of the
dissertation work are formulated, groups of tasks and sub-tasks that the
development must solve are defined.

The first chapter is organized like an overview. In addition, it motivates
the logic of the research and development: starting from business processes in the
relevant (financial) sphere, the need to apply adequate technologies for
processing the various types of big data that arise and are processed and without
which the activity of financial institutions cannot run normally. The main
concepts used in the work are introduced and a thorough analysis of NoSQL DB
and big data systems (HADOOP) is made. Of particular interest is the part of the
first chapter devoted to reference architectures (essence, types and approaches to
their creation). In conclusion, the need for creation of a method for evaluating
and selecting NoSQL databases for financial services to be integrated into a



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

The second chapter is entitled "A Method for Selecting and Designing a
Business Reference Architecture for NoSQL Databases in Financial Services "
and contains the main scientific achievements of the dissertation work. The
practical experience in the operation exploitation of various types (document-
oriented, key-value, column-oriented and graph) NOSQL databases and various
DBMSs that implement them (MongoDB, Couchbase, Amazon DynamoDB,
Redis, HBase and many others) have been analyzed in depth and detail. etc. in
several financial companies. Based on that the set of financial services, which are
implemented using NOSQL databases, has been synthesized and compared with
the theoretically necessary set of services defined in the first chapter. A logical
continuation of these results are the formulated criteria for selecting NoSQL
databases applicable in the field of financial services. The results of the expert
assessment of their significance in making this choice are summarized and
excellently presented. The most significant achievement in this chapter is the
designed business reference architecture aimed at using NoSQL databases in the
financial sphere. An approach for using the designed reference architecture to
create a real ICT architecture is also proposed.

The third chapter presents a tool, an original author's development of the
PhD student, for selecting NoSQL databases for financial services based on the
reference architecture design method, criteria and evaluation created in chapter
I1. The architecture of the application is properly designed, the user interface is
convenient and meets the currently adopted modern standards of simplicity and
ease of use. This part of the dissertation presents the achieved scientific and
applied contributions of the development.

The fourth chapter presents the experimental part of the dissertation work.
The practical applicability of the method for designing a reference architecture
for financial services and, more specifically, the connection of the document-
oriented database - MongoDB, through the Apache Spark connector for
MongoDB with Hadoop, has been tested. The implemented architecture supports
data storage, exchange and analysis using Apache Spark and MongoDB. This
part of the dissertation proves the achieved scientific and applied contributions
of the development.

The Conclusion summarizes the results achieved through the dissertation
work, namely that the formulated hypotheses have been proven, the tasks have
been fulfilled, which leads to the conclusion that the goal set before the
dissertation work has been achieved.

The doctoral student expresses his intentions to continue his research and
development in the field of dissertation work in the direction of applying the
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developed toolkit in choosing areas for expanding the business of financial
Institutions in directions that are currently not covered or are poorly covered.

3. Evaluation of the obtained scientific and scientific-applied results

The overall impression of the dissertation is that it is an excellently
structured, formatted and illustrated result of thorough and conscientious
research.

| highly appreciate the vast amount of research work to analyze and
classify the existing world-wide experience in using NoSQL databases in the
financial services sphere, as a result of which a quantitative evaluation approach
for selecting a non-relational database in the financial services sphere has been
defined and criteria for evaluating NoSQL databases in the field of financial
services have been synthesized. A selection of five main criteria was made:
Security, Real-time Analysis, Personalization, Assistance before trading and
Targeted marketing, taking into account both the characteristics of the emerging,
stored and processed data in accordance with the specifics of the financial sphere,
as well as the requirements for the information technologies applied for
automation of activities and analysis of achieved business results. The
applicability of each of the four types of NoSQL databases—document-oriented
(such as Couchbase and Mongo DB), key-value pairs (Amazon DynamoDB and
Redis), wide-column (HBase and Cassandra), and graph databases (Neo4j and
Orient DB) in the field of financial services according to each of the defined
criteria is based on the expert evaluation method and the obtained results are
included in the created tool for evaluating and selecting NoSQL databases for
financial services.

The most significant achievement of the work can be outlined in the
designed business reference architecture aimed at using NoSQL databases in the
financial sphere. The reference architecture is three-layered and includes a data
storage system, an integration layer, and a NoSQL-specific server in which a
combination and/or individually each of the four types of non-relational
databases can be integrated. It is presented logically and consistently through a
conceptual, logical and physical model. The proposed approach of using the
designed reference architecture to create a real ICT architecture proves in practice
its consistency, functional completeness, and operability.

Special attention should also be paid to the serious efforts made to
overcome all the technological problems that inevitably accompany the
installation, configuration and integration of new platforms, in the conditions of
insufficient experience and limited documentation.

All the proposals for restructuring and supplementing the presentation
made during the doctoral exam "Essay on the topic of the dissertation work™, as
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well as the notes made during the defense of the work before the Department
have been amended in the dissertation.

In general, the results of the development can be used as a good basis for
both future scientific research and practical projects in the field of integrating
NoSQL databases with a big data storage system in the financial sphere, thereby
creating conditions to open new opportunities for this business.

4. Evaluation of the scientific and applied scientific contributions

In the dissertation of Mariana Kovacheva, the following main scientific
contributions are correctly and groundedly indicated:

1. Creation of a method for quantitative evaluation of NoSQL databases

for implementation of digital financial services;

2. Formulation of Indicators and Metrics for Selecting NoSQL Databases
for Financial Services;

3. Designing a conceptual, logical and physical model of a referential
architecture for financial services with NoSQL databases.

| also accept the main applied - scientific contributions indicated in the
development:

1. Design and creation of a NoSQL database selection tool for financial
services;

2. Structural and integration transformation of a business referential
architecture to a detailed architecture for using NoSQL databases.

| believe that the specified scientific and applied-scientific contributions
show that the goal set for the dissertation work has been achieved and that
Mariana Kovacheva can comprehensively conduct significant scientific research
with real usable practical results.

5. Evaluation of publications

The doctoral student's dissertation-related publications are 4 (3 of them
individual), including 1 article and 3 reports in English, all in international
scientific forums, one of them in Spain. Another publication of hers is in print.
The publications present the step-by-step and systematic research work and its
results, as well as the serious scientific growth of the doctoral student during the
training period.

6. Evaluation of the abstract
The abstract correctly presents the content of the dissertation work and
systematizes the results of the research, proving the successful implementation of
the set research tasks.
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7. Notes, recommendations, questions

| have no significant objections to the development, but | would
recommend that when structuring further scientific developments, look for the
opportunity to describe in more detail the entire process of design, configuration,
development and testing, in order to facilitate the use of the results in future
scientific and practical developments, and on the other hand - that the efforts
made be evaluated on merit.

8. Conclusion

The presented dissertation covers the results of a thorough, conscientious,
and independent scientific research carried out by Mariana Kovacheva, which
can be useful both in the theory of big data processing and in the business practice
of financial institutions. Based on the conclusions and assessments made, it is
summarized that the dissertation work developed by Mariana Kovacheva meets
the requirements of the Law on the Development of the Academic Staff in the
Republic of Bulgaria, the Regulations for Conducting Competitions for the
Acquisition of Scientific Degrees and occupying academic positions at the
UNWE, as well as the Regulations for the educational activities of the UNWE
for obtaining the educational and scientific degree "doctor”. This gives me the
reason to vote "YES" and to recommend to the scientific jury to award Mariana
Kovacheva the educational and scientific degree of Doctor of Professional
Direction 3.8 Economics, doctoral program ,Application of Computing
Technology in Economics®.

25.05.2023 Reviewer: ..........ccoceviiiinnn.
Assoc. prof. Monika Tsaneva, Ph.D.
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