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[IpencraBsiM CTaHOBUIIETO CU MO TO3W KOHKYpC Kato ujeH Ha HayuHoto
KypHu, onpeneneHo cbe 3anoen Noe OXK-4.5.04/20.05.21 r. na Pexropa na TY-
Codus.

CTaHOBHILETO € U3TOTBEHO CIOPE] U3UCKBAHUATA HA:

- 3akOoHa 3a pa3BUTUETO Ha akaJeMU4yHusi cbcraB B PemyOnmka bbarapus
(BPACPB),

- [IpaBunnuka 3a npunarane Ha 3PACPbB (ITII3PACPD),

- [IpaBuiiHMKa 3a yCIOBUSATA U pea 3a NPUAOOMBAHE HA HAYYHU CTeneHu B TY—
Codus (ITYPITHCTVYC).

1. O61ma xapakTepucTHKAa HA IMCEPTALIMOHHUSA TPy U aBTOpedepara

JHucepranmonausT Tpyd Ha AnHa HwukonoBa e ¢ obem 112 crpanwuim,
CTPYKTYpHpaHH B YBOJ, 4 TJIaBH, 3aKJIOUeHHEe W Oubauorpadus, B KOATO ca
UTUPAHU 85 JNHuTepaTypHU HU3TOYHHMKA. 1ol ce Oa3upa Ha TOJYYCHHUTE OT
JIOKTOpAHTa pe3yJATaTd B 5 MyOIMKaluu, OT KOUTO JIBE CAMOCTOSATEIHU U TPH B
ChaBTOPCTBO, ITUpanu nox Homepa [30], [31], [60], [61] u [62]. YacTuunu
pe3ynTatd OT JUCEpTalMsITa ca JOKIaJBaHW Ha YCTHUPH HaydyHH ¢dopyMa.
[IpeacraBena ¢ uHGOpMaIHS 3a TPU HE3ABUCUMU [TUTHPAHUS.

YBOIBT Ha HACTOSIINS TUCEPTAIMOHEH TPY C€ ChCTOM OT 9 cTpaHuIy. B
HEro MoJAPOOHO € OMUCAaHO BH3HMKBAHETO HA PA3MpeNesIeHNeTO Ha YUIIapT u



OCHOBHU 00JIaCTH, B KOUTO TO HMMa mpuioxeHue. Tyk e mpeactaBeHa U
CTpYKTypaTa Ha TUCEPTAIMOHHUS TPY, HETOBHUTE IEJIH U 3aJaYH.

B mbpBa rn1aBa € npeicTaBeHo pasnpeeiCHUeTO Ha YUIIAPT U ca J1aJileHu
BaXHH HETOBH CBOWCTBA, KAKTO M HSKOW MOJEIH, B KOHWTO CE€ Cpella ToBa
pasIpeeseHue.

BbB BTOpa TImaBa ca JOKa3aHH OCHOBHM TBBPACHHS, CBBP3aHU C
NpEICTaBIHETO Ha KJIACHYECKOTO pas3lpeleieHne Ha YUIapT Karo
pasmpeneieHle Ha Ciy4ailHa MaTpulla, YHWUTO €JIeMEHTH ca (YHKUIUU OT
HE3aBUCHUMU CITyYaiiHA BETUIHUHH.

B Tpera rmaBa ca TpencTaBeHW OCHOBHU pE3YNITAaTH, CBBP3aHU C
00001IeHOTO YHUIIapT pasnpeaeiieHHue, KOeTO Ce€ IMoIy4aBa OT KIACHYECKOTO
VYumapt pasmpeneneHue, ClIeABallKM — pa3slIMPEHHUETO Ha  XU-KBajpar
pasmpenenaeHueTo 10 ['ama pasnpeaeneHue.

B derBBpTa INaBa ca JaJieHNW HIKOJIKO MPUIIOKEHHS HA PE3yNTaTUTE OT
BTOpa W TpeTa rinaBa. EAHO OT MpUIIOKEHUATA € CBBP3aHO C NMpecMATaHE Ha
MOMEHTH Ha IMPOU3BEACHHUE Ha MPOU3BOJIEH HAOOp OT €NEeMEHTH Ha YHILapT
maTpuua. M3nomns3Ba ce npeacTaBsHETO Ha €IEMEHTUTE Ha TakaBa MaTpula 4pe3
(YHKIIMM OT HE3aBUCUMU Cly4yailHU Benu4uHU. [0 TO3M HaYMH MpecMsITaHUuATa
Ce CBEXJAT J0 €JIEMEHTApHU MPEeCcMATAaHUS HAa MOMEHTU Ha oIpejesieH Opoii
HE3aBHUCUMM CJIy4YallHU BEIWYUMHU. [JIpyro mnOpHIIOKEHHE € CBBbP3aHO C
TeHEPUPAHETO Ha CIIy9allHU MaTPHIM ¢ 0000IICHO pa3mpeaesieHne Ha YUIapT ,
T.. C HElEeNW CTerneHu Ha cBoOonma. Tyk ca JIEMOHCTPUPAHH TEXHHMKH 3a
OlLICHABAaHE Ha KOBAapWAllMOHHA M KOpEJallMOHHA MaTpulla Ha MHOrOMepHa
HOpMaJlHa U3BaJIKa C IpUjaraHe Ha pasnpejerneHue Ha Yumapt. M3nons3Banu ca
copryepuusar naketr STATISTICA u cuctemara 3a koMIoThpHa anredpa Maple.

ABTOpedepaThT MPaBUIIHO OTpa3siBa ChIAbPKAHUETO HA AUCEPTALIMOHHUS

TPYXI.
2. HayyHu u/Wjiv HAyYHONPUJIOKHYU MPUHOCU HA THCEPTALMOHHUS TPYA

OCHOBHUTE Hay4YHM W HAy4YHOIIPUJIOKHU IPUHOCH HA JUCEPTALUOHHUS
TPYAX ca:
— IlomyuyeHn ca pasmaraHds Ha CIy4alHH MaTpPULM C KJIACUYECKO U C
0000111eHO pa3rpesieieHue Ha Y UIbPT.
— IlpencraBen e MeTo1 32 HAMHpPAHE HA MHOTOMEPHUTE MOMEHTH Ha Y UII'BPT
Ha MaTpULY, IPU KOMTO CE€ U3M0JI3BA U3BEACHOTO NPEACTAaBIHE HA Y UILIAPT
MaTpulaTa 4pe3 HE3aBUCUMH CIy4allHU BEJTMYUHMU.



— IlpeacraBeH € anropuThbM 3a TEHEPHpPAHE Ha CIyYalHU MATPHIH C
000011IeHO pa3npeseiicHre Ha Y UIapT.

— Pasrienan e akTyajeH nmpuMep 3a MPUIOKESHUE Ha TIOJIYUCHUTE Pe3yITaTh
MIpHU aHaJIU3 Ha OOPCOBHTE MMa3apH.

3. [Ipenenka Ha NMyOJIUKANMUTE MO AMCEPTANMOHHUS TPY/

JlucepranmoHHUAT Tpya Ha AHHa HukosoBa ce 6a3upa Ha pesynTaTHTe,
MOJYYCHHU B 5 MyOJIMKAIMU HAa aBTOPa, JIBE OT TSIX CAMOCTOSTCITHH, & OCTAaHAIUTE
B CchaBTOpPCTBO. [lyOnmukamuuTe 1O TeMaTa Ha JIUCEPTAllMOHHHS TPYJ ca
JOCTAaThYHU KaTO KOJUYECTBO M Ka4eCTBO.

Cnen wusnon3Bane Ha 1atdopmarta ,,Quetext: Plagiarism Checker*
(https://www.quetext.com/) Mora J1a TOTBBbP/Is JHIcCAaTa Ha IJIArHaTCTBO BbHB
BKJIFOUCHUTE B INCEPTALIMOHHUS TPyl HAYYHH MyOJIMKAIIMK Ha aBTOPA.

4. Kputuunu 0eJie:KKH M PenopbKU

Hsimam kpuTuyHU O€NEeXKH KBbM JTUCEPTAIIMOHHMS TPYJ HAa Mar. AHHa
HukonoBa. Karo eBeHTyasiHa mpenopbka 3a OBJEHIETO U pa3BUTHE € T4 Ja
MPOJIBJIKHA CBOATA HAYYHOU3CIIEIOBATEICKA JEHHOCT B Ta3u Hay4yHa 00JIacT.

5. 3akiaouyenue

B 3akntoueHue cuntam, 4e MpeACTaBEHUAT JUCEPTALMOHHUS TPy HA Mar.
Anna /IlumutpoBa HukonoBa HanbIHO OTroBapst Ha usnckBanusaTra Ha 3PACPB,
Ha [IpaBuiHuMKa 32 HETOBOTO NpuiaraHe U Ha [IpaBuiiHNMKa 32 yCIOBUATA U peaa
3a npuaoOuBaHe Ha Hay4yHH creneH B TY—-Codus.

ETo 3amio, yoeneHo npeniaram Ha yBa)KaeMOTO HAyYHOTO KypH J1a OLIEHU
MOJIOKUTEJIHO HACTOAIIUAT AUCEPTAIMOHHUS TPYA U €AUHOAYIIHO Ja TPUCHAU
Ha Mar. AnHa [umutpoBa Huxomoa OHC ,JloxTop* B obinact Ha BuUCIIE
obpazoBanne 4. Ilpupomnm Hayku, MareMatuka ©  HMHPOpPMATHKA,
npodecuonanno Hampabienue 4.5. MaremaTtnka, OKTOpCKa Tporpama
,»,MaTEMaTUYECKO MOJICIUPAHE U MPUIOKEHUE HA MaTeMaTUKaTa .

27.08.2021 r.
Codus (mpod. n1-p I'eopru Benkos)



REPORT
from Prof. PhD Georgi Penchev Venkov

of dissertation thesis for acquisition of the Educational and Scientific degree
wDoctor”

Area of higher education: 4. Natural Sciences, Mathematics and
Informatics Professional field: 4.5 Mathematics

Doctoral program: Mathematical modelling and application of
mathematics

Author of the thesis: Anna Dimitrova Nikolova

Dissertation title: Wishart distribution and application

| present my report as a member of the Scientific Jury, determined by Order
Ne OXK-4.5.04/20.05.21 of the Rector of Technical University - Sofia.

This report is prepared in accordance to the requirements of:

- the Law for the Development of Academic Staff in the Republic of Bulgaria
(ZRASRB),

- the Regulations for the Implementation of the ZRASRB,

- the Regulations on the Terms and Conditions for Acquisition of Scientific
Degrees at the Technical University - Sofia.

1. General characteristics of the dissertation thesis and the summary

The dissertation thesis of Anna Nikolova has a volume of 112 pages and
consists of an introduction, 4 chapters, contributions and a bibliography citing 85
sources. It is based on the obtained results in 5 papers of the author, of which two
are solo and three are co-authored, cited in the bibliography by [30], [31], [60],
[61] and [62]. Partial results of the dissertation have been reported at four
scientific forums. Information on three independent citations is presented.

The introduction of this dissertation consists of 9 pages. It describes in
detail the origin of the Wishart distribution and the main areas in which it applies.
Here is presented the structure of the dissertation, its goals and objectives.

The first chapter presents the Wishart distribution and gives its important
properties, as well as some models in which this distribution occurs.



In the second chapter, the main statements related to the representation of
the classical Wishart distribution as a distribution of a random matrix, the
elements of which are functions of independent random variables, are proved.

The third chapter presents the main results related to the generalized
Wishart distribution, which is obtained from the classical Wishart distribution,
following the extension of the chi-square distribution to the Gamma distribution.

Chapter four gives several applications of the results of chapters two and
three. One of the applications is related to the calculation of moments of a product
of arbitrary set of elements of a Wishart matrix. The representation of the elements
of such a matrix by functions of independent random variables is used. In this
way, the calculations are reduced to elementary calculations of moments of a
limited number of independent random variables. Another application is related
to the generation of random matrices with a generalized Wishart distribution, ie.
where the degrees of freedom are not integer. Here, techniques for estimating the
covariance and correlation matrix of a multidimensional normal sample using the
Wishart distribution are demonstrated. The STATISTICA software package and
the Maple computer algebra system were used.

The summary correctly reflects the content of the dissertation.

2. Scientific and/or applied scientific contributions of the dissertation
thesis

The main scientific and applied scientific contributions of the dissertation
thesis can be summarized as follows:

— Decompositions of random matrices with classical and generalized Wishert
distribution are obtained.

— A method for finding the multidimensional Wishart moments of matrices
Is presented, in which the derived representation of the Wishart matrix by
independent random variables is used.

— An algorithm for generating random matrices with a generalized Wishart
distribution is presented.

— An example of application of the obtained results in the analysis of stock
markets is considered.

3. Evaluation of publications included in the dissertation thesis

The dissertation of Anna Nikolova is based on the results obtained in 5
publications of the author, of which two are solo and the others are co-



authored. The publications on the topic of the dissertation are sufficient in
terms of quantity and quality.

After using the ,,Quetext: Plagiarism Checker database platform
(https://www.quetext.com/), | can confirm the lack of any plagiarism in the
scientific papers included in the dissertation.

4. Critical notes and recommendations

I have no critical comments on the dissertation thesis of Anna Nikolova. As
a possible recommendation for her future development is to continue her scientific
research activity in this scientific field.

5. Conclusion

In conclusion, | think that the submitted dissertation thesis of Anna
Dimitrova Nikolova fully meet the requirements of the ZRASRB, the Regulations
for its implementation and the Regulations on the terms and conditions for
acquisition of scientific degrees at the Technical University - Sofia.

Therefore, | strongly suggest to the Honorable Scientific Jury to positively
evaluate the submitted dissertation thesis and to unanimously award Anna
Dimitrova Nikolova the educational and scientific degree of “Doctor” in areca of
higher education: 4. Natural Sciences, Mathematics and Informatics, professional
field: 4.5 Mathematics, doctoral program: Mathematical modelling and
application of mathematics.

27.08.2021 r.
Sofia (prof. Georgi Venkov)



