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CTAHOBMILLE va 24.0%. 2025,

DLPXY AUCOPTALMOHCH TPYZA 8a Npuagobusane Ha oBpasopareniaTa u HayqHa STeneH ,AoKTOp" .

ABTOp Ha AucepTaunoHHua TpyAa: mar. EMunusa Xaum Mapao v P
TeMa Ha AncepTaLmMoHHs TpyA: Pasnapanensisane Ha anroputbm Needleman-Wunsch Bbpxy rpaquuu i
ycKopuTenu
UneH Ha Hay4HOTO Xypu: aou. A-p ukx. Cesun Antyna Axmen-lnesa
TexHuyecku yruepeuteT-Codms, ounuan Mnosams

1. AKTyanHoCT Ha pa3paboTBaHMA B OUCEPTALMOHHMA TPYA NPOGNeM B Hay4YHO U HAaYYHOMPUIOKHO
oTHoweHue. CTeneH M HMBA Ha aKTyanHOCTTa Ha npobnema U KOHKpeTHWTe 3ajauu, pa3paboTeHu B
AaucepTauumaTa.
BuonHdopmaTtvkata umMa hyHAAMEHTANHO 3HaYeHWe 3a CbBPEMEHHUTE BUOMEaNLIMHCKU U3cneaBaHus, Kato
ocurypsisa METOAONOTMYHA M TEXHONOrMYHA pamKa 3a AeKoaMpaHe Ha CroxHW 6uonornyHu mpoueci,
rnoAnoMaraHe Ha AuarHoctukata Ha 3abonsBaHus u paspaboTBaHe Ha MepcoHanuaupaHi TepanesTUYHW
cTpateryn. [ucepTauuoHHUAT Tpya Ha Mar. Emunus Mapao e nocseTeH Ha To3u akTyaneH npobnem, KonTo e
U3KNKYUTENHO MynTUauCUMNINHAPEeH U U3UCKBa NO3HaHUA B MHOIO ccbepw Ha HaykaTta. B 1031 KOHTEKCT
rnocTaBeHaTa B AuceprauusiTa Uen e aktyanHa He camo 3a obnactta Ha KoMnioTbpHUTE Hayku, HO 1 rnobasnHo
— CBETOBHO, 3Ha4MMa.
2. CreneH Ha no3HaBaHe CLCTOAHWUETO HAa NpoGnemMa 1 TBOpYECKa MHTepNpeTaLus Ha NUTepaTypHUs
matepuan

3a pa obocHose nogxoauTe 3a peliasaHe Ha NOCTaBeHus B AUCEPTALMOHHNS Tpya npobnem, mMar. Emunus
Mapgo e nanon3sana 91 nuTepaTypHU M3TOYHWLMW, BCUYKM HA aHIMMACKW e3nk. JluTepatypHata crpaska e
LieneHacoyeHa v obxsalja ABeTe BOAELLM HUWKW B guceptauusata: i) anropuTMWYHOTO NpeacTaBsHe Ha
rnobanHoto nogpasHsiBaHe Ha Needleman-Wunsch kato 3agaya OT AMHAMWYHOTO nporpamupane; ii)
cneynduynata apxutektypa Ha CUDA » Bb3MOXHOCTUTE 3a €QHOBPEMEHHO W3YUCIIEHWE HA MHOXECTBO
onepauuy OT pPasnnyH HALWKK C Len napanenusauws Ha anroputbma Ha Needleman-Wunsch. Tosa nokassa,
Ye AUCepTaHTbT € HanpaBun CbBPEMEHHA OLEeHKa Ha npobnema, 1 ro € onosHan B 40CTaTbyHa CTENEH, 3a Aa
NPEAN0XU CBON PELLEHMS.

3. CvorBeTcTBMe Ha u3bpaHaTa MeTOAMKA Ha M3cnedBaHe M NOCTaBeHaTa Len W 3ajadM Ha
AUCePTALUOHHMA TPYA C NOCTUTHATMTE NPUHOCH

Mpy n360p Ha MeToaMKa 3@ U3MBIIHEHWE HA NOCTaBEHUTE B AucepTauusTa 3agauu mar. Emunus Mapgo ce
€ pbkoBOAMNA OT CbBPEMEHHUTE TEHAEHUWW 3a pasnanensBaHe Ha W34UCIMTENHW npoueaypwu ¢ uen
ontumusaumus Ha anroputem Needleman-Wunsch. Hanpaeenusit nutepatypeH 0630p e gosen 4o aobpe
obocHoBaH 13bop Ha meToauka. Taka gedmHupaHaTa Len e NocTurHata 4Ype3 W3NbNHEHWE Ha 5 OCHOBHY
3afayn. B pesynrat e paspaboTeH codTyepeH WHCTPYMEHT 3a MOArOTOBKA HAa AaHHW 32 TEeHETUYHM
n3cnedsaHua ¢ HaumeHosaHwe BioPoolSelect. MocturHata € v onTumMM3aumMs Ype3 pasnapanensisaHe Ha
anroputbm Needleman-Wunsch Bbpxy rpacnynm yckoputenu.

4. TpuHocK Ha AnCePTaLUMOHHMA TPYA

lpuemam HanMuMeTo Ha NPUHOCK B AMCEPTALMOHHMS TPYA B acnekTa Ha npunaraHe Ha 3HaHus v exkcnepTiaa
ot obnacTite Ha broHopmaTukaTa 1 Ha KoMnioTbpHUTE Haykv npu paspaBoTkaTta Ha CbBPEMEHHM Noaxoau
3a pa3snapanensBsaHe Ha anropuTMK 3a FeHOMHO CEHKBEHUPaHE BbPXY rpadhvyHM yCKopUTenu. [IUcepTaHTLT e
o6ocobun fge rpynu npuHocK — Tpu (3) HayYHONPUMOXHW U ABa (2) NPUNOXHM, KOWTO Buxa Mormu fa ce
MpeacTaBAT B NO-CUHTE3NPAH HAYMH, KaTo HanpuUmep:

o HayyHonpunoxnu npurocy: i) Cb3naaeHa e onTUMU3aLMS Ha napanenHa Bepeus Ha anropuTbma Ha
Needleman-Wunsch 3a rpachuynu npouecopu (GPU) ¢ sbBexaaHe 1 060CHOBKA Ha M3NON3BaHeTo Ha
aHTManaroHanHus noaxod (Wavefront) 3a edekTBHO napanenuaupaHe Ha M34YMCNEHMATA BbPXY



rpacuyHu yekopuTenw. i) Mpeanoxenu ca mawabupaHe Ha anroputbma 3a 06paboTka Ha MHOXECTBO
MoApaBHsSBaHUS Ype3 BbBEXJaHe Ha WHAEKC Ha M3paBHSIBaHe Ha MOCMeAoBaTeNHOCTU, KakTo U
KOpenauvoHeH aHanu3 v NPOrHo3upaHe Ha WHAEKCa Ha 3paBHABaHe.

o [punoxHu npuHocK, U3passrallu ce B i) pazpaboTka Ha cohTYepPeH UHCTPYMEHT 33 FTOHOMOH AHANMI
(BioPoolSelect) ¢ BbBeeHa onTUMU3aLMs NpW HEBPOAEreHepaTUBHN 3abonssaHns kato Anxanmep,
MapkuHCOH n enunencus. ii) CpaBHUTENEH aHanu3 Ha reHOMU 3a OTKPUBAHE Ha NaTOreHHW BapuaHTy,
nonyyeH 4pe3 paspaboteHus oT aucepTaHta codtyep BioPoolSelect, asTomaTuanpaly npoueca Ha
obpaboTka Ha ronemu reHoMH1 hannose.

5. [lpeueHka Ha nybnukayuuTe No AUCepTaLMOHHUA TPYA

MyBnukayuuTe No AucepTaLUMoHHIA TPYL ca neT Ha Bpoit, B TOBa YMCNO eaHo y4ebHo nocobue — ,MapuHosa,
M., Mapdo, E. 2023 bvneapus, Cogpus. Pbkogodcmeo 3a nabopamopHU ynpaxHeHus no npoepamupaHe Ha
CbBPEMEHHU Xemepo2eHHU apxumekmypu. [Tbpeo usdanue. ISBN 978-619-167-526-5°. B Tpn o1 TaX
[AVCEPTaHTLT € MbPBY aBTOP, a B €Ha € eAMHCTBEH aBTop. Beuykv nybnukaumm (13ebH y4ebHOTO nocobue) ca
Ha aHIMWIACKM e3uK, KaTo TPM OT TAX ca MHAekcupaHa B Scopus. [peactaBeHuTe nybnukaumn chabpxar
CbLUHOCTTA Ha AUCEPTALMOHHUS TPYA — NPEeanoXeHuTe Noaxoan U nonyyeHute pe3yntath. ToBa Mu [asa
OCHOBaHWE fAa CyuTaM, Ye MpefcTaBeHUTe OCHOBHW pPe3ynTaTit B AMCEPTaLMOHHWA TPYA Ca MOCTUTHaTK C
BOLELLOTO y4acTue Ha AOoKTOpaHTa. KbM aaTta Ha W3roTBsHE Ha CTAHOBWLLETO HAMA [aHHWU 3a UWUTUPaHUS Ha
nybnukauuute no auceptauuaTa. AstopediepaTsT NpefcTaBs B CUHTE3NPaH BUA NPEASIOXEeHUTE pelleHns
pa3snapanenseaHe Ha anroputsM Needleman-Wunsch Bbpxy rpacuyHu yCKOpUTEnu.

6. MHueHus, npenopbkn 1 Genexkn

Pa3paboTeHuaT aucepTauvoHeH Tpya TpeTMpa akTyaneH npobnem u npegnara akTyanHu pelueHus.
MocTaBeHaTta uen - onTMu3auma Ha anroputbMa Needleman-Wunsch 4pe3 HEroeoTo W3MbiHEHWE BbpXY
rpapmyHmn yckopuTenu, € uanbnHeHa. Mpasy BnevaTneHue, Ye npu CTPYKTYpUpaHETO Ha aucepTauusTa mar.
Emunus Mappo He e pasrpannymnna no CeH HauuH NPeACTaBSHETO Ha MHopmauusTa oT Bubnuorpadckure
W3TOYHALUM W HenwHws (aBTOpCKM) npuHOC. TOBa 3aTpydHsBa NPOCNEAsBaHETO Ha MNpeasiokeHuTe B
AUCEPTaLMOHHNA TPyA HOBOCTU M nopobpenus. [obpe 6u 6uno ga Gbae npeactaBeHO MPUNOXEHWE KbM
puceprauusTa ¢ paspaboteHust copTyep, KOeTo aa noakpenu NPETEHUMUTE 3a HayYHOMPUIOXHWA NPUHOC —
pa3paboTka Ha copTyepeH UHCTPYMEHT 3a reHoMeH aHanus BioPoolSelect.

HanpaBeHMTe Benexku u NPenopbKM He HamanaBaT 3HAYUMOCTTA Ha NPeanoXeHuTe pelleHua Wu
NOCTUTHATUTE Pe3ynTaTtu, U He BIIUAAT Ha ﬂOGpOTO 06LL|O BneYaT/ieHne 3a anucepTayuoHHUA Tpya.

7. 3akniyeHue C ACHA NONOXUTENHA UNK oTpuuaTerniHa oueHKa Ha gucepTalMOHHUA TpyA.

[vcepTaumnoHHmaT Tpya Ha mar. Emunus Mapao e nocseTeH Ha akTyaneH npobnem 1 npeacTasnsea eagHa
3aBbplUEHa Hay4HoU3cneaoBaTencka paspabotka ¢ HayYHONPUNOXHN W NPUNOXHW NPUHOCK. B 3aknioueHue,
cy1TaM, Ye NpeaCcTaBeHUs T AUCEPTaLMOHEH TPy CbAbPXa OPUrMHAMHY PE3YNTaTi v NOAXOAN.

[lOKTOpaHTLT M3NbMHABA HALMOHANHWUTE MUHUMAmNHW M3NCKBaHWs 3a npupobusaHe Ha OHC ,[lokTop*
CbrmacHo 3akoHa 3a paseuTie Ha akagemuynns cbetas (3PACPE), MMpaBunHuka 3a HEroBOTO MpunaraHe
(MN3PACPB) v MpasunHuka 3a ycnosusTa 1 peaa 3a npugobueaHe Ha HayyHu crenequ B TY-Codus.

Bb3 ocHoBa Ha HanpaseHus aHanua AaBam NOMOXWUTENHA OLEHKa Ha pa3paboTeHus AucepTaLyoHeH TpyA
W CYMTam 3a OCHOBATENHO Aa npeanoxa mar. EMunua Xaum Mappo aa npupobve obpasosaTenHata v HayyHa
cTeneH ,A0KTOp“ B HayyHa obnact 5. TexHuyecku Hayku, npocdecuoHanHo Hanpasnexue 5.3.
KoMyHMKaLIMOHHA W KOMMIOTbPHA TEXHWKA MO AOKTOpCka nporpama ,KOMMIOTbPHM CUCTEMM, KOMANEKCH W
Mpexu”,

fara: 24.07.2025 . YneH Ha XypuTo:
/pou. a-p wwx. Ceun Axven-LLinesal
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Title of PhD thesis: Parallel implementation of Needleman-Wunsch algorithm on

graphics processing units
Member of the scientific jury: Assoc. Prof. Sevil Aptula Ahmed-Shieva, PhD, Technical University of Sofia,
Plovdiv Branch

1. Relevance of the developed problem in the dissertation

Bioinformatics is fundamental to modern biomedical research, providing a methodological and technological
framework for decoding complex biological processes, assisting in the diagnosis of diseases, and developing
personalized therapeutic strategies. The dissertation of MSc. Emilia Pardo is dedicated to this topical problem,
which is extremely multidisciplinary and requires knowledge in many fields of science. In this context, the goal
set in the dissertation is relevant not only for the field of Computer Science, but also globally — globally,
significant.

2. Literature survey and degree of knowledge of the state of the problem

In order to substantiate the approaches to solving the problem posed in the dissertation, MSc. Emilia Pardo
has used 91 literary sources, all in English. The literature reference is purposeful and covers the two leading
threads of the dissertation: i) the algorithmic representation of the Needleman-Wunsch global alignment as a
task of dynamic programming; (ii) the specific architecture of CUDA and the possibilities for simultaneous
calculation of multiple operations from different threads in order to parallelize the Needleman-Wunsch algorithm.
This shows that Emilia Pardo has made a modern assessment of the problem, and has gotten to know it
sufficiently to offer its own solutions.

3. Research methodology

When choosing a methodology for the implementation of the tasks set in the dissertation, MSc. Emilia Pardo
has been guided by modern trends in igniting computational procedures in order to optimize the Needleman-
Wunsch algorithm. The literature review has led to a well-grounded choice of methodology. The goal defined in
this way has been achieved through the implementation of 5 main tasks. As a result, a software tool (called
BioPoolSelect) was developed to prepare data for genetic studies. Optimization has also been achieved by
parallelizing the Needleman-Wunsch algorithm on graphics accelerators.

4. Contributions of the dissertation

| accept the contributions in the dissertation in the aspect of applying knowledge and expertise from the fields
of Bioinformatics and Computer Science in the development of modern approaches to parallelization of
algorithms for genomic sequencing on graphics accelerators. MSc. Emilia Pardo has divided two groups of
contributions - three (3) scientific-applied and two (2) applied, which could be presented in a more synthesized
way, such as:

+ Scientific-applied contributions: i) Optimized - parallel version of the Needleman-Wunsch algorithm for
graphics processing units (GPUs) with the introduction and justification of the use of the anti-diagonal approach
(Wavefront) for effective parallelization of computing on GPUs. (i) Scaling of the algorithm for processing
multiple alignments by introducing a sequence alignment index, and correlation analysis and prediction of the
alignment index are proposed.

* Applied contributions consisting of (i) development of a genomic analysis software tool (BioPoolSelect)
with optimized for neurodegenerative diseases such as Alzheimer's, Parkinson's and epilepsy. ii) Comparative



analysis of genomes for the detection of pathogenic variants, obtained using the BioPoolSelect software
developed by the dissertation candidate, which automates the process of processing large genomic files.

5. Evaluation of the publications on the dissertation

The publications on the dissertation are 5 in number, including one textbook — "Marinova, M., Pardo, E. 2023
Bulgaria, Sofia. A Guide for Laboratory Exercises in Programming Modern Heterogeneous Architectures. First
edition. ISBN 978-619-167-526-5" (in Bulgarian). In 3 of them, the dissertation candidate is the first author, and
in one he is the only author. All publications (outside the textbook) are in English, and three of them are indexed
in Scopus. The presented publications contain the essence of the dissertation — the proposed approaches and
the results obtained. This gives me reason to believe that the main results presented in the dissertation have
been achieved with the leading participation of the PhD student. As of the date of preparation of the opinion,
there is no data on citations of the publications on the dissertation. The abstract presents in a synthesized form
the proposed solutions for parallelization of the Needleman-Wunsch algorithm on graphics accelerators.

6. Opinions, recommendations and comments

The developed dissertation treats a topical problem and offers up-to-date solutions. The goal set -
optimization of the Needleman-Wunsch algorithm through its execution on graphics accelerators, has been
fulfilled. It is noteworthy that when structuring the dissertation, MSc. Emilia Pardo has not clearly distinguished
the presentation of information from bibliographic sources and her (author's) contribution. This makes it difficult
to follow the novelties and improvements proposed in the dissertation. It would be good to present an appendix
with the developed software to support the claims for one of the scientific-applied contribution — the development
of a software tool for genomic analysis BioPoolSelect.

The comments and recommendations made do not reduce the significance of the proposed solutions and
the results achieved, and do not affect the good overall impression of the dissertation.

7. Conclusion

The dissertation of MSc. Emilia Pardo treats a topical problem and represents a completed research
development with scientific-applied and applied contributions. In conclusion, the presented dissertation contains
original results and approaches.

The PhD student fulfils the national minimum requirements for the acquisition of the degree of Doctor in
accordance with the Law on the Development of Academic Staff in the Republic of Bulgaria, Rules for Application
of Law on the Development of Academic Staff in the Republic of Bulgaria and Rules for Acquiring Scientific
Degrees at the Technical University of Sofia.

Date: 24.07.2025 Member of the scientific jury:
[Assoc. Prof. Sevil Ahmed-Shieva/



