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mapxy AMOOPTQIAV'OHOHTPYA oa npHA06HDQH0 bia 06paoooaTorlHata h I-layqHa etenebl „AOKtop€i

ABTOPHa AVICePTa14hOHHV19Tpya: Mar. EMhJ1hR Xav•1Mnapao
TeMa Ha AVICePTaUVIOHHV1fiTpya: Pa3napane11RBaHe Ha anrophTbM Needleman-Wunsch Bbpxy HVI

ycKop14TeJ1h

qneH Ha HayHHOTO xypm: AOI-I.A-p VIHX. CeBY1f1 AnTyna AxtvleA-l-lJneBa
TexHnqecKL,1 YHVIBePCMTeT-Co$M9, $mnuannnOBAVIB

1. AKTyaJIHocT Ha pa3pa60TBaHhR B AVICePTaUhOHHVIR TPYA np06neM B HayqH0 h Hayt-1HonphJ10XH0

OTHOWeue. CTeneH HhBa Ha aKTyanHocTTa Ha np06neMa KOHKPeTHhTe 3aaaYh, pa3pa60TeHh B

AMcepTaunma.
VIMa 4)YHaatvleHTanH0 3HaqeHne 3a CbBpeMeHHVlTe 6VIOMeAVlLIVlHCKVl"3CneABaHV19, KaTO

ocnryp9Ba MeToaonorVIHHa VI TexHonorMHHa paMKa 3a AeKOAVlpaHe Ha CJIO>KHM 6monorMHHM npoqecvl,

noanoMaraHe Ha AVIarHOCTVIKaTa Ha 3a60J1fiBaHVIR M pa3pa60TBaHe Ha TepaneBTMHHM

cTpaTen,lM. AncePTaL4VlOHHV1fiTTPYA Ha Mar. EMVIJIVIRnapaoe nocBeTeH Ha TOUI aKTyaneH np06neM, KOLiT0e
V131CllOl-lVITenHO MYf1TVlAVICl-ynJIL4HapeH M3MCKBa n03HaHVlA B MHOro c$epm Ha HayKaTa. B T0314 KOHTeKCT

nocTaBeHaTa B AVIcePTa14MRTa gen e aKTyaJIHa He caMO aa 06nacTTa Ha KOM11}OTbPHMTeHayw, HO VI rn06anH0
- CBeTOBHO, 3Haqwa.
2. CTeneH Ha n03HaBaHe CECTORHheTO Ha np06neMa TBopqecxa hHTepnpeTauv•19 Ha nmepaTypHhR
MaTepnan

3a aa060CHOBe n0AXOAVITe 3a pewaBaHe Ha nocTaBeHV19 B AVICePTaLIVIOHHV1fiTPYA np06neM, Mar. EMMJIMR

napaoe M3n0f13Bana 91 11MTepaTypH1,1 1,13TOMHVILlV1, BCVIHKM Ha aHrJIVIVICKMe3MK. JIMTepawpHaTa cnpaBKa e
geneHacoqeHa VI 06XBauga ABeTe BOAel-UV1HVIWKVI B AVICePTaL4V19Ta: i) anrOPVITMVIHHOTOnpeacTaB9He Ha

rn06anH0T0 noapaBH9BaHe Ha Needleman-Wunsch KaT0 3aaaqa OT AVIHaMVIMHOTO nporpatupay-le; ii)

apxMTeKTypa Ha CUDA Bb3MOXHOCTMTe 3a eAHOBPeMeHHO V13MVlcneHVle Ha MHOxeCTBO
onepal.4MY1 OT pa3JIVlHHV1 HVIUJKVI c gen napanennaqvlfl Ha anropl,1TbMa Ha Needleman-Wunsch. TOBa noKaca,
qe AVICePTaHTbT e HanpaBL,1J1 CbBpeMeHHa oqeHKa Ha np06neMa, VI ro e on03Han B AOCTaTbHHa cTeneH, aa aa
npeanoxvl CBOVI peweHVIR.

3. CbOTBeTCTBhe Ha h36paHaTa MeTOAhKa Ha h3cneABaHe nocTaBeHaTa gen 3aaaHh Ha

AVICePTaUhOHHVIR •rpya C nocTffHaThTe nphHocn
(Ipn V1360p Ha MeTOAVlKa3a 143(1bJ7Hewe Ha nocTaBeHVITe B ancepTaqv,1RTa3aaaHY1 Mar. EMVIJIMRnapaoce

e PbKOBOAnna OT CbBpeMeHHVITe TeHAeHL4VIV13a paanane119BaHe Ha v13qncJIMTef1HY1 npoqeaypn C gen
OilTVIMV13aLAVIRHa anropL,1TbM Needleman-Wunsch. HanpaBeHYIRT nvlTepaTypeH 0630Pe A0Ben AO A06pe
060CHOBaH V1360p I--:a MeTOAVlKa. Taka gen e nocn,1rHaTa qpe3 V13nbJIHeHVle Ha 5 OCHOBHVI

aaaaq,l. B pe3YflTaT e paapa60TeH co$TyepeH VIHCTPYMeHT aa noar0TOBKa Ha AaHHV1 3a reHeTVIHHV1

V13cneABaHV1fi c HaVIMeHOBaHue BioPoolSelect. nocwryqaTa e VI orlTVIMM3aL4Vlfiqpe3 pa3napaneJIRBaHe Ha

anr0PVlTbM Needleman-Wunsch Bbpxy rpacbv•ff4HYlycKopL,1TeJIY1.

4. npv•1HochHa AMCePTaUVIOHHMR TPYA
npnetvlatvlHannqneT0 Ha npl,1HOCM B AVICePTaL4VlOHHV1fiTPYA B acneKTa Ha npunaraHe Ha 3HaHV1fi VI ecnepTl,13a

OT 06nacTVITe Ha 5VlOH$OPMaTVIKaTaM Ha KOMnlOTbPHVITeHayw npV1 pa3pa60TGTa Ha CbBpeMeHHV1 noAXOAV1
3a pa3napaneJ1fiBaHe Ha 3a reHOMHO ceHKBeHnpaHe Bbpxy ycKopYITenM. AncepTaHTbT e
060C06VlJ1 ABe rpynM npvoqocvl — TPVI (3) ABa (2) npunoxHM, KOMTO 6mxa Morw aa ce
npeACTaBAT B no-cv1HTeupaH HaHL,1H, KaTO Hanpnrvlep:

• HayHHonphJ10)KHh nphHocn: i) Cb3Aaaeyqa e orlTVIMV13aL4VIRHa napanef1Ha Bepcv,lfi Ha anrophTbMa Ha

Needleman-Wunsch 3a rpa$MHHM npoqecopl,l (CPU) C BbBeyqaHe VI 060CHOBKa Ha M3n0J13BaHeT0 Ha

aHTVIAVlarOHaJIHVIR nonxoa(Wavefront) 3a ecPeKTVIBHOnapanennupal-åe Ha V13HVlcneHL,1fiTa Bbpxy



rpa4)MHHh ycK0PITenvl. ii) npeanoxew•l ca Mauga6npaHe Ha anr0PITbMa aa 06pa60TKa Ha MHOYGCTBO
noapaBH9BaHL•19 qpe3 BbBexaaHe Ha VIHAeKC Ha 1,13paBHfiBaHe Ha nocneA0BaTenHocTM, KaKTO M

KOPenalAMOHeH aHam13 M nporH03hpaHe Ha VIHAeca Ha h3paBH9BaHe.

• nphJ10YHM npb•1Hocb1, Iji3pa3ßRa1Ub1 ce R i) paapa60TKa ua cocbTyepeR bli.lcTpYMeLIT aa rol-lOMOL1 awanmo
(BioPoolSelect) c BbBeaeHa OTITVIMV13a14VIRnpv•l HeBpoaereHepaThBHM 3a60f19BaHVIR KaT0 AnqxaVIMep,

napKMHcoH VI ennnencv,19. ii) CpaBHMTeneH aHanM3 Ha reHOMV1 3a OTKPVIBaHe Ha naToreHHM BapmaHTV1,

nonyqeH ype3 pa3pa60TeHv,19 OT ancepTaHTa c04)Tyep BioPoolSelect, aBTOtv1aTV13mpal-U npoqeca Ha

06pa60TKa Ha ronetvll'l reHOMHV1 $aVlJ10Be.
5. npeueHKa Ha ny611hKaL4hhTe no AhCePTaUhOHHhR TPYA

ny6nv1KaL4hMTenoAVICePTaUVIOHHVlRTPYA ca neT Ha 6poh, B TOBa qncno eAH0 yqe6H0 noc06ne — „MapuH06a,
M., napöo,E. 2023 bbneapllfi, CoØt1R.PbKoeoöcmeo 3a na60pamopHu ynpa>KHeH11R no npoepaMupaHe Ha

CbgpeMeHHU xemepoeeHHu apxumeKmypu. flbP80 1130aHue. ISBN 978-619-167-526-5". B OT

AVICePTaHTbT e aBTOP, a B egy-la e eAVIHCTBeHaBT0P. BCVIHKVIny6JIMKa14YIV1(V13BbHyqe6HOT0 noc06v1e) ca
Ha aHrnv1bicKMe3VIK, KaT0 OT TAX ca MHAeKCV1paHa B Scopus. npeacTaBeHMTe

CbU4HOCTTa Ha TPYA - npeanoxeHMTe nonxoav•l VI nonyqeHl,1Te pe3ynTaTY1. TOBa MM aaBa
OCHOBaHV1e Aa CHVITaM, He npeacTaBew•1Te OCHOBHVI pe3YJITaTk1 B AMCePTa14VlOHHVIRTPYA ca nocTmrHaTV1 C

BOAeLUOTO yqacn,le Ha AOKTOPaHTa. KbM aaTa Ha 1,13rOTB9He Ha CTaHOBVIU4eTOHRMa aaHHV1 3a qnwpaH',19 Ha

ny6nMKaL4MMTe no ancepTaL4L,1ATa. ABTope$epaTbT npeacTaBR B CMHTewpaH BMA npeanoxeHMTe peu-jeHVIR

pa3napaneJ19BaHe Ha anrOPVlTbM Needleman-Wunsch Bbpxy ycKophTeJIY1.

6. MHeHhfi, npenopbKY1 6eneXKV•1

Paapa60TeHMRT AVICePTa14VIOHeH TPYA Tpewpa myaneH np06neM npeanara aKTyaJIHVl peweHVlR.
nocTaBeHaTa qen - onTVlMl,13a14V1fi Ha anrophTbMa Needleman-Wunsch qpe3 HeroBOTO 1,13nbrlHewe Bbpxy
rpacbv1HHY1ycKopYITenn, e v13nbJIHeHa. npaBh BneqaTneHY1e, ye npn cTpyKTypnpaHeT0 Ha AVIcePTaL4hRTa Mar.
EMM11h9 napaoHe e pa3rpaHuqnna no qceH Hat-MH npeACTaB9HeT0 Ha hH4)OPMa14MRTa OT 6M6nnorpa$cKYITe

M3TOMHM14M VI HejlHV19 (aBTOPCKVl) nphHoc. TOBa 3aTpYAH9Ba npocneARBayqeT0 Ha npeanoxewre B

AVICePTaLIVIOHHVlRTPYA HOBOCTVI noa06peHb,lfi. A06pe 6m 61/1110 aa 6bAe npeacTaBeH0 npVlT10>KeHVle KbM

AncepTaL4V19Ta c paapa60TeHl,19 co$yep, KOeTO aa noaf<penn npeTeH14VIVITe aa HayqHonPVlflOXHVlR npVlHOC -

pa3pa60TKa Ha co$yepeH MHCTPYMeHT3a reHOMeH aHaJIM3 BioPoolSelect.

HanpaBeHL,1Te 6ene>KKVl VI npenopbKl,1 He Harv1aJIRBaT 3HaHL,1MOCTTa Ha npeanoxeHhTe PeueHVIA M

n0CTffHaTVlTe pe3YJITaTV1, VI He BrlVlR9T Ha A06POTO06140BneqaTneHne aa AVICePTa14VIOHHVlATPYA.

7. 3aU11•oqeHMe C RCHa nonow•1TenHa 0TpnuaTenHa ogeHKa Ha AhcePTaUhOHHhR TPYA.

AVICePTa14VIOHHVIRTTPYA Ha Mar. EMYIJIYIAnapaoe nocBeTeH Ha aKTyaneH np06neM VI npeacTaBrlRBa eAHa
3aBbPUjeHa HayMHOV13cneAOBaTeJICKa pa3pa60TKa C Ill (IPVIJIO>KHVI nphHocv1. B 3aymoqewe,
CHVITatv1, qe npeACTaaeHh9TAVIcePTa14MOHeHTPYA CbAbPXa opnrL,1Haf1HM pe3ynTaTY1 VI noAXOAM.

AOKTOPaHTbTM3nbf1H9Ba HaqVIOHa11HVITe MVIHVIMaJIHV1 M3VICKBaHVIR 3a llPMA06VlBaHeHa OHC „AOKTOP"
cbrnacH0 3aKOHa aa pa3BYITL,1e Ha aKaaeMVIMHVlRCbCTaB (3PACP6), [IpaBVlJIHVlKa 3a HerOBOTO npmaraHe
(X13PACP6) VI (IpaBhJIHhKa 3a ycnoBV•1RTa pena 3a npvw06klBaHe Ha Hay-IHM cTeneHY1 B TY-C#MA.

Bb3 OCHOBa Ha HanpaBeHhR aHam13 AaBarv1 nonow•1TeJIHa ogeHKa Ha pa3pa60TeHbdR AMCePTa14VIOHeHTPYA
CHVITatv1 3a OCHOBaTenHO Aa npeanoxa Mar. EMhJ1hR XaviM napaoaa nphA06ne 06pa30BaTeJIHaTa VI HayMHa

cTeneH „AOKTOP" B HayYHa 06nacT 5. TexwqeCKVl Haywi, npocbecL40HanH0 HanpaaneHL,1e 5.3.
KOMYHVIKa14VIOHHaVI KOM11}OTbPHa TeXHVIKa no AOKTOPCKa nporpatvla „K0Mr1f0TbpHV1 CVICTeMV1, KOMnneKCV1 VI

Mpexn".
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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 implementationof 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
I 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-appliedcontributions: 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. (ii) 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/


