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1. ArcryaJIHocT Ha pa3pa60TBaHHf1 B anceprraunom-lllfl TPYA np06J1eM B Hayt1H0 H

Hayt1HonpHJ10>KH0 0THomenne. CTeneH H I-IHBa Ha arcrya.rmocrra Ha np06.neMa 11

KOHKpeTHHTe 3'anat1H, pa3paöorreH11 B ancepTaunsrra.
V13cneABaHemoe alcryaJIH0, KaT0 orrr0Bap51 Ha HapaCTBa111HTe H3HCKBaHH51 3a 6bP3aH

ed)eKTHBHa 06pa60TKa Ha 6monorHLIHH AaHHH, KOeTO 06ycnaBfl He06XOAHMOCTra OT

punapaneJ151BaHe Ha H3LIHCJIHEJIHH51 npouec qpe3 H3r10J13BaHe Ha YCKOPHTeJIH.

2. CTeneH Ha n03HaBaHe CbCTOSIHHeTO I-la np06J1eMa TBopqecRa nwrepnpeTa11Hfl Ha

JIHTepaTY1)HHH MaTepnaJ1.
ÅucePTaUH51TaHa EMHJIH51 Xam Ilapno e npenc•raBeHa B qe-rvtpH rnaBH, rlPHHOCH,

CllHCbK Ha ny6JIHKa1AHHTe H UHT1dPaHHca 061110 90 JIHTepaTypHH H3TOt1HHUH,

KaTO ABa OT TRX ca HHTepHe•r ampecu, KoeTO npezwonara 3aAbJ160qeH aHaJIH3 Ha aKTyaJIHOT0

CBCT051HHe Ha np06neMa.

3. CbOTBeTCTBne I-la H36panaTa MeTOAHK•a Ha H3CJ1eABaHe H nocTaBeHaTa ueJ1 H 3anat111 Ha

AHceperaUHOHHHf1 TPYA c nocTHrnaTHTe npHHoc11.

IIbPBa raaBa Ha nucepTauwrra VIMa 0630peH xapmcrep H BKJ110MBa OllHCaHHe Ha

cTpY1crypaTa Ha ÅHK H PHK, KaKTO H Ha npoueca Ha A1-IK ceKBeHmpaHe, KOHTO cnyncaer KaTO

TeopeTHHHa OCHOBa 3a npeAcTaB51He•ro Ha anrOPHTMHTe 3a r10ApaBH51BaHe Ha ceKBeHUHH B

HanpaBeH e 0630P H Ha Hai-qecrro H3110J13BaHHTe

anrOPHTMH 3a 110ApaBHflBaHe, Kalcro H Ha ere,XHHKH 3a •rqxHarra OllTHMH3aUW1, C alCUeHT Bbpxy

anrOPHTMHTe 3a nonpaBH51BaHe no ABOMKH.

BBB B'ropa raaBa ce purnemcna apxHTe1crypaTa Ha CUDA H rlPHHUVff1HTe Ha

napaneJIH0T0 nporpaMHpaHe C YCKOI)HRJIH. FIpeÅCTaBeHH ca OCHOBHH KOHUe11UHH,

apxvrrercrypHH OC06eHOCTH, KOM110HeHTH H xapaKTePHCTHKH Ha GPU, KaTO ce arcueyrrmpa Bbpxy
TRXHOTO 3HaqeHHe 3a ed)eKTHBHOTO H OTITHMUIHO VB110J13BaHe Ha CUDA TeXHonorH51Ta.

B TpeTa raaga e npencrraBeH BioPoolSelect — coclyryepeH HHCTPYMeHT, pa3pa60TeH OT

Aoycropawrrca-ra, npeAHa3HaqeH ga (l)HJITpmpaHe H aHaJIH3 Ha reHOMHH BapmaHTH. HHCTPYMeHTbT
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MC»Ke Aa ce H3110J13Ba Kamo 110M01UHO cpencTB0 npnnaraHe Ha anrOPHTbMa Needleman-
Wunsch 3a nonpaBH51BaHe Ha nocneÅOBaTeJIHOCTH, oc06eH0 1-IPH pa60Ta c roneMH (baMJ10Be, qpe3
TRXHOTO pumenm-le Ha no-ManKH cerMeHTH.

qeTBbPTa rnaBa npeÅcrraBfl peanH3a1_1HflTa Ha pænapane1151BaHeT0 Ha anropHTbMa
Needleman-Wunsch Bbpxy ycKOPHTeJ1 NVidia c HMIOJ13BaHe Ha CUDA C.

FIpexxcrraBeHM ca pe3YJITaTH OT TeCTOBe H cpaBHHTeney-1 ayraJIM3 Ha npoH3B0AHTeJIHocrracnp51M0

HMnneMeHTaUH51 Ha anropHTbMa Ha e3HKa C. Pi3cneABa ce no-reHUmaJ1bT 3a HHTerpv,tpaHe Ha

LLM KaT0 Llama2, c gen pa3L11up51BaHe Ha aHaJIHTHt1HPfTe Bb3MO)KHOCTH Ha

BCHMKO TOBa 110Ka3Ba, qe EMHJIH51 Xam Ilapmo 1103HaBa CBCTOflHueTO Ha np06neMa H

nocTaBeHHTe nenu H 3amaqH B nucePTaUH51Ta, CbOTBeTCTBaT Ha M36paHaTa MeTOAHKa Ha

H3CJ1eÅBaHe.

4. Hayt1HH H/HJIH Hayt1H0111)HJ10ÆHH npvmocvr Ha AHcePTaUHOHHHfl TI)YA.
AncePTaUHOHHHflTTPYA cbAbp)Ka Hayr-1HO-r1PHJIO)KHH H IIPHJIO)KHH IIPHHOCH. CtlHTaM 3a

OCHOBeH Hayt1Ho-npHJ10)KeH npHHOC Cb3naBaHeT0 Ha OllTHMH3aUH51 Ha napaneJIHa Bepcwl Ha

anropHTbMa Ha Needleman-Wunsch 3a rpad)Ht1HH npouecopm (GPU). Apyr IIPHHOC e

med)HHnpaHeT0 Ha HOBa Merrpmrca (HHmeKC Ha H3paBH51BaHe Ha nocneÅOBaTeJIHOCTH), KOATO

H3MePBa pa311HKaTa Koed)HUHeHTHTe Ha CXOACTBO npeAH H cnen nonpaBH51BaHeT0.

HPHJIO>KHHIIPHHOCH: Pa3pa60TeH e cod)TyepeH MHCTPYMeHT 3a reHOMeH aHaJIH3

(BioPoolSelect). VIHCTPYMeHTbTMO)Ke ma ce M3flOJ13Ba KaT0 110MOLUHO cpeACTB0 npunaraHe
Ha Ull'OPHTbMa Needleman-Wunsch 3a nonpaBH51BaHe Ha nocneAOBarreJlHOCTH, oc06eH0 npn
pa60Ta c roneMH (baMJ10Be, qpe3 TAXHOTO pa3Åenme Ha no-Manw cerMeHTH.

5. Ilpeuem«a Ha ny6JIHKaLIHHTe no AlicePTaUHOHHV1f1 TI)YA.
FIPHJIO)KeH e cnmcbK C 4 Hayt1HH ny6JIHKaUHH H eAH0 YHHBePCHTeTCKO noc06He,

CBbP3aHH C ÅHcePTaUHOHHH51 TPYA. EÅHa OT ny6JIHKaUHHTe e nonamer-ra3a neqaT, OCTaHaTlHTe

TPH ca ny6JIHKYBaHH B AIP Conference Proceedings. I-IHTHPaHHRHa •rpYA0Be Ha Å0KTopaHTKarra
He ca U3BeCTHH. Ily6JIHKaUHHTe 3a nonyJ1qpH3mpaHe Ha pe3YJITaTHTe OT AVICePTaUHOHHH51 TPY'Å

ca AOCTaTbMHH Ha 6poM H npencTaB51T n06pe OCHOBHHTe pe3YJITaTH OT AVICePTaUHOHHHfl TPYÅ.

6. MHeHHf1, npenopbl<ll n Gene-»KKVI.

I-IAMaM CbLUeCTBeHH 3a6ene)KKH KBM nmcePTaUHOHHH51 TPYA. ICaT0 npenopbKa 6HX

npeAJ10)KHJ1a Aa ce pa3111HpH H3cneÅBaHeTO, CBbP3aH0 C npennoxeHHfl HHÅeKC Ha Vi3paBH51BaHe

Ha nocneAOBa-reJIHOCTH, C uen no-3aÅ%J160qeH0 aHaJIH3HpaHe Ha HeroBHTe npeAHMCTBa H

orpaHmqeHHfl. bu 6HJ10 none3H0 na ce H3BbPUIH cpaBHwreneH aHaJIH3 c YTB'bpneHH non06HH

MeTPHKH, 3a na ce OLteHH Hane)KÅHOCTTa m rlPHJIO)KHMOCTra Ha HHneKCa.

7. 3aK.nroqeHne.
IlpeAOCTaBeHHflT ÅHceprraUHOHeH rrpym 0TroBapn Ha BCHt1KH KPHTePHH H norca3aTeJIH 3a

npHA06HBaHe Ha 06pa30BaTeJIHa H Hayt1Ha cTeneH „Å0Krop", cbrnacH0 3aKOHa 3a pa3BHTHe Ha



aKaAeMHLIHHA CBCTaB Ha Peny6JIHKa bbnrapHfl (3PACPb), HpaBHJIHHKa 3a npnnaraHe Ha 3aKOHa
H ElpaBHJIHHKa 3a YCJIOBHflTa H pena 3a npmn06HBaHe Ha HayqHH CTeneHH B TexHuqecKH

YHHBePCHTeT — Cod)HR.

KaT0 UMaM npeABHÅ nonyqeHHTe pe3YJITaTH H npm-locvne B nmcePTaUHOHHH51 TPYA,
npeÅJ1araM Ha noqmaeM0T0 Hay-II-10 )KYPH na rlPHC%AH Ha Mar. EMHJIHfl XaVIM Flapno
06pa30BaTeJIHaTa H HayqHa cTe11eH „AOKTOP" B npo(becH0HaJlH0 HanpaBneHme 5.3
"KOMYHHKaUHOHHa H KOM11ÆOT%PHa rreXHHKa".
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on a dissertation for the acquisition of the educational and scientific degree "Doctor"

Author ofdissertation: Emilia Haim Pardo

Dissertation topic: Parallelization of the Needleman-Wunsch Algorithm on Graphics
Processing Units (GPUs)

Member of the scientific jury: Assoc. Prof. Dr. Eng. Diana Velkova Stoyanova — Plovdiv
University "Paisii Hilendarski"

1. Relevance of the problem developed in the dissertation work in scientific and applied
science terms. Degree and levels of relevance of the problem and specific tasks developed in
the dissertation
The research is relevant as it addresses the growing demand for fast and efficient processing of
biological data, which necessitates the parallelization of the computational process through the
use ofgraphics processing units (GPUs).

2. Degree of knowledge of the state of the problem and creative interpretation of the

literature
The dissertation of Emilia Haim Pardo is presented in four chapters, followed by contributions, a

list of publications, and a bibliography. A total of 90 literary sources are cited, including two
internet references, indicating an in-depth analysis ofthe current state of the problem.

3. Compliance of the chosen research methodology and the set goals and objectives of
the dissertation with the achieved contributions
The first chapter of the dissertation is a review that provides an overview of the structures of

DNA and RNA. It also explains the process ofDNA sequencing, which serves as the theoretical
foundation for the discussion of sequence alignment algorithms in bioinformatics. An overview
and classification of the most commonly used alignment algorithms is provided, along with

techniques for their optimization, with a focus on pairwise alignment algorithms.
The second chapter discusses the CUDA architecture and the principles of parallel programming
with graphics processing units. It presents key concepts, architectural features, components, and
characteristics of GPUs, emphasizing their significance for the effective and optimal use of

CUDA technology.

The third chapter introduces BioPoolSelect — a software tool developed by the PhD candidate,
designed for filtering and analyzing genomic variants. The tool can be used as an aid in applying
the Needleman-Wunsch algorithm for sequence alignment, particularly when working with large
files, by dividing them into smaller segments.
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The fourth chapter presents the implementation of parallelizing the Needleman-Wunsch
algorithm on an NVIDIA GPU using CUDA C. Test results and a comparative performance
analysis with a C-language implementation of the algorithm are provided. The potential for
integrating large language models (LLMs), such as Llama2, is explored to enhance the platform's
analytical capabilities.
All of this demonstrates that Emilia Haim Pardo has a solid understanding of the state of the
problem, and that the aims and objectives set in the dissertation are consistent with the chosen
research methodology.

4. Scientific and/or scientific-applied contributions of the dissertation
The dissertation contains scientific-applied and applied contributions. The primary scientific-
applied contribution is the development of an optimized parallel version of the Needleman-
Wunsch algorithm for Graphics Processing Units (GPUs). Another contribution is the definition
of a new metric (sequence alignment index), which measures the difference between similarity
scores before and after alignment.

Practical contributions include the development of a software tool for genomic analysis

(BioPoolSelect). The tool can be used as a supporting instrument in applying the Needleman-
Wunsch algorithm for sequence alignment, particularly when working with large files, by

dividing them into smaller segments.

5. Evaluation of the publications on the dissertation
A list of four scientific publications and one university textbook related to the dissertation has

been provided. One of the publications has been submitted for publication, while the remaining
three have been published in the AIP Conference Proceedings. No citations of the PhD
candidate's works are currently known. The number of publications disseminating the

dissertation's results is sufficient and adequately presents the main findings of the research.

6. Opinions, recommendations and notes

I have no significant remarks regarding the dissertation. As a recommendation, I suggest
expanding the research related to the proposed sequence alignment index to provide a more in-
depth analysis of its advantages and limitations. It would be beneficial to conduct a comparative

analysis with established similar metrics to assess the reliability and applicability of the index.

7. Conclusion

The submitted dissertation meets all the criteria and indicators for the award of the
educational and scientific degree "Doctor" in accordance with the Law on the Development of
the Academic Staff in the Republic of Bulgaria, the Regulations for its implementation and the

Regulations for the Conditions and Procedures for Acquiring Scientific Degrees at the Technical
University of Sofia.



Considering the results achieved and the contributions made in the dissertation, I propose to the

honourable scientific jury to award the educational and scientific degree "Doctor" to Emilia

Haim Pardo in the professional field 5.3 "Communication and Computer Engineering."
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