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Agrop Ha quceprauoHHus Tpya: mar. Emuaunsa Xaum Ilapao

Tema Ha nuceprauuoHHus Tpyd: Pasnmapanenssane Ha aaroputsbM Needleman-Wunsch
BBPXy rpapHYHH YCKOPHTEIH

UneH Ha Hay4HOTO >XypH: Aou. A-p [Iuana BenkoBa CrosinoBa — I11oBAHBCKH YHHBEPCUTET
wllancuii Xunengapeku®

1. AxktyanHocT Ha pa3pa0oTBaHMsi B JHCEPTALMOHHHS Tpya npobjeM B Hay4yHO H
HAyYHONPHJIOKHO OTHOomeHHe. CTemeH M HHUBAa Ha AaKTyaJHOCTTa Ha npobieMa H
KOHKPEeTHHTe 3aJa4H, pa3paboTeHH B AHCePTALHATA.

M3cnenBaHeTo € akTyallHO, Thil KaTO OTroBapsi Ha HapacTBALLMTE U3UCKBaHUA 3a Obp3a U
edextuBHa 0OpaboTka Ha OWONOrMYHM JaHHM, KOETO oO0ycnaaBsi HEoOXOAMMOCTTa OT
pasnapaiensBaHe Ha U3UUCIMTENIHHUS NPOLIEC Ype3 U3MOJI3BaHe HA rpaUUHU YCKOPUTEIH.

2. CreneH HAa MO3HABaHE CHLCTOSIHHETO HA Mpo0jeMa H TBOPYECKA HHTEpPNpeTauusi Ha
JUTEpPATypPHHUSI MaTepHal.

Huceprauusata Ha Emunus Xaum [lapno e npeacraBeHa B YeTUpPU [NIaBH, NMPUHOCH,
CNUCHK Ha nybnukauuute U 6ubnuorpadus. Llutupanu ca obmo 90 nureparypHH MU3TOUYHUILIH,
KaTo JBa OT TAX ca MHTEPHET aJpecH, KOeTo mpejronara 3aAba00uyeH aHalu3 Ha aKTyaJHOTO
CBCTOSIHME Ha npobiema.

3. CrorBeTcTBHE HAa H30paHATa METOAMKA HA M3C/IeIBaAHe H MOCTaBeHaTa 1eJl M 3aJa4H Ha
AMCEPTALHOHHHS TPYA € MOCTHTHATHTE NPHHOCH.

IIvpBa rmaBa Ha auceprauusaTa MMa 0030peH XapakTep M BKJIKOYBAa OMMCaHWE Ha
crpykrypara Ha JJHK u PHK, kaxro u Ha npoueca Ha JIHK cexBeHupaHe, KOMTO CiyxaT Kato
TEOpETHYHA OCHOBAa 3a MPEACTABSIHETO HAa aJrOPUTMHMTE 3a MOAPABHSABAHE HA CEKBEHLMHU B
OuouHpopmarukara. HanpaBeH e 0030p M Kkjlacupukauus Ha Hai-4ecTo H3MOJI3BaHUTE
aJITOPUTMH 32 NMOJPABHABAHE, KAKTO M HAa TEXHUKM 3a TAXHATa ONTUMM3ALMSA, C aKLUEHT BbPXY
AJITOPUTMUTE 32 MOJPAaBHSABAHE MO JBOHKH.

BbB BTOpa rinaBa ce pasmexnaz apxurekrypara Ha CUDA W npuHuuMnuTe Ha
napajesHOTO nporpamupane ¢ rpaguuHu yckopurtenu. [lpeacTtaBeHu ca OCHOBHM KOHLIEMLMH,
apXUTEKTYpHU 0COOEHOCTH, KOMITOHEHTH M XapakTepucTuki Ha GPU, kaTo ce akleHTHpa BbpXy
TSAXHOTO 3HaYeHHUE 3a e(PEeKTUBHOTO U onTuManHo usnonseane Ha CUDA TexHonorusTa.

B Tpera rnaea e npexacraseH BioPoolSelect — codryepen nHcTpymeHT, paspadoTeH oT
JIOKTOpaHTKaTa, Npe/Ha3HayeH 3a GUATPUpAaHEe U aHAJIW3 HAa FT€HOMHHU BapHUaHTH. MHCTPYMEHTBT
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MOXe Jla C€ M3M0J3Ba Karo MOMOLIHO CPEACTBO MpH TpHJaraHe Ha anropnnENeed]eman-
Wunsch 3a noapaBHsiBaHe Ha NOCNEJ0BATENHOCTH, 0COOEHO Mpu paboTa ¢ roaemu ¢ainose, upes
TAXHOTO pa3fe/isiHe Ha MO-MajIKi CErMEHTH.

YerbpTa rJIaBa NPEACTaBs pealu3aLusTa Ha pasnapajieisiBaHeTO Ha aaropuTbma
Needleman-Wunsch Bbpxy rpaduueH yckoputen NVidia ¢ wusnonssave Ha CUDA C.
[peacraBeHu ca pe3yaTaTh OT TECTOBE M CPABHUTEJIEH aHaJIM3 Ha NPOU3BOAMTENIHOCTTA CIIPSMO
MMIIJIEMEHTALMs Ha anropuTbMa Ha e3uka C. M3cnensa ce moTeHUMAnbT 3a MHTErpuMpaHe Ha
LLM karto Llama2, ¢ uen pa3luypsiBaHe Ha aHATMTUYHUTE BB3MOXKHOCTH Ha nnatdopmara.

Bcuuko ToBa nokassa, yue Emunus Xaum [lapmo no3HaBa cbcTOSSHHETO Ha mpobiema u
MOCTaBEHUTE LENM M 3ajayd B AMCEpTalMATa, ChOTBETCTBAT Ha M30OpaHaTa MeToAMKa Ha
U3cJie/IBaHe.

4. Hay4yHu u/Wiix HAy4YHONPHJIOKHH MPHHOCH HA AHCEPTAHOHHHS TPYA.

JlMcepTauMOHHUAT TPYJ ChAbPIKa HAYYHO-MPUIOKHH U MPUIOXKHH NpuHOCH. CunTam 3a
OCHOBEH HAyYHO-TPHUIOXKEH MPUHOC CH3[IABAHETO HAa OMTUMU3ALMs Ha MapaJjieliHa BepcHs Ha
anroputeMa Ha Needleman-Wunsch 3a rpaguunu npouecopu (GPU). Jlpyr npuHoc e
neUHUpAaHETO Ha HOBa METpHKa (MHAEKC Ha W3PaBHABAHE HA MOCJIENOBATENHOCTH), KOSTO
M3MepBa pasfiMkara MeXAy KOe(pMUHMEHTHTE Ha CXOACTBO MpeAW W Cled MOAPaBHABAHETO.
[Tpunoxxuu mnpuHocu: PaszpaboreH e codTyepeH HMHCTPYMEHT 3a TI€HOMEH aHalu3
(BioPoolSelect). MHCTpYMEHTBT MOXKE Aa C€ U3M0J3Ba KaToO MOMOLLHO CPEACTBO MpH MpUIaraHe
Ha anroputrbma Needleman-Wunsch 3a noppaBHsABaHe Ha MOC/EN0BATENHOCTH, OCODEHO MpH
paGota ¢ rojiemu ¢aiioBe, 4pe3 TAXHOTO pa3eNsiHE Ha MO-MaJlKU CErMEHTH.

5. IIpenenka Ha myOJIMKALMHUTE MO AHCEPTALHOHHHS TPYA.

[lpunoxeH e cnucbk ¢ 4 HayyHM NyONMKALMM M €IHO YHHUBEPCHUTETCKO nocobue,
CBBP3aHU C JucepTauMoHHUs Tpyd. EaHa oT nyGnukauuuTe € nojaneHa 3a redyar, OCTaHalIuTe
Tpu ca nyonukyBanu B AIP Conference Proceedings. Llutupanus Ha TpynoBe Ha JOKTOpaHTKara
He ca u3BecTHU. [lybnukauuuTe 3a nonynsapusMpaHe Ha pe3yaTaTuTe OT AUCEPTALMOHHUS TPY.
ca JOCTaTb4YHU Ha Opoii U npeacTaBAT 10Ope OCHOBHUTE Pe3yNTaTh OT AMCEPTALIMOHHUS TPYA.

6. MHeHHs1, NpenopbKH H OeJIeKKH.

Hsmam ceiuecTBeHr 3abenexkku KbM aucepTauMoHHus Tpyd. Karo npenopbka 6ux
npejJIoKuIa Aa ce pasliMpy M3CJEJBAHETO, CBbP3aHO C MPEMIOKEHUA MHAEKC Ha M3paBHsBaHE
Ha MOCJIEIOBAaTEIHOCTH, C LEeJ M0-3aJbA00YEHO aHaIM3MpaHE Ha HEroBMTe NpeJuMCTBa M
orpaHuyeHus. bu 610 Moje3Ho Aa ce M3BbPLUM CPAaBHUTENEH aHanu3 C YTBbpAEHH MOA0OHH
METPHKH, 3a J1a C€ OLEHU HaIeXKIHOCTTa U NPUI0KUMOCTTA Ha MHJEKCA.

7. 3akai0uenne.
[IpenocTaBeHUAT AMCEPTALIMOHEH TPYJ OTrOBapsl HA BCUYKW KPUTEPUHU M IOKa3aTelu 3a
npunobuBaHe Ha oOpa3oBarenHa ¥ HayyHa cteneH ,,JIokTop®, cbrnacHo 3akoHa 3a pa3BUTHE Ha



aKaJieMU4YHHs CbCTaB Ha Penyonuka bearapus (3PACPD), [1paBuiaHKKa 3a npunaraHe Ha 3akoHa
v IlpaBunHuka 3a ycnoBusATa W pena 3a MpuAOOMBAaHE HAa HAYYHH CTeNeHH B TeXHHUECKH
yHusepcutet — Codus.

Karo umam npenBui nosyyeHuTe pesynTaTH M MPUHOCHTE B NMCEPTALMOHHHS TPYA,
npeanaraM Ha TMOYMTAaeMOTO HAy4YHO JKypu Ja npuceau Ha Mmar. Emunms Xaum Ilappo
obpasoBaresHara W HayuHa CTeNeH ,JOKTOpP® B MNpO(ECHMOHANHO HanpaBieHue 5.3
“KoMyHMKallMOHHA U KOMIIOTbPHA TEXHHUKA”.
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OPINION

on a dissertation for the acquisition of the educational and scientific degree "Doctor"
Author of dissertation: 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 of graphics 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 of the 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 of DNA 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.
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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."

Date: 31.07.2025 Compiled by:
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