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ABTOp Ha AMcepTauMoHHUA Tpy: Mar. EMuiausa Xanm [Mapio

Tema Ha gucepraunonHus Tpyd: “PasnapanensiBane Ha ajaroputbma Needlema
BbPXY rpa)M4YHH YCKOPHTEIH*

Penensent: npog. a1-p Aumursp MuxaiijioB TokMakoB

1. AKTyaJiHOCT Ha pa3padoTBAHMS B AHCEPTAUMOHHHS TPYI NPOOJeM B HAYYHO H
HAYYHONPWIOAKHO oTHOmIeHHe. CTemeH M HHBAa HAa aKTYaJHOCTTa Ha mnpobdjemMa M

KOHKPETHHTE 321a4H, Pa3padoTeHn B IMCEPTALMSATA.

Hucepraumsara pasmiexja ¢IHa OT HalW-K/IIOYOBMTE TEMM B ChBPEMEHHATA
OunonHpopmMaTHKa — YCKOpsIBAHE HA airopuTMH 3a nojpasHsBane Ha JHK/PHK
nocnegosareaHocT upe3 GPU usuncnenus ¢ CUDA.

AnroputbmbT Needleman-Wunsch e knacuuecki MeToz 3a 17106a/1HO N0paBHSABAHE, HO €
M3YHUCIIUTENIHO TeXKbK. [opanan ekcrioHeHHanuyus pbCT HA TEHOMHH JAHHH, ONTHMHU3ALHUATA MY
32 napajciHa 00paboTKa € CTpaTerMueCKH BaKHA 3a PasBUTHETO HA TICPCOHAIM3MPAHATA
MeIuUHHa, hapMaKOreHOMHKATa U MOJIEKYJIipHATa OMOIOTHS.

Usnonssanero na CUDA rpapuunn yckopurenu (GPU) e B kpak ¢ miobamuute
TCHJCHUMH B CYNICPKOMITIOTPUTE K XETEPOreHHOTO NPOrPaMHUPAHE B HAYKATA U WHYCTPUSATA.

IIpobiembT MMa BHCOKA CTCHCH HA AKTYaJHOCT KAKTO B HAyuCH, TAKAa M B MPHIOKCH
KOHTEKCT. [T01X0/bT 3a pemaBaneTo My € B ITbJIHO CHOTBETCTBHE C INI00AIHHTE HAYYHH TEHICHLIU

B 6I'IOHH(1)OpMaTHKaTa, HU3KYCTBCHHUSA UHTCJICKT H BHCOKOIIPON3BOANUTECIIHUTE U3UHUCIICHHUA.

2. Crenel Ha NMO3HABAHEC CHCTOAHHUETO HA npoﬁnema H TBOPYECKA HHTEPNPETALHS HA
JUTEPATYPHUS MaTepHall.
Hucepraunsra aeMOHCTpHpa MHOrO 00p0 M IIMPOKO OOXBATHO 3al03HABAHE ChC

ChUIECTBYBALIOTO CbCTOSIHUE HA HAYYHUS HpO6ﬂCM, KOCTO JIUYHU OT:

° ITonpoben nurteparypen 0630p (Imasa 1) na 91 JIUTEPATYPHU H3TOUYHHKA C

BKJIKQYCHH KJIFOYOBHU TEMHU OT:
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-ctpykrypa Ha JJHK u PHK;
-anropurMu 3a noapasussane (Needleman-Wunsch, Smith-Waterman, Dot Matrix u ap.);
-0uos1oruuHM 6a3y JAHHM U TEXHHKH 33 ThPCEHE;

-KJacM(pUKalMs Ha TOJIPaBHSBAILM aJITOPUTMHU U cBpucTHYHH MeToau (BLAST, FASTA u
ap.);

TBopueckuaT 1mOAX0J Cceé M3pa3siBa B MEKILYCEKTOPHO OOe[MHSABAHE HA TEOPETHUHH
NOJIXO/IM KATO CPABHEHUE MKy Ouoornynu 1 kommorbpHu npouecu (JIHK « codryepen kox,
TPAHCIIALUSA <> KOMITHIALINSA);

W3BbpiIeHO € aHAIMTHYHO CPABHEHHE HA IIOAPABHBAIUM AJITOPUTMH M Pa3sIIeKJaHe Ha
TAXHATa e(PEKTHBHOCT B KOHTEKCTA HA PEATHH OHONOTHYHM JIaHHH.

O6ocnosan e n360psT Ha anropurbma Needleman-Wunsch 3a napanenna uMmnieMeHTamnus
Ha GPU — ¢ sicHo pasrpaHHueHie MCK/Ly MT00AIHO M JIOKAJIHO 110/1paBHsBaHE.

ABTOPBT MOKa3Ba BHCOKA OCBCIOMECHOCT IO KJIKUYOBHTC KOHIICIIMH, AJTOPUTMHU H

CHCTEMH, CBBbP3aHH C T€Mara.

3. CboTBeTCTBHE HA u36paHaTa METOAHKA HA H3CJIe/JBaHe ¢ IOCTaBeHaTa uea H

3aa4H Ha IHCePTAUMOHHHUA TPYI.

Lenta Ha aucepTauMOHHMA TPyd € Ja Ce pasriela M aHauu3upa Bb3MOKHOCTTA 3a
ontumusupane Ha anropurbma Needleman-Wunsch upes HeroBoTo usnbiHeHne BbpXy rpaguueH
yckoputen (GPU) ot tuna NVIDIA, usnonsgaiikn nporpamnus monea CUDA C.

IlocraBenure 3ajauu B JucepTaLUiTa ca SICHO (QOPMYIHpaHH, KOHKPETHH, TEXHHYECKH
M3MEPHMH M CBOTBETCTBAT HA odluara Les Ha u3ciienBaHeTo. DopMyanpaHy ca Ha NPaBHIIHOTO
HHUBO Ha a0CTpPaKIIMsL.

JMCCPTALMOHHUAT TPy JICMOHCTPHpa BHCOKA CTCIICH HA CBHOTBCTCTBHC MCKIY
(opmynupanara 1es, IOCTaBEHHUTE 3a/1a4y M H30paHaTa METOO0JIOIHS Ha H3CIIe/IBale.

Llenra 3a ontummsamua na amropurbma Needleman-Wunsch upes mapanensa
nmmiementauus ¢ CUDA e koHKpeTHa, NpuioKiuMa 1 HayuyHOo 3HauMa, a METOIITE, H3M0I3BaHH
33 HEHHOTO MOCTHIAHE, Ca A/IEKBATHO MOAOPAHH U KOPEKTHO peausupani. M3ciensaHeTo cTbiBa

Ha CTabMIIHA TCOPCTHYHA OCHOBA, KOMOMHKPA ArOPUTMUUHO Mosienpane, GPU-nporpamupatie,
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4. Kparka aHaIWTHYHA XapPaKTePHCTHKA HAa eCTeCTBOTO W OLEHKa Ha
JIOCTOBEPHOCTTA HA MAaTepHaJia, BbLPXY KOHTO ce IPaadT INPHHOCHTE HA JMCEPTAUHOHHHUS
TpyA.

JuceprauOHHUAT TPy € ¢ odem or 141 cTpanuuu H CbabpKa 4 IIaBH, MHOXKECTBO
burypu n Tabauum.

[TepBa 11aBa e nocereHa Ha nurteparypuus o630p. Bropa miaBa pasmiexna CUDA
apXHTEKTypaTa M MmapajeaHOTO mporpammupane. Tpera miaBa onmucBa CO(TyepHHS HHCTPYMEHT

BioPoolSelect. B uersbpra miasa e pasnienan aiaropurbma Needleman-Wunsch v TexHHKH 3a

HCTOBOTO pasnapaJiC/iaBaHC H OIITUMH3ALNSA.

HHCCPTHHMOHHHHT TPYA CTbhIIBA HA /IBa OCHOBHHM THIIA MAaTCpHall:

° TeopeTquH MarepHuall

-91 nuTepaTypHM M3TOYHMKA, BKJIIOYBALUM PELCH3UPAHM HAydyHM NyOJIMKallMH,

ABTOPUTCTHH YYCOHHMIM U TCXHUUYCCKA JoKyMeHTamusi oT NVIDIA;

-CHCTCMH’I‘HBHP&H 0630p Ha QaJIrOpUTMH 3a IIOJApAaBHABAHE HaA IOCJIC/I0BAaTCIIHOCTH

(Needleman-Wunsch, Smith-Waterman, BLAST u np.);

-Hderaiinno onucanue nHa apxurekrypara CUDA u npuHuunure Ha napasiesiHo
nporpamMmHpaHe.

. Emnupuyen marepuant:

-ABTOpCKa peanusauus Ha anropuTbma Needleman-Wunsch ¢ CUDA;;
-Paspaboten cobetBeH codTyepen uncTpyment BioPoolSelect;

-M3Bbpiienyn u3MepBanys Ha NPOU3BOAUTENHOCT € PA3IMYHK BXOJHH JAHHH H XapIyepHH
KOH(HTypanuu;

-Uurerpupane na Al moaen (LLaMA 2) 3a tecTBane Ha HOB XUOpPH/IEH NOAXO/L.
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Marepuainte, BbpXy KOUTO ce Oasupar NpuHOCHTE B IMCEPTAllH

000CHOBaHH, AKTYaJIHH H [IPOBEPHMH.

5. Hayuyuu u/MiIm HAy4YHONIPHIIOKHHN NPHHOCH HA JHCEPTAUMOHHHUSA TPYI

B aBropedepara u auceprauoHHUs TPyA ca GopMy/IMpaHn TpU HAyYHO-TIPUIIOKHH U J1BA
IPWIOKHH IPUHOCA.

Hay4Hu npuHoCH:

. Chb3/a1eHa € ONTHMHU3ALIS Ha MapalieiHa Bepcusi Ha anroputbMa Ha Needleman-
Wunsch 3a rpaguunn npouecopu (GPU).

. BbBeeH € MHJIEKC Ha H3PABHABAHE HA 110CIEA0BATEITHOCTH.

o Pa3paboreno e ppKOBOACTBO 1O AucuuiuiMHara “Tlporpamupane Ha CbBpEMEHHH
XCTCPOrCHHU apXUTCKTYpH .

[TpuI10KHHI IPHHOCH:

° PaspabGoren e codryepen HMHCTpymMeHT 3a reHomen aHamus (BioPoolSelect).
Cw3magen e HOB coTyep, KOHTO II03BOJIsIBA CEJIGKTHpaHe Ha CHEeUn(pHYHH TCHOMHH
XAPaKTePUCTHKH 3a aHAIM3, KAaTO HaMalsiBa pasMepa Ha NbpBUYHUTE (ailloBe M ylecHsBa
o0OpaboTkara Ha JaHHMTC.

L4 HpCIlCTaBCH € CPABHUTCJICH aHAJIU3 HAa I'CHOMH.

[Ipuemam npuHOCHTE U CUUTAM Y€ TE Ca KOPEKTHO AeduHupany.

6. Ouenka 3a cTenenTa Ha JIHYHOTO Y4acTHE HA JHCEPTAHTA B IPHHOCHTE.

AHanM3bT HA CHAbPKAHMETO HA JMCEPTALMATA II0Ka3Ba, Ye JHUCEPTAaHThT MMa BHCOKA
CTeIIeH Ha JIMYHO Y4acTHe, 0COOEHO B CIICAHUTE KJIIOUOBH HAIPABICHHS:

-Cop3gaBane Ha CUDA-Gasupana napasienna peanmsauus nHa anropurbma Needleman-
Wunsch.

-Pazpaborka na codryepen umcrpyment BioPoolSelect — dynkunonannoctra u
uHTepdeiichbT Ha MHCTPYMEHTA ca MOAPOOHO OMHCAHH H PE3YJITATHTE OT M3MOJI3BAHETO MY ca

o6m,p3aHn C LCJIMTEC Ha U3CJIC/ABAHCTO.
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-AHanu3 Ha [POU3BOIMTEIHOCT, IIapaMeTpd U  KOHQUT
CpaBHHUTEJIHUTE TaOJIMILU U HHTEPIIPETALUATA HA PE3YJITATHTE COUAT, Ue JH
CaMOCTOSTEIHO EKCIIEPUMEHTAJIHATA YaCT.

He nosnaBam nuuno poxropanra mar. Emunust [lapno, HO cuMTam ue HElHMs JTHUEH

IIPUHOC € JI0Ka3aHO OC3CIIOPEeH.

7. IlpeueHka Ha NyOJIMKALUMHUTE IO JMCEPTAUMOHHHUS TPyI: Opoil, Xapakrep Ha
M3JAHMATA, B KOMTO ca orneyarand. OTpaskeHne B HAYKATA — H3MO/I3BaHE H LUTHPAHE OT

JAPYT¥ aBTOPH, B IPYTH J1a00paTopuu, CrpaHu u np.

CruceKksT Ha MyOMMKAUMMTE BKJIIOYBA YETHPH HAYUHH ITyOJHKALMH HAa MEXIyHapOIHH
KOH(pepeHIHH, KaTO TPH OT TAX €A MHACKCUPAHH B SCOPUS M €IHO MyOIMKYBAHO YHUBEPCUTETCKO
y4eOHO nocodue.

[TyGiuKaMUTEe HA JOKTOPAHTA OTPa3sABaT OCHOBHUTC PE3Y/ITATH U IPUHOCH HOIYUCHH [IPH
M3TOTBAHE HA JUCEPTANHOHHMS TPy, KomuecTBOTO M KaueCcTBOTO Ha ITyOIHKALMUTE OTrOBaAPSIT

Ha U3MCKBaHusATa 3a nosnyyasane Ha OHC ,,qokTop.

8. Ouenka Ha CHOTBETCTBHETO HA aBTope(pepa'ra C H3HCKBAHHUSATA 32 H3TOTBAHECTO MY,
KaKTO0 H Ha a/IGKBATHOCTTAa Ha OTPa3siBaHe HA OCHOBHMTE I10JIOKeHHS H IIPUHOCHTE HA

AMCEPTALHOHHUS TPYA.

ABTOpC()CPaTHT € M3TOTBEH CHOPE/ W3UCKBAHMSTA HA CHOTBETHUTC NPABWIHHULHA, W

OTpa3sBa OCHOBHHUTE PE3YyJITATH, IIOCTUTHATH B AUcCepTanusaTa.

9. Muenus, npenopbKu 1 Gel1eRKH.

JlucepTauMoHHUAT TPYI 1€MOHCTPHpA BMCOKA HAyyHA M IIPUIIOKHA CTOHHOCT C SCHO
M3pa3eHo JMYHO y4acTHEe Ha MMCEPTaHTa B aArOPHTMHYHATA peaausauds H co(TyepHata
paspaborka. Merozonorusta € ajeKBaTHa, pe3yjITaTuTe Ca eKCHEPHMEHTANHO BAIMAUPAHH, a

NPUHOCHTC — OPUTHMHAJIHK U NIPAKTUYECKH IIPHIIOKHUMHU.



IlpenopbyBa ce pasmMpsBaHe Ha CPAaBHUTEIHUS aHAIU3 C IPYTH [apaje]HH PELICHHsS U
II0-ACHO pa3srpaHH4YaBaHe HA OIPAHHYEHHSATA IIPH H3M0JI3BAHETO HA Al

[TpenopbuBam Cb1110 Taka B Ob/ICII0 PA3BUTHE HA TEMATa, [1a C€ CbCTABH (JOPMAICH MOJIE
Ha CJIOKHOCT, KOWTO Ja  JlaBa TEOPETHYEH aHalli3 Ha QJrOPUThbMa I10 OTHOLUEHHE HA
M3UHCIIMTCIHUTC PECYPCH, KOMTO TOW M3UCKBA — Haii-yecTo BpeMe (Opost Ha CTBIKH) M MaMeT

(IpOCTPaHCTBO), U3pa3eHU KaTo (PYHKIIUS HA BXOAHUTE JAHHH.

10.3ak/104eHHe € SICHA MOJIOKNTETHA MIIM OTPHULATEHA OLIEHKA HA JUCePTALHOHHUSA

TpyAa.

Huceprauponuuar Tpya Ha Mar. Emunus [1apao cbabpska HAy4HO-TIPHIIOKHH U IPHIIOKHH
pesyaTaTH, KOMTO MNPE/ACTAB/ISABAT OPUIMHAJIEH INPMHOC B HAayKaTa M HAIBJIHO OTroBaps Ha
M3MCKBaHUsTa Ha 3aKoHa 3a PasBurtue Ha Axanemuunns CheraB Ha Peny6ivka Buirapus, u Ha
CbOTBCTHHMA UPaBUIAHUK Ha TVY-Codus. IIpHIOKCHMAT KbM HEro asropedepar orpassBa
CBUIHOCTTA Ha H3CJICABAHETO H KOPEKTHO MPEICTaBs IPUHOCHTE OT HETO.

Karo ce umar npeasua ocToiincTBaTa, aKTYaIHOCTTA, 3HAUMMOCTTA HA NPEACTABEHUST
AMCCPTALMOHEH TPY, MY [1aBaM HOJIOMKHTEJIHA OLUEHKA M IpeJIaraM Ha Hay4yHOTO KypH jJa
npuchan Ha Emuimst [Tapao o6pasosaresnara u nayuna crenen ,,JJOKTOP* B nayuna oGnact
5. Texuuuecku Hayku, Ipodeconanto Hanpasienue: 5.3. KoMyHHKanHoOHHA 1

TEXHHKA, CrieqHanHOCT: “KOMMIOTbPHH CHCTEMH, KOMITJIEKCH M MPEKHU*

Hara: 04.08.2025r. PELHEH3EHT:

/mpod. 1-p mux. Junvursp Tokmakos/




Author of the dissertation: MSc Emilia Haim Pardo

Title of the dissertation: "Parallelization of the Needleman-Wunsch Algorithm on Graphics
Processing Units"

Member of the scientific jury: Prof. Dr. Dimitar Mihaylov Tokmakov

1. Relevance of the problem developed in the dissertation from a scientific and applied
science perspective. Degree and levels of relevance of the problem and specific tasks
addressed in the dissertation.

The dissertation addresses one of the key topics in modern bioinformatics—acceleration
of DNA/RNA sequence alignment algorithms using GPU computation with CUDA.
The Needleman-Wunsch algorithm is a classical method for global alignment but is
computationally intensive. Due to the exponential growth of genomic data, optimizing this
algorithm for parallel processing is strategically important for the advancement of personalized
medicine, pharmacogenomics, and molecular biology.
The use of CUDA and GPUs aligns with global trends in supercomputing and heterogeneous
programming in both science and industry.

The problem is highly relevant both scientifically and in terms of practical application. The
approach used to solve it fully corresponds with global scientific trends in bioinformatics, artificial
intelligence, and high-performance computing.

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

The dissertation demonstrates a very good and comprehensive familiarity with the current
state of the scientific problem, evident through:

° A detailed literature review (Chapter 1) referencing 91 sources and covering key
topics such as:

o DNA and RNA structure

. Alignment algorithms (Needleman-Wunsch, Smith-Waterman, Dot Matrix, etc.)

° Biological databases and search techniques
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° Classification of alignment algorithms and heuristic metho
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etc.)
The creative approach is evident in the cross-sector integration of theoretical concepts, such
as analogies between biological and computer processes (DNA <« software code, translation <
compilation).
An analytical comparison of alignment algorithms is conducted, evaluating their effectiveness in
the context of real biological data.
The choice of the Needleman-Wunsch algorithm for GPU-based parallel implementation
is well-justified, with a clear distinction between global and local alignment.
The author demonstrates deep awareness of key concepts, algorithms, and systems relevant to the

topic.

3. Alignment of the chosen research methodology with the stated goal and objectives
of the dissertation.

The aim of the dissertation is to analyze the possibilities of optimizing the Needleman-
Wunsch algorithm by executing it on a graphics processing unit (GPU) of the NVIDIA type, using
the CUDA C programming model. A

The tasks are clearly formulated, specific, technically measurable, and aligned with the
overall research objective. They are defined at an appropriate level of abstraction.
The dissertation shows a high degree of consistency between the stated aim, objectives, and chosen
research methodology.

The goal of optimizing the Needleman-Wunsch algorithm through parallel CUDA
implementation is specific. applicable, and scientifically significant. The methods used to achieve
it are appropriately selected and correctly implemented. The research builds on a solid theoretical
foundation and combines algorithmic modeling, GPU programming, application software
development, and experimental validation.

The addition of an artificial intelligence component (LLaMA 2) enhances the
innovativeness of the methodology and demonstrates an interdisciplinary approach that enriches

classical bioinformatics methods.
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upon which the dissertation’s contributions are based.

The dissertation consists of 141 pages and includes four chapters, numerous figures, and
tables:
Chapter 1: Literature review;
Chapter 2: CUDA architecture and parallel programming;:
Chapter 3: Description of the software tool BioPoolSelect;
Chapter 4: Needleman-Wunsch algorithm and techniques for its parallelization and
optimization.
The dissertation is based on two main types of material:
-Theoretical material:
e 91 literature sources including peer-reviewed scientific publications, authoritative
textbooks, and technical documentation from NVIDIA
e A systematized review of sequence alignment algorithms (Needleman-Wunsch.
Smith-Waterman, BLAST, etc.)
e A detailed explanation of CUDA architecture and principles of parallel

programming

-Empirical material:
e Author’s implementation of the Needleman-Wunsch algorithm using CUDA
¢ Developed custom software tool — BioPoolSelect
e Performance measurements with various input data and hardware configurations

¢ Integration of the LLaMA 2 Al model for testing a new hybrid approach

The materials upon which the dissertation’s contributions are based are scientifically

sound, up-to-date, and veritiable.

5. Scientific and/or applied contributions of the dissertation.

Three scientific-applied and two applied contributions are stated in the dissertation and its

abstract.



Scientific contributions:

. s
. An optimized parallel version of the Needleman-Wunsch ¢ (’01ﬁthm fc)r GPUS*HaSJ
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been created
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. A sequence alignment index has been introduced e
. A manual has been developed for the course “Programming of Modern

Heterogeneous Architectures”

Applied contributions:

. A genomic analysis software tool (BioPoolSelect) has been developed. This
software enables the selection of specific genomic features for analysis, reducing file size and
easing data processing

. A comparative genome analysis has been presented

[ accept the contributions as correctly defined.

6. Assessment of the degree of personal involvement of the doctoral candidate in the
contributions.

The content analysis of the dissertation indicates a high degree of personal involvement by
the doctoral candidate, especially in the following key areas:

. CUDA-based parallel implementation of the Needleman-Wunsch algorithm

. Development of the BioPoolSelect software tool—its functionality and interface
are thoroughly described, and the results are clearly linked to the research objectives

. Performance analysis, parameter testing, and system configurations—the tests,
comparative tables, and result interpretations show that the experimental work was conducted
independently by the candidate

[ do not personally know the PhD candidate Emilia Pardo, but I believe her individual
contribution is clearly and indisputably demonstrated.

7. Evaluation of the publications related to the dissertation: number, type of
publications, and impact in science—use and citations by other authors, laboratories,
countries, etc.

The list of publications includes four scientific papers presented at international
conferences, three of which are indexed in Scopus, and one university teaching material.

The publications reflect the core results and contributions achieved in the dissertation. Both the
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scientific degree “Doctor.”

8. Assessment of the compliance of the abstract with the formal requlrcments ;and
adequacy in reflecting the dissertation’s main statements and contributions.

The abstract is prepared according to the applicable regulations and adequately reflects the
main results achieved in the dissertation.

9. Comments, recommendations, and notes.

The dissertation demonstrates high scientific and practical value, with clearly defined
personal contributions in algorithm development and software implementation. The methodology
is sound, the results are experimentally validated, and the contributions are original and applicable.
It is recommended to expand the comparative analysis with other parallel solutions and to more
clearly outline the limitations of Al use. Additionally, it is advisable to construct a formal model
of algorithm complexity in future work, providing theoretical analysis of computational resource
requirements—typically time (steps) and memory (space), expressed as functions of input data.

10. Conclusidn with a clear positive or negative assessment of the dissertation.

The dissertation by MSc Emilia Pardo presents scientific and applied results that constitute
an original contribution to science and fully meet the requirements of the Law on the Development
of the Academic Staff of the Republic of Bulgaria and the regulations of the Technical University
of Sofia. The accompanying abstract reflects the essence of the research and correctly presents its
contributions.

Considering the merits. relevance, and significance of the dissertation. | give it a positive
assessment and recommend that the scientific jury award Emilia Pardo the educational and
scientific degree “DOCTOR” in scientific field 5. Technical Sciences, Professional Direction
5.3. Communication and Computer Engineering, Specialty: “Computer Systems, Complexes and

Networks.”

Date: August 4, 2025

REVIEWER........ N —
/ Prof. Dr. Eng. Dimitar Tokmakov/



