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BBPXY JUCEPTALMOHEH TPy 3a IPHI0OUBaHE Ha 06pa30BATENIHA H HAYYHA CTENIEH ,OKTOp -~ |
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ABTOp Ha JUCEpPTALMOHHUA TpyA: Mar. nHxk. EMuang Xaum Ilapao

Tema Ha aucepTanmonHus Tpyx: PasnapasniensBane Ha anroputsM Needleman-Wunsch Bbpxy
rpapuyHn YCKOPUTEIH

Ynen Ha HAYYHOTO XypH: mpod. n-p Huna Xpucrosa Jo6punkosa (MAKT-BAH)

1. AxTyajqHocT Ha pa3padoTBaHMsl B JUCEPTALMOHHMSA TpPyX NpodjeM B HAy4YHO H
HAYYHONPHUJIOKHO OTHOomeHHe. CTemeH M HHMBA HAa AKTYaJHOCTTa Ha mnpodjeMa W
KOHKPETHHTE 32]]a4M, pa3padoTeHy B qJucepTanusaTa: Pa3paboTeHUAT qucepTalioOHEH TPYA
¢ mocBeTeH Ha anroputbMa Ha Needleman-Wunsch usnon3san B 6uounpopmarukara. Tosa e
MYATHAUCLUIUIMHAPHA O0JIACT KBAETO Ca UHTETPUPAHH KOMITIOTHPHU HayKH, MAaTEMAaTHUKA U
CTATUCTHKA 32 aHAIM3 Ha OMOJIOTMYHY JaHHU AKIEHTa Ha pa3paboTKUTE HAa JOKTOpPAHTKATa €
BBpPXY ONTHMU3MpaHe Ha anroputbMa Needleman-Wunsch upe3 HEroBOTO H3NBIHEHHE BBPXY
rpatduyen yckopuren (GPU) ot tuna NVIDIA, usnonspaiiku nporpamuus mogen CUDA C.
ITocraBeHaTa 3a/1aya € aKTyalHa ¥ UIMa 3HAYMMOCT 3a chepara Ha OOLIECTBEHOTO 3/IpaBe.

2. CreneH Ha NMO3HABaHe CHCTOSTHMETO Ha TMpobjeMa W TBOpYecKa WHTepnpeTanus Ha
JIUTepaTypHHsi MaTepuan: B HanpaBeHus nuTepaTypeH 0030p IOKTOPAaHTHT TOKa3Ba
3a7p100U€HO NTO3HABaHE Ha ChCTOSTHUETO Ha npobnema. [{utupanu ca o6mo 91 nurepatypHu
U3TOYHMLIM, KaTo 3 OT TAX ca MHTEpHET ajgpecu. Ha 6a3za Ha Te3M M3TOYHHLM € HaNpaBEeHO
BBBEJCHHUE B pasriexJaHaTa TeMaTHKa, KaTo JOKTOPAaHTHT JEMOHCTpUpa 3adblIO04YEeHU
TEOPETUYHU 3HAHHUS OTHOCHO PAa3ryIeXJaHWTE aJTOPUTMHM W HM3IMOJI3BAHETO Ha TpaduyHH
YCKOPUTEIH.

3. CboTBeTcTBHMe HAa H30paHATa METOAMKA HA M3CJIe(BAHE H MOCTABEHATA IeJl M 3a1a4H Ha
AUCEPTALMOHHUSA TPYA € MOCTUTHATHTE NpuHOocH: CyuraM 4e u3bpaHaTa OT JOKTOpaHTa
METOAMKA CHOTBETCTBA HAIBJIHO 3a IOCTUTaHE Ha [T0OCTABEeHATa B IUCEPTALMOHHUS TPYH Lel,
a MMEHHO ,,onTHMu3alus Ha anropurbMma Needleman-Wunsch upe3 HEroBOTO HU3NBIHEHHE
BBpXY IpadHuHH YCKOPUTENIH" . 3a IOCTUTraHETO Ha Ta3W el ca GOpMYIMPaHH 5 OCHOBHH
3anauyy. BriewatneHue mpaBu codTyepHaTa pa3paboTka Ha JOKTOpaHTKaTa IpPEICTaBEeHa B
rnaBa 3 ¢ HauMmeHoBaHue BioPoolSelect. ToBa € HHCTPYMEHT 3a T€HETHYHM H3CJIE€IBAHMS.
Herosoto mpunoxenue e ¢ ¢(oxyc BbpXy MOJAPABHSBAHETO Ha IIOCIEIOBATEIHOCTH U
H3y4aBaHETO Ha MATOrEHHW I'€HOMHHU BapUaHTH M TAXHOTO BIWSHHE BBPXY 3JIPaBETO Ha
ChBpeMeHHHUTE Xopa. I'naBa 4 ce dokycupa Bepxy anroputbmMsT Needleman-Wunsch, kaTo
HHCTPYMEHT 3a IJI00aHO MOJpaBHSABaHE Ha CeKBeHIMHU. M3cieqBany ca BE3MOXKHOCTUTE 3a
ebeKTUBHO TapajeNH3upaHe Ha alrOPUTHMa, Upe3 U3MOJI3BaHe Ha TpadUUHU YCKOPUTENH H
METOJH KaTo aHTHAMAaroHajleH ANocThI. To3M MOAXoJ € AEMOHCTpUpaH KaTo Mogo0psABaml B
3HAYUTEJIHA CTEIEH INPOU3BOJUTEIHOCTTa NpPHU OOpaboTKa Ha TONIEMH [JAaHHU B CJIOXHHU
OuouH(pOPMATHIHH 32241, KBAETO € IPHIIOKEH 3a IEMOHCTPALHA.

4. HayyHu v/uiiM HAYYHONPHJIOKHM NMPHHOCH HA JUCEPTAUMOHHMS TPyA. 3HAYMMOCT Ha
NPUHOCUTE 32 HAYKATA U MPAKTHKATA:



IIpuHocuTe ca pa3feneHd Ha HayyHO-TIpHIoxkHU (3 Opos) u npuioxuu (2 6pos). Te ca
IIPEICTaBEHU OMMCATENHO U JaBaT siCHA Npe/icTaBa KaKBO € MOCTUTHATO.

IIpueMaMm 1101y4EHUTE OT JOKTOPAHTA HAY4HO-IIPHIJIOXKHHU U IPHUIIOKHHU IIPUHOCH.

MHueHueTo M €, 4€ TE€3H IIPHHOCH IIPAaBHJIHO OTpa3siBaT IOCTUIHATOTO OT aBTOpa B
Imporeca Ha IPOBECACHUTE HU3CIICABAHUS U HaMHpaT CBOATA MNPUIOXUMOCT B HayKaTa U B
IIpaKTHUKaTa.

5. IlpeueHka Ha MyOJHKaNHMHUTE [0 JHCEPTALMOHHHSA TPYyA: Opoii, XapaKkTep HA U3JAHHATA,
B KOUTO ca oTnedaraHu. OTpaxeHue B HayKaTa — M3MO0JI3BaHe W IUTHPaHe OT APYrH
aBTOpPH, B Jpyru JjaaGoparopuu, crpaHd u mnp: [IpencraBenu ca o6bmo 4 (4eTvpu)
nyOnMKalM¥ BBB BpPB3Ka C JHUCEPTALMOHHHSA TpyA U 1 (€IHO) YHHBEPCHTETCKO y4eOHO
pBKOBOACTBO. Tpu OT mMyOnMMKALMUTE ca OT MEXIYHApOAHH KOH(EPEHIUH, KaTO €IHa OT
nybaukanuuTe e caMoctosTenHa. Eqna e mox nmeyar. CuutaM, 4e JOKTOPAHTKATa € MOKPUia
BCUYKU M3MCKBaHMs 3a NyONMKAIMOHHA JEHHOCT M € MONY/ISIpU3upalia IOCTHTHATUTE
pe3ynaTaTH 3asBEHU B LICIMTE U 33Ja4YdTe HA JUCEPTALMOHHMAT Tpyd. He ca 3abenssanu
UTUPAHUSI KbM MOMEHTA.

6. MHeHMs, NpPenoOPBKH U Ge1exkKH: J[McepTallHOHHUAT TPYJ € aKTyaJIeH U paboTaTa H3BbpLICHA
B HErO € CTPYKTypUpaHa A00pe C SCHH TEKCTOBE M NPUMEPU 332 OMUTHUTE MOCTAHOBKH U
TecTBaHUTE 3a1a4i. OPOPMIICHUETO Ha AUCEPTALMOHHHAT TP O¥ OHII OIlIEe IO-ACEH 3a YETEHE,
ako 6eme oopMeHa IbpBa CTpaHUIIA IO MOAZOOUE Ha Ta3u OT aBTOpedepaTa, KbJETO € YKa3aHo
Hay4yHa CIELHWAHOCT M HamNpaBJIeHHWE, UME Ha JOKTOPAHT W Hay4eH PBHKOBOAMTEN, KAKTO W
MMETO Ha YHUBEPCHUTETA, B KOMTO JOKTOpaHTKaTa 3aBbpIuBa. M3nomseanute 91 6udbnmorpadceku
MI030BaHMs, SCHO TIOKa3BaT, 4€ JOKTOPAHTKA € HalpaBWJla HEOOXOJUMHUTE MpPEIBAPHTEIHH
NpOy4BaHUS, NpEAM Ha TPHCTBIUM KbM HeWHaTa pabora. JIMICBAT TPUIOKEHHS KbM
OUCEPTALMOHHMAT TPy, KOUTO Ouxa 6uiiu 1o0pa pedepeHIus 3a caMoCTosITeTHaTa paboTa KbM
riaBa 3 3a pealM3MpaHeTO Ha codTyepHOTO mpuioxeHue BioPoolSelect. Bwrpeku Tesu
HE3HAYUTEIHM MPOMYCKH, CYMTAM Y€ JAOKTOPAHTKATa CE € CIpaBMiIa C MOCTABEHUTE LENU U
3aJ]auM Ha JUCEPTALMOHHUAT TPYI.

7. 3axiirovyeHHe ¢ SICHA MOJIOKUTETHA HJIM OTPHIATEIHA OLleHKA HA {UCEePTALMOHHHUS TPYI:
ITpenocTaBeHUAT AUCEPTALIMOHEH TPYA, MyOIHUKAILIMUTE Ha aBTOPA U HOPMYyTHpaHUTE IPUHOCH
MMaT BCHUYKHM [OCTOMHCTBA M CYHUTaM, Y€ CHOTBETCTBAT HANBJIHO Ha H3UCKBaHUATA 3a
npunobuBaHe Ha HayyHa CTeNeH ,,JOKTOp* neduHHpaHd B 3aKOHA 3a pa3BUTHE Ha
akagemMuunus cberaB (3PACPB), IlpaBunnuka 3a HeroBoro mpuiarade (ITII3PACPB) u
ITpaBuiHuKa 3a YCIIOBUATA U pelia 3a MpUI0OKBaHe Ha Hay4HU crenieHd B TY-Codus.

JlaBaM IOJIOKHTETHA OIEHKA Ha JUCEPTALMOHHHS TPY/ U [peyiaraM Ha YBakaeMoTO KYPH JIa B3eMe
pelIeHHE 32 IPUCHK/IaHe Ha HayJIHaTa K 06pa3oBaTelHa CTENeH 'OKTop' Ha Mar. uik. EMuis Xanm
Iappo. e
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OPINION

on a dissertation for obtaining an educational and scientific degree-"Doctor"

Author of the dissertation: mag. eng. Emilia Haim Pardo

Topic of the dissertation: Parallelization of the Needleman-Wunsch algorithm on graphics
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accelerators
Member of the scientific jury: Prof. Dr. Nina Hristova Dobrinkova (IICT-BAS)

Relevance of the problem developed in the dissertation in scientific and applied science.
Degree and levels of relevance to the problem and the specific tasks developed in the
dissertation: The developed dissertation is dedicated to the Needleman-Wunsch algorithm
used in bioinformatics. This is a multidisciplinary field where computer science, mathematics
and statistics are integrated for the analysis of biological data. The emphasis of the doctoral
thesis is on optimizing the Needleman-Wunsch algorithm by implementing it on a graphics
accelerator (GPU) of the NVIDIA type, using the CUDA C programming model. The task set
is relevant and has significance for the field of public health.

Degree of knowledge of the state of the problem and creative interpretation of the
bibliography: In the literature review, the doctoral candidate demonstrates in-depth knowledge
of the state of the problem. A total of 91 literature sources are cited, 3 of which are Internet
addresses. Based on these sources, an introduction to the topic under consideration is made,
and the doctoral candidate demonstrates in-depth theoretical knowledge of the algorithms under
consideration and the use of graphics accelerators.

Correspondence of the chosen research methodology and the set goal and tasks of the
dissertation with the achieved contributions: I believe that the methodology chosen by the
doctoral candidate is fully consistent with achieving the goal set in the dissertation, namely
"optimization of the Needleman-Wunsch algorithm by its implementation on graphics
accelerators". To achieve this goal, 5 main tasks have been formulated. The software
development presented in Chapter 3, called BioPoolSelect, is impressive. This is a tool for
genetic research. Its application focuses on sequence alignment and the study of pathogenic
genomic variants and their impact on the health of modern people. Chapter 4 focuses on the
Needleman-Wunsch algorithm as a tool for global sequence alignment. The possibilities for
effective parallelization of the algorithm are investigated by using graphics accelerators and
methods such as antidiagonal access. This approach has been demonstrated to significantly
improve the performance of processing big data in complex bioinformatics tasks, where it has
been applied for demonstration.

Scientific and / or applied scientific contributions to the dissertation. Significance of
contributions to science and practice:

The contributions are divided into three (3) scientific-applied and two (2) applied. They are
presented descriptively and give a clear idea of what has been achieved. I accept the scientific-
applied and applied contributions outlined by the doctoral candidate. My opinion is that these
contributions correctly reflect what the author has achieved in the process of the conducted
research and find their applicability in science and practice.



5.

Evaluation of the publications on the dissertation: number, nature of the editions in which
they are printed. Reflection in science - use and citation by other authors, in other
laboratories, countries, etc.: A total of 4 (four) publications related to the thesis and 1 (one)
university study guide have been presented. Three of the publications are from international
conferences. One of the publications is having only one author — the PhD candidate. One paper
is under preprint. I believe that the doctoral candidate has covered all the requirements for
publication activity and has promoted the achieved results stated in the goals and objectives of
the dissertation. No citations have been noted at the moment.

Opinions, recommendations and notes: The dissertation is up-to-date and the work done in it
is well structured with clear texts and examples of the experimental setups and the tested tasks.
The layout of the dissertation would be even clearer to read if the first page was designed in a
similar way to that of the avtoreferat, where the scientific specialty and direction, the name of
the doctoral candidate and scientific supervisor, as well as the name of the university where the
doctoral student graduated are indicated. The 91 bibliographic references used clearly show that
the doctoral candidate has done the necessary preliminary research before proceeding with her
work. There are no appendices to the dissertation, which would be a good reference for the
independent work on chapter 3 on the implementation of the BioPoolSelect software application.
Despite these minor omissions, I believe that the doctoral student has coped well with the set
goals and objectives of the dissertation.

Conclusion with a clear positive or negative assessment of the dissertation: The submitted
dissertation, the author's publications and the formulated contributions have all the merits and
I believe that they fully comply with the requirements for acquiring the scientific degree
"doctor" defined in the Academic Staff Development Act of republic of Bulgaria, the
Regulations for its implementation and the Regulations for the conditions and procedure for
acquiring scientific degrees at TU-Sofia.

I give a positive assessment of the dissertation and propose to the Honorable Jury to proceed with a
decision on the award of the scientific and educational degree “Doctor” to mag. eng. Emilia Haim

Pardo.

Date:

11.07.2025 Member of the scientific jury: =
Prof. PHD Nina Dobrinkova



