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Ha JMCEPTALMOHEH TPY /L
3a npu100MBaHe Ha 00pa30BaTeHATa U Hay4YHa CTeNeH "'10KTop' B
obaacT Ha BHcie oOpa3oBaHue — S. Texuuyeckn HaAyKH
npodecronanHo HarnpasieHue — 5.3. KoMyHuKauMoOHHA M KOMIIIOTBPHA
TeXHHKa
Astop: mar. Emuius Xaum Ilapo

Tema: ,,PA3IIAPAJIEJISIBAHE HA AJI'OPUTHM NEEDLEMAN-
WUNSCH BBbPXY 'PAOUYHU YCKOPUTEJIN”

Peuensent: nou. a-p unx. UBan Credpano Crankos,
kareapa Kubepcuryproct, Texunuecku yHuepcureT Codus

Hacrosiwara pCUCH3Ms [IPpEACTaBiIM B KauCCTBOTO MH Ha WICH Ha HAy4YHOTO

KypH, HazHaueHo cbc 3amoBea Ne OX-5.3-17 or 16.04.2025 r. na Pekropa Ha
Texnuyecku ynusepcutet - Codus.

1. AKTyaJlHOCT HA pa3padoTBaHusl B JUCEPTANMOHHUS TPY]A Npodjem

Huceprauvonnusar Tpyn Ha wMar. Emunus Xaum [lapno Ha Tema

,PasnapanensiBane Ha anropurbm Needleman-Wunsch Bepxy rpadudanu yckopurean”
e npexacraBed B 4 rnasu ¢ obem 134 crpanuum, pasriegaHud ca 91 nureparypHu
U3TOYHHUILIHU.

XapaxkTepHa 0coO0eHOCT Ha OMonH(pOpMaTHKATa € CIOCOOHOCTTA U Zia 00padoTBa U

UHTEPIpEeTHpa rojieMH 06eMu OMOOTUYHHU JJaHHH Ype3 Ch3/1aBAHETO HA AJITOPUTMH U
CHeUHAIM3UpaHu  COPTYEepHHM HHCTPYMEHTH. Te3M  HHCTPYMEHTH  HaMupat

NpUIIOKEHHE B O0JIACTH KAaTO TE€HOMHOTO Criao0sBaHe, HICHTH()ULUUPAHETO Ha
KOJIMpAllld T0CJICIOBATEJIHOCTH, MPEACKA3BAHETO HA CTPYKTypaTa Ha IPOTEUHH,
MOJIEKYJIHOTO JOKHPAHE U aHAJIM3a HAa MPEXKH OT OMOJIOrHYHM B3aumoaencTeus. Upes
MHTErpalysaTa Ha U3KyCTBeH HHTeNeKT (Al), OnocTaTHCTHKA U U3YMCIIUTEIHU METO/H,
OononHpopmMaTHKaTa HE CaMO MOJANOMara pa3OMpPaHETO Ha CIIOKHHU OHOJIOTHYHU
CHCTEMH, HO M [JONpPHHACS 3HAYUTCIHO 3a HANpeabKa Ha IEPCOHAIM3MpPAHATA
MEIUIUHA U OMOMEIMIIMHCKUTE HayKd. ANropuTMUTE 3a 00padoOTKa Ha rojemu
OMOJIOrMYHHU JAHHU CE HYXKIAAT OT ClICUMAIM3UPAH Xapayep 3a YCKOpsBaHE BPEMETO
Ha obOpaboTkara uM. CUDA Ttexnonorusra, cw3gageHa ot NVIDIA, npencrasissa
napaJie/iHa U34MCIUTeNHa waTGopma, KoATo u3nonspa rpaduunu npouecopu (GPU)
32 U3N'bJIHCHUC HA 33]a4M U3BbH TUIIMYHATA IpaduyHa 06padoTKa — 110/1X0/1, U3BECTCH
kato GPGPU (General-Purpose computing on Graphics Processing Units).
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BrarogapeHue Ha CIOCOOHOCTTa CH  Jla  H3IBJIHSABA
ennospemenno, CUDA ce u3moi3sa Mpoko B OMonH(popMar a3a) ,,é,lfﬂ 5{?}% )
U3YMCIIEHUATA, KATO aHaJM3 HA TIEeHOMHHM [JAaHHH, MOJIEK HO\MOILCJII/IE/H u/

CHMYJIAUMH HA OMOJIOPHUHH  CHCTeMH. Texmonormara notbprkal :géi:_gug,
nporpamupane kato C u C++, u npepiara Habop oT adbCTPaKLUK 3a YIPABJICHUC HA
HUILKH, ITAMET M CHHXPOHH3ALMs, KOETO YJIECHsABA pa3padOTBAHETO HA TAKbB THII
npuioxenus. Upes eeKTHBHO M3MOJI3BAHE HA Pa3/IMYHU BUAOBE IAMET — riiodana,
CIIOJICJICHA, JIOKAJIHA MU TEKCTypHA — MPOrPaMUCTUTE MOIAT J1a OITUMHU3HPAT CBOUTE
AJITOPUTMH B CHOTBETCTBHE C M3MCKBAHUATA HA ChBPEMEHHHUTE OHOMH(OPMATHYHH
U3CrieIBaHus.

2. Cremen Ha TNO3HABaHe CBLCTOSIHMETO Ha mnpodjeMa M TBOPYECKa
MHTepNpeTanusi HA JIUTEPATYPHUSL MaTepHaJl

Llenra Ha HacTOALIMS JMCEPTALlMOHEH TPyA € Ja Cce pasrieja U aHajlu3upa
BB3MOXKHOCTTA 3a ONTHUMU3UpaHe Ha aaropurbma Needleman-Wunsch upes Herosoro
u3npiaHeHne BBpXy rpaduden yckoputen (GPU) or tuma nVIDIA, usnonssaiku
nporpamuus mogesn CUDA C.

3amavmTe 3a IOCTUrAHE Ha TA3H 1ICJ1 ca OCTABEHU 110 CIICAHMS HAUMH: J1a CC aHAJIU3Hpa
cnenuduyHata apxurektypa Ha CUDA ©u BB3MOXKHOCTHUTE 32 €IHOBPEMEHHO
M3YHCIIEHME HAa MHOXXECTBO OIEpalMHd OT Ppa3IMuHM HMILKHM; Ja C€ M3Cle/Ba
MpUIAraHeTo Ha TO3M TOJAXOJ KbM aIrOPUTMUTE 3a JAMHAMUYHO HpOrpaMupase,
KB/ETO BCSKA KJIETKA B MaTpHllaTa 3aBHCH OT IPEIXOJHUTE CbCEIHU KIICTKH; Ja Ce
MpeACTaBST METOAM 3a napasnenusauus Ha anropurbMa Needleman-Wunsch; na ce
JeMOHCTpHupa kak u3noiizBaneto Ha GPU moxe 1a 1noj100pu npou3BOAUTEIIHOCTTA HA
asroputbMa Needleman-Wunsch upe3 mnapanensa oOpaborka; ga ce IHpoBexaT
EKCHEPUMEHTH C IOCJeABAIll aHaJIU3 Ha MOJYYEHHTE pe3ysiTaTH U jaa ce GopMmynupar
H3BOJM U 3aKIIIOUEHUs 32 €(PEKTUBHOCTTA HA M3CJICABAHUTE MOIXO0IH.

M3BbpiieH € nmoapoOeH aHalu3 Ha MapagurMUTEe Ha LAPaJICIHOTO IPOrpaMHpaHE U
0030p u anann3 Ha CUDA apxurektypata, GPU koHuemnuusita, BUJOBETE sapa B
CTPYKTYPHUTE, BB3MOXKHOCTUTE Ha rpaduunure ycrpoicTta. CrieaBaT IJ1aBH,
[IOCBETCHH Ha codryepHus uHCTpyMeHT BioPoolSelect u anropurbma Needleman-
Wunsch. M3cnenBanusra ca HacoueHH KbM (PYHKIHOHATHOCTHUTE, [IpOIeca Ha paboTa
¥ npuiiokenueTo Ha codryepa BioPoolSelect, xaTto ca mpeacTaBeHd CpaBHUTEIHH
ICHOMHH aHAQJIM3M Ha pa3jM4HM JereHepaTuBHU 3aboisiBaHus. Te3um pesynrart ca
BaKHH 3a Pa3BUTHETO HA HOBU TepareBTHYHU mojaxoau. Hapen cbc 3amo3HaBane C
pas3InYHUTE BB3MOXKHOCTH Ha ajropuTbMa Needleman-Wunsch B aucepranumsarta ce
ThPCAT IIOJAXOAM 33 HEI'OBOTO pasiapalie/isiBaHe CbC CPEACTBATA HA pasriICKlaHara
CUDA apxurektypa - u3nonssane Ha rpaduuen yckoputen NVIDIA u CUDA C u
aQHTUJIMATOHAJICH JOCTBII B Marpuuara. OnucBaT ce eKCIEpUMEHTH B cpejata
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BioPoolSelect u ¢ pasnapanenﬂBaHeTo Ha anropHTLMcl /ecd}e,npn

AucepragusiTa.

B paborata ca wu3moJ3BaHM ToJsIM OpoH JIMTEPATYPHH HM3TOYHHLMU - 91 KaTo
npeoOiafaBaliaTa 4acT ca OT BOJEIIM CHELHAINCTH B oOusactra. JluteparypHute
H3TOYHHULH Ca IPEAMMHO HOBH, 0K0s10 70% ca nmyOaukyBanu ciiea 2020 r. 3acToredu
ca ChIIO TaKa ¥ OCHOBOIIOJIATALUMTE B Ta3H 00JACT aBTOPH OT HEAANCUYHOTO MMHAJIO.
OT ClMCBKBT M IUTHPAHUSATA B TEKCTA CC BHIK/IA, Y€ ABTOPBT € MHOIO 100pe 3a103HAT
ChC CHbBPEMEHHHTE IIOCTHKEHHS HA BOJCIIH YUEHH B 00J1aCTTA.

Bb3 ocHOBa Ha M3BLPLICHHS aHAIN3 U HANPABCHUTEC M3BOLAM € (HOpMyJHpaHa
[eTa Ha JucepTanuonHara pabdora — ,,PazmapanensiBane Ha anroputsm Needleman-
Wunsch Bepxy rpadudunu yckopurenu*.

KopexTHo ca gepuHupaH U OCHOBHUTE 31441 33 TIOCTHTAHETO H:

- /Ja ce pasriena u aHanu3upa Bb3MOKHOCTTA 32 ONTHMHU3HPAHE Ha aIrOpUThMa
Needleman-Wunsch upe3 HeroBoto m3nbiHEHHE BbPXY rpaduuen yCKOPUTE
(GPU) ¢ kapra nVIDIA, cbabpixama apxurekrypa CUDA.

- Ha ce mpoyun cneuuduunata apxurtektypa nHa CUDA(M3M0A3BaHO OT
IpaQuIHOTO YCTPOHCTBO) M KaK € OPraHU3MPaHo CAHOBPEMEHHOTO H3YHCICHHE
Ha MHOXECTBO ONEPALIH OT MHOXXECTBOTO HUIIKH.

- Jla ce uscnenBa u nojueprae TPyAHOCTTA OT PUJIATAHETO HA TO3H MOAXOJ KbM
QJIFOPUTMUTE 32 JUHAMUYHO IIPOrpaMHpaHE, MPH KOUTO BCEKH E€JIEMEHT OT
MaTpPULATA 3aBHCH OT IPEIXOAHUTE ChCEIHU TAKHUBA.

- /[a ce mpoyun TexHuKa 3a pasmapanesissaHe Ha anropuTbMa Needleman-
Wunsch, xato meroaure 3a Hest IpeOLOISBAT Ta3H TPYAHOCT, KATO HANpHMEp
METO/J1a C aHTHIMArOHAJIEH JOCTBII 10 €JICMCHTHTE Ha MATPHIIATA.

- MHa ce npoBene eKCHEPUMEHT KaK H3MOJI3BAHETO Ha TpadMueH YCKOPHTE
3HAYUTEJIHO J1a 11000pu LPOU3BOAUTEIHOCTTA HA anropurbma Needleman-
Wunsch 4ype3 usnon3Bane Ha MHOKECTBO HHIUKH.

3. CroTBETCTBHE HA u36panaTa METOJAHKA HA H3CJIe/iBaHe ¢ IoCTaBeHara
HeJ M 3a1a49H HA JTUCePTAUMOHHUA TPy

IIpesicraBennte B paboTaTa M3C/ICABAHUS CA OCHIIECTBEHH ChC CHBPCMEHHH H
a[ICKBATHMU 33 PELIABAHEC HA IIOCTABEHMTE 3aJaud METOJH M XapAyepHU CPeCTBa.
Ilpunoxenn ca meroam 3a mMozenupane, cTaTHCTHUECKa 06paGoTKa M aHATM3 HA
CKCICPUMCHTAIHUTE PC3YNITATH, IVITAHUPAHC HA CKCIICPUMEHTUTE M ONTUMHU3HPAHE,
IOCPEACTBOM U3CJICABAHMS.
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I[oxa3aHa € TCXHOJIOTHUYHATAa BB3MOXHOCT 3a peEalin

napasiejiHa ontumusauus. OO0OCHOBaH € HOB BAapUAHT Ha

Ha amroputrbma Ha Needleman-Wunsch Bvpxy rpaduuen mnpouecops Hamara ce
OpujaaraHeTo Ha anTuavarosaneH (Wavefront) moaxon, mopaau NpPUCHILMTE Ha
QJITOPUTBMA  3aBUCHUMOCTHM MEXAY MaTpUUHHTE €JICMEHTH, KOHTO Ch3JaBaT
NPEMIIOCTABKM 338 MHOIOHHMIIKOBO H3IBJIHEHHE. AJITOPUTBMBT H3HCKBA 34
M34YHC/IIBAHETO HAa CTOMHOCTTA HAa Ja/ieHa KJIeTKa B MaTpuuaTta HaJIMYMeTO Ha
pe3yJITaTUTE OT TPH CHCEAHU KIETKU — TOpHA, JIsIBa M FOpHA JSBO-AMaroHanna. Te3u
3aBUCHUMOCTH BB3IPENATCTBAT IPHIIATAHETO HA KJIACHYECKH PEA0BO HIIM KOJIOHHO
OPUCHTHPAHH CTPATETMU 3a 00X0J, ThbH KaTO TC HE IMO3BOJIIBAT CHHOBPEMCHHA
obpaboTka 6e3 KOH(UIMKTH TIpu 4yeTeHe W 3amuc Ha ganHdu. C HApacTBaHETO Ha
ABJDKHHATA HA aHTHIMArOHAJIMTE KBbM LIEHTpAJHATA YacT Ha MaTpHIATa Ce yBeInyaBa
¥ OpOoAT Ha HE3aBUCHMMTC 3a1a4d, KOETO IMO3BOJISBA M3IIOJI3BAHE HA BCE MO-TOJISAMA
yact ot Hajmmyaute CUDA sapa. ToBa Boau 10 BHCOKA CTENEH HA Mapajeiu3bM M
ONTUMAJIHO U3MOJI3BaHe Ha n3uuciuTenHusd kanauurer Ha GPU. Teii kaTo rpadmunmnTe
NPOLECOPH Ca CIICHUATU3UPAHHU 3a U3IIBIHEHUE HA TOJISIM OpOM Orepanuu C IiaBaia
3arerasi, aHTHAUArOHAJIHUAT II0AX0/ CE SBsIBAa OIITHUMAJIHA CTPATETHsI 34 IIOCTUTAHE Ha
MaKCHMallHa TPOU3BOAMTEIIHOCT INPH TapajeliHa peaM3alysi Ha aJropuTbMa
Needleman-Wunsch.  Tesu 3akmouenus MHOrOKpaTHO ca  II0COYBAaHH B
JAACEPTALIMOHHUS TPYA.

4. KpaTka aHaJINTHYHA XapaKTEePHCTHKA M OLIEHKA HA JOCTOBEPHOCTTA HA
aJIropuThMa

YCBOEHUTE M HM3ION3BAaHH OT aBTOpAa METOAM M CPEJACTBA 32 AHATMTHYHH M
CKCICPUMCHTAIHU HW3CIEABAHUSA CBUICTCIICTBAT 3a IIOCTUTHATUTE HM3UCKBAHUSA B
00pa3oBaTesieH acleKT H TapaHTHPAT KayeCTBO M JOCTOBEPHOCT HA IONYYCHHTE
pe3yJITaTH.

S. IlpuHocyu Ha JHCEPTAIIMOHHMUS TPY/

Pabotara ¢ ¢ sicHO U3pa3eH Hay4HO-TIPHIIOKCH XapaKTep.
IIpesncrasenu ca 5 npuHOCH, 3 HAYYHO-NPUIOKHM U 2 TIPUITOKHH IPUHOCH.
Hay4Ho — npuH10:KHH:
IIpunoc 1

Ch3nanena e onTHMM3aUMs Ha NapajelHa Bepcus Ha anropurbMa Ha Needleman-
Wunsch 3a rpaduunn npouecopu (GPU) ¢ BpBeskgaHe 1 060CHOBKA Ha H3MIOI3BAHETO
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Ha aHTHaMaroHanaus noaxon (Wavefront) 3a edexTuBH
M3UYMCIICHUSTA.

IIpunoc 2

BbBeneH € HHACKC Ha 3PaBHSIBAHE HA I0C/Ie10BaTEIIHOCTH. JleuHupa HOBAa METPHKA,
KOATO HM3MEpBa pasz/MKaTa Mexay KOePHUIMEHTHTE Ha CXOACTBO Ipeand W Clel
MOJAPABHIBAHETO, KOETO MOXeE Ja MOMOTHE 3a Mo- A00pOTO pa3OMpaHe Ha Bpb3KaTa
MEX/1y CXOACTBOTO Ha I10CJIEA0BATCIIHOCTUTE M €(PEKTUBHOCTTA HA ITOAPABHABAHETO.

[Ipunoc 3

Pa3paboTeHo e pbKOBOJACTBO no aucuuruinHata “lIIporpamupane Ha ChBpEMEHHH
XETCPOTCHHM ApPXUTEKTYpPU~, KOCTO 3aIll03HABAa CTYJCHTUTE C ApPXUTEKTYPHHUTE
XapaKTEPUCTUKH HA XCTCPOICHHUTE M3YHCIUTEIHH CHCTEMH, MOJEIH 3a IapajiejIHo
NpOrpamMHpaHe BBPXY pa3IUYHU APXUTEKTYPHM KOMIIOHEHTH, TEXHUKH 34
pasnpeessiHe Ha HATOBAPBAHETO M €(DEKTUBHO YIIPABJICHUE Ha IIAMET M PECYPCH.

Ipuioxuu:
IIpunoc 4

Pa3paboTeno e ppkoOBOACTBO 1O aucuuiuinHata “IIporpamupane Ha CbBPEMEHHH
XETEPOT€HHU APXUTEKTYpU~, KOETO 3amo3HaBa CTYJACHTUTE C APXUTCKTYpHUTE
XapaKTEPUCTUKH HAa XCTCPOICHHUTE M3YUCIIUTEIHH CHUCTEMH, MOJICIH 32 NapajieliHo
NporpaMHpaHe BbpPXY pa3IMYHU APXUTEKTYPHH KOMIIOHEHTH, TEXHHUKH 3a
pasmnpenesssHe Ha HATOBAPBAHCTO U €()EKTUBHO YIIPABJICHUE HA MAMET U PECYPCH.

IIpunoc 5

IIpencraBen e cpaBuuTeneH aHain3 Ha reHomu. Codryepsr BioPoolSelect
aBTOMaTu3upa rnpoueca Ha obpaboTka Ha rojieMu reHoMHM (aiioBe, KaTo NpaBH
BB3MOKHO 110-0BbP30 U €(PCKTUBHO CPaBHEHHE HA TCHOMHH JaHHH.

6. OueHka 3a cTeneHTa HA JIMYHOTO y4acTue HaA JUCEPTAHTA B IPUHOCHUTE

C‘II/ITaM, 4C IIOCTUIHATUTE PE3YJITATU Ca ACJIO HAa JOKTOpAaHTa 1104 HAYYHOTO U
MCTOAHUYCCKOTO PBKOBOJACTBO HA HEIOBHUA PBKOBOJHTECII. JInunoro Y4acTue B
pa3pa60T1<aTa 1 IIPOBCKAAHCTO HA CKCIICPUMCHTAJIHUTC HU3CJICABAHHS € HCCbMHEHO.
Iloxa3aTencrso 34 TOBa Ca H)’6HI’IK€1HHVITC Ha JOKTOpaHTa.




7. IIpenieHKa Ha NMyOJIMKALMHUTE N0 JUCEPTALMOHHUSA TPYA

B®B Bpb3Ka ¢ IUCCPTALMOHHUS TPY/l Ca MPEACTABCHU 4 IMyOJIMKALIMH, OT KOUTO 3
ca B CHABTOPCTBO C HAY4YHHsI PbKOBOJIMTE) Ha JIOKTOpaHTa a 1 € camocCTosTelHa.
CouchkpT ¢ nyOnukanuu Kato Opoil, ChbABPKAHUE M KA4YECTBO, Y/IOBIETBOPSBA
H3UCKBAaHUATA, 110co4YeHH B [IpaBmiHuka 3a npuiioO0MBaHe HAa HAYYHH CTCICHH U
3aeMaHe Ha aKaJeMHYHH ATbKHOCTH B TexHuuecku yHuBepcuter — Codus.
ITy6nukanuuTe ca B MEXYHAPOIHH HayYHH KOHPEPCHIIMU UH/IEKCHPAHH B SCopus u
Web of Science. Lutupanus Ha nyOnukauuu 10 JUCEPTALMOHHHS TPYA HE ca
NPEICTaBEHH.

8. Ouenka Ha CHLOTBETCTBHETO HA aBTOpe)epaTa ¢ M3MCKBAHUATA 32
H3rOTBSIHETO MY

AstopedeparsT € pazpaboreH B 06eM 0T 41 crpaHumm, Criope)1 H3UCKBAHMATA 3a
H3rOTBAHETO My. TOH oOTpa3sBa a/JIeKBaTHO OCHOBHUTE AaKIEHTH M pe3yJITaT,
IOCTUTHATH B JUCEPTALMOHHUS TPYIL.

9. 3a0eJie;KKH MO IMCEPTANMOHHUS TPY/I

XybaBo ¢ npuHocuTe Ja ObIaT GopMyIHpPaHH MO-KPaTKO B PAMKUTE Ha €IHO
uspedyenue. Jlokropanrer wmar. Emwims Ilapgo e cnaswima u3uMcKkBaHusTa 32
HaIMCBAHETO HA AMCEPTALMOHHUS CH TPY/L.

10. 3ak/aouenue

C‘{I/ITaM, 9€ IIPECACTABCHUAT JUCCPTALMOHEH TPY I OTroBaps Ha H3NCKBAHUATA HA
3aKoHa 3a Pa3BUTHUC HA AKAOCMHUYHUA CBECTAB B Peny6nm<a B’bHI‘apI/ISI.

[TocturuaTuTe pesyaraTy MU JaBaT OCHOBAHHE Ja JaM MOJOKHTEIHA OLEHKA K
Jia MpeyIoka Ha yBakaeMoTo HayuHo jxypu J1a IpuchaAn 00pa3oBaTeliHaTa U HayyHa
CTEINEH ,,A0KTOP” Ha Mar. Emuins Xauwm [lapao B: o6nact na Buciue o6pasoBaHue -
5. Texunveckn HayKu ; IPo(ECHOHAIHO HaNpaBjeHuE - 5.3 KomyHukauuonna u

KOMIIOTBbPHA TEXHUKA.
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Author: Emilia Haim Pardo

Subject: “A PARALLELIZATION OF THE NEEDLEMAN-WUNSCH
ALGORITHM ON GRAPHICS ACCELERATERS”

Reviewer: Assoc. Prof. Dr. Eng. Ivan Stefanov Stankov,
Department of Cyber Security, Technical University of Sofia

I submit this review as a member of the scientific jury appointed by Order No.
0J-5.3-17 0of 16.04.2025 of the Rector of the Technical University - Sofia.

1. Relevance of the problem developed in the dissertation

The dissertation thesis at mag. Emilia Haim Pardo at topic "Parallelization of the
Needleman-Wunsch algorithm on graphics accelerators" is presented in 4 chapters of
134 pages.

A characteristic feature of bioinformatics is its ability to process and interpret large
volumes of biological data through the creation of algorithms and specialized software
tools. These tools have applications in areas such as genome assembly, coding
sequence identification, protein structure prediction, molecular docking and the
analysis of biological interaction networks. Through the integration of artificial
intelligence (Al), biostatistics, and computational methods, bioinformatics not only
aids the understanding of complex biological systems, but also contributes significantly
to the advancement of personalized medicine and biomedical sciences.

Algorithms for processing big biological data need specialized hardware to speed up
their processing time. CUDA technology, created by NVIDIA, is a parallel computing
platform that uses graphics processing units (GPUs) to perform tasks beyond typical
graphics processing - an approach known as GPGPU (General-Purpose computing on
Graphics Processing Units). Due to its ability to perform multiple Operations
simultaneously, CUDA is widely used in bioinformatics to speed up computations such
as genomic data analysis, molecular modeling, and biological systems simulations. The
technology supports programming languages such as C and C++, and offers a set of
abstractions for thread management, memory and synchronization, making it easy to
develop these types of applications. By efficiently using different types of memory -
global, shared, local and texture - programmers can optimize their algorithms according
to the requirements of modern bioinformatics research.
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The aim of this dissertation is to examine and analyze™t -

optimizing the Needleman-Wunsch algorithm by executing it on an nVIDIA type
graphics accelerator (GPU) using the CUDA C programming model.
The tasks to achieve this goal are set as follows: to analyze the specific architecture of
CUDA and the possibilities of simultaneous computation of multiple operations from
different threads; to investigate the application of this approach to dynamic
programming algorithms, where each cell in the matrix depends on the preceding
neighboring cells; to present methods for parallelization of the Needleman-Wunsch
algorithm; to demonstrate how the use of GPUs can improve the performance of the
Needleman-Wunsch algorithm through parallel processing; to conduct a detailed
analysis of parallel programming paradigms and a review and analysis of the CUDA
architecture, GPU concept, types of cores in the architectures, capabilities of graphics
devices. Chapters on the BioPoolSelect software tool and the Needleman- Wunsch
algorithm follow. Research is focused on the functionalities, workflow and application
of the BioPoolSelect software, and comparative genomic analyses of different
degenerative diseases are presented. These results are important for the development
of new therapeutic approaches. Along with introducing the different capabilities of the
Needleman-Wunsch algorithm, the thesis seeks approaches to its parallelization with
the means of the CUDA architecture under consideration — using NVIDIA graphics
accelerator and CUDA C and anti-diagonal access in the matrix. Experiments in the
BioPoolSelect environment and with the Needleman-Wunsch algorithm parallelization
are described, with the results of the experiments are analyzed and included in the
contributions to this dissertation.

A large number of references, 91, have been used in this work, with the vast
majority from leading experts in the field. The literature sources are mostly new, about
70% were published after 2020. The seminal authors in the field from the recent past
are also covered. It is evident from the list and in-text citations that the author is very
familiar with the current achievements of leading scholars in the field. Based on the
analysis and conclusions drawn, the aim of the thesis, "Parallelization of Needleman-
Wunsch algorithm on graphics accelerators"”, is formulated.

The main tasks for its achievement are also correctly defined:

- To consider and analyze the possibility of optimizing the Needleman-Wunsch
algorithm by running it on a graphics accelerator (GPU) with an nVIDIA card
containing CUDA architecture.

- To investigate the specific CUDA architecture(used by the GPU) and how the
concurrent computation of multiple operations from multiple threads is organized.



epc
(\0 \;r\ue s Hm 'me,.
&

yplﬁachx.to} dynai e\
eudS“C)h i‘l‘lé“bfé“\'} u

- Explore and highlight the difficulty of applying this
programming algorithms, where each element of the matrix
adjacent ones. P r,nop,m 2
- To investigate a parallelization technique for the Needleman- Wu\h‘al”gcrﬁf m, w1th

methods to overcome this difficulty, such as the method with antidiagonal access to
matrix elements.

- Conduct an experiment on how the use of a graphics accelerator can significantly
improve the performance of the Needleman-Wunsch algorithm by using multiple
threads.

N

3. Relevance of the chosen research methodology to the stated aim and

objectives of the thesis

The research presented in this thesis has been carried out using state-of-the-art
methods and hardware adequate for the tasks at hand. Methods of modeling, statistical
processing and analysis of experimental results, planning of experiments and
optimization through researches have been applied.
The technological feasibility of implementing the algorithm with parallel optimization
is demonstrated. A new variant of Needleman-Wunsch is justified, in which
parallelization is done with antidiagonals and this method is justified in the thesis. A
workable method for efficient parallel implementation of the Needleman- Wunsch
algorithm on a GPU is proposed.An antidiagonal (Wavefront) approach is imposed due
to the inherent dependencies between the matrix elements of the algorithm, which
create prerequisites for multi-threaded execution. The algorithm requires the presence
of the results of three adjacent cells - top, left and top-left-diagonal - to calculate the
value of a cell in the matrix. These dependencies preclude the application of classical
row- or column-oriented traversal strategies, as they do not allow simultaneous
processing without read and write data conflicts. As the length of the antidialogs to the
central part of the matrix increases, so does the number of independent tasks, allowing
the use of an increasing fraction of the available CUDA cores. This leads to a high
degree of parallelism and optimal utilization of the GPU computational capacity. Since
GPUs are specialized to perform a large number of floating-point operations, the
antidiagonal approach appears to be an optimal strategy to maximize performance in a
parallel implementation of the Needleman-Wunsch algorithm. These conclusions are
repeatedly pointed out in the dissertation.

4. Brief analytical characterization and evaluation of the algorithm's
reliability

The analytical and experimental research methods and tools mastered and used
by the author testify to the educational requirements achieved and guarantee the quality
and reliability of the results obtained.



5. Contributions of the dissertation
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The dissertation work has a clearly expressed scientifi and a:pphedmhanaetér
There are 5 contributions, 3 scientific and 2 applied eontu{&m}lg fﬁf%ﬁ}fg ic_aad

applied: . ——
Scientific:

Contribution 1

An optimization of a parallel version of the Needleman-Wunsch algorithm for graphics
processing units (GPUs) with an introduction and justification of the use of 5 of the
antidiagonal approach (Wavefront) for efficient parallelization of computations.

Contribution 2

An index of sequence alignment is introduced. It defines a new metric that measures
the difference between pre- and post-alignment similarity coefficients, which can help
to better understand the relationship between sequence similarity and alignment
performance.

Contribution 3

It is developed a tutorial on "Programming Modern Heterogeneous Architectures" that
introduces students to architectural characteristics of heterogenecous computing
systems, models for parallel programming on different architectural components,
workload allocation techniques, and efficient memory and resource management.

Applied:

Contribution 4

It is developed a tutorial for the course Programming Modern Heterogeneous
Architectures that introduces students to the architectural characteristics of
heterogeneous computing systems, models for parallel programming on different
architectural components, workload allocation techniques, and efficient memory and
resource management.

Contribution 5§

A Comparative genome analysis is presented. The BioPoolSelect software automates
the process of processing large genome files, enabling faster and more efficient
comparison of genomic data.

6. Assessment of the degree of personal involvement of the dissertant in the
contributions
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[ believe that the results achieved are the work of the PhD student under the scientific
and methodological guidance of his supervisor. Personal involvement in the design and
conduct of the experimental studies is unquestionable. The doctoral student's
publications are proof of this.

7. Assessment of the publications on the thesis

Related with the dissertation work, 4 publications have been submitted in
connection with the dissertation, 3 of which are co-authored with the PhD student's
supervisor and 1 is independent. The list of publications in terms of number, content
and quality satisfies requirements specified in the Regulations for the Acquisition of
Scientific Degrees and Academic Positions at the Technical University of Sofia. The
publications are in international scientific conferences indexed in Scopus and Web of
Science. Citations of publications on the thesis are not presented.

8. Assessment of the compliance of the abstract with the requirements for
its preparation

The abstract has been developed in 41 pages according to the requirements for
its preparation. It adequately reflects the main points and results achieved in the thesis.

9. Comments on the thesis

It would be good to formulate the contributions more concisely within one
sentence.l believe that the PhD student, Mag. Emilia Pardo, has complied with the
requirements for writing her dissertation.

10. Conclusion

[ believe that the submitted dissertation meets the requirements of the Law on
the Development of Academic Staff in the Republic of Bulgaria.
The achieved results give me the grounds to give a positive evaluation and to propose
to the esteemed Scientific Jury to award the degree of Doctor of Education and Science
to Emilia Haim Pardo in the field of higher education - 5. Technical sciences;
professional field - 5.3 Communication and computer engineering.
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