
9 eFQBtØ56-yc/- 028

PEUEH3HS1
Ha AMCePTaUVIOHeH erpyn

o CZCY27ZÄ

62
, 2225 u .

3a TIPHJ106HBt1HeHa 06pa30BaTeJIHaTa H Hayt1Ha cTeueE1 "AORTOP"B

rrp0(becH0HaJIH0 HanpaBJ1eHme — 5.3. K0MY11HKau11011Ha n KOM1110TbPHa
TeXHViK•a

ABTop: Mar. EMHJIVIH XaHM IlapA0

TeMa: „PA3f1APAJIEJIABAHE HA ANOPVITbM NEEDLEMAN-
WUNSCH BbPXY rPAØWIHV1YCKOPHTEJIVI"

PeueH3eHT: AOII. A-p HI-I>K. CTaHKOB,
Karreapa KH6epcnrypHocT, TexymqeCKH YHHBepcnrreT
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TeX11nqeCKHYHHBepcwreT - Cocl)Hfl.

1. AKTY'ÄJIHOCTI-la pa3pa60TBaHHf1 B AHcePTaUHOHHHH TPYA np06J1eM

AnceprraUHOHHHflT TPYA Ha Mar. EMHJIH51 XauM Flapao Ha TeMa

„Pa3napaJ1eJ1f1BaHe Ha aJWOPVITbMNeedleman-Wunsch Bbpxy YCKOP11TeJIH"
e npeAcrraBeH B 4 rnaBH c 06eM 134 CTP{IHHUH, pa31"J1eaaHH ca 91 nwreparrypHH

V13TOLIHHUH.

XapaKTepHa OC06eHOCT Ha e CllOC06HOCTTa il na 06pa60TBa VI

HHTepnpeTHpa roneMH 06eMH 6monorHt1HH naHH1d qpe3 Cb3naBaHeTO Ha anropHTMM H

cneuvraJIH3HpaHH HHCTPYMeHTH. Te3H HHCTPYMeHTV1 HaMvrpaT

11PVIJ107CHne B 06J1aCTH KaT0 reHOMHOTO crn0651BaHe, Ha

KOJIMpaL11H nocneÅOBa-reJIHOCTH, npezxcKa3B{1HeT0 Ha crrpYKTypaTa Ha 11POTeHHH,

MOJIeKYJIHOTO AOKHpaHe H aHaJIH3a Ha MPOKH OT 6VIOJ10rHLIH1d B3aHMoneüCTBHfl. qpe3

HHTerpaLIHflTa Ha V13KYCTBeH HHTeneKT (A1), 6HOCTaTVICTHKa H VI'3HHCJIVITeJIHH MeTOAH,

He caMO nonr10Mara pa36npaHeT0 Ha CJIOXHH 6HOJ101'Ht111V1

CHCTeMH, HO H nonpHHac51 3HaHVITeJIHO 3a HanpeAFbKa Ha Ilepc0HaJIH3HpaHaTa

MeÅHUHHa H 6HOMeAH11HHCKWre Hay'KH. AnropHTMHTe 3a 06pa60T1€a Ha roneNIH

6VIOJ10rVILIHH LlaHHH ce OT cueumaJIH'3HpaH xapnyep '3a ycKop}1BaHe BpeMeT0

Ha 06pa60TKaTa HM. CUDA Texyronoruma, cb3ÅaaeHa OT NVIDIA, npencTaBJ151Ba

napanejma H3LIHCJIHTeJIHa KOSITO H3VIOJ13Ba npouecopu (GPU)
3a H311bJIHeHHe Ha "3auat1H H3BbH THIIHt1HaTa 06pa60T1€a — 110AXOA, Vi3BeCTeH

KaTO GPGPU (General-Purpose computing on Graphics Processing Units).
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bnarmapeyme Ha cnoc06Hocvra cu na H3r1bJIHABa

eÅHOBPeMeHHO, CUDA ce V13110J1'3Ba LIIHPOKO B

oneJIH a1,134HcneHHATa, Kamo aHaJIV13 Ha reHOMHV1 AtlHHH, MOJIeK H

Ida 6HOJ101UILIHV1 eneTewrvr. Texr-•ronorvrnu-a no a

nporpaMvrpaHe KaTO C H C++, H 11peÅJ1ara Ha60p OT a6CTpaKUHH 3a yupaBJ1eHne Ha

HHIIIKVI, naMeT H CHHXPOHH3aUVIH, KoeTO ynecHflBa pa3pa60TBaHeT0 Ha TaKbB THII

IIPHJIO%CHHSI. I-Ipe3 V13r10J13BaHe Ela pa3JIHLIHH BHAOBe nanmeT — rn06aJIHa,

cli0ÅeJRHa, JlOKaJIHa H TeKcTypHa — nporpatvmcrrwre MoraT na orlTHMH31,rpaT CBOHTe

anrOPHTMV1 B CbOTBeTCTBHe C V13HCKBaHH51Ta Ha CbBpeMeHH11Te

H3CJ1eABaHHA.

2. CTene11 lla 110311aBane CbCTOf1rmeTO I-la np06J1erv1a n TBopqec1€a

HHTepnpeTauwq I-la JIHTepaTypHnq MaTepnaJ1

uema Ha AVICePTaUVIOHeH erpyn e Aa ce pa31*J1ena H aHaJIH3upa

Bb3MOXHOCT'ra 3a orrrHMH3vrpaHe Ha anr0PHTbMa Needleman-Wunsch qpe3 HeroBOTO

IBF1bJIHeHHe Bbpxy rpacl)nqeH YCKOPHTeJ1 (GPU) OT THr1a nVIDIA, H3110J13BaüKH

liporpaMHH}1 MOÅeY1 CUDA C.

3anaqvrre 3a nocTmraHe Ha Ta3H uen ca 110CTaBeYIH 110 CJRAHH51 HatlHH: na ce aHaJIH3Hpa

apxwreycrrypa Ha CUDA H Bb3MOXHOCTHTe 3a enHOBPeMeHHO

npmnaraHeT0 Ha T03H KBM a-FIFOPHTMmrre 3a JIHHaMHLIHO nporpaMHpaHe,
KbÅeTO BCSIKa KJ1eTKa B Mau-puuarra 3aBncH OT npenx0ÅHvrre CbceÅHV1 KJ1eTKW, na ce

npeacrraB%T MeTOAH 3a rrapaneJIH3a1AHfl Ha amoPHTbMa Needleman-Wunsch; na ce

neM0HcTpmpa Karc H3r10J13BaHeTO Ha GPU MO)Ke na r10Å06pH 11POH3BOÅHTeJIHOCTTa lla

anropHTbMa Needleman-Wunsch qpe3 napaneJIHa 06pa60TKa; ma ce npoBenær

eKC11ePVIMeHTH c nocnezwalll aHaJIH3 Ha nonyqemrre pe3YJITaTv1 H Aa ce (bopMYJmpaT

H3BOAH H 3aKJ11•oqeHV151 3a echeKTHBHocrraHa H3CJ1eABaHHTe IIOAXOAH.

VI'3BbPL11eHe nonp06eH aHaJIH'3 Ha IlapaÅH1*MHTe Ha IlapaneJIHOT0 11porpaMHpaHe VI

0630P H aHaJIH3 Ha CUDA apxwreKTyparra, GPU KOHLIer1LIH51Ta, BHAOBeTe *Apa B

CTPYKTYPHTe, Bb3MO>KHOCTHTe Ha ycTP01iCTBa. CJ1eÅBt1T rnaBH,
110CBeTeHH Ha HHCTPYMeHT BioPoolSelect H anropHT'bMa Needleman-
Wunsch. Vi3CJ1eABaHH51Taca HacoqeHH KBM (l)YHKUHOHaJIHOCTHTe, npoueca Ha pa60Ta
H 11PHJIO>KeymeTO Ha cod)Tyepa BioPoolSelect, ICaTO ca npencrraBeHH CPaBHHTeJIHH

reHOMHV1 aHaJIH3H Ha pa3JIHt1HH aereHepaTHBHH 3a60J151BaHHH. Te3H pe3YJrraTH ca
B&KHVI 3a pa3BHTHeTO Ha HOBH erepaneBTHt1HH IIOAXOÅH. Hapen CbC 3a1103HaBaHe C

pa3JIHt1HHTe Bb3MOXHOCTH Ha anropHT%Ma Needleman-Wunsch B nncepTaunxra ce
Tbpc}1T IIOÅXOÅH 3a HerOBOTO pa3napaJ1eJ1}1BaHe CbC cpeÅcTBaTa Ha pa3rJ10KÅcflHaTa

CUDA apxHTeKTypa - Vi3110J13BaHe Ha YCKOPHTeJ1 NVIDIA H CUDA C H

aHTmnmarOHaneH AOCTb11 B MaTpuuarra. OrlHCBaT ce erccnePHMeHTH B cpeaaTa
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BioPoolSelect H c pa3napane11HBaHeT0 Ha anopHTbMa g IqqY)n-Wunsc
T.V „E.IiEKi'PO-

pe3YJrraTHTe OT erccnePHMeHrrvrre ca ar-1aJIH3npaHH H BKJII qe TIPM}HOCHR b

anceprrauwrra.

B pa60TaTa ca Vi3110J1'3BaHVi roj1SIM 6poü JIHTeparrypHH H3TOHHVIUV1 - 91, KaT0
npe06J1anaBa1-uarra qacT ca OT BOAe111H CilennaJIVICTH B 06naCTTa. JIHTepaTypHHTe
H3TOHHVIUV1 ca npeAHMH0 HOBH, OKOJIO 70% ca ny6JIHKYBaHH Clien 2020 r. 3acnneHH
ca TaKa H OCHOBononara111HTe B 06naCT aBTopn OT Henanet1HOT0 MHHano.

OT CllHCbKbT H UHTHPaHViHTa B TeKcrra ce BV1>KÅa, qe aBTOPbT e MHOFO Å06pe '3a110'3HaT

CbBPewreHHHTe IIOCTHHCHHSI Ha BOAe1UH yqeHH B 06J1acma.

Bb3 OCHOBa Ha VI'3BbPLL1eHV151 aHaJIH3 H HanpaBeH1,rre H'3BOÅV1 e (bopMYJ1upaHa

gema Ha A1,rcepTauH0HHaera pa60Ta — „Pa3napaneJ151BaHe Ha anrOPHT'bM Needleman-
Wunsch Bbpxy rpad)HLIHH ycKopvrreJIH".

KopeKTH0 ca VI OCHOBHHTe 3aÅaqv1 3a nocrrmraHemoh:

Aa ce pa3rJ1ena H aHaJIH3npa Bb3MOXHOCTTa 3a 011THMH3HpaHe Ha anropHTbMa
Needleman-Wunsch qpe3 HerOBOTO M311bJIHeyme Bbpxy rpa(lmqell ycycopvrrejl
(GPU) c KapTa nVIDIA, cbÅbpxama apxm•eycrrypa CUDA.
Aa ce npoyt1H apxvrreKTypa Ha CUDA(H3110J13BaHO OT

YCTPOMCTBO) H KaK e opraHH'3HpaH0 eÅHOBpeMeHHOTO VI'31-1HCJ1eHHe

Ha MHOHCCTBO onepaunvr OT MHOHCCTBOTOHVILIIKH.
Aa ce H3CJ1eABa H 1104qepTae TIDYJIHocrra OT upunaraHeT0 Ha T03H nonxon KBM
anropHTMvrre 3a AHHaMVIHHO nporpaMvrpaHe, KOHTO BCeKH eneMeHT OT

MaTPVIUaTa 3aBHCH OT npeÅK0AHHTe CT,ceÅHV1 TEIKHBa.

Aa ce npoyqm TeXHHKa 3a punapaJ1eJ1flB[1He I-la aill*OPHTbMa Needleman-
Wunsch, Karro MeTOAHTe 3a Hen upe0Å0J1%BaT Ta3H rrpYÅHocer, Karro Hanpvmep
Me-roaa c ayrrmnvrar0HaJ1eH AO enervmeHTHTe Ha MarrpuuaTa.
Aa ce npoBene el€cnepHMeHT I-CalC H3110J13BaHeTO Ha rpa(bmqeH ycl<0PHTeJ1
3HaHVITeJIHO ua 110A06pH HPOH'3BOÅHTeJIHOCTTa Ha amopHTbMa Needleman-
Wunsch qpe3 V13110J13BaHe Ha MHOHCCTBO HHLIIKH.

3. CbOTBeTCTBHe lla H36parraTa MeTOAHK'a na 113CJ1eABane C 110CTaBenaTa
ueJ1 n 3aA'aqn Ha ancepTa1ÅH0H111,1H TPYA

VIpencTaBeHHTe B pa60maTa 1,13cneABaHHA ca OCb1UeCTBeHV1 CbC CbBpeMeHHV1 H

aneKBaTHH 3a pemaBaHe Ha HOCTaBeHHTe 3anat1H MeTOÅH H xapnyepHH cpexxcTBa.
FIPVIJIONCHHca IvreTOAH 3a I'vroaeJIHpaHe, CTaTHCTnqeCKa 06pa60TKa H aHUIH3 Ha
eKcnePHMeHTaJIHHTe pe'3YJITaTH, 11J1aHmpaHe Ha eKC11ePHMeHTHTe H 011TMMH3upaHe,
nocpeÅCTBOM V13CJ1eABaHVIH.
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Åoyca3aHa e TeXHOJ10rHLIHaTa BB3MO>KHOCT 3a peanu
napaJ1eJIHa orlT1dMH'3aL11M. 060CHOBaH e HOB BapvraHT Ha ee eman-WliiåSéli VI

KOMTO pa3napaneJIHBaHeT0 CTaBa C aHTmnmarOHaJIV1 H T03H

anccp-raunn-ra. Ilpczxnon€cr•l c pa60Tc11\ MCTOA -sa c CKTYIBHa napauclll-ta peannsauvl>l

Ha anropHTbMa Ha Needleman-Wunsch Bbpxy rpacl)HQH npouecopn Hanara ce

npnnaraHeT0 Ha aHTHÅHarOHaJ1eH (Wavefront) 110AXOA, nopaAH 11PHCbLUViTe Ha

amopHTbMa 3aBHCHMOCTH Mexny MaTPHLIHHTe enervreHTH, KOHTO Cb3A{1BaT

upennocrraBKH 3a MHOROHHUIKOBO H311bJIHeHHe. AJIFOPHTbMbT H3HCKBa 3a

H3LIHCJ151BayreTO Ha CTOMHOCTTa Ha maneHa KJ1eTKa B MaTPHUaTa f-IUIHLIIRTO Ha

pe3YJITaTHTe OT TPH CbCeAHH KJETKH — ropHa, JlflBa H ropHa JIHBO-nuarOHt1JIHa. Te3H
3aBHCUMOCTH Bb3npe1MTCTBaT 111)HJ1araHeT0 Ha KnacnqeCKH penoB0 HJTH KOJIOHHO

opueHTHpaHH cTpaTerHH 3a 06XOA, I-caTO Te He 1103BOJIABt1T eJIHOBpeMe11Ha
06pa60TKa 6e3 IIPH qeu-el-le 3a11HC Ha naHHH. C HapacTBaHeT0 Ha

AbJ1>KVIHaTa Ha aHTVIAmarOHaJIHTe UeHTpaJIH&1Ta qacT Ha MaTPHLWTa ce YBeJIHLIEIBa
H 6P0%THa He3aBVICHMHTe 3anaqu, KOeTO 1103BOJIHBa 143110J13BaHe Ha BCe 110-ronnra

qacT OT HUIViHHHTe CUDA Hupa. TOBa BOÅH no BHCOKa cereneyl Ha IlapaJ1eJIH3bM H

OIITVIMUIHO Vi3110J13BaHe Ha H3LIVICJIHTeJIHV151KanauprreT Ha GPU. ICaTO

npouecopn ca cneumaJIH3upaHH 3a 11311%JIHevme Ha I"OJIHM 6poü onepauum c 11J1aBa111a
3a11eTa}1, awrmumarOHaJIHHHT 110ÅXOÅ ce HB51Ba OllTVIMaJIHa crrpaTerH51 3a nocrrnraHe Ha

MaKCHMaJIHa 11POV13BonvrreJIHOCT napanejma peaJIH3auvrn I-la anropHT%Ma
Needleman-Wunsch. Te3H 3aKJ1roqeHM}1 ME101"0KpaTH0 ca 110COHBaHV1 B

ancePTaUHOHHHH TPYA.

4. Kpau«a al-1aJIHTHHH'a xapaRTepncTHK•a H onem«a Ha AOCTOBePHOCTTa I-la

anr01)HTbMa

YCBoeHHTe H M3110J13BaHVi OT aBTopa MeTOÅH H cpencTBa 3a aHaJIHTWIHH H

eKcnePHMeHTaJIHH H3CJ1eABaHHH CBHneTeJICTBaT 3a 110CTHFHaTHTe V13HCKBaHH51 B

06pa30BaTeJ1eH acneKT H rapaHTmpaT KaqeCTBO H AOCTOBePHOCT Ha nonyqeHHTe
pe3YJrraTH.

5. IIPHHocn I-la AHcePTa11HOHHHH

Pa60TaTa e c %CHO H'3pa'3eH Hay-IHO-IIPHJIOHCHxapaKTep.

ElpeACTaBeHH ca 5 npHHOCH, 3 HayH1-10-11PHJIO>KHV1 H 2 IIPHJIOXHH [IPHHOCH.

HayHH0 — IIPHJIO>KHH•.

Ill)HHoc 1

Cb3ÅaneHae OllTHMH'3aUHS1 Ha napaJ1eJIHa BepcH% Ha amopv1TbMa I-la Needleman-
Wunsch 3a npouecopvr (GPU) C BbBe>KÅaf-1e H 060CHOBKa Ha H3110J13BaHeTO
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Ha ayrrmnua1'0HaJIHH51 nonxon (Wavefront) 3a jia

H'3HVicneHHSITa.

npnnoc 2

BbBeneH e HHÅeKC Ha H3paBH}1BaHe Ha nocneÅOBaTeJIHOCTH. Åecl)HHvrpa HOBa MeTPHKa,
KOHTO H3MepBa pa3JIH1€ama Mexny Koed)HUHeHTHTe Ha CXOACTBO npeJIH H cnen
nonpaBHABaHeT0, KOeTO MOXe aa 110Morne ga TIO- n06P0T0pa36npaHe Ha BPb3KaTa

CXOÅCTBOTO Ha HOCJ1eAOBarreJIHOCTHTe H ed)eKTHBHOCTTa Ha nonpaBH51BaHeTO.

Ilpnnoc 3

Pa3pa60TeH0 e PbKOBOACTBO 110 AHCLIV1r1JIHHaTa "EIporpaMHpaHe Ha C%BpeMeHHH

xeTeporeHHH apxwreKTypH", KoeTO 3a1103HaBa crryneHTHTe c apxHTeKrrypHHTe

xapaKTePHCTHKH Ha xeTeporeHHHTe 113t1HCJ1wreJIHV1 CHCTeMH, MOAeJIH 3a napaJ1eJIH0

nporpaMupaHe Bbpxy pa3JIHHHH apxHTeKTypHH KOM110HeHTH, RXHHKVI 3a

pa3npeneJIHHe Ha HaTOBapBaHeT0 H ed)eKTHBHO ynpaBJ1eHne I-la 11t1Merr H pecypcu.

IIPHJIO>KHn:

TIPWIHoc4

Pa3pa60TeH0 e PbKOBOACTBO no AHCUH11JIHHaTa "llporpaMHpaHe Ela CbBpeMeHH1d

xeTeporeHHH apxvneKTypH", KoeTO 3ar103HaBa CTyneHTHTe c apxvrreKTypHHTe

xapaKTepHCTHKH Ha xerreporeHHHTe IBHHCJIVITeJIHVi CHCrreMH, MOAeJIH 3a napaJ1eJIH0

nporpaMnpaHe Bbpxy pa3JIHLIHH apx1dTeKTypHH KOM110HeHTH, TeXHVIKH 3a

pa3npeÅeJ1flHe Ha HaTOBaPBaHeTO H ed)eKTHBH0 ynpaBJ1eHne Ha FlaxmeT H pecypcvr.

npnnoc 5

IIpencTaBeH e cpaB1-11,rreneH al--1aJIH3 Ha reHOMH. BioPoolSelect

aBTOMaTH3HPa npoueca Ha 06pa60TKa Ha roneMH reHOMHH (baiJ10Be, KaT0 npaBH
BB3MO>KHO no-6T,p30 ed)eKTHBHO cpaBHeHue Ha reHOMHH ACQHHVI.

6. OueHKa 3a CTe11eHTa Ha JIW-IHOTO yqacTHe Ha AncepTaHTa B 11PH110CHTe

CHHTaM, qe 110CTH1*HaTVITe pe3YJITaTH ca Aeno Ha AOKTOPaHTa non HayqHOT0 H

MeTonnqeCKOT0 PBKOBOACTBO Ha HeroBH51 PbKOBonwreJ1. JIHHH0T0 yqacrrme B

pa3pa60TKaTa H 11POBexnaHe-ro Ha eKcnePHMeHTaJIHHTe H'3CJ1eÅBaHV151 e HeCbMHeHO.
AOKæaTeJICTBO3a TOBa ca ny6JIH1€aUHHTe Ha AOKTOPaHTa.
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7. Ilpeuem«a I-la ny6J1m«a1ÅHHTeno Ancep•ra11H0HHHf1 TPYA

BBB BPb3Ka C AHcePTa1ÅHOHHH% erpyA ca npenc-raBeHH 4 ny6JIH1€aUHH, OT KOHTO 3

ca B CbaBTOPCTBO C HayHHH}1 PbKOB04wreJ1 Ela 40K-ropaHera a 1 e caMOCT051TeJIHa.

CllHCbKbT C ny6JIViKaUVIV1 KaT0 6130M, CT)AbpxaHne KaqeCTBO, YAOBneTBOP%Ba
W3HCKBaHVff1Ta, IlocoqeHH B HpaBHJIHVIKa 3a 11PHÅ06HBaHeEla Hayt1HH CTe11eHH H

3aeMaHe Ha aycaaeMWIHH AJIbKHOCTH B TexHHqecKH YHHBepcHTeT — Cocl)H51.
Ily6JIHKa11HHTe ca B MOKAYHaPOAHH Hayc1HH HI-ljxerccupaHH B Scopus H
Web of Science. I-IvrrvrpaHH% Ela Ily6JIHKaUHV1 110 TPYÅ He ca
npencrraBeHH.

8. OueHKa Ha CbOTBeTCTBneTO I-la C M3MCKBa1--1HHTa 3a

H3rOTBm-1eTO MY

ABTopecbepaTbT e pa3pa60TeH B 06eM OT 41 CTPaHHUH, cuopen H3HCKBaHHHTa 3a

MY. TOM orrpa351Ba aneKBaTH0 OCHOBH1dTe aKUeHT1d H pe3YJITaTH,

noc-rmrHaTH B AHcePTaUHOHHHfl Tpyn.

9. 3a6eJ1e7RKH no ancepTa1ÅH0H11WIH TPYA

Xy6aB0 e npvmocvrre na 6bAaT (l)opMyympaHH no-KpaTK0 B paMKHTe lla eAH0
1,13peqeHue. ÅOKTopaHTbT Mar. EMHJIHSI Hapuo e cua3HJ1a 3a

Ha11HCBaHeTO 1--1a AHceprraUHOHHV1}1 CH Tpyn.

10. 3aRJnoqeHne

CHHTaM, qe 11peÅCTaBeHH%TAHcePTaUVIOHeHerpyn 0Tr0Bapq Ha H3HCKBaHH51Ta Ha
3aK0Ha 3a pa3BHTHe Ha ar«aneMH1-1HHfl CbCTaB B Peny6JIHKa bbJ1rapH%.

aa npeAJ10'A€a I-la YB&KaeM0T0 Hayt1H0 xypu na VIPHCT)A1d 06pa30BaTeJIHt1Ta H Hayt1Ha

CTeneH „AOKTOP"Ha Mar. EMHJIHH Xamvl HapÅ0 B.' 06naCT Ha Bucme 06pa30BaHue -

5. Texnnqecrcn ; npocbecH0HaJIH0 Hanpameyme - 5.3 KOMYHHKa1U10H11a

KOM1110TbPHa TeXHHKa.

05.08.2025 r. IIOÅVIHC.•
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field of higher education - 5. Technical Sciences profession éLdn-
Communication and computer engineering

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.
OJ-5.3-17 of 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 (A1), 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 ofmemory -

global, shared, local and texture - programmers can optimize their algorithms according
to the requirements ofmodern bioinformatics research.
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2. Knowledge State degree of the problem and creativ
literary material

The aim of this dissertation is to examine and analyze

'jaudepcumen'
etätiön-o

QAKYJITF.T
ABTOMATUiCA"

f

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 ofmultiple 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.
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Explore and highlight the difficulty of applying this

programming algorithms, where each element of the matrix
adjacent ones.
- To investigate a parallelization technique for the Needleman-Wunse m, with
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.

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 ofparallelism 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.
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5. Contributions of the dissertation YHueepcumo

(bAKYJITF„T EJIEKJT'()- -9

The dissertation work has a clearly expressed scientifi a dapplieåeharact
There are 5 contributions, 3 scientific and 2 applied contr tigns—Seion• c d

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 heterogeneous 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. Assessmentof the degree of personal involvement of the dissertant in the
contributions
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I 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. Assessmentof 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 I 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 conciselywithin one
sentence.l believe that the PhD student, Mag. Emilia Pardo, has complied with the

requirements for writing her dissertation.

10. Conclusion

I 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 ofDoctor of Education and Science
to Emilia Haim Pardo in the field of higher education - 5. Technical sciences;
professional field - 5.3 Communication and computer engineerin .

05.08.2025 r.

NHueepcumemco

E' €9Å.KYjlTET„EJkEKfP()- 9
ABTGMATMKA"

Signature:
[Assoc. Prof. Dr. Eng. Ivan Stankov
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