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Dear Members of the Doctorate Commission,

Meruert Sakypbekova presented her dissertation on “Optimal Memory Layouts and
Communication Patterns for Parallel Unstructured CFD-Codes”. The dissertation focuses on
high-performance computing on general purpose graphics processing units (GPUs) with
complex coupled simulations with non-trivial numerical domain decompositions using Hilbert
Space Fill Curve (SFC) using unstructured computational grids. The doctoral dissertation
consists of 5 chapters devoted to the study of mathematical models of various large-scale
problems and parallel numerical algorithms that solve model equations. These chapters are
summarized below.

Chapter 1 is devoted to the analysis of modern high-performance computing systems for
applied problems. The calculations with the help of multi-core CPUs and the basic principles of
calculations on the GPU are described. At the end of this chapter, an analysis and evaluation
of the efficiency of high-performance computing on the CPU and GPU is performied.

Chapter 2 introduces the mathematical model for the simulation of fluid flow. This chapter
summarizes the basic equations of hydrodynamics: the equation of continuity, the-homenlum
equation of a continuous medium. The non-dimensional formulation and discretization of the
Navier-Stokes equation are described in detail.



~manter 4 indudes numerical studies to determine the computational efficiency of the overall
< iztion method for the problem of incompressible, viscous flow in a cavity. First, the

setaied description of the parallel numerical algorithm for the GPU is given. The chapter also
~chudes an analysis of the number of threads per computational block for the GPU, which is
the most important parallelization parameter in CUDA. It is shown that an optimal value for this
- arameter exists and an estimate of the efficiency of the parallel algorithm is given. Chapter 5
~~~tzins the results of mixed-convective heat transfer during laminar two-dimensional flowin a
serical channel for structured and unstructured computational grids. First, the necessary
soundary conditions for the mathematical model are formulated. Then, the parallel numerical
aigorithm for the simulation of incompressible, viscous flow behind a backward facing step on
structured and unstructured computational grids is described in detail. The parallelization of
the algorithm is based on CUDA and the Hilbert space filling curve (SFC) is used for the
“omain decompositioning. The chapter also includes an evaluation of the efficiency of the

("]

arallel algorithm.

The main results presented in the dissertation have been published in peer-reviewed
ntemational and local scientific journals.

During her research, Meruert Sakypbekcva completed two scientific internships at the Institute
of Aerodynamics of the RWTH Aachen University. She studied parallel computing strategies
for various large-scale related problems that ran on the RWTH Aachen University computing
cluster. During her internship at the Institute of Aerodynamics, Meruert Sakypbekova proved
that she can independently conduct scientific research at the highest level.

The results of the dissertation work of Meruert Sakypbekova are new and are at a high
intemational level. Therefore, her doctoral dissertation definitely meets all necessary
requirements for a dissertation.
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SR ACMBIC YIICHBI HO]{TOpCKOf"I KOMHCCHH,

Mepvepr CakpmbexoBa TpefiCTABHIIA CBOWO JHMccepTalnio Ha Temy “ONTAMATBHBIC PACKIAIKH
SMETH H KOMMYHHKALMOHHBIE WAGIOHbI U NapaiiebHbIX HeeTpyKTypuposattbix CFD-ko108™.
JlwccepTalis MOCBSIIEHA BLICOKOMPOH3BOIMTE IBHBIM BbIMHCISHNSM 10 B10KaM 00padoTKH rpapukm
“mero gasgadenust (GPU) ¢ KOMIIJIGKCHBIM COMNpPSA/KEHHBIM MOIC/THPOBAHHEM C HETPHBHATLHBIMH
SHCTOBLIMH  JIEKOMIIO3HLHAMH JOMEHOB € HCIOIB30BaHHEM KPHUBOH 3arloTHEHHS [POCTPAHCTBA
Iwasbeprta (SFC) ¢ Hermonb30BaHieM HECTPYKTYPHPOBAHHBIX BEIYHCIHTENBHBIX CeTOK. JOKTOpCKas
ICCEpPTAls COCTOWT M3 S TUIaB, MOCBALIEHHBIX H3YYEHHIO MATEMATHYECKHX MOIEIeH pa3NuyHbIX
spynEOMAacTa0HBIX 337ad W MapallIeNbHBIX YHCICHHBLIX AATOPHTMOB, PELIalOLIAX MOICTBHbIE

YPaBHCHHIL. I{pan{oe M3JI0KCHHE 3THX T71aB IPUBOINTCS HHIKE.

[ 1asa | nmocBAIIeHA AHATH3Y COBPEMEHHBIX BBICOKOIIPOU3BOIHTCIIEHBIX BBIUHCIHNTE/IBHBIX CHCTEM Hd
HATHYHT OPHKIAIHBIX ﬂpOﬁJ’[t}M. OnucaHbl pacyeTbl ¢ HOMOULLIO MHOIOAACPHBIN [IPOLCCCOPOB H
HOBHBIC MPHHUHNG! BeMKcaeHul! na GPU. B KoHue 5Toil THaBbl BEIIOJHACTCSA aHAIN3 H OIEHKA

wHhEeK THBHOCTH BBICOKOTIPON3BO I T TRHBIX BrMcaenuii na CPU u GPU.

[masa 2

COEP/KUT OMUMCAHME MATeMATHYEeCKOH MOIEeTH MOJEIHPOBAHUS MOTOKa Tekyuel cpeisl. B

370l raaBe 0000MIeHBl OCHOBHBIE VpaBHEeHHS THAIPOAHHAMHKH: YPAaBHEHHE HENPepPhIBHOCTH,




VPaBHEHHE HMIIV/IbCa HENpepeIBHON cpelbl. HepasmepHas (OpMyIHpOBKA W IHCKpPETH3alH4
ypasuenus Hapbe-CTokca omucans! no1podHo.

-

B rmaBe 3 paccmaTpuBaeTcs UHCIGHHOS pelneHme ypasHeHHs IlyaccoHa B MpegompeaciSHuOfN
OpSMOYTOJAbHON — 001acTH., KOTOpas [OSBISSTCS B MIHPOKOM  KJacce MNPUKIATHBIX 33139
IlpeacraBaeno napanienbHoe uucieHHoe Mmoaemupoanue Ha CPU u GPU. Ha ocuose 31oi
peanuzalMM CIETaH CPABHHUTENBHBIH aHATH3, MOKA3bIBAIOIME (@eKkTHBHOCTE Napaiieiszoro

HHCIOBOTO &ITopHTMa.

['naBa 4 BKIOYAET YMCACHHBIC MCCICIOBAHHA 1715 ONpeae/ICHHs BbIYHCIUTEIbHON 3ddextusnocTs
obmrero MeTola MOIEIMPOBaHUS NPOOGIeMEl HeCKHMAEMOro B3KOTO MOTOKAa B moiocTH. (mauaia
ONpeNeATCH HeOOX0IUMbIE PAHHYHBIE VCIOBHS IS MareMaTHdeckod Mozern. BnocieacTsum
HOPHBOJMTICA MOAPOOHOE OMHCAHHE NapalielbHOro uucioBoro airopurva s GPU. Iiasa ramose
BKJTIOYAET aHalid3 KOIHYeCTBA MOTOKOB Ha BBIMHCIUTEMLHBIN OM0K 114 rpahHueckoro npoueccopa.
KOTOPEIH siBIdeTest Hanbosee BawHbIM mapametpom mapawtenusaunn B CUDA. TMoxazaso, =ro
ONTUMAILHOE 3HAYEHHE Ul OSTOr0 napaMeTpa CVIIECTBYeT M JaHa OUEHKa 3ddexTusHOCTH
Napanne]bHOTO  alroput™Ma. lmaBa 5 COZep/KHT — pe3ynbTaThl  CMEIUIAHHO-KOHBEKTHBHOI
TENJIONEPEnaYd MNpPH  JAMHHAPHOM  JIBYMEPHOM  [OTOKE B  BePTHKATBHOM  KasHale 114
CTPYKTYPHPOBAHHBIX M HECTPYKTYPHPOBAHHBIX BbIMMCIHTENBHBIX CeTOK. CHauata hopamyamupyiorcs
HeoOXOomMMbIE TpaHWYHBIE YCIOBHSA 118 MareMaTddeckoil smomemu. [latee nozpobmo ommcad
Napa/UlejIbHbIA  YHCIIEHHBI  alTOPHTM  MOJGIMPOBAHHUS HECIKHMAEMOTO BH3KOIO MOTOKAZ 134
OOpalleHHbIM HA3a1 IIaroM Ha CTPYKTYPHPOBAHHBIX M HECTPYKTYPHPOBAHHLIN BLIMHCIMTEILHLIX
cetkax. [lapammenusaums amroputva ocHosaHa Ha CUDA H KpHBOH 3anoisesus NpOCTPAHCTBA
l'unsbepra (SFC) wmenonesyercs st pasnozkeHws JAoMeHa. [1aBa Takke BEIOYACT OLEHKY

(P HEKTUBHOCTH NAPALICILHOTO &IrOPHTIMA.

OCHOBHEIE pE3YIBTATHL, MPeICTaBNCHHBIE B IHCCEPTALHH. OMYOIHKOBAHEI B PEUEHIHPYEMBIX

MEKAYHAPOJAHbIX H MECTHBIX HaVYHbIX KYpHAIAX.

3a Bpems cBOMX HccaenoBanuit Mepyepr CakbinfekoBa MpoLLia JBe HAVUYHLIC CTAXHPOBKH B
Wueturyre asponunamuku  Pelincko-Becrdanseknii Texnuuyeckoro vhmeepcuteta Axena. Oua
H3y4ana CTPaTeruy Mapalie/IbHbIX BbIYUC/ICHUH JUIT pasaHyHBIX KPYITHOMACLITAOHBIX CBSI3AHHBIX
npodieM, KOTopble padoTaiu B BLIMHCIHTEIBHOM KiacTepe Peiircko-BecTdanbekuil TeXHHYeCKoro
yHuBepeutrera AxeHa. Bo Bpems cramuposks B MHctutyte aspoaunamuxy Mepyept CakbinOekosa

AOKA3a1a. 4TO MOKET CcaMOCTOATEILHO [IPOBOJAHTL HAVYHbIC HCCISJ0BaHMs Ha BbICLLIEM YPOBHE.



PesyisTater auccepraunonnoit paboter Mepyepr CaxbImGeKoBOH SBIMOTCS HOBEIMA I HaXOA4TCs Ha
BbICOKOM MERAyHApoaHOM ypoBHe. [Toatomy ee mokTopckas JHCCEPTALHs ONPEICICHHO OTBEYaeT

BCEM HEOOXOAHMBIM TPeOOBAHHAM. TIPeIbABATEMBIM K JHUCCEPTALHH.

[ToaBoaA HTOT, MOKHO He COMHEBATHCH. YTO anccepraunoHHas padota Mepyepr Cakeinbekosoii na
TeMy «ONTHMAIbHBIC PACKIAAKH NaMSTH H ROMMYHHKAUHOHHbIC WAGA0HBI  [A/lA NApaLIe/ibHbIX
HECTPYKTYpHpoBaHHEIX CFD-koxoB» 101KHA GBITH [PHHATA HA 3aIETY CTeNeHH JOKTOpa
$unocodernx vayk (PhD) no cnemmatsroctn 6D075100 - VHpopmaTika, BEMUCTATEBHAS TeXHIKA
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