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Onuc kypey

HapuanpHa nucuuiuiiHa cnupsMoBaHa Ha (opMyBaHHS y 3400yBayiB CTYIEHS
JoKTopa pimocodii CHCTEMHUX TEOPETUYHUX 3HAHB 1 MPAKTUYHUX HABUYOK Y raiysi
napajesibHUX 0O0UUCIIeHb K QYHAAMEHTAIBHOTO THCTPYMEHTY Cy4aCHUX HaYKOBHX
nocipkeHb. B paMkax Kypcy po3msigaloThCs 0a30B1 MOHATTS TEOPii mapayieIbHUX
OoOYHMCIIEHh Ta Cy4yacHI TEXHOJOrii IX peanizamii 3 ypaXyBaHHSM BHUMOT
BHUCOKOINPOAYKTUBHUX o00unciieHb. OcoOnuBYy yBary MNpUAUIEHO apXITeKTypam
napajesibHUX 0OUUCTIOBANIBHUX CUCTEM, 1X KilacudiKallii, aHaii3y IpOyKTUBHOCTI
Ta METOJIaM OIliHIOBaHHS €(EeKTUBHOCTI ¥ MaciITabOBAaHOCTI MapajeabHUX
anroputmiB. BuBualThcs amapatHi miaaTGopMmu Ul HapaliedbHUX OOYMCIIEHbD,
BKJIIIOYHO 3 OaraTtosiiepHUMH TpoliecopamMH, KJIAaCTEPHUMHU Ta T1OpUIHUMU
O0OYUCITIOBAILBHUMH CUCTEMaMHU, a TAKOK MPUHIUIHN NOOYA0BU Ta (PYHKI[IOHYBaHHS
KOMYHIKAI[IHHOTO cepeioBuIa. Po3risgatoTbCcsi METOAM CTATUYHOTO 1 TMHAMIYHOTO
po3mnapaientoBaHHs MIPOrpam, CHHTE31 Ta ONTUMI3AIII MapajenbHuX anroputmis. Ha
MpUKIagax 3ajad JiHIMHOT anreOpu, IHTerpaibHuX 1 AUPEpeHIIaIbHUX PIBHIHb, a
TAKOXX  MOJICIIOBAHHS  CHUCTEM  B3a€EMOJIIIOUMX  YAaCTUHOK  AHAIIBYIOTHCA
00YMCITIOBANIbHA CKJIAJIHICTh, €()EKTUBHICTH Ta pealibHEe MPUCKOPEHHS apaliebHUX
AITOPUTMIB Y KOHTEKCTI IX IPAKTUYHOTO 3aCTOCYBaHHS B HAYKOBUX JIOCII1IPKEHHSX.



Mera Kypcy

Mera AuUCHMILUIIHM — OBOJIOJITH OCHOBHUMHM METOJAMH MapayielIbHOrO
MporpaMyBaHHsl Ta O3HAHOMUTHUCS 13 Cy4YaCHUMHU MPOTPAMHHUMH 1 arnapaTHUMHU
3aco0aMu BUCOKOMPOAYKTUBHUX OOUUCIIEHb.

VY pe3ynbTaTi BUBYEHHS HABUAJIBHOT JUCIUTUIIHY 3100yBay BUIOT OCBITH TOBUHEH
MPOJAEMOHCTPYBATH TaKl Pe3yJbTATH HABYAHHSI:

l.

3HaTH OCHOBHI METOJIM OpraHi3allii napajebHIUX 00YNCIICHb.

2. 3HaTH OCHOBHI THUIIM CY4YaCHUX Ta TEPCHEKTUBHUX MapaleIbHUX
O0OYHCITIOBAJIBHUX CUCTEM;
3. BomoxiTu nporpaMHUMU 3aco0aMu peasizallii napaieabHUX 00UHCIICHbD;
4. 3Hatu napajieiibH1 AJITOPUTMH PO3B’SI3aHHS IEAKUX 3a/1a4;
5. BmiTH TeOpeTMYHO BHU3HAYATH CKIAJIHICTh Ta MPUCKOPEHHS MapaiesbHUX
AITOPUTMIB;
6. BMiTu nmporpaMHO peani3oByBaTH MapajeibHI alTOPUTMU Ta OLIIHIOBATH 1X
peanbHe IPUCKOPEHHS.
CTpykTypa HaBYAJIbHOL M CHMILITIHA
. . Bceworo roann
HaiimenyBaHHS 1TOKa3HUKIB
Jlenna gopma
KinbkicTh KpeuTiB/TOI. 3/90
Ycboro roivH ayauTopHOi poOOTH, Y T.4.: 48
e JICKI[IMHI 3aHATTA, TOJ. 16
® CEMIHAPCHKI 3aHSTTS, TO/I. -
® MPAKTUYHI 3aHATTSA, TOJI. 24
e 1a00paTOPHI 3aHATTSI, TOJI. -
Ycboro rojiuH caMoCTiiHOT poOOTH, Y T.4.: 42
® KOHTPOJIbHI pOOOTH, K-CTh/TO/I. -
® pPO3paxyHKOBI 4
(po3paxyHkoBO-TpadiuHi), K-CTh/TOI.
® 1HJMBIIyaJIbHE HAYKOBO-JIOCIIIIHE 16
3aBJaHHS, K-CTh/TO/I.
® MArOTOBKA JI0 HABYANLHUX 3AHSATH 2
Ta KOHTPOJIbHUX 3aXOJiB, TO/I.
Ex3amenu 1
3aniku -

YacTka ayTMTOPHOI0 HaBYaJIbHOTO Yacy CTYJEHTa y BIICOTKOBOMY BUMipi — 53.3%



Onuc HABYAJILHOI JUCIUILTIHU

JlekuiliHi 3aHATTA

Ne K-cTp
Ha3Bu Tem

/o TOJUH

1. | Beryn 10 BHCOKONPOAYKTHBHUX 004HMCJICHD 2
ArmnapaTHi 3aco0u MapanelnbHUX OOYMCIICeHb. APXITEKTypa Ta OCHOBHI

| ] | KOMIIOHEHTH 00YHUCITIOBAIBHUX CHCTEM. Cynepkomn r0TepH, 1

" | obuKcIOBaIbHI KJIAaCTEPH Ta BUCOKOMPOTYKTUBHI 00uncieHHs. [loHsaTTs
MIPOJYKTUBHOCTI Ta MAacIITabOBaHOCTI.
12 OcCHOBHI TEXHOJIOT1l MpOrpaMHUX 3acO0IB MapayieIbHOTO OOYHCIICHHS 1
" | (MPI, OpenMP, CUDA).

2. | Hapagaeaizauis nporpam 3a nonomoroxw MPI. 6
OcHOBHI TIpUHIMNM Tapajienizaii 3a gomomororo MPI. Apxitekrypa.

2.1 | KepyBanus mapajienbHUMHU TiporiecamMu. Buam KoMyHIKallii Ta THIN 2
nanux MPI. CunxpoHnizailisi BUKOHaHHS TpolieciB. Buam komMmyHikaiiu.
KonextuBHuit oOMiH jgaHumMu Ta omepamis peaykuii B MPL

29 KopucTyBalpki Tvmnu ta KO.pI/ICTYBaHLKi onepariii B MPI. Komynikatopu )

"~ | Ta rpynu B MPI. Omneparrii 3 010kyBaHHsAM 1 0e3 OnokyBanHs B MPI.
BipryansHi Tomosorii.
3acobu po3pobkn MPI mporpam, iX BHKOHAHHS Ta 3aCTOCYBaHHS
2.3 | BUCOKOIIPOJIYKTUBHUX OOYHUCITIOBAIIbHUX CUCTEMaX. 3aco0U KepyBaHHS 2
napajieJIbHIMH MPOrpaMamMy Ha OOUYHMCIIIOBAHUX KIJIACTepax.
3. | Hapagaeaizauis nporpam 3a ronomoroww OpenMP 6
31 OCHQBHi 1800)50500050007¢ napa.neni:;aui'i 3a gonomororo  OpenMP. )
" | Apxitekrypa. [IoHATTS OTOKIB.

39 OcHoBHI ,.[[?IpeKTI/IBI/I.i I.(OH.CprI(Hi'l' posnoauty 3aBaanb B OpenMP. )
" | I'moGanbHi 1 mpuBaTHi 3MiHHI B OpenMP.

33 CunxpoHizalig BUKOHaHHA NMOTOKIB B OpenMP. Omnepariisi peaykii B )
"~ | OpenMP.

4. | lHapagneaizauis nporpam 3a nonomororww CUDA 2
[lapanenbni oOunciaeHHs Ha TpaIUHUX MPUCKOPIOBaYaXxX 3a JI0MOMOT OO

4.1 | CUDA. OcHoBHI NOHATTS. ApXiTeKTypa rpadiuHoro npuckoproBaya ta 1
amaparHi pillICHHS.

49 IMigxomn B onTUMI3aIii mapaiespbHuX ~ oOuucieHb. JloMmeHHa 1
JIEKOMITO3HIIISI.

Ycboro roanH 16




IIpakTH4Hi 3aHATTSH

Ne KinbkicTb
Ha3zBu Tem
TeMU I'ogun
1. | ITapaaeaizauist mporpam 3a gonomororw MPI 6
Po3poOka mporpamu 3 KiIbKOMa MapajieIbHUMU MTPOIIECAMH. 2
OOMIH JaHUMHU MIXK MIPOLIECAMHU 13 3aCTOCYBAHHIM PI3HUX
1.1 | BUAIB KOMYyHIKaIlii: TBOCTOPOHHINA Ta OAJHOCTOPOHHI 0OMIH,
KOJIEKTUBHU M 0OMiH. CHHXPOHHUMN 1 aCHHXPOHHUI OOMIH
nanuMu. OyHKIIS peayKITii.
1.2 | InterpyBanns ¢yHkiii. Po3B’ 30K cUCTEMU JTHINHUX PIBHSAHbD. 2
. ’SI30K CUCTEMU IHTETPAJIbHUX PIBHSHb.
1.3 | Po3B p p 2
2. | HapaJjeaizauisa nporpam 3a xonomororww OpenMP 6
71 Po3pobxka mporpamu i3 kuibkoMa notokamu. KepyBanus 2
" | morokamu. Po6oTa 3 ro6anbHUMU 1 IPUBATHUMU 3MIHHUMU.
29 Buxopucranns onepaiiii peayKiii Ha MPUKIaal YUCETbHOTO 2
" | inTerpyBaHHs PYHKIIII.
’SI30K CUCTEMU IHTErpalibHUX PIBHSAHb. AHAII3 2
Po3s P p
23 MPOAYKTUBHOCTI Ta MacIITabOBaHOCTI MapajeabHOI MPOTPaMH.
" | IlopiBHSIHHSI TPOIYKTUBHOCTI MapaieIbHUX MPOrpam,
po3pobnenux 13 Bukopuctanusim OpenMP ta MPI.
3. | HapaJseaizauis nporpam 3a gonomororw CUDA 6
31 Po3pobka mnporpamu 3 BukopucTaHHsiM TexHoisorii CUDA. 2
" | InterpyBanus QyHKIIi.
. ’SI30K CUCTEMU IHTErPATbHUX PIBHSHb. 2
3.2 | PosB p p
3.3 | MoaentoBaHHs pyXy B3a€MOJAIIOYUX YaCTUHOK. 2
Ycboro roauH 24

Camocriiina po6ora

No HaiimenyBaHHsI po0iT KUIBKICTB TO/I.
l. OmpalroBa"Hs JEKI[IHHOTO MaTepialy. 6
2. [linroToBKa A0 MPAKTUYHUX 3aHSATh. 16
3. BukoHnaHHs 1HIMB1AyalbHUX HAYKOBO-JOCIIAHUX 3aBJaHb 16
4. [IpoBeneHHs po3paxyHKOBUX Ta rpadiuHUX poOIT. 4
Ycboro roauH 42




Kpurepii onmiHioBaHHSA Pe3yJbTATIB HABUAHHSA 3100VBAYiB OCBIiTH

[Ipy ouiHIOBaHHI pe3yibTaTiB HAaBYaHHSA 3HAUHY YyBary NPUIAUISETHCS BMIHHIO
3100yBaueM OCBITH MPAKTUYHO 3aCTOCOBYBATH 3HAHHS 1 HABUKU, 1110 OyJIK OTpUMaH1
B pamKkax kypcy. O1liHKa 3a TpaKTHUYH1 3aHATTS CKIAAETHCS 3 OIIHOK 32 BUKOHAHHS
OKpeMHUX MpaKTUYHUX POOIT, B TOMY YHCII — pO3poOKYy IMporpaMm KOIy Ta
MPOBEJICHHSI PO3PaXxyHKOBUX POOIT 3a JOMOMOTror Hbhoro. Baxiaupo, mo0 mpu
bOMY 3700yBay OCBITH MII' POSIBUTH YMIHHSI KPUTUYHO aHaNi3yBaTH OTPUMaHI
pe3yabTaTH PO3pPaxXyHKIB Ta 3pOOMTH BHUCHOBKM Ha OCHOBI I[bOTO aHAII3Y.
TeopernyHi 3HaHHS OLIHIOIOTHCS B pAMKaX KOHTPOJIbHUX OMUTYBaHb Ha JIEKIIMHUX
1 MPAKTUYHUX 3aHATTAX, a TAKOXK Ha €K3aMeHi B KiHIl1 Kypcy. [Ipukiiaam KOHTpOIbHI
MUTaHb, K1 B TOMY YUCJ1 BUHOCATHCS HA 321K, € HACTYTHUMU:

SN

10.
11.

12.
13.
14.
15.
16.
17.
18.

CynepkoMm’toTepy, OOYHMCIIOBaJIbHI KJACTepU Ta BUCOKOMPOAYKTHBHI
OOYUCIICHHS.

ApXITEeKTYypH KOMIT'IOTEpPHUX CHCTeM. AmnapaTHi 3aco0u. AmnaparHe
3a0e3ne4YeHHs] KOMYHIKAIlil KOMIT FOTepHUX cucTeM. [Ipo1yKTUBHICTS.
OcHOBHI TexHOJIOTIi mapanenizamii ooOuucieHb. OLIHKAa TPUCKOPEHHS
napasenizaiii 3aaui.

OcHoOBHI mNpuHIMIK Tapaienizamii 3a pgomomoroto MPI.  ApxiTekrypa.
KepyBanHs napanenbHuMH mpoiiecamu. 3acodu po3pooku MPI.

Buau xomynikaiii Ta Tunu nannx MPI. Cuaxponizaiiis BUKOHaHHS MPOIIECIB.
KonextuBuuit 0OMiH naHuMH Ta ornepauis peaykiii B MPI.

CUHXpOHHHM 1 aCHHXPOHHUX 00MIH JaHUMU. OOMIH JaHUMU 3 OJIOKYBaHHSM 1
0e3 0JIOKyBaHHS.

KopuctyBalpki THIN Ta KOpUCTYBaIlbKi onepatiii B MPI.

Komymnikatopu Ta rpynu 8 MPI.

Onepariii 3 O10kyBaHHsM 1 0e3 O10KyBanHsa B MPI.

OcHoBHI mpuHIMNN Tapanenizamii 3a gomomororo OpenMP. ApxiTekTypa.
[Toroku. IlepeBaru, HEeIOTIKH.

OCHOBHI JUPEKTUBH 1 KOHCTPYKIIi po3noaity 3apaanb B OpenMP.

I'mo6asnbHi 1 npuBaTHi 3MiHHI B OpenMP.

CunxpoHizallisi BUKOHaHHs TOTOKiB B OpenMP.

Onepariis peaykiii B OpenMP.

ApxiTekTypa rpadiyHUX IPUCKOPIOBAYIB.

OcCHOBHI MOHATTS PO3POOKH Mporpam 13 Bukopuctanusam texnonorii CUDA.
Anroputmu napanizaiii. JJoMeHHa J€KOMIO3UIIiS.



MaxkcuMaJbHA OIIHKA B 0aJ1ax

IMoTouyHMiT KOHTPOJIb Ex3amenaniiinuii
KOHTPOJ1b Pazom 3a
AUCHHILIIHY
Jladoparopni | IIpakruunii | Camocriiin | Pazom | [IucbmoBa Ycna
3aHATTH ceMiHapcbKi | a pobora 0aJliB | KOMIIOHEHTA | KOMIIOHEH
3aHATTHA (ITK) Ta
- 40 10 50 - 50 100
HuxHi Mex1 OIIHOK:
88% A
80% B
70% C

PexoMeHI0BaHA JiTeparypa
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programming and algorithms. CRC Press, 2019.
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Cambridge University Press, 2022.
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Indopmartiiigi pecypcu

BipTyansHe HaBuaigbHe cepenoBuiie [HCTUTYTY (i3uku KOHACHCOBAHUX CUCTEM IMEHI
L.P. FOxnoBcekoro HAH  Vkpainu, HaykoBi CTaTrTi HayKOBO-NIEJAroriyHUX
npaiiBHUKIB, 0i0mioTeunnid Gpoua [HCTUTYTY (i3UKM KOHACHCOBAHUX CHCTEM IMEHI
L.P. FOxnoBcrkoro HAH Ykpainu, a Takox BeO-pecypcu B [HTEpHET:
https://www.mpi-forum.org/docs/

https://www.openmp.org/

https://developer.nvidia.com/cuda-toolkiti3




