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1. Onuc HABYAJBLHOI JUCHHUILIIHA

XapaKTepucTruka
l"any3b 3HaHb, R .
. : ) HaBYaJIbHOI JUCIIUILTIHU
HaiimenyBaHHS CIIEIIaJILHICTD,
[MOKA3HUKIB crerfianizariisi, piBeHb Oenna 3aouna
BUIIO1 OCBITH popma popma
HAGYAHHA HAGYAHHA
3aranpHa  KUIBKICTB: l'any3p 3HaHB 3a BUOOpOM
KpeauTiB — 5 12 [adopmarriitai (BH3/cTynenra)
TEXHOJIOTI]
roaud — 150 Pik niocomoexu:
) ) CrermaipHICTh 4-i ‘ -U
3MICTOBUX MOAYTIB—2 | |9y KoM 1oTepHi HayKu Cemecmp
8-it | it
Crertiami3arii: Jexuii
36 rox.
OakanaBp 3 it rozL

KOMIT IOTEPHUX HAYK

PiBens BuUIIOi OCBITH:
nepiuii (6akanaBpChKHil)

Ilpakmuuni, ceminapcoKi

0 rox. TOJI.

Jlabopamopni

24 ron. rox

Camocmiiina poooma

90 ron. roxn

Y1y KP-55roxa.

dopma 1iCyMKOBOTO
KOHTPOJTIO:
KP, icriut




2. MeTta Ta 3aBAaHHA HABYAJbHOI JUCIHUILIIHHA

MeTo1 BUKIIaIlaHHS AUCIHIUIIHA € BUBUCHHSI CTY/ICHTAMH NIPUHIIMIIIB MO0y 10BU
napajelbHUX Ta PO3MOAIACHHUX NPOrpaMHUX JOAATKIB Ui  PI3HOMaHITHUX
KOMIT FOTEPHUX CHUCTEM, a TAKOX MPHUAOAaHHS MPAKTUYHUX HABHYKIB IOJ0 CTBOPECHHS,
TECTYyBaHHS Ta EKCIUTyaTallii mapajieIbHOTO MPOTPAMHOTO MPOAYKTY 3 BUKOPUCTAHHSIM
Cy4aCHHMX MaKeTiB Ta CTAHJApPTIB MapajeIbHOro MPOrpaMyBaHHSI.

3aBaaHHA:

1. o3HaliOMJIEHHS CTYAEHTIB 3 OCHOBHMMH TapaJurMaMyd MapajieiabHOro

IpOrpaMyBaHHS;

2. BUBYEHHS CTaHJAPTIB MapayiebHOTO NporpamyBanHs (Takux ik MPI tTa OpenMP)

Ta iX peani3alii;

3. nmpuadaHHS TPAKTUYHUX HABUKIB BUKOPUCTAaHHS TMAKETIB MapayieIbHOTO

MpOoTrpaMyBaHHS;

4. MAroTOBKAa A0 BHUKOHAHHS JUIIOMHUX MPOEKTIB Ta KBamidikallliHUX pooOiT,

TEMaTUKa KA TOB’A3aHa 3 JOCHIIPKEHHSM Ta MPOCKTYBAHHSIM MapajelbHUX

AJITOPUTMIB IPUKJIATHUX 33]1a4.

[Ipouiec BUBYEHHS [UCLUUIUIIHMA CIPSAMOBAHMM Ha (OpPMYBaHHS €JIEMEHTIB
HACTYITHUX KOMIIETEHTHOCTEH:

IK. 3paTtHicTs poO3B’sA3yBaTH CKJAIHI CHEIlali30BaHl 3ajadyi Ta MPaKTHYHI
npoOJeMu y Traixy3i KOMIT IOTEpHUX HayK abo y Mpoileci HaBYaHHSA, IO Tepeadayvae
3aCTOCYBaHHS TEOpi Ta MeTOAIB 1H(MOPMAIIHHUX TEXHOJIOTIN 1 XapaKTepU3YEThCS
KOMIUIEKCHICTIO Ta HCBU3HAYCHICTIO YMOB.

3aranbHi KOMIIETEHTHOCTI

3K1. 3gaTHICTh A0 aOCTPAKTHOTO MUCJICHHSI, aHAJI3y Ta CHHTE3Y.

3K2. 3gaTHICTh 3aCTOCOBYBATH 3HAHHA Y IPAKTUYHUX CUTYAIISX.

3K3. 3HaHHS Ta pPO3yMIHHS MPEAMETHOI 00JIaCTI Ta PO3yMIHHS MpodeciitHOoi
TISIBHOCTI.

CrewuiabHi:

CK9. 3narHicTh peanizyBaTH OaraTopiBHEBY OOYMCIIIOBAIIBHY MOJI€NIb HA OCHOBI
apXiTEeKTypu KIIIEHT-CEpBEP, BKJIIOYAlOuM Oa3u JaHUX, 3HaHb 1 CXOBHWIA JdaHUX,
BUKOHYBATH PO3MO/IIJIEHY 00pOOKY BEJIMKUX HA0OPiB JAaHUX HA KjacTepax CTaHAapTHUX
cepBepiB i 3a0e3neUeHHs] O0YMCITIOBATILHUX MOTPEO KOPUCTYBAYiB, Y TOMY YUCII HA
XMapHHUX CepBiCax.

[IporpamHui pe3ynbratu HaBuanus (ITPH):

[1P11. BosomiTh HaBUYKAMH YMPaBIIHHA J>KATTEBUM IMKJIOM TPOTPAMHOTO
3a0e3nedeHHs, MPOAYKTIB 1 CEpBICiB 1H()OPMAIIHHUX TEXHOJIOTIH BIMOBIIHO IO BUMOT 1
OOMEXEHb 3aMOBHHMKA, BMITH pPO3POOJSTH TPOCKTHY JOKYMEHTAIl0 (TEXHIKO-
€KOHOMIYHE OOIPYHTYBaHHS, TEXHIYHE 3aBJaHHsA, Ol13HEC-TUIaH, Yroay, JOroBip,
KOHTPAKT).

VY pesynbTaTi BUBYEHHSI HABYAJIBHO1 JUCHUILIIHM 3700yBay BUIIIOI OCBITH TOBUHEH



3HATH:

1. ocHOBHI mapaJUrMu NapajaeabHOTO Ta PO3MOIITICHOT0 IPOrpaMyBaHHS;

2. OCHOBHI MPUMOMHU HAMCAHHS MMapaJeIbHUX MPOrpaM 3 BUKOPUCTAHHSIM MPOLIECIB
OC UNIX;

3. OCHOBHI MPHUIOMHU HAMMCAHHS MapajelbHUX MPOTPaM 3 BUKOPUCTAHHSIM MOTOKIB
cranaapty POSIX;

4. texnonorii OpenMP, MP] nanucanHs napaneibHUX IPOTPaM:

BMiTH:

1. cTBOprOBaTH NapasnenbHi AITOPUTMU AJI PO3B’A3yBaHHS PI3HOMAHITHUX 3a/1a4;

2. aHami3yBaTH €(eKTUBHICTh apaeIbHOTO aITOPUTMY;

3. peanidyBaTu MapajlelbHUIl aIrOpUTM JUIsl KONBIOTEPHUX CHCTEM 3 PI3HUMHU
napajelbHUMU apXITEKTypaMu;

3. 3MiCT HABYAJBbHOI JUCIHUILIIHHA

3micToBuii MoayJib 1. OCHOBM napaJieIbHUX Ta PO3NOALICHHX 00YHCICHD
Tema 1. Beryn no npeamery. [lapanenizm. /[Ba OCHOBHUX MIAXOAU JI0 JOCSTHEHHS
napanenizmMy: napajeibHe MporpaMyBaHHs, pO3MOiIeHe mporpaMmyBanHs. Halmpocrimia
MOJellb TapajieabHoro nporpamyBanHss PRAM. Haiinpocrima Moaens po3noaiieHoro
nporpamyBaHHs. [lpollec mMpoekTyBaHHsA mMapaielbHUX 1 PO3MOMIEHUX TMPOTpam:
JICKOMITO3HIIIsI, 3B'SI30K, CHHXpOHI3alis. ba3oBi piBHI IpOrpamMHOro mnapaneiizMy.
CepenoBuia J1sl apajieabHOro 1 pO3MOJUIEHOTO IPOrpaMyBaHHS.
Tema 2. Knacudikauisa napaneibHux o0umnciaoBaibHux cucrem. SMP-cucremu,
kinacrepy, MMP-cuctemu. CucrteMu 13 3arajibHOO i PO3MOAUICHOI0 MaM'SITTIO.
Apxitektypa NUMA Tta ccNUMA. Opranizaiiss KOrepeHTHOCTI 0OaratopiBHEBO1
iepapxiuHoi nmam'sti B SMP-cucremax.
Tema 3. T'osioBHI mapagurMm mnapajejbHOr0 MNpPOrpamMyBaHHs. [TepaTuBHHUI
napasesnizm (MHOKEHHS MaTpullb). PekypcuBHuUi mapaneni3M(aganTuBHa KBaJpaTypa).
«BupobHuku Ta croxuBadi» (koHBerepu). [Ipobiemu nmapanenbHOro 1 po3MnoiIIEHOTO
NpOrpaMyBaHHS: «TOHKa» JlaHWX, HECKIHYCHHa BIJCTPOUYKA, B3a€MOOJIOKIPOBKA,
TPYJIHOILIl Oprasi3auli 3B'sa3Ky. TUMNOBI 3a7a4i CMHXPOHi3alli MapaielbHUX MPOLECIB:
3a/1a4a B3aEMHOT'O BUKIIFOUEHHS, «(BUPOOHUK-CIIOKHUBAYY, «UNTAUI-TIUCEMEHHUKI.
Tema 4. IlapanejbHe NporpaMyBaHHsi 3 BHKOPHUCTAHHAM IIOTOKIB CTaHAApTy
POSIX. CrBopennst motoky. Atpubytu motoky. OdikyBaHi W Bija €QHaHHI TMOTOKH.
CkacyBaHHSI TIOTOKY: aCHHXPOHHE CKACOBYBaHHS, CHHXPOHHE CKAaCOBYBaHHS, MOTOKH,
AKi HEe MOXXHa ckacyBaTH. [lotokoBi nmani. OOpoOmtoBau ouwmiieHHS. OYHUIICHHS
noTokoBux gaHux y C++. I[lotokoBi cemadopu. Miorekcu. YMmoBHi 3miHHI POSIX.
[Tpukiag BUKOPUCTaAHHS MIOTEKCIB 1 IOTOKOBUX ceMadopiB.

3micToBuit Moay. b 2. TexHoJ10rii MapajebHUX TAa PO3NOALICHUX 00YHCICHD
Tema 5. Texnosoris mapajenbHoro nporpamyBanHss OpenMP. IIpusHaueHHs
OpenMP. Mogens OpenMP-nonatka. JlupektuBa mnapaienbHoi oOpaOku parallel.
HupextuBa posnonuieHHss podotu for. JupextuBu posnopaiieHHs poOOTH sections Ta



section. JlupektuBu single ta master. JupexktuBu tasks Tta taskwait. JlupextuBu
cuHXpoHizaii barrier, ordered, critical, atomic. CninbHi Ta npuBaTHi 3MiHHI. DyHKIT
cepenoBuila BUKOHaHHS. DyHKIII OJOKyBaHHS Ta CHHXpOHi3allii. 3MiHHI OTOYECHHS.
AnropuT™MH TJIaHYBAaHHS NapajebHOTO BUKOHAHHSA IUKIIB (static, dynamic, guided,
runtime scheduling).

Tema 6. Texnosoris po3nogisiesoro nporpamyBanusa MPI. Ilpusnauenns MPL
Monens MPI-nonatka. Komynikatopu. @yHkii iHimiai3amii i 3aBepuieHHs] poOOTH.
Etanu nepenaui noBigomiieHs Mix napaieasHumu nporecamu MPI. Tunu nanunx MPI.
OyHKIT Tepeadi MOBIIOMIICHh MK IMPOIECaMH THIY «OJUH-OJHOMY». KoJeKTHBHI
komyHikarii. Po3nmoxineni omepamii B8 MPI. CtBopenHss HoBux TumiB ganux MPI.
CtBopeHHs1 posnojauieHux omnepaiid. Tomosorii mporeciB. CTBOpEHHsS JEKapTOBOL
tonosiorii mporneciB B MPI-nonarkax. Ilpuknan BUKOpHCTaHHS JEKaApPTOBOi TOMOJOTIT
MIPOIIECIB.

Tema 7. Moae/loBaHHAI Ta aHAJI3 NapajelbHUX 00YMCIeHb. MoJenb 00YUCIEHD Y
BUrIsAl rpada "onepauii-onepanau”. ['pad iHdopmamiiHux 3anexHoCTer MOCIIITIOBHOTO
anroputMy. Onuc CXeMH MapajeIbHOT0 BUKOHAHHS alrOpuTMy. XapaKTePUCTHKHU Yacy
BUKOHAHHSl TMAapajelpbHOr0 ajiroputMy. TeopemMu Mpo OLIHKH dYacy BHUKOHAHHS
napajieapbHoro anroputMmy. IlokasHuku e(EeKTUBHOCTI MapanelibHOrO ajaropuTMy.
Kackanna cxema cymyBaHHs. MoaudikoBaHa KackajHa cxeMa cymyBaHHs. OIliHKa
MaKCUMaJbHO JOIYCTUMOrO IMapaienizmy (3akoH Ampgans, edekT Ampjans, 3aKOH
I'ycraBcona — bapcuca). AHaii3 MaciTaboBaHOCTI MapajieIbHUX 00U CIICHb.



4, CTpyKTypa HABYAJIbHOI IMCIUIIIHH

Kinekicts rogua

Jlenna gopma

3aouHa Gopma

TEMA Bc Y TomMy uuci Bc Y Tomy yucmi
bO na bO aa
o | n/c 6 | P | ol n/c 5 | <P
1 2 |3 1456 | 7]8]9]10]11
3micToBuii MoayJb 1. OcHOBM napaJieJIbHUX Ta PO3NOIIJIeHNX 00YUCIEeHb

Tema 1. Beryn no 7 9 5

peIMETY.

Tema 2. Knacudixkaris

napajieabHuX 7| 2 5

00YHUCITIOBAILHUX CUCTEM:

Tewma 3. ['onoBHI1

napagurMu napajieiabHOTO 9 | 4 5

IpOrpaMyBaHHSI.

Tema 4. [Tapanenbue

porpaMyBaHHS: TIOTOKH 19 | 8 6 | 5

cragaapty POSIX

3microBuit Moy b 2. TexHoJ10ril mapaJjieJIbHUX Ta PO3NMOAiJIEeHUX 00YHCICHb

Tema 5. TexHosoris

napajieibHOro 19 | 8 6 | 5
nporpamyBadHsi OpenMP.

Tewma 6. TexHooris

PO3IOIIIIEHOTO 19 | 8 6 | 5
nporpamyBanHs MPI

Tema 7. MoaentoBaHHs Ta

aHaJIi3 MmapasieIbHUX 15| 4 6 | 5
00YHCIICHbD.

KypcoBa po6orta 55 55
Ycboro 3a Kype 150 | 36 24 190

5. TeMu ceMiHAPCHKUX 3aHATH
CeMiHapChKI 3aHATTS HE Mepe0aueHo
6. TeMH NpaKTUYHUX 3aHIATh
[IpakTU4H1 3aHATTS HE Tepe10ayeHO
/. Temu 1200paATOPHHUX 3aHATH

Ne
3/11

HazBa Temu

KinbkicTh
TOIVH

3micToBuii MoayJb 1. OcHOBM napaJjieIbHUX Ta PO3NOALIEHNX 004YHNCIEHb

CTBOpEeHHS Ta OYIKyBaHHS 3aBepIIeHHs MOTOKY. OuiKyBaHi
Ta BiJ'€IHAH1 TOTOKHU

2




2 | BukopucTtanHsi MIOTEKCIB Ta TOTOKOBHX ceMadopiB 2

3 | CuHxpoHi3allisi MOTOKIB 3 YMOBHUMH (CUTHAJIBHUMH) 2
3MIHHHMH
3micToBuii Moay.Ib 2. TexHoJI0ril MapajebHUX Ta PO3MOAIJIEHUX

004HCICHb

4 | Texnonorisg OpenMP. Jupextusu OpenMP. 2

5 | Texnonorist OpenMP. 3aranbHi Ta mpuBaTHI 3MiHHI 2

6 | Texuonoris OpenMP. [ToTokob6e3neuni GyHKITI 2

7 | Texnomoriga MPI. OOMiH nOBITOMJIEHHSIMH MIK IBOMa 2
polecamMmu

8 | Texnonoris MPI. CTBopeHHs TUTIIB AaHMX 1 II00aTbHUX 2
omneparii

9 | Tonomoris nporeciB MPI 2

8. Camocriiina po6oTa
No HasBa Temu / Buau 3aBgaHb KinekicTh
3/n r'OJINH

3micTroBuit Moay b 1. OCHOBH napaJieJibHUX Ta PO3NOTiJIeHUX 004HCJIEHb

1 | Beryn go npeamety / miiIr0OTOBKA /10 JIEKILIN S

2 | Knacudikariist napaneabHuX 00UHCIIOBATIBHUX CUCTEM/ 5
I1JTOTOBKA JI0 JICKITIH, Ja00paTOPHUX 3aHSITh

3 | ['oyioBHI MapagurMu napajiebHOro MporpaMyBaHHs/ 5
I1JTOTOBKA JI0 JICKITIH, Ja00paTOPHUX 3aHSITh

4 | ITapanensHe mporpaMmyBaHHs: TOTOKH ctaHaapty POSIX/ 3)
MIArOTOBKA JI0 JICKI1H, JIJA0OPATOPHUX 3aHSTh
3micToBuii MoayJib 2. TexHo10Til NapajeJJbHUX TA PO3MOJITICHUX

004HC/ICHb

5 | Texnomnorisi mapanenabHOro nporpamyBannas OpenMP/ 5
I1JITOTOBKA JI0 JICKITIH, Ja00paTOPHUX 3aHSTh

6 | TexHosoris po3nojiieHoro nporpamysants MPI/ 5
I1JITOTOBKA JI0 JICKITIH, Ja00paTOPHUX 3aHSITh

7 | MonentoBaHHS Ta aHAJI3 MapaJlyieIbHUX 00UHCIICHb/ 5
MIATOTOBKA JI0 JICKI1H, JIJA0OPATOPHUX 3aHSTh

CamocriiiHa po0OoTa OQOPMITIOETBCS Y  BHUIJISIL
1HIWBIAYaJIbHOTO 3aBJaHHS, OOTOBOPEHHS Ta OI[IHIOBAHHS SKUX 31MCHIOETHCA Ha

MOTOYHOMY Ta MiJICYMKOBOMY KOHTPOI.

B pamkax camocTiitHOT pob60oTH nepeadadaeThes BAKOHAHHS KypcoBoi poootu (KP)

JIOTIOBI/1

Ta BHKOHAaHHA

3a TeMoro «HamnucanHs mapajgenbHUX JO/IaTKIB 3 BAKOPUCTAHHSM TMOTOKIBY.

Education.

Camocriiina po6oTa 3100yBauiB 3a6e3neuyerbes 3acobamu Google Workspace for




HaBuanbHOo-MeTonamune  3abe3meueHHs: poboda  mporpamMa  HaBYaJIBHOI
AUCIMIUTIHU; HaBYaJIbHO-METOJWYHI MaTepialnu Uil JEKIid Ta JabopaTopHUX pPOOIT,
KOHCIIEKTH (TEKCTH, CXEMH) JICKIIii; MyJIbTUMEIIHI TIPe3eHTallli;

KpuTepii omiHIOBaHHS BUKOHAHHS CAaMOCTIHHOT poOOTH:

— CBOEYACHICTh BUKOHAHHS,

— TOOPOYECHICTh Ta KOPEKTHICTH Y TIPEACTABIICHI TEKCTIB, TPE3CHTAIlIN Ta MMOCHIIAHb
(Y pa3i moBeAeHOTO MmiariaTy 6anu 3a poOOTy aHYyJIOIOThHCS);

— TIOBHOTA, TPAMOTHICTh 1 KOPEKTHICTh PO3KPUTTSI OCHOBHUX ITOJIOKEHB;

— TBOPYMH M1JX1/ 0 TOCTAHOBKH 1 peaizailii 3aBaaHHs;

— BIIMOBIAHICTh (POPMATBHUM KPHUTEPIsM (CTPYKTYpa, MOCIIIOBHICTD, JIOTIYHICTD,
MOBHA IPaMOTHICTb, SIKICTh O(OPMJICHHS TOIIIO).

— BMIHHS 3aCTOCOBYBATH TCOPETUYHI 3HAHHS JIJIS PIICHHS MPAKTUIHUX 3aB/IaHb.

9. MeToau HABYAHHA
Jlexuii 3 BHUKOPUCTaHHSM MYJIbTUMEAINHOINO NPE3EHTAUIMHOrO Marepialy Ta
1a00paTopHi poOOTU 3 BUKOPUCTAHHSIM CYYaCHOT'O MPOrPaMHOTO 3a0€3MEeUEHHS.

10. ®opMu KOHTPOJIIO | METOAH OLiHIOBAHHSA

IMoTounnii kKoHTPOJBL. Ha 1abopaTopHUX 3aHATTSIX MPOBOJAUTHCS YCHE ONTUTYBaHHS
CTYJIEHTIB. 3a pe3yJbTaTaMi BUKOHAHHS JIA0OPATOPHUX POOIT CTYAEHT 0opmIIsie 3BIT.
3BIT MepeBIPSAEThCA BUKIATA4eM B MPUCYTHOCTI CTyJeHTa B ¢dopmi crmiBOeciau. s
3apaxyBaHHS 3BITY CTYJCHT TaKOXK MOBHHEH BIJIMOBICTHA Ha 2 3alUTaHHS €K3aMeHaTopa
3a TeMOIO JlabopaTopHOi poOOTH 3 mepeniky, HaBeneHoMy y 1. 11. Takum umHOM,
OI[IHIOIOYHU 3BIT 32 JaOOPATOPHOIO POOOTOIO, BUKJIAAau OIlIHIOE PIBEHb MPAKTUYHOI Ta
TEOPETUYHOI MIATOTOBKH CTYyIEHTA 32 TEMOIO.

IlincymkoBHMii KOHTPOJIb. 3aJiK BHCTABISIETbCS 3a CyMOIO OalliB, SIKI CTYJIEHT
OTpUMaB 3a 3BITH 3 Ta0OPATOPHUX POOIT.

[Tpu oniHrOBaHHI B Oaax piBHs 3aCBOEHHS MaTepiaily BUKOPUCTOBYIOThCS 3arajibHi
KpUTEPil OIHIOBAHHA HABYAJIbHHUX JOCATHEHb 3/100yBa4iB BUIIOI OCBITH:

OmuiHka 3a TeopeTrnyHa miAroToBKa ‘ [IpakTHyHa OIArOTOBKA

HaI[lOHAJIHHO 3100yBay OCBITH

10 IIKAJIOK)

BinMinzO y IOBHOMY 00CsI31 BOJIOJII€ rIIMOO0KO Ta BCEOIYHO PO3KPHUBAE
HaBYaJHLHUM MaTepiaioM, CYTHICTh MPAKTUIHHX/
BUIBHO, CAMOCTIHO Ta PO3paxyHKOBHX 3aBJaHb,
apryMeHTOBaHO MOT0 BUKOPHCTOBYIOUH TIPH IIBOMY
BUKJIAJIA€ TiJ] 4ac yCHUX HOPMATHUBHY, 000B’A3KOBY Ta
BUCTYIIIB Ta TUCbMOBHUX JOIATKOBY JIITEPATypy; MOXKE
BIJIMOBIJIEH; TIIMOOKO Ta apryMeHTOBaHO 00paTu
BCEOIYHO PO3KPUBAE 3MICT panioHaIbHUI c1oci0 BUKOHAHHS
TCOPETUYHHUX NMHUTAHB, 3aBJIaHHSA W OLIIHUTH PE3yIbTaTH




BUKOPUCTOBYIOYH TIPH IIBOMY
HOPMAaTHBHY, 000B’3KOBY Ta
JI0JATKOBY JITEpaTypy;
pOOUTH CaMOCTiHiHI BHCHOBKH,
BUSIBJISIE IPUYUHHO-
HACJ1JIKOBI 3B’ A3KH;
CaMOCTINHO 3HAXOUTh
J0IaTKOBY 1H(opMariito Ta
BUKOPUCTOBYE 11 ISt
peaiizaliii mocTaBJICHUX Mepe
HUM 3aBJIaHb. 3100yBay
3/1aTeH BULISATUA CYTTEBI
O3HAKH BUBYCHOTO 32
JOTIOMOT'OI0 OIepanii
CUHTE3Y, aHAITI3y, BUSBJISTH
MPUYMHHO-HACIIAKOBI
3B’sI3KH, (OPMYBaTH BUCHOBKH
1 y3araJibHeHHsI, BUIbHO
ornepyBaTH (hakTaMu Ta
BIJIOMOCTSIMHU.

BJIACHOI MIPAKTUYHOT ISITBHOCTI;
BUKOHY€E TBOPYI 3aBJIaHHS Ta
1HIIIFO€ HOBI IIUISIXY 1X BUKOHAHHS;
BIJIbHO BUKOPHCTOBY€E HaOyTi
TEOPETUYHI 3HAHHS MIPH aHami31
MPAKTUIHOTO MaTepialy; MPOsBIIsE
TBOPYHUH M1X1/] 10 BUKOHAHHS
1HJIMBIAyaJIbHUX Ta KOJICKTHUBHHUX
3aBJIaHb MPU CaAMOCTIMHIN POOOTI.

Jlobpe

J0CTaTHBO MTOBHO BOJIOJIIE
HaBYAJIBLHUM MaTepialioM,
OOTPYHTOBAHO HOTO BUKIIAJA€
1] 9ac YCHUX BUCTYIIIB Ta
IMMCHbMOBHX BIITOBIICH,
BUKOPHCTOBYIOYH TIPH IIBOMY
HOPMAaTHBHY Ta 000B’A3KOBY
JiTeparypy; npu
MPEJICTABIICHH] IESIKUX MMUTAHb
HE BUCTA4a€ JOCTATHHOL
INIMOWHYU Ta apryMeHTallli,
3aCTOCOBY€E 3HAHHS IS
PO3B’sI3aHHS CTAaHIAPTHUX
CUTYyaIliii; CaMOCTIITHO
aHaJli3ye, y3arajibHIOE 1
CUCTEMATU3YE HAaBYAIbHY
iH(popmarrtito, ane
JOIYCKAIOTHCSA MPHU I[LOMY
OKpeMi HECYTT€B1 HETOYHOCTI
Ta He3HAYH1 TOMUJIKH.

MPaBUJIHLHO BUPIIIUB OIBIIICTD
PO3paxyHKOBHX /T€CTOBUX 3aBJIaHb
3a 3pa3KoOM; Ma€ CTIMKI HABUYKH
BUKOHAHHS 3aBJIaHHS

3a10BIIBHO

BOJIO/1€ HABYAIIbHUM
MaTepiajioM Ha
PENPOAYKTUBHOMY PiBHI 200

MO’KE€ BUKOPHCTOBYBATH 3HAHHS B
CTaHAAPTHUX CUTYaIlisIX, Ma€e
€JIeMEHTapHI, HECTIMKI HABUYKH




BIITBOPIOE TIEBHY YACTHHY
HaBUYAJLHOTO MaTepiay 3
eJIEeMEHTaMM JIOTTUYHHX
3B’S3KiB, 3Ha€ OCHOBHI
MOHSTTS HaBYAJIbHOIO
Marepiany; Ma€ yCKIaJHCHHS
I1]] 9ac BUIIJICHHS CYTTEBUX
03HAaK BUBUYEHOIO;

Ii]] 9ac BUSIBJICHHS IPHYUHHO-
HACJIIIKOBHUX 3B A3KIB 1
dbopMyIFOBaHHS BUCHOBKIB.

BUKOHAHHS 3aBnaHHs. [IpaBuinbHO
BUPIIINB MTOJIOBUHY
PO3paxyHKOBHX/TECTOBUX 3aB/IaHb.
3100yBad Ma€ yCKJIaHCHHS i1
9yac BUIIJICHHS CYTTEBUX O3HAK
BUBUYCHOTO; ITi]T YaC BUSBIICHHS
NPUIMHHO-HACTIIKOBHX 3B SI3KIB 1
dbopMyIIFOBaHHS BUCHOBKIB.

He3anoBinbHO | BOJIOJI€ HABYATEHUM HEJOCTaTHHO PO3KPUBAE CYTHICTD
3 MOKJIMBICTIO | MaTepiajioM TOBEPXOBO i MPAKTUIHUX 3aBIaHb, TOMyCKAIOUN
ITOBTOPHOTO dbparmenTapHo (0e3 P I[bOMY CYTTEBI HETOYHOCTI,
CKJIQJIaHHS aprymeHTarnli ta PaBUJIBLHO BUPIIIUB OKPEMI
OOTpyHTYBaHHsI); O€3CUCTEMHO | pO3PaXyHKOBI/TECTOBI 3aBIaHHS 3a
BHOKPEMJTIOE BUMAIKOBI JIOTIOMOTOI0 BUKJIa/1aua, B1ICYTHI
O3HaKH BUBYEHOI'0; HE BMI€ c(hopMOBaH1 YMIHHS Ta HABUYKHU.
pOOUTH HAUTIPOCTIIII OTepaIlii
aHai3y 1 CHHTE3Y; pOOUTH
y3araJIbHeHHs, BACHOBKH; ITi]T
gac BIJIMOBI1 JOMYCKAIOThCS
CYTT€B1 IOMMJIKH
He3anosiipHO | HE BOJIOAIE HABYAJIHHUM BUKOHYE JIUIIE €IEMEHTH

3
000B’SI3KOBUM

MarepiajioMm

3aBAaHHs, NOTPeOye MOCTIHOT
JOTIOMOT'M BUKJIaJa4a

MTOBTOPHUM
BHBYCHHSM
JTUCLIMILIIHA
11. IIuTaHHA 1JI MOTOYHOI0 TA NMEPIOAMYHOr0 KOHTPOJIIO
1. /IBa OCHOBHMX MAXOAW JO JOCATHEHHS Tapayieli3My: IapajeibHe

IpOrpaMyBaHHS, PO3MOAICHE MPOTPaMyBaHHS.

B whn

3B'I30K, CHHXPOHI3aIlisl.

©oo~No O

ba30Bi1 piBHI TporpaMHOro napaneiizmy.
CepenoBuiiia Jj1si napajieIbHOTO 1 pO3NOAUIEHOTO MPOrpaMyBaHHS.
SMP-cuctemu, knactepu, MMP-cuctemu.

Cucremu 13 3araibHOIO ¥ PO3MOIIICHOIO MTaM'sITTIO.

Apxitektypa NUMA ta ccNUMA.

Hatinpocrinra Mojenb mapasnenbHoro nporpamyBants PRAM.
Haitnpocrimia Mojiens po3noijieHOTo MporpaMyBaHHS.
[Iporec mpoekTyBaHHS MapajeIbHUX 1 PO3MOIIJICHUX MPOrpaM: JACKOMITO3MIiS,




10.Opranizaiiisi KOT€peHTHOCTI OaratopiBHEBOi iepapxiuyHoi mam'ati B SMP -
CUCTEMax.

11.ITepatuBHuii mapanenizM (MHOKCHHS MaTPHIIb).

12.PexypcuBHMIA Tapayieni3M(aIanTiBHA KBaApaTypa). « BUpoOHUKH Ta CIIOKUBAYi»
(koHBeiepH).

13.IlpobGnemMu mapanenpbHOTO 1 PO3MOIIICHOTO MPOTPaMyBaHHS: «TOHKa» JIaHHUX,
HECKIHYCHHA BIJCTPOYKA, B3aEMOOJIOKIPOBKA, TPYIHOII OpraHi3ailii 3B'a3Ky.

14. TumoBi 3ajmayl CHHXpPOHI3aIlli TapajeibHUX TMPOLECIB: 3aJadya B3aEMHOTO
BUKIJIIOUECHHSI, «<BUPOOHUK-CIIOKUBAYY, «UUTAY1-TTUICBMEHHUKI.

15.CTBOpeHHS MOTOKY. ATpUOYTH TTOTOKY.

16.0OuikyBaHi ¥ BiJ € HAHHI IOTOKH.

17.CxacyBaHHs TOTOKY: aCMHXPOHHE CKAaCOBYBaHHS, CHHXPOHHE CKacCOBYBaHHS,
MOTOKH, SIK1 HE MOKHA CKacyBaTH.

18.ITorokoBi gani. O6po6aoBay ounieHHs. OUHIIEHHS TOTOKOBUX AaHUX y C++.

19.TToToxoBi cemadopu. MIOTEKCH.

20.YmoBHi 3MminHi POSIX. Ilpukinan BHKOpPHUCTaHHS MIOTEKCIB 1 ITOTOKOBUX
cemadopiB.

21.Ilpu3nauenass OpenMP. Monens OpenMP-nonatka.

22.]lupexTuBa mapaieiabHoi 00padku parallel.

23.JlupexTrBa po3noiieHHs pobdotu for.

24. JlupeKTuBU pO3MOAUICHHS poOOTH sections Ta section.

25.lupextuBu single Ta master.

26.TupextuBu tasks ta taskwait.

27.JlupexTuBH CUHXpOHI3aIlli barrier, ordered, critical, atomic.

28.CrinbHI Ta MPUBATHI 3MIHHI.

29.DyHKIII{ cepeIoBUIIa BAKOHAHHS.

30.DyHK1iT 6J0KyBaHHS Ta CHHXPOHI3AIlii.

31.3minHi otouenust OpenMP.

32.AnaropuT™MH TUIaHYBaHHS TapajelbHOTO BUKOHAHHA LUKIIB (static, dynamic,
guided, runtime scheduling).

33.Ilpuznauennss MPI. Moxens MPI-nonatka.

34 Komynikaropu. OyHk1ii iHiiami3arii it 3aBepiieHHs poOoTH.

35.ETanu nmepemaui moBiioMIIeHb MiX MapaieasHuMu nporecamu MPI.

36.Tunu nauux MPI.

37.DyuKIi1 nepenadi NoBiAOMIIEHb MIXK ITPOLIECAMH TUITY «OJUH-OJTHOMY.

38.KonexkTrBHI KOMYHIKaIIii.

39.Po3nonineni oneparii B MPI.

40.CtBOpeHHS HOBUX THUIIB JaHuX MPI.

41.CTBOpEHHS PO3MOIITICHUX ONIEPAITii.

42.TomnoJorii mpoliecis.

43.CtBOpeHHSs AekapToBOi Tomnosiorii nmporeciB B MPl-mogaTkax.

44 Tlpuknan BUKOPUCTAHHS IEKapTOBOT TOIMOJIOTIT MPOLIECIB.

45.Moaenb o0uuciaeHb y BUTIs1 Tpada "onepariii-onepanan'.



46.I'pad iHbDOpMaLITHUX 3aI€KHOCTEN TTOCITIIOBHOTO aITOPUTMY.

47.0nuc cxeMu napajelbHOr0 BUKOHAHHS aJIfTOPUTMY.

48.XapaKkTepUCTHKN Yacy BUKOHAHHS MapajieIbHOTO aJlTOPUTMY.

49.Teopemu mpo OIIHKMA Yacy BHKOHAHHS IMapajeibHOr0 anroputmy. IlokazHukm
€(eKTUBHOCTI MapaieIbHOTO AJITOPUTMY.

50.KackamHa cxema CyMyBaHHS.

51.MoaudikoBaHa KackaJiHa cXeMa CyMyBaHHSI.

52.0111HKa MaKCUMaJIbHO JOIYCTUMOTO MapanienizmMy (3akoH Ampaansd, epext Amaans,
3akoH ['ycraBcona — bapcuca).

53.Anaiz macmTaboBaHOCTI NapajieIbHUX O0YUCIICHb.



12. Po3noain 6aJiB, siki OTpUMYIOTH 3100yBayi

[ToTouHumii Ta IEPiOAMYHUN KOHTPOJIb [Mincymxosuit | Cyma GainiB
KOHTPOJIb
(icrur)
3micToBuii Moxynb 1 3MicTOBUN MOIYIb 2
T1 T2 T3 | T4 TS5 T6 T7 35 100
5 5 5 5 5 5 5
Kontponbna pobGora 3a [KoHTpoasHa poboTa 3a
3mictoBuM MoayieM 1 - 15 3micTtoBum mMoxynem 2 -
15

O®OPMYBAJIBHE OLITHIOBAHHA

Buau naBuanbHOi poOOTH banu 3a onne KinbkicTh Cymapna
3aHATTS 3aBJaHb KUIBKICTD
(3aBOaHH) OayiB
3microBuii MmoayJb 1.
Bukonanns 1 3aXUCT 5 2 0-10
71a00paTOPHUX POOIT
KonTtponrHa pobota 3a 0-15
3MICTOBHUM MOJYJIEM
Ycboro 3a 3MicTOBUM 0-25
MoayJiem 1

3micToBuit MOAYJIb 2.

Buxkonanns 1 3aXHUCT 5 5 0-25
71ab60paTOpHUX POOIT

KonTtposnbHa poboTa 3a 0-15
3MICTOBHM MOJIYJIEM
Ycboro 3a 3MicToBUM 0-40
MoayJiem 2
[TincyMKOBHIA KOHTPOJb 0-35
(icout)
IlincymkoBa cyma 0aJiB 0-100

T1, T2 ... T7 — TeMu 3MiCTOBUX MOJIYIIB.




Ixana ouminoBanuga: HamionaabHa Ta ECTS

Cywma GaumiB 3a Bci | Ominka Orinka 3a HaIllOHAJTFHOIO MIKAJIO0
Buau HaBuainpHOl | ECTS
JISATTBHOCTI JUIs1 €K3aeHYy, KypCOBOI'O JUTSL 3AITIKY
POEKTY (poOoTH),
PaKTUKU
90-100 A BIZIMIHHO 3apaxoBaHO
85-89 B nobpe
75-84 C
70-74 D 3aJ0BUILHO
60-69 E
35-59 FX HE3a/I0BUIBHO 3 HE 3apaxoBaHO 3
MOKJTMBICTIO TIOBTOPHOTO | MOYKJIUBICTIO
CKJIaJaHHS MTOBTOPHOTO
CKJIaJaHHS
0-34 F HE3aI0BLIBHO 3 HE 3apax0OBaHO 3
000B’SI3KOBUM IOBTOPHUM | 000B’SI3KOBUM
BUBYCHHSIM JUCIUILIIHA MTOBTOPHUM
BUBYCHHSIM
TUCIUAIUIIHA
13 HaBuyaJ/ibHO-MeTOAMYHE 320€31eYeHHA
1. KoHCIIeKT  JIeKIi; KOMILIEKC  HaBYaJbHO-METOAUYHOIO  3a0e3IeUYcHHS

JTUCITUTUTIHN; HOPMATHBHI IOKYMEHTH; MTPE3eHTAalliiHI MaTepiau.

2. JlutBunoB O.A., Maptunosuu JI.4., [TonomaproB [.B. "TexHomnorii napanensHoi
00poOku 1Hpopmarrii: OpenMP ta MPI". / JIutBunoB O.A., Maptunosuy JI.5.,
[Tonomapeos 1.B. — {ninpo: JJHY, 2017. — 124 c.

3. BepOimpkuii B. B., MakcumoB A. JI. Tlapanensne mporpamyBaHHS 3
BUKOpHUCTaHHsAM TexHojorli OpenMP: meroa. BkaziBku. Oneca : Onec. Hall. yH-T
im. I. I. Meunukosa, 2022. — 47 c.

14. PexomenioBaHa Jiitepatrypa
OcHoBHA
1. Pacheco P. An Introduction to Parallel Programming / Elsevier, 2011. 392 p.
2. Rauber Th., Runger G. Parallel Programming For Multicore and Cluster Systems /

Springer-Verlag Berlin Heidelberg, 2010. 463 p.



Schmidt B., Gonzalez-Dominguez J., Hundt Ch., Schlarb M. Parallel
Programming. Concepts and Practice / Publisher: Katey Birtcher, 2018. 405 p.
Trobec R., Slivnik B., Buli¢ P., Robi¢ B. Introduction to Parallel Computing.
From Algorithms to Programming on State-of-the-Art Platforms / Springer
Nature Switzerland AG, 2018. 259 p.
Robey R., Zamora Y. Parallel and High Performance Computing / Manning,
Shelter Island, 2021. 705 p.
Weinzierl T. Principles of Parallel Scientific Computing: A First Guide to
Numerical Concepts and Programming Methods: Undergraduate Topics in
Computer Science. / Springer Nature Switzerland AG, 2022. 314 p.

JlonaTkoBa
Chapman B., Jost G., Ruud van der Pas. Using OpenMP: portable shared memory
parallel programming / The MIT Press, 2007. 378 p.
Forster M. Algorithmic Differentiation of Pragma-Defined Parallel Regions:
Differentiating Computer Programs Containing OpenMP / Springer Fachmedien
Wiesbaden, 2014. 411 p.
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(https://www.openmp.org/wp-content/uploads/OpenMP-API-Specification-
5.0.pdf)

Ruud van der Pas, Stotzer E., Terboven Chr. Using OpenMP-The Next Step.

Affinity, Accelerators, Tasking, and SIMD / The MIT Press, 2017. 381 p.
Mattson T. G., He Y. H., Koniges A. E. The OpenMP common core : making
OpenMP simple again / Cambridge, Massachusetts : The MIT Press, 2019. 277 p.
Foster I. Desinging and building parallel program / Addison-Westly, 1995.
Shir M., Otto St. MPI: The complete reference / MIT Press, 1996.

15. Inopmauiiini pecypcu
http://nbuv.gov.ua - Caiit HarioHaabHOT 010i0TeKH YKpainu imeHi B.1.
Bepnaacekoro.
http://www.dnpb.gov.ua/ - Caiit nepkaBHOT HAYKOBO-II€IaroriqHoi 0101i0TeKH
VYkpainu imeni B.O. CyxoMIuHCBKOTO.
http://www.lib.onu.edu.ua/ - Caiit 6i6mioTexku OHY imeni I.I. MeunikoBa.
http:// odnb.odessa.ua/ - Caiit Oaechkoi HalliOHAJIBHOT HAYKOBOT 010110 TEKH.
http:// korolenko.kharkov.com/ - Caiit XapkiBchKkoi qepaBHOT HAYKOBOT
616morexu imeHi B.I'. Koponenko.
The MPI Forum, which is the standardization forum for the Message Passing
Interface (MPI). — Pexxum noctymy: https://www.mpi-forum.org
Argonne National Laboratory, Center for Computational Science and Technology.
— Pexxum noctymy: http://www.mcs.anl.gov
CACR (Center of Advanced Computing Research). — Pexwum npocTymy:
http://www.cacr.caltech.edu
Netlib is a collection of mathematical software, papers, and databases. — Pexwum
nocrymy:http://netlib.org



https://www.waterstones.com/author/tobias-weinzierl/1924212
https://www.mpi-forum.org/
http://www.mcs.anl.gov/
http://www.cacr.caltech.edu/
http://netlib.org/
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