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KOMIT'IOTEPHI CUCTEMHU TA KOMIIOHEHTH
V]IK 004.27

H. A. Xpucrtusnenp

PEAJIIBAHIA BA'ATOIIOTOYHOCTI HA APXITEKTYPI
MYJUbBTUMEIAINHUX ITPOLHECOPIB NEXPERIA

Jlyupkuil HallioHANBHUH TEXHIYHUH yHiBepcuTeT, JIynbK

AnoTanis. Po3riasHyTO CTPYKTypy MYJIBTHIPOLIECOPHUX CHCTEM Ha apXiTeKTypi cydacHHX MyJIbTHMeiHHuX mpomecopiB Nexperia 3 32-
PO3PSAAHUM OGUHCITIOBATBEHUM siApoM. JlociimKkeHo cdepr 3acTOCYBaHHS MyJIbTHMEIIHHUX MPOLIECOPIB, SIK MPOLECOPIB 3aralbHOrO MPU3HA-
4eHHs Ta iX QyHKLUil 00poOKH naHuX. MyJIbTHMEIiHHI HPOIIECOPH BUKOPUCTOBYIOTh 200 (DYHKIIOHATBHI apXiTEeKTYpH 3 0OMEKEHOIO MHYYKi-
CTIO, aJle BUIOIO IIBHAKICTIO Ta e()eKTUBHICTIO, a00 MPOrpaMoBaHi apXiTeKTypH 3 MiABHIIEHOIO rHy4KicTio. [IpoananizoBaHO apXiTeKTypy
oxnoro 3 mpouecopiB Nexperia — TriMedia TM-1300 Ta HaBeeHO cXeMy HOr0 OCHOBHHX KOMIIOHEHT, IPUHLMI POOOTH LEHTPAIBLHOIO
apOiTpaxky IIMHH MPOLecopa Ta CrocoOu HApOLIEHHs foro MmBHIAKOAIl. BUsBIeHO, 10 YAOCKOHANCHI MPOLECOPH 3aralbHOr0 MPU3HAYCHHS
38.663He‘{y}0TI; l'liI[TpI/IMKy MyIIBTI/[MSI[ia NIJISIXOM BKJIIFOYCHHSA HOBHX MyJ'[BTPIMeZ[iﬁHHX iHCprKHiﬁ 1ix TapaJIeIbHOTO BUKOHAHHA 3a JI0IIO-
Mororo miaxony cmismporiecopa SIMD. Bouu 3a0e3nedyioTh HiATPUMKY MyJIbTHME/ia, BKIIOYAIOYH MyJIbTHMEia IHCTPYKIii B HAOIp iH-
CTpyKUiil. 3aMiCTh BUKOHAHHS IEBHUX MyJIbTHMeMiHHUX QyHKUiil (Hanpukian ctucHeHHst Ta 3D rpadiku), MyabTHMeIiHI IpoLecopu Ha-
JIAI0Th CIELIIBHO CTBOPEHI IHCTPYKINT U MIATPHMKH 3araJIbHUX orepauniii y oopobui Bimeo. Lli iHCTpyKLil BKIIOYAIOTh MIATPUMKY 8-
OiTHUX TUMIB JaHUX (MiKCeniB), eheKTHBHY aApecalliio JaHuX i iHCTPYKLUil BBOAY/BHBOAY. Y CTATTI PO3IJISHYTO MOKIHBOCTI HPOTPaAMHOT
peanizawii po3mapaieneHts poObOTH MPOLECOPIB 32 JOMOMOTOK0 TEXHOJIOTIH MapaiebHOi 0OPOOKH, sIKa JOCATAETHCS CIIOCOOOM MOIUTY O-
HOr'o BUKOHAaHHA 3aBJIaHHS Ha IIeKiHI:Ka HC3aJIC)KHUX MCHIIINX 3aBIaHb. 3aHp01'IOHOBaH0 IporpamMmBy peani3aui}0 pOGOTH CTaTUYHHUM Ta aHO-
HiMHEM MeToJ0M. HaBezneHi Koy mporpam ta pe3yJIbTaTH iX TecTyBaHHs. J|0OBEIeHO, 0 PO3OUTTS Pi3HUX YaCTUH 3aBAAHHI MK KiTbKOMa
obuncmoBansHuMu pecypcamu CPU nae 3MOry CKOpPOTHTH 4Yac BUKOHAHHS HPOTPAMH Ta BIOCKOHATIOTH MOTCHIINHHY OOYHCIIOBAIbHY
HOTYKHICTh pOOOTH KOMII YOTEPHOI CHCTEMH.

KurouoBi ciioBa: apxirekTtypa Komm’ioTepiB, 6araTonpounecopHi cucTteMu, MyJbTHMEAIHHI Npouecop, napajejibHi 004YHCIeHHS,
Nexperia, TriMedia.

Abstract. The structure of multiprocessor systems based on the architecture of modern Nexperia multimedia processors with a 32-bit
computing core is considered. The fields of application of multimedia processors as general purpose processors and their data processing
functions are studied. Multimedia processors use either functional architectures with limited flexibility but higher speed and efficiency, or
programmable architectures with increased flexibility. The architecture of one of the Nexperia processors - TriMedia TM-1300 is analyzed
and the diagram of its main components, the principle of operation of the central arbitration of the processor bus and methods of increasing
its speed are given. Advanced general-purpose processors have been found to provide multimedia support by incorporating new multimedia
instructions and executing them in parallel using a SIMD coprocessor approach. They provide multimedia support, including multimedia
instructions in the instruction set. Instead of performing specific multimedia functions (such as compression and 3D graphics), multimedia
processors provide purpose-built instructions to support general video processing operations. These instructions include support for 8-bit data
types (pixels), efficient data addressing, and I/O instructions. The article examines the possibilities of software implementation of the
parallelization of processors using parallel processing technologies, which is achieved by dividing one execution of a task into several
independent smaller tasks. A software implementation of the work using a static and anonymous method is proposed. The program codes and
the results of their testing are given. It has been proven that the division of different parts of the task between several computational
resources of the CPU allows to reduce the execution time of the program and improves the potential computing power of the computer
system.

Keywords: computer architecture, multiprocessor systems, multimedia processor, parallel computing, Nexperia, TriMedia.

DOI: https://doi.org/10.31649/1999-9941-2022-55-3-59-64.

Beryn

Tonnannceka xkommanist Nexperia, sika € 6permom Philips, mopigno mocrauae monan 100 minbsipais ToBa-
piB MiKpOIpOLIECOPHOT TeXHiKK y cBiTi. Lli nmpoaykTH BH3HaHI eTajJoHaMu e(hEeKTHBHOCTI MIKpPOIIPOILIECOpIB 3a-
BISKM 4YyJOBOMY HOEIHAHHIO iX PO3MIpy, MOTYXKHOCTI Ta NpOAYKTUBHOCTI. HeBenukuii po3mip mnporecopa
cripusie eKOHOMII IHHOT eHeprii Ta mpocTopy Ha miati. Kpim Toro, Nexperia — e MikpomnporiecopHa TexHika st
VHIKaIIbHOI TPYIH YHUIIIB, SIKi CIIPOIIYIOTh PO3POOKY MYJIBTUMEIIHUX MPHCTPOIB KOKHOTO HOBOTO ITOKOJIIHHS.
I'uyuki pimenHs Nexperia 1ormomMararoTh BUPOOHHUKAM 33aJOBOJNEHATH MOTPEOH PUHKY B iIHHOBAIliHHHUX, TIPUBa0-
JMBUX MPOJYKTaX Ha LUIBOBHX CHOXXMBYMX 1 KOMYHIKAI[IfHUX PHHKax, MOYMHAIOYH BiJ BUCOKO-IHTETPOBAHUX
nporpamoBanux cucteM SOC i CYIyTHIX MIKPOCXEM JI0 HHUX, @ TAKOK ITUPOKOTO KOJIa CHCTEMHOTO ITPOTrPaMHOTO
3a0e3IeueHHs.

AKTyalbHicTh

TepmiH «mMOTOKOBa mepemaday y OaraTompoliecopHiii oOpoOIli 3a3BUYail BUKOPUCTOBYETHCS ISl OTHCY
Oe3mepepBHUX HECKIHUEHHHMX IMOTOKIB JaHHX 0€3 IMOYaTKy YM KiHIL, SKi 3a0€3MedyroTh MOCTIHHY MoJady X
nmaaux. Taky momady MO)kKHa BUKOPHCTOBYBAaTH 0e3 HEOOXiTHOCTI MOMepeIHbOoro iX 3aBaHTaXeHHA. [loToku na-
HUX TE€HEepPYIOThCS yCiMa THUIAaMHU JDKepel y pi3HuX ¢dopmarax i obcarax: Bif mporpamM, MEpeKeBUX MPUCTPOIB i
(haiinniB )KypHasy cepBepa O aKTUBHOCTI Ha BeO-caiiTi, 0aHKIBCHKMX TPAaH3aKIIH 1 JAHUX PO MiCIIE3HAXOKEH-
Hs. YCi BOHM MOXYTh OyTH arperoBani Jijisl Oe3mepenkoaHoro 300py iHpopMaliii B peaqbHOMY 4aci Ta TOoJaib-
moi aHamiTuKK. ToMy, IporpaMHa peaiizalis IIOTOKOBOI nepesiadi JTaHuX € aKTYaJbHOI0 33/1a4€l0 y CYy4acHHX
6araTo MOTOKOBHUX MYJIBTHIIPOLIECOPHUX CHCTEMAX.

H. A. Xpucrunernp, 2022
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Mera

B ocHoBi mporiecopiB Nexperia JIeXKHUTh apXiTeKTypa BEKTOPHOTO IpoIiecopa 0OpOoOKH CUTHATIB 3 JOBIHM
cnoBoM (VLIW). ApxiTekTypa mporecopiB 3 KiIbKkoMa OOYHCITIOBAIBHUME HpucTposmMu VLIW xapaxrepusy-
€TBCSA THM, IO OJHA IHCTPYKIS IpoIecopa MICTUTHh KiTbKa OIepariii, sKi MaroTh BUKOHYBATHCA IMapajeibHo.
Ha gac 3amouaTkyBaHHS IIi€l apXiTEKTypH CTaJo 3pO3yMiIO, IO MpoIlecopaM 3arajJbHOTO MpHU3HAUYCHHS HE00-
XiJHa JTy’ke BeMKa 00YMCITIOBAaTIbHA MOTYKHICTE 00pOOKH CHTHANIB y peadbHOMY MaciuTabi yacy. Taki nmpuagu
BUXOAWIM JTOPOTHMH, IM OymM TOTPiOHI cIeIriali3oBaHi MIKpOCXeMH ISl HMiITPUMKH OIepamliii BBEACHHS-
BUBEJICHHS, 1 BOHH CIIOKHBanu Oarato eHeprii. ToMy, MeT010 po3poOKH yHIBEpCaIbHOTO Ta EKOHOMHOT'O Mejia-
npoLecopa CTajo MPUCKOPEHHs POOOTH MYJIBTHMEAIHHUX JOAATKIB K B aBTOHOMHOMY PEXHMi, Tak i B 004HcC-
JIOBAJIBHUX CHUCTEMax i3 MiKpONpOLECOpaMH 3arajbHOro NpH3HaueHHs. baratonpolecopHicTs nependavae six
JIOKJIBHHUM, TaK 1 BiyiaieHuid mapaienizM, eekTHBHO 00Xo/as4u riiodansHe OJOKyBaHHS iHTEpPIpeTaTopa, BU-
KOPHUCTOBYFOUH iIPOLIECH 3aMiCTh IMOTOKIB. 3aBIsKU I[boMY OararomporiecopHa o0poOka J03BOJIsIE TPOTrpaMi-
CTY MOBHICTIO BUKOPUCTOBYBATH KiJIbKa MPOLIECOPIB HA ONHIM MammHi. Takui miaxix yCHilIHO peai3oByeThCs
sk Ha Unix, Tak 1 Ha Windows.

3agavi Ha gocaigKeHHS

Po3risiHeMo apXxiTeKTypy ojHOTro i3 mporecopiB cimeiicta Nexperia — TriMedia, TM-1300, sikuii mae 32-
po3psanae obduncmoBanbHe sapo VLIW/SIMD 3 BOymoBaHoro kemr-am'sitTio komauz (32 Koaiit) ta manux (16
Koaiit). Bin mparfoe 3 TakTOBOIO 9acToTor0 10 166 MI'T i Mae BEKTOPHHI CHIBIPOIIECOp, IO Peaji3ye airo-
putMm Xoddmana (mmst o6podkun MPEG-2). Takox y HOTo CKIIaAi € CIiBIpOIecop 300pakeHb, M0 MPHU3HAYCHHNA
Juist eperBopenHs konipaoro mpocropy (YUV/RGB, 32-po3psiauuii koHTponep 30BHIMIHBOI mam'arti (o 64
Mo6it) SDRAM) Ta HaOip TaiimepiB. Yci BOynoBaHi nepudepiiiHi npucTpoi Ta CIiBIPOLECOPH NPALIOIOTh He3a-
JeKHO Bix nentpanbHoro mpouecopa (IIIT) mix kepysanusm DMAS. Inrepdetic PCI/XIO 3abe3mneuye 3B's130k
TM-1300 i3 muHaMH MEPCOHATBHUX KOMI'IOTEPIB, a TAKOXK CTAHIAAPTHOI MIKPOIPOIIECOPHO MepUdepiero.
Inmni nudposi inTepdeiicu npouecopa: Bizeorxin ta Bineosuxix ITU-656, 3BykoBi BXix (2 kaHanm) Ta BUXixA (10
8 kanami) 12 S, 3BykoBuit Buxig IEC958 (S/PDIF), xepytounii mopt 12 C, HanmaromkyBansauii mopt JTAG, a
TaKOXX CHHXPOHHHH MOCIIIOBHUH HOPT JUTA HiIKITIOYCHHS aHAJIOTOBHX Ta HU(PPOBHUX MOAEMIB.

Ha 6a3i npunazgis poanan TriMedia 3 3a3Ha4€HOIO apXiTEKTYPOIO OYJI0 PO3pOOIICHO BUCOKOSKICHI BUPOOH
MoOYTOBOTO Ta MPOMHUCIOBOTO npu3HadeHHs. [Ipomecop TM-1300 cta ocHoBOIO mist mpmwiaxy PNX1300 HoBOT
apxitekrypu Nexperia. OcHoBHUMHE BimMiHHOCTsIME PNX1300 cramm 3HW)KEHI Hampyra >KUBICHHS Ta €HEPro-
CIOXHBAHHS, 30UIbIIeHI TaKTOBI 4acTOTH sipa Ta ocHoBHOTO O3II (o 200 i 183 MI'1 BiamoBixHO), miATpUMKa
16- ta 32-po3psanoro inrepdeiicy SDRAM obcesrom 1o 256 Moit (16 M6ir). Takox Oys0 CIpolieHO NOPSI0K
MoJa4yl HANpyTH JKUBIICHHS, BHUIIPABJIECHO MOMHIKK B poOoti iHTepdeiicy PCIl Ta mporpamu-zaBaHTa)KyBaua.
BHacniiok 11b0ro, KOHKYpPEHTOCIIPOMOXKHICTD TpHIaaiB miaBuimiacs. IIporpamu, po3podiieHi i mpoliecopis
TriMedia, Nexperia HE0OX1IHO IEPEKOMITIILOBYBATH, X04a CYMICHICTh Ha PiBHI BUXiJHHUX KOJIB 1 6i0mioTex API
rapaHTOBaHa.

Po3B’sa13aHHd 32124

lonoBHOIO ife€er0, peaTi30BaHO0 B CIMEHCTBI mporecopiB Nexperia, € THydYKa OOYHCITIOBaIbHA CHCTEMA,
10 Ma€ caMOCTiiHy nepudepilo i MporpaMHO aganTyeThCs J0 BUKOHYBAHOTO JOJATKy. MeTa BIPOBaJDKEHHS
HOBOT apXiTEKTypH — MaKCHMAJIBHO 301IBIIUTH MIBHAKICTIO 00YnciieHb. KpiM Toro, YnMM TOYHiIIe 0O0YUCITIOBA-
JHHHUN TIPUCTPIA MOXe OyTH HaJaIITOBAaHUM Ha KJIac MONATKIiB, TUM OLuIbIIe HOro e(eKTHUBHICTH (MIPiBHAHO 3
Mmikpormpornecopamu LIITIOC 3aranpHOro nmpusHaueHHs). CucTeMa, peaiizoBaHa Ha OCHOBI Nexperia, Mparioe mij
YIPaBIiHHAM KOMIIAKTHOTO sipa OTNepariiiiHoi cucTeMu peaibHoro yacy (pSOS), 1110 BUKOHYETHCS LIEHTPaIbHUM
npouecopom VLIW. KirouoBi MOMeHTH B po0OTi 1aHOT apXiTekTypH — mojin y daci poootu LIT Ta nepudepii ta
«CIJIKYBaHHs» BCiX mpuctpois uepe3 O3I1 3a gomomororo muHu Ta MexaHismy DMA.

Hentpansuuii nporecop TM32 (puc. 1) mepeMUKaeTbCs Bif OMHOTO 3aBAAHHS 10 IHIIOTO HACTYITHHUM YH-
HoM. CrioyaTky BiH JIEKOJY€ BiJleOKaJp, MOTIM KiJibKa MaKeTiB ayi0NOTOKY, IIOBEPTAETHCS [0 BiJICOJaHHX, Ke-
pye moptom PCI, 3amy4ae rpadgiqauii criBmpoiecop Ui pecypcoMicTKOI omepartii MacimTadyBaHHs 300paskeHHs
Tomo. 3a koxkHui TakT L1 Moxke 3a1iaTH 10 5 TPHCTPOIB 0JTHOYACHO, BKIIFOYarouu rnepudepito Ta 27 KOHBEEPH-
30BaHUX (YHKIIOHAIBGHUX OJIOKIB.

Jnst ycIimHOro BUKOHAHHS (DYHKIIH «JIMpUTeHTa» LEHTPAIbHUI MPOLecop 3BUIbHEHUH BiJl JEIKHX OIle-
pariii, XapakTepHUX JJIsI MiIKpOIIPOLIECOPIB 3arajJbHOr0 NPU3HAYCHHS, HANPUKIIA, TpaHcsLii aapec abo obumc-
JIeHb 13 TIO/IBIHHOIO TOYHICTIO; 3 HHOTO BHKJIIOUEHO IUIAaHYyBaJLHUK KOMAaHJ 1 CyNepCKaJISIpHY JIOTIKY Ta THM ca-
MHM 3HIDKEHO amnapartHi Butparu. [Ipore, Habip komanx TM32 Bkirouae yci cragapTHi onepanii. BHyTpimrHs
muHa TporecopiB Nexperia Takox 3abe3meuye JOCTYI 10 PETIiCTPiB CTaHy Ta YNpaBIiHHS BCIX MPHUCTPOIB Ta
30BHIMHKOI nepuepii. BoHa ckiragaeThest 3 IBOX OKpeMHUX 32-pO3pSIHUX LIMH aJpecH Ta JaHuX. i1 oOMiHy
BUKOPHUCTOBYETHCS POTOKOJI IPYIIOBOTO HEPECUIIAHHSI.

JlocTynoM 10 MIMHM Kepye UEHTpalbHUM apOiTp, M0 SKOTO MiABEIEHO JIiHIi 3aluTiB BiJl KOXKHOTO IPH-
CTpPOIO, 1[0 Ma€ MOXKITUBICTh 3aXOIUIeHHs muHU (bus master). ATTopuT™Mu poOOTH apbiTpa IIMHU MOXKYTh 3alie-
’KaTH BiJl BUKOHYBaHOI [TPOTrpaMH, sIK 1 CMyra IPOIyCKaHHS IIMHH, sSKa BUIUIAETHCS NPUCTposiM. KoxkeH peskium

60



ISSN 1999-9941, “IHOOPMAL[IIMHI TEXHOJIOI'Ti TA KOMIT'FOTEPHA THXXEHEPIA”, 2022, Ne 3

pOOOTH TEHTPATBHOTO apOiTpa TapaHTye MiHIMAIBHY CMYTY IPOITyCKaHHSA Ta MaKCUMAaJbHHUHA Yac OYiKyBaHHS
KOHKPETHOT'O ITPUCTPOIO.
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Pucynox 1 — Crpomrena 6ok cxema neHtpansHoro npomecopa TriMedia (TM32). YmoBHi no3HaveHHs: 1 —
ninouncensuuit, [1K — mnaBaroua koma, B — BektopHuii, [1Y — nporpamue ynpaBiiHHSI

Onucanuii MPUHIKI POOOTU € OJHIEI0 3 «poa3uHOK» mporecopiB TriMedia/Nexperia, mo 3a0e3MeuyOTh
MPUCKOPEHHST pOOOTH MYJIBTUMENIHHUX nporpaM. /sl HOpiBHAHHS, epeXpecHuit komyTarop (crossbar switch),
o BukopuctoByethest y VLIW-nponiecopax kommanii Texas Instruments, He MiATpUMY€ FHYYKY CHCTEMY IIpio-
PUTETIB PUCTPOIB, HOr0 MPOCTHH MeXaHi3M BHUpIIIECHHS KOHQJIKTIB MPU 3aIlUTi JOCTYIy A0 HIMHH TIPALIOE 3a
JKOPCTKO OOYMOBJICHOIO CXeMO0. B 1bOMy BHUMAIKy HEOOXiIHA MIBUAKOIIS CUCTEMH «I0OUPAETHCS» HEOOXi-
HOIO KiIbKicTIO AJIII, pO3BUHEHHM KellyBaHHSAM, MOTYXHICTIO CIiBIPOLIECOPIB T4 BHCOKOK TaKTOBOIO YacTO-
toro (o 1 I'T).

I'ayukicTe npouecopiB Nexperia, X yHiKalbHa 30aTHICTh TOHKOTO HaNAIITyBaHHS Ha BUKOHYBaHUWil noza-
TOK, IPEI'SIBISIFOTh OCOOJIMBI BUMOTH J0 IHCTPYMEHTAJIBHOTO IPOrPaMHOI0 3a0e3nedeHHs. Y CTPYKTypi Bule-
3raJIaHoro MpoIiecopa, INTaHyBaTbHIK KOMaHJ IHTETPOBAHUM i3 PO3MOMITPHUKOM PETICTPIB, BiH MiITPUMYE 3a-
XHIICHe BUKOHAHHS KOMaHJ, KOHBEEPHY OpraHi3alilo Ta KepyBaHHsA (yHKUioHanmbHUMH Onoxamu LI Ta
cucteMu B Iiyiomy. IIporpamua peajisailisi 6araTornoTOYHOCTI A03BOJISIE HAOUHO MPOJEMOHCTPYBATH €(EeKTUB-
HICT po3napaJieioBaHHs Ha PiBHI KOMaH]I Ta 3HW)KEHHS KIIbKOCTI 3BepHEHb J10 pericTpis Ta O3]

PeaizyemMo nporpaMHO Kijibka METOJIIB MMapaie/ibHOI0 BUKOPUCTAHHS MOTOKIB Yepe3 MaCHBHE OYiKYBaHHS,
SKe pealli3yeThcsi 3a JONOMOrolo ornepauiitnol cucremu. OnepauiiiHa cucteMa 30epira€ KOHTEKCT MOTOKY Ta
BUBAHTa)XY€ HOr0o, HAJIAIOUYM MOJMJIMBICTh BHKOHYBATHUCh IHIIMM HOTOKaM. J[OCHTiIKEHO, IO 3aBaHTaKEHHS
nporecopa Ipyu akKTHBHOMY OYiKyBaHHI B CepeHbOMY INOpIBHIOE 92%. IIpy macHMBHOMY OYiKyBaHHI OCHOBHUIA
MOTIK BUBAHTaXyeThes 1 3aiHaTicTh LIIT B cepenaboMy nopisHioe 50%.

Cmamuynuii Memoo I03BOJIE 0OPOOISITH TapaleNbHO MOBUIBHY KUTBKICTh IMMOTOKIB HE3aJEKHO OIUH Bif
OJTHOTO (TYT € CyTTEBA PI3HHIS 3 CTAaTHYHHMM KJIACOM, JIOCTYI JO SKOTO HEOOXIJHO OpraHi3oBYBaTH ITIOTOKO-
OesrmeunnM). Y HaBeneHOMY (parMeHTI TapajenbHO BHKOHYIOTHCS TNMEPBUHHUI Ta BTOPMHHHMN (IOUipHIii)
TIOTOKH:

// CTaTHYHUHA METO, SIKUH IJIaHyE€THCS BUKOHYBATH OJJHOYACHO B TOJIOBHOMY (TIEPBUHHOMY) Ta Y BTOPHHHUX
MOTOKAX.
static void WriteSecond()
{
// CLR mpu3Ha4yae KOKHOMY MOTOKY CBiH CTEK 13 BIIACHUMU JIOKaJTbHUMH 3MiHHUMH.
// OxpeMuii ek3eMILIsIp 3MIHHOT counter CTBOPYETHCSI B CTEIll KOSKHOTO MTOTOKY,
// TOMY JUISl KO)KHOT'O TIOTOKY BHBOJISITHCSI CBOT 3HaUEHHsI counter
int counter = 0;

while (counter < 10)
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{
Console.WriteLine("Thread Id {0}, counter = {1}", Thread.CurrentThread.GetHashCode(), counter);

counter++;

¥
ky

static void Main()

{

// PoGoTa BTOPUHHOTO MOTOKY.
Thread thread = new Thread(WriteSecond);
thread.Start();

// PoGoTa IEpBUHHOTO TTOTOKY.
WriteSecond();
JlicTuHT edeKTy oneparii 3a JaHUM METOZO0M HaBEJCHO Ha PUCYHKY 2.

counter =

counter
counter
counter
counter
counter
counter
counter
counter
counter
counter
counter
counter

WOG0 =] LA B e kO E AT A A LI M S

Pucynox 2 — JlicTHHT edeKTy omepartiii 3a CTaTHIHHM METOJ0M

Hacrynauit, anorimuuii memoo cTBoproe Oe3iMeHHHN OJIOK KOJY, TIOB'sSI3alfHU 3 KOHKPETHUM €K3eMIDIIPOM
nenerarta. [yt CTBOpEHHSI aHOHIMHOTO METO/y 3a3Ha4e€HO KOJOBHH OJIOK micis kimodoBoro ciosa delegate. ¥V
HaBEJICHOMY TIPHKJIaJli aHOHIMHUH METOJ CIy’KHUTh BHBEICHHSIM roBinomiieHb «Ne counter = 1» Bin 1 mo 3.
CrouaTKy y mporpami orojorryerbess tum aererara Countlt 6e3 mapamerpiB i 3 tunom void. Jam y meroni
Main() CTBOPIOETBCA EK3EMIUISIp count jenerara, sSKOMY TMEpeNacThCsl KOJOBHM OJOK, HACTYMHUH MiCIs
kiroyoBoro ciopa delegate. Came 11eii K0JJOBUil OJIOK 1 € aHOHIMHUM METOZOM, SIKHH BHKOHYBaTUMETHLCS MPH
3BEPHEHHI 10 jienierara count. B mporpami BUKOpPHCTaHO CKPOUYEHHU CHHTAKCHC aHOHIMHOTO MeToy. [ToTik Mae
BJIacTHBICTh [sAlive, 1o moseprae true micis BUKIMKY Start() i 10 3aBepuIeHHs NOTOKy. [1oTik, skuii 3aKiH4YMB
BUKOHAHHS, HE MOX€e OyTH PO31I0YaTO 3HOBY:

// TloToku. AHOHIMHI METOJIH.

namespace Threads

{

class Program

static void Main()

{

int counter = 0;

[/l TlouyaTok OTOKY

Thread thread = new Thread(delegate() { Console.WriteLine("1. counter = {0}", ++counter); });
thread.Start();

Thread.Sleep(100);

Console.WriteLine("2. counter = {0}", counter);
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/I TlapameTpu
thread = new Thread((object argument) => { Console.WriteLine("3. counter = {0}", (int)argument); });
thread.Start(counter);

I 3atpumka
Console.ReadKey();
}
}
}

PesynbpraTn TECTYBaHHS 1aHOTO METOMY HaBEICHI HA PUCYHKY 3.

1. counter
2. counter
3. counter

Pucynoxk 3 — Pe3ynbraté TecTyBaHHS aHOHIMHOTO METOIY

HaBeneHi MeToau A€MOHCTPYIOTh MapajeibHe BUKOHAaHHS KOJy 4epe3 0araTonoTovHicTh. BukopucTaHHs
KIJIbKOX MOTOKIB BUKOHAHHSI — 11€ OJIMH i3 CII0CcO0IB 3a0€3MeUnTH MOXKIIUBICTh pearyBaHHs IporpaMu Ha Jii Ko-
pHUCTyBaya MPU OJHOYACHOMY BHKOPHCTaHHI MPOIECOpa JJisi BUKOHAHHS 3aBJaHb MK IMOSBOI ab0 HAaBITh Mij
Yac MOsIBU TO/1il KOpUCTyBayva.

BucHoBkn

IcHye Oe3miv 3acO0iB [T OIIHKU MPOAYKTUBHOCTI KOMITIOTEPHUX cHUCTeM. Jleski TeCTH A/ TaKol OIiHKH
BUMIPIOIOTh Yac BUKOHAHHS YacTO Y)KMBaHMX AJTOPUTMIB, 1HII OLIHIOIOTH BUKOHAHHS 3aBJaHb, CIICIH(IIHUX
JUTSL KOHKPETHOI MPUKIIagHO] 00:1acTi, TpeTi (OpMyIOTh BIIACHUH CHHTETHIHMH NMOKA3HUK, 3aCHOBAaHHUH Ha BUMIpi
MPOAYKTHUBHOCTI Pi3HUX KOMITIOTEPHUX mMimcucteM. CydacHi apXiTeKTypH 0araTompolnecOpHUX OOUHCIIOBAIB-
HUX CHCTEM HACTIIBKH Pi3HOMAHITHI 1 CKJIa[IHI, IO NP MPOCKTYBaHHI HOBHX AITOPHTMIB HEOOXiTHO BPaxoBY-
BaTH 3HAYHY KUIBKICTh (pakTopiB. [IrTHOpYBaHHS MPUBAaTHHUX apXiTEKTYPHUX OCOOIHMBOCTEH, 3aKIaleHUX PO3pO0-
HUKaMH y O0OYHCITIOBATBbHY CHCTEMY, MOXE IPHU3BECTH 10 3HAYHOTO MAJIHHS IPOIYKTHBHOCTI Ta e€(heKTHBHOCTI
NPHUKIAIHOI MPOrpaMu. PO3IISIHYTO TEOPETHYHY CYTHICTh MyJbTHIIpOIiecopiB NeXperia Ta BUsBIIEHO, 10 MYJlb-
THUIIPOLIECOPHA apXiTEeKTypa 3abe3neduye CyTTeBE MiIBUILEHHS HaIHHOCTI CHCTEMH, MOXKJIIMBOCTI po3MapajesieH-
Hs1 iHpopMariiHux notokis. [IporpamHi peasnizauii MeTOIB napanenbHUX 00YHCIIEHb Nepen0ayaoTh BUKOHAHHS
X Ha cucTemi 3 IBOMa MPOIIECOPaMH, OJIUH 3 SIKUX MOXE NPAIOBATH B PEXKUMI sIIpa, a IHIIMNA — B PEXKUMI KOpH-
cTyBaya. B nopanpuiomy 1i alnropuTMu MOoXkHa Oyzie AOTpalioBaTH, peai3yBaTH Ha iHILIIH MOBI TporpaMyBaHHs
Ta 3aCTOCYBATH JJIs PSALY IHINUX MPUKIAIHUX 3a7a4 rary3i iHpopMariiHIX TEXHOJIOTIH.
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BizomocTi npo aBTOpiB

Xpuctuneub HaTtanisa AnatosiiBHa — KaHIUIAT TEXHIYHUX HAYK, CTApPIINH BUKIagad Kadeapu KOMIT FOTEPHOT
imKeHepii Ta kibepOe3nexu.
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