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OpenMP

OpenMP

Original author(s) OpenMP Architecture
Review Board'"]

Developer(s) OpenMP Architecture
Review Board'"

Stable release 4.5/ November 15, 2015;
2 years ago

Operating system Cross-platiorm

Platform Cross-platiorm

Type Extensionto C, C++, and
Fortran; API

License Various'!

Website openmp.org &’

‘https:/ /en.wikipedia.org/wiki/OpEBMP



OpenMP

PaspaboTky cneundpukaumm OpenMP BeayT
HECKOAbKO KpyrHbix npoussoauteAen BT n O
AMD, IBM, Intel,
Cray, HP, Fujitsu,
Nvidia, NEC,
Red Hat, Texas Instruments,
Oracle Corporation
Nx paboTa peryampyetcss HEKOMMEpPYECKOM

opraHmsaumnen OpenMP Architecture Review
Board (ARB)
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OpenMP

1 OpenMP uses a portable, scalable model with a simple
interface for developing parallel applications for platforms
ranging from the standard desktop computer to the

supercomputer.
master thread .- -
e Ay | tieds O
threads - ;
» . threads .
parallel region parallel region parallel region
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OpenMP

]

[To ymoA4aHUuIo B KOMNMASITOpax noaaepxka OpenMP
BbIKAIOYEHA. AASl €€ BKAIOYEHMS CAEAYET UCMOAB30BATD
AOTMOAHUTEABHYIO OMLMIO

gce, g++, gfortran: onuusa -fopenmp

icc, icpc, ifort: onumsa -openmp noa linux, /Qopenmp noa
windows

xlc, xlc++, xIf: onumna -gsmp=omp
MSVC: onuusa /openmp
Borland: noaaep>xka OpenMP oTcyTcTBYyeT

13.03.2018



OpenMP

/¥ [lemoHCmpaQUuoHHLIL Kod, He umewwul nonezHo2o cmvicna */

#include <stdio.h> $ gcc t.c

$ ./a.out
int main (void) serial region 1
{ parallel region

printf ("serial region 1\n"); sexialonegzon 2

$ gcc -fopenmp t.c

# v
p:agma omp parallel £ rasout
L serial region 1
printf ("parallel region\n"); parallel region
h parallel region
parallel region
printf ("serial region 2\n"); parallel region

serial region 2

7 http://lwww.cyberforum.ru/blogs/18334/blog2965.htm|  13.03.2018



C

/¥ flemoHCmpayuoHHsIG KOG, He umelwuil none3zHoz2o cmeicaa */
#include <stdio.h>

int main (void)

{ Koa:

printf ("serial region 1\n");
cc -fopenmp t.c
#pragma omp parallel i g/a outp P
pr?ﬁf(:fp; serial region 1
2i§$£§"332 abcdaebfacagbdbhcec
printf ("d"); dfdegefhfg
printf ("e");
printf (Tf7); ghh
printf ("g");
printf ("h"); serial region 2
printf ("\n");

¥
printf ("serial region 2\n");

return 0,

http://www.cyberforum.ru/blogs/|8334/blog2965.html 13.03.2018



1 MPUMEPBI MICTTOAB3OBAHUWA OPEN MP HA C++
CMOTPUTYT

(X

http://www.cyberforum.ru/blogs/ 183
34/blog2965.html
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Message Passing Interface (MP|, uHtepdeic nepesaun
coobuieHuin) — nporpaMmHbi UHTepdenc (API) aas
nepeaayn MHOpMaLMKU, KOTOPbIN NO3BOASIET OOMeHMBaTbCSA
COOBLEHUAMM MEKAY NPOLLECCAMMU, BBIMOAHSAIOLLMMU OAHY
3apadvy. PaspaboTaH Yuabsamom ['poynnom, snHom Aackom u

APYTUMU.

MPI aBAseTca Hanboaee pacnpocTpaHEHHbIM CTaHAQPTOM
MHTepdenca obMeHa AaHHBIMU B MaPaAAEABHOM
NPOrpaMMMPOBAHMMU, CYLLECTBYIOT €r0 peaAm3aLmMmn AAS
H6OABbLLOrO YMCAa KOMMbIOTEPHbIX NAaTdopM. McnoabsyeTcs
npu pa3paboTKke NPOrpamMMm AASl KAACTEPOB

M cynepkomnbtoTepoB . OCHOBHbIM CPEACTBOM
KOMMYHUKauum mexkay npoueccamm B MPl sBaseTca nepeaaya

COOOLLEHNIN APYT APYTY.

CywiecTtBylotT peaausaumumn MPI pAaa a3bikoB PopTpaH,
Java, Cu u Cu++.

13.03.2018



eVl

MP| communication between nodes

CPU CPU

CUDA-API CUDA-API

GPU GPU
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1 B nepeyto ouepeab MPl opneHTMpOBaH Ha cucTEMBI
C pacripeAeAeHHOM NaMATbIO, TO eCTb KOrAa 3aTparthl
Ha rnepeAavy AaHHbIX BEAUMKU, B TO BpeMS
Kak OpenMP opueHTHMpoOBaH Ha cucTeMbl € 0OLLEN
namaTbio (MHorosiaepHble ¢ obwmm Kewwem). Obe
TEXHOAOTMU MOTYT UCMOAb30BaTbCSl COBMECTHO, YTODbI
OMNTUMAAbHO MCMOAb30BaTb B KAACTEPE MHOFOSIAEPHbIE
CUCTEMBI.

<& OpenMP
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INTEL ° THREADING BUILDING BLOCKS
(INTEL ° TBB) BOF SESSION

0 Intel Threading Building Blocks (Takxe usBectHas kak TBB) —
KpoccnaaTdopmeHHasa 6ubanoTteka wabaoHos C++, pazpaboTaHHas
KoMnaHuen Intel AAs napaareAbHOro NporpaMMmMpoBaHMsL.

1 Bepcusa 1.0 6biaa BoinyweHa pupmont UHTea 29 aBrycta 2006, yepes
FOA MOCA€ BbIMyCKa CBOEro NMepBOro ABySIA€pPHOIo
npoueccopa Pentium D.

1 lNoaAep>kmBaeMmbie onepaLMOHHbIE CUCTEMbI

Kommepueckas Bepcusa TBB 4.0 noaasepxkusaet Microsoft
Windows (XP nau Bbiwe),

Mac OS X(Bepcus 10.5.8 nam Bbiwe)

Linux, ncnoAb3ys pasanyHbie KomnuasTopsl (Visual C++ (Bepcus
8.0 nau Bbiwe, Toabko Ha Windows), Intel C++ compiler (sepcus
| 1.1 nam Boiwwe) man GNU Compiler Collection (gcc, Bepcus 3.4
u Bbiwe)). Kpome Toro, coobuiectso oTKpbiTon Bepcum TBB
nopTupoBaAo e€ Ha Sun Solaris, PowerPC, Xbox 360, QNX
Neutrino, n FreeBSD.
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CPUs | GPUs

Multiple cores driving Emerging Increasingly general purpose
performance increases Intersection data-parallel computing
e
s &)
OpenCL
Multi-processor Het Graphics APls
programming - gierogeneous and Shading
e.g. OpenMP Computing Languages
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OpenCL

1 The open standard for parallel programming of heterogeneous
systems

1 OpenCL ™ (Open Computing Language) - 3To OTKpbITbIN,
CTaHAAPT AASl KpOCC-NMAATPOPMEHHOTO MapaAAEAbHOrO
NPOrpaMMUPOBAHUSA Pa3AUYHbIX NMPOLLECCOPOB, UMEIOLLIUXCSA Ha
NEepPCOHaAbHbIX KOMMbIOTEPAaX, CEpBepaxX, MOOUABHbIX
YCTPOMCTBaX U BCTpOeHHbIX NAaTopmax. OpenCL
3HAaYUTEAbHO YAYYLLAET CKOPOCTb U OT3bIBYMBOCTb LUMPOKOFO
CNeKTPa NPUAOXKEHUM BO MHOFUX PbIHOYHbIX KaTeropusx,
BKAIOYas UTPOBbIE€ U pa3BAE€KaTeAbHble 3BaHMSI, HAYYHOE U
MeAULIMHCKOEe nNporpaMMHoe obecneyeHue,
npodeccUoHaAbHble KpeaTMBHbIE MHCTPYMEHTbI, 06paboTKy
3peHuns n obyveHune 1 BbIBOA HEMPOHHOM CETMU.

15 13.03.2018
https://www.khronos.org/opencl/



OpenCL — Kak ¥ ¢ 4ero HayaTh MOZKHO
HaAUTHU IIpuMepsbl TyT (C++):

https:/ /habrahabr.ru/post/261323/
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CUDA vs OpenCL

1 CUDA

1 3TO apXMTeKTypa napaAAeAbHbiX BbluncAeHur oT NVIDIA,
NO3BOASIOLASA CYLLECTBEHHO YBEAUYUTDb BBIMUCAUTEABHYIO
NPOM3BOAMTEABHOCTb BAaroaapsa ncnoabsosaHmio GPU
(rpadmyeckmMx NpoL.eccopos).

1 NoAAep>KKa apXUTEKTYpP
x86, x86-64, Itanium, SpursEngine (Cell), NVidia GPU,AMD
GPU,VIA (S3 Graphics) GPU.
1 AASA KaXKAOro U3 3TUX TMMNOB NPOLLECCOB CyLLeCcTBYeT
ceor SDK (Hy kpome pasBe uto VIA), cBOM f3bIK
NPOrpaMMMUPOBAHMSA U NMPOrPaMMHAA MOAEAD.

|7 13.03.2018



CUDA vs OpenCL

1 To ecTb ecan Bbl 3axoTuTe 4TObBI Ball ABUXOK
PEHAEPUHIa MAM NMPOrpaMma pacHeTa Harpy3oK Ha KpbIAO
6ouHra 787 paboTtaAa Ha NnpocTon paboyen CTaHLUM,
cynepkomnbioTepe BlueGene, nan komnbiotepe
obopyasoBaHHOM AByMs yckopuTeAasmn NVidia Tesla —
Bam 6yaeT Heob6Xx0AMMO NepenncbiBaTb AOCTAaTOYHO
GOAbLLYIO YacTb MPOrPaMMbl, TaK KaK KaXKAas U3
NAaTGOPM B CUAY CBOEWM apXMTEKTYPbl MMeeT Habop
YKECTKMX OFpaHUYEHUMN.
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CUDA vs OpenCL

1 OGbIAO peLleHO CO3AaTb HEKMM €AMHDBIA CTAHAAPT AAS
NMPOrpamM, MCMOAHSIIOLLUXCS B FETEPOreHHOM cpeae. DTO
O3HayvaeT, YTO Nporpamma, Boobuue roBops, AOAXHA ObITb
cnocobHa UCMOAHATLCA HAa KOMIMbIOTEPE, B KOTOPOM
yctaHoBAeHbl opHoBpemeHHO GPU NVidia n AMD,
Toshiba SpursEngine uta.
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CUDA vs OpenCL

1 PeweHne npobaembl

AAa pa3paboTKM OTKPLITOro cTaHAApTa PELUMAM MPUBAEYD
AIOAEN, Y KOTOPbIX YK€ eCTb OMnbIT B pa3paboTke
noaobHoro ctaHaapTta: Khronos Group, Ha yber coBecTu
y>ke OpenGL 1 OpenML u ewe mHoro Bcero. OpenCL
ABAsieTCs ToproBon mapkoi Apple Inc.

B paspaboTke (M PUHaAHCMpPOBAHUU, KOHEUYHO XKE), KPOME
Apple, yyactBoBaan Takue komnanum |T kak AMD, IBM,
Activision Blizzard, Intel, NVidia n TA.
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https://habrahabr.ru/post/ 147796/

1 Nonpobyem pewnTb OAHY NPOCTYIO
33Aa4y C MOMOLLbIO aKTYaAbHbIX
TEXHOAOIMUU MAPAAAEABHOIO
nporpammunpoBanmsa (OpenMP, TBB, MPI,
CUDA, OpenCL, OpenACC, Chapel).
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BeruucauMm ynucao Il nmyrem
YUCA€HHOTO HHTETrPUPOBaHUdA, OyaeM
UCIIOAB30BaTh METO IIPAMOYIOALHUKOB

L4

——dx =T
o 1+ x72
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OO0BIBUM KOAMYECTBO IIIAaroB, HA
KOTOPbIE PA300bEM HHTErPaA

ja — b
n

step =

a — A€BbIX NPEeAEA UHTErpaAa
b — npaBbIM NnpeAeA MHTerpaaa

N — KOAMYECTBO OTPE3KOB Ha KOTOpble pa3buBaem ocb
OX
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BberyrcAuM mAoIaab KPUBOAUHEMHOU
Tpallielyuu, rIocYuTaB 3HAYEHUE
PYHKIIUHU B KaXKI0M IIPAMOYTOABHUKE U
JOMHOXKUB HAa OCHOBaAHUE

llonpeaeAeHue 3HayeHUA PyHKLUM B CEpEAMHE Luara

IIYMHOXKeHMe 3HavYeHUs PYHKLMU B CEpEeAMHE LIara Ha
OCHOBaHMe

for (int i=0;i<n;i++){
x=(i+0.5)*step;
y=(4/(1+x*x));//BbluMcAMAK 3HaUEHHE PYHKL UMK

pi=pity*step; //[yMHOXXUAU 3HaYeHUEe PYHKLUUMU Ha
OCHOBaHHe NPAMOYroAbHMKA

}

26 13.03.2018




[lonpobyem pewnTb 3apa4y
CHa4YyaAa NMOCAEAOBATEAbHbIM
AArTOPUTMOM, a 3aTEM C
MCMOAb3OBAaHMEM TEXHOAOTUM
NapaAA€AbHOrO
nporpaMmmmpoBaHus. M1 cpaBHUM
BPEMS BbIMOAHEHUS NPOrpamMm
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IlocaemoBaTeAbLHOE IIPOrPaMMHUPOBAHUE

0 package parallelprog;

0 public class ParallelProg {

0 static double x=0;

static double a=0;//aeBbIM NpeaeA

static double b=1;//npaBbi1 npeaeA

static double y=0;//3HaueHne pyHkumumu B Touke X
static double pi=0;//3HaueHne uHTErpasa

static double n=1000000;//koAMuecTBO W1aros
static double step=0; //wumpuHa wara

O O O O O O 4

static long start = 0; //Bpema HauyaAa BbINOAHEHMA
npouecca

0  static long finish = 0;//Bpemsa okoH4YaHus

0  static double time = 0;//pa3sHuua BpemeHU HavyaAa U
KOHLa
1 28 13.03.2018



O SO O O O O Oo O O 04O

public static void main(String[] args) {

start = System.nanoTime();//OTmeTM Bpema HavaAa

step=Math.abs(a-b)/n;
System.out.printin("HaunMHaeM BbluMucAaTb MHTErpaa');
llonpeaeAeHne 3HauyeHMA PYHKLUU B CEpEeAMHE LLuara
for (int i=0;i<n;i++){

x=(i+0.5)*step;

y=(4/(1+x*x));//BbluMcAMAM 3HAYEHNE PYHKL UM

pi=pity*step; //yMHO>XuAM 3HaUeHHe PYHKLUM HA OCHOBAHUE

NnpAMOYroAbHUKa

29

}

//3aKOHYMB BbIYUCAATb MHTErPaA, MPOBEPUM MNpoLUeALLIee Bpems
finish = System.nanoTime();

time=finish-start;

/[TMepeBoAUMM B CEKYHADI

time= (double)time / 1000000000.0;
System.out.printin("3akoHunAMu BbIUMCAATL UHTErpaa");
System.out.printin("pi="+pi);

System.out.printin("Bpems BbinoAHeHus: "+time+ ;'cex');



Pe3yAbTaT ImocAe10BaTEABHOTO
IpPOrpaMMHUPOBAHUYI

PesyabTaTt Nol

Bpema sBunonsenmsa: 0.1546587%cex

PesyabTaT No2

Bpems sBunonsesmsa: 0.1002363524cex
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TEMNEPb NMOMNPOBYEM PELLUINTD
3AAAYY C NMOMOLWBIO
[MTAPAAAAEABHOTI'O

[MPOIPAMMUPOBAHNA
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1 Camaa AOCTYMNHasi MPOCTbIM
MOAb30BaTEASIM MapaAA€AbHASA ApXUTEKTYpPa
— 3TO OObIYHbI MHOTFOSIAEPHbIN
NpoL.eccop UAU HECKOABKO MpOLLeCCOpPOB
Ha OAHOW MaTEPUHCKOMU MAaTe.
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1 OAHO 9APO TaK)Ke CNOCOOHO UCMOAHSATD
NapaAA€AbHO HECKOAbKO MOTOKOB — TaKOW
PEXUM Ha3blBaeTCS MNCEBAO-MAPAAAEAbHbBIM UAU
KOHKYPEHTHbIM. AAPO MEPEKAIOYAETCA MEXAY
NpoLLeCCaMU, BbIAEASIS KAXKAOMY KBaHT
BpemMeHu. B npuHumMne Takon pexxum
BbIMOAHEHUSA Y>KE€ MOXKET NPUBECTU K POCTY
NPOMU3BOAUTEABHOCTU 32 CHET COKPbITUSA
AATEHTHOCTU MaMATW.
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1 AaTeHTHOCTb (32A€EP’KKa) - 3TO BpeMms,
KOTOpOE 3aTpayYMBaeTCs Ha YTEHME U3
NamMATU OAHOIO CAOBa AAQHHbIX (BOCbMM
6aMT) . HeM HUXKe AaATEHTHOCTD
ornepaTUMBHOM NaMATU, TEM MeEHbLLE
LLEHTPaAbHbIM Mpoueccop byaeT
HaXOAMUTbCSA B COCTOSIHUM MPOCTOS.
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1 CaMbI KUCTOPUYECKUIM» Cnocob
MCMOAb30OBaTb CPa3y HECKOABKO SiAEp Ha
npoL,eccope — 3TO ME€XaHMU3M MOTOKOB
ornepauuoOHHOU CUCTEMbI, KOTOPbIU
CYLLLECTBOBAA 33A0AFO AO UCTUHHO-
NMapaAA€AbHbIX NMPOLLECCOPOB AAS
KOHKPETHOCTU XOTS Bbl paan 6oAee yAOOHOro
HanNMCaHUS NPOrpamMM.
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1 C TOYKM 3peHMs MPOrpaMMMUCTA BAXKHO TO, YTO
NapaAAeAbHble MOTOKMU, UCMTOAHSIEMbIE HA
Pa3HbIX SAPaX UAU NpOLLECCOPaX BUAAT OAHO
M TO Xe aApeCHOe NPOCTPaHCTBO, T.e HeT
HY>KAbI IBHO NepeAaBaTb AAHHbIE MEXAY
NOTOKaMM. 3aTO €CAU BAPYT pasHbie NMOTOKMU
NMUWYT\YUMTAIOT OAHY U TY XK€ NEPEMEHHYIO —
TO NMPUAETCSA 03a060TUTLCA CUHXPOHU3ALLUEN.
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1BEPHEMCSA K HALLUEUM 3AAAYE:
BbIYMNCAEHUME MHTETPAAA
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1 PASOBbEM MHTEIPAA HA AEBYIO U MNMPABYIO
YACTW.MEPBbIM MOTOK BYAET BbIYMCAATH
NMHTEIPAA CAEBA HATPABO, HAHNHAA OT
TOYKM A, APYTOU NMOTOK BYAET BbIYHNCAATL
NMHTEIPAA CIMPABA HAAEBO, HAHNUHAA OT

I_IPADAI: FDALILALTIL I

~— "\

MoTok Ne1

MoTok Ne2
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BOIPOC: Nouemy b6yaseT HeapPeKTUBHBIM peLeHUEM
pa3buTb MHTepBaA AB Ha paBHble AOAM U OTAATH
NapaAA€AbHbIM MOTOKAM Ha UCMOAHEHUE, YTOObl OAMH MOTOK

BbIYMCASIA UHTerpaA oT A ao |A-B|/2,a BTopon ot B Ao |A-B|/2
7N

| loTok N21 Motok Ne2
\A
|
A B
(B-A)2
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1 OTBET: EcAn oAMH 13 noTokoB.
NOCYUTAET CBOIO YaCTb paHbLLe — TO
COOTBETCTBYIOLLEE AAPO OyAeT
NpoOCTamBaTh, T.€. Mbl MOTEPSIEM
NPOU3BOAUTEABHOCTD.
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1 [MoaToMy oba noToKa BYAYT BbIYMCASITb MHTEMPaA C
Pa3HOWM CKOPOCTbIO, MOKA HEe BCTPETATCSH AULLOM K AULLY

MoTok Ne1 MoTok Ne2
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14TO KacaeMo nporpammbil

MHoronoTo4HoCTb B Java
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[1lpouecc/Stream

1 lNpouecc — 3To COBOKYMHOCTb KOAQ U AQHHbIX,
pasaeAsiiolwmx oblee BUPTyaAbHOE aAPeCHOE NMPOCTPAHCTBO
(VAS). Hawe Bcero opoHa nporpamma COCTOUT U3 OAHOTO
npouecca

1 [Npoueccbl U3OAMPOBaHbI APYF OT APYra, MO3TOMY MPSIMOM
AOCTYN K MaMATU YY>KOro npoL,ecca HEBO3MOXKEH.

1 Aasa kaxkaoro npouecca OC cospaet VAS, K KoTOpOoMy
npouecc uMeeT NPAMOM AOCTYMN. DTO NPOCTPaHCTBO
MPUHAAAEXKUT MPOLLECCY, COAEPXKUT TOAbKO €ro AaHHbIE U
HaXoAMTCA B MOAHOM ero pacnopsikeHnn. OC ke oTBeyvaeT 3a
TO, KaK BUPTYaAbHOE MPOCTPAHCTBO MpoLecca NpoeLmpyeTcs
Ha PU3MYECKYIO NaMSTh.

43 13.03.2018



17 Aucnetyep 3aaad

Qaitn  [lapametpbr  Bug

O X

Mpoueccel [MpoussogutensHocts KypHan npunoxenuii  Astosarpyska [lonssosatenm [log) * | *

Wmsa

Mpwunoxexwns (7)
F.1 DiagramDesigner.exe (32 6uTa)

v  Google Chrome (9)

€ Google Chrome
€ Google Chrome
€ Google Chrome
€ Google Chrome
€ Google Chrome
€ Google Chrome
€ Google Chrome
€ Google Chrome
€ Google Chrome

E Microsoft Edge (13)
@ Microsoft PowerPoint (32 6uta)

o o Opera Internet Browser (21)

(8] Opera crash-reporter
<

MeHbLue

~

v
>

Chatb 33834y

44

Bpaysep Chrome
CO3AQE€T OTAEAbHbIN
NpOLLECC AASl KQXKAOU
BKAQAKMU, UTO AaeT
eMy HeKoTopble
NpeMMyLLEeCcTBa,
BpoAe
HEe3aBUCMMOCTH
BKAQAOK APYT OT

Apyra
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OC onepupyeT Tak HasblBa€MbIMU CTPAaHML,AMU MaAMSITH,
KOTOpble NPEACTABAAIOT cobom NpocTo obAacTb
onpeAeAeHHoro puUKcMpoBaHHoro pasmepa. Ecam npoueccy
CTAHOBUTCSA HEAOCTATOYHO NaMATU, CUCTEMA BbIAEASIET EMY
AOTMOAHUTEAbHbIE CTPaHULbI U3 PU3MYECKON MAMATH.
CTpaHuubl BUPTYaAbHOM NaMATU MOTYT MPOELMPOBATHLCS Ha
$M3MYEeCKylo NaMaTb B MPOM3BOABHOM MOPSIAKE.

BupTyanbHaa namaTb BupTyanbHas namaTb

o melacaie ['lpn 3anycke nporpammol
\ OC co3aaeT npouece,
" cuonee 32TPYK2S B €10 2ApECHOE
| R L "  NPOCTPAHCTBO KOA U
' X A" AAHHbIE MPOrpamMMBbl, a
flcling 3aTeM 3amnyCKaeT rAaBHbIU
NOTOK CO3AQHHOIO
npouecca.

dusnyeckan namaTb KOMMnbloTEpa
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[ToTok/HuTb/

1 OauH n0ToT~hrc®ard eAMHMLA UCMOAHEHUA KoAa. Kaxkabii

MOTOK NMOCAEAOBATEABHO BbINOAHAET MHCTPYKUHUKN MNMPpOLECCA,
KOTOPOMY OH NMPUHAAAEXKUT, MAPAAAEABHO C APYTUMUA
NMOTOKaMKM 3TOTO Mnpouecca.

1 CAeayeT OTAEAbHO OBroBopuTb $pasy «MNAPAAAEALHO C
APYrMMM NoToKammuy. M3BecTHO, YTO Ha OAHO SIAPO
NPOLLECCOPA, B KAXKAbIM MOMEHT BPEMEHMU, MPUXOAUTCA OAMH
NoToK. To ecTb OAHOSAEPHbIN NPOLLECCOP MOXKET
obpabaTbiBaTb KOMaHAbI TOAbKO MOCAEAOBATEALHO, MO OAHOM
3a pa3 (B ynpow,eHHOM cAy4ae). OAHaKO 3anyCcK HECKOAbKMUX
NapaAA€AbHbIX MOTOKOB BO3MOXEH U B CUCTEMAX C
OAHOSIAEPHbBIMU NpoLeccopamu. B aTom cayvae cuctema
OyAEeT NEPUOANYECKU MEPEKAIOYATLCS MEXKAY MOTOKaMM,
NooYepeAHO AaBasi BbINMOAHATBCS TO OAHOMY, TO APYFOMY
NOTOKY. TaKas cxema Ha3biBaeTCs NCEBAO-MAPAAAEAU3MOM.
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lIceBaoo-rtapasreAn3M.

1 Cuctema 3anomMmHaeT coCcTosiHUE (KOHTEKCT) KaXKAOro
NOTOKa, MEpPeA TEM KaK MEPEKAIOUYUTLCSA HA APYroM
NMOTOK, U BOCCTAHABAMBAET €ro Mo BO3BPALLEHMIO K
BbIMOAHEHMIO NMOTOKA. B KOHTEKCT NOTOKa BXOASIT TakMe
napameTpbl, KaK CTeK, HAOOp 3Ha4YeHUIN perncTpoB
NpoLLEeCCcopa, aAPeC UCMOAHSIEMOM KOMaHAbBI U Mpoyee...

0 ['lpolye roBops, Npu NCEBAOMAPAAAEABHOM BbIMOAHEHMMU
MOTOKOB MPOLLECCOP MEYeTCA MEXAY BbINMOAHEHUEM
HECKOABbKUX MOTOKOB, BbIMOAHSIS MO OYEpPEAM HaCTb
Ka>AOFO U3 HUX.
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YKPEIIMM 3HAHWAA:

1 ['poueccbl U3OAMPOBaHbI APYT OT APYra,
NO3TOMY MPSIMOMU AOCTYIM K MAMSITU YYXKOro
npoL,ecca HEBO3MOXKEH.

1 MapaAAeAbHble MOTOKU, UCMIOAHSIEMbIE Ha
Pa3HbIX SAPaX UAU NpOLLECCOPaX BUAAT OAHO
M TO XKe aApeCHOe NPOCTPAHCTBO, T.e HeT
HY>KAbI IBHO NEepeAaBaTb AAHHbIE MEXAY
NOTOKaMM.
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JAVA

1 KaxkabiM npouecc uMeeT XoTs 6bl OAUH
BbINMOAHSIIOLLMMCA MOTOK. | OT MOTOK, C KOTOPOro
Ha4YMHAETCS BbIMOAHEHUE MPOrpamMbl, Ha3bIBaETCS
raaBHbIM. B a3bike Java, nocAe cospaHua npouecca,
BbIMOAHEHME FAABHOIO MOTOKA HAYMHAETCSl C METOAQ
main(). 3aTem, No Mepe HeOBXOAUMOCTH, 3aMyCKAIOTCH
Apyrve noboyHble NOTOKM.

B s3bike Java noTok npeAcTaBAsieTCs B BUAE OObeKTa-
noToMKa Kaacca Thread.
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KAK CO3IATDH ITOTOKH B JAVA

Thread
Extends Implements
Thread Runnable
{class) {interface)
Override
runi )
method

https:/ /habrahabr.ru/post/ 164487/
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CITIOCOB Nel CO3IATDB ITOTOK B JAVA C
[IOMOIIBIO UHTEP®ENCA RUNNABLE
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public class MyThread implements Runnable{

@QOverride
public void run() { /*Kom KOTOPEM IOOJIKEH BHIIOIHUTE norok*/ }

public class GeneralProcess {
static MyThread tl1, t2;

public static void main(String[] args) {
tl = new MyThread() ;
t2 = new MyThread() ;

Thread mTl = new Thread(tl) ;//cozspmanmue norToxa
mTl.start() ;//Banyck noroxa

Thread mT2 = new Thread(t2) ;//cozspmanmue norToxa
mT2.start() ;//Banyck noroxa

52 13.03.2018



CITOCODB Neo2: HACAEJOBAHHWE OT
KAACCA THREAD
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public class MyThread extends Thread{

@QOverride
public void run() { /*Kom KOTOpPEM IOJIKEH BHIIOJIHUTE HOTOK*/ }

public class GeneralProcess {
static MyThread tl1, t2;

public static void main(String[] args) {
tl = new MyThread() ;
t2 = new MyThread() ;

Thread mTl = new Thread(tl) ;//cozspmanmue norToxa
mTl.start() ;//Banyck noroxa

Thread mT2 = new Thread(t2) ;//cozspmanmue norToxa
mT2.start() ;//Banyck noroxa
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B YEM PA3HUIIA MEXKY PEAAU3ALIMEN
MHTEP®EVICA RUNNABLE U
HACAEOJOBAHHWEM OT KAACCA THREAD?

http:/ /qgaru.site/questions /57 /implements-
runnable-vs-extends-thread
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INABAUTE U3YUYUM KO/I:

//Implement Runnable Interface...

class ImplementsRunnable implements Runnable {

private int counter = 8;

public void run{) {

counter++;

System.out.println({"ImplementsRunnable :

//Extend Thread class...

class ExtendsThread extends Thread {

private int counter = 8;

public void run() {

counter++;

System.out.println(“ExtendsThread : Counter :

56

Counter :

+ counter);

+ counter);

13.03.2018



57

//Use above classes here in main to understand the differences more clearly...

public class ThreadVsRunnable {

public static void main(String args[]) throws Exception {
// Multiple threads share the same object.
ImplementsRunnable rc = new ImplementsRunnable();
Thread t1 = new Thread{(rc);
tl.start();
Thread.sleep(1600); // Waiting for 1 second before starting next thread
Thread t2 = new Thread{(rc);
t2.start();
Thread.sleep(1€08); // Waiting for 1 second before starting next thread
Thread t3 = new Thread(rc);
t3.start();

// Creating new instance for every thread access.

ExtendsThread tcl = new ExtendsThread();

tcl.start();

Thread.sleep(1€08); // Waiting for 1 second before starting next thread
ExtendsThread tc2 = new ExtendsThread();

tc2.start();

Thread.sleep(1060); // Waiting for 1 second before starting next thread
ExtendsThread tc3 = new ExtendsThread();

tc3.start();
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BbiBOA yKazaHHOU NporpamMmbl.

ImplementsRunnable : Counter :
ImplementsRunnable : Counter :

ImplementsRunnable : Counter :
ExtendsThread : Counter : 1
ExtendsThread : Counter : 1

ExtendsThread : Counter : 1
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1 B nHTepdeince Runnable cospaetca ToAbko oAMH
3K3EeMMASP KAQCCa, U OH PasAeASeTCs pPasAUYHbIMU
noTtokamu. TakmMm obpasom, 3HaueHMe cHeTUMKa
YBEAUUMBAETCA AASl KAXKAOIMO AOCTYMNA K MOTOKY.

1 B To BpeMs Kak mMoaXoA KAacca Thread, Bbl AOAXKHDI
CO3AATb OTAEAbHbIM IK3EMMASIP AASl KQXKAOIO MOTOKA.
CAeAOBaTEABHO, AASl KAXKAOTO 3K3EMMASIpPa KAacca
BbIAEASIETCS Pa3AMYHasA NaMATb U KOXKAbIM UMeeT
OTAEAbHbIN CYETUYMK, 3HAUEHME OCTAETCA TaKMM XKe, YTO
O3Ha4aeT, YTO NpupalLeHne He NpOU3OHAET, MOTOMY YTO
HWU OAHA M3 CCbIAOK Ha OOBbEKTbI HE SABASIETCSI TAKOM XKe.
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0 Koraa ucnoab3zoBatb Runnable?
Ncnoab3synte nHtepdenc Runnable, ecan Bbl xoTuTte
MOAYYUTb AOCTYMN K OAHOMY U TOMY XK€ pecypcy u3
rpynnbl NoToKoB. N3beraTe MCnoAb3oBaHUA KAacca
Thread 3aecb, TOCKOABKY CO3AaHME HECKOABKMX
0bbeKTOB NoTpebAsieT HoAbLUE NaMATH

1 EcAM Bbl XOTUTE peaAn3oBaTb MAM PaCLUMPUTL KaKom-AMbo
ApYromn Kaacc, Toraa Runnable uHtepderic Hanboaee
NPeANOYTUTEAEH APYTMM, ECAU Bbl HE XOTUTE, YTODBI
KaKOM-AMDOO APYTrOM KAACC PacCLUMPSAACS UAU
PEaAU30BbIBAACS, TOrAa KAacc Thread npeanoytuteAbHee
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1 Koraa Bbl peaansyete nHTepdenc Runnable, Bbl moxkeTe
COXPaHUTb MPOCTPAHCTBO AASl CBOErO KAACCa AAS
PacLIMpeHUs AloBOro Apyroro Kaacca.

1 Java He NopAep>KMBaeT MHOXXECTBEHHOE HAaCAEAOBaHME, a
3TO 3HAYMT, YTO Bbl MOXKETE PACLLUMPATb TOAbKO OAMH
KAAcC Ha Java, NO3TOMY, KaK TOAbKO Bbl PacLLUMPUAM KAACC
Thread, Bbl NOTEpsAAM CBOM LLIAHC U HE MOXKETE
PacLUMPATb MAM HACAEAOBATb APYrOM KAACC Ha Java.
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1 B 3aAa4m Hawero Kypca He BXOAUT
ocBoeHue ABY, aaBanTe Bce e
BEPHEMCS K Halllen 3aAa4e, KOTOPYIO Mbl
XOTEAU PEaAM30BaTh NMAPAAAEABHO: 33Aa4a
BbIYMCAEHMSA MHTErpaAa
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MgI co3manu 2 IOTOKAa, KOTOPBIE
BBIUHCASIIOT UHTETPAA.

1% Aucneruep 33aay — O X

Qaiin  [apamerper  Bug

Mpoueccel  MMpoussogutensHocts  KypHan npunoxeHwii  Astosarpyska [Monssosatenn [log| ¢ l o

v

Mmsa

Mpwnoxenns (9)

> v MposogHuk (2)

' E¢ HoxHuust

> 15 Oucnetyep 3apav

> () Opera Internet Browser (21)

> |£| Microsoft PowerPoint (32 6uta)
> & Microsoft Edge (13)
v || Java(TM) Platform SE binary (3)

| £ Java(TM) Platform SE binary
|£| Java(TM) Platform SE binary
Console Window Host

> @ Google Chrome (12)

> §d DiagramDesigner.exe (32 6uta)

DoHosble npoueccol (83)

< >

(%) Menbue | Crams sagavy |
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-l- 7 .

OOpPIOTCS 3a OIUH U TOT K€ Pecypc — AApo.
[Ipumep Nel

90% 84% 13% 0% 17%

un Mamate Anck Cetb | padunue.. | A

MNpunoxexus (9)

1 MNposoanuk (2) 22% 1,8% 0,1 Mb/c 0% 0%
¢ Hoxnuyp! 0,3% 0,1% 0 MB/c 0% 0%
1% Ancnetyep 3apau 2,7% 2,3% 0MB/c 0% 0%
O Opera Internet Browser (21) 1,3% 17% 0,1 Mb/c 0% 0%
(El Microsoft PowerPoint (32 6uta) 0% 1,4% 0 Mb/c 0% 0%
> E Microsoft Edge (13) 0% 0,9% 0 Mb/c 0% 0%
v |4 Java(TM) Platform SE binary (3) 60,5% 40,5% 0,4 Mb/c 0% 0%
| £/ Java(TM) Platform SE binary 58,0% 36,9% 0,4 Mb/c 0% 0%
éj Java(TM) Platform SE binary 2,5% 3,5% 0 MB/c 0% 0%
BEX Console Window Host 0% 0,1% 0 MBb/c 0% 0%
€ Google Chrome (12) 1,6% 9,3% 0,1 Mb/c 0,1% 0%
Ed DiagramDesigner.exe (32 6uta) 0,1% 0,1% 0 MBb/c 0% 0%

13.03.2018
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OoproTCs 3a OaU

E S

7

.

H U TOT K€ PeCcypc — aapo.
[Tpumep No2

G 78% 84% 1% 0% 24%

WNma un MamaTte Awnck Cerb | Mpadpuye.. | Aapo rpadpuyeckoro n

MNpunoxexus (9)

r lMposoanuk (2) 1,4% 1,7% 0 MBb/c 0% 0%
“¢ Hoxnuupl 0,1% 0,1% 0 MB/c 0% 0%
1% Aucnetuep 3agay 6,1% 1,6% 0,1 Mb/c 0% 0%
‘ o Opera Internet Browser (21) 0,8% 11,3% 0,1 Mb/c 0,1% 0%
> LE Microsoft PowerPoint (32 6uta) 0% 1,8% 0 Mb/c 0% 0%
> & Microsoft Edge (13) 0% 1,5% 0Mb/c 0% 0%
Vv | %) Java(TM) Platform SE binary (3) 59,0% 35,1% 0,4 Mb/c 0% 0%
[gj Java(TM) Platform SE binary 57,4% 33,2% 0,4 Mb/c 0% 0%
[ﬁ_';j Java(TM) Platform SE binary 1,5% 1,6% 0 MB/c 0% 0%
Console Window Host 0% 0,3% 0Mb/c 0% 0%
13.03.2018
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BoT 4TO MPOMCXOAUT C IIPOIIECCOPOM, KOT/Ia

1% Aucneryep sapau

Qaiin  [apamerpol  Bug

Mpoueccer  [ponssogutensHocts  XKyphan npunoxennii  Astosarpyska [Monbsosatenm [MogpoBHoctn  ChyxBbi

M

A

L W

un
32% 0,80 My

Mamats
3,2/3,9T6 (82%)

Awnck 0 (C: D: X))
2%

Ethernet

Her nogkntoueruna

Ethernet
Her NOAKNHOYEHNA

Wi-Fi
0: 16,0 : 0 k6ut/c

Ipadpuueckuii npoueccop 0
Intel(R) HD Graphics Family
4%

Ipadpuueckuii npoueccop 1
NVIDIA GeForce 920M
0%

66

LI

% Utilization

obOa ImoToKa 3aIlyIlieHHhl.

Intel(R) Core(TM) i3-4005U CPU @ 1.70GHz

100%

VR

60 cekyHa

Wcnonszoeanne  Ckopocte

32% 0,80 My

Mpoueccer  MoToku Jeckpuntopbl

243 2867 108391
Bpems pabotel

13:14:26:53

basoeasa ckopocTe:
Coketos:

Aapa:

Noruyeckux npoueccopos:
Buptyanusayms:

Kaw L1:

Kows L2:

Kow L3:

1,70y

1

2

4
BkntoueHo
128 Kb

512 Kb

3,0 MB
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BoT 4TO IMPOUCXOAUT C IIPOIIECCOPOM, KOT/a
o0a IoToKa IMpPeKPaTHAU BBIYHUCAECHHUS.

Qaiin  [apametper  Bug

Mpoueccer  MponssoauTencHocTs  XKypHan npunoxenuii  Astosarpyska [Monbsosatenn [MogpoBHoctn  Cnyx6b

r
; I1-(l)% 0,80 Ty I—I.n Intel(R) Core(TM) i3-4005U CPU @ 1.70GHz
% Utilization 100%
MamaTts
3,2/3,9Tb (82%)

Anck 0 (C: D: X))
1%

Ethernet Intel(R) Core(TM) i3-4005U CPU @ 1.70GHz

Her NOAKNHOYEHWA

Ethernet

Her NOAKNHOYEHWA

Wi-Fi
0: 0 1M: 0 k6ut/c
&
Ipadurueckunii npoueccop 0 ﬁ/ /\\ P
Intel(R) HD Graphics Family
2%
60 cekyHa 0
rpaqmquKMﬁ npoueccop 1 Wcnonbsosanme  CkopocTb Bazosan ckopocTb: 1,70 MMy
NVIDIA GeF 920M :
eForce 10% 0,80 lTu Cokeros 1
0% Aapa: 2
apa:
Mpoueccer  Motoku  [leckpuntopel  floruyeckux npoueccopos: 4
243 2899 108572 Bupryanusaums: Brnroueno
" Kaw L1: 128 Kb
Byt pations) Kow L2: 512K6
13:14:34:18 Kaww L3: 3,0MB
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PE3YABTATBI TECTHUPOBAHNAA
Bpewms [Tocnen. [Tapan. Koi-Bo
BBEIYMCJIEHUS uTepanun
(cek)

[ToTok main O0a noToka
Tect 1 3 muH 35 cexk |2 muH 53 cex | 1000000
Tect 2 2 MuH 32 cek |2 MuH 9 cex 1000000

MBI BUAUM, YTO IIPU ITapPAAAEABHOM BBIIIOAHEHUU
3a1a4U Mbl VAYYIIIUAU [TIOKA3aTEAU BPEMEHU HA
19,53% B nnepBoMm TecTe U Ha 15,13% BO BTOpOM

TECTUPOBAHUHU, TPU pa3dbrueHnU nHTepBasa AB Ha 1
000 00O oTpe3KOB, U BBIUUCALS IIAOIIIAAb HA KaXKI0M
OTpPE3KE
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1 BOMNPOC: NMOYEMY BPEMA BbINUCAEHINA
NMHTETPAAA HE YAYHLLUNAOCH INPU
[MTAPAAAEABHOM MNMOAXOAE HA 50% ,BEAb IO
NMAEN ECAN ABE NMMOA3SAAAYU BbINTOAHAIOTCA
MAPAAAEABHO N HESABUCKMO APYT OT APVYTA,
TO 3AAAHA AONXHA PELUMTBCA B 2 PA3SA
BbICTPEE!?
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1 OTBET:

1 B AaHHOM npumepe obe 3aaa4M BbIAM OAHOTUNHBIE, A
3Ha4YUT UM TpeboBaAnCb oAHU U Te e AAY (BbluMCAEHMUS
C nAaBatowen 3anston). Ecam 66l 3apaum 6biAM pasHoro
TMMA, HANPMMEP OAHA Ha LLEAOYMCAEHHbIE BbIYUCAEHMS,
APYrasi Ha BbIMUCAEHUSA C MNAABAIOLLLEN 3aMNATOU TO, TOrAQ
MM 6bl NOHabuAMch pasHbie AAY, 1 oHU Bbl He CTOSIAU B
oyepeAM K OAHOMY annapaTHOMY pecypcy.
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[TIPOBE/IEM HOBDBIE
NCCAELOBAHNAA!

] CO3A&AMM ABd MapPaAA€AbHbIX NMOTOKa.

71

[lepBbit NOTOK OYAET BbIMMCAATb UHTEMPaA
AAS YncAa Pi (Kak B npumepe paHbLue)

BTropol notok 6yaeT paboTatb ¢ rpadpmuKon
M eMy NoHaA0bUTbCa pucoBaTb GUrypy
(TPEYroAbHMK) KaXKAbIM pa3 Ha pa3HOM poOHe
(To Ha 6eAoM POHe, TO Ha YEPHOM, B
3aBUCMMOCTMU OT NMEPEKAIOYEHUA AOTUYECKOM
nepemMeHHOM)
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KOI'IA OBA ITIOTOKA PABOTAIOT

1% Aucnetuep 3agau - O X
Qaitn  [apametpbr  Bug

Mpoueccel  [MpowmssogutensHocts  XKypHan npunoxennit  Astoszarpyska [Monbsosatenn [MoapoBHoct  Cnyx6ei

Y 78% 77% 0% 0% 23%

Wmsa ur Mamate dunck Cete | paguue.. | fAapo rpaduyeckoro npoueccopa
Mpunoxexwnsa (6) $
> g Mposogxuk (2) 0% 23% 0 Mb/c 0% 0%

1%y Aucnetyep 3agau 1,5% 1,7% 0 MBb/c 0% 0%
> [P] Microsoft PowerPoint (32 6ura) 0% 0,3% 0 Mb/c 0% 0%
Vv | %] Java(TM) Platform SE binary 58,4% 451% 0,4 Mb/c 0% 0%
Vv | £ Java(TM) Platform SE binary (2) 5.7% 44% 0 MB/c 0% 6,2% [padpuuecknii npoueccop 0 - 3D
&) Java‘ ! Ml Platform SE binary 2‘7% 41% 0 ME/C 0% 6i2% Fgagmecxuﬁ npoueccop 0-3D
BX Console Window Host 0% 0,3% 0 Mb/c 0% 0%
> Ed DiagramDesigner.exe (32 6uta) 0% 0,2% 0 MBb/c 0% 0%
®oHosble npoueccol (81)
Skpax 6nokuposkn Windows no y... 0% 0,2% 0MB/c 0% 0%
[#] XocTt-npouecc ana 3apay Windows 0% 01% 0Mb/c 0% 0%
[#] XocT-npouecc ana 3aga4 Windows 0% 0,1% 0 Mb/c 0% 0%
> Xoct Windows Shell Experience (2) 0% 0,1% 0MB/c 0% 0% [padpuuecknit npoueccop 0 - 3D
—5 W& Douew (2 ol powl oamer! x|l 00 0% | Cnaduuecemionausccan0.2n Y
(%) Menbune | Crrs sagany |

13.03.2018
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[TIOTOK 1 3AB]

CPIIVMA BbIYMMCAEHNWA

1% Aucneryep 3agay - O X

Qaitn  [lapametper  Bug
Mpoueccel  MpoumssoautensHocts KypHan npunoxeHuii  Astoszarpyska [lonesosatenn [MoapobHoctn  Cnyx6bi

2 10% 78% 0% 0% 11%

Wma un Mamare Anck Cetb | Fpaduue.. | Agpo rpadmueckoro npoueccopa
Mpwunoxenwnsa (6) *
> MNposoanuk (2) 0,2% 24% 0 MB/c 0% 0%

1% Ancnetyep 3apau 0,8% 1,7% 0 MB/c 0% 0%

> [El Microsoft PowerPoint (32 6uta) 0,1% 1,1% 0 MB/c 0% 0%

v Lé’] Java(TM) Platform SE binary 0,4% 45,2% 0,1 Mb/c 0% 0%

Vv |4/ Java(TM) Platform SE binary (2) 21% 47% 0 MB/c 0% 6,5% [padpuueckuii npoueccop 0 - 3D

| £ Java(TM) Platform SE binary 21% 43% 0MbB/c 0% 6,5% [padmyeckuii npoyeccop 0 - 3D
BEX Console Window Host 0% 0,3% 0 MB/c 0% 0%
> Ed DiagramDesigner.exe (32 6uta) 0,1% 0,2% 0 MBb/c 0% 0%
®oHosbie npoueccol (79)
Skpan 6nokuposkn Windows no y... 0% 0,2% 0MBb/c 0% 0%
[#] Xocr-npouecc ana 3aaay Windows 0% 0,1% 0 MB/c 0% 0%
[85] XocT-npouecc ana 3agaq Windows 0% 0,1% 0MB/c 0% 0%
> [FEl ¥arr Windmwe Shell Fyneriencs (21 ne. n1o N MR/ nos N%  Mrahuuereuit nnanerean 0 - 2N

PIporpamma JOGLParallelProgram
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OBPATHUMCYH K PUAOCODPHUN ©

1 OTBETUT AU HaM NMporpamMma Ha BeYHbIW Bornpoc: HY1o
NosiBUAOCH paHbLue: Ao nam Kypuua?

1 OAMH NOTOK BbIBOAUT Ha 3KpaH cOobLLEeHNE, YTO paHbLLE
NosIBUAOCH ANML0, APYron BbIBOAUT OTBET, YTO MNepBee
Kypuua.

1 lNporpamma byaeT paboTaTb B TeYEHUU 5 CEKYHA U
KaXXAblW pa3 rpeayrapaTb, KAKOM OTBET OHa BblAACT
TPYAHO.

1 Ho Mbl nonbiTaemcs npeayrapatb YTO OTBETUT

nporpamma. [lpoeeaem 100 nccaepoBaHui U Haraem
BEPOATHOCTb TOFO UAU MHOIFO OTBETA.
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E3YADBTATDHI CITIOPA:

run.

Cnop Hauar..
Kypuua!

Anuo!

Anuo!
Kypuua!
Kypuua!
Ao !
Kypuua!
Anuo!

Cnop 3akKoOH4YEH..

CECPKA VCIENHC 3ZABEPIEHA (ofmee BpeMsa: © CeKyHOH)
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HATPY3KA HA LIIT MUHUMAABHA
(BBIYMICAEHMU HET)

1% Aucnetuep 3agau

Qaitn  [apametpol  Bug

Mpoueccel  [MpomssoautensHocTs  KypHan npunoxennit  Astosarpyska [Monesosatenn [MogpoBHoctn  Chy:

2 5% 80% 0% 0% 1%
Nma un Mamate Aunck Cetb | paduve..

Mpunoxexwa (7)

> ' Mposogruk (2) 0,3% 3.3% 0 MB/c 0% 0%
¢ HoxHuys 0% 0,2% 0 MB/c 0% 0%

> 1% Aucnetuep 3agay 1,4% 2,0% 0 MB/c 0% 0%
> [E] Microsoft PowerPoint (32 6uta) 0% 3,2% 0Mb/c 0% 0%
v L—_ﬁ-__»J Java(TM) Platform SE binary (3) 0,8% 437% 0,1 Mb/c 0% 0%
| £/ Java(TM) Platform SE binary 0,7% 42,6% 0,1 MB/c 0% 0%

| £/ Java(TM) Platform SE binary 0,1% 0,7% 0MB/c 0% 0%

BEX Console Window Host 0% 04% 0 MB/c 0% 0%

> @ Google Chrome (6) 0% 46% 0Mb/c 0% 0%
Eld DiagramDesigner.exe (32 6uta) 0,1% 0,1% 0Mb/c 0% 0%

®oHosble npoLecco! (79)

SkpaHx 6nokupoekun Windows no y... 0% 0,2% 0 Mb/c 0% 0%
[#] Xocr-npouecc ana 3agay Windows 0% 0,1% 0 MB/c 0% 0%
[#z] XocT-npouecc ana 3aga4 Windows 0% 0,2% 0 MB/c 0% 0%
( A ) MeHbLue

ITporpamma PrallelProgramming "
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[TPOBEAEM 100

AHAAOT'MYHBIX T]

HYTODBbI Y3HATD

S CTOB,

BEPOATHOCTD BbIZJIAYA

OTBETA
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PE3YABTATHBI TECTUPOAHUAA:
SIUIIO vs

[TOBESK AR STHIIO CO

CHETOM

88:12
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