NMAPAIJIEJIBHbBIE
BbIHNCJIEHNA

[TapannenbHble CUCTEMBI

¢ Cuctembl ¢ obLen NnaMATbIO
— MHorosigepHbie KOMMbIOTEPSI

» CucTtembl ¢ pacnpegeneHHon NaMsaTbio
— MHoronpoueccopHble KrnacTepbl

(c) 2012 Apbkos B.1O.
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MHoroagepHbin npoueccop

» Heckonbko ssgep obpallatotca K odLen
ornepaTtuBHOW NamATn
— BblyucnutenbHble A0pa 1 onepaTtnBHasA
namMmaTb pa60Ta+0T yepel CUCTEMHYIO LLINHY
» Bzanmopgencreme NnoTOKOB — Yepes
rnobanbHble NepeMeHHble B NaMsaTh

— OTCyTCTBYIOT 3aTpaThl BPEMEHM Ha
KOMMYHUKaLIO

— TpebyeTcst KOPPEKTHO UCMONb30BaTb 00LLYIO
namsaTb

MHoronpoueccopHbIN KnacTtep

» Kaxkabln BbIMUCIIUTENBbHbIN Y3en —
CaMOCTOATENbHbIN KOMIMbIOTEP
— Y3nbl coeAnHEHbI NOKarnbHOW CEeTbO
— Kaxgbin y3en paboTaeT Co CBOeN

onepaTMBHOM NaMATLIO

* Y3nbl 06MeHnBalTCs COObLLLEHUAMMN
— 3aTpaTtbl BpEMEHM Ha KOMMYHUKALNIO
— He HyxHo crneguTt mpf obLien namaTbio

(c) 2012 Apbkos B.1O.
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[1pouecchl N NOTOKU

* lMpouecc — nporpamma B MOMEHT BbIMNOSTHEHUS
(3anyck *.exe)
— Mporpammbl MoryT o6MeHnBaTbCA COOOLLIEHNSAMMN

* NMoTok (thread) — BbIYMCIIEHUS «BHYTPU» OOHOTO
npouecca

— MoTokn moryT obpawaTtbes K rnodanbHbIM
nepeMeHHbIM B ONepaTUBHON NaMSATH

— JlokanbHble nepemMeHHble BHYTPU NOTOKaA HEOOCTYIMHbI
apyrmm noTokam

« lMpouecc cogepXuT XoTa bl OAMH NOTOK

[TapannenbHble NOTOKMU

* [MporpammmpoBaHue Ansa MHOrosaepHbIX
MaLUVH

o CDyHKLI,I/II/I pa6OTbI C NOTOKamMu
— Windows Threads API
— POSIX Threads API

— bubnunotekn pacnapannennsaHus NOTOKOB

* OpenMP (Open Multi-Processing)
— http://openmp.org

(c) 2012 Apbkos B.1O.
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[TlapannenbHble npoLuecchl

» OpraHusauusi obmeHa coobLLeHnaMmn
MeXay npoueccamm
— OYHKUMN OonepaUnoHHON CUCTEMbI AN
obmeHa coobLeHnsmm

— bubnunotekn ans odbmeHa coobLleHnaMmn
* MPI (Message Passing Interface)

— http://www.mcs.anl.gov/research/projects/mpich2/

BekTopHOe pacnapannenusaHue

« Cucrtema KomaHg npoueccopa MOXeT
BKNOYaTb KOMaHAbl 06paboTKM BEKTOPOB
— SSE (Streaming SIMD Extensions)

» OgHa KoMaHga BbINOMHAET OOHY U Ty Xe
onepauuio Haa HECKOJIbKMMK napamum
ynucen ogHOBpPEMEHHO
— CrnoxeHue 4 nap 4ncen

(c) 2012 Apbkos B.1O.
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Visual Studio

Cpepna nporpamMmumpoBaHus n
KOMMOUNATOPbI

Komnunartopsbl

Visual C++ Visual Studio

Visual C++ / Visual Studio 2008 / 2010 (EN/RU)
— Express Edition
— Professional
* http://www.microsoft.com/downloads/ru-ru/
 http://www.microsoft.com/visualstudio/en-us/products/2008-editions/express
 http://www.microsoft.com/visualstudio/en-us/products/2010-editions/express
* http://www.microsoft.com/visualstudio/ru-ru/products/2010-editions/visual-
cpp-express
CtyneHTam - 6ecnnatHo
— http://www.dreamspark.ru/
BapuaHTbl yCcTaHOBKM:
— Beb-ycTaHOBLUMK
— 1SO obpas gucka
— BUpTyanbHas mMalluHa ¢ NpobHOW Bepcuen
* Windows Virtual PC
» MSt Virtual PC 2007 SP1
» Windows Server 2008 Hyper-V

(c) 2012 Apbkos B.1O.
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Start Page - Microsoft Visual Studio
File Edit View Debug Team Data Tools Test Window Help

e R r R - RN B R e R

Solution Explorer

| »

MUV Start Page ¢

Microsoft* -
O Visual Studio 2010 Professiona

+_
|_| Connect To Team Foundation Server Get Stari

@ New Project Welcome

@ Open Project... SharePoin{

Recent Projects

E sqroots
[V Close page after project load
[V Show page on startup

New Project

Recent Templates I NET Framework 4 j Sort by: IDefauIt j Search In|

Installed Templates

T : Visual C++
. @2 Console Application @ ype: Visual
= Visual C++ A project for creating a Win

A oAt
_5 Win32 Project Visual C++ application
CLR

General
MFC
Test

O! er Languages

Other Project Types
Database
Test Projects

Online Templates

Name:

I\rsl \
IW:\VSI\ ) LI Browse... |

|7 Create directory for solution
[~ Add to source control

Location:

Solution name: I vsl
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Win32 Application Wizard - vs1

2%

" Application Settings

CDLL
 Static library

Additional options:

¥ Empty project

Export symbols

¥ precompiled header

Chveryl Application type: Add common header files for:
Application Sattings )  Windows application I ATL

= Console application FMFc

< Previousl Next >d Finish h Cancel |
SN—"

vsl - Microsoft Visual Studio

File Edit View Project Build Debug Team Data Tools

Test Window Help

=

J- - Sd@ b B9 -~

b |Debug

- |win32

Solution Explorer

2 2] &
-4 Solution 'vs1' (1 project)

= Gl wsl

- @ Bxternal Dependencies

- (A Header Files
[ Resource Files

Rename F2

= Properties

(c) 2012 Apbkos B.HO.
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[§  class wizard... Ctrl+Shift+X i Bxisting Item...
$ Cut Ctrl+X New Filter
-3 Copy Cirl+C ¢ Class...
4 Paste Cirl+v % Resource...
x Delete Del

Ctrl+Shift+A
Shift+Alt+A




2]
Installed Templates Sort by: | Default =] A | search Instalied Templates ol
Bl Visual C++ - )

Type: Visual C
ul j Windows Form Visual C++ ype: VisualC+s
Codk E Creates a file containing C+ + source code
Data ‘ C4+ File (.cpp) Visual C++
Resource b
Web O] HTML Page (hitm) Vistal €+ 4
Utility
Properly Sheets ﬂ Static Discovery File (disco) Visual C++
ﬂ Header File { h) Visual C++
il i Midl File (.idI) visual C++
ﬂ Resource File {re) Wistal C++
‘. Server Res i al C
g esponse File (sl Wistal €4+
ﬂﬁ‘] Module-Definition File ({ def) Visual C++
* ‘Ai Registration Scripk {rgs) Visual C++
<
Name: 1. D
Location: WiVS1ivslivsl), x| Browse... |

vs1 - Microsoft Visual Studio

File Edit VYiew Project Build Debug Team Data Tools Test Window Help
—

Pl iy *|*ﬁd|‘)vmv;ﬂv:ﬂ,|

: __ ~—_ __—
L*i?[%ﬂg*-- | ﬂ||_|;j 3 @l 3 @) l_.—*:g=
Solution Explorer

=S
3 Solution 'vs1' (1 project)

- Twsl

i External Dependencies
- [dHeader Files

- [ Resource Files

= & Source Files

,(‘Glﬁﬁ Scope)

-1#include <stdio.h>
void main()

{
B

printf("Hello, world!\n");
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= wsl - Microsoft Visual Studio i

File Edit View Project Build Debug Team Dataest Window Help

P~ Sl 829 -0 - S5 P [Debug ~| [winz2

[+ Environment Before building:
I =l Projects and Solutions |Save all changes x
energ
Build and Run 2 maximum number of parallel project builds

VC++ Directories

VC++ Project Settings
[+ Source Control On Run, when projects are out of date:

[+ Text Editor Always build il

Debugging
On Run, when build or deploym

[¢" Only build startup projects and dependencies on Run

[+ HTML Designer
Office Tools

[ Database Tools
|Do not launch / =

Test Tools [~ For new solutions use the currently selected project as the startup
[+ Text Templating project

[+ Windows Forms Designer MSBuild project build output verbosity:

Workflow Designer [Normal =

MSBuild project build log file verbosity:
|Normal -

DyHKUNOHANbHbIE KNaBMLLN
Shortcuts

[F7] — cospaHue ucnonHaemoro anna
[Ctrl+F5] — 3anyck nporpamMmbl Ha BbINOSTHEHNE
[Ctrl + S] — coxpaHeHue dainna
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File Edit View Project Bulld Debug Team Data Tools Test Window Help

Pl A @ L LI ¥ |Debug «| lwin32 1
: R a Ta = 2[00 3 =l s »R e
Solution Explorer
=1 9| Ble (Global Scope) -1 % main()
3 Solution *ws1' (1 project) #include <stdio.h>
= Tvsi void main()
@ d External Dependencies {
= Header Files printf("Hello, world!\n");
4 Resource Files }
= Source Files
zislc

LMUOWS |\ system32\ omd.exe
Hel L}
AnA npogonxesHa HexHuTe nebyo xnasmwy

1> Touching "Debugi\ysl lactbuildetotor

/
< 15Build succeeded. \

13

1>Time Elapsed @0:00:03.64
=== P g ild: 1 succeeded, @ failed, @ up-to-date 3 g

#include <stdio.h>
= void main()

{

" C:\WINDOWS}

int i;
for (i =9; i< 10 ; i++ )
{

printf("i = %d\n", 1i);
by
printf("Press Enter...\n");
getchar();

0
1
2
3
y
5
6
[
8
9

ress Enter...
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~  ws2 - Microsoft Visual Studio B
File Edit View Project Build Debug Team Data Tools Test
gl E-Cdd s ai|9-o-8-5|
i e EE| 2208388365

i Release

Solution Explorer

(Global Scope) v] W main()
#include <stdio.h>
- void main()

-4 Solution 'vs2' (1 project)
B '.’1 vs2

= External Dependencies {
4 Header File? int i;
- [ Resource Files for (i =@; i< 10 ; i++)
3 Source Files {
prantf(™l. = Bd¥n"s. 105
}
printf("Press Enter...\n");
getchar();

g
1

Main lMpaeka Bwa WMsbpanHoe Cepewnc Cripaeka i 2
@Ha3au!_(_'_ﬂ_&mu( i Nara | B (¥ X il ﬁ
Wi \VWS1\vs2\Release ) i 5

3

i vs2.pdh 7

Program D« 8

— 195 Kb -9

Press Enter...

[TapannenbHble NOTOKMU

Windows Threads
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[MoTokn MS Windows

* OﬂepaLl,I/IOHHaFl cncrtemMa coaepxnT
rotoBble CUCTEMHbIE Bbl30BbI OJ14 p860TbI
C NOTOKaMH

« Komnunatop nogaepXxuBaeT Bbi30B
dyHKUMN paboTbl C NOTOKaMM

« OpraHusauusi B3aMmMoaencTBUs NOTOKOB —
OTBETCTBEHHOCTb NporpaMmMmmucTa

Co3gaHue noToka

 Win32
e CreateThread

HANDLE Thread;

Thread = CreateThread (NULL, O,
ThreadProc,
(LPVOID)&GlobalvVar, 0, NULL);

(c) 2012 Apbkos B.1O.
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CreateThread

Creates a thread to execute within the virtual
address space of the calling process.

HANDLE WINAPI CreateThread(
__in_opt LPSECURITY ATTRIBUTES

lpThreadAttributes,

__in SIZE_T dwStackSize,

__in LPTHREAD START ROUTINE lpStartAddress,
__in_opt LPVOID lpParameter,

__in DWORD dwCreationFlags,

__out_opt LPDWORD lpThreadId
);

}

{

#include <windows.h>
#include <stdio.h>

void WINAPX ThreadProc()
{

printf("Hello from Thread!\n");
while(1l);

void main()

HANDLE Thread;

Thread = CreateThread(0, @
(LPTHREAD_START ROUTINE) ThreadProc,> 0, 0, 0);

printf("Hello from process!\n");
getchar();

(c) 2012 Apbkos B.1O.
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Hello from processt

Hello from Thread!

g. Aucnetuep zapauy Windows

Main Tlapametpbl Bup 3aeeplleHme pabotbl  Cripaeka

HpmnomeHMﬂliTpoueCCbli CeTb |ﬂ0ﬂbSOBaTeﬂM|

Jarpyaka U XpOoHONor g 2arp

gﬂucneﬂep zapady Windows

@airn Mapametpbl Bua  3aeepiieHme pabotel  Cripaeka

Mprnoserida Mpolecch |Bb|c:Tpo,qu|c:TEw1e|CeTb ||_|OJ'Ib30ElaTeJ'Il/I|

svchost.exe CpeaHii

#include <windows.h>
#include <stdio.h>

void WINAPI ThreadProc()

{

printf ("Hello from Thread!\n");
/while(1);

}

void main()
{
HANDLE Thread;

Thread = CreateThread(0, 0,
(LPTHREAD START ROUTINE) ThreadProc, 0, 0, 0);

printf ("Hello from process!\n");
getchar();
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Hello from Thread!

Ejdﬂucnewep 3apay Windows

Main [lapameTpbl Bupg  3aeeplueHue pabotol  Cnipaeka

MPAN0¥eHIAa i Mpoueccs! (Bo | CeTb | Mons30EaTEMA |

—3arpyaka U——

[ XpoHOnoNAS 3arpyakia LU

=

Hello from p;oces
Hello from Thread!
E(HHCHET‘Iep aagay Windows

Mmaimn [lNapametpbl Bua  3aeepiueHne pabotel  Cnipaeka

MpunoseHiaa [poLecchl IBbICTDOﬂel?'ICTEIVIelceTb |I‘IonbaoEaTenm|

HelplLibAgent. exe 00 47 324 KB CpeaHii 10

Data Race

[[OHKW, COpeBHOBaHME MO AOCTYNy K
OaHHbIM

I'Iapanneanbn?l AOCTYIN BbIMUCITTESIbHbIX
MOTOKOB K rnobanbHbIM nepemMeHHbIM

HapymeHMe «UEeJytoCTHOCTU AaHHbIX»

[losBneHue criyyanHowm onbKn B
pacyeTtax
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[TapannensHoe cyMMUpoBaHue

S=S+1 S=S+2

e

UteHune-3anucek pernctpol-O3Y

l S0

R1=S R2=S
R1=R1+1 R2=R2+2
S=R1 S=R2

4 : v

| o

(c) 2012 Apbkos B.1O.
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R1l=S
R1=R1+1
S=R1
R2=S
R2=R2+2
S=R2
S=?
S=0
R1l=S
R1=R1+1
R2=S
R2=R2+2
S=R1
S=R2
S=?

(c) 2012 Apbkos B.1O.
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n
]
o

R1l=S
R1=R1+1

R2=S

R2=R2+2

S=R2
S=R1

v
S=?

#include <windows.h>
#include <stdio.h>

#define NTh 200

#define Ns 10000000

int S = 0;

void WINAPI ThreadProc() {
for (int i=0; i<Ns; i++)

S =8 + 1; }

void main() {

HANDLE Thread [NTh];

for (int i=0; i < NTh; i++)
Thread [i] = CreateThread(0, O,

(LPTHREAD START ROUTINE) ThreadProc, 0, 0, 0);
WaitForMultipleObjects (NTh, Thread, TRUE, INFINITE) ;
printf ("Ns*NTh = %d\n S = %d\nError =

%d\n" ,Ns*NTh, S, Ns*NTh-S) ;
getchar(); }

(c) 2012 Apbkos B.1O.
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ML=

Malin Mapametpel Bua  3apepiieqve pabotel  Cnipaeka

MprnosteHa | BbicTpogeiicTame | Cetb | MonbzoBaTeri |
M5 o0bpaza | LLI'I| ﬂaMﬂTbl Baz.np. | [oTokcs —
54 exe a9 240 KB CpeaHAA 11
taskmagr.exe 0o 2656 KB BhicotA 3

Eﬂucnerqep zapaq Windows = |I:I|L|

Mmarn Mapametpel Bua  3aeeplieHme paboThbl anaBKa|

| Cetb | MonozoBateri |

Jarpyara LLI'I—‘ WOOHDNOMAA 3arpyare L

#define NTh 200
#define Ns 10000000
int S = 0;

printf ("Ns*NTh = %d\n S = %d\nError
= %d\n",Ns*NTh, S, Ns*NTh-S) ;

= W:\VS1\s4\Release\s4.exe [~ W:\VS1\s4\Release\s4.exe

Ns=NTh = 2000000000 NsxNTh 2000000000
S = 1980000000 s 2000000000

Error = 20000000 Error = ©

[ W:\VS1\s4\Release\s4d.exe " Wi\VS1\s4\Release\sd.exe

NsxNTh = 2000000000 NsxNTh = 2000000000

5 1930000000 S 1990000000
Error = 70000000 Error = 10000000
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WaitForMultipleObjects

OxungaHue 3asepLueHns paboTbl BCex
NOTOKOB

WaitForMultipleObjects (NTh,
TRUE, INFINITE)

bapbepHaa CMHXpPOHU3aLMSA

l CreateThread

* v V wait

¢ WaitForMultipleObjects

(c) 2012 Apbkos B.1O.
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Kputnyeckas cekuuga

« YacTb nporpamMHOro koga napansnenbHou
NporpaMmmbl, BbINOMHAEMas
nocnenoBaTenbHO

» Korga oanH NOTOK HA4YMHAET BbINOSTHATb
KPUTUHECKYIO CEKUNIKO, OCTAJIbHbIE NMOTOKN
MOTYT BbIMNOJIHATb Apyrue onepaunun, HO
HEe MOryT napasjiiernbHO BOMTU B CBOIO
KPUTUNYECKYHO CEKLUUNIO

Kputnyeckas cekuuga

Thread 1 Thread 2 Thread 3

Run l Run l Run
| ocieser ¥owar § wait
T re | G wait
A ke | ore | cieser

(c) 2012 Apbkos B.1O.
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// OGemsiBisieM Tyo6anbHY0 HNepeMeHHyl CS
CRITICAL_SECTION CS;
void main()
{
// VMHMIManIMsupyeM KPUTUYECKYI0 CEeKLIMIO
InitializeCriticalSection(&CS);
// YpansieM KpUTUYECKYI CEeKIIMI0
DeleteCriticalSection (&CS)
}
DWORD WINAPI ThreadProc( LPVOID lpParameter
{
// BxomuMM B KPUTUYECKYIO CEeKIIMIO
EnterCriticalSection(&CS);
// BHXOOMM M3 KPUTUYECKOM CEeKLMM
LeaveCriticalSection(&CriticalSection);
}

#include <windows.h>
#include <stdio.h>
#define NTh 20

#define Ns 1000000

int S = 0;
CRITICAL_SECTION CS;
void WINAPI ThreadProc ()

{
for (int i=0; i<Ns; i++)
{
EnterCriticalSection(&CS);
S =S + 1;
LeaveCriticalSection(&CS):;
}
}

(c) 2012 Apbkos B.1O.
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void main()

{

HANDLE Thread [NTh];
InitializeCriticalSection(&CS);
for (int i=0; i < NTh; i++)

Thread [i] = CreateThread(0, O,
(LPTHREAD START ROUTINE) ThreadProc, 0, 0, 0);
WaitForMultipleObjects (NTh, Thread, TRUE, INFINITE) ;

DeleteCriticalSection(&CS);

printf ("Ns*NTh = %d\n S = %d\nError =
%d\n" ,Ns*NTh, S, Ns*NTh-S) ;

getchar();
}

E Avcnetyep 3anaq Windows

Maian MNapameTtpbl Bup  3apeplueHwe pabotbl  Crnipaeka

MpnoneHan | MNpoueccel |Brictpogericteie | CeTe | Monsaosatenid

lma obpaza .. [MamMaTe Baz.mp.  [MoTokoe
53 E3e 948 KE CoenHA

=

erwcs.e)(e O 3352 KB CpeaHia 16

20000000
20000000

Q AucneTtuep 3agaq Windows

daitn  MapaMetpsl Bui  3aeepweHde pabotel  Cripaeka

MpAnoxeHas | Mpouecckl | BbicTpogeACTEME | CeTh | MonbaoeaTeni

Sarpyara LN XPOHONOrMA 3arpy3kda L

il
|‘I'.II ‘I_\l I

1Y
L T

i |\ f||.‘|,\{|{_ e

L
il |

ENN,
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[TapannenbHble npouecchl

MPI

MPI

* Message Passing Interface

* KOMI'II/IJ'IFITOp nogaepxXmBaeT Bbl3OBbI
BMBNMOTEYHBIX OYHKL MM

» TpebyeTca ycTaHOBKa AOMOSTHUTENBHOW
6mnbnmnotekmn MPI
— MPICH — OpenSource 6ubnnoteka MPI
http://www.mcs.anl.gov/research/projects/mpich2/
ckadyatb MPICH2 Windows IA32 (binary)

(c) 2012 Apbkos B.1O.
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YctaHoBka MPI

SPMD process manager — npmBuiernm
agMUHUCTPaTopa 4SSl YCTaHOBKM

— SPMD -

cnyxba 3anycka MPI npoueccos

Passphrase (naposnb No ymonyaHuo)

behappy

YcTaHoBKa B nanky (no yMon4aHuio)
— C:\Program Files\MPICH2\

YcTaHoBKa

 MPICHZ2 yctaHaBnuBaeTcsa Ha BCe MalUWUHbI, rae

ByayT 3anyckatbcs npoueccol MPI

. |_|pl/l YCTaHOBKE CO34akoTCA KaTasiorm

— mpich2\bin
* smpd.exe — meHeaxep MPI npoueccos

* mpiexec.exe — fporpamMma a4 3anycka
3agaHnn

— mpich2\include

— mpich2\lib

s OMONMOTEKMN ANA KOMNUAALUK

» bubnuoteku dll konmpytotca B Windows\system32

(c) 2012 Apbkos B.1O.
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Komnunauus

2) Add mpich2\include to the include path
3) Add mpich2\lib to the library path

4) For C applications add mpi.lib to your target link
command.

6) Compile

7) Place your application and all the dlIs it depends on
in a shared location or copy them to all the nodes.

8) Run the application using mpiexec

RUNNING MPI JOBS:

mpiexec is a command line application used to launch
MPI jobs. Bring up a command prompt to run it.
Execute "mpiexec" to see the available options.

The simplest mpiexec command is like this:
mpiexec -n 3 myapp.exe

MuHnmanbHasa ycTtaHoBKa

BbluncnutenbHble y3nbl 6€3 KoMIMnaumMm, TONbKO ANs BbINOMHEHNS
napannernbHon nporpammsl (worker nodes)
CkonupoBaTthb harin smpd.exe

BbinonHuTb KOmMaHay

— smpd.exe -install
Ckonupoearthb dll 6ubnunoTteku

— B kaTtanor windows\system32

— B KaTarnor, u3 kotoporo 3anyckaetca MP| nporpamma

For example, if you have a directory called
\\myserver\mysharedfolder and you have myapp.exe and
*mpich2*.dll in that directory then you can execute this command:
"mpiexec -n 4 \\myserver\mysharedfolder\myapp.exe"

Note: There are several mpich2 dlls and depending on your build
target (Fortran, C, Debug or Release) you will need the
corresponding dlls in the application directory.

(c) 2012 Apbkos B.1O.
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» To specify a per-project directory list
* Project menu
» click Properties
+ Configuration Properties
* VC++ Directories
» To edit one of the directory lists,
— click its name
— click the arrow that appears
— click Edit

. You can add or remove values, and you can reorder any values
that have been added. You can also select or clear Inherit from
parent or project defaults.

Cos3gaem NpoekT

mpil - Microsoft Visual Studio
File Edit View Project Build Debug Team Data Tools

(Global Scope)
-1#include <
#include <

4 External Dependencies
O Header Files

L Resource Files

[ Source Files

- 2]

-lint main (:

{

int ral

(i
MDT
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Project » Properties » VC++ Directories

mpil - Microsoft Visual Studio

File Edit Vie uild Debug Team Data Tools Test Windo
i _'Dv - .t 2 AddClass...
: = mpil Property Pages

Configuration:  Active(Debug) ~  Platform:  Active(Win32) ~ | Configuration Manages ...

Solution | # Common Properties | =

= 0

= Configuration Proper! | [Nt T (/. licstallin Yoin; $(WindowsSckiin Join| NE TFX 4.0 Took +

_:‘ll E General Include Directories S(VCInstallDir)include; S{VCInstallDir Jatimfc) inchude; §(Wind¢

= Solut Dalwer Refgrence Diroctories §(VCInstallDir Jatimic\ lb; $(VCInstallDir i _

B Directories §(VCInstallDir )lib; ${VCInstaliDir Jatimic) Iib; $(WindowsSaDI

= .ﬁﬂ * ource Directories S(VCInstallDir Jatimic' src' mic; $(VCInstallDin Jatimic' src' mic

“ [H + Linker Exchude Directories S(VCInstallDir Jinchede; S{VCInstallDir Jatimbchinc hude; S{¥ind:
[ + Manifest Tool

+ XML Document Go
* Browse Informatic
* Build Evenls

& Custom Build Steg

| Executable Directories
Path to use when searching for executable files while bullding a VC++ project. Corresponds to environment varia...
S R T ¥ S K T IV W =TTIE]

o [ oven |

j Open Folder in Windows Explorer

Include Directories » Cnncok » Edit

S(VCInstallDir)bin; ${WindowsSdkDir )bin\NETFX 4.0 Tools;
Include Directories 2{WindowsSdkDir)include; ${FrameworkSDKDir )\ includ&; ~
N ——

Reference ™ ﬁEditﬁ

Library Directories SvCInstalDim b, ${VCINSTalu Jatimics, b ; 51 v ndowsSAarLH
Source Directories $(VCInstallDir Jatimfc',srct, mfc; $(VCInstallDir )atimfc',src',mfc
Exclude Directories $(VCInstallDin)include; $(¥CInstallDir Jatimfc include;; $ {Wind

(c) 2012 Apbkos B.1O.
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Include Directories » New Line » ...

Include Directories

<

1]}

Inherited values:

¥

S{v¥CInstallDir)include

S{VCInstallDir Jatimfc, include
S{WindowsSdkDir Jinclude

S{FrameworkSDKDIr )\ include

Include Directories

Inherit from parent or project defaults

[ OK H Cancel l

Select Directory »
C:\Program Files\MPICH

2\include » OK

2 X

Select Directory

® () Mozilla Firefox )
= [ MPICH2
Inherited Bibn
$(VCInst| eIl
(W e
$(Frame N jumnshe
Calib
® () MSBuild
® () MSECache
LA ® [2) MSN Gaming Zone 3
< >
Mara: ‘ include ‘
I C03aaTb Marky ] C oK )

OTmeHa ]

(c) 2012 Apbkos B.HO.
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Include Directories » OK

o x| +]-]

C:Program Files{MPICH2\include

Inherited values:

S{V¥CInstallDir Jinclude
S(¥CInstallDir Jatimfc'include
S(WindowsSdkDir Jinclude
S(FrameworkSDKDir ) include

Inherit from parent or project defaults

oK Cancel

-l

KaTanor nokasaH B crmcke

Executable Directories
Include Directories
Reference Directories

allC = ewsSdkDiNbin\NETFX 4.0 Tools;$
ram Files\MPICH2\include;$PIncludePat +~

Library Directories $(¥CInstallDin)lib; ${VCInstallDir Jatimfc\ lib; ${WindowsSdkDi
Source Directories $(¥CInstallDir)atimfc\srch mfc; ${VCInstallDir Jatimfc\src'\mfc
Exclude Directories $(¥CInstallDin)include; ${¥CInstallDir Jatimfc\include; ${Windq

(c) 2012 Apbkos B.1O.
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Library Directories »
- C:\Program Files\MPICH2\lib

g 25X
if e
[ Configuration: | Active(Debug) +  Platform:  active(vin3z) > | Configuration Manager ... |
{ * Common Properties | B
1 = Conliguration Proper| Executable Directorjies SOVCIrmstallDi i SOWndowsSckDx bin\ NETFX 4.0 Tooks;$1
| General Inchude Directories C:\Program Flles\MPICH2\Include ;${IncludePath)
Debugging 5 S{VCIstallli Jatifc! lib; S(YClnstalDic lib
e+ + Directories ( Library Directories SIVCIstallDi Ji; $(VC IrstallDin Jatimte' lib; $(WindowsSdkDi
® CfC+s . TR =2 Sk S(vCnstallDinatimfcsrc| mfc
* Linker ExcldeDig S hstallDi yathmfcinc hode; $(Winde
Manitest Toal
& XML Document G
* Browse Informatic |
# Hulld Events
+ Curstom Build Stey
) MorBackup
o lbed o Mozilla Firefox
LA LI MPICH2
${VCInsta £ bin
S(VCInstig o Jos
S(Wimdon e
s{Framevs ) includ
# ) em
b Inherkt + [y MSECache
Flara; b
Library Dir
Path to use when search ¥ = & variable LIB.
» | Cosam naney k oK ) O |

[1lpoBepsieM KaTanoru
MPICH2\include MPICH2\lib

S(VCInstallDir)bin; ${WindowsSdkDir )bin\NETFX 4.0 Tools; §i
C:\Program Files\MPICH2\include;${IncludePath)
S(VCInstallDir)atimfc' lib; ${¥CInstallDir)lib

I C:\Program Files\MPICH2\lib;$(LibraryPath) v
¢{VCInstallDir)atlmfc'src'mfc; $(VCInstallDir Jatimfcisrc.mfc
L(VCInstallDin)include ; ${¥YCInstallDir Jatimfcinclude ;$[Wind1

(c) 2012 Apbkos B.1O.
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Linker » Input »
Additional Dependencies » mpi.lib

Configuration: | Active{Debug)

~ | Platform: Active(Win32)

~ | Configuration Manager-...

#-Common Properties
=-Configuration Properi

Additional Dependencies
Ignore All Default Libraries

kernel32.lib;user32.lib;gdi32.lib;winspool.lib;comdlg32.lib;ad

Additional Dependencies:

General Ignore Specific Default Librarieg
Debugging Module Definition File mpi.lib |
~VC++ Directories| Add Module to Assembly |
#-C/C++ Embed Managed Resource File
=-Linker Force Symbol References
General Delay Loaded Dlls
nput Assembly Link Resource
i~ Manifest File L |
|- Debugging Inherited values:
~System | kernel32.1ib N
Optimization | user32.lib I
Embedded IDL| gdi32.lib
-~ Advanced winspool.lib
‘~Command Line comdlg32.lib |
#-Manifest Tool | advapi32 lib h
- XML Document G(:
# Browse Informati( Inherit from parent or project defaults
- Build Events

#-Custom Build Stey|

mpi.lib

mpil Property Pages
| Configura

AdditionalDependencies)

Configuration: |Active(Debug) « | Platform: | Active(Win32)

- Commeon Properties Additional Dependencies
& Configuration Properl| Ignore All Default Libraries
- General Ignore Specific Default Libraries
Debugging Module Definition File

VC++ Directories|

General
Input
Manifest File

Add Module to Assembly
Embed Managed Resource File
Force Symbol References
Delay Loaded Dlls

Assembly Link Resource

(c) 2012 Apbkos B.1O.
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Debug / Release

* [1oBTOpPUTb YCTAHOBKY AN KOHdUrypaumm

Release

— Include Dir - MPICH2\include
— Lib Dir - MPICH2\lib

— Linker - mpi.lib

« [Ins paboTbl smpd Ha Bcex KoMnbloTEPaX

OOIMKHbI BbITb OAMHAKOBbLIE NOMMH U
naposib nonb3oBaTenemn

 [1laponb He OomKeH BbITb MNYCTbIM

(c) 2012 Apbkos B.1O.
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3anyck MPI npunoxxeHusa

3anyckaem CMD
[Mepexognm B pabouunmn katanor
mpiexec -n 3 myapp.exe

[ns BbINONMHEHUS KOMaHObl CKONMMPOBaTb
mpiexec.exe B pabouuni katanor nndo
ycTaHoBUTb NyTb Path

Hello, World!

#include <stdio.h>
#include <mpi.h>

int main (int argc, char* argvl[])
{
int rank, size;
MPI Init (&argc, &argv);
MPI Comm rank (MPI_COMM WORLD, &rank);
MPI_ Comm size (MPI_COMM WORLD, &size);

printf( "Hello world from process %d of
%d\n", rank, size );

MPI Finalize();
return 0;

(c) 2012 Apbkos B.1O.

http://arkov.narod.ru

34



3anyck MPI

« 3anyck napannenbHoro npunoxenma MPI

— OpaHa n Ta ke nporpaMmma 3anyckaeTcs
HEeCKOIbKO pas3

« 3anyckaeTcs 3agaHHOe YM1Cno
MOEHTUYHbIX NPOLECCOoB
— Ha NoKanbHOM MalUnHe
— Ha nbon MalunHe B ceTu
— Ha MalUMHaxX C 3aJaHHbIMM agpecamm

KomMmyHukatop

» HassaHue rpynnbl NpoLLeccoB, KOTOPbIE
MOryT obmMeHnBaTbCsl COOBLLEHMSMU

* o YMOJTHaHUKO, BCE NnpouecCbl BXOOAT B
KOMMYHUKaTOpP

 MPI_COMM_WORLD

(c) 2012 Apbkos B.1O.
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MPI_ Init

MPI Init (&argc, &argv);

* NHMunanunsauus

» 3anyck cuctembl 0OMeHa
coobweHmnammn MPI

MPI Finalize

MPI Finalize();

» 3aBeplieHne

* OKOH4YaHKue paboTbl cncTtemMbl 0OMeHa
coobweHmnammn MPI

(c) 2012 Apbkos B.1O.
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MPI Comm size

e MPTI Comm size
(MPI COMM WORLD, &size);

» Konn4yecTtBo npoueccos B
KOMMYHUKaTOpe

MPI Comm rank

MPI Comm rank
(MPI COMM WORLD, &rank)

Homep npouecca B KOMMYHUKaTope

MO>XHO NOpYy4nUTb HYNEBOMY MpoLeccy
cobupaTb pe3ynbTaTbl BbIMUCIIEHUI U
BbIBOAUTb Ha 3KpaH

(c) 2012 Apbkos B.1O.
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BbiBO4 Ha aKpaH

eprintf

* BbI3bIBaeTCA M3 NOOOro NoToka
* NMPon3BOoANTCA Ha 3KpaH MallWnHbl, C

KOTOPOM 3anyLieHo 3agaHune

MPI Reduce

MPI Reduce(&PartSum, &MyPi, 1,

MPI_DOUBLE, MPI_SUM, O,
MPI_COMM_WORLD) ;

Onepauus peaoyKuum

BbinonHaeTca onepauns cyMMmMpoBaHUs
MPI_SUM Hap nokanbHbIMU NepEMEHHbLIMU
PartSum Bcex napannenbHbIX NpoLeccoB

PesynbTaT 3anucbiBaeTca B nepeMeHHyto MyPi
npouecca Homep 0 B KOMMYHUKaToOpe
MPI_COMM_WORLD

(c) 2012 Apbkos B.1O.
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C:\WINDOWS\system3 2\cmd.exe

C:\Documents and Settings\mpiuser>u:

ToM B ycTporcTee W vMeeT MeTky Disk-1-W 400 GB
CepuiiHbIi HoMep ToMa: 2032-3546

CopgepxrMoe nanku W:\1

22.01.2012 15:09 <DIR>
22.01.2012 15:09 <DIR>

22.01.2012 15:00 Tal68 mpil.exe

01.09.2011 15:25 491a520 mpiexec.exe
2 ealnos 498a688 GaiT
2 nanok  4a9%47a578a880 bLalT cBobogHo

W:\1>mpiexec -n 3 mpil.exe

User credentials needed to launch processes:
account (domain\user) [WALL\mpiuser]:
passuord:

Hello world from process 1 of 3

Hello world from process 2 of 3

Hello world from process 0 of 3

W:\1>

Main

Mpaeka Bwa WM=bpaHHoe Cepev

OHa3au vy ?‘/-:HOMCK Me {Marn

Opaeka Bua K

Anpec; [ C:\Program Files\MPICH2\bin

= clog2TOslog2. jar

[ TraceInput.dil

2 trace TOslog?2 jar
[Dwmpiconfig.exe
[elwmpiexec.exe
[Clhwmpiregister exe

& system32

Mmalin [paeka Bup VizbpaHHoe (

Hazaan ~ v T | ) nouce
< /

Anpec: [ C:\WINDOWS!system32

OHa3anv o ¥

Ajpec: [DW:A1

= mpil .exe

E mpich2.dll

H mpich2mpe dll

& mpich2mpi.dil

& mpich2mt.dll

& mpich2mtp.dil

# mpich2nemesis dll
E mpich2nemesisp.dIl

B E mpich2p dil
Brplay32.exe Impiexec.exe
Daitn Mpaska Bua MsBpaHroe Msmpd.exe

GHa3an vy ?‘/"I'Iomc
Aapec: |_‘n W:\¥S1\mpil‘Release

= mpil pdb

(c) 2012 Apbkos B.1O.
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mpilexec.exe

3anyck 4 npoueccoB Ha fokanbHON MalUunHe
mpiexec -np 4 mpil.exe

o C:\WINDOWS \system32\cmd.exe

C:\1>mpiexec -np 4 mpil.exe
Hello world from process 2
Hello world from process 3
Hello world from process 0O
Hello world from process 1

mpilexec.exe

3anyck 2 npoueccoB Ha 2 MallnHax C CeTEBOIO
ancka

mpiexec.exe -hosts 2 192.168.0.100 2
192.168.0.101 2
\\192.168.0.100\1\mpil.exe

[ C:\WINDOWS\system32\and.exe

C:\1>mpiexec.exe -hosts 2 192.168.0.100 2 192.168.0.101 2 \\192.168.9.100\1\mpi1l’

.exe

Hello world from process O of 4
Hello world from process 2 of 4
Hello world from process 3 of 4
Hello world from process 1 of 4

(c) 2012 Apbkos B.1O.
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C:\2>cce

C:\2>mpiexec.exe -hosts 2 192.168.0.1680 2 192.168.0.101 2 \\192.168.0.100\1\mnpi2

of rectangles = 1000000000
3.14159265358976820000
3.14159265358979310000

: 0.000000000000T79160472%
= 8.421000 sec

192.168.0.100

Sarpyaca LN XPOHONOrAA 3arpyaa LN

||
i

1
‘ ] f i i
"‘lILl‘ll".lpr'ﬁ"\'J"-’lﬂ ; . L. l‘n-"\"-,,"ll‘llwl. R i ll“I P w'“"n"“‘ """‘"“u‘\""-‘ .-‘.II“II" AL

IP-agpec

Jarpyzxa LN

gﬂucneﬂep zagay Windows

Main [apametpbl Bupg  3aeeplueHme pabotsl  Cripaeka

Mpinosers [poLeccel |5b|CTpo,qeL3|CTBL4e|CeTb ||_|OJ'Ib30ElaTeJ'II/I|

IMA obpaza | LI,I'I| |_|aMF|Tb| Baz.mp.| [MoTokos
MOM . exe 0o 5440 KB CpeaHiiA 13
mpi2.exe 50 4 804 KB CpeaHiiA 1
mpi2.exe 50 4 808 KB CpeaHiA 1

g 0 5 620 KE 1 2
MSBUild exe 00 24 880 KB CpeaHiiA 8

_lolx]

M®arn MNapametpbl Bua  3aeeplueHue pabotsl  Crnipaeka

HDMHO)KEHVIﬂl MpoLeccsl _E?}_@tp_gqgﬁqﬁﬂg | CeTb | [oNs30BaTEN |

Sarpyaka LN

XpoOHOAOr A 3arpyaki LN
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OueHka vuncna lNu

* VHTerpupoBaHue MeTogoM NPSIMOYrofibHUKOB

1
ﬂ:::J-—;ﬂ—E‘Cb(
1+ X

// Brrumcrnenme umcina Iln: MHTEI'PAJI MeTOnOM
PsSIMOYT'OJIbHMKOB

#include <stdio.h>

#include "mpi.h"

#include <time.h>

#include <math.h>

#tdefine NUMRECT 100000000

int main ()

int ProcNum, ProcRank, i;

double x, MyPi = 0;

double PartSum = 0;

double TotalTime;

clock_t StartClock, EndClock;

StartClock = clock ();

MPI_Init( NULL, NULL );

MPI_Comm_ size (MPI_COMM WORLD, &ProcNum);
MPI_Comm_ rank (MPI_COMM WORLD, &ProcRank);
double h = 1.0 / NUMRECT;

for (i = ProcRank; i < NUMRECT; i+= ProcNum) {
x=(1i+ 0.5) * h;

PartSum += 4.0 / ( 1 + x*x) ; }

(c) 2012 Apbkos B.1O.
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MPI_ Reduce (&PartSum, &MyPi, 1, MPI_DOUBLE, MPI_SUM, O,
MPI_COMM_WORLD) ;

MPI_Finalize ();

if (ProcRank == 0)

{

MyPi *= h;

EndClock = clock ();

printf ("Number of rectangles = %i\n", NUMRECT):;

printf ("MyPi = %3.20f\n", MyPi);

double pi = 3.1415926535897932384626433832795;

printf(" Pi = %3.20£\n", pi);

printf (" Err = %3.20f\n", abs(MyPi-pi));

TotalTime = (double) ( EndClock - StartClock ) /
CLOCKS_PER_SEC;

printf ("MyTime = %f sec\n", TotalTime);
}
}

Komnunauma — 3anyck
(s

b q)aﬁﬂbl CKOI'II/IpOBaTb daiin lMpaeka Bup MzbpaHHoe Cepeuc
B pasgensemMyto QHazan ~ () ~ T Movex [ Manw

Appec: I:n Wil
CeTeBYI0 narky S «|[S1bmp
- N 4| Empil.exe
= le) J Mmpi2.exe
E mpi_config.txt
% mpich2.dIl
% mpich2mpe.dll

& mpich2mpi.dil

E mpich2mt.dll

E mpich2mtp.dil

% mpich2nemesis.dIl
% mpich2nemesisp.dll
E mpich2p dl
Mmpiexec.exe
Msmpd.exe
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n=4;

h=1/n;

x=(0:n-1)*h+h/2;

£=4.0./(1+x.*2);

MyPi=sum(f) *h;

printf ("MyPi=%3.20£f\n",MyPi)

pi = 3.1415926535897932384626433832795;
printf(" Pi=%3.20f\n",pi)

printf (" Err=%3.20f\n",abs(MyPi-pi))

MyPi=3.14680051839394270000
Pi=3.14159265358979310000
Err=0.00520786480414958670

n=round (logspace(1l,6,20));

for i=l:length(n)

h=1/n(i);

x=(0:n(i)-1)*h+h/2;

£f=4.0./(1+x.42);

MyPi(i)=sum(£f) *h;

end

plot(n,MyPi,"'.")

plot (loglO(n) ,MyPi,'.")

xtitle('$\pis', '$1g(N)S$"', '$\pis")

plot (loglO(n),logll (abs (MyPi-
pi)/pi),'.")

xtitle('$\pi=\int*1l O\frac{4}{(1+x*2)
}axs$', '$1g(N)$', 'slg(\delta\pi)$"')
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plot(loglO(n),MyPi,'.')

31425

b

31424
3.1423—-
31422
31421

k2 31420
3.1419—_
34415
31417

21416 7

21415
1.0

15

T T T T T
20 25 30 35 4.0 4.5 5.0 55 5.0

lg( N)

plot (logl0(n),logl0(abs (MyPi-pi)/pi),'.")

1 L
r=/ ——dxr
Jo (L +x7)

Igldm)

Tyl V)
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[TapannenbHble NakeThbl
npuKnagHbIX nporpamm

[TapannenbHble NPUNoXeHud

» [oTOBbLIE naparneribHblie BepPCUn

NPUKNagHbIX NakeToB NporpamMm

 [1ns1 KOHKpPETHOW NpeaMeTHon obnacTu
* BbluncneHunsa 6e3 nporpaMmmMmmnpoBaHus

— Kommepueckue nakeThl
— OpenSource
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