[TapannenbHble npouecchl

MPI

MPI

« Message Passing Interface

« Komnunatop nogaepxusBaeT Bbl30Bbl
BMBNOTEYHBIX (PYHKLNN

» TpebyeTcsa ycTaHOBKa AOMOSTHUTENBHOM
onbnnotekn MPI
— MPICH — OpenSource bubnunoteka MPI
http://www.mcs.anl.gov/research/projects/mpich2/
ckayaTb MPICH2 Windows 1A32 (binary)
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YctaHoBka MPI

SPMD process manager — npmBunerum

AAMUHNCTpPAaTopa AnAda YCTaHOBKA

— SPMD —

behappy

cnyxba 3anycka MPI npoueccos

Passphrase (naponb no ymonyaHuio)

YcTaHoBKa B nanky (Mo yMonyaHuio)

— C:\Program Files\MPICH2\

YcTaHoBKa

 MPICHZ2 ycTaHaBnnBaeTcsa Ha BCe MalUWUHbI, rae

BynyT 3anyckatbca npoueccobl MPI

* an/I YCTaHOBKE CO34ak0TCA KaTtalnoru

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

* mpiexec.exe — nporpamma ans 3anycka
3adaHun

— mpich2\include

— mpich2\lib
* OMbnuo

TEKN ONnd KoMnunaumn

» bubnunotekn dll konupyroTca B Windows\system32
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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

MuHMManbHas ycTtaHoBKa

BbluncnutenbHble y3nbl 6€3 KOMNUASLMKN, TONbKO NS BbINONHEHMWS
napannenbHon nporpammebl (worker nodes)
CkonupoaTtb hann smpd.exe
BbInonHuThL kKOMaHay

— smpd.exe -install
Ckonvupoatb dIl 6ubnunoTtekm

— B kaTanor windows\system32

— B KaTanor, u3 kotoporo 3anyckaetrca MPI 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.
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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.

Co3gaem nNpoekT

mpil - Microsoft Visual Studio

File Edit View Project Build Debug Team Data Tools
e g g ™ - N R R e

P bk afEEE 220806 &34

v 0 X Emlepp X

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

Solution "'mpil’ (1 project)
b A mpi1

- 4 External Dependencies
- [ Header Files

- [ Resource Files

g = Source Files

- K

-lint main (:

{

int rai

(i
MDT

(c) 2013 Apbkos B.HO.

http://arkov.narod.ru




Project » Properties » VC++ Directories

mpil - Microsoft Visual Studio
File Edit

_| Configuration: | Active(Debug) v | Platform: |Active(Win32) v | | Configuration Manager ...

® Common Properties | |2

Build Debug Team Data Tools Test Windo

=-Configuration Proper{ $(VCInstallDir)bin; $(WindowsSdkDir )bim\NETFX 4.0 Tool ~
General Include Directories $(vCInstallDir)include ; $(vCInstallDir)atimfc\include; $ (Wind

> o Rafprence Directories $(VClInstallDir)atimfc' lib; $(VCInstallDir Jlib
< VC++ Directories Librag@Directories $(VCInstallDir )lib; $(VCInstallDir Jatimfc\lib; §{WindowsSdkDi
2 ource Directories $(VClnstallDir Jatimfc'src'mfc; ${VCInstallDir Jatlmfc\src\ mfc
@ Linker Exclude Directories $(vCInstallDir)include ; $(vCInstallDir)atimfc\include; $ (Wind

El Manifest Tool
XML Document G¢
# Browse Informati
® Build Events

# Custom Build Step

Executable Directories
Path to use when searching for executable files while building a VC++ project. Corresponds to environment varia...

L = I Y I W TE=TTTE]

j Open Folder in Windows Explorer

Include Directories » Cnucok » Edit

Include Directories

$(¥ClInstallDir )bin; ${WindowsSdkDir )bin\NETFX 4.0 Tools; |
#(WindowsSdkDir Jinclude; $(FrameworkSDKDir Juincludg; ~ |}

Reference I E<Edit...9

Library Directories nstallir b S YCInstallhr Jatimic, b 5 {WiIndowsSaRL|
Source Directories $(vCInstallDir Jatimfc'src\mfc; $(vCInstallDir Jatimfctsrc'mfc
Exclude Directories $(¥CInstallDir)include; ${¥CInstallDir Jatimfcinclude ;$(Wind1
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Include Directories » New Line » ...

Include Directories

Le]]

A

Inherited values: Include Directories
S(¥CInstallDir)include

X o+ | ¢
s(v¥CInstallDir Jatimfc, include —l

S{wWindowsSdkDir Jinclude ( D
S(FrameworkSDKDIr ) include

Inherit from parent or project defaults

(o [ coeel |

Select Directory »
C:\Program Files\MPICH2\include » OK

x
Select Directory
# ) Mozilla Firefox e |
_ = () MPICH2
Inherited [ bin
$(VCInst| -
$(VCInst|
$(Windoy|
%(Frame
D2 1b
# (2 MSBuild
# ) MSECache
Inherit ® () MSN Gaming Zone 3
< | ¥
Ferar ‘ Include |
I Co3AaTh Marky l ( Ok ] OTMeHa l
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Include Directories » OK

Include Directories @@I

EIETE

C:\Program Files\MPICH2\include

Inherited values:

S{VClInstallDir Jinclude
$(VCInstallDir Jatimfchinclude
S{WindowsSdkDir Jinclude
S{FrameworkSDKDir }iinclude

Inherit from parent or project defaults

oK Cancel

-l

KaTanor noka3aH B Crucke

Executable Directories
Include Directories
Reference Directories

Library Directories $(¥CInstallDir )lib; $(vCInstallDir Jatimfc lib; $(WindowsSdkDi
Source Directories $(¥CInstallDir Jatlmfc'src', mfc; $(¥CInstallDir Jatimfc'srci, mfc
Exclude Directories $(¥CInstallDir Jinclude ; ${vCInstallDir Jatimfch include; $(wind
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Library Directories »
C:\Program Files\MPICH2\lib

§ B5

i
Configuration:  Active(Debug) v | Platform: |Active(Win32)

® Common Properties | B
= Configuration Proper{ Executable Directories $(vCInstalDir)bin; $(WindowsSdkDir)bin\NETFX 4.0 Tools; §

General | Include Directories C:\Program Files\MPICH2\include;$(IncludePath)

Debugging i $(VCInstallDir)atimfc\ lib; $ (VCInstallDir ) lib

VC++ Direct $(vCInstallDir)lib; $(vC InstallDir Jatimfch lib; $(WindowsSdkDi
; C/C++ ﬂ\j ;$(VCInstallDir)atimfc\src,mfc
#-Linker Exclude Di istallDir Jatimfc\include; $ (Wind

Manifest Tool

#-Build Events

% Custom Build Step,
® ) MozBackup
. ® [y Mozilla Firefox
Inherited v| = ) MPICH2
$(VCInsta i
$(VCInstay
${(Windor
$(Framew
Inherit
lib
Library Dir: Marka
Path to use when search environment variable L1B.
ey (0] onees ]
N

[1lpoBepsem kaTanoru
MPICHZ2\include MPICH2\lib

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

I C:\Program Files\MPICH2\lib;$(LibraryPath) v
C(VCInstallDir Jatimfc'src'mfc; ${VCInstallDir Jatimfc', srct, mfc
¢(VCInstallDir)include; ${¥CInstallDir Jatimfc'include ;$(Wind1
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Linker » Input »
Additional Dependencies » mpi.lib

Configuration: ‘Active(Debug)

v Platform: |Active(Win32)

V| l Configuration Manager ... ]

#-Common Properties
=-Configuration Properi
General
Debugging
VC++ Directories
C/C++
‘Linker
General
- Input
Manifest File
Debugging
System
Optimization
--Embedded IDL
Advanced
--Command Line,
Manifest Tool
XML Document Ge
Browse Informatic
Build Events
-Custom Build Stef

-

B

Additional Dependencies

Ignore All Default Libraries
Ignore Specific Default Librarieg
Module Definition File

kernel32 libuser32.lib;gdi32.lib;winspool.lib ;comdlg32.lib;ad

Additional Dependencies

L < mpi.lib
Add Module to Assembly ~— _/‘

Embed Managed Resource File
Force Symbol References
Delay Loaded Dlls

Assembly Link Resource

Inherited values:

kernel32.lib
user32.lib
gdi32.lib
winspool.lib
comdlg32.lib

advapi32.lib

| >

Inherit from parent or project defaults

mpi.lib

Configuration: ‘Active(Debug)

#-Common Properties
é---Conﬁguration Properl
-General
-Debugging
‘VC++ Directories
#-C/C++
= Linker
: General
Input

Manifest File

Additional Dependencies

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

Ignore All Default Libraries
Ignore Specific Default Libraries

mpil Property Pages

v‘ Platform: |Active(Win32)

V‘ I Configura

e File

AdditionalDependencies)
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Debug / Release

[MoBTOPUTL YCTAHOBKY AN KOHpUrypaumm
Release

— Include Dir - MPICH2\include

— Lib Dir - MPICH2\lib

— Linker - mpi.lib

[Ona paboTbl smpd Ha Bcex KoMnbloTepax
OOMKHbI ObITb OQNHAKOBbLIE JTOTMH U
naposib NonbL3oBaTesNien

[Maponb He OOMKEH ObITb NYCTbIM

(c) 2013 Apbkos B.HO.
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3anyck MPI npunoxeHus

3anyckaem CMD

[Mepexoanm B paboumni katanor

mpiexec -n 3 myapp.exe

[ns BbINONIHEHNA KOMaH4bl CKONMPOBAaTh

mpiexec.exe B pabounn katanor nnmbo
ycTaHoBUTbL NyTb Path

Hello, World!

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

int main (int argc, char* argv[])
{
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 O;

(c) 2013 Apbkos B.HO.
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3anyck MPI

« 3anyck napannensHoro npunoxexuma MPI

— O,ElHa N Ta Xe nporpamMmma 3arnyckaeTcd
HECKOJ1bKO pa3

« 3anyckaeTcs 3aaHHOE YnCIo
NOEHTUYHbIX NPOLECCOB
— Ha NokarnbHOM MaLUnHe
— Ha nobon MmaLlnHe B ceTun
— Ha MallnHaXx C 3aJaHHbIMW aipeCcaMin

KomMmmyHukaTop

« HaseaHue rpynnbl npoLeccoB, KOTOpble
MOryT OOMEeHMBaTLCA COOBLLEHNAMM

* Mo ymon4yaHuio, Bce NPOLIECChI BXOASAT B
KOMMYHUKaTOp

« MPI_COMM WORLD

(c) 2013 Apbkos B.HO.
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MPI Init

MPI Init (&argc, &argv);

* "HMumnanmnsauus

« 3anyck cuctembl oOMeHa
coobweHunamu MPI

MPI_Finalize

MPI Finalize();

» 3aBeplieHne

» OKOH4YaHMe paboTbl CUCTEMbI OOMEHA
coobweHunamu MPI

(c) 2013 Apbkos B.HO.
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MP I_Comm_si ze

-MPI_Comm;size
(MPI_COMM_WORLD, &size) ;

» KonnyecTtso npoueccoB B
KOMMYHUKaTOpE

MP I_Comm_rank

MPI_Comm;rank
(MPI_COMM_WORLD, &rank)

Homep npouecca B KOMMyHUKaTope

MO>XHO NOpy4nTb HYNEBOMY NPOLIECCY
cobupaTb pesynbTaTbl BbIMUCIIEHUI U
BbIBOANTb Ha 3KpaH

(c) 2013 Apbkos B.HO.
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BbiBOO Ha 3KpaH

e printf

* BbI3blBaeTCs 13 NMoboro npouecca

* MPON3BOAMUTCS Ha 9KpaH MalLWUHbI, C
KOTOpOM 3anyLleHo 3agaHne

MP I_Reduce

MPI Reduce (&PartSum, &MyPi, 1,
MPI_DOUBLE, MPI_SUM, O,
MPI_COMM_ WORLD) ;

* Onepauus pegykuuu

* BbinonHgaeTca onepauna cymmupoBaHus
MP1_SUM Hag nokasnbHbIMU NepeMeHHbIMU
PartSum Bcex napannernbHbIX NpoLeccos

* PesynbTaT 3anuceiBaetcsd B nepeMeHHyo MyPi
npouecca Homep 0 B KOMMYHUKaTope
MPI_COMM_WORLD

(c) 2013 Apbkos B.HO.
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‘\WINDOWS\system3 2\cmd.exe

C:\Documents and Settings\mpiuser>u:

ToM B ycTpolcTee W vMeeT MeTKy Disk-1-W 400 GB
CepHiHbIN HoMep ToMa: 2032-3546

Cogepxroe nanku W:\1

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

22.01.2012 :00 7Tal68 mpil.exe
01.09.2011 : 25 491a520 mpiexec.exe

2 +alinos 4982688 GaiT

2 nanok  4a%947a578a880 balT cBobogHo

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

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

Hello world from process 1 of 3

Hello world from process 2 of 3

Hello world from process 0 of 3

W:\1>

Komnunauma — 3anyck
(e

o q)aMH bl CKOI'II/IpOBaTb daiin lMpapka Bupg MzbpaHHoe Cepeuc
B pa3,El,eJ'IF|eMy}0 (QHazan v () ~ ?|/"I'IOMCK‘ [arm

Appec: I_‘nW:\l
ceTeByHro nariky — x| [%1 bmp
- N | E2mpil exe
= #31) —l Smpiz.exe
EJ mpi_config.txt
% mpich2.dIl
% mpich2mpe dll

& mpich2mpi.dil

E mpich2mt.dIl

& mpich2mtp dll

% mpich2nemesis dIl
% mpich2nemesisp.dll
E mpich2p.dil
Mmpiexec.exe
Tsmpd.exe

(c) 2013 Apbkos B.HO.
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Maian [paeka Bup MzbpaHHoe Cepen
(QHazan v () ~ T | ) Momer. |- e
Anpec: |JC:\Program Files\MPICH2\bin

= clog2TOslog?2 jar
irlog2rlog.exe

= jumpshot.jar

= jumpshot_launche

[ TraceInput.dil
EtraceTOslog2.jar
Swmpiconfig.exe
£lywmpiexec.exe
rlwmpiregister .exe

I system32

Maian [paeka Bua KizbpaHHoe (
(QHazan ¥ () ~ T|,"’I‘I0mcn(
Aapec: [0 C:AWINDOWS\system32
mpgids32.ax

[

|

Bnplay32.exe

thaian [Mpaeka Bua zbpaHHoe
(QHazan >~ () ~ [T |/"’I'I014c
Appec: |_‘| W\ W¥S1ympiliRelease

it exel

= mpil pdb

Maiin Mpaeka Bua K
@Haaap, YT Y
Anpec: DWWl

] mpil .exe

[ mpich2.dIl

[E mpich2mpe.dll

[ mpich2mpi dll

% mpich2mt.dll

[ mpich2mtp dll

(¥ mpich2nemesis.dll
[ mpich2nemesisp.dll
[ mpich2p.dil
Mmpiexec.exe
Msmpd.exe

Hello
Hello
Hello
Hello

C:\1>mplexec -np
world from process
world from process
world from process
world from process

mpiexec.exe

3anyck 4 npoueccoB Ha NloKanbHOW MallnHe
mpiexec -np 4 mpil.exe

o CI\WINDOWS \system32\cmd.exe

4 mpil.exe

2

3
0
1

(c) 2013 Apbkos B.HO.
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mpiexec.exe

3aI'IyCK 2 npoueccoB Ha 2 MallMHax C CeTeBoro
Ancka

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

- CIA\WINDOWS\system32}cmd.exe

world from process
world from process
world from process
world from process

C:\2>cce

C:\2>mpiexec.exe -hosts 2 192.168.0.100 2 192.168.0.101 2 \\192.168.0.100\1\mpi2
.exe

Number of rectangles = 1000000000

MyPi = 3.14159265358976820000

Pi = 3.14159265358979310000

Err = 0.00000000000079160472%

MyTime = §.421000 sec

IP-agpec . . . . . . . . . . . . :192.168.0.100

XPOHONOMIAA 3arpyaia LN

Sarpyaxa LM

1
t i
Yl e"‘ L ‘ll"-J'i"‘. et

f
il

ﬂ A !
RN AL T [N S PN
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thaiin  MapamMeTpbl

gﬂucneﬂep zagay Windows

Bup  3aeepiieHue pabotbl  Crnipaeka

Mpmnoskerna MpoLeccsl |5b|CTpo,qeL?|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 1
=) ; 2

00 24 880 KB CpeaHiiA 8

o]

Main Mapametpbl By 3aeepweHme paboTtel  Cripaeka

MpinoseHms | Mpoueccel

Sarpyaea LN

| Cets | MonE20BaTEMM |

XpOHONOrAA sarpyar LI

OueHka 4yucna [Mu

* MHTerMpOBaHMG MeToOOM NPAMOYrofibHMKOB

1
nzj.izdx
01+x
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// Boiumcnenme umcia In: MHTEIpPAJl MeTOAOM
OPSIMOYT'OJIBHUKOB
#include <stdio.h>
#include "mpi.h"
#include <time.h>
#include <math.h>
#define 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=(i+0.5) * h;
PartSum += 4.0 / ( 1 + x*x) ;
}
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 = $3.20f\n", pi);
printf (" Err = $3.20f\n", abs (MyPi-pi));
TotalTime = (double) ( EndClock - StartClock ) /
CLOCKS_PER SEC;
printf ("MyTime = %f sec\n", TotalTime) ;
}
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