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* Vyvoj aplikacie
— pre klaster
— pre grid

* Vykonavanie aplikacie
— na lokalnom klastri
— na gride
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Klastrove pocitanie

* Klaster s viac-jadrovymi CPUs — pocitacovy systém s
distribuovanou a zdielanou paméatou

— mnozina nezavislych viac-jadrovych procesorov (uzlov),
navzajom spojenych prostrednictvom prepojovacej siete, ktora
umoznuje medzi-uzlovi komunikaciu

— kazdy uzol ma svoju vlastni paméat
(Distributed Memory - DM)

— vSetky jadra v ramci uzla zdielaji jednu spoloéni paméat
(Shared Memory - SM)

* Klastrové pocitanie = hybridny programovaci model

— uplatnenie technoldgii pre DM a technoldgii pre SM
(pripadne aj GPU technoldgii)

EGI-InSPIRE RI-261323

www.egi.eu GCCP'2010 Workshop, Bratislava, November 8-10 K}



Klastrove pocitanie

* Vytvorenie ulohy
— vyvoj kddu, kompilacia (Linux, C, Fortran, MPl, OpenMP)

— vyvoj skriptov (Shell, Python, ...)
* pre spustenie ulohy na lokalnom klastri
* pre manazovanie procesu vykonavania ulohy

* Vykonanie ulohy
— prostrednictvom systému PBS (Portable Batch System)
* gsub - predlozi ulohu batch-serveru na vykonanie
* Qgstat - poziada batch-server o vypis stavu ulohy
* qdel - poziada batch-server o pred¢asné ukoncenie ulohy
* Popis ulohy

— Shell-skript obsahujuci PBS prikazy
* vstup pre PBS “gsub” prikaz
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Klastrove pocitanie

* PBS skript (Seqg. program)

start-test1.sh
#!/bin/sh
#PBS -l nodes=1
#PBS -N test1
#PBS -o tstd1.out
#PBS -e tstd1.err
#PBS -q local
cd $PBS_O WORKDIR
... Shell commands. ..
echo "Testing start: " date’
Jtest1.exe Input_par
echo "Testing end: "date’
exit $7?
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Klastrove pocitanie

* PBS skript (MPI program)

start-test2.sh
#!/bin/sh
#PBS -l nodes=8
#PBS -N test2
#PBS -o tstd2.out
#PBS -e tstd2.err
#PBS -q local
cd $PBS_O WORKDIR
... Shell commands.. ..
npr="wc -| < $PBS_NODEFILE’
echo "Testing start: " date’
mpirun -np $npr test2.exe input_par
echo "Testing end: "date’

EGI-InSPIRE RI-261323

www.egi.eu GCCP'2010 Workshop, Bratislava, November 8-10



Klastrove pocitanie

* PBS skript (MP1+OpenMP program)

start-test3.sh
#!/bin/sh
#PBS -l nodes=4:ppn=2
#PBS -N test3
#PBS -o tstd3.out
#PBS -e tstd3.err
#PBS -q local
#PBS -v OMP_NUM_THREADS=4
cd $PBS_O WORKDIR
. .. Shell commands.. ..
echo "Testing start: " date’
mpiexec --bynode -np 4 test3.exe input_par
echo "Testing end: "date’
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Klastrove pocitanie

* Manazér skript

manager1.sh

#!/bin/sh

if [ $# -ne 2 ]; then
echo "Incorrect number of input arguments”
exit 1

fi

# Generating PBS submission script

cat > start-test.sh << EOF

. . . PBS-Shell commands (using input arguments) . . .

EOF

# Submitting job

gsub start-test.sh

exit 0
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Klastrove pocitanie

* Manazér skript (vykonanie viac uloh)

managerN.sh

#!/bin/sh

. . . Generating PBS submission script: start-test0.sh . ..

# Submitting job test0

gsub start-test0.sh > goutput

# goutput: 74324.ce2.ui.savba.sk

jobName="cat goutput’

jobID=%{jobName%%\.*}

# Submitting set of jobs dependent on successful termination of test0

for (( n=1; n<=NN; n++)) ; do
. . . Generating PBS submission scripts: start-test$n.sh . ..
gsub -W depend=afterok:$joblD start-test$n.sh
sleep 2

done
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Gridove pocitanie

* Grid — distribuovany paralelny systém
— umoznuje zdielanie, vyber a zoskupenie geograficky
distribuovanych autondmnych prostriedkov (vypoctovych,
uloznych, softvérovych, a inych) dynamickym sp6sobom, v
zavislosti od ich dostupnosti, vybavenia, vykonnosti, ceny a
pouzivatelskych poziadaviek na kvalitu sluzieb

— sucasné vypoctove prostriedky: vykonneé pocitacove klastre

* Gridoveé pocitanie = hybridny programovaci model

— uplatnenie technoldgii pre klastrové pocitanie a technoldgii
webovych a gridovych sluzieb
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Gridove pocitanie

* Vytvorenie ulohy
— vyvoj kddu — ako pre klaster (Linux, C, Fortran, MPIl, OpenMP)
— Vyvoj skriptov
* pre spustenie ulohy na gride
* pre manazovanie procesu vykonavania ulohy
* Vykonanie ulohy
— prostrednictvom gridového middlewaru
* glLite, Globus, EMI (gLite+ARC+UNICORE)

— gLite WMS (Workload Management System)
* glite-wms-job-submit — predloZenie ulohy na vykonanie
* glite-wms-job-status — vypis stavu vykonavanej tlohy
* glite-wms-job-output — vyber vysledkov ukonéenej tlohy
* glite-wms-job-cancel — predéasné ukoncenie UGlohy
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Gridove pocitanie

* Popis ulohy (gLite WMS)

— skript v jazyku JDL (Job Description Language)
* JDL je vytvoreny na baze “Condor classified advertisement”,
umoznuje popisovat Ulohy a mnoziny Uloh, Specifikovat ich
vlastnosti, poziadavky a obmedzujuce podmienky, ktoré su

uplatnované pri vybere najvhodnejSieho dostupného
vypoctoveho prostriedku

— vstup pre “glite-wms-job-submit” prikaz
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Gridove pocitanie

* Typ ulohy (gLite WMS)

— Job — jednoducha uloha

Normal: Standardné vykonatelné skripty a programy, skripty
spustajice MPI programy

Parametric: mnozina identickych uloh, ktoré sa vykonavaju s
réznymi vstupnymi parametrami resp. datami)

MPICH: MPI programy vykonatelné priamo (zastarany!)
Interactive: standardny vstup/vystup ulohy je priamo pripojeny
ku klientovi, ktory spusta Ulohu, bez presmerovania z/do stboru

— DAG — graf zavislych uloh
— Collection — mnozina nezavislych uloh
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Gridove pocitanie

 Jednoducha uloha

simple-job.jdl
Type= "Job";
JobType= "Normal";
Executable= "test.exe";
Arguments= "input.dat";
StdOutput= "std.out";
StdError= "std.err";
InputSandbox= { "test.exe", "input.dat" };
OutputSandbox= { "std.out", "std.err", "output.dat" };
RetryCount= 0;
ShallowRetryCount= 3;
Requirements= other.GlueCEUniquelD==
"ce2.ui.savba.sk:2119/jobmanager-pbs-esr";
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Gridove pocitanie

* MPI uloha (zastarany spbésob!)

mpi-job.jd|
Type= "Job";
JobType= "MPICH";
CpuNumber= 4;
Executable= "mpi-test.exe";
Arguments= "input.dat";
StdOutput= "std.out";
StdError= "std.err";
InputSandbox= { "mpi-test.exe", "input.dat" };
OutputSandbox= { "std.out", "std.err", "output.dat" };
RetryCount= 0;
ShallowRetryCount= 0;
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Gridove pocitanie

* MPI uloha (spustena cez wrapper-skript)

wmpi-job.jdl
Type= "Job";
JobType= "Normal";
CpuNumber= 4;
Executable= "run-mpi-test.sh";
Arguments= "4 mpi-test.exe input.dat";
StdOutput=" std.out";
StdError=" std.err";
InputSandbox= { "run-mpi-test.sh", "mpi-test.exe", "input.dat" };
OutputSandbox= { "std.out", "std.err", "mpistd.out", "output.dat" };
RetryCount= 0;
ShallowRetryCount= 0;
Requirements= Member("OPENMPI",
other.GlueHostApplicationSoftwareRunTimeEnvironment);
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Gridove pocitanie

 Parametricka uloha

par-job.jdl

Type= "Job";

JobType= "Parametric";

Executable= "par-test.exe";

Arguments="_PARAM input PARAM .dat";

Parameters= 10;

ParameterStart= 0;

ParameterStep= 1;

StdOutput= "std_ PARAM .out";

StdError= "std_ PARAM .err";

InputSandbox= { "par-test.exe", "input. PARAM _.dat" };

OutputSandbox= { "std_ PARAM .out", "std PARAM_.err",
"output PARAM .dat" };
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Gridove pocitanie

* DAG uloha

dag-job.idl

Type= "Dag";

DefaultRetryCount= 0;

InputSandbox= { "input.dat" };

max_running_nodes= 2;

nodes = |

nodeA = [ description = |

JobType= "Normal";
Executable= "testA.exe";
InputSandbox= { "testA.exe", root.InputSandbox[0] };

I I
nodeB = [ description =[...]; ];
dependencies= { nodeA, nodeB };

l;
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Gridove pocitanie

* Manazér skript

manager.sh
#!/bin/sh
if [ $# -ne 2 ]; then
echo "Incorrect number of input arguments” ; exit 1
fi
# Generating JDL job-submission script
cat > test.jdl << EOF
. . . JDL specification (using input arguments) . . .
EOF
# Submitting job
glite-wms-job-submit -a -o joblD test.jdI
# Testing status: glite-wms-job status -i joblD
# Retrieving output results: glite-wms-job-output --dir output -i jobID
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* gLite

- EGEE

- EGI

+ SlovakGrid
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http://www.mcs.anl.gov/research/projects/mpi
http://openmp.org/wp
http://www.pbsworks.com/
http://glite.web.cern.ch/glite
http://www.eu-egee.org/
http://www.egi.eu/
http://www.slovakgrid.sk/

Dakujem za pozornost !
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