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Numericka mtegrace




lSekvenEnl’ implementa

program integral

implicit none

integer (8) i1

integer (8) 1 n

double precision :: rl, rr,h,v,y,x
rl= 0.0d0

rr= 1.0d0

n = 2000000000
h = (rr-rl)/n

v = 0.0d0

do i=1l,n
x = (1i-0.5d0)*h + rl
y = 4.0d0 / (1.0d0 + x**2)
v = v + y*h

end do

write(*,*) 'integral = ',v

end program integral
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l Paralelizace - OpenMP

OpenMP je soustava direktiv pro prekladac a knihovnich procedur pro paralelni
programovani. 2

Jednad se o standard pro programovani pocitaci se sdilenou paméti.
OpenMP usnadnuje vytvareni vice vlaknovych program( v programovacich jazycich
Fortran, C a C++.
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OpenMP implementac

ncpu = 1
'$ ncpu = omp get max threads()
write(*,*) 'Number of threads = ',6ncpu

'Somp parallel

1Somp do private(i,x,y),reduction (+:v)
do i=1l,n
x = (1-0.5d0)*h + rl
y 4.0d0/(1.0d0+x**2)
v =v + y*d
end do
Somp end do

ISomp end parallel
write(*,*) 'integral = ',v
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lOpenMP kompilace

$ gfortran -03 integral.f90 -o integral

$ 1dd ./integral
linux-vdso.so.1l =>
libgfortran.so.3 => /usr/lib/x86 64-linux-gnu/libgfortran.so.3
libc.so.6 => /1ib/x86 64-linux-gnu/libc.so.6
libquadmath.so.0 => /usr/lib/x86 64-linux-gnu/libquadmath.so.0
libm.so.6 => /1ib/x86 64-linux-gnu/libm.so.6
/1ib64/1d-1linux-x86-64.s0.2

$ gfortran -03 -fopenmp integral.f90 -o integral

$ 1dd ./integral
linux-vdso.so.1l => (0x00007£££593££000)
libgfortran.so.3 => /usr/lib/x86 64-linux-gnu/libgfortran.so.3
libgomp.so.l => /usr/1lib/x86 64-linux-gnu/libgomp.so.1l
libc.so.6 => /1ib/x86 64-linux-gnu/libc.so.6
libquadmath.so.0 => /usr/lib/x86 64-linux-gnu/libquadmath.so.0
libm.so.6 => /1ib/x86 64-linux-gnu/libm.so.6
librt.so.1l => /1ib/x86 64-linux-gnu/librt.so.1l
libpthread.so.0 => /1ib/x86 64-linux-gnu/libpthread.so.0
/1ib64/1d-1linux-x86-64.s0.2
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lOpenMP spusteni

pocet vlaken, které muze aplikace
$ export OMP NUM THREADS=4 —  wyuiit
$ ./integral
Number of threads = 4
integral = 3.1415925965295672

Poznamka: pokud neni proménna OMP_NUM_THREADS nastavena, pouzije se maximalni

pocCet dostupnych CPU jader
(na klastru WOLF je vSak vychozi hodnota proménné OMP_NUM_THREADS

explicitné nastavena na 1)

OpenMP a davkovy systém PBSPro:

» podle konfigurace mize davkovy systém hodnotu proménné OMP_NUM_THREADS
nastavit automaticky (dle hodnot ncpus a mpiprocs v definici bloku (chunk))

» hodnotu proménné OMP_NUM_THREADS je moZné nastavit explicitné:

export OMP_NUM_THREADS=$PBS_NCPUS

pocet pridélenych CPU, uloha musi
pozadovat pouze jeden vypocetni uzel
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leiEenl' M2.1

Zdrojové kody:
/home/kulhanek/Documents/C2115/code/integral/openmp

1. Zkompilujte program integral.f90 s optimalizaci -O3 a bez podpory OpenMP.

2. Urcete dobu béhu aplikace potfebnou pro integraci. K méreni doby pouzijte program
[usr/bin/time.

Zkompilujte program integral.f90 s optimalizaci -O3 a zapnutou podporou OpenMP.
4. Urcete pocet CPU jader na vasem pocitaci (Iscpu).

Spoustéjte program postupné pro 1, 2, 3, az N vldken, kde N je maximalni dostupny
pocCet CPU jader. Pro kazdé spusténi urCete dobu béhu. Ziskana data zapisujte do
nasledujici tabulky a vyhodnotte.

6. Ovliviuje pocet CPU jader vyslednou hodnotu integralu? Pro¢ tomu tak je?

nameéreny cas

\ CPU effectivity
N Teals]  Speedup [%]
1 27.8 1.0 100.0 T. (N=1) N Speedup
2 14.7 1.9 94.8 Speedup = l—z CPUeffectivity = T10()
3 11.0 2.5 84.1
4 8.2 3.4 84.7
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