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73— F: heat2.f90

m ¥ 3 EETIESEEB O EFIREEDREE 5 %2 K ed 5
m 100 A7 v 7Ic—E, hLoREEZHESHT



a — Ffi#gh: heat2.f90

do n=1, LOOP_MAX ! H[EEEH;
do j=1, NGRID
do i=1, NGRID

un(i,j)=Cu(i-1,j)+ui+1,j)+... ' {EERT
end do
end do
U ...=un ... !unZZullat—

end do



m heat2.f90 Z P L X 9

m m—computer LTV PILTHEITLTAHAL D

m ¥ 7% gfortran heat2.f90 && ./a.out > heat2.data
m Z L T gnuplot heat2.gp

B 7% AT L 1 D W EE O INRAE D FENTRZ 12 0.294..
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m heat3.f90 (1IN (Y &wiflisy) b5, zhzEibe
Y. [ev b @ MPLBEH]

m EITGEEEEO XY MTlch b -
mpifrtpx heat3.f90 % L T2* 5. pjsub -o heat3.data heat3.sh

PG T b EDa— F#% heat3_bug.f90, BEIEL7%ca—F%
heat3.f90 & L. ML Fda~< FTii,

diff heat3_bug.f90 heat3b.f90 | mail kage

<Y 7/9 (OK) 23:59




Y a7 A7 Y 7k heat3.sh

#!/bin/bash

#PJM -N "heat3"

#PJM -L "rscgrp=small"
#PJM -L "node=4"

#PJIM -L "elapse=02:00"
#PJIM -j

drawLine ()
{

echo "#"{1..50} | sed ’s/[ 0-9]1//g’
}

drawLine
mpiexec ./a.out
drawLine



heat3.data DHER.

HEHSFHHASHHBHFHHAFHH B HHBHFHHASH R RS HRR SRR AR H RS

# myrank= 1 jstart & jend = 13 24
# myrank= 2 jstart & jend = 25 36
# myrank= 3 jstart & jend = 37 49
# myrank= 0 jstart & jend = 1 12

100 3.999301081967088E-02

200 7.924913771637861E-02
300 0.1152443143128371
400 0.1463953538713233
500 0.1725844298183796
600 0.1943135320532408



REFER D 775 7

(BE#E) )17 7 4 )L heat3.data D & % ifEREE X
(=74 #THI< & D3 more / less / head / tail 2w > FTH %
FERw,)
gnuplot Z32% LIF, awv F7a v 7 ki
gnuplot> plot 'heat3.data’ w Ip
EANL,
H B IE
gnuplot heat3.gp
TH kv,



7141

800 |%| Gnuplot

Temperatute at the Center

0.25 4

tenperature

o 2000 4000 BO00 aoog 10000 12000 14000 16000 18000 20001
iterations

9430i35 0|20515E VA




e i L 53 AT D IR L
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heat3.fo0 IZ 7 — ¥ EH & H L Hne T3

heat3_print_final x_prof.f90
diff heat3.f90 heat3_print_final x_prof.f90

! heat3_print_final_x_prof.f90

I+ open/close file 10

! + print out cross section 1D data.

I+ integer jcut (cross section for output)

I+ function this_process_has()

I usage (on pi-computer)

! 1) mkdir ../data (unless there is already.)

! 2) mpifrtpx heat3_print_final_x_prof.f90

! 3) pjsub heat3.sh (share the jobscript with heat3.£90



(1) heat3_print_final x_prof.fo0 %z 2 >S4 L L, ST X,

- 2 ¥ 734 )b mpifrtpx heat3_print_final x_prof.fo0

- ¥ a 7 A pjsub heat3sh (RIL¥a 7Zx 27V 7 Fzfli))

(2) 2 FLWIFIE T4 L2 FY . /data/ IZ temp.final_profilex &
V)7 FANHBTETRSIET,

(3) more / less / head / tail 2~ FCHER,

(4) gnuplot 2375 LI %

(5) plot "../data/temp.final_profile_x" w 1lp

%D 2 AT v 7°1% gnuplot heat3_print_final_x_prof.gp
T OK.



gnuplot 2 7 1) 7"k src/heat3_print_final x_prof.gp

# heat3_print_final_x_prof.gp

#

# final temperature profile at y=0.5 as a function of x
#

set xrange [-0.5:0.5]

set yrange [0:0.5]

set xlabel "x"

set ylabel "temp at y=0.5"

plot "../data/temp.final_profile_x" w lp

pause -1
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800 |%| Gnuplot
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TERX = a il o TR TF 2R L L9, 200D
T—% (HFEOE7 7 ANH) 2HEEHTOOTRT T L
heat3_print_x_prof_for_animation.f90
Co7Tar 5Lk a v V+HETE L,

a7 A7) 7 (TN E THER) heat3.sh

I F < Wit data '7“‘4’ L7 PYICHE7 7 A VDI E N5 X
“o |S -1 gf“fﬁ%mu



PZA—=avHAZ) T TN

#

# gnuplot script generated by heat3_animation_x_prof_gp_g

#

set xlabel
set ylabel
set xrange
set yrange

IIXII

"temperature"
[-0.5:0.5]
[0.0:0.5]

# x—axis

# y-axis

# x-coordinate

# temperature min & max

plot "../data/temp.j=middle.0000" w 1lp

pause 5

plot "../data/temp.j=middle.0001" w 1p

pause 1

plot "../data/temp.j=middle.0002" w 1p

pause 1



(8] 1R T 7 7= A—> 3V

m heat3_print_x_prof_for_animation_plotscript_generator.fo0 % i
&,
m 24 NGRID & counterend % F =v 7% X,

m gfortran
heat3_print_x_prof_for_animation_plotscript_generator.fo0

m ./a.out > automatically_generated.gp
m 7 7 1 )L automatically_generated.gp D1 & Z 1T %
m gnuplot automatically_generated.gp TZ1T
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diff heat3_print_x_prof_for_animation.f90

heat4 _print_final_2d_prof.f90

! heat4_print_final_2d_prof.£f90

! +

c
! +
+

subroutine print__profile_2d

module constants —--> module common

type ranks_t :: p

type span_t :: jj

myrank, nprocs, left, right (combined into "p")

- jstart, jend (combined into "jj")

function adjust_jstart_and_jend
function set_prof_2d



2D F—F v —F v (i)

EABLE Gy PHLE) (S0 d 2IEZ §XTHEHT,

subroutine print__profile_2d(p,jj,f)
type(ranks_t), intent(in) :: p
type(span_t), intent(in) :: jj
real(DP), dimension(0:NGRID+1, &
jjhstt-1:jjl%end+1), intent(in) :: f
real (DP), dimension(0:NGRID+1,0:NGRID+1) &
i f global ! 2d prof to be saved

integer :: counter = 0 ! has sav
type(span_t) 1o jj2 ! used fo
character (len=4) :: serial_num ! put on
character(len=+), parameter :: base = "../data/temp.2d."

integer :: i, j



2D F—F v —F v ()

jj2 = adjust_jstart_and_jend(p,jj)
write(serial_num,’(i4.4)’) counter
f_global(:,:) = set_prof_2d(jj,jj2,f)
if ( plmyrank==0 ) then
open(10,file=base//serial_num)
do j = 0 , NGRID+1
do i = 0 , NGRID+1
write(10,%) i, j, f_global(i,j)
end do
write(10,*)’ > ! gnuplot requires a blank line here.
end do
close(10)
end if
counter = counter + 1
end subroutine print__profile_2d



heat4_print_final_2d_prof.f90 % 2 >S4 W &FEfT L TAHA L I,
9 F { WIFIX .. /data/temp.2d.0000 23 TE T 51T,



15— % DOHER.

./data T4 L 27 PV HDHEFEDE 7 7 A )L temp.2d.0000 DHIE
EHFD &I Icm>T0 31T, MERE &,

55 35 0.1165598588705999

56 35  9.9624877672293416E-002
57 35 8.1734108631726782E-002
58 35  6.2857224006520482E-002
59 35  4.2963409431420671E-002
60 35  2.2021479795155254E-002
61 35 0.000000000000000

36 0.000000000000000

36 2.1867122785152873E-002
36  4.2655284590767971E-002
36 6.2396502500601705E-002
36  8.1122529495226178E-002

S W N - O

.



gnuplot A 7V 7"+ 1K

heat4_plot_contour_lines

#

# A sample gnuplot script: heat4_plot_contour_lines.gp

#

# [ 1ine contours ]

#
# set size square # same side lengths for x and y
set size 0.65, 1 same side lengths for x and y
set xlabel "i" x-axis

set ylabel "j" y-axis

set xrange[0:50]
set yrange[0:50]
set nosurface
unset ztics

i-grid min & max

j-grid min & max

do not show surface plot
do not show z-tics

set contour base enables contour lines
set cntrparam levels 10
set view 0,0

set title "Temperature"

draw 10 contours
view from the due north

H H H HHHEHHEHH



[E] 2 ZouFEEsrDRRA

m data/temp.2d.0000 D 7 7 A4 )VIZEL S N7 E D 534 %2
gnuplot DEFEFECTAIEUL L TAHA X I,

m 7 74 V44 : heatd_plot_contour_lines.gp

m F4775%% ¢ gnuplot heat4_plot_contour_lines.gp
B 7 7ANERN T A= ERZHIICEE L TZORZAE,



it S D4

800 |%| Gnuplot
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AR I & 2 TGAE (k)

m EERZ <R b DI IE AR N A DI % (TR
TH5ZELAEETH S,

m HEICHI TR KD,
m gnuplot DHF Y TNV AZ ) T HIFRDEED,



heat4 _plot_contour_colors.gp

#

# A sample gnuplot script: heat4_plot_contour_colors.gp

#

# [ color contours ]

#

# set size square # same side lengths for x and y
set size 0.65, 1 # same side lengths for x and y
set xlabel "i" # x-axis

set ylabel "j" # y-axis

set xrange[0:50] # i-grid min & max

set yrange[0:50] # j-grid min & max

set palette defined (0 "blue", 0.15 "red", 0.3 "yellow")
set nosurface # do not show surface plot

unset ztics # do not show z-tics

set pm3d at b # draw with colored contour

set view 0,0 # view from the due north

set title "Temperature "

splot "../data/temp.2d.0000" using 1:2:3



it S D4
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gnuplot 12 & % BSIIX (& L)

m 2 XIGHEAR T(xy) 28 S (z) TET (height plot)
m KX (bird's eye view)



gnuplot 227 Y 7'

7 7 A V4 plotd_plot_birdseyeview.gp

#

# a sample gnuplot script: plot4_plot_birdseyeview.gp

#

# [ Bird"s Eye View ]

#

# set size square # same side lengths for x and y
set size 0.65, 1

set xlabel "i" # x-axis

set ylabel "j" # y-axis

set xrange[0:50] # i-grid min & max

set yrange[0:50] # j-grid min & max

set contour base # enables contour lines

set cntrparam levels 10 # draw 10 contours

# set palette defined (0 "blue", 0.15 "red", 0.3 "yellow")
# set pm3d # draw with colored contour

set title "Temperature "
splot "../data/temp.2d.0000" using 1:2:3 w 1



it S D4

R ATHEETE 3 Z LICHE,

8 00 | Gnuplot

Temperature
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gnuplot IZ & 2 Bl ([FHzD 7 =X — a3 V)

gnuplot @ view /87 A — & THRD A ZZEH L 7z 7= XA —> 2
YEESTHLI,



gnuplot A 7 ) 7" NER 7w 7T L

heat4 _plot_rotating_birdseyeview_generator.f90
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#PJM -L "rscgrp=small"

ELTER, ZHUFIY a 7% 2 — Dl DOEE,
m-computer DY a 7 ¥ 2 — :

m small: 1~12 / —F

m medium: 1~48 / — F

m large: 48~84 / —F = kK 84 x 16 = 1344 %]
PR (Rl 2 OfE ORI large ¥ 2 — 2% 21T 1S
RS T 5,
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MPI 4+ OpenMP = /A 7Y » FiiFl{k

oD/ —F (Fakvy¥) IZ—2DMPlI 72 %E5
w3,

m % MPl 70+t 2T OpenMP 12X % AL v Filfifl%#$ %,

m SPEERE O D 220> % do-loop #7 (WEDEEIFY a Lk
DY) IR AKEED T OpenMP % fifi- 725515, <
LATTIET a7 DO (r-computer D& X1 7Ry ¥ dH
72016 2 7) 721 fork ¥ TEHETLUZ X\,



AE DR AR S 511

i AEE TR I H 5

E iﬁ FX].O RBETODAY.COM
« 1607 ./70tvY
« 170tyy . /—F
« AEY32GB //—F
« £296/—F

I ]
I EST R ‘ =1EFX10(96/—F)
= KESF—TOFAEE

» &/—R%{ELY, OpenMP D#HE

= HEB/—FEEND, MPLORKE
« COEE, /—FRLEHT MPL THFIE




A 7Yy Rk

7Oty 0 7Oty 0 7Oty 0
| 37 00 | MFT7EEX0 N 5[ OpenMP ALY F 00 |
Eb) T 3 \i\_OpenMle/\yFm
- | | o s .
775 T A OpenMP XLV E 15
,,,,,,,,,,,,,,,,, [CRENP ZP IR TS |
7Oty TOtey 1 JOtwy 1
| 37 00 | MPI Z7O0€X 1 g_‘| OpenMP XL v R 00 |
37 01 N2 ~[OpenMP XL v F 01
. [ .
: S :
3715 :’\ OpenMP XLV E 15
S ——
ZOt v N-1 ZOt v Y N-1 ZOt v Y N-1
| 37 00 | WPTZHEZ N1\ 31— OpenP XL» F 00 |
3701 - \ OpenMP XL v K 01

a7 15

ulor g 3104

L[]

OpenMP XL v R 15
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FIELIRER &2 ) % ik
m CPU R#fH

m Fortran95 = cpu_time()

m FEIKH] (wall clock time)
= MPI = MPLLWTIME()
m OpenMP = omp_get_wtime()
m Fortran90 = system_clock()



heat5.f90

CNETHi>TE7 heatd...f90 12, system_clock() Bz - 72
REEIRTHIE & 2 — )L stopwatch_m ZfHAAA T,

I
! heat5.£90

! + module stopwatch, to monitor time.

! + many calls to stopwatch__stt and ..__stp.

! - data output calls for profile 1d and 2d (commented out.)

I usage (on pi-computer)

1 1) mkdir ../data (unless there is already.)

1! 2) mpifrtpx -03 heat5.f90 (copy un to u is slow in defaul
I 3) pjsub heatb5.sh



heat5.f90 % 2 v /XA )L « FfTE KL, FEfTHEIE a— FOEHHE,
usage % 2,

HEE: 20avy 4 7TIF-03 47 arzMian L BUFof
FORIE (RDR— D stopwatch H /1D copy un to u 7 )b
DERGY) DI,

u(1:NGRID, jj%stt:jjhend)=un(1:NGRID, jj%stt:jj%hend)



FEATH

HEHHHHASHHBSHH R H R RS H BB RS R R R
job start at Tue Jul 16 21:07:29 JST 2013
HEHHHUAFHHBHHH B HHAFH BB HRAFH BB H B HRR SR B SHHH
# myrank= 3 jj%stt & jj%end = 751 1001

# myrank= 0 jj%stt & jjkend = 1 250
# myrank= 2 jj%stt & jj%end = 501 750
# myrank= 1 jjlstt & jjlkend = 251 500
//=============<stop watch \\
profile 1d: 0.000 sec
main loop: 8.334 sec
mpi sendrecv: 0.409 sec
jacobi: 4.103 sec
copy un to u: 3.799 sec
Total: 8.386 sec
\\=============<stop watch //

B s s T s s
job end at Tue Jul 16 21:07:39 JST 2013



heat5.f90 THULEST (B bR D 5> 2 857) D do-loop %
OpenMP TA L v RIS L 7z 2 — F Z{E4L, Z11% heat6.f90
EXE K,

73 ¢ heat5.f90 TIT o T 7 ] 2 L4 i
u(1:NGRID, jj%stt:jjhend)=un(1:NGRID, jj%stt:jj%end)

D57 IE. omp parallel do TIZWFIML I DT (KEHED
OpenMP D[H[ZHR) . 2 E do loop ICIEFIT 2 HFELH %,



¥ a 7 DHANTTIE

a2 ¥ 784 )L mpifrtpx -Kopenmp heat6.f90
Y a7 A7) 7 b heatb.sh DY a3 7% 2 —{iE % medium

)
)
) pjsub heat6.sh ¥ 2 7# A
) fER%E A D



a7 A7 Y7 b ! heatbosh (FFOEET)

#!/bin/bash

#PJM -N "heat6"

#PJM -L "rscgrp=small"

#PJM -L "node=4"

#PJM -L "elapse=02:00"

#PIM -]

export FLIB_CNTL_BARRIER_ERR=FALSE

for opn in 1 2 4 8 16

do
export OMP_NUM_THREADS=$opn
echo "# omp_num_threads = " $opn

mpiexec -n 4 ./a.out
done



2= v T DR

heat6.f90 % fifiv>,

ml/—FM (£16) ALy FO/NNA 7Y v FilfiglT,

BN (<84) /= FEMn,

B ALy FBIP(=M x N) vs. itEHE SD 777 (S
stopwatch module DH 1D “Total” THRIR I 4L 5 DI
LEFRT D) %,

gnuplot THi <, WFMLD R 7 — VDS GBIRFT X, #&F R
NGRID Z 9 & X\,



