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O0000: heat2.f90

rgooo

do n=1, LOOP_MAX
do j=1, NGRID
do i=1, NGRID

un(i,j)=C(u(i-1,j+u(@+1,jH+... 1 OOODO
end do
end do
u...=un ... !'uwn0OuwO0O0O0

end do



m heat2.fOO 000000

m pi-computer 000000000 OOODOO: gfortran
heat2.f90 && ./a.out
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m heat3.f0000000000COCO0OO0OO0ODOOCOD
ooon

0000000 pi-computer U0 0000000 0O0OOO
goboobooboooo

heat3.£90
+ MPI, 1-D decomposition
usage (on pi-computer)
1) mpifrtpx heat3.£90
2) pjsub heat3.sh



OO0O00000O0 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
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0000000000 heat3.o...000O00OOO0O
0000000000 more /less /head /tail OO DODODO
gogooon

gnuplot DO OO 0ODOOO0OOOOOOOO

plot 'heat3.0...." w Ip

goood
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mkdir ../data

00000 data00000DOO0ODOOOODOODOOOOO
ygodoooobobobobbbobdodooooooooboobo
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heat3.0900 000 0O00O0OOOODOODO

heat3_print_final_x_prof.f90
diff heat3.f90 heat3_print_final_x_prof.f90

! heat3_print_final_x_prof.£f90

! open/close file 10

! + print out cross section 1D data.

! + integer jcut (cross section for output)
!+ 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 heat



(1) heat3_print_final x_prof.fOO0 000000000 OOO
-00000 mpifrtpx heat3_print_final_x_prof.f90
-00000 pjsubheat3sh 00O OOOOOOODOOOODO
(2000000 000000 ../data/ O temp.final_profile_x
ogoooooobobobooobon

(3) more / less / head / tail DO O OO OO0

(4) ../data 0000000000 0gnuplot 000000

(5) plot "temp.final_profile_x" w lp




gnuplot 0 0 0O O O src/heat3 print_final x_prof.gp

# heat3_print_final_x_prof.gp
#

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

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



gnuplot 0000000 0OD0OO0O quitDOOOOOOOOO
OO0 shellD (OO0 scO0O0O0OQooOOO

gnuplot heat3_print_final_x_prof.gp
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heat3_print_x_prof_for_animation.f90
gddoooooooooouooood
000000000000 0O00O heat3.sh
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#

# gnuplot script generated by heat3_animation_x_prof

#

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 1lp

pause 1



obbligooao obobooood

heat3_print_x_prof_for_animation_plotscript_generator.f90
oooogoo

m 00O NGRID O counterrend DO 000000

gfortran
heat3_print_x_prof_for_animation_plotscript_generator.f90

./a.out > anyname.gp
m OO0 anynamegp UUO OO DOOO0O
gnuplot anyname.gp O 0O O
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200000



diff heat3_print_x_prof_for_animation.f90
heat4 _print_final_2d_prof.f90

! heat4_print_final_2d_prof.£f90
! + 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")

200000 ! + function adjust_jstart_and_jend

! + function set_prof_2d

+ + 0



db0000bobooobobogod

Ubb00OxyOoOoOoOooooooooobooooog

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:jj%end+1), intent(in) :: £
real (DP), dimension(0:NGRID+1,0:NGRID+1) &
o f global ! 2d prof to be sa

integer :: counter = 0 '"h
200000 type(span_t) 1 jj2 ''u
character(len=4) :: serial_num 'p
character(len=*), parameter :: base = "../data/temp.2d."

integer :: i, j



db0000bobooobobogod

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 her
200000 end do
close(10)
end if
counter = counter + 1
end subroutine print__profile_2d



heat4 print_final.2d_prof OO0 0000 O0OOD0OOODOODODO
000000 ../data/temp.2d.0000 000000000
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L/data 00000000000 COODOOO temp.2d.0000 O
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gnuplot 0O OO 0OOO

/tmp/130718/heat4_plot_contour_lines

#

# A sample gnuplot script: heat4_plot_contour_lines.gp
#

# [ line contours ]

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

set ylabel "j" y-axis

set xrange[0:50]
200000 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



gobb20000040ogn

m data/temp.2d.00000 00 0000000000000
gnuplot OO ODOOOO0ODOOODOOOO

m 00000 0O heat4_plot_contour_lines.gp
m 00000 gnuplot heat4_plot_contour_lines.gp

» 0000000000000000000000000
200000 DDD
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s 00000000 0OO00DOO0OO0OO0ODOO0ObLOOn
uboboobogbooboo

s 0000000000
mgnuplot D0 0000000 OO0ODOOOOO

200000



200000

heat4 _plot_contour_colors.gp

#

# A sample gnuplot script: heat4_plot_contour_colors.gp

#

# [ color contours ]

#

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



\| Gnuplot
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gnuplot DO OO QOOOOOOO

2000000 T(xy)0DOO (2000000000
ooo
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Obird'seye viewd OO0 OO0 OO0

200000



gnuplot 0O OO0

UU0U0OU00O0Oplot4_plot_birdseyeview.gp

#

# a sample gnuplot script: plot4_plot_birdseyeview.gp
#

# [ Bird"s Eye View ]

#
# set size square # same side lengths for x an
set size 0.65, 1
set xlabel "i" # x-axis
set ylabel "j" # y-axis
set xrange[0:50] # i-grid min & max
200000 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



200000

gbooboooboob

wiew:

0,35
0.3
0.25

0.2 £yt 3
Ini (gt e
0.15 L SR
0.1 ittty RN SNt
. A R
0,05 »‘u\“\\::\\\\\\\}‘\\\\&\\\\\\:{\\\\
0 il

8,06 [x| Gnuplot

Tenperaturs
'\ Adatartenp, 24,0000 using 13033 ——
0.25

0,2 —
0.15 —
0.1

0,05 —

B0, 0000, 30,0000 _gcale: 1,00000, _1,00000
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gnuplot OO view OO O UOOUOOUOOUOODODOMIOOODO
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/tmp/130718/heat4_plot_rotating_birdseyeview_generator.f90
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gbobooooooooooon
#PJM -L "rscgrp=small"
vbobdobooboboobobobaobooan
m-computer U O OO OOODO

m small: 1200000

m large: 8400000 =00 84 x16=134400

S EFEIEE ubobooboobboobd large D00 O0OO0OO0OOOO
goooooon
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ooooooogg
s CPUDODO
m Fortran95 = cpu_time()
m 000 (wall clock time)

= MPI = MPILWTIME()
m OpenMP = omp_get_wtime()
m Fortran90 = system _clock()



heat5.f90

000000000 heat4...f90 O O system clock() D OO0 O O
0000000000 stopwatchmOO OO OO0

! heat5.£90

! + module stopwatch, to monitor time.

! + many calls to stopwatch__stt and ..__stp.

! - data output calls for profile 1d and 2d (commented o
I usage (on pi-computer)

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

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



heat.fO0 0000000000 O0DOOOD ODOODOD
O Ousage 0 OO

000 000000000-0300000000000D00
0000000000000 stopwatch D00 copy un to u
goobobooooon

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



HERHHHHHH R R R R
job start at Tue Jul 16 21:07:29 JST 2013
HERHHHHH R R R R

# myrank= 3 jj%stt & jj%end = 751 1001
# myrank= 0 jj%stt & jjkend = 1 250
# myrank= 2 jj/%stt & jjlkend = 501 750
# myrank= 1 jjlstt & jjlkend = 251 500
//=============<stop watch A\
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 //

HERHHHHHH R R R R
job end at Tue Jul 16 21:07:39 JST 2013







heatbhfOO D DO DOOOOOOODOOOODOONO do-loop
OOpenMPOO0OOOOOODOOOODOOODOOO
heat6.fo0 O O O O

O0ODOheath.fOOO0O0O0D0OO0OOOOOOOO
u(1:NGRID, jj%stt:jj%end)=un(1:NGRID, jj%stt:jj%end)

O00OOOompparalleldo 000000 OOODOOODOO0O
O OpenMPODOOOMM20 doloopO0O0DOOOODOOOONO




ooooon

diff sierp2.f95 sierp3.f95 | mail kage

gobooboobboobooboooboobogon
ugbbooboobboobooboboooon



O0O0D0O0000O mpifrtpx -Kopenmp heat6.f90
00000000000 heateshOOOOOOOOOO large
oo0

U O O pjsub heat6.sh DO DO OO

0O0o0ooooon



DO00000000heat6shU OO OO0

#!/bin/bash
#PJM -N "heat6"

#PJM -L "rscgrp=small"

#PJM -L "node=4"

#PJM -L "elapse=02:00"

#PJIM -j

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



oooooboon

heat6.fO0 0 0 0O O
1l OO0 M (Slﬁ)DDDDDDDDDDDDDDD
= N (<84)0000000

s 000000 P=MxN)vs. O0OOO SOODOOOS
O stopwatch module OO OO “Total” OO OOOOOO
ooooooooooon

gnuplot OO0 OO0 O0D0OO0OO0OOOO0ODOOOOOOODOODO
NGRIDOOOODOOODOOO
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ubbooboobbdUdm-computerUd0ooaononog
gbobooboobbooobooboooon

s 000D O0OO00O0OD00O0O0O0O00O00O0O0O0bOO0O0nO0
good

00000 000000000 heate.fOOODOOO0OOO
gobooboboobooooboob
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Doooobbooooooboboooooon

4 N
() DOoDoOoOOo
(b) DOOO NGRID, 0000 N, DO0DDOOO
oooooo MO=0MP_NUM_THREADSO
oo
(c) gnuplot 00D OOODOOOOOOOO
(d) DoOooOoOoUoOoOooo
\_ /
0000 echo pj.ca.u-ebok.trop@egak | rev
O00o00ooooooo pdf
00000000000000 20140000
00Oo0Oo20140 70 310 23:59

gobooboo booboobboobooboboo

ooooon
oo
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Figure 0

MPI: 2D domain decom. (1 procs/node, MESH_SIZE=1000)
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MPIL: 1D vs 2D domain decomp. (1 procs/node, MESH_SIZE=1000)
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