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source: MPI/sample00.190

program sampleOO

! use mpi [or include 'mpif.h']
implicit none
include 'mpif.h’

integer :: myrank, numprocs, ierr

call MPI INIT (ierr)
call MPI _COMM_RANK (MPI COMM WORLD, myrank,

call MPI COMM SIZE (MPI_COMM WORLD, numprocs,

print *, repeat('#', myrank+1l)

call MPI_FINALIZE (ierr)
end program sampleOO0

ierr)
ierr)
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source: MPI/sample00.190
"MPIF 4 77 Y DIOEY 2 —PBHNUIIH 6

,’

—

rogram s e00
(E)use mpi [or include 'mpif.h']

\ implicit none
include 'mpif.h’
AAE

integer :: myrank, numprocs, ierr

call MPI INIT (ierr)

call MPI _COMM_RANK (MPI COMM WORLD, myrank, ierr)
call MPI COMM SIZE (MPI_COMM WORLD, numprocs, ierr)

print *, repeat('#', myrank+1l)

call MPI_FINALIZE (ierr)

end program sampleOO0
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program sampleOO

! use mpi [or include 'mpif.h']
implicit none
include 'mpif.h’

integer :: myramrk, numprocs, lerr

call MPI INIT(lerr)

...................

call MPI COMM RANK(MPI COMM WORLD, myrank,

call MPI COMM SIZE(MPI COMM WORLD,
print *, repeat('#',6 myrank+1l)

call MPI FINALIZE (ierr)
end program sampleOO

YL, ENIIES,

.............. SOOI,

numprocs,

ierr)

ierr)
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program sampleOO

! use mpi [or include 'mpif.h']

implicit none
include 'mpif.h’

7a Az ot

IE'A

HDE

integer :: myrank/ numprocs,

call MPI_INIT(ierr)

G (922

) 25

lerr
7277

T

call MPI COMM [ RANK (MPI _COMM WORLD, myrank, ierr)

call MPI COMM | SIZE (MPI COMM WORLD,

print *, repeat('#',6 myrank+1l)

call MPI FINALIZE (ierr)

end program sampleOO

numprocs, 1lerr)
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program sampleOO
! use mpi [or include 'mpif.h']
implicit none
include 'mpif.h’
23 2= —-%W

integer

call MPI _INIT
call MPI CO
call MPI COMM SIZE(MPI COMM WORLD,

print *, repeat('#',6 myrank+1l)

call MPI FINALIZE (ierr)
end program sampleOO

’ RANK (MPI COMM WORLD, myrank,

numprocs,

ierr)

ierr)
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program sampleOO

! use mpi [or include 'mpif.h']
implicit none
include 'mpif.h’

integer :: myrank, numprocs, ilerr

call MPI_ INIT (ierr)

call MPI COMM RANK(MPI COMM WORLD, myrank, ierr)
call MPI COMM | SIZE (MPI COMM WORLD, numprocs, ierr)

print *, repeat('#',6 myrank+1l)

Rank#{F 1200500 F 3

call MPI FINALIZE (ierr)
end program sampleQO

FortranftlA A ABHEL LA DD R L)
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program sampleOO

! use mpi [or include 'mpif.h']
implicit none
include 'mpif.h’

integer :: myrank, numprocs, ilerr

call MPI_ INIT (ierr)

call MPI COMM RANK(MPI COMM WORLD, myrank,

call MPI COMM SIZE(MPI COMM WORLD,
print *, repeat('#',6 myrank+1l)

call MPI FINALIZE (ierr)
end program sawgleoo

numprocs,

MPI 7' 12 25 LD 2 ER

ierr)

ierr)
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> mpif90 sample00.£90 -o sampleOO0
(mpifo0 & V¥ 9) ZARITIE RV Lk, )

> mpirun -np 10 sampleOO0

- 2O, 107 82 A TSI,
* mpirun2 Y FDGIEL (npA 7> ay) T7akAIEE,

¥7-13 (MPI Forum#£igE=R)

> mpiexec -n 10 sampleOO0
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source: MPI/sample01.190

program sampleOl

! use mpi [or include 'mpif.h']
implicit none
include 'mpif.h’
integer :: myrank, numprocs, ierr

call MPI INIT (ierr)
call MPI COMM RANK(MPI COMM WORLD, myrank, ierr)
call MPI COMM SIZE (MPI COMM WORLD, numprocs, ierr)

print *, repeat('#', myrank+1)
call MPI_BARRIER(MPI_COMM_WORLD, ierr)

if ( myrank==0 ) print *, '--------- barrier--------- '
(%E<)
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source: MPI/sample01.190

(HEE)

do 1 = 0 , numprocs
if ( myrank==i ) print *, repeat('#', myrank+1l)
call MPI_BARRIER(MPI_ COMM WORLD, ierr)

end do

call MPI FINALIZE (ierr)

end program sampleOl
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source: MPI/sample02.190

program sample02
use constants

! use mpi [or include 'mpif.h']
implicit none
include 'mpif.h'

integer :: myrank, numprocs
integer :: 1ierr

integer :: wcomm = MPI COMM WORLD
real (DP) :: my value, total

call MPI INIT (ierr)
call MPI COMM RANK (wcomm, myrank, ierr)
call MPI COMM [ SIZE (wcomm, numprocs, ierr)
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source: MPI/sample02.190

my value=(-1)**myrank/(2* (real (myrank,DP))+1.0 DP)

call MPI REDUCE (my value, total, &
k9% —> —{1, MPI DOUBLE PRECISION, &
MPI SUM, &
rank OICHEH B — (0|, wcomm, ierr)
if ( myrank==0 ) print *, '4d*total = ', 4*total

call MPI FINALIZE (ierr)

end program sample02
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> mpirun -np 2 sample02

4*total 2.66666666666667

> mpirun -np 4 sample02
4*total 2.89523809523810

> mpirun -np 8 sample02
4*total 3.01707181707182

> mpirun -np 16 sample02
4*total 3.07915339419743

> mpirun -np 32 sample02
4*total = 3.11035027369869
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sample05.190 (1/6)
source: MPI/sample03.190

program sample03

use constants

use mpi [or include 'mpif.h']
implicit none

include 'mpif.h'

integer :: numprocs ierr
integer :: wcomm = MPI COMM WORLD

integer, dimension (MPI_STATUS SIZE)
type ranks

integer :: me, right, left
end type ranks

type (ranks ) :: ranks

status
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24
25
26
27
28
29

30
31
32
33

sample03.190 (2/6)

if ( mod(numprocs,2) == 1 ) then
print *, ' Numprocs must be even, to make pairs.'
call MPI FINALIZE (ierr)

else if ( numprocs > MAX PROCESS NUMBER ) then
print *, ' Increase MKX_PROCEES_NUMBER.'
call MPI FINALIZE (ierr)

end if

ranks%right = ranks%me + 1
if ( ranks%right == numprocs ) ranks%right = 0 ! periodic
ranks%left = ranks%me - 1
if ( ranks%left == -1 ) ranks%left = numprocs-1 ! periodic



sample05.190 (5/6)

34 if ( ranks%me==0 ) then

35 cap _color%me = 1 ! red
36 else
37 cap_colorme = 0 ! white

38 end if

39 call iCollectAndPrintAllCaps

40 do time_step counter =1 , 100
41 call iTellCapColorToNeighbors
42 call iFlipCapIfNecessary

43 call iCollectAndPrintAllCaps

44 end do
45 call MPI_FINALIZE (ierr)

46 contains
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51
52
53
54
55
56
57
58

59
60
61
62
63

64

65
66

67

sample035.190 (4/6)

character (len=MAX PROCESS NUMBER) :: &
cap_state_by string
if ( ranks%me == 0 ) then
cap_state by string(1l:1) &
= iConvertToChar (cap_color%me)
do source = 1 , numprocs-1
! Receive data sent from others.
call MPI RECV(color recv_buff,
1, MPI_INTEGER, source,
MPI_ANY TAG, wcomm, &
status, ierr)
cap_state_by string(source+l:source+l)
= iConvertToChar (color recv_buff)

end do
print *, cap state by string(l:numprocs)
else ! Send each color to the &
! master process (rank=0).
call MPI_ SEND (cap_color%me, &
1, MPI_INTEGER, O, &
0, wcomm, ierr)
end if

end subroutine iCollectAndPrintAllCaps
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86
87
88

sample05.190 (5/6)

integer, intent(in) :: i
character :: iConvertToChar

if (i==0) then
iConvertToChar = '.'
else
iConvertToChar = '§#'
end if
end function iConvertToChar

if ( cap_color%me /= cap color$left ) then

cap_color%me = l-cap color%me
else
! do nothing.
end if
end subroutine iFlipCapIfNecessary

1-->0 and 0-->1.
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92 ! Send each color data to the right neighbor.

93 if ( mod(ranks%me,2)==0 ) then
94 ! If you are an even process,
95 ! send to your right (odd process),
96 ! then receive from your left (also odd process).
97 call MPI_SEND (cap_color%me, &
o8 1, MPI_INTEGER, ranks%right, &
99 0, wcomm, ierr)
100 call MPI RECV(cap color%left, &
101 1, MPI_INTEGER, ranks%left, &
102 MPI ANY TAG, wcomm, status, ierr)
103 else
104 ! If you are on odd process,
105 ! receve from your (even) left,
106 ! then send your data to your right (even) neighbor.
107 call MPI_RECV(cap_color%left, &
108 1, MPI INTEGER, ranks%left, &
109 MPI_AN§;IAG, wcomm, status, ierr)
110 call MPI_ SEND (cap_color%me, &
111 1, MPI_INTEGER, ranks%right, &
112 0, wcomm, ierr)
113 end if
114 end subroutine iTellCapColorToNeighbors

115 end program sample03
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source: MPI/sample03_deadlock.f90

call MPI INIT(ierr)
call MPI_COMM RANK (wcomm, ranks%me, ierr)
call MPI_COMM SIZE (wcomm, numprocs, ierr)

! deadlock !

call MPI_ SEND (cap_color%me, &
1, MPI_ INTEGER, ranks%right, &
0O, wcomm, ierr)

call MPI_RECV(cap_color%left, &
1, MPI_INTEGER, ranks%left, &

MPI ANY TAG, wcomm, status, ierr)
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JERJIH{E ISEND, IRECV

A= DikEEZHRITLT

call MPI_ISEND(..)
] RDAT 75,

call MPI RECV(..)

call MPI WAITALL(..) %&fno)mT %ﬁﬁmmj‘ 2
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JENIEE ISEND, IRECV

call MPI ISEND (..) _ .
] RDAT Y 75,

call MPI IRECV(..) _ .
RDAT v 75,

call MPI WAITALL(..) Jﬁ%f O)ET%% ﬁj.%



Z DA D MPIEE %

« MPI Sendrecv
- X145 « 2G5 2 [FIICIRE
« MPI _Cart_create
— 2RJL. 3XILICTa A ZRLE T B DITEF],

5 [ [
5 [ [
5 [ [

5 [ [
5 (3 [



Z DA D MPIEE %

« MPI Sendrecv
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Sample04/main.f90

15 program sample04

16 !

17 ' PROGAM SAMPLEO4 A Simple Sample of MPI Program
19 ! by Akira Kageyama (kage@jamstec.go.jp)
20 e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
21 use constants

22 ! use mpi ! [or include 'mpif.h']

23 use parallel

24 use cap

25 implicit none

26 include 'mpif.h' ! [or use mpi]

27 type(cap_color ) :: cap_color

28 integer :: counter

29 call parallel initialize

30

31 call iSetInitialCondition

32 if ( parallel get myrank() == 0 ) print *, '# step ="', 0

33 call parallel barrier

34 if ( cap_color%me == CAP__ RED ) print *, parallel get mycoord x(), &

35 parallel get mycoord y()

36



37
38
39
40
41
42
43
44

45

46

Sample04/maim.1t90

do counter =1 , 20

call parallel communicate (cap_color)

call cap_ flip my color(cap_color)

if ( parallel get myrank() == 0 ) print *, '# step = ', counter
call parallel barrier

if ( cap_color%me ==
end do
call parallel finalize

contains

CAP_ RED ) print *, parallel get mycoord x(),
parallel get mycoord y()

&



Sample04/maim.1t90

50 if ( parallel get mycoord x()== &

51 .and. parallel get mycoord y()==1 ) then

52 cap_color%me = CAP__ RED

53 else if ( parallel get mycoord x()== &
54 .and. parallel get mycoord y()==1 ) then

55 cap_color%me = CAP__ RED

56 else if ( parallel get mycoord x()== &
57 .and. parallel get mycoord y()==1 ) then

58 cap_colorime = CAP__ RED

59 else if ( parallel get mycoord x()== &
60 .and. parallel get mycoord y()==0 ) then

61 cap_color%me = CXE__RED B

62 else

63 cap_colortme = CAP__ WHITE

64 end if

65 end subroutine iSetInitialCondition

66 end program sample0O4



parallel.190

7 module parallel

11
12
13
14
15
le
17
18
19
20
21
22
23

24
25
26
27
28
29

30
31
32
33
34

use consta
use cap

use mpi [
implicit n

nts

or include 'mpif.h']
one

include 'mpif.h'

private
public :: parallel barrier, &
parallel communicate, &
parallel initialize, &
parallel finalize, &
parallel get mycoord x, &
parallel get mycoord vy, &
parallel get myrank
type ranks__
integer :: me
integer north, south, west, east
integer north east, south east
integer north west, south west
end type ranks_
type (ranks ) :: Ranks
integer :: Numprocs
integer Communicator
integer CapsComm

integer, dimension(2) :: Coords

v @ e
sw| [ s | [SE
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subroutine parallel initialize

integer :: ierr

integer, dimension(2) :: dims
logical, dimension(2) :: is_periodic
logical :: reorder

integer :: ndim, sqrt numprocs

call MPI INIT (ierr)
call MPI_COMM RANK (MPI_COMM WORLD, Ranks%me, ierr)
call MPI COMM SIZE (MPI_COMM WORLD, Numprocs, ierr)

sqrt_numprocs = nint(sqrt(real (Numprocs,DP)))

if ( sqrt numprocs**2 /= Numprocs ) then

if ( Ranks%me == 0 ) print *, ' Numprocs must be a squared int.'
call MPI FINALIZE (ierr)
stop

end if
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dims (1) = sqgrt numprocs

dims (2) = sqrt _numprocs

is periodic(l) = .true.

is periodic(2) = .true.

reorder = .true.

ndim = 2

call MPI_CART CREATE (MPI_COMM WORLD, ndim, dims, is_periodic,

call
call
call
call
call

call
call

end subroutine parallel initialize

reorder, CapsComm, ierr)

MPI_CART SHIFT (CapsComm, O, 1,

Ranks%west, Ranks$%east, ierr)
MPI CART SHIFT (CapsComm, 1, 1,

Ranks%north, Ranks%south, ierr)
MPI CART COORDS (CapsComm, Ranks%me, 2, Coords, ierr)

dataTransferToEast (Ranks%north, Ranks%north west)
dataTransferToEast (Ranks%south, Ranks%south west)
dataTransferToWest (Ranks%north, Ranks%north east)
dataTransferToWest (Ranks%south, Ranks%south east)

J0
B0
Bl

)
—
)
—
)
—
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l———————————_———e - <private>----
subroutine dataTransferToEast (sent value, recv_value)
integer, intent (in) :: sent _value
integer, intent(out) :: recv_value
| e e e e e e e e e e e e e e e o  — — — — — — — — — — — — — — — — — — — — — — — — —
!
integer :: ierr
integer, dimension(MPI_STATUS SIZE) :: status
if ( mod(Coords(l),2)==0 ) then
call MPI_ SEND(sent value, 1, MPI INTEGER, Ranks%east, &
0, CapsComm, ierr)
call MPI RECV(recv_value, 1, MPI_ INTEGER, Ranks%west, &
MPI ANY TAG, CapsComm, status, ierr)
else
call MPI RECV(recv_value, 1, MPI INTEGER, Ranks%west, &
MPI ANY TAG, CapsComm, status, ierr)
call MPI_ SEND(sent value, 1, MPI_ INTEGER, Ranks%east, &
0, CapsComm, ierr)
end if

end subroutine dataTransferToEast
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e - <private>----
subroutine dataTransferToWest (sent value, recv_value)
integer, intent (in) :: sent value
integer, intent(out) :: recv_value
| e e e e e e e e e e e e
!
integer :: ierr
integer, dimension(MPI_STATUS SIZE) :: status
if ( mod(Coords(l),2)==0 ) then
call MPI_SEND (sent_value, 1, MPI_INTEGER, Ranks3%west, &
0, CapsComm, ierr)
call MPI RECV(recv_value, 1, MPI INTEGER, Ranks%east, &
MPI ANY TAG, CapsComm, status, ierr)
else
call MPI_RECV(recv_value, 1, MPI_ INTEGER, Ranks%east, &
MPI ANY TAG, CapsComm, status, ierr)
call MPI_ SEND(sent value, 1, MPI INTEGER, Ranks%west, &
0, CapsComm, ierr)
end if

end subroutine dataTransferToWest
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! <public>=====
subroutine parallel communicate (cap_color)
type (cap__color ), intent(inout) cap_color
!
!
integer :: ierr
integer, dimension(MPI_STATUS SIZE) :: status
type tag_
integer :: north, north east, east, south east
integer :: south, south west, west, north west

end type tag_

type(tag ) :: tag

tag%north
tag%north east
tag%east
tag%south east
tag%south
tag%south west
tag3west
tag%north west

SJo bk WMNDPREO
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call MPI_SENDRECV (cap color%me, 1, MPI_ INTEGER,
Ranks%north, tag%north,
cap_color%south, 1, MPI_ INTEGER,
Ranks%south, tag%north,
CapsComm, status, ierr)

R

call MPI_SENDRECV (cap_ color%me, 1, MPI_INTEGER,
Ranks%north _east, tag%north east,
cap_color%south west, 1, MPI INTEGER,
Ranks%south west, tag%north east,
CapsComm, sEétus, ierr) -

call MPI_SENDRECV (cap_color3%me, 1, MPI_INTEGER,
Ranks%east, tag%east,
cap color%west, 1, MPI INTEGER,
Ranfs%west, tag%east,_
CapsComm, status, ierr)

R

call MPI_ SENDRECV (cap color%me, 1, MPI_ INTEGER,
Ranks%south _east, tag%$south east,
cap_color%north west, 1, MPI_INTEGER,
Ranks%north west, tag%$south east,
CapsComm, status, ierr)

R

R
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call MPI_ SENDRECV (cap color%me, 1, MPI_ INTEGER,
Ranks%south, tag%south,
cap_color%north, 1, MPI_ INTEGER,
Ranks%north, tag%$south,
CapsComm, status, ierr)

R

call MPI_SENDRECV (cap color%me, 1, MPI_ INTEGER,
Ranks%south west, tag%$south west,
cap_color%north east, 1, MPI_INTEGER,
Ranks%north east, tag%south west,
CapsComm, status, ierr)

call MPI_SENDRECV (cap_ color%me, 1, MPI_INTEGER,
Ranks%west, tag%west,
cap_color%east, 1, MPI_INTEGER,
Ranks%east, tag%west,
CapsComm, status, ierr)

R R

call MPI_SENDRECV (cap_color%me, 1, MPI_INTEGER,
Ranks%north west, tag%north west,
cap_color%south east, 1, MPI_INTEGER,
Ranks%south _east, tag%north west,
CapsComm, status, ierr)

end subroutine parallel communicate

R R

R
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7 module cap

8
9
10
11

13
14
15
16
17
18

19
20
21
22
23
24

25
26

]
! MODULE CAP

use constants

implicit none

private

public :: cap_ flip my color
public :: cap_color_

public :: CAP__RED, &

CAP__ WHITE

type cap_color

integer :: me ! 1 (red) or 0 (white)
integer :: north, south, west, east
integer :: north east, south east
integer :: north west, south west

end type cap_ color_

integer, parameter :: CAP__ WHITE = 0
integer, parameter :: CAP__ RED =1
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! <public>=====
subroutine cap_ flip my color (cap_color)
type (cap__color ), intent(inout) :: cap_color
!
!
integer :: red cap num

red cap num = count red(cap_color)

select case (cap_color3%me)
case ( CAP__RED )
if ( red cap num==2 .or. red cap num==3 ) then

! do nothing
else

cap_color%me = 1 - cap_color%me
end if

case ( CAP__ WHITE )
if ( red cap num==3 ) then
cap_color%me = 1 - cap_color%me
else
! do nothing
end if
end select

end subroutine cap_flip my color
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29 le———_—_———————————— - <private>----
30 function count red(cap_color)

31 type(cap__color ), intent(in) :: cap_color

32 integer :: count_red

33 -
34 !

35 count red = cap_color%north &

36 + cap_color%north east &

37 + cap_color%east &

38 + cap_color%south east &

39 + cap color$%$south &

40 + caﬁZcolor%south_west &

41 + cap_colorswest &

42 + cap_color%north west

43 end function count red



