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Ndov

NdOT
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implicit real(8)(a-h,0-z)
parameter ( n=15360)
real(8) a(n,n),b(n,n),c(n,n)
real(4) etime,cpl(2),cp2(2),t1,t2,t3
doj=1,n
doi=1,n
a(i,j) =0.0d0
b(i,j) = n+1-max(i,j)
c(i,j) = n+1-max(i,j)
enddo
enddo
write(6,50) ' Matrix Size =',n
50 format(1x,a,i5)
tl=etime(cpl)
doj=1,n
do k=1,n
doi=1,n
a(i,j)=a(i.j)+b(i.k)*c(k,j)
end do
end do
end do
t2=etime(cp2)
t3=cp2(1)-cpl(l)

write(6,60) ' Execution Time =',t2,' sec',” A(n,n) =",a(n,n)

60 format(1x,a,f10.3,a,1x,a,d24.15)
stop
end

Page 5

SX-ACE 1core

Matrix Size = 15360

Execution Time = 114.876 sec A(n,n) =
*Akkkk  Program Information ******
Real Time (sec) : 114.830190
User Time (sec) 114.820321
Sys Time (sec) 0.005606
Vector Time (sec) 114.820061
Inst. Count 56231275741
V. Inst. Count 35849130439
V. Element Count 9175961813328
V. Load Element Count 170106224680
FLOP Count 7247757312103
MOPS 80093.348273
MFLOPS 63122.601026
A. V. Length 255.960513
V. Op. Ratio (%) 99.778367
Memory Size (MB) 5568.031250
MIPS 489.732786
I-Cache (sec) 0.000232
0-Cache (sec) 0.000377
Bank Conflict Time

CPU Port Conf. (sec) 0.000000

Memory Network Conf. (sec) 1.095781
ADB Hit Element Ratio (%) 0.000000

core

114.8

0.153600000000000D+05



i core
| MPI SX-ACE

SX-ACE 1 SX-ACE 2 SX-ACE 4

140.0

120.0

w4.8
~~ 100.0

~ 800 \

60.0 58.0

40.0

29.8

20.0 92

0.0 T T

1 2 4 8 16

16core 12 1
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- PC
—  SX-ACE( )

—  SX-ACE( )

MPI(Message Passing Interface)
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MP]

>

e FORTRAN C

(SX-ACE 15TByte
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MP]

oMPI
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MP]

a.out

PROGRAM MAIN
CALL MPI_INIT(IERR)
A

MPI

v
CALL MPI_FINALIZE(IERR)

STOP
END

___________________________________________________

Page 12

MPI_INIT call MPI_FINALIZE
call MPI

MPIL_INIT call

(mpirun
4)
PROGRAM
( ) MPI_INIT call
STOP MPI_FINALIZE
call



MP]

o

CALL MPI_COMM_SIZE(MPI_COMM_WORLD,NPROCS,IERR)
» mpirun NPROCS
>

> MPI_COMM_WORLD

>

® ( 0
1 )
CALL MPI_COMM_RANK(MPI_COMM_WORLD,MYRANK,IERR)
> MYRANK
>
>
if(myrank.eq.0) write(6.*) .....
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| MPI

sxmpif90 [ ]
sxf90
| MPI
mpirun -nn [ ] =np [ MPI ]
mpirun -nn [ ] =nnp | MPI
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| 32mpi 4smp

32

#1/bin/csh
#PBS -q ACE
#PBS -T mpisx
#PBS -b 32

#PBS -N Test_Job

cd $PBS_O_WORKDIR

mpirun -nn 32 -nnp

#PBS -v F_RSVTASK=4

#PBS -1 cpunum_job=4,memsz_job=60GB,elapstim_req=20:00:00

NQS (#PBS

-q

-T SX MPI/HPF
-b

-1 CPU

_jo

-N

—V(

F_RSVTASK=4

$PBS_O_WORKDIR

DBG 32 480GB
ACE 1024 15TB
myACE 4* 60GB*

(hh:mm:ss)

gsub

http://www.hpc.cmc.osaka-u.ac.jp/system/manual/sx-ace/jobclass _sxace/

Page 15


http://www.hpc.cmc.osaka-u.ac.jp/system/manual/sx-ace/jobclass_sxace/

MPI (Hello World)

- -~ sanpl el. f

program samplel
print *,"Hello World"
stop

end

- MP] - sanpl e2. f K
program sample2

include 'mpif.h' <€ ® MPI
integer ierr,myrank,nprocs
call MPI_INIT(ierr) <€ ® MPI

call MPI_COMM_RANK(MPI_COMM_WORLD,myrank,ierr) (I\/lPI INIT)
call MPI_COMM_SIZE(MPI_COMM_WORLD,nprocs,ierr) —
print *,“Hello World My rank=",myrank,“(",nprocs,“processes)”

call MPI_FINALIZE(ierr) < ® MPI
stop (MPI_FINALIZE)
end
- J
, Y%mpirun -np 4 ./a.out < ) e 4
Hello World My rank= 3( 4 processes)
Hello World My rank= ( 4 processes) ® Hello World
Hello World My rank= 0 ( 4 processes) :
Hello World My rank= 1 ( 4 processes) 4
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MPI

MPI_INIT

print *,"Hello
World”,myrank

B N/ MPI_FINALIZE
mpirun (- 4)
0
MPI_NIT 1,2,3
print * *“Hello World”,myrank
( )
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IPi6 (sample2.f)

IP16 MPI Hello World
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MPI

1000 (

)

program sanpl e3
par amet er (n=1000)
| nt eger i sum

sanpl e3. f

| sum=0
do i =1,n }<
I SUNFI SUMti
enddo
print * "Total = ",isums<
st op
end
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MP]
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print

DO

DO




MP]
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| =1, 250
1=1,1000

| =251, 500 .
= 1, 250
=251, 500

i =501, 750 =501, 750
1=751,1000

| =751, 1000




=1 1000

MP]
4 )
=1 I =251 I =501 | =751
I =250 I =500 I =750 I =1000
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T




MP]

(n=1000 )

((n-1)/nprocs+1)* myrank+1

((n-1)/nprocs+1)*(myrank+1)

Page 23

nprocs, myrank
nprocs=4
myrank=0 1 250
myrank=1 251 500
myrank=2 501 750
myrank=3 751 1000




l1 1000 4 MPI

(=0)
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MP]

MPI_SEND/MPI RECV
1 1

y v Ry Yy y -
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MPI_SEND/MPI RECV
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MPI_SEND/MPI RECV

- sanpl e4. f —
program sample4

include 'mpif.h'
integer nprocs,myrank
integer status(MPIl_STATUS_SIZE)
real work(10)
call MPI_INIT (ierr)
call MPI_COMM_RANK(MPI_COMM_WORLD,myrank,ierr)
call MPI_COMM_SIZE(MPI_COMM_WORLD,nprocs,ierr)
itag=1
work=0.0
if(myrank.eq.0) then
do i=1,10
work(i)=float(i)
enddo
call MPI_SEND(work(4),3,MPI_REAL,1,itag,MPI_COMM_WORLD,ierr) —T» 1.2.3
else if(myrank.eq.1) then
call MPI_RECV(work(4),3,MPI_REAL,0,itag, MPI_COMM_WORLD, —1 1.2.5
+ status,ierr)
write(6,*) work
endif
call MP1_FINALIZE(ierr)
stop
end
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4

1,2,3(0 )
call MPI_SEND(isum,1,MPI_INTEGER,O,

& itag,MPI_COMM_WORLD.,ierr)
0
call MPI_RECV(isum2,1,MPI_INTEGER,1,

& itag,MPI_COMM_WORLD,status,ierr)
call MPI_RECV(isum2,1,MPI_INTEGER,2,

& itag,MPI_COMM_WORLD,status,ierr)
call MPI_RECV(isum2,1,MPI_INTEGER,3,

& itag,MPI_COMM_WORLD,status,ierr)

iIsum 0
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MP]

C )
CALL MPI BCAST(DATAN,MPI REAL,0,MPI COMM WORLD,|ERR)
> N DATA 0
> MPI_ COMM WORLD
> MPI BCAST call (
W )
0 1 2 3
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MPI_REDUCE

sanpl e5. f —

program sampleb
include 'mpif.h'

integer myrank,nprocs
call MPI_INIT (ierr)
call MPI_COMM_RANK(MPI_COMM_WORLD,myrank,ierr)

call MPI_COMM_SIZE(MPI_COMM_WORLD,nprocs,ierr)

call MPI_REDUCE(myrank,isum,1,MPIl_INTEGER,MPI_SUM,0,
+ MPI_COMM_WORLD,ierr)

if(myrank.eq.0) write(6,*)"Result = ",isum

call MP1_FINALIZE(ierr)

stop

end )
%mpirun -np 4 ./a.out
+ Result = 6 |

_______________________________________________________________________________________

Page 30

MPI|_COMM_WORLD

0]

MPI_REDUCE
1.3.3



MPI_SCATTER

call MPI _SCATTER(senddat a, i count, MPl | NTEGER,
& recvdat a(i count *nyrank+1), i count,
& MPI | NTEGER, 0, MPI _COVM WORLD, i err)

(MPI1.0 )
MPI_SCATTERV

YV V VY

1.3.13 14
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MPI_GATHER

call MPI _GATHER(senddat a(i count *nyrank+1),
& | count, MPl | NTEGER, r ecvdat a,
& | count , MPlI | NTEGER, 0, MPI _COVMM WORLD,
& lerr)
> (MPI1.0 )
> MPI_GATHERV

> 1.38 12
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3 MPI_REDUCE
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MP]

7.1
7.2
7.3
7.4
7.5
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7.1
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1 DO FORTRAN

do i z=1, 100
do iy=1, 100
do i x=1, 100

enddo
enddo
enddo

Page 37

//;6 iz=1, 25

do iy=1, 100

=1 100

\

do
//;o i z=26, 50

end

enddd
]

en

\ endd

ave—1

do iy=1, 100 \\j

| 2

0iz

=51, 75
do iy=1, 100

d?/aé i z=76, 100 \\\

e
end

\ enddo

do iy=1, 100
do i x=1, 100

enddo
enddo

\\?nddo 4//
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do i =1, 100
( A Y
enddo
do 1=1,25||do i=26,50||do i=51,75||do i =76, 100
enddo enddo enddo enddo
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nproc-1




do i=1,n

enddo

Page 41

common /compi/ nyrank, nprocs
do i =nyrank+1, n, nprocs

enddo




7.3

v Y CPUO CPU1 CPU2
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DO

+1 -1

|

do i =1, 100
b(i)=a(i)-a(i-1)

enddo
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75




| ed

| St

= | st

/|

I st
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VP

((100-1)/ nprocs+1) *nmyr ank+1 A=::::J

| st =

led = ((100-1)/ nprocs+1) *(nyrank+1)

| LF = myrank-1 ]
| RT = nyrank+1

I f (myrank. ne.0) then
call nmpi _recv(a(ist-1),1, MPl _REALS,ILF, 1, &
MPI  COWMM WORLD, status,ierr)

endi f
do i=1ist, Ied

b(i) = a(i) - a(i-1)
enddo

I f (myrank. ne.nprocs-1) then
call npi_send(a(ied),1, MPl _REALS,iRT, 1, &
MPI _COWM WORLD, i err)

endi f //////
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4 | f (nyrank. eq.0) then
call MPI _Recv(rdata, 1, MPl REAL, 1,
+ | tag, MPl _COVW WORLD, status,ierr)
el se if(nyrank.eq.1) then
call MPI _Recv(rdata, 1, MPl REAL, O,
+ | tag, MPl _COVW WORLD, status,ierr)
endi f
| f (nyrank. eq.0) then
call MPI _Send(sdata, 1, MPl REAL, 1,
+ | tag, MPl _COVWM WORLD, i err)
el se if(nyrank.eq.1) then
call MPI _Send(sdata, 1, MPl _REAL, O,
+ | tag, MPl _COVWM WORLD, i err)
endi f

o 0 1 MPI_RECV( 1 1
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MPI_RECV

MP1_RECV X MP1_RECV

MP1_SE ~\\\\/”\\////l__ MP1_SEND
o

MPI RECV MPI_SEND
MPI_IRECV MPI_ISEND
MP1_RECV MP1_SEND MP1_IRECV
MP1_SEND MP1_RECV MP1_TSEND
MPI_WAIT

Page 49

MP1_IRECV

MP1_ISEND
MP1_WAIT




~

N

| f (nyrank. eq.0) then
call MPlI _Recv(rdata, 1, MPl REAL, 1,
+ | tag, MPI _COWM WORLD, status,ierr)
el se if(nyrank.eq.1) then
call MPI _Send(sdata, 1, MPl REAL, O,
+ | tag, MPI _COVM WORLD, i err)
endi f
| f (nyrank. eq.0) then
call MPI _Send(sdata, 1, MPl REAL, 1,
+ | tag, MPl _COVM WORLD, i err)
el se if(nyrank.eq.1) then
call MPI _Recv(rdata, 1, MPl REAL, O,
+ | tag, MPI _COVWM WORLD, status,ierr)
endi f

® MPI SEND MPI RECV
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4 | f (nmyrank. eq.0) then
call MPlI I Recv(rdata, 1, MPl _REAL, 1,
+ | tag, MPl _COVW WORLD, ireql,ierr)
el se if(nyrank.eq.1) then
call MPI I Recv(rdata, 1, MPl REAL, O,
+ | tag, MPI _COW WORLD, ireql,ierr)
endi f
| f (nyrank. eq.0) then
call MPI I Send(sdata, 1, MPl _REAL, 1,
+ | tag, MPI _COVW WORLD, i reqg2,1err)
el se if(nyrank.eq.1) then
call MPI I Send(sdata, 1, MPl _REAL, O,
+ | tag, MPI _COW WORLD, ireqg2,i1err)
endi f
call MPI_WAIT(ireqgl, status,ierr)
call MPI_WAIT(ireqg2,status,ierr)

N

o MPI_ISEND MPI_IRECV
® MPI ISEND MPI_IRECV,MPI_ WAIT 1.2.7 10
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a( 100)
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real (8)::a(100)
do i=1,25

c=c+a(i)*b(i)
enddo

real (8)::a(100)
do i =26, 50

c=c+a(i)*b(i)
enddo

real (8)::a(100)
do i=51,75

c=c+a(i)*b(i)
enddo

real (8)::a(100)
do i =76, 100

c=c+a(i)*b(i)
enddo

real (8)::a(25)
do i=1, 25

c=c+a(i)*b(i)
enddo

real (8)::a(25)
do i=1, 25

c=c+a(i)*b(i)
enddo

real (8)::a(25)
do i=1, 25

c=c+a(i)*b(i)
enddo

real (8)::a(25)
do i=1, 25

c=c*a(i)*b(i)
enddo

Page 53




7.5

| MPI
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|

1/ O
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i nclude 'npif.h'

| nt eger, paranet er: : nundat =100
| nt eger: :idat (nundat)

call MPI _INIT(ierr)

etcl. f

cal | MPI _COVM RANK( MPI _COWM WORLD, nyrank,ierr)
call MPlI _COW SI ZE( MPI _COVM WORLD, nprocs,ierr)

| st=((nundat - 1)/ nprocs+1) *nyrank+1
| ed=( (nundat -1)/nprocs+1) *( nyrank+1)
open(10,file="fort.10")
read( 10, *) i dat
I sune0
do i=ist,ied
| sum=i sumt+i dat (i)
enddo

wite(6,*) nmyrank,':partial sum=',isum

call MPI _FI NALI ZE(i err)
st op
end




—_— |/ O
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etc2.f

i nclude 'npif.h'

| nt eger, paraneter :: nundat =100
| nt eger : : senddat a( nundat ), r ecvdat a( nundat )
call MPI _INIT(ierr)
cal | MPI _COVM RANK( MPI _COWM WORLD, nyrank,ierr)
call MPI _COW SI ZE( MPI _COMM WORLD, nprocs,ierr)
i f (myrank. eq. 0)then
open(10,file="fort.10")
read( 10, *) senddat a
endi f
| count =( nundat - 1) / nprocs+1
call MPI _SCATTER(senddat a, i count, MPl | NTEGER,
& recvdat a(i count *nmyrank+1), i count,
& MPI | NTEGER, 0, MPI _COMM WORLD, i err)
I sunme0
do i =1,icount
| sum=i sumtr ecvdat a(i count *myr ank+i )
enddo
wite(6,*)nyrank, ' :partial sum=',isum
call MPI _FI NALI ZE(i err)

st op
ond MPI_SCATTER 1.3.13




—_— |1/ O
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include 'nmpif.h

I nt eger, paraneter :: nundat =100

i nteger,allocatable :: idat(:),work(:)
i nteger :: nprocs,nyrank,ierr

integer :: ist,ied

call MPI _INIT(ierr)
cal | MPI _COVM RANK( MPI _COWM WORLD, nyr ank, i err)
call MPI _COWM SI ZE( MPI _COVM WORLD, nprocs,ierr)
ist = ((nundat-1)/nprocs+1) *myrank+1
ied = ((nundat-1)/nprocs+1)*(nmyrank+1)
all ocate(idat(ist:ied))
i f(myrank.eq.0) then
al | ocat e(wor k( nundat))
open(10,file="fort.10")
read( 10, *) work

endi f

call MPI _SCATTER(work, i ed-ist+1, MPl _| NTEGER
+ idat(ist),ied-ist+1, MPl | NTECER, O,
+ MPI _COVWM WORLD, i err)

i f(nyrank. eq.0) deal | ocat e(wor k)

i sum=0

do i=ist,ied

isum = isum+ idat (i)
enddo

wite(6,*) nyrank,';partial sum= ,isum
cal | MPI_FINALI ZE(i err)

st op

end




000

i
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1/ O

etc3.f

include "mpif.h"
Integer,parameter :: numdat=100
integer: :buf(numdat)

call MPI_INIT(ierr)
call MP1_COMM_RANK(MP1_COMM_WORLD,myrank, ierr)
call MP1_COMM_SIZE(MP1_COMM_WORLD,nprocs, ierr)

1st=((numdat-1)/nprocs+1)*myrank+1
1ed=((numdat-1)/nprocs+1)*(myrank+1)
read(10+myrank,*) (buf(i),i=ist,ied)

1sum=0
do 1=ist,1ed

Isum = isum + buf(i)
enddo

write(6,*) myrank,";partial sum=",i1sum
call MPI1_FINALIZE(ierr)

stop

end




IVPI

- 1/ O
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etc4. f

i nclude 'npif.n'
par anet er (nundat =100)
| nt eger senddat a( nundat ), recvdat a( nundat )
call MPI _INIT(ierr)
cal | MPI _COVWM RANK( MPI _COVM WORLD, nyrank, ierr)
call MPI _COW SI ZE( MPI _COMM WORLD, nprocs,ierr)
I count =( nundat - 1)/ nprocs+1
do i =1,icount

senddat a(i count *nyr ank+i ) =i count * nyr ank+i
enddo
call MPlI _GATHER(senddat a(i count *nyr ank+1),

& i count, MPl | NTECGER, r ecvdat a,
& i count , MPl _| NTEGER, 0, MPI _COVM WORLD,
& lerr)

| f (nyrank. eq. 0)then
open(60,file="fort.60")
wite(60,'(1018)') recvdata

endi f

call MPI _FI NALI ZE(i err)

stop

end MPI_GATHER 1.3.8




et ch. f

include "mpif.h"
Integer,parameter :: numdat=100
S integer :: buf(numdat)
L] S call MPI_INIT(ierr)
— call MP1_COMM_RANK(MP1_COMM_WORLD,myrank, ierr)
N call MP1_COMM_SIZE(MP1_COMM_WORLD,nprocs, ierr)
- S— 1st=((numdat-1)/nprocs+1)*myrank+1
— ied=((numdat-1)/nprocs+1)*(myrank+1)
. do I=ist,1ed
—— buf(i)=i
— enddo
write(60+myrank, " (1018) ") (buf(i),i=ist,ied)
-—>S call MPI_FINALIZE(ierr)
stop
end

- 1/ O
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91
9.2
9.3
94
9.5
9.6
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SX-ACE

SX-ACE

SX-ACE

NEC Ftrace Viewer
SX-GM



01

i CPU
0SX-ACE
oPC
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OpenMP




01

0SX-ACE
oPC

| smP

SMP

MPI
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9.2 SX-ACE

m SX-ACE
(login.hpc.cmc.osaka-u.ac.jp)
sxmpifo90 MP/

_pi

-R5

—ftrace

MP|

FORTRAN

fo0
FO0 f F

Page 65



9.3 SX-ACE

m MPIPROGINF
I MPI MPI

I MP| MPI_FINALIZE
MPI_COMM_WORLD(MPIUNIVERSE=0)

O MPI

| MPIPROGINF
®oNO ( )
®YES
®DETAIL
®ALL
®ALL_DETAIL
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MPIPROGINF
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DETAIL

n

S m X e 5TQ = 0O OO T QD

= O T O o

Global Data of 4 processes

Real Time (sec)

User Time (sec)

Sys Time (sec)

Vector Time (sec)

Inst. Count

V. Inst. Count

V. Element Count

V. Load Element Count

FLOP Count

MOPS

MFLOPS

A. V. Length

V. Op. Ratio (%)

Total Memory Size (MB)
Memory Size (MB)
Global Memory Size (MB)

MIPS

I-Cache (sec)

0-Cache (sec)

Bank Conflict Time
CPU Port Conf. (sec)

Memory Network Conf. (sec):

ADB Hit Element Ratio (%)

Min

0.023
0.005
0.003
0.003
1262086
133790
33639232
20154
400
5404.267
0.062
236.316
96.415
256.031
192.031
64.000
215.809
0.000
0.000

0.000
0.000
0.000

[U.R]

[0.3]
[0.3]
[0.2]
[0.3]
[0.3]
[0.3]
[0.3]
[0.3]
[0.1]
[0.1]
[0.1]
[0.1]
[0.1]
[0,0]
[0.0]
[0.0]
[0.1]
[0.3]
[0.3]

[0.3]
[0.3]
[0.0]

Max [U,R]

0.035 [0,0]
0.006 [0,1]
0.003 [0,0]
0.005 [0,1]
1393909 [0, 1]
142414 [0,1]
33677845 [0,0]
31174 [0,1]
431 [0,0]
7658.046 [0,3]
0.088 [0,3]
251.433 [0,3]
96.755 [0,3]
256.031 [0,0]
192.031 [0,0]
64.000 [0,0]
277.993 [0,3]
0.000 [0,0]
0.000 [0,1]

0.000 [0,1]
0.000 [0,1]
0.000 [0,0]

Average

0.
0.
0.
0.

029
006
003
004

1338062
139146
33654603
25584

6243.
0.
242.
96.
256.
192.
64.
238.
0.

0.

0.
0.
0.

408
678
073
001
560
031
031
000
589
000
000

000
000
000




MPIPROGINF

MOPS
MFLOPS

MIPS

CPU

CHWSQTOS3ITATTSQ@TOQ0 T

ADB
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MPICOMMINF

I MPI MP]
MP
| MPI_COMM_WORLD(MPI_UNIVERSE=0) O MPI
MPI_FINALIZE
| MPICOMMINF
®NO ( )
®YES

®ALL
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YES
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MP1 Communication

Real MPI Idle Time (sec) : 0.008
User MPI Idle Time (sec) : 0.006
Total real MPI Time (sec) : 0.305
Send count : 0
Recv count
Barrier count
Bcast count
Reduce count
Allreduce count
Scan count
Exscan count

Redscat count
Redscatblk count
Gather count
Gatherv count
Allgather count
Allgatherv count
Scatter count
Scatterv  count
Alltoall count
Alltoallv count
Alltoallw count
Number of bytes sent
Number of bytes recv
Put count

Get count
Accumulate count
Number of bytes put
Number of bytes got
Number of bytes accum

oNeololNeolololoelolololeolollelolollollolololo oo ol o]

Information:

[0,0]
[0,0]
[0,3]
[0,0]
[0,1]
[0,0]
[0,0]
[0,0]
[0,0]
[0,0]
[0,0]
[0,0]
[0,0]
[0,0]
[0,0]
[0,0]
[0,0]
[0,0]
[0,0]
[0,0]
[0,0]
[0,0]
[0,0]
[0,1]
[0,0]
[0,0]
[0,0]
[0,0]
[0,0]
[0,0]

0.192
0.192
0.366

11

w
o w

OO OO OO OO O0ODODOOOOOoOo

4400000000
13200000000
0

O OO oo

[0,3]
[0,3]
[0,0]
[0,1]
[0,0]
[0,0]
[0,0]
[0,0]
[0,0]
[0,0]
[0,0]
[0,0]
[0,0]
[0,0]
[0,0]
[0,0]
[0,0]
[0,0]
[0,0]
[0,0]
[0,0]
[0,0]
[0,1]
[0,0]
[0,0]
[0,0]
[0,0]
[0,0]
[0,0]
[0,0]

0.140
0.140
0.329

(e}

OO OO OO O0OODO0ODODO0ODODOOOO OO0

3300000000
3300000000
0

O OO oo




I MP]

I MP] MP] /
(mpisxf90 ) -npitrace -npiprof -ftrace
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MPISEPSELECT

O 1 stdout.$ID
® 2 stderr.$1D ( )
® 3 stdout.$ID stderr.$1D
O 4 std.$ID
®
/usr/lib/mpi/mpisep.sh
//#!/sbin/sh P PISED
ID=$MP IUNIVERSE : $MP IRANK
case ${MPISEPSELECT:-2} in
1) exec $* 1>> stdout.$ID .
2) exec $* 2>> stderr.$ID ;;
3) exec $* 1>> stdout.$ID 2>> stderr.$ID ;;
4) exec $* 1>> std.$ID 2>81 i
*) exec $* ;;
\_esac )
® npi sep. sh (=3 )

#PBS -v MPISEPSELECT=3
mpirun -np 4 /usr/lib/mpi/mpisep.sh a.out
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9.4 SX-ACE
°
]
]
ftrace.out (MPI
)
| ftrace (SX-ACE) sxftrace (front)

®sxftrace -f ftrace.out.™ -all

1 F FTRACE
{YESFMTOFMT1FMT2}
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ftrace

—ftrace

ftrace



ftrace

Execution Date : Fri Jan 9 16:20:54 2015( a)
Total CPU Time : 0:00709"011 (9.011 sec.)( D

(c) (d) (e) (f) (@) () (k (1) (M (n) (o) (p)

FREQUENCY EXCLUSIVE AVER.TIME MOPS  MFLOPS V.OP AVER. VECTOR I-CACHE 0-CACHE  BANK CONFLICT ADB HIT PROC.NAME
TIME[secl( % ) [msec] RATIO V.LEN TIME MISS MISS CPU PORT NETWORK  ELEM.%
1 9.011(100.0) 9010.675 5827.4 0.0 98.30 224.0 5.839 0.002 0.766 0.004 0.849 0.00 example3
1 9.011(100.0) 9010.675 5827.4 0.0 98.30 224.0 5.839 0.002 0.766 0.004 0.849 0.00 total

31 7.136( 79.2) 230.189 1991.3 .0 97.00 166.8 4.965 0.001 0.012 0.000 0.641 0.00 wait
93 0.000( 0.0) 0.005 235.5 .0 24.66 31.0 0.000 0.000 0.000 0.000 0.000 0.00 irecv

(a) (r) (s) (t) (u (V) (W (x)

o o
o o
N ©

ELAPSED COMM.TIME COMM.TIME  IDLE TIME |IDLE TIME AVER.LEN COUNT TOTAL LEN PROC.NAME
TIME[sec] [sec] / ELAPSED [sec] 7/ ELAPSED [byte] [byte]
9.049 8.179 0.904 0.024 0.003 381.5M 93 34.6G example3
7.136 7.136 1.000 0.024 0.003 381.5M 93 34.6G wait
0.001 0.000 0.835 0.000 0.000 0.0 0 0.0 irecv
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ftrace

a.
b. CPU
C.
d. EXCLUSIVE CPU ()

CPU
e. 1 CPU ( )
f.  MOPS
g. MFLOPS
h.
i
J- ()
k. ()
. ()
m. CPU ()
n. ()
0. ( ) *OTHERS*

total

p. ADB (%)
g. ()
r. MPI (MPI (r) )( )
s. (p)
t.  MPI )
u. ()
v. MPI (byte Kbyte Mbyte Gbyte Tbyte Pbyte)
w. MPI
X. MPI (byte Kbyte Mbyte Gbyte Thyte Pbyte)
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ftrace

I ~ftrace
—ftrace

O 10,000
O 200
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9.5 NEC Ftrace Viewer

i (ftrace)
o

o OpenMP MPI
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9.5 NEC Ftrace Viewer

! NEC Ftrace Viewer
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051 (X ) (Exceed

®Exceed
®

> “Open in Terminal”
®
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9.5.1 (X )

(Xming

)

®Xming

> - Xming - Xming

»>Windows

®TeralTerm
> . SSH -

> Xeyes
®

Windows

(X)

Xming

Xming
Xming

Page 80

OK




9.5.2 NEC Ftrace Viewer

lGul
.“fV”
®Xmimg NEC Ftrace Viewer
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9.5.3

I File ftrace.out
®QOpen File
. ftrace.out ftrace.out.n.nn 1
®QOpen Directory
. ftrace.out ftrace.out.n.nn

ftrace.out ftrace.out.n.nn
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9.5.3

i /SMP

®ftrace.out
» File — Open File

>

Page 83

(1/2)

ftrace.out

OK



9.5.3

i ISMP (2/2)

oGUI (4SMP )
»“Process Breakdown Chart”

ER—
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9.5.3

| MPI (1/2)
eftrace.out.n.nn

» File — Open File
OK

v MPI
v 1
ftrace.out.n.nn

>
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ftrace.out

ftrace.out.n.nn

ISMP

@



9.5.3

| MPI (2/2)
oGUI (16MPI )
»  “MPIl Communication Chart”

P

= ELAPSED TIME

=

MPI "ELAPSED TIME”
+ "ELAPSED
TIME”
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9.6 SX-GM

(Global Memory)

& Fortran
®-gmalloc

—allocatble GM
¢C

O®MPI_Alloc_mem
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LM

______________________________________________________________________

~~~~~~~~

LM local Memory GM:global memory
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GM

______________________________________________________________________

LM local Memory GM:global memory
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I MPI

" implicit real(8)(a-h,0-2) sanpl e6. f

parameter ( n=12000 )
real(8) a(n,n),b(n,n),c(n,n)
real(4) etime,cpl(2),cp2(2),t1,t2,t3
doj=1,n
doi=1,n
a(i,j) = 0.0d0
b(i,j) = n+1-max(i,j)
c(i,)) = n+1-max(i,j)
enddo
enddo
write(6,50) ' Matrix Size =',n
50 format(1x,a,i5)
tl=etime(cpl)
doj=1,n
do k=1,n
doi=1,n
a(i,j)=a(i.,j)+b(i,k)*c(k,j)
end do
end do
end do
t2=etime(cp2)
t3=cp2(1)-cpl(1)
write(6,60) ' Execution Time = "t2," sec'," A(n,n) = ",a(n,n)
60 format(1x,a,f10.3,a,1x,a,d24.15)
stop

end
\
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Web
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comm
MPI_COMM_WORLD
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I MPI
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FORTRAN

/finclude "mpi f. h'

par anet er ( nundat =100)

call MPI _INIT(ierr)

call MPI _COWM RANK( MPI _COWM WORLD, nyrank,
call MPI _COW SI ZE( MPI _COVM WORLD, nprocs,
| st=((nundat-1)/nprocs+1) *nyrank+1

| ed=( (nundat-1)/nprocs+1) *( nyrank+1)

| sunml=0
do i=ist,ied

I suml=i sunil+i
enddo

& 0, MPI _COMM WORLD, i err)
i f (nmyrank.eq.0) wite(6,*)' sune',isum
call MPI _FI NALI ZE(i err)
st op

end
\

et c6. f

lerr)
lerr)

call MPI _REDUCE(i sunidl,isum 1, MPl | NTEGER, MPI _SUM
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/:% ncl ude <stdi o. h>

{

#i ncl ude "npi.h"
int main( int argc, char* argv[] )

i nt nundat =100;

i nt myrank, nprocs;

int i,ist,ied,isuml,isum

MPI Init( &argc, &argv );

MPI _Comm si ze( MPI _COMM WORLD, &nprocs);

MPI _Comm r ank( MPI _COMM WORLD, &nyr ank);

| st=((nundat-1)/ nprocs+1) *nyrank+1;

| ed=((nundat-1)/nprocs+1) *(nyrank+1);

| sunl=0;

for(i=ist;i<ied+l;i++) isunl += i;

MPlI Reduce( & sunil, & sum 1, MPl _| NT, MPlI _SUM
0, MPI _COVWM WORLD) ;

I f (myrank==0) printf("isunm=%¥n",isun;

MPI _Finalize();

etc’/.c




D

| nclude 'npif.n' ..FORTRAN
#i ncl ude "npi . h" ..C

o MPI

o MPI MPI_ XXX

[

mpif.h \

INTEGER MP1_LOR, MPI_BOR, MPI_LXOR, MPI_BXOR,
INTEGER MP1_MAXLOC, MPI_REPLACE

PARAMETER (MPI_MAX = 100)
PARAMETER (MPI_MIN = 101)
PARAMETER (MPI1_SUM = 102)

- /
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MPI_INIT

}

o MPI

. Z-

Page 98

) 0.

lerr

MP]

FORTRAN

| nteger ierr
CALL MPI _INIT

lerr)

int MPl Init (int *argc,

char ***argv)

MPI

Pl_SUCCESS

MPI
MPI




MPI_FINALIZE MP]

o MPI
° lerr FORTRAN

| nt eger ierr

CALL MPI _FI NALI ZE(i err)

Int MPl _Finalize (void)
[

o MPI_ABORT

° MPI
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4

MPI_ABORT MPI

e MPI

0 0 U

Page 100

| nteger conm errcode, ierr
CALL MPI _ABORT(comm errcode,

lerr)

int MPI _Abort (MPlI _Comm comm

| nt errcode)

comm handle | IN

errcode IN

MPI_COMM_WORLD




U 0.0

MPI_ COMM SIZE MPI

| nt eger conm nprocs,
CALL MPI _COW SI ZE comm nprocs,

lerr

lerr)

int MPI _Comm size (MPI _Comm conm int *nprocs)

comm

handle

nprocs

OuT

e comm MPI_ COMM_WORLD
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U0 0.0

Page 102

MPI_ COMM_RANK

| nteger conm nyr ank,
CALL MPI _COW RANK(comm nyr ank,

i err

lerr)

int MPI _Comm rank(MPI _Conmm conm

I nt *myrank)

comm handle |IN
myrank OuUT
0 nproc-1

nprocs MPI_COMM_SIZE




!

100

myr ank=0
nprocs=4

nproc
myr ank=1 myr ank=2 nmyr ank=3
nprocs=4 nprocs=4 nprocs=4
st = ((100-1)/nprocs+1l)*nmyrank+1
led = ((100-1)/nprocs+1)*(nmyrank+1)

i st

i ed

1
((100-1)/ 4
25

((100- 1)/ 4+1) *0+1

|

Page 103

I st

i ed

((100-1)/4+1)*1+1 |
((100-1)/4+1)*2+1 |

26

((100-1)/

50

I st

I ed

51
((100- 1)/
75

i st

i ed

((100-1)/4+1) *3+1
76
((100-1)/4+1)*(3+1)
100
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//rateger a(100), i sum
open(10,file="fort. 10")
read(10,*) a
| sum=0
do i =1, 100

| sunmel sumra( i)
enddo
wite(6,*) ‘SUM=', 1 sum

st op

\end

(etc8.f)
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-

filedata II

-

l

/—

dat aar ea <

-




MP]

et cO. f

//’ include "mpif.h"
parameter(numdat=100)
integer status(MPI_STATUS_SIZE),senddata(numdat),recvdata(numdat)
integer source,dest,tag
call MPI_INIT(ierr)
call MP1_COMM_RANK(MP1_COMM_WORLD,myrank, ierr)
call MP1_COMM_SIZE(MP1_COMM_WORLD,nprocs, ierr)
icount=(numdat-1)/nprocs+1
if(myrank.eq.0)then

open(10,file="fort.10")

read(10,*) senddata

do 1=1,nprocs-1

dest=i
tag=myrank
call MP1_SEND(senddata(icount*i+l),icount,MPI_INTEGER,
& dest,tag,MP1_COMM_WORLD, ierr)
enddo
recvdata=senddata
else
source=0
tag=source
call MP1_RECV(recvdata(icount*myrank+1), icount,MP1_INTEGER,
& source,tag,MP1_COMM_WORLD,status, ierr)
endif
isum=0

do i1=1,icount
isum=isum+recvdata(icount*myrank+i)

enddo

call MPI_FINALIZE(ierr)

write(6,*) myrank,":SUM= ", isum

stop ; end
Page 1%1




MPI_SEND

o (data) datatype count
(tag) comm dest

&
datatype

(data) ﬁ‘
count |
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MPI_SEND

D

data(*)

| nt eger count, dat at ype, dest,tag, commierr
CALL MPI _SEND dat a, count, dat at ype, dest, tag, commierr)

int MP1_Send (void* data, int count,MPl_Datatype datatype,

int dest,int tag,MPI_Comm comm)

D

data IN
count IN (0 )
datatype | handle |IN
dest IN
tag IN
comm handle |IN
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MPI_SEND

D
I (count)
| datatype
I
I
| MPI_SEND MPI_IRECV MPI_RECV
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MPI FORTRAN
WP FORTRAN
MPI _I NTEGER | NTEGER
MPI _| NTEGER2 | NTEGER* 2
MPI _| NTEGER4 | NTEGER* 4
MPl _REAL REAL
MPl _REAL4 REAL* 4
MPl _REAL8 REAL* 8

MPI _DOUBLE_PRECI S| ON
MPI _REAL16

MPI _QUADRUPLE_PRECI SI ON
MPI _ COVPLEX

MPI _COVPLEXS

MPI _COMVPLEX16

MPI _DOUBLE_COVPLEX
MPI _COMPLEX32

MPI _LOG CAL

MPI _LOG CAL1

MPI _LOG CAL4

MPI _CHARACTER

DOUBLE PRECI SI ON
REAL* 16
QUADRUPLE PRECI S| ON
COVPLEX
COVPLEX* 8
COVPLEX* 16
DOUBLE COMPLEX
COVPLEX* 32

LOGE CAL

LOG CAL* 1

LOQ CAL* 4
CHARACTER



MP]

Page 112

MPI C

MPI CHAR char

VPl SHORT short

VPl | NT | nt

MPlI  LONG | ong

MPI  LONG _LONG | ong | ong
MPI LONG LONG | NT | ong | ong

MPI _UNSI GNED_CHAR
MPI _UNSI GNED_SHORT
MPI _UNSI GNED | NT
MPI _UNSI GNED_LONG
MPI _FLOAT

MPI _DOUBLE

MPI _LONG DOUBLE

unsi gned char
unsi gned short
unsi gned i nt
unsi gned | ong
fl oat

doubl e

| ong doubl e
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MPI RECV

source

comm
datatype
(data)

source
count (tag)
tag ) (data)
count
&
datatype

y




MPI RECV

DO

D

dat a(*)
| nt eger count, datatype, source, tag, comm
status(MPl _STATUS SI ZE), ierr
CALL MPI _RECV(dat a, count, dat at ype, source, t ag,
comm status,ierr)

int MPI _Recv (void* data, int count, MPl Datatype
dat atype, int source, int tag, MPI _Conmm conm
MPlI St atus *status)

data OuT

count IN 0

datatype |handle |IN

source IN
tag IN
comm handle |IN

status status OuUT
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MPI RECV

>
I
I

status

®FORTRAN
oC MPI_Status
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MPI_STATUS_SIZE



e MPI_SEND,MPI_RECV
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MPI_SEND

{}

®

MPI_RECV
{}

MP|
i <




MPI_ISEND

o (data) datatype count
(tag) comm dest

(data)

count
&
datatype
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MPI_ISEND

dat a( *)

<:::::> | nt eger count, dat at ype, dest, tag, comm request,ierr

CALL MPI | SEND( dat a, count , dat at ype, dest, t ag,

conm request,ierr)

D

int MPI _|Isend (void* data, int count,

MPI _Dat at ype datatype, int dest, int tag,
MPI _Comm conm MPI _Request *request)

data IN

count IN 0
datatype |handle |IN

dest IN

tag IN

comm handle |IN

request handle |OUT
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MPI_ISEND

] (count)

| datatype MPI_SEND

| request MPI_WAIT

| MPI_WAIT MP]_WAITALL

data

| MPI_ISEND MPI_IRECV MPI_RECV

] MPI_WAIT MPI_WAITALL
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o comm source
datatype count (tag)
(data)

datatype

| (gata

&
Comn O—
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MPI_IRECV

DO

Page 121

dat a(*)
| nt eger count, dat at ype, source, tag, conm request,ierr
CALL MPI | RECV(dat a, count, dat at ype, source, t ag,
comm request,ierr)

int MPl Irecv (void* data, int count, Ml _Datatype
dat atype, int source, int tag, MPI _Conm comm
MPlI Request *request)

data OuT

count IN (O
datatype | handle | IN

source IN

tag IN

comm handle | IN

request |status |OUT




MPI_IRECV

N

| datatype MPI_SEND

Page 122

| request

| MPI_WAIT
data

| MPI_ISEND
MPI_IRECV

(count)

MPI_ANY TAG

MPI_WAITALL
MPI_SEND

MPI_WAIT MPIl_WAITALL

MPI_WAIT



e MPI ISEND,MPI_IRECV

MPI_ISEND l E | MPLIRECV
MPI WAIT | MPI ; MPI MPI_WAIT
e . e
¢ ; ]
= : ==
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00 0.0

MPI_WAIT

| nt eger request, s
CALL MPI _WAI T(request, status, ierr)

tat us(MPlI _STATUS SI ZE), ierr

int MPI _Wait (Ml _Request *request, MPI_Status *status)

request |handle |[INOUT
status status | out
e request MPI_ISEND MPI_IRECV
request
e sStatus FORTRAN MPI_STATUS_ SIZE C

Page 124

MPI|_Status




MPI_WAITALL

Ql
DO

cal |

| nt eger count, array_of requests(count),

array_of status(MPl _STATUS SIZE, *), ierr
MPI WAl TALL(count, array_of requests,
array_of status,ierr)

I nt

MPI _Waitall(int count,

MPI Request *array_ of requests,
MPI _Status *array_ of status)

D

count

array of requests |handle | INOUT

(count)

array_of status status | OUT

(count)
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MPI_WAITALL

DO

| array_of_status  Fortran

(count,MPI_STATUS_ SIZE)
C MPI|_Status (count)

| array_of status array_of requests
request request
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MPI_SEND MPI_RECV
MPI_ISEND |MPI_IRECV | MPI_WAIT(ALL)
| MPI_SEND,MPI_ISEND
MPI_RECV,MPI_IRECV
(“I”  immediate )
| MP_ISEND MPI_IRECV  MPI_WAIT

MPIl_WAITALL
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include “"mpif.h"
parameter (numdat=100)
call MPI_INIT(uerr)

Isuml=0
do i1=ist,ied
Isuml=isuml+i
enddo

call MPI_FINALIZE(ierr)
stop
end

.

iIf(myrank.eq.0)write(6,*)"1sum=", isum

call MPI_COMM_RANK(MPI_COMM_WORLD,myrank,ierr)
call MPI_COMM_SIZE(MPI_COMM_WORLD,nprocs, ierr)
1st=((numdat-1)/nprocs+1)*myrank+1

1ed=((numdat-1)/nprocs+1)*(myrank+1)

call MPI_REDUCE(isuml,isum,1,MPI_INTEGER,MPI_SUM,
& 0,MP1_COMM_WORLD, ierr)

et cl10. f
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112 24 | 25 51 | 52 74 | 75
\ / G )
26 | 27 49 | 50 76 | 77 | ... [ 99 | 100
Isuml Y
. isuml
iIsum su )
0 Isum




MPI_ REDUCE

DO

o comm
(senddata) op
(root) (recvdata)

© oot

senddata

count &

datatype
op | %
recvdata. call MPI _REDUCE(senddat a, recvdat a, 3,
count & & MPI _| NTE(ER, MPI _I\/AX,

datatype & 0, MPI _COVM WORLD, i err)
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MPI_REDUCE

D

Page 131

senddata(*), recvdata(*)
| nt eger count, datatype, op, root, comm ierr
call MPI _REDUCE(senddata, recvdata, count, datatype, op,
root, comm ierr)

i nt MPlI _Reduce(voi d* senddata, void* recvdata, int count,

MPI _Dat at ype datatype, MPI _OQp op, int root,
MPI _Conm conm)

senddata IN
recvdata OuUT
(root

count IN

datatype handle | IN

op handle | IN

root IN root
comm handle | IN




MPI REDUCE

MPI_ MAX
MPI_MIN
MPI_SUM
MPI_ PROD
MPI MAXLOC
MPI_ MINLOC
MPI BAND
MPI BOR
MPI BXOR
MPI_LAND
MPI LOR
MPI LXOR
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1E+5 7 4 8 6

1E+5

-

dsum=a(1)+a(2)=1E5+0.00007E5

=1.0000E+5
a(3),a(4), a(b)
dsum 1. 0000E+5

dsum=dsum+a(6)

=1.0000E+5 + 1.0000E+5

/

dsuml=a(1)+a(2)=1E5+0.00007E5=1.0000E+5
dsuml+a(3)=1E5+0.00004E5=1.0000E+5
dsum2=a(4)+a(5)=8+6=14=0.00001E5
dsum2+a(6)=0.00001E5+1E5=1.0001E+5
dsum=dsuml+dsum2
=1.0000E+5 + 1.0001E+5

=2. 0001*E+5

=2 _.0000E+5 N
\M
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MPI-2 MPI_IN_PLACE
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MPI_ ALLREDUCE

(senddata) op
(recvdata)

Q comm
-

senddata

count &

datatype

op

recvdata

count &

datatype

cal | MPlI _ALLREDUCE( senddat a, recvdat a, 3, MPl _| NTEGER, MPI _ MAX,
& MPI _ COMM WORLD, i err)
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MPI_ALLREDUCE

D

senddata(*), recvdata(*)
integer count, datatype, op, comm, ierr
call MP1_ALLREDUCE(senddata, recvdata, count, datatype, op,
comm, 1err)

int MPI_Allreduce(void* senddata, void* recvdata, int count,
MP1_Datatype datatype, MPI _Op op, MPI_Comm comm)

D

senddata IN
recvdata ouT
count IN

datatype | handle | IN

op handle | IN

C_ Dlcomm  |handie |IN

MPI_REDUCE
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MPI BCAST

o (root) (data)
comm (data)

| root

data

count &
datatype I
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MPI_BCAST(

O dat a(*)

| nt eger count, dat at ype, root,commierr
call MPI _BCAST(dat a, count, dat at ype, root,commierr)

i nt MPI _Bcast(void* data, int count, MPI _Datatype
dat at ype, int root, MPI _Conm conm)

D

data INOUT

count IN

datatype | handle | IN

root IN

comm handle | IN

DO

data root
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etcll. f

N

include "mpif.h"
parameter (numdat=100)
integer isum_arry(10)
call MPI_INIT(ierr)

call MPI_COMM_RANK(MP1_COMM_WORLD,myrank, ierr)
call MPI_COMM_SIZE(MP1_COMM_WORLD,nprocs, ierr)
1st=((numdat-1)/nprocs+1)*myrank+1

1ed=((numdat-1)/nprocs+1)*(myrank+1)

1suml=0

do i1=i1st,ied
Isuml=i1suml+i

enddo

call MP1_GATHER(isuml, 1, MPI_INTEGER, isum_arry, 1,
& MPI_INTEGER, O, MPI_COMM_WORLD, ierr)

1f(myrank.eq.0) then
1sum=0
do i=1,nprocs

Isum=isum+isum_arry(1)

enddo
write(6,*)"isum=",isum

endif

call MPI_FINALIZE(ierr)

stop

end
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| suml

I sum

325

950

1575| |2200

Y y

:

325

950

1575

2200

A\

5050

lsumarry




2

O

senddata

sendcount
&
sendtype

MPI_ GATHER

comm
(root)

root

(senddata)
(recvdata)

l_l_l_l

A
recvdata

recvcount

&

recvtype = |
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v

&
&

call MP1_GATHER(senddata,3,MP1_INTEGER,
recvdata,3,MP1 INTEGER,
0,MP1_COMM_WORLD, 1err)




MPI_ GATHER

O

senddata(*), recvdata(*)
| nt eger sendcount, sendtype, recvcount, recvtype,
root, conm ierr
call MPI _GATHER(senddata, sendcount, sendtype,
recvdata, recvcount, recvtype,
root, comm ierr)

I nt MPlI _Gat her(voi d* senddata, iInt sendcount,
MPI _Dat at ype sendtype, voi d* recvarea,
I nt recvcount, MPI _Datatype recvtype,
I nt root, MPI_Comm comm
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MPI_ GATHER

D

senddata IN
sendcount IN

sendtype |handle |IN

recvdata OuT
recvcount IN

recvtype handle |IN

root IN root
comm handle |IN

DO
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...root




MPI GATHERV

D

° comm (senddata)
(root) (recvdata)

° (recvcnt) (displs)

senddata ﬁ

sendcount &

sendtype

recvdata
displs(0) recvcount(0)
displs(1) recvcount(0)
displs(2
'spls(2) recvcount(0)
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MPI GATHERV

D

senddat a(*), recvdata(?*)
| nt eger sendcount, sendtype, recvcount(*),
di spl s(*), recvtype,root, conm ierr
call MPI _GATHERV(senddata, sendcount, sendtype,
recvdata, recvcount, displs,
recvtype, root, comm ierr)

I nt MPlI _Gat herv(voi d* senddata, int sendcount,
MPI _Dat at ype sendtype, voi d* recvdata,
I nt *recvcount, int *displs,
MPI _Dat atype recvtype, int root,
MPI _Comm comm)
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MPI GATHERV

senddata IN

sendcount IN

sendtype |handle |IN

recvdata OuT

recvcount IN

displs IN recvdata
recvtype handle |IN

root IN root

comm handle |IN
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...root




MPI_ALLGATHER

D

° (comm) (senddata)
(recvdata)

Q 1.3.10 MPI_ALLGATHER

\ AN AN A

call MPI_ALLGATHER(senddata,3,MPl INTEGER,
& recvdata,3,MP1_INTEGER,
& 0,MP1_COMM_WORLD, ierr)
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MPI_ ALLGATHER

D

senddat a(*), recvdata(?*)
| nt eger sendcount, sendtype, recvcount, recvtype,
comm ierr
call MPI _ALLGATHER(senddata, sendcount, sendtype,
recvdata, recvcount, recvtype,

comm ierr)
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I nt MPlI _Al | gat her(voi d* senddata, Int sendcount,
MPI _Dat at ype sendtype, voi d* recvdata,
I nt recvcount, MPI _Datatype recvtype,
MPI _Comm comm)




MPI_ ALLGATHER

D

senddata IN

sendcount IN

sendtype handle |IN

recvdata OuT
recvcount IN
recvtype handle |IN
comm handle |IN

DO

MPI_GATHER
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MPI_ALLGATHERV

DO

° comm (senddata)
(recvdata)

o (recvcount) (displs)

senddata | root

sendcount &

sendtype
recvdata
displs(0) recvcount(0)
displs(1) recvcount(0)

displs(2) recvcount(0)
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MPI_ ALLGATHERV

DO

cal |

senddata(*), recvdata(*)

| nt eger sendcount, sendtype, recvcount(*), displs(*),

recvtype, conm ierr
MPI ALLGATHERV(senddat a, sendcount, sendtype,
recvdata, recvcount, displs,
recvtype, conm ierr)

I nt

MPI _Al | gat herv(voi d* senddata, int sendcount,
MPlI Dat at ype sendtype, void* recvdat a,
i nt *recvcount, int *displs,
MPlI _Dat at ype recvtype, MPI _Comm conm
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MPI_ ALLGATHERV

D

senddata IN

sendcount IN

sendtype |handle |IN

recvdata OuT

recvcount OouT

displs IN recvdata

)

recvtype |handle |IN

comm handle |IN
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//,include "npi f.h

call MPI _INIT(ierr)

I count =(100-1)/ nprocs+1

I f (myrank==0)t hen
open(10,file="fort.10")
read( 10, *)fil edata

| st =i count *nyr ank+1

| ed=i count *( nyrank+1)

do i=ist,ied

| suml=i suni+dat aar ea(i)

enddo

call MPI REDUCE(i sunl, isum 1,
& MPI _I NTEGER, MPI _SUM
& 0, MPI_COW WORLD, ierr)
I f (myrank==0)

& wite(6,*)' sune',isum
call MPI _FI NALI ZE(i err)
stop

Pa E'd

i nteger filedata(100), dataarea(100)

call MPI _COVW RANK( MPI _COVWM WORLD, nyrank, ierr)
call MPI _COW SI ZE( MPI _COVM WORLD, nprocs,ierr)

~

etcl2. f

end if

call MPI _SCATTER(filedata, icount, MPI | NTEGER,
& dat aar ea(i count *nyrank+1), icount, Ml | NTEGER,
& 0, MPI _COWM WORLD, i err)

I sunil=0

fil edata

dat aar ea




MPI_ SCATTER

(root) (senddata)
comm (recvdata)

-
-

senddata |

sendcount &

sendtype ﬁ

recvcount &

recvdata |

recvtype
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MPI_ SCATTER

D

senddat a(*), recvdata(*),
| nt eger sendcount, sendtype, recvcount, recvtype,
root, comm ierr
call MPI _SCATTER (senddata, sendcount, sendtype,
recvdata, recvcount, recvtype,
root, comm ierr)

Int MPl _Scatter(voi d* senddata, int sendcount,
MPI Dat at ype sendtype, void* recvdat a,
I nt recvcount, MPI _Datatype recvtype,
I nt root, MPI_Comm conmm
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MPI_ SCATTER

D

senddata IN
sendcount IN

sendtype |handle |IN

recvdata OuT
recvcount IN

recvtype |handle |IN

root IN root
comm handle |IN
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. root




MPI_SCATTERV

D

o (root) (senddata)
comm (recvdata)

o (sendcount) (displs)

D

senddata root

disp:S(O) sendcount(0)
displs(1) }sendcou nt(1)
displs(2)

}sendcount(Z)

recvdata I I ‘

recvcount &
recvtype
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MPI_SCATTERV

D

senddat a(*), recvdata(*)
| nt eger sendcount(*), displs(*), sendtype, recvcount,
recvtype, root, comm ierr
call MPlI _SCATTERV(senddata, sendcount, displs, sendtype,
recvdata, recvcount, recvtype, root,
comm ierr)

Int MPlI _Scatterv(void* senddata, int *sendcount,
Int *displs, MPI _Datatype sendtype,
voi d* recvdata, int recvcount,

MPI Dat at ype recvtype, int root,
MPI _Conmm comm)
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MPI_SCATTERV

D

senddata IN

sendcount IN

displs IN

senddata

sendtype handle IN

recvdata OuT

recvcount IN

recvtype handle IN

root IN root
comm handle IN
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. root




MPI_ ALLTOALL

DO

o comm
(senddata) (recvdata)
(]
senddata ,
011 | 021 | 031 111 | 121 | 131 211 | 221 | 231
sendcount & | [T 5 055 [ 032 112 | 122 | 132 212 | 222 | 232
sendtype
013 | 023 | 033 113 | 123 | 133 213 | 223 | 233
recvdata ,
011 | 111 | 211 021 | 121 | 221 031 | 131 | 231
recveount & | 705105 [ 210 022 | 122 | 222 032 | 132 | 232

recvtype

013 | 113 | 213 023 | 123 | 223 033 | 133 | 233
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MPI_ ALLTOALL

DO

cal |

senddata(*), recvdata(*)

| nt eger sendcount, sendtype, recvcount, recvtype,

comm ierr
MPI ALLTOALL(senddat a, sendcount, sendtype,
recvdata, recvcount, recvtype,

comm ierr)

int MPI _Alltoall (void* senddata, int sendcount,

MPI Dat at ype sendtype, void* recvdat a,
I nt recvcount, MPI _Datatype recvtype,
MPI _Comm comm)
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MPI_ ALLTOALL

D
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senddata IN
sendcount IN
sendtype |handle |IN
recvdata OouT
recvcount IN
recvtype |handle |IN
comm handle |IN




MPI_ALLTOALLV

© ° comm (senddata)
(recvdata)

D

senddata
sdispls(0) sendcount(0)
sdispls(1) sendcount(1)
sdispls(2)

sendcount(2)
ecvdata ﬁ
rdispls(0) recvcount(0)
rdispls(1) recvcount(1)

rdispls(2) recvcount(2)
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MPI_ALLTOALLV

D

cal |

senddat a(*), recvdata(*)

| nt eger sendcount (*), sdi spls(*), sendtype,

recvcount (*),rdispls(*), recvtype,
comm ierr
MPI ALLTOALLV(senddata, sendcount, sdispls, sendtype,
recvdata, recvcount, rdispls, recvtype,
conm ierr)

I nt

MPI _Alltoallv(void* senddata, int *sendcount,
i nt *sdispls, MPI _Datatype sendtype,
voi d* recvdata, int *recvcount,
int *rdispls, MPI _Datatype recvtype,
MPI _Conmm conm)
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MPI_ALLTOALLV

DO

senddata IN

sendcount IN ( )
sdispls IN senddata
sendtype handle IN

recvdata OouT

recvcount IN ( )
rdispls IN recvdata
recvtype handle IN

comm handle IN
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etcl3.f

i nclude 'npif.n'

par anet er ( nundat =100)

real *8 t1,t2,tt

call MPI _INIT(ierr)

cal | MPI _COVM RANK( MPI _COVM WORLD, nyr ank, i err)
call MPI _COW SI ZE( MPI _COWM WORLD, nprocs,ierr)
I st=((nundat-1)/nprocs+1)*nmyrank+1

| ed=((nundat- 1)/ nprocs+1)*(nmyrank+1)

cal |l MPI _BARRI ER( MPI _COVM WORLD, i err)

t 1=MPI _WI'l ME()

I sune0
do i =ist,ied
I SUNFI Sumki
enddo
call MPI _REDUCE(isumisunD, 1, MPl | NTEGER,
& MPI _SUM 0, MPI _COMM WORLD, i err)

call MPI _BARRI ER( MPI _COWM WORLD, i err)

t 2=MPl _WI'I ME()

tt=t2-t1

I f(nyrank.eq.0O)wite(6,*)' sun=" ,isunD,', time= tt
cal |l MPI _FI NALI ZE(i err)

st op

end




O
DO
DO
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MPI_WTIME

DOUBLE PRECESI ON MPI _WI'I ME ( )

double MPI _Wine (void)




MPI_BARRIER

(comm)

cal |

| nteger commierr
MPI _BARRI ER (comm ierr)

int MPI_Barrier (MPI_Conm conm

comm

handle

DO
D
DO
D

e MPI _BARRIER
MP|_BARRIER
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comm




1. FORTRAN

MPI
lerr

MPI 1

handle FORTRAN C

status FORTRAN MPI_STATUS SIZE

C MPI_Status
MPI

MPI_SUCCESS
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