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program examplel
include  “mpif.h’ I MPI
integer  status(MPI_STATUS SIZE),my_rank,p,source,dest,tag,ierr,data

------- MPI

cal MPI_Init(ierr)
cal MPI_Comm_rank(MPI_COMM_WORLD,my_rank,ierr)
cal MPI_Comm_size(MPI_COMM_WORLD,p,ierr)

data=0
tag =5
source= my_rank-1
if(source.eq.-1) source=p-1
dest =my_rank+1
if(dest.eq.p) dest=0
if(my_rank.eq.0) then
cal MPI_Send(data,1,MPI_INTEGER,dest,tag, MPI_COMM_WORLD,ierr)
call MPI_Recv(data, 1, MPI_INTEGER,source,tag, MPI_COMM_WORLD,status,ierr)
else
call MPI_Recv(data,1,MPI_INTEGER,source,tag, MPI_COMM_WORLD,status,ierr)
data=data+1
cal MPI_Send(data,1,MPI_INTEGER,dest,tag, MPI_COMM_WORLD,ierr)
endif

call MPI_Bcast(data,1,MPI_INTEGER,0,MPI_COMM_WORLD,jerr)

if(my_rank.eq.0) then
if(data.eg.p-1) then
print *,” Successful, data=" ,data
else
print *,”Failure, data=",data
endif
endif

cal MPI_Finaize(ierr)
end
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o . mpif77 -0 exam.e examplef

[ . mpirun-np 4 exam.e
o MPI 4
exam.e
MPI 0 1 2 3

Init()

Comm_rank() my rank=0 myrank=1 myrank=2 my_rank=3
Comm_size() p=4 p=4 p=4 p=4

tag=5,data=0 tag=5,data=0 tag=5,data=0 tag=>5,data=0

source=3 source=0 source=1 source=2
dest 1 delt 2 de|zst:3 dest=0
send() recv() re|cv() recv()
recv() \data:data+1
send()
datgzdata+1
send()
data=d;ta+1
send()
Broadcast() s‘en"aﬁ recv() recv() recv()
out[|3ut “data’

Finalize()
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3 MPI

o rank MPI_Comm_rank()

®

® (Communicator) 1)
2) MPI 3) MPI

MPI_COMM_WORLD MPI
MPI_Init() 4)
MPI_Comm_siz&() ( )

MPI ;

o data envelope

®

® FORTRAN C

INTEGER REAL DOUBLE PRECISION COMPLEX
LOGICAL CHARACTER MPI
MPI_INTEGER MPI_REAL
MPI_DOUBLE_PRECISION MPI_COMPLEX

MPI_LOGICAL MPI_CHARACTER ;
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® MPI . MPI
FORTRAN
MPI “
INTEGER”
® MPI handle MPI
MPI
MPI MPI_COMM_WORLD
FORTRAN MPI “
INTEGER”
[
33
3" 3
o “ mpirun —np  Xxx”

XXX
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o reaj(* ’*)

¢ write * *

4 MPI
® FORTAN
0
® C
C ierr=MPI _Comm_rank(myrank)
F MPI_Comm_rank(myrank,ierr)
5. MPI
[ ] man MPI_Xxxx
man MPlI_Comm_rank, man MPI_Send, man MPI_recv.
6. MPI
o MPI

man
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MPI

MPI :

Cal MPI_Init () -

MPI_COMM_WORLD

Cal MPI_Comm_rank ()

Cal MPI_Comm size()

MPI

Cal MPI_Findize ()

End
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MPI

point-to-point

o
® MPI
o
o
e
P —
e
. X
o
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INTEGER A INTEGER A

A=100 A=100
MPI_Send(A,1,....) MPI_lsend(A,1,...)
A=200 A=200

A=100 A=100  A=200

MPI_lIsend(A,L,...flag,...)
MPI_Wait(flag,...)
A=200

A=100 A=100
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®
MPI_Send buf count datatype dest tag comm ierr
Real*8 integer ... Dbuf
(Fortran,
integer count buf
integer datatype
integer dest
integer tag
integer comm
integer ierr
rea *8 a(100,100)
integer b(60,60)
C----- 50 “ a(5,20) : a(54,20)" 2

call MPI_Send( a(5,20),50,MPI_DOUBLE_PRECISION,2,

&
C----- 20

99999,MPI_COMM_WORLD,ierr )
“ b(20,40) : b(39,40)"

5

cal MPI_Send( b (20,40),20,MPI_DOUBLE_PRECISION,5,

&

99999,MPI_COMM_WORLD,iefr)
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MPI_Recv buf count datatype dest tag comm status, ierr

Red*8 integer ... buf
(Fortran,
integer count buf

integer datatype

integer dest

integer tag

integer comm

integer status(MPI_STATUS SIZE) : :

integer ierr

real *8 a(100,100)
integer b(60,60)
C----- 2 50 “ a(5,20) : a(54,20)"
call MPI_Recv( a (5,20),50,MPI_DOUBLE_PRECISION,2,
& 99999, MPI_COMM_WORLD,status,ierr )
C----- 5 20 “ b(20,40) : b(39,40)"
call MPI_Recv( b (20,40),20,MPI_DOUBLE_PRECISION,5,

& 99999,MPI_COMM_WORLD,status,ierr )
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Collective Communication

MPI

MPI_Barrier (comm , ierr)

>

+ : MPI_Bcast(buf,count,dtype,r oot

,comm,ierr)

root !
other

+ MPI_Gather(bufs,bufr,count,dtype,root,comm,ierr)

root

+ MPI_Allgather()
al
L
+ :MPI_Gatherv()

root
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+ :MPI_Allgatherv()

all [ |
All
+
+ :MPI_Scatter(bufs,bufr,count,dtype,root,comm,ierr) =
root
Al [I%:%I ]
+ : MPI_Scatterv()
root
All [&2%]]
+ . MPI_Alltoall()
All
All
+ : MPI_Alltoallv()
(global reduction)
+ : MPI_Reduce(sbuf,rbuf,count,dtype,@,root,
comm,ierr);

op : MPI_SUM, MPI_MIN, MPI_MAX,
MPI_PROD 12
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, 0

subroutine par_blasl(m,a,b,c,comm)

real  a(m),b(m) I local slice of array
real c ' result
real sum

integer m,comm,i,ierr

llocal sum
sum=0.0d0
do i=1,m
sum=sum-+a(i)*b(i)
enddo

I global sum

call MPI_Reduce(sum,c,1,MPI_REAL,MPI_SUM,0,

& comm,ierr)
+ . MPI_Allreduce(),

,  MPI_Reduce() ;
+ : MPI_Reduce_scatter(),

+ MPI_Scan()
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P i 100
A 100 | +1 mod P | -1
mod P 100 B 100
C 1 100 =A 1 100 +B 1 100
C 1 100
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MPI

MPI

MPI_INTEGER,MPI_REAL ,MPI_DOUBLE_PRECI
SION,MPI_CHARACTER

real a(1000)

a(5:9)

call MPI_Send(a(5), 5, MPI_ REAL,....)—— OK
a(5),a(7),a(9),a(11),a(13),a(15)

r

A

( call
call
call

\ call

\
doi=5, 15, 2

L enddo

cal MPI_Send(a(i),1,MPl_REAL,....) (~<=OK

MPI_Type vector(5,1,2,MPI_REAL ,newtype,ierr)
MPI_Type commit(newtype, ierr) <+—
MPI_Send(a(5), 1, newtype,....)

MPI_Type free(newtype,ierr) -

’
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MPI_Type Commit() MPI

MPI_Type freg()

[
®
[ 3*3 9
Cartesion 1, @i-1,),
(i+1)), (1,j-1), (1,j+1)
0 1 2
0,0 , 0,2
3 5
1,0 1,2
0 1 2
2,0 2,1 2,2
/O
[ /

® MPICH 1.2
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MPI 2

Dirichlet

~

-Du(x)=f(x) xI W=(0,1)

u(0)=0.0, u(1)=0.0, f(x)=4.0
,Jacobi

nproc=4, n =21, ns = (n-1)/nproc+1 =6

0 1 2 3 ;
1 FJ I . . - | I I O | I:
0 0.5 1

program example
implicit real*8 (a-h,0-2)
include “mpif.h”
parameter ( n = 21, nproc = 4, ns = (n-1)/nproc+1)
parameter ( errtol=1.e-4,nitmax=100)
dimension u(ns), f(ns), solution(ns),uold(0:ns)
I 'u(0) . left dummy grid point
I'u(nstl) : right dummy grid point
integer  status(MPI_STATUS_SIZE),size

enter into MPI

cal MPI_Init(ierr)
cal MPI_Comm_rank(MPI_COMM_WORLD,myrank,ierr)

cal MPI_Comm_sizeMPI_COMM_WORLD,size,ierr)

if(size.ne.nproc) then
print *,”+++ errors for number of process distributions +++”

goto 888
endif

assign initial values
1.0d0/(n1) I discrete step size

h =
xst = myrank*(ns-1)*h I start x-coordinate of local domain
nlocal=ns-1 I local number of grid point
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ist=1
if(myrank.eq.0) ist=ist+1
do i=1,ns
f(1)=4.0d0
u(i)=0.0d0
uold(i)=0.0d0
xauxi=xst+(i-1)*h
solution(i)=-2*xauxi* (xauxi-1.0d0)
enddo
u(0)=0.0d0

nlp=myrank-1 I left process
nrp=myrank+1 I right process
if(nlp.1t.0) nip=MPI_PROC_NULL
if(nrp.gt.nproc-1) nrp=MPI_PROC_NULL
I null process, null communication operation

(@]

Jacobi iterating
nit =0 I current iterations

10 continue
c swapping dummy elements along pseudo-boundary
call MPI_Send(juold(1),1,MPI_DOUBLE_PRECISION,
& nip,nit, MPI_COMM_WORLD,ierr)
call MPI_Send(juold(nlocal),1, MPI_DOUBLE_PRECISION,
& nrp,nit, MPI_COMM_WORLD,ierr)
call MPI_Recv(|uold(nlocal+1),1,MPI_DOUBLE_PRECISION,
& nrp,nit, MPI_COMM_WORLD,status,ierr)
call MPI_Recv(|uold(0),1, MPI_DOUBLE_PRECISION,
& nlp,nit, MPI_COMM_WORLD,status, ierr)

c iterating and convergenc checking
error=0.0d0
do i=ist,nlocal
u(i)=(h*h*f(i)+uold(i-1)+uold(i+1))/2
xauxi= dabs(u(i)-solution(i))
if (dabs(xauxi).gt.error)  error=xauxi
enddo

C maximum error
call MPI_Allreduce(error,xauxi,1,MPl_DOUBLE PRECISION,MPI_MAX,
& MPI_COMM_WORLD,ierr)
error=xauxi
if(error.gt.errtol) then
do i=ist,nlocal
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uold(i)=u(i)

enddo

if(nit.It.nitmax) then
nit=nit+1
if(myrank.eg.0) print *,"nit=",nit," error=",error
goto 10

endif

endif

if(myrank.eq.0) then
if(nit.le.nitmax.and.error.le.errtol) then
write(*,100) nit
100 format(1x, “Successfully touch the exact solution after nit =7,
& i4," iterations”)
ese
write(*,200) nit
200 format(1x, “Fail to touch the exact solution after nit =",
& i4,“ iterations”)
endif
endif
o
888 call MPI_Finaize(ierr)
o
end

LINUX . mpif77—0oexam.e examplef

mpirun -np 4 exam.e
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® V10—V12

® V12— V20

MPI

3
OpenMP
[
0| — 1 S
| | [
o [ o =
® MPI  OpenMP
> “ SVIP "+
SMP MPI
OpenMP
OpenMP
> MPI  OpenMP
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NERSC ODE2000 90
20
Argonal PETSc
Parallel Extensible Tooltiks for Scientific Computing
LLNL NS ASCI
Red 3072 95% 25%

SC' 99 Gondar B4l

MPI ;
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