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¢ 15 2 Moore’s Law
Cell e 1983 1GFLOPS 1996 1TFLOPS 2002 36 GFLOPS
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TS 40 TFLOPS
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& 2005 IBM BlueGene/L 367 TFLOPS
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Processor Type
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. 400
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¢ PC
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Parallel Array Computer System for Computational Sciences

Peak 14.34TF
Linpack 10.35TF

34 (2006/6)




HPCY =S F

CPU

CPU

wEm /

Network

}

CPU ,/ \\CPU

4 CPU

L 4 MPP  Massively

Parallel Processing)

*

17

HPCY &S S~

CPU

CPU

cpu/cpy ¢ CPU

CPU

18

HPCY @A S~

\cpulcpulcpulcry

CPU

CPU
(

N

Network

ENVA

!

G
et

19

HPC A e 5 e

(Message Passing)

(shared memory)

DSM on

20




HPCY @S S HPCY &=t S S

* for(i=0;i1<1000; i++)
~ MPI,PVM S += A[i]

*

= pthread, solaris thread, NT thread

— OpenMP
. annotation
= thread
— HPF
" annotation,
= distribution
4
" hint
& Fancy parallel programming languages ”
HPCY P87~ HPCY @S o
POSIX OpenMP
. L 4
_ . OK!
Pthread, Solaris thread
int s; /* global */ .
for(t=1;t<n_thd;t++){ ) ::t ﬁ thd; g*onﬁmber of threads */ #pragma omp parallel for reduction(+:s)
r=pthread_create(thd_main,t) int tﬁd_main(int id) for(i=0; i<1000;i++) s+= a[i];

{ int c,b,e,i,ss;
c=1000/n_thd;
b=c*id;
e=s+c;

}

thd_main(0);

for(t=1; t<n_thd;t++)
pthread_joinQ);

ss=0;

for(i=b; i<e; i++) ss += a[i];
pthread_lock();

S += ss;

pthread_unlock();

return s;
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OpenMP
* .
— SGI Cray Origin
- (Fortran/C/C++) directive " ASCI Blue Mountain System
— SUN Enterprise
— PC-based SMP
g ISV B
— Oct. 1997 Fortran ver.1.0 API
— Oct. 1998 C/C++ ver.1.0 API ¢
- OpenMP 3.0 = SGI Power Fortran/C
= SUN Impact
¢ URL = KAI/KAP
— http://www.openmp.org/ * OpenMP
25 26
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OpenMP OpenMP API
¢ .
- - directives/pragma
- 5% 95% (?)
= 500 — Fortran77, f90, C, C++
= Fortran !$OMP
* = C:#pragmaomp pragma
— small-scale( 16 medium-scale ( 64
4
= pthread OS-oriented, general-purpose
*
*
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OpenMP Parallel Region
. * (team)
¢ Fork-join l — Parallel
# parallel region fork] A - Parallel region team
- — region team
A [Call foo()| [Call foo()| [Call foo()| |Call foo()| .
#hraéha omp parallel ! le"F ! !
foo(); /* .B.. */ c Fortran: C:
1$OMP PARALLEL #pragma omp parallel
.. C.... D ‘ {
#pragma omp parallel . ... parallel region
..D... E ... Parallel region...
} 1$OMP END PARALLEL
.. E.. 3
29 30
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Work sharing For
¢ Team _ o For DO
— parallel region £ ical sh
_ for 2 or canonical shape
- #pragma omp for [clause...]
- sections for(var=lb; var logical-op ub; incr-expr)
. body
- single — var private
" — incr-expr
= ++var,var++,--var,var—-,var+=incr,var-=incr
— parallel — logical-op

= parallel for
= parallel sections

31

L}
- break
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.
Matvec(double a[],int row_start,int col_idx[], Lf%:] Iteration space
double x[],double y[],int n)
{ _ oL schedule(static,n)
int i,j,start,end; double t; B N N o B —
#pragma omp parallel for private(j,t,start,end)
Ffor(i=0; i<n;i++){ Schedule(static)
start=row_start[i]; [ I —
ingzgogtstart[|+1]; Schedule(dynamic,n)
J-Us ) ) L T s [ s
for(J=start;j<end;j++)
t += a[j1*x[col_idx[j1]1; Schedule(guided,n)
ylil=t; [ NN s
}
¥ 33 34
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Data scope Barrier
¢ parallel work sharing .
¢ shared (var_list) 3
* _rivate(var list - flush
P _list ) - work sharing nowait
— private
¢ Tirstprivate (var_list)
— private
¢ lastprivate (var_list) #pragma omp barrier
- private

¢ reduction (op:var_list)
— reduction
- private
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MPI

& MPI (Message Passing Interface)

HPCY ST~

for(i=0;i<1000; i++)

S += A[i
. [i]
- 100
¢
— Send/Receive
¢
— Reduce/Bcast
— Gather/Scatter .
HPCH P=rip S HPCY @A S

MPI

#include "mpi.h"
#include <stdio.h>
#define MY_TAG 100
double A[1000/N_PE];
int main( int argc, char *argv[])
{
int n, myid, numprocs, 1i;
double sum, X;
int namelen;
char processor_name[MPI_MAX_PROCESSOR_NAME];
MP1_Status status;

MPI_Init(&argc,&argv);

MPI_Comm_size(MPI1_COMM_WORLD, &numprocs);
MPI_Comm_rank(MP1_COMM_WORLD, &myid);
MPI_Get_processor_name(processor_name,&namelen);
fprintf(stderr,"Process %d on %s¥n", myid, processor_name);

39

MPI

sum = 0.0;
for (i = 0; 1 < 1000/N_PE; i++){
sum+ = A[i];

}

if(myid == 0){
for(i = 1; 1 < numprocs; i++){
MP1_Recv(&t,1,MPI_DOUBLE, i ,MY_TAG,MP1_COMM_WORLD, &status)
sum += t;
}
} else
MP1_Send(&t,1,MPI_DOUBLE,O,MY_TAG,MP1_COMM_WORLD) ;
/* MPI1_Reduce(&sum, &sum, 1, MPI_DOUBLE, MPI_SUM, O, MPI_COMM_\
MPI_Barrier(MPI_COMM_WORLD);

MPI_Finalize();
return O;

h 40
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- context
— MPI_COMM_WORLD

2
: Send/Recv
) MP1_Reduce(&sum, &sum, 1, MP1_DOUBLE,
MPI_SUM, O, MPI_COMM_WORLD);
. exit

MP1_Finalize();

43

¢ Send/Receive

MP1_Send(
void *send_data_buffer, //
int count, //
MPI_Datatype data_type, // 1)
int destination, //
int tag, //
MPI_Comm communicator //
)
MP1_Recv(
void *recv_data_buffer, //
int count, //
MP1_Datatype data_type, // (GED)
int source, //
int tag, //
MP1_Comm communicator, //
MPI_Status *status //

HPCY @—S5—
¢ MPICH .
. _ N_PE
% mpicc .. test.c .. )
_ MPI * main
. ¢ SPMD (single program/multiple data)
4
Mpirun —np <n_proc> a.out .. .
_ a.out — MPI_Init
— Mpich machine file -
_ MPI_Comm_size(MPI1_COMM_WORLD, &numprocs) ;
_ rank
=0
a MPI_Comm_rank(MP1_COMM_WORLD, &myid); 0
HPCY T=—rAfp S 7 HPCY =iy S
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OpenMP MPI Cpi
.
- MPI_INT MPI_DOUBLE ... *
— Binary MPI_BINARY byte ¢ MPICH 1y
¢ Source/destination rank) ] T= o 1 + 1{2 dt
_ send Recv ¢ OpenMP cpi-seq.c) '
- Recv MPI_ANY - 1
. MPI_COMM_WORLD . )
o Status ¢ MPIl (cpi-mpi.c)
. - n Bcast
_ - reduction
- recv send _
send
recv recv send 45 46
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MPI_Bcast(
MP1_Bcast(&n, 1, MPI_INT, O, MPI_COMM_WORLD); void *data_buffer, //
int count, //
h = 1.0 / (double) n; UP1Datatype datatpe, /7 D
sum = 0.0; MP1_Comm communicator //
)

for (i = myid + 1; 1 <= n; 1 += numprocs){
x = h * ((double)i - 0.5);

sum += f(X);

}

mypi = h * sum;

MP1_Reduce(&mypi, &pi, 1, MPI_DOUBLE,
MPI_SUM, O, MPI_COMM_WORLD);

47

=

source

48




HPCY Tt S F

MPI_Reduce(

void *partial_result, //
void *result, //
int count, //
MPI_Datatype data_type, //
MPI_Op operator, //
int destination, //
MP1_Comm communicator //

);

partial_result

D

2)

Bt
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OpenMP MPI
¢ Laplace

- 4
Old new

¢ OpenMP  lap.c
-3

laplace

update

resul = OpenMP
] — Parallel for
destination
¢ MPI
Result MPI_AlIReduce 49 50
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¢ Send/recv
L 4
- send/recv
>
Rank=n int MP1_Isend( void *buf, int count, MPI_Datatype datatype,
int dest, int tag, MPI_Comm comm, MPl_Request *request )
< |
: l int MP1_Ilrecv( void *buf, int count, MPI_Datatype datatype,
int source, int tag, MPI_Comm comm, MPI_Request *request )
Rank=n-1 Rank=n+1 l

«Sendrecv

51

int MPI_Wait ( MPI_Request
MP1_Status

*request,
*status)
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if(myid '= 0) /* recv from down */
MPI_lrecv(&uu[x_start-1][0],YSIZE,MPI_DOUBLE,myid-1, TA(
MPI_COMM_WORLD, &reql);
if(myid !'= (numprocs -1)) /* recv from up */ 'S
MPI_lrecv(&uu[x_end][0],YSI1ZE,MP1_DOUBLE,myid+1,TAG 2,
MPI_COMM_WORLD,&req2); .
- index
if(myid !'= 0) /* send to down */ —
MPI_Send(&u[x_start][0],YSI1ZE,MP1_DOUBLE,myid-1,TAG 2,
MPI_COMM_WORLD);
if(myid '= (numprocs-1)) /* send to up */ *
MPI_Send(&u[x_end-1][0],YSI1ZE,MP1_DOUBLE,myid+1,TAG 1,
MP1_COMM_WORLD); _
if(myid !'= 0) MPI_Wait(&reql,&statusl); -
if(mnyid '= (numprocs -1)) MPI_Wait(&reg2,&status?);
0 numprocs-1) 5 5
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* Van der Waals forces =Y iy (1)
_ j=0
L] ﬁ.I.J = "”,-.-r'. r-:J 2:"'_';.1 (2)
kKL,
_ vy < | (X = 236)(X —1024) (X < 104DLF)
Fi = 2Fi; F=ma o — J1X) 0 (X > 1024 & %)
V = v+aAt : F:_r = (round(x; — x;), round |y, -'.rl.:.Julel:.', i
p - p+VAt |: 5 |
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SMP

& PC-based SMP

& Middle scale Server
— ASCI Blue Mountain, O2K
— T2K Open Supercomputer

& vector supercomputer

— Hitachi SR11000
- SX-6,7, 8?

SMP)

HPCH ?—toSH—
MPl OpenMP

. MPI SMP

¢ MPI1+OpenMP
- MPI

SMP

¢ OpenMP+MPI
— OpenMP

— single master critical
= thread-Safe MPI

E MPI
OpenMP threadprivate

OpenMP
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\ / SMP
| SMP ¢ SMP
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L 2

2 OpenMP

2 MPI

- MPI




