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VFr—RVVOE

[ Lewis Fry Richardson(1881-1953, #X

FE. [IRFEE)
| BN sesmornaRs

) =1 RiHRABRDT— & A A L.
6 BSRI1E & T8

s Y

“64000 ADEEEEZBRKR—ILICED, BEHICRRVWEBAREEEETAE

EROXRFEDOELERALCOVDRI TFRITA S, "
Richardson, L.F. : Weather Prediction by Numerical Process, University Press, 1922.

=) LHHEOEKER |

| OV E1—5DRFE
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| John von Neumann (1903-1957, %22 )

von Neumann architecture ;

CPU(FRIUEREE ) & 7 NL AT IhREREE. ThH%E D% < Bus THEHRIN 2,
= RREBEIREINALTOISL%ERTT S (Stored-program computer)

— First Draft of a Report on the EDVAC, 1945 --

* [BTOEFEMLEE] O Dr. Strangelove DETFILO—AEEDN TS,

ENIAC(Electronic Numerical Integrator and Computer), 1946

- HRMOEFAAI E2L—F

- BEEEABMICLTWS A, Ty Y UETEO Neumann A Z DFTE#ISE<ED S
- John W. Mauchly, John P. Eckert IZ & Y %

-EDVAC ~B| X fgh'h 3
- EEE=MA 7

e




| OVE1—4% DORRE

[ UNIVAC I (UNIVersal Automatic Computer), 1950
- John W. Mauchly, John P. Eckert (Z & Y F%
- HHRFYOmAIYEL—4
- EEEOABULENIAC D 35D 152E
- WS T —THEHE
- 7R75 LREAR

IBM 1401, 1959
- NS YUY R ERER
-EBEHY MY T

- FORTRAN II, COBOL ...

LI, 42070y YOERA

| OvEa1—49 DR
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HEXATYBWHETE
HIHEL
JL— 7%%%?6 itk =E1b
A= /7#§%(—%®aiﬂmﬂ%)
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A EYBREDHIRIEI AL

Node0

nsum = 0 | _memory |
I$OMP parallel do private(n) shared(node,nn) & | |
1$0MP reduction(+:nsum)

do n =1, node Core0| [Core1

nsum = nsum + nn(n)

enddo

I$OMP end parallel do don=1,5 do n=5,10

(ﬂM@m@ﬁﬂ “DAEYRT I ER
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| MBEH R E

DEX T BIHEFE

«EEELE (CPU/Core) B X DAENICT IR

T ERETEBIEICLYERE

TOTZIVINLEN#L VN (£2AEHTIE)

.7__\\_ 4 %ﬁ@ggﬁl\% (%Eﬁkﬁ%])
AEYBENHIEIND

nsum = 0
do n =1, node

nsum = nsum + nn(n)
enddo

mpi_allreduce(nsum, nsumr, 1, mpi_integer, &

mpi_sum,mpi_comm world, ierr)
nsum = nsumr

Serial 5t&
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| nsum = 0
do n =1, node
nsum = nsum + nn(n)
enddo
CNO
Memory

node nsumD

m0‘12 3 4 5 6 7 8 9 10

Core0

nsum = nn(1)+nn(2)+nn(3)+nn(4)+nn(5)
+ nn(6)+nn(7)+nn(8)+nn(9)+nn(10)
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| 45 X £ 1) WFIEHE

| nsum = 0

do n =1, node
nsum = nsum + nn(n)
enddo
I$OMP end parallel do

I$OMP parallel do private(n) shared(node, nn) reduction(+:nsum)

CNO

Memory

node nsum| -

mU|12 3 4 5 6 7 8 9 10

o] nsum| ]

Core0

reduction(+)

Core1

nsum + nsum

nsum = nn(1)+nn(2)+nn(3)+nn(4)+nn(5)

nsum = nn(6)+nn(7)+nn(8)+nn(9)+nn(10)

| DX E WIEHE
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| nsum

nsum = nsumr

=0
do n =1, node
nsum = nsum + nn(n)
enddo

mpi_allreduce(nsum, nsumr, 1, mpi integer, mpi sum, mpi comm world, ierr)

CNO

CN1

Memory

node nsuml:l

m0\12 3 45\

Core0

Memory

node nsuml:l

nMW6 7 8 91ﬂ

Core1

nsum = nn(1)+nn(2)+nn(3)+nn(4)+nn(5)

nsum = nn(1)+nn(2)+nn(3)+nn(4)+nn(5)

nsumr = nsum + nsum
(mpi_allreduce)
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| What is OpenMP ?

OpenMP is a set of compile directives and callable runtime library routines that extend
that Fortran (and other languages) to express shared memory parallelization.

1) http://www.openmp.org/

| Why should we use OpenMP ?

Hello world (single) Hello world (OMP)
program hello world program hello world omp
integer :: mythread integer :: mythread
mythread = 0 mythread = 0 .
write(6,%) mythread, ‘Hello World’ I$0MP parallel private( mythread )

end program hello world I$ mythread = omp_get thread num()
- wirte(6,*) mythread, ‘Hello World’
1$OMP end parallel
end program hello world omp

| Merit

= Easy to parallelize (for simple loop!)
MPI programming require the change over the entire your code.
MPI programming require the data partitioning. (for the specified parallelization)

RBER

University of Trukuba

Hello world (single) Hello world (OMP)
program hello world program hello world omp
integer :: mythread integer :: mythread
mythread = 0 mythread = 0

write(6,%*) mythread, ‘Hello World’

I$OMP parallel private( mythread )
end program hello world

I1$ mythread = omp get thread num()
wirte(6,*) mythread, ‘Hello World’
I$OMP end parallel

end program hello world omp

PBERF

University of Tukuba

I Why should we use OpenMP ?
Merit

- Easy to parallelize (for simple loop!)

MPI programming require the change over the entire your code.

MPI programming require the data partitioning. (for the specified parallelization)
= Easy to construct the OpenMP environment.

Can you do the clustering for some computers and setting up the MPI library?

Shared memory parallel computing needs:
e Multi Core/CPU Computer

=) If you buy the computer now, it have the dual or quad core CPU(s).

Opteron

Core2 Core 2

Duo Quad

2006.11. Intel started to sell the “first” Quad core CPU (codename:Clovertown)
2007. 9. AMD started to sell the “native” Quad core CPU (codename:Barcelona)

*OpenMP library
=—> The major compiler (intel, PGl and NAG?) has had the OpenMP opti{)n.

Sk |

University of Tiukuba

| Parallerization using OpenMP

| The rules of OpenMP

ISoMP OO0 XXX : OpenMP directive

1§ O = X% A
! OXA

It is done only OpenMP

: Comments

program hello world omp
integer :: mythread
mythread = 0
1$OMP parallel private( mythread )
1$ mythread = omp get thread num()
wirte(6, %) mythread, ‘Hello World’
I$OMP end parallel

end program hello world omp

/ Parallel Construct (start)

__~OMP Function
(to get the my thread number )

— Parallel Construct (end)

Sk |
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| OpenMP sample program | Outline of Running on OpenMP
l program welcome to parallel world omp l / Master thread
integer :: mythread program welcome to parallel world omp
mythread = 0 integer 1 mythread
write(6,*) mythread, ‘Hello Parallel World’ w);ite(ﬁ,*; mythread, ‘Hello Parallel World’ | [Write(6,*) ‘Hello Parallel World’
I$OMP parallel private( mythread ) , \
1$ mythread = omp get thread num() A\ A\
write(6,*) mythread, ‘Parallel Computing’ ('0\\\9\) ('0“\9\)
I$OMP end parallel \é NG
Write(G,*) mythread, ‘Good—by’ =$0MP parallel private( mythread ) ‘?,o(a \*‘?3(
end program welcome to parallel world omp e Tele ) mythraag haretial Computing’ ‘ G
I$OMP end parallel
@ Run with 4 threads
Thead?2 Thre
0 Hello Parallel World
0 Parallel Computing
1 Parallel Computing
2 Parallel Computing write(6,*) mythread, ‘Good-by’ Slave threads
3 Parallel Computing end program welcome_to parallel world omp
0 Good-by write(6,*) ‘Good-by’
sk | Sk |
University of Tukuba University of Tukuba
| Parallel and Worksharing Construct | Parallel and Worksharing Construct
2. Worksharing construct
g 2. Worksharing construct 3.Unitted Worksharing construct
I$OMP parallel Direction to do worksharing in Parallel Construct
I$OMP do L
doi=1,n * do directions 1$0MP parallel I$OMP parallel do
________ - single directions I$0MP do doi=1 n
enddo - workshare directions doi=1,n | |
I$OMP enddo | L e enddo
I$0MP end parallel enddo I$OMP end parallel do
1$OMP enddo m=n* 2
m=n*2 I$OMP parallel do
. . I$OMP do do j =1, m
3.Unitted Worksharing construct Same | doj=1,m | |
........ enddo
'$0MP parallel do enddo '$OMP end parallel do
doi=1,n I'$OMP enddo
"""" I$OMP end parallel
enddo
1$OMP end parallel do
Sk | p—
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| OMP Running of Do Loop

program plus

integer :: n, i
integer :: a(10), b(10)
don=1, 10

a(n) =n
enddo

1$OMP parallel do private(n,i) shared(a, b)

do n

1
b(n) = a(n) + 1i
enddo

1$0MP end parallel do

end program plus

don=1, 10

enddo

don=1,5 don=26, 10
enddo enddo

:
Sk | V Sk
University of Toukuba University of Tukuba

| Attribute of variables

| 1. Shared and Private variables

Variables it can be accessed form each threads

Shared
Private Independent variables in each threads
b() a()
i n
L |

b(5) = b(5) + i 5

b(6) = a(6) + i 6 i I:l

b(10) = b(10) + i 10

U

| You can not parallelize easily 1

don=2, 10

x(n) = x(n) + x(n-1)
enddo
X()

x(2) = x(2) + x(1)

x(5) + x(4)

x

—

(9]
Il

x(6) = x(6) + x(5)

x(10) = x(10) + x(9)

Sk |
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| You can not parallerize (easily) 2

don=1, 10
x(index(n)) = x(index(n)) + a
enddo

x()

x(index (1)) = x(index(1l)) + a

x(index(5)) = x(index(5)) + a X(index(10)) =

x(index(6)) = x(index(6)) + a

x(index(10)) + a

x

Sk |
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| You can not parallerize (easily) 3

Example: Calculation of the sum

do i =1, num

“an

Variables “s” is ,

a(i) = 1 * Private ?
enddo + Shared ?
s =0
do i=1, num

s =5 + a(i)
enddo

| You can not parallerize (easily) 3

sk |

University of Trukuba

Example: Calculation of the sum Case 1. If“s” is private

do i =1, num do i =1, num

a(i) =i a(i) = 1
enddo enddo

=0 s =0
S . I$OMP parallel do private(s,i) shared(a,num)
do i=1, num do i=1, num

s = s + a(i) s =5 + a(i)
enddo enddo

1$0MP end parallel do

Results

Sk |
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| You can not parallerize (easily) 3

s =0
1$0OMP parallel do private(s,i) shared(a,num)
do i=1, num

s =5 + a(i)

enddo
s =0
s = s+ a(i)
1: 1= 0+ 1
2: 3= 1+ 2
3: 6= 3+ 3
4: 10 = 6+ 4
5: 15 =10 + 5
s =15
s =0

s + a(i)
0+ 6
6+ 7

13 + 8

21 + 9

30 + 10

40

| You can not parallerize (easily) 3

Sk |
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Example: Calculation of the sum Case2. If “s” is shared.

do i =1, num do i =1, num

a(i) =1 a(i) =1
enddo enddo
-0 s =0
S = 1$OMP parallel do private(i) shared(a,num,s)

do i=1, num do i=1, num
s =s + a(i) s =5+ a(i)
enddo enddo
'$OMP end parallel do

Results

s =55 (num=10)

Sk |
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| You can not parallerize (easily) 3

s =0
1$OMP parallel do private(i) shared(a,num,s)
do i=1, num

| You can not parallerize (easily) 3

Example: Calculation of the sum

s = s+ a(i) do i =1, num do i =1, num
enddo a(i) =1 a(i) = i
enddo enddo
] B s =0 s =0
s=0 do i=1, num 1$0MP parallel do private(i) shared(a,num) &
s =5+ a(i) '$ reduction(+:s)
7777777777777777777777777777777777777777777777777777777777777777777777777777777777 enddo do i=1, num
s =5 + a(i)
s = s = s + a(i) enddo
1: 1= 121 =15+ 6 1$0MP end parallel do
2: 3= 128 =21+ 7
3: 6 = 1 36 =28+ 8
4: 10 = 145 =36+ 9
5: 15 = : 55 =45 + 10 Result
s = s = 55
------------------------------------------------------------------ s =55
s
] I I
\/ sk | p—
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| You can not parallerize (easily) 3

s =0
1$OMP parallel do private(i) shared(a,num) reduction (+:s)
do i=1, num

s =5 + a(i)

enddo
] s =0 s[:]
s = s+ a(i) s = s+ a(i)
1: 1= 0+ 1 S 6: 6= 0+ 6 S
2: 3= 1+ 2 7: 13 = 6+ 7
3: 6= 3+ 3 8: 21 =13 + 8
4: 10 = 6 + 4 9: 30 =21 + 9
5: 15 =10 + 5 10: 40 = 30 + 10
s =15 s = 40
s =15 + 40 .
s = 55 |

\/ i i |
University of Tiukuba

| Basic Styles

s =0
I$OMP parallel do private(i) shared(a,num) reductio (+:s)
do i=1, num
s =5 + a(i)
enddo
1$0MP end parallel do

I$OMP parallel do United worksharing direction

I$ private(variable1, variable2, ) Private variables direction
I$ shared(variable1, variable2, ) Shared variables direction
I$ reduction (Operation : variable1, variable2, ) + + + Variable direction

|
Sk |
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| Compile & Run the OpenMP program

l If you use Intel Fortran Compiler, you can complile with “-openmp” option.

* You can see the OMP option in compiler manual

$ ifort —openmp ***** f90

You should define the number of threads, as follows;
* bash
$ export OMP_NUM THREADS=4

csh
$ setenv OMP_NUM THREADS 4

*

* Windows
$ set OMP_NUM THREADS=4

Finally, you can run the exe file

$ ./a.out |

| DX E ) WIEHE
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| nsum = 0
do n =1, node
nsum = nsum + nn(n)
enddo

nsum = nsumr

mpi_allreduce(nsum, nsumr, 1, mpi integer, mpi sum, mpi comm world, ierr)

CNO
Memory

node nsuml:l

nn()‘1 2 3 4 5\

Core0

CN1
Memory

node nsuml:l

nn()‘G 7 8 9 10\

Core1

nsum = nn(1)+nn(2)+nn(3)+nn(4)+nn(5)

nsum = nn(1)+nn(2)+nn(3)+nn(4)+nn(5)

nsumr = nsum + nsum
(mpi_allreduce)
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| BB & B FIEHE

| 1 4 7 10 3
5 8 11
Global Mesh 5 14
3 6 9 12 15
PEQ 1 4 7 /\PE1 7 10 3
5 8 11
2 8 14
3 6 9 9 12 15 |

| BB & B FIEHE
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| 1 4 7 10 3
5 8 11
Global Mesh 14
3 6 9 12 15
PEQ 1 y 7 /\ PE1 1 4 7
5 8 5
2 2 8
3 6 9 3 6 9 |
SRy |
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B NESRESS

B GERTSE(

| Global Mesh | Global Mesh
1 7 1 3 1 4 7 1 13
rr(:) = 0.0d0 rr(:) = 0.0d0
dom =1, nelem dom =1, nelem
doi =1, 3 doi=1,3
8 { doj=13 0 8 { doj=13
2 14 rr(nc(i,m)) = rr(nc(i,m)) & 2 14 rr(nc(i,m)) = rr(nc(i,m)) &
+ ea(i, j,m) x xx(nc(i,m)) + ea(i, j,m) * xx(nc(i,m))
enddo enddo
enddo enddo
enddo enddo
3 9 12 15 3 6 9 12 15
PEO 1 7 PE1 1 4 7 PEO 1 4 7 PE1 1 4 7
8 5 5 8 send ) 5
2 2 8 2 =Y 8
\ recv ;
send
3 9 3 6 9 | 3 6 9 3 6 9 |
sk | -
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e = |- N = # 7] =1 PN =
| BIEICUERT— S | BB RN T AE ABIE
isb D1 B DSBS A N DB B Bk /N PRSI @ 1S (Send&Recv)
nid(1:isb) 1 FTDZ>2 1D b= A e Ae .
nsb(1:isb) .3 SRS R D ET S 2K PEO Foov send) PE1 %?ﬁ@an/i\’\b ML ZESERNY
nsub(1:maxval(nsb), 1:isb): 7 8 9 ZTODERES send recv MLICEREHES.
isb -1 re(;_send( HWLRY MNILDIERR
nid(1:isb) S0 send oY AT5 - R T VAR
nsb(1:isb) 13
nsub(1:maxval(nsb), 1:isb): 1 2 3 g@
send recv
PEO 1 7 PE1 1 2 7 2 /\4B1ERSEIE (Allreduce)
oEo bpq BT A S EOHE
8 g N\ RSB DA X & (EHE - )
5 recv 8 HIENRYT MLD JIVLEE
k recv ’
send 000 ecn
000 + @00 = ZADHEF
@90 .., @00 .
3 9 3 6 9 | |
Sk | p—
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MPI D EFE - #)HA1E

include “mpif.h”

call mpi init(ierr)

MPI M EHE : Send & Recv

Non Blocking Communication : MPI_ISEND, MPI_IRECV and MPI_WAIT

IBuffer Setting

call mpi _comm size(MPI COMM WORLD, numnod, ierr) doi =1 ish ish i1
call mpi comm rank(MPI COMM WORLD, myrank, ierr) do | 2 nsb(i) de] |sb; : \l}
LN - nsb(1:isb
| mpi OFEME buf_s(j, i) = dat(nsub(j, i) nsub(1:maxval(nsb), 1: |sb) 7 8 9
| MPI_COMM WORLD o> MPI 7 [l R ¥ %1% ER/2 enddo
| MPI_COMM WORLD N CDEB DS > & & EE enddo ish 1
1: :
s :
MPI_COMM_WORLD? CFIANIDIAIaA=s—4— do i =1, isb - nsub(1:maxval(nsb), 1:isb): 1 2 3
icount = nsb(i)
ncomID = naid(i)
NO || N1 || N2 |[ N3 || N4 || N5 || N6 || N7 BADEMY RF A call MPI ISEND( buf s(1,i), icount, MPI DOUBLE PRECISION, &
ncomID, O, MPI COMM WORLD, irgs(i), ierr)
call MPI IRECV( buf r(1,i), icount, MPI DOUBLE PRECISION, &
. ncomID, O, MPI COMM WORLD, irqr(i), ierr)
ﬂ call mpi_init(ierr) ' 4 &R 2 3 T2 A5 & enddo o
ISynchronization
call MPI WAITALL( isb, irgs(1), istatus, ierr)
NO NT [ CNO T} CN3 I N4 |/ CNT N6 |/ CN2 call MPI WAITALL( isb, irqr(1), istatus, ierr)
sk | Sk |
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MPI DEFE : Send & Recv MPI D EH#E : Send & Recv
Non Blocking Communication : MPI_ISEND, MPI_IRECV and MPI_WAIT Non Blocking (MPI_ISEND/IRECV) & Blocking(MPI_SEND/RECV) M3\
I1Buffer Setting 1Send <=> Recv
doi =1, isb doi =1, isbh
do j =1, nsb(i) icount = nsb(i)
buf s(j, i) = dat(nsub(j,i)) ncomID = naid(i)
enddo call MPI ISEND( buf s(1,i), icount, MPI DOUBLE PRECISION, &
enddo ncomID, 0, MPI COMM WORLD, irgs(i), ierr)
EET—YDEBE7 KL R call MPI IRECV( buf r(1,i), icount, MPI DOUBLE PRECISION, &
1Send <=Z Recy BEF— 5 OEK ncomID, @, MPI COMM WORLD, irqr(i), ierr)
do i =1, isb enddo
icount = nsh(i) ’/ EET—H DR ISynchronization
ncomID = naid(i) r's call MPI WAITALL( isb, irgs(1), istatus, ierr)
call MPI ISEND( buf s(1,i), icount, MPI DOUBLE PRECISION, & call MPI WAITALL( isb, irqr(1), istatus, ierr)
ncomID, @, MPI COMM WORLD, irgs(i), ierr) |
A Ir>—a—F I doi =1, isbh
i S By e -] EEFEN VTR | icount = nsh(i)
tag( &Y H x 9 Send & Recv TR LfE% ! ncomID = naidgi) i
S — A =~ | call MPI SEND( buf s(1,i), icount, MPI DOUBLE PRECISION, &
ISynchronization REDIAIA=T—5—ADS VY | ncomID, O, MPI COMM WORLD, ista s, ierr)
call MPI WAITALL( isb, irgs(1), istatus, ierr) | call MPI RECV( buf r(1,i), icount, MPI DOUBLE PRECISION, &
call MPI WAITALL( isb, irqr(1), istatus, ierr) | ncomID, O, MPI COMM WORLD, ista r, ierr)
| I enddo |
Sk | S |
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| MPI D EHE : Send & Recv

| Non Blocking (MPI_ISEND/IRECV) & Blocking(MPI_SEND/RECV) D&\

Blocking

MPI_SEND A" —JL3h, ZD7—4% HHEFIC MPI_RECV ST TixZ
BENET. ThHEBICKTT2ET, ROEZXICITEDRL.

MPI| O EF : Send & Recv
Non Blocking (MPI_ISEND/IRECV) & Blocking(MPI_SEND/RECV) DIEW

do i =1, ish
icount = nsb(i)
ncomID = naid(i)
call MPI SEND( buf s(1,i), icount, MPI DOUBLE PRECISION, &
ncomID, O, MPI COMM WORLD, ista s, ierr)
call MPI RECV( buf r(1,i), icount, MPI DOUBLE PRECISION, &

Non-Blocking nconID, 0, MPI COMM WORLD, ista r, ierr)
MPI_ISEND AO—JL&h 3. £EL, ERENETTLTVARLSTE, enddo
RIOBIOMIBABIAT 5 2 & AFEE. HBEERT T 51 MPLWAIT Blocking
HEO—ILTE2RENDHS. :] :] :]
: =zl WA=
|
o =1, ish O O O
[ icount = nsh(i)
E ncomID = naidEi) 0 Non-Blocking
! call MPI SEND( buf s(1,i), icount, MPI DOUBLE PRECISION, &
! ncomID, 0, MPI COMM WORLD, ista s, ierr) D D D
I call MPI RECV( buf r(1,i), icount, MPI DOUBLE PRECISION, & PEO - - PE3
! ncomID, 0, MPI COMM WORLD, ista r, ierr)
o | O O O |
Sl | Sk |
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MPI D E#E : Allreduce | ABRELHNEFHE TORER 1
T MPI 7’0t 2 (/NGEISEL ) DIBMNIC & 2 Allreduce @S BFRE DIEN
ots = V. = 2
do n =1, node iR E R
dots = dots + r(n)*r(n)/ndb(n) 9000
enddo 6000 —[OAllreduce —
call MPI ALLREDUCE( dots, dotr, 1, MPI DOUBLE PRECISION, & B B Send & Recv
MPI SUM, MPI COMM WORLD, ierr ) — 7000 - B Solver
© 6000
S
= 5000 ~
.
. . _ 8 4000 ~
£/NFREIELEE (Allreduce) S 3000 -
© |
PEO PE1 < 2000
1000 ’4'/4 iﬁ -} ﬁ 77777
0 - : =
33: 000 512 1024 2048 4096 8192 16384
8eo ..’ ++4 . SHOHEH] Total # of Cores
I I
Sl | o
mverstty of Ist a mvmlty 0] a
University of Tukub, University of Tukub,




| RFEAFIEE TOREER 1

| Allreduce BIE &R 5 9 7=HITIF.
MPI/OpenMP Hybrid it 5ll5t&

RIFEIWIFHE TOMER 2

A (SREE )XYy 1%2FBY 5L,

BRHAT7AIVEERREDERY, TOIRXMEKRT S.

3,000 3,000
=3 No output | == No output
O Standard output O Standard output
2,500
25,000 = 2,000-] -
[} ()
£ E 1
5 1,500 ]
K} Ke]
© EWRHADIZ B S ]
S 1,000 £ 1,ooo~_ F
=+
500 ERHEAIZ N
0 S
| 1024 Cores 8192 Cores
S A | kK
University of Trukuba University of Trukuba
| HA7ILIT) XA | HA7ILIT) XA
| Standard outputting | Standard outputting
CO | Simulation |Recv1| Recv2 | Output1 | Output2 Simulation CO | Simulation |Recv1| Recv2 | Output1 | Output2 Simulation
15 15 % 5
3 3 3 3
3 3 ‘ 3 3
C_1 Simulation |Send1| Send2 Wait Simulation Q1 Simulation |Send1| Send2 Wait Simulation
dn Simulation |Send1| Send2 Wait Simulation Cfn ‘ Simulation |Send1| Send2 Wait Simulation
N Cycle 1 - Cycle 2 - Cycle 1 i Cycle 2
Writer core outputting
WO Wait Recv1 . Wait | Output1 |Wait Recv1| Wait Out
W1 Wait Recv2 | Output2 | Recv2 | Out
Q {g? g ﬁ
3 3 3 3
‘ 3 3] 3 3
C_O Simulation |Send1| Send2 | Simulation |Send1| Send2| Sim
C-n-2‘ Simulation |Send1| Send2 | Simulation |Send1| Send2| Sim
| D Cycle 1 D Cycle 2 D |
SA | Sk |
University of Trukuba
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| Writer Cores DM &E

0.125 day simulation of Katrina Hurricane on SL15x04 grid
Output every 15 minutes,

4 files (Elevation, Velocity, Atmospheric pressure, Wind Stress)
Explicit method.

MPI OERE : I 224/ — 9 DHE

call mpi init(ierr)

call mpi comm dup(MPI COMM WORLD, MPI COMM GBL)
call mpi comm size(MPI COMM GBL, numnod gbl, ierr)
call mpi comm rank(MPI COMM GBL,myrank gbl, ierr)
call mpi comm group(MPI COM GBL, GROUP GBL, ierr)
n1 = numnod gbl/2

n2 = numnod gbl-n1

JIaz=7—9%EH

2ERDTIV—TE R

write (60) (uu (i), i=1,nnode)

727 L, endian FIEHHY, B4 BEIE(CPU, 0S%)IC&Y
A RDN2BELH S, |

3,000 3,000
=@ No output | =@ No output doi=1 nl
o Standard output O Standard output A Ty
= 1 writer core = 1 writer core ilist(i) = i-1
= 2 writer cores O 2 writer cores enddo GROUP_GBL » 5
- = ‘; Wr?zer cores | S 3 uriter cores call mpi group incl(GROUP GBL,n1,ilist(1),GROUP1, ierr) GROUP1 %Rk
o 20007 B writer cores i 2.2,000 - call mpi comm create(MPI COMM GBL, GROUPT, MPI COMM GR1, ierr) | GROUP1 A5 %A 2
£ E do i =1, n2 Ny Y
x % ilist(i) = nl+i-1
3 S ] enddo
3 10004 3 10004 | call mpi group incl(GROUP GBL,n2,ilist(1),GROUP2, ierr)
=" =1 | call mpi comm create(MPI COMM GBL, GROUP2, MPI COMM GR2, ierr)
ol + 1l 21l 5 [] : MPI_comMm_woRLD
. N S S e [] :vPi_comm_GR1
1024 Cores 8192 Cores 0 1 0 1 D - MPI_COMM_GR2 |
A A |
University of Trukuba University of Tukuba
=+ N + 3
| HRHENDAE faRENAE
POSIX 1/0 NetCDF (Network Common Data Form)
Ascii output ‘University Corporation Atmospheric Research (UCAR) H'F%.
do i = 1. nnode ‘Library &2 h D tool D/ r—
write (60, %) wu(i) Slow ‘C/C++/Fortran, DD E5E (Perl, Python, Ruby, Matlab & ) T Fl [ 7T &
enddo
. use netCDF
BmaryOUtpUtabrmaﬁed) ist=nf90_create('fort.60',nf90_64bit_offset,ncid)
inquire (iolength=length) a ist=nf90_def_dim(ncid, 'Total_Num_of_Nodes', nnode, id_nnode)
open (60,access="direct', recl=length) ist=nf90_def_var (ncid, 'Velocity_u',nf90_double, id_nnode, id_varU)
irec=0 ist=nf90_enddef (ncid)
do 1 = 1, nnode
1r§czlggc+l . . ist=nf90_put_var (ncid, id_varU,uu, start=(/1/),count=(/nnode/))
engééte( srrec=irec) uu(d) ist=nf90_close (ncid)
Binary output (unformatted)
open (60, format="unformatted') Fast

$ gfortran -c -ISNETCDF_INC wirte_nc.f90
$ gfortran -o write_nc.exe write_nc.o -LSNETCDF_LIB -lnetcdf

Sk |
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HAOOX DS

| 1000 /5 particles, 20snaps, 16threads with OpenMP

Time

3000

2500

2000

1500

1000

885

POSIX I/O unformatted Binary

netCDF

O Tracking
@ File 10
B Set-up

| FIAS I BIEH B T DS PR

sk |
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| Problems on 32,768 (=2"°) MPI process
Range of 32bit Integer number ( -23'~2%")

* Metis 4.0 requires 4*(# of MPI)? for memory allocation.

Limit of maximum total number of sub-directories. *1
* ext3 file system has the limit. (max: 31,998)
GlobalDir/PE00000/mesh.data, bc.data, comm.data

/PE31997/mesh.data, bc.data, comm.data

Memory allocation related to # of MPI

;?3(1 ish) } Sometimes nsub is allocated as,
nsb(1:isb) .3 allocate( nsub(1:nnode/nproc,1:nproc) )
nsub(1:maxval(nsb), 1:isb): 7 8 9

*1 The newest ext4 file system don't have such a limitation. |
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