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Ä�ė�QþÂġĞġĠěĖ
đėĔûčĊ

• ��(ĖÄ�
– Atanasoff-Berry Computer (ABC), 1937[, 

Iowa, USA
– ENIAC, 1946[, Pennsylvania, USA
– Zuse Z3, 1941[, Germany

• ��(Ė���
– UNIVAC I, 1950[, USA
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^ÕÄĖĵŐŕśŠĵŗŞ
¦«�Ėp�Ô0

• ĊċĖp�Ô0
–(yÀ]Ũθ0 (yÓ]Ũv0 Ø,-Ó]"g
uÛŨt

vx = v0 cosθ0
vy = v0 sinθ0 − gt
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��(ĖòòÄ�

• ��(ĖÄ�
– ENIAC,	1946[,	Pennsylvania,	USA

• ��(Ė���
– UNIVAC	I,	1950[,	USA

• ��(Ėà3
– Anita	Mark8,	1963[,	UK

•
• ��(ĖņŠĹŁŚĲŞňŕŠĺ

– Altair	8800,	1975[,	USA
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• FLOPS	(Floating-point	Operations	Per	Second)
– �©Ûĕ�0Xr��Ĥ�@đýĠûũ
– 
�®10Peta	FLOPSš1016@Ţ
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Ä�ĖĦŠĮĽįĻŔ
• �M$��º²ŨCPUšŋŜĸļĳŢ

– ÄĤ¸øãµ

– ;�ĕĝğ�Ĥ¸ø

– ōįĺ×šSIMDŢĒķĭŘ×ĤöģĈěĎ

• �Åfº²ŨŒœř
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ōįĺĒķĭŘ
ķņĲŞŦŋŜĸļĳĖªå

• ķĭŘ
– Ä�Ė;�ĤŧĎďĎS¸
– Ñ�£ĕ;�ĤS¸
– æÓ2ŨņĨŋŘĨŞ$�ŤķŠņŠķ
ĭŘ

– �¹ĵķĽőŨ�óTsubameóetc.
– aeĔÄŨÖ�N¥9d�¯

• ōįĺ
– ¼rĖ;�Ĥ�ĎĕĘĒĚĐS¸
– 9ą;�š�ŢĕUĄ¡ĔĠľŠĺ
šâŢđS¸ĆĠE8óŧĎĕĘĒĚĐS
¸ĆĠāĒüđýĠ

– �¹ĵķĽőŨÝKSX-ACEóB�ĵŐŕ
śŠĺ

– aeĔÄŨ��ĵŐŕśŠĵŗŞó�
�Á{
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Ä�ĕúĀĠOS

• ARPANETûĞ÷Ģ÷ĢĔłļĿŝŠįün±ăġĐÌY
KĔłļĿŝŠį→	ĨŞĺŠłļĿĕHÊťThe	Internet

• łļĿŝŠįĖœĻōŠĵŗŞ
– ľŠĺĖ!x
– KCÄ�Ĥ¼rĖŖŠĴđ!x

¡ EWSM>��(0-0¶ 3D D��EC3
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OSŨUNIXĖĦŠĮĽįĻŔ

OS

hardware

Application

• ŏŚĻĺķįšŏŚĻŋŜĸķŢ
• ŏŚĻŖŠĴ
• įŘĨĦŞĿĳŠŅœľŚ
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ĲŞňŕŠĺşįŘķĺ
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#!/bin/csh

#PBS	-q	ACE

#PBS	-l	elapstim_req=1:00:00,memsz_job=60GB

#PBS	-v	F_RSVTASK=4

setenv F_PROGINF	DETAIL

cd	$PBS_O_WORKDIR

./a.out

qsubđĶŗŊh 

��]_aO NMONCP8*_8
*R]aR_C�33-12*P<P�_aO<9CCR4�C[�]aRaR5�:<>*
�

�«�~©hhĸį
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• Ñ�$�Ė=äóŋŜİŘőšS¸uÛŨTŢĤnĕ&
+ĄóŪ6ĖŋŜĸļĳšor	Ä�ŢđT/nuÛĕĆĠ

• ŋŜĸļĳĕ+ğ_ĐĞġĠĺķįė�¬
• �'2đýĠ=äėľŠĺĕ�OdĖĔ÷=äĖ
ęĕÞĞġĠ

• Ò�ĕĝĠĬŠŅŌļŀ
– ¬Č�üğuÛ
– ľŠĺÎÐuÛ

�'ŋŜİŘŐŞİĒė

ÅÈeD
Þí

D&W
Àćç1W

ļŎÒ

{h����
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• ŋŜĸķ�'
– Œœř«Ûė�¬
– �'ĺķįÛđĖľŠ
ĺÒ�ėb½ĕcąĐ

– �ŨMessage	Passing	
Interface	(MPI)

• ķśļŀ�'
– Œœř«ÛĤ!x
– ľŠĺÒ�Ėb½dĔ
Ą

– �ŨOpenMP

ŋŜĸķ�'Ēķśļŀ�'
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±h|
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±h|
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ďÈ
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±h|¯
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±h|¯
čç

�°��p

�±h�¯čçħĤ

pcļŎõĆ

�±��ļŎ

�°��ļŎ

21



• ŒļĸŠĶņļĵŞİŦŋŜĸķÛÒ�Ė¾|
• &qŒœřC�'Ä�đĖ�'S¸ĕ:þ
• K¾�Äü5´ĕ
• ķıŠŘŇřĽħód´ėæ

• �½ĔSº�
– MPICH
– LAM
– OpenMPIšCÃÇŤC++ŤFortranŢ

• �Ç
– Processor	Element:ŋŜĸķĖ4�ťMPIŋŜĸķĤlĆť
– Rank:	PEĖÉ) 7ĖāĒťMPI_Comm_rankÜrđÆRăġĠŘ
ŞįID

Message	Passing	Interface	(MPI)
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 9=P;a4R��<?9*89

 9=P;a4R��_C49[*89

 9=P;a4R��_CA9=T*89

9=C <N9=$9=C NATP(�P8NA�&&NATb%�f

P8NA�<_T..,L6

9=C <dAN=W(�=a<(�96

CFAMHCNCa_ _CNCa_6

CFAMA=9C$#NATP(�#NATb%6

CFAM<[<<MAN=W$�CFAM<ECCM-E*B=(�#<dAN=W%6

CFAM<[<<M_9eR$�CFAM<ECCM-E*B=(�#=a<%6

9S�$�<dAN=W 88�,�%�f

_CAP?d$<_T(��#R;;[(�-[A;4*�%6

S[A�$9 8�-6�9 ��=a<6�9

%�f

CFAMHR=4$<_T(�_CA;R=$<_T%�
�-(�CFAM<#:*(�9(�44(�CFAM<ECCM-E*B=%6

g

?A9=CS$�AN=W�"4�_R=45�"_h=�(�<dAN=W(�<_T%6

g�R;_R�f

CFAM*RPb$<_T(�.,(�CFAM<#:*(�,(�44(�CFAM<ECCM-E*B=(�#_CNCa_%6

?A9=CS$�AN=W�"4�ARPR9bR5�"_h=�(�<dAN=W(�<_T%6

g

CFAM;NAA9RA$CFAM<ECCM-E*B=%6

CFAM"9=N;9eR$%6

ARCaA=�,6

g

MPIđHello,	World.

B.WT�mjėåă

_iĿiB.WTjæåă

��<?9PP 8R;;[M<?9*P i[�<*[aC
��<?9Aa= i=�0�*+<*[aC
AN=W�,�_R=45�#R;;[(�-[A;4*
AN=W�-�ARPR9bR5�#R;;[(�-[A;4*
AN=W�.�ARPR9bR5�#R;;[(�-[A;4*
AN=W�/�ARPR9bR5�#R;;[(�-[A;4*
�
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• MPI
– ŋŜİŘŏü�'2ĤeÉĄĐĲŠŀĤvþb½üöĠ

• OpenMP
– ŧŃŠŀĖ�đÚąĊ�'$�
– ĲŞņĨŘü¶0£ĕ�'2š�'2/�ėĲŞņĨŘĕ
�OŢ

– ĹŠķĲŠŀ�ĕOpenMPľħśįĽħŊĤm Ąó
OpenMP�F�đėx/ĕĔğŤĉġ�Iđė�/ĕĔ
Ġ

– �'2Ēá�'đė9ąĹŠķĲŠŀĒĔĠ

OpenMPĕĝĠķśļŀ�'

 9S4RS MEF>DCF
++E?R=CFtak

 R;_R
++E?R=CFtasqM

 R=49S

 ?ANT<N�[<? ?NAN;;R;�S[A
S[A�$9 8�,6�9 ��-,,,6�9

�%�f

++�}dcilmnMu_[
g
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#include	<omp.h>

#include	<stdio.h>

int main(int argc,	char	**argv)	{

#pragma	omp parallel	num_threads(4)

{

printf("Thread	%d,	Hello,	world¥n",	omp_get_thread_num());

}

return	0;

}

OpenMPđHello,	World.

�bi�°��ļŎ

��TPP iS[?R=<? 8R;;[M[<?*P )[�[*[aC
��*+[*[aC
I8ARN4�/(�#R;;[(�c[A;4
I8ARN4�,(�#R;;[(�c[A;4
I8ARN4�-(�#R;;[(�c[A;4
I8ARN4�.(�#R;;[(�c[A;4
�
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�h�n
�±��

• ŉŘļĿ�'œľŚ
– ŋŜĸķ�'Ėę
– ĲĦĂĒĕŋŜĸķ
– Ò�üŋŜĸķÛĂĒ
ĕ¢�

• ńĨŊřļŀ�'œľŚ
– ŋŜĸķ�'šŃŠŀ
ÛŢţķśļŀ�'šŃŠ
ŀ#Ţ

– ĲĦrüGùĐěŋŜ
ĸķrėG-Ĉć

– Ò�ü�ßĄĔ÷

ńĨŊřļŀ�'
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CMCK¾�Ä�ĵķĽőĳŠŇķ

K¾�5¿2UcPCįŘķĺ
šVCCŢ

��ĲŞįŘķĺ
šHCCŢ

ķŠņŠĲŞňŕŠĺ
“SX-ACE”

ķĭŘŠŋŜĸļĳ ōįĺŠŋŜĸļĳ
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CMCK¾�Ä�ĵķĽőĖ*�t�
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ŃŠŀ
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