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Õ½�ĠģħĸĞſ
• Õ½�

– Õ½Ĩ§Ċĳ��ŷŒŊŎůQá�Ÿ
– Õ½ĩĝĭĩ��ĆE'ĩĔĥćņų
ŜŪŵŎįó9ķtęĔĥďPĊ
ŷWikipediaŸ

– �ď�hlħĆ�µħ�½įůŵŏ
ųŲŵŃķÄ�ĶĲęĳĝĭĩç'
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Õ½�ĨĮ�Ĉħ¸øď
• ŚŵōŕůņųŜŪŵŎ

– �Ĩ��Ĥ�§ęĳĝĭĨ�ıĴ
ĝņųŜŪŵŎŵćŚōņųĆPC

• �§�ŷŧļųŝŰŵŦŸ
– ��ĩJc�6Ĩ/§ĖĴĳQÏ
�ħņųŜŪŵŎ

• ŋŵŚŵņųŜŪŵŎ
– ùdħ{!Õ½ŷëU ¤Ć��Ò
�ĆŅŨŴřļŀļųŝĿŤőĻŃŋĆ
R|HW...etcŸĩĝĭĩņųŜŪŵ
Ŏ

• {!ĞēĤħđ¨"Ć|�ħĦ�Ĉ
ħ$1Ĩ\ė)¤ķÉĊ*1ęĳ
ËÃ
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Õ½�Ī�XđÓĴıĴĳĮĩ
ĤĪħĎĠĝ

• �©-ĩÕ½�
– Atanasoff-Berry Computer (ABC), 1937b, 

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

• �©-ĩ�§�
– UNIVAC I, 1950b, USA

1930

1940

1950

1960

1970

1980

1990

2000

2010

u¢±((Ņ¿ĀĞŉ��(0-0¶

ïēiŔÃ´��(0.,¶

5!5iÇĚbµı
õĆØ�³�hÂ
ĕ��(0-)¶

D5A&�AľÔ��(0/
¶
��EC3

GGG&:DDA��(00
¶
��57B"��7E

GOL�h����)


¶
��G
5

nc���³iőŋ

9ZSN�5XVY@?SW4�
)


¶�����8X>?OZ

4



eçÕ½ĩŉťŪŰŵŉŬų
²º�ĩy æ5

• ĝĞĩy æ5
–-�Ñdžθ0 -�ådžv0 ê12åd�g
�îžt

vx = v0 cosθ0
vy = v0 sinθ0 − gt
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eçÕ½ĩŉťŪŰŵŉŬų
º�rqķ$ĴģĬİċ

• ådĨ��ęĳº�rqķsġy æ5
– -�Ñdžθ0 -�ådžv0 ê12åd�g �îžt
– º�rqžk  �ĩÜëžm

vx = v0e
−
k
m
t
cosθ0

vy = (v0 sinθ0 +
m
k
g)e
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k
m
t
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m
k
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k
cosθ0 (1− e
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k
m
t
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y = m
k
{(v0 sinθ0 −

m
k
g)(1− e

−
k
m
t
)− gt}tęÆiłĹ
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eçÕ½ŉťŪŰŵŉŬų
�ĈħÎGĥj§

n ­^ĖĴĝ �ķ�µĨ�®
Ĩfģĳĝĭ

n �-ĪÞ�°®

¡ Üň
¡ òĳ
¡ Şō
¡ ďãŗŊMŠÏbãŌbãŇhm
oŏÏučqoďãŗŊučÒk

¡ ŐĵiÇĀìĬĀİb×Āiśš
ąçbĝĦ

¡ ķÍbķèv
¡ �®{®iÍbóÍêĳÏ
¡ øÐi¾ĎM��³khmpŖÍ

¡ �¯�bËĊgf�¢h�ĺÕ

¡ ¸ùĠĽb� h��¨�¯iþaºx

¡ �­w��¤©°h�

¡ p6�h¥gfi°³�®³�øÓńĆ

¡ ÀÊÖÍÕhmp¢®£h½áb�­���
�w³

¡ Ęãöð

�¤©°h�«³
äÑîñdiäěrŀœÒbŒőÒ
]`çÓ§�¯MşjĶıkrÔr
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�©-ĩąąÕ½�

• �©-ĩÕ½�
– ENIAC,	1946b,	Pennsylvania,	USA

• �©-ĩ�§�
– UNIVAC	I,	1950b,	USA

• �©-ĩó9
– Anita	Mark8,	1963b,	UK

•
• �©-ĩŚŵōŕůņųŜŪŵŎ
– Altair	8800,	1975b,	USA
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¡ 565�--
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�!8 #AC
FLOP	=	Floating	point	number	Operations	Per	Second
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• FLOPS	(Floating-point	Operations	Per	Second)
– �·îĨ�5_{��½ķ�FĤĐĳĎſ
– 
�¾10Peta	FLOPSŷ1016FŸ

lj¥rnlopq
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Õ½�ĩĺŵłőŃŏũ

• �S)¤�½ËÃžCPUŷşű
ŌŐŇŸ

– Õ½ķÉċöÆ

– A�ĨİĲ�½ķÉċ

– šŃŎéŷSIMDŸĥŋŁŭéķ
ĉĶěĮġ

• �ÖnËÃžŧŨŮ

– x­kďùđó�ķÈĥęĥ
([Ī´�

OS

hardware

Application

�h�xyu
uh~���¨

5AE
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~¨��©
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�­�v��|h�

ÚúŜņĈ ¦§® ĖĮúŜņĈ
�h��v��

~h¡h�b£x�
EC4b���²h�|h�
6F6�­w�

�u
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• Ì3ÖnËÃžŘŵŔŒĻŋŃ

– �x­kĤó�ķÈĥėģĮ
([ķ�s

• ńŭŝĻŐŃŁŵŔ

– *1ËÃĨġħĒŒřļŋ

– GPGPUž¨")¤]§ĩÌ3
�½ËÃ

• $1ËÃžłŵţŵŔĆŤĽŋ



šŃŎĥŋŁŭ
ŋŚņųżşűŌŐŇĩ¸ø

• ŋŁŭ
– Õ½�ĩA�ķŽġĢġZÉ
– ã�®ĨA�ķZÉ
– ùå8žŚļşŭļų)¤źŋŵŚŵŋ
Łŭ

– �ÊŉŋőŦž
ĆTsubameĆetc.
– hlħÕ½žè�U±?k�¿

• šŃŎ
– Í{ĩA�ķ�ġĨīĥĭģZÉ
– ?ĘA�ŷ�½ŸĨ\ė¬ħĳŒŵŎ
ŷõŸĤZÉęĳK>ĆŽġĨīĥĭģZ
ÉęĳĔĥďĤĐĳ

– �ÊŉŋőŦžðQSX-ACEĆH£ŉťŪ
ŰŵŎ

– hlħÕ½ž� ŉťŪŰŵŉŬųĆ�
�Ò�
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Õ½�ĨčēĳOS

• ARPANETĎıĊĵĊĵħŖŐœŲŵŃďvÂĖĴģÝ`
QħŖŐœŲŵŃ→	ļųŎŵŖŐœĨNÛŻThe	Internet

• ŖŐœŲŵŃĩŨŏšŵŉŬų
– ŒŵŎĩ&�
– QIÕ½�ķÍ{ĩūŵňĤ&�

¡ EWSM>��(0-0¶ 3D D��EC3

¡ FOZ>SXW�.�EWSC��(0.0¶��3D D��EC3

¡  SW@C��(00(¶��9"E��EC3
¡ GSWNXB>�
�(�(00)¶��!SMZX>XP?��EC3
¡ GSWNXB>�"D�
�,�(00�¶��!SMZX>XP?��
EC3

¡ GSWNXB>�0,��(00,¶��!SMZX>XP?��EC3
¡ !.M�#C�H��)

(¶��3YYUO��EC3
¡ GSWNXB>�HA��)

(¶��!SMZX>XP?��EC3
¡ 3WNZXSN��)

.¶��9XX4UO��EC3
¡ S#C��)

/¶��3YYUO��EC3

E"�HiĸÁ

ocõĆØiŚÜ
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OSžUNIXĩĺŵłőŃŏũ

OS

hardware

Application

• ŤůŏŎŋŃŷŤůŏşűŌŋŸ
• Ťůŏūŵň
• ŃŭļĺųœŇŵřŨŒů
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ņųŜŪŵŎŴŃŭŋŎ

õĆ�h�±�w³�h�i
�±³�z³��h�

ªh��­wu³�

w³�h���i#6�"C

®§h�tnu���

CC:d®§h�±�w³

±�w³�h�tn
õĆ�h�k�«�ìÄ

ocõĆØiŚÜ
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ŊŬŞp$
řŐŏłŪŵŉŋőŦ

17

gğÉ,ŴłŪŵ

Õ½ŗŵŔ
ŝűųœľųŔŗŵŔ
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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

qsubĤŊŬŞp$

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

�«�~©hhĸį

ocõĆØiŚÜ
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• ã�)¤ĩC÷ĆşűńŭŦŷZÉ�îžTŸķnĨ+
0ėĆƀ<ĩşűŌŐŇŷor	Õ½�ŸĤT/n�îĨęĳ

• şűŌŐŇĨ0ĲfģıĴĳŎŋŃĪ¡»
• �,8ĤĐĳC÷ĪŒŵŎĨ�VkĩħĊC÷ĩ
ĬĨñıĴĳ

• ä�ĨİĳŀŵřŠŐŔ
– »ğ�ďĲ�î
– ŒŵŎßâ�î

�,şűńŭťųńĥĪ

ÅÈeD
Þí

D&W
Àćç1W

ļŎÒ

{h����

pcļŎõĆ

ÌaºuoÅÈ �h�ĎėÅÈ
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• şűŌŋ�,
– ŧŨŮºîĪ¡»
– �,ŎŋŃîĤĩŒŵ
Ŏä�ĪiÎĨjĘģ

– �žMessage	Passing	
Interface	(MPI)

• ŋŰŐŔ�,
– ŧŨŮºîķ&�
– ŒŵŎä�ĩiÎkħ
ė

– �žOpenMP

şűŌŋ�,ĥŋŰŐŔ�,

�±��n
¦§®
ďÈ
±h|
¯čç

�±��o
¦§®
ďÈ
±h|
¯čç

�±��p
¦§®
ďÈ
±h|
¯čç

w³�h����

�±��

¦§®ďÈ

±h|¯
čç

�°��n

±h|¯
čç

�°��o

±h|¯
čç

�°��p

�±h�¯čçħĤ
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• ŧŐŌŵŊŚŐŉųńżşűŌŋîä�ĩÏ�
• +zŧŨŮI�,Õ½�Ĥĩ�,ZÉĨ@đ
• QÏ�Õ½ď;ÅĨ
• ŋŅŵŭśŮőĻĆkÅĪù

• �ÎħZË�
– MPICH
– LAM
– OpenMPIŷCÔØźC++źFortranŸ

• ªØ
– Processor	Element:şűŌŋĩ:�ŻMPIşűŌŋķtęŻ
– Rank:	PEĩÚ.«=ĩĔĥŻMPI_Comm_rankï{Ĥ×YĖĴĳŭ
ųŃID

Message	Passing	Interface	(MPI)

pcļŎõĆ
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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

MPIĤHello,	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*
�

pcļŎõĆ
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• MPI
– şűńŭŤď�,8ķlÚėģņŵŔķ�điÎďĉĳ

• OpenMP
– ŽŗŵŔĩ�ĤìĘĝ�,)¤
– ņųŚļŭďÇ5®Ĩ�,8ŷ�,84¢ĪņųŚļŭĨ
�VŸ

– ōŵŋņŵŔ�ĨOpenMPŒĻŰŃőĻŞķu$ėĆ
OpenMP¥L�ĤĪ�4ĨħĲźĜĴ�OĤĪ�4Ĩħ
ĳ

– �,8ĥô�,ĤĪ?ĘōŵŋņŵŔĥħĳ

OpenMPĨİĳŋŰŐŔ�,

 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

pcļŎõĆ
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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;

}

OpenMPĤHello,	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
�

pcļŎõĆ
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�h�n
�±��

• ŝŭŐœ�,ŨŒů
– şűŌŋ�,ĩĬ
– ņĺĕĥĨşűŌŋ
– ä�ďşűŌŋîĕĥ
Ĩ­¦

• ŘļŞŮŐŔ�,ŨŒů
– şűŌŋ�,ŷŗŵŔ
îŸŹŋŰŐŔ�,ŷŗŵ
Ŕ(Ÿ

– ņĺ{ďMČģĮşű
Ōŋ{ĪM2ěĚ

– ä�ď�òėħĊ

ŘļŞŮŐŔ�,

pcļŎõĆ

�h�n

MXZO MXZO

�±
��

�±
��

MXZO

�±
��

MXZO

�±
��

�h�o

MXZO MXZO

�±
��

�±
��

MXZO

�±
��

MXZO

�±
��

MXZO MXZO

�°
��

�°
��

MXZO

�°
��

MXZO

�°
��

�h�o
�±��

MXZO MXZO

�°
��

�°
��

MXZO

�°
��

MXZO

�°
��

�­��ļŎ

�w�®��ļŎ

26



CMCQÏ�Õ½�ŉŋőŦŇŵśŋ

QÏ�;Ð8\jPCŃŭŋŎ
ŷVCCŸ

�§ņųŃŭŋŎŷHCCŸ
2017b9�Á


ŋŵŚŵņųŜŪŵŎ
“SX-ACE”

Tc5!5i���³

27

}ŉŋőŦ “OCTOPUS”
2017b12��§íT
�Y

New!

ŋŁŭŵşűŌŐŇ šŃŎŵşűŌŐŇ



ļųŎŵņŖŃœ
InfiniBand	EDR

100	Gbps

}�§ņųŴOCTOPUS

28

CPU���
Intel	SkyLake x	2
Mem:	192	GB
ŗŵŔ{:	236

Xeon	Phi���
Intel	KnighLanding x	1
Mem:	192	GB
ŗŵŔ{:	44

GPGPU���
Intel	SkyLake x	2
Mem:	192	GB
GPU:	NVIDIA	P100	x	4
ŗŵŔ{:	37

��������
�
	
Intel	SkyLake x	8
Mem:	6	TB
ŗŵŔ{:	2

�,ŝĹļůŉŋőŦ
DDN Luster	

3.1	PB

�������
ŗŵŔ{:	3

http://www.hpc.cmc.osaka-u.ac.jp/octopus/

Tc5!5i���³



}�§ņųŴOCTOPUS
ŭŐŃŒňļųņųŢ

• }�§ņųŴOCTOPUSĩŭŐŃ
Œňļųķ%7ėģĊīęŶ

• OCTOPUSŒňļųĩņųŌş
œ
– Qð
– ¯ĨmĖĴĳ
– �#¼ĩ¶W³¹
– ŋŵŚŵņųŜŪŵŎ
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http://www.hpc.cmc.osaka-u.ac.jp/octopus-rack-design/
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