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

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

• �	�����
– UNIVAC I, 1950�, USA
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vx = v0 cosθ0
vy = v0 sinθ0 − gt
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– ENIAC, 1946�, Pennsylvania, USA

• ������
– UNIVAC I, 1950�, USA

• �����
– Anita Mark8, 1963�, UK

•
• ��������������
– Altair 8800, 1975�, USA
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• FLOPS (Floating-point Operations Per Second)
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��2�� ��� /3* 
� Top 50001+
AI Bridging 
Cloud 
Infrastructure 
(ABCI)

��� Fujitsu 19.9 PFlops 8

Oakforest-PACS ��2��� Fujitsu 13. 6 PFlops 16

K Computer ������ Fujitsu 10.5 PFlops 21

TSUBAME3.0 ��� HPE 8.1 PFlops 25

- ��	 Cray 5.7 PFlops 32, 33
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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

qsub������
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– "#$���
�
– ���������'�
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– �(Message Passing 
Interface (MPI)
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– �(OpenMP
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– MPICH
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– OpenMPILC #NC++NFortranM

• �#
– Processor Element:DI?>3	�OMPIDI?>7�.O
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Message Passing Interface (MPI)
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 OSI4<-.�3R8O)1�

 OSI4<-.�3W;-O7)1�

 OSI4<-.�3W;9OSM)1�

OS; RHOS$OS; H9MI(�I1H9�&&H9M=%�]

I1H9�RWMD�+F2

OS; R[9HSP(�S<R(�O2

>#<*B;H;<W W;H;<W2

>#<*<SO;$#H9MI(�#H9M=%2

>#<*�7RR*9HSP$�>#<*�">>*C"A=9(�#R[9HSP%2

>#<*�7RR*WO\.$�>#<*�">>*C"A=9(�#S<R%2

OL�$�R[9HSP 44�+�%�]

W;9I8[$RWM(��;.447(�C794-)�%2

L79�$O 4�,2�O 3�S<R2�O

%�]

>#<*B.S-$RWM(�W;94.S$RWM%�
�,(�>#<*�;�A(�O(�00(�>#<*�">>*C"A=9%2

A

89OS;L$�9HSP�"-�W.S-1�"W(S�(�R[9HSP(�RWM%2

A�.4W.�]

>#<*A.I=$RWM(��+(�>#<*�;�A(�+(�00(�>#<*�">>*C"A=9(�#W;H;<W%2

89OS;L$�9HSP�"-�9.I.O=.1�"W(S�(�R[9HSP(�RWM%2

A

>#<*�H99O.9$>#<*�">>*C"A=9%2

>#<*:OSH4O\.$%2

9.;<9S�+2

A

MPI�Hello, World.
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• MPI
– AE6CB!���2��#'7G=2�"��! 0

• OpenMP
– K>G=,�(�$&����
– 7F?4C!�
�+���H���	�-7F?4C+�
�I

– 9G87G=�+OpenMP<3D5;3@2��#�OpenMP�
�(-�	+*/J%1��(-�	+*0

– ���)���(-�$9G87G=)*0

OpenMP+.08D:=��
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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;

}

OpenMP�Hello, World.
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InfiniBand EDR

100 Gbps

OCTOPUS
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CPU���
Intel SkyLake x 2
Mem: 192 GB
����: 236

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

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

����
�	����
Intel SkyLake x 8
Mem: 6 TB
����: 2
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DDN Luster 
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http://www.hpc.cmc.osaka-u.ac.jp/octopus/
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• http://www.hpc.cmc.osaka-u.ac.jp/lecture_event/lecture/
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