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Fiscal Year 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Hokkaido

Tohoku

Tsukuba

Tokyo

Tokyo Tech.

Nagoya

Kyoto

Osaka

Kyushu

9dj�[ZëǕǸǗǺŇåǻ©$Ĭç (2016�5·³Úǽ

HITACHI SR16000/M1Ǽ172TF, 22TBǽ
Cloud System BS2000 Ǽ44TF, 14TBǽ
Data Science Cloud / Storage   HA8000 / WOS7000

Ǽ10TF, 1.96PBǽ

50+  PF (FAC) 3.5MW 200+  PF 
(FAC) 6.5MW

Fujitsu FX10 
(1PFlops, 150TiB, 408 TB/s), 
Hitachi SR16K/M1 (54.9 TF, 10.9 TiB, 28.7 TB/s)

NEC SX-
9�
(60TF)

~30PF, ~30PB/s Mem BW (CFL-D/CFL-M) 
~3MW

SX-ACE(707TF,160TB, 655TB/s)
LX406e(31TF), Storage(4PB), 3D Vis, 2MW

100+%PF%
(FAC/UCC+CFL.
M)up%to%4MW

50+%PF%(FAC/UCC%+%CFL.M)
FX10(90TF) Fujitsu%FX100%(2.9PF,%81%TiB)
CX400(470T
F) Fujitsu%CX400%(774TF,%71TiB)

SGI%UV2000%(24TF,%20TiB) 2MW%in%total up%to%4MW

Power%consumption%indicates%maximum%of%power%supply
(includes%cooling%facility)%

Cray: XE6 + GB8K +
XC30 (983TF) 7-8 PF(FAC/TPF + UCC)

1.5 MWCray XC30  (584TF)

50-100+ PF
(FAC/TPF + UCC) 1.8-2.4 MW

3.2 PF (UCC + CFL/M)  0.96MW 30 PF ǼUCC  +  
CFL-Mǽ 2MW0.3 PF (Cloud) 0.36MW

15-20 PF (UCC/TPF)
HA8000 (712TF, 242 TB)
SR16000 (8.2TF, 6TB) 100-150 PF

(FAC/TPF + UCC/TPF)FX10 
(90.8TFLOPS)

3MWFX10 (272.4TF, 36 TB)
CX400 (966.2 TF, 183TB)

2.0MW 2.6MW

HA-PACS (1166 TF)

100+ PF 4.5MW
(UCC + TPF)

TSUBAME 3.0 (20 PF,  4~6PB/s) 2.0MW
(3.5, 40PF at 2018 if upgradable)

TSUBAME 4.0 (100+ PF, 
>10PB/s, ~2.0MW)

TSUBAME 2.5 (5.7 PF, 
110+ TB, 1160 TB/s), 
1.4MW

TSUBAME 2.5 (3ȇ4 PF, extended)

25.6%PB/s,%50.
100Pflop/s,1.5.
2.0MW

3.2PB/s,%5.10Pflop/s,%1.0.1.5MW (CFL.M)NEC SX-ACE   NEC Express5800
(423TF)     (22.4TF) 0.7.1PF%(UCC)

COMA (PACS-IX)  (1001 TF)

Reedbush 1.8�1.9 PF 0.7 MW

Oakforest-PACS  25 PF 
(UCC + TPF)  4.2 MW

PACS-X 10PF (TPF)  2MW
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ǕǸǗǺưǪǙǑǱǸ
•ÿÑdjĬā÷jñúǕǸǗǺưǪǙǑǱǸȃ

• ĬāÊ÷jƬĬā÷jưB%/jŗêƮŢ�ĚĬāÊŒé
! B35EǑǳǺǔưŒéȃ5B�B35E2	..��FAB	
• 'üjŗ÷j+Lñú�Ú/�¶'üưĬā÷jñú�Ņ
• ƞƿƙƼưĬā÷jƯ�ħƮjŗ�ǁ�ƨ�¼ǁę�

•¾�dj�[ZëǕǸǗǺưǪǙǑǱǸȃ

• jŗdĩÉ�[Zë+L6åǹ+Lñú�ÚǼȂdjư�
[ZëǕǸǗǺĕƙƼƮƾǟǙǛǷǺǋYǽ ư
Ã�Úȃ

dĩÉ�[ZëǁÔåƠjŗñúǁéy

• :B5�ĶØ !ÊŔȃ¶'üǓǣǎǸư+LĮĬŒéGƲ
ŇåƑ5J<JKRUR@bĶØƘƻƲ+åǓǛǵǺǒĶØư !
• �¼ę�ȃĬā÷jư¬ÊĻǁ:Ńƫƛƾ�¼ưę�

8
2016/10/1

7
CCSǑǸǩǒǆǫ2016



ÿÑdjĬā÷jñúǕǸǗǺ

9
2016/10/1

7
CCSǑǸǩǒǆǫ2016



ÿÑdjĬā÷jñúǕǸǗǺ

1978 1980 1989

1996
6th CP&PACS)

(1996��è¶Ţłǁŉ�)
1st PACS.9 2nd PAXS.32 5th QCDPAX

2006

7th PACS.CS
2012

8th HA.PACS

Year System Performance
1978 PACS-9 (PACS%I) 7 KFLOPS
1980 PACS-32 (PACS%II) 500 KFLOPS
1983 PAX-128 (PACS%III) 4 MFLOPS
1984 PAX-32J (PACS%IV) 3 MFLOPS
1989 QCDPAX (PACS%V) 14 GFLOPS
1996 CP-PACS (PACS%VI) 614 GFLOPS
2006 PACS-CS (PACS%VII) 14.3 TFLOPS
2012 HA-PACS (PACS%VIII) 1.166 PFLOPS
2014 COMA (PACS IX) 1.001 PFLOPS

2014

9th COMA

1992�4� -)���$&BJCL.+M10�-!N3
1996�9� CP-PACSM2048PUN��OTOP5009�"(1�3
2004�4� �*��7O-)%�$&BJCL=.+3
2007�4� ,	���@GHILCFIRST��3
2008�6� T2K-Tsukuba>LFJALDL?JEHLC0 1�3
2010�4� �
� K�
$&��4�'�2-)%��
$&��5/�3
2013�3� ��
�:<��;�864��'�
HPC�#�.5=.+3

2007
FIRST

(Hybrid%Simulator)

" ÷jėƬĬāÊ}jėưB;Ưƻƾǿ
application)–drivenƮĸŢłĬāÊư
Œéǹĥ�ȄjŗĬā÷j
�	
��������

" ŢƕĬāǣǷǺưř
ƯƻƾĬā÷j
ư¶ōÚıŠǹ¶'üıŠưñú

36TFLOPS
Host 3TFOPS
Accelerator 33TFLOPS
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• jŗdĩÉ�[Zë+L6åǹ+Lñú�Úư
Ã�Ú

Research(Center(for(Extreme(Scale(Computing(and(Data

jŗñúȃĬā÷jǹ}jưRŠĪÏƯ
NƝĬāÊ÷jƬBĲǹń£

dĩÉ�[ZëȃȂdjưǓǺǣǺ
ǎǸǥǯǺǗĕƬ6å�ġ

•ĪÏƺĪ±ƚT
ŚƬĖƗƼƿƪƕ
ƥıŠưĪÏƳ

•jġZëƬƠƪư
dĩÉ�[Zë
ưÔåƯƻƾ
ñúǎǪǯǞǚǄƳ
ưĳß

•cÇƫdĩÉƮĬ
āĶØ

•*?Yưjŗê
+LñúǼĞĝË
ŖǁOƷǽǁņĠ
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¾�dj�[ZëǕǸǗǺ
• :B5�ĶØ !ÊŔƬƠƪ

• ÊŔń£Ưƻƾ¶'üǓǣǎǸư+LĮĬŒéGƲŇ
åƑ5J<JKRUR@bĶØƘƻƲ+åǓǛǵǺǒĶØư !

• 6J@J��W@NW?RBN�3<<URLJ@RXWƯu�ƠƥǑǓǚǫư©$

• �¼ę�ÊŔƬƠƪ
• Ĭā÷jư¬ÊĻǁ:Ńƫƛƾ�¼ưę�

• j,JŊxǿ6åėǿ+L6åǹ+Lñú�ÚƬưń£

• KĬĈ
�����ưǰǺǐǺǼjbƚA1ǽ
• djǼñúǿ¦ęǽǿñúÊŔǿ�Å

! dĩÉǑǪǯǵǺǑǱǸǿÜƯń�Ī¿
• )âĩÉdÍÖÓǉǙǨǳǸǌ

• <<A<NW�:B5��<<A<NW�"3F:�"B
• XŜǑǪǯǵǺǑǱǸ

• XŜéäǾò^�¤Ǿ�Ŝ>

• Xë�Ŝ>ǾŌ~ǹ�ŃÛ�>

• Õ�ǹÆŃǑǪǯǵǺǑǱǸ

Total Peak performance: 1.13 PFLOPS
Total number of nodes: 4800
Total memory: 150 TB
Peak performance / node: 236.5 GFLOPS
Main memory per node: 32 GB
Disk capacityȃ 1.1 PB + 2.1 PB
SPARC64 Ixfx 1.84GHz

Oakleaf-fx
(Fujitsu PRIMEHPC FX10)

Engineering
Earth/Space
Material
Energy/Physics
Information7Sci.
Education
Industry
Bio
Economics

6åưcƕ1ŎǼūũŪŮ��ǽ
ŧ }jǼÕ�ǹÆŃǹśóÍþǽȃŬũŤ
ŧ Xâkm÷jǼdÍÖÓǹXŜþǽȃŬŮŤ
ŧ ¼«ǹÛ�ȃūũŤ
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�53:B5+LĲŉưǩǳǑǺ
• F
=ưĆöƯZƩƛƑǈǺǨǸƮ¶'ü�ġǁv(

• F
=ȃ 
��-�ƯfƵƧƥF?ATAKJ��FXTbX��=bX@X�ư(djƫưǈǺǨǸǓǣǎǸǃ
ǲǅǃǸǓƑ(ÊŔưñúėƚ�ÇĀnƯĳßƑǑǓǚǫƳưħÎ�şǁ+Ł@

• ǑǓǚǫưZº�Ç
• ĸ	3B5ǋǲǓǗ
• :B5åư¶'üǨǶǕǙǏƑǃǋǕǲǵǺǗƱ��å

!�ăUƮǰǺǐƬǃǨǳǍǺǑǱǸưƥƸ
! ǥǺǋ�ĚŀÎƻƽƑƞƿƵƫưǎǺǜưČ�ǁ&'

• �ƕƺƢƕŢ=àí�ċKď

• dĩÉ+åǦǂǅǴǑǓǚǫ

• 
djƯƻƾ+LĲŉ
• VûdưǓǣǎǸǑǓǚǫƬƠƪ¶dĉ

• B5ǋǲǓǗƬƠƪƹV,¶dĉ

• ǓǍǺǴǬǳǙǛǁÔƙƢ
• ĸdĩÉƮC�ǒǱǧoĠƹHĚƬƢƾ

OakforestOPACS
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ÿÑdȃPACS
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AJTOX>N?@�B35E�ư�Ç
ĐǥǺǋÙā�Ě 25.PFLOPS

ǠǺǜ¨ 8,208

Ĭā
ǠǺǜ

Product t_Ł PRIMERGY.CX600.M1.(2U).+.CX1640.M1.

x.8node

ǨǶǕǙǏ Intel®.Xeon.Phi™ 7250

ǼŒéǎǺǜ:.Knights.Landingǽ
68.ǎǃƑ1.4.GHz

Ǭǭǳ ŢǢǸǜ� 16.GB, MCDRAM,o= 490.GB/sec

�ǢǸǜ� 96.GB,.DDR4O2400,ǥǺǋ 115.2.GB/sec

í�ċ
Kď

Product Intel®.OmniOPath.Architecture

ǳǸǋł� 100.Gbps

ǛǩǶǒ ǦǴǢǅǕǋǑǱǸǢǸǜ�FatOtreeď
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�W@NUc�A9WR�BJ@Q�3>LQR@NL@A>N�ǁåƕƥ
ǦǴǢǅǕǋǑǱǸǢǸǜ�8J@�@>NNď

768 port.Director.Switch

12I
(Source.by.Intel)

48.port.Edge.Switch

362.I

2
2

241 4825 7249

Uplink:.24

Downlink:.24

..... ..... .....

ǎǓǛƱƙƙƾƚǦǴǢǅǕǋǑǱǸǢǸǜ�ǁĎ�
• ǑǓǚǫ)ć�å³ƯƹŢƕ	3�Ěǁoá
• ÂĺƮŇåȃǒǱǧƯuƢƾĬāǠǺǜ9ƽ�ƪưěæ�ƚŢƕ
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17

	3Ǧǂǅ
ǴǑǓǚǫ

Type Lustre File.System

Đqŏ 26.2.PB

Product DataDirect Networks SFA14KE

ĐǢǸǜ� 500.GB/sec

ǦǂǅǴ
ǊǮǙǑǯ
ǑǓǚǫ

Type Burst.Buffer,.Infinite.Memory.Engine.

(by.DDN)

Đqŏ 940.TB.(NVMe SSD,ǣǳǚǄǁOƷ)

Product DataDirect Networks.IME14K

ĐǢǸǜ� 1,560.GB/sec

Đ×ĵś; 4.2MWǼ/EǁOƷǽ

ĐǲǙǋ¨ 102
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AJTOX>N?@�B35E�ưǖǦǛǆǇǃ
• AE/�DNM�:J@�7W@N><>R?N�>RWAa��ǶǌǅǸǠǺǜ Ƒ

5NW@AE�ƘƻƲ "L=N>WNU �ĬāǠǺǜƑ2µHĚ 
• "L=N>WNU/�ãñ3�5EƫŒé
ưǬǞǺǎǃNƝAE

• >RWAaƯÌƴļŏƑǰǺǐǨǶǌǲǫƯ�Ɨƾ�ŞƮƠ
• ǩǓǛ�ǎǸǥǯǺǗƯƹ¢ĽƟƿƾ
nƒ

• ǎǸǣǅǲȃ955���W@NU�5X9<RUN>��ILJUJKUN"B
• ILJUJKUN"B/�ãñ3�5EƬÿÑdƫ+LŒé
ư	3ǨǶǌ
ǲǪǸǌīİ

• 5ƺ8X>@>JWƫĭĿƟƿƥǎǺǜƯ�ôªǁ<ƗƾƞƬƫƑ
�ĚưŢƕ	3ǃǨǳǍǺǑǱǸǁą²ƯŒéƢƾƞƬƚ
ƫƛƾƒ

• ǃǨǳǍǺǑǱǸȃ ǈǺǨǸǖǺǓǖǦǛǆǇǃ
• <<A<NW�:B5��A<NW8A3"��34�@�F�"B��B:3E7�?b?@N9��

8>XW@8UXC�KUANƮƭ
18
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A8BƯƘƝƾǃǨǳǍǺǑǱǸ 

• ARTED:.śhǘǅǝǪǋǓưý�FãĬā

• Lattice.QCD:.ŏhĜ;jĬā

• NICAM.&.COCO:.dÍǾÖÓń�ǑǪǯǵǺǑǱǸ

• GAMERA/GOJIRA:.XŜǑǪǯǵǺǑǱǸ

• Seism3D:.XŜÑ�¡ǑǪǯǵǺǑǱǸ

19CCSǑǸǩǒǆǫ2016

�
�����
���:�2 A%#C�%C#����#:�

COCO:$Tri(Polar$FDM

""-"� ���1� ��
�!C"��#

•Grid Transformation
• Multi-Ensemble
•IO
•Pre- and post-process
•Fault tolerance
•M�N �!A%���%�������

�DA%��
��DA%���� �
��#��:%��%C#�-��� ��!���

�%�!A"��#:�
�!�����

NICAM&
Agrid
NICAM&
ZMgrid

/��:! ���-��� ��!���
�! ��D�#!A%�%:���!���

J&cup

MIROC&A

COCO
Regional7COCO
Matsumura&
model

�
/-�����

	� �%#C�%C#����#:�

�%�!A"��#:�
�!�����

2016/10/1

7



ĬāǠǺǜư.ï

ĬāǠǺǜ (t_Ł PRIMERGY.CX1640.M1)

Intel.Xeon.Phi.1ǖǍǙǛƑIntel.OmniOPath.Architecture.card.(HFI)¢Ľ

2UǏǅǔưǑǮǺǑ
Ǽt_Ł PRIMERGY.CX600.M1ǽƯ

8ĬāǠǺǜǁ¢Ľ
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ǑǓǚǫŇå
• Ł�Ňå

• JdjC�ƯǡǺǜǆǇǃư19ƱƠƮƕ

• Ɠ5BG³œƔǁ
djƫ�1ƑÂĺƮŇåǁHĚƯ
• :B5�ƯuƠƪƱ�53:B5ƬƠƪ��ƫĶØ !
• Jdjư6åǨǶǌǲǫƱƓ5BG³œƔƯZƩƜ�1ƫÏn

• Ü5Ňå
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ĬāǠǺǜư>�ǭǺǜ
• INXW�BQR��=WRPQ@?�>JWMRWP ƯƱĦ¨ư>�ǭǺǜ

• ǬǭǳǭǺǜȃ(øš
• 8UJ@/�����"56D3"Ƭ66D)�ƚÞûƠƥǃǜǵǓ
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• :bK>RM

• ǋǲǓǗǳǸǌǭǺǜ/�
øš
• �3UU�@X�JUU/�ǃǜǵǓ�[ƚ)�Ư1§d�ŝ�e 
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 Ư
19ǼǰǺǐƙƼƱĨƗƮƕǽ

• E@5�)��E@5�
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 Ư19
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ǭǺǜư`´ƯƱ-ķ>ƚ�ħ
=>.ǒǱǧǓǍǒǯǺǲƯƻƽǨǶǤǒǱǞǸǌ
Ǽá³ÚƫƱƑJǭǺǜưǒǱǧǊǯǺǁå�ǽ

#Ĥ:.Flat/Cache.+.Quadrant/SNCO4
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�	��	
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• A8BƱV,ý	�ưǑǓǚǫƯƮ
ƾǼƱƣǽ
• A8B/�

�B8���ǎǸǥǯǺǗ/�		�
�B8
• �ǎǸǥǯǺǗ��ƑA8BƚǩǓǛ�
ǑǓǚǫƯNƝƥǧǳǙǒǑǓǚǫƬƠ
ƪ¹�Ɵƿƪƕƾ

• ǩǓǛ�ǎǸǥǯǺǗƱA8BƬLÇ
ǬǞǺǎǃǑǓǚǫƯƮƾ
n

• A8BƱǩǓǛ�ǎǸǥǯǺǗƯNƝ
ƪōħƮ�9
• dĩÉǃǨǳǍǺǑǱǸưŒéZë

• "L=N>WNUƺI"BƮƭưǬǞǺǎǃǑ
ǓǚǫƯNƝƥǑǓǚǫǖǦǛǆǇǃ
ưŒéZë
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• ÿÑdjĬā÷jñúǕǸǗǺƬ¾�dj�[ZëǕǸǗǺƚĮĔ

• Ĭā÷jǹ}jGƲƤư�ŅưƥƸưĬāÊ÷jǹ}jưéyƯĶ

ƢƾƥƸƯń£

• źſƇƃƋƌƂƍƎŧŻŲųżȃǥǺǋ�ĚţūŮţŻŴŹźŻż
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• ųŻŽ³œǁūdjƫ�1ƢƾƞƬƫÂĺƮŇåǁHĚ

• )ćǁȀǑǓǚǫƬƠƪĸdĩÉC�ǒǱǧưoĠƹHĚƯ

• )ćǑǓǚǫưù%ƱūũŪůŨŪūǁ
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• ŵŻųŶĶØǁOƸǈǺǨǸƱĶØ !ƱūũŪŰŨŭǁ
n

• ŷųŲŵŻųȃ¶'üŵŻųñúƯr�ƢƾĬāĶØư !ǁì
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