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Requirements from these Applications

1. Large-scale processing part

e Although never explicitly stated, this part is
believed to be a vector/pseudovector computer.

e 2 PFfrom disaster prevention
1 PF from drug design
0.2-0.6 PF from various fields



Requirements from these Applications

2. Scalar computer part

e 4 PF from device simulation with electron
correlation

e (0.3-0.5 PF from various fields

3. Special purpose computer
e 20 PF from drug design (MD)
e 20 PF from astrophysics



Original Proposal

Large scale processing Scalar computer
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Special-purpose computer
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Proposed System Image
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Possible Rack Image
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1 PFICES - TEIZEL=M

Roadrunner (2008, Lp 1.026 PF), LANL
— Cell processorlE—FEDPIMEWNZHH ?
Jaguar (2008, Lp 1.059-1.759) ORNL
— Opteron®homogeneous system, TEFXE D LK ?

Nebulea (2010, Lp 1.271 PF) Shenzheni# il
— Intel+NVIDIA GPU

X 3A[1A (2010, Lp 2.566 PF) X%
— Intel+NVIDIA GPU

Tsubame?2.0 (2010, Lp 1.192) £I X
— Intel+NVIDIA GPU

SDHPC2013
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BHARDOE=E
2010/2:NEC, XYLV E 1 —2 DRI FHEGE
7= BA
2010/7 : IB8H. BFR R IZRTE, AICSER AL,
2010/11: BT K. TSUBAME2.0:1.192 PF
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2011/6: FRH38.162 PFCTop5000) 1431
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10 PFOD %
I (2011, Lp 8.162->10.51) ¥EHf

— Sparc64 viiifx and Tofu interconnect
Sequoia (2012, Lp 16.32—>17.17 PF) LLNL
—BG/Q
Titan (2012, Lp 17.59 PF) ORNL

— Opteron+Gemini interconnect

X A[2-5(2013, Lp 33.86) NUDT-> [

— Intel Xeon+Phi

— 20154E12100 PF(peak?)Z= BT




ExaScale ™~ @) ¥k Ek

e Linpack 1 EFIXRIEEA ?

— AFE1)100 PBET B E n=108DITHIMNA S, T
%1 EF (1028 flops) TEITI B &. 2/3x1024/1018 =
7x10°¥=7.7 H

—- LEBZEICEMET HEIEE Z A0

— H2E/NELNTEFNHENIL R TH S HY,

SDHPC2013

69



Exascale™~ ) Pk &k

e Zettaflops activity (SNL)
— 1990’s : Petaflops
— 2004 : Zettaflops (extreme forward-looking focus)

 The Path to Extreme Supercomputing
— 2004/10 Santa Fe, 30 people
— Erik P. DeBenedictis, SNL, organizer
— P. Jones, P. Kogge, W. Gropp, M. Frank, C. Lent

— Panel: T. Stirling, H. Simon, T. Michalske, F.
Johnson, W.CampZi &

—5EHEMBRK AL — AN TEE-T-E
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* Horst Simon@2007/10DFEE

http://www.zettaflops.org/fec07/presentations/Monday-1330-Simon7Challenges.pdf

1.
2.

No R&D program beyond Petaflops

Cannot afford EF until 2019 at current budget
levels

Cannot afford the power requirements

Productivity for science not adequately
addressed (data tsunami)

Application at 100K way parallel is hard
How to express parallelism
System software??
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7 A1)73:DARPA, NSF, DOE

IESP (International Exascale Software Project)

— SCO8 (Austin) TH . Santa Fe, Paris, 2<I&, Oxford,
Mauii, San Francisco, *$F'(2010/4)

2010/8: DARPA’s Ubiquitous HPC Program
selected --NVIDIA-Cray-ORNL troika, Intel, ... #&

T

EESI (European Exascale Software Initiative):
— 2010/61ZF & . 185 A .4 WG’s

— 2010/11IZAmsterdamTE1

A

A AN
-~ H

2011/1:Obama--State of the Union Address

=]

— Supercomputing[Z&E

— /1S
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« ZEF b, BAIXTRNAHELTHILEF
—2012/2: RH{LHPCI-WG QEDF5E)
— 2012/3:WGHR&ZE

e http://www.open-supercomputer.org/workshop/sdhpc/
—2012:FS(77'V).37—%)
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* Russia:
— 2012/4:T-Platforms 6, IBM 17, HP 16, others 11
— 2010: BERFENDENE(S37M, 2010)
— National Exascale effort, $1.5 b over several years

AME R, SRLYT7BI%. SRS, MEER.
JO0vyPilEd RTED

— the Russian Academy of Sciences, T-Platforms, and
RosAtom, the state controlled Russian nuclear

regulatory body ([t FRILFR E /)
— 2014/15[ZIntel+ NVIDIAT10+ PFZ3E5
—2017/18IZB £BF IOty H(?)T100 PF
— 2020tEMExascalelzBE 70t vY
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Memory and memory B/W
o HIEk Zal—4
— 4 B/Flop and 0.25 B/Flops (10 TB for 40 Tflops)

 The K Computer (single node)

— 64 GB/s for 128 Gflops---0.5 B/Flop

— 16 GB for 128 Gflops---0.125 B/Flops
e Standard EXA

— 0.1 EB/s for 1 Eflops---0.1 B/Flop

— 10-100PB for 1 Eflops---0.01-0.1 B/Flops
* Limitation

— Cost and power

— Programmability
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. HEH=EFAO—rTyTHE

http://open-supercomputer.org/wp-content/uploads/2012/03/science-roadmap.pdf

» HPCI ZffiO—F< v T BE

http://open-supercomputer.org/wp-content/uploads/2012/03/hpci-roadmap.pdf




Memory and memory bandwidth
Big technical issue

56 ] 0
Large B/Flop
(k)

o
—_—

Small B/Flops 0l1 Large B/Flops

Small B/Flop
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