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IBM in Jeopardy 

• Watson – an AI system capable of 
answering questions posed in natural 
language

• IBM DeepQA software
• Cluster of Power750 systems

– 2880 Power7 processors and 16 TB RAM
– 3.5 GHz POWER 7 eight core processor, with 

four threads per core
– Can process 500 Gigabytes per second

• Watson’s data was stored on RAM rather 
than disk stores for faster access
– 200 million pages of structured and 

unstructured data on 4 TB storage – including 
full text of Wikipedia.
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Watson would use thousands of 
algorithms simultaneously to find 
answers



Graph 500: www.graph500.org
• First announced at ISC2010, first list released at SC2010
• The first serious approach to complement the Top 500 

with data intensive applications
• Graph500 address 3 main graph kernels

– concurrent search
– optimization (single source shortest path)
– edge-oriented (maximal independent set). 

• The list addresses key application areas in Cybersecurity, 
Medical Informatics, Data Enrichment, Social Networks, 
and Symbolic Networks. 

• Key Contributors: David A. Bader, Jonathan Berry, Simon 
Kahan, Richard Murphy, E. Jason Riedy, and Jeremiah 
Willcock. 
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Synthetic graph generated 
by a method called Kronecker 
multiplication



今後のペタ級マシン

2010

Inst/Agency/Country( Name Machine Peak Perf

ORNL/DoE/US Jaguar Upgrade Cray XT5 2.3PF

Tennessee大学/NSF/US Cracken Cray XT5 1PF

Julich/欧州(ドイツ) Jugene IBM BG/P 1PF

中国・防衛大学 天河 (Tihanhe 1) GPU Cluster/Dawning 1.2PF

中国・深圳国立スパコン 星雲 (Nebulae) GPU Cluster/??? 3PF

日本・東工大 TSUBAME2.0 GPU Cluster/HP‐NEC 2.4 PF

LBNL/DoE/US Hopper Cray XE6 1.3PF

中国・防衛大学 天河 (Tihanhe 1‐A) GPU Cluster/Dawning 5 PF

欧州PRACE計画・仏CEA Tera 100 Nehalem‐EX Cluster/Bull 1.25PF

ORNL/DoE/US TITAN Cray XK6 +GPU 20PF

NCSA/NSF/US Blue Waters IBM Power7 server 10PF

LLNL/DoE/US Sequoia IBM BG/Q  20PF

ArgonneNL/DoE/US Mira IBM BG/Q  10PF

日本・理研 「京」 富士通 Venus 専用設計 10PF+

日本・筑波大 HA‐PACS GPU Cluster/HP‐NEC 1PF

欧州ペタコン群/PRACE計画 ??? IBM, Cray等 ~PF x 4~5

中国 4~6個所 ???Dawning? 合算数十PF以上

2011-12

2009

2010



Peter Koggeらによる
300ページのDoD 

Exascaleシステムの

レポート

20202004 2008 2012 2016

Exaflop

軽量なsimple coreが2020年頃

有望だが、1~10億の並列性

Petaを達成したが中国に抜か
れた米国は2018-2020 

Exa(1018)flopへ驀進を開始

６アプリ分野のExascale 
Workshop(2008-2009)

DoE Exascale
2000-5000億円の

十年計画



ペタ～エクサへのスケーリング

のロードブロック
• 「10億並列へ」は勇ましいが。。。

– 電力・エネルギー

– (強)スケーリングの欠落

– N2 vs. N 問題により深まるメモリ階層 (I/O
含む)

– 極端に低まる信頼性と実行不能性

– プログラミングや実行モデル



Extreme Many Core, Slow&Parallel 
is the Key to Low Power [Kogge08]



Case for Hybrid Multi/Many‐Core 
Architectures

• Apps scaling governed by two components
– Weak Scaling part, O(N) concurrency

– Strong (Finite) Scaling Part, O(K) concurrency

• S: speedup, H: fraction of O(N) execution, h: #weak‐
scale cores, f: #strong scale cores, 
c: speedup of strong scaling cores 
over weak scaling cores

• 10PF machine analysis
– Hybrid (TSUBAME2+): h=500,000, f=10,000, c=4, H=95% 
=> S= 317,460 (Efficiency 63.4%)

– Homo (BG/Q): h=800,000, f=10,000, c=1, H=95%
=> S= 161,616 (Efficiency 20.2%)

– Gap will widen with Exascale, 1‐10 billion cores

N>>K for 
peta-exa
N>>K for 
peta-exa
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DoE Exascale 性能指標
System 
attributes “2010” “2015” “2018-20”

System peak 2 PetaFlops 100-200 
PetaFlops

1 ExaFlop

Power Jaguar
6 MW

TSUBAME
1.3 MW

15 MW 20 MW

System Memory 0.3PB 0.1PB 5 PB 32-64PB
Node Perf 125GF 1.6TF 0.5TF 7TF 1TF 10TF
Node Mem BW 25GB/s 0.5TB/s 0.1TB/s 1TB/s 0.4TB/s 4TB/s

Node Concurrency 12 O(1000) O(100) O(1000) O(1000) O(10000)
#Nodes 18,700 1442 50,000 5,000 1 million 100,000
Total Node 
Interconnect BW

1.5GB/s 8GB/s 20GB/s 200GB/s

MTTI O(days) O(1 day) O(1 day)

37



Reliability and Resilience

• Barriers 
• Number of system components increasing 

faster than overall reliability
• Silent error rates increasing 
• Reduced job progress due to fault recovery 

if we use existing checkpoint/restart
• Technical Focus Areas

• Local recovery and migration
• Development of a standard fault model and 

better understanding of types/rates of faults 
• Improved hardware and software reliability

• Greater integration across entire stack
• Fault resilient algorithms and applications

• Technical Gap
• Maintaining  today’s MTTI given 10x - 100X 

increase in  sockets will require:
10X improvement in hardware reliability 
10X in system software reliability, and 
10X improvement due to local recovery and 

migration as well as research in fault 
resilient applications

• .
DOE Exascale InitiativeDOE Exascale Initiative 3838

Taxonomy of errors (h/w or s/w)
• Hard errors: permanent errors which 

cause system to hang or crash
• Soft errors: transient errors, either 

correctable or short term failure
• Silent errors: undetected errors either 

permanent or transient.  Concern is that 
simulation data or calculation have been 
corrupted and no error reported.

Need storage solution to fill this gap

Checkpoint
Restart to
Node Local
Storage
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Co-design is a fundamental tenet of the 
initiative. 

ApplicationApplication

TechnologyTechnology

･ Model
･ Algorithms
･ Code

Now, we must expand 
the co-design space to 
find better solutions:
•new applications & 
algorithms,
•better technology and 
performance.

Now, we must expand 
the co-design space to 
find better solutions:
•new applications & 
algorithms,
•better technology and 
performance.

⊕ architecture
⊕ programming model
⊕ resilience
⊕ power

Application driven:
Find the best 
technology to run 
this code.
Sub-optimal

Technology driven:
Fit your application 
to this technology.
Sub-optimal.



DARPA UHPC
• DARPA Ubiquitous High Performance Computing 

(UHPC) program 
– Create an innovative, revolutionary new generation of 

exascale computing system 
– Design systems that overcome the limitations of current 

evolutionary approaches

• TA1: Systems Design and Implementation
– 4 Awards : Sandia National Laboratory, Intel, NVIDIA, 

MIT CSAIL. 
• XCALIBER: SNL (Lead), Micron, LexisNexis, LSU, UIUC, UND, 

USC, UMD, GaTech, Stanford Univ,, NCSU
• Runnymede – Intel, UDel., UIUC, UCSD, Reservoir Labs, ETI, SGI, 

Lockheed Martin, Cray
• Echelon – NVIDIA, Cray, ORNL, and 6 top universities
• MIT CSAIL

• TA2: Development of key metrics and benchmarks
– Collaboration led by GaTech: participants include LLNL, LSU, 

MIT
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X-caliber Architecture

NVIDIA Echelon Architecture
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