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(Original slide courtesy Horst Simon @ DoE-LBL)

Fig. 2.3 The global footprint by subsector

Emissions by geography " . .
Carbon Economy in the Information and devices
77 h CI' G Data centres
Age 1 The Imate roup P(s, penipherals and printers*
2002 % of 0.53
2007 Kof0B3 _ = = T T T = - -
(~=13,000 lives T~o -
2020 % of 1.43
DC PCs.. RN
NS ~=25,000 lives
CAGR 5 7 5 ~ - > )
% * Printers were 11%: of the total [CT footprint in 2002, 8% in 2007 and will be 12% in 2020. bllllon tonE GCTZ —_——— =

1RoW = Rest of the World. (includes India, Bre=il, South Africe, Indonesia and Egypt)

] -
140MW @Tokyo

| Cloud Datacenter

> 100m diameter -
9 stories 140,000 sq. ft. :\%
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JST-CREST "MegaScale” [2003 2007]

"Embedded tech. meets HPC"

» Increased importance w/emphasis
on mobile/ubiquitous computing

e Attain ~x2 with effective DVS
=> 2004 CTWatch J. (Matsuoka ed.)
e Can't attain x10 tho...
— Low hanging fruit i
achieved with simple DVS JST-gQSES'L Afr\segEafPfr'o‘ro r(\/SICUZOO5)
OCKe ecClo
— Simple slow cores '1”' Q?“ﬂ‘_HTEHw
limited to weak scaling LOW POWER HIGH PERFORMANC:
— Conclusion: new devices, new

architectures, cooling, apps need to
be exploited and optimized as a whole




TSUBAMEL.0 June 2006
Asia No.1, World #7
38.18Teraflops(Top500)
1MW power

2010 TSUBAMEZ2.0
Petaflop Objective but
Constant Power
—Xx25 Power Efficiency

CPU vs. GPU Perf/Watt
JST-CREST ULP-HPC Project

GPU

GeForceGTX 580

w=t=NVIDIA GPU Single Precision »
== NVIDIA GPU Doubie Precision

wme=intel CPU Single Precision GeForceGTX 480
wmt==lntel CPU Deuble Precision

GeForoeGTx

GeForce8800GTX TeslaC2030
/ CPU
GeForce 7800 GTX Westmere

Peak Performance [GFLOPS]

GeForceFX 5800

GeForce 6800 Ultra ‘I'esh C1060

3  Jun04 Oct-05 Mar-07 Jul08  Dec9

GPU ~x5~6 compute & memory
bandwidth advantage

same power

operational test w/TSUBAME1.2



JST-CREST “Ultra Low Power (ULP)-HPC” Project
2007-2012

Auto-Tuning for Perf. & Power

EFILEERD Bayes fFhE  ABCLibScript: 7))L X LER

Vector 4
RTEBNGBF1—=2 TR,
= EEAY IABCLib$ static select region start.— 7 V3" =
. | Stk seect
(G PG PU’ etc-) Bayes ETINEERD 3 EFNIZED IABCLibS ‘parameter (in CacheS, in NB,inNPre) |\ oy oo o
Yi~ N(,ui,O'i ) FRERM DT IABCLIbS _ select sul m 3 haa
IABCLib$  accor ding
2 2
— = = K |ﬂy0'i ~N O'i /Kg) IABCLib$ 2.000"CacheS™NB)/(3.000NPICh—_ k| = s mysy
o 2 _ _ 2 2 HE(ZNTYXLT) -/
k Oi Inv X (VO'JU) IABCLib$  select sub region end %
|-
»

=A% b N A~ FREEMORMT—F | |ABCLIDS  select sub region start .
© N ERAROERTAUF ) IABCLbS  according estimated /|
Vi l(Vies Yizs s Yin) = t, (Uigs Tinn 1 ) !ABCLibS A

ib$  select sub region end
IABCLib$ static select region end

T _
Vo =Vo+N, K, =Ky+N, 1, = (K% S+ny)/k,

LOW Power Vno'::V00-02+z(ym7Yi)z+KUn(yi7
High Perf Model

ULP-HPC. |

Nétworks n

Power Optimize using NoeI Components
in HPC

)

Perf. Model
Algorithms

Power-Aware and Optimizable Applications Improvement in 10 years



Aggressive Power Saving in HPC

Server Consolidation Good NG'
DVFS
(Dynamic Vso(l:‘crlclxigz;g Frequency G OO d P OO r'
New Devices Poor Good

(Cost & Continuity)

New Poor
Architecture  (cost & continity) Good

Novel Cooling Limited Good

(Cost & Continuity) (high thermal density)



TSUBAMEZ2.0 Nov.

ne Greenest Production Supe A INn the Worlc
« GPU-centric (> 4000) high performance & low power EESF;‘:CTS)
o Small footprint (~200m2 or 2000 sq.ft), low TCO 1408 GPU Gompute Nodes,
* High bandwidth memory, optical network, SSD storage... 34 Nehalem "Fat Memory" Nodes

Rack
TSUBAME 2.0 (8 Node Chassis)
New Development

Node Chassis

Compute Node (4 Compute Nodes)
(2 CPUs,3 GPUs)

Chip
(CPU ,GPU)

TSUBEWIE? .5
5./ S2EIEliD DS

2.4 PFLOPS

IA.
T : ﬁ\} i 422%,DGTD%
: i R 55 GB/103 GB 220 GB/412 GB 1.7 TB/3.2 TB 220Tbps NW
CPU(Westmere EP) GPUs(Tesla M2050) - 400GB/s Mem BW >1.6TB/s Mem BW >12TB/s Mem BW Bisecion BW
76.8 GFLOPS 515 GFLOPS 80Gbps NW BW 35KW Max 1.4AMW Max

z2rm 3 GB  40nm ~1KW max Integrated by NEC Corporation




TSUBAMEZ O Very Green...

“Greenest Production
Supercomputer in the World”

the Green 500 (#3 overall)
Nov. 2010, June 2011

(#4 Top500 Nov. 2010) @am

3 times more power efficient
than a laptop!



It is not just about cost, it is
about sustainability!

» WHO estimate: 1.6 million deaths each
year from indoorﬁlufioﬂfoal&ml)

‘ 161 deaths/TWh Wogldwide
- Excluding Global Warmingesitects

+ "Clean (not Greenjishiergy is the soluii

‘- -
.

e

-
- - Nuclear: + Solar™ =Wihd + Hydrogs 1
- Then 2011 3/11 All*rell bro@'l A-J dpan...
o . N~ .
= “Bn e C R -



http://www.who.int/mediacentre/factsheets/fs292/en/index.html

3.11 Japan
Earthquake

* Top 10 Supercomputers
in Japan (96% perf.
Shar'e) all near Tokyo!

— 18 of 26 Japanese
SCs on the Top500

e All had%oe

stopped due to
rolling blackouts

 Despite all the
research, we were
not ready for this...

Rmax and Rpeak Values are in TFlops. For more details about other fields, check the TOP500

description.

26 entries found.

33

42

o4

59
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74
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96

=k
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GSIC Center, To
of Technology

kyo Institute

an Atomic Energy

University 0
for Solid State
Japan

akyolinstitute
ySIiCs

Japan Agency for Marl
Earh Science and
Technology
Japan

JAXA
Japan

Information Technology
Center, The University of
Tokyo
Japan

Institute of Physical and
Chemical Res. (RIKEM)
Japan

GSIC Center, Tokyo
of Technology
Japan

Mational Institute for
Environmental Studies
Japan

Mational Institute for Fusion
Science (MIFS)
Japan

Agency

HPF ProLiant SL390s G7 Xeon 6C X5670,
MNvidia GPU, Linux\Windows
MECIHP

BX900 Xeon X5570 2.93
QDR
Fujitsu

SGI Altix ICE 8400EX
2.93 GHz, Infiniband
SGI

GHz , Infinipand

Xeon X5570 4-core

SH-9/EMZ280M160

P2
n
(=]

Fujitsu

Hitachi o
Hitachi

2 3 GHz Myrinet 10G

M Intergrated Cluster d
o570 2.93GHz, Infiniband D
Fujitsu

Sun Fire x4600/x6250, Opteron 2.4/2.b\§
Xeon EB440 2.833 GHz, ClearSpeed
C3X600, nVidia GT200,
NECISun

Appro Xtreme-xX3 Server - Guad Opteron
Quad Core 2.3 GHz, Infiniband
Appra International

Asterism 1D318, Intel X
C2050, Infinipand
NSS0L/SGl Japan

Hitachi SR16000 Model L2128, Power6
4.7Ghz, Infiniband
Hitachi

Xeon ES530, NVIDIA

lusters, Xeon

Yoltaire Infiniband

73278

17072

1280

12032

15104

9043

31024

10368

144640

4096

1192

161.8

122.4

1106

10174

97.94

87.01

74.84

56.65

200.08

180.02

131.07

121.28

138.96

106.04

163.19

85.39

i



2016 H2 TSUBAME3.0 Leading Machine Towards Exa & Big Data

. “Everybody’s Supercomputer” - High Performance (~20 Petaflops, 4~5PB/s Mem, ~Pbit/s NW),
innovative high cost/performance packaging & design, in mere 180m?-...

. “Extreme Green” — ~10GFlops/W power-efficient architecture, system-wide power control,
advanced cooling, future energy reservoir load leveling & energy recovery

. “Big Data Convergence” — Extreme high BW &capacity, deep memory

hierarchy, extreme 1/O acceleration, Big Data SW Stack 2013 | I H ' l
for machine learning, graph processing, ... TSUBAMEZ.5
oF machine fea &, graph p & upgrade ‘ R R
. “Cloud SC” — dynamic deployment, container-based 5.7PF DFP 2016 TSUBAME3.0
node co-location & dynamic configuration, resource /17.1PF SFP ~20PF(DFP) 4~5PB/s Mem BW
.. e . 22 20% power 10GFlops/W power efficiency
elasticity, assimilation of public clouds... ‘ reduction

Big Data & Cloud Convergence
. “Transparency” - full monitoring & Fbaley T
user visibility of machine
& job state, <
accountability
via reproducibility 3

2010 TSUBAME2.0
2.4 Petaflops #4 World
“Greenest Production SC”

2606 fSUBA'MEl_o = === Large Scale Slmulatlon
80 Teraflops, #1 Asia #7 World | = L& 2013 TSUBA“%% KFC  Big Data Analytics
“Everybody’s SUpercomputer” 5017 AcM Gordon Bell Prize #1 Green 500 Industrial Apps



http://www.new.facebook.com/album.php?profile&id=20531316728
http://www.new.facebook.com/album.php?profile&id=20531316728

2020 Global :. . simuiator 1 1IOMW 0036 3.6 13,400 160 16 312

Target Tsubame1.0 1.8MW  0.038 21 2368 13 7.2 692
(2006Q2)
1 Exaflop,  teubamez.0 1.8MW 1.2 667) 75 440 244 | 20
200TeraByte/s@ (201004) x32 x34
K Computer ~16MW 10 62 80 3300 206\ 24
20MW (2011Q2) \
BlueGene/Q ~12MW? 17 ~1400 ~35 3000 250| 20
= 50 GigaFlops/W/?%12a%)
10GB/s / W
ISUBAR 1.8M 1 !
x1000~x2500
improvement! “x75 | ~x40 y

EXA (2020) 20MW 1000 50,000 1 200K 10,000 1



TSUBAME-KFC/DL(update): TSUBAME3 Prototype [ICPADS2014]

Oil Immersive Cooling+ Hot Water Cooling + High Density Packaging + Fine-
Grained Power Monitoring and Control¥

. High Temperature Cooling Cooling Tower :
Oil Loop 35~45°C Water 25~35°C

= Water Loop 25~35°C = To Ambient Air
(c.f. TSUBAME2: 7~17°C) Y ——

F ‘ \l

Experimenal Container Faciity
20 feet container (16m?)
Fully Unmanned Operation

-,-_.‘_"._




TSUBAME-KFC #1 Green 500 List (Nov. 2013)

e 1st achievement as Japanese supercomputer
 #1 again in June 2014 | SEHEER
» 10GFLOPS/W incl. Cooling for TSUBAME3, ¢ 50Q

sponsored by

+ Energy Recovery ( SurERMIcRe

This certificate is in recognition of your organization's achievements in reducing the
Ranks 1 - 100 - environmental impact of high-performance computing.

Lo

-~

The Greenson LISt Ranks 101 - 200 GSIC Center, Tokyo Institute of Technology

7
e

Listed below are the November 2013 The Greenb00's energy-efficient supercomputers ranked from 1 to 10.
Ranks 201 - 300 is ranked

Total
Greens00 | e opsw Power R
Rank
: Ranks 401 - 500

450347 C - LX 1U-4GPU/104Re-1G Cluster, Intel Xeon 2778

Technulnm.r TS U BAM EES]%P@C 2.100GHz, Infiniband FDR, NVIDIA K20x Downloads

Wilkes - Dell TB20 Cluster, Intel Xeon E5-2630v2 6C 2.600GHz,

1st

e\ W =
T

on the world's Green500 List of computer systems as of

Iz
-

November 2013

=\
95/

=
AL
o

=¥
"y

2 3,631.86 Cambridge FE2 /2 Microsoft Excel™ Wurchun Feng, Co-Chalr (" Kirk Cameron, Co-Chair
Infiniband FDR, NVIDIA K20 sty it . . .
o e T e i e e i o L s e s i
3 51794  Center for Computational Sciences,  HA-PACS TCA - Cray 3623G4-SM Cluster, Infel Xeon E5-2680v2  _ %%%S—ﬁ}%\.%}:%f\{
Ehed University of Tsukuba 10C 2.800GHz, Infiniband QDR, NVIDIA K20x : Comma Separated
Values (.csv)
b Piz Daint - Cray XC30, Xeon E5-2670 8C 2.600GHz, Aries
4 3,185.91 pEsspmnLNg interconnect , NVIDIA K20x 1.753.66
Centre (CSCS) )
Level 3 measurement data available
5 3130.95 ROMEO HPC Center - Champagne- romeo - Bull R421-E3 Cluster, Intel Xeon E5-2650v2 8C vt
Js Ardenne 2.800GHz, Infiniband FDR, NVIDIA K20x :
6 3,068.71 GSIC Centef: - Cluster Platform SL390s G7, Xeon X5670 6C 922 54
Technology TS U BAM E iﬂ(gz Inf niband QDR, NVIDIA K20x
7 270246 University otAs iDataPlex DXA60M4, Intel Xeon E5-2650v2 8C 2. 600GHz, e

Infiniband FDR 14, NVIDIA K20x

iDataPlex DX360M4, Intel Xeon E5-2680v2 10C 2.800GHz,
8 2,629.10 Max-Planck-Gesellschaft MPI/IPP Infiniband, NVIDIA K20x 269.94

- . o iDataPlex DX360M4, Intel Xeon E5-2680v2 10C 2.800GHz,
9 2,629.10 Financial Institution Infiniband, NVIDIA K20x 55.62

CSIRO GPU Cluster - Nitro G16 3GPU, Xeon E5-2650 8C
10 i 0 2.000GHz, Infiniband FDR, Nvidia K20m Ll

* Daformance data obtzined from nublich available =ources includinag TOPSOND



Green500 Measurement Changing In
2016

 New Levell
 Measures the whole Linpack run, not parts
* Include interconnect and switches
e Other changes

 New measurement more accurate account of power efficiency
« FLOPS/W = FLOP/J if constant

e TSUBAME-KFC/DL measurements: about 6% difference
between old and new L1



How do we sustain x1000?

Process Shrink x100
! | ULP-HPC

X
Many-Core GPU Usage x5

X e oo Project
DVFS & O’fh:—('” LeSwxls B 1| 2007-12

Efficient Cooling x1.4

4

x1000 !l

i Ultra Green
s Supercomputing

b . - | kT
e ¥
g =

~Project 2011-15



Power Efficiency of GB Dendrite Simulation since 2006
Good news and bad news towards Post-Moore

Need another leap!

_.100000 TSUBAME3
% Estimate /-
= 10000 Testserver 5550 .- ="2017~2018
2 TSUBAME1.2 i 15750 crossover
o S1070 GPU) g
2 1000  GH7OCGRL
2 TSUBAME1 0 GPU)
= 100 (optero #4 Top500
Q #7 with same GPU
O
= 10 :
"LE 10 years x1,210 in
g 1 10 years!
O =T (N =1 (N = (N =1 (N = (N == (N =~ (N == (N «~— (N «—= (N i

I r© r r r T r r r * T r * ©r T T T I I I I
el OO NN®X®ODNOO A ANCNONMMIT I InIn O

S 8888888000000 000000 0

AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN

Year

Measured for the 2011 Gordon Bell Award Dendritic Solidification App
Flop/s/W = Total #Flops / J = energy to solution given same problem



TSUBAME4 beyond 2021~2022 K-in-a-Box (Golden Box)

Towards Post-Moore Performance Growth
1/1000 Size, 1/150 Power, 1/500 Cost, x5 DRAM+ NVM

10 Petaflops, 10 Petabyte Hiearchical Memory (K: 1.5PB),
10K nodes
50GB/s Interconnect (200-300Tbps Bisection BW)
(Conceptually similar to HP “The Machine”)

Datacenter in a Box
Large Datacenter will become “Jurassic”
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