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TSUBAMEZ2.0 Nov. 1,

NThe Greenest Pr od

TSUBAME2.0: A GPU-centric Green 2.4 Petaflops Supercomputer

Tsubame 2.0: "Tiny" footprint, very power efficient 2%’5;:&)
* Floorspace less than 200m? (2,100 ft?) 408 GPU Coiiite Nodss
34 Nehalem "Fat Memory" Nodes

* Top-class power efficient machine on the Green 500

Rack

TSUBAM E 20 (8 Node Chassis)
New Development

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

Chip
(CPU ,GPU)

2.4 PFLOPS
80 TB

e W £ i 6.7 TFLOPS 53.6 TELOPS
' ' - ;'56(;;'/'1%2868 220 GB/412 GB 1.7 TB/3.2 TB
CPU(Westmere EP) GPUs(Tesla M2058

76.8 GFLOPS 515 GFLOPS

3GB Integrated by NEC Corporation




Highlights-of TSUBAME 2.0
Design (Oct. 2010) w/INEC_-HP

2.4 PF Next gen multi -core x86 + next gen GPGPU
u 1432 nodes, Intel Westmere /Nehalem EX

u 4224 NVIDIA Tesla (Fermi) M2050 GPUs
u~100,000 total CPU and GPU &
ul.9 million OCUDA coreso, 32K x 4t
0.72 Petabyte /s aggregate mem BW,

u Effective 0.3 -0.5 Bytes/Flop, restrained memory capacity (100TB)

Optical Dual -Rail IB -QDR BW, full bisection BW(Fat Tree)
u 200Thits/s , Likely fastest in the world, still scalable

Flash/node, ~200TB (1PB in future), 660GB/s I/O BW
u >7 PB IB attached HDDs, 15PB Total HFS incl. LTO tape

Low power & efficient cooling, comparable to TSUBAME 1.0
(~1MW); PUE = 1.28(60% better c.f. TSUBAME1)

Virtualization and Dynamic Provisioning of Windows HPC +
Linux, [ob migration, etc.




TSUBAMEZ2.0 -System Qverview (2. 4Pf|ops/15PB)

Petascale Storage Total 7.13PB( Lustre + Accelerated NFS Hom¢

fustre Partition 5.93PB |MPS.0SS

HP DL360 G6 30nodes
Storage
DDNSFA10000x5

(10 enclosures x5)
Lustre (5 Filesystemg
0SS: 20 OST: 5.9PB
MDS: 10 MDT: 30TB

OSS x20 MDS x10

------- ? ?F/

Home NFSf
iISCSI

~
N
\
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Storage Server

Storage

10 enclosures x1

HP DL380 G6 4nodes
BlueArc Mercury 100 x2

DDN SFA10000 x1

NFS,CIFSx4

NFS,CIFS,iSCSI

1
I
|
1
Accelerationx2 Foe-
N 1

Node Interconnect: Optlcal, Full Bisection, Non Blocking, Dual Rail QDRInfinibEnd

ﬁ?or Switch

Edge Switch

179 switches

Voltaire Grid Director 4700
IB QDR:324ports

/ Edge Switch(w/10GbE) \

“ G «cnenss “ —
6 switches

Voltaire Grid Director 4036
/ IB QDR : 36 ports

Voltaire Grid Director 4036E

IB QDR:34ports

10GbE: 2ports j

Compute Nodes 2.4 PFlops(CPU+GPU)224.69 TFIops(CPLl

wunnned Bonannng
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NEW DESIGN Hewlett Packard CPU+GPU
High BW Compute Nodesx 1408
Intel Westmere EP 2.93GHz
(TB 3.196GHz 12Cores/node
Mem:55.8GB(=52GiB)or 103GB (=96GiB)
GPU NVIDIA M20506515GFlops,
3GPUs/node

~

HP4Socket Server 24nodes
CPUNehalem EX 2.0GHz

32Cores/node
Mem:137GB(=128GiB)
SSD 120GB x4 480GB
OS: Suse Linux Enterprise

Mgmt Servers

HP 4Socket Server 10nodes
CPU Mehalem EX 2.0GHz
32Core/node
Mem:274GB(=256GiB)x8
549GB(=512GiB) x2
SSD 120GB x4 480GB
OS: Suse Linux Enterprise

SSD 60GBx2 120GB  55.8GB node :
120GBx2 240GB  103GB node k24 nodes 6. 14TFLOP/
OS: Suse Linux Enterprise+ Windows HPC T >
' PCl 8E gen2 x16 x2slot/node
il i ity _' oo

MemoryTotal 80.55TB
SSD Total 173.88TB

/

1408nodes
e x44 Racks)
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TSUBAMEZ2.0 Storage

Multi- Petabyte storage consisting of Luster Parallel Filesystem Partition
and NFS/CIFS/iSCSIHome Partition + Node SSD Acceleration

Lustre Parallel Filesystem Partition, 5.93PB

MDS HP DL360 G6 x10
- CPU:IntelWestmere EP x2 socket(12 Cores)
- Memory 51GB(=48GiB)
- IB HCA:IB 4X QDR PCEk G2 x1port
OSS HP DL360 G6 x20
- CPU:IntelWestmere EP x2 socket(12 Cores)
- Memory 25GB(=24GiB)
- IBHCAIB 4X QDR PCGle G2 x2port
Storage DDN SFA10000 x5

- Total Capacity 5.93PB

2TB SATA x 2950 Disks + 600GB SAS X\SO Disks
(e R s B e S o S |

U 1y 1l {

SFA10K 600 Disks SFA10K 600 Disk$ SFA10K 600 Disks SFA10K 600 Disky SFA1O0K 600 Disks
K OST, MDT OST, MDT OST, MDT OST, MDT /K OST, MDT j

Home Partition 1.2PB

NFS/CIFS HP DL380 G6 x4

- CPU:IntelWestmere EP x2 socket(12 Cores)

- Memory 51GB(=48GiB)

- IB HCA:IB 4X QDR PCE G2 x2port
NFS/CIFS/iSCSI BlueArc Mercury100 x2

- 10GbE x2

DDN SFA10000 x1
- Total Capacity 1.2PB
2TB SATA x 600 Disks

\ SFA10K 600 Disks SFA6620 100 Disly

7-13PB HDD +200TB SSD + 8PB [Tape

4-3






TSUBAME?Z2.0_ Compute Nodes

Thin

Node

Infiniband QDR . nis /‘“\\
x2 (80Gbps) SR & B

Total 2391.35TFLOPS
HP SL390G7 (Developed for
TSUBAME 2.0) Memory 80.6TB (CPU) + 12.7TB
GPU: NVIDIA Fermi M2050 x 3 (GPU)
515GFlops, 3GByte memory /GPU
CPU: Intel Westmere -EP 2.93GHz x2 SSb 173.9TB
(12cores/node )
\\@g\ory : 54,96 GB DDR3 -1333 / p @
S5D_60GBx2, 120GBx2 (D Total Perf
/IB QDR ¥ PCl -e Gen2x16 x2 \ 34 nOdeS: 2.4 PFIOpS
8.7TFlops Mem ~100TB
HP 4 Socket Server ]
CPU: Intel Nehalem  -EX 2.0GHz x4 Memory: SSD: ~200TB
(32cores/node ) 6.0TB+GPU
Memory: 128, 256, 512GB DDR3  -1066 _ \_/
SSD 120GB x4 (480GB/node) SSD: 16TB+

1408nodes

4224GPUs 59,136 SIMD Vector
Cores, 2175.36TFlops (Double FP)

2816CPUs, 16,896 Scalar Cores:
215.99TFlops

4-1






3500 Fiber Cables > 100K:
! ‘_ﬁ' F‘"BSlIlc, ;hoton




TSUBAME 2.0 Full Bisection Eat Tree, Optical,

10Gb Ethernet:x2

Lustre Filesystem '} Mgmt Nodesx51 Home/iSCSINodes |
5}3“5 20 Nodes 10 3 IB and Ether 4&des Z&des
SFA10K sFA10K ) (ossfoss) @59639 “ “ ‘ i t::\ellg tgsg ercyry
| | J
| | | |

/ | Voltarie Grid Director 4036E x6 + Grid Dlrector 4036 x1
- \

10Gbh Ethernetx10

Optical Intra- Node Intercennect

Voltaire Grid Director 4700 x12 WN\

B
7 7

ANIVANIVA

N N NN

B reea W

Full Bisection, Non blocking, Optical Fiber Connection

Edge Switch x2

m

MedYMed) MedYMed) Fat Fat
od¢/\Nod odg’\Nod od| od|
4 VAN

J

16 Nodes

. 16_Naodes S
Thin Nodes x1408 Rack#1 x44Racks

Medium Nodes x24 Fat Nodes x10

TSUBAMEZ2.0

" L

8PB Sun
SL8500

SuperTitanet

4-7




Tsubame?2.0 Efficient Cooling Infrastructure

~= Entire Earth
Simulator
(rack = 50TF)

| t Waer-cooledrack

Completely closed racks with their own
heat exchanger.

1.5 x width of normatack+rearext.

Cooling for high density deployments

35kW of coolingcapacitysingle rack
Highest Rack Heat Density ever

3000CFKM Intake airflow with 7C
chiller water

upto 2000 Ibs of IT equipment

Uniform air flow across the front of thefs -,
servers |

Automatic door opening mechanism _.zg# - *'
controlling both racks 2 |

Adjustable temperature set point

Removes 95% to 97% of heat inside
racks |

Polycarbonate front door reduces

PR P - [ P
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ITSUBAI\/IEZ.O Software Stack Red: R&D at Tokyo Tech

GPU Enabled OSS and ISV SMmber, Gaussian(2011) BLAST,GhostM \

Programming Environment GPQ)UDA4.0,0penClL,

System Management
PGI C/Fortran, (CAPS C/Fortran)(YYYY C/Fortran), _ User Management
MATLakh Mathematicg Physis |_G“d Middleware

- NAREGI Globus Gfarm2 - Accounting
Resource Scheduler and Fault Tolerance - Data Backup
PBS professional(w/GPU extensions), Windows HPC Server

- System Managemeht
GPU Libraries Message Passing FileSystem Lustre, | Fault Tolerance (AUtonomlc
CUDA Lib, CULA, | OpenMPI,MVAPICH2 GPFS GFarm2 BLCRNVCR, |Operation, Power
Ww/GPU Direct NES CIFSiSCS| FTI checkpoint Nt
x86 Compiler - Syste?nﬁ Monitoring
PGI, Intel TotalView Debugger Operating Systems/Virtual Machine
(GPU/CPU)

SUSE Linux Enterprise Server, Windows
HPC Server, KVM

Driver (Voltaire OFED/InfiniBand CUDAA4.0 Driver)

Server and Storage Platform

HP ProLiantSL390z G7 DL580G7 NVIDIA Tesla M2050/2070, Voltaire
InfiniBand

Empowered by Innovation N E‘



TSUBAME 2.0 Cloud Service Utilization

201112412 20003

semice it | SUBAMEZ2.0 As of Dec. 12, 2011

EErvYice ﬁﬁﬁ;gs"mj E:E:i"g USErs
S - o9ay) 328 / 330 nodes| | ey 206 / 557 jobs| 50|
596 I meI 074 ”C"jESI_] 333} Lss J'E'“I EI
G j00g 468 / 468 nodes 32y 35 / 28 jobs 1
v Ty 271 / 338 nodes| |28 340 / 1348 jobs) 40|
L128 I uxI 0/ nadesI_ ~87% System Utilization 1 uxI I]fI]jDI:usI uI
L128F o 0/ 9 nodes St o 1} 0740 jobs 1]
== — 0

56 I zﬁxI 2/ nadesiﬁepu UtlllzatIOn { amxI 2 /5 jl:ul:usI 1I
| 512 nz n,sz nu:u:les. 03 0/0 jobs 0
H/X | 83% 297 ( +83) / 420 nodes| J 1003 73/ 73 jobs| 13|
ALL 8741407 ( + 83) / 1686 nodes| J 328 657 / 2022 jobs| 102|
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Tsubame 2. 00s Achi evern

ASUCA Weatherf — | o 4" Fastest Supercomputer in
i \\'\'W—l SR the World (Nov. 2010 Top500)

VIV S

il UrbUlance

Rank Site Computer/Year Vendor Cores Rmax Rpeak Power

Mational Supercomputing T'a”?hn 19 (;]]1UD1(;1—FT flltl):;F'

1 Centerin Tianjin
i GPU, FT-1000 8C /2010
China NUDT

186368 2566.00 4701.00 4040.00

DOE/SCIOak Ridge Jaguar - Cray XT5-HE Opteron

2 Mational Laboratory G-core 2.6 GHz /2009 224162 1759.00 2331.00 6850.60
United States Cray Inc.
s e Mational Supercomputing MNebulae - Dawning TC3600
opepepei—e Centre in Shenzhen Blade, Intel X5650, MVidia Tesla
{1 111 3 (NSCS) C2050 GPU /2010 120640 1271.00 2984.30 2580.00
r 1 ‘ China Dawning
. m e [
"""" 1 TSUBA IIE Il HP Pre L nt [
1 GSIC Center, Tokyo 5L390s G on C 70,
1 4 Institute of Technology Mvidia ¢ PU LII1LI |n ws f 73278 1192.00 228763 1398.61 |
I Japan 2010 |
e e e e e e e e e e e |

Hopper - Cray XEG 12-core 2.1
DOBSGLBNLNERSE 1) 5040 153408 1054.00 128863 2910.00
United States Cray Inc.

Fruit of Years of (,9/] <
Collaborative Research Io]
NEC

Info -Plosion , JST CREST,

Over 10 Pez‘asca/e App//caz‘/ons Ul'tra Low Powus i
DataDirect

X66,000 ——
faster




TSUBAMEZ2.0 World Rankings

(Nov. 2010 Announcement Green500!!!)

\ The Top 500 (Absolute Performance) =00
#1 ~2.5PetaFlops China Defense UnivDawningTianhel- A SUPERCOMPUTER SITES
#2 1.76 Petaflops: US ORNL Cray XT5 Jaguar
#3 1.27PetaFlops ChinaShenzenSC Nebulae
#4 1.19PetaFlops Japan Tokyo Tech. HP/NEQ SUBAMEZ2.0
#5 1.054PetaFlops US LLBL Cray XE6 Hopper
#~33 (#2 Japan)0.191 PetaflopsJAEA Fujitsu

\ The Green 500 (Performance/Power Efficiency) R
#1:1684.20 : USBM Research BG/Q Prototype(116) 5 C\
#2:958.35: Japan Tokyo Tech/HP/NEQ subame2.0(4) ‘&
#3:933.06 : USNCSA Hybrid ClusteiPrototype (403)

#4. (170)
#5-7: 773.38: Germanyulich etc.IBM QPACE SFB TR207-209)
(#2+1448.03: Japan NAO GrapBR Prototype)(383) (Added in Dec.)

Nov., 2010, June 2011 (two in a row!)
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raticate 1s in recognition of your organization's achievements in reducing tt
environmental ui mpact of hugr‘rpf_—-r'r_urfrlghc;r: comput ng

GSIC Center, Tokyo Institute of Technology

Is recognized as the
Greenest Production Supercomputer in the World

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

November 2010

Wu chun Feng Co- C%

Kirk Cameron, Co- Chaur

o R NS NS -



Petaflops? Gigaflops/\W?

X66,000
faster
X3 power
efficient

<<

x44 000 Data

Laptop: SONWaiotype Z (VPCZ1)

CPU: Intel Core i7 620M (2.66GHZz)

MEMORY: DDR3.066 4GBx2

OS: Microsoft Windows 7 Ultimate 64bit

HPL: Intel(R) Optimized LINPACK Benchmark for
Windows (10.2.6.015)

256GB HDD

18.1GigaFlopd.inpack
369 MegaFlopAN

Supercomputer: TSUBAME 2.0

CPU: 2714 InteWestmere2.93Ghz

GPU: 4071InVidiaFermi M2050

MEMORY: DDR3333 80TB + GDDR5 12TB
OS:SuSELinux 11 + Windows HPC Server R
HPL: Tokyo Tech Heterogeneous HPL

11PB Hierarchical Storage

1.192PetaFlopsLinpack
1043 MegaFlopAN



Example Grand Challendegtascale
Applications on TSUBAMEZ2.0 in 2011 (~10 apr.

BLASTX for Millions of

PetaFLOPS Phase-Field Turbulance Simulation Multiphysics Biofluidics

Simulation (Bernaschr)

DNAseq (Akiyama)

using FMM (Yasuoka)

Q criteria in isotropic Metagenome

Simulation (Aoki)

Simulation of blood flows that

Metal dendritic solidification is simulated turbulence Analysis ot ol e o s ¢
- Vortex method e o ; accounts for from red blood cells to
Time integration of Phase-field pattern method (FMM) is o~
[ ) 0 > 't -
7= {V @Vt 5 (“_‘w‘) (“_‘V°‘> Phase field used ! Data: 224million v
+6‘?< \vo\Z) ASATd.Z() w dqd(o)} “ 1 : _ DNA reads(75b) /set ; [1 . I
I_W oBiTy 15 Entropy o fusion L f. Pre-filtering: : RERa.gER
Interface anisotropy AT Undercooling , r I‘educes tO 71m|”|0n '. "
Time integration of solute concentration ) kot i reads f P
By s snt-avel B o TSR T g BLASTX: 71million DNA vs. i
Zt - m =1 Mw k=cser 5&?32‘337.‘;?.2'” ?0"05”"3“0” | '-'. ".. *» Efficiency in weak scaling nr-aa DB (426) le.d bl%o? ceIL_s Ias
iy k+1 b el (4x10° particles per proc) ellipsoidal partcles
i y k #CPU core versus ol
- o - - Throughput
g" GPU(SP) R R FCEO 60 ——— BLASTX Multiphyics simulation with MUPHY software
i i1 o SN . o 244 Million/hour Fluid: blood plasma Body: RBC
AT ! . < 40 - . : :
;w g 3 3 with 16008 CPU P y
B (LA - £ % cores ‘ *
i3 . Ay 2'(-)0 P4Fg)op05 (I;nPSUP : . ’z Lattice Extended MD
4 usl ng ' S - 0 10000 20000 BoItzmann(LB)
1 7 J Breakdown of exec time #CPU Cores

#GPU versus
Throughput

HOSTM

60.6 Million/hour
with 2,520 GPUs
S 20 GHOSTM is our

original CUDA app

O me mtis o 0.6PFlops with 4,000GPUs

Dendrltlc growth in the

: blnarv:'z SOIIZTC?:Z? 1'OPFIUDS ‘With 4,000GPUs #GPy 450M RBCs are simulated
SC11 Gordon Bell ~ Winner  Fastest EMM ever? Can cope next gen SC11 Gordon Bell
+ Tech Paper, fastest Can hit 1PE w/ G|ga Sequencers Honorable Mention

Stencil ever 4000 GPUs Fastest LBM ever?






