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BACKGROUND ςHOW DID WE GET 
HERE?
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Oct 2008 alternatives analysis for NSF OCI RFP 
concluded GPUs were a competitive solution

ωSuccess with various applications 
at DOE, NSF, government, 
industry
ςSignal processing, image processing, 

etc.
ςDCA++, S3D, NAMD, many others

ωCommunity application 
experiences also positive
ςFrequent workshops, tutorials, 

software development, university 
classes

ςMany apps teams are excited about 
using GPGPUs

ωProgrammability, Resilience?
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GPU Rationale ς²ƘŀǘΩǎ ŘƛŦŦŜǊŜƴǘ ƴƻǿΚ
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Publicly Released, Feb 2010

Notional System Architecture Targets and 
ñswim lanesò

DOE Exascale Initiative
Slide 5

System 

attributes

2010 ñ2015ò ñ2018ò

System peak 2 Peta 200 Petaflop/sec 1 Exaflop/sec

Power 6 MW 15 MW 20 MW

System memory 0.3 PB 5 PB 32-64 PB

Node performance 125 GF 0.5 TF 7 TF 1 TF 10 TF

Node memory BW 25 GB/s 0.1 TB/sec 1 TB/sec 0.4 TB/sec 4 TB/sec

Node concurrency 12 O(100) O(1,000) O(1,000) O(10,000)

System size 

(nodes)

18,700 50,000 5,000 1,000,000 100,000

Total Node 

Interconnect BW

1.5 GB/s 150 

GB/sec

1 TB/sec 250 GB/sec 2 TB/sec

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



Exascalecomputing will require tough 
decisions and/or innovative technologies
ÁBuild bigger buildings and 

plan to pay $$$ for ops
ÁImprove efficiencies

> PUE
> Power distribution
> Workload scheduling
> Software

ÁUse architectures that 
ΨƳŀǘŎƘΩ ȅƻǳǊ ǿƻǊƪƭƻŀŘ

> GPUs, FPGAs

ÁDesign new underlying 
technologies

> Optical networks
> 3D stacking
> MRAM, PCM, R-RAM
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Heterogeneous architectures can offer 
better performance, power

7Source: Delagi, ISSCC 2010



KIID ARCHITECTURE



Keeneland ςInitial Delivery System 
Architecture
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Initial Delivery system procured and installed in Oct 2010

201 TFLOPS in 7 racks (90 sq ft incl service area)

677 MFLOPS per watt on HPL

Final delivery system expected in early 2012
KeenelandSystem

(7 Racks)

ProLiantSL390s G7
(2CPUs,  3GPUs)

S6500 Chassis
(4 Nodes)

Rack
(6 Chassis)

M2070

Xeon 5660

12000-Series
Director Switch

Integrated with NICS
Datacenter GPFS and TGFull PCIeX16 

bandwidth to all GPUs

67

GFLOPS

515

GFLOPS

1679

GFLOPS

24/18 GB

6718

GFLOPS

40306

GFLOPS

201528

GFLOPS



NVIDIA Fermi
ω3B transistors!

ωError correction

ω448 CUDA Cores featuring 
the new IEEE 754-2008 
floating-point standard

ς 8³the peak double precision 
arithmetic performance over NVIDIA's 
last generation GPU

ς 515 DP GF

ς 1030 SP GF

ς 32 cores per SM, 21k threads per chip

ω120-144 GB/s memory BW

ωNVIDIA Parallel DataCache

ωNVIDIA GigaThreadEngine

ωDebuggers, language support
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HP ProLiant SL390s G7 2U half width tray  

4 Hot plug SFF 

(2.5ò) HDDs

SFP+

1 GPU module in 

the rear, lower 1U

2 GPU modules 

in upper 1U

Dual 1GbE

Dedicated management 

iLO3 LAN & 2 USB ports
VGA

UID LED & Button

Health LED

Serial (RJ45)

Power Button
QSFP

(QDR IB)

2 Non-hot plug 

SFF (2.5ò) HDD



Keeneland Node Architecture SL390



New ProLiantSL6500 series
Highly Flexible s6500 Chassis 

Multinode, Shared Power 
and Cooling Architecture

Benefits: Low Cost, 
High Efficiency Chassis

Å 4U chassis for deployment flexibility
Å{ǘŀƴŘŀǊŘ мфέ ǊŀŎƪǎΣ ǿƛǘƘ ŦǊƻƴǘ Lκh ŎŀōƭƛƴƎ
Å Unrestricted airflow (no mid-plane or I/O connectors)
Å Reduced weight
Å Individually serviceable nodes
Å Variety of optimized node modules

Å SL Advanced Power Manager support
Å Power monitoring
Å Node level power off/on

Å Shared power and fans
Å Optional hot-plug redundant PSU
Å Energy efficient hot-plug fans 
Å 3-phase load balancing
Å 94% platinum common slot power supplies
Å N+1 capable power supplies (up to 4)



KID Installation

ωFrom the dock to 
functioning system in 7 
days!
ςHP Factory integration and 

testing prior to delivery 
contributed to quick uptime

ωSystem delivered on Oct 27

ωInstallation completed on 
Oct 29

ωTop500, Green500 results 
completed on Nov 1

ωFinishing acceptance testing 
this week
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Keeneland ID installation ς10/29/10
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