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e A Growth-Factor of a Billion
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H. Meuer, H. Simon, E. Strohmaier, & J

- Listing of the 500 most powerful
Computers in the World

- Yardstick: Rmax from LINPACK MPP

AX:b, dense problem

- Updated twice a year

SC*xy In the States In November
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Meeting In Germany in June

o~ All data avalilable from www.top500.0rg
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<. Performance Development
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L Chips Used in Each of the 500

IcLOr”

R Systems

72% Intel
12% IBM
16% AMD

Sun Sparc
0%

Intel IA-32 Intel EM64T

AMD x86_64 /.
16%

IBM Power
12% |nte| I1A-64

4%
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< Interconnects / Systems
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Countries / Performance
November 2007

United States
60%

Others
China
Taiwan
-Spain
Germ%ny Sweden 2.7%
7.7% India 2.8%
France
United Kingdom Japan 3.2%

7.4% 4.2%



TopSOO by Usage

DGE

287, 57%
: [ Industry
[0 Research
1 Academic
3,1%

@ Government
8, 2%
15, 3% M Vendor

101, 20% M Classified

86, 17%
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<= From the 30th Edition: The TOP10
Manufacturer Computer ﬁ_rgf‘s’; Installation Site Country Year | #Cores
1| 1BM eServer Blue Gene 478 DOE UsA 2997 | 212992
Dual Core 0.7 GHz Lawrence Livermore Nat Lab Custom
2 IBM DG 167 Forschungszentrum Juelich Germany 2007 26544
Quad Core 0.85 GHz Custom
| ST | umtcoe s0crn | 127 | apicatons comer | USA | | 1090
T | e soc | B | Labarerores TATA SoNs | T |comry 12208
5 HP Dﬂ:’sg::::;?rg_lz 102.8 Government Agency Sweden C::::\Z 4| 10240
j Cray Dual gpr:;o.: GHz 102.2 Sandic? ?\fﬂ' Lab usa :;?‘?d 9024
| croy Dual g:;e;or; ez | %7 oak Ridgebgirional Lab usa :;?'?d 9968
|om | G o e | 912 | ™ hesearen center | USA | daen | 10160
’ Cray Dual gr::r; 6Hz 85.4 Lawrence BeDr'ieEley Nat Lab UsA :gi?d 11088
0 I | e e r b | P21 | or composenonal Sciencen | USA | coem| 10424

1



IBM BlueGene/L #1 212,992 Cores
Total of 26 systems all in the Topl76

2.6 MWatts (2600 homes) (104 racks, 104x32x32)
70,000 ops/s/person Rack 212992 procs

(32 Node boards, 8x8x16)
2048 processors

Node Board
(32 chips, 4x4x2)
16 Compute Cards
64 processor

"“‘111“
A

Compute Card
(2 chips, 2x1x1)
4 processors

i 180/360 TF/s
~ 32TBDDR

Chip o
2.9/5.7 TF/s

(2 processors)
— 0.5 T8 DDR Full system total of
90/180 GF/s 131,072 processors
16 GB DDR
' 5.6/11.2 GF/s
2.8/5.6 GF/s 1 GB DDR - -
4 MB (cache) Fastest Computer
BG/L 700 MHz 213K proc
The compute node ASICs include all networking and processor functionality. 104 racks
Each compute ASIC includes two 32-bit superscalar PowerPC 440 embedded Peak: 596 Tflop/s

/ cores (note that L1 cache coherence is not maintained between these cores).

(20.7K sec about 5.7hours; n=2.5M) Linpack: 498 Tflop/s 12

84% of peak
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Performance Projection
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;,;%AJFJ'T—‘:‘J INC CPU Performance:

—ArBalicate Bal=ricinerAect

Increasing the number of gates mto a tight knot and decreasing the cycle time of the processor

CPU Power Consumption 1993 - 2005
AMD and Intel

We have seen increasing number of gates on a
b il chip and increasing clock speed.

B0 q----------1

Heat becoming an unmanageable problem, Intel
Processors > 100 Watts

We will not see the dramatic increases in clock
speeds in the future. —

However, the number of
gates on a chip will
continue to increase.

1970 1975 1980 1985 1990 1995 2000 2005.
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<= Power Cost of Frequency

- Power « Voltage? x Frequency (V?4F)

+ Frequency « Voltage

« Power «Freque

Cores :Freq \Perf  Power m”’

Superscalar

“New" Superscalar

1
IX 15X| 15X | 1.5X 3.3X




(\
<= Power Cost of Frequency

l IDGE

- Power « Voltage? x Frequency (V?4F)

- Frequency « Voltage

- Power <><Freclue
Cores Freq \Perf Power m”’

1
15X 3.3X

Superscalar

1.5X

"New" Superscalar IX 15X

[ Multicore 2X O.75X\O.75>/ 15X 0.8X |\1.88X

( ; /

N
(Bigger # is better)

0.45X ]1

50% more performance with 20% less power

Preferable to use multiple slower devices, than one superfast device
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Mixed Large

All Large Core and
Small Core
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Different Classes of

Many Small Cores

Many Floating- + 3D Stacked .
Point Cores Memory Ch'&s
ome
Games / Graphics
Business

Scientific
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Intel Prototype May Herald a New Age of
- Intel’'s 80

Processing
® By JOHN MARKOFF
Co re C h ' p @hed: February 1@ =
SAN FRANCISCO, Feb. 11 — Intel will demonstrate on 51 PRINT
> 1 Tf I Op/ S Monday an experimental computer chip with 80 separate B REPRINTS
processing engines, or cores, that company executives say L4 SAVE

> 6 2 Wa""l's provides a model for commercial chips that will be used widely [ sHARE

in standard desktop, laptop and server computers within five S

>1.2 TB/s years. -
internal BW

The new processor, which the
company first described as a Teraflop Chip at a
conference last year, will be detailed in a technical

paper to be presented on the opening day of the

To Future

Stacked Memory International Solid States Circuits Conference,

beginning here on Monday.

¥ West
neighbor

While the chip is not compatible with Intel’s current
chips, the company said it had already begun design

work on a commercial version that would essentially
The Teraflop Chip has 80 have dozens or even hundreds of Intel-compatible

separate processing engines microprocessors laid out in a tiled pattern on a
and takes advantage of

manufacturing technology that single chip.
Intel introduced last manth
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Constantly Evolving - Hybrid Design

o7

¢ More and more High Performance Computers
will be built on a Hybrid Desing

¢ Cluster of Cluster systems
» Multicore nodes in a cluster

¢ Nodes augmented with accelerators
» ClearSpeed, GPUs, Cell

¢ Japanese 10 PFlop/s "Life Simulator”

> Vector+Scalar+6Grape:

» Theoretical peak performance: >1-2 PetaFlops from
Vector + Scalar System, ~10 PetaFlops from MD-
GRAPE-like System

¢ LANL's Roadrunner

> Multicore + specialized accelerator processors

19
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National Laboritory

¢+ The PlayStation 3's CPU based on a "Cell™ processor

¢ Each Cell contains 8 APUs.

> An SPE is a self contained vector processor which acts independently from the
others.

> 4 floating point units capable of a total of 25 Gflop/s (5 Gflop/s each @ 3.2 GHz)

> 204 Gflop/s peak! 32 bit floating point:
> 102 Gflop/s for 64 bit floating point. (new chips, old ones at 14 Gflop/s!)

Cell APU Architecture
Top-level block diagram of the Cell Broadband Engine [CBE) / e e TR

(e|2hz el e gg) sng pewussiepl Jusus|]

T

To external 1O




Accelerated Roadrunner =
Hybrid Design

L In aggregate:
Connected Unit” cluster g 640 dual-core Opterons + 16,560 eDP Cell chips

144 quad-socket 76 TeraFlops Opteron + ~1.7 PetaFlops Cell
dual-core nodes

(138 w/ 4 dual-Cell blades) 75,600 cores

ey o8

\[/ . o o \/
i J N

2nd stage InfiniBand interconnect
(1518 links to 8 switches)

» Los Alamos

NATIONAL LABORATORY RR-14
EST. 1943 —_—— T,

1152 AMD cores / cluster each core with a Cell processor
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£, Future Large Systems, Say In 5 Year

.
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o nodes per system  slefsleleelel el e ] ]n
B = == e e e e S
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- 524,288 Coresl
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¢ And by the way, its 4 S
threads of exec per core ==

¢ That's about 2M threads to
o manage

ST
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¢ Top500 Team
»Erich Strohmaier, NERSC
>Hans Meuer, Mannheim
»Horst Simon, NERSC
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