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What is it?

Where is it?
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HistoryHistory
�� 8080--83 83 BScBSc Durham University, UKDurham University, UK
�� 8484--87 PhD University of Sydney87 PhD University of Sydney
�� 88 University of Lund, Sweden88 University of Lund, Sweden
�� 8989--90 NASA Ames California90 NASA Ames California
�� 9191--95 95 DaresburyDaresbury Laboratory, UKLaboratory, UK

�� Advanced Research Computing GroupAdvanced Research Computing Group

�� 9595--00 ANU Supercomputer Facility00 ANU Supercomputer Facility
�� Leader of major industrial project with FujitsuLeader of major industrial project with Fujitsu

�� 0101--now DCSnow DCS
�� Part of Part of ANU’sANU’s commitment to the Australian commitment to the Australian 

Partnership in Advanced Computing (APAC) Partnership in Advanced Computing (APAC) 

What make of plane?
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What make of truck?
Fruehauf truck and trailer! 
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8080´́ 120ft Wind Tunnel120ft Wind Tunnel

�� Built early 1980'sBuilt early 1980's
�� Air is drawn from the huge 360Air is drawn from the huge 360--foot wide, 130foot wide, 130--

foot high air intake, passes through the 120foot high air intake, passes through the 120--foot foot 
wide, 80wide, 80--foot high test section and then is foot high test section and then is 
expelled to the atmosphere expelled to the atmosphere 

�� Maximum airspeed in test section is 115 mphMaximum airspeed in test section is 115 mph
�� Power by six 40ft diameter fan bladesPower by six 40ft diameter fan blades

�� Each motor rated at 23,500 hp. Each motor rated at 23,500 hp. 

�� Can test aircraft as large as a Boeing 737Can test aircraft as large as a Boeing 737
�� Replacement cost $169M (old estimate) Replacement cost $169M (old estimate) 
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40 ´́́́ 80ft closed windtunnel
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• 12 ft pressure windtunnel

• Mark 0.05-0.55

• 9´́́́ 7ft Supersonic windtunnel

• Mark 1.50-2.5 
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The AlternativeThe Alternative

Computer SimulationComputer Simulation

During last 30 years scientific computation has been 
a major driving force in computer development

Very easy to change parameters

No support structure
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• What computer?

•Only 1 built

• What date (photo)?

•What performance?

The NASA Ames Machine Room

• Photos from June/July 72
• Project started 65, ran first successful application in 76!
• It used early ideas on SIMD 
• 64 processors, 1MB memory (64x16KB), 13MHz clock
• Actual performance was 15 MFLOPS (millions of floating 

point operations), it was estimated in initial predictions to 
be 1000 MFLOPS. 

• It totally failed as a computer, only a quarter of the fully 
planned machine was ever built

• Costs estimated at $8M 66 escalated to $31M in 72
– and the computer took three more years before it was 

operational! 

The Infamous Illiac IV
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What computer?

What’s under the seats?

The Cray 1sThe Cray 1s
�� 1976 first Cray1 installed Los Alamos National Lab 1976 first Cray1 installed Los Alamos National Lab 
�� 1977 National Center for Atmospheric Research (NCAR) 1977 National Center for Atmospheric Research (NCAR) 

were 1were 1stst official customerofficial customer
�� Paid $8.86 million ($7.9 million plus $1 million for the disks).Paid $8.86 million ($7.9 million plus $1 million for the disks).
�� Decommissioned in January 1989 Decommissioned in January 1989 

�� Weighed 5.5 tons including Weighed 5.5 tons including freonfreon coolant coolant 
�� C shape to reduce wire length (max 4 feet)C shape to reduce wire length (max 4 feet)
�� 12.5ns clock (80 MHz) and 8MB of RAM12.5ns clock (80 MHz) and 8MB of RAM
�� Peak of 80Mflops, later editions 133MflopsPeak of 80Mflops, later editions 133Mflops
�� Ran Cray Operating System (COS)Ran Cray Operating System (COS)
�� Priced from $5m to $8m, around 80 CrayPriced from $5m to $8m, around 80 Cray--1s of all types 1s of all types 

were sold. were sold. 
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CM5 1993Cray C90 1997

Cray YMP 1988
SGI O2000 2000 

(512CPU SSI)

Machines and Dates?

Analyzing Your ResultsAnalyzing Your Results

Visualization and GraphicsVisualization and Graphics
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Iris Workstation 1987

Virtual Reality 1989Virtual Wind Tunnel 1997
Telepresence 1992

Virtual Reality 1989

Iris Workstation 1987

What’s DoneWhat’s Done

�� Involve terms like:Involve terms like:
�� velocity, time, density, pressure, gravity, velocity, time, density, pressure, gravity, 

viscosity, external forceviscosity, external force
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�� Some equations to define the problemSome equations to define the problem
�� The The NavierNavier--Stokes EquationStokes Equation
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SolvingSolving

�� Cannot be solve analytically (usually) so Cannot be solve analytically (usually) so 
we must resort to numerical methodswe must resort to numerical methods

�� Airflow past a wingAirflow past a wing
�� Define a 3Define a 3--D grid of points around our objectD grid of points around our object

The AlgorithmThe Algorithm
�� Approximate derivatives numerically, e.g.Approximate derivatives numerically, e.g.
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�� Suggests an iterative schemeSuggests an iterative scheme

�� AAii is pressure, temperature etc at a grid pointis pressure, temperature etc at a grid point
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Why Big Computers?Why Big Computers?

Global Climate ModelingGlobal Climate Modeling
�� Radius of the earth?Radius of the earth?

�� 6378.137km (3963.19miles)!6378.137km (3963.19miles)!

�� Surface areaSurface area
�� 44pprr22 = 512 million km= 512 million km22

�� 1 data point every 100km1 data point every 100km22

�� 5.12 million data points5.12 million data points
�� At each pointAt each point

�� Temperature, pressure, velocity etcTemperature, pressure, velocity etc

�� What about height?What about height?
�� Ocean/atmosphere interactionOcean/atmosphere interaction

�� And this is for one iteration!!And this is for one iteration!!
�� What elapsed time does each iteration correspond to?What elapsed time does each iteration correspond to?

Need lots of memory and lots of flops!
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�� A machine to perform atmospheric and A machine to perform atmospheric and 
oceanographic simulation on worldwide scale oceanographic simulation on worldwide scale 
at a resolution of 10km at a resolution of 10km ´́ 10km10km

�� Conceived in 1996, came on line in February Conceived in 1996, came on line in February 
20022002

�� Hardware configurationHardware configuration
�� 640 node with 8 vector 640 node with 8 vector cpuscpus each each 
�� 10TB memory10TB memory
�� Peak 40Tflops (Peak 40Tflops (LinpackLinpack 35.86, real code 26.58)35.86, real code 26.58)

http://www.es.jamstec.go.jp
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The Earth SimulatorThe Earth Simulator
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The US ReactionThe US Reaction
““Recently, with the startRecently, with the start--up of its new up of its new 

supercomputer, known as the Earth Simulator, the supercomputer, known as the Earth Simulator, the 
Japanese introduce the world to a new era in Japanese introduce the world to a new era in 

scientific computing. The Earth Simulator is an scientific computing. The Earth Simulator is an 
impressive machine. It has the computing power of impressive machine. It has the computing power of 
the 20 fastest US computers combined and a peak the 20 fastest US computers combined and a peak 

speed of 40TFlops speed of 40TFlops -- three times faster that the three times faster that the 
theoretical peak performance of any US theoretical peak performance of any US 

machine….”machine….”
Edward Oliver, DirectorEdward Oliver, Director

Office of Advance Scientific Computing ResearchOffice of Advance Scientific Computing Research

US Department of EnergyUS Department of Energy

Paraphrased

� The Japanese have kicked our butts
� ….big time!!

� Prompted major investment
� Dept Energy
� Defense Advanced Research Projects 

Agency (DARPA)
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The Next 30 YearsThe Next 30 Years
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From Physics to BiologyFrom Physics to Biology
�� Physics drove computing Physics drove computing 

capability in the last 30 capability in the last 30 
years years 
�� Biology will do the same in Biology will do the same in 

the nextthe next
�� Computation is rapidly Computation is rapidly 

assuming a central assuming a central rôlerôle in in 
biologybiology

�� Without the increases in Without the increases in 
affordable computer power affordable computer power 
and storage capability the and storage capability the 
sequencing of the Human sequencing of the Human 
genome would have been genome would have been 
virtually impossiblevirtually impossible

Slide from Lindsay Hood



18

Biological ComputationsBiological Computations

Molecular Biology

Parallel operations to produce sequence strings and 
annotations that identify the regions of the human genome 
(genes, clones, etc.), Maps of the human genome, and 
variations within the human genome

Massive parallel operations can identify and 
characterize changes in the overall protein 
profile and yield important insights into effects of 
disease and drug reactions

Complex database searches and 
comprehensive mathematical 
models

Patient

Genes

Systems 
Biology

Physiomics

Proteomics

Genomics

Proteins

Cells

Organs &
Tissues

Slide from Lindsay Hood

(0.3-1.0M)

(~30,000)

Moore’sMoore’s LLawaw

�� NNumber of transistors on an integrated umber of transistors on an integrated 
circuit doubles every 18 monthscircuit doubles every 18 months

�� BBiologyiology wins!wins!
�� Craig Venter Craig Venter -- founder of Celera Genomicsfounder of Celera Genomics

(Craig) Venter’s(Craig) Venter’s LLawaw


