




Time-Space Tradeoff

• We cannot tell you whether to seek a fast or low-
power computer, that is a business decision

• But we can explore architectures that trade off 
speed for low power
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Sun FLEETZero

• Sun FLEETZero has right structure for memory
– Not unique
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Special Purpose Logic Solution

• Address generator generates “raster scan” of 
cells through space

• Memory system must be O(1) power
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Application Modeling

• Sample Problem
– 3D finite difference 

equation with global 
synchronization

– SOR method

– where
• K is memory size

• Global synchronization 
limited by speed of light

– where
• LEdge is edge 

dimension of cube
TStep = + TGlobal

K × Fcell

floprate

TGlobal ≥
2 √3 × LEdge

c

6 × LEdge
2 × Cx ≤ Power



Memory/Node
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Legend:
Air Cooling
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Fractal Plumbing
Pulse (no cooling)
Thick=Realistic
Thin=Theoretical Limit

Performance on Sample Problem

Interpretation:
• More parallelism yields 
shorter run time, but only up 
to “relativistic” limit
• Better cooling yields higher 
limit



N Cells Per Edge (problem is N×N×N)
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Legend:
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Thin=Theoretical Limit

Scaling
Interpretation (1):
• Left side shows 
limit due to lack or 
parallelism



N Cells Per Edge (problem is N×N×N)
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Legend:
Air Cooling
Water Cooling
Fractal Plumbing
Pulse (no cooling)
Thick=Realistic
Thin=Theoretical Limit

Scaling
Interpretation (2):
• Right side shows 
scaling due to 
cooling and speed 
of light effects



N Cells Per Edge (problem is N×N×N)
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Legend:
Air Cooling
Water Cooling
Fractal Plumbing
Pulse (no cooling)
Thick=Realistic
Thin=Theoretical Limit

Scaling
Interpretation (3):
• Center shows 
packaging 
anachronisms



N Cells Per Edge (problem is N×N×N)
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Legend:
Air Cooling
Water Cooling
Fractal Plumbing
Pulse (no cooling)
Thick=Realistic
Thin=Theoretical Limit

Scaling
Interpretation (4):
• Cooling matters 
at limit



General Specifications at Physics Limit

TBD – say 10 
vector pipes

µPµPNode Type

2 MW2 MW2 MWPower

N/A – no MPI100 ns2.5 µSMPI Latency

400 PFLOPS4 PFLOPS40 TFLOPSSystem Peak

400 GFLOPS40 GFLOPS4 GFLOPSFlops/node

20 GHz20 GHz2 GHzClock

1,000,000100,00010,000Nodes

Limit
Turbo Mode

Limit
µP Mode

Red Storm



Conclusions

Irreversible
Logic

Year

2004 2016

Device
Ideas

Interconnect
IdeasCurrent

Machines

Other
Ideas

Reversible 
Logic ?

Quantum
Computing

100 Teraflops/watt limit
10 Teraflops/watt practical
1 Teraflops/100 watt chip µP
Existing technology plus very 
competent engineering

Some 
constant 
factor 
improvement, 
maybe large

Improvement 
possibly 
greater than 
any constant 
factor



Ways To Proceed

• Need architectures that do 
more per…
– Watt?
– Gate?
– Gate switching 

operation?
– Overall, we need to 

maximize the fraction of 
the logic gates that are 
contributing to the 
useful result of the 
calculation

• What are the application 
programs?
– Science needs large 

simulations
– Intelligence community 

needs code cracking
– Commercial industry 

doesn’t have really big 
problems

– Maybe new things
• What applications require 

quantum computing, etc.


