




Is A Mesh A Good Topology?

• Mathematicians
– Delay related to number 

of “hops” or network 
diameter

– Not relevant
• Physicist

– Delay is distance 
traveled/c

• Speed of propagation in 
proposed mesh is c 
divided by
– ÷ √3 Cartesian motion
– × propagation velocity 

in a transmission line 
(.7)

– ÷ curvature of wire (2)
– + router delay (1 

ns/hop)
• Still within a constant 

factor of optimal!



Has Anybody Made a 3d Machine?

• All sorts of university prototypes
• Idea would be more credible if there were a 

successful example
• Let’s see…





Hot air flows up through perforated
ceiling and down sides of building



Vents to floor
below. Cold air
rises vertically
through these

holes, up
through

cabinets, and
into ceiling



Reliability

• Red Storm
– Separate RAS network (2500 Unix processors & 

LAN)
– Central point of information collection and control 

of entire machine
– Capable of halting running machine, permitting 

deconfiguration of a faulty node, restart
– Red Storm uptime specs: 50 & 100 MTBF/MTBI

• If your PC had this MTBF, you’d take it back to Frys



Reliability Forward

• Cosmic Rays
– These will be a problem 

in the next generation. 
COTS microprocessors 
have some tens of 
thousands of 
unprotected flip flops. 
This impacts an ASCI 
size machine on 6 
month timeframe

• FIT Rate
– Manufacturers can give 

(under NDA) fit rate for 
components when used 
in a commercial 
environment

– Predicts ~1 hour MTBF
– However, machine 

rooms are temperature 
controlled and power is 
not cycled

– Actual “weeks” MTBF



Conclusions

• A 1000 TFLOPS successor 
to Red Storm is an 
engineering challenge

• Risk factors
– SMP nodes
– Memory bandwidth
– Need new network 

interface
• Will 10 PFLOPS?

– Scaling, speed of light, 
memory wall, threads

• COTS vs. Custom
– Unknown which will 

“win”
– Prepare to deal with 

both
– Have capability on all 

key hardware issues
• HDL
• FPGA

• Shared address space?
– 100 ns network makes 

this possible


