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Pick one master node: straightforward x86 simulator 

Vast majority of transistors 
used as a massively parallel 

“smart cache”

Machine model: master node queries cache, 
“tunnels” to new state if match



Sequential, deterministic computation

$ time ./detect tumor patient scan.dat > diagnosis.dat

real 25h10m0.005s

user 25h10m0.001s

sys 00h00m0.003s

state = registers ⇥ instructions ⇥ heap ⇥ stack

= registers ⇥memory

= (00000100010101111101010 . . . 111111110101101010101)
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Deterministic programs: input allowed, but up front



eax

 = (00000000000000000000000000000000,00000000000000000000000000000000,…,00000000000000000000000000000000,…,11010101,…,11110111)

ramecx gs

x0

x0,0 x0,32 x0,480 x0,512 x0,n-1� � � � �
� � � �



eax

 = (00000000000000000000000000000000,00000000000000000000000000000000,…,00000000000000000000000000000000,…,11010101,…,11110111)

ramecx gs

x0

x0,0 x0,32 x0,480 x0,512 x0,n-1� � � � �
� � � �

eax

 = (11111111111111111111111111111111,00000000000000000000000000000000,…,00000000000000000000000000000000,…,11010101,…,11110111)

ramecx gs

x1

x1,0 x1,32 x1,480 x1,512 x1,n-1� � � � �
� � � �

⇩Fetch + Decode + Execute



eax

 = (00000000000000000000000000000000,00000000000000000000000000000000,…,00000000000000000000000000000000,…,11010101,…,11110111)

ramecx gs

x0

x0,0 x0,32 x0,480 x0,512 x0,n-1� � � � �
� � � �

eax

 = (11111111111111111111111111111111,00000000000000000000000000000000,…,00000000000000000000000000000000,…,11010101,…,11110111)

ramecx gs

x1

x1,0 x1,32 x1,480 x1,512 x1,n-1� � � � �
� � � �

eax

 = (11111111111111111111111111111111,11111111111111111111111111111111,…,00000000000000000000000000000000,…,11010101,…,11110111)

ramecx gs

x2

x2,0 x2,32 x2,480 x2,512 x2,n-1� � � � �
� � � �

⇩Fetch + Decode + Execute

⇩Fetch + Decode + Execute

The part of mathematics that studies deterministic systems

A dynamical system is a state space X and an evolution rule f .

x 2 X

f : X ! X

In every dynamical system, the evolution rule is associative under

composition.

x t+k = ↵↵ . . .↵↵ (x t)

= f

(k)
(x t)

= f

(kp) · · · f (k3)f (k2)f (k1)(x t)
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Tunnel Cache

Master

Fetch

Decode

Execute

Tunnel

The crucial role of symmetries
E.g. translation on non-causal bits

If initial point of tunnel matches master’s current point 
(up to symmetries) -- tunnel immediately to final point



Tunnel Cache

Master

Worker Worker Worker Worker

Fetch

Decode

Execute

Tunnel

Symmetries again
E.g. only have to get 10% bits right

E.g. function memoization













Status

• Deterministic computation (for now)

• All I/O up front 

• Experimental infrastructure

• Restricted x86 simulator

• MPI on laptop / Blue Gene

• Search programs

• Simple Bayesian predictor


