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Recursive            
Self-Improvement 
 

NNAISENSE 
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J. Good (1965): informal remarks 
on an "intelligence explosion" 

through RSI "super-intelligences” 

Next: four concrete 
algorithms for RSI: 
1987, 93, 97, 2003… 



1987 - First RSI: 
Genetic 

Programming 
(Cramer, 1985) 

recursively applied 
to itself, to obtain 

Meta-GP and Meta-
meta-GP etc:          

J. Schmidhuber. 
Evolutionary 

principles in self-
referential learning. 
On learning how to 

learn: The meta-
meta-... hook. 

Diploma thesis,    
TU Munich, 1987 

http://people.idsia.ch/~juergen/diploma.html 



1993: Gradient-
based meta-
RNNs that can 
learn to run their 
own weight 
change 
algorithm:          
J.  Schmidhuber. 
A self-referential 
weight matrix. 
ICANN 1993 

This was before LSTM. In 2001, however, Hochreiter taught a meta-LSTM to 
learn a learning algorithm for quadratic functions that was faster than backprop  



1997: Lifelong 
meta-learning 
with self-
modifying 
policies:            
2 agents,           
2 doors,           
2 keys. 1st 
southeast wins 
5, the other 3. 
Through 
recursive self-
modifications 
only: from 
300,000 steps 
per trial down 
to 5,000. 















E.g., Schmidhuber,  
Zhao, Wiering: MLJ 
28:105-130, 1997  

Success-story algorithm 
for self-modifying code 

R(t)/t <                  
[R(t)-R(v1)] / (t-v1) <              
[R(t)-R(v2)] / (t-v2) <… 

R(t): Reward until time t. Stack of 
past check points v1v2v3 … with 
self-mods in between. SSA 
undoes selfmods after vi that are 
not followed by long-term reward 
acceleration up until t (now): 



1997: Lifelong 
meta-learning 
with self-
modifying 
policies:            
2 agents,           
2 doors,           
2 keys. 1st 
southeast wins 
5, the other 3. 
Through 
recursive self-
modifications 
only: from 
300,000 steps 
per trial down 
to 5,000. 



Gödel Machine (2003): 
agent-controlling program 
that speaks about itself, 
ready to rewrite itself in 
arbitrary fashion once it 
has found a proof that the 
rewrite is useful, given a 
user-defined utility function 

Theoretically optimal  
self-improver! 



Initialize GM by 
asymptotically fastest 

method for all well-
defined problems 

Given f:X→Y and x∈X, search proofs to find 
program q that provably computes f(z) for all 

z∈X within time bound tq(z); spend most time 
on f(x)-computing q with best current bound 

Marcus Hutter    
IDSIA, 2002, on 

Schmidhuber‘s SNF 
Universal AI grant 

n3+1010000=n3+O(1)    

As fast as fastest 
f-computer, save 
for factor 1+ε and 
f-specific const. 
independent of x!  




