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Question

• After AI research becomes fully automated, can software progress keep 
accelerating?


• Fixed stock of computing hardware (hypothetical scenario)


• ASARA: AI Systems for AI R&D Automation







How do we measure progress

• Efficiency is easier to 
quantify than 
capabilities
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What happens when we reach ASARA

• Training >> Inference gap will increase


• Training compute can be repurposed for ASARA inference 
-> mass “cognitive output”, ~millions of agents running in parallel


• However, it might take 1,000 seconds of AI “thinking” to equal 1 second of 
human expert’s thought 
-> millions of agents ~= only thousands of humans


• So how fast would we then expect AI progress to be?





• Two competing dynamics:


• 1. Diminishing returns to software R&D, as 
software improvements get harder and 
harder to find.


• 2. The positive feedback from increasingly 
powerful ASARA systems.



Toy model

• Assumptions:


• ASARA is made up of “AGIs”. Each can do all tasks in software R&D


• AI progress = number of cumulative “papers” written (each of which 
represents an incremental amount of progress)


• Each AGI has the same productivity = number of papers per unit time


• AGIs cannot be made more productive over time, but more “computationally 
efficient” (thus we ignore capability improvements)



Toy model



Fizzle

• Initially 1 AGI. 
Productivity = 1 paper per month.


• Computational efficiency is doubled after 2 papers. 
So 2 months pass, and efficiency doubles. 
Now we can run 2 AGIs.


• Both AGIs write 1 paper per month, so 2 papers per month in total. 
Due to diminishing returns, we now need 3x higher = 6 papers to double the efficiency


• It takes 3 months to write 6 papers. 
Now we have 4 AGIs.


• Again we need 3x higher = 18 papers to double efficiency. 
This takes 4.5 months with 4 AGIs.

A fizzle





Software intelligence explosion (foom)
What if we only need 1.5x papers to double efficiency







Returns to software R&D

•              Returns to software R&D


• software capacity


• software R&D (cumulative)


• One doubling of cumulative effort gives  doublings of software capacity

r =
Δ log S
Δ log W
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•  : SIE


•  : exponential


•  : fizzle


• Is  unrealistic? 
e.g. COVID

r > 1
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• Eventually we expect . (Theoretical limit with fixed hardware)


• But when?

r = 0



• ASARA is, by definition, as good as humans at 
coming up with new useful paradigms, e.g. GOFAI


• Paradigms might still be a bottleneck, like 
hardware



• Measurements of 


• Something to think about: how much of this is due to increase in compute?

r



• “The software intelligence explosion 
debate needs experiments” 
Ho and Whitfill 
Nov. 14, 2025


• Median  between 0.96 and 1.9r

https://epoch.ai/gradient-updates/the-software-intelligence-explosion-debate-needs-experiments

https://epoch.ai/gradient-updates/the-software-intelligence-explosion-debate-needs-experiments


Bottlenecks

• Most discoveries could have been driven by large 
compute


• Training the next (more efficient) ASARA can take a 
long time


• But:


• Software efficiency -> more efficient experiments


• Small experiments can give insights about large 
experiments


• Methods that are inherently cheap to experiment with


• GOFAI?



Implications

• Even if hardware is held constant, the creation of ASARA could lead to very 
fast capability gains, e.g. doubling every few days or faster (c.f. few months)



Implications

• Even a fizzle, e.g. with , can still 
be very fast! 
This yields five doublings in the first year 
(30, 41, 55, 74, 100 days), starting from a 
very capable AI system

r = 0.7

A large fizzle



Implications

• Hardware will most likely not be held constant


