
Expected Return causes Mode collapse in RL
Fix this by Inverse Probability Scaling of Rewards

Many RL problems have multiple equally good outcomes like  
diverse molecules, diverse proofs, diverse hypotheses  not a single 
best answer.
Standard RL policies collapse onto a narrow subset of outcomes, 
even when many others are valid and equally rewarding which is 
usually blamed on weak exploration or regularization.

IPS: Inverse Probability Scaling 

WHAT CAUSES THIS?
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RESULTS

IPS is a drop-in reward replacement fully compatible with regular RL 
algorithms, such as GRPO and REINFORCE, that don't require a 
separate critic model.
However, this method cannot replace algorithms like PPO that are 
reliant on a separate critic model.

HYPOSPACE

Threshold Algorithm Yield OB100

SYNTH

0.80 REINVENT 5695 605

IPS-GRPO 7371 554

0.85
REINVENT 418 2934

IPS-GRPO 1580 1178

ALL-AMIDE

0.80
REINVENT 1 >5000

IPS-GRPO 1478 773

0.85
REINVENT 0 >5000

IPS-GRPO 20 >5000

Method Causal 3D Boolean

GRPO 16.0% 26.9% 9.5%

FlowRL 12.8% 26.9% 10.7%

IPS-GRPO 43.9% 90.0% 60.7%

DRUG DISCOVERYOne outcome leads
𝒈𝒊 = 𝒑𝒊𝒂𝒊 is slightly greater

Its sampling density climbs
log(𝒑𝒊 / 𝒑𝒋 ) rises →  𝒑𝒊 grows fast

Its signal grows too
larger 𝒑𝒊 inflates  𝒈𝒊 further

Rivals starve
𝒑𝒋 shrinks  𝒈𝒋 fades for all 𝒋≠𝒊

Collapse: 𝒑𝒊 →𝟭 
no restoring force exists

ri
ch

 g
et

 r
ic

he
r 

dy
na

m
ic

 

THE PROBLEM


