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Offline benchmarks

One-week Amazon A/B test

Problem setup 

VAE-CF trains from a masked interaction history

Masking changes which user pairs become neighbors.

Collaborative signals

Objective

𝜌 = 1 gives clean input. Smaller 𝜌 means stronger masking and less 
observed information.

Proposition 3.1: PIA aligns the posterior mean to the item centroid and 
also mildly shrinks posterior spread.

• Stabilizes masking-induced geometry: different masks of the same user 
map to a more consistent region.

• Reduces neighborhood drift and gradient variance.
• Promotes semantically grounded global mixing because users with 

overlapping items have closer centroids.
• No test-time cost: anchors and regularizer are used only during training.
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Local signal: nearby users should 
make similar predictions.

Global signal: far-but-related users can 
still help when they share positive items.

Result-3: Masking can create useful long-range sharing, but it also 
destabilizes local neighborhoods.

Random masking can contract distances for some far-apart 
user pairs.

Those contractions can pull far-but-related users inside the 
sharing radius, enabling intermittent global transfer.

Masking can also expand genuine neighbors apart, causing 
neighborhood drift and noisier gradients.
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Clusters are cleanly separated by interaction level:
• good for local structure 
• poor for global alignment.
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The cohorts become entangled:
• enables more global sharing, 
• makes local neighborhoods more diffuse.

Result-2:Clean inputs favor local over global collaboration.
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Keep global mixing from masking while 
restoring local reliability

Experiments

Result-1:Collaboration is governed by latent proximity.
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Latent neighborhood view
Inside the radius: useful transfer. 
Outside the radius: it fades quickly.

An SGD step on user 𝒗 helps user 𝒖 only if their 
posteriors are close enough in latent space.

 𝑊1(𝑞௨, 𝑞௩): latent mismatch Δ௫(𝑢, 𝑣): content mismatch

→ helpful gradient transfer is restricted to a latent 
neighborhood. Influence decays as users move 
farther apart in 𝑊ଵ.

• Raw input similarity is not enough by itself.
• What matters is whether users fall inside each other's 

sharing radius after encoding.
• Global collaboration requires some far-but-related pairs 

to become latent-close.
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Lipschitz encoder: 𝐿ଵ-near users stay 𝑊ଵ-near after encoding.

Reconstruction creates a compromise gap for mismatched 
users, so input-distant users are pushed apart instead of 
sharing posteriors.

Increasing 𝛽 tightens the 𝑊ଵ(𝑞௨, 𝑞௩) bound, and enables global 
collaboration, but excessive values cause posterior collapse; 
thus, 𝛽 is kept small in ranking-focused CF.

Results across user groups for 
MovieLens20M.

Beyond latent geometry — 𝜷-KL vs. masking

This shows that reducing the KL budget shrinks expected pairwise latent distance, which increases the chance that users fall 
inside each other’s sharing radius.
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1) Address the prior / KL pathway

Increase beta or redesign 𝒑(𝒛):
• Effect: near-uniform contraction of user posteriors.
• Gain: more overlap and more global sharing.
• Risk: too much beta weakens reconstruction and 

can cause collapse.

2) Address the masking pathway

Reduce rho so masking is stronger:
• Effect: stochastic contractions and 

expansions of pairwise distances.
• Gain: far-but-related users can become 

latent neighbors.
• Risk: true neighbors can drift apart, creating 

noisy and unstable sharing.
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where Δ஺∗is the compromise gap from making one latent region 
explain two different users.
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VAE-CF without masking objective satisfies:

Code: https://github.com/amazon-science/PIAVAE


