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Point cloud classification Prediction of health outcomes 

from single-cell data

healthy?

ill?
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State-of-the-art methods:


• Deep Sets (Zaheer et al. 2018)


• Set Transformer (Lee et al. 2019) 
 

What happens when we go deep?
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What happens when we go deep?



Deep Sets and Set Transformer suffer from vanishing/exploding gradients
Deep Sets layer

Set Transformer layer



Layer Norm forces unwanted invariances

Layer norm
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Layer Norm forces unwanted invariances

Layer norm

Per set, per sample standardization

Per feature transformation

xm = αxm′￼
LN(xsW) = LN(xs′￼

W)
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Set Transformer Set Transformer++ Deep Sets Deep Sets++

• Careful design of residual connections, Clean path residual connections


Pre-LN Variation of 

ResNet

• Normalization layer specifi



Clean path residual connections have better performances than non-clean path
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Deep Sets ++ and Set Transformer ++

Set norm

Per set standardization

Per feature transformation

• Less unrecoverable information 

• No batch considerations

• Permutation equivariant

Layer norm

Per set, per sample standardization

Per feature transformation

• Careful design of residual connections, Clean path residual connections

• Normalization layer specific for sets, Set Norm



Set norm performs better than other norms



Deep Sets++ and Set Transformer++  reach high depth

with improved performances



Flow RBC

• >100,000 patients, collected over 6 years


• Input: single-cell measurements


• Output: cell population property 
(hematocrit)


• Open-sourced for benchmarking!



Come visit us at our poster: Hall E #524!

Flow RBCSet Transformer++/

Deep Sets++


