
Compatibility and Transferability of  

• Compatibility = extension to the limit 

• Transferability = continuity in the limit 
 if 

(fn : Vn → Un)

fn(xn) = f∞(xn) ≈ f∞(xm) = fm(xm) xn ≈ xm

training error test error in-distribution generalization
 as #data ≤ g(N ) → 0 N → ∞

distribution shift 
 

 as training size  
≤ C ⋅ W1 (μ, μn) → 0

n → ∞

Equivalence of Differently-Sized Objects [2] 

Motivation
Motivation: Size Generalization Problem 
• Any-dimensional models: neural networks that 

accept inputs of arbitrary size 
(e.g. GNN, DeepSet, PointNet) 

• Goal: train on small-sized instances and 
generalize to large-sized ones 
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• Train on small size; test on a sequence of larger sizes 
• Size generalization depends on task-model alignment 
- Compatibility alignment: correct limit space 
- Continuity alignment: asymptotic guarantees
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What properties of the model, data, and learning task ensure that 
learning performance transfers well across dimensions?
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 (mean)DeepSet
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 (max)PointNet

Zero-padding 
with  norm∥ ⋅ ∥1

Transferable if ρ(0) = 0

Graphs 

• MPNNs: transferable under constraints 
• Modifying Invariant Graph Network (IGN) [3] 
- IGN: alternating equivariant linear layers and pointwise nonlinearities 
- Generalizable GNN (GGNN): enforce compatible linear layers; use message-passing-like 

nonlinearity  compatible [2] 
- Continuous GGNN: restrict linear layers with bounded operator norm  transferable
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Empirical measures 

Probability measures 
with finite -th momentp
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Prior Work: GNN Transferability under the Graphon Framework [1]

Exists  s.t.   for all f∞ : V∞ → U∞ f∞ ∣Vn
= fn n

⟺
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Point Clouds (See Paper)
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compatibility alignmentcompatibility alignment

continuity alignment

continuity alignment & 
expressive

Transferability Implies Size Generalization  
• Test on “infinite size”:  in the limit space  
• Train on small size:  in the size-  space   

 is induced from  by first drawing , then sampling  

(x, y) ∼ μ V∞ × U∞
s = (xi, yi)N

i=1 ∼ μn n Vn × Un
μn μ (x, y) ∼ μ (xn, yn) ∼ 𝒮n(x, y)

1
N

N

∑
i=1

ℓ(𝒜s(xi), yi) − 𝔼(x,y)∼μℓ(𝒜s(x), y) ≤
1
N

N
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ℓ(𝒜s(x), y) − 𝔼(x,y)∼μℓ(𝒜s(x), y)
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