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Diffusion Curvature

Definition
The pointwise diffusion curvature C(x) is the average probability that a random walk
starting from a point x ends within B(x,r) after t steps of data diffusion, i.e.,

ZyEB(m,T) My (y)

C(z) =

| B(z,7)
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Diffusion Curvature

Diffusion Map (Coifman et al.)

The diffusion map ®;(x;) = [N o1 (x;), ..., \ydn(x;)]! embeds
data into a Euclidean space where the Euclidean distance is equal
to the diffusion distance D,,, i.e. D? (z,y) = ||®:(z) — @:(v)||*(1 + O(e~*™)).
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Toy datasets

Diffusion Curvature

T ]

Gaussian Curvature

k= KR1Kk2

Mean Curvature

H = 1/2(&1 + Klg)

Ollivier Ricci Curvature
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Embryoid stem cell differentiation
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Embryoid stem cell differentiation

Embryoid Body Progenitors

Ectoderm Cardiac
Mesoderm
Endoderm._ £
Ay —
A AEEDN Hematopoietic

==

\ Neural
Stem
cells
@ -
Colony in
suspension

..‘.T%;.\!‘l
2* " NEURAL INFORMATION
%5.. PROCESSING SYSTEMS

L.

PHATE 2

Diffusion Curvature
1.00

4 0.95

0.90

0.85

0.80

0.75

0.70



Neural network loss landscape

Loss function:

L(X,0) =2 pex [If(@) —y(@)]]2

At minima:
(a) without skip connections (b) with skip connections
VE(Q()) _ O, Loss surface for ResNet-56
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CurveNet

A) Training

’

Generate random Sample points around Train MLP
quadrics minima/saddle to predict hessian
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B) Test
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Eigenspectrum of the loss hessian
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