
Losses: 

      -clr: 

JSD: Jensen-Shannon divergence 
TV: Total variation divergence 
SPKL: symmetric perspective KL 

Riemannian: geodesic distance 
on the probability simplex
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Both further simplify to unconstrained bi-convex optimisation, ex for CoDA-PCA: (i) find                                                                                                   , (ii) get                                   by QR decompositionargminB,U
⇥
1>
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�
X̌>Y

�⇤
<latexit sha1_base64="1DI61ygImEze4b+HKxZXJwWfjIg="></latexit><latexit sha1_base64="1DI61ygImEze4b+HKxZXJwWfjIg="></latexit><latexit sha1_base64="1DI61ygImEze4b+HKxZXJwWfjIg="></latexit><latexit sha1_base64="1DI61ygImEze4b+HKxZXJwWfjIg="></latexit>

Representation Learning of Compositional Data
 

Marta Avalos-Fernandez, Richard Nock, Cheng Soon Ong, Julien Rouar, Ke Sun

Compositional Data analysis (CoDA) is a subfield of statistics analysing data on a simplex; clr-PCA is a standard CoDA tool for principal component analysis 
We improve on clr-PCA from three standpoints: (i) Information Geometry (loss), (ii) Optimisation and (iii) Representation (deeper architectures)

tagline

Code, datasets & more, available at: https://bitbucket.org/RichardNock/coda/

Better Information Geometry / Optimisation
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,         convex conjugate,
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CoDA-PCA
(i) 1x data transformation

(ii) Run constrained exponential families PCA
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Collins et al., NIPS’02

(Better metric characterisation)
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sCoDA-PCA
(i) 1x data transformation (ii) Minimize constrained surrogate loss

Min

s.t.
x̌

.
=

x

g(x)
<latexit sha1_base64="7poGUA8pjtEJQ5/a02QGJXyiMOU="></latexit><latexit sha1_base64="7poGUA8pjtEJQ5/a02QGJXyiMOU="></latexit><latexit sha1_base64="7poGUA8pjtEJQ5/a02QGJXyiMOU="></latexit><latexit sha1_base64="7poGUA8pjtEJQ5/a02QGJXyiMOU="></latexit> A 2 R`⇥m , V 2 R`⇥d , VV> = I` , A>V1 = 0

<latexit sha1_base64="gFbTCtCZjkdO3v+pzezjeCKi6tc="></latexit><latexit sha1_base64="gFbTCtCZjkdO3v+pzezjeCKi6tc="></latexit><latexit sha1_base64="gFbTCtCZjkdO3v+pzezjeCKi6tc="></latexit><latexit sha1_base64="gFbTCtCZjkdO3v+pzezjeCKi6tc="></latexit>

(Better metric char., simpler surrogate loss)
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Use SBT with remainder for CoDA-PCA: obtain a surrogate loss simple to optimise
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Inner product !
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Result of independent interest: scaled Bregman Theorem (SBT) with remainder
Definitions: let                          and                           differentiable. Define Bregman distortion        with generator    :' : Rd ! R
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(Bregman divergence if generator convex)
g : Rd ! R⇤

<latexit sha1_base64="MSGAR7MuRjjv0Su+Ze/Zjrq07Nc="></latexit><latexit sha1_base64="MSGAR7MuRjjv0Su+Ze/Zjrq07Nc="></latexit><latexit sha1_base64="MSGAR7MuRjjv0Su+Ze/Zjrq07Nc="></latexit><latexit sha1_base64="MSGAR7MuRjjv0Su+Ze/Zjrq07Nc="></latexit>

'?
<latexit sha1_base64="/qrI6p1e8YY+iQ2bnXLa8egoQJQ="></latexit><latexit sha1_base64="/qrI6p1e8YY+iQ2bnXLa8egoQJQ="></latexit><latexit sha1_base64="/qrI6p1e8YY+iQ2bnXLa8egoQJQ="></latexit><latexit sha1_base64="/qrI6p1e8YY+iQ2bnXLa8egoQJQ="></latexit>

(generalized perspective transform)(Bregman divergences if generators convex)
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(i) 2x data transformation (centered log ratio)
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(iii) Use an autoencoder to fit
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SCoDA-PCA

Experiment — 20 arms from the center to the vertices of the simplex in R20
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L: linear 
NL: non linear

'? (r'(y̌)) ·Dg(x ky)
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remaindergeneralizes Nock et al., NIPS’16

(NL: 1 hidden layer 
w/ ELU units)
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Experiment — (HIT)Chip Atlas dataset Lahti et al., Nat. Comm. ’14

130 genus-level taxonomic groups 
of the human intestine
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