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Optimal Transport Tools (OTT)

Optimal transport distances are a fundamental family of distances for probability
measures and histograms of features. Despite their appealing theoretical proper-
ties, excellent performance in retrieval tasks and intuitive formulation, their com-
putation involves the resolution of a linear program whose cost can quickly be-
come prohibitive whenever the size of the support of these measures or the his-
tograms’ dimension exceeds a few hundred. We propose in this work a new family
of optimal transport distances that look at transport problems from a maximum-
entropy perspective. We smooth the classic optimal transport problem with an
entropic regularization term, and show that the resulting optimum is also a dis-

Introduction

tance which can be computed through Sinkhorn’s matrix scaling algorithm at a . OTT is a package that bundles a few utilities to compute, and differentiate as needed,
speed that is several orders of magnitude faster than that of transport solvers. We . . . . .
also show that this regularized distance improves upon classic optimal transport optimal transport (OT) problems, taken in a fairly wide sense. For instance, OTT can comp
distances on the MNIST classification problem. (or ) between weighted point clouds (or
‘ wide variety of scenarios, but also estimate a ! , Or even
1 Introduction tasks such as differentiable approximations to ranking or clustering.
Q, Search
Choosing a suitable distance to compare probabilities is a key problem in statistical machine learn- To achieve this, OTT rests on two families of tools:

ing. When little is known on the probability space on which these probabilities are supported, various
information divergences with minimalistic assumptions have been proposed to play that part, among
which the Hellinger, x2, total variation or Kullback-Leibler divergences. When the probability
space is a metric space, optimal transport distances (Villani, 2009, §6), a.k.a. earth mover’s (EMD)
in computer vision (Rubner et al., 1997), define a more powerful geometry to compare probabilities. Tutorials

Examples
« the first family consists in discrete solvers computing transport between two families of
EStliE SEnee histograms using e.g. the [ ] or low-rank solvers [

with further extensions to more advanced scenarios such as the
I;

the second family consists in continuous solvers, whose goal is to output, given two po

This power comes, however, with a heavy computational price tag. No matter what the algorithm
employed — network simplex or interior point methods — the cost of computing optimal transport API
distances scales at least in O(d®log(d)) when comparing two histograms of dimension d or two
point clouds each of size d in a general metric space (Pele and Werman, 2009, §2.1). ott.geometry samples, a function that is an approximate ), a > that can map
e — - . . .

it nowle 96 ott.problems measure to the second. Such functions can be recovered using directly tools above, no

approximations. Such maps can also be parameterized as neural architec

I

ott.solvers

o MLP or as gradients of [ ], trained with ad
ott.initializers

approaches [ . , ]. Such functions ca

STEEL parameterized as Neural ODEs, where to an input source point is associated the end-re

ott.experimental integral with a time-parameterized velocity field. Such velocity fields can be parameteri

ott.tools networks and learned from data, using the framework of flow matching [
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Introduction of optimal transport into an
optimization or learning problem.

cf. least-squarification, L,-ification, deep-netification, kernelization
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The Earth Mover’s Distance
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|Rubner’98]




The Word Mover’s Distance
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Adaptacion de dominios

Dataset
e
+ T
-1- ++ Qt O 0 C
O0O0O
+++—}—
S
R S
4+ +

. + + Class 1
o O O C(Class 2
© 5 Y &3O Samples x;

T ot

o O Samplesx;
—— Classifier onx;

>

- -
-------

Optimal transport

...............
----
_____
-
...
-
-~ ..
-

-~ -
-----

&g T
eI
+ i# o%%
. T ® ©
\\T’Yo ()
Qs -I-O Samples Tg() (x?)

1

o

- -
‘‘‘‘‘‘‘

|. Estimamos el mapa transporte
2. Transportamos las muestras con labels al huevo dominio

3. Entrenamos el clasificador en muestras transportadas con labels
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We collect data Density fitting

We tit a parametric
family of densities

{pa, 0 c @}




' Density fitting




Density fitting




Density fitting

done!

We stop when there
is a’‘good fit.




Density fitting

MLE := min KL(Vgata|ps)
HeB

s MKE := min W (Vqata, P6)

HecE [Bassetti 2006]

Minimum Kantorovich Estimator



Blue Noise and Distribution Approximators

Uniform samples Transport
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