
Conditional Flow Matching

Referents

Liu et al Flowing straight and fast Learning to
generate and transfer data with rectified flow 1122122

Lipman et al flow matching for generative modeling
2022

Albergo and Vanden Eijuden Building normalizing flows with
stochastic interpolants ICLR 23

40 Lipman et al Flow matching guide and code

arXiv 2412.06264 Decenter 2024

A flow view of generation

Recell our prev setting We defined a forward

SDE OU Protess reversed it and density

evolution described through F P Equation The

drift learned through demoising score matching



whith used Tweedie's formula We then derived a

flow based sampler DDIM again using the
connection between the F P Equation and the

continuity equation see Note 9 We also
showed the equivalence between a RF based sampler

and a stochastic sampler see Note 15

In this note we do the analog starting from a measure

transport perspective see 4 for more details and

the general setting The outline below provides

an alterate approach to divently derive a flow

model
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results in X nq
This is analogous to the DDIM setting that we

studied where the vector field was derived so

that the marginal density of Xp matched the

density of the SDE reverse process
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4 1 is the true velocity field that
satisfies

Pel is the associated density i e

Xt Pt x Xon p x Xp n

te 0,1



From our prior discussion we know from the

continuity equation that Utl and Ptc
are closely related
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Thus specifying any one of
the sample path Xt ECO
the density evolution Ppa Fe 917
the velocity field Uefa te 0,1
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will result in the derivation of the other

processes

There are several possible paths e.g specify
4 1 to be a minimum energy path between
source and sink Optimal Transport specify



the density evolution of Ptc to match some

baseline DDPM DDIM or specify
a sample path property straight line as

developed below

We deciribe the sample path approach below

Suppose we want Xp i t Xo tX

te 0,1
where X ng Xon NO I
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other joint dist based sampling of Xo X are

possible e.g Xo is a low res image and X

is the lorresponding hi res image see 43

To derive the velocity field we use a conditioning

idea as described below

Let us define Pe x x as the conditional



density of Xt given X x Then there

is a corresponding conditional velocity field
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Also from Total prob theorem
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from Baye's Rule
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Also from continuity equation
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Thus for the sample path trajectory in

the corresponding velocity field is given by

Finally we can derive Ue x 01 in closed

form From Xp 1 E Xo tX

with X 21 we thus have
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Aside we see that the velocity field is affine
in the conditional expectation and thus is also

affine in the score from Tweedie's formula

Thus this approcih also results in an annealed

score based generation analogous to the DDPM

DDIM discussion see also Note 15 for

deriving the explicit stochastic sampler

Learning 4 1 to approximate Utl



The flow matching loss is given by
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Note that above square lose is generalized to

any Bregman Divergence loss the square loss is

a sperial case

However since we do not have a closed form

expression for Ufl we instead loss at
the conditional flow matching loss
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The squared loss is a Bregman Divergence Using

the fact that for any Buesman F Divergence

Dfly we have cheese
for



Bregman Divergence For a convex fa f

Df x y f n fly fly x y
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see sec 4.5 in 4 it follows that
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To deem o B

i O e argmin 2pm 0
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Thus it suffices to train using to

minimize the standard flow matching loss

Finally
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Also recall Xt i t Xot tX

Therefore specifying Xt at any two time

instances defines the sample path



Further from 60 we have
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whith is the loss we discussed in Note 15


