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Rectified flow RF An ODE to transport samples

from one dist to another

1 Po XoNP
typially PonPdate dist over images typically p n N o z



Motivation The ODE flow is straighter than

That with DDIM thus coarser discretization
suffines in implementation

The ODE dXt ve Xt dt on p
reverse profess X Po
generative proless t E O I

sinii iiiiiisii iimii.in
be reversed with

dye Ue Yeldt You Po
forward Trocess Y N P
noising protest

LECO

with Ue y Vi y

Thus Y is the forward
process that transports an

image Yon Po to noise Y up _that is typically

Gaussian i.e p n NO I This is the RF equivalent

of the ODE corresponding to that of the OU proless
1 diffusion



Deriving the RF vector field for Generation

If we had access to on p and

use a straight line path to interpolate between

these two samples

i.e Xp it Xo tX te 0,1

f
Xo X

However we need a causal ODE ie we only
have access to Xo Xt and would like to flow

toward X so find a field that does this
on average over samples and time i.e

find Vel sit li tixotex

min Ea x sn
l xi xo veCxp 1

P poxUniff
random variable

T

Tier The above objective also called



conditional flow matching in literature can be used
to optimize a flow model Specifically parameterize

Velx Vo t x where O is learned

from data

Thus a model is trained as

min Exonein 11
1 Xo Vo Tx 1

poxi Uniffo 3

Yardonne
date It one

As we will see below this is closely related to
the diffusion mode

Deriving the Solution in terms of score

The formulation in is a LMS problem for



which we know that the conditional expectation
is the optimal solution

Given T t and Xp Re we have

Ve 7 E X Xo Xe

The above is the reverse process that transports
noise to data

Similar to the discussion above we can consider

the forward process transport data to noise

Let us denote this vector field by Ut
Since these are ODEs Uf x Vi t x

401 1 Pia Yt tY i t Yo
t e 91

As in the generative case a causal approximation

using the Least Mean Square Estimator leads to



a forward flow transporting data to noise

9 7 Ecyonnpoxp.LY Yo Ye Ye

This has a closed form expression that is

derived from Tweedie's formula

Ut ye 1 In Pe It

To see this see Lemme A 1 in relevenie

recall Tweedie's formula

suppose Re RotoE then
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Now from the continuity equation the

special case of the Fokker Planili eyn when 5 0

we have the density evolution of this
ODE with You po given by

f 9t enpi.lt PtlSt

Finally consider the SDE

dYe it at F dBt tea

Yo Po

Then the F P Equation results in the same

density evolution as



Thus is the SDE equivalent of the

ODE corresponding to the forward proless
of RF

Just as the diffusions sale we can now

reverse this process and we get the following

triplet for Erationmen

dx ̅ t.ie 21 Impact e FE'd't
onp tE 0,1

foise distil

dx V Xt dt Xon p telo

Cnoire dist

where v U
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