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Three Key Questions of Generative Modeling

How to learn a good description of the data distribution from finite data?

Can we approximately sample from the data distribution by leveraging the learned
description of the data distribution?

How can we efficiently sample?
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Three Key Questions of Generative Modeling

How to learn a good description of the data distribution from finite data?
Sliced Score Matching. [UAI 2019])
Flow Matching for Scalable Generative Modeling. [ICLR 2023]

Can we approximately sample from the data distribution by leveraging the learned
description of the data distribution?
Sampling is as easy as learning the score. [ICLR 2023]

How can we efficiently sample?
Parallel sampling, one-step sampling, . . .
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Preliminary of Flow Matching

Push-forward

p0 P ∆pRdq is the data distribution, p1 “ N p0, Idq is the noise distribution. We want to have
a deterministic mapping f : Rd Ñ Rd , s.t.

p0 “ f#p1 ,

which means

Lawpf px1qq “ p0 , x1 „ p1 .

Training: Learn f .
Inference: Sample x1 „ p1, get x0 “ f px1q, which satisfies x0 „ p0 .
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Continuous push-forward: velocity field

Suppose we have a velocity field vpxt , tq, then we can define ftpxtq “ x0 by solving the ODE:

9xt “ vpxt , tq .

We want the mapping function ft : Rd Ñ Rd to satisfy:

p0 “ f1#p1 .

Training: Learn v .
Inference: Sample x1 „ p1, get x0 by solving the ODE:

9xt “ vpxt , tq ,
which satisfies x0 „ p0.
Euler method: x̃pn´1qk “ x̃nk ´ vpx̃nk , nkq ¨ k , n P Z. Get x̃0 to approximate x0.
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A simple construction of velocity field

Given a „ p0 and b „ p1, we construct a linear path

τpa, bq “ tpp1 ´ tqa ` tb, tq|t P r0, 1su .

On this specific path, we have a constant velocity:

vτpa,bq “
dpp1 ´ tqa ` tbq

dt
“ b ´ a .

Then we merge all these paths and velocities, and get

vpx , tq “ E
a„p0,b„p1,p1´tqa`tb“x

vτpa,bq

“ E
a„p0,b„p1,p1´tqa`tb“x

rb ´ as .

And we have pt “ p1 ´ tqp0 ` tp1.

Each specific path is transporting an a „ p0 to a b „ p1, so v is transporting p0 to p1 .
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Preliminary of Flow Matching

Training velocity model

Recall we want to learn

vpx , tq “ E
a„p0,b„p1,p1´tqa`tb“x

rb ´ as .

We have a neural network vθ, a dataset D “ tapiquNi“1, p0 “ Lawpapiqq. And we set
p1 “ Np0, Idq. Then we sample t P r0, 1s, and train

E
a„p0,b„p1

}vθpp1 ´ tqa ` tb, tq ´ pb ´ aq}2 ,

which is equivalent to

E
x„pt

}vθpx , tq ´ E
a„p0,b„p1,p1´tqa`tb“x

rb ´ as}2 “ E
x„pt

}vθpx , tq ´ vpx , tq}2 .
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One-step Sampling: Back to Push-forward

Continuous push-forward: velocity field

Suppose we have a velocity field vpxt , tq, then we can define ftpxtq “ x0 by solving the ODE:

9xt “ vpxt , tq .

We can learn v , can we further learn ft?
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A Distillation Perspective

Recall ft1pxt1q “ ft2pxt2q “ x0. We can train model gθpx , tq to distill ft (Euler approximate).

Consistency model [ICML 2023]

We want the data on the Euler path pointing to the same x0, i.e. gθpxt , tq “ gθpxt ´ vk, t ´ kq:

Lθ “ E
n,xnk„pnk

}gθpxnk , nkq ´ sg pgθpxnk ´ vpxnk , nkq ¨ k , pn ´ 1qkqq }2

` E
x0„p0

}gθpx0, 0q ´ x0}2 .

x0 x1

x̃0
continuous path xt

Euler discretization x̃t
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Can we distill the continuous path?

Continuous consistency model [ICLR 2025]

We want the data on the continuous path txtu pointing to the same x0, i.e. dgθpxt , tq{dt “ 0:

Lθ “ E
t,xt„pt

}dgθpxt , tq{dt}2

` E
x0„p0

}gθpx0, 0q ´ x0}2 ,

where

dgθpxt , tq

dt
“ ∇xgθpxt , tq ¨ 9xt ` Btgθpxt , tq{Bt

“ vpxt , tq∇xgθpxt , tq ` Btgθpxt , tq{Bt .
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Quick Error Analysis
Consider a continuous path txtu.
And an Euler path tx̃nku, x̃nk “ x̃pn`1qk ´ vpx̃pn`1qk , pn ` 1qkqk , x̃1 “ x1.

Discrete: Suppose }gθpx̃nk , nkq ´ gθpx̃pn´1qk , pn ´ 1qkq}2 ď ϵ1k,then we have

}gθpx1, 1q ´ x0}2 ď }

N
ÿ

n“1

gθpx̃nk , nkq ´ gθpx̃pn´1qkq, pn ´ 1qkq}2 ` }x̃0 ´ x0}2

ď ϵ1 ` discretized error .

Continuous: Suppose }gθpx0, 0q ´ x0}2 ď ϵ2, and |dgθpxnk , nkq{dt| ď ϵ3
loooooooooooomoooooooooooon

finite training data

,then we have

}gθpx1, 1q ´ x0}2 “ }gθpx1, 1q ´ f px1, 1q}2

“ }gθpx0, 0q ´ f px0, 0q}2 `

›

›

›

›

ż

rdgθpxt , tq{dtsdt

›

›

›

›

2

ď ϵ2 ` ϵ3 ` smoothness of the network gθ .
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Extended Version

We extend gθpxt , tq to gθpxt , t, rq, which means transporting xt to xr .

Meanflow model

We still have gθpxt1 , t1, rq “ gθpxt2 , t2, rq “ xr , for t1, t2 ą r .

The general form is:

Lθ “ E
răt,xt„pt

}dgθpxt , t, rq{dt}2

` E
t,xt„pt

}gθpxt , t, tq ´ xt}
2 ,

Recent works differ in parameterization:

Meanflow [NeurIPS 2025]: gθpxt , t, rq “ xt ´ pt ´ rq uθpxt , t, rq
loooomoooon

mean velocity

;

Pixel Meanflow [2026]: gθpxt , t, rq “
pt´rq

t Xθpxt , t, rq
looooomooooon

pixel prediction

` r
t xt . (Manifold hypothesis)
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Drifting Model [2026]

Directly learn the push-forward

Let’s look into the desired push-forward function again:

p0 “ f#p1 ,

Can we directly use a network fθ to learn it?

Drifting: p “ p0 is a fixed point of p1 “ T pp0, pq#p,where we set

T pp, qqpxq “ x ` E
y`„p

“

w`
x py`q ¨ y`

‰

´ E
y´„q

“

w´
x py´q ¨ y´

‰

.

So fθ “ f is a fixed point of f 1
θ#p1 “ T pp0, fθ#p1q#pfθ#p1q.

Training:

Lθ “ E
x1„p1

“

}fθpx1q ´ sg
`

T pp0, fθ#pp1qqpfθpx1qq
˘

}2
‰

.
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