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Review

DDPM (2020)

pﬂxtl'x!
On 0 "0 ~Cp

-~
*****

xfle 1)
1. Forward:
q(x¢|xi-1) = N (%15 v/ 1 — Bixi—1, Bi]) 0< B <By<
2. Reverse:

po(xt—1|xt) = N (x¢—1; po(x¢, 1), Lo(xt, 1))

2(xi,t) = 021 of = By

L < Br <1



Score (2021, 2019)

Target

po(x)

Define

To get 6* | introduce

Zy = fﬁ @) de > 0

N
L(G) = Hpe(ﬂfi)

£(0) = Z log py(:)

0" = argmax ; log pe(;)

Such that —

p(z) = " exp (—E(x)

)

YA kT
Boltzmann
[ po(x)dx =1
Pe >0




Write out Zg

log po(x) = — fo(x) — log Zg Ty = / e @ de > 0

Try n
0" = arg mgaleogpg(a:i)
Vologps(z) = —Vafo(z) + Eop, [Vofa(z')] =l

It's discovered that
Vi logpy(z) = Vi |—fo(x) — log Zy| = =V, fo(z)

Design and optimize

55(x) Ep | Vx log p(x) — s0(x) 3]

Score-Matching(2005)

1
£ = By [tx(Tuso(o) + 3 o) + const



After we get

Langevin Dynamics:

X1 < X; + eV logp(x) + V2 Zi,

Data samples
ii.d.
{xlax2a e 1X-N}

~" p(x)

sg(x)

X0, Z; NN(O,I)
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Scores

sg(x) ~ Vxlog p(x)

i=0,1,---.K

Langevin
dynamics

New samples

sg(x)

V. log py(z)




But Performance suffers.

Ep) [V log p(x) — so(x)||5] = / p(x)||Vx log p(x) — sg(x)[|5dx

Data scores Estimated scores

Data density
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JEFFERNTY

Estimated scores are only accurate in high density regions.



Multi-scale perturbation

po;(x) = [ p(y)N(x;y,0;1)dy o1 <oy <--- <0y ¥ ~ paa(y)

Optimize

L
D A@)Ey,, [l Vxlog po,(x) — sa(x,1)|3]

1=1

Annealed Langevin Dynamics
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When L goes infinite, the Langevin process can be described as a SDE

Forward SDE (data — noise)
x(0) dx = f(x,t)dt + g(t)dw )@

«

| o " score function g
dx = [f(x,t) — ¢° (t)&x log py (x)]] dt + g(t)dw @

Reverse SDE (noise — data)

optimize

Escrio,r)Ep,(x) (A(t)[|Vxlog ps(x) — sg(x, t)“%]

sample

dx = [£(x,t) — g*(t)ss(x, t)]dt + g(t)dw

probability flow ODE
dx = [f(x, t) — %QQ(t)VX logpt(x)] dt



Flow Matching

Mapping a random g0 to data distribution gl
L ~ qo

= ¢(z)

How to calculate pl(y) using gO(x)?

p1(y) = qo(¢ ' (v))

_ qo(x)
‘det {-32(1)} }

[t50]

with z = ¢ (y)

Aiming at
argmax, E,.pllogpi(z)]

log p{(z) = log po (¢, () + log | det J,, 1 (x)



log pi(z) = log po(¢y ' (2)) + log | det J, 1(z)|

Introduce Residual Flow

or(z) =+ du(x) Q)

Compose such flows

¢=¢go...0p20¢;

K — o §=1/K
Write (1) as another form
¢(z) —
— Uu\x
: ()
Derivation?
dz; . Ltrd — Ty ¢t($t) — &y
T = R S S L)
Such that



t |
20 2 ¢y(z0) = o + fo us(z,) ds

log po(z) = log p1(z) = log po(zo) — /0 (V- ug)(x)dt

To Optimize?
L(0) = Egrq, [log p1(z)]

That's suboptimal. Flow Matching!
E(o) = EtNU[O,l]IEZL'NPt [||u9(t7 ZI:) = U(t, m)Hz]

But we don't know u (t, x). Conditional Flow Matching!

LCFM(O) — EtNU[O,l],:vlwq,:vtwpt(xlaxl) [H’U,g(t, x) _ ut(m | w1)||2]



But is CFM really all rainbows and unicorns?

crossing conditional paths!

Coupling

pe(ze) = /pt(:vt | 2)q(2) dz = /pt(wt | 1, 20)q(x1,z0) dz1 dzg

Optimal Transport Coupling

q(x1,29) = w(xz1,Z0) € argglfl'/ |21 — zo||2dm(z1, o)

Mini-Batch!



Thanks for your Listening!
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