
Diffusion models

↓ Forward process . (deterministic) & (X+ /Xt-1)
to 8418 ,
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8((X+-) ~N(Xt ; JFBXt+, Bt])
Markov process : 9(X1 :T(0)= g(X(Xt-)
one step process : NE=JFB fit +JE+-

Xc= 1- Bt
= JF(JP-1Xtz+d Et2)+ Bret-1

B+ = 1 - 25 = data+Xtz +Jrx++Et+

+Je .

=site

continuous form (Stochastic diffusion equation) .

Xt =JBrfit+ +1 Ex-1
=(- - BA)X++ +jz+
* --BoNt-1+ Et+

=- X +JdfW+(-)w



Reverse Process PCNisP
to ↓1 X At

=- -

When B+, P(x++)~N(ot i M(x+,+) , Ext,+)

Markov Process : P(Xo :+) = P(XT)P(X + (Xz)
Po

idea : Use a neural network to approximate & (X+ -1(fit)

Sadly : 9(x-IX+) is not tractable , trajectories arriving X++

8(x- (Xz) =
g(x+ (x+ - 1)g(xt-1) - x
G(xt) - X

But : 8t+/+,No) is deterministic ! knau
g(x+ (X+-1 , x68(t-11X0)

->

g(Xt-At ,Xo)known. (+ /Xo) - Known
Also : Not-JE)-N .(NiM,E

=

#Xt- Po
expectation fixed

Now,Po can learn . 8 (t+ IXt) in the folling way :

Polx ,) = 00 PRO (X+-(+, Xo)

PO(Xt ,+) - < g(x+ (xt,Xo)
ExtwP(Xt xo) , XorP(Xo) ,-U,7)



More on M : ↑(t , +) = a+(x+ - b+Et)
Dinput*t

Et=- objectiveEx
Po : So : Et.

Idea : Essentially , the network is learning to remove
noisee.

denoising process.

To derive : usethe variational lower bound for PCXO
S

Question : How to relate to MalogE(0), thescore?
Again:x log &(X) isnot tractable. But: T leg&(10) is

Ylogg(d)=-+We
Sp - #No,Not+logg(xo() - Mxlog g (xt)
other score matching method : sliced
min**t.t. (SO(it)12 + tr/ltSo(tit)1l :projectD

continuous form : (RDE)

d =-BEX-Bixylogf(xt)dt+Jodi



Generative moder. (Denoising diffusion).
to4 . x Xt At At

=- -

↑ ↑

xt = at [xt-b+So(t)] + The sandom noise.

:

Xo = a , [X-b . so ( , +=)]
score-based generativemodel

P(XO) YxlogP(x1) Yegp(X2) legp(X)
! : i ·

· · .
T t

↑

Xy= X+ - Mx) +V
avoid localMinia.
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-



To decive the objective function : (Maximum Likelihood).

max POLX) , maclegPoX.

variational lowerbound.

legpolxo)[legPae) - KL[g((XolIPo -- (Xe]
g(X1 :7 (X0)

- logPo(yo) < -logDoe) +Exu8WiToTlog Poo :1)]
- logPo(yo) ExigTko)[legg(x :71x0) ] POLO

POLYO: ID

#-a(xe(logpO(x)]- ExpigWiTheg
nuLo · minEnglegg T

=

minEg(log
=minEgg
=minTlogCl9(x+(t,X)) ]POLE)



Final objective : givent , X+~g(to) · Xorg(X0),

min Exo KL. [9(x++ (+, fo) (l po(X- + (x)]

Conditional difusion model.

-4)X.X.Y
X

The posterior became : logp(Xoly)
* logP(Xoly) = *x log P(y(Xo) P(Xo)

Py
P(y(o)+Molog P(Xo) unconditioned .

classifier/forward model

*xleg P(Xly) - obj : //So(X+,+, y)- logPIXIyI
EtiXy) - obi Enrico ((do (+xy) -Ell


