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Markov Chain
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«  Markov Property : §78 Al t+1 0| A2 HEi= 2% Hi= HFAFE t SEHO 2 2| =St 0]

P(Xi11 = xe41|Xe = 0, Xeo1 = x¢21) = P(Xp41 = X111 X = Xy)

KL-Divergence
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MLE(Maximum Likelihood Estimation)
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Bayes Rule
- Bayes Rule: FO{Zl HEE HIEOE AIH ZES HUOIO|ESIO AL SES = WY
P(B|A)P(A)
P(A|B) = —PB)

*  P(A): AHEHE (A BOl CHE EE gl0] At A7} 2l 2HE)
- P(B): At B7I Bl =&

- P(B|A) : likelihood
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Diffusion
Overview
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+ Forward process : q(X,.71X,) =

{=1 q(X¢|X¢-1)
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Forward Process
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Forward Process
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Reverse Process
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DDPM Loss
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DDPM Loss
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DDPM Loss

Eq(x,01x0) [~ 108(pg (Xo)]

Q(X1:T|X0)[ ng(Xl,XZ,...,XTlxo) q(X1.71X0)

= Eqxyrixe)[—1og

= Eqxyrix,) |~ 108

E

= Eqx,.r1%0) [— log

Eqxy.r1x0) l— log

T
= Eq(yrixo) _logpe(XT)—Zlog
t=1

T
Facturire) | ~10gpo(Xr) = ) log Eetelnte — jog PA0 s
q(xl.ﬂxo)l gpo AT £ TaX) 7 q(xa1Xo)

—lo
CI(X1:T|X0)[ gpa(Xl,XZ,...,XﬂXo)

p@ (X01X11 ,XT)

]

po (X0, X1, ... Xr)  q(Xi.r|Xo)

pH(XO;Xl; -..,XT) " Q(Xl:TlXO) ]
q(X1.71Xo) po (X1, X5, ..., X71Xo)
pQ(XO;Xl; "'IXT)
—D —|X (X1, X5, ., X:1X0))
q(X171Xo) KL((le.Tl o)l 1pe (X1, X5 t1Xo)
pg(XO,Xl, ...,XT)
CI(X1:T|X0)

po( X71) H{=1p9(Xt_1|Xt)l — Markov chain & Baye's
q(X1.71Xo)

Po (X-11X¢)
q(XelXe—1)

po(Xe—11Xt) Po (Xo|X1)




Reverse Process

BrAIn Lab. &3

DDPM Loss
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I Reverse Process

DDPM Loss
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DDPM Loss
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DDPM Loss
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DDPM Loss

1, 2
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DDPM Loss
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t
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HIIX| & : FID score, IS score

|‘Table 1: CIFARI10 results. NLL measured in bits/dim.

Model IS FID NLL Test (Train)
Conditional

EBM [11] 8.30 37.9

JEM [17] 8.76 38.4

BigGAN [3] 9.22 14.73

StyleGAN2 + ADA (v1) [29] 10.06 2.67

Unconditional

Diffusion (original) [53] < 5.40
Gated PixelCNN [59] 4.60 65.93 3.03 (2.90)
Sparse Transformer [7] 2.80
PixelIQN [43] 5.29 49.46

EBM [11] 6.78 38.2

NCSNv2 [56] 31.75

NCSN [55] 8.87+0.12 25.32

SNGAN [39] 8.22+0.05 21.7

SNGAN-DDLS [4] 9.09+4+0.10 15.42

StyleGAN2 + ADA (v1) [29] 9.74 + 0.05 3.26

Ours (L, fixed isotropic 32) 7.67+£0.13 13.51 < 3.70 (3.69)
Ours (Lsimple) 9.46+0.11 3.17 < 3.75(3.72)

FID Score : *'Xﬂ o|0|X| 2t 4=l
InceptionNet 2 O| 830 LIS ==t F FT=E FIHO
O X Mol 23X XIO|Z2 A4t

IS Score: 2| O|O|X|2} M-dEl O|O|X|Z
InceptionNet 0|3"'f01 =57t 7 27 =S 0[E5
O KL-divergence & 74t

NLL Test: 2 20| HO|EHO| 2E2E YOILt X0 k&
SHEX|E BT E K| H, o IMS Sy o H
EJt AEEl=X|
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Summary
« Diffusion2 Forward Process®} Reverse Process2 L}=C}.

« Forward Process= & 0|0|X|0] Gaussian noiseE F5l0] 2tX st Gaussian noise2 THELC}

« Reverse Process= Denoise &0 2 st&0| FIMEICH
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Simple diffusion process code
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