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Deep Generative Models

https://nndl.github.10/



https://nndl.github.io/

b AP 2S5 IREF ] - IR R
» https://nndl.github.10/

y — 5] F & g F 2 % #& LIntroduction of Generative Adversarial
Network (GAN)»
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» T8 45 %% (Variational Autoencoder, VAE)
[Kingma and Welling, 2013, Rezende et al., 2014]

» & XU 4 (Generative Adversarial Network, GAN)
[Goodfellow et al., 2014
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J4mi588 ( Auto-Encoder )

» 475 %5 (Encoder) f:RP - RM @
»iE 7L 32 (Decoder) g:RM - RP @\\‘ //(r
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J4mi588 ( Auto-Encoder )

» 475 %5 (Encoder) f:RP - RM @
»iE 7L 32 (Decoder) g:RM - RP @\\‘ //(r
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Variational Autoencoder

VAE
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log p(x;6) = ) q(z) log p(x; 6)

= 3" q(z)(log p(x, z; 6) — log p(z|x; 6))

p(z|x; 0)
q(z)

= > q(z)log P (J;’(; 6 _ > q(z)log

= ELBO(q, x; 0) + KL(q(z)|| p(z|x; 6)),
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ELBO(q, x; 6) + KL(q(z)||p(z|x;6))

»E -7 q¢+1(z) = argmax ELBO(q, x; 6) + KL(q(z)||p(z|x; 6))
q

»M -
7 8,41 — arg max ELBO(q, x;6) + KL(q(z)||p(z|x; 6))
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2B — ANFEARX, H AR R R log p(x|0) 7T A4 fE A

,z/6)
Ezwq<z|¢)[1°g p((;((zlzqﬁ) ]

/

log p(x|0) = ELBO(q, x|0, )+ Dkw(q(2|9)|p(z]x,0))

| |

M step E step
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T BYmiBes(VAE)

» LB G A BT LEA T A4
A AR

» F e B o T p(z|x;0) §9 T 5 A — AN W &R
q(z[x;0%* );

T dEBT . R 6 A qE A B 20 o
p(z[x;0) ¢ — 7 0
» B Aeq(zlxdx VBB OLT, A 245 \
49 57 p(x]2;0) -
N
o
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Lo BYmiSes vs. BYmiSes
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FEERRTT P22

b BT P 2%

_ 2
Q(Z‘X>¢) _N(le"ho‘II) h = R@LU(Wlx + bl)
U = th + bz
|:MI} = f1(x,9) o] = W3h + b3

»E B AR 6" = axgmin Dicw (a(2x, 9) [p(a], 0)
= arg minlog p(x|0) — ELBO(q,x|0, ¢)
¢

= arg max FLBO(q,x|0, ¢).
¢
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» So 557 p(2]0)

» —ARAR & K28 LI A A & @) B 69 47 & 07 5 A N(2]0,1)
b AR FE 7 p(x(2,0)

P B AL P(X(Z,0) IR AT AT 77 2 89 & Jp o e

p(x|2,0) = N(x|pg, o&])
M- B AT

0* = argmax FLBO(q,x|0, ¢)
0
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p(x,z|0) p(x|z;0)p(z|0)
| =maxE;q@ixe 10

qzlx ¢) 60 5@ )

_ _ p(x|z; 0)p(z|6)
A [log q(z|x; $) 4z

max ELBO(q,x|0,¢) = max E,-qczix;0) 108

—

_ . . | p(z|6)
= [ 4t 9)iogp(xlz 0)1dz + [ a(elx: 9) [logq el |

—

I%%X EZN(](le,Cb) [logp(X|Z, 9)} — Dk, (Q<le7 ¢)||p(z|0)>
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max Ez~q(z|x,¢) [logp(x|z, 0)] — DKL (Q(Z|X7 ¢)||p(Z|9))

R KRB AR E M E MG AR E 5 q(z]x, @) Fe S B 5 p(2|0) 89 £ F
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Dii(N(up, a) | N(O, D )HES:
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1 e 202 [\2mo
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Dii(N(up, a) | N(O, D )HES:

1 2
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HERT cESHDH FAOFLSE, B9, ZMERN (the second order moment) :

E[z?] =/ N(z|p, o) 2?dx = p® + o°

var(z| = E[:vz] — E[:c]2 = o2
AL € 2=2—p N

Elz?) = /;x (2|, 0%)a?da

o0

i A 1 L 9y, 27,

— \/_x W&T —202'; }(~  n ,Ll) d,;,

_ [T 1 {_' 22} 22z + 2 x__l {- —. 2 2dz
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El(z —p) 2]—{2 i — )2 + ..+ (2 — p)?}/N = o2
, N— o
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Generative Aa

4 XTI 2

versarial Network ( GAN )
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» 2 B W 2 M8 = ] (latent space) W RAAURAEAE AN, HirdH 2R
TR GRS 0 A AR R
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4 i 2573451

-0.91  Each dimension of input “
vector represents some
characteristics.

blue hair
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MinMax Game

» F A S
bk R 45-B RO A8 Mo B 3R 1) B W 4
> B AR R SR R IR R AR AT AR 4 ko

b AN 4548 BT B RBTIR AL, R B A AALA R W & Tk
BT 2 ik, ) 258 iy i 48 R 2 FL 5o
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MinMax Game

SAEINDES
X Egnp, () | 108 D(@;9) | + Eanpio) | lo8(1 — D(G(z:0):9))|
b 2E %, ) 25

»Minimax Game

min max (Ew,vpr(m) [log D(x; qﬁ)] +Ezrnia) [log(l - D(G(z; 0); ¢))]>

0 ¢
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JIIZRIFE

Wik 13.1

N2 R 2R iR

BN IZRER D, HUINZRIERE T , FIRAF B BN ZRIEARUREK /Mt

HAEAREM
1 FENLRIARE 6, ¢;
2 fort < 1to T do
/7 NEHH| M4 D(x; p)
3 fork < 1toK do
/] FEMLEIZRFEA
4 MIIEEEE D FRE M AMEAR (x(M},1 < m < M;
5 M N0, I) FREM MER (2,1 <m < M;
6 I BENLEEE L 3 ¢, B R
M
6%[1\1_4 mz_:l ( logD(x('"); ¢) + log(1 — D(G(z(m); 6); ¢)))],
7 end
/7 AR MZE G(z;6)
8 | MOENO,I)FREMMEE (zM} 1 <m < M;
9 R BEN R E L 3 0, BN
5 M
7 [% mZ=1 D(G(z(™;6), ¢)];
10 end

kit £ 4% G(z; 0)




Anime Face Generation

CAPZ ML H5IREF 3] 34



Anime Face Generation
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Anime Face Generation

10,000
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— "B {RAIIEEY : DCGANs

PAIA WL R —MMERGRBEEBRMLE, 1248 R T a5 KOG EPF R LI T RARE
Y5, RA®KILE (pooling) #HAf

b 2R AR, W A ] — AN HFER GG IR B AR N 4Bk 52 ISR T AR R A AR 64X63 K] A
A%

Stride 2

CONV 2
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Fake Images

Bl 2 5l & &
q@”la & @rg
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@ real
@® generated

In the end oy
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RS

ME D, () Frpg (X) T, W) AR GG H) 7] 354

min max (Ew,\,pr(w) [log Dia qb)] + Btz [log(l —D (G(z; 0); ¢)>])

0 ¢

f(y) = alogy + blog(1 — y)

b a
)= ee = gyt D* () — pil@)
v (@) = @) + po(@)

1—y a+b

WEERERHRT_MEREEE:
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RS

1B3& D, (X) Fopg (x) Edm, W) AL GG ) 7] B A

ol pr(x)
e = o @ +mole)

» B AR 2T A

L(G|D*) = Eqmp. () [log D*(ac)] + Eapy (o) [log(l _ D*(a:))]

pr()
pr(x) + po(x

= Eznp, () [log po(x) )]

+ Epo w[log
>] Po@) | S b, () + po(x

= DkL (pr||pa) + DkL (P9||pa> — 2log 2

1 1
= 2Dys(pr|lpe) — 210g 2, Djs(pllg) = 5 Dxw(pllm) + 5 Dxr(gllm)
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AEENE | ERMBHERLHR

min (IEXdim ) | 108 D(x, 8)| + Eanpio | log(1 - D(G(2,0), cb))])

FEERIT IR &, LA B A A
mARE, AR M LA B AR R 5£(G|D*)
MG B 52 570 pr () A A A 5 A pg (x) 50
—zlé] 1 JSHE

Lo AR, JSHEKEAHO, %
B 2k R W -5 R 69 47 2k Hy—2log2,

= 0.

BALFI R D*

1% A JSHCE R I 45 iﬁmﬂmﬂ éﬁ#
AM@%&%%%ﬁmﬁﬁ € oy .
112 17 49 JSH B d8 5 T IogZ 3] ) RERR ipr S

£ R 2R, EHTT*ia‘:%ff"bﬁé‘J
# B A0,

Y
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@ recal

weak @ generated
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@ recal
Least Square GAN (LSGAN) @ generated

»Replace sigmoid with linear (replace classification with regression)

min VLSGAN(D) =1Em~pd a(x) [(D(w) - b)z] e %EzNPz(z) [(D(G(Z)) o a)2]

manLSGAN(G) = Ezrvp (2) (D G(Z) _C)Z]

aw»mﬁl T ..}m scals

(Real) (Fake)
They don't
move.
——0-000-0—O-000-0——

https://arxiv.org/pdf/1611.04076.pdf SGEICE SR e



Wassersteinff=

» Wasserstein ¥& & F T4 = M A~ X R A B & o

3=

W, (q1,92) = inf B in vyl @0, )P
»(q1,q2) (m,y)er(ql,qz) @@l d@ )]

» HPIU(q,,q9, ) RAFFESI Aqq, Q0BT A T Re 69 B &0 424, d(X,y) AxFry Y
FEE, tbdwl, BEE S

»Wasserstein 2k & 48 FLISH E 9L A T BpiEAmASH 5 H T2 RE
& & 3kw ), Wasserstein3E & 47 2R At Bk W AN~ 89 1 UL o
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WassersteinfE=

b RN F AN AR RN LI, KA Y(XY)AVE A LG 0
1o BEx 3| L Hq, 0942 Byag#kid + a9 5=, WassersteinyE 3 7] VA IR iR A
WaiE g I E, LWARAIELEAIES (Earth-Mover’s Distance,
EMD) .

ML ol B

(b) g2(= (c) @1 Bl g2 IAKHIIZHTT &
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WassersteinfE=
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WGAN WGAN

G: CNN, D: CNN

G: CNN (no normallzatlon) D: CNN (n ormalization)




WGAN

G: MLP, D: CNN

WGAN



GANESY &




> #?«%“}% FeAF AT xb P 6 & R AR

LI

In a specific range

“Girl with red hair and red eyes”

“Girl with yellow ribbon”
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Caption Generation

CCA L
Given YOS '%g
. girl 1s
condition: - ?-H%
Chat-bot
Given [tHello. Nlc,? ?%@
condition: O See you ?-HVT
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Conditional GAN

D

discriminator

G network
generator ‘
network

fake image
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BPUOBS

PUODS

PUODD
wwoean



(=D
(Creal)
e &
D f i ? % ; ; % i ;
(Xrear @ata)) | ( Xfake ) (Xrear @ata))  ( Xyake ) (Xrear @ata)  ( Xyake ) (Xreat dat2))  ( Xgake )
G
(C (cass)) (Z tnoise)) (C sy ) ( Z tnoise) ) (Catent) (Z (noise)) (C @ass)) (Z tnoise))
Conditional GAN Semi-Supervised GAN InfoGAN AC-GAN
(Mirza & Osindero, 2014) (Odena, 2016; Salimans, et al,, 2016) (Chen, et al., 2016) (Present Work)
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Jeff Donahue, Philipp Krahenbihl, Trevor Darrell,
“Adversarial Feature Learning”, ICLR, 2017

BiGAN

Mastropietro, Alex Lamb, Martin Arjovsky, Aaron
Courville, “Adversarially Learned Inference”, ICLR, 2017

(from prior
distribution) from encoder or
code z code z decoder?

1

4

Decoder

Discriminator

Image x  code z
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https://nndl.github.io/
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