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Introduction

Research Trend

BEST FRIENDS FOREVER

IAN GOODFELLOW

& 7S GANDALF
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lan Goodfellow
/ @goodfellow_ian

4.5 years of GAN progress on face generation.
arxiv.org/abs/1406.2661
arxiv.org/abs/1511.06434
arxiv.org/abs/1606.07536
arxiv.org/abs/1710.10196
arxiv.org/abs/1812.04948
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Introduction

« Research Trend
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-
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<% Flickr-Faces-HQ (FFHQ)

« 70,000 high-quality PNG images at 1024 x1024 resolution

« Considerable variation in terms of age, ethnicity and image background

« Good coverage of accessories such as eyeglasses, sunglasses, hats, etc.
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Introduction

* Vanilla GAN : Adversarial Nets

minmaxV(D,G) =E,_,  [l0gD(X)]+E,., »[log~D(G(2)))]

cf.

Real case Ex~ Dgata (X) [Iog D(X)] should be 0 A Log(x)

S
1 : -
Fake case E,_ 0,(2) [log(1— D(G(z)))] shouldbeo i
ES\O |
Real case EX~ Bgata (X) [Iog D(X)] should be negative infinity
0 :
y D perspective, _
Fake case E,. ) (Z)[Iog(l— D(G(z)))] should be negative infinity It should be maximum.
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Introduction

* Vanilla GAN : Adversarial Nets

minmaxV(D,G) =E,_,  [l0gD(X)]+E,., »[log~D(G(2)))]

Generator

Smart G

Stupid G

\. G perspective,

it should be minimum.

cf.
E,. [|09(1— D(G(Z)))] should be negative infinity : Log(x)
2~p,(2) A !
’ >N\ 1;/ _
1 |
E,_;. 1091 —D(G(2)))] shouldbeo
0
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Introduction

* Vanilla GAN : Mathematical Proof

“Generative Adversarial Networks”

Goal Method

V'S

A
pdata (X)

1) Global Optimality of Py = Pyaa

2) Convergence of Algorithm
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Introduction

« DCGAN : Network HOtLE?”

9|7} Ho|op .

“CNNO| MLPELC} M HtX| &~

- ,’.

Vanilla GAN DCGAN
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Introduction

« DCGAN : Latent Space

: DX (Image)of| M 2|0] x l

; Xt (Latent code)dlA] 2|0] o |

man man woman
with glasses without glasses without glasses

woman with glasses
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Introduction

* InfoGAN - Network

b -

1

DCGAN

2|7 BO|op

=

of

“LEE AMZA MF...

14
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“2L2|= Z(Latent code)E H M&Z3}
SiA| ZEHO| FFS Bl

InNfoGAN



Introduction

INfoGAN - Latent Code

o
I 0.001 |
| 0.008 Noise ~—1—>
1 1.000 :
| 0.007 i
|
b Latent code |
I 0.005 i
Let's make the latent code simple.
T
[0.001, 0.008, ..., 0.005] —> ¢
WAL

The proper generation is difficult.

L yerpzgsnzraior.nst

15
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: AKX latent codel| -2 = E&5HGY
B S0 0{2{Z(entangled).

0.001
0.008
1.000
0.007

0.005
Z

O OO

e ——————————

O e

How about adding latent code?

Z C

Latent code

: Condition

5{|410|] 7t5 3t ConditionE M| 5.
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Introduction

 InfoGAN - Latent Code

EAARAAAAKAALAAAAA Z C
AAAAAAAAAAARAAAA
AAAAAAAAAAAMAAA’AM

.
. ¢
:

Latent code

[0.001, 0.008, ...

“2Jof> 12/® CE Z Hof bt 2
20|31 £|= Hopy z

[0.001, 0.008, ...

yA

[0.001, 0.008, ...

Z

[0.001, 0.008, ...

yA

,005]0,0,...1]

C

,005 1,0, .. 0]

C

,005 ><]
005 ><]

16

Y

Ignore the additional latent code ¢

minmaxV (D,G) Cost functiong =785}0{ c2| &
G D
(Mutual Information)
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Introduction

 InfoGAN - Latent Code

Maximize

Hard to maximize directly as it requires access to the posterior P(c| x)

VAE Seminar (18.07.23)

min L(¢, &, X)

L(¢, 8, X) = Reconstrogtion)Efmn |+ KIRegldarization
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Introduction

\ /A‘ﬂ\

Concept
.‘ ~ + GAN
c t -~
€ e Performance
GAN TN p—— ~ + DCGAN, LSGAN
2 e — ‘A , . .-
- = o4 Manipulability
. S y . r '+ DCGAN, InfoGAN
W = i ‘ - Performance . r o
0 N | Manipulability =~ - Stability
= ~ | | \_ '« DCGAN, LSGAN
y — W Py
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|. Introduction

Il. LSGAN

LSGAN

Concept, Objective Function, Global Optimality, Parameter Selection, Results
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LSGAN

« Concept

&t 0| EE| Q1L
(=50:50)

If 60:40 then stupid G
If 40:60 then stupid D

=
g e

Fake

21 .E:"'H
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LSGAN

« Concept

=

Mok

M

243 = (Realoll 717H2)
O[E{ My

frL

AA 24 = Real? Fake?

Fake P ,;'
Fake -> 27 21
\\.ﬁf"

e

22
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LSGAN

« Concept

+ Fake samples
B © Raal samplas +
= Sigmuoid dession baundary
& | |~ Least squaras decisan boundary ¢

2019-04-09

10r 10
+ Fake samples + Fake samples
Bf| © Realsamgies + T Bl| O Reslsamgies + T
# Fake samples for updating G w Fake samples for updating G
& | |~ Sigmpid decision boundary T § |- | beast squarss decisian Soundary T
it
2t
o
21
At
B
BF " b
i i i i AB i i i i i i i i i i
] 10 a 10 10 B & 4 2 i 2 4 ;] 8 10
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a : fake label.

LSGAN .

» Objective function ¢ : G wants to make D believe for fake data

MiVison (0) = ZE.p. [000-bF [+ B, o [DG@-aF]  minvin @ -2E., [DE@)-0F]

Real case % E, _— [(D(X) _ b)Z] (b=1), should be 0
1
Fake case % E [(D(G(z)) — a)z] (a=0), should be 0
0
1 2
Real case E E,. oy [(D(x) — b) ] (b=1), should be 1
0

A\ D perspective,
it should be minimum.

21

Fake case 1 [(D G(2))- a)z] (a=0), should be 1

5 xR (2)
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a : fake label.

LSGAN

» Objective function ¢ : G wants to make D believe for fake data

MiVison (0) = ZE.p. [000-bF [+ B, o [DG@-aF]  [minvin @) =2E., [PE@)-0F]

Generator

1 5 ~
Smart G > E. 0. [(D(G(Z)) — C) ] (c=1), should be 0
1 -
1 G perspective,
Stupid G —E [(D(G(Z)) _ C)Z] (c=1), should be 1 it should be minimum.
2 2~ Py(z)
0
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LSGAN

» Objective function

ZaHX

i

SEERTEIUTL

1

mDinVLSGAN (D) - E EX~ Pdata(x) [(D(X) B b)2 ]—I_% EX~ P (2) [(D(G(Z)) B a)Z]

e

D = Classifier

Prediction - Label

2019-04-09

a : fake label.
b : real label.
¢ : G wants to make D believe for fake data

1

MinV ey (G) = > S [(D(G(Z)) - C)z]
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LSGAN

» Global Optimality — Vanilla GAN

LSGAN : S S8 38

Image
27 System
Laboratory



2019-04-09

LSGAN

» Global Optimality — LSGAN

mIZEnVLSGAN (D) = % E,- Peata (x) [(D(X) - b)2 ]+ % B P-(2) [(D(G ()~ a)z:

. 1 2 1 2] This term does not contain parameters of G
mGInVLSGAN (G) = E Ez~pz(z) [(D(G(Z)) - C) ] T E E,- Pdata () [(D(X) N C) ] ;/ g

bPyaa (X) + AP, (X)
Puata (X) + Py (X)

D™ (x) =

2C(G) =E,_, KD*(X) —c)2‘+ E, KD*(X) - c)2‘
. [bpdata(x)mpg (%) ] (bpdata<x>+apg (%) j
=E,, —C| |+E., —C
d |: pdata (X) + pg (X) ’ pdata (X) + pg (X)
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LSGAN

» Global Optimality — LSGAN

2019-04-09

DP (043, () CPaga () 0Py () (0—C) Py +(a—) Py (1)
Pyara (X) + Py (X) Pyara (X) + Py (X) Pgata + Py

= | [DPua (%) + D, () 2 DP e () +ap, (X))
=Eyp —C| |+ Ex~p —C
d pdata (X) + pg (X) ’ pdata (X) + pg (X)

[ (X)( (b =€) Pua (¥) + (@) P, (x)] s [, (X){m—c) Peaa (¥) +(-C) P (X)J

Pyata (X) + Py (X)

X

((6=€) Paeia () + (@ =€) p, (X) ]
= g d
! pdata (X) + pg (X) " X\)

= J. ((b B C)(pdata (x) + Py (X))— (b-a) P, (X))Z N
X Pdata (X) + pg (X)

Pyara (X) + Py (X)

[ (Paea () + P (%)

X

(b—C) Poia (X) + (@—C) Py (X)) N
Pyara (X) + Py (X)
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LSGAN

» Global Optimality — LSGAN

= I ((b B C)(pdata (X) + Py (X))— (b — a) of (X))Z N
X Pata (X) + pg (X)

Ifweset b—c=1land b—-a=2

200)- | (2 (9~ (Pgae )+ P, (DF
% Paa(9+ ()

2 2 q(x) - p(x))°
X pPearson ( Pdata T pg ” 2 pg) Apearson = ( p(x) )

If Pg = Pdata minimum
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LSGAN

 Parameters Selection

mDinVLSGAN (D) = % E,- Pata(x) [(D(X) - b)2 ]+% E,- P, (2) [(D(G(Z)) B a)z] mGinVLSGAN (G)= % EZ~Pz<z> [(D(G(Z)) a C)Z]

b-c=land b—a=2
) a=-1b=1and c=0

MinVison (0) = ZE.,. [(P0-1PJ+ 2E, o [PE@+1F]  minVisew ©) =2 E.,,, [DG@)Y]

i) a=0,b=1land c=b >ZZZ MEX| 2= ZEF

—_— Lo

MV, s (D) = % Eop, . [(D0O 1) ]% E, 0.0 (DG@)+1F]  MinVigs, (G) = % E,,. [DG@)Y]

ds2 HlotH, 2 X107} giS!
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LSGAN

 Results

Table 1: Statistics of the datasets.

Dataset #Samples  #Categories = . """"'" k H | -
LSUN Bedroom 3,033,042 1 ' 'F" "',
LSUN Church 126, 227 1
LSUN Dining 657,571 1
LSUN Kitchen 2,212,277 1
LSUN Conference 229,069 1
HWDBI1.0 1,246,991 3,740

(b) Generated by DCGANs (Reported in [13]).
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 | ".“.. it PN
m-{i o ) S
Regular GANS.

| (_8,) LSGANS.

' 9
R L
v 4
v B

Figure 7: Comparison experiments by excluding batch normalization (BN). (a):
LSGANs without BN in G using Adam. (b): Regular GANs without BN in
G using Adam. (c): LSGANs without BN in G and D using RMSProp. (d):
Regular GANs without BN in G and D using RMSProp.
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Table 2: Whether the models suffer from model collapse?

LSGAN

BNep
RMSProp

BNG BNG D
Adam

RMSProp

BNga
Adam

Optimizer
Regular GANs

Results

NO YES YES
NO

NO

YES
NO

YES

LSGANs
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VAE : maximum
likelihood approach

(b2) Iter=2.2k (b3) Iter=6.5k (b4) Iter=10k

(b1) Iter=0.7k

ANs. Lower:

1
x

enerated by LSC

1
x

enerated by regular GANS.

Figure 9: Generated images on MNIST. Upper: C
1
x
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LSGAN

 Results

Real 457 F 57U - NG < I R AR B R At 8% kS 334 4
Generated AE#H7PSE 4518 APl " Sy g X %5 20§ Tk s 2alR JL N A8 7 PR 5 iR |
Real JH5 FPRSHTY R 5 5 RRM b [adRK H $ I B R T E (1. = N A2 RS2
Generated J2).5 FTVAs§ #1288 A UR\Z WHIOTAR FBT W TenBY X A et 2

Figure 10: Generated images of handwritten Chinese characters by LSGANS.

Image
35 System
Laboratory



|. Introduction

Il. LSGAN

Experiment

lll. EXperiment

Source Code, Celeb-A, Korean Idol
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Experiment

Source Code

# loss_func = tc.nn.BCELoss()
loss_func = tc.nn.M5ELoss()

g opt
d_opt

tec.optim.Adam({G.parameters(), lr=1lr, betas=(©.5, ©.999)) #2.999
tc.optim.Adam({D.parameters(), lr=1r, betas=(©.5, ©.993))

print("Processing Start™)

for ep in range({epoch_sz):

for step, (images, _) in enumerate{dataloader):

images = images.to(device)

mini_batch = images.size()[@]

z = tc.randn{mini_batch, latent_sz).view(-1, latent sz, 1, 1).to(device)

real label = tc.ones(mini_batch).to(device)

fake_label = tc.zeros({mini_batch).to(device)

D_result = D(images).squeeze()

loss_real = loss_func(D_result, real_label)
D result = D(G{z)).squeeze()

loss_fake = loss_func(D_result, fake label)

d_loss = (loss_real+loss_fake)/2
D.zeroc_grad()
d loss.backward()

d_opt.step() 37

2019-04-09

https://github.com/messy-snail/GAN_PyTorch

class Discriminator({nn.Module):
def __init_ (self):

super(Discriminator, se1f)._ init_ ()
self.convl = nn.Conv2d{3, 123, 4, 2, 1)
self.conv2 = nn.Conv2d{128, 25&, 4, 2, 1)
self.conv3 = nn.Conv2d{256, 512, 4, 2, 1)
self.convd = nn.Conv2d(512, 1824, 4, 2, 1)
self.convs = nn.Conv2d{le24, 1, 4, 1, @)

self.bn2 = nn.BatchNorm2d(256)
self.bn3 = nn.BatchNorm2d(512)
self.bnd4 = nn.BatchMorm2d(1e824)

def forward(self, input):
¥ = F.leaky_relu(self.convl{input), 2.2)
¥ = F.leaky relu(self.bn2(self.convZ(x}), @.2)
¥ = F.leaky relu(self.bn3(self.conv3(x}), @.2)
¥ = F.leaky relu(self.bnd(self.convd(x}), @.2)

#x = F.sigmoid{self.conv5(x))

¥ = self.convs{x)

FETUrn x
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+ Celeb-A

LSGAN

DCGAN
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iment

Exper

» Celeb-A(without BN)

\l
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LSGAN

DCGAN
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Experiment

» Korean Idol(DCGAN)
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Experiment

» Korean Idol(LSGAN)




Experiment

» Gueess#1 Optimizer problem?

beales function (github.com/wassname/viz_torch_optim)

SGD
momentum
mamentum_dampen
nesterov

nesterov decay
Adadelta

Adagrad

Adamax

RMSprop

Adam

42
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Experiment

» Gueess#2 Domain problem?
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Experiment

 Celeh-A

* Results (CelebA)

“XX}&0| source codeE 37|31 o™ siLC}.”

«Zt2 L xFIH | SGANO| E

rE
3
ofn
A
_(I)l-
in}

https://www.slideshare.net/NaverEngineering/1-gangenerative-adversarial-network
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Summary, Future Work

V. Summary
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Summary

« 7|Z2| GANECL} Realdf| 7}77H2 O|O|E{ &

« Pearson Chi square divergence2 Z global optimalityS 3 3%, (7|&

. 27} Be Hlo|E{of iSiAE HAKO
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« 7|EL RE0M T

7

MA4sET

46

o X
L- O

M
o

S| lossZt= #HEoH7|0f £ HE0| 7ts=

T sl

Mok

Fl

GANZ JSDE &

3)

2019-04-09

B

Image
System
Laboratory



Future work

GAN Research

< KKK

BEGAN
| Cycle GAN
| Style GAN

. | SRGAN

Tools

M
v
M
]

Python executable & Ul

| Know What You Did
Last Faculty

\4

| Mathematical theory

|| LSM applications

47

Other Research
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