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HYPERPARAMETER OPTIMIZATION OF
GENERATIVE ADVERSARIAL NETWORKS

ABSTRACT

Generative Adversarial Network(GAN), a popular research area in artificial intelligence, is
applied into many fields such as computer vision. When training GANSs, different hyperparameters
often has dramatic influence on training results. Now lack of automatic hyperparameter
optimization tools makes researchers tune hyperparameters manually, which is low in efficiency.
Therefore, in this paper, we conduct research on automatic hyperparameter optimization of GANs
and implement the system.

Hyperparameter optimization tools of traditional machine learning methods often take validation
accuracy, with the help of loss function, as search criteria, but it is not suitable for GANSs. Creatively,
we take evaluation criteria of GANs as search criteria. In addition, we introduce two novel
evaluation criteria, JS-IS and WD. Through comprehensive experiments with IS and FID, we
compare the performance of four criteria, finding that JS-IS is more stable than IS, and WD is the
best criterior among the four, both in evaluating image sharpness and mode collapse phenomenon.
Experiment results show that the four criteria all fail in evaluating label accuracy in supervised
learning and then we propose a method to calculate label accuracy. In addition, considering four
criteria favor different things, we introduce criterior tradeoff and prove its effectiveness. In order to
enhance efficiency, we propose a novel search method: exploit & explore algorithm. Trough
experiments we find that exploit & explore algorithm outperforms existing search methods, gird
search and random search, in hyperparameter distribution, validity and accuracy.

Based on the results above, we implement an automatic and visualized hyper-parameter
optimization system called Auto-GAN for both unsupervised and supervised GANs. Comparing
with traditional manual tuning, this system can obviously improve the efficiency of GANS’

hyperparameter optimization.

Key words: Generative Adversarial Network, hyperparameter optimization,

evaluation criterior for Generative Adversarial Network, mode collapse
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B9, TMiE WGANPH, 58 A 242 H FH Wasserstein PH B S5 1 5 /> 40 15 2 7] 1 BE 55

w(P,,P,) = inf E.)~ T —
( g) ~ETi(P,P,) (z,y) 7[” yH] (22>

sk 2-2 pios, n RN MTRES H G HINFT ARG MRS, T 1S

A, AT RCREE x,y, THEHE 2 SR, 1 Wasserstein FE B 52 % — AN A frik

B 7 — oA s E 1 /NPT . WGAN SR Wasserstein BF &, TdE KL §UE 8 TS B

FE SR NI PR A& RN Wasserstein B 25485 5 0 # HLAA B8 IN4F 10 FidRr M . 728 WGAN [

WP R FE N R R R M (AR A A, B AT B PSR N 0 LR B
RS, AR R S EAR R
W (Py,Pg) = |6,

log 2 if0#£0,

T5(Po, o) = {0 0 =0

400 if0#0,

KL(Pg|Po) = KL(Po||Pg) = {0 00

(2-3)
M 2-3 FTLLE H, IS HUE A KL 83 7E 0 =0 A L 7 RARMIE M, KL BU% FE 2

ER TS KR, XEAREEEZN . 1M Wasserstein FE 25 /30 H 8000 14 b R & BB TS .

T aR2-27E 805 EAELURAE, T DLl i #2248 ft Kantorovich and Rubinstein ¥ i V£ & #41k,

X2-4,

W (P,,Pg) = sup Ezup,[f(z)] — Egnp[f(2)]

lflle<1

(2-4)
3 2-4 o £ R RS A K AR BN T £ U B EE A R
|f(z1) — fz2)| < Kloy — a2 (2.5)

o Fi R 2-5, WIFR £ @RS A R %A, HL £ BRI A 2 0N K.

e 2-4 H, WARGR I ) T T BRI 7 2 HOh T 1 B £, S 20 A i ek
PEES, FXANEEERITAL 2-2 35 EXELIR AR Wasserstein #E 55 . EIRFE S, A DA
G

K, WGAN 8L 41 GAN, FEM T LA
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(1) HIEAL Wasserstein FEEACE T RS2 OS/E Nk R 2L, EEE ERIUNA
HX log, BEAM D IAESS N =0 FAT S8 NG Wasserstein FE S5, JNEIH RS, FHAE D 1
Mg ahityrh, e —EHT =081 sigmoid 2.
(2) HTEL R AR A, 2 MG IRE AT clip #4F, KPR il 76 3
ANEEA .
(3) fESEPrEe, KRIETIHEAMLMATE, W Adam LILZRXT WGAN B ZRRL
BHAL, WGAN {H RMSProp 5# SGD Kill .
WGAN 7E# 2 Ja 5 e T AR SR ROGHE, # 2 GAN 18 A i i h
AR S, TR BT R Rk R AR U B O T S AN R I
I WGAN-GP & WGAN [J— St ieAs, &1 FE 2 TAETE T7E WGAN B4k sk 4
b T — BRI, sk 2-6.

L=_E D@)]- E [D@)]+A_E [(IVaD(®)]2— 1)

ote et L Ee (2-6)

P AEBUR BRI 7R RSO0, 7E WGAN-GP HIZRid fE b, 6 75 F X A it
T clip #1E .

H Al WGAN-GP 7E4E B F J5 T 0 R B AR AL A R BRI, 2 4 B
H ) — 5 GAN.

FEARSCE =R d, HEBIVIZR o fae ERISOE B, — M #5 R Al WGAN RI'E (1)
Ui T A S T F B 6 BB GANG

(5) BEGAN

BEGAN 2 A7 — MR R ZHEINAR) LI GAN BI#% 0 AR FSAE T Hi il A8 i
B O3 AT R LB R A 2 R BE RS, T BEGAN BB S5 eI TA .

£ BEGAN 1, F5H8 D £2— N E%mEE, HX2-7 XREGAES A 3 wmidds
Gt 2 (¥ A 2 T (R ABL R

D : RNz s RN=

L(v) = |v — D(v)|" where {n € {1,2}

Ne
veR (2-7)

X 2-7 Frows, Lok, 1A R UG A B dw i 25 b 10 EHGRAE AL
i Jensen A2, AILAAEH 1 B Wasserstein BE & )5, =k 2-8.

inf Ef|z1 — 2] > inf [E[z1 — z2]| = [m1 — ma (2-8)

ik, BEGAN B2k B nT BLe L=t 2-9.
{ﬁD = ﬁ(.’L’; 91)) — ,C(G(ZD; 9@); OD)
Le=—Lp (2-9)
W= 2-9 frox, BEGAN [FIHIBIAER D (Y145 HArat 21k D [ 2 i 28 0 B S 808 1
wZE L Rufggiain T 0, Wikt B iRz L ek, mARER G M HARZS D
AT ZE
ACHE N ZFR BEGAN fEAN—DNEHEERHF NS, RIHEA— A7 T BEGAN #2H T
KGN 2 REVE 2 M AF RS — X, BRI A— NS EokitiTiaH, =t 2-10.
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_ E[£(G(2))
E [£()
(2-10)
X 2-10 Yy FHI R S8 BEGAN A BPPATR, A8l i L AT SC 8 n L 2
[ AT DA 2 — N ECAE R B, BEFE N i da Y BN, AR R BONTE M, (B 2R, &
S, WAE Yy BORK, B R K2 SRR A, HIEWEAWET. f£5IN y 5
Z 5, X BEGAN 4% R HGHAT 7%, 152 A& M8k R H =t 2-11.

{ED = L(z) — k:.L(G(2p))
L = L(G(2c))

ki1 = ke + Ae(7L(2) — L(G(26))) (2-1D

AP T T IT T PP SRR R IE I AN Z AR RIS, T BEGAN BE AT PAAE IR
T P52 A e (H 22 FEPERCZE (K I Fr s SCRT DA S i EE R LR B S AT 2R E I R, 2+ 3
BT TR R

2.1.2 B GAN

(1) CGAN
BT GAN (AR A H, AR S, PR N REEAE GAN hijiin—t
W% E, #2247 Conditional GANM, f#i#k CGAN, ‘&5 E 2-3 .

‘/DISCﬂmIV’la(OF D(xly) [.j >\;
N —
00000

(00000 @ ©0009

/G;;erator (, i - \
| S I IXX) |
eee00

- 00000 00000 |
L P

& 2-3 CGAN &5 &

ZIR A y FE R 7z — i AR Y G, FIALHE x — i bR B D, L%ty
AL AN R G S, AT 9 SRIEMA . M REM y &I, CGAN #t&—4
DL bR IS B B A B GAN.

3 2-12 4 CGAN [ EAR A, Al LLE H CGAN A RBIUATEF A GAN L b 14
Wkt ye.

min max V(D, G) = Eorupu (@) [108 D(@[Y)] + Eanp. (s [log(1 = DG(=lW)] -~ )
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BT CGAN [FZEhrFImg i FUR il 1 — A7 SR R R B 3% 4% (concat)iz B, 7ESEBRELEe 1,
VEZ R IEME 40740 8 5 B S8, CGAN IR RGEEERABRENME, AR
— M HEAERA B GAN.

(2) ACGAN

FEA W GAN w1, 2016 32 H 19 ACGANZE AE R [ A (14 /5 & 7 THI 2 b th e ) o [

2-4 ' CGAN il ACGAN 45 Kyon i 5 XL o

@ lreal/fakel l class l

A

A
X G(2) X G(2)
A A
REC IRFEZ R&EC IREZ
(a) CGAN (b) ACGAN

& 2-4 CGAN 5 ACGAN &ir&E"

Wil 2-4 frzx, ACGAN 5l T 5 Bh7r 8 K4 m A B GAN IIZRAUR . FmI By
D NZJZHIBRMAM L, L5 CGAN | D A—A /3248, i ACGAN F134 D ({514
B R RBUNRHE S BN 2 KZF n 22K )Z, n RFIEE S50 BRI AR R LT
HPE A IS GAN A BRI P A 37 Il 5 R o o

T ACGAN TEIZrf Az e MR R 1 A2 BRSE & 7 TH AR AL T 401 CGAN, AR
= E LI EL T ACGAN 1F A Wi GAN BT TRt 5o A 08 T & Se B R 48 R 52
Ff CGAN 1 ACGAN.

2.1.3 FME GAN

Sof T804 B A bR I BEESE, TR R T B GAN, 1 SGAN!), Triple
GANP",  Triangle GANPY%5, fy T2 5 B GAN AR A SCHIBE 98 5 o5, 7EMA OGS 2 500k .

2.2 GAN 1 EHR

2.2.1 Inception Score

WFFE N 232 Y Inception Score(LL R IR IS) Xt GAN A B i B i & AT AL T A,
YER—F GAN HIPEA FR xR
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15(G) = exp(Ez~cldrL(p(y | ©),p(y)]) (213

sk 2-13 FivR, x=G(z)NAEE G A EdE, v v x @iz e, i
Ab 53 2588 2 — AN BL ImageNet ™ WE AT 2305 42 )1 25 (4 Inception Net™, 1S Ay, % T4
I R, B 23 JE B p(y|x) R SR EAK, TR B v Nz R & A T
2, ERBUE, ATl p(y) R ERE K. Fitk, 1S A p(y[x)A1 p(y)1J KL #U%E kAE
R EER A 2 A S R, DLCRPEAY GAN 142 B i &

RN RATN N IX e b o] AN — B F2 B B R GAN AE i B R i ) i =, R 45
RENTIFN TS

IS 2 Ak i 2 TOVEAR SR N A U s, BRI SR A o R 4 — 2K, AR —
g E B A, IS RIS B A s O, K IR R s 2 A5 A — MR I I A R

AL JG2xt 1S R AT 5258 73 4

2.2.2 Frechet Inception Distance

Frechet Inception Distance™ (L F &%k FID) &850 A 51 7E 2017 “E #7452 1 —Fl GAN
FIVE FEAR . FID HSEARE: /= A & dE ik A 2] Inception Net HHE—KFE = R 25 7]
W RN Z B B o — MRS 2 AT E I A, IR, AR R AN I S s 3 (E
M7 Z AT T . R4S FID (5 X aUn sk 2-14.

1
M 2-14 PR, vy We 2y 2,70l B SR AR s AT 2. A
AN NA FID 5 N LA S5 R0 A 5F, to IS BHytg s, JF H ] DU 1S Tovkfs

MR I . B 2-5 B FEN G4 5 T2 48 CelebA 1) FID SERERI, I
CelebA f& A i i SR 27 7 e S 3% 11 A A1 19 R YN G R0 Bt 2

400 400
350 350
- - - - bt Il &
300 ‘ a 300
250 250
200 200
150

FID
FID

FID
" 2 ° 2 I3
. 8 3 § % %
° m
i m
’ @
FID
g 8 8 &8 § 8

o 1 z 3 o 1 H
disturbance level disturbance level disturbance level

& 2-5 FID S2i4: 5 g2
wE 2-5 s, WNAEZRSG, M EZRT, 20lE7R 7 FID X m g, B, BaspiE
P, BEREEHLM, BOEORE, JRE SRS, FTLLE H, FID 7EIX LRSI TSI T B
ETF, U8 FID A& FTIA ISR, FID #E, EARRERZ, H FID 4580
N HE B AR 75
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B A T IR TR ARV GAN B, HIEL IS, FID AEHS L e 2 WL A 0 A F $c e
fR s, BAEEENE L. GAN 13214 lan GoodFellow thi i : T HIHHR 2
GAN P LUEH I, (BB E AL, IRt 7E N SR SR BT GAN I, A4145
HHSL ) FID AELAE 0 A6 2P 15 155 00 RO DA 4 RE AL A AR AR, W] AT 78 5% FID 32 I AT
Fee N 1B ELBCH A 220 GAN [P 4R br . X T FID [RbAE, A2 R
TSR REAT T

2.3 BEHMUTE

2.3.1 BSEAE bR

S 2 H Ar i 2-15 o

A = argmin By, [£ (x; 2 x(train)))]‘

AeA (2-15)

M 2-15 ATRUE Y, S EAAL I B Rt fE T4k 215N 20 W i) — AL 24
AT F) 453 2 B O EE B B A A1, BIIA BBt BN ZRA0CR

FEARGEIHLER 2 20, I8l 10K R OR T B KRB, B GAN lIZRid fE N —
ANEZRHE R, B RS IRE N — A RS, TR R ORI AR R AN 2R
PG, ASCRH GAN PR fa bk AE A RN, BSEAH Birt2 £ — e s
RS, B3, SRR B EE T fRAR A BRI E S B &, B EEN GAN
PSR S

NS AR R B SR R Tk PR R AL R

2.3.2 MEHER

WA R PR — RO Z S I R TR BIEB S5 A ot — 4 S 5
AT T, MR G BOER BB S B A . RSB BUE & &S, W% EEE
SEHUE AT SR B R A

TXFR 1 BN B

(1) AT B

(2) AT AFETHEALEERE EadbAT o304 AT B SR B AT I 18] P 4 5

(3) TEARZEZSTR (AN 1 4. 2 iz (8] B A IR m el SE k.

EPAS IR RSB R SRR INE, @SR A SR,
LB 2 A 7 V2 2 Y FE R R I N [R) B T B U

TEARK — B A P, AR AR R 456 F TR OL R B 70 N 53 38 3k % FH 18 S HOR L 7 i,
E 40 Hinton 76 2010 4E38 8 T FIX A7 ik AL B /R 22 S ML, — el 8822 51 10 T R,
Eean libsvm™ Al scikits.learn 5% 7 3% Fl 73
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AL, PRHRZ AR — R B R M S B R A, B E RIFIIRAT AT a] SE 1k,
B AR TR S B #A5 LARLHT o« (H 2 S8 S BB I, IR R ok KB BE
PRITHH -

AR SCAE B DY 5 v 20 AR R AT RIS N RS R 4T GAN RIS HEY R

2.3.3 BENLIEZR
ML R PSR —FTE 2012 4EH H IS EURAL VR, B R A R IR TE S 5 )Y

FRENLE — D RN SEE IS S HEAT IR, RS T IRRENLRAE 2 5 B B i —
S H, 18 2-6 on 1 BN R 10 R BT FR B 5 M R AT 1 B

(a) MR (b)FEHLIE R
Bl 2-6 MRSk R EEE

MIE 2-6 ATELUE A R AMBEHLE R 1R BT b B, B R BSO8R AL I H A
X7 RS A e S B n], R T AW R SR —4E, RIS —
U o P PR 3500 A EEAT T 9 IRBIORER SR 07 I R B ) B KB AE RIS R o, 28— 4k
AN —YE SRR A B 3 FUE, IXFPMA IR 5 4 s A oK . T AE R AL R
Hh, B YEANEE YRS HOEA 9 R, N S R B RO (E

WEFEN G35 H B AL 2R b R R 8 2 A R ) BT 8 R w] AR BB I 2 BE A s, AT
AT AR B fEL . 1 HL AT BEALIE R W] DU S ORI 8, AR B BRI TE B0 T, AL
R AR R INE B TR S AR, BeAh, €] DUFECRIE — % B R & 0 AT 42
T, TEESHEL R E . BEYHE R R B ATEE SN ABOVE BRI — M S B R 7
2o

FEARSCHIBE T, GAN Frid B (e S 5 R - B A, Ak, BEYLE R I AR E
i KRR R L 1 . B E P EAT RN R SR F 2R L £ R EIRIE GAN
WA R B A DL BE AL 2R AL R T R 75 B RS A ORI R T T
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IREE IE S RN TR ARSI T L Y, BE2 T Il 7R &
J 2 STHE ZR AL 50 SR T S, bR F BIHEZE 4035 Tensorflow, Pytorch, Keras, Caffe
o AU E 1288 3 BT Tensorflow F1 Pytorch AT, 6 HE 1) Auto-GAN LA
{E Tensorflow V& & & HA X P FRHEZE

2.4.1 Tensorflow HEZZ

Tensorflow HEZLE H TN FH 5N 12— MR EF IHELE . 55t Google Brain 4]\
R, F 20154 11 HHFE. {EHVEZ )G, Tensorflow WA T Github b NS = IR
FOIHELE

Tensorflow HJTH5RVERE K, SZHF python, CH+45if 5, I LA/E GPU Ml CPU _E#EAT
TAE, BAEERSCRY, FFHIRME T Tensorboard HEAT AT AR, & 404 TAEFF & o B 3% AR
P27 SIHESE .

2.4.2 Pytorch HE4E

Pytorch J& 430 H FH B 55 — AMNERFE 22 ST HESE, B4 python 1 5 $2 41 T R IF3CFE, &2 —
Fhah s EIHESE

H 2017 4 1 HIFE 25, Pytorch N 1 #EFL S 1% )L, BT Pytorch A+ 73 KT IH)
WiKThae, ffAERERE BT, W25 A #H R T H Pytorch SREEILREVE, #HATHEF T
1k,

2.5 REINGE

BN HE T GAN FIAHERES, LI GAN, A W GAN, kUi E GAN & H (1 JE #,
FEXIX =R GAN BT 72541, VEAA4E T LM I JC I E GAN A B GAN, il 1
PE 2 = 5 1) SEG TR R FI TR LE A SR ) GAN AERFFEN R, DAL FRIX 28 GAN 1 Hi & A

ZIENE T A PR GAN (IS HEFR IS Al FID, R T &A1& I EB. N T
DA BRI S B 7 RS R ABENLAE R, b T = F s s R BA B, 8
A A BIE TR S B Ak e g TR AR R AR Ak e R
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E=8 ETEMEEN GAN BSERLGZE

3.1 HARIELR

AR SCHIBIEFE L E 3 v Fa A 5 LU s . R SRS LU S« YA Fa AR A AN TR0 4
RARIFE UL GAN S B RS0 5 /AL A, B FCHEZR AN B 3-1 Fos .

GANBS# it RS Auto-GAN

| PURpEZEN ‘ ‘ =MMEREE ‘ ‘ AL SRE ‘ ‘ BEHICR | ‘ FISEHGAN |
TR EARITR BEg%
IrrhEMIEANS R
ETFKLEE EFISHE

A9HERR (1S) AOFEHRIS-IS f exploit &

—L T ——— RS | | B | | exploreR

HF Frechet IEF HF Wassersteinig RIS S =
AYfEHR (FID) BHYERWD
TR BRI EEIE tEEA = B D A

o | [HENGA |- acou | ool
S =S
) =
i oo |
RS BT TREEIER

s s I
R % ELW ; T g —
! BEHS BRER TR,

AR kR REHR .
% T

¥ EETYARETE * - BRHFHIESE HLYIAEURESE
P CIFARL0 ImageNet sk CelebAZiEER MNIST Fashion-MNIST
HRE
A 3-1 BFRHEZEE

AL =E RTINS R AR R k. ARV IR AR, AT T GAN BiEi R
PRI 5 B IR (1 N 25, 2T IS BB AN Wasserstein P25 73 5l 4 Hy 7 P 0087 6 PRAN 4R A% JS-IS.
WD. ESREETIIH, AR T EER AR, R T — R B S8 R 5L exploit

TR

H
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& explore Hi%, i 7 HER BB EIT.

AR VY B AT 7 254 PURERES o FEVEAN TR A (8 1) BL A s i o, W A P FR A
IS. FID AUASCHE H WA 48 b8 JS-1S. WD 3t 4 FhfgbrithAT 7 A bhde, ki T BB E
SRR CIFARIO AR (A 7500 42 MNIST WP Lbca RS 4, £ LB
GAN FIFIE GAN EpnlidbiT 7. HERIFHE GAN Al ERGmE R, LhE
GAN 2563 WGAN-GP, A B GAN sL30k Hf ACGAN. SEIG I N 5 6LHE TiEmME, G
B GAN F R FE B AT B GAN (AR R 14 - % J5 » FI F ImageNet £ 542 Al ResNet
RN T — B SRS B H .

FEH R L BB ) EE s i b, AER T Ed S5 MINIST A SR #4548 Fashion-
MNIST I, L DCGAN #l BEGAN Jysio it Rk AT505m, LS Mg R B R DL
B ASCHRE T exploit & explore 51543 T 1E — 4 23 [ 1 2 4 23 8] R 34T 7 SRR EL B, ELd
(1N 2 ELHG 7 A R R R R %, BEAINIE o 2 R R IR B T BT IR R S EU o A 1

VY ESE TN TP AR A [ R 25 R, 2 N E R4 CelebA F%f
BEGAN AT 75256, A5 A FVPFE bt A2 sk B T3 PR 2 AR PRI, 25 HE R A A
1) 7 VA5 T BT P AN 22 R 1 22 (R R T 4T

B Ja . ASCUAVUFR GAN FIVEM FRARVE @ S = e, R =M R %, Sl
T—% GAN BSHb RGE Auto-GAN, 7R LT H T RGMVEANRRAEH R
WAk, R E R T RGN AL R AR S HG0 S . XEE—E AL S EA AL
REGTFZF GAN, RHEWH EFTRAR. e TEsEoR B g F TRm
KKIEs TS EE.

3.2 GAN 14545

3.2.1 BB GAN - bR

(1) A B 7
GAN FEFEH 2 JE 42 S B T UGB 270, Sk ] 1 b 4000, Uk D e 47
XN AT GAN Fir 2B ) R (TR T BE B2t 17 285K o 2B R (0037 il 38 o0 5 A2 PP A — A
A ARG IR B AR, [FIRE, TR GAN I VEA Fbrox A R ot B A A
RN R R R IR AR A o
I FEFUN Ut SR, AETRE A 3] — S A R B T RE = 5 N IRLER 1) s B
RORAFAEAR KA ZE - AEARSCIUSER A1 38 X S8 il S PR SR Fn X B2 (1 GAN ZE R 18
Fr#R AT RS, JE I N HR T DAL AR s P R PR T P A8 B, AR EL DR B i A 5 A A
RRCLIEFALII PSS
(2) AL
g 2,110 FRTRE RN, MR GAN AR KA — A [ Al 2 AR U I 1), 3 i) it
SHE 7RIz O, i AT R A O BUBHLA A A | A RS GAN
(12 i # Tan GoodFellow tH#AATE AN GAN B 062515 FERE R I FR 0 S AR U5
U, AAXA GAN BUASRERR N — DRI . AT, GAN [iF R br th L 2T Re s A7
R S AR i A P R R AR 1 O
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MTS FRE SRR UG Y, B TCRIE R BISE N IR A 8, X2 1S — EARORIR I — 4
ESPNIUF7 IS

ASCEE TR TE T 20, I R GAN H LA [FFE FE B U, WP fahm 1)
AR A LA ELBAS [F) A 48 B o A 23 3 F) 4 0 g

3.2.2 W GAN P F6+5

(1) AR B 7

TR HE GAN R ME GAN, HA KK A HTE M AR — MR A SR 1
HIEIRbR, B, A RE GAN KIPFO bt 00 JTRE W 3R A i R IRV L, PRAN 45 SR 22
e NI

AR E GAN SR, /¥ thild sein e 7 A B GAN PR Is 5 4 K
RRCLEFA R IVES B

(2) A BE A BRI I A

FEATHE GAN Y, TR R AR E N, A7 7KL, o i % i s
R KB, FATH T34 A F R R M A A R A R B R AR SR IR R, B
IR ST 8 TEARSE A BT OL T, WORA A A2 B 2RA, R4 BIME B AR i B s
BT REAR i, X AR — NI, AT, GAN WP TEAR ZEREDS I A B GAN £
JR LR FRIARZE IR A %

HAT, JEARAHTEN SR BT (0 PP FiE A0 A M GAN A e A b8 (1 1 Aff 1 1)
ARy AR E MBI 1558, 70 PP SR AN A 1 R AR 28 LR B 1 2 1) AT TSRS MG
o

3.3 JS-IS 1 e R

3.3.1 KL U IS U

3.3.1.1 KL

Kullback-Leibler B/, fifk KL P, SURRMIGHR, 2t 9 AN HE 2R 3 A1 22 ) g — il
. XN SRS B R R XTI P A Q M, WFEM KL #
R Q Mt Kgmiy P FIFEA T 75 ZE AN AL o fENLEF 21, KL B 5
FHRFEIR A A 2 R FE RS o KL HREE AR 78 B s 1) R i) Bopdoe St 3-1.

Q%)
P(i)

Dxi(P|Q) = - ) P(i)In
i (3-1)
MR 3-1 7] LS KL BUZ i R PR -
(D JEfE
KL #0524 HAL Y P=Q B 0o 3 ol J5 AN e e I AN 43 A 22 18] 0 BE 285 1) 3 S+
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FHARFH o
D (PllQ) 2 0. (3-2)
(2) HEXFFRME
KL #UE 1) 7 — 4 s B A B AR, B 3-3.
Dy (P||Q) # Dxi(Q|P) (3.3)

n 2.2.1 FRTIRFIN, IS FRARERGER p(y[x)F1 p(y)iX B5ANHE R 40 A5 (1K) FE B, S Bk
F& KL #U8 o KL BB P JEXS AR AT S S BUIS 8 brrE— 2 im0l N & H 1 KL 8%
K A ) R

3.3.1.2JS BpE

Jensen-Shannon BUE, WiFR IS BUE, &2 KL BUER—MZR, e re Xt 3-4 fr

1 1 1
ISD(P || @) = 5 D(P || M) + 2D(Q | M)ngM_E(PJFQ) (3.4)

e 3-4 1, D RARWA AT Z B KL #UZ, M A A6 1351 .

AHECKLEE , ISHUE 5 KLEE S AR, (H B AT X FRME AR XS0 R E, EKLEUE
() —Fh stk . JSH 32 TR f A LU A

(1) XFRPE

JSEAKLATE A KFIX AR

(2) 7%

XTWRADAP, QI S, B M AIISEUE &H A1, wn3-50R.

< JSD(P <1
0<ISD(P | Q) < s

3.3.2 HT IS BT IS F5 45 IS-IS

3.2 1 FE R, ISEUEAH LKL BB B U A i, A SCHE T ISHR br i LS, 3
FISHUE $2 HH —MISTR R I ZIS-IS, & XA un3-6.

JS-IS(G) = exp(E__[2d,(p(yx).p(y))]) (3-6)

A 3-6F178, ASCHEH INIS-ISHEp(y|x) S p(y) [E I ISHLEAE A T p(y[x) Flp(y) 8] 1 2 55
i, A IRD2EN T Rk —kEis s, mT R, HARmATHE L.

EHS b, JS-ISH LIS HA DL R # .

(D FasE

JSHICEE H A FRPEFD EE K LR SE 4 BP0 1, X5 8 T IS HURE K PF A 5 bR JS-IS EL R T
KLHRE ISt 255 B8 4 (1) Fa e Tk
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(2) HH1E
32105, MHAEEMANDAG, ENTZRIKISHUEAZA 1. Bk, (EARHLT,
JS-ISHR PRl AE — DNV A, A2 H B H B ek B O

3.4 WD 1 45 %R

3.4.1 Wasserstein FF 55

Wassersteinffi 8 X FRHE - HLEE B, okt LR B8 IR — AN A R 51 5
— IR BB/ . pMWasserstein# 25 1 7€ X i 3-7.

1/p
WP(/J'1 V) = ( inf / d(;p’y)p d’)’(iL‘, y))
Yel(mv) J Mx M

(3-7)
XA S AT S, 25 Wasserstein 725 7] DL R 38 o0 A 2 A A BEBS . 2F0
Wassersteinifh 25 1) B A e L =3-7.
Wa (p1, p2)? = |lmy — my|[3 + trace (Cy + Cp — 2(021/201021/2)1/2)‘ (3.8)
W3-8, w A w9 B MAN(my,C ) FIN(m,,Co) I i Wi 434, Wassersteinff 25 118
T WA A Z R PR o

3.4.2 3T Wasserstein F0 55 TR FE 88 WD

Wassersteinh 2 — B DA B A (0 50 10 o A& 1 U 20 70 5 1) Bk - SZFIDIJE K,
AR HE R AR R A AT B S AR iR N B 5 FIDH AR [F] 14 22 ) — E Inception NetH, K
R R A 2 A8 ' B o0 Am, 3.3, 19 (12 Wassersteinigh 25 11 JE A K 4 38 7 A 70 A
Z [AIRIEEE, FROAWD. & XA anx3-9.

WD(x.g) = llupelt + TrEAZ -2 EET) ()

WMA3-IR, Wy Wo Xy, T Il AR SE s A A B I AE A T 22, WD 2B
Wassersteinifh 25 1 5 SEECHE 3 A7 A AR BB HE 70 A1 2 (R R B8, /RN — Rl i I GAN
R EL

R HWD, &7 EHEE 1520 Wassersteinifh 25 [ 17 F) B 2245 M o B S0 45 A A AR
R o A AT A .
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3.5 exploit & explore H X

3.5.1 HyEBEAEANH

exploit & explore ik & ASCHE H 1) — M AL GAN B S 50 J5 . & AR
TR L, (AR AR o AL 5k T B AU i 2 18] (58 e A S 45 Rk SR AR A 1T
B, exploit & explore tH5r AW 5
(1) exploit it £
exploit & explore FIEFE SR FE R SEENIAE R — %, 2 FATL 0 7E 8 2 30 R) o gk B
— RAERN—RINGRESE, @k — IR e br ok & 250 GAN BIIZRICR AR, ik H
A 157 21 1) s G (R N SR B8R AR B I 2 3 & o (E exploit i FE T, 2R 4 i 22l i
S G INGRRN T L LRI, 48 exploit X4 HT S84 & AR MESE
HE, HHHICFE NI INERR . Exploit 2 F2 A1 FEAL I R4 JE B2 58 A AH R K
(2) explore id £
exploit & explore H %1 575 —#B493 M explore it 2, X — I T B4 H % 1948 5+
AR BN B T ERRE S EG, EHTE exploit I E, HEBESBAAESNYEE
EHAT AN S (Hetnafe BN, B N B AN GRS, KIEh E R S 50N
BIFFE I ZH AR b, BV 2 TR 5K S5 153 20 B ) B R AT /N AR e, aX
FERA IR KT Re 2 L B 25, H ek Rl S 87 1A, explore i il S H
&) 1 EE AR 55 B 2 H & B 5 B LB T, I HARA AT BE explore 35T (1) B IN4f i s, X
FETCSHE ARG P T 52 Tk 2 50 [A] 1) o &1

3.5.2 HEiEwT

exploit & explore BV [FIFERR & T MG BY IR E, FEMUE T IREL, HEAR BRR @ 1 I (A]
UG R BT RS (015 00 SR BEAT S BURAL  B e MBEN AR R AR, B ML Bk 2 502 8] h
) —A ST SR, THE PP B AR R PP B B I R4 3, an AR 2R SRR T 2 /T A
AIRERL, e s N AR (10 U1 2R 8RR B S 40

SRJEHEAT explore #AE, X TELESRIPIH, 21245 RN S4L best_param i —
AN/NIHEE) disturb, ARSI AT LU AT 2] F 3 E—ARAT 1.1, 0.9 FREF, 83X D
MU0 b1 BB R 1 S, BT EME R AR S, BT LIS — o= LR
1. 2 JEKshsh 519 214 added_param {EA—4UH S E, IS —NHEAL, 185
BT 2 S LI AE B TR G, ) 40k 455 T A B 1 g AR U 2R B8R A BTl R S & o ek, 4%
Peshid T S BRI B SR WS AN EE B, xR, XTI S 505 HAb R A 1
ZHMHE, HATRAE F—XBEVLEE gkt . X8, BSECE X AN SR E R, 5
R 35 TR 1) OB it 23320 BT, 3 B3 U G 368 2 i M St B AR S 1 KT

LR E 3-2.
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exploi titfg

WE MR ENRE
HERMBSHAE
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Fik N

L]

ETHTENF EHarEL

T LR

F R LR N E
EHEmMBESHAE

exploreitf&

Y

X AB 2 HUHAT
ek v |

v

E3 %]
i N

!

ETRRENTF AL AL

<

T SR A

F R IR N E
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Y
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3.6 KRB

G, 1B TR 5E, A GAN VAN 8 Fr 0 ST RE 8 [F] IS S Bl A= Bl B v 1R 38 TR B2
TG M B A 2] e S B R R RN B 2 ) R AR RS AR P o

ZJG, T IS BUEL AN Wasserstein PEESFE H 7 PIFHT PR FE bR JS-1S AT WD, 4 T
PR R bR ) E L

e, ETEEFENEE, 1=_E 7 - EBHESHEE R L exploit & explore 5i%,
T ERERBCT AR, i TIRAR L
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SEME GAN BSHMH G AN S LB

4.1 SEINIAEE. BHEES T HA
A T SR B SR IR IS AT BT K B AEAn R .
4.1.1 SEIIAER

A B SIS I AR linux IR 55 98 EoE R, IRFES SIRESR 71, fEdEAT SRiRmy, FE 3
Pytorch & i 1) ik D B RIS 46 K T AR K IIMER], {8 T Tensorflow F1Pytorch i FHHESE
MAE TRIFRE, K 74 Tl 5 e HE - HESE Tensorflow#H 4T THIT K&, M55 aicE
LI

#EYERSi: ubuntu 16.04

WA7: 512G

i Titan X

Pythonfit A<: 2.7

Tensorflowh A< : 1.4.1

Pytorchhit A&: 0.2.0

4.1.2 BEsE

(1) MNISTH#i 4

MNISTHH 8 5E — AN FENLAS 5 =) SLU8 b8 AR I B R s, &2 — AN 70 5% 2828
FEAFSHTEA RIS, S8 7600007k 112K A 1100005k M & F

MNISTHUHE FEFENL AR 52 2] 5256 Hp T DL — AN B 45 . SR A AL ). L
o NTRRE. TR ) AU i 90 GL AT T MINIS T 4 1 v iy s vk i 3 2 —

FEFIMNISTHIE 5 N0-9 %7, v LA AR A103, el EhE. A
B GANSL IS — AN B Al ) B A8 BE A, T E A s iR, IR R AR A U
T

(2) Fashion-MNIST# 3542

Fashion-MNIST & —/MMNISTEHE L AT, &R 7103, FL700005K A [F] 7 i 1 1 1H
K. 5MNISTHIFE, Er2#HR N28*28, AHE T 600005K Uil Zk Kl A 1100007k ML K A .

I TMNISTH #5480 B B 8 2 42, AHXT LU TR 5, Fashion-MINISTH# 22 FIMNIST
IR EAR R E M, FFERAA 1025, arelde NIRRT 238, (HEAE IR 2055
FRAE . AF 3 7E 9256 ¥ Fashion-MNISTAE A MNISTHUE 2 1) — AN 4h 78 .

(3) CIFAR10%#i4
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&AM GBS RN LR

CIFAR10 ##5 4 HH Geoffrey Hinton 55 A2 H, 22— MEAMEISE, OF 7 102K, I
60000 7K RGB [ Jr, Hr 50000 5k JIZRE . 10000 sl f, FAlaFE WL, 1%,
5, M, EERN 32%32%3. 5 MNIST KA, 1&X&—ANEin@Emsdndg, #id 7ol
S R, R AL ) SEER TR R B — N RS . 25 CIFARL0 9 e 2]
7 CIFAR100, HA 100 2.

ARSI RS CIFARL0 1 sk #m 4, 1T CIFARIO0 & — MR (O H SCY R I L
AL, [RIAE AT LU A IR a3 T Zhidk 1) 70 FE M 28 33047 43 2%, T8 S 36 o e /R v S5 i F 1)
FSEYIRE R B 4L, Al MINIST — e B2 I B SEM R AN J5 T BB I GAN
o AT S5

(4) ImageNet ¥ #i4E

ImageNet! /2 55 — M ENLES 7 5] K4 B BSR4, B hELNITENRER, HiE
R B RGE, R T A7 h SN 0 SI 6 B {8 FH A0 A 25 g i 4
BUAE T LB I R 2% R 3B 5 1000 28 H 1 TmageNet Hidl 4, HAh g A ¥ oM B S B
] LB opency &5 E B BUHAT R BT N, B HUCEE

1E# 7% |8 ImageNet K4 1RF 2L, B EAE R KM T a5 . 40d ImageNet
I = O T R ) TN 2R 2 B AR B 1) 90 2R R8 0, VEE R EAE N M Es, F Tl AR i
B g, 19308 1bn 2 dEm 1% .

(5) CelebA%j#E%

CelebA & H1 B s H UK 2217 e WS 2045 S 36 58 A AT R BN R B 4 o 130 a SR 6
A 200K sk NS R, AR A 40 280, ETH T ANREMHEIRG] .

CelebA Hdli 8L b B\ BN IS, TEMEE RS, AT IR, nf DUR b
FU A H A= B BT D37 B 55 R 22 R o 2 1B 3 N 58 B R P01, Tk L SRR AE A T (0 i 2 28,
AILH CelebA Fi#i4AF v BEGAN il Zh a4

4.1.3 tfgan T HAY

tfgan & A A A F R — MR EHR N T AEA, STGANK —LEPH N FErR, 5 ph 5S4
BEAT 7 EEE, AR PR RUSE I 7 ) SR A PPAE GAN o A PRSI A ) — S8 A ALt 2 1) FH 8%
Fi&tfgan T AR SEHIAT . thgan T B AL 3 B 25/ i B 3-1 7w o

Branch: master v tensorflow / tensorflow / contrib / gan / python /

n ;’ yifeif and tensorflower-gardener Merge changes from github. -

8 estimator Merge changes from github.

| eval Merge changes from github.

i features Merge changes from github.

8 losses Merge changes from github.

[E namedtuples.py Implement native support of CycleGAN in tf.contrib.gan

B train.py Create copy of locals() before copying, since modifying locals does
[© train_test.py Merge changes from github.

Bl4-1 tfganfRADZ5H)
F4-1/E/R 1 tfgan T B A EE 5>, Bifestimator. eval (PEAT$EFR ). losses (12K pR
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O . AREET, FER MK S eval 1 7R LI GAN P4
1E eval 3L N | classifier metrics impl.py SCAFHSZEL T IS, FID 259 F M fehr. 7EA
eI, NANRAENS T —E o RS, AL T JS-IS. WD M fEAR .

4.2 GAN V48 bp S2 56

FUAT, BF TS8R A IS Al FID S5 0RA Fig bRk EAT R R 2 1] i I 25 LA, (B AN TR Y
WrdE AR 2 18] (A [ EERLAR TR B 2D

ASHR I3 K5 56 R AE X6 DU RO p Fig bRt AT Bt e LA, 0 9 B 7 Bl SR AN LS B 7 3
Ptk EXEME GAN A B GAN BEAT e, WL DUAN 6 b 55 A pl & R o 4 2 1 R0 o2

4.2.1 GAN P FRn A

SEHGRT tfgan ARIDEAT 7205, 1HE T IUR GAN PR HEAR. RIS HE %0 AR
i, JERVUFPEN Fe AR S . IS A1 JS-IS HUAZ CARAD BRI R . 5 B A B N\ 3
Inception Net 1 2 J5, 252 —A m&, RIS H ) logits, ibH 1T softmax iz 515 3%
FEFE p, B p(ylx), 7E25 0 4E FHCFAME, 52 q, B p(y). ZJa, ZnlitE p Al q Z[Ef)
KL SR IS HesE, st 5 IS A JS-IS HIE.
FID WD % CoARS LRG0 T = bR 250 4 N A2 5 SIEB0H s AN A2 B384 %O\ 21 Inception
Net I —JZ 2 JE LRI FR-AE, FID A1 WD R BN 1E o 2 B8 1 m i m. fEdET 1789k
&G, fettE TR A BT %2, Z )5 1% FID A1 WD (A 345 7 FID 1 WD
B HEAT 3R (5]

4.2.2 FTWB GAN 5256

(D BrHaR £

TG I B GAN I i 7 204 5 S 30 fEMNIS T HE 42 E FHWGAN-GPEAT, i N\ [ 1 7 4 &7
N62, batch_size 64, HALEE ARMSProp, HH%2>]%°40.00005, B 40.5, B240.9.

g, F20MNEAHEAT — R IE %, THE DU RN FR AR A . 7EREAT T 10004K1%
KRG, ARMEGRECEBTRE.

VU PPAN PR PR E I R0 A2 TR B AR S B a8 4-1, BI4-2F 7, R AR i o
WEA-3T75 .

F4-1 TR B GANVFEHRBE I 2R 24 (MNIST)

TSR IR IS JS-1S FID WD
5 1.014 1.007 85.950 88.850
10 3.404 1.783 15.353 -647.041
15 4.431 2.029 18.453 -868.966
20 4.268 1.967 15.176 -791.619
25 5.106 2.153 10.142 -1274.514
30 4.976 2.093 14.674 -1016.718
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Vgt B hisE VI3 7 ch)S - 1S AL BB
A NV
NS
/’/'/
(a) IS 1L (b) JS-IS 2 1L A
(¢) FID 2L E (d) WD 2L A

A 4-2 BB GAN YIS YR Feha 2240 B (MNIST)

W
- WA N

(l i 1+

~NO0 o

S G T YRR T R
e

WL O~W

G
N OV —o~

LLL

G
- 0*& Ly — "\ Y. ™

Gy -0 WY 4 g w4
Lo iR WD

oo~~~

2
3
2
?
'('
E
A
&

Oy — N v~

Sy T )J\. | SN

O
3
4
L

/-
]

G

S N ‘;\ ~

Q'. W ed N e S
~

N e

-

(b) 55 10 Yidsk

¢

1 =3I
™~

Yy

R RN eSO
O €1~ Ny, ™~ Of Oy

~L O U~ e )
'*b-“luﬁ Q‘L ‘Q[\.\

R, o v, O T
N 0 £ =1 N Of O

O U~ 0 Y

& OB —~~X
RA,'Q“‘;‘&'\‘(/];%\:
& O n —~~X

|

G

|

7
o
g
Q
&

B 2 By &R
U o U O

6
o)
/
f
7
0
7
5

QI0 0O —

Cn\
1]

(d) %20 Wids (e) 5525 Kitx
& 4-3 LB GAN %+ 4 R BB MNIST)

M 4-1, Kl 42 aTLAE W, BEEINZRREEAT, 1S ATJS-IS EJt, FID #1 WD T %, IS
(A 36 LG TS-IS %%, WID BB ZELL FID %1% . MWK 43 ATLLEH, BEE SR
17, AR N Cad A S i AR s T, S TR . v DS BX R I IE ARG OC &
P & BT, 1S AT JS-IS K, FID Al WD /.
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Wi 2.2.2 HETHEEIR, FID [ 538 32 BN A s A B SR RN Bl — B 48 I 4
BEATRFAESREL, KPR EE M2 B R A0, T, SEhr b & Rl oe s 78T LU
KRS m W An 2 [ EE BT, WD Ei2ig H 1 2 By Wasserstein #2546 9 /) 5 3 40 A BE
HHEATHIA R . W 42 FTRAE H, WD XfE R B EAR G R BUZ EE FID 25, {H FID 1
et th B L WD fF—2t,

g b, FEVPI IR B GAN 78 28 B33l & E IR R J7 1, 1S, JS-1S. FID A1 WD
A — 2 BIE X . WD ) R B LA =P br 4

(2) FSWIR B 3ol 4R S5

TC B GAN I B s 7 B $idis 45 S 56 7 CIFAR 10504 42 | FHWGAN-GPH#EAT . T\
FNg 5 4E 4110, batch_size 4100, flifb#% ARMSProp, 122> %50.00005, B 40.5,
8,809,

S, B 10 A epoch FEAT — B IC T, THE H DUR PR RAR B . S5 R WK 4-2,
K 4-4.

Bla-5 R TH 1. 24 4y 7 YLk AERE A .

MF 4-2 MIE 4-4 WTLUE Y, LR $dla % CIFARIO 1, B GAN 1l Zkid f
VU FpPEA Fa bR A b B8 4 7 o) 5 5 Bt 45 B IARTR, 35700 1S A1 JS-IS B F+, FID A1 WD
TR

42 LB GANM FabrBE VI Z-2 4k (CIFAR10)

TSR IR IS JS-IS FID WD
1 2.47 1.527 235821  -738.881
2 3.692 1.747 86.44 -1760.94
3 3.466 1.708 67.433 -1581.11
4 33 1.677 70.527 -1539.548
5 3.424 1.696 70.471 -1600.93
6 3.443 1.715 73.212 -1509.43
7 4.187 1.86 53.353 -1726.253
8 4.241 1.872 53.325 -1896.638
9 4.236 1.860 48.734 -1999.646

1 322 TG Qs
G RISEs AL WERIL R FIS-ISTEHLE

IS
JS-1S

1 2 3 4 6 7 8 9 1 2 3 4 5 6 7 8 9

5
TR EFRRE

(a) IS (b) JS-IS AL A

29Ik 71



) X FRALE

7/ SHANGHAI JIAO TONG UNIVERSITY

&AM GBS RN LR

WEiE 2 FFIDZLE g3 RFWDEE
200 . ERRE
1 2 3 4 5 6 7 8 9
240 500
190
o -1000
-1500
90
20 -2000
1 2 3 4 5 6 7 8 9
RRRK 20
(¢) FID 21k (d) WD 1L

A 4-4 BB GAN VI g2+ DY FHFAN F5 472540 B (CIFAR10)

(b)% 2 Witk (0)% 3 Y (d)%F 9 idk
B 4-5 BB GAN VI1Z:H 4 B B8 (CIFAR10)

M 4-4 aLLEH, JS-IS IR E BT IS, 1M IS A REUE L IS-IS Hm. MFE 4-2
AILEH, BTG 8], FID MARLEA LELR T 5 A4, 1 WD SRR AT LLUA E
100 Zct7, AW WD B R E =T FID.

(3) IR

AR R LB GAN —/MREZR A, 50 7O R e 2 E, —in SR
GAN [PFAN 8 b 2 202 AT U B R I 68 7 . B IR 7] 8 4 47 1 S 5610F B FID %=X
PR BA ARG S, BASiiean FPL fE—ANEFE 10 KR B g, S RIEHA T,
HApaRE T 12828 AR 10 KA, 11X 10 T4 FID, 45 R &K ILAE MNIST.
FASHION-MNIST. CIFAR10 ##fa4E b, £ R 1 K%L L, FID F{ER =, A
R AIRE N, FID W3 BRAK, B 7T 10 K0 EHEE L, FID B4 BN 0. XA SLIGIE B
T FID % 285 (R I A IR RN e T 11

B2 (8 B A SIS B A EE B R, R ARAE RO B R, AR SO B RS B DY B
PR FR A AR B IR R R RN e 70, SRR B ROZ o A i o BRI TR
SZUG, 7E MNIST $¥E4E b, R S FES B Mg 450y, b4 mm B A 2 B & 43 10 26
By 9 BHT . 5 RET 2 BT, KR AE AR LR AR ok . TN IR L AR RS A
AN IE—2H [ e g A, THE DU SR bR e, 2R R

F£4-3 THEBEGANERIHRELKE (MNIST)

BB IS JS-IS FID WD
2K 1.969 1.336 84.62 -709.33
3k 1.949 1.330 93.801 -618.290
9 % 1.996 1.347 43.78 -982.727
10 28 2.142 1.401 12.758 -1203.053

IR 2 TR Se sy, B R EE, 1S A1 JS-IS M i%#k K, FID 1 WD B iZ#h/N. M3 4-
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3 RIS S5 R , BHE 158 — AT FIEE AT B T M (1 O, (8 oA B0 a2 3R R 47
I HAEN BB PR, 1S A1 JS-IS # 2 & K, 1 FID A1 WD #2 & /M. &
b, DUFRPEA FE AR 2 T DA AR PS5 AR FE 11

Fiok, MF 4-3 ATLUE 1, FID A1 WD S 488 20355 1) R R 2 24 1 1S M IS-IS 11, 1E
Bt b, WD G U R ) R 5 B T FID, G0 SRt AR g B 2 R SR R, WA
M E T WD. KTIFMIabr M E &, Y& it — PR

Zx TR, A/NATIEHC T DCGAN, 1R H0d S 70 3 5 B B 48 b gk AT 1 sk,
for 56 DY A EAN 48 b5 5 B 1075 M R AR AP IR I DL OC & o DU PR Fi8 AR AE VEA TG M B
GAN (1) ] 775 i P82 Joft 2 AASE SU3PH B0 5 T A — 8 IR S0, AT DA Sy 2 2500 2 B 1 v 0 ok o
S HOEATHE, 53 S

IS B BT H R A M B e B B UR% i JS-IS AU T IS HUE RUF AR : Xt
FREFIA F0E, R VBT T 1S, Wb 7 it 2 Ol (HAH LA 2 2 JS-IS Y HUE YE FBl #%
B, REEEIRET IS,

SEGANTIISEE, ELNE GAN L, WD it/ PR A2 i - F 178 Wb 25 5 2 4 20T 1
FERE, #ARIL T 00T Fofth =Fhda b i R R .

423 HIEE GAN 525

(D) FrHh e
A I B GAN SZEGAE MNIST ##E 45 -, H ACGAN H#E47, HNTIImE A 485 62,
batch_size 4 64, {LALZF N Adam, HH53]%75 0.0002, BN 0.5, BIMZLEH)E LR E
GAN L, B7E IR EINANA R &M Fhr yo
FREH, R0 IEARHAT — B e, THE I DUF RN Fe b MR, B 30 A4 il BHE
S A Y e
F4-4 AR EGANIIEHRBEVIZZR (MNIST)

TSR IS JS-1S FID WD
1 1.118 1.057 70.539 50.684
4 3.178 1.717 16.017 -581.114
8 3.883 1.860 14.518 -768.528
12 4.674 2.031 12.06 -946.49
16 5271 2.151 8.057 -1106.978
30 4.355 1.967 11.421 -864.155
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ERR

(a) IS B

(b) JS-IS 21L&

Vg3 hWDEE

Vg B HFDEE

(¢) FID 2L KE
& 4-6 H B GAN JI gt 2 WU RPN 764

(d) WD AL
4B (MNIST)

7

LRS- L SR D S
VU O R R T VR
COCVON BN IS N BN
S AN ISR S N O
wvinmwaaanwenil!
EAR AR TR TR RSRE e
AR 1L T R K W N
W v B N Y R N
i e ha it
CRIRAE S VPRSI ST SN T SIS

FERAAT L W IT T
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FRLR LA M DR RS BN BRBY
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(b) % 2 Kidx (c) 55 3 Kid=x

(a) 31 dsk

LBy WwP P

NLOSI YO0 I I
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ST F I
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A AT eesy v
| e T e e e -
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(d) %15 widxk
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&AM GBS RN LR

R 4-4 F1E 4-6 iR, BEENZRMHEAT, IS, JS-IS. FID. WD R4k 5 00 i B % >
H R SRAL, BONHT R IR ETAE K, JE I IR TR N, B TR . RIRER, fEBURE: T T,
JS-IS ZLusdh T+ 1S, 1 WD W22 bl HoAth = b5 4 R o 22

Bl 4-7 eom T R B, TRUER], BIRBEENGNET, A (@) SR
WARIEMT, BT RAE 1S dskz s, BRAMRELGKS), aff b, XZEERF NS
AP bR —FE, W& TRE. T, XPUFPPNFEFR 0 PP ACGAN A BBl Fr (137 M
JEE R 2 m] T o

FA, AIRE GAN il — AN E BRI E A TR 45 T AR AR R AR 2
ME R REIHA TSR0, 1, ...,9, fEE 4-7 %, AWM E R P28 ERT. 2
15, ARSI AE B o W4 S5, (EAVE i N sk s 4R, LA B I bR 2 A Al
Bl SR DU PPAN B bR 0 AR AR L

ESZIG R, T SAMEEE M2 RISk, N T B i AR, A Szag A SR
FES 3.4.3.0 ARSI T EAR R EME SO BIRRL, RIZRSE RS
(1) A BT RAF T o o SR 0 B — AN AR RS BN (] — LR 75 RIAR 2, EEATTAE Ry o
BEATRAE, THE UM EARIE, SCIRSE Rk 4-5. &l 4-8 foR.

F4-5 BB GANIFH#ERR (MNIST)

A R R IS JS-IS FID WD

K 4-8 (a) 2.006 1.354 14.809 -1296.831
K 4-8 (b) 2.099 1.377 13.502 -1373.8701
K 4-8 (c) 1.849 1.303 15.081 -1467.5269
K 4-8 (d) 2.168 1.393 11.972 -1384.842

- N
» Ca

AV
~W ooy

AV P N |

Wwe

SN I

G Y M B0 R 05 &~

NN LD N R R w
w0 WG

oD« x4
NN SN AN

=

~

S (P o R W o
J‘
NN NN G N

ne (0 00 0Q Oy Oy O] =n

09 =<0 D 0N =
>0 00 8O 00 0] Cr 8 oo S

& 0.0 0D 00D

OOV O
DO OCOOSVQO0

o S o
o L S A N N N e el
LhrepRroLvLUD
P wwew e v
R ag cwwe TR
(CROR R Z AR IUNCIGRON
IO~ el i N
NN ENENIS ENENEX B RN
5 €9 oo OO 5U D9 D O 0 N
DD 20 £~ 0O 0D

L R el
ENIERT ROSUR “NE
B RS EN RN (RN

LW N0~
OO OCOCOBNOCO

i)
3/
31
5
&
=9
7
3
8 |
09

S = g
N

1 R =0

7

O
G~ o o
=

(a) (b) (c) (d)
K 4-8 FUE GAN B rHl

TEARSZIG R, IEHRE R NAZENE B AR 0-9, BIE 4-8 H (b 2B, (c)
155 F1 6 PIBINEAT45%, (D)IIET 5 FIAG 4T, 1M (a) AT DASE S 3R 4 Rk

MME 4-5 K&, Bk, WFIEMIBRIEN T iE &5 2 miAfE: RIS, JS-IS EFh
i}, FID Al WD T, B854 B R AR HERMERE, LUK, X PORh PR TR AR AR AT 1)
. el (o)A PRSI BRI 4T T (a) I (b), (B (c) Y FID #1H(a)f(b) Emy, IS Al JS-
IS ZIBE T (b)o (DI A ARZBEAERA 45 T (c), (H(d)) WD Z 5T (c).

A SLIORER T B R ERAT I — AN RS, (HE AR T UM B bR e P
MARBHESRYE TS o 5A ZRHIRFFS, IS, JS-IS. FID. WD X PYFRhiFA 48 bR 1E iR
A R PR D3R I R T A — R R S, (EAE A M R S, e ATt AR R e v A Y
A TEEN, 7B 7 vE N DA .

(2) HEIWIRE 3R
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15 W5 GAN K ZL S0 1k P P B 4 SE 00 /E CIFAR 1034 48 |, HIACGANHEST o AT
M FS 4L 110, batch_sizey100, fRAL#E NAdam, Hr2E>1%750.0002, B 290.5, BN
0.999. £E5Mepoch#EAT1ICT, LI 45 R UNK4-6.
#4-6 H B GANHNTEARBEIZR L (CIFAR)

TR CE IS JS-IS FID WD
1 1.734 1.285  855.105 270.269
2 3.151 1.679  144.836  -1337.653
3 3.075 1.666  178.925 -1378.235
4 3.818 1.899 77.119 -1174.848
5 4.119 1.968 76.188 -1371.218
6 4.152 1.961 73.114 -1335.429

RIS A VI3RS -IST AL

45 25

35

IS
w
&

25

JS-IS

15 05
T 2 $ 4 5 6 " 2 3 4 5 6
TRRE BRRE
(a) IS (b) JS-IS 2 1L A
R RFDR AR VTR EWDEHE
900 30
800 .
700 0 BRRE
600
o 50 -300
U400
300 2 o
200 -900
100
0 -1200
1 2 3 4 5 6
ERRH 150
(¢) FID 2L E (d) WD 2L A

. ! ;‘ l . i N |,§» L
(@5 1 idk ()5 2 WALk (0)%5 4 Wit 7 ()5 6 Wit
B 4-10 5} 8 GAN VI Zkrh 4 S EHR (CIFAR10)
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MFE 4-6, Kl 4-9 FTLUEH, CIFARIO #fa4E EA B GAN YIZRid #2 Y R iFAN Fi8 b
A5 MNIST $0d 4 F W REAHF, SRR . AE 4-10 ta] LLE H P FhiF
P br s A0 A A KB LG R .

Rk, DUFRPEANFE PR IE RN A M GAN 75 BS54 bR IR A — e & L, 45
A RIHIRE RS GAN BRI, WREIEFE MM IR, H#3F WD,

[FIRERD, EISC Ry Bm e b, AT R 2 A B B A A A 1 1) S 58 o X 40 S8
K 0 7 A T R AR BB AN [F] s AR VPN AR B R BOAR S A PRI, B Eds A vT LA
{67 B b E I AR SR X 43, T 7E B0 B Bod 4 b, NHR HE B W 2k R MR Tz
CIFAR H(#i8EA G 2 LU, B N THIEFRE I A RIRUER . Rk, ASSZIOAE R
AFRZERAEH T —ANE CIFAR 4 B AT i I ZRI #i 4 M 2% ResNet20, ResNet £ 2K
HEM R T AR H AL, A2t g R ResNet #E4T 9325 LLIA BIMER LN A B B F bR 2 e
WP H ). SR S5 RNk 4-7,

F4-71 LB GANH IR 57 KEFRFERR (CIFAR10)

HER 2R IS JS-IS FID WD
49.69 2.819 1.615  171.498 -1351.479
50.43 3.08 1.713 62.97 -1041.43
34.06 3.038 1.629 74.476 -1258.674

WE 47 WU, B (7RI A7 (ROt AT AR, FID Al WD o L% ¥
%, T AR =ATR, R TR, FID A WD LT TR, 55 MNIST 405
LRSI E R —F, X TAME GAN, f£ CIFAR ¥fidE I, PURH PP FE 45Xt A2 sl B R 10
At MR AT O 0

42.4 AW GAN FEM1EFRE IE

W 4.2.3 FETIEMF, SA YR GAN PFAFE bR IS, JS-IS. FID 1 WD XA i & GAN
A BSGERAR R AE I R A A I S B IR R T o AR SCER H FR 250 A I GAN [P 4R AR AT 12
1E: BRI NPE R AR L —

TERREWER R TR b, ASCEEH DUR Jidk: S T ERge ) s S 45, nr DU s s
BRING—ANIREEER KM%, ISR RERIE R 7 M 48, A2 B R S k47
WA, WK P A 232 RO PR AT 22

HH T~ CIFAR 4 48 LSO, e ik N HRAS 25 5 v fff 40 07 L v e g 26 013X LR ) MINIST
BPRERAT LI . LI R FIRT . SLIR gt Rk 4-8.

#4-8 BN EGANIRESHRR

AR R 753 HERf 2
K 4-11(a) 40.81
Kl 4-11(b) 58.68
Kl 4-11(c) 83.29
K 4-11(d) 92.34

35Tk 11



) X RS

e/ SHANGHAI JIAO TONG UNIVERSITY

&AM GBS RN LR

»

N
WL

[
wo o
oF oo %

oV

D D R A
PR P R RN

»
ol

Cren ONTN NG N
et M

Sy (f B ol ey W ooy
Q0 o0 o) O O O] =

WARUT Y & G Gy
QT T ENO NN
e O R R (L

oQ b =z
29 00 SO ©0 0] Cr

N 009D w0 L D

OLLHIYN W Loy

COw OOV ND =
R DR oy &

A~ U N NN\ N~
DO OOIVQ OO0
e s e S e
LhrepRroLvLUD
R ag cwwe TR
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(a) (b) (c) (d)
A 4-11 REERHRLKE

Bl 4-11 5 4-8 #A, IR E FAE 2 2 R AT AR B dEmf R it 5.
4-11 el AEH, B AR HER (@) < (b) < (c) < (d)_. MFE 4-8 TTLLAEH, M L%
DA R 2R AR G R T A BB AR 2 R 26

X T HL S AR B A B SR B Sk T AR I R 2 R A8 2 FE O LU 2 (RS [ o 135
BT AR FE B 4R ImageNet b HEAT I TR Resnet W25, X B (1 T 2B 28 ] LA
W7 AR E X 4% E R 23] . ImageNet JE K AU JE Al ik ResNet 78 T 2R Bt 2 AT 1R 4711
YRR P SR AR W 34T R4 (fine-tune), 1AM BEAEIE B 24 5T B 48 1)
I FRATSs, 1930 IR JE B Sy o3 AR5 A B R BEAT IR, TXRE ] DAAE R IE HER
ZRPIRIS, 548 LIRS ] B 4

4.2.5 P TRRRSRIR AT R

(D &M E

15 2BV HCT BRSNS 8 LS IR B s S P R e A AT e, A e B DY AR R
WrAa bR - A2 B TG T RS B RE T . SRR g AR EH, 1S, JS-IS. FID F1 WD X PUFH P4 48 45
TP GAN AE BB R ()75 T RS #0 A — 8 I X 1S AT JS-IS K, FID F1 WD #/h, X
A B T RS W o e rp JS-IS HAR e MR T IS, W LA N AR i (A 1 . H R ESE AN
IS, WD (1 R 8 & T HA =Fhd8 b .

(2) BEAIHRTE

I B S0 A AR R R AR I, A DU R PR TR AR O L, S FID AN
WD P T M GAN AT i R BB 4T IS A1 JS-IS, M iZAdi A FID Al WD R ffif A5 =X
PHRFRRE, AR S, WD ETPN U R AR B Y R B 247 T FID.

(3) Ars e

WIS, AR E GAN HIUAN FFR R AR S dE s PR %, BRI R oP AN F A
73 HH DU DA H8 b5 s 25 HE R PR AT VA Rk e

BT, ARSCHE HAE AR i BE SRR AR, 20 R Skt M AR AT 70 2, 445
B 7 FEUERA 2R AE N AR B FIRR 2 AEf %, UEBA T IR PPN 5 iR B AT S

43 BERMUGESR

ARG LR AR PRALZABEN L R AR A SO H ) exploit & explore 5%
BEAT T SEBL, R =R S B A 5 VA AR P R 2 R A L A R R B HE Bl 2 5 T 93 )

95 36 JU3L 71 0T
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BEAT LR, BRJEWEIT 7 VR Fa AR S B TR 5

&R GAN SR /i, KB S 4R ol LU NS U SR, A& i &
B S A B RS O, B QRN S80S B W UUAE, E eI kmE 2
ez R BRI

HI TR L 27 ST BN GRI [ B, 38 = = vh S E B & PRAN SR PR AE AN R B3 46 B 1A
Rk o AT BTSN S EAY R ITAE YR GAN S HOS R, Frilscia 2
£ MNIST A1 Fashion-MNIST iX P> & (H &idi 58 LT RE, BRA o 1 807 A SR A L se ) i 4L
R, SO T BT

43.1 MIZEERSIMELER

43.1.1 HyEsEH

A n NMESEEEERAL, BTSRRI HBUE R R T 53R listy, listy,..., listy, H—
MVEM TR R criterior SR B —NMESHAHE T GAN BRI R E. M ZE R
I A WS A, R B P RERE A criterior IA B AL S HA G, IR [BIILE criterior
AR L A S I A 2 B & o HerP AR F8 45 criterior 7 IS B JS-IS, WU criterior
R, W FAEA FE B criterior A FID 8{ WD, I criterior /N aT

WA 5 2R I FLAR D AR SE RN T

MRS R
BN: HSEIE list), listy,. .., list,,
PPUTFE bR criterior, 12 criterior(param,, param,,,..., param,)3 /N 1 Z 4N param;,
paramy, ..., param, I PEA FE AR ITIME
Wl RIRMESHAHE
JEHT criterior FEUE

param_leny = len(listy) k=1,2,...,n
best_index = null
fori=0,1, ..., param _len;— 1:
forj=0,1, ..., param_leny,— 1:
form=0, 1,..., param_len, -1:
current_criterior = criterior(list;[i], list[j],...,list,[m])
ifi,j,...,m=0:
best criterior = current_criterior
best_index =i,j,...,m
else:
if criterior is IS or JS-IS:

if current_criterior >best_criterior:

3T I 11
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best_index =i,j,...,m
best criterior = current_criterior

else:
if current_criterior<best criterior:

best_index =1,j,...,m
best criterior = current_criterior

return best_criterior, best_index

HEMRAEEmE 4-12 Fros,

MigRT—ABSH

W E AR ENAE
HERRBSEAS

v

| R
iR ot <

L]

ETRTENF S RL

bVl

<o T AT fiiE

ilpet et e O

12 Bl {48 3R N AL E
ERfigsdis

B 4-12 MIFRERELERER
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ARG, JaikE MNIST A Fashion-MNIST 1E A4, 58 BIASLI0 RN T 0 5 i
SR IIVERE, I AR B O PT  £% T 2295 2 1) 2% A0« EEANFE RS T ISR E
PR ISR, fESHOR B SIS DL T e e I bU A AF i I 2R S o Rk, A it X
¥ DCGAN 1 Jy sl i iy FH AR sl st i 2%, DAk 28 8 Adam, B A F0 1 BEA& 30 28
*28* 1, DCGAN Ml ZRid #2— M@ 7E—4> batch |, Jaik D ALK, Fiik G AL —iX,
HAR B Py AR R
DCGAN VIIZ5iE 8 epoch: 78BN K 4 Ll P k3L

batch_size: batch [ K/
d iter: fE— batch I D %3] IREL

Begin:
fori=1,2 ..., epoch:
for batch in len(dataset)/batch_size:

for j=1,2,...,d_iter:
compute D Loss
update D network

compute G Loss

update G network

43.1.2 iR ER5550r

A, AL R 2R ST R D 2SI REL d iter fENPIANFIRILIE S 5,
Y s FIR R E S B E . SR R8T EUE 5138 55 51 29[0.000002, 0.00002,
0.0002, 0.002, 0.02, 0.2], [1, 4, 7, 10, 13], dataset [ >A 60000, batch size HL 64 (fJ5—
™ batch 4 32), epoch HU 3, LHEAT T 2814 RIEARL, CAVUFPEAN B FR 73 0 EAT T A &R
s, 1931r4 Rk 4-9,
£ 4-9 MIFHRLEKLER (DCGAN MNIST)

PR FE R Pirige s ) % Jirik D % 2] IRHK R (s)
IS 0.0002 13 23095.68
JS-IS 0.0002 1 21772.83
FID 0.0002 7 19291.72
WD 0.0002 4 22989.65

M 4-9 AT LLE H, R PUFRPE A 8 AR 3EAT WA 45 2 (W I () FF A5 AR Z2 A K, AH BRI &
FID ik, DU PPN Fa bR —BUEFE T 0.0002 1E N2 2%, 75 D S B LS G AFH, £
RSB A 2R AR R

R 4-9 IR 0 BT ) B AR 2 BN R AR s L R DA R FE A8 2 A i) R Rt [
4-1 iR, B—A7 BN S HE B, AT IR PN Fa bR 3384 T 0.0002 1F
RNEARN 2%, W E ) R R AT S P N EE WS, 8175 =8 ERTE D
O RBOH RIS OL T, 2 21351 HL 0.002. 0.02. 0.2 A R K F s

39k 71
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0N PONNRKW
WQwwucQH
OooNQJENN
ANfLNDSVW
VeoNiv add
Rl VA AN LA SN N
QNPOLOTNO
N—WNod BB o
—~—a&N1Qp
Wit ty~J

LNER D ~oN Oy
WO G € S0
NSO D~ANR W
W QT C
LONOUR LI

&

(a) LA IS RIS AR 158 2R A il B A

P—Oxwavs o
[N RN R CNe g N g
NWod Y~ W~ M

S~ R PN oo
OVt LY

AONWNOO~=D

16 b 0100 40022 g

—PWPY SV —
~h|YWPBNO
W—— AN — &0
PO onwary
-0~ w
AR AV

. B 1V ARV IRUNY.
— 1PN W

N~ W~ — g~

IR

(d) BA WD i i i 48 22 AR i B A
& 4-13 MEERERE R (DCGAN, MNIST)

B 4-13 ATLAE Y, TR ALME A, BHZAEN R TR RESEU A
PR R RS AR, WA AL =R A S B — R A e A B A
TG, Weah, BB R AT AU 54 B AL, #RRAA M M s LT A . T
AT A R, BIPURR SR AR Tk EUA R B S5 A 7= R B B, R BURME R (1)
ARG, AT VYR bRk H AR S B EE R A G, 4RI T Y MINIST $ids 52 40 %o
BONTA L, DCGAN B 5 AR iU s 1 B R o 56T DU i s 76 128 BGER 2 3507 T 1) ] =
WAE 4.5 PV iS .

B FoK, [FIFEM, 7E Fashion-MNIST $U4f 4 FibAT T RS 2R 5206, 248 1) 45 44 Rk
Z4%5 5 MNIST Sl AR, SEER 45 RNk 4-10.

R 4-10 PR RLHLE R (DCGAN Fashion-MNIST)

(c) LA FID ANk

TRNOSGD O
QU RPN N

ORM~ o 6\

g n
2 3
3 a
9 3
é 9
6 4
38 3
b 3

PR R Pirige s > % Jirike D % 2 K R (s)
IS 0.002 1 15554.59
JS-IS 0.002 4 14744.61
FID 0.0002 10 13758.67
WD 0.002 13 14513.20
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FER RS T, DURME ARG 122 SR B AR, JF H FID G #2221 R 5 Hoflh =
TR AN, H 27 2 RA RSB S Hh U E R — A K 4-13 JRoR T & NS A
XL AE RO R, B ZE TR 2308 D %5 1,4, 10, 13 K, IR ZB A5 215535109 0.0002,

| <R atngda, .
LI A O
f P & : i" 71«' A ¥

(d) BA WD My i i 48 22 AR i B A
& 4-13 MEERERER (DCGAN, MNIST)
W 4-13 iR, FID SBEAIH SO0 B R A2 sk B A, HoAlr 3 Fhistrik i
BB HOG PR R B A2 LB R B0, ATRALE Y, DR b I 6 14 2 500 I 16 A i B A
(R A A AR I, RETT T — B SR — P R R L. TR BT, AT PUE
P8 2215 3 1) S 00 B T R R B I R A T A — 2 S A, AN sE = AT ES A
T FID EHFHRMLBESES B E R, SRR ST =50 E R, B0ATHE s
BT WD B ERMEES T N AE A, ERRER AT T RS =K. i,
DA i 480 2R 1 380 1) P o R 2 B LT 1
g5 LRTE, LS =2 VU R GAN P FRFRAE 3R 22 UE N, F S 3 22 75 26 B HUiE &

FEALTIE 710
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Hez R A S HOR SRR S8 AR ERAE I, WERAT 298 I BHI, Wl LA
BEAT HAT 0 AT A5, A2 B P IS T) 2 R o (BAE BEIRAN A, WA S A — 3 GPU
WREELT, A ERCREAR, 1ER I K,

432 PFENIERSIMELER

43.2.1 HyESZH

BENLIE R AT LA N E S BB S50 (A i AT B LA R Fl . FEASSCH, BT
CENS MBS ML S EZR, Wt 7t s Bl 50w LIS % .

BENLAE R MR LI B y fa 5,  BISE PR E 22k, BRI AL BRSOk 2 4007 1)
W) — A RE RS IR S5 R VEAN TR bR P A5 I 28 (0 25, e ik (el de R 1)k 2 4
HE, REEAARIEMT.

FENL IR
BN BSHIIER: list, list,..., list,
PEUM R B criterior: g criterior(param;, paramy,,..., param,) N {EE Z4A param;,
paramy, ..., param, I PEA FE AR ITME
try_times: fi 7€ B 208
. RIRMESHAHSE
BEH criterior FEUE

param_leny = len(listy)k=1, 2, ..., n

best_index = null
for try time =0, 1,..., try_times:
i, = rand(0,param_leny)
current_criterior = criterior(list;[i;], listy[12],...,listy[1n])
if iy =0:
best criterior = current_criterior
best_index = iy
else:
if criterior is IS or JS-IS:
if current_criterior >best_criterior:
best_index = iy
best criterior = current_criterior
else:
if current_criterior <best_criterior:
best_index = iy
best criterior = current_criterior

return best_criterior, best_index

HEMRAEEmE 4-14 Fros
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&AM GBS RN LR

T

R T—HBE2H |-

B R RS R ENAUE
wERMiBEHAS

;

R
sikwm [

Y

ETHTRENF HZ AR

T A TR ENAUE
EEpdun ks 6oy

IR ARER R

12 Bl {49 3R N AUE
SgfiBs8as

ZEH

&l 4-14 BENERBELREE
ASZEGH, BT E 48 S5 RN AR 240 5 4.3.10 FAE, F BLRIFEECE S R A D
(2% ) B d_iter TE NN FHRALIIEE S 2, 78 4B SH0 b SR B MBS A & .
25 AT BE 1 U #1126 235124 [0.000002, 0.00002, 0.0002, 0.002, 0.02, 0.2], [1, 4, 7, 10, 13].

4322 ERERE DT

ARSI K H K FLACRE AL R A RO RS 12, DA e AR T 5 T AR R R
FID Dy AEN,  BeE SR REON 10 WK, BIFE 30 Al 25041 & BEHL IR HC 10 k7l

43 L 71
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25, IRIAX 10 FEZ B A H R — MRS BRI EIR . BT BN RAER
SE TR IRBUNTE O T R I BIRIIIZRBOR, I 5 R R AT HOR AR I L
R 4-11 BV RLRER

eS¢ AR A S AR S 3 At FID
2 0.002,10 0.002,10 8.360
4 0.00002,1 0.002,10 8.360
6 0.2,1 0.002,10 8.360
8 0.02,10 0.002,10 8.360
9 0.0002,7 0.0002, 7 7.193
10 0.00002,13 0.0002, 7 7.193
Kl 4-15 23 5JE7R T FID 4 8.360 Fl 7.193 B ¥ 25 B4
7 47472997 ¢%
a 212881249
4 748503067
¢ 60 \35Hb 373
4 $38549s5 8¢
3 346/, 322L0O G
J Sbay 3549
{1SWw3aHn b4
(a) FID = 8.360 (b) FID = 7.193

Bl 4-15 FENLERAERE R

BEHLIE R SR I 6113.03 #0, ZNMIAR RN 1/3, XA R KRB B B -
MR 4-11 /LA, BENUE RS T 2 2 Ja, s ke 7 — oW il s Bl &, Jf
HAEZW T 9 R, R3] T MR PR BRI ESH . WE 4-15 aTLEH, R
B FID 47K 1.2 (2280, (9K IR (0 o S A A T e 52 (Vi A, m LB AL R 20 i
S BARA T REZ T . J34h, ([EARERKE, ARkt , FFFER 0.0002, 7 1
SR G X GAN #ATINZR, [ FID H5 Z TR R L P AR, AT HT GAN
WA L, ARIR] B0 S HCR IR R PP SR AR B AN REOE , A, SERRAR h t ] 25
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FoAth ) — 28 ] DUA SIS U ZRROR , XL i 2 rT A, FEALIE 2R GBS LEAL PR 3R 213X
Be S, JF H TR, BENLIE R M A] 58 EEAUD S R BU R e R B TR AR . T
W, BERUIR ZAN EL AR 1 2R, A5 R BERE 8 7 A2 B BRI 0T, ORI 1 7 IS
AN BT, IF HAB R 7 R RN IFAT R, T AR 70 A SR B AT (6 ] o 8 SR P i
Kb, HESHR{RE ER Y, YRS 2 W HIESE, te] TS 800
U, RIVHR 3 BE AL 2R A 45 SR 0 0 B U K S ORI AL KV [, 985 P2 SRt BB AT T 1
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4.3.3 exploit & explore FiLSZI 5 4E

43.3.1 HyESZH

5 MM ZFBENIE R —FE, exploit & explore i 1N H 75K IH £ S & NS

& AR IUE SR G, 78 B BB S8 M e S 80 T R . B a R,
exploit & explore H2%::
BN HSHIIER: list, list,..., list,

PEUM R B criterior: g criterior(param;, paramy,,..., param,) N {EE ZHA param;,
paramy, ..., param, I PEA FE AR ITME

try_times: fi 7€ 208
Wl RIRMESHHE

BEHT criterior FEUE

param_leny = len(listy)k=1, 2, ..., n

best_param = null
try time =0
while try time <try times:
iy = rand(0,param_leny)
current_criterior = criterior(list;[i;], listy[12],...,listy[ik])
try time ++
if iy =0:
best criterior = current_criterior
best param = i
else:
if criterior is IS or JS-IS:
if current_criterior >best_criterior:
// exploit
best param = ik
best criterior = current_criterior
// explore
added paramy = disturb(best param)
current_criterior = criterior(added_paramy)
try time++
if current_criterior is better than best_criterior:
update best criterior and best _param
listy.append(added paramy)
param_leny = param_leny + len(added_paramy)
else:
if current_criterior <best_criterior:
// exploit
best param = ik

best criterior = current_criterior
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// explore

added paramy = disturb(best param)

current_criterior = criterior(added_paramy)

try time++

if current_criterior is better than best_criterior:

update best criterior and best param

listy.append(added paramy)

param_leny = param_leny + len(added_paramy)

return best_criterior, best_index

4332 ZiRER550r

A, Frik B NS S AR 2 HUN 5 4.3.1, 432 HRIE, PSRRI R
ZHRIRE NS 23R D 52 S RE d iter, B2 AT BERIHUE 513 73 ) 9] 0.00002, 0.0002,

0.002, 0.02, 0.2], [1, 4, 7, 10, 13]-

FEARRSER T, %2 2 2RI B T LL 0.8 F1 1.2, %42 ] IR B3N /=2 BE B In—F iR
—, RXFE, BRI 2 DB KSR 2 DB SR EL TS B BENLE

A5 S R ST R D (8 S HO S AT I 25

ARSI —FEHEAT 10 K38 %, F exploit & explore HiEH R AN F 1) 10 LB SH, 14k

R, R LR S A

I BAEFAR S AR EA R A DL R, 6 R — > R4 A2 [R] — i 2 40 ) i T BE LI R A

PR 2R G S ROk %

& 4-12 exploit & explore SZIH 45 R

HIH SR A d_iter il FID
1 0.00002 7 96.902
2 0.002 10 7.193
3 0.0024 7.193
4 0.02 9 7.193
5 0.0016 11 7.193
6 0.0002 7 7.193
7 0.00128 11 7.193
8 0.2 4 7.193
9 0.0016 10 7.193
10 0.002 9 6.860

WK 4-13 Fow, BE RS 30 &8 S84 5 92[0.002,1], XM FID{E N 7.192,

AN, IR 245 30 11]0.0002, 71,5 N ) FID {8 A 7.145.

FEWF A FAS 5 1, BENLAE R I 1755.64s, exploit & explore 23E I 2035.53s, K%
RN 4676.79s, A LLEH, TEARSZLGH, RN ZE A exploit & explore i 1 [A] 44
AT, A R EEHE S TR, X SRR .
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R 4-13 FEHHEERLRE R

e L ks 223U diter it FID
1 0.002 10 8.360
2 0.002 1 7.192
3 0.002 1 7.192
4 0.2 13 7.192
5 0.2 4 7.192
6 0.0002 1 7.192
7 0.00002 10 7.192
8 0.02 4 7.192
9 0.02 4 7.192
10 0.002 1 7.192

TEEEZHANA R TT T, S T =P B4 20 ) s A0 2 202 6 6 N FID R,
MR EVEAT D R BT B S 540, M exploit & explore HIEIEFE I 2 H0]
D&, ExFESECER BRI REIESE, £ 4-12 1 0.0024. 0.0016 4L & 1E
explore I F2 T BN HE S H . B 5 exploit & explore HiEH RBIMHESH A S HH —4 R
K H T explore IR IRINAEZSEL, fEXIREEEH, exploit & explore 5y 2 2 1) s AL
S FID 2K T T MRS R TS 3] FID, A WA 2L d exploit & explore B iE7EH R
FRY N 1) P 4 2R 45 SR 2 43 I DT YT

4.4 BEHMH AL SEE

441 SEFERORBZ U050 e

AN A R ERIE B S A L, BT A 2R B 16 2 5000 A 2 [
SEI, AN E B BENLIE R exploit & explore 53251 15 (11368 2 K 1 70 A5 15 100

AKRICEFFE T A2 (AR 22 4 2 ) o ol R AT e, Horp 2 4R (e 5 1 =4 2 ) A7 5K
5, PRUE T Z4ES MM, BRAS T SLB T4 . TESEI6 VR T T, ARSLIRERE T — TR
) GAN #%, s HREACL i NRERL. A2 T REESHG, ALk
B AR — S S HOT T 2R, B3 T UGG R E S ETE VR, R X g
A REAE — B JLP XN o fE VR HE I A bR R I AT J5, 2 2% [A] v ik 28k 2 2 20 )
DI — AN B LA IR, 0 7E = 48 25 18] o U8 — A e AN 3R

BRI, A SCYTE T a0 R BOSER,  E 4 = ok (1 8 2 KA 1] ob 43 S0 R AL B AL 2R A
exploit & explore FIEIEFFH S Lkt | — ML BN BEGAN 3, &k
MHIEZHH G N[D % IR, 213, v ]1=[4,0.0001,0.5],7] LAXJ 272 2] ZH 10 9 I
B, ¥y o 10 BAT PRI, LRI Y f5, ZE AR T 1SR SR T
A DA R — A 41 T 0 [ B = 4R R BBk, B G BRI 8356 S 5 1 B
i, PG RS R E RSl . BRI IR S8, &IUE S LR 4-14.
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% 4-14 BEGAN B3

WS4 et S 40 Ak S5 82 K2 A AL g
D % 2] I3 [1,10] 4 [1,2,...,10]
2% [1%107,1%107] 1*10* [-6,-5.5, ...,0]

y [0.1,1] 0.5 [1,2,...,10]

TAE 43 M AE A0 = 4 1) 73 [A] R B BE LI R 1 exploit & explore BiEEFEMIESHL
I3Ai e ARSI, K D S IREURERR 1 R S EE 10 BOMEUE RS 0.5 I, v
FeLh 10 JEBERE 1 B— R0, M Rfrad () B 2 80 Tl

MK 4-14 i e —4, i8R Ja, B D 5 > B % 2] ZE 0 jlufr ik (1) — 4k
ZHCFI, A =B SE A E ) 4B SRR . N SR AU ALY R A exploit
& explore Hik.

A/NTAE YR A AT SRS, T SGE S I A SO, ARSI S A E R
SECN 130 A, RS> AR TE IR @ 8 R ECN 200 30, 40 FITEAL T, BEALIE Z A exploit
& explore FREFERESHUN AT OL, SLIREIR AWK 4-16.

Hyperparameter Choice Distribution(Random Search, 20 trials) Hyperparameter Choice Distribution(Exploit & Explore, 20 trials)

101 e e 10 °
g ° o
8 [ ] 8 °
° ° °
6 6
4 °
41 4 °
°
2 ° 2 ° °
° °
-8 -7 -6 =5 -4 -3 -2 -1 (IJ -8 -7 -6 -5 -4 -3 -2 -1 0

(a) % 20 &

Hyperparameter Choice Distribution(Random Search, 30 trials) ~ HYPerparameter Choice Distribution(Exploit & Explore, 30 trials)

10 e o ° ° °
° °
8 e o o °
8 )
° °
° °
6 ()
6 ]
° °
° °
44
4 °
° °
2 ° ° 2 °
e o o ° ° °
-8 -7 -6 -5 -4 -3 -2 -1 0 -8 -7 -6 -5 -4 -3 -2 -1 0

(b) = 30 &
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Hyperparameter Choice Distribution(Random Search, 40 trials) Hyperparameter Choice Distribution(Exploit & Explore, 40 trials)
10 ° 10 °
° ° °
8 e o o (] ° e o 8 ° ° °
[ ] [ ] e 6 o o o [ ] ° °
6 ) 6
°
44 ° ° 4
°
24 o o 2
o o o °
8 -7 6 -5 -4 -3 -2 -1 o0 % -7 -6 -5 -4 -3 -2 -1 0

(c) =R 40 &
& 4-16 —EZHBESHERIR

Kl 4-16 P, E£Z4ERESECFE T, FAN T HEZS . EesiirfrkEs
e -6 FFEREUE R, bR Es 7-8 & Tk R B K A hty, TSR .
ATLAE H, TS, BEVLAE R R R 85 R BN S A A AN S HCP T, 1 exploit
& explore %5 M [r] T 58 AL A [ FEl 1A

K 4-16 HE/R =X ZEF, exploit & explore FiEE P SE P A TR, BIAR]H
SRS 2 RS R, fEEIaPr FUEB T exploit & explore 52 1% £ 1 2 %L
HINeE o RER T HESHIEN .

4.4.2 AR RIE R

AN FE LR AR, BEYLAE R A exploit & explore FLiELE 23 B [F] i 45 150
TIE BHERIREL . 43 BITE YR = 40 2 5502 B B, =P R 5L, ARSI b — 4k 2 [H]
N D FEIJWHMETR, N 10*13 3 =408 D F W, FIRMy, N10* 13 *
10 o 7l BRI AR R IRBON AT, 45 R WK 4-15. K 4-16. H 4-17,

R 4-15 HEREEHBCHESE)

R BEHLIE 2R A AL exploit & explore £ A& 8 R A B IREL
10 3 3 1
20 3 6
30 7 24 7
40 7 9 10
50 5 24 15
60 10 36 18
70 14 39 21
80 16 45 24
90 18 60 25
100 25 54 25
110 17 48 25
120 23 84 25
130 22 69 25




\ Y FRALE

%/ SHANGHAI JIAO TONG UNIVERSITY

&AM GBS RN LR

R 4-16 HREZEHE CSHEMR)

R BENLIEZRA BB exploit & explore . MG RAT RLHL
BIREL
10 4 28
20 10 84 6
30 17 164 15
40 18 176 24
50 25 252 37
60 32 316 46
70 35 308 55
80 43 336 60
90 46 380 61
100 45 396 61
110 53 428 61
120 50 488 61
130 61 484 61

BRRRRE (Z4)

— R R exploit & explore MBI R

100
ﬁ 80
;{% 60
% 40

' 9 ~
0

10 20 30 40 50 60 70 80 90 100 110 120 130

BERRE
(a) “4eHiSH0s AA B R IR B
BRERRE (=4)
—FEHIIE R exploit & explore = MiKIER
600
500
Eo]

XK 400
g 300
ﬁ 200
100

T
0

100 200 300 400 500 600 700 800 900 1000 1100 1200 1300
BRERK

(b) =Y 2 e (o)A 20 R A
B 4-17 BREREXEE
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MIE 4-17 FTEAE Y, exploit & explore 5%k A RHE 2K BOL I = T AR AR 2 AT BEHL
R XAEHER BRI R R RESECE RS, THRES S SRR
BREKT, JIT A R 38 2 R AL 2R AT R 3R O B T, RO S 80 1a) o i Ay A7 (1 mT
MEEZ A, {H exploit & explore HILEIL R AL REH, AW a]HE 2 K 8] b s nw] g T A
fIES 4, JF HARYE & BT 8 A% A A EAR, B Il I 2 0 28 R B w1
SR A AR, XSS BT DASR vy 240 (8] v m] B S A0t T i o AT K
AR S EL, S5 R 4-18 P

RREFAEHER (ZH)

mFEHIEER  ®mexploit & explore = RAEIER

II il |I |I III ‘II‘I || ‘II
o ol o o Ol
20 40

60 70 80 90 100 110 120 130
BRERE

(a) HE S 40 AR R SR HER R

BREZERE (=4)
=FEHIIEER  mexploit & explore = MARIER

o b ke mln oln ||I all ol I‘I I‘I |‘I ||I |‘| |‘|

100 200 300 400 500 600 700 800 900 1000 1100 1200 1300
RERE

o o o
A O O

o
N

BRERREY BRE

(b) =4EE S A REIEMER R A
A 4-18 BRELERRE
M 4-18 FTLLAE H, exploit & explore Hy2: A 3 1 B30 320 vy 1 X A% 48 2 AT BE AL 42
o

4.43 SRR 00T
AN ST B — N S s ) PR R S O A BT — B X o, B — A

%, H— BEGAN, JELZIA N T HREI T AESHI A, 0 S A2
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AL FRARAL, 8T FH PR 2 B R AR 1) IX 3 ALl — > 4 2 1) ) (B R = 47 TRl R BK . 3 BLIR)
[ ANERIG SR T 77 (AT Lo Ml e n sk a5 R, Sebr b, HZERT I S HOR A — B XI5
Wl L J LRI, AN ) S B A T

AN T MR B R, exploit & explore HiEHESHB R, /HHlfE
THEMN =L S HCT A R AT TSR, THE TR S S HE R RIS, =R E
B AR R B R, K I exploit & explore B Bz izt =y T W A% 2 2R FIBE AL 48
K, XRFEEIHIIT exploit & explore HIEAEHH Z I 2 H 1) 18 Pk — Lo 4R 57 1) 8 2 E0as in 2
AR E, AR 7SS .

ZE LFTIR, exploit & explore HiZEX 2 EiE S RN RCRE A AE F G5 R E N E L.

4.5 PHAEARXTB S RN

AN EERT T R AR A R A — M 28 B S HORFE 2 . 25T GAN 1P 458
e o 5 4 T ) 2 S P B T PSR S 33 R P B 2 A, T I 3 A B S — ¢t
T JE 5 EAE P IR BEAT LT, AR /N5 R F R A 7 DU e A7 5 b 0 3K 4 e 1 00 2R A A
SRR -

4.5.1 PR FEARR A 45 R i EL B s ae

FEARRSESH, T BEGAN fEA U 2 IR I T, JF BRI T — NS
AT DAAUET GAN [ A B R T 00 B R 2 BE 1, AR SBG IR L T BEGAN A A SE256 it FH 1R 0 4%

ARSI B AL CelebA, X2 HRETHF A+ 0% I — R NG EE 4L, A5
5Lk CelebA NillZi%E, il BEGAN KA K E% .

B T A S50 78 B PR PR AR 0 SR A s, i DS 3 T AR 4R R AR
REVE, XFET] DU ORI T AN E PP R AR EAT B S B R, fr ik (106 S 300 2 AR TR
1, A5l explore I FEH 53 B A E W SHL Hoh, BT S RE T T84
ZHCE A, RSP SE— € 24 NS 80 m iR .

BT EE RO BN T 2%, ARSI B LR T DU RN AN F8 A5 Xod v WA 55 0 22 P )
#, FrAAR Sz FARA — NS5 B BEGAN P MUR 1R 175 5 AN 2 REVE B S5y .

ARSI, B NERE RS 64 % 64 * 3, £23]%75 0.00008, batch_size HU 16, {L#8
A Adam (B =05, B,=0.999), A =0.001, FREHESE y 151%4[0.3,,0.5,0.7]. &
SCEGFET IS, JS-IS. FID 1 WD #HAT S HAE R, LRSI &R Fabs N im v «

452 RN

R 3 KSR S5 R AN 4-17.

52 3k 71



) X FRAAY

V5
s/ SHANGHAI JIAO TONG UNIVERSITY

&AM GBS RN LR

R 4-17 BEGAN B R GEAR 60000 1K)

PO R bR P i XF Py
IS 0.5 K 4-19(b)
JS-18 0.5 Kl 4-19(b)
FID 0.5 Kl 4-19(b)
WD 0.7 Kl 4-19(c)

O
LR, Fe $ 3 0

(¢) Y =0.7 BB
B 4-19 A FEER 60000 1K)

a-‘._‘

R 4-18 BEGAN 455 (G&E4R 80000 %)

LRI R AN L) v Xf N
IS 0.3 K 4-20(a)
JS-IS 0.3 K 4-20(a)
FID 0.7 Kl 4-20(c)
WD 0.7 Kl 4-20(c)
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(¢) Y =0.7 ZE R E
A 4-20 £ 5B F (GE1R 80000 1K%)

& 4-19 BEGAN 24558 (4R 100000 %)

T TR R L) v Xf N
IS 0.3 K 4-21(a)
JS-IS 0.3 K 4-21(a)
FID 0.7 K 4-21(c)
WD 0.7 Kl 4-21(c)

(a)y =0.3 B A
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(c) Yy =0.7 ZE R E
A 4-21 2B R (5E1R 100000 %)

M 4-17. £ 4-18. £ 4-19 n[LLFEH, 1S M1 IS-IS LA S HER 2 AR, 1 FID
WD B (8 S B AR R B R 2, IXAEEE B R LR AR ), 1S AN
JS-IS FE T2 p(yx)M p(y)Z [AIEE RS, Jf H KL A IS SR AR IR FAHAL, S8 T
IS A1 JS-IS KIS HHE R 45 R AIE . 1 FID A1 WD W #52 4 K Fr LB e 2 A8 B
e T A, AN P — e K 2 B B SR F R P 2 (A1 X0, B AR, RIS S R 1)
&8 JLE N ATt AN AR T .

MK 4-19. & 4-20. & 4-21 ATLAE H, B AR XSS o BEGAN A2 i 1B F #2 A 2%
1, AR, (HRE RS A X ), Sk By 0.3 A1 0.5 BRI G L L v
0.7 BFE S, Hy 2 0.3 BRI TN B ImiE g L. 4, it B 4-21 st LLE
AN I (R RPAR F6 o ol 375 WA AT 22 AEPE N B . IS A0 JS-IS SEFEA A v =0.3, XN AR B B A i
WS e v s AT RO BRI, (HZFEEA R, a0 AR S8 o AR B B AR R A2 AR AR UL 22 P
FIAFNE T B, AR T KA AHE . 177 FID A1 WD &8 1 v =0.7, XA B & A4
b2 A2 AEMEE E A2, A8 AL, AR MR, fE SR A, (HEk5N
FRAE T iAW A v =0.3 BRI, A S i thfg ek L

AIDLE Y, 78 B AR i w] B R, IS RN JS-IS B n ] = T AR s e A e v
ifii FID F1 WD T 58 i) =50 A= ple 1 1) 22 R4

4.5.3 VRS IIAL
YT 2 BTSLHR S5 1S A IS-IS MU E IS M, 1 FID A1 WD (I £ REdE, A iR

—FhPEAN FR A AL BB, B PR FR bR, B X PR EN R Sl k. DLES IS
1 FID N

Cri=1IS (orJS-IS) + A *FID(or WD) 4-1)
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Wz 4-1 froR, AT PR $EAR Cri fF IS A1 FID i@ AR A G2 T —ike, W
SRR GAN WIS m 5 B 2L, WPRE A i/ —28, auSifia 2 RE0E, PR A R —2.
WIS A LK JS-IS; FID AJ LA it WD,

3 4-1 A0 ERE A 2 16 A B P ()37 Wi FEE AT 2 AR PR 2 Talsd e — A A g AT, i 2
A R B S5 ST LA FRFE SR BT 0N B, m] DL ORARR I B 5 A0 22 R 2 TR ISP, LRV FE AR
B0 R

N T IX TP R E, 7ER— BEGAN _Lilt4r y 50048 %, #1777 70000 X
R JEE R LS UK 4-200 K7 A A2 g SR an 18 4-22.

3R 4-20 BEGAN BRI R GEAR 70000 %)

A LRI Y XT R R
0.001 0.3 4-22(a)
0.01 0.5 K 4-22(b)

1 0.7 4-22(c)

M 4-20 /UL, 2 MRN, BSHEHEROERMAEE IS, JS-1S W AR, =
MR, i 2 838 R 45 A X 25 1 FIDWD I B E, 102 A BCE AT o i) () — e g
WS B RNGREEGHIE VIR SR & 4-22 o 1 5866 B2 B R A=
W ATREIR, A BUEAR/M, EFMESE Y = 0.3 XN RRE T SR y = 0.7
M, EREMEA, NBEBORI, EHFMESE Y =0.7 XA RIE 2 HEE 2
Ty =03 WEA, W2y BUEHER, EFAGESE Yy = 0.5 X RAYE RN A 7R i
M FENEZ ) A — L AN A

(b)Y =0.5 =R E
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(¢) Y =0.7 5B A
P 4-22 2 BB (34X 70000 4X)

ME 422 ATLAEH, v =0.5 BB R EAR LI T IEW M2, £ kB AT
J& T B AL () o T AR AR DB BARSE N W EAR UM T, SR T —
IR -

8K, AT AR VEAN a0 (1 BUE Y6 Bl & A A IE, ZEVRST N BE R R4S 575 2 — 2
$2 175, 0] DL FE I FH O T A S5 4R Sk a2 VAL Y5 LA [R) 0] Bm ISy SR 16 PR3, 3 42 AR
Al A ST R TAER — AN 7

4.6 KREINGE

AT T GAN BSHAA T E, T T4E MRS, SR f4E GAN W
FRbRSLEe . R EE LR SO0 AT Fi8 bt #5228 45 SR 52 () 5256

A TSI IR, B ik R B A SRR SL 50 BT FH 1Y) tfgan T HEAL.

& GAN VPN FEARSESR , T tfgan T HAXS YR PEAN TR bR EEAT 7H5 . R85
RN LS ] B AR By AT TSRS, A5 TR B B R CEAN B bR A A B R R AR
IS Al FID 7E G FE ARG L, PO 70 R A i i s A58 QP B AR B AN AR 25 TR A 26
PIFEIREE T o IR EEPENFRFRE PR GAN AR B R i 0 B 0 A 6 — 2 I X, FFHZ
7 IS F1JS-IS K, FID A1 WD vy, AR i B o1 B A s i 4518 o BRI S aR 45 2R
23] JS-IS Wk e T IS, (H RIS T 1S. 6 VP4 75 b B A A R S s i, WD i
RGEEREAR T HoAth =P br

B, IS, UERH T IX YRR RN FE R PR AT IS GAN Az B A 0 b 2 v A 2
SEANTIRE o 258 H B S R AR I s (R R B A AR 28 AR Rl 2R, 2B BT 7R ik
£, BRI 3 KA AR A B GAN AR HEBf 4 PPN T bs, 8 Ik SRIR UE B T IX F oy
EXA B GAN AR dEff 14 B A R AF (R e

EM R EVE LIS, ASCSEEL T MRS R AN R XM O N ESEE R T
A — R RS B R )7 exploit & explore Bk, BEAT 7 SZI& HLAL 7 =R B A0 B
& WEBT T exploit & explore FVEIEFEIIE S A, A AIE R BRI AE T Z & EZ A T1E 4t
(T 75V o

AT T VRN e br AN X S 5 R a5 R nsgm, #7157 SR R AR X AR
B s M A 2 AP B, S, BT ERIR S5 e, R T ARAR IO AR R (3 i
AR T HrH

BT IXFE—ER R QT L LR GAN VRN FEARTE N S B R HEN], F
HEA B R AN 2, PAEASCHTTE 1 exploit & explore 15X GAN A7
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SRR FHLERIETIEM, LI —EA3N GAN KESHIL RS
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FHRE Auto-GAN REZRit5scm

Hf, Wi L&A — e LRyl = I 8RN A SR T R, i auto
scikit-learn JX 48 T H A K40 K bR B E D R UEN, SCRRE RIS R FIBENLAE R, 45
A DU AR AL R G 5 o) SR AR BEAT AL, (X 2 H BI40E S E0R Ak T W AR SCFF GANL2018
Y], BN FRMET AutoML 1= M55, B X T ZRRALEE, 80T [ )4 s 5 404
FIGT . ) 2 40, ARIX IR 55 Hh (A B AR S5 AN e bl FH P 4, AR N BRI e SR 4R 2
AFFH) o M IX RS W2 U 2R 1, 643 GAN WS HOR R B a5 T 5o A 51 Tk
AT, AREA.

ARCHET B = R A VY BN GAN [ VPAN 45 A S 504 R BRI 78, SEBl 7 —A
X T GAN ) E s SHOR I 28 Auto-GAN . G135 Pk s B 78 5 1 DU A AR 48 FR 1 v
SHA R RAEN, SEIL T AR BENLAE R AIA SO R Y exploit & explore %,
e T —E5B MRS, APtz /55 GAN #H17 B LB S H0R T BIEsR e
TREERE S R G, TR MmN LT, RA M TESEE R, REHE RS
AR S, F P R n] DU I n] #0453 2 B A 1) 45 0 BRI 2R 1 T AR

NI 48 Auto-GAN RGBT ALE AR SEHL.

5.1 Auto-GAN R%i& it

Auto-GAN ZGLHA M REVE S RN 4550 B 5 AL =555

B TS0, 2R 88 FE R TE B GAN A L5 DCGAN.WGAN. WGAN-GP il BEGAN,
A5 GAN 45 CGAN Fl ACGAN.,

HWREESMIEN T, R T EHESHCE AR MR, VISR exploit
& explore 5%, HAHPEHLIE KA exploit & explore HikAF— Pk FHIHE S H 20 BN B
1) txt XA BTSSR tfgan AAS, SEHLT IS, JS-IS. FID. WD X PUFPFAN FEAR1E A
R AEN .

SESLRBIA S R T T . AR FR G0k B] BT I8 HA 1) B A0 10 68 2 B 4H & AN IS S5 2 9 DA
TRARIAE . AN, FH Rl ATE D a8 v 255 B 2% 1) 25 F A 2ot 72

ARG B AR R BT an & 5-1.
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E—HBSE FEHIEER
exploit &
* explore&ix
BIFEGANSL
B, I8k
v 1S, JS-IS.
Ewamor || wmems | 1D WO
SEEE VESHEZEN
B R

K 5-1 Auto-GAN RG34 &

W 5-1 i, RRGWIBITHIEFRE S AT LS

(D HpP @217 A GAN FRR ., e, WRITE TR R, BRNE
% FRERESEI RGN, ARG XS

(2) ETHEMBREIEGE —HESH, H AT H BRI X 4L S8 e d —1
GAN HISEH], W EREATIIZ.

(3) f£E— GAN LBl )E, TR EARE IR AE N, X B4R bR
A DU AR ST B 21 () 1SV JS-IS &5, ] DU B AT TIA i A sl s =& P 53 A e SO HAd A

(4 W E BV farR, X &IHES A ST ER, REELRRERE:,
EPE—HB S, B GAN S24l, WA E 2 R R,

(5) WREWRG, REFREER . AT LU ) 5 8 A B U () 25 K AI 25

5.2 Auto-GAN ZZ:sCif

52.1 RGItE

KRGIZATHE GPU Iks5ds b, N linux #4E RS, EIRE Y IERR &S £, IS
F¥H Caffe. Tensorflow. Pytorch Z5HESE, A SCH fE IR )52 H Tensorflow 1 Pytorch i3t
AT, —MRUL, Tensorflow SEHMiE & N H T K8 THE, 1M Pytorch Bt Tensorflow B
KAF i Tge, EsE A& H T TAE.
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5.2.2 REGEARSZH

TESEHL RGN, 25 FE 2 P FPHE 22 (1 14 51 PA & Tensorflow H 32 4L tfgan T H AL A DL K
I RAE, MHEESIU4 Tensorflow I A JETISRE ST Pytorch 5 HAMER [ 27 S HE
B, FETWHPINHBER)Z . BT EEFEZFELERE T Tensorflow 1E N KHELE

BT, AR — DRI, B KNI 2], batch_size 558 7 A&
&, {24t build_model. train. load. save %575 RATBIAI &L, YIZk, INEFI R T
k.

MREETH, B REEE ARSI, N 4E Bk ) S H ) R NE
PRI AL, 2 [ 48 2R 3] (1) dpe D0 1) 2 i 2 5 ARG IR SXof 7 PR 48 2 4 0 ) B A

PR AEN 71, B RN H— R EELI, AT thgan YRS, @IS U
HA P D e T 7, SN AE O B S E ,  HO A  AE D R EE, R e BLE
SCOHAth 48 R HEN

ZHIEITH, £5-1 8K T RGENHEELRNSH. BPa3E 7 GAN 88, R4
PLfE B4 X FF DCGAN.BEGAN.WGAN.CGAN.ACGAN % £ i (0 5B A B GAN;
HARERI PR, L0 mnist. celebA 55 YIZR4EEL batch K/NGE: UVFFH 4B E B, Ak
B R DI 0 ERIRAEER AT, 58T 75 ZIVFAN fe br A S 8038 R 07 %

®5-1 2HHE

SRR SRR ik
gan_type str GAN [
dataset str AT BN
epoch int VB
batch_size int batch K/
z dim int Mgt 7 4
checkpoint_dir str BT CRAT B A2
result_dir str A BB DR AT B8 A2
log_dir str H E R R AT
criterior str RN
search_method str MREE

AL T, ET Tensorflow FRALAT tensorboard, ] LLIE i Vi 25 75 5 15 A4 B Al 25
Frd e 5as R .

5.3 Auto-GAN REZR R

AL R BIIVE 2 SER A R] LLE I A R Gt AT Se L, EA N o, R R R OR R SE
o 2B R BB 7, RS i R GE T St GAN w2 2] 5R1 D 22 ) IREX AN S 5
{puN =

Fol ik 710
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5.3.1 R AEN IR

o, MPEd s rmALERNSH . RGMITIRGNSE, #1473 E S H ik
AR E, B2, RGN AR R 2 B A0 S8 & A R PR FE AR A . B 5-2
F 23 05 1 DU AR PR 4R AR A g4 e, R U R AT 8 S B B H 45 2R

[*] Training finished!
[%] Testing finished!
criterior = 6.276811

best learning rate = 0.002000
best discriminator iteration time 10.000000
total time = 6696.79

(a) IS f8¥5

[*] Training finished!
[¥] Testing finished!
criterior = 2.308072
best learning rate = 0.002000
best discriminator iteration time 10.000000
total time = 6654.16

(b) JS-IS f&hx

[*] Training finished!
[*] Testing finished!
criterior = 7.647928
best learning rate = 0.002000
best discriminator iteration time = 4.000000
total time = 6169.25

(c) FID #E#x

[*] Training finished!
[*] Testing finished!
criterior = -1369.336792

best learning rate = 0.002000
best discriminator iteration time = 10.000000
total time = 6294.49

(d) WD fatn
A 52 EFNUMERENMBESHEREER
RGN IR GAN R8s RABAT T /A7, ARSI E 5-3 Fros.
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» [ Ir = 0.2disc_iter = 1criterior = 0 2018/5/4
» [ Ir = 0.02disc_iter = 1criterior = 0 2018/5/4
» [ Ir = 0.002disc_iter = 1criterior = 0 2018/5/4
» [ Ir = 0.0002disc_iter = 1criterior = 0 2018/5/4
» [ Ir = 0.2disc_iter = 4criterior = 0 2018/5/4
» [ Ir = 0.02disc_iter = 4criterior = 0 2018/5/4
» [ r = 0.002disc_iter = 4criterior = 0 2018/5/4
» [ 1r = 0.0002disc_iter = 4criterior = 0 2018/5/4
» [ Ir = 0.2disc_iter = 7criterior = 0 2018/5/4
» [ Ir = 0.02disc_iter = 7criterior = 0 2018/5/4
» [ Ir = 0.002disc_iter = Zcriterior = 0 2018/5/4
» [ Ir = 0.0002disc_iter = Zcriterior = 0 2018/5/4
» [0 Ir = 0.2disc_iter = 10criterior = 0 2018/5/4
» [ Ir = 0.02disc_iter = 10criterior = 0 2018/5/4
» [0 Ir = 0.002disc_iter = 10criterior = 0 2018/5/4
» [ Ir = 0.0002disc_iter = 10criterior = 0 2018/5/4
» [ Ir = 0.2disc_iter = 13criterior = 0 2018/5/4
> [ Ir = 0.02disc_iter = 13criterior = 0 2018/5/4
» [ Ir = 0.002disc_iter = 13criterior = 0 2018/5/4
» [ Ir = 0.0002disc_iter = 13criterior = 0 2018/5/4
» [ Ir = 2e-05disc_iter = 1criterior = 0 2018/5/4
> [ Ir = 2e-05disc_iter = 4criterior = 0 2018/5/4
> [ Ir = 2e-05disc_iter = 7criterior = 0 2018/5/4

& 5-3 REFFRIIZGER

532 MREERR

Auto-GAN Z Gt %} BEALIE ZR A exploit & explore S i3 ARG F I S B #HT 170 3%,
e 5-4 Fios .

o @® ~ random_search.txt -

0.002 10
0.002 1
0.002 1
0.2 13

0.2 4

0.0002 1
2e-05 10
0.02 10
0.02 4

0.002 1

(a) BN RPNES
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[ NON )  exploit_explore.txt -
2e-05 7
0.002 10
0.0024 1
0.02 9
0.0016 11
0.0002 7
0.00128 11
0.2 4
0.0016 10
0.002 9

(b) exploit & explore H LTk S %
Kl 5-3 FrigSHntx

5.3.3 Al {4k S RO

F BT DLIE i 330 U 38 A AR A (1 M RN 2RI 25 R . P 5-4 iR, B — A GAN
R R AT E AR YIZRI RE R, HR 5% s B B 3 A2 i 26

SCALARS GRAPHS INACTIVE v
4
& Mo B
wen a1 wean2
oo O+ [ dsesn et Const O+ [ onn e caon2 Moo
4
== — s
\
s ——
T
- o
discriminator [ gadems
T s
il
s podons
I,
() B MR L5
SCALARS GRAPHS INACTIVE - () *

Tags matching /*/ (all tags)
d_loss
0.600

0.400

0.200

000 T 000 I
0000 6000 1200k  1.800k 0000 6000 1200k 1800k
DEQ DEQ
d_loss_real g_loss
0300

0.200

0.100

000 i 000 —

0000 6000 1200k  1.800k 0000 6000 1200k  1.800k

DED

]

(b) EHEIZER
& 5-4 RIPRAL ST
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ARG AL FL2 2 5] TR RIE ¢ S8 AT GAN [0 1 S5 S50 TAE, 550 F1
PV SEBLAOIE S0, FO A PR T A A T T, 4 R BUI (3 R 25
FEHRGERAT, OO P A R S R B P RIS 7

FESBRAEFI o, o S DL A A R, 46 T 5 M0 2 2 PR 17 48
i, A ORI TR AT 45 2 7T LB S M IO LA AR, AR ELSET TR IR A T
TRITSE TSN R TAR, S TR,

5.4 KRB

HATH LR A A& GAN FIESHRE TR, S5 GAN 1S H0R o
N, SRR,

G AT TSR, RIS R 2R . BEHLIE R ARSI ) exploit & explore
FIE=ME S AT, It C A 1 IS, FID FIASCIR 1) JS-IS. WD WU pEfi
FEFRVE IR, N & FhH WA E I GAN, A B GAN #4t T —EH 3 KBS
b 248 Auto-GAN.

Auto-GAN F2fit 7 H P8 AT AL A, B s Rm i AR TR AR L9, 2R Al
BRI Zrod Bl vy A R AR . A RREE RAARRANF LIRSS
J AT GAN WSS ER AL LL 26T TR ORI &, it 50 F0 TR AR B e &6 vy LA
7 RAR K BAEF]

AEFENHA T Auto-GAN RFE R BTHEEE I BAARSLL, s T LA,
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6.1 B45

AL EZETAEM R

(D fEAERBINLEE 5 ) EE A SR T B, AR R s B o = e 4%
WHEZHHE, HT GAN Mlgd — MEZRE R, XMERARAE . A%
PEHLER HH GAN PP B AR E A R AEN], SEMAE PPN T GAN fEA R S50 1l
SR

(2) AT T A 1 GAN FIET 38 FE 1S 1 FID, MBS R Bt R0 T e
AIEERIA L, 321 T WM BN 4845 IS-IS 1 WD, i idh 7 28 13 % 7 B 42 MR (0 B sk
VIR B b AT SES, BRAE T DU VEAN i bn 0] A7 B TG I BRI B GAN AR BT A I
THEIEEA — MRS, RBT GAN ARE R riE, v LMERIETT GAN B# 250t it
PR HE . I AR H JS-IS e e thE T IS, H REEA L IS, Wit SLiiEwW] 7 FID M
WD 7EVFN TG & GAN BEIPHRIG Bl 5 2240 T IS A1 JS-IS. @it bed, gl et 2 v
Wi Wb P O A A R SRR, WD I REE BB T Hofl = Fh 4B 4

(3) ARSCEE R AR B S AR (B S R B 4 AT SRS, UERHILA Y 1S,
FID FIASCHEH 1) JS-1S. WD #RAREMT & A I GAN h A sk B B AR % . 2 e, A
SO AR ZEHER A AT B GAN BJ— TR VP FE AR, 2 H T bR SR 2R (1T 5 7 7

(4) RSCFBET AW HFES IR 15 WIS RAMENIE R, ERF LR
LS R BOE AR b ad e S0 PU AR T P RO AR o R I AR A 2 SRR F A K, T UERAIE
R B e S50 A B LI s BENLAE 2 0] UK & D I R4, FF HLRSHE 20 i it mT
DR BB S EUA S, MM m ik, Eiet L e s iRk,

KRICHHEH T exploit & explore Hi%, X P RN BT B & %, ERIRFE T
T S5 BENLIE R AHIE, (HE 1) explore i F2 0] DA A EE S 40 IR IGET ) A, $2 8 TS50 )
i i . ASCK exploit & explore FVEAE G MG R . BN RAEEFE A0 AR
UL HERRR = A5 AT T LR, 3 H exploit & explore Sy 3 (1) S 500 70 A7
IR AL S B, A R R IR R A v T A R AL R, E T
exploit & explore 5V &—Fr N RL, #HEMIE S EIE R %

(5) ACHIREZE., ZOMTTERERE TXFE—ERE: WiE—E GAN HHESHMT
WHRG, HETHED GAN KN TR IR E B S EBEE RINAEN], 72455 1 250 (8] i 5
PR, WMRERRWESEA G . A, RSO R T RPN FE bR R IR B S 40T
H0 BN B RN (], HEWT 1S A JS-IS BN E S M AZ, 1 FID A1 WD SN 24444,

P T AR AL AR TE B 3 2 AT Pl . 2498, TEVEM R bs xS uE FE sz -,
AR AR PR S8 3 2 43 A BRI, 38 75 B ORI S 58 4 R4S 21 o] SE B 4518, (4R bR AL
SEARK TR S BOR A = .
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(6) HEIMm LR AAENE N GAN KIS E st TR, AN TIRFTHREER XL
B, XX — 8, AP T —E GAN W HZESHMRA RS, Sl 1S, Js-
IS. FID. WD iXPYFf GAN BV FEFRE NS HE R AEN], SCRE T &S %R BEYLY
Z 1 exploit & explore Hi%, X GAN S E AT A LR .

FHBERERTALERNARS: R XFNAELRESH UM LR ENE RS GAN,
H AR B RIEWY R, S A BTN LTI, B34t 7 ar
AL ) G 10 T 25 B R0 2R 4

XFER— R G0 DUN B 52 bR ) TREABE 7, 7 N SR TR $2 4 GAN I &
FESHA TR H P el DUEE % R SR 38— AT S5, W R 240817 B 3)
AT 2 (1) S HOG 8 2 BN Fris O OORZE /N, g6 N TR, B3ERNES 5, Mtk
A THRAE RORIRT 1 S HOR 5 8 e AL 1%

6.2 RREE

GAN HIVFAN FR bR AN B ShA LS 2 21 # R FE W AR BT 18], H T TR AR 2 1)
WFAKFAIR, HATEAAAE A — 2 n) B Fy R Rk — 2 7t

(1) 1€ GAN WP FRbR, W ARSI S HEE RAEN J7 1, IS A1 FID S {2 W
P AN 5] 1) S8 %, A SRS B AT IS HURE R Wasserstein P 25 5 3875€ 3, £33 T JS-1S #1 WD,
I HAEAT 7 —SeS2I0 B 5T 1 LR PP F8 FR B0 2 A (HELAE I TR AT GAN PR FR AR it 1%
A BRI IR, AR T & MR R BR WA BEAT B AR ERAYE, A ST X FRAE T
Tff I PR D) 8, SR B 1K 23 SR AR AR A PR 4R AR IR D7 R o, B DX R 7 1658 2 g
SRR o f PEAR B VAN R BR N 1Z B (RIS S T I RE | ASE QP R AR AR A It . H R,
WA S A GAN AR — > 5 H A 10 A B =2 2N A HR S8 VRN 4R AR Y, 75 SRR Be e
FAF BN M. T #EFR GAN FPEN FEAR

() EESHHERNAAITH, WIS RAEENAE R A T A S5 N T4k
WATESEAL, WM EHER R R AL A UE S BRAEEREAERE THN—&
exploit & explore 5.y%. W4, HINEHLEZF ISR EE TR AT 2 %E, learning
to learn FUEARSTIF T — M HAEAS 80k FEAE GibLes % ) 7 &AW st N A
UL A 2 R R AT S R A, FER S 2 S R o B A AR LSTMP 4%
TTVERBEAT A B B S AP B — SR R SR 55— AN I W 28 R AT S B A R
— MMRAEQHT I, [EATE R AT B L, S R ALEs S ) LR B B E A L L
—3, GAN HJIZRd B LL B H i, WS EER T Inw 2. VE#F A 85 2L Re g it 7145
FIE A GAN W MmE . . eSS EIE R IT%. 4%, A THRS R I 2
— BRI SR IS, A BERORBEE AT SRR N S ECA DR A, BN E AL,

(3) ARICFArLIMM) R G R AER GPU BT SEHLE, 404 0 A ik 5 m] DUOCK#R Tt
F%, Tensorflow F] LA % GPU iz, MHAMEA VAT LAk A H A 1) Tensorflow
7t Spark I IZAT, $ RGHE B A BERE £ FS EASTH ) S = A E AL
R LIRS, 1 exploit & explore H.y% H T M ATIE B S ER B 2 i R
M45 3, ToiE#AT 58 1A 3, (H0] DUE A batch 19 EAR, —RIAIR 230 LGB S804 5,
M SEIER 5> A N R G, RN TR A BE IO 88 < (A A vh, AR RGP A T
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. WA S N E .
(4) AL ARHEAE ImageNet Hdli % X ACGAN #HTHE L. 2018 F T ICLR )L

V£ SNGANCTRIFR 2 #5280 45 4 v] LUR eIz AN I B, A8 1 B o B PR e . (i T8
B TAEMAHS chainer HEZE, ANREEFEBIA S TAEF 2, WPk X Ui L/EF24E 2 Tensorflow I
FaEE M, FEZFRBEEZMBFHI IEERBXERGY L, ILRGENEE
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Sl — B 155 77, AFHEAL B DR AR T8 i I — TR AR s 0 10 2% 71
BRRE 22 SIHEZR—TE TR, B2 5 BB oGk, 22 SIHEZE, #EAT S8, XN R (8 Ok
KTVFZ o JIF ] FOX 18 SR I AR+ 0 HEG, (B3R e IR IR 2 S At
SN AT L) — M A, R R H T RAB SRR

FEERBL I R FME A SMIEFEN A AR R 228 T F 2 VR 2, ARTIFLSE I 7T AR
AEFTT R . BOSHBATT B SRR TR S T DU, B SRR T
AP BRI TR 2 IR0 AEUEF KT AR, 18 Fevr RS Al AT 2o !

AN BT AR BB R DY 450, BRI S0 R A8@ K= sk A & Jififl
FRERFIEVIRZIN. 5KZ MR R WS, —BEMBHEATR, EREHRIN
AR A AR SR T o BB SUE I, 1R ST T LR, R 2R
%o RZIMRBHAT 7 MEIAR T, NSRS M 1 GPU TR BT 5 S R Zh IR
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HYPERPARAMETER OPTIMIZATION OF
GENERATIVE ADVERSARIAL NETWORKS

Generative Adversarial Network (GAN) is invented by lan GoodFellow in NIPS 2014. It
simultaneously trains two models: generative model G which transforms noise to generated data
and discriminative model D which tells generative data from real data. During the training
procedure, G tries to fool D and D strives to distinguish fake from real, which is a two-player
minimax game.

Rapid development of deep learning model makes it possible to extract features effectively.
Combination of GANs and Convolutional Neural Networks(CNNs) makes GANs useful in
Computer Vision(CV) and Natural Language Processing(NLP) tasks. Having strong ability to
generate image data, GANs is widely applied into image-to-image translation, image style
transformation and many other fields, but suffers from unstability. Due to structure and training
procedure as a minimax game, GANSs’ training is much more complex and unstable than traditional
machine learning models. Futhermore, different hyperparameters can contributed to totally different
training results.

To address the problem of GANs’ unstability, a large amount of GANs, such as WGAN, LSGAN
and BEGAN are introduced. These GANs change loss functions, training methods and model
architectures in order to make GANs more stable to train. But researchers from Google point out
that after conducting large-scaled study, they find none of these GANs is definitely superior to the
original one.

Comparably, demand for finding the optimal hyperparameter becomes more urgent in GANSs’
application. However, nowadays most researchers can only tune hyperparameters manually, which
is very time-consuming. This paper conduct research on automatic hyperpameter optimization of
GANs and implement a hyperparameter optimization system: Auto-GAN, which can obviously
improve the efficiency of tuning hyperparameters of GANS.

The main contributions are as follows:

1. We introduce a novel hyperparameter search criterior for GANs. Different from the loss
function in traditional machine learning algorithms, GANs’ evaluation criteria are viewed as search
criteria in our system to compare GANs’ performance.

2. We introduce two new evaluation criteria for GANs, JS-IS and WD and compare them with
the existing criterior: IS and FID.

3. We introduce one new search algorithm called exploit & explore algorithm, which can
obviously improve search efficiency.

4. We conduct research on the role different criteria play in GANSs’ hyperparameter
optimization and introduce criterior tradeoff to keep the balance between sharpness and diversity
of generated images.
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5. We implement a hyperparameter optimization system: Auto-GAN on TensorFlow. Based on
four criteria and three search methods, Auto-GAN can tune hyperparameters for a variety of
unsupervised and supervised GANs.

A hyperparameter optimization system of GANs consists of search criterior and method. In
traditional machine learning algorithm, loss function is often taken as search criterior. However, loss
function can’t be the search criterior of GANs because GANSs’ training is a minimax game and the
optimal solution shows Nash Equilibrium, which is much more complicated. This paper takes
evaluation criteria of GANs as search criteria instead in order to enhance the quality of generated
images.

The existing evaluation criteria of GANs are Inception Score(IS) and Frechet Inception
Distance(FID). The definition of IS and FID can be found in 2.2. Inspired by Jensen Shannon
Divergence, we introduce two new criteria: JS-IS and WD. Traditional search methods include Grid
Search and Random Search. Grid Search means trying all the hyperparameters one by one to find
the best one, while Random Search chooses hyperparameters randomly to enhance efficiency.
Inspired by Genetic Algorithm, we introduce JS-IS, WD and exploit & explore algorithm. Trough
experiments we compare the performance of evaluation criteria and search algorithm we introduced
with traditional ones.

A reliable evaluation criterior of GANSs should be able to evaluate sharpness of generated images,
mode collapse phenomenon and label accuracy. Up till now, researchers have not reach consensus
on GANSs’ evaluation criterior, and the performance of different criteria of GANs also has not be
compared. In this paper we revise some code in tfgan tool to compute criteria and train unsupervised
and supervised GANSs, respectively on digit dataset MNIST and real object dataset CIFAR10 to
compare the four criteria. Generated images and corresponding criteria values are shown to compare
relation between image quality and criteria value. Trough large-scaled experiments, we find that all
of them are helpful to evaluate image sharpness. Benefiting from mathematic properties of Jensen
Shannon Divergence, JS-IS can remain useful under some extreme circumstances when IS becomes
invalid, showing stronger stability than IS. FID and WD are more effective than IS and JS-IS in
evaluating mode collapse phenomenon. WD performs best among four, both in evaluating image
sharpness and mode collapse phenomenon. Experiment results are shown in 4.2.

In addition, all four criteria fail to evaluate label accuracy. In this paper, we use a classification
model trained on real data to test the generated images and take classification accuracy as label
accuracy, which is effective in evaluating label accuracy. When real dataset is very large, training
classification model may take lots of time. We recommend to finetune a pretrained model, such as
ResNet pretrained on ImageNet dataset. These pretrained models can be accessed on open-source
websites easily and fine-tuning is much faster.

When it come to search method, we implement the two commoly used traditional search methods,
Grid Search and Random Search. Grid Search can cover the whole hyperparameter space but is
time-consuming, while Random Search can’t find the optimal solution in hyperparameter space and
is sometimes unstable.

Exploit & explore algorithm contains two procedures. In exploit procedure, similar to Random
Search, it selects one hyperparameter randomly, trains the model, evaluates performance by
evaluation criteria and keeps record of the best hyperparameter and corresponding criterior value.
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In explore procedure, if the current hyperparameter performs better than all the previous ones, a
small “disturbance” will be added to this hyperparameter. After disturbance, a new hyperparameter
is added to hyperparameter space. Through two procedures, the quality of hyperparameter space
can be improved when searching hyperparameters, which can improve the accuracy and efficiency
of hyperparameter optimization. Detailed description of algorithm is shown in 3.5.

We apply exploit & explore algorithm and the two traditional methods to tune hyperparameters
of GANSs, both on digit data MNIST and real object dataset Fashion-MNIST. Exploit & explore
algorithm is much more efficient than Grid Search and accurate than Random Search.

Useful hyperparameters of one specified GAN on one dataset often gather in one or several fields
in hyperparameter space. Therefore, if the chosen hyperparameter lies in these field, this trial can
be viewed as valid. Both in two dimensional and three dimensional hyperparameter space, exploit
& explore algorithm outperforms other two methods obviously in hyperparameter distribution,
validity and accuracy. 4.4 shows experiment results.

The role different search criteria play in hyperparameter optimization is studied by training
BEGAN on CelebA dataset. IS and JS-IS prefer sharpness, while FID and WD favor diversity of
generated images. We introduce criteria tradeoff to keep the balance between sharpness and
diversity. Through changing tradeoff coefficient, sharp or diverse images that meet our needs will
be generated.

Now some automatic machine learning tools, for instance, auto scikit-learn and AutoML, can be
used in traditional machine learning and some deep learning models. But all these tools are not
suitable for GANs. We implement an automatic hyperparameter optimization system Auto-GAN
for GANs. Considering TensorFlow is the most popular framework in industry, we develop Auto-
GAN on TensorFlow.

Auto-GAN resolves the parameters including GAN types, evaluation criterior and search
methods. Then it searches one hyperparameter and trains the corresponding GAN model. If the
current model outperforms all the previous ones, Auto-GAN will record its performance and
corresponding hyperparameter. Based on four criteria and three search method, Auto-GAN can tune
hyperparameter automatically and efficiently. All the generated images and search results are saved
orderly in system and users can view model graph and training details through browsers.

With Auto-GAN, researchers can tune hyperparameters of GANs automatically, saving time in
research. They can also combine Auto-GAN with manul search, which is far more efficient than
pure manual search. So Auto-GAN is quite useful to researchers work on GANs. Futhermore, Auto-
GANSs is also easy to extend that researchers can define their own model or introduce other
evaluation criteria.

In conclusion, this paper introduces two novel evaluation criteria for GANSs: JS-IS and WD and
one novel search method: exploit & explore algorithm. JS-IS is more stable than IS and WD
performs best among four criteria. In addition, we suggest taking classification accuracy as label
accuracy when evaluating supervised GAN. Exploit & explore algorithm outperforms traditional
Grid Search and Random Search in hyperparameter distribution, validity and accuracy. Finally, this
paper implements an automatic hyperparameter optimization system: Auto-GAN. Able to improve
efficiency of hyperparameter optimization, Auto-GAN is very helpful to researchers working on
GANS.
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