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Universal Steganalysis Based on Few-shot Learning

LI Da-Qiut, FU Zhang-Jie’?, CHENG Xu!, SONG Chen?, SUN Xing-Ming*
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Abstract: In recent years, deep learning has shown excellent performance in image steganalysis. At present, most of the image
steganalysis models based on deep learning are special steganalysis models, which are only applied to a specific steganography. To detect
the stego images of other steganographic algorithms using the special steganalysis model, a large number of stego images encoded by the
steganographic algorithms are regarded as datasets to retrain the model. However, in practical steganalysis tasks, it is difficult to obtain a
large number of encoded stego images, and it is a great challenge to train the universal steganalysis model with very few stego image
samples. Inspired by the research results in the field of few-shot learning, a universal steganalysis method is proposed based on
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transductive propagation network. First, the feature extraction network is improved based on the existing few-shot learning classification
framework, and the multi-scale feature fusion network is designed, so that the few-shot classification model can extract more steganalysis
features for the classification task based on weak information such as secret noise residue. Second, to solve the problem that steganalysis
model based on few-shot learning is difficult to converge, the initial model with prior knowledge is obtained by pre-training. Then, the
steganalysis models based on few-shot learning in frequency domain and spatial domain are trained respectively. The results of self-test
and cross-test show that the average detection accuracy is above 80%. Furthermore, the steganalysis models based on few-shot learning in
frequency domain and spatial domain are retrained by means of dataset enhancement, so that the detection accuracy of the steganalysis
models based on few-shot learning is improved to more than 87% compared with the previous steganalysis model based on few-shot
learning. Finally, the proposed steganalysis model based on few-shot learning is compared with the existing steganalysis models in
frequency domain and spatial domain, the result shows that the detection accuracy of the universal steganalysis model based on few-shot
learning is slightly below those of SRNet and ZhuNet in spatial domain and is beyond that of existing best steganalysis model in
frequency domain under the experimental setup of few-shot learning. The experimental results show that the proposed method based on
few-shot learning is efficient and robust for the detection of unknown steganographic algorithms.

Key words: steganography; steganalysis; few-shot learning; deep learning
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AR 2 1 A TR 5 R e e i RS, [, R e M A — S R T LD TR R T £ A R
K. GRS 2P A BRI et e R AR AR A e B S, I, SRR B AR I 432K S K
KO B AR, o e R R S AR SST &, A II ZRd R rh B A5 B IR A B L 4, 2
TPl R 1 2 AR o 1k 7 K 2 PR AT R AAE 4R B R S () R 1 5 R R AE I 4R B BT LI BLAE A T
1x1. 3x3. 5x5 [ 3 A% [F] I % 0 7 0k 22 P kAT A0, AT 40 B AL el Chollet %5 A HIB®, ) 43 BE 6B A] 76 A
[ oS B AE BT R, AR T 2@ IERHE R B KR FE MR BUR & &5, MR 42 RERER&
TR, $52 RUZEMRE . 7] 70 B8 AURFE LA 95 J2 1A e 7 ik 22 R AR AT 2 ROBEARFAE R 75

B 5 20 HT R ALE 512 B 20 B i i — A0 R 0] il T 8 81 1) 22 RORE R R AL JEAT R AR R N SR A AR A WO X 226 52
o1 4 MBI R 7B R k2, s 5 Fios.

C puER G | 3x3x64 Batch ReLU+
FHIE(X) |1 CONV 7 Normalization > MaxPooling
3x3x64 Batch RelLU+
CONY Normalization MaxPooling .
| 3x3x64 N Batch . RelLU+
CONV Normalization MaxPooling

1028GERHE [ £, (X) e Flatten -

KI5 A FEACE A RS 2 BT R AR IR\ T R0 2%
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FERFAE RN T B2 M % h, AR 3x3 B, b — LB i Kb b ek, 8
IEPE 5 TR R IE RN T 4G, Al 3 R A MR 1 22 R RS R AEEAT 45 B 2RSS TR R RN B0,
ARG BIREA UG FEAR S [ 225 18] P 1 024 4ERFAE 17
23 LHEAEMEEE

KBS MR IE SR G A 15 200 1 024 HEFRE [ A S BIH IE W28 3N, AT 75 210 0) B i) it 52 G T
I E L S8 o IS K 1 F A% 0 TE T3 B3R IR B =57 s 2 (A1 FE 2 AR R B, a4 Fom: R U
NS (R A LG S RFAE 4 5K MR . 4k 4 5K EME, — L 8 SKEBREAR. 1X 8 Sk G FEARD Ay 8 AN 2, iX
8 AN AU I B8 S 4 M R AE SR AR AT 31 8 AN R BRFAE 7] & I 48 A 18 30 0 1 S BT B IX 8 AMRFIE M) &
PP a s e, WA (1), FEE JRE R a2 1) [ vy 7 PR S A3 SRR 8 AN A IR AR AR

W, = exp[—ld (f‘/’(x‘) ,f(*’(xj)]] (1)
2 o; o;

]

AT S H o F T A RGE R N RENER, TR iZS 8, SR AXEES TIX 8
AN R B RN E . W 6 PG TSR A T o2 U B ZR i — N LA
fH, Mt B SR EAE R WA IE — DM TG I, AR TR 2D R R R I R 515 BT 40 1 &

1 1
AREEAERE W R, P % AR B MR B 0T IE 4k, BP S =D 2WD 2, Jrp, D RIRABIEAEEE W I BEERE, XF it

SRR A B 1 2 s AT S, A R T AR R A 8 I 0 /I SRR 2 A 8 749 2 TA] ) 288 P B 0 DS 38 K S
RN A A 4 T R K )

3x3x64 | | 3x3x64 | cocemmmcmeoomeooeeoe

CONV | CONV b
ffffffffff | C L Flaten®) ——p g
DT (%) — | e . | \
) ——a — —_— oo 1 (£() ()
i f,(x;)=—®> | Normalization - Normalization 3 3 / Wu:eXp['Ed[ wa wg.
! L Fate®)  —— g o o

RelLU+ 3 ReLU+ 3 lL 7777777777777777777 [ i

MaxPooling : MaxPooling ‘

Bl 6 R4 A B S o BT B A 1 7 45

2.4 REEBSHRKITE

TEAS BRI SR B2 AE B T, 3t AZE A0 B B v 25 719 A T P 20 8 B S AR, 4 SRR &1 s A 25l i
EF PR A LA AR . A7 A X WA (2):

F=(1-aS8)™'Y )

Horb, FORAESR G MRS FERE, S A IEMIAb ab B3 ) SEHEAE B | R ERALRE RS, a b8 tE iS4, BT
ERETEHae(0,1); Y NVIMEREIEFE, VIEIRZSHERE Y Fl F 22— N(N<K+T)xN FI5ERE, N ERFIpEE, K
RENRIFENEAYLE, T 2B N RENENFEANE. EREHEMEY I F f, 78RR CRENE RS
PR BIREARSE,. ORI AR BT E R R AR 22 1) one-hot s, 171 25 1) &8 (147 1B =2 X 4% 1Y) it H
1, ¥ 0. DFEARRRS 73 P 45 5 B 0T A% 3, @ AR i A UGS, EWET AR EHMaSE R
. O T 5 R R RS A SRR A ) T bR 28 I R SERR S IR B AE, A softmax K B BTG KRR 2 A
FE F AT REZRAE I 3 4, a2 (3):

exp(F;)
> exn(R))
ARy B REREAR TGRS, F B2 524 S0 58 5 (0 bR 20 b

Flyi=il)= @)
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P TOIRRA 5 BT bR HE AT 20 SO A 52, T 45 B B AR A9 S0 40 K9 K, A R (4):

J=-3 Y log(P(y; = i) @

AR@) Iy REMEREARNIUEAREE y] {00 R, T BERE T Beidont 2347 35 B0 35 1) 2
BB, H UL

3 Lm54%R

31 BHIEE

FESEIG v, D REAE RS A BT R RAE T B Kingma 25 AR 0 Adam AL 2807 B (A48 2 S =Ny
1073, WALtk S B ot B o 0.99. # ik BIG A4 % EI% (1) Batchsize %0y 20 MREA, R4 HFR4E 5 MREA,
B 15 MEA. FEDREARY: S, FREEA Batchsize A—MER. 0 K HAE 4 5 AN I 5236
By 2-way 5-shot, — 4y 2 HAGESCFFE N LA BEAR I SLI0 B B O 2-way 1-shot. 7EA LI SEIe b #H, Z3Jili
T 2-way 5-shot I 2-way 1-shot fISEE. K IIZRIT 2 8A BE M E R BENATEL, AR5, EEMER
VIGRAT, RN 20 AMFEARSZ PP [T, 4 K3 F B 20 ASFEAS, BRI SR Em i 45 1. SLi-F & 1
fit B 25 Windows 10 #:1E &4, GPU Jy NVIDIA 2080Ti i K, P74 16 G RAM, CPU 24 Intel Core (TM) i5-7500
SISy
3.2 HRESIFNIER

R LR T LI A MR BAE R, S, S5 SRS Bk, EHUT Bossbase 1.01 HAAKE
18 A 3R 1525, Bossbase BHE SRS S T 10 000 3K HAR B, © 2 Fa S AR B 5 40 Hr 450 % 1 1)
HEUERARE, TIIHTRES MES SR is iR £ —. A5 H HUGO. SUNIWARD #1 MIPOD iX 3
2 I & B e 5 HLVE X Bossbase UHE AL AT R S AE, BRSHRNZEN 0.4 bpp. 13BN 3 Bl E &M RS
AR B BRI RS I SR AR 2 % % 450 5 000 3, MR SE ARt 2 4% 5 000 5K MR, &S Aisia 5 51
Hk, EELT ALASKA2 (0BG FEVE AR ME . ALASKA2 (0 R 15 $ 85 425k H S 47 11 ALASKA2 E{%
Fa 5 o APk i 2, ALASKA2 B EGEHRE S E 75 000 kA G EE, EEE+ 10 000 kA E G E
%, K IJMIPOD. JUNIWARD. UERD iX 3 il k& 5 Sk e A7 A0 B Y BRSO RS 5 4, RN 0.4
bpnzAC, JEPG G )5 & K14 95. ¥ B IZRER % BHE A A 815 &8 5 000 sk R, [RIFE, it
RN R BG AN E EHE &9 5000 5k, J34h, 9T XD REARRLE S B RS BT M0 464k, 1% HL MinilmageNet
PGSR S SR 3 A7 12 (1 T 25, MinilmageNet 48 452 ImageNet $dRE £ M —AF28, R ETTHTAOFEARE
TR HMT 5 AR v B 2 — B8 B M ImageNet H B ML) 100 NRAARL, MK 600 MEAR. 5
Gb, TS o EAR N B D REARRR S TR BN ISR, 28 BR KNG — 1B 256%256(1% ).

® 1SR HBIRERR
Kol g BREGR)  mEE EBRE ERAMBE) K

Bossbase 1.01 10 000 8 YIRS 256x256 PNG
ALASKA2 75 000 24 EH 512x512 JPEG
MinilmageNet 60 000 24 FHE 256x256 PKL

— B T VA0 B S 20 T BB (6 1 BE 4R AR A IR S R (ERR) 3 1 1 R (ACC): iR R AKRIL T a5 4 A 151 2
TERS S 43 TR AT 55 o () HE AR ME 3 A IR, VAR SR AR I I 2 B 5 40 T A 2R T 18 [XC 2 0 A TR G 80 2 R4 14 3
FREER. ORGSR AR DR AR S 2 A BB (R MR RE IR 4R AR, B TR B A0 M sbr B e T3k
fE5%, WA B B R VE PR SE, K oms UGS AE 9 B 6. T A FUI00 () PR A B AR B PR R A B 2
7 BT BH PR RE AR RN B A A B e R LR IR 26, G A 30 (B) BT
__ TP+TN ©)

TP +TN + FP + FN

Horp, TP ACR TN ) FCPHAE AR, TN ACR TN () 50 A RE A K, PP ACER T () (52 FH AR A K, PN AR T

ACC
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(A BH R A B i
33 LWHER

T AT BR S A ML S5 I RTAT M, AR SCIEREL T 6 B R AR M 1 A R AR 1 S R S S
HUGOBDP ! SUNIWARDM I MIPODM !, UERDX 2 JUNIWARDM I & IMIPODM 3 47 5256 43 #7. Fl HUGOBD.
SUNIWARD Fl MIPOD iX 3 i 2= 38 fa 5 A 43 i 0T J5 46 %k & BossBase 14 A A% =036 B BHR HEAT (5 B RN,
AN 0.4 bpp. 5 13 B A B S R B S 1808 MR, WX 3 Fhas Sl B 5 B2 e 5 1) 8 UG 43 i) 5 0
LR AR 45 94T SUB #:1E, 153 3 185 21814, 7£ BossBase &% 4t AR &L B K& & 7(a) iR, X 3
ol 2 ok 9 55 A AT K I 14 28 4 PR ORI i s 28 Ak P 1 2 T ) ke 2 PR A B 7(b) — 1 7(d) o, 2R Auld, A UERD.
JUNIWARD X JMIPOD iX 3 Fhitie & 5 AR 73 A0t BR AR 2k ALASKA2 EHE 2 AE ik i) %t R 72 DCT
BHHTE B, #HAZE N 0.4 bpnzAC, JEPG FG IR &M T8 95. ftJa, [FIFEAS BIAS[F AR i 5 R X} B
3k 2 G, XX 3 P RG 5 Bvk BR S 1 3k UG o0 Sl 5 56 I ) Bk G GHEAT SUB 4, 759 31 3 MR sk 2 I
8. 1 ALASKA2 % 0 % 12 AT s B R 6 UG 0 B 7(e) BT, 3 3 AN AT B 5 AR T %ot o ) 3 2% PRl 45 R it
IR G 2 I [ ik 22 PG ) 7(R) -1 7(h) BT,

(a) BossBase (b) HUGOBD (c) SUNIWARD (d) MIPOD

(e) ALASKA2 () UERD (9) JUNIWARD (h) IMIPOD

7 BossBase J& Alaska2 15 2 A AT =35k HX I 799 i 8k A ] 5

7 Fra: BORES S AR, (R I H b NS AR NS S B i 2 S K R A
U IR B X8R, B BB ) 5 Je SO R 2 (X8 S B, O 1 R GETk A5 o 1 e 2e, DA 1) 3 B
SEEW NI R ERSUNIEIN: 8- NS SR Suks S LNy =R ]k C A S PRI A= By VS EE D, NI it 1S
L FRE AN, BRI IR S Sk R 2l B e AL 5 K DCT R BRI A 5 2, (H2KEA DCT R
A& DS A 2 o T b S5 M 37 2 A 2 S e 7 DX v RS ' SR 2 4 R B A B o R s I i i
FrbE B e A SIS S R H AR B U (80 RS KRR, RS, AR XSEE AR, Wil
AT DX 30T 5 B R ALE A 8 AN — B, I 5 A8 5 ST B AL 15 VR R A2 S0 A 4% XS A 4 i 2 — B, 0B
WRPURIE R TR TR, HEME S B B — e R — X, profER e b, @ X5 2 R
A2t 3 P R B 5 20 B i 25 A0 B0 R RN B 5 0. AR SO Bt A D PR AR B S) p M SR S B B B2 (D FE A
B 5 2 BT AR TR 25 27 513K 0 13 I B 5 R B B S SRR AR AL, T AT DA 2% 5 B Y 2R 0 A BE A B S 0 BT AT 55

£ 53 730 FH AT AN 2 38 5 Kt S g D REAS I B 'S i A A B HEAT IR 2T, ¥ S 0T S MO AT T 046
. wra e Jr 22 A MinilmageNet 2l 826 A FEACHE F B2 5 0 I R BEAT BN SR, BR 7R RN SR R
MSHH 5 BN 2, NGRS HBEE 5 SAL R M 22 b i A — 50 0001 453 R 0 4 20 0 353 2 A 1 8 4
2 &l 8 pros. Wil 8 Firax: =0l Al A ACIE AT RS S i B i) T A% G ) D FE AR 2 AL 55 (2-way  5-shot) Y,
BERIAE 10 4 epochs HIYI 2R s RERS ZIWEL. 2k O 245 BE i BN AT IR LG B /D BEAS B 'S 20 A B, it
MOZBEYIL KRS IR . FEBLIERE I, Gk SR AT SIS0 23 3800 A% 38 H B 5 20 A A L P 1 .
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— ftracc = |
o ) 84— val acc —_— —

B8 /DFEARRRS oM B TR 250

N} A B A B B S A A AR, 43 04 IMIPOD. JUNIWORD. UERD iX 3 FftB& 5 $ 98 4338 1731
&, N&ERE 3 MARMERS B, i, =0 Am RS 5o a, 451 /H MIPOD.
SUNIWARD. HUGO ix 3 a5 $de 317125, %5 g 3] 3 AN AR M s b REA B8 S i A, i
9(a)~ E 9(b)FizRn, BRI T AR = ke S A AT R ISR 45 R B 9(a). Ab) M hKI4E R T
JMiPOD 1 MiPOD a5 £ ¥m S I g, i X b mr LRI, ASCH D FEAR RS i B T e 5
P AR, FATENZAINE 50 NMER AT, BB EARRRE / BB A C 27 s s, HESS 300 AN
GRECIRIE AT I, AR AR U HE A 28 DI T AR T At A AR B 5 A A A B R AR I 2RI 38 50 MRS A4
HSL, HAESE 300 AN NGREC IR A AT, 434k it 4 A vk ff 3 il 2808 A7 AE K FR BE I BN I AR

0.9 :
— tracc
¥ w 0.9 — wval_acc
Z0.8 0 — tr_loss
- —~ 0.81 — valjoss
=
0.7 EXX,
2 >
£0.6 g 0.6
205 B 0.5
& w 0.4
S04 g
£ £ 0.3
ko3 5 0.2
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Number of training epochs Number of training epochs
(a) Fisk (b) =35,

Ko DHARRS IR g

BT RN FE S, DAER 3 AN DFEAES A R AT B A SCIR. IR e S A il ik
LR AR 2 R 3.
R 2 PURERS 2 Hr BT SE SO 45 2R

B 55 7 7 A5 71 EUE R 5 A 2-way 5-shot (ACC)  2-way 1-shot (ACC)
JMIPOD 0.86 0.53
Model-JMIPOD JUNIWARD 0.81 0.51
UERD 0.80 0.52
JMIPOD 0.82 0.51
Model-JUNIWARD | JUNIWARD 0.84 0.53
UERD 0.83 0.52
JMIPOD 0.79 0.50
Model-UERD JUNIWARD 0.83 0.51
UERD 0.84 0.52
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R3O ARSI BRSSO S R

B 55 7 7 A5 71 EU&Epf S AR 2-way 5-shot (ACC)  2-way 1-shot (ACC)
MIPOD 0.89 0.51
Model-JMIPOD SUNIWARD 0.87 0.50
HUGO 0.88 0.50
MIPOD 0.89 0.50
Model-JUNIWARD | SUNIWARD 0.89 0.50
HUGO 0.87 0.50
MIPOD 0.90 0.50
Model-UERD SUNIWARD 0.89 0.51
HUGO 0.91 0.51

B 2 FIFE 3 Al A0, 76 2-way 5-shot SEI6 1% B 1 /0 A% A% B 5 A1 (1 15 30 A0 52 SR (1 ¥ 35 HE A 28 43 il R
0.847 M1 0.813. RRMUHERGFHALILS] 0.80 DA I, XIEDFEARMHFIATLSH OE R —NRIFMEE R, A0
T % L0 2-way 1-shot /> REA S 4 B R HISLH, 2-way 1-shot & 76 ST R RE AR HUA — A C AR 2 I RE A 19
THEO T BRI A, MR RAER 2. R IMEJE oI, X B, 0T AR 8RN & % BUR 1 o i R Bk
ik # 0.50 LA L.

T AR D RE AR RS 4 BT A Y I PR IR R, e R A 0 1 =X R U R T AT A 3
RGBS AT AL, B AT SIS g5 R, 7R AT A B SR B T D RE AR R S A BT AR AL A AR X
TR A R I N RS BOR AR, ARG, I R AR PR Iy 2 SR R ARV TE 1 R B S A T AR A A )
PRI 0, Kk B ok M BE S 4 IR & B 2 500 5K G L T IR d s B 4. I R 7R AU B ol 4
ik 7 UERD FI JUNIEARD X P Fi g 2% G, 7E 2 38 42 kit T MIPOD Al HUGO iX i fi fa 5 R 5 1
WHEER. QIR F MR REIR RS, BRI T SO I B D REAR B A RS A, B R
BRSSP R NAR R NR 4. BR 4TI, 905 00D RE AR B2 S o M A5 28 T V8 2 S AT 5 55 R B
PERE, &0 BRSO GE AT T — e B . FEALR ST 2-way 1-shot 1556 1 B, A5 AL (KA I 1
REASEI T B B IE .

R4 BRI R D REAS RS o AR R A R

[ 5 5 BT AR Hi&ERM S A 2-way 5-shot (ACC)  2-way 1-shot (ACC)
JMIPOD 087 0.61
Model JUNIWARD 0.88 0.59
(UERD+JUNIWARD) UERD 001 080
Model MIPOD 0.89 058
SUNIWARD 0.87 057
(MIPOD+HUGO) HUGO 090 §oe

Bea, A SO 15 3 20 R A8 BS540 A AR 2 43 5 5 B A0S AT 2 35 ) 3 L R S e BT AR B HEAT T L
B, WES5HMESG.
K5 SHUE K IHEE S B TR I 4 fe X L g5 51

PErS R THEER far il AE 1 % (ACC)
SRM“? sur\\mvﬁRD g;gé
XuNet" SUI\VI\:SKRD 8522
YeNet™! suma/ﬁRD gggg

YedroudjNet!4 sUI\\IA:SVﬁRD gggg

ZhuNet"® SUI\VI\:SKRD ggig
SRNet!"" SUI\VI\:SKRD gg%
OurModel SUNIWARD 0575 gag 22223
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R 6 S RBUEER S 7 B R G U RE XS EE R 45 2R

B 5 oy B AL ka5 R A0 E 5 % (ACC)
XuNet-JPEG™ JUNIWARD 0.802
PNet!*t JUNIWARD 0.757
SRNet!*"! JUNIWARD 0.824
SCA-SRNet!*"! JUNIWARD 0.866
OurModel JUNIWARD 0.880 (2-way 5-shot)

M S IR LEEE R AT I 5 H AT A 2 3B S B R LA, A SOt (D BEAS T ¥ A 2-way 5-shot SE5:
BLER, Bk 7 ZhuNet Fll SRNet, A5 7 4G S 2 400 o T /D REABRS 0 Mt Y. ik 6 mI%n: 5 H il
JFH BT B 5 73 B S A L, AR SR e AR S 70 M J5 ¥ AE 2-way 5-shot S35 B L H AT A5 1280 52
Pk,

4 7
BT SCHR B 7E IR RE AR K S 4y MR, 2 28 226 ] MinilmageNet {4 &2 ) 15 700 HE4T T 25, i 700
SEAAFNYIEA. X T HIZod B b, ASCiE T 10 FmBx b sese. K 10(a) B AR HEAT I

%, HEMRSEIREEIGDEARE AR UIZREE R, B 10(b) s il i Bl 255 1 H B 'S Sl SR
AT A A R I ZR

U' 68  — t.r_ar.c
w 0.9 — val_ace
% 0. 65 3; — tr_loss
- |_E 0, B — wvalloss
= . o
3 0.62 S 07
el — tracc =
5 0. 59 — valace | = 0.6
= — trloss 5
< 0,56 — valoss [ & 0.5
=0 o 0.4
£ 0.53 =
- E 0.3
L 0,50 ©
= 202

0 50 100 150 200 250 300 0 50 100 150 200 250 300
Number of training epochs Number of training epochs
(@) AT IR ETS (b) JE kN gk

K10 ASEAT B S 25 AN i 1 5 s 2R )l o R AR 0F Ll

M 10(a)mT LAE i EABEAT BN ZRERAE RS, I G AE AR S 70 A A5 0 2 38 2 AR AN WA S5 i 1) R, B
SRR AE R R S AE 0.5 B R sl BB AR ME N PR B 0.60 iiL 2l TP e s, AseinlE 10(0) A FE,
LTGRO T R 0.2 BT, AR 10 ROXSELGE R bl DA R HE e A DA KRS o M B R 22 i
WZRILRE, TR AR RO AN BE RS 2 5 3 AT AE 55 X2 BN D REAS IR S 20 W BT ) 46 1 ) 020 3R A5 04T 1
B RIIRE S, IERMLT N AL SR L AR AT, B8 ERAA M A S0 FR. DR S 247
BRI LG DR G RAEF 25, W THT RIS DS 4 s E a7 i, iR —JT dhmt
R REARRR S R B AT B2 S o WA S5 Ik, it 2= 3 BUBE R A 08 4k 45 25 50 T Wi A 30 s 1) A, RIDASE 7Y
(K3 VI 5408 % 1 26 PR B A2 B e B KT, AR DA RE AR5 I o TR M. X — i R IR B2 2 ) 5 70 284 55 B Tl
FDREA P RAL S F, BB AL S R A KB B B BIAZ 1 R, X2 dRE I eSS — i EE S
RAES5 122 55 BT i 5 11

KRS 20 BT AT 55 S BT bt R 70 SRAE 5%, ANl e o) ik PR AN 3 RUR EAT 70 S — 0 AT 55, B0
V] 45308 o 7 8 PRI v I N ) S B8 3 e 7 7 A, 3K 3 BSOS TRY 7 SIS PR K e A TETAR A 8 F AR A 2 ) 7 7 8
WP PR RFAE 2 (8] — 7 T, Rl TR 7 (KR I 2 8 1, BES J MT A Rl  EJT i b B B 2 ) R P R
i, JRAE T AP B %A 5 W 7 (KRR AL 25 80, 55— T, SRR IR OR 3 IR — i IR AN AT 2 (1, 3
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P A BB AR B R AR A Sz /b T 2 T RO B (R 9 AR AL, I T B0 SR AR AE AL 1L R AN T 3R G 2t B2 )
FUR A RHE R THE. BTEL, ASSCHR K A FEAS B 5 0 W A R A A0 B A 1) 155 35 P T ZRBRS 20 #2348 1RO Mk JE
FU BRI 2R B S 0 M 8 BN ZRADFEAR 2 R ERAT 2. L SCIG IO E, A F TN 240 46 1 1) T ity SIx /b 4
A5 3 TR R R I kR B O B4 .

N T SR UEAR R rh B R AR AL BREBUBEBR K A 2, ARS8t T B 1L R (K0 s Bg, 18T 1) o 2 Bk
FRAE SRR J5 (K D REA B S 0 AT B R I 2R S5 2R, 181 10(b) B D i A7 R Al 3 OB BRI L AL I Rt 2R

TS 0. 90

= i e

Sos - A

E 20.70

3 0. 604 d

5 50,60 . '

i U oy 2 i

] Sg 5ol e Ml T Tl

2 0. 50 Eh ™ a M,

g S0, 40 M, e

E 0. 454 E ]"J. % .

k- - WA Wi

5040 40.30 bt Pt | BT Y

+ Ioss d Ui

0 50 100 150 200 250 300 0 50 100 150 200 250 300

Number of training epochs Numher of training epochs
(a) ZEBRRFESREUEL R (b) A FEAESR BB S

K11 2R il 4 OB RN A5 A R AR $2 U B (1 2 A 3)1) il A2 X L

ME 10(a)r] LAE H: 78 L BRd REERHMESRBUS SRS, IIZRAT B (R 2 i 5 I8t T 0.7 BUF, BN
TARAE T P2 0.40 ftin /& in T PR3, Wi AR B 11(b) it A0AE, 8 I Il 2R 45 o i A5 2 ok i 22 U 8T
0.8 DLk, #MAIF A &SR] 0.30 LLF. B4, MWE 11(a). B 11(b)IXT Eb s el LB B E e B4R
PRSI, 52 1) AR 2l 2 AN K i 2R 10 A2 SO BL T e BB I — e M 5, X UL B R IE SR X
W R W SR FE IR, FNGRAERE IR, G i 11 s i SEER3E, A SCHE H I4FAE SR BUBL et T
DREARIRES N IR S 0 BT AT 45 2 3.

5 REERE

ASCE RS T E A RASE S B RS i Hk. R KA HOKOR AR S A R S A 80 R 1 DL
T, DRAE RS M T A R R AR IR S S S AR S SRR AT A R AR M TTEE T A [
MDREAR N AL IR b, B TR IO, G R EE R IR B N 2 A BT R AL
2 RO RFAIE il A A, o/ B A 3 AR AR S U 22 (0 BRS p  R AE F  68 T MR P  22 2 59 15 2 1 0 2R
%o 3AN, R A REAS RS S M B R A I SR R UL ) 1R, SR T ORI 7 R R REAT ISR 1. X
G 7/ FEAS I B S  r RE RAE BEAT A RE A BRS04 55 VI RS S UOIE A P TR 8. AR SCHR L £ 2 B A 3 D
53 77 0 AT LA Rt R T SEBR A B S 2 Ml AR 5%, IR A A T e ek R e, ORI E XS A
Ei=S7E-0

ASCHR B JT R R D REAR S S B T RS MRS O IR, SRR R R, A SUTELE A
BT RO IR REIE AT TR, FE5 R IR T, et — 0 i v b BEAE FT K2 S 0 B 7 VAR SRR AR ST N
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