RAE2EHR ISSN 1000-9825, CODEN RUXUEW E-mail: jos@iscas.ac.cn

2024,35(11):5163—5178 [doi: 10.13328/j.cnki.jos.007044] [CSTR: 32375.14.jos.007044] http://www jos.org.cn
O EBLEABE PAFRT T RRBUITA . Tel: +86-10-62562563

IRCGN: BT S S M E SR AR MEE ARG
%[3 ?123 Eb—(%l} % {A123

TR AU S EAR S b, ¢ D1l 243032)
(PR A EE A O N AR TURE, 2B A AT 230071)
B T TR e 5 22 4 TRERE e b0, 28 Dl 243032)
JEASVE#: FBWN, E-mail: xzheng@ahut.edu.cn

W E L TIMNEAKEFELLE 3NAH %‘r#’ruﬂ' |2 MR A BEEEARN ‘? —-/\7&5@#9&&'&%%%1‘% . %A%
Y AEIMERGBEE, 2R HEBRL. BAEAL-BES ﬂ‘a—ﬁﬂy%@ BAEIAN T HER S KL
FREMIZ, SHEFERRELEMN Hﬂ‘ﬁ’d{%%)iﬁlﬂ m r‘?ﬂ*&% VRS, %Fy ez E?ﬂ A B A 77«2432#1 %2 —2
I ATBE AR T RARR, A48 A A 3738 S A M SRR A9 )RR, Mo, K % 2A 89 z AU B AL EA M T iR AR
AU, AR F I IR FLZIBHENY 0, AL BHROBBEENRARAE AT iﬁ%/}& X o 5] 31, 42
—H A TFE%xENA %ﬁé#ﬁvﬂd ALE A T E AT ALE A A &R 3 A R R BEE, TR 7R CAIAR
T E A AL AR A AR, 38 148 R R BB R, BT 3R 75 ik T vA AL AR AR 235 B NALE e 4 AR, SHEUT
o F e A AR R 6L ,M FAR = AN 6 BBE I Bk, A B — ARG AR 6 BB 4, AT
BIAT TG B, KB A R8s R, Pt 095 i 0 B4 T IA 097 %, SR T A RAT M 469 K EAL
7 A %é’-%@ B AL S A 6 TAE.
FGER: BB AN B K, FRE B N T BALE A R
EF!;H%%?: TP18

RG] A AN, TAGE, B8, IRCGN: Fl T =i 200 2 W0 B B A e Asn il (1) A jie a0 4% 3 1F 244, 2024, 35(11): 5163-5178. http://
www.jos.org.cn/1000-9825/7044 . htm

B3 5| F#%2: Zheng X, Wang QX, Huang J. IRCGN: Generation Network for Effective Multi-view Outlier Detection. Ruan Jian Xue
Bao/Journal of Software, 2024, 35(11): 5163-5178 (in Chinese). http://www.jos.org.cn/1000-9825/7044.htm
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Abstract: Due to the complex features of multi-view data, multi-view outlier detection has become a very challenging research topic in
outlier detection. There are three types of outliers in multi-view data, namely class outliers, attribute outliers, and class-attribute outliers.
Most of the early multi-view outlier detection methods are based on the assumption of clustering, which makes it difficult to detect
outliers when there is no clustering structure in the data. In recent years, many multi-view outlier detection methods use the multi-view
consistent nearest neighbor assumption instead of the clustering assumption, but they still suffer from the problem of inefficient detection

of new data. In addition, most existing multi-view outlier detection methods are unsupervised, which are affected by outliers during model
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learning and do not work well when dealing with datasets with high outlier rates. To address these issues, this study proposes an intra-
view reconstruction and cross-view generation network for effective multi-view outlier detection to detect the three types of outliers, which
consists of two modules: intra-view reconstruction and cross-view generation. By training with normal data, the proposed method can fully
capture the features of each view in the normal data and reconstruct and generate the corresponding views better. In addition, a new
outlier calculation method is proposed to calculate the corresponding outlier scores for each sample to efficiently detect new data.
Extensive experimental results show that the proposed method significantly outperforms existing methods. This is a piece of work to apply
a deep model based on generative adversarial networks to multi-view outlier detection.

Key words: outlier detection; multi-view data; semi-supervised; intra-view reconstruction; cross-view generation
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Lfml Z Z EX()NPX(XU)

i=1 j=1,j#i

o WL — SR SR Lo O T R e S I A R K 1) — B, R P PO RS AL DG B K P B A E A

(6)

‘ E(liéj) (X(j)) A E(zi;_j) (Gi‘”” (X(”)) i

D1, (X)L, (62 ()

@)

2
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BI — BUPE SR SRR AT — SRS L G £, RARES L R AR B BB, TR, P =24 A 0L F ) S s X © A
AHE (XU = G (X)) Z IRV L, B BRI R P — SO A k. B A AL Pl P — B4 ok 2 A

14 v
£=3 Y m

BB o0 MES § VU R ECR X0 (0022 FAFE (20 = £ (x0)) AR ECR 10 %2
IRVRFAE (=107 = ES (X0)) 22 1810 L, DR S M 4 R4 0 PSP 2. R 4 40 P 4 P 2 B2
st XU

| X0~ GO ( X(i))nl (8)

\4 \4
L= Z Z Exi_pu(x) ‘ E® (X“’) —E (Gﬁf’j ( Xm))Hz ©9)
i=l j=1,j#i
AN @-23(9), IRCGN LK) H bR # £,
Lg — Lim] +£Zml+£ian+£llan+wcon (Lion_’__[:(czon) (10)

HH, weon RV £, FEBH—FVESR ST A H b R B AL S 4
23 BEEERE
2 LI Bt 1 A RO P B 0 = A R O RIS 2 O A IR 15 U2 A — Sk T 2 L IR B R A 55
SR, — B TR B 1O 26 0 P A iR 2. R P i AR AR A A £ T 2 Bl AR 78 2 ) 27 > B RFAE R
R, AR —ANET B RHE TH S T7E, AT PO IR B X, THE S BB . SR TR E I
Soullier (Xt) = SC(X1)+S(1(X1) (11)
Hr,

s.0=3 3 [et

i=1 j=1,j#i

s.0-3 3

95 541 B LI A R 5 RO PR 8 S 103 Rb B B 1307 P B T RN L3 3 R 0 B .

o ST TR BOREA: T T TE 85 RS LI P 3852 ) 26 R IR KR AT, AR IR0, T IR R AR
R LA — e, MR TT B AR A M — BRI e 2 55— MR, DR, T3 R AR O WL P 3 A48 5, RIS
L AR5 S, AR, DR B BE 55 S s BN

o TR B BT TR BB S UL L5 K B IE 3R A AT oL, LI P R 2 e S
Eﬁ%zﬁﬁ R, @@@uﬁz%ﬁ, SR T B ROV A A4 S, . BB BRE A4 S e BOK.

X(/) E(l ) G(r ) (X(ﬂ)) |2 (12)

13)

X(') E(’” G('” (X")))

2

EFZ%*’I\HJ, ST B R S, . BB B S e K.
o TR BB T R e B R RN R R B B ORI B R, S B0 B89 5,
BRI A 25 5. HOBE . BRLILBSREEAI A8 S e BEK.
IRCGN S0 AL S B 0% 1,

BOR 1T v R AL I R RS PO AR PR P B S A 400 R A ) 4 57

Input: multi-view training dataset X, , multi-view test dataset X, , number of generator training iterations &;

Output: X,.’s outlier-score.

1. Initialize (G('”() G (): DM (), D““())

i=1,j=1,j#i *

2. repeat
3. forn=1tokdo
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4. for i=1to V' do

5. for j=1to V' do

6. if i==j then

7. continue

8. end if

9. Update (G(f'j)(-);fo)j(‘))iv:l’f:l'j# using Equation (10);
10. end for

11. end for

12.  end for

13.  fori=1to V' do

14. for j/=1to V' do

15. if i==j then

16. continue

17. end if

18. Update (D (); D" (-))l.vzwzl.jﬂ using Equation (14);
19. end for

20. end for

21. until convergence

22. for i=1to V' do

23.  forj=1to Vdo

24, if i==j then

25. continue

26. end if

27. Calculate X,’s outlier-score using Equation (11);
28. end for

29. end for

30. return X, s outlier-score.

24 MRHEE

R SCHL ) TRCGN HIPR L7 5 4 56 T B02% 1. 2R 1E 7 45 B B 12 0 PR IR KR bt 1 4
L3I, 76| e B PR G LA T AL 58 (Adam) SRAEALASCII B ARBIBE o T HRE VI R 2 i, 1Edg —
B IZRA SR I K VA PR 2R IR 1 VORI 58 IR U, Y6 B A U N B 50T e 22 o,
P45 BT 7545 A A T 72 R S B 38 2 R 347

CHERE MBS (G (G O) L IR N, A S i E BRSO A S (10),

=)

Lj=1,j#i

S ERDHIAIR WS (D D )| AR R, A B R L, A
Li=Li+ L] (14)
\4 \4
£ max(Ea o [l02 D (X0 + B o [l (1~ 2 (627 (x7) ) a3
i=1 j=1,j#i ¢
L= 3 D mas (oo 08D (X°) |+ By oy [0 (1= 2 (G2 (%)) (16)
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3 £ 1§

3.1 XWWE
3.1 HEEHEE

AFBAREEH IR 20 B BB S0 o BRI Rt 22 40 B AR AT B AL ) AR AR 2 DL— 2 1
BUATI AR LA 3 bl TR B o5 1 22 A0 R B . AR SCUS 22 BT T4 (LDSR™. NCMOD! ) Hh iy 7 i st Bl A
ATACFE, IR T AT VA B s 4 RO 42 MNIST. TTC, BAITHIZERE 40 5K 784 A1 7 507. 4 T BEIAR
B AL ) 2 B SR A, B SR TR R IR AR, G AR AR 3 A i VMR AR, Feh A TR
BL—AAE. 2 JG AR 3 PR B BB i, 7R 2 BB P RS 2 A8 3 DM RIE N IER 287, 8 T1EW
PR AR H SRAE S R BR 45, )T 287 X L B a2, 15280 B, A OB R i BaR £ 8 8
NIRRT AR, F R I ZREE 2 R AR, X R St R b &) T3 B U & R brid B 42, X B 3 Fhas Y
B AR A MR P AR R X TR A A LR IR R AN AN R R S50 R BE AL B AR AR, TE |v/2) P
HHAZ B AT R IR ) &, 7E AR A B R R RS, ST R MBS A5, 5 LDSR A B0 FH B LA AT B e AN ],
AR NCMOD (177 2, A <R #2887 v B A L4k B PR S SR 5 3 a8 1 1 A o BT A R R AR Il B X RRY
BEALAE 5 1 A REAE 1 X AR, 5 BRI B A 25 20 AL . 56— 2 J8 M B o, AR IE % 28 I AN AN TR
728 1) HR BTG B A% B, 78 [v/2) W0 B HR 22 3 e AT B R AIE 1) 2, 76 300 5% P 0 P w0 P < B 2 o B A LARE A F 71
AR ERHAE 7] B AT B 4.

S TR AR, IR SCHR [16], HRERMIEN 6 AN T4E: () 2% B BB, 5% MBS, 8% MBIk

BB RN AR S 1 7 SRR R IE A BAR AR R - 4E, 40, FH M-i SRR MNIST R EMEE 1 148,
F T-ii KRR TTC BHEEME 2 ANT4, HF DL HE, Jlid 8% 3 Fhss i 5 09 L], mT DA Loy 47 792 B 5 IR e
R E) 3 Fh e MBS L TSRS H I, 0 TR RIRE ARSI EE 2, 4% MNIST A1 TTC Al 78R MR AR 7 )] i
B>~ 1000 F1 100.

3.1.2  XfETE S TR bR

# IRCGN 7515 8 MUEM T3 (HOADY, AP', MLRAM™. LDSR®. MODDIS!"Y, NCMODM"", IFP,
GANomaly™) #E4T Fe#%. Hoit IF. GANomaly #2 S A0 B B0 B AR (K01 QF M 72, 6 e AT P SR 6 B B 08 ]
JiAE Z BB Bk RE. S T R OR SN R AR g R A, 4 2 AN R P PR B e e A — R
EIE NN HOAD. AP. MLRA /&S0 Ik, Toik by B2 3 sk 3 ANULEE. B, AR SO — %
P RS AT B BEE AT 2, SRS G BT R B 1 (L AF 40 A AR R B B B A o (A = 2
MLRA TGy b EEAS R R B 4 FE A — B L. X M8 752 7R — & 2.4 GHz 128 GB WAZII RS 2% HI21T I, 1817
R854 Python 3.7.

TV FE bR, ASCRATZ AR AUC, B ROC i 26~ TH AR A 5 22 4 B B 3 p A Wl Sy (i 1k i, o
AUC 88 = 22 BRI S8R . Dy T 3 SR B30 AL R 1430 31 LA SRSl Fg B AL, %o TR — S04 4 8 5 AR B S0 IR i,
FTHEFTR JEAEIX 50 MRS b AUC [P 3SME RIFRE 2.

3.2 STEESCIRLER
3.2.1  KEREXTEE

£ 3 AR 4 R T AR IRCGN 5 H At b 75 VA 7R 4 2 IR SR 4 F IR v RS (AUC {8, “FH{E+

Wil Z2), BeAE M4 MR R, o, A TTC B 45 (1 W W0 EUREAE B9y 531 0 3753 T 3754, MLRA 1ERA—
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Tl T vk A B AR 4 P AN R AL B 4 S A — BURAR I 5 v, KR4 RS —RREB. K3, R4BERHER,
IRCGN TEFTA FIBHRE AR B B HAd BT A 1 572, IXUER 7 IRCGN 18 = 45 2 00 B B 3 s Al b i
M. AR AN BRI BRI R AT A7 E 22 37, T RE I R AR TTC Bm AR M4 FE i &, IIGE AR D, LRI &
RO T, AT S B0 AR B 2 A SR e 2, A Tk B AR, b, X6 Al — SR AR A 6 RAS [R] LU A 14, A SCAITR
HH) IRCGN BIAT I BE#FR A2 . 1% /2 (1T IRCGN AT LA RcH HE w48 BHs 5 1 IE W B0 A 1E, BA A — 8k
HER 3 il 22 10 B B B p S AR 25 2 R i ok, S B B (A8 i .

R3 0 TALE B 2 B S 1 e
Dataset IF GANomaly HOAD AP MLRA LDSR MODDIS NCMOD IRCGN
M-i 0.628+0.017  0.812+0.020  0.514+0.086  0.935+0.010  0.897+0.010  0.902+0.011  0.806+0.024  0.926+0.014  0.973+0.005
M-ii 0.607£0.021  0.824+0.017  0.495+0.060  0.942+0.009  0.902+£0.011  0.898+0.011  0.798+0.022  0.913£0.017  0.978+0.004
M-iii 0.633+0.018  0.822+0.018  0.499+0.098  0.901+0.013  0.864+0.018  0.883+0.012  0.790+£0.025 0.912+0.014  0.965+0.005
M-iv 0.613+0.023  0.845+0.014  0.494+0.057  0.916+0.012  0.865+0.013  0.886+0.011  0.781£0.022  0.890+0.019  0.975+0.004
M-v 0.631£0.024  0.846£0.020  0.516+0.092  0.858+0.017  0.830+£0.019  0.856+0.015  0.758+0.027  0.873£0.020  0.962+0.004
M-vi 0.625+0.021  0.854+0.015  0.524+0.085 0.866+0.016  0.827+0.019  0.857+0.015  0.726£0.023  0.865+0.018  0.968+0.004

T-i 0.548+0.081  0.508+0.076  0.513+0.105  0.649+0.072 n 0.558+0.074  0.562+0.082  0.603+0.078  0.728+0.075
T-ii 0.549+0.065  0.511£0.085  0.520£0.089  0.654+0.070 - 0.550£0.072  0.568+0.068  0.611+0.058  0.698+0.067
T-iii 0.568+0.079  0.514+0.082  0.480£0.117  0.665+0.070 e 0.528+0.083  0.597+0.062  0.619+0.077  0.760+0.070
T-iv 0.570£0.067  0.491+0.072  0.511+0.087  0.657+0.085 g 0.513+0.093  0.597+0.070  0.627+0.074  0.714%0.091
T-v 0.577£0.073  0.489+0.066  0.505+0.084  0.640+0.074 = 0.490£0.080  0.617+0.074  0.646+0.062  0.7210.076
T-vi 0.597x0.080  0.528+0.081  0.500£0.107  0.650+0.086 - 0.502£0.080  0.627+0.084  0.640+0.084  0.752+0.070

T4 =HUE ST 2 A0 K SR A I 1
Dataset IF GANomaly HOAD AP LDSR MODDIS NCMOD IRCGN
M-i 0.650+0.020 0.8060.019 0.513+0.105 0.915+0.008 0.868+0.013 0.774+0.025 0.888+0.026  0.981+0.004
M-ii 0.616+0.022 0.786+0.018 0.5200.089 0.917+0.008 0.859+0.014 0.776+0.024 0.868+0.027  0.979+0.003
M-iii 0.653+0.022 0.841+0.018 0.493+0.069 0.881+0.012 0.870+0.014 0.765+0.023 0.899+0.019  0.980+0.003
M-iv 0.612+0.023 0.797£0.017 0.501£0.049 0.893+0.009 0.852+0.012 0.739+0.026 0.870£0.021  0.976+0.004
M-v 0.643+0.021 0.852+0.018 0.506+0.078 0.847+0.014 0.851+0.016 0.745+0.026 0.878+0.027  0.976+0.004
M-vi 0.627+0.022 0.832+0.018 0.503+0.057 0.853+0.015 0.848+0.015 0.726+0.022 0.867+0.024  0.974+0.004
T-i 0.555+0.087 0.508+0.073 0.497+0.086 0.627+0.087 0.586+0.076 0.580+0.079 0.612£0.079  0.714+0.066
T-ii 0.560+0.066 0.509+0.092 0.458+0.069 0.650+0.076 0.562+0.073 0.586+0.065 0.637x0.055  0.695+0.063
T-iii 0.579+0.074 0.520+0.084 0.492+0.088 0.654+0.077 0.584+0.075 0.617+0.069 0.644£0.062  0.748+0.060
T-iv 0.578+0.067 0.503+0.070 0.478+0.072 0.648+0.083 0.553+0.086 0.606+0.069 0.640£0.065  0.7250.077
T-v 0.591=0.073 0.497+0.068 0.473£0.072 0.636+0.081 0.548+0.078 0.632£0.066 0.649+0.062  0.731+0.068
T-vi 0.605+0.081 0.525+0.084 0.481+0.094 0.649+0.100 0.567+0.082 0.634+0.087 0.650+0.062  0.757+0.071

B T T SRR gy R R 11 22 A0 PR R R AR I T VA S B AT R B v 4 B 4, 5 SR (175 AP LDSR.
NCMOD WA AR5 4 i v e B SR U, BT B BT 3 SR W 7 v VR 4 2 0 B B0 2 T A — B, &
U IF A1 GANomaly 3X 75 /> B A0 1 10 B RN 7 V2 7E 2 40 BB A P e 22, EL M Re BE AR B 5 8 1k o o 110
EL B AR AT AR AL, o T 22 W0 I B AR M 7 v R, AP 7 0 288 B B LB B AR T B 15 4y, (B B M e
LI R B2, JRFTE T AP R RS 28 S 5, TOvA il e B v S 3 /5. MLRA 2 —Fi g B M M E S
T s R 7 92, TE SIS HAN T J0 i AR A T4 4 2% LDSR FIFH 2 W B 7 25 [ TSR3/ 18 T BF 4 R,
(R 5 EAT R BE T 2R U7 vk, FE O VA SRR M I A 4R I BUR A . 5 HOAD. AP, MLRA. LDSR ix%¢
T8 I AN — B B AL PR SRS A BRASI B BE A  EE AN ], S 5% (MODDIS. NCMOD) K2 F 2 40 ¥l — 5
14418 SRR 15 ok Ah B 3 A TR S 4t M IR B 4E. MODDIS S22 58 1 AN R 5 4 22 X 45 o7 F 1) 22 400 P s s A 1100 7 9%,
B 22 A B A G 3 — AT AE I S R A ), (R B B H AR R AS R AT S SR I, SRR I AR 25, AR
(1 IRCGN ¥4 T BRI A0, BRItk o] U E B2 AbFE B TR 18R 4E. NCMOD & it BARE MM E T &
I 28 1) 22 A0 B B ORI g 2, LA P 1 3 e R 0 5 0l AT B 4, 380 2 S — AN B IR AT 3 R 25 ] Sk s Y v
Y HCHR I B L (B LB R TE B, A5 5 o) I R R 25 B S B B R A RSN, TR AR R SR I 1) . 7E IRCGN
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Hh R T R AT R R VI 2R, R T DS A O R O 1) 4 A, G 2 B RS S 0 R, RIE T R
U FOAG I 1 .
322 mEBEEHIEX

9T Pl IRCGN iy 12 8 230 4000 1) B 1, AN SCTE B i B AR O BOR 4R AT 5206, 3 P B s BT o 1 Ll A9
AL, B R R A BB RN 5% B 25% BN, 2PN 5%. Wi 3 BR, IRCGN 15 FT A B mi L 26 SR IR
F A7, BRI A 5 ik R 0 R0 B A A 0 1 i BRI A R, IRCGN R $F1- 4 Fase . IXTE T
TR 75 1 i K ARG TN 8 717 R KT vy 20 2R 50 ) 5 e . AR SCAIT AR HH 1) IRCGN A2 BB (1 U v, A I Sl 5 5
TARAF 0 IE R AR AL AT VIR, 7T LAGBE S 29 B U Y5 e, B0 Al 118 1E 5 R (R AE.

1.0

0.8 —

\
%'k\ﬁ‘*\“*-~*\k‘ﬁ

0.4 -~ HOAD
—+— AP
MLRA
-= LDSR
0.2 MODDIS
- NCMOD
—— IRCGN

0.15 0.30 0.45 0.60 0.75
Anomaly rates

K3 mEHREREL

AUC

3.2.3 BRI N

SN T i A B T A R R, AR SRR I AR R 3 S S B A SR AR B R 4, SRER X FUTE A TRk
IO BRI DL T AN RIS R T35 38 B A2 o ke WU B 1] (50 AN Bt A2 ok W B[]y AR B2 (AUC {H, P35 {E PR
#EZ8). 75 MINIST ¥R 4E [, 15 Je 50 5008 42 R 3 B 42 i L9 il 402 9:1, 78 TTC iR 4R I, W 2 16 B0 45 Ao
BEARE R LLEIR 7 11 (LRI R R T ORIEE 2% 2 NARE A, g Ria e ). RS, 5
A3 BARFAG IR 4 5 S BRI L], 100% AR FAEAT I S0 36 Kt A 1 JE Atk AT B B 48, R 31 100% 3%
ACRRIHT BB L. 3R 5 BR, Z BT HITE R 2 5T 20 E — S KR AR &, 1A LI SR 4R M i ol T
Ko MRS FE B, (RAEAL I S ie B SR T, SOE R T A ZE E S A, 5 B0 R AR, A 1 IRCGN 7]
DA B B2 6 T4 B AT AR N, A AR RS WD P 11 [ IR AR ) R B AR . e 4h, BB AR TRCGN 75 2 — s[RI [m) 2R 475
OISR, (H T Ze Tt B 2 if, IRCGN AN TR Z B B I, H BRI 2 B2 1, 7T LLIa I 25 2k I 2R B3 EE A
RS H038E G AS 00 ZE VI SR 0] e Ja Al 6] e 400 PR 0 22 W0 LB, 7 T F A 7 5 48 L 38 S [ A 25 0 A 00 -
£E0T, IRCGN R R BN — IR, K-+ F5E. TEINZRET (8] b, A SRS ) — W B MNIST 04 42 Il 2Rt [0 2y
2943.972 s, M TTC EHEERIIZRIT 524 1 224.846 5.

5 AR E 0 AR A R X
MLRA LDSR MODDIS NCMOD IRCGN

AUC Time (s) AUC Time (s) AUC Time (s) AUC Time (s) AUC  Time (s)
M-i (100%) 0.897+0.010 1133.821 0.902+0.011 1392.096 0.813+0.022 2586.228 0.929+0.014 94608.144 0.973+0.005 47.567
M-i (10%) 0.820+£0.048 141.918 0.789+0.059 68.655 0.716+0.078 2525.970 0.559+0.109 9867.783  0.974+0.021 38.693
M-iv (100%) 0.865+0.013 1030.633 0.886+0.011 1379.657 0.782+0.024 2583.166 0.891+0.018 93502.872 0.976+0.004 45.308
M-iv (10%) 0.773£0.057 143.901 0.778+0.069 69.239 0.695+0.084 2525.532 0.545+0.104 9880.363 0.978+0.012 38.278
T-iii (100%) - 0.528+0.083 360.332 0.59440.064 3981.012 0.619+0.077 2291.995 0.760+0.070 54.140
T-iii (50%) - 0.529+0.012 92.915 0.565+0.121 3965.244 0.560+0.128 1195.180 0.740+0.108 48.213
T-vi (100%) - 0.502+0.079 359.703 0.619+0.083 4000.608 0.640+0.084 2287.717 0.752+0.070 53.912
T-vi (50%) - 0.505+0.010 192.901 0.618+0.111 3967.437 0.608+0.117 1198.816 0.754+0.102 48.637

Dataset
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33 BSHBURMEST
3.3.1 WEAgERE T

AP 23 (A B 2 P e XSS B B 2. PEAR I B, RN A B MR E g E .
T 5 W0 PR A A, 5 B P A A — O P R A 30 1 e A i A R, T DA AR FD 8 2 AV 4 B o0 B L. TR AS
[ 448 B AU 4, 5 B Sz i AR TR Fy v s 1AV 4 B T 4 P, A SR RE RIS, U TR B AL 8 (0 ) S A Rk
AT B BA B AT 4E RS FEUE RO MERE TR, 25T Lo, B8 2SI 1 4EE m W BN EIR 4 R 40
1) 5%—10% Z [A1ECH A .

r M-i 3 0.76 -

——M-ii
0.96 | 0.74 +
0.72 +
0.94
&) o 0.70
:<DC 0.92 =)

<068}

e[ —— Tiii
T-iv

0.64 - —— Tv
0.86 + . ; . . . 062 . —— .T—Vl . .
16 32 64 128 256 128 256 512 1024 2048
m m
(a) MNIST (b) TTC

4 B YERE T

332 BH ween M k WS HT

FEH I IRCGN A ANSHL, S AN E S W, FAEBEERKE k. HFNE S woo &N T T4 5
H b R 50— SO BRI, AR RS AR kRN T MR IR InAa e, B S BoR T we 1£{0.001, 0.01, 0.1, 1,
10, 100}l k 7E {1, 5, 10, 15, 20, 25, 30} AR HUEA S R B AUC. B 5 w] %01, SARKE k AR, IRCGN ¥l
PR weon MBI T B3 E S weo AR, IRCGN HIKE I RERES & (8 18 KF L%, IRCGN
B U REAE R > S8 & T EMRFRE, I HAE e =0.01 R k=25 B, UGB AR ERE, LA X A S HE R E
RN TTC AR ESHORIME. [HAF R NZ, IRCON &% AR AR5, FH S50l DUIE i fh 44746 0 45
P AUC 1353 43 A7 R o 1 42

K5 T-iii BHESE L & o, AFRIEA T AUC

3.4 HEASLE
3.4.1  PLIE P EEATES AL A AR
9T WE TR Py RS A R P A P S TR R A R, AR SR IRCGN #E4T 1V R 7E. CG AR A A 5L
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Pl A AR BR AR R TR AR 3 A 4L I P 2 A (O TR AR SO AN ) B BB R B 4 AT TS, T
AUC fH (155 6 fiizn). SEEe R, IR AR i 22, CG MIERIRZ, $- H (1 IRCGN R 4. X 2&FH )y IR RAek:
TS 7 1 BT A, OV P B2 B SO R A (A — B0, BT DB I P R 2R AR B 36 T P 9 7 et B A3 g 3
M. SR, CG 7E AT LA HE S8 B8 3 i B A0 AN — B0k ) TRI R, 3 L 4% — 30 o0 R U0 s 1k B s I Be 00, RN R
BRSNS R I — S ST N, BARE M B S A R B 2 e B — S, (B B 2 2%
S DL £ 0 oA L3 ) 12 50 o L SRR AU S A A L At A R, 5 B30 M s o O S BB AR A B, 48R
5 s @A L, (OB ARG CG HAR RN & M B B 8, (HRE U RE J0 AN SR, BT DAYERR 0 4 1 XA I 14 BE 0
W& T IRCGN. &¢Ja, fEFT A BE 4 M E F IRCGN —HEAR T CG Al IR. Rk, 3 5 MU TR AR e A 20t
PR ATHR H (MRS 7E 22 400 R 3 ORI 5 THD P 1 BB, IRCGN R A th R 77 3 P AN A,

6 AL E AN AL P A R Y R S

Dataset IR CG IRCGN
M-i 0.750+0.019 0.959+0.006 0.973+0.005
M-iii 0.838+0.015 0.930+0.009 0.965+0.005
M-v 0.854+0.013 0.913+0.009 0.962+0.004
T-ii 0.571+0.062 0.639+0.069 0.698+0.067
T-iv 0.594+0.071 0.657+0.078 0.714+0.091
T-vi 0.621+0.087 0.697+0.076 0.752+0.070

342 XHUrEIgR

ARGV TP IIZR A R 87 E R 7 A — ANV ) S 2% AR A 2 (only generator, OG).
WK 7 Fi7R, IRCGN TEFTA BSR4 H S T £ R AUC B, XFF A4 g8 ok i, SRS BuiE il gk, HI5) 8877 LA
it 5 A RS B AR O S 2 A0 EIEOE, S OR T AT 2 A B E R SR BT S 2, XTI GR T AR
IRCGN 7E 2 A0 B BB ki) b i) 14 .

R T OHUEVIZR N Al LG

Dataset oG IRCGN
M-ii 0.972+0.005 0.978+0.004
M-iv 0.970+0.005 0.976+0.004
M-vi 0.962:+0.005 0.968+0.004

T-i 0.614+0.090 0.728+0.070
T-iii 0.646:0.054 0.760+0.076
T-v 0.651+0.068 0.752+0.070

+
4 IE'\ éﬂ

ARSCHR b3 0 P v 2 2 L P R s D0 R P PAY S AT 0L 1 A pl X 4%, FR O IRCGN. %7 A8 I
W BSCHE EAT R UM N ZRoR SE 4 M 4R A R R AL, 8 e B RO RIS . B AR AR 1R 2 A B B A
PRSP A FOGS BT R0 246 14 5 2. L AR, A S e R e Py S RN i 40 A R RORASE I 3 e ST (1) 2 4L I
FE R KE RS2 BAE Y] 7 T4 1 IRCGN AP BRI, FG r 7 o B A 2 5000 T 18 s P D) e 2 BLAS 6 I
i ARFEASC AR o, 1A 8 R8I S X 265 A5 2 T 5 S 90 1) 760 2 1] 52 4 P88 2 I 5 400 0 80 ¥ 48 2 17 18 £ 10 A2,
AT P 2 10 P e 0 78 2 AR SR AR AR e L3k 1) A, 2 R — B B AR EL
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