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Abstract: Stable learning aims to leverage the knowledge obtained only from a single training data to learn a robust prediction model for
accurately predicting label of the test data from a different but related distribution. To achieve promising performance on the test data with
agnostic distributions, existing stable learning algorithms focus on eliminating the spurious correlations between the features and the class
variable. However, these algorithms can only weaken part of the spurious correlations between the features and the class variable, but can
not completely eliminate the spurious correlations. Furthermore, these algorithms may encounter the overfitting problem in learning the

prediction model. To tackle these issues, this study proposes a sample reweighting and dual classifiers based stable learning algorithm,
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which jointly optimizes the weights of samples and the parameters of dual classifiers to learn a robust prediction model. Specifically, to
estimate the effects of all features on classification, the proposed algorithm balances the distribution of confunders by learning global
sample weights to remove the spurious correlations between the features and the class variable. In order to eliminate the spurious
correlations between some irrelevant features and the class variable and weaken the influence of irrelevant features on the weighting
process of samples, the proposed algorithm selects and removes some irrelevant features before sample reweighting. To further improve the
generalization ability of the model, the algorithm constructs two classifiers and learns a prediction model with an optimal hyperplane by
minimizing the parameter difference between the two classifiers during learning the prediction model. Using synthetic and real-world
datasets, the experiments have validated the effectiveness of the proposed algorithm.

Key words: sample reweighting; feature selection; distribution shift; stable learning
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A B IS L V7 LRSS 2L SO 93 A R R MO T (2) o T R AR B A0 AL B i, 8 10
LA LA AT A T, TS LA R A A A TR DR 7, 5 SR TS 43 2K 1 LS A F o1 0 22
T A R TR 075 A2 AR

Oy T BRI AL AL, FHRSTIE AL T A 208 /010 R (02,0, IR T ENIAR RS
HOAIEA, 6,00, 55 R FT N HN REI SAL. USRI/ S Ml 2 S 2 J TR 58, WAk 7 51
BURRERASE 1. By — AN KA B AN I, o A0 K08 2 BV LI B BRI, LR B 57 (A
SRR LUN I SRR AT RO 4 2K, (ELTA 93 B 27 10043 2K T T R S/ 98 K 8 27 30 1K) 2 M
5 SRR A, L7270 195 R AT BRI 45 2 LT, 23 2 s FAT AT IR Z AL RE ), LA el
RS 3SR £) PR B TU 0 6 1 2 b 8 2K 27 30 49 S TSV 1 H bt ok o o
s

min )" M; - (ECA (01, £(x)),30) + L6, £(x)), ),

i=1

d
k=1

n 2
SLY MO X =X < A2, Mi > 0,IMI7 < s, [Z M~ 1) <. l101 1+l < s
j=1

EX ) (MoXy) X ) - (Mo(1-X,) ’

MT-X, MT-(1=X.p)

<A
F
15)

(T2« 2 +[21) < 2= < 1

!
j=1

© A

AT httpy/ www. jos. org. cn
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e,y W8 iANSEBIIRRSE 1Mo (X = X)IE < 4 HI T LB TR 5% IMIE < A3 FI T2 R4 R Sl BUE i 7 2%
n 2 1
[Z M; - 1) < AT SBICERBEEN 03 l0nI: + 16215 < AsFHFBILEsles > AW I+ 16712 + WS |+
J=1

Jj=1
155117) < A6 AL F 4 fih 2% HOBERL 53 Z4FE s 116, — 0117 < A AR 03 K83 (0 S M0k 57
RS TR I T S IR XA 2K 88 R R 8 25 S0 SR RE S 00 B3 1 FTom. 65005 1 op, SR IE IR BRI ET 4 L T
%y 80%, i KIEARIKE MaxTter=4000. FH ST XA 2558, i T IR & A 45 2 B8 10 B 50— Bl AR S, TSt
AR FE 43 28 1 2 TR IR B

BOE 1 TSI A3 A I AS e 27 > 5.

N IREE X, bRa8y  FRERE RN 1 40 b, BRI ARIEL Maxdter;
it M, 6, 0, W, B, WYL b)) j=1,2,.000.

L SRAR A (4) SRBBCERFE W

2. Willg (i = 1,...,d) BEAT g P HE PP, SR 5 S URFIE B 20 <% ANRFAE
3. WG 1=0, 6,, 6,, W, BV, Wb, j=1,2,...,0;
4. EEHAT:

5. tet+1;

6. WM, EHw, b, W, b, 01, 05
7. WEWY, B, WY, b, 6, 0, BHM;
8. H &S Elik Bl KIEAR IR AL

5 SLWERRD

ARG A R B HR A L AT S50 SR VAL T SR BV A R
51 XfHEEE

JITBRSEAN LR 6 AN LS AT 7 Lb: LR (24 [ 47%). DLR', CRLR!"", DGBR!"?, cvs!'"“#i
DWR™. DWR 9535 2 i T ) 1, ACSCeh otk DWR SEHET T 5080, SR P A8 SO SRk B T % 2 LAk o
oK AL
52 BRHELR
52.1 HdEsk

AT 2 ) 3 FESL, BIS LV . S - VIV — S, MR HHIX 3 R i 28 e & s

(DS LV : FEXFMEIL T, FBFEAEA S T R AR SRR AE SR & v rb B AR AR FOST. 1 58 28 by v i
OIARFER RS 1S Vit Vg, ~NO D), dytdy=d I TAEX = (S0, .8 0. Vi Vg ) i HEIER,
AR SCRFSCHR [9] 155 MR X >0, 4 X, =1; G0 X, =0.

(2)S - V: fEIXFEOL T, MR IER G V o I RREAR S A T R RS & S MR IR AR B 1 2 AR ity A A
BT AR ERRAES , WS > 0,48, =1; FMS ;=0. AR5, TS AWM FFIEY =(V.y,..., V), V.=
S +S a+N0,2). RV, >0,4V, =1, FMV,;=0.

)V - S FERXFMESL T, T RS S I EFIE AR SRR B & v R RFAE AR . T S AR s A AT v
WA RGEEE Y, RV, >0, AV, =1; BV, =0. K5, TV 4RSS = (S.....50), S, =
V,+Vju+N0,2). A4S = 1HRS ;>0; WS ;=0.

BRSO RHE I — BRI AP et or S AR R4 So, RIS = (S1,S,). e, A Bk 3 A dl A ik

© A
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FARZEY . RbR2E Y BT S R s

Y= 1/[1+exp[— Z ;X ;- Z Bi XX jui

X. ;€8 X. €S2

+N(0,0.2)

o, ap= (=1) - (%3 + 1)-d/3, Bj=d/2 .} TAEY Hy LB K0, A RS0 [9] K57 WY > 05, 2y =1;
By =0.

S T IR AR R R, B AN S 1, A e e HAT AN [ BRI  40 A (0
W 1R, T POOV) B P(VIS) ZEAR RIFREE AR [, 57 LA LI A B k. AL, 76 9286 hod o P(Y|v) i
P(VIS) KA R A RS ST RE A PR 225K 5088 P(YIV), 2256 r € (0, 1) . 101 SFEREAR (168 2 4R AIE (10 1 25 - b5
B, BV = Y LA r 33 i REAS, 1500, SRR 1 — r BB ZREA. > 0.5 3R Y RV IEARE.

VEA R, A SCR AR 2 RMSE 15 9 VEAS F8 b5 RMSE v ST AR R B s

D (fil0,£06) = y(x))
RMSE =

i=1

n
b, £1(01, () RS2 x; OTRIIARAE, y(xi) h S x; IR SEARRRE, n il il se ) .
522 sEEGEEIR
TES LV, S8R n ={500, 750, 1000}, FFAEH R p={20, 40, 60, 80}, i %% r={0.15, 0.25, 0.75, 0.85} I 1HF 1L
TAERRAN MBI AR, il & 418 7 BioR. NSRIR s T LIS 2| DL 4.

0.9 ~IR 0.50 IR
0.8+ - DLR 045 | - DLR
- CRLR : - CRLR
0.7F < DGBR 040l = DGBR
+ CVS M - CVS
§06r . pwr 8351 —DWR
0.5} = OUR e
04l - 0.30 -
0.3+ 025t
0.2 : : : : 0.20 : : : :
0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8
7 on test data 7 on test data
(a) VIZREER 2 5% 1=0.15 (b) MRS 72 =025
’ - LR
OUT - DLR
550 - CRLR
L -+ DGBR
’ -+ CVS
AT - DWR
40k - OUR
0.20 : : : L 0.20 L L L L
0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8
7 on test data 7 on test data
(c) MZREMm 2 1=0.75 (d) MRS 72 r=0.85

KB4 S1v, n=500, p=20 BE: NFEmZER r T2 PRS0 S T 135 77 MR 1% 22
(1) T3S AR T LR A DLR 3%, LR F1 DLR S32:7E T I Ed 4 L rEfe# A, &8 7 LR 1 DLR
FVEIASREfR AR 2 2] I, EEA SRR TR B 22, S BB RFHE R bR 28 2 ) A AE R B A 5%
KA. IR LB AR AT 5o 50 R IEAR AR E 1, — ELI R A 2R B0 10 B0l o0 A 25 F 30K, REBUAH 598 Rl &%
AP RE. T AT LTI T R A JCOC R, AT SEIL T SE A ¥ TR0

CRKPFRFSERT  httpy/ Www. jOS. 0rg. cn
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0.9
0.8

0.6

%)
5 0.5

0.4
0.3
0.2

0.65
0.60
0.5
0.50

5045

= 040
0.35
0.30
0.25
0.20

- LR
r - DLR

0.2 0.4 0.6 0.8
7 on test data
(a) WM %2 1=0.15
- LR
[ - DLR

0.4 0.6
r on test data

(0) MZREEImE 2 1=0.75
S1V, n=750, p =20 WIE: NFEMMZEZ r PR B HE A2 700 i3 7 s 22

Kl s
0.7
- LR
~ DLR
061 o CRLR
-~ DGBR
@ 0.5F = CVS
9 - DWR
=4l = OUR
0.3
0.2 . . . .
0.2 0.4 0.6 0.8
7 on test data
(a) LM% 1=0.15
0.55
0.50
0.45
£0.40
= 035

0.30
0.25

0.20

(2) CRLR St ] SeBURE TN, (HILPEREA W TR A, CRLR SLIAAE JSUARS Al 2% (W) 48 6 1 LRI
B 7 A1 AE SR RFAE 2 ), AR RRFALL

(c) IR % 2 1=0.75

0.4 0.6
r on test data

3215

0.9
- LR
0.8+ — DLR
-= CRLR

0.7} -~ DGBR
w06l * CVS
‘g - DWR
2 05L - OUR

04}

03%F

0.2 : X

0.2 0.4 0.6 0.8
7 on test data
(b) MErHE Mm% =025
0.9
- LR

0.8} —~ DLR

07 -= CRLR
806
205t

04 -
03F

0.2

0.55

0.6
r on test data

(d) VIZREEM 22 % 1=0.85

0.4

0.50
045
5 0.40

=

2035+
0.30 &

0.25

- LR

- DLR
-=- CRLR
-+ DGBR
-+ CVS
- DWR
--- OUR

e

0.20

0.9

0.4 0.6

0.8 F
0.7}
206+

205

0.4

0.3

0.2
7 on test data
(b) MM ZER 1=0.25
- LR
- DLR

0.2

E————
o .

0.4 0.6
r on test data

(d) VZREetm 2% =0.85

6 S1V,n=1000, p=20BE: AFIHZER r TR EGE G TR 377 IR 22

I\ By
=

Wi 7 ALANRS

S

4

a2

ANE

IR St 20 R4 BB, Rl TR A2 vt

© HEBEER T
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KRAICIENE CRLR HEAE. Prit SR i /e LBk 7 AMOCIREAE, g5t T AR 320, H i A

B2t i 2 K V7 ZHLRURT JZHL P B S 38— MR AR AR L = ), S T VR YT A RONS TR B 20 A S A,
R T HATRHAEIE B AR H B S5 38 i P4 AT 2 AR M O R A 3.
0.65 1.0
0.60 + - LR 0.9
- DLR

0.55F - CRLR 0.8 F

0.50 + DGBR 0.7

8045t R 06T

5 0.40 - OUR 5 05
035+ 0.4

0.30 & 03+

0.25 »\SM— 02+F

0.20 : : L L 0.1 : : : :
0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8
7 on test data 7 on test data
(a) p=20 (b) p=40

1.0 1.0

09k 09+

0.8 0.8 -

0.7 + 0.7 b

g 0.6 g 0.6 |

205 e

04F 04+

03} 03}

02 02+r

0.1 : : : : 0.1 : : : :
0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8
r on test data 7 on test data
(c) p=60 (d) p=80

Bl7 SLv, n=750,r=075%E: NRFFESR T p 2R Ed 42 T 0934 5 AR i 22

(3) FriSTiAkF DGBR F73%. DGBR ] LSRR @ T, {F 1 GEmE 25+ B4 5795, B4k DGBR STk Jokihs
TE RS B AE AR 2 1t 7% ), AR5 AT S0 AN RSP A AR 0 S 5 2 FF) 3 7 2E R T B2 T 5080 40 AT . (H 2 Bl v
AL, JL2s R SEE AN R, BhAh, MR AR, KBS EI AR AN, AT RS U JE T
I F2R I A EREA T, 1 DGBR SHyEEE 820X — . M T 5k s e TR R B, 5900 T 3670 A AH
FIHEAE, o 588 T TR i JEa 02 Ak BE 0. bl 3R WA R PR AR i3 7 R 2 A e 7 Bh T48
fR e B 5 S NP g

(4) TR EEDL T CVS 5. CVS BUE LR AURFIE M 22 53 2528 . CVS BT TEAT 45 At S ar P P ke Uk
DAL SRRRAE . 45 PE T AR K ] SRR T FE A&, AR SCAE R R SRR A B IE AR IR K, MR S BUR Z AT 4EM 4
PERRST IR, BUE CVS PEREAE. BAR T Ee SR AT R AE S 6, E R (R AE S B 7 V2 AN T 4% AR
SEPEIR, HEERER T TR SR AR A

(5) Fr S A 7 Lk DWR Sk AP PEAE. DWR S0V208 8 S ) I ASCKAEREAE 2 T AR EL 07, R T e i
TEPR PR ST, AR 2 S IR IAUBL T LT 0, BUEAR 2 SE 9150 Bk 70 40 R . 1 Brd S50 78 4 R R BT A s 145 5.

(6) PR EIEAEA R LBt 22 26 r T S REIAF B Ur (PR RE. b Ab, BEAE SEI B0 n HOBE 0N, 50025 (0 1 e ke ek
U, JR RN s PR 2R T 34 AAH D IRRFAIE, B S Bt e 8 o, P B 5500k m) DAE DAl BN REAE 0] 4328
(15 F, AT B 2 25 B AR AIE 5 AR 28 2 T 180 B AR PR G OG 3R B RRAE 00 R 35 0, T I S5 R Pk RE A TE
R, FEW] T R AE 4R S A3 AN OK 7 2% ) e 2 AR T3 SR AE AN RIRAAE A B, RIS T Sl Mk B, W1 T e
G RPRINESE Ve

ES > VIV S, St n =750, FEEH p=20, W Z % r={0.15, 0.75} & B0 N A2 P AR, SE30 45
Tl 8 FHE 9 R, UG 45 FnT UG H, Frad sk kg8 T LR 1 DLR &3 th TREASE B R 22 R A, S

AETECIEEATIT httpe/ www. jos. org. cn
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FEFRAEAE G VP R E A AR RS W] BE R BEAHSR. 1 P(YIV) ZEAS LI IA 45 R 2 AR Y. LR AT DLR 594K
AT AR G R AR TR AL 8 AN 9wl LA H sk e i AN 1 5 Bt LA A [ sl ARALLER i 20 A1 i, LR
AN DLR W] LA IR RE, (R N 25K Al Bl 7 A 22 52 AR K, BRI AR R OC R A AN HT e, T 385 LR
A1 DLR PERE 2 T Bk 10 T4 S0 a) LLVPAS A AN AL 23 SR IR SO L, DAL A S £ PSS 28 R A A ) 45 P

0.9 ~IR 0.65
- LR
0.8 + - DLR 0.60 T DIR
0.7 - CRLR 0.55 - CRLR
-/ -+ DGBR 0.50 b DGBR
= 0.6 Iy -+ CVS
A S 0.45 ~ DWR
5 0.5+ S 040%
04l 0.35F
0.30 |
03¢ 025}
02 : : : : 0.20 : : : :
0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8
7 on test data 7 on test data
(a) MZEEMmZ 2 =0.15 (b) MHHMm %2 =075
8 S -V, n=750,p=20 BE: AIRMMZEZ r T &R IRRE S A0 13 7 il iR 22
A .65
0.7 - LR p - LR
- DLR 0.60 [ - DLR
0.6 = CRLR 055} = CRLR
DGBR 0.50 | DGBR
0.5} ’ -+ CVS
2| Zhwr gooy ~ DWR
- C - OUR
=04l = OUR 040
0.35
03} 0.30
0.25
0.2 : : : . 0.20 L L L L
0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8
7 on test data 7 on test data
(a) IEREEM 2% =0.15 (b) MERHEM 7% =0.75

B9 vos, n=750,p=20BE: AN 25 r A0 A F000 ) 34 77 R 22

FriRE I BEPL T CRLR F1 DGBR ik, A& 8 F& 9 AT LA tH, CRLR F1 DGBR ik #8 v] SE IS i Tl
. {H CRLR Sk 230 T H5AE 2 17 B AR LR M 5% 22 DGBR X AE 559 1L 20 A A SRR AL 5 2RAR S 2 AT A R AT S K R
T TR SR FE 4248 7 HREAE 2 ) (R = 2 2 5% 3R Rl i R 0 S 6 58 4 22 B3l 43 AN AH SRR ME AN S 28 22 W) 1) 2 A1 A
5% BEAN, T SRLIOE I A R A 2D TR AR R ()2 Ak P .

CVS BILMERENE 22 T HTit 8L, CVS Hkk B PR R E A AL, SE B A R ol R T RE S8 CVS
SRR e TR SRR, AR T A 10350 4 R 0 RN 2R 25 2 M A7 A R AR DR 0% 3R 1T T i AR R /e AR A B B B
B 2R I JE R, W S IR REAR R B 59 A G IR AE AN bR 2 2 0] 1) R ARAE DG, B T T0il 1 .

M 8 FPE] 9 T LA H DWR S0 ) LASEIUAR @ TR, {F 1 Ge i 22 T 4@ 55005, DWR S0 i sel nksa
SR A 307 SR PPAL A AR AE R 23 2 (R FH L 2085 B 4 rh /NS A R AR 2 ) BAT B s M A DG Mk, DWR Sl i
S AN REAIE 1 P AT S5 0] BB 2 38 BN 5 B E R, S8 BE T .

25 b, PR EE R REOL T B R LG5, R T BT S R0 b P T DU 2 LA s R P A
53 EXHIEE
53.1 e

Amazon FH4E: Amazon B4R /2 85 AU B4 AT (1 2R HE S H 4, L3222y Book (B). DVD (D). Electronic
(E) 1 Kitchen (K) 3X 4 /M7 5t PR AL, SEASSE00 7 i E IR A 5 1000 45 IETTEIR AT 1000 4 f i it %k
Wi, AEAR TS, A AU BV O D YIS, oAt 3 AN WVEIR EEE S 3 AN IR, ez EdEAE

S FEEEI https// www. jos. org. cn
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Fi& T 12 M4, i B-»D. D—E. E—K. K—B %%,
Office-Caltech10 %5 4E: Office-Caltech10 i £ A& 25 S (1) 4038005 I B G £ di 4, FLA0 & A 4 NAS TR [ 4508
3, Caltech256 (C). Amazon (A). Webcam (W) F1 DSLR (D) Yt #2533 ANE. [FFE, — AN BRI 2530
P HoAt 3 ANATIECEHE A IR, AE e EAiE T 12 ME4S: C—A, C-W, C—D, W—A 2.
VPG TR AR . A SO 12K B Accuracy 18 VAL YERR. Accuracy WTFHEIEFRL T FiR:
T A AR S A H

0,
Accuracy = TS B x 100%.

532 SEEEER

AH5TE Amazon F Office-Caltech10 H4fi 48 LU T P 5505 50 LU B I 70 R PERE, sl s Rk 1 #
K2 P, FER AN B B, PRI PE B T oAbt b 7 k. HAKTI 3, 7E Amazon %4 b, IR E0EKF
BB UMER R 75.70%. SRR LE 55 CRLR A EL, 20 25k AEdR = T 0.88%. 7F Office-Caltech10 $#i4E I,
PRSI T 3 00 KU R 46.87%. It IL £ 50k DGBR M, 23 MRS T 1.15%, R T BT 7k
R

#£ 1  Amazon HHE L3 IR (%)

Task LR DLR CRLR DGBR CVS DWR OUR
B—D 71.09 75.64 77.94 76.31 66.83 72.64 78.01
B—E 70.67 73.08 74.52 73.27 66.47 71.97 75.09
B—K 70.38 74.73 75.08 75.79 65.18 74.09 77.98
D—B 70.00 66.25 73.20 66.60 65.80 70.05 67.87
D—E 70.62 70.94 72.17 71.02 66.61 71.77 73.65
D—K 72.09 74.84 76.49 74.06 65.38 74.43 71.70
E—B 66.35 69.57 70.55 71.17 62.60 66.70 72.51
E—D 65.88 69.15 73.49 72.36 65.53 68.38 74.43
E—K 7539 80.02 82.54 79.97 69.43 78.10 83.20
K—B 65.95 70.26 69.60 68.30 67.20 68.15 72.17
K—D 67.53 71.23 71.19 72.46 70.87 70.54 74.16
K—E 72.52 79.66 81.08 80.95 70.93 78.39 81.60
Avg. 69.87 72.95 74.82 73.52 66.90 72.10 75.70

#* 2 Office-Caltech10 34 4E L[ RE S FHE K (%)

Task LR DLR CRLR DGBR CVS DWR OUR
C—A 39.25 49.66 48.75 51.30 28.39 39.98 51.35
C—-W 26.10 38.99 36.44 38.50 31.19 28.81 41.02
C—D 36.31 42.23 39.81 41.50 34.39 29.94 45.22
A—C 36.77 43.26 40.25 42.09 30.63 35.08 43.00
A—->W 28.14 33.53 3593 36.63 26.44 32.88 35.59
A—D 36.94 35.63 37.58 35.19 24.84 26.11 36.94
W—C 26.71 33.26 30.77 36.19 19.67 26.27 37.04
W—A 28.28 34.34 33.87 37.66 22.80 27.04 38.30
W—D 66.87 80.96 74.52 83.44 49.68 62.74 82.16
D—C 24.39 30.39 27.28 32.60 17.72 31.30 34.37
D—A 27.35 31.25 27.84 32.51 16.70 31.83 35.49
D—-W 63.72 75.59 60.29 81.00 34.24 72.88 82.03

Avg. 36.74 44.09 41.11 45.72 28.06 37.07 46.87

5.4 jHEASIE
D) AEAT Y, O T S UEREA TR AELE PR I XT3 S8 A R0k, ASCER Y T IR, — M ANEAT R AIE

SEPREAFUFSUN httpe/ www. jos. org. cn
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R AT X5 24, 188 OURO; 55— AMNEHATREAE KL R A R4 5485, e OURS. 1A R4 LX)
3N T T ERER, S gk AN 10 Fias. A 10(a) ATE 10(b) Hal BLE H: (1) OURS 7B & i Bin 4 B
Aef T- OURO M1k BE, B0 0F T RFIEERE G RL1E. AAHICRRIE S0 S SE AL, 80k Be T M. 3B or A AH DS
B TRGEZS). Q) TATFHREERPEREL T OURO A OURS, K WIREATHFE A XU/ 2K 384 25 ThRaE 24 2.

0.31 0.30
OURO 029 [ OURO
030 -= OQOURS . -= OURS
029l = OUR 0.28 + - OUR
: 0.27 }
g 0.28 | g 0.26
2 027F < 025
0261 0.24 |
023
025} 0221
024 1 1 1 1 021 1 1 1 1
0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8

7 on test data
(b) n=750, p=20, r=0.75

K 10 SV #5E: OURO. OURS Ml OUR 7 MANE EiHi b iR 2

2) 4 T 3D BAE TR R 2 R SRS A e, A SO Y 3 ANARRSE, 435I T MRMR $19% ", FCBF
BP0 g - UFS 895 PUs AR PR 0 IE %88 )57, 3¢ ) MRMR-OUR. FCBF-OUR. UFS-OUR. il id 7545 st
g B 4 ANEIRET TR, Seie g a1 Fros. W 11(2) B 11(b) F o] BUE tH I SRR W N 6 8
S R EREOL T LA SR 0 PE RS, BOAIE T T B4 A G 8 05 1A kb, M T RRIE IR BRI X S B s R R A
Tk DA BE s A T A R AR e 22 .

7 on test data
(a) n=750, p=20, r=0.15

0.40 0.36

\”\\ MRMR-OUR
0.38F 0.34F - FCBF-OUR
032} — UFS-OUR
0.36 : - OUR
030 F
y 0.34 F MRMR-OUR Iy
= -= FCBF-OUR So028t
& 032} —+ UFS-OUR 2
- OUR 0.26 |
0.30 + 024 L
0.28 M 022}
0.26 1 L L L 0.20 L L L L
0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8
7 on test data 7 on test data
(a) n=750, p=20, r=0.15 (b) n=750, p=20, r=0.75
11 S1v#%E: MRMR-OUR. FCBF-OUR. UFS-OUR #1 OUR 7E A& B4 R % 72

3) fE K (14) ™, D T A PPA BRI A 70 R4 T, BB idR A ) 2 i 25 g 5 2 8 T RS N (1036007
YN 2 B WS 21— MR AR L2 ), AR5 PP e AT T2 1) 8l 7 A, ASCe th— AN RRERE, 7245 (14)
FORFRF AL AR R X AT T W, 20 OURN. fi 50 k MRFIEAZ B X € RG2S AR, Joik EARHEAT (IR AE LSS,
DRI X FREL A2 d R — AN IR AR IR X, e R, JErh X0 PRI AE— B IR BCH AN X IRELATT ). SR A 1
FIZh 2 B 45 K X S B E AR 2o 2 (A SR I RO s £ | T X, v R 8edta — S Bl AT T, DA PP R
EXC)HIE 1 AR (14) W X AR B AR X BTS2 OURN HAREAT 1925, St 45 R nlal 12
. IE 12(a) B 12(b) Al LA Y, Do SE AR A Gl Bl 42 B TERE L T OURN, RIS 225X (14) HRFAE
AR X BEATWRSS IR PERE N B T, JER PR PR SR AE VR R AR AR B X 0 70 SRR AE TN, 5 288 X T S48
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