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Abstract

Abstract

With the progress of science and the development of information technology,
the size and complexity of modern data are increasing rapidly, often containing
high-dimensional features. High-dimensional data will increase the learning cost,
lead to slow model training, and also bring problems such as the curse of
dimensionality. At the same time, acquiring labeled data requires significant
amounts of time, manpower, and resources. Therefore, data obtained from real-life
scenarios usually lack complete label information, where only a handful of
samples have label information, and the rest do not. Consequently, the selection of
features from high-dimensional data with limited labeling information is a hot
topic of research in the field of big data mining.

Most of the semi-supervised feature selection methods currently available
suffer from the following issues: Firstly, they do not account for the significance of
individual samples during the training process. As a result, all samples are treated
equally important, leading to noise samples and outliers that can affect the model's
performance. Secondly, only the importance of features is taken into account when
training when training, but the redundancy of features is ignored. Consequently,
similar features are selected and included in the optimal feature subset, which can
impact the model's overall performance.

To address the aforementioned issues, this paper propose a semi-supervised
feature selection algorithm based on self-paced learning. Firstly, we utilize the
ridge regression model and self-representation learning model to select features for
labeled and unlabeled samples respectively. These models are then integrated into
a semi-supervised feature selection framework with assigned weights.
Subsequently, we incorporate hybrid self-paced learning into the above
framework, automatically determining the importance of samples through the
learning process. By controlling the number of training samples during the

process, we can effectively suppress noise outliers' influence on the model and
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enhance its performance. Finally, to resolve feature redundancy issues, we
introduce a regularization term. The main idea is to consider the pairwise
similarity between features, preventing similar features being chosen
simultaneously, thereby ensuring that low redundancy features are selected.

To validate the efficacy of the proposed algorithm, it was compared with six
other feature selection algorithms across six real datasets. The experimental results
reveal that the performance of the proposed method surpasses that of the other
feature selection methods, particularly under varying feature selection rates and
label ratios.

Keywords: Semi-supervised Feature selection Self-learning Self-

representation
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AR, R A P R, Ak RN o TR IS T, ik KRR
I PR AR B A B R AT FIWT, ORI T A KT in A BE Rk
A DR AR AR N EIT (S B RS, AR Ee 77 H 4 2 3 AH B A 9%
TR, HJF e B EARN N, R VT EARN TEE. B ERARE
PRy LAAS R, Edi g 3 E R AR ™ 805 5 T I # B A R E . 5L,
b 1 SO0 B A R T EEA DA S AT T R TR B B, &AT 2l
WA T REMEWE, WerfiRy, #ibg 2012 4, HEATHRRA LM
G. TB Z3EKiT#] PB. EB % ZB 40, XA st e K, X
FEN L7 SR FRFN A 8, S S5 AR IE SRR AL . R,
B RO R B B 2 4 A P AR, HET R & A P R A B 2L



f

T H D I BRI R B AR

f B R AT ) B A

N7 N ER S PR A AT IRRE R, B E IR 5 )
O R 2, FLEE2% >3] (Machine Learning) Mizi‘E. Hlgs2e] & —12%
B XEE I, EaEEE. Gt SRR, i g AR k3R
R P B AR A ORI M BER R 73, B2 ) AT Ry BEBA R =36
T E 7 AEEIMERE S BAckyl, JoliE 5 >3 vl %
TACEIRZASE, W AR 1) N LEZ 5 25 R I ZRA T DL o )
ECAn & LA SRR in) i A B 4 1) R, A B R B AE e 4, (55 oAb, S
MBI o A7 B ) R 4R A AR 25 58 £ B Kl AR R I R DL A
v, B an s LR 2 S e @R AN (=] 1) B, A B IR R A, s, s
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[FINf, Relief J7iEVEN — NG BRI B FIE) 20 70, JFdned 1
Relief-F J7i%. Relief-F J7ik &N 1k Relief 755 R AEAL L — 7) FHIRFIE L
PEMAR ), B E 2B R KA 2 A 200 i B o R AT
T LB I — BT 90 KR 7 #AE 2 RE a0 e i ide t B SRR AR, T 2R
0 H PR R T BEAFEAE TUAR B R R, i 22 S B H AL R AR JE A RE 4 5
AU R RERIEF, MR EE N IERA S SB O RERMEREN. AT
fRVEFIE IR B AFAAE TUR IR R, Peng 2 AIEH T mRMR HiEP), &7k
14 #5 2 Max Relevance and Min Redundancy, i#iZ iR 44 7FAT 10T LAAS 50
2T VER) T2 AR R FHRAE A S ORI ARFAE, BRI AT 0 38 B 2 [A) 24 EE
BOmEAHOR M, A SR TR R/ NAFAE, R % AR AR 2 () R & A
FHIRH,  BE TR B 0 R AE 726

11



T BB 2R B R P AT

2.1.2 #HER

P8 ARFE L R 7% (Wrapper methods) 7E 1% FRARFE I ELAR 41 X B 1) 5
VERBEAT VAL, 1% 0775%0% H IRRFAE 2 8 o 5 R0V ) 8OR 8 B S o IR R o
S NRHIE L £ 71— R LU 712 oRIG BUR R E 745, LLan il 48 &R
771% (Sequential Forward Selection). [ [A]# 2 7774 (Sequential Backward
Selection). I JARFEVHE R 1: (Recursive feature elimination) 5. i &
T B Je 8 SARIERHIEER R, 355 70 | VRS B M AEAE A B o () RO,
16— AME AT ORI R RFAE TN A e RFAE S, 33258 13 MR R AR A1 o
R — MR, FMRIEFFIER PR IE & 7L — IR CR, AR
RO K B B b IR AE TN R AE RS, 0 R BRI #RAE, B REBML
RICEEN R IR T B L 2] 148 E R BRIME, I ik 4 e 2t 2 AL
FHIETEE . BRI, o mEREERFEE S HZ DRI 38 IHRHE
THBRVEE 26 T IV RHEAE IR R AR S S TN R th g AT 1 5, IR i@ s
NSRRI JT 1R RIS R P ROR ,  [F]I 45 25 G R AR AR & A B REAE 1 21 22
PEs 85, MBI HRIE AR LR & IR 4 B M R AR ISP E, R
2 EiRlE, BEMRERESES BIRARE: &5, R X iEE 5
FRIAR TR R R R i B 4 IR SR G, RIIE B (A5 B 20 A8 SR de i 1) fige e P IR 2R
EVENBRANRHE T4 T BRI AP Ik #E T 200 5k, BT R ek
PRI, AR AR Y () RO B HAR SR 2 N R e £, IR
R EORFEE, RIS SN R, BEH A 2 AL 75 RHIE T
o [N, BREARFER AT EHAT 2 R, FECEANRAIEIL £ 1IN
(R A TR, AR IR T o Bk, 3 R G 3 07 VA AE SE PRt 7
H LD

2.1.3 @A

A RIFEEEE 77 (Embedded methods), A FRVEIR & S MEIE £
o VRN i R TP AT R B, B RIS B 2R T g
MM IRFE T2, 1271k E 1 i pE SRR IR 35 U7 v A 38 258 s URRAE 1 45

12



2. AR IR AN R

JFERISE RS 2, AR, T A% R R % e 3 3 VR A AR R 2
AL R R PERE. Bk, AR R AT 7T 2 RN
WEFE, U0 Shi S5 AN 1S4 3t R R AT A J%Lzﬁli%&*éﬁﬁ%ﬁﬂzgﬁ%&[%h
Tang %5 K LIR ARG fe 3 B URP . O 1tk 2 AT L8 AL 48 00 I B
R R 35 7 V2 BT SRR AN AL 0 BT SR AE 2 [RI AR DR PE R ] AL, Cad 55
NI A2 I ANE ML AR SR Y 1 — Ao (R e B R # 5, $T
TRAEIEFERIROR P (RGP AELE RNy, D 2 0] P 3 o B R 25 22 ) 4
Y i R B LRI 4l i, B G5 3K 28 U7 9k 3 R AR iR R i 2 1) R A AR B
FFE, il KBSy sORE R (E T R Aa Rk 2 5] 4 1 A A0 57 1
PRI F ahb A s A A AR R g 2 T ¥ L i R I8 s AR BL 45 7 O 3 BB A 1k g
RIFEAR . Dy TR DRI — TR, VF 253 3 O R R UE R (1 5 3G, i
PR P DR GG REAE S ) A B AR RS A& V24 3] o 31 Huang 88 NI H & M5
25 AR AGE R, 3K 28 15 45 3R Bodhs A AL 25 F 1R [RT IS e 17 e 7 A
SEEAERISZ [FIRE, ARAIERE TRl B AT A S LY AORE AL T X
(e A5 7R DA DR A 5 UG 26 D o R P AR DL M AN AR S AN AE TU AR D T 0,
HI e n] DA, Sy g e M A R S AR, D RFIE AT AR, R R IRy
P BEOCE B A . AR T R A A EIBEFT . Battiti 4
TIRBAHRME S TURBE/N AL, B RA AL AR AL 5 R AL 2 TA) Y LA
SRR H bR Y, Zhao S8 NGB A E AL S FEAARBL L 1K) H A R HOK 2D
FAERITCARPY. Shao &5 ANKF Ly o IEAL & FF 2B S B ey, (84545
RS0 e 7 A0 S A B A SRR, Nie 85 NGl I 7E ISR AL IS 27 51 Ja) B 45 4
Sk B AT A R AR R At BE S0 i 85 A8 SCT BT SO, SR
ININAH SR LKA Ly o VEEOE MR IF D T AR, I8 B 3d M2 ST AU
A SR ik 2 e 7 A S A RS2 B Wa S5 NI 5N v ARVBARE 85 S AL ) Sk ik
DTSR, AR B A 0 R 70 O AT R A A M 7 R e AL FR) i )

2.2 BEFIHEiS
LEIX— /N ef, AT B S TR AR R . A e A
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T BB 2R B R P AT

B IRE S, REH. EEABFMINRAENE, REB5INEE7I M
W, X HHHT A

2.2.1 REEY

EEESFEwmZIE, THEYAMLRMED AR, N LTREEHEZEHEN 7 A
IoGERE R NTEGZHEREGEANRRR, HEZARLZTRfLE
LB BN —FEET . 25 Hrp, Pl R N TR e REEN 4
i, BRI T 1. BREE A 2 tE T LS >), &2l Bengio
SENAE 2009 FH) ICML i B3R 1 AP0, & i T BB AR R HE T N2 2T 1Y
i WRIERRIOT I S2, Ra BB IR m AR, 52 I 2R A
Wo ERREF P R B RIREAT 6225, 285 2 S B AR IR R AR o
VR S SN B B AR R SR b, FRATTRT DL 53 8 S ] AR AN o 1
PRAVERE S iy SRS /NIOREAS . 08, PREESE S0 Tl SR A B 2 B %
FEASH)E LB 2] BRI F A . Bengio AMUAEZ N E A& 1152
7R SR OITE, ISR T INARE R AT DU R I, D
DUNGRI S AE, JF BANA B G PERERCL. (HIRATHT LLEY B A5 2R AR
SRR A R EA IR I6 AR 2 AU UREAS B R

2.2.2 BHEI

W ESCHI R, A RIURRE 2 ) R BN € SOREAS B JE
R R SE T R R AE, RN & ZAE R Z AN /1. I, Kumar
SENPTHE 2010 SE5EH 7 HABEFEAME SRR LR 5%, B AP %], 1205
IRARRR R T IREE S S B, e iR AR AR Rl AN 22 ST Ty
HORBEAT ], AFBE, BREES ] 2 FN 2 WEAT IS, BN H
MERN G AT 02, RIE FERYEAE S R AT 2 2], et IR, BN R
ZRH; T E B I BUE TSR A E AT HE S 7y X IR, ARSI AR
H E AR B SRR, ARYE B CRKEARE DT, el a e
WO RIR, SRR B2 B USRI RIR . fENLES 2 10, B
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2. AR IR AN R

F AR TR IR EFEAR ROME R, TR AE R I 2RI R o
H S PHAEAEAIAESE,  H BN RE S IR SE IR, Sasr S Tl SRR,
HEARRIFEAR, REMBIRCRARA, T H 2 i) B 255 SRR
-

min " v Ly f (i, w)) + g (w3, ) 2.1)

i=1
Hb, Ly, fl,w) R R REG v R B EARRE, S ER KN
RIE TREAR B Sa T, AR KIS N B AT I 2R k2 H
FEHSS5INARIFEARE, MEBRKE, BD%I000NFIEREE DA
AT, MEER/A, B850 m T 1R 5 2 M A AT NS AL i
152, g(vg, k)& BB IENT,
L B AP R A A E U, AR R

Sl

Ly

IARH AP IE W TUCR ) 2SR RS R m AL AR BT
AT R IR ER, NNZAEARRIRE A 1 EGFEARRA R IEFEEK, W%
FEARMIRERZ 0. FiRTEREIT 0-1 RACKEEA R BHIESE, X
DLIBE G e AR OB R AT I 25, b3 e AL A i v . (H BT A e 4%
TTAEECL TR Y—DREARNT 0 A 1 Z[AlF, BT gE —4
5 BFrM R MERARHIFEA, HE NAAAEAFTEREINGRE R, Xt
AWIRCETRIER 0 F1 1 #A KA, Sbiy, AT & A E A E ) 7 K,
RUECRLEE, fE52 I ie T, SRR IR —ME, X gimT Lgni
HACRFEA IS E B E . Ik, SR R BB A B B AU R BB, X R R
AR TR, FET 0, Lu S N4 17 BEE A E )7 0P, (Hi%
Tk T RN . AT RN OB A E P IE M IR, Zhao 45 NP
H TiRERE P IEMNLL, AW ps:

n 0,1 >
g(vi; k) = - Vi,V = 1 (22)
1
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T BB 2R B R P AT

0,l; > ﬁ
n 7] 2
. = 1! i S ( )
gy, k) Z R S (2.3)
=1 ( 1
nl—=- k) ,otherwise
U \VT

Horp, pR— XIS, T 0-1 2 8 H AR [H -
2.3 AEING

AT EHPE DA, 2R RRHEEFAM B DA ER . B
BRI EEP AR ——RALIES, FFEAN 4 1 Ui 3T
B AR L R IR A SRR F 0578 26 a7 B2 #Hig,
e TR D], B TR IR ISR I SIS E 2P 22 ST BB 9
4, Jren s I BB IR
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3. T AP I IR R AR PRk

3. 5T HE I W B e 3

A B R AR R S RIS AR () IC A e o AT P AT TR A 41 o AR AR (1 g 3
G ARSI ] R A A (10 REL R R4 B A ) B AR R G AR
WMoy, ASCR B AR AR AL S, IEx EA N R 2 kit AT 2>
o

3.1 tRByE

M ESCH T S n] DA, 294 +k 22 84T S B R A AT T A2 = 4R 1
BAEES Prid M b X e m e oy ok “UET e SEI R, g AT
HRANME ;s [FIE, T IRBUSA RN TARESE IR, 7RI S AR i A AT AR A
13 258 2% TR A AR AL o DRI, AR SORE X 2 M B AR AE e 45 ) @R E AT
W9t BT I B R AR e 3 07 2502 B A I B R e £ 07 VR AN G 1 B R Ak e 1%
IEK TR, HA W BREIE SR EEAAAT LR B R ke B A A
vERE, DR, ASCSERAN-AL A WE R IEIR SR T

FES BAL G AT B R R 507 VR, AT E e 5#TNa . EAR
i, WATH KRS FRERFORFERE, A 4Rk v] LAE B —AMERE, R,
BATH RS XK R EIESE, X € R, HdREHEEXLEHIAN
FHIE, nfREREIREX LA AFEAR, FRHER L XL 7] DLAHE B A FE AR AT
AMFIERE R, BIX =[x, %0, o, x0] = [Wis Wy s wyle [EIRERT, FRATET
KEFERY RFERITFEFERE, BIY = [y, y2 . yu]" € R, HrnfER &1
FEANE, RN ZBIRERBEINE,  y RN AR AR x; 2R AREE . X
T B REBAE, LS 7V 5 A [T R 2] —AMIRZE ) 25 1l
A5 5 B 45 R R PT R IR B AR A AR RS, BIV4E /DN TR0 A 25 A0 SE B 2%
R ZES, I 2R HAE R AR FEW, AR S g S R s :
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T BB 2R B R P AT

min L(f (X, W),Y) (3.1)
EE AR LRI KA WK, RISk R
RS 2 25, 38 BARSORF Frobenius 56 FEIEHUIF I . X
MRE B, S T BRI RO R E R kI, S BRI — A
NI, B ERICT0E LoTE R0 L L8, AR SCRAIRL, TS
o TIFRAIL 2 SO W BRI, B S R e
minlX"W ~Y|" + BlIW Il (32)
S, BRIENMCTIW RO BH, LU SR IR R R (A
W B LR
{ERAES bR A, SRR MR A 0 R, 75 BERE S R
ATV, BIR TR (BRI R T W b B 2, 1B
BRI MR A G g o 2 KRG (5 8, LU R S 3 O 7E M 7 T R
FEBAHRE R, Fi, TR EL R A b BT, T
BRI SRR SO PR 15 ,  00%538 LU A B
AT, B RAAEREY F DRSS F R AR, S0 % WA 7800
SIEIRA S0, ERFER B R BRI, fEAsch, AR
FI R I BORHEAT A B, HERTIERINL, TE NI, e B (i 3
J7EA R R
min[X™W — X7|ls" + BIW ¢ (3.3)
R T MR T o, 2 I B ST M 2 ) Bk U
FRERER IR B, HET FHE S R Ho I BRI 7. AR, X
RO LRI, A S BUOMIAT VI 25 R BCBCHR IR b 515 . DLE LLA
L 75 VA ST B R 2 T R R b AR SERRR 7 R, B AAE
HOTHRIAT R AR RO REA I U\ — OO RRAESERE, 648 TATARAEI
FEAERRE MBI, E e B BBV (TINS5, BS54 2 5
FRASTRIA SREA A, ST RSB IR . AR SCoR, AT T
R bR RS A TERR 2 SO0, 46 bSO 04 M R P i it
FFALEW), FEMLA IR, N1 B A B A i B 0 T
BERAR—RER, ST, RAVAEHAEINARBE, e
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3. T AP I IR R AR PRk

G PR OR, SXAE AL T AR B LT AT

2 2
(1= IXTW, — XTII:" + 6lIXTW, — Y1l | +

min (3.4)

Wl B (IWll? + wal )

Hobt, GRESHL,

SRR AT DA e BB RO (L S o A7 1 S R
i 26 A 45 R B o S0 AT R A O B HE AT VI 5, R 2 B
BORIRCR . I, R LR EAR BRSO B, DR 7 D
SR A A R T, 2 S T DU R I R R e 19 30 FLA P et
FEA (A RS HEAT WA FFE BEREAHAT 3], 1 S i B e U T B A A K
PRV, SRJF L B O REAOR M R, USRI B 1032
flefie DU, Dk, BATHE & 25 3 ST BB EE b, AT LU DL
19 AR

u

l
2
(1=0) Y v llxe = xWille” +0 ) vy ly; = xwill,* [ +
=1 =1 (3.5)

+ B (IWll* + wal?)

min
Wu,Wl,U 2
n
v; +nk

i=1

s.t.0<v<1,i=12..,n

Horp, v RSB INFEARRIRE, ZAERR/NRE T RS ST 5 5 I
ke TS 5IZGMIEAREG n— DX, HTES] 0-1 2
FRASHT TR B

FERHEIR SR T B R i B vk, V8 2 J 8 R ik B D7 v h g, (3
FEFFIE I B R AR AE — N B ) R, BPARAE ) TUR MR IR, SR AN AK
PR E ) B BV AT R R £, winT B th S AR LB ARHAIE . 7B IS G384,
A8 W 23 4% HRURE 52 1 B A B o 0 I B2 ORI R E O JE B A, 4
RANT G HE B PR AT 228, AU B R E At 2 SR I R T 4R
HIARE R R AR IR T, RISk AR R R A iR N IR IE T4, &
Rk —HaE R, PRI .. BTk, Liv AR T —MEREFIETT
RV TTE, RIS 25 FEARFAE 2 [A] (1) RSO AHACL A SR DR AREAIE 2 18] () TU 4R i) 7
WAST e g, ARAT I8 A [ SR AR ) S AR SR AR IR AN [RIRRAIE 2 () R AR, 2T
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T BB 2R B R P AT

JF B AR X & T — M AAAEAERES, BIS = XXT, s MEBR, MWE
PANRFAEAN SR j AN REAE BB, XS P ARBL R AR, ARG — NN
MAFIE T8 . #5, IBEBEEHREFEW BT FKE SCEE M RF AR B2, JFiE

R MEtr (STWIW ) R RRF IR TO AR E, e 32 2B AR 0 2R IR fE PR A
Ko IR AR HEAN 5 j AN A AN K AT BE R I 4 96, S gl va) DAAR B 10 i
FROETCAR MR e AEA SO, BRATTH A5 %512 AR R RARFALE (10 U A% 128 1) AL
SIEYRCEAINE U NN SR AN €

c1—e>2vtuxt X Wyl +ezv,||y, Wi,

min = =1 (3.6)

Wy Wyv n n

W 14 tr(STwiwT

+Zvl+nk+ﬁ Wl + | 1Wl[}) + atr( )
1=

s.t.0<v;<1,i=12,..,n
:/H;‘EP’ W= [Wuin]"

3.2 HBRMU R 55

fE B, 3RAINE 1R T B S 0 BRI i F R R e i
Feo ERX 4, BATR Az m i, REET e MR
FEWSRARE s SO R A R BE o b, R AT 2R A 1

3.2.1 MiLEE

ARSCHREH IR T B0 25 2] B I BRI I B s — 3 AR ER )
B, PR W, . WiRlve W20 B RHIEE B 7 B IR B s w2
A BRI IR B T A B AE RS vRERREMEAREN R, HEBUE
JLHEZE 0~1 28], HE#Er 1, REZEARES, BEdsar o, A&
AN E T A ST I TG B R £ 7 VR AT B R AR e 1 T
NI, X TR E BN R, HERES NG R ARTE
PR HIREA AT SR o

BT A S H bR s BOE — AN RN i, AT DO T BRI,
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3. T AP I IR R AR PRk

AR A B IS AR WHE AR AR R (AL B A A ik AR SR R —
eI, [EE MR A, AL R SRR, EEHN, Hirmi
PACH R IRT E AR R AR, MHBAT R % P IRIKIK
X R M A AR B AT SR, ELE H s BUE IS, RIS DR AR .
XAER RS DS AN HE N R 2 A o i AT SR . LN, AEAS SO,
AT AT LAy = AN X AR S AT Ak . gy th BAR B D
-

(1) [ AR R, FHW,

AW MvlE R, SR HFREE (3.6) ATRIE LA FIER, RIORE
SW SRS, v LR S W R v A 55 W, TE R 1R 0 B I

min(1-6) ) vellxe = xW,lls” + BIWells* +atrSTW W) (3.7)
“ t=1
AT AT R, RATE EER TRHAREENER, 4U=
diag(Wv), G = UX, "JLAMFEILLF AT
min(1 = OIG — GWlls* + BIWLllr" + atr(STW, W) (3.8)
AT R ERBAMEEE, T ERTHTRS, ARG
LN 0, AT DAL TR

2(1 = 0)GT(GW, — G) + 2BW,, + 2aSW,I = 0 (3.9)
bR, LS 25 G A A
W, = ((1-80)GTG + Bl + aS)™1(1 — 8)GTG (3.10)

(2) [fEHAMAE, FHW,
YW, FvlEER, FCRHRERE (3.6) AL S L TR, B
SWHIREIE 7, 0T LUK S5 W, Avil 2 SW, TE R B3 0B S o

l
. 2 2
rrvlvllnez vj ||lv; — ijl”F + ﬁ||Wll|F + atr(STW,Aw) (3.11)
Jj=1

NT AR, AT R TFHARIEREIER, AU = diagWv),
G =UX, Q=UY, aJUMABILLFRTF:
min 0]1Q — GWillz* + BlIWillz* + atr(STW, W) (3.12)

N TR B MEEE, BATH EiRA 7 EHTR S, HFARIFZIEH
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