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(S AR AR5 8 TR VL 7 330013)

WE R TR 5 T 20 ENALE R L1(—58 829 R BT ) N 4L 6917 28190 )2 (Logistic Regression) A Fl )b & 5 7
logistic B2 AL A o L2 (=564 29 R AT ) 3B WAL 49 logistic B )FAEARY | 25-E- P SR 77 ST 2 8] Ao B 5 A 3] 84 T-3 S T-2 51 5
KB AT BRI A T L A8 WA TRE SIE AT, 523645 R A L1 EN 4L ed logistic = )T AL R 69 A 201, IF B2 AR GEAE
TN 45 09 ) B3R B B AL T AR

FERIA] M S-FREE L1 BN AL 3 2w )3 TR A L

HES XS F275 SHRFRRRD 1 A

TERIRAETE— ML EHET , R EFA TGP R, 12wl i 55 B it 52 2038558 e . R L
T2 F 0 55 U A 52 AT LA SRy il A8 P R LR 2 A DG 3 S i 2 9 2 5 KA, %o T Al 9 7 R Ak fife A 55
FERL, P fEHLIUE S KA 2R o T2 w55 T 2 i 1 FH — s A ik, Xo) Jsg e b
O3 F V55 R ) 8 B FUAE DCE S A TG RN 23 B, R A 250 PV AR T I S5 LA T i . T
FE bR 1L (9 340 1 422 G R 0 TSR (10 A N RN SRR B, LA B v HAR DGR B TR Z IR R A
FIF A5 B, T A 75 B R AT AR B v (BRI R B ) o — MY 7 vt S TR i )1 2 Ak A 7 AR
B i 11 D 0 v ) e =S 1 b 3 2 6 | Sy s 2 b L VRGAR = -l = R (1 = =8

W 55 PRI A A mT DA UA 238 A R 1) O 47 0 S5 3k 194 - 218 sl [l 51 [t 3 ol A MBS 2= >
o W R FED R 2 RN Z 0 sl N TRREINE . Git iRl 324045 2 e 2k A48 (multi-
variate linear regression, MLR ) \Fisher Z& 14 #5143 # (linear discriminant analysis, LDA ) Flli% 4 [7] 5 (1ogistic
regression, LR) &5+ MLR AU E F8 bR A8 i ~7, FH e /)N 3 )72 (ordinary least squares, OLS )R
fife ABJE AT 55 IR TVE AR A S b Tk 2% 2] o I G2 2T e h i IE AR AR J5 |, AT DA
R SR AR /N, A B T S A S MBS s i et . PR R 40 L2 i 5 L1 gk
1E DAk A MLR 43531 A 06 [\ )5 (ridge regression, RR) FllHs /N4 Xof 4 ik A1 2L 12 16 555 (1east absolute shrink-
age and selection operator, LASSO) [a]1H"*",

L1 YEE0E WA A AR B A5 80 i ELAA S e, EAT AR A i I T St o AR SCRE MR T LY E0E N4k
FRY 2 [ U1 O 55 PRUESARCRY , O e T 2 W) 55 DRISE T4l SICIERIE S, A P BT A BBE 2007 —2009 4F 1 1B
ST A2 ) 49 ZE 1A FIAH [R] AR5 14 A 55 R 00 TE 15 28 ) 54 Z2 W55 Fa b B0 4 T e S B , IR0 4 5 Fn:
R, FXT e — a2 B 0] U5 A L2 Y00 E WAk B [l A 7 SE R oY o

1 L1EN{ZiEEIFEE
PR B — PP GET T oA 05 1, BEHT T RS f AR A, 38 i SR AS i Sl 4 e B MR A T
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HEE&W A : HKARF AR H (61065003) s B H #BASCHE SR AR 40T H (10YJC630379) s VLTI H RT3
475 H (2010GZS0034)

EFERN IRIE(1979—) 5 1l W57 A RS WL A8 7 b A S0, B2 3 TC AL AR M 45 DL 4T

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



5506 91 gk A5 b2 IV 55 TR A TE U A2 e (] YA R 43

o328 BEL H FIM A R R SO AR . LR T FHABGAL AT 5, AN ZOR RS TIES 0 A, A ZOR A
AR RMIERS M o ZINEC ) Z I T2TE AR LR A EE 200 (H LR X A& 2
[ f) 22 E LA PRI

B In o R, WM AE R y {0, 1) BRSO p BN AL SRS BRI R x=[x,, x,, -, x,] , 4
7 A SRR T 1 R SR

py= ”")Zw")zm (1)

H: =B, B,y -+, B,) HINRIIZHL, BEATEn DIIGHEAR D, ={(x', y)} 1, , IRIEFEA K SRR 2R
B D, EAfiit g ARAR IR sRECA KRS PR %R (log-likelihood ) , 67 :

argmax {IOgP(MD,,)} =argmax {ilog(yi¢(ﬂTxi) +(1 -y - ¢(/3Txi))} (2)
HRAE LASSO R 1] U1 i) SJEVAEL, R0 2k pRESC oo B 28 8800 L1 Y8010, 45 21 L1 AL A Y logistic
[\ .
arg m}ix{logp(/ﬂDn) = ,6'||1} =arg m/?}lx{zn:log(y"(/ﬁ(ﬂ%") +(1—y)(1 - ¢(/)>Txi))} (4)
=1

XF T L1 IEWIAK logistic [8] 55U (1% 5K fi% , Zhang ™, Shevade %/ Fll Genkin %5 #4145 A &40y 5
oo X B FH Suhrid 25 HE A TEZR “ Shooting” 3 1R fif L1 1E AL AY logistic [T, 28200~
e, 21 logistic [ AR BEECH
> log(p(y') = 210g(yf¢(ﬁw) H(1=y)(1 - (5" (5)
2y =188y =0 B, XEULR R B 51 A log ¢(B' x') A log ¢(1 — B X)) L UIF
L Dlegdp). =1
2 log(p(y' ) =1", | (6)
Y logl~gfT¥N.  3,=0
ST 1SRRI AT LR RS BRAE B, T AR O ZE I FF St 80, B, 3mid i
LA BB S, ¢, 25 B TG AL

Slos(p'B) = 30 (B XY b B+ ) =By B0+ D, 1)
PR L AL T A A
argmpx {log p(AID, )} = arg max (', b0, ~ )| (8)

Hol y, =Y a ()6, =3 b .
i=1 i=1

FEM Q=2y'B+6 , a,, b, HAHRL FIXTEAUSR sRELE B, x Ab ) — B 28 ) SR F U0 RAERAS . AR Y
“Shooting” - 1E KL .

1) BEEAPIUGTE B, 5

2) TEF m L A j=1%] p i:
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0, if| Q[ <A
A=0Q.
; .
Bi=\ 2y, 4> (9)
-A-Q.
! ifQ. <-4
2l//jj !

25 p YOt BRI THE R b — 2D AR

3) ®AEH 28, HE B, WSl

Xt HE— % 1T U L2 TE D A 22 8 ] e AU, B aRE5 A mT DU Y - L1 SRR i 2k R e
SRR SRR S R v, 7 2 K000 4 X0 (R0 80 A7 Dol 1 [ Rl vl IS A5 950 o A8 2 g 7 2% ek 532 M 450/ 1N Y 28
FECE ] 0, HARGFRIR G T, TR 20/ 5 A B R AR

2 HiERERGE

2.1 HEAFMEISFRIERE

ASCLAP IR T A B LT B RT3 52, R BT — 261 i 28 ] PR ORI S E T B SR AT <A ) Ak
R RN ST 2], X AL ST 2 Fl5E AW 55 fa Loy ml o MHBRAEIE % HAGE S G2 7], M 2007 —2009 45
[ B R ST ARl rh  BEBE T 49 IS5 FEALI A RIREAS . FEREHREE ST A RN, 25 BTV AH S A B
SN BT 54 KM 5 IEH A mVE ECFEA

B I W 5548 A e B ALY S — 1 I W0 55 U RS 10 1) S5t 7 1 245 161 P 1R DG SR B A 118 3
fill I, 2 LA e BT A Rl EEAGRRE ) JRIRE ) VEZ AR ) KRR ) I A N R Wl
27 M S5 FebR LR 1,

®1 WERERE

Tab.1 Financial early-warning index

i A=) ity i Aw=s ity
x1 mah R x15 TSGR B R LR
x2 Al x16 FE KR
X3 M4 AR x17 BB ERR
x4 TLBIE R ATV H x18 R R
x5 fESTmah i fot L3R x19 BB I A T
x6 g5 fr b3 x20 A B A T
x7 SIS R x21 FE b S P4 LR
x8 ARG RE R x22 A aE M %
x9 FBRARL H I 25 5 A x23 BB e =
x10 Bl A x24 (BN E
xl1 A B FH A % x25 FBRAE S 1 25 1) R 25
x12 PRSI N AR x26 (T E =1 UN
x13 ST R R x27 BB BTG Bl A B B 4 T A
x14 T R R

ST /A R HIEE ST 22 Rl IV 55 F8HR W12 A2 REAE DX S5 1 , R E A\ P A5 A () 8 b 22 /0 REAG R0 0 25 b ) X
A ST A EIFEE ST 28w, W R vt i v i
2.2 LEIE

IR L2 I R AL B ) ELAARE O, BEEC B T A W ST AR AU AT Y 3 4F (B T-3 4% ) W 45 %54
FIDGT N 1E 52 AW 55 B8 R SReE A B s ST AR Y o SRy T 41 5 AR [ TR0 BE 7 , AR SC IR BR FH T-2 4
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o 95 3 S A% 1 POEDASE Y, P A R ) T vt 32
il FH MATLAB BEAT 07 HS2 56, SR At T-3 4R 400808 L1 1B U AK logistic [o] AR R 36F 17 F5T00 415 s 28 % (L

#2).
Fz2 T-3FL1EMNK logistic B2 R E]
Tab.2 Coefficients of L1 regularized logistic regression model in the year of T-3
AR B4 A ARE AR B4 A FRE
x0 0.599 5 X9 0.000 0 x20 0.000 0 x26 —0.079 1
x3 0.000 0 x12 -0.2499 x22 —0.0359 x27 —0.000 1
x6 0.000 0 x13 0.000 0 x23 —0.053 1
x7 0.000 0 x14 0.000 0 x24 0.000 0
x8 0.000 0 x19 0.000 0 x25 0.000 0
P LA 2R R ) 22350
1
p(y=1lx)

= T+exp(-0.599 5+ 0.244 9x,, + 0.035 9x,, + 0.053 Lx,, +0.079 Lx,, +0.000 Lx,)

BEAY (R 28 FATAG 5 53 XA AL e W AR 8y SN/ NI A8 e R AR08 A O, TR A AL T {8 ™ AE R e
Mol () AR SR BE R ok, SEI T AR S e PR . R SEIRAE IR TT LUE B R IR BB 8T X, Xy, Xoy s
Xog » Xpy » 1K SAFRIRIT BIFRAR W BN 58 77 SR e 3 LA T i 54 LU BBt 7 Bl U i’
TG AR I I . X SRR A R B BI04 I i AR REHR FRask PRSI T, iX SR FE T-3 4, ST
AR AT BRI R (H R X S S5 F8hn L 28t B T S8 R o

R T ARIE RO 55 BE 227 T logistic [B1JHAAY AT L2 1E N4k logistic [Rl A5 A | SEab ok B 2L 3

F3 T3EHESEZEREILR

Tab.3 Performance comparision of various models in the year of T-3

HRAY PRI iy A R I ZRHER /% IRCHER R /%
logistic 27 77.94 45.71
L2 IEMfk logistic 27 75.00 65.71
L1 IENfE logistic 5 69.12 71.43

FRA_E AR () I v A R, v] LR HY logistic a1 ARSI ZE I ZRFEAS b AOERT R a5, e 4E B iy
YRR HARAERE , X EIHE T logistic [FIHAAY S 4815 B4, B logistic [FIH AR A2 AL RE T3 A4, T AL 2%
W, L1 IE K logistic [ )45 0 T30 45 5 fe 4, L2 1E Ak LR, 3438 logistic 7] AR T2 R4 SR B 38
K A5 3 FlASI] logistic [A1V7 TR 22 K4 P& 1 s .

50 10 1
5
£t & 0 o
N('_SO W& m?—l
-5
~100 5 10 15 -10 5 10 15 -2 5 10 15
(a) 25| A5 (b) L2 1E AL 4R [l A5 R 2R 41 (¢) L1IE WAL AR R 480 R $0

E1 T3FHE3MERYE
Fig.1 Coefficient value of the three models in the year of T-3

AL SR AR AL B A B4 logistic RIS 2 KO AR E] 1 R4, J5UA Y logistic [T R RLSR A 19 2
WO BAT BORGRRY , FIT AR 0 Sl 0 AR 4 T A R AR, BRI PR REANARE o HEAR L2 IEAE AL
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IENIAE logistic [FIEREHY | B AR — 35 AR R BCER G R 40 1, H2 L1 1E DAk BB X ABE TR0 A 107 25 f 5 M A/ s
MR BOEAE R 0, SEL 1 /A8 B B4 5 1T L2 1E AL AU BE 6% S RS RY R 400 e, DRE oA R 2
HIEPEDIRE ; L1 IENMK logistic [ BE A fif Bt B

fii 1 SPSS 11.5 for windows XA RIFE AR 4 7AH S 734, SR OB A% f (8] A B S 1 G R AH G 3R 4K
A LAHI W AS R 2 UIRRRE o A OC R —RAE—-1~+ 1 3G I N I 8l B A 1, A2 B[R] 1 B M DG A 2
I, W 0, AH KA E Y] . HHOC R ECH 0~0.3 /R AHSCAR BR300 , 7 0.3~0.5 Fo/n AH OGR4 , AH ¢
FH0.5~0.7 Fe/n AL B I 25, M OC R EUTE 0.7~0.9 s AHCRR B /&7 , AHOC REUAE 0.9~1.0 Fe 7 A L BE
o MU T-3 AR A W 55 T b ] R AH G Z 8%, HAME 2 T 0.7, AT Seds bn A8 [ A DGR . X
L1 1ENAk logistic [ 5 A~ ZEEE 0 (W 55 H8 R EA TAR S 0T, A OC REUE R, L3R 4,

4 BRITRIEX RBER

Tab.4 Correlation coefficient matrix of the model variables

x12 x22 x23 x26 x27
x12 1.000 —-0.128 0.195 0.546 0.524
x22 —-0.128 1.000 —-0.310 —-0.636 —-0.392
x23 0.195 -0.310 1.000 0.445 0.563
x26 0.546 —-0.636 0.445 1.000 0.689
x27 0.524 —-0.392 0.563 0.689 1.000

L1 1E Ak logistic [B1= 358 B A9 A8 & 2 [8] B9 AHSC R AT 0.7, BT UL, L1 IE N4k logistic [F1ERIEY HA
i VE, FE bR AN B AR DG o B T2 4RI 45 08l ~7. 3 F logistic [A1 IV 55 PO A | SI2a6 4% 5 L
#5
R5 T2EHFE=FERERELLE

Tab.5 Performance comparision of the three models in the year of T-2

e TR A AR R YILRAERS /% T HER /%
logistic 27 98.53 77.14
L2 IE Nk logistic 27 89.71 80.00
L1 ENAk logistic 8 89.71 82.86

P3N S IR LE R WK, E logistic [ TSR M: A 2E VI 2R B0 4E 1 A0 R BT IE IR Y logistic [1]
AT E R AR b IR 0 25 F 1F WAk logistic [MIJARIE) AT D36 B 5 A E Ak AR e 3026 sRgk
HI A0S AR R B B T W R, A SR e i A B G i TR AR e T, RS TR
U AR TR BE (7 FH T-3 4F , T-2 AR50 A9 L1 1E D4k logistic 1] IR Y T A% B2 43591 Ky 71.43% ,82.86% ), L1
1EN{E logistic [F1H-5 L2 1E 1K logistic [F1EALR 8 22 517E T, 5T & 7T LA A5 70X B ) [y 52 ma 458 /N ) 45
PRAS R R B N O, el RN AR AR | SICER T RN (AR R RN B, (AR B ELA R

3 it

AR AR R )z I T8 W W 55 OB I 5 1, (EL & %o W 55415 b 22 18] ) 2 B L2 P 40 Al ,
Rz ALRE N 22 0 AT Geit o ) B A IE ML EOARSE H L1 IENIAE logistic [MIJASAY , T L 23 ]
55 WUE SRR ST , A7 R HBAL BRIV 55 50 vh 8 b A8 B AH PR B AL, A B BB (S B AT AR Y T A
JE i ELAg R o (IR TR IBETT ST 28 RIMIIE 7 28 I 55 %40 T-3 4%, T-2 AR Bdlatt A7 5050, B0k 1 L1 ik
W4k logistic [MIABERI AT RLNE . A I R4S G M A0 ), TR AT R BR ST AR BT , JFH Z 0 T2
PR ARL AT
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Regularized Logistic Regression Model in Financial Early-warning System
with Listed Companies

Zhang Heng, Qin Bin, Xu Jinfeng
(School of Information Engineering, East China Jiaotong University , Nanchang 330013, China)

Abstract: L1 norm penalized logistic regression model is proposed based on regularization technique of statisti-
cal theory. Logistic regression model and L2 regularized logistic regression model are established. Combining
two years’ financial data of Shanghai-Shenzhen stock ST companies and normal counterparts, simulating exper-
iment is conducted to analyze the financial early-warning system of listed companies. The results demonstrate
the good performance and predicting accuracy of L1 logistic regression model

Key words: financial early-warning system;L1 regularization;logistic regression ; accuracy prediction
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