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H TR 5 A W 55 FE Ao 22, OF HLIWE 55 48 b Z TR0 AR SC PR A, PRI, S0 i 5% £ oMb I 55 5 47 A
KNG FFAHSCHELE X E R T 0. 75 50728 5B, i S 50 A (X ) Jsh L3 (X, ) (J8s 1
H(Xy) AFBARAR(X,,) VBB (X ) SIER

BEXT BT HOMAS B FRYE R 1| FTR i B U] DRI 3 0 1 728 8, Al A DR L (D, ) K
A B 33 BT 2 R 55 i e BR 1R R, LAAE TR Aol 2 M s 2 Bl 0 R A 32 B v [ I A e AT oAk
T4, A g OB AR R LIS, ol T AN [R] 3 AR k2 ) A B AR AR AN R] , Shy (A5 B L o
P AT, AT XE AR, Bl AU (X, ) Al SRS AFBR (X, ) (Al M N B (X, ) 45 16 A4
AR AT R AL AL B

I It R R (1R

M TASOIT S UL A | AR TR At 22 S SO R 4005 BUAR, DA T 3 R e 22 v
P AR BT A BEA TS D5 BT Al W 55 AR OL RS P S RV A i T T HL g D Sk
DRLH R P BE ML ARARRAAE G775 75735 5 B8 i ll M OPR B0 A1 2 WL PR3 I B PR R I8 o o R A
Bz, HImT—ME 20 (5 BRI, A5 BN B VE DLSOR S5 Z R AN i 1R 15 R, OF B L
SR LS BARAE L S —E T AE R | R et FH R RO A T4 B 0 e HAT A A W] {5 B2, O REA 280
ok PRI, S WP DR 3R X 25 2R B 50

1. BEATLARARAZ SR i 2k

WEALAR AL BT 0E T7 3, AN BEAEAN SRR 4 I b B e A0 , T L R 720 12 8] 19 A R 3R
5 LEAE N A HA AR UL 5 8 A B AR

ARSORG R A Ml FEAC D045 Rl 5 Al W 55 IR DL P RS 48 b 24 A48 8 1) JH REAIL AR bR AZ 2 1
Tk o SR G e SR, AR SORE 142 ZEAEA ARV BEALY 200 5 41, RIS 5 78 T i AR A 4y
Pk P A B BEAL AR AR B T nree 18 IBCK BRIAMEL, mury H 728 5 (97 5 AROR B E (258,
2018) ) BERLARAR S 1 £ 7 A REAE TS 36 2 iR @,

*2 AL AR A4S R AE B 1R
R E 4K %—4 -4 %-4 Uk EHH o E
X, 1.311 0.335 0. 229 0. 653 0. 656 0. 637
X 0.359 0.338 0. 662 0. 256 0. 335 0.39
D, 0. 167 1.376 0.018 0. 055 0. 053 0.334
D, 0. 095 0. 806 0. 026 0.309 0.01 0.249
D, 0.053 0. 085 0.018 0. 544 0. 395 0.219
X, 0.54 1.16 0. 142 1.33 0.324 0. 699
X 0.777 0.489 0.294 1. 109 0.419 0.617
X, 0. 435 0.438 0. 402 0.3 0. 286 0.372
X 0.2 0. 543 0. 104 0.244 0. 295 0.277
X, 0. 286 0. 386 0.073 0.242 0. 393 0.276
Xy, 0.202 0.202 0. 607 0.36 0.275 0. 329
X, 0.391 0.292 0. 888 0. 196 0.289 0.411
Xis 0.312 0.24 0.752 0. 155 0.234 0.339
X 0.272 0.961 0. 198 0.47 0. 38 0. 456
X, 0. 428 0. 696 0. 286 0. 306 0. 263 0. 396
Xy 0.522 0. 493 0. 605 0.794 0.291 0.541
Xy 0.924 0.517 0. 096 0.754 0. 585 0.575
X, 0. 396 0. 567 0.513 0.202 0. 864 0. 509
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BEALARMARAAE F 22 AT 4) , RS St I R X g R A s Y R, P k2 19
A i FEEEAR S th R BUIRHET 5 SR EOA IR R R (X)) AT AR (X, ) BRI (X)) |
BRI RBEST ( Xy ) MASE KR (X)) FHAMEAE B (X, ) RSN 2 (X ) Al Fs
(X)) H /AR AR SCRE R A AN S - A 5 SEUE 43T

2. B BRI AR R T

W e Al AR AR 5 2 IR BE K BOR PR A8 AR 16 A8 B R H B BORIS HE1 7248 S ik

(1) BHIS ., BECRICE N R MBI A — P b BEARH & 5 B TR 78
AbBEFEMLPE AR DL R 45 22 RS 2 P15 S P B A% S 0 1)l s LA A B S etk v, I
B B (0 A8 B i AR AE

B G NAHIKE N ae G, f(x)E SLRHIE G LRKEE A o, e[0,1],i=1,2,---,n,H.:

., X = X.(i =1,2,,n)

f(x) :{O,EE | (1)

A L X AX, HE! o =a<1 PR R/ () FRZ I E R, HorP o, FROMBREL /() TE X X
(B X IR AT RE ) o S S PTAEE  n R eR A (o) BB R, R HE CRT AR Y B SE iy BA
DX [e] A 14 T A B2 R

B a,b NIEE, H a<<b, WA X [ a,b] HBEKEOHR(a+b)2, BHic k. Ola,b] =
(a+b)/2, 0 n By f(x) BRI AT LLRR R .

B = | = @ (@R a) 2)
0, HE
ARGt B, A BRI 3R
D(f(x)) = X" [a,(OX, - E(f(x)))* ]/« (3)
RIS 3830 2 (3 ) 0 T 45 O 2
S(flx)) = /D(f(x)) (4)

) BHRAMEESLRERE, W, LR NG BB S, WHAURE R, RIS 5 A0
FIINTAY L G N TR BE I BCS M AR SCRHH IR T SRR (25 D0 5 9% 1 = A T T (5 B D,
A=Y ©.5/100 (5)
Hr A, REBELRANANTEE, o, R0 E XN A, S, (REMN A E, BiX—HEXK
E L E,, - E, BN NSRS A LA, A, R R E RTFLREANNNLGEEEE R,
A, .
A= (A, +A2+---+An)’l =1,2,-,m (6)
L RAMEEG A E WA

(A A+ e+ A)

n

A (7)

(3) R EBOTHANE , B n BN u, (i = 1,2, ,n) PEAFE ST 45, Hor
LR B (21,2, ) SR, TN a, € Goa, WA, TRASFXAS R u, 10 n 45505
N ay ay, -0, FEATES G R NGB TEE SN 10,,0,,--.0,, 4 n %G55
A w, HOVESY AT ICAE SUHE R | 18 A [ LA (L — A, B 7 145 52 7435 B4 R o, 46 45

O LRUFEERUSHRMERIFRIIL 45K,
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FHHESN DS 0, ,m,, - m, (k<n) IB2X AR & w, FEEOEN N .

0,,X =m,
0,,X =m,

U.(X) = : (8)
0, X =m,

0,X ¢ {771’772’"',77/(} (k=n)

(4) AR 8 T, MRPEA SO S8 A SE PRGBS 2 WA 5 B0 I A B ), AR SCOFE B 2 44
FEHER B 4 AT rp B AR R A 24 DL 4 2 B 10 4E DL TAEL K MR T MO A 5L, 35 6 1
LRSHIRINEAE, KEREERESERIES(S), 53 6 4 LR ANTEE 55
47 0.9.0.86.0.74.0. 78 0. 82.0. 66 , v K (6) T L ZHAHMA NG A48 0.19.0. 14
0.16.0.17.0. 18 0. 16, [FJR R (7)) L KA MELEG ATE 8 0. 79,

WA e AL AR 5 2 WA W KA bR 43 ) & 4 6 B 5, ik AN I I 5 R
& KL RIT AT 0T IR (2) 5K (4) s AR w5 B2 A S, DI A8 i 1 ] S 7R
&, BARARNT .

S((X))
R(AX)) =1 —E&—X)) (9)

WA 6 1L RIAT 00, & e 2R (8) TH A H B AE 1, ok X (2) X (3) 5
K (4) BT R AR B (E | 22 A Kb 22 e AU (10) 3R AR &l ) IR 2 =X (10) 115
AR AR5y (R (10) H U SR FEFRIE & U = (U, U, , -, U,) ) , BREE R a3 3 s,

D = R(f(X)) xU (10)
*3 SERIN e
AT 4 AR HE = T ot 22 EED;3 "B

Xy, 64. 0126 13.7329 3.7058 0. 9421 60. 3068
Xy 65. 5672 34.1524 5. 8440 0.9109 59. 7232
D, 65. 8193 14. 6453 3. 8269 0.9419 61.9924
D, 74. 5588 25. 8386 5.0832 0.9318 69. 4757
Dy 76. 1134 38. 5563 6. 2094 0.9184 69. 9041
D, 66. 9958 81. 7050 9. 0391 0. 8651 57. 9567
X, 69. 2647 15. 8692 3.9836 0. 9425 65. 2811
Xys 65. 1261 43. 6739 6. 6086 0. 8985 58.5174
Xy 64. 1807 24.9730 4.9973 0. 9221 59. 1834
Dy 76. 7647 29. 4408 5. 4259 0. 9293 71. 3388
D, 75.7773 25. 8520 5. 0845 0. 9329 70. 6928
Xy 60. 6933 3.7636 1. 9400 0. 9680 58. 7533
D, 63. 4454 18. 6681 4. 3207 0.9319 59. 1247
D, 67.3739 26. 9246 5. 1889 0.9230 62. 1851
D, 71. 6387 6. 9430 2. 6350 0. 9632 69. 0037
D, 70. 6513 13. 8976 3.7280 0. 9472 66. 9233

ORI A SR B
MF 3 P DUA A R AT SRR R T 0. 85, U i AR IO SRR i, R 3 P AR
343 oh s BEHER , g s B m i\ AR i B O A B 15 00 ( Dy ) oAb 2 E TR E
PE(Dy) Bl T U RIMRERE (D, ) S5 BERLSERY SR E 5 A (Ds) A5 B ALK (D) (P3[R b PERE
T1(Dy) B AGER(X,,) B AR BRAE S (D)) .

T SRHERZ IR N R SR B

T BEALAR MRS R O 08 LA B 15 RV AR R O 0 , K 20 07 0 A 2 AT B A5 21 1 B I
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H1 T Logistic A& B BHE R Ho A R i  #5ERY 5 I DA K Rg e P o 5 7 T B JhURe A3, ok °7
BAFFEAF RSN R 2R ) 28071 . AR5 | AR S F S B (EI (- o0, + 00 ) IR
SEE1(0,1) Z I, BAKIT S REH O A LA PO T - PoREE A KRR A RIS
FFABHRA (2, ,2,,0,x,) e X, HWEER y, Hy=1, KR FMAZEKE;y =0 FRFF AR
KA, I, FETF A A # Logistic F IR M .

1

"1 texp(-B, B xX) (11)
Hdr (B,,8,,+,8,) B, T (11) AALLM: R %L, IR HE A7 X B0 e 75 .
1n(1 P ): B, +B x X (12)

WA BALEE AU Y A R R T 0.5, WA RSB R T 1 8 (kA k) R
JBT 0 B (FF A RAEAE) IS KRBUBAG T (MLE) i1+ R B, #4428 st X 4k A 152
ﬂrﬁlﬂﬁo

AR EBEE KT

ZIKjC/H 2 O BE Y 16 A8t TR T, AR AL R 4 ) A5 FH XU 52 i A1 28 B T e A

RIZEEHL A, HARAR i B U AN 4 B,

* 4 B E K
g TEAE REWRA

43 A X, Xie( -, +0), &kl N\ k&4 b A

AV R SRR X, X, e (0, +0) X, e N F AR &L F R

R F X, X,e(-w,+0o) X, =——,a, RFFF M b, REFKFLEH

B | R X, X,e(-»,+0) X, = %ﬁ%éﬁﬁbﬁ%%kﬁk

TR R X; Xse(-m, +2) X =7"q rEE VRN, b, RETHHHH
Xoe(-—o,+0) ,X,=—,a, Bk W N e L b, gk

W K X, e ( , @), REAE Yo N3 Rk HEE
L ON

BT EEN X, X, e(0,+0) X, =—,a;, REFKZH by REZ LKA

2 AN AR A Xe X, e (0, +) X —— Jag R X ANEAR B b, KRR LA

D, =(1,23), 2% D] 1 RERALSLSEOS N Z BB A AR E;D =2
ik R bE Y SR E 5 AE D, RERBEALEGZ AL Z H X RS ;D, =3 REBELLEZ A2
18] B9 X% R AT

D,=(1,23), &% D, =1 REFZGAS LT ERE WG RBELEH;D, =2 K
LT HRNKEAEE D, FAZN A b 3o A A B OB 5D, =3 REAZ G A I X BRI A W B AR

ARE R
o = A NS B S G A
B %, X,e(0,+0),X, = b L x100% ,a, R FZH A 75 B F b, REZOL D
R
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Hk4
T E TEHNE A5 B B
B b 24 1R, D, | D=l EFECAUEAEEY,D, =0 FFHO A Tk
D,=(1,23), 24D, =1 REZOLS;VZEETREEREZ;D, =2 REZL L
RORLETREE L Do | ppnmm,n, <3 REBOL LGRS
D;=(1,23,4), 2% D, =1 REBELDV TGN LD, =2 REBAL D
JRAR w7 B EE Dy AP ARG F ;D =3 REBED W FTHFWEINGE S — ;D =4 K K gk
A b AR A A IR R
Xy e (0, +0) Xy = (ay +by) xso%,agzﬁéig%ﬁiﬁi%é’
B AT X, ‘ B A A W B A
, BB ERRS
I ST /E P
I o |0 K= (o) x50 o, BRI S LR IR b, R
P ANE N E g S
B4R Y| Yol REREL L ARAES V=0 REREL Y A AL P

VORRCR A SO

TR A BEAT IR - (1) (G0 B A 5 B8 5 A o A e i BT Aol S O Al 2 TRl 5 A
AFBR LK &V A R AL 300 70 o =28 3 Rl 8 Al S5 A0 Aol FE I ] B | A 4 7
R WAL 300 o BB R 5 (2) L T U AR MORRR BE 308 o 0876 A2 il 18 R 7 o s 22 9 o 114
RIEATRr , A OAR T AR B A — R AR A B Al A RESR AL, A Lo il X 2%
AV AU R 5, IR A7 B R S5 e 5 (3) Al R B AR .l Pl i b A m A TR
Rt A Ml FE M 2 Sl 9 O B 75 2 AT BRIl M A8 TR 1D B0 b 511 W0 55 SRR 0 LA % X A4 £ 46
fH B, M A O 2 BT E O, HORE bl 0 =28 RIS E BRE 5ATRE s (4) Y
M BRBE ST o A b T Rl 1 Al B S e LR BT S A DG AR B A e A L e
RO B A AR B AR AR 0y =28 Bt (rpr 55 e Rl O < s EL S ) S TS Bl el A
Reda b SO, LU ; (5) 15 BALACE o A I 5 A5 SALIUDE e B A 18 (fF B EAS SR b
F T 58 (AT ) ) I & FALAR BAL AT AR5 B R Ak A5 B KPS A7 5
G S S U B LU AR, R T3 R R A I B R AR A K SR AR U O Al 5 S Al
(XIME 5 (6) PRI R Sy . HCHEHRITET (2018 ) 200 56F {1 o 5 45 ik b il i I £ 18 W [ 2R A
figp e, BV TR B8 i ) Al 308 6 B M A7 B SR R A5, DRI P () Ak BB ) 2 R SO il 98 A
S RO A AF 52 R e AR R 1L

5 9K T2 e R R R IATESETE . R 5 IR B AL A KR IR
i AL TR R K BITE 109 LA BERTRR BT Al 22 BDRBURR L o AV S AR BR 507 I 2 R 45
AR AR S Z MU U TR B A P FSCST A R v 58 WA i 23 L R I Bl ) S e AR Al A e 2 S A
/N, SRR S Bl ALl RS Rl 5 A A I AR S A S AR IR, O Pl 5 il ) A5
GEA A KRB 22 BN W

*5 R

LRI S BME T TR ARl % & AME
A HAE(X,) 58733082 | 7052818268 3.2298 22779539750 | 160711522503
AV B ST R (X,) 6 19. 62 0.2641 5.183 32
B FE (X)) -0.0357 0. 1031 0. 5487 0. 0558 0. 2044

187



= 2, %Keh HNESHINERRKEIRRMERREHR

B 5

AT 4 FR & /ME FHE TR % IR & AME
HEFAE(X,) -0. 0625 0. 061 0.0431 0.707 0. 1696
B R B (X)) 0. 0988 0. 3658 0. 4441 0.412 1. 9949
PN K = (X)) -0.4374 0. 1521 1. 6146 0. 2455 0. 5341
AR (X)) 0. 0004 0. 0387 0. 4268 0.0165 0. 0875
A MR (X)) 0. 0012 0. 1428 0. 1313 0.9194 0. 4822
HER4E N E 5 X E(D,) 1 — — 0. 741 3
LT ERIRBAZE(D,) 1 — — 0. 784 3
ANY S Sk X O 0 0. 3904 0.6184 0.2128 0.1316 0. 882
o A Wk 3 45 B AL (D,) 0 — — 0.3 1
Bk 2 e EE(D,) 1 — — 0. 7477 3
JR AR A o R A A (Ds) 1 — — 1. 045 4
ZEAAKT(X,) 0. 0838 0.9817 0.5792 0. 5686 2.5735
iE 2 E A (X)) 1. 0585 7. 7745 0.4183 3.2521 15.724
B A3 A B IL(Y) 0 — — 0.389 1

VORLIUE R 38 1, A S0

3. [EHE5 R by

FEDEAT [ DEIRG , A1%oh i 2 40 % S A | R A D RS Al ST AR BR v % P i 5 3
BRI R A 11 ANESERAS L 38 ] Z-score FEATHREALALER ; £15%h Z2f B 1O AR B RIVAE R 4% (1 i
SR R R B M O A 2B R e R4S 4 AR i R I A6 (one-hot encoding ) J7
TR A TR AL B (AT A eI, LATHBRIS PRI A 22 AL b | SR M R A i

WA LB L E L (V) VE R Bl A RS i, b BASE (X, ) Ab S AR R (X, ) v =l 25 2
(X,) SRRt iz T A 1H ALC 15 2 W55 73 B (48 S 41 <6 il ) 5 FH XU 52 ) R 28, AR
Il ZE L g7 (R 4l ) (75 PSS s PR 22 (R 5 % . Logistic AL [RTIAZ5 5 N3k 6 s .

*6

Logistic A AR

AR ERIEES FRUER 2 VA P&
# BE 5 -3. 6488 0. 6571 -5.553 2.82e -08
Al ik SR (X,) 0. 6757 0. 3093 2.184 0. 02893 **
HEFFFE(X,) -0. 8496 0.3710 -2.290 0.02201 *
B Y # A (X)) -0.7601 0.3771 -2.015 0. 004385 ™
R 4E B B E 5 A E (D)) -2.0692 0. 6903 -2.998 0. 00272
Ml A b H PR (X)) 0. 6054 0.3726 1. 625 0. 00426 ™
oG 4 b 3 2 1 R(D;) 4.0612 0. 9662 4.203 2.63e-05""

LT MR 1% 5% 10% K B
ORI . R 1 & T, A S0
6 Mt 18 Y RS 4R, N il IR TR 5% 1 R B K T B g £ 4

A A ST AERR BB AR G Sh B R L AR BRI EE YRR B S A O Al B R AR DL R
DA AMENL . Horh SRR Sh T 7 R 3 D R AR %) ik B 5 A BE R Rl B Al ) i 2
WEZE ELA TR0, BV A Ml B B v ) 3R A B ey Rl Al 14 335 249 ARG 3 BTG 5 o) il ¢ Al i £
WEAT TERN A AR AT 3 Al BT AEBR A2 0o Al 5% 77 B £ 28 55 %O A b 3B 24195 00, Ut BT il 9% s
Ml AR BRSS9 7 1t RO B O Al A AR 32 24, T Rl 0% ol 7 3 29 E SR s, [RIEE,
e 6 &ar = (13) B EIE R,

1
P =1 =17 exp(3.6488 — 0.6757X, + 0. 8496X, +0.7601X +2.0692D, — 0. 6054X, — 4. 0612D,)

(13)
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(EAS TR A2 , AR SCHE R BE B il 140 5 I XUBS: 52 W DR 2R SRS SRR T, BB Aol A AR SC A £ |
BN BEC R AR L A OARME B 7 ST LU B AZ O Aol P 5 240156 B0 AR 2 1. 255 52 o i % i\ 1) i
ZIMER X 5 R SCER =9 I8 3R A B BE G R Ay A5 XUR: 51 AL A — 2L, I 38 E Demica
(2009) "7 Martin (2017) 2 S8 1 (ST 4530 Lot i I SEAC T | Jr B0 L AR 7 5% 4 il 4 1
JHAURS: S B R 2% DR il AL A e (R 7 e o T (3 07 ey S W0 2 0 R A 5 XU A
A T R S

N — AR UEAR R 25 A n] S AR SCEH X I e 37 BB RS EAT Omnibus #5565, 37 51178 1L
T ZRBUN LR AR A R, W a] LUE G = A p (/N T 0.05 e S, PRI SO S 845 21 v]
S IR ST EHA R

x7 A A Z #0859 Omnibus £ %
+ HmE P {4
& B 22.043 3.000 . 000
FH e 22.043 3. 000 . 000
AR 22.043 3. 000 . 000

VOB IR . RIET 5 A SC
7S AR HIAURS: T 5 A

SR RARARL 4% 4 Rl A 15 FHXURS: 52 0] IR 3R A5, AR SCHE 1 3R (1A 4307 () i L g s (AL 7 5% 4 il
(1R {5 FH RUBSE TS IR | DA AR AT A8 7 5 4l 1) £ PR RS, 2 AR MR il (R 0 4 4 ol 1) £ FH UGS 35 24
() 50 P ) 530) e 30 RN P T T AT, R Ak A SR R~ 3 7 ( PSO)) DAk A 4 2 ] 1) oy SZ 45 o)
SEAIL(SVM) 4 L R B 4 il 14 5 FH RS, T A 75

1. SVM #5i7

SR IAIL(SVM) VR — B WaB 2 > 5002 (0 47 B 43 2 2% 38 8 FOR A7 S 20U | 20 2 0
) K A Ay T S 24 T N SR LR SR DT IR G — M =2 2R ] 4 S
] AL R 0] B S ) AL AR et SR I B AL

SRR ) AR AR R A A O T R ) R e A R P T R A, PR A 2 e REAR I 4R D =
[ y) s (,95) 5oy (a,,y) | e (X x Y) " JHH T4 i MEARI y, eY=[1, -1],i=1,2,-,
n, AR LA AN DA R A TSR A

min®(w) =

o + CZ j=1wi8i
? (14)
s.ty(0'x, +b) =1 -¢g
€,0,i =1,2,--.n
Horp, ERORMACE A 0 SR8 b, PR UIGEAR N (x,,y,) &, AR, C Al
TSR, SRTET RE, n ANRVGRAEA B R, DR (15 ) F5 e O AR 2 R4 B 2 i
T HZHR > a1 3 s i (15) S THSE € KX (14) e — Rl B Ll st D (15)

2
K(x,,y;,) = exp(w) (15)
o
. 1 n n n
min® (q) = 72”:1 Zj=laiyiajyjl<(xi’yi) - 2]_:101].
. (16)
s. L. zi:laiyi =0
0<a <C,=1,2,,n
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X (16) BABGRAHMERE J7, 7T T @ 4E AR IE 25 ) 38 F 715 FHXUB: T et . Horb q
RERFEAS i XA (16) T i, IFLAIT R 0 = X0 oy, SHE b=y, - X7_ ey, K(x,,y,) o 7l
T f(x) = ax + b =0, FHEIXE R M B AL

f(x) = sign( Y, ?zlaile(xi,yi) +b) (17)

SCRpIa) S AU RS 250 T e — A R EL T LU AL g Z2 0 5l Hoh R[R 28 ¢ 5
B o WA R SR LR PEREA IR K22 5% JF H HRTE X240 ¢ 5SS o Mk EEA
BAE o PRI B0 SRR 1] S AL S 85U A ) R B A A 5 A

2. PSO .3

PSO Fivk PRI F AR, J& i Kennedy #1 Everhart 7E 1995 4F T4 t i) —Fh 3 FREOR 1 B AL
PALEA . PSO BvE S HA S K ULk — K S0 i b — AL BEA LR sl AU S e i, 2
PSO B35 5 HAWSS R st L SR A L, B B IS B S tisi o) TSC s 2 0 m i .

PSO B DAL 23 5 | 5 S AR A6 1k , HUCK ) dn A i R vh A S NI A TE AR AR A L
+, IR AT RE MR A R | RSB R AT WI 6 67 BRI Lh 2 B, T B s pR 0K P AR I
JE 5 555 TR R AE — M8 R s 8] b D — s U 6T, I i 38 B A 0 (R SRR B AL A

RBLAERI R N S8 R AT P i m AR — D RRE, W R RER R 8P = (2,1, -1,
0,) 3B DRI E N o, = (o 3, xy) i = 1,2, m B DRI o, = (0,0,
va) i =1,2 0 me REFZR s RAEAUS IR E (S B SR R0 K v, 5 v, A HAT AGE 1 pR AL
DIVPHORFIALE SR BELS  IFREER © BT IO E TN pbest , WA FIRE I BT A R e L
1CH Gpbest, FHerh i 5 8 0 B RAE = (18) 5 (19) kit A7

o=l ol (18)
" =l + C, xrand() x (P! =x!) +C, x rand() x (P, —x,) (19)

H, ¢, 5 ¢, T w A BHEAE , b o RSk A B 8 R EET) K w BN

128 i R I, B RN OR
w(t) = w,, — Iteration x [ (w,,, —w,, )/Max_iteration] (20)

Horp EARKEH Tteration 3R w,,,, Flw,,,, 73 MAGRIHEAE w 250 R e WBUE BR85S
R/IME.

3. YIZREE 5 PO 5 1 i 1t

BLT RS T RS54 B 504 vh AR 30 0 DG B AR g | B Al )0 sr AR BR 89 A0) 3 LL K e
Bl 5T 7 ] A AR A A S VR R PRV (0 g ACTRL T RS SCR R S A RE A B 2 R 42 1 A H A o)
BCIN A5 AR A U XS YN ZRAE AW > 300G Hh B D TV AR | P Ao 0 1 4R i
AT T | DTG S0 P AR AL A Rt . BRI R LN 8 B .

*8 W& 5 MR EFERLHEI
A b FE A B[R # A EEAR &t
Y %E 93 21 114
MK E 22 5 27
A1t 116 26 142

BRI A SR

4. PSO-SVM P4 7115 11

AR SCHE T AR I A Rl £ FH XS ToUZeARE 78 174 i S e S B A %) N, SR S T A Ak —
Sy, H TR A A Rl %) £ XU 2 i PR R A 22 REAS IS Y5 4% G0 1) T B R B SR AN
7 SCARF 1) S AL A AN B ARZRME | 2 B A5 IR, A2 43 2R ) BB A5 4 RPN . SR 32
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FrmEHL(SVM) BB R SHL C 5ES 8 o i, &3 8EE RN ER UK E , a0
TR 45 (2012) AR IBRA I B HL C 5SS E o My SCRF 1 ML (SVM) TRl (Hf- 34
KB A A Fe LU, DRI, A SR T AR AR B Sy ot %) TN , 23R R R AL B A A
LRI S C SESE o, LIRS 0 i HERA M

WHE R 8 Frkil o i Zr4E 5 i 4 , R RERE | R R FH 28 SURHIE: SR L S5 C
5828 o AR SVM BRI 28, EARR PSO-SVM BAY (14 AL 3R AN F B

A FIEE AT RE ML IR AL B R T AR LR T S

AR 2 L LIRS TR0 ME R R AE SN PSO B33 v (1438 07 B PRI, 35 1 2 pRECAN T TS

X

fir = oy x 100% (21)

Horp o ARRFEA 73 R IE MR I DEL, y RERFEA T 2 R BN

AT 3 PR R R 8 TR, R A N R BSOGRL T I I RS AR AT T, LAAE
SEFE phest T, FEXF RIS B UEATHORT, W i B 3R AR TR W Sne O e b3 0L 5 7 A B AE B A
gbest H1;

TR A4 RN E S R (18) 5 (19) #ATHE R

RS R8N E 507 8RB LR BB, WE A2k M H iGN S gbest , &
3R [R5 2

R 6 Db FoR RS E ¢ SHEE o, @5 SYM BERIGEFTREAS IS5, J 8 10, AR B AL

5. PSO-SVM TR A58 434 Ko % b

X AR A TER M PR A B A3 BT N 2R AR S5 AR AR AR L I R SEREARE Ry PSO-
SVM AR AR IR AE AL A TR PSO-SVM A8 B vERfA . 41X PSO LB :m 3%k ¢
(A S E R 0.01,10 ] A% S8 o BYHUEE I & [ 0.01,10 ] HEACE A =0.8, % K+
C,=1.65 C, =1.7 WIRAFEERIBL Hy 20 , B K% RREGR S 200 K, IF45 6 28 IR UE L TR Fe
(IBEL C SHBH o LIS SVM BEAL [ 4 Sy PSO Bk SR T-Ud  BE 5 vk A A

SERREREE LR ( 28c1=1.6, 2=1.7, Z1-%=200, FIREEHIRI=20)
88.0

875 RGN —e— P& N

0 20 40 60 80 100 120 140 160 180 200
HEAACEL
B4 HFEESHEMZ
BORLK U : Matlab 221

T o/ R AL (WL TR RESSE” S o S B EA0 <1 A | A iy Rl W W & 401 1874 | A
“0”, I UIGREREARMITE 2R 58] PSO Bk MBI SE C=3.124 5B &% o =
0. 991, LAL AN, PSO-SVM A1 4 4 il 1) £ FH XU TR0 AR Y | SH-Xof I XA A AR A7 03000 LA ARG, 6 T
BRI A RCNE . BRSS9 R,
191



= 2, %Keh HNESHINERRKEIRRMERREHR

*9 PSO-SVM it i 4% 4 gk {5 XU T 26 4 A 2 R0 R %
BE AL 45 B
R E 0 1
0 92 1
NP
HE¥ 3 5 3
R 9. 11%
HEARE 0
K 0 ? 0
VR 96. 3%

BERRB : Matlab 4, A S 3

M9 AT LU I ZREEAEA B BU IE 856k 92. 11% , IR ARFEAS (1 T v A 3R 96. 3% , Ui
B PSO-SVM i 5 <5 Falt 1 15 FH IXUS: FoU e A B R v A 3 A s o O S M PR AR g e e, R T ek
YN SEREARA B T 0, BEALIHEL 25% I ZREEREAR AN B A TR SEREA | B 87 A4S
WAL 54 AL REA PRI ZRBEre A P2k 11 A 2y MR FEA AL 15 N2, PSO
AT IR S B T B i VIR FEA 7 ) IR B RS EL C =4. 4090 5 240 =
0.9325, 4 EIE N B S ARl 5 B .

SEHGER L (S8cl=1.6, 2=1.7, Z1CE=200, FIERIAI=20)
87.3

87.2

87.1 . o

+ 87.0 l BT
5 ‘l\ lmm lHIJ

T
Eseo || 1T | T I LA AL L "“
”l “M 1 'I .'1

&

%
o
)

0 20 40 60 80 100 120 140 160 180 200
AL

B 5 RFESNEME
PO  Matlab 21
WAk R LS C 5SS o @5 SVM BERY DLy i B B R i R M. 3R 10 Ay
FE PSS RINAR b AT & I 2R 88 i 0 vE AR IR 31 T 94, 25% , A L Z i i SR A fr -7,
F B PAE TN B D, A B 25k 92. 6% 5 Z iS5 3 (96. 3% ) fHZEAR
2, U0 FVE S AL B A PR i, U AR AU S AR MEAG 5

%10 PSO-SVM it 57 2% 4 12 XU T 2 4 A £ o 1 45 R 3R &
BEAR N 4 B
HAE 0 1
. ‘ 0 75 1
W% & | 4 7
R 94.25%
HAE 0 1
s 0 39
R & I ) 1
B E 92.6%

HRIE TR . Matlab 11758, A4S SO 3
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R B A 56 PSO-SVM A0 B 4 il 1) 45 FH AU T A5 70 R 5 5, AR SOV 5 H AT S 19 32
T PUE AR BEAT XS H 3T, B4 - SRR (CART) (248 1019 (LR ) (RBIT 7L (KNN) | BP #1258 9 4%
(BP) M DL (NB) 53R Fm AL (SVM) , HoH & A 1R AT A8 SCHR R T 0 i 32 [+]
BF, SR o3 BT 25 B AR P R P, AR SR T ST 3 PR A B M o SR A I 5SS AR P A 1

AR ISR 11 FI3R 12 Fi

%11 R A RN K&
T #H 1% 3 % EHE(%) 8 H % H ¥ EHE(%)
PSO-SVM 105 9 92. 11 26 1 9.3
SVM 103 11 90. 35 24 3 88.9
CART 100 14 87.7 24 3 88.9
LR 103 11 90. 35 25 2 92.6
KNN 103 11 90. 35 25 2 92.6
BP 102 12 89. 47 25 2 92.6
NB 98 16 85.96 24 3 88.9
FRIE TR  Matlab 11758, A4S SO 3
%12 A e Rk
W I & % &
=
%k 1% H % WHE(D) i # #& R ] # EFHE(%)
PSO-SVM 82 5 94. 25 50 4 92.6
SVM 80 7 91.95 44 10 81. 48
CART 80 7 91.95 46 8 85.19
LR 82 5 94.25 42 12 77.78
KNN 30 7 91.95 45 9 83.3
BP 81 6 93. 1 39 15 72.22
NB 80 7 91.95 44 10 81. 48

LR IR : Matlab 355, A SCRe T

WA 11 MR 12 BYSEURSS SR ] & B

(1) ZERETRITTON J7 187, H AT 300 00 T A Y oy | B Je SRR 5 R 3R DL i S A5 75 000 45 SR A 6% o
BN , AR S S8 5 I A R A A0 T A A SR A 25 R K, IR 11 WA LU ) PSO-SVM
BRI TR 2 X I R B i 2 T A AR 1% T30 o 1 8 e T 1Y) 2 9 U AR A

(2) TERIRS R M7 16T, MFR 12 RTLAER Y, 24U R B A/ I 45 A5 7R A 000 o A R 0 A
PR, ELUERRRITE 90% L I, AE A5 AR A XoF I 3 48 A0 A 178 F903000 o4 1 3y g e LM R I 25 57
PR AR L Z R B 5 BP 28 060 28 fr T 000 7 i 30 B A1, Ul W R A7 5 B i 28 I 48 RS U B
PR A1 S HL DRSS &P T DL SR 3R DU i S A 8 S0 %) o At 2R X 80% LA L, BEBABL AR
= ) FBA R E YRR

(3)FEER 11 MK 12 FTLIE ) PSO-SVM AR AL SR AR Y 45 510 I SSors ARG 1 Dy i AR pe 1
H Al 32 5 AR AL 8 3 T AR G B T AR

h B ELW b LA ML A 2 ) OB (g PR R 22 5 EE R AR 12 il AR AR A HE B R AE 80% L) L1
FEAIZ ] ROC M4k IR SR A PEBE . ROC 1l 28 J2& LAAS [R] 3 Z49 1 S a5 A oA B A1, DA i 3 il
LR AUC {E R IFM BRI R, o AUC B 43 0 DU X [R]R i BERC R M 8, XY AUC {H7E 0 ~
0.5 Z R TCHALHY 24 AUC fEFE 0. 5 ~0. 7 Z [AII F /R A BAG — g B i AU, 24 AUC fHTE
0.7 ~0.9 Z A R AIERE R U AUC {EAE 0.9 LU I R B REN 4r, 1/ 7 JB/R T % 15
H AR AR T E R R AE 80% LA AL ROC iliZk .

193



= 2, %Keh HNESHINERRKEIRRMERREHR

KNN SVM  ——PSO-SVM  ———-NB

____________________________________________
e e e e T e

0.8 1

-

rate

Z0.6-

=)
~
1

True positiv

o
)
|

(=}
1

T T T T
0.4 0.6 0.8 1.0

False positive rate
Eeo #EEIZEM ROC HZLE

VORDICU . R 1 222
M 6 Fnl L B 1 PSO-SVM (2B (2R ) BRI A A T Ho A S iy, [a] e, 454510 )
AUC B350 0 - SZHF I UL R 0. 65 HRIRHEIREL R 0. 72 DU 0. 84 | 453 F i RS 750
0. 85 . PSO-SVM F 5 0. 92, 156 B 345 i) S AL -5 2R SR A A5 70 S o AEE 7 e 40 il 14 15 P XS 100 i 0
L E]—E MRCR T, DU B S0 SR AR R i U AR Ay . B AUC B AT %0, A SC
HENL 1Y PSO-SVM P A AU A AL 17 50 40l 19 175 FH JXUISS: %55 i 405 26 38 % 4 A 8CR, , PSO-SVML 1%

BT M 18 B S L Tl = Y P R

+ . gl

AR DL AR AL S B BOHIE A T B8 , 18 H Logistic #5500 (L1 5 4 Rl 9 15 FH XUR:
OB R 2 HEA TR, I LA Ry SERGAL EE PSO-SVM L) 4 4 il 14 75 FH XUBS: A A8 3 2k F 5
ARSCAFEAN R 4518 -

(1) AT TN A N 5 5 il ) 15 P XUBS 2 0 R 3 A 23 DR M DR 2 3 40 A8 Rl i), 78 B B
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Research on Credit Risk Identification and

Warning Model of Supply Chain Finance
LI Jian,ZHANG Jin-lin
(School of Finance,Zhongnan University of Economics and Law, Wuhan , Hubei, 430073, China)
Abstract: As a new form of financial business, supply chain finance has played an active role in solving upstream and
downstream corporate financing and coordinating supply chain management. As the problem of information asymmetry will
lead to the credit risk of the financing enterprise,and through the transmission of the supply chain,it will be transmitted to
the entire supply chain,which will lead to systemic risks. Therefore, it is of practical significance to deeply explore the key
factors affecting the credit risk of financing enterprises, to construct an effective early warning model, and to reduce the
probability of credit default events in financing enterprises,so as to promote the stable development of supply chain finance.

Although domestic and foreign scholars have carried out various researches on the credit risk influencing factors and
early warning models of supply chain finance,there are still some shortcomings : First, most studies are based on traditional
credit business,and do not consider supply chain finance. The characteristics of the related variables are not comprehensive,
which affects the overall analysis. Secondly, from the screening of variables in the existing literature, the corresponding
screening methods cannot be selected according to the characteristics of the variables, which in turn affects the analysis
results. The third is for the early warning model. The construction generally stays in the use stage of the model,and does not
provide practical and effective model improvement techniques and model stability testing, which in turn cannot reduce the
probability of credit risk in supply chain finance. Based on this, this paper will focus on the key factors of “reducing the
probability of credit risk in supply chain finance” ,analyze the key factors affecting the financial credit risk of supply chain,
and construct the PSO-SVM supply chain financial early warning model with key influencing factors as input variables. In
order to reduce the probability of credit risk of financing enterprises, help financing enterprises improve their financing
capabilities.

In this study, the credit risk influencing factors of supply chain finance are divided into four categories and a total of 40
variables to identify,and the variables are more comprehensive. According to the results of random forest and blind number
theory, the Logistic model is used to identify the key influencing factors of credit risk in supply chain finance, including:
establishment period, net sales rate, current asset turnover rate, strength and duration of supply chain, The core enterprise
asset-liability ratio and core enterprise defaults,these indicators have a significant impact on the credit risk of supply chain
finance. Among them ,the net profit margin,the current asset turnover rate and the strength and duration of the supply chain
are negatively correlated with the default probability of the financing enterprise. The default period of the enterprise ,the core
enterprise asset-liability ratio and the core enterprise default situation are presented to the financing company. Positive
correlation. According to the logistic regression results, the credit risk early warning model of PSO-SVM supply chain finance
is constructed. This model has strong superiority in result prediction and stability. In addition, by comparing the PSO-SVM
early warning model with the mainstream early warning model established in the current research literature, it is found that
the PSO-SVM early warning model constructed in this paper is superior to other mainstream early warning models in both the
result prediction and stability detection. The PSO-SVM early warning model has better extrapolation.

At the same time , based on the research conclusions of this paper,the following suggestions are proposed for credit risk
management of supply chain finance. As an emerging financial business, supply chain finance is gradually becoming
electronic, big data and modeled. Therefore, it integrates the credit files of upsiream and downstream financing companies
and core enterprises to establish a stable, authoritative and multi-data supply chain financial credit. The platform is
especially important. At the same time,improve the data processing capability of the supply chain credit information system
and integrate the multi-industry supply chain and supply chain operation data to improve the credit risk identification
capability of supply chain finance.
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