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Neural Networks E{t4.7?

ARIGARERLE LY T 0 RN RSB, I BA RS HCS ARG ERHE, KINVLRERT S8, FEH
FAVER, RES R DO T AR 2 R P,  BARR A AR R I,

MR 255 1 R s E SCREEC BT R A (9 7 Bemi A2 1. B AR A A SO BRI R 81, BUAE, B RELL T i

1

MR RLE N R AT AT AL B g, A AR SR JR SR A B AR E, A 7 TS R I 2R AL
o PG A S REARIBURIA.
o RO SRl ST S v i) 22 T 0 T AR A S,

RS A E SCATRER TR, TS0

B SCX o i 22 M 25 SRR G Tk, ARk abor-5 € KR SEhR N A RIAF B2, filtn, fLgegie (o IR
AT R/ NPT 7 AR U A 8] R AR, AR SO, Howheem e, Sebr b, Gn] DUE ] 2ot
(] DSR4 AL R 28 O R IR 58, (B, Sk (] UE A s A 5 A A 2 ) 58l 22 it o i — 2L fBeise.

b, DL SOWE SRS AI BRI HI oS e/ vl oK. IR, A e 2 ] DUEIE 2 MR, I T v
St AT RATE A RE AR E SRR, MR, KRB P iE. HNARME LR NZELREE,
PEE R4 28 R B BT e o] TR R G 5, IPRAR M R R EIE G, MM 408 B Sk IR Al B 45 4.

P 3R A -0 e 2 ) 4 S R MRS EE N T R AR, PRI, R F I PR A A PR A T A R ] 56 AR Y
RS RE, AR ARG, (BR, AR A] ARREE N R, T DG P M 2 I 4 B R AR I
RAFHIIEE R,

1. Haykin, S. 1998. Neural Networks: A Comprehensive Foundation, 2nd ed. New York: Macmillan College Publishing.

2. Ripley, B. D. 1996. Pattern Recognition and Neural Networks. Cambridge: Cambridge University Press.

© Copyright IBM Corporation 1989, 2013 1



Neural Networks %44

JL4E Neural Networks Xif BRI Z5 # FIB 1t Ml dRe /N oK, (EUR AT R — SRR R R A . 22N E:
(MLP) sifen 2% (RBF) M43 — A4 HARA i (AR ) A9 10058 22 fe /M Y Tl A% i R 5 (A
PR HAECE AR &) |

5B ah — B AR bankloan.sav ¥R, AEH BT AR L BECH T P ARRIS IR R, W EZN
W) MLP 5 RBF 252 — AR 00 X STk A 2R 22 e/ IME RO M R A, R B XSGR e e B T XA 3 A AL

_  WYH =0

EBACNEAN: MHED
BMEBEMEHRNM: Softeax

[B] 1. A — B = AT A ek R 45

BLEE TR BT IR AR R LM, R 2 vh A R AT S B SRl A A2 8 T a2, AR v

« MABU S,

o BRELE 0 TOIE LA BT RO, R BER R TS RO (AR A A R R G R R DT
g T 25 20, R0 HOHR T P A

o WHEWEWR, WO R A IR AR o R R, B R LB A D R R AT AL R R
Ky Hh R R R L ) S pR R, [T, eR O U R IR T 25 2, S A R A B T AT
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£ 2 B ZERINEE

“ZRBAGE” (MLP) R AR N AR R A ERAE L — A s R (HARER ) A,
. DUTRMEA MLP b R i s i

RATR T D T S REDS 4R B BURA T AEHE ORI ARUARRAE,  SR5 O FK S8R5 AE R U1 5 XU ey ik, o F LA
ERIIREA, T LINZRZ R g, HER I R REASRIGUE AT, SRJ5 7 R 4op B A & 7 4 iy
AR PR 932K,

BEf ROTTEH IR B 2 DU ZE (M BCSOMER R AE™) 1RT7 A A PR BUA 5 A et TR]. - 56 Hisk 46 0] 5 0 6 A1
VHEA BT BT T A 3252 10 I IR BB R AL, (32 MIRIT RO AREA IR T ic %, B A
AT LAY ZR [ 2 DL BT A A e Ik [R].

HEE. HARWLIE:

# X (Nominal). 47AF B F/R A A NIESFRAYZAN, AR DIV 4 SO filn, e SEIRE 2
RIERIT. 44 SO R AR5 X, I G i AT % 1 A,

AIF (Ordinal). AL REFRA NS ZEA, AR LIWE NG FAER; B, M+ AuE
B3 O AR 55 T B UK Y-, A PP A S s (9 4 R R B T £ 1 A T A ORI S e P
ZIJE (Scale). HAL R RWAA KL CHF AN, A mal DIVE I (HLE) AZRatfy, L
(A B AT 3 B B B EE e, 220 B 5t A 7 91 B0 475 DA g BLL F) 4 A0 LU 58 0 D B BT

I R R K 3 = A T RO S o 2 B R AR R, BT DL A YA A R A R R A
SR HH 35 B P e T 200 531 B I B A g 0 5.

AR A e A R 5 1 R AR YR 4 ) AN A S
# 1. WERAER

HE F

2 (%) @ n/a
HFF
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# 3L

@ ¢
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LG A% 77 S8 38 A0 T 5% Ml A R A K H O 2 R BOR IDBGE,  (EUR 2 50 TR A gAY O vk RS EUR ZE Y LA e )
2%, WEREA RIS IIIEATARAS, it K A8 S 2 3 7 e sl ik LA 2 D2 ) ) A 5 L 2 260
A s S

Fif ¢ Z—MgmRg AR B okt BIEEC 4 SUR ISR REA ES IR S Uiy rr X o)) . Bk, W
SRAG 06y R MR A A B N BHE R AT AE R PN A R A A5, I AT RA R TSRS 0, R T
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SHRGER. WCREAMEMRRIEHER, BT AME AR E LS, R DU R BT AR s AR R
PG ARE, AR 2 WU AR R 22 WP, A7 S Bl A B 2 ANfE B, 2RI AT
BEHLEFEMR. BRI XEVUME, RMACE IR BEILFREAS, (R R S5 B St £ A Bl T4
A AT AR AR R S5 E Sl £ B9 BN 5 Rk Z 18 68 REAL 87 2 . AR DUS FR A A
R BEPLET R, FERRRIETT 22 /2 O § 1 A 2 A 6 AL A AR O AR R T AR AL (B, 82 T iz 2 8R4
B,
ARIRF. ELAMS R GESREE 6 Ul Bl ) B BRR TR, A, £2
H AR TR YR T AU, R 0 5% A5 10 B0 & Kl S8 1 7R AR,

LAy (9 S0 o R f AR, T REAIL A SRAF SR RO, A E R E MR RRE M, R AR A EhE
LA [G] BE LW HE PP B S8 R A3 2 2 AR . FESCOFAR ORI B0, ] B LAAS [R] B AW $E e 94
EHABITZIR,
TEIF. A2 RF SR B TR RE R AR E, 45 R 0T AE 232 B 1R bR 5713 v Al A8 B
FPRYEIR. RO SR 80, fsn] g B A A R AR R ( A FRAE R 7 sl ARt ) LI 45
i RO AE TE.
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2. B -ETF SR,

MR 2, AR R BT DU S AR R R A 7 ik, EIUN:
RN, R FREIFERIARHEZE, (x-mean)/s,
B, BT EEIFERLIER,  (-min)/(max-min), FRAEMENTF 0 AT 1 2T,

TEIREN . B/ IME B DIVE T 58] 19 B MUA,  [2*(x—min)/(max—-min)|-1, JE%EJF IFRHEME AT
-1 11 ZJa,

. KHERERE,
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MEER LD —ADE SR (FR) BN SNAR M, BRI GO E T IEGUN 2 1%
MTHE AR, LR AR f 0 i SCA I 2.

FRER. RGN BRI, IR TR I A A T B AR R R G R B i R A AR
BOR, I AR AT RER B — LIS,

FHDEL. TIPS T HrA BA R 25 0 7 B X IEAE, T LU P20 3 M R 006 20531 Pl 4 K 4
B, St mT DR Scdha g 5 i 14 2 o A PR o 20 P O A 20

IR 2 XS AR 8, U ETCEE VT s AT I B A XA HE, R AR T 7 B ST IR 2.
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DREIEE.  HARE RS R AINGAEAR, BB SEREAR T, NGRERE & AT I
LML R ICR; BRSSP R SR o ARy BO 2 I ZRAEAS ARG — L, 038R — TR
BRI Rt R i 8 e DA BTs Lk BN 2R b SE B e e B, s AU DU B — N UNZRAEAR,  F BLAIR PR AR /)
TUNGRREA, WGl F R 2. BRI 7 — T PR R R 2 R 2 (Y IS B R 5, SRR REAR Y
R — BRI EE S B B S THE,  PON SR SR T A AR,

© REDROEXNHERNAEANR. eI E AR GIZ, RIMER) MR (L

). % FIREEC LR E AN G, RER SRR AR R E .

wan, 8@ 7. 3. 0 YE NI, AIGFIRFFREA KA BEEXT N T 70%. 30% F1 0%, 18@E 2. 1. 1 fER
AR RCR X R. 50%, 25% Fl 25%; 1, 1, 1 XfRCEEUREENZR, KR AIREE O A% =50,

s FASRTENBANE. DI IETEEPNETTEOM BN, IR FEA P RS E A &
A N IEEMA BT RINGEFEAS, R 0 AR E BRI AT, 0 AEA R0 IR BRFEA
L B RFGERMEAA RSN R, 43 DXAS AT A Bl A (B R 20 A 5K

M R XA AR RIS Sa Tz B 2 M 6 R, 152 0 HZ 2B g P S 2 21,

EHREHM

“ARGHEI R TR EM g aiiy. 1Zd R ] LUE shit &7 Raity, 8% Gl RIS E B 2 R RS
.

ARG E S A B — D RBUZ M4, 358 € BRURUZ P LV AF AR R e/ D R, (AR EE 1 E Bhidt
R RBUZ PR R A, PR E St R 02 A0 2 0 B S R K

B R SCHR R 45 A e 1) S0 (AL B 0 s J2 R b2 1) Lok ], 9 EL S S0 il 7 B A A MR R G e R
PR RG B SRS RN, HomA .

58 9=

WERZ B TCIE A M R 2 T il (B ) L AR BB R — N ABCEEVRTHY R, % R BRI iR, 1T
HACEE iRk e, ARMZE a5 5 AR, 5 A2 9 B e B (2 B — B2 P AR
AR R K, PRS2 PR [R] 357 R A

28, — A2 RG] DU — s A i),

W% PRAL (Activation Function). % BRECK HEA 2 R ) LG B BRI B ) R — J2 1 (.
o WHIIEY]. MHEREAK A y(o) = tanh(c) = (e “—e ™)(e “+e ~), HIUSEE B A &K AR -1, 1)
FlEA S I 30 = A TS B v R ] 8 W =Y R < R SR DAL Ok R (A
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* Sigmoid. JLREAIT: v(o) = V(l+e ™). HIUSHUE A AR I ALK (0, 1) U
UL, nT DADTE A A B Al TRk B Shi e R REORUZ Y BT L

i =

WHEUEEE (H) ZH,

WA PRAL (Activation Function). T R BCHE A2 rh A4 8L AR ASERL BT SBT3 T — J2 A9 S04,

© 1BF. WERBATY v = oo HECREU(H AR RIFR I ERER I, 6 R RS B SR, R
2 LR R, WA i 2 e A LA AT R R

* Softmax. MR v ) = explc W/Zexp(e . FHIHEH AR E, HRHILARIATTRNT
O, 1) fE i E Ay 1 R RTA N AR, AT UM Softmax, (i A& R4 A shik sk
F, AR EAR RN ARG, A R A AL Y PR R

© WEHIEY]. MHREAK N v(e) = tanh(c) = (e ~e (e “+e ™), HISIH(HA LRI LA 1, D
T

- Sigmoid. MREAKX N ve) = V(e ™). HIPSHE AR RIFAHLALF (0, 1) .

ZIERZEEWRE. 2DV D% E AL BN A 7] DL X 265 .

o WE.  WETRIEIFERIARES, (x-mean)/s,

o FRER.  WEFREIFBRLVER, (-min)/(max-min). SRERENT 0 A1 1 ZE], WEREHEE sig-
moid TG BRAL, Wt S 2 B R AR BT ) AR T . BRI E - BT 6, R HAR B IEE
W T EARE AKX, B IEET R A B A R TR R EOE R, BAORE, 2 x Bus/MERER
KAER, RMEEMAXFIE 0 F1 1 K& L sigmoid BREWERIRE, HEANTEEREZHN., BIEALL
- [x=(min—€))/[(max+e)—(min-€)]. FHEKTHT 0 M5

« REAREN.  WERCMEIFERLITERE A R RA,  [2%(e-min)/(max-min)l-1. JRERELE DT -1
A1 ZI8), n R 2 FODUH TE DD R, DU 220 32 PR A B Al B AR B T vk, B IR (BRI E — 1
BNy e, PR HAE B IEER AT EAR A B IR (B0 T AR B R A R A T s B L
HARRB, 24 x B/ MEFR MR, REEHAHEE -1 A 1K SO IED) o8 B R, (2
RANTEBEZ N, BIEAR (2*[(—(min-€))/(max+e)—(min-e)]}-1. FHERTHT 0 KL

© o RXZERARHATEREL.

Zll
“EEI BT AR AT S5 2%, S 9 BRI A6 5k it e WA S e 3T m] A,

BIIZER. BRI A E R 2% A B, R SIS sk

o HEAIE. AR HIIEERICR 25 A REE R R A, tmlR U, AR BRE I A IR S A
TR fE R, MBS IEH N E T, HOvE B RE R, AR, HUAL BRI AT AE 2 R
B, EE AP SRR, el ae s EA il 2. H T B0 s S o 1.

s EZ. ER-EIEARCR G A E, WAUR S, LRI R - e AR, FELEEIE
SORPOCF I RACE, B R — S P, R — A AT e, TR AT A Lk A
W, AR 2z R AP ISR AR EE, X T S PN AR A S Y R R SR, ARSI B T AL B
AR, WCRAFZICREME A, I LHEZ RS, A8 ALELIEIIT DLt b 255 1 5 R 3R i —
MEEER,

o WIDEUHLALIE. RS IIBCRIC TR BN AR A A A, SRR TR — A 5 R R A AR
P, WEZRIHAL I —AICRE R, A5, IR, BSR4, w2 AL BRI
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T BRAIAE LT I Z W A A b o7k, EalfeiRiE Trp R 8die s, R nl LA shif & &l 2 1
HABEERC R ML, SEETLHEE —DRT 1 DT EET AP R R B8, ETL
EE IR T 1 15 B 17 5 47 P KA R B

MHEE. LR —Fh T AT R A R 1 715,

o HERIIEE. GO X MRS OUN T AL BRI R, T DLy N T AR I
HHES HIHL AL S I,

o BRETRE.  MOyRw STELRER IS R A BB IS R 6E ;) DL A AR BRI R A,

BIIBEDT. IR A AN O B A Sk, R T X LU, R AR 2% B )

R 1Y ST AR R Bk 1 B )1 R

* ¥1%h Lambda {E. ST ILIERL AR lambda Z2HANGE. F5EKRT 0 FF/TF 0.000001 fI%L,

o FIIATRARIDME.  FORPIEER A SLERE B RE TR S I E. FRERT 0 FF/NT 0001 L

o ERPORFEREEE. FRETOA (a o) MERHEER (o) EXEE (o, a, a gtal JFFHAER R
PUIEE IS, T BEAL A OB ), BN A O R/ ME, AR A A Bk 4R E 4 S fee )
. WOERTIE R ICRE RS E st se.  $8E R B0 R 8 H 8ok TR s & 0,

B R B S DI 00 £

o BAIFESIE. SRR T RERIL N TR, BRI SRR REA M AT E AT, g EI
bk, 1RERT 0 BI%L

o FIRMBMDR. FIBE T ERERN S I RBRA R, R OO T AEL A2 A BRI, 455
KT 0 F/DTHG: T RAHL.

o ek, XK T RN SIRES L ShRE A B T RLEE R e T RS R E L. FRERT 0 1)

o BRFEIERD . BB S TELREE I S B AL B — R A I, AR (p) sRRIREAR Bl 1%
BB T BRI IR 27 2 B AR S 7 R A BARIA R, X R IR W T B = (Up K)*In(ng/m,,,), HH
No VIR FE T, Mgy 2 TRAVBARMIR, K ZHIEE SR P2 BB (S LI I %
BWH) MEEH, HERT 0 R

i

P, SR SR LR .

C R, RRSWEMGAA R, BB ARG SR R SR B

© R APLAIE RO R R LR, ER, B UV RS AT, R
HET e

o RMNE. SRR E I LR L2 R I R B L ST SR A 3
i, BGEE S EORAET R ISR, R BCR R AR, SRR, RO SRR K, T
FLIS SR — B T R4 4 7.

FGIERE, R T O R A IR, E VP LU AR SR AL A IR, S

WA ARG REA, I LU IR A T

o HEEREE. DROXMBAEMEMESIRIHE, QR A ERSRERBNEG E o, AT LS
I Lk LA I TR,

2%, sigmoid SO IE YIS eR B A 4 2N, SEUR NP IR . softmax S e K. A4 2,
O] Ay 52 S A B
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SN AR A8 R AN IE A T A A0 B B e T DR AR R R ] SR e R AR R B 2 R S, R
SRR X R R R TP AR ) | AR A R AR RO A AR &, DR R R T SR T3 43
Lo, BT B TR A i S s A X AR 1 AN T A TR A L

s PRER. HXHEEERENDREALRNDIE, BB F AR &I a8 1= 0 28 m 4
ZHH., BiRE EFS R SEDSRH LT,

« ROC fhzk. WoREIM0ZEFZER ROC (Receiver Operating Characteristic ) BiZk, HAL R — 144 E S
AL T IX IR FAs, X FEERAZ R, ROC FREX AN LAER— ML, WRRASEHHAZG], B
2B FMEKZ IO A ESSH eI, mMRFREEAWNNSZERG, Baf S izl eSS
Fr A BB AL,

o EfEEE. DRSNS REALRNBEFGE., BN REMELRNERYS ROC #ZHIF.

s MEE. DA MaRETENRGEE, SEAAERAN L SRS ROC HZAMHE.

o MBWNE. EoRANFEARNWEMNIERZR, X0 REA G, BB 52 5 1) FmemE =R 1) 2 =X
FEE, I H M R 2 R RAT R, AR ERA R, SoREURE.

s RESWE. SRSANZIERAZRMEESITERE, FRZEFBNE 2 BRG] WA, PEZRE T Z)
R AR B A AL

PMEROEFE. SR NROHMEE, ol R R AR A B AR S5 0 B R A R AL

TEEEMDN. PATHUREZT,  FOF 500 0 22 45 (0 B TS H ) SR, AT DL IR RS B
FEAL G MR, BCE PR IAEAS, W R LI IREA SSRGS AE A — > s R T AL A9 5
FEAIbRAEAL BB RO RANE R, WER, WCRAFERE A f %, BURE R E T KRR R A
TR,

RTF

PRAFIE IR T4 PO AE e 73 A7 o Kl SR B AL

c RESEZETINMESZER.  BAREGAT 20 1 R AL A BN AT 20 2K R AR 2 f T2 5,

© REEEZEMTAMMERSER. SRR R EA R HIEMER, FEXE—1 n RHIAT AL
i, HAPEERAIEAIICTEE n,

REMNTZERR. HINBRE R EA TG TAE, Jow oM bR B i & vh e Y8 i, B CATR
PG e b — s T 46

BER AL R

SUAT softmax. MTRIZE SRS R0 402 S RO A5 S AU UM, - o 0 MU g 408 2 3
*.

HA VT MR 220 73 J AL R A B A S A T e, (B FTNE R RE B A R, 1 A DR A7 X L LD
R, A RLEHMPAR/NT 0 SRT 1, s ERAERKAAN 1.

RFPMERAEE ROC, RBUNEEIFEEE GESREE 7 1 o ) . RSN 0 Sk T 1,
AR RN 1, ERSHEERE AT 0 F 1 ZE BN 1, @l BrPVE TR R E bR =,
fin, RN EEE ZARKEAARMHNSEZRE 0.50, 0.60, 0.40, AR LIA 1.50 1§
0.33. 0.40 il .27.

UARATA — U S N 00, IR AAEUEAT LA L BARIE Z 8, K/ N B XS (IS 2 B A U= ep . fildm,  fng
PIMEE K -0.30, 0.50 Fl 1.30, IEAFAMESEM 030 15 0.00, 0.80 Fl 1.60. JRf5, MEAHEEELIA 2.40
4 0.00, 0.33 1 0.67,
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SH

e

S eI R T TR R AR B 2 A AR AEE] XML (PMML) SCEHr, 0] DU FHZ R S 2k DAY R
AU B HAEE ST B, iR Egds @ik seiF, Seskmmioaa] A,

yeidl|

RPREE. ZEMNHEEIR, WHPUIEAAMIE, W Xy ay DL e w4 R e 748
A3 SR AR R N A AR

FRAEFRM. X S T I 2% AR BRI 22 g O, I Dk — Rl f%is.  w] IS IRDUE CAE 3 W
Rk AN iDE Y S Sl Tve | - b VU7 S s 20 VA a2 I HEZBINE i B LB LD R UR 4 €T S D DL S R B2 )

HEHYIEAC

 RERBVEATHRRSRE. KERERDZAISERE f8EPBRRZ G RBA D, 2851
1k, $8E—RT 0 BE thal DR E TR AR R, WREATAE, B SRR O A A
A, WK G S YIREAS, A A B IR UEAE R A% 08 2 5 DS IR AR A %, R, ARG
IOREAAFAE, kT RS AT AL BB, SEI AN I8 MR AG A B AR AR B %, IR DA E A I A A A
FEFE .

i BAEIEEBERE, TELMAE RR AL BRI T 2 — D EAMIE 238 DO BRI R, BN R
Ao it m] AW . 15 15 )1 %u PR AR AR IR e A, JFAEAR AT — DA S P IR B BhiEE.

o RRIFIEE. SEEREGREETEENRIME. FRERT 0 ML

o BRFIIRE. AUVFRERNEE (Bdifes) | SRR RS, WS R FRERT 0 MR

« FIEIRPASRIMEXS L. WSR-S AT SRR H NG SR P A AR N T ARG, I L, f8E — DR
T 0 BB FIXTELAMME R AR, AR AR B T R R, 2GR,

« EIIREZRPHRNMEX TN, WREIIERS S B EER I AR/ NTARRER, W R, 2R F
ARARRMTEE, 82— DKRT 0 #% R a2 IAL A BRI, AR AR Rs T R
iR, MR HE,

AEFPEENERTRH. XERL T 22BN MENNRE,. HERT 1 WL

o FERRGTHE SIS, T HER SR REHIEIFEA RN min(1000,memsize), i memsize R
A7l B R A S8

« 1ERA H ST A2 R O w2 RALAL B IR, B R BN min(max(M/10,2)memsize), HH
M EFRIFEA AR SREL

2w EEme 9
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£ 3 E ZmERY
I IERRRC (RBF) 22 HUE BRI I — A MR AR ) (RO RS,

Bl LR TR R T R O I & R, R T UL, RBF R4 L 0 G i 2 Xl 4 A
PGy, DXFEAT LR R AR S T E E SRS

B S

HEE. HARWLIE:
# X (Nominal). 4788 HFRABANIEFERILERIN, 1ZAER AT LIE 4 OB, fin, ORI 2
AIERCT. 48 SO R B ARG X, S B A A o AR A,

* HJF (Ordinal). HEBAEFNA TR NAEFRAABING, 2R DUESA RS, flin, A+ ARiE
B3 WO AR 55 T BT, A P A e s (91 4 s A B T £ Y S T S ORI S e P

© ZJE (Scale). HARRFIRWAAE LM CHFIAN, g DIERZIE (%) ZRMHE, D

EAE(E 2 TR AT G 3E Y BE B EL . 220 JEE AR 48 1A s 49 4 LA 057 A 4F 6 1 LA 58 0 B YT

123 R A B RE B I O 48 2 B A R AR i, R ST A B R ol YRR R A1) 3R 9 R I MR I 3R
PR BRI R, DL S kA R 2

AR A e A R 55 O B A I 4 ) AN A S
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