BTIE MHEMEHRE

81 LML TH A

N T AL 48 AR DA Sl 2 Bl (R JE At B4 HH RN R M), 58 A S5 i A i 45 g K
DR — PP SR . [ 1943 4235 [ELL 32 5 W, McCulloch %% 5 W. Pitts £
HIEAME T G A A —MP BRIDICK, AN TS Mg R&Ed T 50 £4F
BT A T . el 20 tH2d 80 AEAR, AN T AR M EE W oT IS T H KHER, B
WAL CL R BN T TR TR B SR R 2 A2 2 TR RS X 2E R
AR, G AR, Faetl, datl, Smmo s, W, Jles ALK
LR ARG R)) 2N, $2H T 40 2R gAY, Hoidr ELi 4 AT
HIHL, Hopfield %, Boltzman Hl, HIENILIRIIS K& AR MLZE (BP) 5. X
HLIRATIAN S B A [ PO AR AR % 2 3 s

1.1 AT

TFEIZFERE TN THZMZ Cartificial neural network, LR fEIFR NND LA
FIGIR AL, B =N

anar > i

pi¥: 38

() —#HiER N T Ier o), FEam e 25 IE 8 LA R R,
B IE R IR, SRR

G —ARAHTT, T RIS SRR (&4 6.

Gl — AN AEL MRS pR 2, L AR LR BSR4 FH I K b 28 e HE s 88 B B AE — e s
W R EIE (0,1) Bk (—-1,1) 218D

IEANEH —ABIE 6, (Hifw'E b, =—6, ).

CL_EAE I T 23 0 DA 2 U3 ok

p
Uy :zwkj i e=u-6, Yy =o)

=1

j‘q] Xl,XZ,"',X yg?ﬁ)\'fg%’ Wkl’Wk2’“"Wkp 7‘7?33?%773'(21%{5, uk %Qf‘fﬁééﬂé\%
R, G NBUE, @() o RE, Y, WA ITK T .
AU N AEROE I — 4, WA AE 6, 2. il

p
Vi :Zwijj v Y =o(uy)
j=0

PEARREIN T — MBI, BN X, = —1 (K +1), BUEAw, =6, (b)),
R
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SO BB () TT AT LR LR
() MM

p(v) = {
BB R 2. XN AR Y. 5 Y, A

1 v,.=0
Y =

1, v=>0
0, v<0

0, v, <0

p
Hehv, = Y WX, =6, » HFRHFEL ) M - PR
j=1

i) 7 Brek ki
1, v>1

¢W)='%C+V% -l<v<l

0, v<-1

ERUT—NBORREC 1 IARLRPERBORES, S TR T A XN

K ZEE T I3 KB AR fl— N B 5T
(i) sigmoid &%
5 s BOE Ay
1

o) = ———
1+exp(—av)
S8 a > Ol IR . S5 — b A2 XU 117 R 2
v) 1-exp(-v)

¢W):tmm(§j 1+exp(—Vv)

XA B I RIETT M, IR R
Matlab " F30E (Fed) pREUN R P
A€ R

purelin 2R AR I pR B

)

(2)

AN G A

(3

(4)
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hardlim il PR MR A5 32 R B
hardlims | S FRAT PR MR A4 5 bR £
satlin T I P A 326 o B
satlins o] TR R 26 7 A 38 bR 4
logsig XJHLS TEAR 3 R HL
tansig 1EY) S JBAL IS pR 2L
radbas 128 I A% 38 R B
compet T4 AR R R L

FA BRI 8 BAL T J7v%, AT LA F Matlab (3B (lide Matlab 4 113847
help tansig, ] LA 3 tantig 45 757%, K tansig (€ SCh @(V) = -1),

12 WIS S TAR 530

BR A TTRF SN, MIZE SR SR NN A B R IR 0E NN 322
A PF

(D) HRE2Y R 25

BGOSR JZ AN, JFRI ™2, WA KB Hiin P, R
OGS RIC, R UH R CRHATERE AN A, (BT Ml CEWR G EMERE 2
AILE S A E AN . R ATBINE T A, S RRRMAR ST -1)2
S AE, S A A5 R S AN A, e R )R RO B .

G AR R 2%

PITAT 45 SRRV LT, I AT B2 N, IR A S

NN 1) AR R B2 AP BE: 28— AN BUZ 2 1], SIS SRR A
AR, PR BB A 2 ) ORAB G BB I BUR AR, SR S R, T
IR, DUEBPER RS IRES .

MAERIBORTE i 25 32 202 eR BOuestt v AR A s ORI . S5tk 2%
R RE R BRI AR/ s IR IR 22 AT W 58— S e i e S0 T AT A RS A
HY s KRB AR AR At A% 20 RRAI e Rtk s, B Z A TR R AL
AL

1+e?

§2 WK S 2 ST 4%

2.1 g sy

g A3 2 ) AT REFE ROA U R A SO PR L (A 5 Apf) dET 4,
W I R b A RS K8, VRIS T 9 52 AF R 6 32 Apf (I8 -

Af: (1.24,1.27), (1.36,1.74), (1.38,1.64), (1.38,1.82), (1.38,1.90), (1.40,1.70),

(1.48,1.82), (1.54,1.82), (1.56,2.08).

Apf: (1.14,1.82), (1.18,1.96), (1.20,1.86), (1.26,2.00), (1.28,2.00), (1.30,1.96).

IAE PR 1) 4«

(D WA EZERE,  afarifilg — Mok, IERHLIX 2 P9 RiE

Gii) S il 7 F0 3K 23 5910 24 (1.24,1.80), (1.28,1.84)55(1.40,2.04) (1) 3 ANbsAs, T3
BT IE I A .

Gii) ¥ Af EF DR i, Apf SR Bl atk, &0 NAXE S KI5

W BRI R A ARIEN, e R SR R A TR (9 32 AF AR 6 S
Apf I e —Fp ook, KAl oasen (AFsApD. 4E, FATH 9 %
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Af % 6 32 Apf BB FRZ 2 SIREAR,
2.2 ZJEHImIM
SR N S vl 151 S < 7 Sl I = N 2 A (N N 3 577 £ 9 N I 1 20 151 -

PO R AL
_
1+exp(—av)
Kok . B oo, Bt e Frosi)—ZRO0 AR, DS SRR, £
FATB 7 op, BRI RIT, — TR A A KR, — N R AR K
chE]— Z RO A B E BR S AC R, FRICANEOE IR L, T e RO, ALk
BEAT T e, H Rk kg, SOV R R AR EIRATHIE 7, =AML 8
T e bl — 2RO 2, AERATRE 5 s AN T, HI D S A A
HR AN B 3 2845 BN ATAT— > v ) 2 B TR 2 T A N S Te R S S, AL
Je S5 ARG A AN o, Bt SO T, WS T A, WA
Lt PRI A EAR % . XA, B TAPLon I AUE b, AT T 2%
GiRE o A LS SCHORE IR (1 W 8 Bk 0 P JZ T A W 2%, BN SR B T, A el = S
R B TTA RS S AT AL B B N2 B B TO0 s N B A AT AN, AT AR R
BN

h T RGR ER5E, BRSNS ERAE: 4 s Ron— AN E I CANRE ShbR
5, fEEHREET, s=12,---15, R IREART 15 ML KR S M
vt [ B 4 Bl i N P 2 5, A Y B R TIR S A OF (1=1,2) , Bk & e
H;(i=123), Ak 1 (kK =12) . iR, s Fhsi, j,K #on T
itz PR KA R o AR ZE N, IR R B R BGE D wy s IR
PR RR ARG A Wy o MR W, Wy BOSE, A, XN AL — 4l E FfA

(17,13), WM& T e BUE AR E . F5L b, MR SIS, BRIt J A

p(v) =

&
_ 2
hf::}Zﬁ@H; (5)
k=1
AH Y ) RS 2
_ 2
Hi =) = w1 (6)

Rk, i oo R s s S
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3 3 2
he =2 WHJ =2 Wi Wy I{) e
j=1 j=1 k=1
5 26 (1) L ) 2
3 3 2
07 =p() =3O w;H?3) =X wyp (O W, 1)) (8
=1 j=L k=1

KL, WA BB, IEWET I Ul IR, X — U e O R IR A,
XEFALAT— LA PN i 2 B A wy, W, 3 KRR

A ARFRATIRENS 1 i — LI AL Ly, W b A0 R T2 S)RE AP R4 AF
FEREA (15, 15) , it (OF,0;5) = (1,0) , 1+ Apf s A, 4idih (01),
205 e oy 2K ) S s o T o RO, GEFATA— AN AR AN S B A, B0 H Ao
1 MR P d N 4%, LA R EE T (1L,0) JRER (0,1) , st AT EHIWT LR . 244Kk,
A AT RE I TP R JCE T A 0 o BILLE (4D 1r) RBUAE ] 6 31— 4138 M IR, SIEE
T AL TR P 2 T E

2.3 [JafEREEE

XF— N2 R, R4 MBUE, % AAREsbe, ERK—
BRI TR) P, o 2R R A o A S B R A — A ), L 31 1985 4, 38 [ I M K211
— RGN R T BT ) S AR 5075 (Back-Propagation), i ) @i T B OKHERE, X
—EVEA R RN T AP I R R I — AN R R . R gk A 41X — 5k

UIRT TR, FRATIAS S I T2 ) REAS o AR BE S B 2 (1,0) , X5 T Apf (Rt
A2 (01), XFEM AR N ERA . SEBs EEDS IR 2X — R AT REY,  HUAE
A B S Bt R AT R e A . OAE AR L, R N AR S AL il N
{’} W4

E(\N):%Z(Tis_ois)z (9

E%T&*ﬁ%ﬁ%ﬂT,i%%ﬁ%ﬂﬁﬁﬁ%%ﬁ,m%,ﬁﬁ*ﬁ%é%ﬂmﬁ
A, HARHAEE D sRkiE W M, i EW) BRI IR, #xC (8) /RN (9, 7

E(W):%Z[Tis_¢(Zwij¢(zv_vjklks))]2 (10)

A, AV Wy W, T, ML AT AR R, O T SR A A
AN PSRRI, A7 R R AT B R vk o T FWeTE R FhisAREETE, skl
EW) 11 R B, 8 AMEIHIIA ST W, R, 7S W, 1 5B 7 i)
—VEW,) , BB Rl s U VEW,) =0, 3T iy [ i 2
—NBUHR, R ANE AW, =W, — g VEW,), 7R B%, R L,
SEREARIE E(W,) < EGW,) o« REFE S —ib82, 2 A5 E 1 GRH /b,
BRI, JXHIE BP SLIE M AR AL, SRT, HFA TS BT S, X503k
FORAIE R R A, IRATR R X B ik
T BT B S TR W, T, R S H 25 B I
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aE S S 1 S S S S
:UZ[Ti =0/ lp'(hi)H; :Uzai H; (1D

1

AWij =-n ow

st 4
o7 =o' (b1 -07] (12)
XA G H FIE L W
tvvi aE S S 1 S 1 S S
AW :_an :UZ[Ti -0 ]e'(h, )Wij§0 (hj)lj
ik s,i

ZUZ@SWU(/)'(hf)IkS :nzgjslks (13

Ak 3
515 = ¢I(h?)zwij§is

M1 F (13) AT BLE W, FrasiE EEaaam TR, W
AW, =17) 5:V; (14)

RAR P R TPRA BTG A 5T R, g R AR S i, v B AR H B
FHAR . A LEK, EBIER “ 7 (), 7TLLEEZ Hebb HHK— Rl L.
SERER, Ot SEBRA 5 BRI 1 22 K v YesE, TS MRS, ST, D,
R SREA TR o e 5k R ATie rf a0, A H (10 ~ (13) g i
WH R, BIAFIE S, M Jatedk, HEEWSFITAE @ MREREX, AR T
W TARR . XACRATAET XS — M, TR BB 2 )2 M X

AIIE - ABARE, I A A3 R B P AL R {wy, W F ISR, B0
T AR A2 P27 ST R W7 DAFR H S X LRI ) 27 STHLHIE 765 76 2 [ AN T
S REAR ST AR TR B, AR AN 2T 25 I
RN BT 27 2] 2

AT AN BP 5505, BAIMeh i R e h s il

(D 7R (D 5 A13) o, AWy, AW, R0 5 FTAFER s A R MR A5

ij?
SEbr b, FRATE W] DL A G BN — MR ITIE BB I, ARG, 4 SRR L A It
Fe, BPTHFEMEAN AN, AWEEX T4, HARWEE N ik,
G e LS rb T SE Bt -5 RS H 22 (K0P J7 AR 0 2 {wy , W 3O

!
B AbRAE, XIFAEME RS, SE 4] AW E 1 s AU U A Bl AR 9
A, AN .

i) e ERg P A R st | i, AR, XA ME— iR, JLEm
RN T %, W IERERR R, SR IEAE, AT T D T S RSk
M, ] A EE AR AN R 42 1 5

(iv) BP SEMIHIL, BT N AN I 25 (K A ke T FRHESIAEH], (H X —
FEDAERZ . T — AR RS, BP Hki TR 2 T K, X
FEAE TR SOR RS . O, SR PTG AR e e K ik,
AR ITEIEWE LR ) U S F e BP SAPTRAG MR, R RECRUE A T RIMH 1%
R Sy AN a0 DA B ARIX BB, AT DL RE G Uik, B BOR K%, B2 A
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BERLE E WMELA A, AT 2 005, (EX ST AN AT S s ok T AR
2.4 M5 LSRR R KA
IR ESCHTRUR ) 45 2540 S T, g U R I KR . 9w’s Matlab 727
iy
clear
pl1=[1.24,1.27;1.36,1.74;1.38,1.64;1
1.40,1.70;1.48,1.82;1.54,1.82;1.5
p2=[1.14,1.82;1.18,1.96;1.20,1.86;1
1.28,2.00;1.30,1.96];
p=[p1:;p2]";
pr=minmax(p);
goal=[ones(1,9),zeros(1,6);zeros(1,9),ones(1,6)];
plot(pl(:,1),p1(:,2),"h",p2(:,1),p2(:,2),"0")
net=newff(pr,[3,2],.{ " logsig”, "logsig"});
net.trainParam.show = 10;
net._trainParam.lr = 0.05;
net.trainParam.goal = 1e-10;
net.trainParam.epochs = 50000;
net = train(net,p,goal);
x=[1.24 1.80;1.28 1.84;1.40 2.04]";
yO=sim(net,p)
y=sim(net,x)

.38,1.82;1.38,1.90;
6,2.08];
26,2.00

§ 3 AbHEIE R0 Iy P 4 Ty vk

3.1 JLME RS

FENPARN EENF A, BRI LRSS . £ LT, R-ATEFR A
BP Sy B nR A, BIRUE R AR 2 SRR 7, IR 3] (S s, XA —
ANENKE A, 02 AT, BEAR R A SR, BRI B A I S B
HB 5 AR 1 e e, FRATTIR A b Y 4 BT A S A, SR — SRR RO E L
SRR N H2E ) HEARREE, Heffnl R R BB, i, FABREE—41
PE A RS 55325, BT (28 e F e R J0 i, TR M4 [ B k2 ) ok pes,
M, e 1R b, S A B 2R (W R BT T 4, X X AR oL,
SR BP HI SR ANE 1

T AT KM PTEA e P 02 S o 48 BB i iy Mk rh, RS TRAN
s B B AR 2 (L,0) 5k (0,1) , RSB M Ak, — M, B oo
FIRFAS K 00 AR, FAT158 4ol LLBEARSS Sh—Fidn i XE AT — 205N, BT
Ao, RV —AME TR, BBUEN 1, Hee ki oo ldnd), B
HR 0 — PP IIUIEE, XENATM—41N, ZRETE 4 poohi it se 4, fE—
(IR it V), KRG — oIk, TSI RE— Rl LI I 2% 2% 2] b R, RO AT
TR

3.2 IR A B AT SE 4 N 24 S

ARATROE—Fh I M BAT a4 1 R 2% 2 2] T ik, =26 [ W 4 B SRR — 2 4 A FE
ah E BRI, AR S AT 17— 280, DR R4 o, X2,
M A B, WSR2 R T

05E 32 ) NS N A BN R I 2% 2 Sk R, R ARANRE FH a0 b 18 vk g v . (HAEIX
R BA 54 (022 2 W B 2 5, ARZE 5 A G —Fiod 143 B DL R 2% 73 s
AN, ARV AN, EEE R4 2 PPk, #A RN .
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% B8 — M AN JZ S i R AL 2 R ST i N SR E H SR R e
HOH A, it R H S R BN P B, 2R ] M
JEENES AN G IRGE Wy, [FE SGIRIERE B el B T i A (s 2
AR [-11] 22 18], SRCA AT 54 (57 20, St oc K0 B8 1 M, HO iR —
N, R Moo 1.

H1 [ oeic i, R . AT — 4l s, Ml BRI A fe ks
A KA T, ML= (1, 1) 115,

h =Y w1, =W, (15)
j
U AR ARG, e Wi R G T A AR AL A s g 2
Wo 1 2W, -1, (Vi) (16)

R Y WE = 1R bR, (16) ST
j

W =T KW, = 1], (Vi) an

B 5 A bR A ) B B S T A T Bt e, £ 0, =1, LR Mt

O, =0. XFRH RS THA R ERZ], E TR AR, 8

UMK 2 S REAST R T AT R i, LSRRI 3 A R, TR0 A — B E 4 A )

i, KA AL BENLIGE — A KIIBIER &, 3E A S AR PR .

SRIG, N CARE S LR BEN LR S N 2% . SHRARES S, % b Srpmk e i,
XFTA 51 A SHRE I M B IE

Aw,., = n(1; —wi*j) (18)

P I ST B A RO =1, O, =0(i #i"), FrakliEiE AN
CIE )
AMUZUQ(W_WM)

X—TEA BT Hebb A —FPRIL. (18) AL SEH 1), BB IERR
T 5 AL 1) e N T RS/ NBERE S, XA A RS RN, 1 R
M RE. ATLAA BTN, KA TR L EPER, AN ST Y T R 1)
AN, MBI AR TIZR A LML, R, XU MR
B

%%@%%ﬁ,iﬁﬁ&,H?%%ﬁ%Zﬂfﬂﬁﬁ%T%ﬁAﬁﬁE%ﬁﬁ,
B A b o USRS

oh T SR A AR, T TGS SE R TH SIS AT BE AR ) ) A SR B

B, WRVIEPUERA M, B n] AEH U AL o, E RRGE BT i\
&, PRI, KIS OO, M B K A3 BB IR, XA TR
NBERTC. NG BT, W LI 2Rk — Rl MU S FEA il
W KA ORAE T ENAEAEEIEE N 5 —FhINER B I BIR 22 S 5%, (654
—DABCREEPCIEE IR FRINB AN MMIZ I E, BIEFHT I E IR IXFE, X
TR R T, HALE T A SN TT WIE 8, BN AERE— GE S P UM
UEAh, EAFAER Z R PAE R IT TR, EOGBRAEE n] ASTHR T R 25 2 1 7V
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A=A I —SRE S . R (18D B (19) TR ML S RIS HL
7 O —AN 2 A, B AR KA S FLIEAE R — A B i 4R BAR e ok Rk, BV
2 S AE 08 3 b 5] R B 2 20 I TR T AR Ak SR R T B, By = n(t) =t
O<a<l. X—HFRE kRO BN, n PRI, JoRERM T AL B TAE
&, n MR, WSl 2] BT

3.3 LVQ Jiik

R TE G 3T — A e T N A M e 4 i ) A VE (Vector
Quantization). ‘& WIEAAILE, AN AN REES PR M N, K5
FIEAFRFR R T A 8 TR0 I & o [0 57 Sl o BOE S, — H—2411& 410250
e 2 G, FREEREAE A AL, v DL R AR s e S fa b . BT 28
St M ANSFTIE R SREKR,  FRATTRT LRI — R R FCRE 25, RE— NN 1)
B PRSI R B, ). AR, RS ikl L I A e A 2
HEARR], —HEESREN, A sEs, ST —4 “HRimAa”,

— M T, AT EA G, LA T R IR T, 6 i gy
I AT W B o) T ANE ] . 1989 4, Kohonen Xif i) B AL vEIMLME S, 2
TFE M TA R ERS O )T, BROb A 2] n & 46 (Learning Vector
Quantization), 1% Jyiknl H T b2 @il. fEH BN T, SR 25
FECUEN, SIAHR, BN R TT TN B SR SRR T e, (U, AR 3K
Sl YA R BRG] DAAS 1E—A

1E LVQ W, X TAE M, I A 55 5 i 7 Rk R 7, (AU
15 TE U A BN T R 2005 1 TR I R — B AN, Wbniid, 4

n(15 —w,,) — 5
AW, =
(g -we) A

B —FiE DL, B TERITC I 127 >0 — 80 ARG T B ) — /N s e —
WA B, AU B ITRERNTT 1A% 5)), X FE > T AR 2R HL 2
T R R R R L, A 146 E Matlab #2700 F
clear
pl=[1.24,1.27;1.36,1.74;1.38,1.64;1
1.40,1.70;1.48,1.82;1.54,1.82;1.
p2=[1.14,1.82;1.18,1.96;1.20,1.86;1
1.28,2.00;1.30,1.96];
p=[pl;p2]"
pr=minmax(p)
goal=[ones(1,9),zeros(1,6);zeros(1,9),ones(1,6)]
net = newlvq(pr,4,[0.6,0.4])
net = train(net,p,goal)
Y = sim(net,p)
x=[1.24 1.80;1.28 1.84;1.40 2.04]"
sim(net,x)

,2.08];

.38,1.82;1.38,1.90;
.26,2.00

B
1. FH BP 551k sigmoid pR%L, WTFELL 1 45 bR ARG T i) 7

—238-



(i F()=1, 1<x<100
X

(i) f(x)=sinx, OSXS%

Xof s pR R S8 B AR

© R, — AR, —ZAE e

@ PR S B2 2 2% RIS ERAG IR I R4 2R, SO 2 ook,
W9 E X E LT HOR 520

2. GEALA I ZE Ay

f(x) =0.5+0.4sin(22x)

75 T () _EAFAIRRIR 11 A s, e Bl i i i 0, #3757 o = 0.05
MIER AT AR A 4 @ Rt , 2 DG e ek 2, 209 B TR O 1,
3HILEY, EURHIGEER, FHitie 2 W o6 45 R 52 .
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