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1.1 AIFFZMNEESHRE

ABREFEPFEHERER. EXENETRMEELHERE, REYHNERY.
BAXRFHE. DEAESSERERNESNYEER, BEAKNRE ORI —. K
Bk, AMAEGET NG, Sl LE2 AE%E. BE. BTERITEIR S
L~ RIS, WHBREHETINOFE, CREFSABNTELE, TREZESE
e BABEMNAERR, FEDHARGHRLERLETNME, FIAKBHERER -
ot , @ EER AR R RN ER A RCHEE MR, R E.

ANBCERARNTAEHELSBESRERWEERSE. ITEIRERHEFIT
BRI ERERABRF R, FEMAKSENRE. BGHEFESRTTHN
WHEEEMAR (10°8) %, MABREMEHMNRERETREZS ( 10°8) 4.
AMEHTIEDITIZEY. BEEER. TEHE. BERNSRFLEY. AREHRE
E PG BT DR L. AR, MMM e EENEY
Bt 100 5, HES ( JAFeldman ) #2208 100 SRFEKE. BR, HMAKSTHE
HURAE] §B4E 100 HiE WP TR LR —8iE%, AANFEZBER—FFHENE
SHBEE, THRABRANERES, XHERUTANRS. . BERRENLED.

AL#EMEE ( Artificial Neural Network, {78 ANN ) IEJE 1 AN H AR F 4%
IWIRERAR A ELRE B A THIEM BRI SR I RE MM 2 M 4%, T REICIL M A TH £ M 4
RBEEA, RETEBAMSERNEEHNETEIN—MHEEREERE. EXKLE
RmKEREETHHEEEMANE MY, BEEENERYE, s8I TE 2N EME
ERMIESR PR R ERNRL,

AT MSFBER T MBS R 20a, BmALE SR

(1)} HEMFTHR

ANIWHZREEHFEHANNELCEETHREATR, BREMETHHEERE
B, EARMRAERTTHAITIES, FEGFERNLEEHSEETA.

(2) BAEMEARRLHER

ALHEMEENMETEZSABHERETHNGA, FBIFHITHESEHE, ¥
HEMIET, MEZ NIRRT AMNARTHER, THTABRARSERHRESE
Mk ik s, WNERMIARE MERAMBAENZRIEEAMERXN, MRR
HERREMAT R,

(3) RiFay B4l HEA T8k

AT B 5 0 R s v e SR IS BT, TR IZIZ TS B R TEETE
#HETZ ARPES . NEMUBEHERNHIETFHEENE, RRESHXNFEETR.
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ARG RG RIFHES, FEETRESN . SERR. RREXERFERIEE
RAETH: LETHERAR. SRBASEARITH,

(4) +oBaER, %Ik

AT R T LB SRR TR M I S50, IR IRAY B T4
SRR RN EE S,

1.2 M AR AN 3% ALK,

HERRMBELHEL TRNEMI, RHRMETT. TR ARSI R X R
ETRATE. LB EBESQNE. SMEETHER = MTERY: Kk, Mo
FIBHZE. WROMERE I REh e S RER, SIRNIEES AR
WERMER. BMEEMRATEREBBERGRENERAN, EF I HLHEHZ
Rl A e R PR R . SRR T RS ST E 11 TR,

\\/ / L
—> >
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N

()1 1 $0 5 TP S8 ) (b) WA A PR B
(1) — FHKk Q) — #&0) — B — R
B 1.1 {546 42 L P4 S B st

AEBRESRERERE, —MILERORE, ERBCNEMEAREREFS.
FEESTHRENERN, METREMEEN. AR RET RS S G kET
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AMTEREE S A E AL N, SdHEHA T WE T AR TR EN
BRERARGE, EERBMITHHETHI UM E R RBR R AL,
ZINLHENSHSER, BRI EEMATHSPSRE, BINIANEER. .
BREERREER, BHRRBEYFELMAELRN. hTEEREEETANEY
FETTAE MR, EMgFZ A THET, ©HT RS R R RN,
SEYEEMNN., ATHETNEESARTEFSHEA. SELENEE, Kt
EERBEA/NM 7 R AT BT S, AT WE 2 M BT S
MR, BAALMERE, MET AMHELBRERT AR BEE, HEZENBER
HREMERN. EATHEMED, REGESARIERERS, SEBBMSHUEN
.

BRI B8N TN P SR BTH HE A (4 R 30R ATAD T B — S SRR

1) B EREERATTHEBRENA;

2 ) WANERSTHEA . LSS R R AL TR B EP LR 5

3) PR RMMIRTFERRAES AT MRBRERE L.

1.3 ATFFZRE N B

FEEATHEMNERARNER, HARARZ, DRAORUEREER, CEST
BUSTHETZNEH. EMFz, ALWEREHRTHTOTERLETLE: B
BiE. BAEEAL FEGEREE. BRICKRBEERES. BRAWS, HEERT (R
WEHTHR) BE TRJLERE:

(1) X5 02L2 fotf X iR )

B, WX B3, MEBYRRMASERE, 0 BR XF EF. #5%
RAERER; B BHES. 0RYE. IEZESHSEE EPFHERS. &
. HFEWERERERSFE. EAGRLERENEAFEASTIHTERR. B
KA. HEMA. FSHE. REME. REERUXEHERE. BN IRPIBEKH
T F AR RS B KBS, DI R ER RS, N LRSS
BEEMRXEME, BRTHORXERLHERA, CESTERTH ERRHRMERN
BEAKRNEENE. XTENIRYEA: BF. #5. FEARETRY, §&K
FY S EARRA], SRR PRAGEER ISEARE. W, SRELHAS
BARERHR 2 EEE,

(2) KK NE

ATHERFENA MR ERRIEERE, AE TR ERE RS MR
FHREE MBS RLESR, RSB R 85 8 R MU ME T B B S RO TR AR O AL A A
FoE. MENHSERERENAMETELR, REANRRLEENRHRR 258H%
HEIRE. XTENEAOEERNL. ROENRAS —ERBEE ISR,
WHE. BERSE. A5HB. 55, RELY. SBEEEURRRTREATNEEL.



(3) Faeefdbiss

WEMBEETHERAFRBSWEFHREANEL, BREFREEEZH. &
WE. AR FEFERBESELANETLEEA,. NEFEFNERIEBHESE
HEREZFEHE RSB RN MAER TR R AR SATEHE TR, AMAKA
BT HHERARANITIZAME, EFEERMES (NERLN) , FERRSHMK
B, FEERFEEATE, XEFEE, B2¥RIAREREE, RELAMEETHETE.
FRLEHETYE, ZEEEEFRENRERBRAEM, EEERLTURLENE, WH
ZRBH AN BERE X~ R, HREMARRER#THE. SECHLMNERRAL
BRZESE 2P BEH AR R, SHEERNEYR, BT BELERN
WG, RAEMEIBESAERE: SREFTLE. THMT. AREE. RESN. £
R, WEEE. EEEE. PEEE. NS, TROSA. ERIENS,

(4) Zxn4H

HEMBIERNINBAEHEH ST AERNE S HERE 24, B2 EFRFHE
PEsER IS, EEETHRRETHHENEHEL. XATWTENRL: 8%
BEEMEW. BEMAMAER. HiTahsh. FRREeBEHE.

(5) {5492

HEMENERINEENBHELEINRLESHTEAEMIAEH IR
TH, RHEEL4EEEHFEUGETEARERNENE. XFENEENRS: RE
REUER . BHAETRE. EMAHICGEE RN S, EEROARE. SSMREE, B
B Eoriailed, HERSERRESEN. @E. EENBkEEAOMRLRS|
ARH, EEFESTLERER.

1.4 A LTAPER L &b E R

ANTHERMBNLFRR THAFACRE D E —FEEREL, SHRFEXRAREN
SBEEHITRERD, T PSS AR RASFBTHA TR IR, 2IATHEMSN X
RETEREMHERE SN THERBEENKE, ATHESMENREER, UEA
THEMEREH, TEELAATHEMNSRRNEBAFRTHHEEYEEME
SATHEMBEBOIRA, B RBLEH S RFERILEAXRRRER.

—HIAh, BRRRFERENHERETRNETHITELEENEXH LAY RE
T W. McCulloch B FREH ( W.Pitts ) , 1943, fufifEASIAIBIE T AR4E
fEMEITE RN ARG ETHES G MRER TR, MBI AT BrkR S
B, FAEHBARTRBAE PR, KRENKRRMPEE, WE 1.2 B, BF
WARBDEANP (j=1,2, 1) WETCHTIRFEEN 1R, ERB AW (=12, ..,
r), RATHAKRBERNRS: RED+1N, REBHATSLETXERS, PENR
FITER; HEDS-1 B, IR AER. BEA - Y8 ABUIE SRR ( Activation transfer
function ) , TR AHBIERBELRER. BIE BB A DI LT AR R




LVPi | S RN ST . SRS R IR T A THETN IR, M

PMZILREFARE S, EGEETRIRAMER KRN T EERERK, EBFER
BR

1 Y wipi»0
a=fmy=4 I (1.1)
0 Ew;p;<0
j=1

HR A R R AWE 1.3 Fi.

MP Hi£2 O B YO 1) S RO O IR MR (G R e MM 2 ST IR B B8E, B T @ A
ZURMALEENRRARETE, TARTALERNEEEEX -4+ ANENEE.
38 MP AR 22 BRI 6% B R IHS BRBCIE DS S0P B A TM 2 WS 185 T2 HR
H. .

1957 %, REIHANEHXT KA ( F. Rosenblan ) B/ T EZWBNE
( Perceptron ) %Y. ER-—-TEFELTHREKEN MP HERBER, iU
CAREIR— B AR BRI RMARIE B 8.
fn
A
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fio—a

- 1t

0
B 1.2 MP 2 iR A B 1.3 MP £ TR o385 SR 3K

1959 &7, JHMASEAEE TEMRMES ( B. Widow ) FIEX ( M. Hoff } i
T BIE R PETT AR Adaptive linear element, #j#k Adaline), ERBHBW LB, LHAE
BB KNI LT THGE, FURE TISRSGER, WEREE TIIHEE. il
MTELERER, ATEHEYL LS TRMHE Mg, TESHR T @M. FRNSE
RN A2 W 4 O P T R I R AR S, A — N TR BRI A
THEM 4.

1969 £, ANLEERAIHAZ —RIf# ( M. Minsky ) F0A{H%E ( S. Papert ) &K
BRI — B ARRBABEHRRAR AN TS MEN IR ERRE AR £
T TREARSY. MR E: RERMESHEHTRESE, WRERTANEABRL,
BRE R RS RET BHEE, ARBABMTIEND, WHEMARMEMBIZIHISL
REBRERENEEHEME. FERBIIEED, KSIABERE, BRIE-AAFHRMBBIE
BREABMNEIHLEHTED. X—HEHER ST E M MEMA L RBEDBE, B0
LM R R R T — BRI YEA.




% EHEEIE/RE (). Hopfield )3 A THE MBI RNEIFEE) 7 REIEHER.
1982 4F, fhiR T EEIEREMEEY, BREBRBGIAINRRMSES, ER%LR
VR T TRRFIEE, AR TR L B R R T R R B LR AL . A b,
B A EMSGRET DR TSR ERER, ENHEMERPTNEEELRRER
RITFARRBEE, WMHEELXE T HFH— R THETH R,

FB—PRBEERFR RREMIAHE (D, E. Rumelhart ) % A7E 1986 R YRR E
EfeNgREE EMEE—IRER A% %% ( Eror Back-Propagation ) . {##5 BP ik,
RE T RRITER G RE DA ERDE, KM ATHE MR TEH, HHAE
LA R E R R % R,

1.5 ATIAZENELEANLE R SRR

M TR AL ERER R EBRRIT U TRIALHEMEEERRFEE.
M. OEPERETRREMNENR LA, KRBT EYHERENEARRE, 2%
EYWEFRNEAME . THSEN. BEATHEMERETEHTERNMERNS
BB R, MENESLBERWPETZ RNEEERREHR.

— A NI HE MG ML TRA R EHER T -~ R R E A R B AR
HMEBNERE. MU SENRFRERERE—MIENEE. HEd, AlHs
PR S LR T RSB AFTE I I 2 (AT — PR BOC AR . R S BUR R] A R R AP A8
TR, VBREFMAFANATHERNS, BEARNEAMERER, FEIARK
WIEK, ERAFRES. FUERBATHENSFREGREA ML, HIEE
BB A T & RS ORR R BRI AR O Bl R it AL

1.5.1 AT#&maEa

HETRATHERSNEALEAT. ©—RE— M SRAIBRIEIHERR T,
| METREBEEARSHYWL, A
| ZERETABTERENLE, LA
|, THEENRES, HEEINE—
0 B, SRR i) AT A R ]
L R
!
I

— AN £ M AL B TN 1.4
Fim, H, @ASBP;(j=1,2 ...r) &

A EMEHRRESB W (j=1,2,..,7)
T, ISLEIW;'PJ' HIBASRAUS, RIS

B A HET
A 1.4 AN SRR
REL A - ) BRA. BIEREBES A ARWETHIRES,
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PAE w; FIMIA p; BYEREIE AT LA W AT RE DL R P ISR BOR &R
W={w wy..w,]

P=[pipy..p, 1’
TR B B T RN

A=ﬁWW+m=ﬂZ?wn+m (1.2)
J:

ATLAE B RER R £ NE WP LARABIS RS — M AT, SR ERESE
—MUE, RETEFEEHER 1 A, EMENRITS, REEFETENER, ©
TE 50 R 3 T T LA 225 7 B TR 48 0 T A A ) BB 7T REAE

152 MigHBER

BT B (Activation transfer function) JB— 4T R BERAIHE.L. 8848 e ] R
BB SR T SMEESHA X, ERAEE FERRT PSR A BT E K.

W R S A YR R '

1) A RS e,

2) WA, BT R,

3 ) BERELREAASRRIE T NEREEN S,

TEELAEANBIEREK.

(1) B4R (BERHE)

PG REGHTERARIL IO 1 M, RBA ) HBRUHRER, 1S
Fin. BRHAEKME TR AMH AR R

AzfmmP+M=j1WWP+b>0 (13

W W*P+bh<(
f J
A A
______ ] ___l 1
5 alli} 5 10 —- J1
|
—————— 1 SRR S
- —I -
(2) RARENREDREER 0 A IRE M B ENREER

P15 B AN R R
(2) &ug
LR PR B M 4R 3 B T A AT R, B 16 BTR. RENHmA/
TR N



A =fiW*P+h) =W*P + b (1.4)
(3) 8% (Sigmoid)
S RIMIE R B BMABRESED (0,1) MAUEN, 0E 1.7 R, KHREEEHE

AR RRE )% — 2 S FERMEEER R, WX S BUE R EOLE A
1

" t+expl- (n +5)]
i A (4] S BEEH AR e A/ B R B R N
_1- exp(- 2(n+b)]
T 1+ exp[-2(n+b)] -
S BIBOE R B R A IRERIE RO EE, SHT B A RIS 25 T et A/ T Bl ek i A
PRI R, LM AH-oBABIER, HESHOMERK; RSLHAL 0¥
Biooft, HIFI X ERABHEREC, FRNEE. MAZERT LR —HE MR
REALTE/MEE, EEALEEAAES. Wi aR%AS i i 25 X AR T A8 ME B4 R,
T A {8 1) 8T 2 A (B 18 3% X TF A8 ) TR RS B AL
—figih, H— ¢W%W%E%ﬁ&#%ﬁ%ﬁ@%@&m*%ﬂﬁ%&ﬁ@ﬁ%%ﬁ
RIALR R ER.

(1.5)

(1.6)

-b

() BHREHRIERE BN (b) HAH IR RE
B 1.6 ERYE RS R
S f
A | A

-1 [ 1

(m) WAERENIN S BNE RS ) WHREHRM DR S MR
B 1.7 STISEREK




1.5.3 REMZTREERISG

KA ERE B M R M EREXR, e IMHETREMHANEARE P, BiFT
HR—METE, EFE—METTE— ML, B 18 HH—1MER r MASE,
s MR T B B E R T R 4

MR 18 PHRILIER, WAXKEPHEGNIE Y (F=12, ., r) BEMEEW
&gk e TR L), 8MWg il —MRITS, 5 A REETITN
RHERE, BRBEFEERNEARE, FEIMERE A ) EREHAINEEAR A,
ER LR A

H;

F—a
ny 48

f ®d;
1382

n 7] .a,
by

hY 7 \ ! p
WA R

B 1.8 BEEWE TSR
A; - 1=F(W, « pPr < 4B, <) _ (1.7)

Ko, s IMETOM, FO ) Rr®daR . AXPRFEHTIREH 7T RBER
FRENER. —RIFLT, RASRYH r SEWETEKE s F8%, Bs=r.
eV EElER

Wi Wypo e W

Wau Wp o o Wy
We-p =

Wy Wy e W

EE, AUEKE W IRTRTRINETLEER, MAIRRGARENER, B,
W FRlE: XEHE 2 MEATRES ML T S AT R,
UE ¢ r MEATEEANBRHAR, BARE P MEA— B r x g FE

RE:
Pu P - Wy
Pan Pn v Py
.Pr n 7 =
Py Py - W,

BRI R — RN 5 x g RISERE A, »




1.54 S EMEMLE

BRAN LA RE RGP SRRERTNAREZHEME. —MATREIURTE
B, BERE-MUEE W, —IMREXE BRI MHMEAR A, HTHEEKBEGRM
HEF, TUERZERBEREHEN EESROZRELE, Hl, XMH—RRERE
Rt R BEAYSIA W0 Al RET, HE_BHXSERFR R W2 fi A2 SRR,

— M= BH AN LI E 1.9 FTR.

Py @ @ f:
2 }'{{ i e

!
GPIRE
IR il
243D ‘/’,'@

B 19 ZRAVHE R

B ETR PR ENES r MAAKRE, H—2H s MEIE. BEHE 2 ML
—BER T, FREEFRMNEITTRE, B METHTA - MIARNER I RRER.
SEMSHE-BEERNNER, BE—BIRChMERES, Rtz RatuhE
FABETE. ARTLE 1S ARARMRES EN=ENEME, FLERITERSFE R
TEMENBARBTRGAZ, HULRS, B 19 HhlENE RS, HR%HH
F=HEBER.

DTETFEEHET IS REEZNE L, RIVEE L9 WH9E 110, it q
HWARE.

52

slxr

-yl ARl BaE: h—rer
B 1.10 [ 1.9 FrRes Mg s sy b e




EEENET, S—-REENHEHEET —EREA, KFUTLEE 2 B -EES
s1ox g BEMARE AL, 2 = s EBUERE W2, IR 2 x g B RE A2 HBE R %K.
MREEFETZE 2 WEREBERE, WAl EEHEA—MNEEWEMSF T, R
TRERITERAS D Z B RRRR. FFHRET S K0 — Mg A H 2 8
BT R e R

RO, B 1.10 frn g R ik o] LU T Al B 5 R:

Al=F1 (W1*P+B1)

A2=F2 (W2*Al+B2)

A3=F3 (W3*A2+B3)
=P3ﬁv3*pzﬁv2*F1(ﬁq*ft+31) +Bz}+33}

HTRMREERENEEHENE, F—RAME
EBERNEBHAT AN —HBREBEY B EYER Wi
HERIRERR, WE L1 i, BhEREsA. % 2
MR, ST EZBERBNTS. TRIMKLEH 2 a
NMZ2E T EEN T HRRLIAN, I NEEE—IE
TR, REETFAF S MWBTHRA S BBIEERN, B
HERFRMEEY, RETEWNTRE “RBRA 251 577
7 ﬁﬁﬁ: ﬁq:’s zﬁﬁiﬁ]}\iﬁﬁﬁ, 5%?\"%@% F 11l 2 RSER R ER
VARG LS. MERMBIERBEHR—E M
W, MERERSERFSBRY, MREEREEERE.

WHIEEREANE. ERITBEMSEH, BEBEHMEMENRHAELEN, TN
EMSRTHBRMFALEENEER, RAERARKMEREBENELT, kR

TER-—AREY W R, RERE RS A2 RIE S Y
A2=F2(W2* Al
=W2*F1(W1* P)
=W2*W1*P
=W*p

B, Fl =F2=F HBEHFERE. ERXEWHZRMEMENHTESRT RS
BREH W = W2rW1 FEE R LR FER A4

(1.8)

(1.9)

15.5 RiBmLE

N T 9 5 402 L T4 £ I A T 4 S B ) 4 AR At % (Recurrent Network) 7
RE. HULWE LB RELHE R AT B ML, B SR (5 PR AGE i,
R ARP RN E B AR RERIECTHH NEFS BT S A SRR EFIRMAM, AR
—AE R, —NRE s M TR R RUR IR SR 112 BR.



112 RIRMBESHHE _

BT PSR i RS BT A R HECERUEA C, MAERBRRES, BT
HEEEIEA, BTLVE—E2 IR EE N A URAT S8TR8A,. MHERRT L —i %
My H. HRHARRESHRAXRBRERS, MENSHIANNET, MEHRIRIBA
HESFEEE, MESHEAMEL, ATEMNSRBLHETSEE, XERRBMSRE
I H 1 B FT R B ROTR B B R

1.6 A MATLAB T H A LAt 4 W 5.5 3

WECEHE, RIE—MHERNBEXEERENRE R, HTEERMETLL
BEI—ZRELENE—ZREA, TT—E—RHhiEEZENERNEL. £ MATLAB 5
TR MR TR T BRI HNTHE, TR AERE P . SR W A2
B FREMEE, HEMEMEHMN AR5 R, N REMNEGLER A, HFiE
HEREMR AT, ELE I BORE RBOURE, AR e M R
BH:

1) #8101} iERS: hardlim.m

W& Rt E 2R R

A =hardlim { W*P, B );

2) HHA-LIMW_EEHK: bardlims.m

R T E AR

A = hardlims ( W*P, B };

3) M EH: purelinm

W R R A 0R:

A =purelin (W*P, B );

4 ) WS BRH:  logsigm

EEet ki N WoR

A =logsig ( W*P, B );
5) WEEY S BEH: tansigm
Bt ifid ol Yo wok



A =tansig (W*P,B };
T ER A S T £ B S R AT 32 B MATLAB T RAERF iR RIE .
(511 ] —MEENMEY S BRIEEENEERE, MAXKEE 44, GHI N
HE BMEERESMNET. BERARBANEEHBER 1, XK MATLAB i+ H M

ik
i
% outa.m B LT
Q=4 % 18
R=3; % S
§=5; % WEITH
W=ones(S.R); % 1 BT SxR @AGERE W
B=ones (S, 1) % 1 RT Sx1 fRMEEMEB
P=ones(R,Q); % 1 T Rx1 g AHEP
flops (0) % B0
A = tansig { W*P, B ) % VW B4
flops % 1THE I BoFiE S ERERE
end % T4

RIS SR TIFE . B ERALN outam MU, RISZE MATLAB B T{ER
EHERT ) FTE outa IFTEESTHAT, ML ZTUEE A B LR L BEH T
E R SRR
» outa
A=

0.9993 {.9993 0.9993 0.9993

0.9993 0.9993 0.9993 0.9903

0.9993 09993 0.9993 0.9993

0.9993 {0.9993 0.9993 0.9603

(.9993 0.9993 0.9993 0.9993

ans =
280 ,

IR 1 30 B lops.m i, BEF A HEFEERERIERERNZA
BRI, AR BT ATE RIS GR A R, M AT R BRI S B A h— i
MR

£ MATLAB ST, AEAHILSE © %~ RFER ME-&0EHRLS < 7 &
AEETEESERETHITHSR, HRAES ¢ " HAFS, NWESTEHLER.
RN IEHZE MATLAB #8 Fl id B F RBABAR T R RERT 5T help frdniftiTH
i), MABHEEREN, BEFefTRETEREESELE.

AL # MATLAB fl.m XA METHERENRAF T —H- AN MFRT. A2
ZEUINHT -HBRBENEFAER —MARFH TR, ATETHERARETRIES



i, HMITHERNA S EF R AFERE —m XA SR, B ERTES U BE
Am BICEE, AR CARERHE T BMAMBREAS, W EE 11 ) 8E—THA
SRS T HRENIEE R outam . XAMFRER R EAETEREA A LA File F4TH
BRI, A FEE 5 CHFERF. RREFNASE. BHHEBREHN outam BIH],
BEETETLERES T owa (FREFTUEEAL) FTEE,

[ 1.2] B MATLABEHR T ERE L9 FEAN=EHENENE R EEER.

24 P=[0.1 0.5

0.3 -0.2[;
S1=2; §52=3, 83=35 .
F1L -1, 1 EREE F2 %S RREG F3 A8EEH.

R%:
% multout.m
P=[01 0503 027, % DEMARERCE
S1=2; $2=3; 83=35; % CHEEN R
[R,Q]=size (P); % R % AR BHTRS]
{ W1, BI ] =rands (81, R); % HFE KT RAERCL, D2 M RREPLE

[ W2, B2 ] =rands (52, S1); % BB _BEERERGCL, D2 RKEEHE
[ W3,B3 ] = rands (83, $2); % ¥ EAERG-1, D2 R FEHLHE

Al = hardlims ( W1*P, B1 ) % HHE-BHERAKL

A2 =logsig (W2*Al1,B2) % ITHE_BHEEER

A3 = purelin (W3*A2, B3 ) % R R RAR

end

B ERBRFEA R multout.m FHE TR WIELT)E, 7 A5 B/ EREA) i AUE
THROE AL, A2f1A3, FRAABFIRZARZAEEENSE « » BGHK.
AHBEPHNEFERE=ZMHHRER, HANBERIRESSEDBL. BT REE
MATLAB TREMFE. Sit-BET. FEHRBRHEALRAERE.

ZHAVELERER BT F—THBERL R, FERERETERTRN. W IH
1.2 T al LB, Fr 2 oh AAUE R4 00 0/ NS FERE AL BUE SR 3 rands.m 3547 5P g BT84
TRNEEEWHEIT ST, S250 S3 HEN. = BRI 65/E M SBUERE W TR LY E
KR —BPLRYOETH, AARNRETEPERTNINER:. $£—EWNS%E S < R;
FEMEELE: 52 x 51, BEEMBEHE: 53 x 52, HEEWE, RERHHEWK
REWERER TR, AR EHERE R EEAR, THRZHT MATLAB T BAS M R
MR REE.

MT—BHBRITERE RN B WA T M2 R R AR AV . 22 3T LA 6
TR, HES T FH MATLAB 538 T HEE RS TR, BAST SHITEEMEN
Rt ZIELLR TR AR, SRS RSENSERERA THEMEHEE. i
5FH.



1.7 KZF )4

1) NTHENBRENHEMNEETHEMENER, REFR, ATHENSR
AREMEFEEQNEY e MEIERNEREN, BRER TRHERMBEMENT
%, BVHEAREEE, FRPELNERE, FHM e iSRS R (nBE
PUE. W{ES) . DIERERREE FENR,

2) ERLTERNE, MICERRT IO ATHEMNSE, EXBLREHEL
MATMENEBES, —MHEE, ATHENSRRIMNIATIHR: ERMSIR
Mg, EF PP ERNANE RTINS S RBRERMSE. BRI R %N
BP ®%; RIS RN AN AERYE SEEREY EREMSE, BINEENHKRE
M&H: ERFMEMEEFILRER ( ART ) W .

3) FINILWEMBNERLT THRMNERS A ATHERBOERER. $3
HAUIgEE, URREMA. #EMBUVGEI T TEFRUTRA: BEH (8
WERIN) NRNLEE (EFALTRN) K. IEFIsRREXRREEDA. ¥TEK
RAFETNMA, MEGHRERF—IEAHES (B8) FE5EREEALE. 2N
SRR LRSS S EREH AR ERRECEN, B AR S NRERE, W5
PSR IR ENL S MR ESHRERSR/A TS WEEER. MEEHFILNELLE
FIRIERK, RMBLAMFBRERERELHREEN, B EARFEOEAR RS
SR, BEERSALERERES TG EAREVGEENET S, HHEXLE
R B SR N BT B SEA  TURA ER

— 15 —



BASREHZEHREIAZET BHEET 1957 FREN. BOSTEERENAT
BaMg. SRRISE-MRA-BEWET. RAREREREETARNS. B R
ERUEMYIER, TR — AR BINIRARI TR D 0 & 1 BNEdR¥. AT
KHBRARESRNEN. EH2. 14HTERRUBMETERE,

FEH21 BAFEWETHEE
b, G MEADE (=12, r ET—MUEAE w BIIORA, HAEH

RERBEIRA. WE b WMAEBFEL T —NMTASH, HEFNSEL A HENE
IREBBHTHE, BMBEIE S RAN RS SR E.

B LA LR MP BANER B EES Mk, ERRETUHTN>Y. B
AR TREMUARA M BRI, [H7E 40 it R ARIER 82 /BRI AT L
BERET I RARBRHETERYS, FHUASRRENBTISERBENBNS, SEN
BRAEHIETREMGRRASEESTRESE, FUEEIIEEAR EE W
2 o

21 HAlBegRBLEN

B ENMEEHRRN N BRAOMET, B~ HRE ) (i=1,2,5/=1,2, .,
NG r MEAHESR. STREMARR P, - MESKET,, BRI RIS RS
INEE 2.2 B,

P o 4
rxq N_f__
[ o B | ™

sxl

B 2.2 BrSAgtE

EEM%%W,Wugﬂﬁffﬁﬁﬁﬁﬁ{£=LLMJ)%MﬂﬁAﬂmRﬁﬁ
i a; R

xq




n, = ng.pj 2.1)

i=1
a; = f(n+b) (2.2)
2 51 28 A 4 o LRSI IR AR M AR 7R :
TERERB N BTN, A
1 n +b 30 |
- n; + i 1
“ _{0 n;+b; <0

(2.3)
(B BOE E R A 2.3 BT, N
diE 2.3 HJAL SHA n+b KTET 0, B -5, |0 :
ny > b, BESERIEE R L. BNERa R0, }
FIARE b MR, MHERTUEEBH, W ——— -1
WMImMT —MEREEE R LIAR RSN 23 HEEOE R

BB,

2.2 RieB oy BIUEF

HRABAMSER, RITTUEHBNSHNERDBRERRARERALE R 1 K
B, X—DhEEE LS WA RE SR BRI R, ATHEREER, TR s=
1, BN — A S AR R I R AT AR R

BRASMAHAM L NEERCHTH, BUBNHHAR 1R OFMRE, HiiE
WP +b WEAT. ETR/PTEERBE. YHEMNEWRbBER, EHBEAX
EBpi (=12 ., r VHRIGRHPTARKSALESHE, ALUEL WP + b =0 FHLE, X
FHESEN—HBARE P, YETRMBERMEOREW R b NIER, REEHATH
WP + b =0 ST L, K%E WP+ b=088M EHR T, MEMAXEZHEEY
WP + b =0 R38R, QIAKE WP +b=0 UF LHBALE, FERT WP +b>0,
EM WHP + b <0, ATIRAH#NESTNILIT HK, SREEEIEMNRIT—F WP +
b=0 YT, HEHAKRIBS AR BEA B 5.

DU A ik r =2 %50, WTRENPIE wi . w il b, FTEATERL p1 F0 pa 43 RIAE HAR.
PRIRRMA T ENEE WP + b=wp; +wypy + b= 0 UL, ER—FEH, HWHEEL
MR EBAARETE pu. p [EIBME wips +wopz +b 5 0, REHEFEIH w . w2
b MRNRMESNEEE N 1 ZERUTHSN AN EREB/EE A0, TR
FF B SR R R A R B TR o0 0 58 1 AuraRed, HEME i XTE
A RBERAZTOERW AR SHGE, EHRAENREWH b, WP +5=0
HIELR R B LB L A R R RES B E#HT LT o,

IEERCEDE AR R r B E SRS T REM RS AT MARETEN
feh. WHARMORE 1, BETHARTE.



B 240 T BOBEMATEFREE, WPTLEEEL: fERWP+b=0%
HBARS py M pp IR PESARNRER, HRSNERE W EXTRERE b 317
ERTR. ER LBHBARBEREIHKGART O, FUERMBWEITHGIEY
1. BERTHORAXRECRSETRAEL 0. SRR RIS AAUE
ETEAEBHEHER AT ERHT.

1 7

Bz4 PGARRTPEHE

BEEMETT RS RS, BHNRETRANNRGE, 14T DR R Wk
B, R R IR R T

HEEERRA BT RIESNFEBAEN TIERE. LAELRLHA, A EN
SRR AR TR

23 BdeRe3 IR

FIHNR AR R F AR W RFEHRE B W, B A2 A%
PSR AIAIE, DUEIE R4 A5 A K RO B A B N 0 38 1 10 B A3

SHTFMAKEP, WA A, BiRREN THBOEMS, RARKNLES SN EH
BT R R BT RE B LR 5 R A7 SO Y

1) SmRE i MR TR BETRN. 5 o, =t;, BLEE i MG TRERN
{8 wy R EE bR IR

2) JORE P MPETHIERE O, HEERER 1, W a, =0, T =1, A
BB ERES: FORE wy HITMEUE w; I EMAKE p; HBIES, FHRE b HIE
{R2E b S ERBA L

3) WRE I MHATHG RN, HAEHER0, I a=1, W4=0, HAHUE
BERER: HHALUE w; ST IHME w, MEARE p; B0, HOME b 0B
EbhHEL,

— 13 —



B _EESHE PR RS I BN AT S RENTVESTIERMALE. B
HREERLEWT.
MTHRARIRL - 1,2, .85 [=12, ,r, BESEERELL )
Awy =(i; - y;) xp;
Ab; =(t; - y;) x 1

(2.4)

RAXEERERT A
W =W +EPT (2.5)
B=B+FE

Uht, EARERE, HE=T-A .

BABRNLIANETHRE TRE, wENCHWIER: REFE. NEZEARK
IR ERETTLRSE CHNEFEAR.

FR R RAGIEBMBNENZ I WEE MATLAB MZENMETEHPEHRT +2&
¥ BA—A%0 learnpm BIRE. REEZFEREER, B EARENETER.
HRBAFRAMALER: WA, SELENEREEE: P. ART., HHEGSN:

[dW,dB ] =leamp (P, A, T );

2.4 WM&yl 4

EERT e MR LR ThER, OANEHTIG, TR SERRERE,
R MERICIZEMEAREDR, AT HEMSRENSER 28T HE, WEE
A RER B B ISR TR, ZHRATREMGERRGEN T L SEMTENER
AR, EBTHENNEE. JLEKRKER F TRARSREN IS S aE it REsER
SRR,

BAZB Y RIT BT

TEMARE P AERT, WHEMSHNEREL A, SE5HEENEREE T S#THE,
BEARBSTT, AGARKERIREE, BERINUHITRENRENERE, &
IWEMEEFEER THEA, EEERASIE, HAMENEE A STFEERET
HINGRKEAR E IR BB A BN SHEE.

=Yg EE, AN SN REERMSERERERT, HTFENGRE—HgA
RERBE-L~HMENEEE Y, SEZENERNGKREN, Rl sEREs
ERARE PHVERT, A = TWHE, WTRELNERNVBRESKE, #R
RAERNGREHTIGE, Er— FAERRNAEESE TR TRESRE SRR
i T ey — 2.

BB VGRS T BT

1) WFHERRWEE, WEHARR P, BRER T, HHHRES LR
DAR B2 R EE MO/ NI TR B, v, sHg;

2 ) BBk



a) AR E W71, DRFEIRERIG{E;
by #H B K SR TEFF R B max_epoch ;
3) MgFRER: RESAXEPUREINEEW, i[EMEMLARA;
4) B REFIREASHRARRET EGMHR. MER. SEAKKEFRKE,
PSR, BMHEAS ) ;
5) 2 REQSHARAHFNEI AN AEEN L&, HERME 3),
C TES RGBS 5 TRBASMEABN TR, FEENGRMENITHE,
[4]2.1]) BB —MERADLER,
B —AMREMER, BRI ARR R,
HMARE SN P=[-05 05 03 0
05 05 -0.5 1
Hink#ERN: T={10 1.0 0 0]}
BE:
3 B RS BB AT, RS ASEN SR LHEERNAZETH
B WP + B = 0 IR B AW A KBTI R AR 92X 0 H 8. BIEXAEE, Xtk
th ZHENUES ARERSHRE, TURATREAELHFEREH:
-0.5wy - 05wy +mw3 20 (4 =1157)
05w + 05w, +w3 2 0 (M 4, =107 )
03w, - 05wy +w, <0 (fE 1, =0 R>7)
Wy +wy <0 (fE £, =0 3L )
LR LETARAARREE KRB EHAERPEER v . wo Fiws, £33 ARE
5, FIEBEATE R
w, <0
08w, <w; <-wy
wi /3<w; <-w
W3 < - wz

— ST R

T 24 R A BRI S PU R S IR AT R AR, BEORE R L B (O e i 2
P&, EENEREITRENRBER, ELNFERMEPUE W = wy we b, Fi
BEIRWEMNELIRETEFRE, REETEF, ENEATNSEREE, H55%
BREAHENER.

ETHANGE AR R ROt MBA ST, FURTE S E A8 00 Baa R Mok
AT R . DREHY A s CRAENAENABIRIRE.

WIFEEE, PELEHENE 2.5 FiR.



g=1,2,3,4
B 25 FssegvE

AT, DT ERERMSE, MENMARETR r LM Ti s 2 AR A LR P
MBREETHE—HE, MENREREEC: W, . B, WEBENs xr P,
ENMHA s A

TEWRE T MBEHHRE T RRIEFREANRE T REMBES. & A8 A
MATLAB , fRIERIE LI RBAGRZEY . gD R HOHNRRE. TEx [ 2.1]
Bige 5 O o) 48 BUE I 85 FT B9 MATLAB 27

% percepl.m

%

P=[0505030,-0505-051]; T=[1100];
% ket

[R, Q] =size (P); [S. Q] =size (T
W=rands(S,R}; B=rands(S,1);

max_epoch = 20;

% FirX
A = hardlim ( W*P, B ; % KFIERHIT
for epoch = 1 : max_epoch % FFEEUEERIES. B EAY{E TR
% Rrir
ifall (A==T) % M4 A=T BeEHR
epoch = epoch - 1;
break
end
% #)
[dW, dB ] =leamp (P, A, T ), % BAIBFE N
W =W+ dW,
B=B +dB;
A = hardlim { W*P, B ); % TR PUER ES KRS
end % BIFER

B LR R AR E AT AT BRI R RSB NG = L8 AKX, BENEIMREH
MATLAB MR H M.



S T ARG AT A I R AR d B ER RS, B 2.6 HHTEBER b
Yaih p, MBARETFE, URMARE P ITLHNME. RIFEBHREEHENEN 1 HDR
WASERA + R/rith, MEFAOHENHASERN “o” FRY.

2 ——rr r —_

2 4 0 1 2
7y
K26 AR UREE ¥ 27 masiEa gl

B 2.7 48 4 ISR P HAELE RN WP + b = 0 HERABRBVISEABIBERE
MEZ, P, SUEAMBNEBRNER BLA=SRREBERANER; B
%, “o” M+ BARERSENIEF. EEREF 4 KNEBESAR BRHER.

2 {5 B o 0 4 4 SR R ATLARL AL Ao

WO=[-0.8161 03078]; BO=[-0.1680];
4 WK G HBLE M.
W=[-2.6161 -0.6922]; B=-0,1680;

RE R T fr& BB 5 3 X M & 45 R IIT:
» A =hardlim (W*P,B )
A=

1100

B 2.8 4 M4 VIS A2 A AUE AN R 22 A5 4k TR, AP, 00 B S 1 2R ¥C Bt epoch .

1

2p1

0 1 2 3 4
Epoch

H 2.8 BUERMRETELICE
BABWNTAREMIERGTEEERAERER, 3 M 2.1 ] BAESNGEGE
FEATRFHETVIE, FEAFCARIEE, P8RARTE —&KHE, Him-F T

REFIREE:
W =[-2.1642 -0.0744]



B = -0.6433

HEMSEH— Mg, B A FH P ARBHITHANEE WP+B=0{{UES
AITTE B R R R HY.

[#2.2] 24HETHE, XHEXRE.

IO 2 1) M AREMBERRERSINS 10 HM4 —STHERE, FHEAKEN:

P={01 07 08 08 10 03 00 -03 05 -15

1.2 1.8 16 06 08 05 02 08 -15 -1.3];

FRATRifs 10 8 e HAR R & A

T=f1 1 1 0 01 11 0 O

00000111 1 1

BT T R, LRI TR EE R, N R — R
AR A R S, EREEANEE 6 MR 20 MYERER, MiEEBRY
SBRMENERE RN TR, T25 [F21 )] BFHE. ABEWASNPAT,
BHFETEE, PTHHNSNEER.

REFARLEMBRERTE: r=2,5=2, HIkA
DAE H M Fain B 2.9 Bow.

AEREEEEREN: RBUERMBEWHB, p, o
il WP + B =0 MR B R ELEH A X BT ETE D
IR, B 210 B TEARXESRERNBERE
BHHHARXE REAMERERSFIALRTFER °
A: 00: o; O1: % 10: +#111: x, B 29 Bt PiseE

B (522 ] RMEEBENTIFS, (HAF MATLAB R ¥ TVIZHETS (4
21 ) BHEfARXE, ERNBAHTAENER, NBEFE MR, FEHZEM S T HET
H—MEBAFVISES RPAERR. RENRESE D H—EN R trainpam . FETH
R FTHEALBAMINGER W A B E., URFTERNIEHRY epochs . XRL AT
AT LR R — i MR F s A R, AT RN B E s, (2.2 ]
RIS RFTRE T

% percepl.m

%

% Mgt BE
P=[01070.80.8100300-03-05-15;1.21.81.60.60.80.50.20.8-1.5-1.3];
T=[{1110011100;000001112117;

[R,Q]=size (P); [S,Q]=size(T); [W0,BO]=rands(S,R);
disp_freq = 1; % FNE—K, BF W
max_epoch = 20; % WEBAIETIRE

TP = [ disp_freq max_epoch]; % # TP B{{E

% YW, EIERE

{ W. B, epochs | = trainp { W0, BO, P, T, TP }



% MR E R R R
V=[-22-22];

plotv (P, T, V);

axis (‘equal’},

title (‘Input Vector Graph’),
xlabel {‘p1’},

ylabel (‘p27),

hold on

plotpc ( W0, BO,-" );
plotpc (W, B );

hold off

end

% B~ R AR EE R D

% TEMARESEEEHARBTHEAENVE
% SEEARFTIABIREERKE

% 5 EIRE

% 5 rashn

% BB

% MATEBHRTELHT

% #2%) M WO £ BO fE8 AT P I B #5414
% % B W R B fEM A T E 0 R R 288
% LRTEERYEAICH

YN EFETE, SEE-KAUESE, LR 2R —REMEFImRE, HE
SRR Bor R AUE W1 B LRSTIER AR S8 RINE LR B AR EERAT
ARG B R B SRR I W B HE A WP + B =0 EERTEMATE TN RER,

£t 10 KINGEBEMEITHNKE, MEFRAXRS BAENNRNE 2.11 Fim.
HP B AMEGE, TRARENER. MERENKEN:

W =] -4.7926 5.9048;
-3.2567 -2.6339];
B =[-0.9311; 2.9970]

T X 57 FR) P 48 R AL

WO = [-0.6926 0.6048; 0.1433 -0.9339];

B0 = {0.0689; 0.0030];
Input Vector Graph

2,‘02
1 +
x

0 X

-[_
b 3
*
-2 . .
-3 -2 -1 0

B 2.10 MARBEGRBEWNNIE

P, - - pl
211 RgUIgGERE

X T R RS ARZIT r M WET s HRMBRE, LRBBAXESEPE




B R RS THRERS, K—RRERE LRI T
) BHAKBNLER, WHERARMNPET, Wr=1, s=18, BASKEUR 2
BT,
2) B AR _TE, Nr=28. BRESAULNTHF,
Her: %s= 1, FEEI—KEK,

5 =2, FESRAFRE.
WIvZHE, EX B ERHETR s RESHERK, THRBFMHERR 2,
3) BMAR=ZTE, Wr =38, BABELEIHR, MASHBETHK s I
B,

25 EiBHHTRM

T BRmES A SRR, EHA BB E - ERBEEA. B R AR
REARFER, DAAEEBERFS. —BORE, BuSEUTRRE:

1) HFRASHAMIEERRENEWERY, WEABHIBROR L, ATUAREATE
Hefl DL B O 42 (R

2) BRABRGEHE LA RRAITHR, WRB - FERK T EHR—HEA
KEEBRM RS A ENAT], NS A R E R 40, S0 hEHART
. W2, FREBRFEKGERBER B IS N RSBUER. il A SR8 as
WEHESTIEGE, FERE—MEAEFRKE. UEEREZREAETIKEE, £TREE
BB BN, WHENEL, UERERTH AR S REREFN IS, Ry
EEIE, Bit FOBIEN, AERARBRERETAM, REELERMAEEN SRR
| bRk

3} BARER B —AME, YAHARETH MR EANRBARDBMRER,
PRGBS, A AR 45 -

P=[-0.5-0.5+0.3-0.1 -80;
-0.5 +0.5 -0.5 +1.0 100];
T=[1 1 0 0 1]

B TEASE L HRGDIE X FHMSA RS, X BRBBIETIE M,

I 4 SRR N AR T R A T A4 AL/ B e B

L 2.3 1 8RERT] MG AKE.

B TRAMEME A KRBT B {8 T8 08 1 W43, BFIRMEELH S
AEHHTINRARESE. WREGAKEBEMERMEN 0, 1 iz MABEESR
HTRS, BARHBHRELRMIRERALE.

£ IB 211 F, MA-PMFRIGALE, BN

WMAKER: P=[-05 05 03 0 -0.8

05 05 05 1 0



Hifx®A: T=[10 10 0 0 O]
AUESEATENEF. A TRBLER DR MUISGET RN, AUER
FErdimB s B rEr. XATREEMELHBIMA RS fops.m , REAEFESMW E:

fprintf ("1 Final Network Values : \n’ )
W
B
fprintf (“Trained for %.0f epochs. \n’, epoch )
fprintf (‘Traming took %.0f flops. \n’, flops )
fprintf (‘Nwtwork classifies :’ );
if all ( hardlim ( W*P,B )==T)
disp (*Correctly.’ )
else
disp (*Incorrectly.” )
end

B 2.12 i T EARABEA N BERNG 40 SRR, WPATLEE, MHEs

FERE AR, BRI R Y.
W=[-2.1912 -1.2975],B=-1.4214
%o R SR SR A AR A
W0=[0.90880.7025;  BO=[-0.4214]

R BoX i P LK B BT R B s E A R RE, Fdrd
» A =hardlim (WP, B)
A=

10001

MT={11000). REATUEEEE _METMEALE FHRTHRATE,

B 212 BRI IR AN GETR



TERMBAL A, XEEREAT D FEEHTAER “RK” AE. TEREMEN
B—T XA

2.6 AT

R EFARAAVBEERABEATRBLEL EERNBTFEERRE. N EE
WEZ —RREMBAR TR AN R BRI,

EBIERTH “RER" I, MELSHMARSZHBHAR (081 ) HAEOK I,
A0, RHELAHMEATFE—MNA LN, N . FFEFRMSIRELH NN
B, M AN OB A B RS, BERMD TS A N8 ik 00 s H f 4l
&, 5

P=[0011
0101];
T=[0110];

FRESREATR, it RRE S AL BRIGEN R R R HfT 2.

RIELHE, BMAR_TRE, HOBRAESL, TUBRSTHANERER
B S5RBAGHMETHEAE. “‘RR” MENEERA —LFELETHE EANA S
HFE, MEBHSESTARETE EWAEINE 2.13 fiR, BEF, “x” BRBPEHHES
AR1E;, “o” FREMEH A0,

RBH, NTRENNSNE, S - REKERXPEBARSFERTIER. K
Brb, MRFEAETIEBAERELR, NEBSEATF, 7 HEABHHARHE 5T
BW AN SR AR, 8 1 6 g, WTRAABIRE <5 . <& . “dE” .
“Hir . a3k . R . ‘R FEEUEE F-£HL, HTEIRPFR
. a8 L 6 MEILET G, BRE. | sHUEEFRE “BR” M1 ‘RRIE” 2L
PR, Hih 1 4 fEBIeeBaRne o, ENHT L ERER AR LH,

21 g (o}
\\.
0\
0 1 \2
By

213 “RE" BEENEREET



BWAKRE:
P=[0011;
0101}
16 HEHEE:
Ti=10000]
T2=[0001]
T3=[0010]

T6=[0101]
T7=(0110] — REk

T9=[1000]
TI0=[1001] — HakIF

Tl6=[1111]
ROTFSEN: AROERERT, BBRIET AR
RITARSE— T RIGENANTRBABDEN TRANFEBEDE. R, B
AEFHAE, HHATRESL, B

BARE:
P=[0 1]
4 FEHRRE:
T1=[00];
2=[01];
3=[10%k
4=[11];

EARE—MA, HAEF R P SRR ERR, PURSIRER R HL Rdg
LEOM I S ERARFEENESWE 214 B, BITH “0o” B5R0, “x” RF L,
T g Zh BT R AR R

T! —5 —— p
0 1

T2 . . —0—% . P
G l

3 L L —e—8———1 P
0 ]

T4 I I_H x- 1 —t P
0 1

B 214 REAEB AT KIT R



FTEMIE, EP AR ER—&, EPHARATS, B85 WEELERE. 2Lk L
EEARBUAFAFNSERE. F—KaRFHE P wii—0b, EBIWMYRAREL
RETHET. FFAEENMTEERMARNEARRAE, L, WERPRHBBALES,
RERE w1 b FliREHREWZ B RREN T,

FBE, MMARF 3 MTER, TN MARES, WHKHERR TAH2 56
FrOifE. BPRAE. HPEREA 10 4 FRARET N,

BRI FRILAME g, MMERE r MHBMAS RN, BERXAEERHA

REEVH, HEUEBFRAENBRAMEEN2Y , %21 AH TRRBA 6,

4 el Bag:iRoI )13
R 2.1 AFEHN r BRI S A THEER

' 5 RT3 TIBER
1 4 4

2 16 14

3 256 104

4 65536 1882

5 43 x 10° 94572

6 1.8 x 10" 5028134

& 2.1 f[A, WTRENAXERTHNRZRAS, R —Hash iR
VR Y. BEE r B0, REF TR RSN, FiL, ST MEAMDE
BYE, BAAFANRGRETERETMN. BENE. ESAILFREMERAE
XL, AHLAMAREE BN, FEEIHE, —MRFEIH —ENETK
PP EATINETHE LTRSS, U, LERRETEAERGER TR AR
AREE,

2.7 SR IR A Bk

BonAE PN R B E M ERFE. 6 0 FAKR, MR TEMERNTR,
HIE TRAFIBAINE, BERENBEHAERMBLEMN, XL LEEBERBRK
ST RMAT. ZENT “RE” FE, RNOTUAWNEREEN, FEREZETRAFRS
Mzon, HAFAHREL 1 F <2 R, M 2.15 B,

HIRTHESRL, KEEFIHO, M2RMEWH L, THAHO, MEHLED
ERFARES N 0. MAE “RE” HEEREH, WEHEIANTEE L. IR
9, FWERREMSTURIEEN EZERE. BMABERRRT 6%, T
e SR AE.

P& RBRASNENGES 2 INTERNRENR EERE, IEEEEEIN
BP 5L, FHEMERTREREAMEITAN I mE&RERT AT IEZE RS,




(2) REREAE () HAERFEER
B 2.15 “RE” RER BT R

2.8 AF)#

1) BABESRAGLRFRN. ETLMREFRRISKEATHEALE, BHE
MENRTTEHFERENFEENRE. AFRENMENSME, KEATSNEE
TUEER B AR BB R BETRER;

2) YIATEMREREEBBEN. EREHAREAGEMEEE B,

BRI FR R, DFERARBEREN SR A AR, FRRERBNF
. BRBMEE LRBRE, HETHENSMRhETEENE LN, ERBT
BHHEEINTIE, MIBEMAAREA — MR EE, FABCE LT T PR RIE
8. MEMFEAROMANEZESFENSRRETRELNEEZ —. BWEFRMNGI
BT RBLF N THEMBITRAIGE, #3 T A THEMEPRNRE, TEERMN
FERMSRE SRR A ER TRERI IR K.

>3] &
£ 2.1 ] FF MATLAB %f T 51| B4 4 K B HEATHRER DR E W SOR BT R
P=[-0.5-05+0.3-0.1-80;
0.5 +0.5 -0.5 +1.0 100);
T=[1 1 0 0 1]
[22] REBERMBOKEVELAR. BIFEBITENBIRGHEARKETIE
B, R HERmBERmL ‘B W8, RIEHFRMIZT.




B HEN&METH

B & M £ I T ff(Adaptive Linear Element , {&#F Adaline ) th 2 BB MBER 2 —,
EEEBEFMBREAREN. ES5BRABHIEARZAETHENETE —MIEXK
AR, XA AARERE, MA R RGBS IR LR 08 1. B4k
ERAKE W-HZIEN, BB/ NHECMS)BN I AERITIIE, WimtkisE et
BB ERO R AT REE.

HIERLW L TEHEREM BT - MR RATHITHARE. B4, BEEH
T SABER. Fl. SRRz,

31 HERARRFETRY o

—MEEARE r MEARABENEENZTRENTER R, ML TE MR
MRS R, WA Adaline 30 315, MBREHR—H, R UARIEAREN—
MRS, REFSHAEE E BB R HEN MBS, RIS N gGES
—NEZ R AMGER R KR, RAELTE- M EREER. HEREEAE
CE[R5 fedibhag XiicoN

n
L oa

(a) Adaline (b) Madaline
B 31 B e PR

YEEWREMEE s MERTAEFBRER—ZMS, WEENSEEERSE XKy
Madaline ME 3.1(b)FR.

W-H SN XS YIS R 2 M 4s, [ERFIFARRHATBEE,. NP —=HR, HEEs
Mg 5L REENS ERFRENEE D, T TE—-I2ELEML, HEH—MEHNE
BaAEMELSZ W, ERAMEFRETEUE, RET XEHAEFARRET BERER,
EZHE Ry BRAELENT.



32 W-HZEIJHR

W-H 223 SN 2 i R BR300 SR IS E AU B HiZE RN, B LA R AT B
HRNE—FERGE. XA W-H EIAMAT LRI % — 2R R RBUE R > &
P E — R BA T HEFTER R M ( Pattern Association ) |

JEX—MEEF SR L R ER RO

E(W,B):%[T- Al =%[T— we} | (3.1)

AGDRAFTLAEL: KM AGHWREIRE REFHRARERE, FAUHNE—
MREBUME. GBI W-H 2 BNRH EARERRERNEL, HERSRENT IR
b, BREBIG—MNENREBTINMUME. BIMIBR, EW.B)RRET ML
EREFAR. RNNBENEELETIRR, #EWBATIB/ME. FZEL S EW.B)
&, FIH W-HES 0N EARRBIRERR, # EWBMNELTHNE— SR, K
E(WBRIRHE T 3T, MUEWEE T, ARBME FET LT YaTeE L EW BN

B, #THIiMEHTEE:
oF

Awy =-17 awy [ti—ai ]p; 3.2)
RN A
ﬁng =n 5;' P (33)
Abf =n 5;

RS, EIONE i MW ARRE:
& =t - a; (34)
(B3)AF A W-HEIJHN, X0 SHN, sHBRNIHEEELMS). W-H 2380
HIREEMEE L TRBHHHRERFNENGALR, ERERER, FUBERSE,
XRFUBERRAMEE R R,
GIHAFM n AEHER. E—RORFFEHAH, TREH, rE¥BR—8E 1 %,

B HE
1

max[det( P* P7))
XA EERE AT LA S BE R Y ERAEE 8
FIAEEN X —BOEENE NS TRETHER maxlinlem REH, GHZTER

yak

n=099* (3.5)

Ir = 0.99 * maxlinlr ( P,1 );
Hrp Ir A% EE,
W-H EMNMREN: learnwham RTH, AHh, M EBHEE 5 RS R
purelinm , A[LAEH W-H S ANMHE AR N




A = purelin ( W*P );
E=T-A;

[dW, dB ] =leamwh ( P, E, It );
W=W +dW;

B=B +dB;

KA W-H AN B &G Lt i s R LU M B2 R B SHRMAR
BFREMT N, BRESRESe JERUP L ERGHAE.

3.3 P4

R A LR R B I SR R AT DU AT = MR

1) Fik: HENSGNSGEER A=W +B, DESHBESH HAMNIREE=T-4;

) BE: BNSRHRENFIMSHEEREMLE, WREAEPMTHERE, R
NG LBRBAREMRAVIGRE, WELTI% B4

3) 3 RF W-H MR HfUEffe, Fameg 1),

BHT R ER=PE, AR~ MU FE R

MRMEBNGHRART), AL MREVNGF AR BGA B FEFE, MR8
TrRE—TSEARENEHIE,. XMHEBRE L, XERBERURMARES
R P R A R,

WRET I, MBPARABHBEGR, FTUAHHES: 8E - FHERRY
[, REBHTREMS; SO0 MgHTHE-—BRIg.

BRFERATRIENS, WHEIANBRREEN, BAERITHETHREEN
RV G —RER, HHERERRBRR S, EZA LSRR IER RS,

K MATLAB 347 5 1& B ¥ TR Mg B T

% FKRA
A = purelin { W*P, B );
E=T-A;
SSE = sumsqr (E ); % RFEEZT A
for epoch = 1 : max_epoch % YEFFNEE
if SEE < err_goal % thariRE
epoch = epoch - 1;
break % HiERHEREER, ERI%
end

[dW,dB }=leamwh (P,E, Ir); % {EIEAE
W =W+ JdW;



B =B + dW;

A = purelin { W*P, B ); % Wtk

E=T-A;

SSE = sumsqr ( E ); % B REBRERETITH
end

R, TEESETT—A %N trainwham 8 FHET A LIRBEMIGHTE.

o STy R A M A S LA BE R MR R R ST RSB Y T BE, ET LI A
W+P+ B =0 MR EENSHABAESBARNSE (RRE) , REMEEIXBHAKR
B,

7 3.4 TP oA — S SR GIRER T AR B 18 AR LI RITIRE.

34 BRI

(8 3.1 1 ZHHENREMETHENSAXBIHHARNTRICR. HEAXE
i1t el Sy gagclpab
P=[10-12]
T=[051.0]
#E:
F BEF R YRR B MAEET, RITEEREVEREE, URBAWEIRE. Mk
RHAT 4+ Bl err_goal = 0.001; max_epoch =20, HiEMEHEMHIHTRFUTEN:

% wil.m

%

P={1-12]
T=[051];
[R,Q]=size (P);

[S, Q] =size (T );

fW, B] =rands (S, R);

max_epoch = 20; % B ARPBEHUI

err_goal = 0.001; % HHBRE

Ir = 0.4*maxlinlr (P); % BEZF I HERE

disp_freq = 1; % % BRI

TP =[disp_freq max_epoch emr_goal Irj; % LESHEE TP

[ W, B, epochs, error | = trainwh ( W, B, P, T, TP) % HATERTE MR E YIS
end

ZEFEVLIEEE S W0 =-0.9309; BO=-0.8931 BUE AT, 23 12 RIEHFIES, W
BOH i R T AT A E] 0.000949 P &% B B AR o



W =-0.2354; B=0.70606
Ehk, ¥F I8 3.1 1 XMRERAE, BFEE—MHRR, BT AR_T—K
FEAFTEE P THEHI BN ERRASTET =W*P + B 5.

W+B=05
-12W+B =10

iRt e=T-A=0RFN:
W=-02273; B=0.7273
Mk EL, TRIEENNE, RABENREMENIISES— kB ER L%
WM. FAMNGRERDNHEREMS, WGEBEE.
MTRAFRENBENRENS, MHMA/SERENFEE=HRINEERE, b
B B & R T P BT AT AR A T AP 54— 4% A solvelinm B9E %, L4 [ 3.1 1
AE, TR T RS
»(W,B]l=solvelin(P,T)
A] 37 5 B A
W =-0.2273
B=0.7273
5 R simulin.m pR SR B 32+ R4
» A =simulin (P, W,B)
A=
0.5000 1.0000
o] EAF sumsqr.m & ¥k s IR 2T
» SSE=sumsqr(T-A)
SSE =
0
AT LT BB HIRE AR,
[ 32 1 BIERZE—MRANSHE TN ENEXPAATET M. BAREAN
ZEN S yisilboR
F=[1 15 12 -03;
-1 2 3 05;
21 -16 09];
T=[05 3 -22 14;
1.1-12 17 -0.4;
3 02 -18 04
-1 01 -10 067
. |
HSGAERREREERBTE: r=3,5=4,9=4, FFURMEREHNE 3.2 BiR.
R FIBRIK BT CLR R EARARY, B E—MyHHES e AMEH
ZRIKXFEEX. M TRNEE—MROEHETES 4 MR (ZMUEm—MRE) &



WI.II I a i
Py
a,
2
a
3
2
a
Wy3 ¢

A 32 MRS

HARE AR (SIS AENMENE) . KRN
W, R 16 MR, A RRE SAEREHE.
LA R EMAREESHM TN, WEEHEX 16 MTE
RO TR LM —. R B MAE R UL, WA EFRERN
W HAE.

BR BRI 16 T RER R T AL — R B ]
B, EZRAKRELHH. WT-LLRA-E, HHEFAF
ERFETENTRENR. BRERATFFEEHN
RE. ERMELT, RAEBENEMERERBH R
BRIREYE: BT DRI i R —E BRI
SRE. M THAEFEBRRME, EXHERETS

FRHEE, AR I VSRR BORZK® .
TEH [F]3.21 R BEF. ATETXH, FERFFHEmT AT ILI:
1) IHERT f A BUE BT 2 KR 2 T 77 Al
2) BERERIWHGRBHER;
3) EMNGERFHEMERENCRET;

4 ) B,
% wi2.m
9%

P=[1151203;-123-05;21-1.609];
T=[053-2214;1.1-1.21.7-04;30.2-1.8 -0.4; -10.1 -1.0 0.6];

disp_freq = 400;
max_gpoch = 400;
err_goal = 0,001;

Ir = 0.9*maxlinlr (P),

% A BIREGR

W =1[1.9978 -0.5959 -0.3517; 1.5543 0.05331 1.3660; % HIREAE
1.0672 0.3645 -0.9227; -0.7747 1.3839 -0.3384];

B =[0.0746;-0.0642;-0.4256;-0.6433];

SSE = sumsqr ( T - purelin ( W*P, B )); % RPIHERTIRE

fprintf (‘Before training, sum squared emor = %g.\n’, SSE)

% YRR L&

flops(0)

tp=[disp_freq max_epoch err_goal Ir]; % HESBER

[ W, B, epochs, errors ] = trainwh (W, B, P, T, tp ); % HEATERIE R SALE Y5
w % BB SRER
B % BrRKVGRERE
SSE= sumsgr ( T - purelin ( W*P, B )); % BREE

% BiNGERFELEIL
ploterr (errors),

—-— I —




fprintf (“\n After % .Of epochs, sum squared error = % g.\n\n’, SSE),
fprintf (“Training took %.0f flops.\a',flops),
fprintf (*Trained network operates:” );
if SSE < err_goal
disp {*Adequately.’ )
else
disp (‘Inadequately.’ }
end
end

ZfT wiz.m ZEYER 274 RBFEHLRERAMIEE 0000993245 , MAHREEN
144463 . FFEAMIGIEPRENENEFEIINE 3.3 iR,
&5 R AUE R -
W=[-24612 2.2843 3.1529;
2.1895 -18132 -2.0605;
2.0821 -1.2604 0.0480;
-.16615 09779  0.9928];
B =[ -1.0440;1.2099;-0.4448;-0.3137 J;

10? -

2
10
10°}

2
10

)
10

0 100 200 300
B33 RgEdNgIBRPHREDR

T HESFRENERAEME, 7K solvelinm R E, MEMERWT:
% wiim
%
P=[1151203;-123-05;21-1.609];
T=[053-2214;11-1.21.7-04;30.2-1.8-04;-10.1-1.00.6];
[W,B l=solvelin (P, T);
A=simulin (P, W, B);
SSE =sumsqr{T-A)
\

B
end

B R TR R — MR AR

— 37 —



W=[-24914 23068 3.1747:
22049 -1.8247 -2.0716;
2.0938 -1.2691 0.0395

-1.6963  0.9815 0.9963];

B =[-1.0512;1,2136;-0.4420;-0.3148]

BEAT AT RN L - MEREFMEEE A T ENTEENR: WREMFETHA
AMEHE (IRESHEER) £TRATRES (B ASL KRN , BRAKRERLE
WA AR iR AR R AT, Rk — BE S 7E Y4 A K B R AR VE AR S B AT W BB, ASRRAL.

T AT BETE TR AR A K B RS SR B B A A, B H T BRI T

[@33] HHNGE - MREFMFLATIABALER HIF A BRI
P=[1 2 3,
4 5 6]
T=[051-11] .

h B A B R B AT R, IRER RN EE A, FERMIAET
f— L EL. HTFRMRASANTESHNEENE, FRBTENTRENE
W, HEFREMENAEMSAXETREZAREAMAXN: B2EIEETE 45X
BHFEEESE 4 ps=2p;-p, . Wiy, ETHAXENS R, R solvelinm 3k
BT gL mE, RATERGR AN MR T, HEE solvelinm L
W, HFEEEHNERE, solveliinm AYRSH LR/ NMNAETFAREXTHRE. H5bH
BHFREREN, EH solvelinm RBAUEARES LA T IEE:

Warning ; Matrix is singular to working precision.

T %5R A trainwh.m B8 AR ISt A2 Br s E VIR, BRATE €I B/ NMRE
Y TFHIRENNENMRE, RESNTHEEREN vi2m BFEFHHASERCREE—
T, HEEIRCL DZRMFENAIAE,. BFLEfTER AR, g 400 TR PHEE
DM 34 B, HERRER L0 Lh, XHEAMETHR/MRETTf, AR
A se 4 R 1 BT solvelinam ZoRARMIESBUERT, FREEIMRER 425 . RAW-HHRE
UGN RREREEN 14, dita BB ERHE.

lCll

0 —
0 190 200 300 400
Epoch

B 3.4 YRR riRELR

[ 3.4 1 BEREE [43.1 ] MABHEREPENRETE, FREN:
P=[10 15 30 -12]

10



=105 1.1 30 -10]

A IR E R R LET TR BB AR MR BB TR R IRE S

BT, FRERSH AR S TR TR w R b B ARAHR. FATBERAKTRA
W, FOLCRRAEUTRELMN. B0 LA B MR MR LR ESR . HRES
MEATEFEMNMIE TR, MERE-—MUE w fi— Mz b, BdRERERETN
FMEEFBRARIREUS, TULEMEHT AT NGMES.

B 3.5 85 tH T T A/ I B0 00 B AR SR RBIIEE R W T BT E M erm_goal = 0.001
FERETYIG T SOREHTRIREFHMBRK: SSE = 0289, KMEMERBHEEAE
MBNREFAANE, EMREMBTEAENKERR. IRAKEEERREM
SR FEFABRINRERMNAR, ATRAAKIEERE TR Mgk,

3 I

2

2 -1 0 1 2 3
B 3.5 Ml RE

B EEREFRLUES, HEMREMSNTT U2 AMEERZERNEHEXE,
FreART Hosbiafl, HEMAHEMSEARBIFENERN. KN, B EXNERER
7, BEEEREW/ NNEIEE, HEREENEELETUEREETRNR D,
g3 I ERVES . BB E R E IR, SRR —MEMMKNER
EREEMWERENY, BAMME R g--B/ME, BTHETREREY W-HANEEEE
B/ MEAL T ESR.

BIiEN ML E 1 — MEENE . LEIERREEAN, TRBNGFLIEY
AigE.

[# 3.5 1 ERSELTGY, 2IEENEBRELHRREEREEREN—MIE
FERIEER, RESIERERE/, R W-HNLE T DAIgRE —MEREG B iRE 0B/ Y
SR, XBEH—MRRHATHRERS maxlintr.m 455 5 24T S5 85 5 1.

WAEIRES [#]3.1 Y F85. FRATE LLR BRI ) 3 % I 5 5 0 ) £ DA R 50 i
AFEME S EEH N,

20T BRI W BB R 4R il g o R AL E BB I BT R IR E AR, RO
BREPMAREEESE, HFEEPERE - SEB TFRAESENSE, nE 3.6 BR.
E$E3ﬂ®%mﬂﬁwﬁﬁ£b%&%%%ﬁﬁ%&%ﬁﬁ,ﬂ&ﬁﬂ?%—#ﬁ%%

. B 3.60)HE 36NN EHETHREE, BFMNERHRAIEEE. %r%ﬁﬁﬁm
H%mﬁﬁ BEHRIEE “o” RFEHEHK solvelinm K L HRER/ME; WidS “+7 A
PERRTAITHEE .



Ervor Surface Graph

1 0 1 2
W
(a) LR FISRATIRE i ) by MRFE3S@UBEESER

B 36 HEMEMREREE
1) WFE R, IR B
Ir = 1.7*maxlinlr (P);
& 3.7 5 H T MRS ) T MAUE Y KR E TR,

0 5 10 15
Epoch

(a) RREBEHELTE by MBNETERRREITR
B 3.7 1t =1.7*maxlinlr (P ¥ 45 1| 45 #2

FMPTEREN, ATFFIEERKR, BABBEEMEBRANEE, BHETIER
FETERE AREFHRERSIEPDABEERTE, FUESET 4 RKEFE(E
BEIF31YPERET 12K) RETRENE/ME. WREIJHEELFENK, THREFE
E2¥EET.

2) BoANERBEERERENERE:

Ir = 2.5%maxlinlr (P);

B 3.8 R H T MEMNBUED AR RERIDR. NPTUEH, BTHZIHEE

AR, MEIREBEEIBEEER/DMREF N LEF), B KB TIPS EL

— 40 —



R R, R T AR S T B, BT e
PN LRSS R, TR i AR 22 5 A LA

{0) R EBERTFHITRE
B 3.8 Ir = 2.5*maxlinlr (P& 4 F 45 P25 8B

BG4 H F MATLAB T HEREERFIENER:

% wid.m

%

P=[1-1.2];

T=[051]

[R, Q] =size (P);

[ 8, Q] =size (T);
[W.B]=rands(S,R);

% HiRE HH &

Wrange = -2:0.2:2; Brang = -2:0.2:2;
ES = errsurf ( P, T, Wrange, Brange, ‘purelin’};
mesh ( ES, [60 30])

title (‘Error Surface Graph')
pause

Yo 1Lt e AT 18 3 ) B B
[DW,DB ] =solvelin (P, T);

10 20 30
Epoch

(b) M ARTaREITR

% SKHEE M S E

contour ( ES, 25, Wrange, Brange ); % MiREMIZ L

axis (“equal’)

held on

plot (DW, DB, ‘oy’)
xlabel (“W"), ylabel (‘B”)
pause



% ERE I EE
LR = menu (‘Use a learning rate of: *, ...
‘1.7 * maxlinlr’, ...
‘2.5 * maxlinlr’y,

disp (")
%M E
disp_freq = 1; max_epoch=30; err_goal =0001;
ifLR==1

Ir = 1.7*maxlinlr (P, 1 );
else

Ir=2.5*maxlinlr (P, 1 %,

end
flops ()
pausetime = 1;
A = pureiin ( W*P, B };
E=T-A; SSE = sumsgr (E );
errors = [ SEE J;
for epoch = 1 : max_epoch
if SSE < err_goal, epoch = epoch - 1; break, end
LW=W; LB =B,
{dW,dB |=learnwh (P, E, Ir };
W=W+dW;B=8 +dB;

A=purelin (W*P,B); E=T-A;  SSE=sumsqr (E);

errors = [ errors SEE |
% IR B
if rem ( epoch, disp_freq ) ==
temp = flops;
plot ((LW W,(LB B],'r-'};
drawnow
flops (temp);
pause2(pausetime)
end
end
% BRREILR
A = purelin ( W*P B ),
ploterr {errors)
end

—_ 42 —

% VEEFETE DY 1 B

% REILR

% FAEHHRRERX
% iRENFRIDR



3.5 shibsa
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AT X AR TEEM SR T RAMERAE MR RANER,. TELHH
—MERERRNLE, RENPREILASR.

(145 RAF/Z BP RELH ‘R HRk.

ERE-AMREERAENG T, RINCLHE, LERNBFTHRLA “RR” 2k,
I 8 e S B0 BRO M A/ 1 PRI D B

k[onoq,rz[01lo]
0101




RER, FEEHATE L, A—FERFHEREHE SRR 2A TN,
{E 79 4% B 48 U W] AR UL A (L.

YR, THEL. WAHKMEEMRLNE, BARMNME, ¥ F—rTamA RS
FEh, METRETAS MR, BT, RA 2.3 A1 4 FHEARE W LT RERIRILR
W, Bk, FRAEHER “REK” THEBRIII R AR BP MEETE.

P >_MA P Dxﬁ
(a) (b)
P % >— 4 P % >"A
(c) (d)
E 417 sl 45130 1,2,3 14 5HRE B> DRI RS
B 417, BB EASREEY AER, EREGHEREAN, ZMEHAER
pRaRE, FEEEMImER S E N A
EHNRENETELT 4 MaSENT AR, 28H 4R ElEP. BEEPH
ZRB L LaTRBAE? AT FES BRI s =2,3,4,5,6 LR A 20, 25730
Bt R S AT T, AT R INGRE, B RE AR err_goal = 0.02 , FFiEI R F%%
il Rt A P4 ER YRR Y et ] B 1 I T LR I 4 SR R . B MRSk Rk 4.1
Fr7s.
PE 4.18 T 4.1 iR A SRR ERE . NPT UES iR EME TN E.
WITPIA AN, 287 ol H/00 BELEY, A TEERHE, MEEE s1 fEA,

TREEERR. R, i T Ra & 2T SO in, iR E R Z i, X — A 4.18(b)
FE[ LR E .

4.1 sI=2,3,4,5 6,20, 25 % 30 fARER)EER

s1 ReHE] () IEEARV

2 5.71 118

3 4.40 90

4 4.39 88

5 4.45 85

6 4.62 85

20 3.57 68

25 4.06 72

30 5.11 96
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CE418  “RET MESIHREMIDR

HAVEHr— AR HE, HRRENHE, B—IEVISNE. FEEEH
FE: —REFRR, RS- RIEF PR R ARTE.

MR 4.1 FIE 4.18 Sl LLE G FE LA

1) WEmAL, NEARRERSY, FENGHREDE, IHFHFELA ., W
Bsl =20, BREEHRRFE, BREEEHTL, FARERNEENIIEHERE;

2) BIE. MERSENGEIHNNLEE, TERA, HEINEikEs. —
UK, BER NG M. Boh, darma KR E, Lirl, EHTRRK
Biret, sk, AERSFEAHEANE. ®41FHERsLKT 25 UG, MR
B 8 h A T 4 H R R

3) Hsl=34 58, HEhEERMAN,. Tsl=3NANGRBERS. 1 KN
WHEIRER T, REIAA—HERE. FE 1 B, 85 RVE IR P HE#T
MHEEUEENN, FUSAFENIGNEFA--BEREZES. E—RKhsI=5Hsi=
6 HEH T RERARER: FWERTH VISR EI A, Ta& LarE RIS E K. o
A, Tl s1 =3,4,5, HE ISHE, BARLII=5F 68 0EkiE. HEALIED,
MR & B S AR AR — M REEK . R AR SCE B A R B, {80 T ik
FRONT R, B, N sl AR ERSFRRENHRT. Bt
) 2 AP ETTLAMRR 2 8T 3 BT

443 WIERERIER

T ARRALRIES, MIREN T2 RT KB FHEE /. B2 BB B L Rl Zrey
A RKENRXARA. WRGRERK, EEMBUSHREATM » FET S BRIEREH
WA, WITRBESES %D, METEREBELAXS, BAS<f'®, HLf (n)
~Orf, UH 60, XERA wy - 0, NMHEESHEIR/LHEIRTR. Bk —KRE
ERBLANGENR e & M niSASEI TR, ST RIEE ML TR
{E&IREAEE NN S BIBE RBUE LB R Z M #EAT T, ATl —BESBIELCLDZ
[FRIBEYLEL. S5, A THIE ERBRRRRE, RBFENEN T WE RSN 3 —




A EBCEFTIES, B —HEEMRAUEN RS EEPUEMRR VST, Hb sl A%
—BHETHE. FMAMTNFETUERSHNGRETREHENIGESR. £
MATLAB T 2 R B3 nwlog.m 2, owtan.m R4k & BAUE W1 1 Bl Ky
ENEEFRAEE ~REBAMBENEE L, FEZEAMBETRREREVRE.
[17] 4.6 1 SCEFMIFT R R AT A ISR BCR FITREE.

LARTIEET L6 4.1 1 Rfel, LA THHRR{E:
[ W1,B1 ]=nwtan{S1 R);
[ W2,B2 ] = rands(S2,51)*0.5;

ERXMIHEEN T, FEM—HIGEERS:
W1=[3.53.535353535];
Bl =[ -2.8562; 1.0774; -0.5880; 1.4083; 2.8722 ];
W2 =[0.2622 -0.2375 -0.4525 0.2361 -0.1718 J;
B2 =[0.1326 );

BEHERSES, X TIEAMULBERR 6 801 kWYL, XMT 454 &, #Hib
B T [EAeE HARIR 2 0.02 (0.0198409). X HLARHERI R G IR T 10 E00 L, BB E
TREMIGETE. B 4.19 FE 4.20 4 H 7 HIRAE RS I 1A B LLR R8I 8Rek TR
ERIRE DR, FEVISRER I FAUE A:
W1 =13.6149 3.8072 3.6115 3.3737 3.7562];
B1.=[-2.7713; 1.1006; -0.7192; 1.5936; 2.9815];
W2 = [-0.5747 -1.1234 0.8447 -0.0467 1.3260];

B2 =-0.9116
4
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B 419 s SRrs pUE 420 PPIHRREDR
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FAERIE G WAV S =L MEELE. RNEIERTRPERAN
ARE; HANEIEESBEKNVIGRTR, FTRESUIRE, RIRBIINENREE
AR RERENEATESBETE/NMREME. FUE-RELT. HmTaRE/MIZE




NERDURIERANIRENE. FIEENEPGEEE 001 ~ 0.8 Z[H.

VAR ENERUTE— &, £ MEMSHEHTTES. MEEES/LIRREN
FIEERVG, BRWEE —RVGERRET ML o AT M R0 W7 BTk B 82
FEERGEIE, MRE & TRMAR, MWHHEARRLE, &I & HIARSHS, WK
B ERE R, WTE - RENBREE— BN SEE, BT HRE AN,
TEREME AR R TEERELRFMNETEE, AT I RS EENUGREUA K
YIEERT ], HAREEM T EERB BN EER FEE, FRERIIGERRNRER
T ERFEDEREN D, X—HEBERmETie.

[ 4.7 1 W22 S HE R KIS,

BRSNS BN S EMB W KNFEIERBHR. HTIERKMENE, ARkt
FEIRHA LUE R~ MR ER, ZEEE, NSV R L lIg, BN
FHEERGH - ERSTEEMAEAZHENER, SRNEERE. ITHERERLKRE
HERAER, BRIMDARRARER [ 4.2 1 AR EESTHEMNT, BE
B2E £ SoR
r=4;

BUNZER &4 B NG AEAVERF iRE SR ERE FRRE, WE 421 Ffn,. B
4.22 {E ) EFRNIER, EPRBRREIER, BEAYIGREK. NFTLES, &
ROFSEREW SR BRI RRFIE, BERSngiREnims, sl —Railgkes
HEEEERNREN/NE, HEMHEENSHREEANEN T HE. BTFEIEET K,
R S — R EERA, NS BIEAE RIS 78 38 1R 22 P 8 /ME T K R i
£

WX R ERERER DE R, YR, SRIERBES E R RIRE P
B, HRlERFEERENIMEENEIEE, EMERER RIS ES sEY
HA O] HE,

ot

102
107 . . )
4 0 20 40 60 80 100
Epoch
A 421 el Ring B 422 FIHEENICFE



445 HBREFEN

eI TR R YIS, A R Y HF X VR E R E — A ERE, X
AMFER “4E7 , EEMTHBRENREZRYAB0RME, BB/ WABREER
EREMBASEAYE, DRVIGRERKERN, —RERT. BT, 7L
AR IRE AN SIS, BE L5 ERIERERESRAAT —MHE,

45 TR#EHIE

BRR EREERTZHER, HERGEE SRR ERE, REERRETE
MY BRI E . BRI

(1) FREKEGD] 50T H)

-t AR, BP BRI gEEFT VN EEERMETEAIE, XFER
HTFEI BRI NTERN. 7R FEEA 5] B B 18 2 5] @ S e hn RLS i,

(2) AT

EFERNEREEAGRFENE L. EFNERIGIESD. YHEEREELR, 7
BEME /S AT ME KR W T MBLE T n K, EEBEE BB A LT S R
AFAIRFIX, AMSEESR S &) EE/N, WTEEN M EENET IR/ EEEH
Tk BEATREXFNARNRE, —EEEEMITHNE, —E2RARNMIFESH
R, (HX XM T GRFE .

(3) B#IME

BP 35 0] LAME RS RUE MR M8, BB ARBRILETR AREHE TR ERR/)
iR, IRTEBE—NafiE /e ZEEXN BP HEXHANEBE FTRIE, WHEEME—E
HEBREERARASEZRABRENR/DME, WTERAMNE, HiRERPCHLHESH
REE, ®e—M ERKES/MEE. HE2:XMYREEM SRR, EmENE
Vgt R, wEEBAR—/ X, TIR—/ D EXFERE—NEERRAME. AESES
Fim A iR ERn, DR THING I X — Rk ME.

WMRMNGERAFENE, EETRALZENEMBRENHET, HFAEBIEY
KGR, R, WIS TR, FeT#nTRENE e I RIITEGNER., F—88
BT FTRERE R BAR Y, RTANERI 2 A A LA R [ B 7108 2 {3 L 48 AT U85, LAMA
PP E TR R

[#4.8 } RENRFHMEBHE MERWE.

LR R L S 3 T EREM B rR F M E s, SN ERRERE LR A —HN—
A NME. TIRREMS AT RRFEEAAN RS ME, X2RMERBRAMEFRY. HFIHLER
AR LR ILERE AR S . BB NN L B MREXNMNY, HeRiRER
AR, EFTRANETHRETRIEN BP B REEAIHREX — K. MEHE K
BABREHEN—MEENES, HRRARNEE.
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EEITE [ 43 1 PR AR B EIR B EMERENRERSLRH/MEM FE.
HiRE ML REENLELEHWE 4.23 ir. ABRTEHXB MRERELBNF
LESRR/ME, SHFABERBR/M., XMERTREESEE LA TEERA K
Befg e MR T, WEARUE R W0 =0.8951; B0O=-0.5897 . Z£FLEBTH 4R B
RUERTRERE. BETBIEGERBNE 424008 Fa U EE, MELTEREEFER
Bl BE/NME, H4RBNMELREREEN, BANTREREE, & 42408 T
HRAPHIREEIDR.

—

Ll

(a) PR mmE A b)) MERESELERN
Bl 423 MBREimBSEwmEE
2 10!
!
- L
-1
2 1g° .
-1 1] 1 0 20 40 60 R0
W Epoch
{a) MOERFL YT E At by RETEICR

424 MREVGIRERERAELR

LM EEBAFREE, I W0=-00511;  B0=-24462 ; M| BB R[FER I 8%
NP 4.25 B,



Wi, MgEREERRME TMREATHTH— I EHRME. BFEIRR
xH. BT RBEFRNEIEE, BREAZRERRME.,

/ 10

SSE

2

v
—_—

100 . . .
0 50 160 150 200
Epoch

(a) Rt/ MEVSARIIR b) BHETRIER
B 425 WEPUERLER IR RERR

RO HRU S R MEN ME? R AR/ MENEEE S
EEEFTE. —MEHENMGER, VIGMBREFEALE EHRATESNES, X&, &
EMERTGEARRE/ME, WEHEETRE THAEZ-REREALFEENER
KRR E-, M, BIREMAMLITE, RENHETHR, B8R ETEST
FEHERNRE, M ARRHERANSAER R RPRMINERE TEEA
BB Eh B .

4.6 RIS R EGES

MTEATHEMSE S, KITEEE LR TIEFEEMR, HLUETILEER, 5%
B ASTEB THRANIS, RETREKENITE. TEEFER T delgsE,
BREARBRMIMKBELERSD. R IHEH M SGE TN E EAE.

46.1 Mz

MBS RILEM S EAUER . RS EREERE EAER, THZEERE
BE EARLE AR, HERNE—MOERES, ©aFREEesms it
TPk, FERABMBENIERT, M IR A RS RDER/ME, FIHE sh BB N
] BENE R SR /M

BT RAE R B AR IE F 20 B E S MUEM L L0 E— 30 IE e TR woAUE 4
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EHOE, AR R IR R FREEL., TEMmMABRE THRERETALN:
Awyk +1) =(1- memd; p; + mchwy; (k) @.11)
Ab; (k + 1) =(1- mcmd; + mcAb; (k)

Hb & RUGHREL me HEERT, —KE0.95 4.

Brinsh &M KR AR B — N EEhHEn, B ahEREFREE. Y38
EFEREATE, PUEREANERIBRE TRE %, SsiBRFRER 1 1, FHHR
EEALNZEE AR S —RKAER L, TRBEEFARELTRIMNHEBEET. Ut
7, LT EFE, (RERER T RE RN TR AR, LR
EHAREMERSOTEER, 6K ERRA, TR, Aw(k+D) = Awg(k), MBI
T Awy =0 9, A5 BOT 0 4 A vR 22 Al 11 B 5 R /ME P Bk

£ MATLAB T HfEW, FHhEEFHRES EZRER FH learnbpm.m 3T,
EER R, EFEDEENTHEE:
dW=0*W; dB=0*B;

RE, REMZLTTDURELETZREA (i P ), BE%4E ( D = deltalog.m,
deltatan.m, deltalin.m ) , =3 FEE e, LEEBEETF me kS

[ dW, dB }=leambpm ( P, D, Ir, me¢, dW, dB );

¥ learnbpm.m & E—AF BTN RELTEE, YENG—MEE RER
BERE G REMNMES, dBIA]AMERHHER, X, FMBNRENRREE.

MM SR RN, L8 EMNRERRETREORRNE KSR, TR
EFHBEMAKER, #EDHRERFLETE, UFEREREARKREGE, 45N
REZENBENEIBEEL —MELCERWREARETLEN, BB TENRES
. ERANREFHEAUEEMKTRET | HE. SRRER 104, BFrRlERTHn
RN GRFL TR, BTN S&H  A EHR i A HAUES EAR.

WIERIEFF 3R A B Bk i e 5= 14 g -

{0 % SSE(ky> SSE(k - 1) - 1.04
me=-< 095 X SSEK)<SSE(k-1) (4.12)
me  Hith

FRA R B2 g R Y &7 MATLAB T B48 4 E 3 trainbpm.m 5, 5] Ly
H—EHEZEWEE NN E R TR EMEIEME . LR R H MR S FAE T =38 B
trainbpm.m , JEAER TP FIRUL LS. T HRI P2 ML RS trainbpm.m
RIETE

[ W, B, epochs, errors | = trainbpm ( W, B, 'F/, P, T, TP };

TP TR EFHNGRPRVGSE TRFRIANSH, EIRECH: BRERNIE
disp_freq , HBEMIREET err goal , FIHEFE Ir , HEEF me URBKEETILIE



err_ratio ,

J TR BRI EEA AR, RITSRERT —EREKIISGERNT. #
EARREFEFE. EV%HIES, AL ERESHERENRRELAREERLE
PG —KJE MR IRERGER, DA EHNB AL SRR BRI MM EEM S
g bR RER . B, FENGEES, kT UREB T EFEE T g
B, FLEREHTETIRES, RIEMSHEER, MELBHRER, —RIFLTER
HERAMENNGRERNEME, BRHGREATEEMGEERZEABHE
R, GFELEME, EHIIGNERT, SETRSET -LSEERAY, MEJEEH
HERKBEE, MEBNGFAEE, WREBMIIGREENR, WLITR, EXHFELT,
TE TR KET A IR ROV St RAB AT BB E LAY . BRFNMERS Mg ®E, HERPM
FEAEERRE, XA MR AER AR TR R A M IR gRef Koo ik
YIgGm AT HE SUGE.

(5] 4.9 1 A HEAm 50 B3 i R o] 48 PO 2 1 4.

TEA [ 43 1 BIEAFEES LHERMA =N EREURES LERBHR
) MATLAB 27,

% bp9.m

%o

clf reset

pausetime = 0.1

% G R BRAE

P=[-60-6.141 -40 50 -5.1606.1];
T={ 0 0 097099 0010031010}

[R, Q) =size(P); [S5.Q]=size(T);

disp(*The bias B is fixed at 3.0 and will not learn.”)
Z1 = meun(‘Intialize Weight with:’, ...

‘W0=[-09];B0=3;,.. % YRUEEWIGE
‘Pick Values with Mouse/Arrow Keys’, ... % FARSRER BT S8EE
‘Random Intial Condition {Default}; % BEHLAIIAE (SREEEL)
disp(*")
B0O=3;

ifZl=1 W0=[-09]; .

elseif Z1 ==3 WO =rand (S,R);

end

Z2 menu {“Use momentium constant of :”, ...
0.0, ..
*0.95 [ Defauit ]");

disp(*’)

ifZ2=2 [W0,dummy } = ginpui(1},

— 6h —



end

% VER(H—REXREHIRIEMIEHE

A =logsig(WO*P,B0);, E=T-A; SSE = sumsqr(E):

h = plot (W0,SSE,”.m’);

set (h,’markersize’,12);

pause2(pausetime);

hold on

% SRR &%

disp_fgre = 5; max_epoch =500; err_goal =0.01; Ir=0.05;

if Z2 ==1, momentum = G; else momentum = (.98; end

err_ratio=1.04; W=W(; B =B,

A =logsig(WO*P,B0); E=T-A; SSE = sumsqr(E):

me = 0; W = 0¥dW; % VISR B E T
for epoch = 1 : max_epoch

if SSE < err_goal, epoch = epoch - 1; break, end

D = deltalog ( A, E); dW =learmbpm (P,D,lrmc¢,dW); TW = W + dW,;

TA = logsig (TW*P B}, TE = T - TA; TSSE = sumsqr(TE);

if TSSE > SSE*err_ratio, mc = (; % FREENEHR
else if TSSE < 8SE, mc = momentum; end :
W=TW, A=TA; E =TE; SSE = TSSE; end

errors = [ error SSE 1;

% BEER

plot(W ,S8E, xg"); pause, hold off

plotern(errors),pause

W.B

SSE = sumsqr(T-logsig(W*P,B))

end

—HEREHZBRIE 4.26 FrR, WJUEBEREME FEWMRERIME, —MAB
WBMETEA L, FRMRERB/ME, REFHEMEEN W0=-09, FRFERN
AL “o"Fm, WRFBEF me B0, MBN SRR EETIE, BBNEED
K 4.27 Brn, HIREAECBEREUHENAL “FE” R/ MIMETRREFRE LR
T, E428 BB TREDR.

YRR, ROEERTINERIET DL B SR i AR AR ME, XM R
nNE 4.29 Bk,

R ISR R LA RMR/ME, ERINENER T, B&As~E£—Emf
BHE, FRNRRNRE, EATERE/NME. R, DREMNNBNERT, =
B—-EWEER (T —4SSE>SSE*1.04 ) HZpRHE, &M TR —REELES
Z3, EEEEAER/MEA L.
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Epach
B 428 PgREIDFE B 420 REMMEhBEEHIGER

EE T BT LERERFRREF A s BEA RS GH 2 d R, FLULEE
FATIEAR A B H U HREE R

$SE
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N

o 100 200 300
Epoch

430 RAshEERRNHRE DR
BEAMBETARR, WEFSEFESETINFERARMBEEAS AN, e ERAK,

BREHREERERS; FIREIAN, WIPBORNHRER, Wi R GBSk L ARE
BT . XTFERR CHT R WIRRENA. MK A —AERE, HiEZEME (m)
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R ARSI i 2 i (Rl E I A B E ), BT DA AN RIEE R A MR, R RaeE o) E %
PR R T EME. — A T R R AR R M S R AT il (ARIE R
005 ) . - '

o 3 IR EE T 0 B BER R I SR A RIS E R A TR R, T IXA SRS T 2
BRVISRE, DEEVNSHERARGREINRE/MIFNER, MAREE —EFE
BB K R 2 fEET R 4 AL

NG EREEARSR . EXIGNTEEAER, LAERERREME DA
BT IRE FRA RS EER/ MAKIEE T 8. WRWHRESHME TR FSE
/MBI T R B, NIFMshREER. NGERERFEARBR/MENAER
K. PAEES KRG R MER AR, BT LAE RS LA E TR SR LR A
R FENVANE. Fob, ZEIEBERMEATT, I TRFR, &Fr=001, K
N EE e BT A .

4.6.2 R RBAIELIH

HI TET 7€ SCHY RO — > Z R 3

1 2
F=— t.-a
) (k k)

) k
Lo 1 E, EE—AMER, AT ENTHER, ATTERT FEEe s
BRBLEN S, B L e — AR 4% R 25 o T AP 2 IR R B, AT LA 6 A VRO IR R 3 £ (1 ) 3
RE (1 - ap) OB, REHLERLE o, = 1, AP EESAT] B/ME T,
ABBaumZAT 1988 £IEH —FEEREH:
1 1+¢,
E=5% [=(1+i)log 1
i 2 1+ak -4y
BAFRERY o =4bf, £=0, FiI, Sa—~+ 10, ZRAK, Frolgees s
RREIFIS, RS E ) R HOR M RS S, BB

1 1-¢,
+=(1-1)lo
2( &) 81

-2n n -n
Fm) =tanh(my=125 & =€
1+c'2ﬂ c'n +e'n
XEAR
fz(n)=ta.nh2(n)=°2n _ 2ene-n +e_2n i >
(cn +€_n)2 (eﬁ+c_”)2
ii]
f(”)=tmﬂﬁn)=(en+efnxen+e'n)"(6"-e"nxe"-e'”)
€ +e ™2
4 nie ™2 2
=2 L o2oi 2w

(e"+e'”)2 (f:r'1+e'")2
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RIBZEFOHILENER n R—H IR AN ZERER: a0 =1-af;
§£=}_ (1+rk)1+ak (L+tp)-ap) 1-a; (1-t3)a;
on 2 141, (1+ak)2 1- 1, Q- ak)z

=ty -a =8y
CSEMBIEERBIER 5 = )tear) BB, HPH S MR T. X,
LK, EABERBTHER, f#f (- 08f, REEERETLVNEHREHNE.
BEFRET S (03 AwEHER, TRE Aw XF o] SR BN WK RS, BT #
REANEE, 1989 4, FW/REB(S. Fallman)BH —FrFR AR, BB 6=’ (m)+0.1)(6—
a ), BEA—HEKET S WRELEN, B—HEYS | n | K, (REEEF O H—
RERIARCN, T 5 T RRER A L.

(- a?)

(1-a2)4~% (1- 1)

463 BEMFIER

ME—AMFENAE, EEEEYHEIERRE-HEBNEH. E¥ERRLRR
FHREL, HEEREE, YIRS SR, AN E RS EE.
AT RRE B, AMNEAREBEISGEES, HaARETER, BEAEYEIE
ROENE: QENMENGEEETRIERE TIRERE, WRFHET, Wi AT
AETEBMENT, ATLAH I — 8 EREERE, MrEETEE, AR/
FARENE, TREET —FHEENEIERNFARLR,

(L0 (k) SSE(k +1) < SSE(k)
nlk+1) = 0nk) SSE(k +1) > 104 SSE(k) (4.13)
(k) HoAt

Higgae 3 E AN 0) KRR A A AR AR REE .

[ 4.10 1 RH BB ERINGRE,

U A6 Y T REATGREERET £ [ 4.1 ] RESHMEIIZGER, 1
B AT AEATREN MG E, ek iigEE. nREMALENEIEE, 1
BBAE S 2 — 35 M8 /DI Bt )]

SRR MBE R0 R B R, 4FREETIHRE—THERE, $IHE
PR BRHEIERRRAE, BHIRENTIHREN, 2 ERGHEM, KHE
AT LMRGE R & SR AR KRB BRHATYIE, Y— MRS E kS
WIS EES, @HIREGRETRE, NN ER, (#E D EX 8% 3 Ea T 5]
- BAESHEEREDTA, MARRTRERER D, WBIFIREEIHEE2TAER
AL,

MATLAB T EMHHH 8 I1EMN ¥ S ER AT R S B 4008 84 trainbpaam .
UG ER=EME. FRAER:

[W .B,epochs,TE] = trainbpa(W,B,'F P, T, TP)

EfTRE TP FHBBIRICH: BRHE disp_freq, BAERIKE max_epoch, HiRiR

7 err_goal, FIIFESER Ir , BERE T Ir_inc , BEFFTF Ir_dec FIIEEEF err_ratio




[N

PR BT W G5 AT B (] B SR AUH W A B, kMU BT AKX epochs RIYI4kiRE iR
TE. TERMMIKE, E—-1TAMGEHIIZGIRE, BT AR R E .

IR R BEERAE—#, XMIGTRRRAEAEFRS, BMNIENER
g A mEU T LITERF:

disp_freq = 10;

max_epoch = 2000;

err_goal =0.02;

Ir=0.02;

It =_inc = 1.05;

Ir_idec = (.7,

err_ratio = 1,04;

TP = [disp_freq max_epoch err_goal Ir Ir_inc Ir_dec err_ratio];
[W1,B1,W2,B2,epochs,TE] = trainbpa(W1,B1, ‘tansig ", W2,B2, "purelin’,P,T,TP];

VI T 120 KA B T HiRiRE 002 E K. XAERNER BT HIE K FFR
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MIARESE T =-T", ZHRGHAXTANERT, &2 HHARSS, &8 Mk
BB T, O M IIRARKE T2, S AMWHRBREE T, 10 MIRERSEEI T, ER
HAHRXIHEOHRT, & 10 MIRSRES T, 1 MIRAREET?, 2 M5
FET, 1 MIREREII T, TH 18 MOBREERASRBRE, HUaRERED.

DHNN F TEBARICZE AR BRI S BN Z R0, MBEREN. XS
N BARIDIZ LB AZER. AR RS REN P SRR, BRI
FEHPNEREICIS, BT DHNN BREBCZEATENERME. BW, DHNN W7
ERERBE, FEEREUTILL: ORZFRNFARYE; oM AfBRASE LT,
O BILICARARERIERY, MEEA RS R T ERRRICIZ%.
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AN FMBREFERE SR ERREN. BEF BRI ARESTHE T
BEA, SAER, HFRAE-MIERFERRMEN TERES. REEA— 18
AERRIR, FUREEHMAFERERBRBFAR—HERNER.

5.3.6 DHNN #{Eig I TRHMbFA %

FI A ALt i ) DHNN AL RESE R IE R MBS AE R TR RERR, LREC
BEREZHEMET, TRRIESMEAERAKHIES, HE —EHBEMRSR, Bt
FHEREERRICIZAER, BN ERBMNENN—E R aEE 5,

REMBILAEARBES A A RS, BETfHEE i,

(1) &FIAR

S5 HEE AN

AW =n-3- P,
wy(t+ D =wy; (1) +M[T(0) - AD)P(2)

B H A NS T T S ERREIEE A, SHERE TO#T LR, EAEEE
R, WS - HRREN—EBHENARE, SHEEX, NWHNARERERE,

(2) Hhidk

WFHARAP=[P' PP .. P, BREEETUER— S8 ARRENFENE
BEA, AFBIL 2 E—UEM W RS, A WP =N, A=sgn(N ), HIEAHE:

W=N*Pp* (5.9)

e P P At  PH=(PTPY'PT, R ZAREMETEN, W PP H
WAL, WA BG.)ARBIER W kK,

AR MM AUERE W, AT DURIEX R Cio Mg, 8 AN {HRES Eu iR elE &
AHD, EER A EN, AEHE AERTHE N TES WP EREDHENTREE EA
RIES, EETURRMEEAS P ASHESSHE, IR aE2IEERNEE.
fH iRz A 2 B R MR, 0 D) 51 Y A TE=-T, AR [ 52 1 5%
T =-T?, W uin, SBmERR e MRS EREE, R rT, BE
TR, M2 T, BTHRAERIEEE, g v e, MERENESSREE.

[853) RAGEER (#52) . EEARER:
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(3) ERAsgIIERTT

X—HNENEEABENRESENTERE TENEAEXK:
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2) {RIEETE ERICITARI IR E T4 s 0 AR SR B s

3) {Efhise SEH RATBER /D

4) fHRE SRS HR T A,

IERENETEARXESWT:

DEHE ¢ MEEGFENRERES T, T4 . TN T € B, 18 s x(g-1) B
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b Y #TEREREESSR, DHEERMEZERE UR VR~ WHERY K
ARERNXAEREA, WL
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Hat hAF-1 SR,
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I We s B0 X S . RBRIE T R R S BB St AR SRR
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T ol o v ekl F 477
T UPEE-NU, A
WU =W - w2y
WTHRGAT, ERsts:
Al = sgn(W.c T' +B, )
=sgn(W*T - W T’ +T9 - W +TWTY)
=sgn[w+(T*' - T9)- W (T - T")+T"]
=sgn[(Ti - T")+T“]
=T
QLS ¢ MEE T EHB AR, F:
AT =sgn(W1Tq +B,t)
= sgn{W, 77 + 77 - W.T)
=sen(17)
=Tq
- OWMARHFA-NREICIZEEN P, WFKELR:
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EAPFRREFEINIMCIZAEER, P - TREY PHIRE, MORE W =P-T?) +
P-T?, #EERTEEFTUESETW =W - W RMSHT Bk, RER ( P -
)5 T RS, URIEBIARE P SiCORAEZ AFELBARNRE, A
sgn(W, P+B,)#P . {f P REBWEEIE 5.

FIRAS S T DL R E RN E. EEHTHENELT, hiaE SR ENE
PHRERESIEREANBERNT K. HTEE-AAERZTHFER P, Sk
B — #E P EEBRTESD.

FSTHHEMRE— =10, %3810 5 MR R, KA LA RN
#it, URIERFERT HMNBRERKE . Feth T IELAEIT A B SR SAE DR IT
ERIELER.
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=1 t=10 | SE#ImLART
BESK 8 5 4
SERAE S 0 0 5

BARAEFXHEHFENBFETROAES, A5RMERLE, MRirHa T
SEH BRI R B O HARAKNIRER. EFENEE MATLAB T RETER K
W HEE#H T K solvehop.m H°:

[ W, b] = solvehop(T);

FAEfARXBEL Y —HEmPEH S, HR¥ solvehop.m ©] LA [ 1 X7 548 P A& AU AL(E
HRE, RIEMENEENEREENGARBKSEIREN TS, BRETHEEEER
TS, XEAFE SR BB R (BEER 10) B&M T RETHER MR

—HigitiFmeg, SRA-MREMHAZRN R TIR, ESm ARBIEERT
s, BERRIEMNNEREE. TELDHELAT ERTHRENH T,

(4 54 1 - EAFRMETHNELIERBNYS, SMEecEaRmMUER
—MMEE.
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A = satlin(W*P, B);
57 EZRAAERITAESIE/RERN M

P& EFENE R FE A — M IRET:
T=[1-1;
-114;
T 48 FA7E R G 4K solvehop.m 2 LASK i RI& RO {E:
[ W, b ] =solvehop(T);




solvehop.m pRFE Bl W B HIES R A:
W =[0.6925 -0.4694;
-0.4694 (.6925 ]
b = 1.0 e-16 * [0.6900; 0.6900]

o LA HHAEEX .

TE A B R R AR AN AR ERAERMETT. BHAN:

Ptest=[1-1:-111; % WAFR
B 3 #4708 5 $CR simbop.mn |
A = simhop(Ptest, W, B, 3); % TH LM TEH SR R

RWEAERTHENASY 3 FrREREEFHRE. %8 3 KiElT, WFEHTHE
BAREE, MRS RBEIREET.

HERMEEHENZH AR IR A L BHORSER, RINEREHNERAKR
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EEd 25 wiEFEiTG, BE LN
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fork=14
disp('Hit<RETURN:> to see the output after one cycle.’);
pause, disp(*’)
A = simhop(P,W,B k);
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end
Lh %
05
32 0 i
05

N 03 0 05 1
aj

5.9 FRETH S HLIUE R




BT ER T UBR AN HBRETRES. BRI A RENFHES, BhER—
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EEEE R AR E P E R L. Wids ¥ E L f SR EGE T E 5.9 Frn.
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Q
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PATHEF:
(W,B] = solvehop(T);
B MBI R R

W=[08480 -0.0 03129 0.0 -0.3129;
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03129 00 08489 0 0.3129;
0 0 0 0.223 a0,
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B =[0.2849; 0; -0.2849; 0.8546; 02849 ],

RN oL TE A
A =gimhop(T,W,B,3),

RPN EN KRR B H O A 5.

RERNAMBEARIMELE. FitE, BRAERSREIFEIRES L,
MTEARSRTHEZFIME=, WREERTAEFGHIRETER,, EhHst
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2, REEETEPL LOAER. EEXNERE I ARETERHALTN o, WHHRE
A a, MEEFERESERBITEAS R

= 12 w2y 48,
Kb TEMROERES S BOEY (RAPHIRMER ) :

1
f1= l+e An +b,)

3
f2=tanh(A{r; +b;))

P ERGEFERRF R Y oy o o B ony »—olf, BPEEMTHR, ATRH T HEM
HPWERE o WRKTUE. BR, SEHRK AC), We €[0,1), ZHEA 2(-), W
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FEAEREHEMEITLESD, FERETRENECERE=/AEX: BPEH. |
HEHAELEY . SEBEHFEMAL, EREFL—MFNATK, FRNEHEFET
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54.1 XfRZTRFrREBRAIMG LM

BB S CHNN 2 R EE BN ERE. 8 i Minb W& R A E 5.13 By
N, HA, BEEBRIEHETRBE R, AR w RS ERNE A, WIS
&, BFERNEHERERE/WEIL RIS EEEE, BF CMEMl r LY ET
e RS, BRI LEMEE. P, =12, r. BYFERE r MAHEEN
MRFBER, §MEREBASHENGALEY = v, v, ., v, RERE o hEME
R v AT, EERASHIE 2 MR E g A& 5.14 Fim.

PH 5.14 2R A SR I RETE .

T E 513 R EEE, BIERTERERER, BT EML:

du; w;, 1
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dt roooj=1Ry
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W ERATHMREI, A

s . r
%=-(u—l+ rE—l—)ui + Z—-l-—v", -l-fi
dt ro j=1Ry =1 Ry
r 1 71 1
L RETER VTR,
FUEIECE
. r
Cdi=— lu,- + L owpvi +;
dt R j=l
H G BT 18 B PR A RE D
si= L wyvi +1i (5.10)
=]

G0 G AT HE R HBER RIBIE — B
H RS S IR A Z R A AT R — B TR

du; 1
Cwati=Eu,-+s,- (5.11)
T e B 1 SRS Z EI A — 8 EFHNA F R
v; = f(1;) (5.12)

HRGANA KB T MSRSEEEHOEYL, E5HEOYARARM. ( 510 ) ~
( 5.12) RiFSE—EMA T CHNN Wi BRI MR, RSB TRERS, 7
DIFER AR R ENE AR, T EHLEENERENERNRE, S MREGH
B (510)~(512) A%, AAHEERMERER, ATHREER, £C=1,

ui(f) MO

] ‘ Wit w2 .. owir vi{t) h
w2 (r) _ }_ uz(r) wal w2 .. Wz va(t) I
. ! ——R . + . + .
I.Jr {n)- i‘r(t) Wri Wr2 . W vri(?) Ir
B
U=- %U+WV+I (5.13)

XE— r SORHEHATE, Bu)=0i=12..,r, ERER:
U=RWV +I)
w4 ] =[1A 1,17 BRI, B2 LXkE ATHEMERIUHEATI N + B B
L RS R B FOU) RSB BB R PR A B T MR B R
W, EERFBRSIENERANR NS, FUHTR, DHNN £ CHNN f—4
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542 CHNN FEMMBRRBEES

%1F CHNN ¥ii, ®IXCHFAERRERAE. BT 55mE FRERA R
EF, FFUAT DB R A IS A 6 I S HOR BT A ) CHNN Bk, DIAE —ERHE
f, EFAREHEREZERENFAESEE, — MUBESRNSEE R BRSO
MBI B4 47 PR ITT B B4 Y R SSIBORE B 88 K, WIS B R B Al R I
B, RASHIBZENXRERETRERRGRR, WEEMERBREZT MBI
&, Fiih, TERNBEAFTAR V=FU)Z 8 MBS BB RN RENREENDRET.

1) v, =By;,i=12,...,rif:

_ BaE v SRE w2 B 2R RN, E, RENREFE, B (513) AAER
FrEE A

U=AU+B (5.14)
fooh: A= -%+WB=
1 % 4% RRAFIE R R
A= AT1=0
Hdr 7 Rt fERE. BT BRI A LA LA FIARRESR, STRAEE| X
T LR R AR R L

F A LAY, A BIERZANT 0, NRFKRE, B, FREARNEHE, adi
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A A oA, FHEERBSFEFR (BIAREE) , RANDARES, HERER
ASBEET A AV LTS R (& T R HRIE, WAER — 201 R R T S,
Emmke, REFRERERRER L, WHA 5.150).

AAp Ay, PEEZER, HETER, WRAEHREZA L SRR,

DAy Ao, b, PEHRTENIH, WRERE. E_@REBWLT, FRNKIE
A P RSB I 55D @R, SFERAu =u =0;

2) XF v =Fy) AEERIERRILE, HATRETRGIDTE A
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BT HULIERYE RE TR B A, AR - REE RN T4 S B REEHT
SREEALEE. RPEEN U, TR GUNME U ML EETH, BEFESHFE B4R
SRBFHEETR Y, =12, r R
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j=1 0u;
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MR R E, rTEDREFER:

du1 1 n
C =" (yy-py)- L
AL |
duy 1 Uy
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dt PR

WB AR, AHMB: v =B, PAMAHEME, WNEZLMR. H
Bi=pz=P. v =By AL, HFEETE:

. R
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2 | R

EZHMRC=1, r=c, W FEXAREFER:
il+1)ﬂﬂ-ﬁﬁ=0
= B-1

RIEL MAFE, REREPEFTH THILHHEH:

DY B>1EF, A >0k, <0, REMIRENERBA, K0, 0 Y HREN—FH
A, RELMEEAT e = -, NES L, THRERERKRNIPEHES . E 5.17G)
FroR;

QYB<1Ef , HA;<0,hy <0, WERERANMGRESME, HIERHEME—
B4 500,0) k. HARAE R EMBLUEIE 5.170)FTR,
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B 517 FSERIRR
I 5.8 1 LIS, RAYP< I RESGREE, FURARMERE. HTH
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5.8 1 AHEERESRATTHEE.
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B IEREIL 80 FRFRE T~ M RRR MBS MBI E AR R, XK
PHEHNYEEL, EETAREEM LR, AIFERETERXER—#, BEFEREAD
HEHRENEFEET, ENBETFHERREN BN ESR >, 2B FHRE
B, RENEERRKNER/REZD, BLERERHENFERELTFERE, IF
lim U@y =Ue. [FIg, SRAB MG MEE ERIRYIHERERE, ALRANRE

TEVE IR TT . A B SR RIRM R E X T — MR RRM E . FRABEIERE
RER A, XA EFIEAf, HARMASR. FrLll, ERFHEEFERREHN—FES, &
IR AR R, T RSN B R LHERETEL R

du; u; [r
cBi_ % v 4 I
T Elu,m i (5.15)
vi = fiu;)
YRFERTBFEM AT, BEERMEIEERYE LN
1 r r r I 1 -
E=--% Lwyvp;- Svli+ L= F l(pdy (5.16)
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520000 T; BERRECPHRATRT THARS S AXENEET, ERMEE
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X THEBHAS, (516 ) XFTEXAIRERREFT AR L5
E=- 1 El ‘.E', Wijvivj - }El vili
2 j=1j=t =l

' 4 Vi -1
F7(v) fOF (mydn

{a) () {c)
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dE rdE d\’f
== .2
dr = dw dt _
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2 ) BN Tt AR, F7UL E bR A
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R R RN RE U OB HRE RS RA, BERS mEarRE. B

AFHEEERK, HTHEERINERETREE, RIDRSNED T REBMTERS] 54,
AT THRS =, HEAERES.
JLS VLEH:

OEERRPR I IEME P — MEEENES, RIEEERE, TR ENBERE
WiEEE. MENEERBESHRSFEST —ENER,. TREANNEIEFEIRENETL,
PR ERAM N TREE R MIR LG, ERXAMN VR AMEETHCHEEE T
ZA,

QORERBARSEREH A RRNRIET: ZREHEEEEKTETHEFRN, miE
BRBCHER, HERAMER, ERARNERAEFTSELNT, B v0)=0, MEEERHK

ﬁwﬁi,%u,%%%@ﬁEﬁEEM<&HmﬂMM%<0ﬁ;E%%E%%%@
MREPREERERT,
OBRTIFREABNEEEY, T AR TASRERAEREN RN RS, TAE
HERI, EAREKUT AR 8, DT EEH < 0. BEERE Ly
dv;
Ity

KRR AT, AR LUAE REEHRRE.

> QTR FAOCEERT IR EEIUEE

AFFIERER, B Wi =Wy gLl

544 REERHPSHUHTHE

Frigibfeial i, Bkl —EAERM THEMRREMHR/MERE. 4 XRiknE
GEFIRE, R, BEEES, ATARBERN N, AREFFALITES. mLE
HENNEFALZERE, HRRAGHEEAITHNACTIERN TS, AWEEARET
PR R,

B RERERTE MR T SER S UREMREE R, i H A LR SRR
HEBATHERSE, EINERER T HEITEIE, YE888RIT&H, hak
HEH RERRAE, ATRABER A, SARMSIEERESL, FERIBEES B
RER R BUAEM/ME. DLt AFER, o7 DLACK #4530 25 00 4R F 3 17 4] FE % 17
B8, BRAREPHEIRER. AFRAFSELEREREREBRER. X, M8
HIEfT R R EIRFE S, HEAEERBIIIRNG, ERHEREBE TARZY FHB SR
B ME, AL, FAAIHENSRFEREANE. g FPATHEMSBEFT
WE, EHEERESERNMMTAEAFRERY “BE , EmmERER TRy e
RE i AL L
5441 BEHIORITH-FT

WAL BARERECH fu), u € R, AT MBI, BEIHERPHESR, £
WRAREHSR: g = 0, (BALABEEE . AHEAHHNEET, SEEERE.
B F ] AR S M BN BEE R E Y-
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E=fu)+ Zlg; (u)l
XEBZlg B NETRE, ENELAEFMN g = O FEEER, Zlg (W K
EHERRTE, EREAZRD.
T E AR B ), — R R —MEEE S K FRE 2 7 2 28 F 7 s (H R 8
B XRHEBHRIE ASRBXTE. RIEETERERERANER, JF E EAKTTRE

AR BE(< By, FIRE S < 0, MASHUREMLE E BN S0 Mk, s
d i

A R RS, Eﬂ%=OE<J,¢§, BT REIRACEN E EERRA « EK, 5

B BT REAE. HHH < OWRIFRAIHRER PO RIT:

aEg:v.-)bgif (5.17)
) du. _ dE ﬁ= Eilf}-_=,. Elﬁ)z<0
RREY, S=-C0, Yo T rr N TS

ATABAEE ( 517 ) m%‘% < 0 R —FEAT L,
R AS — MR

aE(w,vf)=__£dﬂ
ovi dt
FrAEHEEERERERPCRMINIL R, &R REEEAL b B ir R BT
KA, REWENRERRE, FFHBERGAREERERRTHSH, ARBIIATHEN
£% AT HEAUE.

5442 R R

1) MEERNVERREK, SHERRENE— T v,

2) MBAEEG g =0, BIRETER, FEERLARAEN BN, FhEE
PR EE TR

Vl ’
3) m—lﬁz—; Flpdy . WREADINER, EAERETRETED, 7
) ]

T - % TRAATHEMSI S BEI P8, TR R Ass Rk e

AT Emm LR, BER—MNEERE. SRR SES R, RIWE A
B
4 ) MIERER B E RBIREFE, HHETLRr:
OE _ du
du  dr
5) BWERMSESHZENXE, Kb wy M b, (i=1,2,..,1);
6 ) RN ARS8, FHTEB BT,
“F TS B B SR AR B A Nl R TR FEL A T M2 R 48 B R R S TR AR R

(A1 5.10 1 A TGRSR —A 4 i AD Aredd, BoRE—NELMM 0 F) 15
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BRI 1 LA R O 5 1 TR, Blv €140, 1), v AR i MR TN
H: v =F(uy F 8 EAHEREEH.

f&:

AD SEREBNTHENTAZNENRGA, TR ATHENFES L, FbE
SWABREZRRENEN. FENRRTR, RENERBARA 2 BEER, ioX
&, RATAT —#HHMERE. RAATHESREEGRR, HoRE CRERRK. —
AT A/D BR80T DL B A TN AR CHNN EEHL

BENZTHMEAEY, (=123 0 5 | ZEEEEMN. LFMEESREN. &
TEAE A 0E 1, FHASHIRSHFETN ZHNESEIS AR, NRAM
AT HERMEEDT ADERBHIE, BASHEZANXENBERTA:

3
Lvidi=u
i=0

BT R, BE A/D HHEBEE vavy v v I A u IRERERT, LAREFAR:

QEMEA v, BT 0 R 1 H, /O RBETXEMNG

D vavyvyvo HFIHN R BRERE 4.

R, FIR BN EREES, M v 3R T IRRORER fw:

f{u)':-l—(u- % vi2iY2 =0
25 =0

TR, w S ARERE, voARER, HFi=0123, v €0, 1} 2 KR _HH
O, HEREERTE. U AFER/ME, BY AW = fu()d, v, Jyu FIEH
k.

# R, FREES:

133 3 1
Fy==E Z (2#ivivj)- T 2iuvi +—ul
2:204=0 i=0 2

XE—T )FAEERIE v, RERSRESRE R 1, BHAHTRETERAE Y E. (v
AIEAEEL O, 1 PR ) i Ru)oish, Aok, M —APEIREL:

3
gluy=- l Z2)20vi - Dvi
2 i=0

suffRiE TR R B0, INEEB/MEF, TXHT v, H 051 ZRMERY, 2=
0. FTRAAIRFAEETRHARTFEO K 1.
A5 HERE I E

3 1V
E=f@)+ g+ F— (F Ypdy
i=0R;

3 .
=L S22 L8020, - i 4 E JF '(mdy
2 i=0 2;_ i= 0 i 0

WRTFTE, FREPEBMEKLHEE LT —MATERNSM,. +48HE8, EEX
FEHHATH.



duf
b : .
Y WHE a
ESlaH

dvi , Et_:_

w TF )y
MF (U:)>0. £RARRTLGELCY—NERC, B F (U)=C.

FRLLE:

ov dt de
if}
OE = % 2itiy. _2iyp2%-ty Mo o4
~ : J dr
Y JI':o !
ji
55 {15
C—=-"L4 MRy (-2 4 20
e S 2 )
Jj ¥
o) ¥ EXSEFHBEEARESHFEAMEED S
20k, dxf il ni
"l i=j I;=-27""42'y
B
Wor = Wip=-2; Wos = Wiy = -4; Wgs = Wig = -8; W = wy = -8

Wiz =Wy =-10;  wp=w;=-32; wypswp=wan=w;=0.

lo=-05+u;
fy=-2+2u,
L=-8 +4u;
Iy =-32 + 8u.

Mg EEAH AR m ISR AR R A T R ME RS, E 5.21
B, AR ERESEMSRBOCER RN, RN AHEN—-REMEEE,
FRARE YRR B LI R 9IR0R wy 1U{E.

AW AU
HAAMAE
AAALAW AL
QA7 S

ks
AV w0~ 15V
B 521 Bl sERED 4 (L AD R EHHMS

¥

&

YYVYY
YVVYY

Vi




GERKBITMEZE, BERSEMNTF, X, HEMEHA « BN, FMAET
ERRRERL ALY « MEW RN, SETREHTEN, BAaET -KHTHR
B, RSB LRERMES NS, RICMEE, RmEURL, PTHEE Rk
Gakz O

WHTA u k0~ 15V BUFRT, MERxSRER] #4y 0000~ 1111 Z [H 98K, X AR
BESWMARERBZAEA 522 BRIKRE.
1D
HI

1010

1000

0100

0001 e
0 15 A(V)
B522 AD AL RRE

WA FET LUE . LIRS R 88 R BoL R R R AL D R B R B, — B3
MR RAEBMERY, ALHEMS GBI, RURMAT L ELET.
fEiXFhRE B A AV ER A I AN R, ME—FiaE, FEnMAEEET, HUTHE
e —ANF H BE B R BOK BB LAL I REH ) .

[ 5.11 1 TSP [a]H,

BT TSP ( Travelling Saleman Problem } [AJE. B “WATHEIE" B—M+a0F H£H
HLLRENNALFRE, HERRRE: £ n METHESD, RE—FLIBIHHE—
R, BREHESNBERE.

MREFBHTA, B, C. D, .., ZHIEER ds, dec, dep, .., PBALHIER d=
dap + dge + dep + ., T XFEAEMALAE, BERKE min( DR, ERETF n NRTTH
2HSA o 5, W TSP HREREBEN AR, BAeAE, UM TEENETE
FIRAT, HBRERS. AS, =n/2n(n > 4), Ffin=4m, S,=3. HF=ZFHTH,
N 5.23 Bk,

A B A B A B
C D C D C D

B 5.23 n=4 A7 TSP BiZE

— 107 —



5.2 RN R R IR B

WA HITHRE = nlf2n
3 1

4 3

5 12

6 60

7 360

8 2520

9 20160

10 181440

11 1814400

12 19958400

13 239500800

14 3113510400

15 4.3589145 x 10'°
16 6.5383718 x 10"
17 1.0461394 x 10"
18 1.7784371 = 10

H AT Stirlin ), BB BT E %
So =k (3 - o)
n

HRAFEARE, NEESRFHETHARL, REFTNESER, Booisbls
B, Dk B, EETREAREERTTRE Mame fHEoui, TakAR L
BATHIME. RS2 PEUED, BEHECh 166, RATFERCEL6 x 10M#,
TR, BT RECh:

(n+1)1 /n!
2n+1)/ 2

RSy e 2 JF P M 2 1 AFRE ( Nondeterministic Polynomial Complete, 8%
NP T&ME) . BT RESERBYAEAE, BELRATHELERERAR. BEE
RS TR BN E, BT MRS E 608 B B/ My Ik, ER
BEIRAE 2 BB/ ME A,

R gRET A BB IR AR AE TSP . FFRE T — Rk — A ErF2
2. RESBREE TSP Bi5TE CHNN b, BaNEREMASELESBHRATA
SRR, AT ETHEER TN, B E ERIT RS ENRIETE,
TSP BRI B T R8I E FFHES, AF T — AN 7 BB 42 LI BE B — A n 890 . 1
REER, MTHE » MEH, WEE—n < n B8R, F0LLS5 MET NG, —8a
BERIHES R A '

=R Lol - (== S 3 [P9)

=20 L= [=10 [ POy PO
[=1 LT Pl I w9
— o 1 I 1D Tty

i
0
4]
1
0
0

(e el [ -V 9 B
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Hep, fTRBERABTE. IRBRRBRH FERTPHNFS. REREE—BHE

TR ERHITEREE:
C-A-D-B-E

REE, NTHRELEENE, HEEPE—TUREPIHRET A TENL, H
LTRBHAT. EMERHNXERE. & do R MK x Bl y 1Y, 0 ke
MR ERN:

dx}' =dep =dap =dpg =dpg

TSP BB ERKE dy BRGNS RHRNERE. A TR TSP, WIHE XA
AN EM%iTE, HEEEBRT MR, EEiTiae. MM B EmRTHHT
BIKRE, BV ERAYREREERE. MEEERNS/NMEM N TRlE (BIRKEE) HBZER.
FrARRRI BN R, R RHIE BRI R,

(1) BEAEKAV

3 F—A n ST TSP, T E s x n ¥ HAY CHNN | B 2T e R Ve,
Vi, AT AR xf1 y FARAFERTT . AT i A1) BRBHEREPFLMRFNE, &
Ve, VaBROER 1, ATLGEE XGRS M ARRMTIEREE. F dy ZBRFHIRRED
W Z FEER, WTRENE— Ve, MEASKD MR y BRETUA Vil
Vyinp. e, HEFRERAVEEEHR:

P
f(V)=—2~ 2 L L doVulVsn +Vii-n)
x y i

X-F}‘

REFEEN AVRFHRMNTIRFEENFERZRKENSE, ERERM KEX
L KEAEYR, YRENRER, AVEEIR/ME, ERMIDMER,

BVi=0Rr, NI AV)=0, HiFHX AMRETE; 3 Ve=18, MELS HP
BRI i+ fi-1 RS, MERKRERT Ves=1, 4, 5i=3 N LHFH
ST Vaz F1 Ve, WEHTE V)T 0988 dap F dpp FI-MEIIRG R, RUCEHE, BHH
FAELSBEESER, BEAV).

(2) BHRFH (V)

HRFMTERIERBERNE 178 —-FIPRAE—MER 1, HMEHRT, H=59
FR

' 2
ﬂW’QZZEW%HEEZZMW+ L Z(Vu-n
25 oy i 2 x yi Xy

Ty ;-;r_-j

b2 |

.

B, BANSXBERE —FIEERET 1 RN, HIFAED,
B0, LHMNYXBREES-TASALT 1 RN, IS,
B, MHEOCBEMTITE R L BN n b, IR,

Bl g(VRIEREE T =TNER, WHRBIEZMEENO.

(3) ¥ d R E

E=fV)+gV)



B A R OR A, XARERE BRI S A LN, KRR MR
HEPUE
Wyiyi = - Sﬁx},(] - Bjj) ﬁ?ﬁ]ﬂ%ﬁ
- Q8,(1-8,)  FIIWH
-T 2 R
- Py (8 i +8 i) BRKE

L e
= 8y =j(0 IH;
S ERE AR B BN

.

Iy=C
SR AR TSP (Y i S 22 ) S B B B0 B T PR BT 30 e

:[“’duﬂ- =Sy Wo- 0T V- TS T - w)
, I j= x

xi

<L= - P;d;y(‘/y(ﬁlj + Vyi-13) - thijf

\Vai = f(Un) = —;-[1 L

Uo )

K Up HWIEAE, IF L R BEGE LT S BRI Y iR . B JE R B 48 5a(Tank)
TR, INAEREEE S S=Q0=F=500,T=200,RC =1, U,=0.02 &, HFK#HE104
HRTTH TSP 58] RIFIRR. AIUERAH, BEEELTIERMEMNEKARIR TSP XHLHE
AR, RHKS. Q. P. THRENRBLIEEFRREM.

55 AF )4

BT RIS, BhASK R LURT ] R 88 B aRpIE R . — MR, BRI fZ P A
REREFFHRBARFAEEEER, FRTLRE, MAERKMENFFRETHE—
MHEAE RS ANTSNE, UMEIHER. B, JUiER. RTUEERNE. £REN
BER T, HRESITEMSSITAEM, REMT LETEAEX MERUE EE
EEHETAN, CABKRES RN E. R EE: RINEE. MR
K. FEAW. KEREN. WaUE. tHEAEMSE WRESNERE BREICLE
B3, HEAS, SFEINGENEEN. CEER. Bl S REEL. RN EEEAMAE
H4%.

X EARER MG, & wy =w; (REIFRERE) , MEMSEALESRER E LR
BETHE. BT EAR. MELRBTEMES, BEESRBHRMMEMET RENED
ERRGITF. HHERARSITHENITTRESR, NER ENEREARE—RINTFREAE,
RGPS (AEEARERESS) LS ENNERERS, HERENELN
FTHENENEREDRE. NERBAEREAIESRNELLIERAL T hEYHRS
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REBSRE LY S ENITE, B ENASBENI MRS TR M AR RAE
FHEAS, —REEMBERELEARSF, SEEE KK, RAMES AT
E—THRAEENKE, WERNERS T, SO NIARSIRERE, HE%, E5%3
TiHEE. EEMBMBHRUE—MNRERANALE, DEREEBH TG E IR
HUR. SUBK, BIRS[HEA, 8EHENNRESR, JERETERE . Hit, B8
FHEFNERRS| THE, RIIRER, THENAZREE, BELE (ARSI
BEh ) HEK.

FRERBREERET R TR wy AR, BBAMEMLEER, BT ARSI T4, &
SHBRFBE T, BESHEERETRS]F. Mk, TrtIEREHHE 517,
ST ENNEE, R AT R T VR 5T H 22 (A B A 5] S 4C T R MR 1, 4%
RN (RS TEE) - R5[FHRE. BSHANREBIRE.

TAREEAWRS T, AREm FPRST, HFTREERY:

1) mBBEREAer, BEIEE, MWRIRMBFEDIETERS. RF A ®&,

2) WBUERERSRR. EATXARE, WMEREETRE, KA AR

3 ) WAUEMNRR, HUE, WRBRSETRE AdE,;

4 ) WMPGERER AR, WP IREE1T A I8H A B A8, A A, BRI FEAE.

LRRBERRNTMERENITHER. BTATHEREAGEDRIRE, 7
AHT BB BT A B AE PR A BRI 40 LA 1R, RTE SRR B AT T AR P B TE S A
HIeRERE, S ANEEE. FEL, B8 ERSeIntapeE, SANERD. WAL
EHRALEF G R LR, RTERARSF (HRRMGRETE) B, BFEER
BERREN, BRTERANTEEERE. RS PURZMER SR TR EIER
HRRESHUEENE. MEFEERSESRSI THRERX, HEMIEHFRERE
BEBXY, EHEFEWSIRAFANFBE AR THREE, RA XA Mg
B2 EAFE, MRSFEREEMNEMN, FHRST TR BHRE DN, MEFENE
Hith 5| 3 RER S SRR . Y MEEEERE ALY —EREN, 75
FE AR A RIRBUAATRS] TR, BeET, FHERANRERESRIIMR/, EEME
X EEREBRBII, B, ERSTFHAFRMNMBET, FEFESRE FH%ER
B/l MAERGSRREGES, SHEEEERSSE, RBEN TR, B kg
ARGl W, BEIRER G A EBREEEITE S, NEER/D, FEERmE
P RIBRICILTE 4R,

3 &
C5.1) MR —RIEREFET 5 IR T4
T= [1-1;-1 1],

%ﬁ6ﬂ&ﬁ%ﬂ@%%%g%%ﬁk&%ﬁ%&ﬁ%H%%?ﬁﬁﬁﬁﬂﬁM$3
KR B — R AR,

-~ 111 —



$FARE HAHALEFATHEML

LR ER A, AR, frfek—F Qi SR, B—Mg
HRXEE, B ENS BB LR e, X0 H g A
HARS, BERFHEHEE M FLERELTREARANERE, aTNMHAEM,
BHEZ WAL EFNBRSLRE: XESEMRRN IR EMMEERRRTE
B A EARM R ME RN <8 T, HEAESEEN SRS W T,

AESRTFAIREM B ERET EREVEMMIARE RN, EaESEH ARLH
1T RERVIEMEE, R EREADHARNEE, 5 BP ML, XMEHAREN
RIEARENE—HRE T A THEMEERALY. 2ETENEH, H—HH, BH¥
ARENBEL—FEREE, XETFEHHMMERNERANERERTS, S
(Kohenem)M 4% ( XHFAFHEE) . RIENFLIR BEHARIENEETHIAERSE.

6.1 JUFPERAL 5= ST HLRY

BHEHTI A& (5. Grossberg ) 1 THFAERMMZTTHEE: NESHE, FHLERRE
AEEYMFIITE. — I MAETUENSERRS I RE;, WMAET VISR E
KE.

| 7 N AP R 1 3 8 DL AR T LA AU I A 6.1 BTN

B 6.1 3 i B

B s Mg T S B S IR S BRI 6.2 FTn.

A 6.1 T 6.2 Rl AFEREY, REREIHRENER WEZ—EHARFSP;
MishE NG E T BREN R B MR — 455 A . BINZHUERINEMNE, TEE
RANEMSNERREE, ENENESHRENAR; MAENGFSREERIMNE. T
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B 43 BUTREETHE P 2 TR R 22 RN R

B62 MWmITHINIHIEHAR

6.1.1 MEZEIAN

»

LA B A LRI R R ERBR . TRLED N E BRI AN R Uil
K—METT R AWM ENRAXE P, EREDTHITNENER WENTHAXR
P L.

TERE 6.1 B ) 8 1 B o S A (488 LE PO RE 37 87 T4 U R 2 ST R

Aw =lr-(pj-wy)-a. j=1,2,..r 6.1)

W (61) XaTl, ARWETHREBRENEN. Aw; BEMHRELH., MRNE

W o BE B XTMEFREN, R2BIRERERSES, RESRBEFRET
WAKE p W, SR Aw  BFRD, EEREEE W, =p;, ATERERKES
ITHWARR P, ZETHANERRN—IRBHER., B—FH, MENEHHERH
TRAERS, PSS B STRIRTRE RSN, EE RS,

FAERE B LR FRHARE P 0 P2 AR M IE R — N BRI, &5, AT
MR, LFREBAXRIEITRNA—LLE, OG- MIARE P (¢=1,2),

Fﬁl/ _él(Pf ¥ EFRAE-TRATTE, BULAENARETRENGHTGARRAGE
p

fir 1 ERIE.

LE—ANRE PURARNES, MGSZTYE, SREFw=PY . 5, SHES
AB—PMNEARE P, W RNENIAGSAT IFRR PP 5% K8 PLER, B

N=W . P2=(PYYT . P2=il PP lIcos @ ;=cos O, (6.2)

KA AR BAEEHBAE D 1, FUNERMBSARSTEALR P P 21
F AR,

REARFRAIRS, PE AU AR 4 080 T JLAE 5.

1) PETP, BIF 6:=0, Wi, REMBSARNL;

2) PRETP, MEPHMEPEAYENES, WEMEATHEHR >, BB
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5P &H, B 0,790 B, HEIBEAING

3) 2P =-P, ) 010=180° f, PIEAAUE ARLKE R/ ME-L

MR R, W TF—1TENSENENS, SARFRHARES TN AXRR,
REFE 1 IR AR; 5% 3ENREAARREW AL BET, BT8R A R
BEANT 1. RSN ERIAEATEAS —MLEBAT-1 WEN EEBE R
i, T MEEILRELTFEEIEINERGAT, AREBENENEEN 1,
H g0 TR 00 0, BrLATESR vy B AU A R0 230 P W S A KB PSS H,
BB THARBRSMEIUREZ HRBEUE, LHEMUEREE 16, REMAKE P 5K
MM, HELH LS, BRENRENEGAREREFERNEADE, Y2 MEM
WMARERANE, REHRIGEEREFE MK BN TARMNEA RN FHE.

M EREPI AR RELRE R, R AN EE, SRRNAELEERD =
095, IEEEMARBSNERZ AINFEA/NTI8 48 | 35ikb=-0.95f, MHEMAYT
K R25° 48 .

—BRAE s MEZTTHNE, AR ETIIS, REBELSRN:

Awg =lr-(pj-wy)-a {(6.3)

MATLAB ¥E&M &k TR AR AR A HATE R learnis.m RFEK LR E
BH{E EiTTE:

dW = learnis (W, P, A Ir );
W=W+dw;

—JE& s MNBRMEITLA DHER—A r B 1 MRS, Bk, AEERREERENE
S TTA PR R R UAR I 28 LS B SR BR 1 L 8.

THEEHERWENEMNEHE T

(51 6.1 1 it A EFS3AT T KBRS K

P=[0.1826 0.6325;
0.3651 0.3162;
0.5477 0.3162;
0.7303 0.63251];
T=[101];
SRMBAILNEARRE, WESBEHES DY, EEAMBEP G0 EMSES—
MEAXBRIEN, 88K 1, FeHAEMSEE - MEAREHEE, WH R0, T
MR FRETHESE N I NE— T ALER.
RAVE Fend BB T IR b FE:

[R,Q)=size(P);
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[S,Q]=size (T}

W =zeros{ S,R);
B=-095*ones{S,1);
max_epoch = 10;
r=0.7;

EEMURBTEWERT T FOMHE, XENFIEENESOARIENE, YA
BERPE, SRR BRI MRS SIRSGER. 55, BEARAAETTARA
RBORHA—CERE, RURABELE, TERRITIGHNEMSENET.

for epoch = 1 : max_epoch
forq=1:Q
A=T(Lq)
dW = leamis { W, P(:,q ), A,Ir );
W =W +dW,
end

end

£33 10 JRIBFF LR 480 (RiTE 5. BEFUERE R

W=[0.1826 0.1651 05477 0.7303 ;
0 0 0 0 ]

M4 lr=03 8, HERM:

W={0.1805 0.3609 0.5414 0.7219 ;
0 0 0 0 ]

IR, FJERRMRA, EHAERRET, EEIRERE. HRA KRR
Zt, BANEIEETRE R RS, FABRERAE LR ESRIE.

EWBET, HARE-MARBHES L, FUTHEL, FHZERHEEB = 095
BHEIER. WEMSBEMERSRSAREEFEMGN BENLRER ART Wi
B, EHRE, KMSRER AL TR RSNESITBEN. £ ART MEd, Tk
HE S R R PR R B S BT ER AR U B {ERBLIE M.

6.1.2 ShE2EZ) M

ShE R RIHIE R BRI R, EHAMREIEN A RR, ENERA P AL
RE-MHE RN, SFEHINGREE s DMREMETTRME R E—ME
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BIREA, FIRANAESARREIE P AERIHE.

MF—NAE, EEIFNA:

Aw, =lIr - (ai- wi) - p; (6.4)

5MERF. EBRZEFNTL AV ZSGAKE P RIELLH. XERKFLHAK

BHARFEE, LKL 18, SMUEw BB THENqE, Ep =1, VSbEERE
SRR, _

L AKE p; R 08, MESESBREEMESSEIE.

YF r MEEMFHE, EMES s MRS THEHR —ZAER, 45
EMWAYSSEN | B, SHAERBEIKE w; RSN R KR ETH%H
BREA, EREHETRAS:

AW=ir -(A-W) P (6.5)

Hen '

We=ys xr UAFRE;

Ir= F3ER;

A=s x g 5pEHH;

P=r x g 5hRHIA.

MATLAB T R LRI EF N ST KON learnos.m, H A LRI T:

dW =learnos ( W, A, P,1r);
W=W+dW;

TR SR B — MR
[# 62 1 THARMLEREHBARBURSENMXPNER AR, KRit—4

SPrEMBLHAARNRRNRE, SEREME.

P=[1 0];

T=[0.1826 0.6325;
0.3651 0.3162;
0.5477 0.3162;
0.7303 0.6325];

REBAR, HHABARE [#6.1] BWREX.

EMSENENE R BREAMSNEL, THARTOR 1. MAVSHERREME
HACEMB T EREAN 1 W E AR,

FRE R S T AR (E #0040

[R,Q]=size (P);
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[5,.Ql=size (T)

W=zeros(S,R };

max_epoch = 10;

Ir=0.3;
TERESE 2 SN AT I S

for epoch = 1 : max_epoch
forq=1:Q
A=T(,q)
dW = learnos (W, P(:, q), A, Ir );
W=W + dW,;
end

end

—HWERR, LIETIES, WEETHAK 1 WEE, BEBEZERICTTEN
B — N ERRERLDE:

» Ptest=[1];
» A = purelin (W*Ptest)
A=

0.1774

0.3548

0.5322

0.7097

R I, BAMEEHFEIREZE THE—MRE. FXE, BEHEIEREZELE (H)

6.1 1 FEJHARMNAN KR, B ERIMESREEFELIT 4611 FEHRINE

B,

| NESHEZFNMFEERENT RN, M—HGARMEIRRISE - MERSHE

WASEREN S, RUG—MPEERSEREMERN, HEITZERBER RS R
BB, X—EL, WERMAE T ART1 &,

6.13 HERESIHRN

M EIHNERHAEANEETRAN. STHENOR 1KMNESHY, HRuE
8 1 ABRSUEREHITEE, BEIRNNRSETEE N 1 BORE L, BNEZEIMN
Ry BUE 1, WA R RS HN R

Aw =Ir - (p; - wy) (6.6)
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BHAEE S IR E R B MM K — MR, EELRARNERNHTRER
HENTEESNFEY, EWHEHRRERNESEIAN,

£ MATLAB TR, TEEARME% ) MNAE learnk.m i, — i@ TFEFHE
A LT RE D, REHS I EAREEETEL. #RPENT:

i=find (A==1)
dW = learnk (W, P,i,Ir );
W =W + dW,

{# 631 AeRtarie2d SUNER NG [H 6.1 1, WEINGETHKE.

[ 61 ) PREANEZIHANGEFHBIEREFITHARE, EEHT 10 KIEF,
£ 480 izW, EHAES. R LRAREEEIHNEHET IR, DHEgEE
=E L,

RREHNGRRASMERMMF R, TEHERE SRS B EENSRF:

for epoch = 1 : max_epoch
forg=1:Q
A=T(:.q)
i=find({A==1),
dW = learnk ( W, P(:,q), i, Ir )
W=W+dw,;
end

end

KU £ 10 KRS R AT 280 SOz H a8 8 TSR, $F FREkguEsE R
HAR, HRRE—IHE, LRESEHREA, HIRRENMET. —RERT,
BHAMEF RN L B2 ST B R RS8R 13 2 MR B4

62 HELFLEME

6.2.1 RGN

EFMBHERMETREER, KA S5 YS 2 AT B, ERNE
EEIPHRFREURACHLE L, FUERFRAZFEEBRIHAERE, TS
WAD HENERESASHANIAR., THFL, EISR%T, BAERESEN
MBS AFISE R — M RIR RS, Wl 6.3 FiiR.

T MR RO R O R (01 R
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MRS REHEETUE S, HARESMSNREATY: —RRRATSE j B
BRI Wi = 1,2 sy j= 1,2 0r), BERERE VI NRREN; 5 KRT
SR APRRAUE wy (k= 1,2, 5 ), SENEREEARFER, BERE WA
£, WERMERNEE, ERANMNE. B4, BINR-FUHRE 0F
Wi =Wy, FRAEHE TS FKSRMBA R, R w; =wy =..=wy >0,
TR R T A BRI, 3T k= i Hw, <0,

6.3 WHMREME

TEREKIT S MENE LR,

BREHWAREN: P=(pp:..p )

R REREEERR: A={aa..a]. | -

HMTEFNEPEGPREUE, LSRR A ARt AR ERS: KAKE
AT RHIBE AR N 5k B RSENTHANEOMBGEARN G. B&fil, TS
MeETH:

1) REEAT SN AR N

ni = _lewz;i ‘P
_"=
2 ) RH TSR IR A AR
gi= T wi - flar)
RED

ZEDErREaRFEERETY RNEANER, R D ZrHERNESE, £F
FERBEE—-IMETNEMREE; WREFERFRETIRR, NESEEMRAT™
IR

BT & SMENHHE afX, TRLEXRRNEEFENERITGEN, BTl
MEORHRFERREN. ATHEER, TE D AEAFEH HF S RF R
EHEAELBMENMAEAF & 07 EEE.

MRERTSRE, RiPHI K T, UE:

ay=1, k=i

R AT R SAE, B

a=0, k=1,2,..,5; k #i
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i d:ng
gi=L wa -f(dk)¥Wff >0
k=1

bINRERESRE, Bi WS 9 7, W “W NFINL NE:
dk=1, k=1
a =0, k=1,2,..,5 k=1
ot

& kEl wi * flaz)=wi <0

P}flﬁj.iﬂ“%'i\ﬁﬂ'%B‘JHHH%AE?H%TEQ&E:

S =R +wy ST ‘R BRI

sp=n-|wy|  MTHE B W¥Ei=L2,..s50 ]

T B S, 284S R RN MBS A BRI A. TEMBHN
LofT ok

EAERERG ES RS R EMARPRREW; , BHEANREw: ZEESE
B, EfDREESNGRARE T EXASHER, BISRES A MEE, HE
EHREE, WY SR RE, EEERSRE. M REY K EFERERE
HAER M ERG A BRI R, PR R RS R RME RN, TEERHM,
Rp:

.
ng =max( X wip;)
j=1

BUWE B AT RHEZSFFISHM T SRR RBER, BMERETAEITERER
MR :

ng =max{ L wip; +b), -1<b<0
Zu

SRR b fHER-095 . b b EREWRER b=- vy Z—EFHEHR.

B R, TSRS TERIERGEIT: T4 PR MBS 5 A
AFCRBART R BRBHIIL B 1, M2 cHM B0 0, XN 3EF T A i MATLAB
R

n=W*P:
[3,Q]=size (n);
x=n+b*ones (1,Q),
y = max (x);
forg=1:Q
e=fnd(x L, =y@) % REBRMEAR yQFTERAT;
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a(z(1)p) = 1; % 4K azg) =1, HMAERE,

end

BRI RNEF O E R T RIS SR compet.m 2 dv, 1] &5 JAR 58 Me— R &
HJ7 AR R E TR B E%M*&Hﬁﬁtﬂﬁ

A = compet { W¥P,B ),

6.2.2 FTHFIAN

ESAUERT RS TRBRESEE, MY SRIT SE0REETRS, HE
R E AR T AL E S A R B2 82 BN, AT U 1 3 RO 0
U B (AT RL A AR, RBAORA KRR T F-2, R R T 57
Het#3],

B8 TS E R A0 |

C bwy=h (i W) :

b i Yy TR, BO<h<l, —MNTEREY 001 ~03; pHeitA—1bat
BISHA.

B MATLAB T R#EH 1 2K LR PB4 ST 3

A = compet ( W*P ),
dW = learnis ( P, A, Ir,W);
W=W +dW;

AR R AR AR E TR T

A = compet { W¥P );
i=find(A==1);

dW =leamnis (P, i, Ir, W );
W=W +dW;

FeRAWREA A, BPEIERIEEAXBNHET, BN SRREREETE

PUER B T X AR B, M 754 RERE L5 > TR T 76 P 446 AT 3
KR, HEESRE X

6.23 RHMEIGIE

FrE M YIS B0 T B iRt R 4.,
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AR R A SR SN A RRSENE E, B IENESESNERRD
BEREREALE, &R, REAYSTERERHAMEMLE (ERRE b A
A, REREBBELAN), FENEDRBETEORF. T MRRRERLBN,
BENFEHE, EFEELBEMTERE, BAR—LRBES. MESARXENE
BHAMANH AR SHEEHENEE, DUELENRITFE—L2HARE, 8% W
RERBRBMETT S, ﬂﬁA%ﬁﬂ%ﬁ%*ﬁﬁ%ﬁmﬁlﬁﬁﬁﬁ% Wi E
Jig, BHRETERBERERARETRTT 4.

B UL B PR P2 S R SRt 1R, %ﬁtﬁﬁﬁA%E%ﬂﬂﬁﬁﬂﬁ ﬁ%ﬁﬁﬁ
REMATEZ BN A EREREGARR.

KR, LRBBAEHFNESS. ﬁ%aiﬁ%&W%TP¢%ﬁﬁ%ﬁ VR,
MTFHTVSGRRR P, EMEHEXRT, EEh 1 RE LY, MELNATE
ANEMER B R SEAT SHENR R EETR.

RAMBNMART S r EHCAMALRYCER, ERSBHIHETER s Bhit
FHESN, EMAREAKRTRMYNNMER, RESHERLLD, NehAfn
ARBIEHESRNFRER, BEPRBAKR, ERETRAFLTASESH, mMH
EMEESEIRPE SR TREAERAEE, £ @REEERT —2NEYE, prid
— AT, AR A X BRSSO BT, B2 e E R R E .

FIMEEEERERERE: FIEEMBRERRE. ERFMENNGEEAD R
RIEFREBERF L, XM WA RREAHN 15~20 45, HEsARAXRBBE
M eR A 3 15~20 2.

TEEMBENAEEFETHEIE —CHMELLE, X TEE MATLAB AR
randnr.m L3 -

W =randnr (S, R );

HR Vi R 48 TR 7 L AT e A RSB R0 VR Y B

Mgt BRELMITHILEY, TRAHEPHTESMEVZRENN trainem ,
R ET R EMSEy: MEERE W, MAEK P MRAF=MIGSENTXE: BT
AR disp_freq , BARIIERKH max_cycle AREIER I, EHAENT:

TP =[disp_freq max_cycle Ir];
W = trainc( W, P, TP );

REMEHEESHTRARMEUBENSLAE. FTEALABREHESME
ipbaps &
[ 6.4 1 3 FHEE P HATHEBHR.

P =[0.7071 0.6402 0.000 -0.1961 0.1961 -0.9285 -0.8762 0.8192 ; .
0.7071 0.7682 -1.000 -0.9806 -0.9806 0.3714 0.4819 0.5735 ];



&
WAMK P EERA- R RBIE. W TSR, RITR S=4; 1RE:

WO = randnr(S,R) ;

FEYLER — A #2h 5 B
W0 =[-0.3347 -0.9413;
-0.5466 -0.8374;
-0.8690 -0.4948;
0.4611 -0.8874];
A

Ir = 0.05;
max_epoch = 320; .

BEBTHAKEN 20 5. BRBEFERERESABRRNS D RIE.

(1) ks

HTEBEESMERIGESLE, RITPTLLELSBEEXER. MBRMENST
BHEARY, TENSENTHEEEIRGARRETZABT RN LEIREN. fL,
RIJBEA LD HFT pf p KB SRASHAANE, RPFETHNREEA 1,
FiA R B, AR LR RARE RSP ONRRE. MEESMEN, 2
BEWEIRSEASBADBEAFEARRLINA L (BATEMEL) .

VSRS, YRR ARELIN P B, AW, =, 1 €sj=12 ..r.
824 P? i Biet, HHAA S WABRARE. TLELS WyBMEIE, & Wa P, 4T~
w P EIEAR, W, XEBESESBN P . X, 23sRNEE, W, ABRNERNL
MERREB AR T, Y —MRRREARREA, HEES PSR
ﬁé‘iﬁﬂiﬁﬁ%ﬁ]ﬂf‘ﬁm&%ﬁﬁi. ﬁnﬁtﬁﬁ, T BL BT A R R R R AR R R B R &
POERET, B MUERRZ—FRY, MRbLXETN 1 S EE RS BT SEERN
HAERFASMMASRBENSE. B 65 #HEBEENISER, BOREABAEER
“o” EBRAM. - - .

———— 1
1

=

(=]

PRy W2
P(2q) W(i2

-1q 0 ) 1 -1 ' 0 1
P(Lg WD Pilg WGl

H64 EFWNAERLUEE H6S REERENERENER .
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AT 320 KIBH SR BIBEHRA:
W= -0.0460 -0.9863; B

.5466 -0.8374;

0.8748 0.4747;

0.6684 0.7180];

T3 AR P VE TR i i o

A=[00111000; — 12 (%£3. 4. STHBARBAATRE—%)
00000000, — =25k
00000111; —3% (#E6. 7. SHHMAXKBIABTH X))

110000001, —4% (8B1. 27 ALKARFR &)

% W H SHUTE WO M ST B, BoITHESE WO MR, NEs, s
S, Wy ARIKBEER, FUEAGERE K MRAEBEBE, N A NEHE
LEBRER: 4P . PHAG, MEYSIEE QENBT W WedRREN
Wi, P. PRPREE—%, Wy ZAI =R, P, PRIPERBE3IL Wy
RBET BRI, |

L (2) REEITRBHATRRE

ﬁ%@%ﬁﬁ?%Eﬁﬁﬂﬁ%%ﬁ%kﬁﬁﬁ%ﬂﬁ,M%ﬁﬂkgﬂﬁﬁﬁ$ﬁ
HEMAR RN, ERFMBRTHENAT, TR ARSI ML,

63 AFH AR w5 R 45

WEMREE PR EE MR RRAN . EREE MIRRATIRG, 7%
RAFHWE, ENEEHBR. ST ORRTRE 8.

EYSRF R R RRERNSHEFMSRATERLR. WINFEARAREFBIRE
R RS, TR ARSIERENSNERESAEE, RE RS EY
PGSR — SR, BNAIRETHARENSH, E&Tﬁkﬁ$%&%ﬁﬁﬁ
1, BTUABLE A8 4 R i

BHAEMEER A RS BT ESEIE, m%mm%mAﬁﬁw&ﬂ A48 H,
BT, A — e AN A B ShHETT, R AR, AT S AR
R BB M. BRI M T IME D — R AR E T 38, ZeReAcHF . K
ENRY RN EA SR,

RETTLURRER, BRI MAL S B E R A K BT, TRMBT
WABENGEIHRE. B A— A MER—RNES I NSRS YIEANHEA LR
i EAEEE, IRARIT eI RERR R AR RER LR PEH ENAHRE,

UREPLREAS ABIBIFEB, RERRBE, BATERESF LFHEMTHA
REWLREA AR RS, R T PR TR, B RS I



HE AR -ADRR, MERANEEE LA HRE, WEN4EORELERM S
PEREZENEIRANRIR. B PRAREFA LGRS, IMRRTESS/D,
BB DBFEH D, EXFHE T, FRWARERSDEY, HTREEEEN
BEZFRNRARR L, ZRBROFBEERE. Fo, 1015758758 b AR AR
&, NEARMEZ P RS OB, RS TT A R B A A S I e R R B (5 . 3t
TSR, NSTERERS BRGNS HBE, BEGHEA, BERA; BAMSERY
WA SBARK, BRSNS LA THE NS (M4 BP M%) MAEE A,

6.3.1 HEERISKIRIMEH

BB RER: MARRESE. SEASSMBRRZALL S S
VAR MBS R, EAER R Rt R .,
1) —HEMBEEM SR TR 2% MR,

NS @SB 2
a2\
p T

6.6 T HRLHEN L HE

(1)
(2)
t)
(4)

O00OO0O000000
O00000O0OOO

(D— FRET; @Q— WE; O WE2; @— PE3
H67 —#RETREFERE

ﬂﬁ%@%%ﬁﬁ@ﬁ%:ﬁﬂ@ﬁ,—M%ﬁ?bﬁﬁﬁiﬁﬁgﬁ%ﬁgﬁ%%
%%Qﬁﬁﬁﬁnﬁﬁéﬁ$,ﬁ%#ﬁﬁﬁﬁﬁﬂ%%ﬁ,E67%—4E:%§¢%
iﬁ%ﬁoiﬁ%ﬁﬂﬁﬁﬁﬁﬁﬁME%%%ﬁo“%E%ﬁl%%ﬁ@%i#%&?
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WEZRREREILTEARNREE,; BN 2 SFREFHER | IHETURENMIEER.
B EWE i EREI AL ERB—FIFGINFAES G, A LB TREN. mE+R
B 10 x 10WETR, KEWLILUT 46.

FEENBERREE ENRY, AEFRE—HTURRE b AFREEI—¥
¥ RRENEIER, TOUEREAMAEAEEFRMTENY 1, HotEREY
REBBRSRERELEN 1, B4 ERERERNTA L, SEENSAURARSRE
VRHERAE, TR R S SR AR E NS, AR DR
ZEREFRARE LHBEINE. 7 D LANETEHRGEINE, X4 D IR LUK M
TRAFLRIENTE, WENANAEE, 1E 68 Jim. MTF—Hit, DRRFRLE J

DRT LS.

00000 COo00O0

00000

© O
O 0
QJO|]O O O[0|0
Q0|0 ® 0010
O[O0 © O|O|O
e O

00000
0000000

| O 00 O
QEHEXR I OSBRI,
E&B :ﬁﬂ%iﬁt%ﬁ

7 MATLAB TRAFTH —MREMHRTHERA KB, ERMEOSECh: HpEM
SRR, EFERONPERNERN (RN B E, EREEEN 1), SHE
FOREI~ M7, 05 Ny HRARTHIANET, APaFEINETRIEN.

EZHETFET, PHRPCH neighb2dm , FEERANERARE X MBEE Y, B9
HETERS LR X5 Y MR, B3 neighb2d.m §FH M T

Np=[XY]
in = neighb2d (i,Np,N);

MF—#RESEE LTHEEERY n‘-'ishbld m,, ﬁﬁ%@fiﬁd\&ﬂ?ﬁﬁ%ﬁﬁm
s, m

Np=[S]
in = neighbld (i,Np,N);

B TIEALS,, RATAT LU B neighb2d.m =tk — M EA{EEIGARALRE. Mot

o 7 4P 398,20 B — R R I R A Eifﬁiﬂfﬂ“@ﬁ'*ﬂﬂ Ait, HZEBHITRE
i uﬁﬁ’{iﬁ HH.
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6.3.2 WERRYIIGTEE

P PSR YN 4T RIS A EE K TR RS — B, HA W RS AR H R TR
B, REE R SRS, WUEREY S oNE—ERNFE YA, #
i SERRSUER AT IR, M VIS aRHT, R A & RN BYE, B
BB REFREY S L £5, WRERN. E%%mmﬁmﬁaxﬁﬁﬁﬁ%fﬁﬁﬁﬁ
ML, EXNLRARSARENN/LASET SOEEN0 RS, M NsLEm
T, SR SHEERPUE EREE ST BT R AR, o, BESRMY
RETTRARAPUERE RS, A, RHJLAR R Eam S QTR AR, TR,
EVISLERE, LA LAEREE Y S A EENSUR B R R REPRMY), TREEX
Bl RET X TE-EGAR, MY RRES SRR, TS SR wE.
JUT_EAESREAY RIS L AR IR 2 9.

ﬁﬁ@%ﬁﬁﬂﬁ—ﬁﬁ&ﬁﬁﬁ$ Blmesatc— ¢ﬁﬁEﬁR¢ﬁAﬁS¢#%
JLHI L] Ay i
W = randnt(S,R)}*0.1 ;

Etjﬂ,ﬁﬁ@%ﬂ?ﬁﬂﬁ%#?ﬁ%ﬂ#ﬁiﬁﬂﬁ & 7 M IE TR REAR{E 5,
ik BB A 1E B B SR SRR %ﬁ%@ﬂﬂﬁﬁm&ﬁﬁﬁ?ﬁﬂ%ﬁ%ﬁs#ﬁHM%
ﬁA%!W&ﬁE o

W%ﬁﬁiﬁ(ﬁﬁ?ﬁAiﬁPﬂﬁiﬁﬁﬁﬁﬁﬂﬁﬁ)

(1) #ndeik

1) ABARBHRIERBEN: [RQ]= sizeP); o

) R MRS EHETTT R —ﬁsﬁ_ﬁmﬁXﬁEY S=X*Y;

3 ) BEHABR P EE—LAHE: . P=nomeP); : '

4) B A BEYAIE: W=rands(SR)*0.1 ; #iRE:

5) BAPERRRE (WHURES ABBHUBATMR—-MERE) . max_cycle;

6 ) EERLIFEH I —EHR0.01 ~0.3, WEKFRE; ’

7) ﬂj{@ﬁ}%ﬁ max_nelghb —# max_ neighb=§ - 1;

: _ﬁmax nmghb max {[X Y]) 1

(2)ﬁﬂm%

for cycle 1: max cycle :

1)%3%$E%ﬁ?&%:

X= cyclpfmax_cyclc, o
LR =(1 - x )*Ir;

06189 ERBUE RS RHMMIN, I L (max_cycle-1)/max_cycle ZEHFHEE 0
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) SOt B
n = max([ceil(max_neighb*(1-x*4)) 11);
3 ) HEMAGRIBN, HEH SR

A= compet(W*P)
4 ) ﬁﬁﬁﬁ%ﬁiﬁ*ﬁ@ﬂfa (AT EE%J@J) HHFTHEEIE:

i = find(A ===1);

in= nelgﬂbZd(l,[X Y]',n); |
dW = learnk(W,P,in,LR);
W =W +dw;

(3) WBRBEESR .

eV gL RS, #%E%%iﬁﬁkﬁﬁﬁ%ﬁﬂ ﬁﬁﬁﬁ%kﬁ&ﬁ@#%mﬁﬁ%ﬁﬁiﬁ
BEE TR AT EMESEMEE LS TSNS, HRASRETSA AFES

R RAEE R R Y S AE TSR, FREEE LY SRV %t R
TN, EGTBE, —MESEEBReRR, HEVSNES, HPrBEE
#oeh. BAREREYSERABBRNBELE, FRUENTEMSEN THRAREN
GIAR, B UL Y SRR IR B A BT AT Eﬁ/\@iﬁﬁﬁ*ﬁfﬂﬁhﬁiﬂ_%, HE—IK
PET R

MATLAB T HA T NS iR iR A K BRI sE #0 trainfm.m , E:.EEFL?TJ:
BRMYEL RN 2R, NFBETEA 4 MNGESE; BRI disp_freq, BAILHE
# max_cycle , F3HE Ir LR B 4EEE max_neighb -

TF =[disp, freq max_cycle Ir max_neighb ];
W =trainfm (W, P, TF);

BASHETIRE ARNBAEARRE 1. I, 3 —H4H A max _neighd 4 S
1; WMogdstbE, HEMESTRAIX FH Y, max_neighb i & TFREPHRAE
¥k 1. FERMAAHATEESENET, BAKEBKARSET BTN BETE,

R trainfm.m BIP)EEFFEE T4 ST Ir B4R, max_neighb , $R{)5, HA g%
LUHBR, URTRENISEAHENEIERY 0. SENEEREME L, BES
BWaz - VNEERE, EERENRAME | HEBEIGLEE.

BRI EHAF R B2 TENENRNEHBERA, FHELASETRARED
BAMES. RE, MESENRILE |, BBRTHLIENSALENE S, —B4EA
MR, ERNERBEREET . SO EER R — AR e EEAT R, s
271 2 R A R IT.

TR A K IR DB R M A S AL, ek Y S5 A AR R R DB
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FRAXBZRSEBRNAEHT, MEBAKXEELEARAZEWELFERLI, &
HEBBETHHEETENA—PELTHARBHENER, dil, FeEEETEI%,
RBEIMARBRAE LS EFENK)D, MERSE.
o —MEEERIUER W, ERSRERF H’Fib-"-?ﬁ%) PARBEFEX N
Np , TTLAH B plotmap.m & H R,
TESHA RN ARG, AP LR DR BRI,
(#6514 100 m,wegmaﬂmﬁ&smm 0 FE2) 90 WA A B, Wil
H— MR ERT R,
&
REEE, A KR ELAN:

angles = 0:0.5%pi/99:0.5%pi;
P = [sin(angles); cos(angles)];

BMARBEIE 6.9 Fik.

| /

e

ey
E69 HMAXKRA |
B e M R, BEHEMHETEN 20, FTRUR neighbld.m B3

Fedgr, 3R rainfmam FATIIER, RIEEEBYIS 400 0, MIHEIHEH03, &
AEFERS-1, VIGEFWT:

[R,Q] = size(P);
§=20;

WO = rands(S,R)*0.1;
disp_freq =4,
hax_cycle = 400;
Ir=03;
max_neighb=1§-1;
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TF= [ disp_freq max_cycle Ir max_neighb J;
W = trainfm { WO, P,’neighb1d’,S,TF ); -

6,10 #1FR E K plotmap(WO, neighbld’S)T H VR AARELILHEVKSHEEE, 3058, 5
AR RBRT R B8, BB — R SHARAAE, MY
R AT I S B B L R T S T

YRS, ARBFE—-ERRFARERNNER, :’H‘Fﬁi@ﬁﬁiﬁl Ef‘.lﬁ}‘
BERZEBEFEBRFER. MEVIGHNESE BRETENXRKEEHRESAIF,
EZGWE TEMEARBRKUE ., ARG 50 Y 100 Ja94s R 6.11 FIE 6.12

B _ |
1 /"'_"\ 1 /"__“\
/ N\ |/
\

W S /

a1 ~— B —~—

0
LA(%)) LAY
E6.10 FIHDUC R me6.1l Y%k S0 K ERGEE

1 — )

e , s
N

)

Wi 2)

=

N
c'___-—

w(.2)
fae

/

-1 e ____-/ 1 \ —
1 0 1-1 0 1
Wi, ) WG i)
B 6.12 I8k 100 s st B 6.13 Vs dimaisetm

V1% 400 WS, WETECESHBE T HSNRAR, BBEE— S TR
A SR R —VNE IR, B ARSERL T T 20 METEBE T 100 TR AN
BIzhiE. ABEMIIGEEE 6.13 FTAEE, STHAKBELTN, FEEARE1
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37, HREESAKEBIANCRNFESRSSENN. 2RSS xERE,
REHLAUHIA AR e BB W S — S R A A B E ), B 20 MUA RIS RN REES
z—HRRAL, #RT 100 MEARE.

(48] 6.6 1 7 2000 ™ TTREHLE AREAR P24 — N EH TR N 0.5 0.5 B ROUR, i
AR P B2 .

W

WEE AT AR R T I B
P = rands(2, 2000)*0.5;

HE, BEEPNBALRLFELVKE, MAEHANBAXRNBENT 1,
UM LE S BARBANM LE= TR, FZ5EER T TRERNFNHAXRR
AN 1 MR, XNEHRRT AR K poorme.n FESERL:

P = pnormc(P);

F 6,14 BB —LENBAXBNETF A TR ENEARE, SRARINBXEN
WARREHORALRVER. MK — M TREHEEAZRTZRER, BRITFTS
XEBRNRE R THENGAKE.

THEHEATA X BB E R L TAE:

X=5Y=58=X*Y;
[R,Q] = size(P);

WO = rands(S,R)*(.1;
plotmap(W0, neighb2d’,[X Y]);

— A REIAIE R B B A 6.15 BiR.

N
f e \
- \- m..____‘_ —/.
-1 o 1
Pg.1} W@l
614 H—{kSrieA R EEE Eel5 #EPREE

FRUNGEBR 4000 5. VISERFUT:
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disp_ireq = 25;

max_cycle = 4000,

Ir = 0.025;

max_neighb = max([X Y]) - 1;

TF = [ disp_freq max_cycle Ir max_neighb ];
W = trainfm ( WO, P, ‘neighb2d’,[X YL, TF )

FEEVIGMET, IARETHNREYEERARBAT OB, HEHBLERAR
BEy{r R EHER, M 6.16 FIE 6.17 23 Hl44H T 1€ 800 Y1 4 000 LK 455 RRFPLE .
! - 1

1 0 1 -1 0 1
Wi l} W i)
B 6.16 gk 800 ¥ Bk B 6.17 ik 4000 kS ETERE

R, BENERFARINEE. SRTEREMmE XK VISRYCRER—L %
Pigk, HESHEELNGH SR, KU ERS BT EEY REMEL, X
B FT DA S Y| Gk ok i DA . I EER/MEATRRR HIER 2 —, R ARME
NERUMERARE. THRE. JLPEHETHERNER, SewEtRAELHIIS
BRI AR, o

%ff& P& (Counter Propagation Network, f#% CPN )& %E 4% Hechi-Nielson 7£ 1987
FEURBK. WEHEE, CPN E—FHEREHMMMYE, kb, CPN BIEFHHESL

MRS R AT B ESBUN ENE 548 ST DG SR B R vk 41 AR R T T R A T 455

6.4.1 FILRLEH
CPN RS RBREHN: RB—RARERE, RAXKREONSGFEHARELETE
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HHATFRTERELSE, BFoERIBEHIBE.. :
E-ERMERECY _EMERE, M ZRRERERRK.
1) BTFRESE LA . :
. K =FI*(WI*P +BI) ..
2) MFHBHHNHZE, EHHIFER G, WA, WITRRIEM K BENBA, Bt
jﬁ]: . .
G = F2%(W2*K + B2) = W2*K + B2

- CPN ISR 25 fIRI P 6.18 7w,

B 6.18 ﬁﬁﬁ%%@ﬁ

642 F3IEN

1) EREHOE, B IR eIk SR ARSI R S AT E R R B
AWl =Ir1¥P-W1) :
2) ERFHIIMEZ, WSEREEEHIL N 1 AT AR EREUEE T T iR
o AW2 = Ir2%(G - W2) :
EXESEANMRE. DUEREERERELSHA | HEAHTE ERRE.,

643 JgidiE

1) #gik:

IH—Lb A, BREBPING;

HAUR I W1 W2 4715 — e B,

REAEI RS, EER P F1 2.

2 ) R RE Tt BVIGRT R | . |

B ARBARBTRSIE, SRR R T SRR AR SR
IR BATBIE; - o

3 ) BRI EA R FRVGTRE. o

 FREWAN L WHE, FUSET AR RITIEE;

4) REBKEFOBREDRD, B WL, & WHA2).
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£ 70 V/5H CPN Tfﬁﬁﬂﬁff&%ﬁﬁﬂ?&gtﬂlﬁﬁ#E{,lﬁi,k%ﬁﬂ‘ﬂzﬂfﬁ g 4
A 35 3 UL RS 2 A 1 B S B B 4 X BT .

%4 CPN JIlgh)s TARef, REXMHBWA KR X, NERMEREI RS G LR
TR, FERFHNAEEERY S ENERMREE, ERERGBIHLREY .,
EREAEX BB REY MFEARBASRRE, BEnd, BERT —HHELE.

Ll CPN B EMNBEN B AR G STHHTRRNBAXE P it, WAk
MRS, EAMER: HhRRYIE CPN R G=P, R, HRMARERACPN, %
B ZMEBEI 0, 13, X EBEE M AN R4S, B, AR HE R ERN 0,
1B ARIEHIEE, R D HE R ESARE,

LRR LR S5 H7 T AR 4 S B B (LR AR B W FISME, H AR IR R
&, ERARBTHARRNEITHE. ERA BP MANGBHEIERHENED, B

FHREERWRBLENAE, £/ CPN RAAE, Rl CPN EEGAXRRE REE
IR T B R A G, RHAEFREASHE TRERN, FETETAR
il I sE -5 N dack: a ﬁ%ﬂ%ﬁﬁﬁﬁfﬂﬁﬁﬁiﬁﬁwlﬁﬁ%ﬁ LN ERRT, AE
w7 VIgRER.

6.5 BiE M ERIEH

Hid P 3 (Adaptive Resonance Theory,fRj#x ART )ERE R LHAZEM Rk
( A. Carpenter ) FIM $5Hf I AIRIHA, XHMBIAEHAER: ART AAERBIEGE—
EFDIKIE, T ART2 LHEE4NIE.

AR E SRR REASE SN TR CEEE, FMAERERRELIERMI
%, HLMARMEIHRRNES, FHENEEIINERNENRELHNTY, &
ERAHNEHAT, RITESMYMBRT L AR TS ARARRYIG, (9% BNk
BRERIDIZ. MELKERXNNEHET. HHRRERE IR EGERHEITIZN
BERRBHR, MR EEIBERNRIET, BRSNS IznEERE KN
MARRAREE L. FUERSmMERilETRs. RIEEGEEHIRRS 0
A B EGEALE XA E, RNWAER, SBESHOAIR, TREY S 2%t
MBI AFEE, BREHARBEIRNERT, RESHXHESE. —RELT,
AR B BEIRMEB S E#HATRRITE, B S S SaR ma r mR
R TR.

ART WSk T LRI A, REMMEERANRIER, SR BT A N
7, FIEHE A g v P45 S5 BT 2 3T 0 AR A A b%ﬁ%@iTMﬁ#*%ﬁmW
BRI, ERAT A E R BRI DIZ AR T 2% T A,

ART P04 3% 7 o P A ERAL L, AP ALSR. MEWE. RHEG. MR
. ﬁﬁlﬁﬁ%uﬂﬁﬁﬁﬁ%@ﬁ



6.5.1 ARTI1 R4g4E$y

ARTI Wi— R 284500 R 6.18 fin, FEHFHENESTUR —SEHESHEYS
M. ATHEER, AMI—BIEAGALE P EHHAXR A BIFRRBIER R(R -
recognition) 2, W I A fE M A B BB ANERHHLEE, | C(C- Comparison)/Z.

MEEH Fif, REA-IEHFE, CEI—MEFHIBESERE.

BEEHE 6.19 fTLIEH. REM CESIIBEZRBE=1HENES:

C =R
a,
' IG2| a,
P O o 4
a
C R ol
P W
P, © O a,
. Wj; a}
F: 3 .
" pr O Q 4a;
I az
—
Reset

B 6.19 ARTI R#EH—FEEHE
R E: '

QI AZ A ES M ENEH Y,
QEHIEE G2

@HEIE{ES Reset ,

CE:

OWARE P;

@ R BB ETE =,

DEFES GL.

BHES Gl, G2 Reset FERIT:
Gl

REAXBAETRNES ‘R WP, REGBTENEE ‘R K4, WHG
=Posy. BMIFER, RAURERETREHNO, MBATEFALAEN, G1=1, K
‘Iﬁﬁn-l:! Gl.:Os
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G2:
FTHATENEE “®” . WRHEFATES IO, G2=0, HFWG2=1,

Reset:

Reset THIFET |, MUWIEMARES R ZRESSSTCAENHME B ZH1/N
FTF&F, DRER ZRFRBETHLR, ERERMNERETENZERN, i
H Reset =0 i {55,

RE@&%S&%ﬁ.Eﬁﬁ?QﬁﬁAﬁﬁ%%%,ﬁ%ﬁﬁ%ﬁ%ﬂﬁﬂﬁﬁ,
LUk R IRV BBARTEE. ART Mg 8048, LT TRNT:

MEEZHARE, & ENANEREX M ARST BT S EitizeER
KR, HABRARERFABR RS A EICIZEA 2 MNAENERRE, RRESTENE
LUREARFREN]. WTHRENFRAXERBNATES R, SR TREMUE S AER,
ERRTENEMRICICERE N ARNESE, HE— NS ERMARRLUE
BEPEE ML THFMARL, B2 AERX RSB 2B, e+
B — AR, A DMRRACIZIEER, R MRS, MM R Bl —
MR R, YRR UG T EE AR R AL |

TEE KNSR FHMAR, SHEE -EMETEE. UEEAIRAELET
P EEARIDIETR, HATM %K. TRNZFRIMLT S, ZELHREHA
WASRE R0, MARSEEN SHENRER, B EELFRAAM,
RRES TR EAMAE DI, X THAMURER, WARYEMAEL. S — MR, F
B TS RERAEME R, UEICIZZERX S5 UEESSAMZT TR,

6.5.2 ARTI T

mTm%%i%%ﬁﬁ%ﬁm%MW%5I¢@ﬁﬁﬁﬁmﬂﬁﬁﬁﬁﬁ,—ﬁ
ART] %If’ﬁﬂﬁ#ﬁ%)ﬁ‘m_’\m"
} B CEAAR BRI #
EﬁA—&ﬁﬁPZﬁ,C%ﬁAﬁ%ﬁﬁ%Odﬁm=&m=&WﬁmaﬂJ%
AR BT iR FA L, EREHANN0, & P#H AT E.
LYWARE PESHAMARESHENE, EEIFERAMBLLA, RGBS,
KRBTSRI BEA LLIBTEL. '
} AR ERS C B s :
—HRER 18, 4 G1=0, \Fif C BHABRS%RE. REMAFBSELE
SIBE CZ, XS5 REHEN | 8% SAERIERE W, RSB EMR S/, i
ERUERERMEME B, XMUEEETRFMETHEN W, R, RERHNCEN
RERHHE, WETE CipKEniEndis ARG C 48 W01l B -
- C = F(W*P + B)
#CHEHATO, #G2=1, Hf & Reset=1, B R ZEELEEEN, REERLE
IEHE, MAXE P BRIIFEZ, BETEEEERERUIBE:
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AW =Ir #(P - AW); W= - W+ AW,

AT OHCHE, Wi Gl=1, MERNENY, (fCREAMAT— RORE.
L CHETO0, f1G2=0, [FEtRE Reset =055, AMHERBZIKERTLY, K
ARENE. SHER, BRBEHY =0, HiRBEHRMETSERENERNBF T
PR, B—HE, C= 05YoﬁCE%TmﬁA%ﬁAP%WKWKﬁA%ﬁAP

(3) #ENKR

mRmah%ﬁﬁ&%ﬁiﬁﬁ%,@%ﬁAﬁ?ﬁ&.—EEM%ﬁA%&%M&
WA P, NIEGl=1#G2=0ME CEHEABITVER. Eik, BNNEXEFHATR
SIHT LRI, BT b, X E Reset =0, Filh, PIERERRET SRR SHE
SMTES, RHEEXEEHRIE— MR & L RSNE SR E MR E R SHA P B
IECABMEEMER NI, FE P ITE N R B kA M PTE B RNRSF, Bk
EMARBUSE b MEEEENAN. SMEACER (NHNERAMEEHEN, SRNEE
AHRABBLBIEE ) HE M LGB P o P AR, R B & ¥ AHE
B B S SR LA,

ﬁﬁ??%ﬁ%Rfﬁkvﬁm&ﬁﬁﬁﬁﬁA%EPﬁﬁ%ﬁm%Eﬁiﬁ kS
B AH R BHEUARERA P RS P HEHIES,

LLE=AMBHEER T ARTL H—USMRIA MG HLETEIR. YAFMA P SHTHUE
KIS BACRBFAMME,, WBRIAEE SR | B BE, BNME, BT
MILFE, HE) bR MIIGRER AR ARG B A SR H, RISE Reset=1,
FERCETA B Reset (5 S EHERIT R, 12 AT AR STHOM A BT HE LA A IS 72,

R E# C ZETHBRERIERBEEREN “ 23 M0 ks, Bk, R
X, HEENESERNENIEER G2 5 Reset MiZ 2R T —BORREARSE TH;
i C XY, HHES Gl 5RBEEESERNE N0, REHY 1, REHSEWH
RERFEMAXEPEET—MFRARE, £ 6.1 FR—FRER S SR,

F 6.1 ART FEIS{TEIREHES

R &
Reset |1 1 0 0
& @2 I 1 e 0
RE [BFTH |#res [BRaM By
e CE |
REGHY o L i o
Gl . P . .0. . 1 4]
WAP  |PHAET |[wARSSH  MAT—AHP  |mmARP

Hf L& ART1 BT RO EZH MATLAB $RR T4 % simalm I8 F, B
TEABMAZRR 4 HEINE WL, SAKEP, BOUEr URITHHEpf . #
PRI S VR B BATAUERE W, I SAUERTREIMRAAIL AR AL, URERS
JE B PR TY £ :

PSRN, HAM1W%ﬁﬁM%H %%R%EWZﬁéﬂl B AR a2
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0, 13 A, STASERHTE AT, EFRANAEMNEREESHREEEDESA
EHEE Al SHARE PH#ITER ‘5 4B, RASARFTEZANEE#HTHRE.
LRBUEr=18, BRAl S PEMABATCRE EEAHFARE 1 WEERS, SHER
MRBEHTEARNER. BE - 8D, FERNEMUGTASBRAEELS T RERS
R, LER, #HERERE - CHNAREY R simal.m HTEH. BiAK
B ARTI MER S HEARBRENAWEMEAR. TRAEY—RESH 3 TER#E
PMAXR P, RH simalm T ARNMENHERFE, EFB: r=085, HHE
MG A 3 A, THEBER A simal.m BEN ART] RSBiH#ETHENEF:

% ARTI.m

%

P=[1101011¢; % FrEps AL
01101110;
1000000 1;
11101110;
Di1r1011Q%
11010111;
0010101 1;
00101000;
11101001;
01010110,
11000111,
00101000,
001011007;
R,Q] = size(P);
S=3 % EFEVEHE TN
W0 = ones(S,R); % PPIRERLE
=1 % EBPEE . ¢
r=0.85; _ % EEBLE
disp(Pass 17);
W = simal(W0,P,ir,r,1); % BE—IKiEFT ART1 RE IR
disp(’Pass 2°); % WBEFTEERE W AT AE,
W =simal(W.P,lr,r,1); % HATEZWIETT ART] R GEF
disp("Pass 3);
W =simal(WPIrr,1) % FITHRZUGETT ART1 FFYIGRF
Wi=w
end

BHREFTUEI ZKERVGTE - KNEARS P PE—-HAXBNLESE.
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ERE THRBTHERAERP, # ART] RISBNESE, IR REERENEIE:

» ARTi
Pass 1

Vector 1 resonates Layer-2 neuron 1.
Vecior 2 resonates Layer-2 neuron 2.
Vector 3 resonates Layer-2 neuron 3.
Vector 4 resonates Layer-2 neuron 2.
Vector 5 resonates Layer-2 neuron 3.

Vecior 6 resets layer-2 neuron 2.
Vector 6 resets layer-2 neuron 1.
Vector 6 resets layer-2 neuron 3.
New Layer-2 neuron created.

Vector 6 resonates Layer-2 neuron 4.
Vector 7 resonates Layer-2 neuron 4.
Vector 8 resonates Layer-2 neuron 1.

Pass 2

Vector 1 resets layer-2 neuron 1.
Vector 1 resets layer-2 neuron 4.
Vector 1 resets l::ayerﬂZ nevron 2,
Vector 1 resets layer-2 neuron 3.
New Layver-2 neuron created.

Vector 1 resonates Layer-2 neuron 5.
Vector 2 resonates Layer-2 neuron 4.
Vector 3 resonates Layer-2 neuron 3.
Vector 4 resonates Layer-2 neuron 2.
Vector 5 resonates Layer-2 neuron 3.
Vector 6 resonates Layer-2 neuron 4.
Vector 7 resonates Layer-2 neuron 4.
Vector 8 resonates Layer-2 neuron 1.

Pass 3

Vector 1 resonates Layer-2 neuron 5.
Yector 2 resonates Layer-2 neuron 4.
Vector 3 resonates Layer-2 neuron 3.
Vector 4 resonates Layer-2 neuron 2.
Vector 5 resonates Layer-2 neuron 3.
Vector 6 resonates Layer-2 neuron 4.
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Vector 7 resonates Layer-2 neuron 4.
Vector 8 resonates Layer-2 neuron 1.
Hit any key to see the final weight matrices.

The top-down weights W1:

Wl =
0- I 0 i 1
0 0 1 1 0
1 0 0 0 i
0 0 1 1 1
0 1 0 1 0
1 1 0 1 1
0 0 1 1 0
0 0 1 0 0
i 0 i 0 l
0 1 0 1 0
1 0 0 1 1
0 0 1 0 0
0 0 1 0 0

The top-up weights W2:

W2=
Colurnns 1 through 7

0 0 0.5000
0.5000 0 0
¢ 03780 0 0.3780
0.3536 0.3536 0 0.3536
0.4082 ¢ 0.4082 0.4082
Columns 8 through 13
0 05000 0 0.5000
0 0 0.5000
0.3780 0.3780 0
0 0 03536 0.3536
0 0.4082 0  0.4082
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FEMZEITHERICER ARTI P28 TV B IEAT B R
T — 1Bt
E-RBESESEFE LT R
FEOAMRREESFETEARET SR
BARBESERENESAWET HE
BUARBEESEERE-ANET R
BREMNRBESESEPES MG “IHR” |
A%ﬁﬁﬁ%ﬂ%ﬁ¢%rﬁwaﬁ‘ﬁﬁ max%&m

—Aﬂ%_AW&mﬁﬂﬁT i ,@ﬂT%EﬁMEmEXD
W, ARTL M EEPE T HRESE (B4 METE
HENMEA KBRS THRE;
BEMEESESREPBEMETT SR
BIANRESESEPEARET iR
mTﬁﬁM#%m%#E mzﬁmw&xmwm ﬁﬁ@mﬁﬂ%ﬁﬁﬁﬁ% K
EBATR, BEGHMMERI R T o
| FRESESEPE-IHET ﬂﬁ”%% PRBERKNER

“ﬁﬁ”ﬁ&%ﬁﬂﬁMﬁEﬁm%ﬁT SRERMBT ERE
HE—, W, ZH=METE, NASEET MR ESE (Eh
AN W ﬁ&%ﬁﬁAi%m# 2T,
BoNRBRESESE Y MWL RS ENA WG T “JeiR”
BEARENRSESRTESINET “HR”
BUANMRBHRGREBEFE-AWET HR
BRAMNRRUIRSESEFE=INET &
BEANERRSESFEPBRISET R ¢
_%tﬁ%ﬁ%%%ﬁ%%@%@&ﬁ&ﬁ“\ﬁ”;'
BANRBBRYS TSR PE—RET R

| % mLﬁ¢&ﬁﬁﬁ%%%£m -

 OBNERE: S MAKEEA NS K, B, BTE- %M%%A@ﬁA%ﬁ

BTE_LMERUHAAKRE, BFE=LAMNEE=SNETEBARE, BTHNX

MREZ. AMCERARE RTEIENEE—SHHARE. BRTFAHNNAR

W1 A HERBHRRER, KR W2 H Wl 5 SR E £ &,
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LA I TR R U SRR

71 & &

TER, ALMEFBESR. HE. HEF. FO0. EH. Bill. A3EREasE
RALBRIFHSAE T, 7 2ERERMSRRG L FERERER, EEMNEpEME
RYBA AT RO IR BB S A e ®, — MFMS SRS AL, R
HENMENFHE. SHURBREIRENFRIEE, HFREITRAMBIFTH
IR ETERE. WEMSN AN E—ERE LERBT2E, FUENFEEY
LB ERETHEMNSHEICNENLE, NI ENTERANER, 7RIERIIENSEHN
BEER. MENRINAALLEFSERNESR THENRFEES. TH, RITEX
MEFRAERERENEMERITIRPEERNTERNR VRITHERSH LR
PERBESE.

711 R AR AR

ERERAGEMBLEAZAN, HELETRRETELERBREME. HTRERT
R, HEFSESEFFTEAEARET T EARLFEENRME, FITREERE
IEFALAIRARAR R T, TR BB U L. REESRER T, %45
HEREHERTAREREN B, RARNLE:. ZRiiets, DRABES
&, Al ARG EAN L RERBE ST, BT R ER A ¥ o5 —
W — BB R . MAAERESRIEIREZMER BRI RERREEE TR
FRERE, ARSI EN REHTAN, B FRREEE. RS
FREEMTE, W HSTIRIERE. 3500 R B A5 RO BRI 555,
T AL RE W M GRR I R AR E R, REBHARERSA R REHITHRN A
g, WFLRACH BB RR T RR ARG,

HAHEBNERMFRE, RRAE A IETCE R BR R T WA, 2 mEi
feds R AR PE, UEE L RSN R MERE T8, AR RAREREAELH
BREL, MERREEENES, NERBHEN SRR, RENERATNE,
HWENEHE R TENCETE. B—HH, WEMNKHEEXBRET AR S
REFET RN EE, RIERBRHRELS HENE.
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712 HENZESTHRANERATEE

MEMESHENNNBUERRTRAAAGRES. TERIISE-TEAEEN
£%BE 16 Fir i P RS B

(1) Fedidin B B RS2 5]

MTREHEFCENR. ERRNGRESUIESNE, AR ET EiTmNes.
MRMAZRBWUBANLE MR ES &, ETEENRYESCELE, R BP MELR
BRUFEH T, MTFRAHME, EIgnEitg—1 RE. BP MBKA—~PRER
MBIV GEE T BEME A R /NE, XERER LOETR AU R BP MR IGH LR
BE—EHNEME. _

X TR ER ARSI R BRI, WS TR BB T R E HE R
. ENRREE S RS A KBTS, RS R RS A B R A2
A, MEHEREBHBEAS, NTRRAESMS. BEEMNER ART W, ART R
ERING SRR A—RRNE, W AERERECIOHEL T2 HeRE, kT
%ﬁﬁ%ﬂ%ﬁﬁ&%ﬁtmﬂ

(2] BéARel

REICIZIEEH T AWE: SRENBRE, ABREESENNAA STEERE
[, TR ERAR X R MER x, BER—MERE Y e A R
Ay, W FESH%R, AEREERR BERETFS. LHEABE, TARBMAN
&, EREREHENSARE: BrBAMLE, FRERIDIZAEERIERE, TiFrs
BB IS T I BN R AR Y .

LWARASEERGRNEEY, FEES NS EFRE SRS, 7R
T 3 IR ) 48 S R IX 2 1] bTuﬁmAmﬁﬁ%%ﬁﬁﬁﬂmﬁw%¢ﬁ?ﬁﬁ
ENRE T4,

(3} #8555

MRS — AT EENESTIE. BRI ERT UE THIEES. BN

1) AREHEMETL=E 0. 1, WTRBHERE, FREKEEaMNETL
TATRENEE,

2) REBMASYOEY SEMEEN BP M2, HHELRSENS SEEEA. SR
THREVERE. V%, EERXERESARE, BRNSEREBREETEETE
L ARFIER B, HEa 20 R BN ENERETEEEE. YTERES
B, EAESESEEN R EENR T ERMIH AR, TR I B A 8BS
AR,

3 ) X{ERLE CPN AR AR HTRIRBISHN RS, X, ARFHERMITE T
RU AR ARNZ EEARE/LY, RE, BB S5 5% R A L0k FkE B
FAR 1.

4) g S|
ANLHEMBELSFIPREHE TERREUTIVNSE:
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1) HeEmME FRAATENEER BIEMEOfFI9S, vTRIsHERENRE
o B AMEER 197 E 3G R .

2 ) MBI EIEEEXRNERRE S, THARRATERERERFANIEHS%;

3 ) HERSNIEREH I FHERRANRERITER S, TUBA TERES
R EF;

4 ) M KR EEREREEMIHATMEEN, HFTLESERIEN,
HARERAH AL TOFEEHRED, DRWER. E5FREHF SRR,

5 ) MEMERFHFIT BB R EEES . TSR TR SRR
I

7.13 WG RIEA RN

LM A, EX—AER SR A, E WS T R R T A
WE, FEERTERWERNETERRBMA 2ERENOTY, RERBEOTES MK
KM BERBITIIRRAAT, IRt R SRR, T A P TS AR . B
PR B GRS, TE BT R RI4R B 7558 & FF MR Rk, AMGERRGE, 48, ¢
BB AR, |

P& TESMBRES T LESEER, B3R, MEEITERENEES R
TRILNFE:

(1) HEiELARF A

55 T Pl ) W AR B R A SR ) B e T B 1 ST R D 2 e A, S B 45
BEFRIRHBEAL M.

- B -NEAANEAYREE, EEERAETRAATHEMERBURETER
TRATHEMERE, RELFGEE-BRANSN, SIS, MEER, MEH
BEA RN ERSE, RENENTAERETAENEN, BHERIESPERR
FrRERZ WEMEEREE R, ME i AESERHTARARRN, BRMENEEE
AR, KBEFLTELY:

1) EXEIERER;

2) BEH—£T AR X ZAHNREBREA,

3) WA/ MR EER,

C4) WA/ R EA R R EE;

5 FEEFEEAELSSERTIT

L6 FERHEG TR, R, RS LrE.

(2) MBERAE

CEFEM R R AR, FOERUEEB (HETTA 1, 08 ) . BREAR RN
SHREAEETRNEMERA TR, HETHENRES, LVBEgrXaEgesRBk
e /R R,

(3) ML Hutid

RETHAEETARE. FARMEETHE. TENNBENREEZETHRE,
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AR ML BRSO 2.

(4) EIMgEEAE

B0 2 ST Y S 2 ST S B .

TE RS SV BRI R, BEFT SR IR HARRD, 5T 3R 2540 0 S A R 1 o
ATk, B FAEARRASERNER . 454 RKE RSN, MRS
HATARL. ¥ F%. FELE, FERBAR SRR A, S KRR KR
TR RS ER, - L

TEME T R AT BRR FR HE R I B MATLAB BRAE T MM 2018 TR 768
PR PR A TR BB, SERBIFMAS, DRSS BRI,

72 HERBEEHAGTOEA

Tﬁﬁﬁﬁ%#%ﬁﬁﬁﬁ%*ﬁﬁ%%ﬁ%§$ﬁﬁ,ﬁﬁﬁﬁwﬁﬁﬁﬁﬁﬁ%
ZIEE, FHEEWEL TR — M TREBENNENMEATEXL. i RETH. BF
B THRER, HFERERRER S HMES HEET T .

721 - RMERMEW

ABERNAK, WTLURA BB RN, FHBNRBEEL, MaE
X, ZHARRHNERHTEREEBRELEFRIERYE, URTEARSAGENS IS ER
Sty RBEMMAMFETUMRE ZETHTFTERERNEHRLES. S E%H
THIE D F R

4 X FX)+b(X ) o 1)

df”
Wb u BIFRAHAL, X BRSTE:
de  drix] T '
X= xa Seryon (7.2)

ERBSEEER T, ()T S YRR,

[ ¥4 X2

4 x2 X3 _
— =| : 7.3
= : (73)
Xn-1 X
Xn F(X)+5(X)u

MAEHAT EIRRYE, RNBEELA— EIEHT u 1T s A
TR ' -
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X1 Xz

X2 x3
L I : 7.4)
dl . .
Xn-1 Xn
Xn ~kixt - kaxzA - kaxa +Cr

HepEk (i=12,..,n) MCHRHER, rASFERA,
A TREARBENT o, $0HRXBE—RNERSRAEHEODAGIHE, NTH
| u e
KX +Cr- f(X)]
b(X)
RERIRACHKX, WRELTEH, FRETHNFRLFRER, SERENM
A E RN TR R TR, FEIHRESNSREMC, MBERE
FRHZRE n ek bh 7 SER W RE e

(7.5)

722 [ElEERRH

R — N RAR R R
RRRREAES BB UUEE R TR TS

a° |

o0
A e, WRENTEA R J/A DT T IEEERERE:
- d | x _ Xz
T TELJ' {9.8151'11x1-2xz+u} e
: WA
uft) ——_ noe
_dd
T130° Ky
& 7.1 iﬁﬁﬁﬁﬁf&gﬁ E':F‘r u%ﬁ%%mm'ﬁﬁ. E%fﬁﬁﬁfﬁi@i@iﬂﬁﬁﬁfﬁl
i, 98lsinx; A HRBEENES, -2 B RENTE
JEHIRGRER 7.

A LTS R RIS R BCERAL, RIDT DURE AR L B BRSNS
R, &R '

F(X)=981sinx - 2x, .7
REHNAENAR RED T RESHEANB) N FREAL D ANE RN
d x| Xz 0
dr {x: J B {- 9x: - 6;&} { Qr} (7.8)
oAb r B AR,
f AR Rt oy oRi=f Ak lke -0k
w=9r-[961X-fiX) (7.9)

- THEAERAIV SRR R A AR AR B AT I RS R .



723 WMEMEIRT

HABEFEHKRFENRPAR N 005 #, HaBELR:
dX X(k+D- X&)

dr At
Ak 17 B e O B O ] B ) SRR L HE R

X(k +1) = X(k) + At { *2 (k) )}

0.81sin x1(k)- 2x2 (k) +ulk

B

X(k+1) = FXGR) + GEXk)udk) (7.10)
BRIV — AW ERNERABER F UEREEMER S u PR—BIERBERE

PRy dE R, XA EECR: |
F(X) = x, + At [ 9.81 sinx; - 2 ] (7.11)

R EWEPEA XD AEEEER N, BLFEEHEMBRIEREERZHEN:

X, +AIOr- (9 6]X)- Nf

W= < (1.12)

(1) s 45 #)
B7IDKTH, FEZHNSNHEMEETHMA W xn. MEFHHNERE
Bhag (8 7= BRI AN, FFURBEE Mt RITER—TFE
W e R AEN, EREER 10 M o e e = 1
IT, R I UIOE R WL R BB : :
PR, MBEEHIBIE 7.2 k. | |
Fo
(2y#n4& 1L i |
HTRARMEBEHEITELEEALNER | E °
}
j
i

WEMEE, UABHNEAGEASL. D

SFAHF IR ERRAL FOODHNKE i

ARk, AT DL — 8 T | |

EREMA, B FOORE BRI, £ m o

S R e B TR A B R AR B72 Frittmeeh

B, BT A R A B AT AV R S R B E . R LM

BRI, AR O T AN S 2 IO 8 0 AR s
FE R R

x1 = [ rands(1:300)*pi, rand(1:100)*pi];
x2 = [ rands(1:300)*pi, zeros(1:100)*pi];
P=[x1; x2];

dt = 0.05;
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T = x2 +dt*[9.81%sin(x1) - 2*x2);
[R,Q] = size(P);

S1=10;

[82,Q] = size(T),

[W1, B1] = rands(SL,R);
[W2,B2] =rands(S2,51),

AT HTVIGREERE 400 4, o 300 M2 H 0 B-m Z A x LT Bl+r ZAH x,
B, 750 100 NEBUEE x» K 0, AN, mFAREEERNK = E, FRMIFER
fﬁﬁﬁﬁtﬁkmﬁ%%ﬁﬁﬁﬁﬁm#ﬁ%ufﬁﬁﬁiﬁﬁfiiﬁﬁﬁﬁﬁm%mﬁ EHESS
mﬁﬁjiﬁ

_ 1J|If$

IT#%WJ*&HW!’#%FFIWM&E EF?I!HF

disp_freq = 10;

max_epoch = 5000; |

err_goal = 0.02;

Ir = 0.0001;

lr__1nc=105 Ir_dec =0.7;

momentum ={).95; err_ratio = 1.04;

TP =[disp_freq max_epoch err_goal Ir Ir_inc Ir_dec momentum err, _goal]
[W1,B1,W2,B2.TE,TR] = trainbpx(W1,B1, “tansig ,W2.B2, ‘purelin’,P,T, TP); .-

-M%W%Eﬁﬂﬁ%?ﬁﬂﬂ%m&mﬁﬁﬂ$%&ﬁ%%ﬁﬁﬂm&ﬁsmmﬁﬁ
R,

E?SﬂET4EFTM%FW# 2 T A F BOBEA, R 7.3 WE4 5 =0, Nf
(U 1 MIRBOH RSB TOM 74 HBoxn =n2 , BHREEREKTARE, Nt
EE%E%ER.mﬁﬁﬂuﬁﬁ,ﬁ&m%%%mﬁﬂﬁﬁﬁ%ﬁ@ﬁ.Tﬁﬁmﬁﬁﬁ
L RS RO R RS E AT B0, 3 S5 R s P B R T HR.

06 v
|

i
1
|
|
1
1

I
I
|
I
1
1

] 2 3
x(1)
Bl 7.3 x; = 0, Nf % x,; B R¥GE i B 74x=m2, NfITEENEN
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(4) Zoirgbihbstib £

A A B RGNS T AT, FSEMRAANREHSNHERYE
HIFR R ORI . AT LR RN

1) RABKLENSSHBMSHRE;

2 ) EEHEIER BB SRR R,

3) RS SBHEHRE.

SRR R R THEW RS P YT IR R AR B R A A 2R P 2 BRI ) ey 7 55F
' aan:c

BEPEREMENMEKEGE, Ho=9° FEXHRERT, EHlhBKERLEL
WFEFEt 7 %S A, BT E— MR RRRTE TS, X IERE P47 0 F5 180
FE TR

R RGESHIE 7.5 AR, EPRBERMERTIDAEH, MFRIREEHEeE
HEBFRTDHAS .

X

4 2 P >
N
f

ANN —

C— BB, P— BEEEEREEER AW — B2 MEiRiE R
B 7.5 EHERELEME

KIEUMBELR, EWETERD= %0° I IERE

d X1 _ X2
dr | x| | -981xi- 2x2 4+ u (7.13)

R Mk P LI AR B 1 PR B A R (7. 8) A AT SRS I A A
X1 :
+10 | (714

u=[-9 -4 9] x2

r

B 7.6(2) ik 2 R 41 I 8 SRS BHERIRINEFE , DL RO L R 7 ) S 1
B, REAEES A RLE BRSERA ©=90°, BiATMEL. EFHHLIFRNY
B BRI AR, WE 6P AR EILE—R. B 7.60) I8 Rk R HS
W BRI R, RN EEEEAL, i b A SE i 2 g mny,
B 7.7 BRBEAMBERS. SRR SRR RS R, B, W
BEAKMMIRER © o7 R, BEARESE BNEA RS, TEBHEEIER
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ASMERRE. AT AR, WS MR R G RINE Y RAR L AR,

(Y32 P S A T AR R 2 ) 2w (BSR4 BB T R4 R
B 7.6 i RIS R R

10

-10

0 I 2 3 4

7.7 =R et
7.3 AL REH}ATFHHEXRF]

WE BT LIE BT ISHHTHEARA. XB- M EREFEHNENAT. SHRYN
FUEF AR 2RI TR KA BB PHAEE D RERT. ERCHE 7R ERHAN
RXERmL. FEHITHEER. 81— S4tERT. RESIHBAIETREAR
AESTE, ARESHBAFEEREGENEEN ST ALNEN, ERNMMEHATE
F ERBERRTIRRSBHAT URREMERTER. FIHEREE SEBLAERK
%, UM THEREMBTREUES, FOTE DAL BN R 28 5T el i
AFRHEEE, BREXTERBOR AL SRR — AR E R 5, R T (5 B ap D RR A
W, FNREETTLE. BTRRFENTAHARELEEE, PE-2REMNK
WA 001 T RSB TFRHSAET, AR AMS MRS AT, &
BR b, (R —ECRRE R EIRE, EF — MM R L R 2 P 2 BT R S I B A L)
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B, ZHELEEHTE A RNE.
Ao QLR Y — 1 42 P SR AR 6 R RS 19 26 NIRSCFE SR TR T B

731 [BFAER

Bt — N 2 M4 REME R Bl 26 MASCT R, MREGURYIFTRPIE KT
R—FHEHAN, MEEEERSERN DR DTS, BABER, EMNSET
BT 26 78, MR RE R A U ISR HHG AR 26 AR RRFH A B
Z MO, RERBRTRL h i 1 B 26 RN B, B Bu i B ST REAAR,
LAEMIESARE. ZEAS x 7 E%%ﬁﬂ*fﬁ?%ﬁ%ﬂﬁﬁﬂ*fﬂﬁ’i‘?ﬂ £} A
MZAREREO. 1 EERR:

letterA =[ 001 00...
01010..
01010..
1000L..
11111...
10001...
100017

letterZ ={1111 1...
00001...
00010..
00100..
01000...

11111y

GAFRATAMIL S * 7 =35 ML R LR — N FERNFUERE, T4 26 A2EN55]
&R 26 MR ANFUEREE RN 26 < 35 B AER, REIER 26 MEEEALT
1 4 % aiphabet &

alphabet = {letterA letterB, letterC letterD, letterE letterF, letterG, letterH, letter] letter]. ...
letterK letterL. letterM, letterN, letterO, letterP letterQ,letterR JetterS letterT,... __
letterU letterV letterW letterX letterY letterZ];

FRAFTIE 7.8 FiE.
B—HE. BHERERESBES - MERBHAN, 7 26 MERTEFHIFFNAE L
Wik 1, MARMME FAEE R0, ik, REREREDNER L1026 x 261
M{iRE, WAL MATLAB #4508
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targets = eye(26); '
B LT AFE A BN ERS H4 5 prob.m XHEHER.

78 M5 x TEERINFEHAMZ

A —MRERNTELZERNRER: FEINRSR LRGP THERA, Bt
e R AR R M B AL IR . AR —EAMENMAFR TR EROFRB ALY
RESi. Br TP HITIR AR E B ERA FHME R 0~ 0.2 2 8 L RIFEYLE.

732 $REBRERIRIT

(1) Mgsdh

Fr it MBS HRRA 35 MY R 26 M 25T, RASATE(S, DERE
BYXTRC S RIS sR 3P JZ logsig/logsig RI£R, X FH M EEXT O-1 AU RIERHMH TR, M
B 35-10-26 HIEEH), R ERERT 10 MEET, WEFENSFERBBHER, U
B RS ENATE. AR, EPRRIGEIE T MR er_goal BN 0.1;
TR A ERIRE RER N 06 HERYLE 5000 KINGNBE.

RIS RA TS R RTEIE A E bt 1, i i g HaE R 0,
Wi, RAEHARKETIEFEFSEN 1 R0 WA IES, SURBHMEIRE. FRUATHE
Wix AH TS, EMBIGE, FEREREET~ZRSMEER competm F4b
B, RS SR AE R By 1, RIEEHM B AO.

(2) #¥iL -

prob.m :

P = alphabet; % alphabet = [ letterA, letterB, ..., letterZ J;
T =targets; % targets = eye(26);

[R.Q] = size(P);

Sl=10;

[32,Q] = size(T);

[W1,B1] = nwlog(S1,R);

[W2,B2] = rands(82,51);
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(3) Mkl

BN, A SRR RS, R R U M R
R A KBRS, RITEANSE - EEREEETANNAE BB AR
M, UMEEERLER. K5, ATE <EEmEEILES" BRARRENGBZME.
BRI EARRRER T — M ARRIGHMEE, IGEERENHARRERE
REE R P T S BN RIRT, b BT B AU A R BRI, XTER
TR £ [ LA S TEAR A A ST RE ).

ERUESCRE, 70 LRI B IS , T i M2 I R B WL A A M
B ER B, X R DU B T AP ER AR, RAED.
WP T HE ch FAEM ARAASER S RO TTRR . ik, POSRERIIGE AR
TERTIERE, XEREHARETIIG, AR AR TEA A A0 ER b

ERMFTA RIS E TR TR, ShMmENS SRR LB
% 33 A R A0 30 B AU AR 3K trainbpx.m HEATHY,

1) FEUbrs T30 5 4 i P R

d1sp_freq 20;

max_epoch = 5000; -

err_goal =0.1;

Ir=0.01,

Ir_inc = 1.05;

Ir_ dec =0.7;

momentum = 0.95;

err_ratio = 1,04,

TP = [disp_freq max_epoch err_goal Ir Ir_inc kr_dec momentum err_ratio];
{(W1,B1,W2,B2,epochs, TR] = trainbpx(W1,B1, ‘logsig ', W2,B2, "logsig’,P,T,TP);

UNBREE SRS 17 S YN SRAE ) SR AR A — B AR M mat o, LIS MIET
BR], BRSJE TR e A R R B A L it

save networkl.mat W1 B1 W2 B2

2 ) RA G BH A K BRI R 88 B 55

P T R R BRI R, B 185 S — MR PR A K & alphabet
o ERAEARFEHRMARE, BIRARY 4 HPHKR argets , BERERHHEN 0.1
2l 0.2 HIBEALRS ., J.ZJEEWI%%jxﬁ%ﬁ@.ﬁ%ﬁ%ﬁﬁ@#&:&ﬁlﬁﬁ%ﬁEIJ AEER
RATERAE MM A KR RS T EHR MR

MEAGFERIG, BAVIGKHEE 300 HiRZERENE 06 . ATEXHEGS
FEAFREWARE, HEDRERSHREERN,
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max_epoch =300;
err_goal =0.6;
TP = [disp_freq max_epoch err_goal Ir Ir_inc Ir_dec momentum err_ratio];
for train = 1:10
P ={ alphabet, alphabet, ...
alphabet + randn(R,Q)*0.1), ...
alphabet + randa(R,Q)*0.2), ...
T ={ targets, targets, targets, targets, targets ];
[W1,B1,W2,B2,epochs, TR] = trainbpx(W1,B1, logsig’ W2,B2,logsig’ P, T,TP);
end '

MENGRRE, FLEFRBEANTESHARENMEFUG K, LMRERS
TR RMIP R B TR, BRI RRAFA R — MBI network2.mat
. SRR AN RS REE. | |

{4) FRUusirabmiX

PR W 4TI RS MU FT SR, W7 B3 G R TR B S A R R
WARSTIRE, RIMHRHHMERERALEES, FELEMARE FHEMN 0.1
~02 BUMEFS, B BLBEHLIT H 100 MEA KR, B FSRAES T, WFRNEEEHEY,
HTHBMSHT TR, MEEERN, REEEmE— M EERE, IEMEE
AR AR |, EHTEESR 0. ATHANRN EERFOT:

[R,Q] = size(alphabet);

+*

[82,Q1 = size{targets);

load network2.mat % BUSGEFH M SAUEEE
network = [ ; % VR RETRE
max_test = 100; ' ' "

noicse_range = 0:0.02:0.2
for noiselevel = noise_range
error =
fori = I:max_test
P = alphabet +randn(R,Q)*noiselevel;
A = logsig(W2*logsig(W1*P,B1),B2);
AA = compel(A); _
err = err + sumn(; smn(abs(AA-targets_)))ﬁ;
- end _ . :
network = [ network error/max_test/Q 1;
end .
plet(noise_range,network* 100);
ylabel('Percentage of Recognition Errors”),
xlabel{ Woise Level’),



MEBEAUEE, WRSHEE, S THRNIBETS L. HTHLER, RITESN
EENE T 5 R A R AR O S R IR S MR, B TSR
REBHHER, HEAAEBRESHEEEN DRAEFRSAR. FERNLREE 7.9 5
T, BREEERICH B LR IR RS MIFHA AR, B VHE R E VISR L MR,
MEFTR, MRESE— SR TR, EEHEB0~0.1 ZHMNESNEN, Mok
LT 100% MR T IRM PR, TI7ERAMEA HILE, thin 0.1 ~02 2 H), BEN %
B H AR A Y P R A R E R S, ETHIMRE 0.2 WA T, HRENME
m&%$mw1%%,m§mﬁmﬁﬁﬂﬁﬂ¢wn |

] i

F-

Sl

e - - - -

=]
|
1
'
1
'
1
1
1
1
1
1
1
1
1
1
t
i
'
~
1

P

Percentage of Recognition

(=]

5 0.1 0.15 0.2
Noise Level :

M 7.9 SBPHAN

NRFEERQPVEE, TOURRENIIG K, EHUGREREES, &
WM SR ERPNNETE. AT A KRR SHR, LIRA 10 x 145
B WRABENREES A REEFONIE, BTUENSHRNAESHSE. &
TI0 8 T M HE THRFEE Y MER: .

1) BEMTRY; |

2) HABEN 0 A BATHZEY;

3) BGR{ER 02 BERATHEG Y.,

E'I"EE I
E-’ o
D w n
R e [X] - =
. wi || L[]
= LI
- X =
o) BERYRY (b) MRS 0.1 BHAY Y (o) BB 02 I Y

B 710 ZHERTHESY
b L T—ﬂ*ﬁ%ﬁ*ﬂﬁﬁiﬁ%ﬂ%ﬁ%ﬂum&&iﬁﬂ%HEE&n LA oL, Hghdse
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AR 2N R B RR BN, BERLNRMSEEBNTER, EECRET
Wt AR M REAIAR, R B LU RE MATLAB T 245880 . 7 TEM, LI
ROARBORBFRE LR, MEENRPEEFRFRREARR NSNS LE. &
PERE. FISEMELIR B ERMES BRMREA BN BRER. RIIFENERTREHEN]
LAERERRNEE, TEREXEE. —EXET, NRAIRITMRFHRE.

T4 8BRS R AR 12 4 0 5 B 5 A

HEMEGENEELHHERNHREZBAMNNSZEE, B HEM &R LR
RIRMB T BRI R AENB T AE, [FIR P8 B0 A0 (8 LA B 38 0 M B 48
B DA, BEAMRSFHATHRR, MRS RENHHRR. 7, Fit
e F e fb il 2 i BB RIBUE, AR & N R4 e B R B MIF R TR,
REEWHFFEE: Eh. AASSMNVENERE Rt SENS2 irRtEe, Wt
ﬁﬁﬁ%ﬁ&ﬁ%ﬁﬁ&ﬁ%ﬂ%ﬁiﬂmﬁ%ﬁﬁ%i*%ﬁioﬁ%iﬁﬁﬁﬁ e
BiLE, HHRE/ME: ZFESIRERNERBA/N, WRMEAZIRIENK B ix; HHERk,
W] &% 47 114 2 FRVRR S Tl L e LA S BT st X B0 AR 15 AR B A X SR ), ALY
BRI 85 % X S PR S B H 4 e . .

Efgti— Wﬁ&%ﬁ@%&ﬁﬁ&ﬂﬁHMnABH%T%#%W%IEﬁﬁﬁé
HEMR. BE-MOIERNGENA, FELE MM EANSEARTR. EEK
%%TﬁﬁﬁﬁﬂAﬁﬁﬁA—Tﬁﬁﬂﬁﬂﬁﬁm PF 4 80457 25 B AR (18, AT M
R, DA PER PR 1L AR i LB ﬁ&ﬁ%’i&% LR, EAHTENENERAT
. MATLAB TFi8 T RO W45 T LSR5,

EEARROETEER: ATHBRANASRELNASKYEHEEZRE
( Fuzzy-Neural Network,fdfjff FNN ) , EF RHHATHFH LML ( Self-organization
Competition Neural Network, #j#k SCNN ) SRR, £ TBIR=TH:

1) @it — P RARS NEHN# 2 R, ﬁﬁﬂﬁﬁﬁ(%ﬁﬁ?ﬁ) =
BN RAEAR E;

2 ) EREM A Mg SRR @ﬁﬂﬁﬂﬁ(ﬂ%fﬁ%ﬂ’ﬁ% B £ 41 75 4o e 2 ) 4%
HAKE, BLERGNES SYHEE, WXElAKBIHERREIEHESRE
T4, ﬁ%Fﬁﬁ@%@Aﬁﬁ&ﬁﬁﬁ@%M%%%&ﬁﬁﬁﬂﬁ LA Fr oM O bR
LRI E DB N

3)%&%%&2)5$$%%$ﬁﬁ%ﬂﬂﬂmﬂﬁ LASRIE R A B R 2 4544 A0
BAESBRERIE WL 25 :

Wﬁuﬁﬁ%'FEﬁ%ﬁﬁ*Aﬁﬂﬁ%ﬁ&M%ﬁﬁmFMHﬁwﬁ%ﬁﬁﬁﬂﬁ
BORMHLHT R, FNN BRSNS E SR B R R B AR E
FERRLE. ZFRTHRIHSREHEIESM N, B3 REIEFENS B L R
BHZEER. RECRMETRENEH -, MERSEY T RMNREMEZL.
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741 FNN{EZH#RANET

B, &it—1RA 7 SRS, SERAT 49 M ERBINE FNN BH 8, MEEH
WER 711 fim. AUEHER—MNREWAR. THENGHBEHZZHEM, 1EIhk
L, EMSERZRT SRR T REREH ORI, RN RN =D R
B, AMEEHBASENIEEL, HE WERATEIRE ¢ MEETH ec; HRK,
AR S ROBUE BB R SRR R R R R, SRR MAE W F b GO E

BRETAZHORREROBRAGE, RENET A RENREEMLNER—
RRE. 5%, THERWEMAUGINREEFNFERNIIE. TRENEHARESR
BRI RLRIGEE, WX ERBEEBET —ERAUHTEEN T, &5, @HENEA
WEWD REBTEHAN, SRELCEHEEEAR, REFENEMRESHA, T8
TUSRBCIACRA, el AN B A it B, oAb R B BRI TR T s O - ik
-ELE,

B 7,01 e A e 28 o d
FNN i A R T
P=[e ec]? _ .
aff) =expl-(W;" - x; +bi)?] (1.15)

a =al) - oY =expl- [WY - 21 +5m)2 + (WD - 32 4+6m)2]}  (7.16)

49
u=Wa - A® = L a® - W (7.17)
k=] .

Heari=12; imn=12,,rl; k=1,2,..01 x rl, r] HEEIFOHR,. WEREE
R PR EEYY, T E R A RE - ik - L ARy M IE SRR o B R A
BB Lo, BT, 2E NS XA AEREEE W2 R RSB fgs &,
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MR HERZENREENSH—RBBRNBRAOCE, DRENMNELR THE
PSR E, XHERE AR EMS E¥ . HERANRGBERRMAEN, Wk
PAEEILA R ZEERBROENT.
EAEEENNEETERERPRESKAR LEHMAXER, MEMZMEIR
ﬁ*#&ﬁﬂ!&&ﬁﬁﬁTuﬁm ﬁuﬁﬁﬁﬁﬁ%&?ﬁﬁuﬁfﬁﬁﬁﬁﬂi |
(1) (15 emsE
ﬁfﬂKﬁH HOS)AFEFANRHERBBPITHR BT gavse.m #§ MATLAB &

¥t
function a =.gause(n',:b) - % VB HTAER BRI
% | , | '
if nargin < 1| nargin > 2 % REBWARBEAMRAED LE 24,
error(’ - Wrong number of arguments.’ ); % ENSHERMAEAR n iz
b!
end % KR ANMRIRE B Hi4s.
if nargin==1
Z=1,
else

[nr,nc) = size(n);
z=n + b*ones(1,nc); o
a = exp(-2.%z); ' % TH T TR R R R
i = find(~finite(a)); ) '
a(i) = sign(2(i});
end

{2) (L1e)A sz :
(116X B P AFITRERNNEN, H#tﬂiﬁ?ﬁﬂﬁ&ﬁﬁ}?ﬂﬁ P RE
R—/> MATLAB B¥ULEHA: multim, EEHASE ecc EEFEHIMETRBEN
i A MTIgE,

function uc = multi(Aecc) % EHESWA. BWHEEY multim. Aeec. uc
.

[ps.pql = size(Acec); : % R H A BTSN

pn =ps/2; % REFBHATENNE

pe = [ eye(pn) zeros(pn)]* Acec; % BRI R TR %
= { zetos(tempn) eye(pn)] *Aeec;
pcc pec L A
pa= pe(; 1)*p60(1.=); % ITHEMEFTH
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Auc =pa(l,); % HIYE Auc BB
fori=2:;pn
Auc = [Auc pa(i,:)];

forj=2:pq % HF Aucj &R
pa = pe(:,)*pec(j,:);
Aucj = pa(l,:);
fori=2:pn
Aucj = [Augj pa(i,));
end
Auc = [Auc;Aucijl;
end

Auc=Auc’ ; ' % Lﬁﬁéﬁ%%

end

B, (AT R AL AR purelin.m 778, |

B SR 701 R AR T PR 2 8 217 PO B AR AL VI 5, 7 85
MR BTGNP EIERREN, E N RENH R E B,
EAMENREHNE, BARMNGEHESREBTR. I THHENSREERTRA
Vih, REBEHEMERMNE, TURAAREEMENSESHEHRER, FEER
HAREREBTER— M ERHASR, B8 THRRE— SEHA, USEWASH
KRG s 2 £H T 5 BME BT EN R A e C B S B T SRR
g, e
HTHREHY, DA RETEEIR, REA BTSSRI,
BN B AR R B 7.12 BER.

[ .
GNFC P
o Sy

B-7.12 RUeRESHE
SR AGE T B0 R R NNP DS LR T 2B BRI,
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742 BEENREBAMIZ

B HE— N AA R R R EA BTN BRI, ENR AR AR
R ESHE AN 7.13 FoR. :

% +17 1 W
t _ Js

B
H7.13 BEERBETAER

B 7.14 B:RRET A B R AR ALF A R . AT LB A PR R H
IRICEER M. FLIRLRYEREIR D IR AN 7.15 Binig k.

1 r . r 1

tol"que(_li m)

o 10 | 20
timefs)

B 7.4 BETEARA 7 K

B 715 BIERHRA

AT RS RERANEN, YRASEGHITTENIFREHRMRE, FUHTHEN
FHEH B ESBHENGER SRERERESHRTRERN, SRHIBARNRERRE
ARG E BRI ESR. SRRITTRAATHEMNSETERENRIEAM L
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PRIV, O T RAREEHA, BRAT AR S R R R 2,

W P BRE H 20 BRI R S BUAARMBUE R B R R IERE MRS TR, INE 7.16
B, MEHITRRR: | .
0i= f(W® - P+BO)=F(Zw - xj+51), i=12...5 (7.18)

ak) = f[ Zu o +5) (7.19)

u(l Tt

- P

B 7.6 TR A TR EEAE

TEEATH A B R 2 AT, A S PR T R AT M A B A -m
SO A S AR oR SOEE I A R B A E FRA B, TR R R RS B
ERRRAERY. ERAPIERAREAN Y 0.005 £, REENTE N 20 8, XA KB
4000 B RAEBOE, AW TFRENSREERHENEEHYEE, —2RE0HE, _2WE,
DERIF FRGELMALE. FHTHEE 7.14 PARGBNEELRNEA / il e
A datap.mat 1, Eodg AZEE K inl , S AEE A ol . BAMATRESS HER L3R E ( H
B 7.14 FERELMEASE Nm ), AEREATERENT 1, ERFPRERT —MRE
&ﬁ%%&%%%ﬁﬁ%m-2mwﬂ0%mww)Tﬁ%&ﬁﬁﬂﬁ%ﬁA/%&%ﬁ
Eﬁﬁﬁr B4 A plantpv.m -

% plantv.m % B

% &Eﬁ%ﬂfﬁﬁ)\ﬂﬁmﬁﬁiﬁﬁ

%

clf reset

pausetime = (.1; .

load datapv.mat % B inl 1 outl :
k1 =0.000024015; in =inl* kl1; % in1=17000%sin(0.2*pi*0.005:0.005:20);
out=out1/2*15; | % FHEAFRANE 16 D/A IR, ..
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% ' . % WA 1205 BHEIHREIE L U.ﬁ?

X11 = in(1:50:4000); - v - % F 80 MEIEN

X21 = out(1:50:4000),

P=[X11’ ;X21' I; % RIEE 7.16 HE LR SRS AM
Hi %7

T=X21"' ;

plot(P,T,’ + o % eV

title(’ Training Veciors * ); xlabel(’ Input Vector P/ ); ylabel(" Target Vector T’ ); pause

[R,Q] = size(P);

[ 52.Q] = size(T); , -
S1=5; | . % RESAHMRETA
[W10,B10] = nwtan(Sl,R) ... % RAN-WYIBREH

W20 = rands(S2,S1)*0.5; -
B20 = rands(82,1)*0.5;

plot(P,purelin(W20*1ansig(W10*P,B10), 320)); % SRR IE T A AR E
pause2(pausetime); % WEEENE

hold on % REEBARBER

h = get(gea,’ Children )

h=h{1} '

max_epoch = 2000; L " '
err_goal = 0.001; : ;

Ir=0.01; - Ir_inc = 1.05; Ir_dec=0.7,

etr_raﬁo = l-.04; D : '

TP [dlspu_ﬁ'eq max_cpoch err_goal Irlr_inc Ir_dec err_ratio];
flops(0); Yo R H & P R IR (& H kAT BUE I8
[W1,B1,W2,B2 epoch,TR] = trainbpa(W10,B10,” tansig © ,W20,B20,” purelin’ ,P,T,TP);

totalflops = flops; % LATEFBRIIGERH1EE
delete(h)

h = plot(P,purelin(W2*tansig(W1*P2 B1),B2),”. m* ); pause % iighe5 R E
hold off -

plo(TR(2,.)); pavse ~ % %3 EHIDRER
ploterr(TR(1.:)); pause % FEIDFHR
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barerr(A2,T); pause % LiRERTERAR
SSE = sumsqr{T-purelin{W2*tansig(W1*P,B1),B2));

forintf¢’ \nFINAL NETWORK VALUESn* )

w1 -

Bl

w2

B2 - L
save plant W1 W2 B1 B2 % FERVISE IR

fprintf(” Trained for %.0f epochs\n /. .epoch) % #Hies
fprintf¢’ Training took %.0f fiopsn . flops); _ -
fprintf(’  Average of %.0f flops/epoch\n / .round(totalﬂops/ﬁpoch})
fprintf(’ Average of %.0f flops/cycle\n ' round(totalflops/epoch/Q));
fprintf¢’ Sum squared error goal was %g\n’ err _goé]);'
fprintf(’  Final sum squared error is %g\n’ ,SSE);
fprintf(" Trained network operates: / );
if SSE i< err_goal

disp(" Adequately.” )
else

disp(’  Inadequately.” )

end

YISE/E B8 IR 8 5 KRR RGN L R T 7.17 B,

o | 10 ™
BHE ()

B 7.17 BRIEAIP SIS KRR




743 FNN =% 28008

— BN A R R SR AT RS, MR AR R B 7.12 BRSO I0 2 s v i i
FNN #2838 17 M4, i FNN AERE—MEEi BRI, LR BP S5
SUEEAHLE, A TRBMEVSEEE, FeB4BARSRME, SRBEGENRER
HEAT AR IR, JH MATLAB &F L,

BB STPRRAT R S TR M S M R AT, SEE R R e
A R UOR B A AT IEAT I, LAFSRB BRI #5 ] P ek AL S 1 R R i L
P AR R, |

BXAGFRERHAME, BTREFEURKENSE, REATRSE, HEiks
ABHRER B FHRFHET, HRUCRRTFHE, BRENME. g N MEER
FiEE. ﬁrﬁﬁ%mf%mmﬁﬁm%xw%%mmm2§m¥ﬁmkax B

Fi= z EX (k)= }: [yd(k) ¥i (k)] . (7. 2b)

HE, i=1,2,. wm-a*mwm k%a/f\f*ﬂr‘ﬁfkﬁﬁﬁ mwmaw%&a
ﬁ@&mﬁﬁ%Aﬁﬁmﬁw

ER RS B B, mﬁaxw+ﬁ$$mﬁ@ﬁm£ﬁ,#uﬁmﬂﬁmﬁ
KA, DRSBTS RIBHBRNSEE. DT HREENSRER, 7rHTThEg
BT, ERBAESFHBEREEHME T —RF. BEZI, G ESK—ENE
BIFR#AT S — AR E 8, D RIN-ME, EH I s e, SEfe
TWAHEIE, SRAMES S R AR BOFAME, TR SRS T,
EABIA B, (L R MU S AT BB A B BT, M
BE—R BN ARBE D P — B RBCFATFIRE GA PAE— 8 LN, BNEY
THMBENAE, ETEIEREE, BN, BRI, BT Lt B 1
. CAMEEEIE SRR M BR P IE S ME, R ERAMSR IR S 005
AE41E 0.12, |

T BB FRT DUAR ST A9 35 B A R VE T AR AR AR R, Bl MR B B
K 05712 71-12327], MEGIA—RHRBETE, BESMNGHT IR, BRENR
0.5[327)f0-1.2712 , #AJ5E B RIBM UM BRI BN, 10 “2 7 , 7 05327 &
~1.2712, R <37 . WBRF—RMERRER: 05337 10-13713, BRBAER
BRBRE. RRBEST - RTABAZLN, REERE T RS,

EENRENVGT, ZRHLRAGERERTORAGYE, BORERs IS
B EdR, FERFPRE T —MUETIRERE C MRS E. RAREERS
1T FNN 5 S E IS B T,

% fnnga7.m % BIF%4 _
% RABBEEENGESE 7188 BHE FNN SH SRENERF
%



clear
pausetime = 0.1; o ' o
load plant.mat % BB RMERMEANASE W1, W2,B], B2
k3=1.; k4=1; k3=1.;
fn=7; ns=fn*4+fn*fn; % B 7 MENRCHEMEPR LA S HE ns
T = 0.005:0.005:20;
in = 0.6104*k5*sin(0.1*pi*TO); % 20000/32768 = 0.6104
_ % PRLPEREME B AREE
T = in(1:100:4000);. % IR 40 I BGHATIIE
[52,Q] = size(T); % IRk
y=[zeros(1,Q)]; e =zeros([1,Q]); ec = zeros([1,Ql); P =zeros([2,Q]);
AlQ = [zeros(2*n,Q)}; All = [zeros(fn*fn,Q)]; A20 = [zeros(1,Q); A21 = [zeros(1,Q));
SSE = {zeros(1,N)]; WB1 = [zeros(N,ns)*2];
NWB = rands(N,ns)*Z ' '

N=50;, - o % BURRHE
forj = 1:100 % FFIEEZE 100 KMt {& 4k
S8 =0;
fori=1:N, %K S0 R B

W10 = [NWB({,1) 0;NWB(i,2) O;NWB(i,3) O;NWB(i,4) O;NWB(1,5) 0;...
0 NWB(i,6);0 NWB(i,7);0 NWEB(i,8);0 NWB(1,9);0 NWB(, 10);...
0 NWB(i,11);0 NWB(i,12);,0 NWB(i,13);0 NWB(1,14)];
B10 = [NWB(i, ! S;NWB(i,16);NWB(i,17); NWB(i,13);NWB(i, 1 9);NWB(,20);...
- NWB(,21);NWB(i,22);NWB(1,23);NWB(i,24); NWB(i,25);...
NWB(1,26;NWB(i,27;NWB(i,28)1;

W20 = [NWB(i,29) NWB(i,30) NWB(i,31) NWB(i,32) NWB(i,33) NWB(i,34)...
NWB(i,35) NWB(i,36) NWB(i,37) NWB(1,38) NWB(i,39) NWB(i,40)...
NWB(i,41) NWB(i,42) NWB(i,43) NWB(i,44) NWB(i,45) NWB(i,46)...
NWB(i,47) NWB(1,48) NWB(i,49) NWB(,50) NWB(1,51) NWB(,52)...
NWB(i,53) NWB(i,54) NWB(i,55) NWB(i,56) NWB(i,57) NWB(i,58)...
NWB(,59) NWB(i,60) NWB(i,61) NWB(i,62) NWB(i,63) NWB(,64)...
NWR(1,65) NWB(1,66) NWB(i,67) NWB(1,68) NWB(i,69) NWB(i,70)...
NWB(1,71) NWB(i,72) NWB(i,73) NWB(i,74) NWB(i,75) NWB(,76)...
NWB(,77));

B2) =0

CW1=WI10; CB1 = BlO; CW2 = W20; CB2 = B20;

% HRAFRZREBA SSE1
[SSE1,y,e.ec,cm,A21] = errsqr(Q,T,CW1,CW2,CB1,W1,W2,B1,B2,k3 k4 k5);



F(i) = SSE1; % SRE—HIENEE
ifF(i) < 0.001, j =j-1,breakend % 24BERE/NTHER 0.001, #&1E3FH

S8 =388 + F(1); - ' - % 3R 50 AR EEE R (EA
end
% BRE
AF = 8§/N; © % K S0 ANFBEIE Bz {E R T 4HE
n=1; nn=1; minl=0 m = [zeros(1,N)); mm=1; min=1000;
fori=1:N, % FHLITF S0 MpEEP/NTTEERME AF MK
dif = AF - B(i); - S
if dif »>= 0, : .
m(n) =i, . e % R M LTSI
n=n+1; o ST
minl = F(i) - min; % FRERLBLE/NERE -
ifminl <=0, min =F(i);nn=1, end % FEEFSREE nn, HERTFE min
end
end
plot(F(1:N)), % AT 50 MERE R AME
pause2(pausetime), - : s ¥ ' |
min % @RENENENE

ifj=~mm*5,nj=j % &5 REA KRG BEEERCENIER
plot(fT*  y’ 1), pause2(pausetime), plot(fcm’ . A21‘ 1), pause2(pansetime), mm = mm+1;
end e : , .

% ZEHBRIE . .

WB1(L,) = NWB(mn,2); % HARBRAEHE | S
fori=lm-1, % LR P T FI0E R E NN 2 SRR S
WBI(i+1,:) = NWB(m{),:); : . ' o
end : '

if n > 3*N/4, s = 3%N/4; © % REBUNT s = 3N/ AMEEGE TR
eise s =mn;

end

forizsN, % FIEEALOLANFF MM
WBI{i,:) = rands(1,ns)*2; : .
end .



if j <= 30, intwb = fix(WB1*10)/10; % 30 {RATBURE 07 R £/ P Y AT —
else if j >30 & j <= 60,intwb = fix(WB1¥100)/100; % 31~60 FLEUR AN FRIBTRIL
else intwb = ix(WB1*1000)/1000; % 61~100 {XEURAE/ MEH AT =142

end
end
poiwb = WB1-intwb; % SRAR(ETEAR F A A RN EER Ay
NWB(1,:) = WB1(l,:); % WARRBEMEEEFNBT N
fori=2:N/2, % 2 %8| N2 5 N-1 B N2 - 1 B3R (8 B E R .
NWB(,:) = intwb(i,.} + poiwb(N+1-i,.); % FH4I7%#k '
end ‘
fori=1+ N/2:N,
NWB(,:) = intwb(i-N/2,:+poiwb(.:);
end
% A HERAE
if j <= 40, jk = N/2; % R RIFE
else if j > 40 & j <= 70, jk = fix(N/3); % W8 25 MMERER—IEKE

else if j > 70 & j <= 100, jk = fix(N/4); % & 18 F 12 MMEAETR—K
end

end

fori=5;jk:N,

k = fix(rand*10); % FEHUEL—/ 9 DI

mul = num2ste(NWB(i,:)); % AT E AR AR E IR S REAL
mu2 = strrep(mul,’ k7 )/ k-17 ) % Bk HEHRERK-1

hh = sscanf(mu2,’ %f’ ) ;
(in.im] = size(hh);
ifim <77, NWB(i,:) =[hh 0.];
else NWB(,:) = hh;end

end
end
end
wbg7 = NWB(1,:); . % BBAERE
save fanwb7 whg7 % BIEERFEAXMH finwb7? F
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M EmBRFFTLES, @R TR MR REARRERELSF SSEL BT8R
Frio errsgrm . XAMEFELR EETRE T HERLERET I EEAHL, BARERRLE
HEH B, EAARMKREERLLNRBIE, RREETHEL. LEFHRNT:

function [SSELy.e.ec,em,A21] = errsqr(Q,T,W1,W2,B1 PW10,PW20,PB10,PB20,k3,k4 k5}
e(l)=rand*. 01, ec(l)=rand*.01l; P =zeros([2,Q])%

fork=1:Q, o
P(.k) = [e(k),ec(k)]; % HERARE
Al0(:,k) = ovensig(W1*P(:.k),B1); % 113 FNN 42 R 48 F il A20
Al1(:,K) = mult(A10(k));
A20(k) = purelin(W2*A11(.,k));

A21(K) = A20(k)*k4; % BB B R T IR AR A
if A21(k) > 0.7869
cm(k) = 0.7869; % 32768%0,000024015 = 0.7869
elseif A21(k) < -0.7869 % AP LR B R EMm
cm(k) = -0.7869; % ARFE S R M FIE
else
cmdk) = A21(k); % FARFINHEHHEE A21
end
xp(:.k)=[cm(k); T(k)]; % HEWEXNEZMEHARE
y(k} = k5*purelin(PW20*tansig(PW 10*xp(:, k) PB10),PB20); % i B EL#ilE
E(k) = T(k) - y(k); % TR ERHDIREE
ectk+l) =etk); % WERSET —HARNREHE
e(k+1) = E(k)*k3;
end
SSE} = sumsqr(E); % 1+ﬁ£%ﬂ@ﬁ% T

MEREHIE T MR BIULALG # FNN AUH, XE—NEE 77T S EMAT WL M %,
MR RARI RIS, B 08 A0 74 b U R FE MR IC BB B 7 AR TR
BUERA, THRERE BT OHAE. XBREEHEAMRAERET, FT8k
AR TR B2 ) P 4 R S B o B 0. RATADIE PINN ARG 3 B 2 iR T8 F Rk B
FIERMIRICBORTIE M. IBANARBX N EMRERE? THEAAEEMEREE
AX—HEN.



7.44 F SCNN R4 HUR i M S5iksexttL

WTEREF T MERRICRERM e M. £ 7T ANSEP. B 28 MUEMM
ERFAFMANKRER. BT A A —HBIRERE e 19 7 MUEM 71
RELAR, HEEAFRENEUER ec 7 MER 7 MiEE, HERIFHERIE.
#EH SCNNHBARE P . EHEMTSBEEA S, BABKREN =500, #HLEHE b=

9 . EXWARED ARG, FEETESFSERIIE, g% iRBERMNE
ARBEBRE-RBUZNBOGARBRENER, FHORSHEGERFE S
MATLAB REFHMHER S TREAFTR, Hre 28 4‘&%%[7%?)\%%&@&9{]&{5%
MEFA R SCNN W A Kt P BIFERE ) peec7.m: '

% peec7.m % LR

% ¥ FNN W45 {H W1 il Bl %7 i B PE f1 PEC

%

load fonwhb7

NWB = wbg7,

PE = [NWB(1,1) NWB(1,2) NWB(1,3} NWB(1,4) NWB(1,5) NWB(1,6) NWB(1,7);

NWB(1,15) NWB(1,16) NWB(1,17) NWB(1,18) NWB(1,19) NWB(1,20) NWB(1,21)];

PEC = [NWB(1,8) NWB(1,9) NWB(1,10) NWB(1,11) NWB(1,12) NWB(1,13) NWB(1,14);

NWB(1,22) NWB(1,23) NWB(1,24) NWB(1,25) NWB(1,26) NWB(1.27) NWB(1,28)];

end

Mi#ITER BB LTHRE ¢ SR EME ec 4+ HILH, —Fﬁﬁtﬂ_ﬁ'ﬁiﬁﬁ
HiTERFHKNER compet7.m :

% compet7,m - Xk
%
clf reset
pausetime = 0.05;
peec?
P =normc(PE);
[R.Q] = size(P); § =5;
% WO = randnr(S,R); % E LABEEYLAT S E
WO0={-0.7591  0.6449 % —HBITRBHEE
0.9988  -0.0482
0.7080 0.6982
-0.7067 -0.6585
-0.3425 0.9340];



plot(cos(0:.1:2*pi),sin(0:.1:2*pi),! -’ ) : % fESAXRE
axis(" equal’ ) '

hold-on

plotv(P); : ' S

h = plot(WO(, 1) ,WO(,2Y ./ ./ ) : % PRI R IR
title (' , Input Vectors (lines) & Weight Vectors (+)’ );

xlabel( P(l,g) W@G1) ) -

viabel(" P2.q) W(3E,2) )%

disp_freq=10;  max_cycle=500; Ir=0.05;

% EAVEEBITE S FR IR G4 TP = [disp_freq max_cycle Ir];
% AR W =traine(WO,P,TP);, REF THIRFIR

W =W,

flops(0)

LW=W:

for cycle=1:max_cycle

% PRESENTATION PHASE
q = fix(rand*Q} + 1;
A = compet(W*P(:,q)); % FF
i=findA==1); - % | FA B H A8 AR N BE AT BB R
dW = learnk(W,P(;,q).i.Ir);
W=W+dW;
temp = flops; % BRVIGERE
if rem(cycle,disp_freq) =0
delete(h)
h=plot(W(,1Y W(,2) J + )
LW =W;
pause2(pausetime},
end
flops(temp);
end

totalflops = flops;

pause
hold off
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fprintf(* \nFINAL NETWORK VALUES:\a’ ); % SEEBRGEHR
W | .
fprintf(’ Trained for %.0f cycles\n ' ,max_cycle)
fprintf{’ Training took %.0f flops.\n ’ ,totalflops);
fprintf{* Average of %.0f flops/cyclen * round(totalflops/max_cycle));

YE = hardlim(W*P-,90) % ﬁ&ﬁiﬁtﬂéﬁ%

ﬁ?&ﬁﬁ%ﬁmmﬁé,H%Htﬁﬁﬁ#%EEPE&%Hm EFETRE
¥ BIVET SR £ R,

E?m%&T%%ﬁﬂ%iFM%A%ﬁmNﬂﬁ%Q%ﬁﬁE e B R
ARR, ¢ REUELRE, BISHRBIT—ILLE, FURARREERMER,
BERMARRESEERNEE L, B 718 TES, 4HUERRT 7THARR, B
b, S ABUERBFIEE A A, -

Input Vectors(lines) & Weight Vectors(+)

05t

P2.q) W2
=

05}

Pelg WL
" HE7 18 ?ﬂAﬁE!(%E)fﬂﬁfﬁﬂEi(ﬂﬁiléHﬁE

e HE— ﬁmm+ B AT ID I R RN, HBMKTAR3 : R, TR
E, TMAESTRVIGIE Hi A TSI S B T 4 AMFIDI H T EEXAME
K, FIRPNT R, ARH 3 MEOMERE RSN RGBS T UGt B
FRABGE RIS R LM A, RENE, RibITYIEMEE, RERkE SR
E2H, WHEKERBRESEHARZES, B 71980 TGS FEEM—MER: R
SHRRBRENSEHA, MH BB LR RENUEERENEE, B 7.190)/ 0%
FIREBIARIS N 4 M 7 AR R R L. RS2 UEH, FEREUL MR,
BAFE—RTRNOSRBBEE, HRR R AR IR T B A e TE AR P e
1. LEMEICECH 38, BT —AME TR, RETFHAT ARSI A
Rtk BRUBRABE. WE 119@FTAEH, e hHE - PENTHREEY. &
MEERFONERER, FUEERERITHEEE MY S, M UEiRosh 4 o,
WE T9OFR, — P ARMRIEEEERS, SAERSHBRER. SWEAES, B
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PIRERHER, SEMRCRET 4, WAL ROFR AR HHE 3T TREIIR R R
HMHE, BEIMIERE, BIEREE R “HHK” . HEEET SCNN HYIZRMH 4 4%
RIERBAE. o :

“\'1.

() rl % 3 RE RO E R
1

1

]
22

©rl A THOSRER
719 HRRER

AL SONN MEAHNERS, MRBEUNIBRIITICNIE. RE. B 4 MEHIT
IDERFHA MR N, FEET R B R AR R R Ik MR

B 7.20 VR R R AR S NSRS AT, SRBRAGSHRE, X
. E7.20@08E SCNN MR EBNERR 4 MAREAF 7 MR AR e R
BT ARNTLES, RRHER, RGN 1000 /4540 E 7.2000) KW RERE,
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YRR IRAE B/ i, BB he ], E RO EA 4 MEMIRIZE FNN &
HaEHRE. NEFFTUEL, HIMENEEATELARARERAG SRS, XK
#: WETURNGEE, RATERR/NMEMRAEER, FOSEEE DT 4 5, EHE
ZRSEHEARREFHITE. FRLUITTLIR, 8583 SCNN B IEFT RS AR iC 80T
HRRIR R RB L RSSO RERA RILLH SAE.

0 10 20 30 0 0 10 20 3 0
(a ' O]
120 HAGSSARFEFE THERHESRE(QSRESSD

T R4 A REBRIIN 4 BRI 7.190)F H SRR MR,

% msfdm - (figllob) S XL T
% S BA 4 MENHTITHRE BRI
load fanwhd % B{FNN4RIER

T0 =0.005:0.005:20; _ ' '
in = 0.6104*sin(0.1%pi*T0); - % 20000/32768 = 0.6104 4 BB IREE
T = in{1:100:4000);
e =-2:0,05:2; [n,N] = size(e); ec=e
P =[e;ec]; :
NWB = fwbd;
i=1 .
W1=[NWB(,1) ;NWB(i.2) \:NWB(i,3) O;NWB(@,4) ;NWB(,5) 0;...
0 NWB(,6);0 NWB(i,7);0 NWB(i,8));,
Bl = [NWB(i,9).;NWB(i,10;;NWB(i,11);NWB(i,12);NWB(i,13);NWB(i, 14)....
NWB(, 1S;NWB(L16)];

W2 = [NWB(,17) NWB(i,18) NWB(i,19) NWB(i;20) NWB(i,21)...

NWB(i,22) NWB(i,23) NWB(i,24) NWB(i,25)...

NWB(i,26) NWB(1,27) NWB({,28) NWB(1,29) NWB(,30)...

NWB(i,31) NWB(i,32)1;
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Ifun = ovensig{W1*P,B1); % R B
plotelfun(L)), % 4R KR R
hold on ' :

plot{e,ifun(2,:)},

plot(e,Jfun(3,:)),

plot(e,lfun(4,:)),

hold off,pause,
plot(ec,lfun(5,:)), % 45 R R TR HE
hold on

plot(ec,lfun(6,:)),
plot{ec,lfun(7,:)),
plot(ec,lfun(8,:)),
hold
end

B — 5 BRI RE LB DU 3 AR IR B SRS R O R W AL T R EAST .
7.21 %4 T S R R R R R TR Y PLIT RS, ERABAGSERTHRE
R, HF, SEARERES, RAAE/OMN. APTUREMEL: BR PLERRMTH
BTHARFERE, HEEIBETHFEATRENERKMEERINER, X REDR
FRET BAELE S 180 HARE, TMENLERE 7200)F A LAES: KEKRE
AENE M 40 3. BB/ FNN #H#80RTERERSZ L. AR,
RITWFIFCIXE] T FNN B H KB T HEHSSHRERKYEN.

200

0 10 ' BE
Bxf ] (P )
B 721 HHARHEETE7.20@8AESNRERE
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BN
5] €3 x X
errsurf HHRERDN
maxlinlr SRR I
presflop R AEERNTER
. 3 EM
g & ® X
deitalin %t pureline 16 E#
deltalog %t logsig IS BB
deltatan I tansig 610 BRI
getdelta e E R ED & R
it E
EE g X
3 0.1 vehop ﬁiﬁ Ck-attane
solvelin %EW‘#’%‘&#
| AEEN
RN B’ X

awlog SR AR S RIS RN N-W BEHLIK

nwtan STEAIEY S RS iR WA & T N-W BEPLE

randnc et 13— 4L FIREHL K
randnr P IR— A TR
rands P AR
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i

P2} €S B X
rorme PR —LTIERE
normr HRE—ITERE
© pnorme HH 3 — LR ERE
Sumsqr NE. Rkl
RN
o & B X
learnbp R &2 3 S
learnbpm A A T My BEEER . i (7 ) B
learnh WA= AR
learnhd #H B AT R E RN
learnis P B2 S AL
learnos SHEF BN
learnk BEREI NN
learnp ME2EE ST
learnwa ¥ - F 23
BERM
R E B2
neighbid — B4R B AN
neighbld —_HFRRNK
BoEHE
RNE g X
compet ﬁ%ﬁﬁ?ﬁﬁﬁ
hardlin 1 R IR
hardiims e A T L R B I
logsig %t 8§ S BUEA AR
purelin ok S
satlin HANLR e RE A
teasig YIS BBERK




EE g X
barers HFMHEEERFEER
hintonw L5 REF A RRER
hintonwb LW B P N E AR R
ploterr SRR RE SIBRENXER
plotfa £2 0 B PR S M A o Y B
plotlr SR S S SRR R E
plotmap SHETERGEREKNIEERE
plotpe S B B R R LR KB
plotpv £ B8 RIS 15 SRR R S
plottr PSR REIDR UK BEN IR
ploty 06 T e BRIRLE PR BB K IR
K
EHE ' X
3imhop EXEREMENE
PRl %
73 B X
trainbp R R HERIIG
trainbpa TR W0 3 B R S 8
traitbpm R BB RS R R R YR
trsinbpx W RN Eh B B E R R 4
traine LU
trainfm Pk caea:d]
trzinp P B A5 ) 1

trainwh

R A ¥-H R0 s ISR
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