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A New Method to Estimate the Generalization Error
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Abstract: The constructional leaming is used 0 determine the architecture of neural network: such that the network holds a
satisfactory generalization. This paper considers the constructional learning in the case where the traming set is randomly chosen
from an input-output space. A new cbjective function of constructionsl leaming is presemted, It is illustrated the reason why this
obja:tivefmx:tionissupﬂim'muthcrflmcﬁms.Theleamingalgmiﬂmforﬂﬁsobjwﬁveﬁmﬁmisalsomﬂyud. Finally, a
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simulation example is given to show the efficiency of the method presented in this paper.
Key words: aritificial neural network; generalization; constructional learping; stochastic set

1 3| & (Introduction)

ER-IHEASRHHETEGTH MR —
¥ itk (university) 713 46 88 77 ( generalization) . — Bt
REATIHESMEIERE FOELRY . ZhiEN
HAR T AT HSRSEES MEAMB S E 3
A A Y e 5 M P B A B4R, 32 1L BE
MEZER—AENEENER, EERSARBHE
1.

FEEUEATEEHAER. - RS0
W, —EMSKIISEE. B2l B RE
Bk & b A B S = A X B IR (over-trainming ) , B
HAKAMZ RN MRRESY EmRmZkeEs
FTENBAMEEHET SHEITEALHRN
B 3% (pruning ) ') 145 # 3 46 3 (growing )10, X 9 &
BREDEX— RS HFERY,
REBMEIRBL DB LI ER. CLRUY
~ SR 3] B AR R SR RS S
kER, AP HESERARSS, B—FEY

BRI N A EFBR TR AR
R ER E BT —MFEMSEABIEXY
BirEE , HEITR T XM AR ER MR RN
MAFINE.
2 HERNZRLENE ) (The stuctural leam-

ing of neural networks)

1) EEAHE.

R EMERBETHEBEN g(x):X— 1, X
c R Y cR™ g(x) RS H Z BT MR FIE,
BRMA y = yy+n=g(2)+ n.nHEEASH
N(D.o?) Bz € X WHEHNTE HEFEEHD
olx) KX (2,y) E X x Y, HEEN p(2,y), B8
AUBERARXB p(a,y) = p(a) » p(y | )N,
Bhy =glz)+n, FEL

plylx) = 1/,_;:_“'c_ae:r.}:ti-- ‘2‘10—2[3’ - (=),

(1)

T

= X2WH & XOWS TR INER A RPE RS (69874025} FIFER) .
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plx,y) = p(x) - le—me:cpf—z—;z[y - g(=)]?].

(2)
MBRMENEIRERE D = {(x,5).i = 1,
2, ,m| BRE px,y) T X x ¥ HEUEM.
MEMENELEN —REEREEER,
Ff(x) RAMEBMBREHEL, KB v I
AU, BB LIRS E, KX AT,

ELf()] = [p(e. 9y - £ula) Payds.  (3)
2) MBREMERED.
ZEWHBRAE -1 REENHENES Y. W
LRENENEIRBRETBRENBSEHB TS
Hao B, ENEERLIRBERELEREN
HR/ME .

EXREHENEIT REER F, = {f,(w)]
MZ R E By BN EXPMRME P S
W]?ﬁlﬂéﬁﬂ‘ﬁ.(w,x) R bR 2 Ez[f,,(w,x)] BT
FOO) By = inflE,[f(w,x) ]} BXE, &1 TF(3)
AAHRQEY, WWELBE £, EE BB P
BAE p-LMS BIEBEH wp, 1B wp ZAERRAE
w® HEBREL £, (wp) B AR SRS H F, HE 1L
ST EHEITY,
3 —ThERANIZILIEER(A new criterion of gen-

eralization )

BT WBRAE A AR A0 BN B S 1LiR
= 0BE, T X RBEEH F, B GRE N HE

-] 1

' Er =E[Efi(wp,z}]] =

[patson) + Effwp, 2 1dmp, (@)

KPR E,[-] oA FREARMERE.

ATIHHE EF..’ BHHERE p,.(wn), (xis?'i) pok:d
XE HEHEESTNH NO,0”) HEEVRE o, B
BA(x;, 3 ) MO FAUE w0 89 S50 70 R IEA 434, B
HEEHR

plx,y lw) = ﬁtﬂp[— 27:10’..(%0,45,-) - Jﬁ')z],

(5)
IE]E’EE = [x:']mxlrl = [y:']mxl’ﬁ#:rﬁgﬂ = K"'il
yi)oi = 1,2, m| N TFHRIE w BEEREN

plx.y | w) = f[P(xe-y.- | w). (6)
BRMBREG TR 09 (w), MEEN

FREIRN D = (x,7) R

(w!z,7y) -P(""’E'I) _ plz.x | w)*p(cn(w) i
R T e T e T
P{m(w)' f[p(x,-,y,- Pw)
N )
‘[.,P{O}(W)I Hp(x,-,y.- } W)dw

(MDEARBRTHATEMHEELAE D = (x,7), |
H wp B30, 8 £ R, —BHA WA K
XA R e, B Ik, 2 L8 BB R AT R
N(O, K}, & — A FRAE SRR W I e B A B 2K

LB f(w,2) BELRE E (£ (w,
=)} B R B R A8 N D Akaike {5 8
FHE B (AIC) . B S5 TR MR £ B (FPE), Cross-Valida-
tion %, XE R FPE 7k, MAHA A& b L%
JREBY Ep(w) , BEHERE f,(w,x) BEZk
WEN:

1L, N+d

ElfiCw,2)] = % v~ Ep(w), (8)

APH N, d R AEIREXLABE, ENE
B M TF—TPMEERREEAER ELRNRAL
HE R EEITHELRR:

Er = #* ;gj j_I-wPu(wn)En(wn)dw. (9
EAPHRAZRERCRMEA RN, AT, M5
FHROZARE B ZALHHES.

4 {#F(Example)

B BEIEEEHA: g(x) = cos(z),xE[-5,
SLETHGHAINEREAES S, FEN
0.2, LN E. BEHN 10T ARG, MH
gk TR ANBERETBBE R 2GR
¥ . HEIWNESnBERN 2081 R PHERMEMN
EARERFALR(9BIN . HPBENAHE
k6, ZRERN, X FXA B FE, M
HBREHREE 6 TREN A . REHTSHE
3 .E@ﬁﬁm%%ﬂum 1-H 3R

% BERE
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Fig. | The approximation of the output of the
network with 2 neurons in hiden laver
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Fig.2 The approximation of the output of the
network with 20 neurons in hiden layer
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Fig. 3 The approximation of the output of the
network with 6 neurons in hiden layer

5 %3 i¥(Conclusion)

AXEBT -LRTHMEEH, BRETFH
A AMAREHLLE B T8 B e R R .
A - RN LRSI EIRE SRS
¥ AiR 2 m I SR A SO L, IR G A Y
AR XARE AT TR TR MR, R R
ERER T, TREKEESSF.FAXI4F,
AT LA B SR RS LR 2 T AT A — M B
ik X HIA I ET LR IR SRR ek
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