2000 4£ 12 A
F2HBH 128

HhETREM Y

Engineering Science

Dec.2000
Vol.2 No.12

T R 22 T M 2% 1o T B ) et

fT# %!, BAM?

(1. AFXRAEIRFRH, L

(=]

100101; 2. EMEMK A ¥, X

100083)

XERE—FEEMETER, HEMARSHEA XK REESE, ©RESEAN LH 2R R 1w

AR ERT R, RTFXMIBRMETEY, SHT-MHUST—-ITRENAIIBRRIEMSMEER, PRERETL
BMeuMESRA, IEW T AN M ESEEHE, ETEH, HRENER%,

[Xgia]

1 3%

H M 1943 4 McCulloch 5 Pitts $# H 28— A
THZTME MP BRI A T3 2 50 M 4 K B 5%
BEd T AN S RIRITER . XHARANTE 8
HTILTFBRAEER M HETMEER, 0 Per-
ceptron (RAIHL) 2, Adaline H & If £k #7041,
Grossberg i B 5& M # #1* %, Anderson ¥ BSB #&
L6} Fukushima ) 2\ &1 W # 3 57| Koho-
nen [ B ARG R 41814 45 5] R A 80 4R,
Hopfield i % 5t M 48 # R L K £ 2 BP M #1101 1
HREATHETNEFRIAZEDKEIER. Z
JG, &R EA LR K4 T N 4B RS W IR
BL, W Boltzmannn #HL!'", RBF'), CMAC!"3 4%,

ELARATHZITMEERS, RENBAY
hERRIEXRKE R, MK KRARILAREH
BRI A . R, EWEHREAN. EEYW
2270 2% fil 9 5 1 AR A 5 A Bk o B9 AR X e B A
%, R THE—EHENRALTR, EHEE
RS, KEBRGEWRAATEER ISR,
B — /MK T i R A R g, T LA A K R B A
RAEEL LHFE. IBXRMARE THEMHET
o9 4 B Xof A A\ %) [R) 25 B e PR, 5 ) R BE Ry —
o MENMARESE KRS, mLetEH G, &

[mERM]
[fEE®A]

2000-06-29; #&E HH 2000-09-13

WBRMWEITME; REGERRS; HHERH; EEH

] B AR R AROBE T I RIS R B, IR S
Hm BB T ZEEKRE (BRA), X5HHE
R BB VIMG; ER BT, ZRKEX
R — M AT O — A~ 5 R A SR S AR X ] 5 KT
6] 4 2 B R AL R R &0 AT LLR 258 RA B A
HEE. BAIBRAWANHETMERATHE
TMBTER RSN YR, RE—-BRAUKWATIHE
TCMERA, Fit, BHE R ETMAERKE
IhEEHY, PGB, EIREFRA LR
MBS, EEXFRPXNTRESIREXOARSHE
B B R K H LR AME

2 SREHZET

HRMEITTH M. RAE MG =35 H R
BANBEHETHSEHEME 1 ix. B19, 2,
(£), z2(2), 2, (¢) ALEME T A K E
B wi(2), wy(e), , w, () RH R EE;
K(t)hdBRMaxretERaERE; ()
e %, "TERME RS . Sigmoid %, Gauss B pR
%

AEMETHMASEEZRIMXRN

Y = f((W()D X)) ®K(-) -60) (1)
XE ‘@ Er-EMEzEREGEE, ‘®7 Bri
MetE (SR) REsH. filn

fFH (1938-), B, WIMILEAA, LREEIBHRFTHER, HLESIE



%12 ol B 5t %

1o 7 22 5T M 4% B T B R A 41

x, (D~ (1)

t
HO—2O9 5 () >y

ot

B1 dEMET
Fig.1

Procedure neuron

W)@ X(1) = iw,-(t)x,-(t) 2)

A(t)@K(-):J:‘A(t)K(I)dZ (3)

HP KR, TIEH DT RER. SE— M
Wik K()AN—N—ILiZ ek, EX

A(t) ® K(-) = K(A(1)) (4)
— AR BRRAL R W (¢) FIET E] R A R B (IZ R )
K()¥EZ%, X (1~3) #ARMIRM LT,
HAEZE hmase, #45. AL R 8 k%
M, MZ AR METT,

HE, miERgEE “©" M “®" &AL
HE-REAMEZHE, HlWH max M min, 3 T-
BYMS-BFRMM “@", BRE 0T ld
RIEMBEANAERER, AKX (1, 2, 4) #REW
WEMETHEAR N SGIRMETT,

3 HBENZETNEER

B TSR E Tk — 2 MR IMNS AR
RgFR S B ZITME, KL TIREHEITHME,
i 4 22 T I 2% A BT A 43 i 1) R AN BRI B I 4% . A
SOOI AT ) B R H 2 TT M 4%

KE S — T FEAL ok BAT ph — 4 R oK R T I B2
HAETMERER, ¥ UREZERZERS=1/(z)|x
=x(t)ER",tER,f(x)€E VCR"| EH—1TK
BUE,AITISR R R, B m =1, BDEH A B
ARG, WAERERME B m>1 HERL. BRiEGE
T2 44 22 7T ) 4% B A oR O RT B B R 3 B (1) R I, BD
KA o B B T 2 PR 7 — S B 1o B ) R B ok %
SRR, HRY B(HAURARE, LT RATHK
%, TUREXH, il UARIEERK, XFbdR
HETMGEME 2 FiR, B2 it Rk
RIT, PRI FREMEZENT:

B2 BERFIEMETMNE

Fig.2 PNN expanded on base functions
wi(t) = 3w, (1) (5)
A(t) = 2w (t)x(t) (6)
T
y:f(JOA(t)K(z)dt—ﬁ) (7)
B — A
y = f(K(A(t)) - 0) (8)

Hep 0 TG BME, £ N 208 ¥ R
BB (ZR) K(-)RLARYESEPr TR BERME .

X (7) HRA (8) RRKMBR—-ITRELE
METME, THITR—MER—ITREZEKME,
MEREMALRERGE, MENHIMNEHNAE 3
Fimo. B, HEE (BBE) M& 8T 5 bAE 2
FEIRHMETAR, HREBER p ML, &
B B8 T 1 8l oR B AN BRI RR BT LAAR R, AT KAAS ]
HA (7] R R %5 H¢) ) 28 FR O IE AL B 2 T
%, RAARMRRBEHRNERIRSIEHET
M, MEEN—NENEHZT, HEERR,
itiem A (7) B XHME, FRK(:)=1,8

{4 norr L
v = g (S (Dwp -
be(t)x;(¢))dt - 6,) — 7) (9)
HBREREET g(u)=u,r=0,3#%

w; (1) = D, wb (1) (10)

o2 (0) = [ Dw,()r(de -6, (11)
]

y:

»
J=at

vf(c;(x(1))) (12)



42 FELEM¥

B2

3 B 1TRENERAIBHETNE
Fig.3 PNN expanded on base functions

with one hidden layer

4 RAZHE

— N EENHETMERA LA E SRR
AHEE AFEEE BEROMITERNI%E. £
TR ITIE X L m] B,

A 1(2gpner) BA(12)WEAR
z(t), z"(t)EU , MNKMEBHELIHR y, y* €
Vo & FHESE,MMERKN >0, UFHE >0, 4
lz(2)— =" () | <o B, Bly- 3" |<eo

MR fEL,NERER ¢, >0, FE 6,>0,

e cf 1= | 1T Swy () (m(e) - 2} (1))
dt|<nTW82<31 B (F() — f ()] <ep, 3

EF W=sup,,~,~|w,~,—(t)|, B " I(t)_l" (t) ” <82
<8,/(nTW), &HiB h;=f(c;), b} = f(c] ), M E

B € >0, 74650, % b~ h) | <O B, | Do,

~Sohi =180 (k= kIS S Lol 1hi— 4] |
<pVe;<e ,HH V=max;{|v;|}oc REMB e, =¢/
(pV), W& B RLSL o

B2 EENBHESTRNERIBHETR
B —FRH .

EH: ABER ()P 2,(¢)=z;,b,(2) =1,
T=1,1

P

y=g(z;vjf(2w,-x,-—0j)—r) (13)
B — M HENENELERRBER R ETME
ZX1 ®K():R"-VCRANR"BER LK

ERELERR,IEH KEC (R, EXZHL

UK = U=~ V1 fz(e)) = [ K(a(0)d,

z(t) € UCR",f(x) € VC R}

X2 Bx(t)=(x,(t), z,(2), ",
2, ()T HP 2, () N[0, TIEHELEREGEHN
z(£)€C[0,T]), i=1,2,-,no MEEK 11, 15
E[OaT]y% |.2:,-(t1)—1:,-(t2)'<L|t1—t2|, L=
0, WFR z,(¢) W Lipschitz &4 & || = (z;) -
z(t2) | <L lt;— 22, L,=0, WIF z(2)HR
Lipschitz &M, & | K(x(t;)) — K(x () I<Lg
| () —x(2y) I, MBK K(+)€ C(R") W R Lip-
schitz &%,

REMAETMENHREZIUERT FHIRAK
BiLER, ‘

1210 MEBNEZER g(-) €
C(R"), FEMNE -1 REMRTIRMZ T M % 7T L
UEEREEEE g.

REI(EEXE) MEBHHEL1EXH
HEZEZE G(z(t)EXZ"(K)Me>0, H#WRE
LipschitzZk ff, MFE LI B H L TMNE P, £/
I G(z(2))—P(z(2)) || <eo

EH:ER GEZ"(K)f e>0,8]

T
Glx(1) = [ K(z(ede  (19)
Rk—th, 8 T=1,% K BRET: WEAR
BB N 51,1, = 05, 1

N

G(z(e)) = >

" K(z(e)de  (15)
N

LS Kz EHG(2(0)

BB & G (2(1) =
:opig el
|G(z(2)) - G(z(2))|<
S [F K (e)ar - %K(:(ti))‘ (16)
i=1 N

BF K(z(:)NF : E& B P EEHE, FE
i—1 1
E‘G[ N ’ﬁ]’ﬁ

j;x(xu))dt = §K(z(&) (D)

TR
N
|G(2(2)) = Gla(e) < 5 2Lkl 2(2) -
2(6) ) < Lake |t - &I< A= a8)

Ko, Ly, L, #BAK(2)RTF =z Mx()XT t B
Lipschitz # ¥, FT&



% 12

el 5t 45 . R T M 4% I T R R R 43

T
G(z(2)) = fOKu(t))dx -

%EK(I(n)) ¥ o(#) (19)

e 2P =2(t,)e BF K(2):R">V H

C(R" )W HESRE, 53 1 ] H— e 5

Z M RE T, T e B 2, %1% G R I9 2 o0 W
H—ERERA-IIBRMHETEREN, B

|K(z?) - P,(z7) ] < ¢ (20)

Hep e, >0 WEBE MK, i=1,2,, N, RFW

e.<e/ (2N)o IR (19) 5, fF7E Ny, 4 N> N, Bf

G<x<t)>~§ZK<x<zi>>l<§ (21)
g
P(2(1) = g 2 P(x(1))  (22)

il
|G (1) = P(2(1))] =

|Getn) - F DRt | <
i=0
Gl - LS K |+ | E 2 KG) -

%2&(;&”)\( e/2+e/2=c¢ (23)
P(x(2))BIARTK,

12 FEEZEZEK(), #/AMERK
x(2) = (2,(2), z2(2), =, 2, ()R 2" (2) =
(zi (), x5 (2)y =y (), H 2 (t)Fx" (1)
B, BAH K(z(2))#K (2" (1))

WEREE 2 ()E i MR () e C [0,
T], /AT &L

He,{e; €R},i=1, 2,
i

’ n;j =0;1’2’“'o Z:

a; = (= 1)% + 10% « s (25)
He,q,€10,11, p, EN WBREESR, 5,€(0,
Do 4

Pij = mnio nittt muNj s
ng € {0, 1, ~+,9}, £ = 0,1, ,N;,
Sij =S50S Skt
sip € 0,1, 9}, & =0,1,-,
¥y, j=1,2, fEITFHED.

a;o: dio™> Moo Mio1™ """ MioNo Sioo Sior""" Siok""”

v T
a1 diy mpo Mttt MmNt Sio Sinttt Site”t
v
aip: dip mig Nip1"tt MiaN2 Si20 Si21ttt Sizett
¥

a;: dijnijo Mi1" MiNo Sijo Sttt Siet
B 2=0.d0d2 " daoni00m200" Mwood 1121
dmidindy d,an110Mm210° Ma10M101 1201 Npo1 """
B = /NEBOER A HESV B A S R N E E AR ELA
THFER AN TE-IEM BN 13
n HEFl, B 2€00,1], HHBMHFRXRIEN K,
BR K H——B4, Bz MEERK()ELE,
R4 (BERXE) MNEBEHELEEZ K
G(x (1)):UCC(R")>VCR fe>0, fFET#
WML P, 8 | G (2 ())-P (x (1)) |l
<eo
HEB R B S2 2 MM T - R A
PO £ 114 38 S (R BB AL B T — A% G2+ 2 ) 4% 1) 38 3 )
B LRSI 1, WA,
RS (HHEHTE)
HITHE AR 5 B RFM
UEBA W SRS SO AR M 4 T M 4% B T B
BEBR (1~3) 8, BERR “+7, <7, )7
URENMWESBHE, XLz B AT LUHERILE
B ] sEAKEME), B EITM
BT BERAIASKTER, H—Jrm, ik
(15] Mkt BREM 2Tt BN FM TERIL,
MBI EHZTX RSB ZTHRG, Fitid
BHEZTMENITERIADTERRIL, B2,
WM ETMERITERENFN TERR.

5 ##

AR T —RFHHLTME —IEHE
TERB R . FFER T MM R ESEEEE, &R
T, TERNEHSEREERER, IBRMET
P 4% e Xof A= ) 4 2 T R 2% SE VD AR DL, SE B P AR
Z N FIAT VRS MOl R, 4 o SR ek T R
F Tl BB | R S P AR
FAFEMBAEMRMAE. B2, RENTSIR
BRI AR 2 (01 i D LA T2 I B R AT R o

WG EME T



44 PEIEMNY¥ $2%

#E ik [9] Hopfield ] J. Neural networks and physical systems
[1] McCulloch W S, Pitts W H. A logical calculus of the with emergent collective computational abilities [A].
" ideas immanent in neuron activity [J]. Bulletin Mathe- Proc. of the National Academy of Science [C], U. S.
matical Biophysics, 1943, 5: 115~133 A. 1983, 79: 2554 ~2558 '
[2] Rosenblatt F. Principles of neuro-dynamics [ M ]. [10]  Hecht-Nielsen R. Theory of the back-propagation neu-
Spartan, New York, 1962 ral network [A]. Proc. IJCNN89 [C], 1989, 1: 593
[3] Widrow B. Generalization and information storage in ~599
networks of adaline ’ neurons’ [A]. In: Yovitz M, [11] Hinton G H. Sejnowskii T J, Ackley D H. Boltzmann
Jacobi G, Goldstein G. Self-organizing systems [ M], machine: constraint satisfaction networks that learn
Washington DC: Spartan Books, 1962. 435~461 [M]. CMU - CS- 84 - 119, Carnegie-Millon Uni. ,
[4]  Grossberg S. Adaptive pattern classification and uni- 1984
versal recoding I: parallel development and coding of [12] Powell M ] D. Radial basis functions for multivariate
neural feature detectors [J]. Biology. Cybernetics, interpolation: a review [R]. Department of App.
1976, 23: 121~134 Math. and Theoretical Physics, Cambridge Universi-
[5] Grossberg S. Adaptive pattern classification and uni- ty. Cambridge, England. 1985
versal recoding II: feedback, expectation, olfaction [13] Albus J S. A new approach to manipulator control,
and illusion [J]. Biology Cybernetics, 1976, 23: 187 the cerebellar model articulation controller (CMAC)
~202 [J]. Trans. of the ASME Journal of Dynamic Sys-
[6] Anderson ] A. A simple neural network generating in- tems, Measurement and Control, 1975, 97: 220 ~
teractive memory [J]. Mathematical Biosciences, 227
1972, 14: 197~200 [14] Zhang L I‘, Tao HW, Holt CE, et al. A critical win-
[7] Fukushima K. Cognitron: a self-organizing multi-lay- dow for cooperation and competition among developing
ered neural network [J]. Biology Cybernetics, 1975, retinotectal synapses [J], Nature, 1998, 395: 37~44
20 (3): 121~136 [15] xiBems, ®ikh. KERERTHETRNEHER
[8] Kohonen T. Self-organization and associative memory SMiE [J]. HEMER, 1995, 18 (6): 438~
[M]. Springer-Verlag, Berlin, 1984 442

Some Theoretical Issues on Procedure Neural Networks

He Xingui', Liang Jiuzhen?®
(1. Beijing Institute of System Engineering, Beijing 100101, China ;
2. Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

[Abstract] In this paper, a novel artificial neuron model-procedure neuron model is proposed, in which the
inputs are functions or procedures associated with ‘time’. Based on these neurons, a model named procedure
neural network, which is also a feedforward network with only one hidden layer, is constructed. The authors
call this neural network as Procedure Neural Network (PNN) expanded on certain base functions. The related
continuity, function approximation ability and computational capability theorems are proved.

[Key words]  procedure neural networks; function approximation ability; computational capability; continu-

ity
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