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Generalization Ability of Universal Learning Network with Switching

Mechanism

Min HAN, Kotaro HIRASAWA, Masanaoc OHBAYASHI and Hirofumi FUJITA

(Received June 23, 1997)

Abstract: Universal Learning Network(ULN), which can model and control large scale complicated sys-
tems naturally, consists of nonlinearly operated nodes and multi-branches that may have arbitrary time

delays including zero or minus ones. It can therefore be applied to many kinds of systems which are

difficult to be expressed by ordinary first order difference equations with one sampling time delay. In

order to improve the generalization ability of ULN, in this paper an approach to optimize the structure
of networks are presented, where not only parameters but also time delays in the ULN are adjusted.
In the proposed method, both the compactness and error criterion function of the ULN are improved.

Simulation results of a nonlinear system identification show that better performance can be obtained by

the proposed method than the conventional method using only the parameter optimization.
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Fig.1 Structure of ULN with multi-branches and

switching mechanisms

—ALZEE A b7 — 7 DFARKIE

hi(t) = O;({hi(t — Dij(p))li € JF(9),
p € B(E,5)} {ra(t)ln € N(j)},
{Am®)im e M(j)}),j€ JteT (1)

hj(t) : §/ — FOtiEglon i )il
A (t) 1 m2¥F X — & DEEGINOAH,
() : nIMBA NN EEDUELI O,
0; : 5/ — F DI B
Dij(p) ¢/ — K> b5/ —F~D
pRHD T 7 o F DB NER,
j/ — BT D/ — FORSOHEA,
JB():j/ —FoBiT 5/ — FOFSNER,
B(i,7) i/ — Fd b/ — RT3
77 F R OBEN,
N(G):j/ — E~NEHT 2B ANERR S OEA,
N A NERE S DS,
M@G): 3/ — F~HEh T 6,7 A — 2 BHOED,
M : 235 2 — g F5 DAy,
J: /= FRGOUEN,
T : WpIn A

THB. N, — FOSEHYEH 01D 7 E 4
F 1% i)(f((l (t)) b]lx( )J—\(i
hy(t) = Flog (1)) = —— (@)

1+ e %soi®)

BANET B/8T 4= £ERIC

=2 >

p)eij(p)hi(t — Di;(p))
i€ JF(3) pEB(i,7)

+0; (3)

TH5.
ZIT, A v F o IR Ty I A FEAKTHE
HL,
I S
1 4 e~ ¥Bis(p)

aij(p) = (4)

Bij(p) %5 A —2 X L Thyj(p) &IKEIC#E %
9.9 2IFLHNELLLTEBE, Z2EI»ELICONT,
Y EFARESTEIEICED, Bi(p)0 £ KEITA
cnw()mmult&0,77/%%%ﬁ4%@)#0i
DR TS (p) DIEIZ 0 2% 0, 75 v F 2 WKL
W) R wF o TR BT E S

B®)

Fig.2 Switching function

X, 3vnX7 bty b7 —7 ZRIKT 572002, KA
FHRIRL 2 RD & 9123 5.

L =F+ Ra Z Z Z(an‘ (»)* (5)

E = E({hr(s)}, {Am(s)})

T, . .
D Y RT LDFHETTEE,

Re : A4 v F o 7HEND B AR
aij(p) : i/ —FH6j/ — D
pRHDT S FDRA v F o 7K

(o

22 XAy Fro 4B ERO—LEH
Fy bT7I=O%FT7LITY XL
()R TENEE 72 ULN FT6) X0 TTSHE % R
DRKDBTNLTY XA
REZLD. T A—FDFEET L) ZAEXHK 1),2)
NP
oL

Mﬂﬂe—Am@)~waMn (6)




A A oy F v TR RO —ALEE A v b7 — 7 LR D — 291 —
oL ‘
Bij(p) < Bis(p) — ”YW (7) 3’%(2;: 27)"(17)) - g{l - (Mh et + Dylp ))) }
(¥ 1
’ CHok(loss(p) (16
-T T [ o
€T dEJD(Am) 3. Za—SnFxy bT—0DALEED
Za—F Nk 72 DVULEEN &I, R TR bR
o'L Ohy(t) o . oL T2k b7 =2 H, REFRDANT =2 IS L TR %
= 805, t")| + 9 . !
965 p) E;hmxm(J)] 96:(p) O e Eam L Bk TH S, WAL
Xy b 7= 7 OBHOHT D ¥ I A P I A E
w%t+Dﬁ(» Fohs.
=2 2 —mn o b T =7 DM — KBTS FE) D5
k““gi“”; oL TLGBAITIE, &y b 77 ORBIEN D5 TR <
X(”*j“mﬂ+am&) (0 e BT o Lz kY, SO S A
' AN 2 &Ik B, R AFEE T — I LT
jed, teT LAHRRE M L B D h B 2 bALs. Lir L
L b

F 7, g;L, dgTL It Werbos ¥ DR LA —F— F
W ThH, wOEKEPRBE LT, A, Bij(p) EEIL
WA DHMITEEDE#HF 2K LTS

DAYl O

IJD(Am) :

WH /) — F DB [AA]| DL 7 EA KK
Hitr, R(8),(9),(10)FKN & 5 2% %

M) = AT e (11)
Z Z p)aij(p
i€JF(j) pEB(4,5)
xhi(t = Di;(p)) + 0 (12)
232 ii% 47{1‘7 (hiit))z}cuj(p)
’ xhi(t — Diy (p) (13)
S;ZY) —{—( ))2}%'(1))
J Xh(t Dij (p))¥
s (p)(1 — @ij (p)) (14)
oL \ |
55;@5::23a¢au00(1*whﬂph (15)

WA TR PTHES /) — F RS OBA.

S, Ay b7 =7 OHMNENRNELS LN TES L, R
Zxf U CIEATlfRAE D IL L D b 3 5 2 &

TEDY, REBTFT—2 I L TRE2T LD LuiiE R
BhL . 27, HMEANETH > TLFH OB KL
M ZBE D ERBRDBEHIHR 5. Wb 5@ H
WO D B 5.
mM“ﬁ%mfé%éﬁ%thV%$w‘”%?—9
FEBELCTAL, AP T 7O NMEZKDEI RS
(%vFV—?#%Z@j/h7Fm)@HO®E&W%
5. KBTI, BHEOFBIC LD, IMLRE ) 2R T 5
EEbiCEBRELBADET LRy P 7 — 7 K & B
T 5. ZOWE KENHZRRE LA THR Yy b7 =7 N
MRER DBl b b & He¢ THIT 2

4. BhEEOS > ¥ LEE

I T, L EE Ay b7 =2/ — FIloMENR
Wt DIRFE D Jik & T

— At Ay P72 TH D — FRIDER
FEMAEEICRETRETH L L) 2 & 2w, VX T A
T HLE, VAT LADORNEE PRI 4 T
ZF LK LB e E L2 )ids, T 7o
HERN=Z2—=SNFy PT7—=7EFNLY LENTWS
ZEMWZE. LR, YRATLDOBIRRIZ Z DHN
BRHMTHE2DOT, Do LOBNKRZERETLZ L2
TERW, 2IT, WAL ED/N5 X — 5 L [T AN
%%ﬁ%?é‘* I, YR F Lk L BENRIER %
Body b7 =R TELOTHH T EELSL
na.
Bl R AUGEHER O TV 7)) A2 KITRT.
Step 1.%7 7 » F OB ZFLEEZ T
H DRSBTS AT S

[1,10]7



- 292 — g - T

KAk - Bl

Step 2.% v b7 =7 D3F A —F ENWERT 5.
Step BIRKT 7 7 v F 2 F S hlz—o8 Hh
I % AR TR L i DY M T B ALIRE
M EIRT 2. BEOUGEI HILITIRELZR T,
LU Eho 77 o FRINL THN Z & & 47
BEDUED T BN D, I RIFEM B %
5 E THY KT
Step 4. Step 2.,Step 3. ZQInl# D K.
FThbb/¥F A —F DFFIEN x QIul, BEHIRFRORRE
13QIRFy ) 2 &t 5.

W,

5. EBHEATFLORAEEIalb—2ay
AHEI B TR SN 2 I LR L, KB BN >
ZRFALTIRELL AP LNE. AT, IERBERE L
T L=t 2R, SRR Ky I R F g & 15
R I NI 2T A0 EMBIZOWTE L B
(Fig.350H).

u nonlinear v linear v
— subsystem subsystem | — .
Iy g,

Fig.3 Cascade connection of nonlinear and linear

subsystem
L ZF LD ANulk) b hy(k) % (7).

1.34y(k) — 0.277y(k — 2))

S 1) = —0.80y(k —4) +0.01,  u(k) >0
1.34y(k) — 0.277y(k — 2)
—0.80y(k —4) — 0.01, u(k) <0

(17)

X, Fig.d IZWET X E 2 25 LD AN X Ik
FoRT.

input —
output -----

Fig.4 Input and output data for training(case 0)
Fig.5 ~ Fig.6(3 LA & ML 5 72D A J) il

EHIEETH L. 5 IEFigdn =D )jxg —

EENENIHF R THRIKL.

o

Fig.5 Input and output data for testing the

generalization ability(case 1)

Fig.6 Input and output data for testing the

generalization ability(case 2)
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Table 1. Simulation conditions

number of nodes J=5

number of branches 1
between nodes

x

nonlinear function f(x)= A A=15
l4e* i
initial value of parameter
A random numbers
m in (-1.0,1.0)
By® 0.3 (fully connected)
learning coefficient of
m, ;@) Y:=0.00002 » Y=0.0002
identification error E root square error
coefficient R, 0.0, 0.1, 0.5
number of learning
of parameters 5
number of time delay
search 50,500, 5000

increase from 20 to 5000

@ in switching function

Table2.  Identification results
(weight coefficient R, = 0.0)

case a b [ d e
parameter
training number 500000 | 500000 | 10000 | 1000 | 100
after search of delay
search number 0 0 50 500 | 5000
residual branches 25 25 25 25 25

average error X (10)2 | 4.42 2.78 | 2.97 | 321 | 3.09

Table 3.  Identification results
(weight coefficient R, =0.1)

case a b [ da e
parameter
training number 500000 | 500000 | 10000 { 1000 | 100
after search of delay
search number 0 0 50 500 | 5000
residual branches 13 8 9 8 9
average error X (10)2 6.33 525 5.18 3.68 3.78

Table 4.  Identification results
(weight coefficient R, = 0.5)

case a b c d e
pammeter
training number 500000 | 500000 | 10000 | 1000 | 100
after search of delay
search number 0 0 50 500 | 5000
residual branches 7 7 7 7 5
average error X (10)°| 104 9.0 7.85| 765 | 55
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Fig.7 Average identification error(R.=0.0)
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Fig.9 Average identification error(R,=0.5)
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