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Abstract

A two-phase neural network finds exact feasible solutions for a constrained optimization
programming problem. The time-varying programming neural network is a modified
steepest-gradient algorithm which solves time-varying optimization problems. In this
paper, we propose a time-varying two-phase optimization neural network which
incorporates the merits of the two-phase neural network and the time-varying neural
network. The proposed algorithm is applied to system identification and function
approximation using a multi-layer perceptron. Particularly, training of a multi-layer
perceptron is regarded as a time-varying optimization problem. Our algorithm can also be
applied to the case where the weights are constrained. Simulation results prove the
proposed algorithm is efficient for solving various optimization problems.
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Fig. 1. Example 1 : Trajectories for (@P,) with

50 and € =0.2, x= (3.000, -1.667).

(a) trajctory of x,. (b) trajectory of x,.

(¢) trajectory of x; and x, in phase-1,
x, = (10,10).(-10,10).(10.-10),
(-10,-10),

(d) trajectory of x; and x, in phase-2.
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(a) trajctory of x;. (b) trajctory of x;,

(c) trajectory of x, and x,. x, = (10,
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(d) plot of f(x.¢t).
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500).
(a) trajctory of x,, (b) trajctory of x,.
(c) trajectory of x; and x, in phase-1,
x, =(2,2),(-2,2),
(d) trajectory of x, and x, in phase-2.
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Fig. 4. Example 2 : Trajectories for
(TVQP,) with s=50 and € =0.2, ==
(£0.707.0.500).
(a) trajectory of x,, (b) trajectory of x,.
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Fig. 6. Example 3 : Function learning (a)

outputs of plant and identification
model with conventional EBP (A =20),
(b) plot of error function in (a). (¢)
outputs of plant and identification
model with proposed method (A =20),
(d) plot of error function in (c).
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Example 3 : Weights with con-
straints(a) outputs of plant and
identification model with proposed
method when |w,/< 5.0 and s=1,
(b) plot of error function in (a), (c)
outputs of plant and identification
model with proposed method when
|w,/< 5.0 and s=10, (d) plot of
error function in (c).
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Table 1. Comparison of the weights in each layer.

Fig. 6(a) [ Fig. 6(c) | Fig. 7(a) | Fig. 7(c)
“1.582019 | 0.843440 [ -0.182791 | -0.005353
0.661660 | 0.015609 | 4.424918 | 4.407977
-3.543147 | -3.257611 | 0.079929 | -0.166597

wig | 0.793852 | -1.001976 | -4.415043 | -4.357703
0.252792 | -0.139354 | -0.170542 | -0.081049
0.339848 | 0.086916 | 4.399084 | 4.533397
-4.004342 | -7.983026 | -0.212052 | -0.339230
1.318211 | -0.689535 | -4.389630 | -4.340104
1758491 | -0.074925 | 4.587071 | 3.947982
-4.114518 | -1.874860 | -4.596229 | -4.447386
0.337965 | 0.162614 | 3.588896 | 2.780646

wy; || -6.062905 | -3.868206 | -4.623275 | -4.468673
-0.422846 | 0.592425 | 4.496541 | 4.594921
-2.562591 | -1.664099 | -4.50375I | -4.609183
-0.245103 | -0.324201 | 2.715618 | 3.915390
-2.955832 | -2.668714 | -4.486100 | -4.625654

W | 8.933095 | 2.297673 | -0.831354 | -1.076667
4.043088 | 1.533927 | -0.976419 | -0.800034




B g o+

\M

-1 : s N
4000 4200 4400 4600 4R00 5000 5200 5400 * 3600 *80() G

188

2) 4 4 54 ENE FA

047]“17: Alrdl dyE|Eg 54 FHE
o] 4k}, o] ololld] AMEEE F
gefjolct @ o] melle Hy Fd
9 V2 =4 gloh

v,k +1)= fy, (k). 3, (k= 1), (k = 2).u(k )l ~ )] b)
o) f wlx|e) g4 £ cheel Fejolc - R ]
x|x2x3x5(x3 - 1) +x, 0.006 }’ ; : : )

f[xl#xzsxyxuxsl = W ::l_ ; |

' et ]

7| M= i Rl v AR RN 51012 4000 4200 4400 4500 4300 3000 5200 5400 600 Sm0u a0

o} zbdgt Feldl N3y, 7EF o83k

28 8(a) ¥ s1¥e] ulk) = sin(27r k/250) 25
FoAR & o Lapel 3ol AAE ReiErh AHA
Al el ME A HE5EE & 5 Aok oF 1,200 &
gelld o] ££2 H2HPE A7) A ¥ HaHe
wpx{ubh-g oF 4 gloh. sk dllle oF 2,000
2=5(20 F)=te] H3cl 23 8(b)elAE 5,000 &
Holl4] gJFo] ulk) = 0.8sin(27 k/250)+ 0.2sin(2
7 k/250) 22 WAL we] AAE noifE ¥
o] AP Wl Wl AW FHES &Y
5 2% gy "o

shgpo] B Foll bl AL A AdgkE e
A7gerel 28 Ayt 13 8(d)ell veht Qo 3
a2 #4 [9] o ¥ 163 wInE AL 9, A9
2 A wole o 5 AUk a2 [9] ¢lMe=
o 100.000 %9 & AA wbd, & =gelA
£ 2F 10.000 =819 FHe 2eploz st
w3k [9] oMe AHE ¢ AlTE A Folof
she bl A7 g Al Ad™ell gleix=
744 daot . 2= Agvh wobr 94
Ve AFe] #3E EAATle 9AEe] AAREY
Ak ol gIAl sl A sbE ATt [wl 2.0
o2 A grog It o] i of7]elHE
Fos Ahg Zol o]438hA] thob= HAdeh o] AE
& 5 EWEL FA el 2okl s 7}
AT 448 RodEdty & 5 o

(¢)

200 3oo 400 300 600 700 800 900 1000

(d)
a2 8 Al 4 FH FHES T ( %%‘JE%
H3 g4 =de] vl (b) k = 5000 il
A ql=do] Wslels W) FRE 2HA F

A 2ol WL o) (DAY L3 g4
(d) StHaFol A F=F A sk
& o FAE 393 54 2l wla

Fig. 8. Example 4 : Dynamic plant learning

(a) outputs of plant and identi-
fication model, (b) outputs of plant
and identification model when the
input changed at k = 5000, (c) plot
of error function in (b), (d) outputs
of plant and identification model
when no adaptation is carried out
after learning.
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