30 B2 9 M
2013 9 H

E=HERES KA
Control Theory & Applications

Vol. 30 No. 9
Sep. 2013

DOI: 10.7641/CTA.2013.21101

25 U Ta] e e 42 il — PP Sh A K

P
(PHZAZIAREE, BRVE P22 710049)

FHEE: I3 3 H50 P 1) B A 4 ) P . S L3 SR At 3 5 T e A 4t R v, B0 1) R AR P R SR At 3 5 )
B iEl; 2) FJCL) s bR AR 25 SO IR AR 4 i, 3) AR R BB, DA2)AGEH T2 g S04k, v
AL e, S T TR L, 3 AP, Fibr b, 3) A — 4o BER A RS LA, THE R BRI, S T .
ARSI B SE A8 1t 25 o) WA 3l A5 R R BB A A SR A T 7, sl A Kl B FL B AR 2 2Kk 2 sE TR L. 76k
i 28 SIS T g A A2 i ) R 5 T, TE V-5 AR R P R SR AR AH T .

KRR Al AL AR SRR

hE S %S TP13 XERFRIRAD: A

Discrete-time optimal control— comments on dynamic programming

WU Shou-zhang!
(Xi’an Jiao Tong University, Xi’an Shaanxi 710049, China)

Abstract: Characteristics of discrete-time optimal control are investigated. Comparisons of three kinds of methods
for solving discrete-time optimal control are given; namely: 1) nonlinear programming to solve discrete-time optimal
control; 2) unconstrained optimization to solve discrete-time optimal control; 3) dynamic programming and its numerical
solution. Methods 1) and 2) are applicable to multidimensional static optimization, the computation efficiency is high;
thus, they are the advanced methods. Although 3) is nominally the dynamic optimization, it is actually the one-dimensional
unconstrained piecewise static optimization with low computation efficiency. Thus, it is the elementary method only.
Numerical examples illustrate that dynamic programming and its numerical solution are worse in problem solving. Hence,
dynamic programming and its numerical solution have lost their practical value, and is unable to compete with the nonlinear
programming in solving discrete-time optimal control problems.
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4  FF 524 (Numerical examples)
ARSI ] B SR IR A T 45 SR
Bi1
min ] = 2%(3) + 3 (22(K),u (k)
u(k) k=0
st.x(k+1) = x(k) +u(k), z(0) =1. (10)
K FHMATLABA AL L HLAH (1 20 AR 2 A Ak oKk

fi# #xfmincon, Jf 43 7] H] & VXinterior-point, Bactive-
set, isqp, —FHHPAGRIFEL R, WK1,

& 1 X(10)#y AR
Table 1 The optimal solution of Eq.(10)

z(0)  =(1) x(2) =z@3) w0 wl)  w?)

1.0000 0.3846 0.1538 0.0769 —0.6154 —0.2308 —0.0769

K HIMATLAB4: Jai Ak T B4R ot A% 50 R i
froa, K IR A 5 52 AR N H bR R 20U, R H
MATLABAE & T 5 Af 119 6 29 3 9F 26 P 40 1k 3K i
#fminunc, BRI (FH U MATLABFI#F
SECE T BT 5D, #TIRTR 1 RIFE R4 8.
A galfik AR 2, K 2288,

51 2

min.J = 0.5 29: u?(k),
u(k) k=0
st.z(k+1) = x(k) + u(k),

xz(0) =1, z(10) = 0. (11)

K HMATLABYGAY T 2 F6 1) 29 R A 2 A0 AL Sk
fi#t #5fmincon, Jf 43 1) F§ & VXinterior-point, Bactive-
set, Bsqp, —H ARPAFRIFELE R, ILA&2.
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Table 2 The optimal solution of Eq.(11)

z(0)  x(1) x(2) x(3) z(4) «x(5)

z(6) x(7) x(8) x(9) =x(10)

1.0 0.9 0.8 0.7 0.6

0.4 0.3 0.2 0.1 0.0

w(0)  w(l) w(2) w(3) w4) wu()

w(6)  w(?7)  w(®) w9 wu(10)

-01 -01 -01 -01 -01 -0.1

-01 -01 -01 -0.1 —

KA DPIENTIE
u(k) = —1/10, (12)
z(k) =1 — k/10. (13)
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X ={-6,-5,-4,-3,-2,-1,0,1,2,3,4,5,6} [2.8971 0.2530 —0.9024
(14) A= | 00 0.0548 0.9271 |,
U={-6,-5,—-4,-3,-2,-1,0,1,2,3,4,5,6}. | 0.4882 —4.7601 0.8607 an
(15) 0.0380 0.0
M TAETHSRCRT, ARBETURNE R 73 A1, AL G B B=| 10 0.0808
BAY, REUCEE. # 5 2, shail i EBuE v | 0.0 0.2298

VAR SRR A AN R CRe o) A i 2 32 AT T
REFZ).
il 3 .

s.t.z(k + 1) = Az(k) + Bu(k), z(0) =1,
21(5) + 25(5) + 23(5) < 1, (16)
Xz € R3, uw e R?,

KHMATLABUA T HAGM A R AR ik
fi#t #8fmincon, F-43 1] H-¥Xinterior-point, Biactive-
set, Bsqp, —FH #IRAT FIFESE IR, WK3. ZhA MK
S ILBAEAAERT A5 CCRE R 7).

B3 1 SE file AT 2A Ak 2. (S
K (16) )5, 0] LALEROT A N = 2 B A A,
TETF A4
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Table 3 The optimal solution of Eq.(16)

w0  we(0)  w(l)  ws(l)  wi®)  w(®@)  w®) w®)  wi(d)  us(4)
-4.9621 16.2299 1.5332 -0.6119 -11.6676 -1.4865 -5.5505 -0.0706 -0.7517 0.1512
z1(0) z2(0)  z3(0)  a1(1) z2(1) z3(1) z1(2) z2(2) z3(2) —
1.0000 1.0000  1.0000  2.0591 —2.6688 0.3184 5.0612 1.6328 13.8427 —
z1(3)  w2(3)  w3(3) x1(4) z2(4) z3(4) z1(5) z2(5) z3(5) —
2.1409 1.1354 6.2716  0.6193 0.3204 1.0224 0.9242 0.2260  -0.3080 —
1 4
min /=" (5)2(6) + X (1 (B)a(k) + T (R)ulh),
s.t. z(k+ 1) = Az (k) + Bu(k), z(0) =1, z(k) > 0, (18)
Xz € R3, uw e R?,
2.8071 0.2530 —0.9024 0.0380 0.0
A= 0.0 0.05648 0.9271 |, B= 1.0 0.0808 (19)
0.4882 —4.7601 0.8607 0.0 0.2298
£ 4 K8 RMME
Table 4 The optimal solution of Eq.(18)

() w(0) wi(l)  w(l) w2 wx® w®)  we®)  wi(d)  ua(d)
-3.4423 30.4500 -3.8651 6.6877 —-4.4902 0.0007 -5.0024 -0.4280 -1.4713 0.0238
zex1(0)  x2(0)  w3(0)  ar(l)  w2(l)  w3(l)  21(2) z2(2) z3(2) —

1.0000 1.0000 1.0000 2.1169  0.0000  3.5862  2.7498 0.0000 5.6569 —

z1(3)  2203)  w3(3)  m(4) w24 x3(4) 21(5) z2(5) z3(5) —

2.6910 0.7544 6.2115 2.1915 0.7631 2.9708  3.8052 1.3266 0.0000 —




59 1)

R E B Rl U i — R sl A R 1169

KHIMATLABYLA T HAR AR ALK
fi# 28 fmincon, F-43 | FH &H-¥Xkinterior-point, Bactive-
set, BXsqp, —F ABIRAT [FIFESE L, ILK4. B
Je FAABLARFNT Mg G RE R 7.

FAT4R T 357, 5 A8) i, T LU &
AT a8 BWKI AT, 0] LU S: RAT S el G
TORAT, DARETF RO BRI

DL 8 seqgil it — 20 Uk B Sh A R 2 8
FEEAE SRARTT IR .

5 458 (Conclusions)

T SR AR 25 U TR) e A4 il i), AN BRI sh A
Rl S FEEAB AR (A AR ); BR AR Ze B R g
2oL,

— W ARHIN T L, ZHNIE =MW T . B)
AR S AR A2 g T, ARt iR E T 5
.

SR, FH ALk R S AR 25 T 18] e DA o)
AN AR S LA E .

BOH PR RGP A 2 .

S ik (References):

[1] LARSON R E, CASTI J L. Principles of Dynamic Programming,
Part IT [M]. New York: Marcel Dekker, Inc, 1982: 233 — 345.

YH BN

REE  (1934—), B, 19574 T RIBASE K F LR, 1E
I ASEREF LR FASBRF LR TAE, JRAE e B R
GEFT AR W YHR RS T e B Ashi kR Bl A
TR A SRR 8 G 2 P R DA 1 St B 10 L R A 1 4
BETFSCRE N 23 AR « TR0 A b R A2 1 BRI sl K5
Pl L OE R P L% M R G B 4% ) 25, Email:

wsz_1 @xjtu.edu.cn.



