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C X TR M — A, BB THER S R AR TR
F ot i@ =0, (G=1,2,-,k) (2.2)
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BHEIEEENZERESEREE v (o), 17
L o(x) R (2.5)MEFER

[grad v (), Ax + X (x)] = — w(x); (2.7)

2. o(x) FEQ3)MEHBRBIE G AHAEL.EE, B G A (2.7) HEKIL; o(x) &
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lim ¢(x) = + o0, r = 060G, (2.8)
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I3 R, BEESBNIBEE vo(x) Flu(x), T
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i R (4.6) R P S M B SR FEE A B 4HEARISCER R &, FFREYERE AR
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FEEH 4.2 BFERA IR R M5k 101,

EHFR(4.3) U T EE 4 BB
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HARMERERIE = [p, ] —ETIE, Kb p 9 n X r HHIEME, LREEMEFTIZN, &
i A EME— B « RO, M RIS PR0Y 9 » WIEE 2R B, EMER A LUdE
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2= Adx + B()x + bu, (z2=0) (5.1)
Hod 4 R BN, B(¢) AR R, BF lim B(z) = 0, &6 HARIE, #HERH S
BERIEPRE
I(x) = j: w(x, u,2)dt = j: Z [a; ()2} + «?] dz, (5.2)
H g;(2) > a; > 0(Y r—>0), B, wiku K x EEREIEE KA,

EIBS.] HEME A HEE b R FEET EHE 4.1 BESR(TEEERE), AR#H(5.1)
SrEPR (5.2) TS ZAE MW 20, H BEMEHEEME — B « WIS REE MR, TH
BHEFRAVE » BZEREIEE —KREY, "EMTE ¢ — co BRIRIR &N R #k

= Ax + bu (5.3)
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T TERA,
EERTAELE IR J LYY
£ = Ax + XP(x) + bu + XO®)u, (5.4)
Hep XD HAET i KOEE, #7800 REERFRZ
16) = [Twtes wan = (3wt + 2 Jit, 0> 0 (5.5)
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EIES2 XHRM(A4),3 4, & WRATME AT MIRE, RREESES TR, 7 H
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PRER SR R . R R 2B B TR R IR N A {0,(0) ), {w, ()} A 0, (x) —
20y tn —> st (oo BEEFIHK) , Al 00(x) 55 wo() £ LBk B FE AU A%
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T
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s B RAME S w(x) Sk
ZE T R L vo(2) s
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T 1L, RQNET SHBBERA
R (nE 1), SH2PmET
S B R AR

(1) #E €S, IFRHER 2 > 0,
#(2°, ) ES,

(2) H:—> 0, WEM €S,
W (2% 2) >0, FSHELRA &L
I', PR T A5 /9 Cauchy [HiE:

[grad v(x), Ax £ & + XP + XD + w(x, £1) =0,
Hre +1 B4 BERT « = +1 fFERE, Cauchy RIERLLIERE
v(x) = po(x), B x€l N Ty,

u=—1

Horh o 2 1) A SRIBHIAR.

M B3, bl Cauchy FOSEAT DASKAR, f b M FT IAWS T NI . (54 » = +1 JE4F
TSP B BUR S 4 RRRIE, SR EER 7T ARG T 3 , (B 00 P e d e TR,

A3 TR B o FARG] |« < 1 A0RIME, 1H3L5 LB TR
r B, Ay o BT 7T D 30— 22 Bl » Boas fhiafe B, Tl ARTSE 1 ABFaR™T R, 3« R
HOFR I BIRF22 , RIVE g = B2 PR 85I I S A ST

2. HF BRI TRETY SR s iE, RESIARMRE
TR A A B RS E WO A TR (L B 28, RIS ey 2R 5.21 7T 3
—REEER, _

3. R T REE AR A H B ks Rk, PR BIREM, B, B RA
RaHLEs (bR B A, B F B IRIR T 7 B 2 '

&= Az + s(pu,

Horp () FNUE FRAR AR TN RSB B AR e A2, A TR I AR AR R

I(u) = M{s: <g %+ 1¢2> dz ,3,70}
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BHAREHEGEE (21D, T UGERER R [ 20 IR T s 005, 15 7] i
T il
m(x) = [p(9), #1,
18 R B R B 05 L4 2 , AT FT DASE S AR 350 BRI sk A R AT T35,
SR A g i 5 R S AR AR, HAE B ST EZE 24812,
4. FFEZES SRR R, By BoRE R, X —F A sk,
R RUE 5T G h B — 2 i e th 2 RO AR B RO, TR 3R [ 27 TR VAT SRt

B 5
1. 38 2.2 §93EER
A T4 10 = 0, BAA 3 BABIEIL, HAEUR G, 300 o = j: eAtwedt di, B

v (x) = 2'vy, [grad vD(x), dx] = — w(x), (r-1)
SEhr B, T XA RMETFTZHGAIE >0 4
[grad 2@ (x), X@] <% w(x), % x€ {x|s@<e}. (1=2)

H L AXERERA XY SRlE (2. 5) L

v(2)
22 <L), Harels]vO(x) <o}, (-3)

dr 2.5 2
FALM A o@D BN, TG m 2 w BB/ INEFIENE, F4 @ = m/2M, BISTIBKHE (x| @ <6} sl
RESZ B

oD (x(2)) <o, ‘ (-4

FIEFIEMARBE Q CC, HHFIMHAEQ LH—YIEHTRERS, {(«[+@ < €} pny -5t
ERT(Q), EREK

¢(2) = max [v(x(x0,—2))], 0<rgT(Q) (1-5)

xp€ix1z(Paey

BAR,ERARN, HoEk

B4, 1) = Ae? — i (2), (1-6)
AHERERRIE A 4> 0 #2745, 48 B(d, 2) 4 1€ [0, T(Q)] IIEE, B M T 40 FIRKRERY A BEAT (6 — IR0 22
Q FRIEER R

v® (x(1)) S de~et, (1-7)
i 4 55 T(Q) A%, A EHKIET @,
BREE— €6, 50 » HRMER = &(x, 1), 5I A F—BUS a2\ BE %

o) = | (60, DYl ] a1, ()

WR,HTF (-7), EAEM € CHEL EEHA
1. »(0) =0, 1-9
2. v(x) >0, %xéég -"'ﬁFO.} ( )

AT & BT, BB TR R — bk, 2P AR R RE R
Hm v(x) = + oo,
LT &(x, 1) WRBIHE
E(x, 1) = ot [x + j XO[E(x, £)] e ,zr], (1-10)

¢
0
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EEE) | XD, \E{xlv«e} R, H A MR (1-10) 3« RSB, A
)‘;—f:jlsnwn[a.-,aj > | g | ae]. (-11)
1 6 32 (PR FR LR 8 AR sk R LA
08 _ _
i\Xst) = 1+ \ »M7yp (x e~ At 4 AyePe -
we ) = 3| [+ [ bt (o, ) i < (-12)

o4t 4, k5 x SR — AN AR AMTER, B>0. MRS o L EARET R, i, &
(1-8) 5E X8 o (x) FTERIB S SO BT B 2, 7 B

v = [grad v, X + 4x] = lim M =
dr 2.5 INE ] At

= Altir_?urlt— j;“w[g(x, £)]dr = — w(x)., (1-13)

Eh, B 1, 2, 3 Z2EMEEIFERA.
R R Rl , IRFTRERA 4 15 5 Bar,
1L SPIE 3.1 BOEERR

H TR
= X1<x) + qu(x) (I(—'l)
T (3. 3)WETE H vo &5 o FHRFIE (3.4) 5 8 wo A VTHERH], 7RED ‘
f: w(P, ug) dt = vg(x) — vo(x*) = vo(x) < o0, (11-2)

Hr «* =‘lir: x(2) € Fur.
2K vo(x) ARBNA, QTR wi(x) 2 » € Foi(H) WH

.‘-o w(p, u1) dt < 5 w(p, ug) dt, (11-3)
R a2 DR
&= X1(x) + #1X(x) (11-4)
BRI AR, BT (1-4) 3F (3.3) $UERE, HAERILE (3.4), AR
‘f;o ", e, m) >-‘fino' Lo F o 00) =0, (1=3)
E AT
|, < — (e, m), (11-6)

1

A T AR w1 L, A
vo(x) < 3- w(P, m) dt,

X5 HBRNR EART B, BUEEESITE .

£ 3.2 RYREAA
BT w1, v, o1, 22 SR B/REHE B R RRBOER S, fikEs 3.1,
21(x) = v2(x), (1=7)
B F R BIRGT T 83k, X w & ¢, o FIEE KB, BH v = w2,
EIE 3.3 BYZEEA

HHH(3.5), RIVE
n(x) = |7 wleEe 0), (st 21 4 (11-8)



212 H #H i % # 2 4

b &(x, 1) BFH
= X1(x) + u1(x)X2(x) (11-9)
W= R A 7€ G HERE. BR, n(r) G LEEX, HELIREAELSATREME

(3.8)., BHi(3.8),&ME

Jdv; dvy

= = II-
0 Frad + w(e, u1) T b, + w (P, 42), (11-10)
H A8
d
d”tl " < — ’”(¢, ”2).
2

BRI (3. 10) % T (3. 3) Wi &, WS IRF/ITF 6.
BL(3. 10) ik A (I-10) , FEXT £ B4, Al

v(x) = -‘-: w(P, uy) dt < v1(x) (H-11)

AN , B RCTHE— A A PAR R « B —2ai8, d v2(x) EH.

B, R AR T2, BRI RIFFS o1(x) 5 o) 2a(x) - REBFATHEMIEFFF. i, &
B B — BT, FFaR A vo(x) . ERITER, U va(a) YRBE no(x) B, 20 15 o R R/REFENE,

B HITEIRARE vo(x) RYTTHHEE S va(x) BOMREICRE DU B X Pt 2 S — E R LIRS R 2, (XA 3
W S EHE A RAREE Y, EAEIEE,
L. sp3f 4.1 BYEERA

R T AL RART T £ #ERHE

¥ = Buy' + d's (lr-1)

&
(e B (4. DR, & = 1 | R A FIAE) USRS o = D pivi DUEREIN 48 1 R
. =1

0

A AR AT EREFEME, F5e b, Dl = [p, y'] RAJE, RHAEE SRR A
pL—A, pay e PE_1 PR T+ M
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Kk 1 2 3 4 5
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THE “SECOND METHOD” OF LIAPUNOV AND THE
ANALYTICAL DESIGN OF THE
OPTIMUM CONTROLLER

Hwane Ling Znuenc In-ping  CHane Di

In this article, the problem for the analytical design of the optimum controller is
studied by means of the “Second -Method” of Liapunov and Bellman’s method of
“Dynamic Programming”. A sequential approximation method is proposed, it is very
convenient both for theoretical analysis and practical calculation.

In section I, a very general statement of the problem is given and it is shown that
Bellman’s equation is the basic equation for this problem. In section 2, some basic re-
sults related to the Liapunov’s “Second Method” which are necessary for the following
study are given in a clearer and simpler manner.

In section 3, some results about the problem of the optimum controller are given
in general terms, viz: the theorem of uniqueness, the sufficient condition of the optimum
problem in terms of Bellman’s equation and the technique of the sequential approximation
together with its basic properties.

In section 4, the case of the stationary linear system is discussed, the existence and
uniqueness problems are solved. Some examples are given in appendix V to explain the
method introduced and to show its rapid convergence. It is proved that it converges ex-
ponentially.

In section 5, two quasi-stationary linear systems are studied, viz: the linear system
with slowly-variable coefficients and quasi-linear system. Some interesting examples illus-
trating some applications of the theoretical results are given in appendix VI.

In the last section, some future developments of the problem are discussed.

The methods introduced in this paper are all given for the synthesis problem, it is
thus very convenient both for theoretical study and for practical application.



