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Abstract: The computational principles of continuous optimal control and discrete optimal control are proposed. Both

of them can be used for numerical optimization of optimal control. Pontryagin’s minimum principle and discrete minimum

principle can not be used for numerical optimization of optimal control because of their incomplete information and special

form. Furthermore Pontryagin’s minimum principle and discrete minimum principle are the special cases of continuous

computational principle and discrete computational principle of optimal control respectively.
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min J = | © @(x(t), u(t))dt,

st.a(t) = f(a(t),ult), 2(0) =z, D
g(z(t), u(t)) <0,

AP & e R, z €R™, u €R™, g €RY, t;[FHE. E X
Hamilton B H (x,u, \) = &(z,u) + A\ f(z,u), ¥
BEN € R™

Pontryaginfi/ME R H & I LiEH KA 2 —, B
DA 26 7, (815 2 /DR IG 2 N SR, H A\
W, 9 He R a N T AR R 1 A .

Pontryaginfi/ME JFE BN %A 3R FH

1) ue R XEHLREH g(x(t), u(t)) <0, &
AME R IR T 3R 2), BTk 2 () w2 (1),
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w* (1), A (£).

min H (e (1) u(t) V(1)
ie. 8—5 =0, ueR™, te|0,t], .
s.t. (t) = f(x(t),u(t)), (0) = xq,
oOH :
o N

Xz e R, w e R™, A € R RQ)2MET (1)
PP A TR R, X(2) B H bR R AN [F] T () Bz ii
SRARAA ) HAR R EL, RLN(D A ReTHE 5tk B bR
HE, A A U-ol,

2) u € CR, NEALIHREEg(x(t), u(t)) <0,
TEARF1 b (BAHZS (8] ), Pontryaginik /M R EE A T
K@) (FLE R G F SRR, BIn kA ) g
x*(t), u*(t), A*(t).
min H(z"(t),u(t), A (¢)),

oH
le.u € QCR, % 7&07 te [Oyth

st @(t) = f(z(t),u(t)), z(0) = x, 3)
OH 5
Ox ’
a<u<b,

XAz eR, ue N CR, \eR, aeR, beR. X?3)
B JE T2 (D) I R AL

3) BRALLRE R g(x(t),u(t)) <0, HAEL
AT T Pontryagin i /ME JFE 30 (4), A Re3k (1)

HE R BRI (1), w (), X (1). F TR
.
min H(w(t), u(t), A(t)), t € [0, ],
s.t.@(t) = fa(t),u(t)), 2(0) = 2o, @)

)
g9(x(t), u(t)) <0,
Kz eR?, u e R™, A € R?, g € RY, t:[f 2. K
@) 5R2 JE TN A 1a) .

Pontryaginfp/ME JFIAE N — Mt B 5E B, 4
ANgeHTHEUEAL?

A Sk S L v B B, iR Pon-
tryagin Hz/ME R BEA5E H T BUE DL R B, 5 B
Pontryaginf/IME i B2 1% 2L e i i v 55 B 2R R R
TRIGL. SRS UE ] B BuR L il v S, i Bk
e/ ME R A H T BUE AR R, I BB R
B PR S U A T B SR B R R I . IR e
.

2 EZRERR TR R
2.1 RSB AR R KT R )
HES AR 0] NI BR SR AR

% 36 4
{Hul(ltr)l J = . D(x(t),u(t))dt, 5
s.t. z(t) = f(xz(t),u(t)), (0) =z,

XH: PER, 2R, ueR™, t; [l €. & X Hamilton
HRECH (2, u, \) = @(x,u) + AT f (2, u), BRATFIE A
€ R". WAHES RN R

min {H(x(t),u(t), A(t)) = AT (0)2(t)},  (6a)
L ]

min {H(z(t),u(t), A1) + 2" ()AL)},  (6b)
R

IIILl(ltI)I D(xz(t), u(t)). (6¢)

iE CRE M E o) BH R ul). SR E
A(t), % AR SE [ Pade g 510 67K

z1(t) = aro + a1t + arat? + - + ag t?,
To(t) = ag + a1t + aget? + - - + agyt?,
ZTp(t) = Qno + it + apat? + -+ + appt?,
@)
Xt zHa,;, i =1,2,---,n;7=0,1,2,--- ,p.
uy(t) = big + byt + biot? + - -+ + by t?,
Us(t) = bag + Doyt + boot® + - - - + boyt?,
U (1) = Do + byat + bpat® + - -+ + by pt?
(®)
X%, r=1,2,--- ,m; 7=0,1,2,--- ,p
Ai(t) = cio + et + crat? + - - 4 c,pt?,
A2 (t) = o0 + Cart + coot® + -+ - + Copt?,
An(t) = o + Catt + Coot? + -+ - + Cppt?,
©))

ﬁ':ljé%iﬁcij, 7= 1’2’... N ] :07172,... ..
W ERESE 1 Pade &I OB Klp > 2, HFnTIAFIR

L P38 I RO, AR S AR [ Pade BLE T, A
A3k 0T B, B AR I B (), u(t), A1)
T, FrLAFFA OB Ep i Sk
Fa(t), u(t), A(t) KIFEE Pade AL T, JFH T X
SRRk
x(t) = g(aij’t)v x(t) = i(aibt)’ (10)
u(t) = Q(brjv t)’ (11)

At) = Meijn ), At) = Aleyj, t). (12)
KOV ATELIHRAA ] #E, R’
min J:jo {B(x(t),u(t)) +

N(f(@(t),u(t)) — @(t)}dt. (13)
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¥ 30(10)-(12)F RN (13), I Ht €0, ] An kL,
n— oo, B4t =0,1,2,3, -, 00 Hfri}E, HK ot
— 0, AR ) S H R

min J, =

j {®(x(aij, 1), ulbey, 1)) +
A (e, 1) (flz(ay, 1), ulbyy, 1))
[ (a0, u(b,,.0)) +
A (i, 0)(f (2x(aiy, 0), u(by;,0)) —
[ (aay. 1), ulby, 1) +

)‘T(Cijv )( ( (a2J7 )7u(b1“j71))_
i(a;,1))}dt 4 --

| R CC O
A (eigyn = D)(f(z(ay,n
(a;;,n—1))}dt + -
{{2(z(ai;, 0), u(b;,0)) +

AT (e, 0)(f (z(ais, 0), u(b,;,0))
{P(z(ai;, 1), u(bry, 1)) +

A ey, D(f (z(aiss 1), u(be, 1)) =
i(ai;, 1)} + -+

{P(z(ai;,n —1),
A (eigyn = D)(f(z(ai,n -

1))}+---}j6tdt.

A HARBRAL, AN, WO
. Hbllnc {{2(z(a;,0),u(b;,0)) +
AT (e, 0)(f (z(ass, 0), u(by;, 0) —
{P(z(aij, 1), u(bry, 1)) +
A (e D(f(z (awl),ﬂ(bml))—

— d(ay, 1)) pdt =

i(aij,0))}dt +

= 1), ulbry,n = 1)) +

1),@(1),@,77, - 1)) -

— &(ai;,0))} +

1))+
1), u(b,;,n —

u(brj,n —
1) -

i((lija n

i(aij,0))} +

i(ai;, 1))} + -
{®(z(aij,n — )vf(brjan - 1)+
A (CZJ7 - 1)(f(£(aij?n - 1)7@(brjan - 1)) -
(ay,n—1)t+---} =
{P(z(ai;,t),ulbry,t)) +
A" (cij ) (f (z(aij, 1), w(bry, 1) — d(aij, 1))},
(14)
R
aij{{g’lc” {H (z(aij, ), u(brj,t), Acij t) —

AT (cij  t)x(aiz,t)} (15)
Mt € [0, te], %k, 15

min {H(x(t), u(t), \0) = A" (020}, 6
B min ¢(a(t), u(t)). (6¢)

A I, (13) A5

mn)lJ =

J, ot

)+ AT (1) f((t), u(t)) pdt —

xm<na—uwmwm (16)
K
min {\"(Hz(O)y'} = 0. (17)

K6z A3 EX A5 HHES, 1501585
—FhEa:
min {H( (a”, ),U(brj,t),é(cij,t)) =+

a;j,brj,Cij

ﬁT(az‘mt)A(Cijy t)}. (18)
Mt € [0, ], Sk, 15
min H (a(0), ), X0) + 2 OMD). (6
==

A1 a) ARER(x(t), u(t)) < OFFATM L EHHE
0. SEBR b, RALIRWAEINIEH, WA N TTL R
], st n] EHIE I (60).

b) 3(6a)—(6¢) 2 )& T (S KIPLAL R R, ‘EATH) H AR
BRHCA R T-20(5) iz B sSRARAE ) B AR R &k, U2 3R SR
RIS R AN R =iy = ARy = R AN C k1= ML A/ 1) A
ZR(2)-4)).

c) U~J:7I<Jﬂ TSHU, ESER_EATR R SR AT

T SR [ Ay 8 IR B AN e SR A B Rk, R @
ﬁﬁ(%ﬁﬁﬁ%ﬁﬁﬂﬂﬁ?ﬁﬁ, R T 2R @ L E G AR
TR B HA M, TS EU 2 5 AU E HAA 12
SIERAT A A8 TR BRI R i s, R4

¥ Pontryagin i/ ME R 2T B 2 B R /IME R,
BALT NS S [14-151E 28451, 15 S TR R A RS BB
e B BN TR T AN E R A O

d) RASHWFFHIES TS E T &I A R EAL &
Z 5HERAL.

e) MardisEhr ErfHE I RN

123
arg I;’l(ltl’)l fo & (z(t),u(t), t)dt =
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u k=0
2.2 VFi2Pontryaginfg/ME R s.t. x(k:+1) f(z(k), u(k)) z(0) = o,
2.2.1 Pontryaginf/Me JFH 2Rk R g(z(k),u(k)) <0,
¥ O AR (), N (1) AR K (6a) B (6b), (20)

Aihit 22k, LRI 3R(19) i~ Pontryagindf /M
i3

min {H(2"(t),

min H(z*
u(t)

AT(8)E ()} =
(19)

u(t), \'(t)) =
(1), u(t), A*(1)),

min {H (z*(t),

) u(t), (1)) + 2 (A (1)} =
min H(x

) “(8),u(t), A(1)), (19b)

A& TR () RN (2), BA *(£) (L),
HAENT (a2 (1) = WE KT (AN (t) =&

MK (19)F Hi: Pontryagin /)M J5E E# 2 A SCHES:
ES A T R R R T oL, AR 2
et THAE T —FRE Rt ol -0, IR AT 52 448t
SRR R AP B2, A58 B B IR R R R
261 fR B,

222 ABFREAREEATE)

Pontryagin /)M 5 HAH X 7 (62)—(6b) 11 &,
/b—T01; Pontryaginfx /ME R EAH X T X(60) T T, £
KT HEREHE BTN G R, Hu e R
I, ANTR EEAR 3%, B AR 70 0 2 (62) B zl(6b) 3K

PR, B AT 1532 B 7]‘&@7??“5’]%%%# M5 7 e

OH GH BH

f( ) {HZ, R “ﬂﬂ?fﬁltl)lff(x (t), u(t), A*(t))
RIS TT R, DA IMREEAS THEA RERAS T
BT EARE TR, XU (6a)—(60) & H & H HIE
Boek, WﬁmmH( *(t), (t) N (6)) EA BE BT
8 My € ) C R, ﬁ— # 0, 0200 55 MK 5
22 5) /ij‘ﬁﬁgftﬁwkﬁﬁﬁﬂﬁi*ﬁﬁ Pontryagini
MEREE S A HIE BEA TS
2.2.3 JERERR

Pontryagin%d\ﬁﬁﬂm(ig)l H(x*(t),u(t), \*(t))
fEFFFR L™ (¢), N (0) RN, FETER Bt gk
B R — PR AR 0. H (2% (2), u(t), \*(t)) < H(z(t),
w(t), A(t)) XM L R E — MR R AE O, (HA
GWETH.
3 BT R
3.1 R (BB AR TR )

IR AR I RN bR ORI A

X @ R, DNMEE, € R*, u € R™, g € RY,
g BRI, e [l5E . € X Hamilton BRE H (z(k), u(k),
A(k+1)) = @(2(k), u(k))+AT (k+1) f (2(k), u(k))©,
WA FEN € R WA Sz v R

min @(c(k),u(k),

s.t. z(k+1) = f(z(k), u(k)), (21a)
z(0) = xg, k € [0,k — 1],
g(x(k),u(k)) <0,

R

min {H (z(k), u(k), A(k+1))—-
AT+ Dk + 1)

s.t. z(k+1) = f(x(k),u(k)), (21b)
x(0) = g, k € [0, k¢ — 1],
9(x(k), u(k)) <0,

R

min {H (2 (8), u(k), Ak 1))~
2V (k+ DAk + 1)},

st x(k+1) = f(z(k),u(k)), (2o
x(0) =z, k € [0,k — 1],
9(x(k), u(k)) < 0.

ik 3L20)E
rﬁ%l J= Igl}ﬂn{@(:c(O),u(O))—i—@(x(l) u(1))+
+ Pk — 1), u(ks — 1))},
st x(k +1) = f(x(k), u(k)), ©(0) = zy
9(x(k), u(k)) <0, k € [0, ke — 1].
(22)

QA IIBAR AN, R(23) 8% B bR,
T B AR N IS 35 T Pareto 5 A0 ARt 1 A B2 46 A 2
YR A QSR AN IEAY, i)

run(%)r)l P(x(0),u(0)),

s.t. 2(1) = f(2(0),u(0)), z(0) = xo;
min $(x(1), u(1)),

st x(2) fz(1),u(1));

o, 0t )

s.b. x(ke) = fla(ke — 1), u(ke — 1));
s.t. g(z(k),u(k)) <0, k € [0,k — 1],

(23)
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A, 220) o B s e il e, mT MaK23) 2
FARDLALRAE.

Nke(0, ke —1], WEH— MR, i (21a)fr

JIN:

s.t. z(k+1) = f(z(k), u(k)),
x(0) = g, k € [0, k¢ — 1],
g(z(k), u(k)) <0,

K @ e R, DNMNEREL 2 € R", u e R™, g € RY,

gNIMEREL, kel 5E .

RQla) T FIR Q3% B furr .
FreA, 3 (21a) B B ECR A AE 17 7, 0] X (23) F
% HAMUAK .

BESR M ZR(20) FH 202 1) #S AT V5 26 HA AH [H] (1) 20(23),
P AT 23 AR R 2 B ARl R AR, 55868
BRI R, sz, SR Qla)RERFEAE, it
Je k150 F kAR . 20 (21) BRI A B B A1t 2 il
THE L,

PATR, SR T R AR SCHE 1 2 18 e 4 i o B o
e/ MEFEIEELLE, Xl BirREE N

min - P(z(k), u(k)) =

(21a)

{@(x(k), u(k)) + AT (k+1) f(x(k), u(k)) -
A (k+1)x(k + 1)},
HIESS
min {H (w(k), u(k), A(k+1))—
M (k+1Dz(k+ 1)},
s.t. x(k+1) = f(z(k), u(k)), (21b)
z(0) =z, k € [0, ke — 1],
9(x(k), u(k)) < 0.
K1) R (210):
min {H (2 (k), u(k), A(k+1))-
at(k+ 1Ak + 1)},
s.t. x(kz+1) f(x(k), u(k)), (21c)
x(0) =z, k € [0,k — 1],
9(z(k), u(k)) < 0.
HEHE.

A2 o) BECRIERI R E ] A B B o1
g, B EUEME I UG T e g i, i —
2.

b) MBI S o % HRILAL ) Pareto i L
i, He B A B AR 2 ) s R s R
P B R MEL TR ER) R A Y R, R R X — e ez
.

o) Uk sEhr bR IR R
ke—1
28 ) 2 @) u).d) =

arg Ir&r; D (x(k),u(k), k), k € [0,k — 1].

32 RS R/ ME R
321 EHuR/MERE R R RS B
¥ SRR o (k) A (K + 1)ARAR(21b)-
QloyANbid 22, SrRIT13(24) Brs 8§/ MA
JEE:
min {H (z*(k),

mix u(k), A" (k+1)) -
MY E+D2z*(k+ 1)} =

min H(z*(k), u(k), \*(k+1))

24a
g (24a)

min {H (2" (k), u(k), A" (k+1))+

TR+ DN(E+ 1)} =
min H(z*(k), u(k), \* (k+1)),

24b
g (24b)

A

N (k+D)a*(k+1) =

o (k+ DA (k+1) = F &,
o A (k), B a (k + 1).

M Q4)E i B ER/IME R B A SCHE T 1B

A LTS B R IR TR L. 52 B RFAROR K
JEAKF R 2, R B R & R R 01201, AR 8
R

322 NAERR(ERREEATE)

B O /ME SR BEAR T (2 1a) B s v B B T
5, 2RI B /ME FE B XT3 (21b) 38X
Qlo)Fnit BRI S, Sb—T0. ks m S E1E
BAEEAER. Yuc R, NEEEAMNE B
e AR 3 X2 1b)E 2 L) SRARAH, BP 15 R H0ik
EAFTE L ZE A

ooy 2@

... OH
Ry iy s e ad

Ay @
= f(x(k),u(k)).
HA2, ﬂﬂ%ﬁﬁﬁj\ﬁ%%&%d‘ﬁﬁﬁﬁg H(z*(k),

w(k), A (k + 1)) RHRAE, HAESEARE &7, 415
SN B S0, A IR I A T R AR A T T
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5 MH 36 %

XUt A (212)-(21e) % H & A 15 B 5%, 1 B AR
MEFERESENEEATE Hue 2 CR™N, A
%Z £ 0, HAATR S SRS IS S, A RS
JIRERIRES 1, B ER/ME R & A s EATEE.
3.2.3 EREEEk
B AR /ME SR Iﬁ}cl)l H(z*(k),u(k), \*(k+1))
ff AR B R (k), M (k+ DR, TEEA LE&
R R — RS UL H (2 (), u(k), \*(k+1) <
H (k) k), Ak 1) IR0 20 th 22 0 R — ik ik
T, BB G EE.
4
Bl1 H6e)IEH(RA RGUIRESTTFELIR):
mér)l J = 02 0.5u(t)dt,
s.t. Q?l(t) = 1132(75), 131(0) = 1, .’EQ(O) = 1,
a(t) = u(t), 21(2) =0, z2(2) = 0,
(25)

Az € R?, u € R.

3 F L B H I a) #3Q)K MR, RISKERE G 7
FE IR TRE DA TTHE, SRAZARAT AR, S MAAHT AL
FIEUE A b) X BRIZ R SRARAE ) SR EUE AR o) KA
SCHE S IR 3 A AR ASREUE M d) e ME TR
BB A SR BB R AT 3 VE N bn i, K56 ) w5
=,

fR 1 HMATLABRIRFS 50 T HA R AR il
R 7] @(TPBVP), 153 Ui

21(t) =1+t — 175t + 0.5¢3,
zy(t) = 1 — 3.5t + 1.5¢2, (26)
u(t) = —3.5 + 3t.

MIRAEARAT, = 0.2 s, MZRZEURISEUE,

W TR

& 1 AKX (26)547 X(25) 09 F AR R
Table 1 To get the numerical solution of
Eq. (25)from Eq. (26)

zi(t)  wa(t) u(t)

1.0000  1.0000  —3.2000
1.1340 03600  —2.6000
1.1520 —0.1600 —2.0000
1.0780 —0.5600 —1.4000
0.9360 —0.8400 —0.8000
0.7500 —1.0000 —0.2000
0.5440 —1.0400  0.4000
0.3420 —-0.9600  1.0000
0.1680 —0.7600  1.6000
0.0460 —0.4400  2.2000
0.0000  0.0000 —

2) Xz R SRARAR iR @ 20(25) SR B i

RESHBHAL(T, = 0.25), KHMATLABAL{L T
FLAE 1) 29 o A 22 1% A0 A6 3K fif 2% fmincon H H 5%
interior-point, fHEUEME, WEK2FTR.

& 2 K(25)89 815 /7
Table 2 The numerical solution of Eq. (25)

z1(t) z2(1) u(t)
1.0000 1.0000 —3.2273
1.1355 0.3545 —2.6212
1.1539 —-0.1697 —2.0152
1.0797 —-0.5727 —1.4091
09370 —0.8545 —0.8030
0.7500 —-1.0152 —0.1970
0.5430 —1.0545 0.4091
0.3403 —-0.9727 1.0152
0.1661 —0.7697 1.6212
0.0445 —0.4455 2.2273
0.0000 0.0000 —

F 1 SR 28 36 Rk — 3
3) E R (6c) HF2(25), & HUL G HEUE
Ak SR B AR

m(igl 0.5u%(t), t € [0,2],
u(t

s.t. 1 (t) = ma(t), x1(0) =1, 22(0) =1,
Zo(t) = u(t),z1(2) =0, z5(2) =0,
(27)
Az eR? ueR, e R
BB HUE (T, = 0.2 5), RAIMATLABALAL T A
FA M2 R AELRMEC A K fiF 25 fmincon I FH 5LV interior-
point, SEUE A, WARKIFR.

* 3 X789 8
Table 3 The numerical solution of Eq. (27)

z1(t) z2(1) u(t)
1.0000 1.0000 —3.2273
1.1355 0.3545 —-2.6212
1.1539 —-0.1697 —2.0152
1.0797 —-0.5727 —1.4091
09370 —0.8545 —0.8030
0.7500 —1.0152 —0.1970
0.5430 —1.0545 0.4091
0.3403 —0.9727 1.0152
0.1661 —0.7697 1.6212
0.0445 —0.4455 2.2273
0.0000 0.0000 —

K25 R3IFIE e a2, REPRAS A (25) I AR
x*(t), u*(t).
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4) XJPontryagin fiz/ME R B (4), FHEUE LA KR
e
I&ltr)l [0.5u2(t)+ A1 (£)@a () + A2 (£)u(t)], tG[O 2],

s.b. 1(t) = 2a(t), x1(0) =1, 22(0) =
Eo(t) = u(t), x1(2) =0, 22(2) =
(28)

Az € R?, u e R, X € R2

BB BT, = 0.2 5), RAIMATLABLAL T A
FE 2 R AR 26 PE L AL SR f# 2% fmincon, H H 5 iZinter-
ior-poinCREE M. IR RGNPIRZS T FEAHH], HAth Y
ZygorE], tHER, TR FE— S ENL, AR R,
N HE =M E I, & F—MMATLABALAL T H
FE B, H %Igl(ltl)n {H (z(t),u(t), )\(t))}'ﬁrﬁltr)l o(

z(t), u(t)) Wi AR EANE, 785 AT, A qe

PAFQS) I ELfE, THE L5 R AR

Bl 2 K6o)FIMEHE RGURESTTIRLAR, 86
23 bR AL ).

m(itl)"l J = [wT(t)w( ) +ut (t)u(t)dt
s.t. &(t) = Az(t) + Bu(t), z(0) =1,
x1(5) +23(5) + 23(5) < 1,
(29)
Az € R, v € R?,
[2.3714 0.3163 —1.1280
A= 0 —1.1815 1.1589
10.6103 —5.9501 —0.1741
[0.0475 0
B = {1.2500 0.1010 | .
0  0.2873

fSEFH A1 B H IR @) X 02 BR SRARAE i) 2 sk
B b) KA SCHE T ) v 5 i 8 FH U e A SRk B
fift; ¢) %I Pontryagin £ /)M J5 35 F HUE A6 SR BCEUE
fife. RIEAVENPRIUE, K05 P .

fig 4%3(60),
Iil(ltr)l [T (t)z(t) + u™ (t)u(t)], t € [0,5],
s.t. () = Az(t) + Bu(t), =(0) = 1, (30)

23(5) + z3(5) + z3(5) < 1,

Az € R?, u € R2.

BB BT, = 0.8 ), RAIMATLABLAL T H
FE M 29 SR AE LR P00 SR @ 258 fmincon, I H &7 inter-
ior-pointfFEUE M, WRAT7R.

AR RQ29) R 72 2 SRARAE 1] # 50E
fift 5 4= —5N, {H%, Pontryaginf/ME R FEAREIRTF K
Q) EA, THAESE R AR,

% 4 KX(30)49HAaft
Table 4 The numerical solution of Eq. (30)

z1(t) z2(t) z3(t) u1(t) ua(t)
1.0000 1.0000 1.0000 —4.9621 16.2299
2.0591 —2.6688 0.3184 1.5332 —0.6119
5.0612 1.6328 13.8427 —11.6676 1.4865
2.1409 1.1354 6.2716 —5.5505 —0.0706
0.6193 0.3204 1.0224 —0.7517 —0.1512
0.9242 0.2260 —0.3080 — —

IR e R FE IR S R G, AT DA 2% 2
(=
a) m(ltgl H(m(t),u(t),A(t))Enl(itgl P (x(t), u(t))

HREE, 7% % A Simin AT(8)f (2(t), (1)), (21

AL AN 2>ttt 22 H 0 I BE 22 (U T R e 4E 2
KB R, it B4 RAREIRG MR 2 (1), w (1),
A (¢), Rﬁ%ﬁtﬁ%ﬁﬁ: XA B2 SRR VR S SR B
RIS, ZEAFR kG BEFITRE TR A

b)Iun(lfl)lH( () u(t), \*(t)) & 1t 1, min{

H(z*(t), u(t), A\*(t)) — AT ()2 (1) } 2 1E #; i@‘
min H (z*(t),u*(t), \*(t)) A7, 1Ef1275m1n {H(

(

u(t)

z"(8), ur (), A7 (1)) — AT (H)2"(t) }hmin {H( t),
J£(t)}. P min H(z () u(t), A(t))

u(t), A(t))—AT (¢
%)%9%%1&1)1 AT () (t) I, - Ha* ( ) *(t) 2SR, If
(1)) ANBESR

ANBE N B AE A, BT BA 151(151 H(z(t),u(t),
BE2 (1), u*(t), \*(t). EIRBIR(EMANFE AL
(1, RGN GRAAFRINR) E—F A mfi 5, SLis 2
HE B SE T EL.
5 ik

AR SCHRE H 3 SR 4 ) R RN B i e 4%
1l T BB D B TR T e e 4 ) B S AL, Pontry-
agin 5 /M BN B IR/ ME JF B 7 AR A SRR
T 58 i 0 4 ) R R B TS 0 o 4R R
FkAB AL, 7 B, Pontryagindi /M 5 FE A5 # M
JRHERHECASRE T I L H BB AL, X —Fh k.
XU RAES0Z 4 Ja A ORI, AFEIRBUE AL E
F AR R R I F5 HIEAMATLAB A AL T LA,
X W AR A

e 0 72 ) T B E Al T T O R 0k Al
1] (2021 HLSRA: AN 2 S TR B .
Bl TELSE R A B R SR,
SEHk:
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