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Self-adaptive variable-step approach for iterative dynamic programming
with applications in batch process optimization
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Abstract: As a discrete algorithm to solve nonlinear optimization problems, iterative dynamic programming(IDP) algorithm
is rather vulnerable to the stage of time in several aspects such as accuracy as well as the convergence rate. Traditionally, the
time division associated with IDP algorithm relies on human’s subjective experiences, lacking effective guidance. Motivated
by this observation and targeted at fixed terimal time optimizaton problem, a self-adaptive variable-step IDP algorithm is
introduced in this paper, which can adjust the number, length and switching point of the time stages taking account of the
performance and control variables, in order to improve the performance of IDP. The approach is applied to batch process

optimization simulations. The results show that the time stages can be self-adjusted and the optimization performance can

be improved.

Keywords: optimizing control; iterative dynamic programming; self-adaptive and variable-step; batch process

0 5l

75 BRI BF 78 pe SR R B AL ) — b RO
V. %7 I T I 1 S T 5 -
T LB BRSNS R SR, BT R AR
HIB J7 Fid FE 42 2, LI 2 4 5500 18 2 S SRR 42 3 38K
38 UL T 396 1 77 3 PR R 2, (AR 3 A R 05 2 T
N S

Luus? 2 tH T 3% AR 30 & #1%1 (IDP) 8 &, KA 3
AR 1 e A R AL, T du b WA ) 5 5 DD G A 40 B ke
FGEHEAT BB PR AL A B, S e AR 4 N
RGBT TN, BRI A R B AR, o A% 15

(|3

k= B ER:
HeWwiH:
1EZ BN

2014-09-12; 1&EIHER: 2015-03-12.

(1990—), 5, w4, M R AL FOR 5%

RIS FH K A 1 T B, (R mT DUAR B v e AR 2 1k
I, B Fi& T B AR T 92 3 v B

IDP (I (6] B P ot T A 45 R B L
FLRIEEMAW. 7y Bod 22 2 SN 557 H, B IR A
JEs T 73 B /b 2 FEARSR AR ARG B2, S2mans H A bR £
Pete. H oAb, i 18] B PR UK 2 K58 N 1 £ 4
5, BB PRI, Sz —FiRHE . @Rl a s
T3, ™ E 2 1 IDP Ik A RE.

M X I ) BRI AT T AR A
78, $& T Sk ¥ 77 V. Bojkov SR Y AR 46 I 1) Bt
LB IDP 55.9%, BRIy Ab B T 2% S IR TR) AN [ 52 2% 1

rp e R B AR Y 45 3 5 T ¥ 4T H (YS 1404, ZZ1310).
AFEN1963—), T, Bz, WA S0, NI R AL B Sk Dol 2 R 1 0T 5,



11

FREF: AERE Y KRERNESAR 77 B B ARAF 695 A 2049

B AL 7] 3, Mekarapiruk Z5017E IDP A\ [X 35k K
NRAIEAE BN TR, et — € YU Bl N BE L B P K
Luus!71% FH 311 s ) 7 Uk B3E P, fRIIE 12
i o 241 R 24 TR 2% A1

IR TTEXT S BRI et T —E S, 1T T
IDP 032 (1 FO0KE FE. AHZ, 3X 8 77 v 50 X I (1]
BRI AT R, R s b T AR B S R 2
Br, WA 5 AR RSB SRS B L.
BTl AL TG Ay b oo AP AT e 4, P E FRAK TS
PLRLER, [EI R MR HE IR AR IR E S B T v 2
1.

AL o} v I 2] [ 5E O Bh A PR AL in) 7, 4t —
o 1 3 AR A (R T [B] Kl 43 77 1. R R PRAN B R 4
ST R ) B AR RS AR E AR, BhA
SR B[R] B B R KB D) . VR T
[ SO R R A, TRAG T B A5 R
1 HEMNAED KA E R
1.1 sHSSMKE@

2 ity I 18] [5] 5 1 3h A A 18] B — M AT LA R g
LURIW

H ¥ eR 2L
J = maxp[(z(ty), tr]; (1)
AP e
% = f(z,u), z(0) = zo,
clu(t), z(t)] = 0,
glu(t), z(t)] <0,

(t) <b. (2)
Hor: o) RS E, HVIEIRSE 2o TR u(t) x|
2 ¢ AW, g AIAERAN; o b IR u(?t)
IFEBR; ¢ &t .
IDP BIEFEAE WA R A B R AT B Ak, T2 S
I ) B A O SR IR AS B, FERDIRAS BT SRAT,
13 BRI IR 25, ITTTREZE SR 2 40 i B #R8
BRI Ay ) s P2 1) 22 e A 2 A AR, AS BEAR I 75 AR R
Ff 52 Bk IDP 2B 4K, Fit L TDP 3l 5 2 38 0 st i) B 4

Q
N
N

o

BRGHE R, HFRHE RS 5L ARG EMIL, M
T PRALE FfT SR A5 14 25 U RE A7 R0t T SEPe R 4. AR,
FRLAEAE FE D NP BOFAS — € RE SR TR I RCR.
X T AR AR B R U AR S 1 AR 4, GRS AR

9]
15555 TDP B35 AR s 1) SR A 77 92 [ e A A28 ) ik iy,
AR Gap B B0 Division 58 %5, S H 38 N A8

KT LA 8] B 1) 43 e LASE T+ IDP /S e
1.2 Gap BHH

FIH IDP Sk AT AR M, R il A2 R A i A2
BEILBNRIZ R G, 0 2 )4 m, BVE [R] R A
XA 25 B 28 50 B L. AR YT A4 i Gap BREL, AR AL IR ]
KFE S LA T T RE

T8, IDP BN BEAS [ R (] T35 4 h P B,
5 BT TR B 430 R

(k) =ty —tgoo1y k=1,2,- P 3)

FEBE, 5IN—ANB P (8] 38 5 7, B AN [ P B[] B
A1k ab 2, R

dt = v(k)Pdr, €))

tp —t_1 ZU(k)P(Tk—Tk_l), ®))
1

Tk = Th-1= 3 (6)

& P, ™)

BLAE S § UGEAUR, 15 BRI 8] 17 B0 o (i) =
(V7 (1),07(2),- -, 07 (P)], RAFHHEHI BN/ (i) =

[uj(1)7uj(2)7"' auj(P)]'
EX 1 Gap RN
. Aul (i)
G(z):Au{nax,z:1,2,~--,P—1. ®)
/\I:':‘
Unax :m’ng%ﬁ_flu](m) —u’(n), 9)
wl (i) = |u/ (i +1) =/ (@)], i =1,2,--- , P — 1.

(10)
Gap bR KM F2 ) 22 5 1A A0 B2 1 e, AR AT A 4T
AR ) ZE A K/ 5 A UGE ARG, SR rp P AT 4 il A2 2 1)

BET Y s AT AL,
B Gap 1 BIE Y w. #5728 kSR AR RAL, G (k)
> w, WIXEE kA RAE SE B T IR KR o7 (k) 507 (k

v’ (k + 1))

Mt 5 2R RS SR, IR R wd (k) 5 wd (K + 1)
ZRORAR, K A R b LB T BEAR N R (2), i H
NSRS ]

O (thg1), tr1] =

Ltk*m(k) Flad (1), 0 (k))di+

Ltm(kﬂ) fla?" wd (k + D)dt, (1)
. te—1tv(k) . )
27 (1) = LH flad (tp), W (k))dt.  (12)

e B DL H s R BBUELXT B (K D)8 5, 45 BB K I



2050 = Ll

* R ¥ 30 %

B BT 3 09 (i) = [vI (1), - - -
1.3 Division B/ #
F R IDP BEAN e B4R A8 FH A A R A 2 2, (EA)
AT AR R RELARL: SRR [R] B Bk % A, IRAS i s i R A
BHEZ, P R AR
CLEE 5 IEAR A, LA J7 IR SR AiE 458 il A2 =
W SRR, iC Aw', B
A (i) =
[l (i) —uw (i +1)]%, i = 1;
[w? (i) — u (i + 1)) + [ (i) — ! (i — 1),
i€e2,P—-1];
[wi (i) —wi(i — 1), i = P.
WA B (1) = [wi(1),w9(2), -, u (P)] 4%
NTTHE (2), 19 BRI [ RAE S 00 B ARE 7 (4), T
AH2R H bR & BUE Z R T7, 188 AJY (i), Bl
AJI(i) = [J7G) = PG+ 1)) i=1,2,--- , P —1.

07" (k), 07" (k 4 1),07 (P)).

13)

(14)
FEMN 2 Division EREUHN
D(i) = PAuj (1) 8 PAJJ(Z) (15)
oA (k) > AF (k)
k=1 k=1

1 T 42 A2 5 H A e B0 SRAFE I 8] DL AL i
AFE, SIAFA5) F s B, 73508 H b ek K S 15 1 42
RBCE. X D(i) #EATH AL, @ a4-8 = 1, WA

P

> D) =1.
=1

Division BRI £ X SR A (8] B 7] &, AR 45 45 i A2 &=
5 B b R O R I TR B P R AR A, B T
L B AR SR A IR I R B, 40 312 165 (1] B LA T4 1)
A RSP, PR A IR AR IR SRR R

WD) IR AN 2 D) > A, BN S
i AN TR) B PN, 42 1) A 6 1 9 B K HL H A R AR B
FE . DRI, R R 42 o 78 N, N I () B Dl T
DA R g AR SR 75 SRS i 42 1) SR s

SFF N BB, A /N2 5 S0 TR B, i
RIFAREA Rt T o3 i) [B) B . 43 K E A Ll k
P, — B S, ARSI AELE 0.1 YT i, £33/ H A5
PR B FRAR,

2 HEMNAZLKIDPHE

W _E3R BB JE IDP Bk b, R A] 7581 & M
535K IDP HL D 3R,

1) BERIAR I R BEECA P, K (8] X 8] [0, ¢ 4] 734
IrN P B R N AP AR B AR A AL 6T
AN TIAT B ) A2 B ¥ e M AR ATE. % Gap i
A Division & HU BRIE w 1.

2) 4 BEAN I B B — W AA 4% 1) A8 B AE wo, HR
N — 1M EHIARELE [ug — 7, ug + 7] PIBEHLA K.

3) ¥4 56 2) A R NV 2R ) 1) 2 4 AR IR S
TitE (2), 193] N H o (PPIRESEZE, B P x N AN
i

4) NI G — AN ) B PR, xR A ] X
65 [ty — v (P), b, % T tp — o (P) I %) _E A
WA L, FH M A AT B2 604 B ARNIRES 72 (2).
M AT AR S s E AR 2

wW(P—1)=u"(P —1) 4. (16)
Horprs =1 R B REARAR B B4R d & G 1 OEAE
FWIURAE), n A& [—1, 1) MBI BENLEL. M M A B AREH
MRS H b ek BB SR I AR &, A A AR B
PAME T — 2B AL H.

5) B EFT— AR BE P — 1, XF R ] (X 8] A
[ty—vI(P)—vI(P—1),ts—vI(P)], "A M s H M A
AT FE A B FARNRES T2 (2), 15 2587 1 W %
P vk o o G 9N EER 5 & LT s A Y SN MK ¥
gz ) A2 B AH, 4R ERRAX, A3 3] M A B ARk A,
fifi A7 b R B B A0 T IO R %o 2 ) 4% o A B A

6) Xf P—2, P—3 HEYIMAI A B, B FR .
XA 2 ) 2 AR B ) B AT IR a4 R, FHREE
PR EE A — 4, il W (3) = [ (1),4(2),- -,
u! (P)].

7) FFH Gap BR H AT Division B8 3, %A 8] B
(D)4 rii L B AR FE HEAT AR AL, B0 A R [R] ) =
IEEGHIE=

8) I 48 /N -y B/ N i AR R 48 VG L, R

Pt =y xpd, (17)
BRI R 5 + 1, A5 25 2) B AT T — Ik
AR, B2 78 O E AL

EARE R R, &3 AT TIRE T PR T
{8 R DAAS 21 [ 4 1R I () BOR AL RECR. el E R 86 T LKk
BT, SKAT 4261 AL & IF AR, Semr 47 ik
PR A 8 AME R UK, T AT R -5 S50 % AR R ] B
X5y, BRI SRR 7). BRItk AR SC sl b, S92
M58 7) B RS A IR E G AR > 5 FIIEARKR
ik i R R BT
3 BHEMNAS K IDP H kB S iE i

‘g1 UR—NETFTZRRY ™ FET
4.

‘g2  Jo(u) —MEU ERIMEREL

B3  L{ull*} = {u € UlJo(u) < Jo(ubl*)}
AR BB MK

EE 1 HENAZDKIDP BV EIOR L



#1138 EERE AERT T RKERDENR R AR A B ETAELL 692 R 2051
&, MREAETEMU € RV NIEFHE{UQ), #it2 XNTARSKRMyEy - HHr £ 0,

U(2), -, UN)} CU e RN, H{U(1),--- ,U(k -
1),U(k), - ,U(N)} FEXT S [A] B =2 43 B & U-01,
ETEZ ERIRIFEH) {ull c Ulj =1,2,---}

i, R € {argrnano( )} & B & AR D K IDP
ﬁ%¢%m%%ﬂm%mﬁ
W BOGERE RS M ASATE,
alal = U+ w[M](k) ¢g=1,2,--- ,M—1. (18)
A A A R R R AT R R

N-1
T x — gl oyl = g lilx Z w[j](k) =

k=0

j N-1

ul 3N wll(k). 19
=1 k=0
o wldl (k) 2 AE U Py I BE ML I &
u[j+1]*(k) =

w1 (k), Jo(ald) > Jo(ubi+11%);
{argminjo( ), Jo(ald) < Jo(ulit1*),
R ulil = ur e {argmanO u)}, B Jo(ald) >
J( 11y T, W FAR R g, ﬁuml*( )= ulil* (k
w (k). R, XFF BT A k, A LUIE B wlit i (k) =

u*(k) O
EE 3 HENA K IDP SEVE AR A
e S

WEH i b e, ol wllp| <

Zw[J]
Ve, D = 1,2, ng. JH:, mzﬁ%%f@

oo+ B < lo| + |8, H

N  ny
l[wl]|y = szwl[i]DHz < s, (20)

k=1D=1
M 45 1 . [

i —
lim ||uj+1] J]*||2
]—)

Jim, lw]2 <

J—1 _

lim |47~y = Il Y

2 x 0 =0 =

lim ||u [G+1] _ u[J]*||2 =0. (21)
]—)
.[H:, _hm ’U,[-7+1]* = u[]] — u[oo EB%EA%H
j—o0

ul*l € L{ul0*},
L{ulO} FEAR B R AR,
H [ 38 R AR A K IDP S = AR 1 41 diesi . O

HIL 1 IDPEKIIKECE R
> =l < I

1-—

IDP [¥48 2% i 2 3 A T AT 85K
PAE PN HES IO UE I BT B0, AN B

T4 SFTFRSKREyEIly =D Hr#0,H
NS K IDP I ul c UG = 1,2, ) IS E
u* FINERRAE 1.

iE il

LK{u[j]*} —
{u(k) € UE)|Jo (V" |- oymuqy) < Jo(ub*)},

HH Ly ful Py FEIA R — AN TTNRE, B

P (ul 1 (k) # ul* (k) =
P (w1 4lhd (k) e Ly fulti)) =
Vol(Li{ul+11+})

Ty

H (27" try.p)

D=1
o Vol(1) fEn, = 1,n, = 2,n, = 3 FAAMERK
B AR S R

Jo(u) TEU b & P2 #% 1), wl i 4R 4
L{ubl} (i 5t 1, Rk

0 < Vol(L{ul*+1*})

(22)

& 1E

Ny

< H (¥ ~'rk.p). (23)

D=1
NS Wl £, A
0 < Pr(ul Tt (k) # uJ]*(k)) <05=
0.5 < Pr(ul (k) = ul* (k) < 1 =
0.5 < Pr(u[”l] (k) =ul(k) <1=

Pr(ul 1 = U1y = pr+1 = ol (k) < 1=
lim Pr(ubﬂ]* =yl =0=
J—0o0

lim Pr(J(ub < J@bl*) = 1. (24)
J—o0

u AAEHME— EREERZ G, v - 1IN
M — (AR e A, R
lim Pr(ub = olil*) = 1. (25)

jro0
4 A& B AL L5
4.1 FELZEEGTIESHI

[E— NGB B P REIT A - B — CHtk
2 L oA Amfyir”JF%ﬂ,BxEEﬁF%,C il
P2 it A B R AR ) s S, A B IR P R AR 2 v B
235 B gt AR Z A ] T AR 0

H b R X

m(a§< J = xa(ty); (26)
¢

PR AN
2y = —4000 exp(—2500/T)z?,



2052 1= #l 5 * R 30 %
2y = 4000 exp(—2500/T) a2 — 333
620 000 exp(—5000/T )2, . 3451
21(0) = 1, 22(0) = 0, 7 335t —|_I_|—
208 < T < 398, ty =1, 27) 395 . .
S 2w AN AL B RIS (mol - L), 2 00 0 e et
WIS B 1R 0; T AR BEREE (K); ¢y AR AT (a) P=5
EIESER 365
X T 3X A (8] B8R s AR A 1) @, VF 2 3 K A 3551
IF] 7 V56 HHEAT T 9T, Renfro 21107 F A5 1t Ak 5% < 345
W >R 75 1) B A0 4B A2 0.610; Rajesh 2RI FH R 45 #) 335t
PACTTIRIAT I IC, 5 B ARAL T2 TH 52 0.610 455 1% T 07 o6 o3
i S U2 A% St ) IDP 530545 BB AL (E N 0.610 632; T/K
Logsdon 25113152 F SQP 12 3R i 1% il i1, 753 i e e (b) P=10
$0.610775. i
K R IDP H 2, SRS LR BB AN =5, - 355‘|_|_|_|\
BHIERH M =5, BHIBRYEHET = 348K, ¥ = 345}
BRI R T r = 50K, AR 15 V. W Al B K 335
S48 40 B, BB BN P = 5, P = 10, P = 20 fil 02 04 06 08 1
P = 25, K13 H A3 o6 MU0 UL 1. SR 3 A R © P20
bl 1B, A LA i, BT B P I, A 150
)42 i) A 1 B 9 RE A, H b R B R B
%1 FENEBHE P THEHEHE s “’J—LH\
P 5 10 20 25 340t
J 0.609 400 0.610070 0.610453 0.610535 320 . . . .
P 8 A8 K TIDP 27 TR A i 47 3K i 0 02 04 0008
WP =10 A¥ItEI R B &, REFEM N 5r 52 (d) P=25
FAE AR, Xt Division B 20N 1 B {E AL E o i BUAS 1 TR PETHRMKESHE
[ EE, SRAF M HARREE R 2 s, T, A = 52 FESKTFHEEERE )
0.1,a = 0.9, J A 5 KfE 0.610786. A
HT PEAIEREFE 221, Gap R R ¢ 0.1 02 03
8 w bl PR L, RE O A 0.9 0.610786 0.610763 0.610679
w = h/P, P 10, 11, 12... 7 (28) 0.8 0.610785 0.610757 0.610631
;E\:IZF! h%?ﬁ[ﬁ]{gﬂg%ﬁ& 0.7 0.610784 0.610757 0.610615
TR R R AR &, b FEUE R, %3 AREMETEREKIE S
B n W EUE X A5 [2,5) B B E, R3S T4 h 2 3 4 5
IEJ h’fE‘FEK] a *i‘l%lﬁ'fg mﬂ, é,l B — 4HTJ‘, E *U?]Zliﬁ J 0.610781 0.610784 0.610786 0.610786
. B, & h = 4, &3 15, P10 400
A5 H 24, K13 T = 0.610786. %4 RN T EL P =25 380
AT 190.610535, W48 F X1 % 2512 A Jf IDP 54
73R #3111 0.610 632 1 Logsdon 21131 ] SQP i4: 3K 75 11 < 3607
0.610775. 340}
BN Gap & £ 5 1) H br 2R #UE J = 0.610786 4 370 , , , :
5 1 2% & Division B ¥ (¥ H 47 B $0H J = 0.610 786 2 0 02 °~4T/K°-6 0.8 1

HALE, A BANIFRTY, 75 20 10 S P12 i) i 2 dn i 2
B,

2 BENTHKIDP BE TR TSI



11 EREE: AT Y RERDEAX 7R A BT AERA T 02 R 2053
T A 491 g ) AR RS, BB T 8 € [0,0.2) 2.0

I AR Bk, B 20 T R4, 51\ Gap B $LI % - 16}

FIEARYIE AHR, F— 520K 75 45 W] Gap 51 2 12}

TEAE B BB K IS BL R, A RO IR AL 1 1) 3% 3 o0sl

5, RTHEE N Ak 5 oul

42 FiEsiT sl 0

K F Park SR HY 1) 2 8] A2 40 B 8 2 5 7Y,
FLJURHEE B BE PRI REAT IZ TS I, AR AN HERE AT 7 i 1)
A I RE AR IR A R

H b ofi 3
J =maxz(ty)es(ty); 29)
LR KA
% =gi1(wg — 1) — %3317
dxo u
a = g273 — ;53327
dxs u
a = g3T3 — ;5553,
dxg u
< = —7.3g3w3 + x—Smg(QO —1y),
dzs
"
B 21.7814
P37 (o +0.4) (24 + 62.5)
_ x40 571
2= 01+ a0
4.7593
N= 0121 g5
z(0) = [0,0,1,5,1]". (30)

Horb: oy NEREE P AR S VAT SCU-s2 HUIKRTE (gL ™),
wo NG SCU-82 (IR (L), a5 NANLIR K
(gL, wg N EPRRE KT (gL, o5 NN
B PRAR (L), R ¢ = 15hy SRR
HE u 2N
0<u<2; (31)

J R F B 2 %1 SUC2-s2 7 8. AR 91 B R 42 i i e
TR, i £ I %) SUC2-s2 [P fi K.

KA HIENA DK IDPHE, % P =10, M = 5,
N = 5, Division BE R EI A = 0.1, A5 A\ Gap i
B R 20K G, B3 P =22, J = 32.4269, #H2
RN 3 fs.

B P 3 T I, w(t) B B B Y, LR 5] N Gap o
Hotr 48 ) A8 B )4 AT AR BT 3 U

Lw = h/PHh = 3.3E20%, BT =
32.6222, Z &5 FAL T A 51 N\ Gap R #1111 32.426 9,
B AR T Luus ZE VR P = 31 5K FE I [a) BLA5 2 11
32.6134.

0 SI lIO 15
t/h
3 5|\ Division & ¥ & L I=HI 4015

N T BRI FARE L, B XA 2B
Zeid R, X T\ us 2y ~ o5 FEAH KRR IAT AT

WE 4R, Mt < 9.54 1, 21 ~ 0, J ~ 0, tEi,
PLJ = maxzq (tg)zs(tp) NI AT KB SE
bR . R, FEAEt < 9.54 [X 8] P, BB LN

_ 30
=
2 20
5
< 10
% 5 10 15
¢/h
(a) JMHLZ
3
z 2
2
Sl
% 5 10 15
t/h
x, ME L
28
2.4}
N
= 2.0}
< 1.6}
12g
15
t/h
) x, EE
12|
= 8r
e
4t
% 15
t/h
(d) x, HEITE
= 4 J,x17$371’5E"J$ﬂ]‘1‘E
w3 AR IR B ) AR AL, 1E x5 A B UEAE f5, B

t = 9.54 5, BRI oy ATFIRKE A B, £1xF
YA B T VRN R A
JQ = .Tg(t)l‘5(t), t < 9.54. (32)



2054 1= #l 5 * R 530 %
Pht = 9.54 NI, B 5 4 3K Jo A1 J /£ 4 Division (Li Q X. Research of iterative dynamic programming for
BR 1R A A AR BE. BB IEARE H 20K, KRBT = industrial process[D]. Department of Control Science and
32.626 8. Engineering, Zhejiang University, 2011.)

B {—ﬁ{ﬁ” FaEELl ﬁ%/)}ii)} B uEz', %FEJ@ EY gﬁ N [5] Bojkov B, Luus R. Optimal control of nonlinear systems
A fﬁ DL 38 71 B (1] Eﬁ%ﬂl%, ﬁj{%’a 4] §%‘J’}E%ﬁﬁ§*§fﬁ with unspecified final times[J]. Chemical Engineering
Hb DL B AR 428 b1 A B fr 0L Science, 1996, 51(6): 905-919.

A = 0.07 I, 2525 kAR5 T = 32.671 5. 1445 [6] Mekarapiruk W, Luus R. Iterative dynamic programming
HLR T Luus®S% F 56T 51 5 50875 45 K IDP & 3353 with adaptive scheme for region size determination[J].

. s g 1 e -~ . Hungarian J of Industrial Chemistry, 1999, 27(3): 235-240.

L2000 RRHFHY 32669 1, = HIHLL LI S For. [71 Luus R. Parametrization in nonlinear optimal control
2.0 problems[J]. Optimization, 2006, 55(1/2): 65-89.

= 161 [8] Min Ho Chang, Young Cheol Park, Tai-yong Lee. Iterative
% L2t dynamic programming of optimal control problem using
g 0.8} a new global optimization technique[J]. Computer Aided

S 04t Chemical Engineering, 2003(3): 416-421.
0 . [9] LuusR. Iterative dynamic programming[M]. Floriad: CRC

’ : t/h 1 15 Press, 2000.
5 W\ BRI B [10] RenfroJ G, Morshedi A M, Asbjornsen O A. Simultaneous
optimization and solution of systems described by
S % i’ﬁ differential/algebraic equations[J]. Computers & Chemical
AR S X IDP S92 I 18] 7 B BRAR AT 7 Engineering, 1987, 11(5): 503-517.
BET —MEENZSKKIDP 8. &5 7 HANE [11] Rajesh J, Gupta K, Kusumakar H S, et al. Dynamic
BN LK BIHERE, A T HEER SR optimization of chemical processes using ant colony
HN T2 E BOd e, seplfi Bas B R0, &R framework[J]. Computers & Chemistry, 2001, 25(6): 583-
SR RE NS ST E & L 2> B e, A RBERTT T BEE 595.
ol b B R (121 04, 5 B, — o I B 7 i R AR 30 s 0 K
R0 THEALE RIS, 2009, 25(7): 792-794.
%3 X Hk(References) (Liu X G, Wu G H. An approach to iterative dynamic
[1] Aiying Rong, JoséRui Figueira. Dynamic programming programming for batch reactor systems[J]. Computer and
algorithms for the bi-objective integer knapsack Applied Chemistry, 2009, 25(7): 792-794.)

problem[J]. European J of Operational Research, 2014,
236(1): 85-99.
[2] Luus R. Optimal control by dynamic programming using
systematic reduction in grid size[J]. Int J of Control, 1990,
51(5): 995-1013.
[3] Adrian M Thompson, William R Cluett. Stochastic iterative
dynamic programming: A Monte Carlo approach to dual
control[J]. Automatica, 2005, 41(5): 767-778.
ZERTS. Tl REIEAREh S HRI FIEAT S [D]. HriT K
FEfIRE S TR AR, 2011

[4]

[13]

(14]

[15]

Logsdon J S, Biegler L T. A relaxed reduced space SQP
strategy for dynamic optimization problems[J]. Computers
& Chemical Engineering, 1993, 17(4): 367-372.

Park S, Fred Ramirez W. Optimal production of secreted
protein in fed-batch reactors[J]. AIChE Journal, 1988,
34(9): 1550-1558.

Luus R, Hennessy D. Optimization of fed-batch reactors by
the Luus-Jaakola optimization procedure[J]. Industrial &
Engineering Chemistry Research, 1999, 38(5): 1948-1955.

(TR FEH)



