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Optimization of dynamic order acceptance in parallel manufacturing
systems with strategic waiting in cloud manufacturing

HOU Lin-hui', SUN Xiao-chen', LI Yong-jian*!

(1. College of Management and Economics, Tianjin University, Tianjin 300072, China; 2. Business School,
Nankai University, Tianjin 300071, China)

Abstract: Online order acceptance in cloud manufacturing faces heterogeneous and stochastic order streams with real-
time arrivals. Manufacturers must dynamically trade off accepting current orders and reserving capacity for potential
high-value orders to maximize long-term profit. This paper focuses on the perspective of manufacturers in cloud
manufacturing, studying the problem of dynamic order acceptance with strategic waiting in a multi-machine parallel
manufacturing system under random order arrivals. Existing studies largely rely on deterministic assumptions or
myopic rules that fail to quantify the value of waiting; exact dynamic programming further suffers from the curse of
dimensionality in large-scale settings. We propose a feature-driven approximate dynamic programming (FD-ADP)
approach that models strategic waiting through state-dependent value approximation using compressed resource-load-
time features. Numerical results show that FD-ADP limits the average profit gap to 4.85%, while outperforming exact
dynamic programming in efficiency and other approximate methods in profit. Strategic waiting remains robust across
order and demand settings and depends on system load, time, and arrival rates. FD-ADP thus offers an efficient,
interpretable, near-optimal solution.
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S BB R M. 75 ADP SEBRS A, 5T A 1 E
FOB KN B KA 5 S B SOE AR E
1B IE R AESE 7] 7L, ADP DK E TR B4 S
2 3] 5 R AN TN A 22 255 B AT [ N Y, &
FIX— AR, AR SCAE B A o) ZEE 5 AR IR R
R4 TD 15 2 854 205 21 . B OERRHEL
ME % LR =20 B

B, tFEEn IOER A I 2 1) 5 & S 2
gy



FxH

FARIE 0 FE SRR F G IFATHE R AR T R SR 7

|67
m&’ (18)
Forr, no 1 p 4 3l R 2 0 28 W] U A R 2 ek 3R 4
6728 TD iR Z WA XHE, H TR EIP K. Bk
ZE BN BEAR AT R 21 56, Ykl /N O 3 SR 1 AT
%%Ei%ﬁﬁﬁﬁw,ﬁ%%mﬁ¥
,$$Wﬁ%%Lﬁﬁﬁ%2$Kﬁﬁﬁﬁ
AR LAl o) 2%, 3Bk o ik KT 51 R 9.
BOP, BET HIE R A )R TD & TR R
FEAT AL 1) BE BT 18
AVH(D(7])) = 1707, (19)
123 B S L X IR A 28 50 R AR U AR A Y
BIEJT A S8R, Forh, or e 1 HE T A1 SR A S
1E=.
55 =00, PR AE I AR A T 1 B B B, R
FH R PP B 307 SR W A T AR T AR 11 B -
VR (®(r) = (1= V™ (R())+
EVH(@()) + AVH(®(r))) =
V(7)) + EAV(B(1))), (20)
AR (20) FoRAHAR P V% AR 8] 5] — FRAE X N AE
BB S L AL o, PR T, V(@ (1))
FORTES n + LUOEREHT G @ (r7) K EAS . 7]
—IRATE B UIEAR B 22 TR U7 ) B8 R 5 R
D7 i B, FL OB AR AN AE . 12 S S i @ A IS
BIFEOREE J7 s Ak v, ) 5 R AR BUEOR TD R 2
SRS, BRI EL A T Sk AN A e 1,
FD-ADP £ A 25 A [F] 20 Ak 31 g 5 R 3T
AU, SR P M % TS LR T s A, 5
TRRRSRIC AR N 1 R R BRI A g sk A A
SE, DL R ARIREL IR 78 I R ). 782 K fe ok
il 3 g £ D, D28 0k )1, B0 7 Bk R B AR A
FI o8 JSLFF) SR s BRI S AUMEL, 460t R e A SR 7.
£ J5 S:800E S256 T FD-ADP 5% 250 B
T RN IER KRB N = 5000, F- 12 1if O % 4L
K =300, #]U6 5 1 %Fn, =1, % ] R Z WA
p=0995, WIEKRZKEKRe, =1, RRREWAK
o = 0.995, I FE = 0.1. BRI 22 Fy tn 5
7% FD-ADP fi7R.

Ny = max(n,p”,0.1) min(1,

min(1

i1 FD-ADP.

BN B EM, THRIAT, BOCERIREIN, ViR % 1R
No» VIIRIRE Foe,.

i BRSNS T, BRIV

1: WAk BT REEE UV (9(.)) = 0.

2: for #EAHEEIX n=1 to N do:
30 Hilgm, = o, Fra ek R HNE R = (0,...,0).
4:  for BHUTERIM =1 to T do:

50 ERATEIROr = J2UCk, |Cr| Poisson(N).
6: A RAORICRSFFES (7).

7. EE A2 E A M EE X

t,comb"

8 EEARUS)IIHISHREE .

9: WA EENErand € [0,1].

10: if rand < €} then:

11: BENLEFEN 2y € X7,

12: else:

13: W AR R Ear.
14: end if

150 WS ZI R BT T, < m, U {2}

16:  WATIME 2y, B AKX ITHHE T M BIRES
Topr, ARQUES RIS FNE R, 27).

17 BEAXA7)HHETDRZE ", AXA8)EH H
R S Foyr.

18: A RQ0)E HHFAELME Vi (D (7).

19:  end for

20:  SLH RS HLE, ELSE KRR AT 281k, )
T L S e 5 R V

21: end for

3 HESEE

N6 UE AR SCHTHE H 15 R SR B R R DA K 4y
AT SR W SRR L B AT AL, RTTHEAT T — R
BB S0 25T 2 i) 1 U % )58 R 55 ST
& P AR 1 TE AT AR RO 4T, A S b ok
AIF e e AL A T B A A 3 S 0 B 4
AR SCAB LRI PO AT B RR R TR, HAT B SR 4G
290 2. BRI ZILT Bt R AR AE LT SRR | T, =10,
SE T HEENLENE, IRMSECH 0.3 a0, |C,|~
Poisson(A=0.3).

VT B9 - T 1 S E™ R 2 1 TR A
5E , TE L BT & 2 AL R A IX [0 kST Bl B AE . A
VT Dy R, LB A B R BRSO R A
B, =1, AAPERRARA W, = 0. Hin LK.
Y o 5 B AL I T TR A g ) B E N p), ~
U(3,5), r], ~U(200,400), ki, ~ U(3,12). HEZ
T, BT R AR T R Ak T EE R K
HAME, ERFEHESEFEN Lk e TES
DXTA). Bt I RN BT, ~ U(1,1.5), FF A
AL TR HMA A WS, ~ U(3,6), INLR KK, B4
Py, ~ U(6,9). Hileat 5 5 A7 I 18] 0 T At AR N




8 = % 5

*OR

FxE

L 43 R, ~ U(800,1800) Al kC, ~ U(5,15),
DUSRBR AR E 2 S e dli i, B S HO EAE
SE 1] VT ERL ) R A B (] 9 RV v T AR AT B R

—J +J —=C =—C
=J =J =C —C =C
R Tt,o - /Bt,okt,opt,o Tt,o - (wt,o + /Bt,okt,o)pt,o
{lei —J < —C B
pt,o pt,o

XA R T )3 PR AT RS SE R DLOR B R e K
F2 8 AT B A% 0 &5 U BB HE 3R A
Python SE 3L, 12 17 21 55 4 Apple M1 Pro 4b 3 45 1
16 GB M A¥.
3.1 FEEAERES T

RS FD-ADP J7 3% B &, A755 FF B XT L
SEHG: DL DP AR AR SR ARBURR T B e e 1t 2 e 1k e
BLAR 21 B3 ke SR go Ja Ak X5 R AT HU i
T RRAIE Y Bk SR 56, 2 SRRAE R 48 0 SRVE PR BRI RS .
] @RS B MO T €, HoAh T 3 250 501 50— 2.
B 2H 5450 K FH AN [R] BEATL 80P 126 Bl 30 s8], %5
EAEAR R T A AR B AR AN S IR RS T 1817,

FD-ADP 5 DP [ L 45 5 W3R 3. 24 1] A
¥ REIM = 4, T = 5008, DP f£7E “YEFURAE” 1M
FD-ADP 175 & 5 2045 HAH M. I AUL . FD-ADP -
BRI K RN 4.85%, Ut WAR 25 1K 46 F1E o8 0k
ALIAN 3 B /IS 1) o I P 4 2K 5 G P 3 38 AT B T ¢
DP AR 74.13%, H. v+ 50055 B o] RSSOk i 3
9. 2 M=3, T=20 I, I [a] B A 22 358 T 99%; 4
M=4, T=50 i}, DP tH TRZ& 5 3 E L& FUsE S e 3
K i L4k 28 3R iR, 1T FD-ADP 175 B8 78 85 46 I 18] P 43
FIFEE M. R, FD-ADP G845 LAA PR 1 ) i 452 2k o
EPEER AR, TR AR

it — 2% FD-ADP 5 HAh E K ) 5005 2R 4Tt
B VR PE Q M 4% 5 (Deep Q-Network, DQN)'” &
28 IR R T WL AR 2 ST IO TE 2R 3 B WL SR v, AR 4%
&5 IT FBRES 5 SJ B ANR LAl =TI 1a) B
gy BT B B U B V5 (Time-Bucket Order
Acceptance, TB-OAS) & 4 Tarhan Fl Oguz"™ (7 i

%= 3 FD-ADP 5 DP W9 F5FiH5 19z ThHEXTEL

FD-ADP DP SEEAFE TR 1A
M T . o CPEIFE , I TE] , o CPEFNE , \ - YA (] o i
347 . T 15 ] et T34 S~ ¥ i) b (D];’;FXDI-(I)\OI;P)/ (D]ID’];FXDI-(/)\O?/PV
o o
10 164278  460.25 0.79 0.10 1646.65 462.29 0.86 0.12 0.22 6.81
20 356429 560.00 1.62 0.17 3596.08 553.51 1.85 0.11 0.91 11.64
30 546129 693.05 2.55 0.18 5548.55 716.47 3.33 1.32 1.52 19.12
1 40 711238 772.80 3.44 0.84 7330.03 805.53 6.99 6.15 2.90 35.50
50  8800.86 588.94 6.11 0.47 9090.41 531.76 6.97 2.06 3.18 8.48
60 1053048  773.59 7.20 0.45 1102149 75531 9.52 2.74 4.45 20.80
70 1205042 728.85 7.97 0.35 1262871  816.85 11.96 2.79 4.52 30.62
10 2748.67 698.02 2.42 0.49 2865.23 698.44 8.20 1.93 3.97 69.71
20 613542 810.95 4.85 0.73 6340.28 788.17 31.63 4.05 3.25 84.47
30 9249.56 976.73 8.30 1.50 9655.81 97031 75.68 3.28 4.18 89.04
2 40 1229775  1151.09 11.37 1.98 13107.82  1248.32 156.10 6.65 6.07 92.72
50 1538093  1129.94 13.89 1.22 1630441  1013.63 292.41 16.34 5.67 95.24
60 18381.70  1070.65 16.91 1.12 19680.63 119836 486.03 26.72 6.53 96.51
70 2115836  1199.33 20.65 5.68 2261502  1261.80 792.18 51.83 6.40 97.40
10 3911.00 749.29 4.06 0.65 3988.32 785.23 161.45 18.11 1.77 97.47
20 826857 982.89 9.32 1.44 8778.47  1094.79 940.03 39.72 5.67 99.01
30 12567.95 128128 14.37 253 13327.72 128232 3090.71 123.05 5.72 99.54
3 40 16713.66  1577.02 19.52 3.15 17837.43 144291  7965.73 322.40 6.38 99.76
50  21063.16  1589.34 25.36 3.56 2261157 146123 1682238  558.92 6.88 99.85
60 2501228  1550.60 30.03 439 27341.10 1836.63  31310.12  670.34 8.38 99.90
70 29307.07  1833.36 36.41 4.61 3187622 181231 5155025  1465.17 8.05 99.93
10 495851 892.10 5.48 1.10 5068.82 887.87 3674.72 501.96 222 99.85
20 10304.85 1121.54 11.94 2.58 1098274  1123.60 2666449  1791.09 6.13 99.96
30 15464.62 166025 19.43 3.97 1673558  1527.76 11217298  7703.15 7.67 99.98
4 40  20510.16 1515.79 26.59 453 22467.68 166627 414803.59 23388.70 8.66 99.99
50 2584936  1832.40 34.05 7.80 — — — — — —
60 31332.65 2128.74 42.40 5.74 — — — — — —
70 34541.19  3395.03 4222 16.38 — — — — — —
FHME 4.85 74.13




FxH

FARIE 0 FE SRR F G IFATHE R AR T R SR 9

[ B 7 il SERE SR A = T LT BB DR R, ISR FH AR ARk
RN SAE RO R TT 5 84% 5% (Genetic
Algorithm, GA) F1¥; 7 #E AL 1L B 7% (Particle Swarm
Optimization, PSO) X 18 H 7t A kK A R L H
R A A Bt AR AR = 8 R B (Genetic
Algorithm-Refining Process-Tabu Search, GA-RP-
TS) Z M Li 7 (i S HEL, 3@ 11T #- B % Sk
FE A St A2 S RAA W 477 3. USSR
F 4, M = 4. T = [10,20,30,40,50,60,70] ff] 4=

5~ FD-ADP S5 i i P A, H 202 7
HAGE & M, U B Bk E i R A 25
DQN 5 FD-ADP I~ 2 7]l % b i /)N, TB-OAS Al
GA-RP-TS 13RI A XA, 2 B AUKTE 4 11T
F PR IR R AL A A 2R, A DA R 43 1 7 RE LR B
() R K L4 48 FD-ADP A FH 45 10E 58 & {8 26 $0o%
IR IR S AR N R 5 A Sk T EE R, A BV B e B
55 S WS PR S5 Ry 2 [R) (AL BE BT RE 1, DR AE AN [
THRIAC BN 353 30 tH 5 4 (1) 7 38 A 7K

4 FD-ADP S5HIEREMHMEANTHIFIEAXTEL

Rk 10 20 30 40 50 60 70
FD-ADP 4958.51 10304.85 15464.62 20510.16 25849.36 31332.65 34541.19
DQN 14773.58 19880.63 25699.17 30657.33 33781.94
GA-RP-TS 4579.10 25006.50 33114.30
TB-OAS
PSO 33181.34
GA

NGAIE FD-ADP RS 40 &1 10 A 2%, 75
M =4, T = 5085 N IT RRAFFIETH Al S 58, 4370 5
2555 DR VA B R TR AR AT B b ] S 389 s A
g B ) R R ) 34 B LR AE, BRSSP R8RS 3847 e 1]
AR IE. SRR NAEAE S N W& BAFE W AT
VT B A AR AT BE B 25 PN B 45 TR B 18 5 A7 7E 23 N
W BLAZTETTAT VT SR IR A S50 L g3

S5 L2 5. 52 % FD-ADP - 2 R &% i,
B DY SRR AE 35 B A A RLTTHR. B o K B 25090 4
AR B] J5, A28 53 ) 22 0.197 F10.190, % B
FUBAT B A B TR 50 7= 68 o B XU, 38 G T AR
SR A 1 o e D 3 L 3 o ) R ) o e kG, b
BRI A BRI HA Y AR SR 1T B0 58 BT 11 AN A £
W8 R W B A S8 A BRI T, S5 0 2 Bl
e 4% F ) 48 0 T RS AR Ak, /D I i) 3 B A R A
SR DL R SR 1T PR 15 A R 8 58 B 11, AT
HI 55 K AUl e . LIRS R, 588 DU 4EREAE
YA B U S FE FD-ADP [ E A 1T 55 1 ok

=5 FD-ADP KHHEHRESCIE A M RELL R

VE e #7121 T-FD-ADP I Ko 16 45 H1p<0.05, p<0.01, 01001

SPYRE  CPEEATIN A PSR

FD-ADP 25849.36 34.05 0.174
F N AL 25609.13 29.69 0.166
ERURKFIRITERE  25633.09 2431 0.197
FHF IR ARATRRA B 25618.73 17.99 0.190
FeA e i) i L 21394.97 4.11 0.151

3.2 RESEPWBESHT
ARIATEM =3, T =505 F, M HEIEH K

WS HOHFATHURIE M. ) R R AR E LW
RRAETACME 1) 57 =) T B, R R Il R B R %
FH B ATLER 2R 1) A1 4B R 5 7% (R 2, 138 TR 1 S i
BEALIT SRR A T O E BR BCE ST A2 € 1. FE S50
PFri e b, By S R R M ps KRB R
o MR R T4, HR SR FFREREAE, JF
TEAN [R B AL EORh 25 B 30 ANBEALSE EE SIS
17. BHSEMNFEIRNE . SFIFNE T 95% B1E X
) PSR AR WS SIS TR A 4 B EAT EL L, LAV
il FEUE S AR R KT SRR E PRI SRR
] (P 1. 25 R 1, M S R R p =
0.995. TR R FZ Ik R o =0.995. F i A+
& = 0.1, ¥4 T 8w ¥ 2 A e AU 5 25 15 4
RN B 2R X I, REREAEM A 5 ST L IR A
FH e R B S A 5 M 2 TR A A e~ 1
3.3 SRRRMESEARHLNIA BT

DR AW P A A LA S HAEAN RV B G5 R
M Rk, KHWEM =3, T =505 T, ¥ FD-
ADP 5 1 S HE0E Iy VAT LU AR SR SR NI
FD-ADP(Non-Strategic FD-ADP,NS FD-ADP) {# &
FD-ADP [F)R 2 FR A £ UFIE 2R 2500 AAE 22, (22
o SR P 55 AR o DN 5 2 3] 96 I 55 A (Fiirst-Come-
First-Served, FCFS) #% 1] 5. 213A i 4K W R 4T 1T
B B A7 B[R] S &R % B B ) (Revenue-Per-Time
Rule,RPT) 4 81T 8 5 A7 i T 8] 4 R v 21
FEUSCAT B T BIE 55 5 U (Threshold-Based
Waiting Rule, TBW) AR ¥ [5 i 18] 326 75k 1) 20 25 BRI A 1



10 = % 5

xR Ext

24 31031 21T 211 210 211 210 0.18 0.20
o e S e eSS
18 P S S IDY 1.4 0.15 ¢
16 16 Q.15 !
E k18 15 G5l =
= : i
= 12 0.10 3
AN b
= Iy
H_. =
6 0.05 &+

0 L L L L L L L L
O 19 1a® (90 (P05 (I o
0970910980974 P50

g
(a) WERFHALL

24 0.20
20.9 209 21.0 21.0 21.0 21.1 21.0 20.9
= e | A
18 Ll e 0.15 8%
; 1 0.1l s 16 016 %:3
= &
= 12 L 0.11 0.10 3
AN b
= o1 0.09 &5
5 .08 e
6 0.05 &

0 L L L L L L L L
O 19 & (90 (P05 (I o
0970910980970 3P

p
(b) FRIZTIAL
24 21.0 21.1 21.1 20.7 20.4 0.20
= = = =

18} .76 ot 0.15 #
E : 1 2 1 =
= i
® 12 1110.10 5%
Aoy £l
*H*_ w
T 6 0.05 B~

ol — L1y
0.05 0.10 0.20 0.30 0.50
¢
(c) FERT
PR o~ TSR T 95%Cl

E1 BEERSHX M ESFEMENENm

JE S 15 S A, FRAE S0 UE SE] A 280 T IR
V& B B 38 A 46 5 7% (Rolling Horizon Optimization,
RHO) #0244 ai I 47 )4, it A PR Tl % A1 R
1 DP VAL A EAA R S aS . 1T B R S S AT SOk
B3, BT SR S50 35 SR H AN [ Bl LA 7 A2
30 ANFEATLSEG, I LLF SR ]E A 2 SR 5 AR
FEIM AR, SR IE 8 ONAAAE 2 I B A% HLAF
TERAT VT BB, oA 56 4 2 2 PN T 4 (1% B 3 25 o AR
N AT e SR IR R B ) % B &5 SR L IR 2(a). FD-
ADP 1P 28 = T NS FD-ADP, & T H Ath PU b
FI. 1245 S i BE, B Al iy BT A UAg 25 25 i B L ]
SESEREFLIN, HME L7 43 Z1 i 6 L 51T S T R e
TRE I ASRHL 2. RHO A B m S 4%, (1
FHIFE KT FD-ADP, R SERAT A A & A
SR RANE PR T, GBAE T RE S 45 A RathEl.
AR N AR A SR AN AE 12E AT RS M ) W . FD-ADP [
RPN T 3d /K, 1 B I A T B G N &5 A
B, T2 TE 0 R R 9K AN AR Sk Ry BT B LA R

A RE RO B R R

A3 — DM EAS [F) 8 T BBk R R
FaBARE A, PRAETT SRR, E Hil 1T BRI B AN AN e
LT B0 B ) SR S, DA 56 S s P A A
MU FEAS [F] VT 5 45 44 R 75 SRR 858 N IO RS A . 4% 5K
B FR T % 22 SRS, HRSEIREFAL.

TE A [F) i 37 5 2 IA 5E E S 5, 4
A €{0.1,0.3,0.6,1.2,2.4,4.8}, 5 Nt X 3 9 5 il
T B BB 5~240, 78 35 ARAR H S R0 = 2 i 7
SRR SIS 45 B LI 2(b). FD-ADP 7E 43 £ 1A 5
B R 338 AT S R, LA AR B A B OK 2 e T
B . s il 5 SR AT K, SR REIIAL 2
W . R TSR, KRG ER S HERE S
W B VT B, F2 30 S A5 13 B A i B A

TE VTR 3 P BB 5 ) 1T SR 0K S B 1 464
T, B TR . SR SRR WO LR
SRR, 45 5L 2(c). FD-ADP fEAF FiA R T
PR FER S P RN K, BARE B S AR,
R 5 F BA7EAE B B VBN, R A S 2% 5 ik B o
FH P B Bl 4l 2k 5 49T B4 75 16 FD-ADP i i KA 8
T ABL B 7 R AR B SR, TEAN R RS R F I A A
BT RS R

TEAS [ A VT B RUASE I S0 v 1 B8 4 b
R T, € {1,2,3,5,10}, 77 5% BiAx #ETT 5
e R, BOAMER. RIS TR & 8= BOAR 2
AR 78 2 B 5. g5 R LK 2(d). B FRELT
BN, #0715 F R B AR =, FD-ADP 465 28 ff
R =K. FEARETT AR BRIN, 2R 4845 K ) Bk H
ITHA R B E BN R B 7 68, SR IR SRR 2 X
A A AT X 4. 45 R B, FD-ADP 1EA [A) bRk
VT B RIASE R 35 R 4 40 0 1 A5 18, LA AUME AN ik
VT BRFEL 0 X — A A, R AL ()38 R

TE 58 HT BRI A S g, DAE T R bR
ELT BRI B AT N 8] A 28 1 R 2 bl g s R A,
WHge€{1.3,18,23,2.8,3.3}, Hrg=23%N
RS E, HAR Y SR B E T 5 RS 43
2(e) R, BEF g &, NP RS FE Y b
Ft+, FD-ADP [ A #4558 8 5 K. 24 v i AR
PRSI BRI R 22 S B, S5 A A BRI e 59 . i
Wrigm e, TR R pL 2 5 54 K, FD-ADP fé
B 20K A A0 K R . RHO A TBW R4
) g AR I — e AR, H R A T
FD-ADP, 13 B & - [ {1 55 A BR 0000 & 11 1% 7 2 3 DA
B AR AR 2 2] 1S54 0.

TE 58 H 3T 50 T [A] SR 56, AR S v B TR
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DTS HEE AL LA AT A o S HAR S MO,

ACXE FD-ADP fEM = 3, T = 5035 T 2 IR
AT AT 2202 KB B F AT R DT,

34

PTRORE T
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,d

2.0,3.0}, i

Y

1.5
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AR ek € {1.0

g S SR A N ETRE SR i (S - W N B S el
SR 0 TR TR R e O B2 . g5 LI 2(f).

FliE. 4 h = 3.0

%
i, NS FD-ADP 5 H Flji 2= BE 46 /1N, 1 B B 28 0 2

FD-ADP TE&Z UK IS =

FE R FR AR 2

N
YT 8 SRR AE I AR A 2 18]

=L
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oM. R R ERAE R,
A IR B B S R

oA Es

g
Y& ek 59

J5i
BB . FD-ADP 3f

BRI

>

Iy V==
& A

SR 1 5

o

KM

Al

I\

Hon T e

53

.
=}
=]

[ 2 4
AR A

KA

GUIRAS: RIS,

(S RGEELS)

i

1)
#

N

32 b

B

ZAlRE

[
SRR AT R

3
=

H
=l
RHO [

e T

B

s

T A
i)

Edl

LA T o X 91 B, FKOA
IR R A 22 R R A

] 32 B Lt N JE B, E SN

=
ES

PR R UG SR

«

J—
Ju

farey

55

T
S

S

2 IR e BT
FELE T A I 5

Uik any

o
=]
=]

FOLF, 1M

NG

IR

7 FE 6 MR A I I 8] R0 %7 RER A T B A5 A 5

M PR AR E A R L.

it

ot
F

f

it

, (HE

I
fah Y

5’2

MR

ARG, BHBERE .

S —
=

P
=]
=]



12 = % 5 2 R BxH
e FATE T R T SR A5 e TR 49 o i,

PO R R AT RIPZOR AR, M %% 030
R EL AR S T WA A 52 AR T R 4003 7 00 £ oo

e 5 B A DR 1 2 R P2 A, 90 24 RTAT 1T S35 5 ;L; 0.20
SR MEAT B N T L2, 55 = SR A e B, B 3-13
ORI, N BRI A T oA, i T 005

A It 3 325 P52 A5 AR B i R R 7 BE AR 8 . Ak, 45
o B A2 B U I I 4 455 7 e 53 P 1) 7 A R I %,
52 BT T8 A I 18 SR AR R WL 2 (1 E B 3. 5K
Wk S5 A Al e B DR ER K, 1 B S
I PRSI R 9Bl R 3h A i S AT A

®6 REEMEFFHITHRIPOHIEE
BARA  THER

[EE VeS| 25 RS S [ I T EE Ee
e A0 1.139 4.477 2.238 0.291
e S R S 1.443 3.722 1.668 0.709
IRt T 2286 1.499 0.507 0.394

M =3, T = 5035 R Z R &
IS, A2 PR A B, A I 38 P L % s T B Bk
B AN B YE oy A AN [F) S5 A T S RRAT IR R AR
. HA N €{0.1,0.5,0.7,1.0,1.5,2.0,3.0,5.0}, Xf B
AN ) 5 VT B 1) T SRR B SRR R R RS TR
SERF AR U RS I e 471

EIGAE R WK 3. BN EEHH I GHE 1 &
B, SRR AR LR M T, 00 TR Kk, R R
R RE OB B, X5 W AR R A R — S
FR, T8 T B IE HE 0 S A A B AR B S ).
S HON 1, A=0.1 %F B 7 SR, KR E i
EAT 5 B R B, SR L. BAE A 2 2
2.0, ARRAT HAL 3G I, SER IR R EF. A4k
SRE T, S E LT B BIA H nT R 420, 323
SEAFI L B S R . H e R] D, S A B R
A v 75 SR 3 5, AR S8 T R Bk 5 R I R X
8], f J, B[R] B2 Lt — 2B B e 1 &5 1 B 28T .
S F BRI RTEL (¢/T € [0.2,0.6]), 1k
I 6l S B () 50 70 A2, 113 T R 08 2 4 T I IR B
AR, B TH I B HE R, S5 20T B 1 AT 58 i 114
B, SRR BT N R M N RN 1 Bt/ T>
0.8 I, S Ap 40 0 T Tl PR KRG, 350 B I 30 11 Jal) 39 A B 4k
SRR (1 KUK LRI 2 R I T TR U 2.

BT B RS RAT NI R 5 2
FEE SIS, AT A RS 5 SNBSS B AN G R,
s T RIS YESE AT A B B AR RS B TR,
SEASE ORI R B DR 2% 1 ] R B, 1T 52 3 B AR

(a) ZFRPLEH=1

0.6
0.5 5 | 0.6
0.4 = 1105
03 # 0.4
02 % Mo3
0.1 0.2
5 0.1
0
0.6 1
vy 08
(b) I =2
0.03
s [70-03
0.025
& [10.02
0.01 &
0.01
5
0

0.6 1
v 0870

(c) ZERPLEE=3
E3 FEFITHLENR=-4MME

e NP S T2 R = FH S A H N
BRI R R R B ARG B T = S R A T
RGUIRAZI T 25455 K R SFOZ AR5 fik 5 26 A, T4k
P8 7 R 9 P 3 A U T SR AR AT R A PR A S
PS5 AR R B SCRE TR0 “T i fR B P RE” , Ak
A6 SR B 1 PR B R B EU AR SIS R 3 e T AR
38 2% PR T o5 B5ORI 80 A e T[] ) W 5 U 5 o AR
45 G TR B R S5 A I AT AT B 1 AR R RV
fiti o, & 75 7% R E HIT B RIL SR, PUARRAR T KT
FAFHL A AL, M 3 KR A E T AT R 25,
P T e I 95 T2 3 A5 4 0 B
4 & #

ARG = G IR T AE LI AT LB AT gk
YA i e R T A 7, B RS AR AR E T B E 9T R



FxH

FARIE 0 FE SRR F G IFATHE R AR T R SR 13

FEAFH A 3 v, )3 v TN BEAL BhAS . R BT

FELRT B, Qa8 Ao SR 2 A8 AR S B R ) e

RAG. AT T — b3 T SRS 1 55 A5 F AR IR B

BT AABN 2SR 7 3%, R AR AE I 4 5 1 e 2

AN, 22 i GE Zh A BRI v ) “YE B AR, ISl

XFEN AT RN P SRS PR SR AFAT D9 I B BE RS
HUE LR 45 R R W], A SCHR ) FD-ADP Jj ik

FE SR A R0 5 SRS AL RE 2 TR) A BBy~ . AT

i it 20 28 F K1) e 45 2218 B L A%, FD-ADP ) -F #3571

T4 R ZR AN 4.85%, [R] I K FEAIR 1 TH SIS TE]. 55

DQN. TB-OAS. GA. PSO il GA-RP-TS 5L k§ i 51

IRAREE, FLAEAS R TR BE T B3R B e T

. AR AV RSB0 B, I TR HE T BEORE 4 A PR

R A S5 55 I R SR BEAS B SR B 5 9 e S 56:

BE— B IAE T FD-ADP ZEAN R TT 545 1 A 7 sk A X

N E R, AT AT R, S R A T R

LIS v G JE AR G B BT = JORES, R

BN BT TR T S T B BA R SEA

2]

AT T A58 73 TR BB 57 (0 0 5l o 5
T, B RIS W AR )3 AE BE L)
BT RT3 RS, RENLIT A
B8N R Bl AT B A Rt 1 R HL AT AT B A
SRAETT V. 38 B A TR 58 T B A BE AL b e i, A
FAUMCR HI AR 48 7% bR R 517 SR, T MEAR 9 R 48
AR DR DA I Pt DA ST B B TA R A 2 4
B, R R AR A RN

AR SCRAZE AN e KA B — H bR, 1R 7 1&
B REFEAIT B PR SE R 3R . RR AT 2 H AR
PRARAY, B — D B R R IR MIT B, 1 5R
SVAAE Rz ilid 5 rh s A A
SE Ak (References)

[1]  PBER, 5, KX, 55 fliE REESIME. W
S FEEALT]. P S TR B, 2024, 39(8): 2465-2483.
(Sun X C, Li Y J, Zhang S, et al. Concepts, connotations,
and future research of ecologization in manufacturing
systems[J]. Control and Decision, 2024, 39(8): 2465-
2483.)

[2] Gourgand M, Grangeon N, Norre S. A review of the
static stochastic flow-shop scheduling problem[J].
Journal of Decision Systems, 2000, 9(2): 1-31.

31 T, X, BEa1. AL SAE T T sz
SEITE[I]. 5 R, 2019, 34(3): 611-619.

(Yu C, Liu Y, Fan Z P. Decision making method for

order acceptance considering risk propagation[J].

Control and Decision, 2019, 34(3): 611-619.)
[4] WangZ, Qi Y Q, Cui HR, et al. A hybrid algorithm for

(5]

(6]

[7]

[10]

(1]

[12]

[13]

[15]

order acceptance and scheduling problem in make-to-
stock/make-to-order  industries[J]. Computers &
Industrial Engineering, 2019, 127: 841-852.

W98, R, KA. 118 -1 & A B B2 HY
P N T B4 TR RR R [0). 5ok 5 e B, 2020, 35(3):
667-676.

(Xie N M, Wu Q, Zheng S X. Cross-vendor order
allocation model for centralized integrated scheduling of
cloud platforms[J]. Control and Decision, 2020, 35(3):
667-676.)

THRHE, SRR XIFK, & BT RE RIS
VBN H 32 5 L IR T TE[T]. 12 %5 5 B, 2024,
33(9): 221-226.

(Ding X H, Zhang M C, Liu C L, et al. Research on
cloud order dynamic acceptance and scheduling based
on deep reinforcement learning[J]. Operations Research
and Management Science, 2024, 33(9): 221-226.)
KA, ME R, INEKIE. BhSIEh T aHlE RS HE
(X 1) 2 H AR AL J5 1R 0], #2565 Ye sk, 2026, 41(1):
19-30.

(Zhang X D, Yan J C, Sun J Z. Interval multi-objective
optimization for cloud manufacturing service
composition under dynamic disturbances[J]. Control and
Decision, 2026, 41(1): 19-30.)

NI, BAFER, MR, 4. 25 18 AT R 8k (1 2= 3G A 5%
HAERAHFF[I]. #H] 5 HE, 2026, 41(5): 1477-1488.
(Sun L, Yu C X, Chen M, et al. Research on cloud
manufacturing service composition and optimal
selection[J]. Control and Decision, 2026, 41(5): 1477-
1488.)

Zheng C Y, Yu J, Wan G H. Online order acceptance
and scheduling in a single machine environment[J].
Computers & Operations Research, 2025, 179: 107028.
Arredondo F, Martinez E. Learning and adaptation of a
policy for dynamic order acceptance in make-to-order
manufacturing[J]. Computers & Industrial Engineering,
2010, 58(1): 70-83.

Zhang L F, Mu Y P, Chao X R, et al. Optimal
reservation control strategies in shared parking systems
considering two types of customers[J]. Computers &
Operations Research, 2023, 155: 106235.

Chen S, Lei J F, Moinzadeh K. Cost optimization in
cloud computing: Capacity reservation for intermittent
random demand surges[J]. Production and Operations
Management, 2024, 33(6): 1265-1284.

Ahmadian M M, Salehipour A. The just-in-time job-
shop scheduling problem with distinct due-dates for
operations[J]. Journal of Heuristics, 2021, 27(1): 175-
204.

Ronconi D P, Powell W B. Minimizing total tardiness in
a stochastic single machine scheduling problem using
approximate dynamic programming[J]. Journal of
Scheduling, 2010, 13(6): 597-607.

Wulan Q. Order
manufacturing enterprises based on MDP and dynamic
programming[J]. Scientific Reports, 2023, 13: 9783.

scheduling  optimization in


https://doi.org/10.13195/j.kzyjc.2024.0153
https://doi.org/10.13195/j.kzyjc.2024.0153
https://doi.org/10.1080/12460125.2000.9736710
https://doi.org/10.13195/j.kzyjc.2017.1124
https://doi.org/10.13195/j.kzyjc.2017.1124
https://doi.org/10.1016/j.cie.2018.11.021
https://doi.org/10.1016/j.cie.2018.11.021
https://doi.org/10.13195/j.kzyjc.2018.0545
https://doi.org/10.13195/j.kzyjc.2018.0545
https://doi.org/10.12005/orms.2024.0309
https://doi.org/10.12005/orms.2024.0309
https://doi.org/10.12005/orms.2024.0309
https://doi.org/10.13195/j.kzyjc.2025.0771
https://doi.org/10.13195/j.kzyjc.2025.0771
https://doi.org/10.13195/j.kzyjc.2025.0771
https://doi.org/10.13195/j.kzyjc.2025.0775
https://doi.org/10.13195/j.kzyjc.2025.0775
https://doi.org/10.1016/j.cor.2025.107028
https://doi.org/10.1016/j.cie.2009.08.005
https://doi.org/10.1016/j.cor.2023.106235
https://doi.org/10.1016/j.cor.2023.106235
https://doi.org/10.1177/10591478241251614
https://doi.org/10.1177/10591478241251614
https://doi.org/10.1007/s10732-020-09458-6
https://doi.org/10.1007/s10951-009-0160-6
https://doi.org/10.1007/s10951-009-0160-6
https://doi.org/10.1038/s41598-023-36976-7

14

# # 5

xR Ext

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

(24]

[25]

Powell W B. Approximate dynamic programming:
Solving the curses of dimensionality[M]. Hoboken:
Wiley-Interscience, 2007.

T RE, M, FAERS, S sk o) 5 BiE R s A M
Rl MEE Tk P R B 2 B BE AR AR g i R Bt R g%
R[], 6 5 P 5%, 2023, 38(5): 1200-1230.

(Wen G H, Yang T, Zhou J L, et al. Reinforcement
learning and adaptive/approximate dynamic
programming: A survey from theory to applications in
multi-agent systems[J]. Control and Decision, 2023,
38(5): 1200-1230.)

Satic U, Jacko P, Kirkbride C. A simulation-based
approximate dynamic programming approach to
dynamic and stochastic resource-constrained multi-
project scheduling problem[J]. European Journal of
Operational Research, 2024, 315(2): 454-469.

7 S0, A5 B T A sl A MR B L G P 1T
B2 T O AL 0], T S L AR B B &R 48, 2025,
31(6): 2237-2244.

(He W Q, Tang L. Order dynamic pricing optimization
for shared manufacturing platform based on approximate
dynamic  programming[J]. = Computer Integrated
Manufacturing Systems, 2025, 31(6): 2237-2244.)
Abedi A, Zhu W H. An advanced order acceptance
model for hybrid production strategy[J]. Journal of
Manufacturing Systems, 2020, 55: 82-93.

Li X, Ventura J A. Exact algorithms for a joint order
acceptance and scheduling problem[J]. International
Journal of Production Economics, 2020, 223: 107516.
Wu Q, Xie N M, Zheng S X, et al. Online order
scheduling of multi 3D printing tasks based on the
additive manufacturing cloud platform[J]. Journal of
Manufacturing Systems, 2022, 63: 23-34.

Bertsekas D P. Feature-based aggregation and deep
reinforcement learning: A survey and some new
implementations[J]. IEEE/CAA Journal of Automatica
Sinica, 2019, 6(1): 1-31.

Bertsekas D. Dynamic programming and optimal
control: Volume I[M]. Belmont: Athena Scientific,
2017.

B, RIEE, RPN, & B8 IR B R
A 5% S I TA) B LA O HE R i BR[O, 4% ) R,

2019, 34(12): 2708-2712.

(HuJC,WuY H, WuYY, et al. Batch scheduling with
learning effect on single-machine to minimize the total
tardiness[J]. Control and Decision, 2019, 34(12): 2708-
2712.)

[26] LB, <G oe, 20, A5 T i £ b 28 T 3 i) A

P PR R R AR I S K L A BT AR, TV 0], FE i
YLk, 2026, 41(6): 1709-1721.
(Ba Z Y, Liu J D, Li X, et al. Constraint-enhanced
neighborhood structure and batch approximate
evaluation method for job shop scheduling problem[J].
Control and Decision, 2026, 41(6): 1709-1721.)

[27] Usama M, Chang D E. Learning-driven exploration for
reinforcement learning[C]. Proceedings of the 21st
International Conference on Control, Automation and
Systems. Jeju, 2021: 1146-1151. DOI: 10.23919/
iccas52745.2021.9649810.

[28] Wang G J, Wu F G, Zhang X, et al. Adaptive trajectory-
constrained exploration strategy for deep reinforcement
learning[J]. Knowledge-Based Systems, 2024, 285:
111334,

[29]1 Ryzhov I O, Frazier P I, Powell W B. A new optimal
stepsize for approximate dynamic programming[J].
IEEE Transactions on Automatic Control, 2015, 60(3):
743-758.

[30] Tarhan I, Oguz C. A matheuristic for the generalized
order acceptance and scheduling problem[J]. European
Journal of Operational Research, 2022, 299(1): 87-103.

[311 LiY T, Tang L H, Bai D Y, et al. Profit maximization
through integrated order acceptance and scheduling: A
metaheuristic approach[J]. Applied Soft Computing,
2024, 159: 111570.

fE& N

FEARNE (1998-), Lo, W2k, F TR 58 07 T Ay L B
.z A 77 B, E-mail: houlinhuil029@163.
com;

PhBRIR (1978-), 55, Bl %, wht, EEHE T My
NEEEH ., FEI12E, E-mail: xesun@tju.edu.cn;

FHE (1973-), J, #d%, W14, LA, EEGT5T
F RN SN EEE ., FEAF5EEEH. &
GARALE Y3 43 M7, B-mail: liyongjian@nankai.edu.cn.


https://doi.org/10.13195/j.kzyjc.2022.1933
https://doi.org/10.13195/j.kzyjc.2022.1933
https://doi.org/10.1016/j.ejor.2023.10.046
https://doi.org/10.1016/j.ejor.2023.10.046
https://doi.org/10.13196/j.cims.2023.0653
https://doi.org/10.13196/j.cims.2023.0653
https://doi.org/10.13196/j.cims.2023.0653
https://doi.org/10.1016/j.jmsy.2020.02.012
https://doi.org/10.1016/j.jmsy.2020.02.012
https://doi.org/10.1016/j.ijpe.2019.107516
https://doi.org/10.1016/j.ijpe.2019.107516
https://doi.org/10.1016/j.jmsy.2022.02.007
https://doi.org/10.1016/j.jmsy.2022.02.007
https://doi.org/10.1109/jas.2018.7511249
https://doi.org/10.1109/jas.2018.7511249
https://doi.org/10.13195/j.kzyjc.2018.0585
https://doi.org/10.13195/j.kzyjc.2018.0585
https://doi.org/10.13195/j.kzyjc.2025.0944
https://doi.org/10.13195/j.kzyjc.2025.0944
https://doi.org/10.13195/j.kzyjc.2025.0944
10.23919/iccas52745.2021.9649810
10.23919/iccas52745.2021.9649810
https://doi.org/10.1016/j.knosys.2023.111334
https://doi.org/10.1016/j.knosys.2023.111334
https://doi.org/10.1016/j.knosys.2023.111334
https://doi.org/10.1109/TAC.2014.2357134
https://doi.org/10.1016/j.ejor.2021.08.024
https://doi.org/10.1016/j.ejor.2021.08.024
https://doi.org/10.1016/j.asoc.2024.111570
mailto:houlinhui1029@163.com
mailto:houlinhui1029@163.com
mailto:xcsun@tju.edu.cn
mailto:liyongjian@nankai.edu.cn

	0 引　言
	1 问题描述与建模
	2 特征驱动的近似动态规划方法
	2.1 状态特征压缩
	2.2 特征驱动的策略性等待机制
	2.2.1 基于特征聚合的值函数近似器
	2.2.2 组合动作生成与决策空间剪枝
	2.2.3 价值导向的等待准则与自适应探索
	2.2.4 特征近似值的自适应平滑更新


	3 数值实验
	3.1 算法有效性分析
	3.2 关键参数敏感性分析
	3.3 策略性等待机制有效性分析
	3.4 策略性等待行为分析

	4 结　论
	参考文献

