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Optimization control of demand-driven conveyor-serviced production

station with changeable service rate
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Abstract: The optimal control of demand-driven conveyor-serviced production station with changeable service rate is
concerned in this paper. We focus on modeling the stochastic control problem and providing solutions. First, the vacancies
of the buffer and the bank are jointed to be viewed as the system state, and the look-ahead range and service rate are
viewed as the control variable. Then we set up in detail a semi-Markov decision process for the optimal control problem.
As a result, policy iteration can be used to obtain the optimal look-ahead range and service rate under either average or
discounted-cost criteria. Furthermore, to avoid the disaster of dimensionality and the difficulties of modeling in numerical
optimization methods, we also propose a Q-learning algorithm combined with simulated annealing technique to derive
the approximate solutions. Simulation results are finally used to validate the effectiveness of our established model and
proposed optimization methods.
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FreA, e sKRIR BRI HIZESCM AR AR/ A B H
HRG| 71681,

TEIARA = HilE L, BT 75 KR IK BN CSPS &R 4t
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Table 1 Parameter specification
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a c |
A (1
PSOWSLW (’USOJ,,,USO,") = PR
n:l’g’... 7N—1

SHFHABKE WL, fE— AN AT (vs, ,, us, ) TEA
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HragentCREUIN LERAE, M RGRESHBMER
{ Psy S nir (Usy s Usy ) =

ﬁn,7l+1(vsk,7L ) uSk,n) X pk,k/ (USk.n ’ uSk,n)’ 3)

n=12--- N—1.
A, P TR
QY (1) =
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B< X, (Vx, s ux,, ), X1 Win, T, >, PR DU AN
FHUEN T G —Z 5~

cm = f'(Xom, (vx,,,ux,,), Xiny1) —
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(X, (vx,,, ux,, ) Xing1) R 28 T, BT, I T8
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To(wm) X (k1N 4+ k3 + ke K) + e ky,

F(Sons (05,15, S1) =
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(7N

(6)

f/(SO,na (Uso,musom), SO,n—l) =

To(wm) X [k1(N —n) + ks + k¢ K],
fl(Sk,na (Usk,n,uskm,), 5k/,n-1) =

To(wm) X [E(N —n) + ks+ke(K — k)] +
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To(wm) X [k1(N —n —1) + ks(K — k)] +
ko To(Tm) + ks[Tu(wm) — Tol(Tm)] +
kye™ ™ + ksvg, , +e k(K — k4 1) +
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—QTm
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AT, To(t) = [ emetde. 4k, n, AT
Aty B4 HT A THE, PR A BE
I, QEEHI AN

Qu(Xom, (vx, ,ux,,)) ==
Qo (X, (vx,,,ux,,)) + Y (Xim, (Vx5 ux,.))Cms
(11)
KBy (X, (vx,,,ux,, )) R HK.

FE 48 [R1Q2: 3 i H K FH e-greedy H.v2:, (H AT HUH
A4, WA ] ge ik Bt N R AL, A T e iRix
PR, 7] 5| NEE T B4R K Q 2% 3 vk (simulated
annealing Q-learning, SA-Q), HiF4H i F2 n] 275 3Gk
[14], ASCAFFGR.

4 fEZ R (Simulation results)

P B, B A i 55 B 18] B A(L, w) B)Erlang 43

i, REYHESHMNELESHIN R E MR 2R

&2 BHEER

Table 2 The value of parameters
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I HFEFa = 0.018F BLUR3AMFHRRE R4
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SR, RIS R B AL RS, S ER
TREN2, BmERTRENL

TH WL VAT DU HY SR Ak AR B2 S5
TRPR, H Hod i SR kAR R G vT LAS B A AT
PREE B FIRSS 2R, EHT I R ik £k A
a3 B 1 HL oy A 757 3 v AR Ak ih Ze i B ). 7E otk
30, A — TR R, R AT &
HEAE MR REHE O B FEH EUE—

AN Eh, X R T BUG E AEAEA S5 A
ARYT K, B DORZS 3B Ak ith 2 7 P 10 B L 1.
BEAh, PR TS, St BE— T AR R I, X i agent
ARIEEE, YL KRS F MR 55— TAF, 7= &
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fERE T AT 2RFS O DL AL i e 7E I 1 0 d T T 72
RO, RG2S WATEI A0, 4.5), XKW, fEL
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W55 AT, 5L RO &
2P HEI T, R 55 i e A iR 5 R AT A2 T
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AT RGP AR B /N TR 55 R ] e e R
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PR, LT, BRAMFSRBUN, RGx
PR AT, BT DL ks O3S K, RAEHFY
RO B K. FAETTIG I RG-S BOK,
U BRI R G AR 55 3 S UE IR 55 R ZEBCK, B
TR 5 2 IIHEAT, AR GOARYE G v AT RS bt J28 1 28
fIG UL BLHIE R AR 55 K, R AW AA D>
Ff AR LA, BE— 25 Ui, i SR I ARSE
%, WA RS AT T T RIS K CSPS R AL
3T BIF A RCR, T8 Bh Atz i A= 0
J 552 0] DI B PR AR S T334

2.6

——RE6 |
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28+ ——RE8
——RE3
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SEEARH AT
N\

30}

3.1

32y 2 3 2 5 6
ERDH
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Fig. 1 Policy iteration under average- and discounted-criterion
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Fig. 2 The optimization plots under fixed and changeable

service rate
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Fig. 3 The optimization plot of SA—Q under average criterion
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criterion
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S5 AR I T 2% 3 ek > B e Sl B [ e . o 25T
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25 S5 fy I TRI A A0 i 2, B R S8 I S Ry TR A
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IR G TR T MR 55 R RE A = 4.5/ ()
BT, BT LIARSE R ST SE Bt DL & B e F A
D BIIRSS R, ATMERSEH BT RERAL.
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Fig. 5 The production rate per unit time under fixed or

changeable service rate
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FEAE LI B REER, LSRR, SER
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LR AR SR, AUAT > RSP
FNAERFINIA], JE 7] LA ROHAR i 2 G0 L I ) g A=
PR, MR3MIEJABIFTR. WR3HIEJE 317 7] LA
L, ke NXE R ST ST I 18] B R M AR H /S, 45
w6, BB U] T AT AR S A TR K
FKICSPS R GE AT LUA R/ ZR S S5 T 8], 389
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WA —RE BRI, X 2R G B L I TR] A= 7 R i
AR, LB T 2R 5 AT 5 5 v A B, S B
AT L R S5 AT LA RO i CSPS &
SEIPERE, (RS MERE B RAL.

K3 MHEFBRETEILT 2 LML

Table 3 Performance values under fixed or changeable service rate

i 5533V M= N R o - 6= O O = = 7 S ch o =1 X 4 =12 e

PR R EEu = 3.5 -2.1656 -2.0154 1.6431 0.6080

MREZ My = 4 -2.8041 —2.7669 1.4892 0.6715

MR45-Ze Eu = 4.5 -3.3635 -2.2582 1.3481 0.7418

PR3 ARks = 0 -3.3198 -3.1899 1.3545 0.7383

MR kg = 1 -3.1640 —3.0442 1.3829 0.7231

RS HEA ks = 2 -3.0102 -2.8913 1.3924 0.7182
030 ' ' ' ' AL IR B LA G I CSPS R E B 7%, 4 T e
ol DA A AR SR A A R B L, A% SOty
0.28l = i
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Fig. 6 The waiting time under fixed or changeable service rate

5 B4i(Conclusions)
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