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i T JRP J AR 2 1 £ 15 R K 4 (Non-deterministic polynomial hard, NP-hard) [a] 8", K ILiF Z 1R &
Hpkis FH K Mg JRP b, BB EIE T 22 4 dE L IR A 5 7% (Bare-bones differential evolutlonary algorithm,
BBDE) %54 T & T B 48k 7B kL 1RE 5 B 1% (Bare bones PSO algorithm, BBPSO) £l B i& v #4656 W, L4 S 47 ih
PORIT KA R (e 01 I C &8 &0 T s s fe a3 A 30 % 51 A BBDE MLl i# 1 ﬁE%i Ak 2% B A
f1iE K B #E (Simulated annealing algorithm, SA) A &85k B R #8268 11, Ho A A9 Metropolis 3 32 i ) 1 5E % 2
r R Z AR PR, T $25 BBDE 2R R B 1 A F S 2R T SA IR A B T 28 4y AL Rk
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SE D] R I X (H 1 [[1.09].[—0. 652, 37,1 32, (4. 31].[6].3. 2., [— 1] ] HE R A A0S D4 s 2 ik R A

o) Xi (e 1) i 4 HE B ok 11 Al vk i DR 30 e A2 o O BT B ML A R — S B g e 4k Sl [0. 46, 1. 22, 0. 29,
2.23,2.95,2,4,1,3], AR A B () AR AR 5 I, aT AT X (e 1D IR [0. 46,510 22, 2. 37,0. 25,2, 95,2,
3,2,37,

BB AR, X— BRI SA ) Metropolis #EN , BAR LB .

a) A (17) A5 B BAR JC— A7 1

xu,=x; Xrand[0,1]; (17)
b) BELLE kBT R (18) A5 2 Y i Fe A f#

o ;s AR fr Gou) < fr (2 B exp(gAj>rand[O ,1]
2= n : (18)
I; aE\‘)rllJ
H A= Gud) — [ () s SIEFEB Y £ (X5 G+ << pro BB pro AFTIE RN AE 2 £ (X5 G+ 1) <<ghe
B BT @ e M9 0T R I8 W AH

SAHBBDE HF JRP BYRAME H S F2 WK 1,

Phest 093 094 022 120 0.51 4 2 1 3

g 022 020 28 176 295 1 4 3 4

r:] 091 0.06 0.79 0.14 0.96 0.58 0.14 0.43 0.03

U, (t+#1) 020 001 226 025 283 0.58 0.56 1.29 0.12 “ N
MG (15) 2R Ip,.. gl TR0, (i+1) o
a

X’l 0.96 0.09 043 252 250 5 3 4 1
sz 0.03 295 022 120 0.51 1 2 3 5
c, 0.87 0.54 029 003 0.73 0.92 0.90 0.34 0.94

X (t+1)  1.09 -0.65 237 132 431 5.94 3.18 220  -0.71

>
P& R(x) | 109 | -065] 237 132 | 431 6 3 2 -1

P >rand (0,1) 0, LYY EOPAFIR SR A
(R (x) FoRFIEBRAE)

L

b
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C
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Fig.1 Mutation and recombination processes of SAHBBDE for JRP
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3.1 LIGEE

T, LA™ BB i =6 1 JRP BERIEAT 905G, 38 2 5 T SC 98 b il i W0 R AL 2 880, 3% 3 S B R T 1 A% 4
Bt Ho %8s T 27— 48 5y i fa) py g uim 20 /9, e T A9YE N (0. 1) ok, IUTE R M1, 5], 8 1t 51 H I &5
AL = WEN 0,3, LA RN HRT 0.5 2] 0.999, FFEE p, A B (a\b) A, i 2
g(p) =40 —p)"a Fb ZE5HAELL.5 RIS, 9 JFEFE A BENL™ A i35 (a<<b) ,

x2 BHEE

WIUHALSAHBBDE, FHEHGE MR, i ihAEOG

Tab. 2 The problem parameter settings

RO, p,. Mg, =0 5t H 1 2 3 4 5 6
D, 10000 5000 3000 1000 600 200
el J S 200 200 200 200 200 200
| BT (16) AR, itk ()| s 4546 AT a4 45 AT
v R, 1 1 1 1 1 1
_f- 4 N 1+l ,
IR K%ﬂﬁmﬁﬁ%'ﬂxw | R 05 0.5 0.5 0.5 0.5 0.5
| BT (17) SUREIBERLE I — it o 29000 1000700 500 800 400
L; 0.02 0.02 0.02 0.02 0.02 0.02
T Gt < (x2) 5K T 25 20 15 30 35 28
exp _7)>mnd[o,11 . 75 50 45 90 100 80
a 0.3 0.3 0.3 0.3 0.3 0.3
O R A | Sy i
: a 1 2 4 4 5 3
v
o ke B = - b 5
LS MR, iy T, ’ ° ’ i ! ° ’
TIBIE A, 245 <& H g IS A
*3 BARMMESE
o Tab. 3 Breakpoints and discount set
BBE f WS RIS || BRI AGE R SR
[0,100) 3.25 [400,800) 2.76
[100,200) 3.09 [800.1 600) 2.6
B2 SAHBEDE k72 HE [200,400) 2.93 [1600,+40c0) 2. 44

Fig. 2 Flow chart of SAHBBDE for JRP

3.2 ZWHHF

TE AR SCH B AR 249 S A X A% TE BB, TR ]

YT 6 NEYL, S 6 NIE AR E, S AE B AR (B) SRR (T ks s zis) IMEH (A AnifE T 2 (S) CEWE R
18] (OO 24T 30 UH 4k 3 14 e dd: B AR B8 CF) S LR B 525 SEAT PRl L 45 FP 3807k 10 428 1 2 B0 i Rt Ak o

WA HERIE S,

x4 EHSEIEEMENLRR

Tab. 4 Controlling parameter settings of each algorithm for tentative experiments

e 22X AR 5 FERLAE /A B K% AR/ K I8 1T IR B

GA L S AR . [0.1:0.2:0.9]  MEE.[0.1:0.2:0.9] 30 200 30

b0 U C1,C2:[0.2:0.4:0. 2], B w0 200 w0

BPERCE :[0.1:0.2:0. 9]

DE 7K SR Wt 28 XMEH[0.1:0.2:0.9] FHFHETF F:[0.2:0.4:2.0] 30 200 30
BBPSO B R W B XAEF.[0.1:0.2:0.9] RKF F:[0.1:0.2:0.9] 30 200 30
BBDE T AE B — — 30 200 30

SAHBBDE SA #J Metropolis #E N — — 30 200 30
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x5 HOIKMBER
Tab.5 The computational results for IJRP
e fES R
A S C F
leal T k,S Z;S
2.770 4,2.264 7,2.496 4,
GA 76 889.78 0.121 3 1,3,2,1,2,3 77 220.84  346.52 0.441 5 1
2.690 9,2.595 3,2.435 8
2.222 4,2.128 4,1.568 7,
PSO 76 389. 81 0.142 5 3:3:354,2,4 76 385.27 482.467 0.083 3 1
1.748 6,2.333 5,2.184 9
2.724 0,2.323 5,2.456 0,
DE 74 236.91 0.116 6 1.3.2,1,2.3 74 241.53 32.42 0.121 5 29
2.790 8,2.699 4,2.456 0
2.724 0,2.323 5,2.456 0,
BBPSO 74 236.91 0.116 6 1,3,2,1,2,3 74 253.74 70. 33 0.197 9 29
2.790 8,2.699 4,2.456 0
2.724 0,2.323 5,2.456 0,
BBDE 74 236.91 0.116 6 1,3,2,1,2,3 74247.15 21.15 0.073 7 29
2.790 8,2.699 4,2.456 0
2.724 0,2.323 5,2.456 0,
SAHBBDE 74 236.91 0.116 6 1.3,2,1,2,3 74 203.92 19.63 0.075 5 29

2.790 8,2.699 4,2.456 0

L5 T URP 6 Fha s ny 24 5

SAHBBDE 13K fif 52 2 Dt A ) v BA AR Gf B9 38 T ) 2 0 T — SE AR A9 52 2 A )L 3

S S v ] BEAT AT ST

o HiARU],SAHBBDE 5 HAth 5 Fh 38 1247 L L M J5 22 Fe /N A R 5
TR UK 29 70 A5 3% S0k BAT B 4r & 0 1 () A 19 2R 00 R 44 R R Oy T 3R B T R

VRS REEAP AT BEVLERE T IRP B 6 ORI R AR, WA 3,

—

1 SAHBBDE 7 A5 30 kiz 17

TEICT B AN BT 100 YR AU BLEAT 20 AT
x 10
() -
h x 10* T
SN s g
|‘ 7.56 - DE
861 Ty ~=== BBPSO
‘ S
|I "% 752 peeeey BBDE
84fi1 2 750 SAHBBDE: 2423691 SAHBBDE
% B 748 BRDE. 7423691
X ogplt) 16T BBPSO: 7423691
m o [30 7ML { DE: 7423691
1A i R »
L 7'4220 35 40 45 50
8.0 i\
¥ L‘ﬁ(}\iﬂ(
B PSO: 75764.77
781 %t GA: 74975. :59/
76} /
T
74 r r r 7
0 20 40 60 80 100
AW/
B3 IJRPH) 6 MEEMBEHTIE
Fig. 3 Evolutionary processes of 6 algerithms for IJRP

SYHTEE 3 TR, FEHT 100 vk 3 AR, AT LL WA 4 BT iR 6 R ER BT R R oy 22 R

o T

Wwatfs % 1 fE A

DE.BBPSO.BBDE

HE 100 YIEAR A JL-P AR SR 1 B LRSS IR N AE Ab BE 6 3303 X LE 23 A ik

5 H At 5k A

SAHBBDE 1 84 F1) f5 {18 i 77 T 22 B 4 < LA SR/ 9 28 AR UCRAR B fie 0 9 A 5 SR 5 AR T8 ok 31X Al UMK Y
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/WNEHE H . SAHBBDE SR H A i3 RZ 0% . B HEH 5 192 BBDE . BBPSO F1 DE, iX 3 Fft 55 1 fig % % 31| 5
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Tab. 6 Parameter sensitivity test results for all itens on IJRP

—A80% —AB60% —A40% —A20% A0% +A20% +A40% +A60% +A80%

D 22 504.02  35717.17 48 911.51 61 641.50 74 236.91 86 757.38 98 272.92 110 160.99 121 879. 33

72 902.58 73 208.63 73 551.20 73 894.05 74 236.91 74 680.77 74 866. 14 75 080.78 75 280.78
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h 62 389.76 66 730.75 69 852.05 72 338.76 74 236.91 75900.38 77 256.27 78 622.13 80 038. 29
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Fig. 4 Parameter sensitivitles on the total costs of IJRP
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Operations Research and Cybernetics

Stochastic Joint Replenishment Considering Discounted Items with Quality Defects and

Hybrid Simulated Annealing Bare-Bones Differential Evolutionary Algorithm

CUI Ligang, TIAN Yu, LIU Jinxing, LI Yali
(School of Economics and Management, Chongqing Jiaotong University, Chongqing 400074, China)

Abstract: [ Purposes ] With the development of customer consumption level, product quality has been considered to be one of the
competitiveness of enterprises. [ Methods]In the practice of Joint Replenishment Problem, imperfect items can disrupt normal
operations and cost supply chain stakeholders. In addition, because the uncertain needs of the customer will affect replenishment
decisions, this article considers both random requirements and the number of random defective items, which are screened 100% and
then discounted in full unit quantity. [ Findings |Based on the Bare-bones Differential Evolution Algorithm (BBDE), a mixed bare
bone differential evolution algorithm (SAHBBDE) based on the Metropolis guidelines of the Simulated Annealing algorithm (SA).
[ Conclusions ] Numerical experiments show that the proposed SAHBBBDE algorithm is superior to genetic evolution algorithm
(GA) ., particle group algorithm (PSO) . in total cost. lowest average and least standard error, compared with the bare bones PSO
algorithm (BBPSO) . differential evolution algorithm (DE) and BBDE. SAHBBBDE also shows excellent performance in large-scale
tests compared to differential evolution algorithms (DE) and BBDE.

Keywords: joint replenishment problem (JRP); stochastic demand; imperfect items; meta-heuristic
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