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FiR o IWEIR AT LUE L, GA 78 20 AR A2 Sl i e Sl BT A5 19 B B AN AP A RO, T IGA R v #7810 AR 22
ARSI, 14 AR RL Y A FR MBI, B A5 A 1 B L34 BT ar AR . FRUE T 0 AR SCIRTT Y TG A 4 6 T SR A i 1), 4 e
TR 7R SR M ROR BT GA.

46 r|
\ 46 L
44 r |
% \ 44t
jé | .4.
’ 2 \
40 R é g \
i 40 t &
33 s s s ‘
5 10 15 20 38 % 1‘0 1‘5 2‘0
LARVEL ’ ) ’
ARVAEL
T PR A X i B, T
4 GAEBITSORBRIAHTUBER 5 IGAIE{T S50 REMEHTLBER
Fig. 4 Changes of the optimal solution after Fig.5 Changes of the optimal cost after
GA algorithm 50 times runs IGA 50 times runs

4.1.2 EM.IGA HA Lt &R

REAF L IGA 5 HA PSRIERCR S A5 R0 EM AR R EEAR LA 4. o IR 530k 55 50 25
RRWEm M LT L 3 MO IR EECRM T 50 Ik, ANFR 2 TRl LUE W AR TSR R ) EM AR 2R B B G R
T IGA il HA,HA /b H 5 IGA By 22 FE W s AE fi i B i b, i T EM SR A5 19 02 B 52 R A0, i L) B i LB AR
IGA.HA 5 B2, B4R HA 8 IGA 1EF 1 XE bR 22 CE S 2 R 2= b2 B 5 EM ) 2258
TN RO i ) o T . AR U AR G RY HA TESR R RCR EILT IGA.,

F2 ETEM.IGA HAKKRBER
Tab.2 Results obtained by EM .IGA and HA

CREN - ER RS T /s fife 4 24 4 figk 1A o 1 2 - 8 e AR 22 At Al 22 A B 1 22
EM 5 956. 37 38.546 0

IGA 675. 58 38.630 7 0. 067 0.220% 0.174

HA 375.58 38.557 1 0.038 0.029% 0. 099

4.1.3 AEEGTIGAS5 HAWEEER

gk — B E AR 3G HA ZEsR RCR FAET IGA ZEAS RV 6] F 64T 7 S5, M 4R 520 25 75 8] T 1k
BRI 2. 03 3, N3 3 nlLAE L BT BOE 3 o0 1 . i e o] 2546 45 R S 508 8 & AR AR S 3010 R L AR SCis
1) HA TERBRCR B8 LT IGA,
4.2 AEASHEETHRMBER

B G S EIEN F(T=1,L=0.25.1, =12, 1, =8,a=2.b, =100,b,=5.h =1) , S HEE R 5
S 2 1 AR Bt R (K - K AR AR AR Ak B A5 0 45 SR WL 6, MIEL 6 AT LA H L SF 35 AR S S Bl K 3 i s 2>
Vol A B e /N U SCBE K3 0T 30 33 T R A AE — N IR A KO K

ARG B R ST SR AR NS HO S B ER S BE RIS A A B R, B, T
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FEAE RSB T — R E BN SEEE . T=1,L =0.25,A=20,a =2,b, =100 Fl h =1 AE Hy 5L i 1
F. BTEZRAER L2 BFHoRAE T FEAE TR M B ER KNI b, /6, A1 A /2 WL FRR 2 KFTRE
KN, AN (ST LK) FRBMERE T AR B T R R TRPEA I 2 AT . % 4 B T ER
W7 F 2 K255 5R AR 22 5 KB e e A0 e 5 48, 36 5 R 1 3R 71 4 A3 BRG] 1 it dme e 40 il 7 6

R3 AEAEBGTIGAEHAWNKMAEREE

Tab.3 Result differences between IGA and HA under different numerical cases

PR B 2ZE /s MEEEE MEMREREZE PORMMEZME  RO0HW2E N bR EE2HE

24 e E A

b,/b, 0.05—0.1 301. 90 0.082 5 0.082 0.192% 0.117
A1/ 0.3—=>0.5 559. 74 0.101 8 0.179 0.237% 0.418
L 0.25—>0.5 138. 05 0.179 2 0.189 0.439% 0.509
T 1—-1.5 159. 05 0.191 0 0.079 0.393% 0.561
a 2—>3 204. 57 0.069 3 0.191 0.120% 0.138
h 1—-1.5 307. 07 0.081 1 0.136 0.157% 0.263
75 -
.
70 .
*
L ]
65 .0
.0
§ 60 1, K
.
= 55 ¢ ” ..
H‘ e 0‘ .o’
0‘ .0
50 b e, R
""0» ono’“‘
45 000
40

0 5 10 15 20 25 30 35 40 45 50
[E KT
Eo HRETSHEHTEARABEEEKTEELABER
Fig. 6 Variation of the average total cost with K given parameters
x4 BEGFTHRMRAEFES ,K')

Tab.4 Optimal allocation schemes under the base case (S LK)

A /A
b,/b,
0.1 0.2 0.3 0.5 0.7
0.05 (52,5) (55,8) (57.,11) (63,17) (66,23)
0.1 (57,3) (60,6) (62,8) (66,12) (69,18)
0.2 (63,1 (64,3) (66,5) (68,8) (71,1D
0.3 (66,0) (67,2) (68,3) (70,5) (72,8)
0.5 (70,0) (71,0) (71,1 (73,2) (73,4)

Sk B G e B TR W AR I AE R BT R BB B E SR W R UL FCEFS,SPS SR g A7 hliAS Fh . i ad

B SC— AT AR R 2fe 156 B B E SR W8 A X T FCEFS S W& il A # K/, BAR IR .
. ~ C(FCFS)—C(S.K)

e C(FCFS) °
[ R 52 X5 — N H R 3 R ¢ Sk 1hd B (50 3 & AR X T SPS 3R B B9 L 38 K/ BRI T
. ~ C(SPS)—C(S,K)

ST C(SPS) ’

H A .C(FCFS) .C(SPS) 4354t 3 FCFS.SPS KM T AY R &,
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TR 6 MR 7 BN TR 2 JEFRAN TR 22 52 K/ XL 3 R F1 R B9 R/ S AR A1 B0 ) ThT 2 e
T2 RFREFRNMIX 2 DHIRPEE AR

e, AFR 6 AT LUA AR 3 R 78 B3RS 00 T 36 AN IE e KRB 15. 94 60 HWAFTE D ECN 0 BIFE L,
X R WIAE LR BT B RIS LA T FCFS SEms . [RFEAER 7 v 7T LUE B XL R ¥o8 1E , H 3% i 75
10 % A4 X RWIAE LIRS B0 B H 56w W] WA T SPS 3w, LKk, 763 6 hn] LLR 3L, A XT3 R B Gk B
by/by SN A XN b, /b, SEINTEERFE 2 JEFG R 22 57 ORI, AR T 75 R 20 28 0 b 224 L B (E SR s
WOBOR BT FCES 3R . 7R 7 1 7E X, /A /ANT 0.5 15 LT AR ALHE R Bl 6, /6, HEANTTWA s 7E X, /A KT
ET 0.5 fEOL T JHHXIEH R Bl 6, /60 BTN, AH5X 2 P B0 T Az 9728 AL ERAS R WD S, 728 A B AR AR/

RS AN EEMNBOFTHRESEFTRGS ,K')

Tab.5 Optimal allocation schemes under four benchmark cases (S ,K ")

Ay /A
FE i % AR by /b,
0.1 0.2 0.3 0.5 0.7
0.05 (63,6) (66,9) (69,12) (75,18) (79,24)
0.1 (69.3) (72,6) (75,8) (78,13) (81,18
L:0.25—>0.5 0.2 (74,1 (77,3) (79,4) (81,8) (84,12)
0.3 (78,0) (80,2) (81.3) (83,5) (84,9
0.5 (82,0) (83,00 (84,1 (85,2) (86,4)
0.05 (69,6) (73,9 (75,13) (81,19 (86,27)
0.1 (76,4) (78.6) (81,9 (85,15) (89,20)
T:1>1.5 0.2 (82,2) (84,4 (86,6) (89,9 (92,13)
0.3 (86,1) (87,2) (89,3) (91,6) (93,8)
0.5 91,1 (91,1 (93,1 (94,2) (95,4)
0.05 (78,8) (82,13) (86,17) (94,25) (100,35)
0.1 (86,6) (89,9) (92,12) (98,19) (101,27)
a:2—>3 0.2 (94,2) (97,5) (99,7 (103,12) (106,18)
0.3 (99,0 (101,2) (102,4) (105,8) (107,13)
0.5 (105,0) (106,0) (107,1) (109,3) (109,7)
0.05 (47,6) (50,9) (53,11) (58,17) (62,25)
0.1 (53,4) (55,6) (57,8) (62,13) (64,19
h:1—>1.5 0.2 (58,1) (60,3) (62,5) (64,8) (66,12)
0.3 (62,0) (63,2) (64,3) (66,6) (68,9
0.5 (66,0) (67,0) (67,1) (69,2) (70,4)
6 2XERTAERKNTHR,
Tab. 6 Ry under different differences between two types of demands
A1 /A
b, /b,
0.1 0.2 0.3 0.5 0.7
0. 05 10.90% 15.05% 15.94% 14.27% 11.23%
0.1 3.68% 7.05% 8. 18% 8.50% 7.12%
0.2 0.38% 1.93% 2.95% 3.75% 3.45%
0.3 0 0.42% 1.04% 1.76 % 1.84%
0.5 0 0 0.01% 0.28% 0.55%
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4.3 SHHBRESN

TEA/NT R AREE X R AT L A A3 T BT SR AR o B PEAE R AT TR b 55 R GE S5O0 R (RO
AR OE S Ry 1 R B HEAT T BUBPE T . A R AT T BRI XL 3 Ry R B9 R/ SRR DL AN 8

9 iR,
KT 2EERTAERAKNTH R,
Tab.7 R under different differences between two types of demands
AL /A
b,/b,
0.1 0.2 0.3 0.5 0.7
0.05 . 48% 12.22% 13.56 % 11.85% 7.79%
0.1 .99% 11.57% 12.97% 12.30% 8.65%
0.2 5.55% 11.02% 12.91% 12.80% 9.51%
0.3 5.39% 10.78% 12.89% 13.12% 10.16%
0.5 . 68% 10. 63 % 12.88% 13.63% 11.04%
8 AERWHATHR,
Tab. 8 R, under different lead times
A /A=0.3 0 RE b, /b, BUEK R, M, /by =0. 10, RE A, /2 BUERI R,

F 0.05 0.1 0.2 0.2 0.3 0.5
0.25 15.94% 8.47% 2.95% 7.05% 8.47% 8.50%
0.5 15. 98 % 8.50% 2.90% 7.19% 8.50% 8.51%
0.75 16. 04 % 8.54% 3.08% 7.30% 8.54% 8.53%
1 16.10% 8.59% 3.10% 7.31% 8.59% 8.56 %
T HAMBH N b, =100,0=20., FH.

*9 AFERAWHTH R
Tab.9 R under different lead times

A, /A=0. 30 A b, /6, BUER Rs

M b, /b, =0.1 A A, /A BUER R

L
0. 05 0.1 0.2 0.2 0.3 0.5
0. 25 13.56% 13.24% 12.91% 11.57% 13.24% 12.30%
0.5 16.71% 16.16 % 15.67% 15.34% 16.16% 14.57%
0.75 18.25% 17.60% 17.15% 17.25% 17.60% 15.75%
1 19. 26 % 18.56 % 18.05% 18.35% 18.56% 16.68%

% 8 ULWIMIXTOLEY Ry BEE SR AT L 340 Gl 8 i, 55 J2 P9 D SR A 409 L 3489 o 8 R 3 5 SR AS 1 P 3
1T 5 L 56 W 2 g IO X AN e > T 38 T HR SR A o i L4 T 0T ) 75 SR AN Bl P B A ) 36 A 2 A
%0 ULMIAIXTOLEY R Rl P A0 L 3% o iis 384 n St AT ] iy o — A4

ARG A AT E 3 Ry A R R/ K AR AR B AN ER 10 FIEE 11 fiR .,

Tab. 10 Ry under different inspection periods

x10 FEBEHTHR,

M2, /A=0.3 B AR b, /b, BUAK Ry

%,' !)2/1)1:0- 1 E#vZ:IEJ Al//\ EY{EGQRP

T

0. 05 0.1 0.2 0.2 0.3 0.5
1 15.94% 8.47% 2.99% 7.05% 8.47% 8.50%
1.5 15.10% 8.15% 2.97% 6.97% 8.15% 7.87%
2 14.59% 7.94% 2.95% 6.91% 7.94% 7.53%
3 13.92% 7.60% 2.92% 6.72% 7.60% 7.04%
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10 YW TS EE Ry BER AW T B mi Ao 32 11 B0 7 XS 03 R BlAS A8 30) T 58 fin i s
o H—J2 DA R (RS W 5 2O R R S R e SR PR A — LR A ) T A8 1, 70 R A7 15 A AR T 0% A 7
oK TR 7 KU 2 B S s G R R R A AN A E M AT LU B 5 28 ok SRR L BEE R A T R B R 07 22
ai AT 2378/ TR e KA AN B 7 1 0 2 o DAL b R0 {1 6 s R X I 3 it 2 ek 2>

AN SRIME T ARSI H R R AR/ KA AL AR 12 A3 13 PR .
12 YW T AARL S Ry B A T R UBIIE o SEImiab . 2 13 3] T A XS L3 R B E) A K

MUBEII(E o S b S . B 53k 75 SR LB (E o EI’Jiﬁu7%*mﬁ§%ﬁ&%§:d\,%%ﬁﬁ%ﬁiﬁgﬁ

Tl S Bl 2 DRI D 5 R X 5t A 2 0k
ANFEAAFRA A T XS Re Bl R B RN B AN G0 G 3R 14 FIER 15 FiR .

F11 ARKEHETH R,

Tab. 11 R under different inspection periods

B M A /A=0. 3 W ARIF b, /00 HUAR R M by /by =0. 1 AR 2, /2 HUAR) R,
! 0.05 0.1 0.2 0.2 0.3 0.5
1 13.56% 13.24% 13.05% 12.07% 13.24% 12.30%
1.5 12.85% 12.99% 13.00% 11. 86 % 12.99% 11.94%
2 12.14% 12.51% 12.65% 11.66% 12.51% 11.49%
3 10.95% 11.47% 11.79% 10. 84 % 11.47% 10. 53 %
F12 AEEFERHETH R,
Tab. 12 Ry under different demand averages
A, /A=0.3 0 A b, /6, BUAR Ry by /by=0. 10, AF A /2 BUEM R
¢ 0.05 0.1 0.2 0.2 0.3 0.5
1.5 15.74% 8.35% 2.84% 6.86% 8.35% 8.39%
2 15.94% 8.47% 2.95% 7.05% 8. 47% 8.50%
3 16.14% 8.65% 3.07% 7.20% 8.65% 8.79%
4 16.24% 8. 74% 3.10% 7.27% 8.74% 8.90%
F 13 AEFEKRHBETH R
Tab. 13 Rj; under different demand averages
MA,/A=0.3 W, AF b,/6, BUEAY Ry M b,/b,=0.1 0, AR A /A BUEM R
¢ 0.05 0.1 0.2 0.2 0.3 0.5
1.5 13.40% 13.15% 12. 88% 11.44% 13.15% 12.26%
2 13.56% 13.24% 12.91% 11.57% 13.24% 12.30%
3 14.06% 13.66% 13.28% 12.00% 13.66% 12.81%
4 14.27% 13.86% 13.42% 12.21% 13. 86 % 13.02%
xR 14 AEFAHETH R,
Tab. 14 R under different inventory holding cost
M /A=0.3 B R b, /6, BAEN R 20,/b,=0. 105 AR A /2 BUER R
" 0.05 0.1 0.2 0.2 0.3 0.5
0.75 14.45% 7.69% 2.64% 6.36% 7.69% 7.72%
1 15.94% 8.18% 2.95% 7.05% 8.18% 8.50%
1.25 16.87% 9.12% 3.19% 7.63% 9.12% 9.18%

1.5 17.63% 9.60% 3.53% 8.06% 9.60% 9.57%
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®15 FEFARETH R
Tab. 15 R under different inventory holding cost

M4, /A=0.3 0, A[E b, /b, BUER R M p, /b, =0.1 0, AR A /A BUER R
" 0.05 0.1 0.2 0.2 0.3 0.5
0.75 12.93% 12.87% 12.67% 11.10% 12.87% 12.07%
1 13.56% 12.97% 12.91% 11.57% 12.97% 12.30%
1.25 13.80% 13.52% 13.12% 11.93% 13.52% 12.58%
1.5 14.05% 13.76% 13.44% 12.18% 13.76 % 12.62%

14 W T AR Ry BEEALEAF R A AR b no3gnmisg n . % 15 Ui XT L R Bl 0L A7 R A
JRA B (4 3G AR S . A A AR AR A B0 3 R R T B SRS ) R R B A e g SR TR R AT LR
B P2 AT 5 AT A B30 o AT R GEAEAE S R BURp AT B A0 PR AT I G 3 1 3 A 70 T o e A5 0 O EE 22, S RE IR
B (L 5 W 1) A B T A

5 4Z5ig

A CTES B IARATT RN WG TR R A (S, TH 3T 52 Mg T 4 15 R A7 & G2 1 e 6 73 T ) A, 76 1680 {1 50 g
NN T A R B AR A BRI R 3t T IGA R HA BRI 547 5K i . e A LT R R e K
- A F /A . BE SE S0 25 RAE B AR SO Y 2 AN SEAREL EM W] BB k. dR L 0 OB S 56 45 R it
T B B B LT 4598

1) B 5 W A 22 28 1 SR 2R A7 70 BC 1) AL B2 B I A9 B {ELSRE M A EE FCFS Al SPS 3w A W Sk iy e AS (I 4
JEHIR AR R BT AR 22 57 0K T R B 0K P A 24 A A 0 L SR AT R S B T

2) B SR A XL B A A ) T VAR 2 (E o B3I D, BB AT L S0 A7 35 A5 A A B9 56
[[IR: DI

FEARN AL AT UL JLAST7 [ AT 38 SR . H 00 A SUE IR T 2 KWK T miE k%
B OGSOk 1 O A RK X — R FE R e 21 2 2R DL B EE 3 n (> 2) TR 1 DL K 2 J2 AR A B SCE U
BBt ry . LU, i TARSCE B B /K KOS AR K n] LUBE 3 I 8] 64 4 5% 1 3l 25 98 8 L I8 4 JC %€
22 4 (B SR WA R SR A3 o e Jim o T LUK AS 1 9 9 i 310 5% AL 37 6% SRt 1) A7 AR 8 v 2 010 n 0 2 A £
TG Q) ITHT M X WIS A 5 28 TR .
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Operations Research and Cybernetics

An Investigation of Threshold-Based Inventory Rationing Strategy

under Compound Stochastic Demand

CUI Ligang'?, XIE Wenjing' s WU You', YANG Jinghao'
(1. School of Economics and Management, Chongqing Jiaotong University;

2. Intelligent Supply Chain Engineering & Technology Research Center of Chongging, Chongging 400074, China)
Abstract: In order-driven inventory decision-making, the arrival of demand orders is often characterized by multiple stochastic
superposition, i.e. s random arrival of demand orders and random presentation of demand sizes. To solve the common inventory
problem in this context, it considers the optimal allocation problem of spare parts inventory under the demand arrival and size
conforming to the compound stochastic conditions. Specifically, with the spare parts inventory system as the research object under
the cycle check (S, T) ordering strategy, it studies the inventory allocation model for two types of demands with high and low
shortage costs based on the backlog demand clearance mechanism of the threshold strategy under the composite stochastic demand
conditions to achieve the minimization of inventory costs. For model solving, compared with the enumeration method only used in
previous studies, an improved genetic algorithm is applied for the first time, and a simple and efficient heuristic algorithm is
designed. The results of numerical experiments show that both the heuristic algorithms are better than the first-come-first-served
(FCFS) and stock-piling split (SPS) strategies and indicate that the threshold strategy has a significant advantage over the first-
come-first-served (FCFS) and stock-piling split (SPS) strategies. The sensitivity analysis proves that the relative cost advantage of
the threshold strategy decreases with the increase of the checking period, the mean value of the arriving demand size, and increases
with the increase of the lead time and the cost of the unit stock-piling holding. The results of the project provide decision-making
reference for lean inventory management.

Keywords: compound poisson demand; out-of-stock cost; threshold strategy; heuristic algorithms; improved genetic algorithm
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