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RMFS replenishment items storage assignment problem

LI Ru-bo', DENG Xu-dong™*', LIU Ao™2, REN Liang"?

(1. School of Management, Wuhan University of Science and Technology, Wuhan 430065, China; 2. Research Center
for Service Science and Engineering, Wuhan University of Science and Technology, Wuhan 430065, China)

Abstract: To improve the order picking efficiency of the robotic mobile fulfillment systems (RMFS), this paper
investigates the RMFS replenishment items storage assignment problem. A mixed integer programming model is
developed with the objective of maximizing the correlation degree among items in all pods. To solve the problem, a
large neighborhood search algorithm is designed for the solution. The initial feasible solution is generated by a greedy
algorithm. Combining the characteristics of the problem, the destroy operator and repair operator are proposed to
improve the solution. Numerical experiments show that the large neighborhood search algorithm has good performance.
In medium-scale and large-scale instances, the large neighborhood search algorithm can effectively improve the solution
quality by 37.4% and 21.5% respectively based on the initial solution generated by the greedy algorithm, and it
outperforms the variable neighborhood search algorithm with an average improvement of 8.9% and 10.3%. Moreover,
the effects of the number of pods, the number of slots, and the scattered degree of items on the objective value are
analyzed by the sensitivity analysis experiments.
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3.2 KRAEMSIERE AR
3.2.1 /NSRS

TE /N FUAR 451 1, ) B Gurobi 3K fif 4 B2 3K fif
TR G B BN IR, [7] B € Gurobi 7 4 32 32 17 i
(6] 29 1800 #. 73 Jll 1 35 K AR 4T 384 28 5592 (LNS)
A1 Gurobi 3K fiff 2% 15 2| ¥ fif LA Sz 32 47 1 (8], [] B ) FH
5% Gap HEAT W44 HT
F(LNS) — f(Gurobi)

f(Gurobi) ’
Forr f(LNS) A1 f(Gurobi) 73 53 9 KA G 45k 4 22 55
7 Gurobi 3K fif 2% K15 HI .

ANFIASE A S 58 45 SR AN 2% 3 .

Gap =

=3 PMHEESTLNS 5 Gurobi RERLE R 3T EE
Gurobi LNS
I-M-C Gap/%
f(Gurobi)  t/s  f(LNS) t/s

20-10-5 26.0 0.9 26.0 0.7 0.0
20-12-5 31.0 1.6 31.0 0.8 0.0
20-14-5 35.6 20.8 35.1 1.0 —1.4
20-16-5 40.5 283.7 40.1 0.9 —1.0
20-18-5 50.7 1800 50.3 1.0 —0.8
20-20-5 52.9 1800 52.3 1.1 —1.1
30-20-5 53.6 1800 53.1 1.1 —0.9
30-25-5 66.7 1800 65.5 1.3 —1.8
30-30-5 87.6 1800 86.0 1.5 —1.8

AE i 14 5 & 7 TH - B Gurobi 7 — S8 4R /N LA
0 5 L e BUAS B I, KA @ 44 R R0 A5

FI R 5 Gurobi K15 ) S AR 2 [F] 1 1 22 Gap AN AE
0.0 % ~ 1.4 % 2 [8], 75 Fr A 7N B 5451 rh AN ek
1.8 %.

TE SR AR B 18] 7 T T A 284 52 2% FE %5 /1, Gurobi
{140 SRR AR B [ o 1] AR P 348 K T U R o, %1%
A 18N He 4R L _E (1545 Gurobi JC i R 48 I 8] Py sk 73
R B 5 DR, T K RIS 4T3 38 2R BV AR BT /N AR B
B R I AT I TR AR T 2 5. DRI Ik, R A1 45k 4 2%
SREAE SR B ATIS AT I ) 3 B R p v Re.
3.2.2 FRIEE R SLE

X T r SRR RT KRR 451, 43 ) 1 SR D AR B
5 (GA)~ AR AR 28 595 (VNSRS AN K AL A 45k 44
ZHE (LNS) 7E 10 RIS 17 5 R0 T 3518 Avg B/
fE Min F1 f% K AH Max, I F 0K 544 38 7~ 244 1)
ARG R, TR SRR A I a6 v AT AR, Hid
ST KBS 400 duk 44 2% B2 AR A 148 R VL 138 47 I
[F]. A, T AR OR AR S8 33 4E R BRI A 1T 35
{ELAH Ll 7 28 SRR AN AR A1 A 2= SR AR T (0 4 b, B
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LNS — GA =
GA(Avg) ’
NS _ yNs _ INS(AvE) — VNS(Avg)
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GA VNS LNS
¥iEL  I-M-C LNS-GA /% LNS-VNS/%
Avg Min Max Avg Min Max time/s Avg Min Max time/s

100-50-7  208.1 203.3 2199 266.5 262.1 271.5 1.0 284.8 2825 2861 1.4 36.9 6.9
100-60-7  240.6 2335 2464 3222 3194 3281 1.1 3469 3440 3508 1.5 442 7.7
100-70-7  280.9 2749 2884 374.6 3722 3777 13 4107 4037 4141 1.8 46.2 9.6
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Average — — 6.4 — 10.2 21.5 10.3
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A AT UG AR (R A, ORISR a8 28 BV A Hh A5
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b 08 i, R B2 S S BEFE SR O 0. R, 4 T < CHY,
BE A s FOBE N, H bR R EUE 5 .

4 4 »

AR RMFS #h 52 BY B % i A7 it 73 T ] 3t i
AT T HEFE MO T ) R A B O R AL, IR 5 A
I REARFAE BT T AR 2 3 5 2R B2 ) A ] AR )
ST SRAR. 25 3R, 75 /NI B b, K HAEAT
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