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Hybrid metaheuristic algorithm for order batching problem

WU Ren-chao', HE Jian-jun'', LI Xin', YIN Ze-yang', CHEN Zu-guo?

(1. School of Automation, Central South University, Changsha 410083, China; 2. School of Information and Electrical
Engineering, Hunan University of Science and Technology, Xiangtan 411201, China)

Abstract: Order picking is one of the most laborious and high-cost processes in the warehouse management and operation.
Pickers retrieve goods from their storage locations in order to satisfy orders. The order batching problem (OBP) is a
planning problem, which is critical for order picking. Customer orders are grouped into batches in such a way that the total
travel distance of all pickers is minimized. First, in order to tackle the assignment of orders to obtain high quality batches,
the hybrid metaheuristic algorithm is proposed, which incorporates an infeasible descent procedure into the adaptive large
neighborhood search framework. An adaptive punishment mechanism, removal heuristics related to customer orders or
batches and additional algorithmic components are also introduced. Second, to address the picker routing and hence
reduce batch travel time, the unidirectional heuristic is proposed using a dynamic programming approach to combine
routing heuristics. By means of computational experiments, the proposed algorithm is compared to the ALNS/TS and
the MS-VNS. It is demonstrated that, in reasonable computing times, the algorithm provides solutions of excellent quality
which lead to a reduction of the total travel distance by up to 22.36 %.
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41 BEERGISSHETE

B R B R 104 AT HR B 8,
RN I G E 90 B L. P AR BR FH PRl TR
W43 L7 282 2K 4 it (CBD) 5 B WL 43 it (UDD). 2% &
4FNIT AR, = {40,60,80,100} 5 4 Fh 75 &
PRI FRIE % Q = {30,45,60, 75}, AT B 5
() B A AE X A [5, 25) FR BEN LA L. SEvE 22 %5 18
AR A7 I & 2K i T3 S e A0 B K ) B SR . G 64
T A 6] 1) SR R B, A AN S A4 5 40 AN AR LR A1), 3¢
AL 2560 S 241, HMA B35 51 N B 1 7% 4% 5 s,
R 2B R 32 PP A [R] Y 2 491 28 2, 38 1 280 S Z H. B )5,
AR B4 53 L J5 28, W43 6 2 51 K 73 28 AN [) SR 4
G AN EERE S N, A R B A T A
AR IR EIOE. (RN REIEA L, A HMA
SR e AN R e B 45 S s 0 IR AT B0

#HE BH Ropke 55121 £ H (1 77 ¥4 1% € HMA 5%
SR AR PRECR R S, WA R S
Hde  — A R H A R B T S HOR .
Jet e G E S VIR E: s, = 100, s, = 80, s, =
70, Wo = 10;R 5 EIERBKE d, = 100,/F
WHFr = 0.3; 8 Fokifie BiEMNET RE TR
Omin = 50, B amay = 500, & F1 5 #1 S 8w = 1.15;
BEB R B RAPREN Sy = 3,1 A E R
T = 015, W M5 EEZ FMHNNES e =
0.65. BEEZ MM h ¥ e B FE d = 30,4
1 n = 0.99975. KIBER R Kb, BERT 4R

q 5T AR n AR, H R Ft guin = max{0.15n, 10},
I Gmax = 0.35n. ARAT FEFRZEQAEIAO KR
FOpin = 0.26m, L3 0. = 1.75m. B8 K%
KB dmax = max{50m, 3000}, Jc# THiE ALK %L
dimp = 150, ZFEHEIR B K dg;y = max{0.3n, 20},
T4 TTAT T B RS SR 00 N
0.3, AT N R 2 R K tny = 150, /AT
AR K tny = 15n. N T @ RIEA AT TS 2
IR R, B R kAR d, BUE Y max{2.5n, 150}
4.2 LEEENIE

MS-VNS 5 HMA Hik & BHE 78 ok
PR AT B, T ALNS/TS 88 FH P o AS [ 4% 45 1) i 452 5
- S U SRS 5 B KT B SR TR Lk, 7E R AN B S
W EEAS S0 S8 | F 4 S 24 S i 1) ALNS/TS
(ALNS/TS+SS). 1 FH #5 K [A] B 5 0% 1) ALNS/TS
(ALNS/TS+LG). MS-VNS %% 5 HMA Bk #HT E
B BT FEPAT — IR 4 AP R Z {8 dev., 1 dev.
& SUNAE— R EFI, 2l Bk L 5 g J%
HH R I %0 e AR A 2 18] () °F- 350 ' 43 B 22 4, BT
dev. = 100(BKS — Z)/BKS. H: Z /& ALNS/TS+
SS 5 ALNS/TS+LG. MS-VNS. MHA & Bl S A
fift 1) °F- 3548, BKS & O A1 E A 14 ~F 348, B 7 ¥2:
(AR AR P R S A O B AR A #best AREAN T
) O AR, BTN A T A A .

KILE T RSB =N 16 4R HI KB,
HMA 5%, ALNS/TS+SS. ALNS/TS+LG 5 MS-
VNS {1 g, AR AR & -, HMA Sk 7E TG E 4

®1 AEITESMBEZEXDEIARPHITEER

ESVEiH] ALNS/TS+SS ALNS/TS+LG MS-VNS MHA

i A& dev.  #tbest  T/s dev.  #best T/s dev.  #best T/s dev.  #best T/s

30 12.43 0 2.04 4.98 2 5.86 1.52 5 2.30 0.03 38 4.63
45 9.53 0 222 8.74 0 9.31 2.53 0 6.54 0.00 40 7.31
40 60 4.72 1 2.85 10.25 0 14.28 4.67 0 10.29 0.00 39 12.47
75 4.24 0 3,82 15.24 0 19.14 8.28 0 16.57 0.00 40 19.02
30 14.53 0 5.57 4.31 0 18.64 2.23 0 6.58 0.00 40 16.64
60 45 11.97 0 6.32 10.65 0 29.21 4.83 0 14.94 0.00 40 25.69
60 8.34 0 7.68 15.87 0 42.55 7.53 0 28.32 0.00 40 42.97
75 7.35 0 9.06 16.31 0 51.34 10.12 0 43.86 0.00 40 50.32
30 15.98 0 13.55 5.62 0 34.26 3.34 0 14.68 0.00 40 30.29
45 7.67 0 14.71 8.13 0 61.23 7.44 0 33.01 0.00 40 54.21
80 60 10.12 0 19.21 15.68 0 89.67 12.33 0 45.52 0.00 40 70.17
75 10.88 0 20.45 18.43 0 120.33 14.35 0 70.63 0.00 40 110.62
30 12.62 0 25.44 5.36 0 70.25 5.44 0 21.54 0.00 40 63.26
45 11.44 0 27.64 10.26 0 117.64 9.75 0 44.65 0.00 40 108.22
100 60 13.22 0 30.24 16.34 0 168.65 14.49 0 84.85 0.00 40 125.04
75 8.55 0 38.11 18.74 0 229.36 18.72 0 115.94 0.00 40 184.32

average 10.22 0.63 14.31 11.56 0.13 67.61 7.92 0.31 35.01 0.00 39.81 57.82
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0 LR T HAb B vk, BARR B A 75 T 1
[, HMA B9 i (1 °F 35 {8t MS-VNS BB G T
7.92 %, tt ALNS/TS+SS. ALNS/TS+LG % 5l &A% T
10.22 % F111.56 %o; 7 4™ 22451 501l i, HMA 5546
RILT 2 (1) SRR AR, =4k HMA B3R AE 640
AEHF R T 637 A4 T AL AR, H HMA Bk K
I O B AL TR A LR T 5 AN 5 H A A A
) F 2 e B AR A B4R 5 MIS-VINS A LE HMA 53 1
THEES (R K T 65.15 %, 5 ALNS/TS+SS #H Lt HMA
ST S TR 3 K T 3 4%, 5 ALNS/TS+LG Jik />
14.48%, {H /2, HMA HIE 13847 B AT SR (R R E A 22
J0 [l . DR, HMA SREVR AE & B o S50 (8] 9 ] DL
o3 Whis=C =)

F2 2P 7 HMA $32: . ALNS/TS+SS ALNS/TS
+LG 5 MS-VNS fE Ffi HL. 73 i I 5 Hh (i Ve e, 72 P
Z M F, HMA BRI SR o7 A0 T HAh 5% HMA
BLVFAR T 04l 5 MS-VNS . ALNS/TS+SS. ALNS/
TS+LG 73 5 FEAK T 8.56 %o+ 11.07 % F1113.04 %. HMA
SLVEAE 640 N Z B H R I T 637 AN O %0 S R i,
A1 CL A5 A0 A8 ) Hy MS-VNS % BIL. 78 i S 18] 7
[, HMA 53 1 3K fif i) 8] 5 ALNS/TS+LG FFAK T
14.85 %, {H /25 MS-VNS 4 K T 42.37 %, /& ALNS/TS
+S8S 1) 4 fi5. HMA 535 132 4T I 18] [ B CRRF7E 4 22
Y6 P, HMA 59275 & 310 T F 5 18] P 0 AT DUKR 30
i 2 5 e R

®2 TRITESHMEZEERINSEAR PRI ELSER

EA ALNS/TS+SS ALNS/TS+LG MS-VNS MHA
T FE  dev. #best T/s  dev.  #best T/s dev.  #best T/s dev.  #best T/s
30 15.78 0 2.12 5.16 0 4.94 2.08 3 3.14 0.02 37 4.86
20 45 10.95 0 236 9.94 0 8.62 2.81 0 7.32 0.00 40 8.03
60 4.61 0 3.01 11.45 0 16.32 439 0 1442 0.00 40 14.35
75 438 0 3.95 17.35 0 23.68 8.42 0 2372 0.00 40 22.52
30 15.67 0 5.97 5.85 0 18.35 2.67 0 7.31 0.00 40 17.36
60 45 12.86 0 6.86 10.34 0 28.42 5.38 0 2204  0.00 40 27.23
60 8.67 0 8.12 15.72 0 50.53 7.19 0 44.15 0.00 40 47.96
75 8.35 0 9.54 18.69 0 57.34 12.32 0 49.43 0.00 40 52.64
30 14.67 0 1549  7.39 0 36.26 5.23 0 15.75 0.00 40 32.16
%0 45 8.39 0 17.84  9.61 0 65.57 7.74 0 33.01 0.00 40 56.21
60 10.58 0 1992  17.14 0 95.21 10.92 0 46.84  0.00 40 72.67
75 12.93 0 21.68  20.05 0 135.82  16.67 0 73.93 0.00 40 115.98
30 12.27 0 26.06  7.94 0 76.61 6.57 0 2082  0.00 40 69.81
100 45 11.46 0 28.14  11.67 0 12076 8.68 0 64.28 0.00 40 112.63
60 15.39 0 3134 17.94 0 178.68  15.75 0 109.25  0.00 40 129.67
75 10.19 0 39.19 2236 0 236.47  20.06 0 145.67  0.00 40 198.09
average 11.07 0 1510  13.04 0 72.10 8.56 0.19 43.13 0.00 39.81 61.39

FHEL T ALNS/TS+SS 5% ALNS/TS+LG 5%,
HMA B35 IR B P 3BEAER 1 FIER 2 B R 2 Be 3 53¢
IR BT A SR A9 28 B R 2 BT BRI, Y8 LR 4.24 %0 ~
22.36 %. I H M T ALNS/TS+LG 5%, A S H 3
fige (140~ 25 L 1) PR AT 26 B 1 1 2 A 2 T BRI
WORMIE R, BT AR N 100, WEBEANTSE
B 7 b HMA SE R P ¥ {E 8 ALNS/TS+LG &
EER LRI 2 M /3 FL 3 5t 40 i BRI 1 18.74 %
F122.36 %. ALNS/TS+SS ) it 5 i 18] 2 iz /)~ F H
i B3 75 AR 4 BE 3 b, BUOR HMA S 1t
S 1] L ALNS/TSH+SS 15 3 ~ 4 %, {H /&, HMA H. 7%
AH T ALNS/TSHLG 5% 45 7 FE AR T 14.50 % A1
14.85 %. FH %+ MS-VNS 5 7%, HMA 535 1 fil 1) °F
VMELER L FIR 2 A4 Bl 3 5t b I BT B R 4 28 Y

W 14195 T ARG, 95 A 1.52 % ~ 20.06 %o. [R]FE, 18 K
Pride W4 75 & 1T F A, HMA BYA M 8T MS-VNS
SVE SR S A W BRI S G Bl oK. fESR 1 g5,
ITHHE N 100, A& 8N TS5 I ERHIR A+, HMA
SRR P 4B (1 PR AR N 18.72 %, /2 T 3 BRI 2
(2.4 5. fER 25 rh, FIFEERORIT s Bk
Es 3 DI E VBV S Nl = A7 EC IS =N 15
TR 2365, (£3R 1. K235, HMA
ST BRI OK T 65.15 % 5 42.37 Y.
5 4 @

R T AT A /L 1, Wk TIRA T
Je R SR S T IE BRI R SR T AT T B
FARAAT B I IR, O T AR AR B AR, BT TR
(1) A% SR SR ) Ja R X FE R IR m] 07 2B AR A 2
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