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Figure 1. Single depot order picking system
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Gademann et al.
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T

(2001) Small Branch-and-Bound(MIP)  Wave picking environment
Gademann et al. . Sort-while-pick order
(2005) Small Branch-and-Price(MIP) bicking strateqy

Hong et al. . Route-selecting batching
(2012a) Wieglum Ml model

Hong et al Propose optimal solution
(201% ' Medium MIP model for S-shape-route-

selecting batching model

&39F5  Operation Analytics Laboratory
H/BR2d £ Industrial Engineering .
\2 5 f 9017
’n,_f Pusan National University SCM Conference, 2017
TONAL



r

i Gl
Z= 2 2.2(Order batching) Zgtst 23t o|AF A D E o1

=
T

Hong et al. . Indexed order batching
(2012b) Wiealum MU model

Hong et al. Small Branch-and-Price A multiple policy approach
(2014) Method(MIP) PIe Policy app
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Elsayed and . . .
Stern (1983) Small Seed algorithm Multiple aisle system
De Koster et al. Seed and Saving .
(1999) Small Slgorithims Comparison study
Minimize the total travel
Hsu et al. (2005) Medium Meta heuristic of GA distance in a warehouse
system
LBP(Large-scale order
Hong et al. _ 7 . .
Large batching in parallel-aisle  Large size problem
(2012a) o -
picking systems) heuristic
Propose simulated
nieg) G el Large MIP annealing model for large
(2012b) J e J
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2 MEHd 7|9t =2 /2 BE(Hong et al. 2012a)
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Figure 6. Order-to-batch assignment, then route selection(Hong et al.(2017))
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Figure 7. An eight-aisle order picking system with two depots(modified from Hong et al.(2014))
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= JOBDS(joint order batching and depot selection model) 42
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Figure 8. Order-to-batch assignment, then route selection approach(modified from Hong et al.(2017))
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Formulation

SIHR| 2 XMt 0

CAFA is the capacity of a cart

a. Sort-

while-pick: CAFA is measured in units of orders

b. Pick-then-sort: CAFPA is measured in units of items

Indices and sets

D
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The set of depots and its index d € D
The set of orders and its index o0 € O
The set for batches and its index b € B
The set of aisles and its index a € A

The set of routes for depot d and its index r4 € Ry
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Formulation

Parameters

The length of route r4 for depot d
Q, The number of line items in order o

1, if order o0 passes through aisle a (i.e. order 0 has at least
OA._ = one pick in aisle a),
oa

0, otherwise.

1, if route ry passes through aisle a,
Ra={ 1 00

0, otherwise.
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(=3 — - =1

Formulation

= Decision variables
{1, if order 0 is assigned to batch b,

ob — }
0, otherwise.

v 1, if batch b takes route 1y,
bry~ .
" 0, otherwise.

= QObjective function

(JOBDS) min Z Z LTy, Yor,

beEB r4€R4
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=2 T x| S SUX MEf @HJOBDS)
=  Formulation

= Subject to

2 Xop = 1, YoEO, .00
beB
z Qo X Xop < CAPA, Vb EB, ..03)
0€E0
XOb X OAoa > z z RArda X Ybrd ’ Ya € A, Vb € B, Yo € 0, .. 4)
deD rg€Ry
Xop = {0,1} Vo€ O,VbEB, .. (05
Yb?‘d = {0,1} Vb € B, Vrd (S Rd, ... (6)

985 Operation Analytics Laboratory

0 a%a%) . S
z £) Industrial Engineering P P
& /] ) - SCM Conference, 2017
&  Pusan National Universi ty
ONAL Y



AL

g |

Il

0{0
v

.|

JOBDS

B +d

Hl

LHO

= Stepl: 2 H
= Step2:7ts%t R

0

100
<

= Step 3:JOBDS BE! CPLEX #1&=

= Step4: %

&39F5  Operation Analytics Laboratory

/B
RS

18

ference, 2017

Con

ity

Industrial Enginee
National Univers

Pusan



JOBDS, 17§ E2&X &AH| (Single-depot order batching problem, SOB) &t

AQ AlZHH| I
H|I A|LIZ|2
a. Scenario 1 : sort-while-pick with capacity = 10 orders

b. Scenario 2 . pick-then-sort with capacity = 20 items

= AZ20|d &£ "l
o 13| trip™ 17§ =2 F2 N 2| (sort-while-pick)
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a. OptJOB, OptSOB . objective value of JOBDS, SOB
b. Diff% . (OptSOB-OptJOB)/OptSOB*100

C. CpuJOB, CpuSOB  :runtime in seconds of JOBDS, SOB

 AZ20]d S8 K|+
a. CompJOB, CompSOB - simulation completion time of JOBDS, SOB
b. DisJOB, DisSOB - pickers total travel distance of JOBDS, SOB
c. BIkJOB, BIkSOB - blocking rate between pickers of JOBDS, SOB
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Alsad Ol 74 I.
=0 XK EJ-I-
AE 8y
FEEE
ANEZ gHYER
AE2|X| M2F Random storage policy
2 o PR gy
FE= T S0H 10070 =&
FEE2 4 2000 FTEEE
FE S HE =+ Uniform [1, 3]

AlZE[0]d 3 cPLEX 715 &F

ZAEH 24 Window 7 Ultimate (Xeon 2.60 Ghz CPU, 64 GB memory)
CPELX CPLEX Studio IDE 12.6
A E2{0]M Tecnomatix® Plant Simulation 11
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= JOBDS, SOB 2 Xt & O|sAHE| & A4t 22 AlZHH|W
» O|s He| H# 6.14% EH=

* T IV SIHA A 28 AZEES

Table 1. Experimental results

CpuSOB

(seconds)

Number of (o]4]d0]:] OptSOB “cf0 CpulJOB

Sort Strategy orders (distance) (distance) RiliEe (seconds)
Sort-while-bick 50 324.2 342.6 5.32 3.97

P 100 534 582.2 8.28 2586.41
Pick-then-sort 50 335.6 350.8 4.35 4.73

100 588.4 630.2 6.63 1306.69
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- JOBDS, SOB A|220A 2t AlZh AR 5 0|5 72| X HA HS Hlm

r 2007 2 S8 A2 0|4 508 4
A
H

 SUN Y A A Al HL T K|
n AA AR A|ZFOT%, OlsHE| 7.5%, HAH Hl& 17.9% LA

Table 2. Simulation result
Number ZdA}S EZZXF CompJOB CompSOB | DisJOB DisSOB BlkJOB BIkSOB

of batch Al (time) (time) (distance) (distance) (%) (%)
3s 27:33 29:08 111516 120634 1.73 1.86

200 55 28:26 30:29 111472 120634 1.68 2.05
10s 31:08 37:28 111636 120634 1.64 2.30
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