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@ Johnson and Meller (2002): At&2HEl £F A|AEIQ| MAE 24
@ Leeetal. (2015): ZAH|O|0f 7|2t 27 A|AHIO[ M it &4

@ Nassiefetal. (2018): AZA T Z A|AHE Lf =3 (dock) 2 2| E 82
SeEsAZE 7|8 2= KA

@ Yuetal (2016): A2A £ Z A|AH LY OIHI2 E 9} OFRHIR E
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Seed heuristics:
- De Kaoster et al. (1999)

Metaheuristics:
- Genetic algorithm:
Hsu et al. (2005), Pan et al. (2015)
- Simulated annealing:
Matusiak et al. (2014)
- Tabu search: Kulak et al. (2012)
- Ant coloy optimization: Li et al. (2017)
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Saving heuristics:
- Clarke and Wright (1964)
- De Koster et al. (1999)

Optimal approaches:

Gademann et al. (2001)
Gademann and de Velde (2005)
Hong et al. (2012b)

Hong et al. (2017)
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AEFYIIES 28t FEFS 22

= |ndices and sets

P, p =the set of products and its index p EP.
A, a =the set of aisles and its index a &A.

B, b =the set of batches and its index b €B.
R, r =the set of routes and its index » ER.

= Parameters

CAPA = the volume capacity of a cart.

1 if route r passes through aisle a,

RA =
ra {O otherwise.

LT, =the length of route r.

Vpa = the volume of product p assigned to aisle a.

_ )1 ifproduct p passes through aisle a,
PApg = .
0 otherwise.
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= Decision variable

0 otherwise.

7o 1 if at least one part of product p is assigned to batch b,
pa 0 otherwise.

Y. = 1 if batch p takes route r,
br 0 otherwise.
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X,p = {1 if product p 's part that should visit aisle a is assigned to batch b,
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Formulation

min z z LTyYy,,
b&EBr&R
subject to

pab< b

z XpabZL

pEPa&A

z Yp,=1,

ry¥'&R

Xpab'PApaS z RArq Ypy,
r &R

b &{0,13, Yy, &{0,1}, Z
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b &{0,1}.
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= Modified Seed algorithm =

Sort the parts in descending

+ FEL|Z(order picking)of M &-& &|+= Seed algorithm 0| & e
- ZEXNS2 SE 0| XA LA ATt 7S " o s Send

Set the Seed batch.

!

Calculate the sum of the total
number of visiting aisles of
all remaining part lists given

the Seed batch.

1 Fix the batch
as the finished batch.

Include the part with the
smallest sum of the total
number of visiting aisles to
the Seed batch.

No

the volume
of the batch
> capacity?

Fix the batch
as the last batch.

Figure 4. Modified Seed algorithm?| &=A &
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= Shortest Route First with First-fit Decreasing
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Sort the parts in
descending order by volume.

L

l

Sort the route set in ascending

Choose the first candidate list of
the remaining lists for each route.

order by route length.

!

|

Choose the first part of

Take the candidate part out of the
selected list and put it the batch.

Let the part be a residual.

the remaining parts.

]

Choose the first route of the
remaining routes in route set.

No

Is the part
covered by
the route?

Add the part to

s the volum
of the batch
greater than
capacity?

Is the candidate
part the last one
in the list?

Is the list the
last onc of the
remaining lists?

Merge the residuals
into new batches.

l

the candidate list of the route.

Figure 5. Shortest Route First with First-fit Decreasing2| 1T+
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Set a new batch, and
put the part in the batch.

Recalculate the routes to cover the
new batches.

Figure 6. Shortest Route First with First-fit Decreasing2| 2'THA|

SCM Conference, 2019 ,‘5
Seoul, Republic of Korea



AlS AL
=0 =1
AlS] Ad
- A EZ"
Table 1. 2% 78 AL - Z8 XE Y 5
s % o NsFwesusnERsou
ME = (P) 20, 40, 60, 100, 500, 1000 SRFwithFFD  : Shortest Route First with First-fit Decreasing
&2l £ Uniform[0.5, 5.0] Seed : Modified Seed algorithm
Olsd2 & One-way traversal routing method Jieo| = 0| 2|
Obj. 7HES| B m
%E‘)Ik‘(l/ll) 4%§76%§ J —-—4ME|7O<|:| Oo A( )
#of batches HAYE FEFS = (EA
E2 20| @r) 15m °ZA; e T EA
RNEFYIIES B ) o0 40 o cPU AL AIZE (sec)
(CAPA) T
A

@ IBM CPLEX 12.6 (Concert Technology in IBM JAVA)
@ Tecnomatix Plant Simulation 12

3 AMD Ryzen5 2400G @ 3.60GHz / RAM 16.0GB

@ MEANEHA S M H102
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- A A
Table 2. &2/ 2 FF0| Cist A A1t
Opt SRFwithFFD Seed
Al P CAPA . # of . # of . # of
Obj. batches CPU Obj. batches CPU Obj. batches CPU
20 398.4 11.6 2.2 425.6 11.4 0.00 575.6 138 0.00
20 30 269.3 7.9 1.7 294.7 76 0.00 460.1 9.9 0.00
40 208.1 6.1 1.9 236.9 5.9 0.00 423.2 8.2 0.00
20 761.4 21.0 13.8 808.1 22.7 0.00 975.8 25.9 0.00
4 40 30 528.4 15.0 11.3 556.5 15.3 0.00 7295 17.6 0.00
40 392.4 11.2 10.4 423.9 11.4 0.00 627.4 14.2 0.00
20 1163.6 34.2 809.2 1188.9 33.9 0.00 1387.6 37.9 0.01
60 30 770 22.6 501.3 825.1 23.2 0.01 990.3 25.6 0.00
40 578.6 16.9 326.4 631.3 17.5 0.00 818.9 20.0 0.00
20 598.8 17.4 76 630.2 16.3 0.00 882.2 19.8 0.00
20 30 400.6 115 3.8 444.9 10.9 0.00 7145 138 0.00
40 301.6 8.8 4.2 354.8 8.2 0.01 649.3 11.1 0.00
20 1159.8 33.9 2019.7 1206.5 33.3 0.01 1491.5 38.0 0.01
6 40 30 761.8 22.1 1032.4 837.6 22.4 0.01 1112.3 25.5 0.00
40 591 17.1 205.1 648.9 16.9 0.01 956.3 19.8 0.00
20 1729.8 50.5 3618.3 1772.6 49.9 0.01 2104.7 55.7 0.01
60 30 1157.2 33.8 2840.7 1233.7 34.1 0.01 1516.0 37.1 0.01
40 859.8 25.1 1228.6 944.7 25.6 0.01 1255.9 28.5 0.01
o= -+ = &
- 482 FAEHOAM 40747tX], 6 82 =2 FME O A 2070 M SOl CHh A =& sl == =0l
x A |:| L = FO
- FSot=ME 7t SHE O|YREHE 2[H 2 St=0O AL & B2 A[ZH0] &
. it =Ne)
«  SRFwithFFD 2| &% 4071/6071 M| =0l M X[X &l CHH| 2.2 % ~ 10.0 % 2| 2 XI0|2 FEF& 74
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Table 3. i 2 &0 CHst A& At

SRFwithFFD Seed

Al |[P|  CAPA . # of ] #of
Obj. batches CPU Obj. batches CPU
20 1806.0 52.0 0.01 2188.0 61.0 0.02
100 30 1262.0 36.0 0.01 1508.0 41.0 0.00
40 956.0 27.0 0.01 1206.0 31.0 0.02
20 8810.0 258.0 0.16 10416.0 303.0 0.39
4 500 30 6090.0 178.0 0.16 6880.0 199.0 0.26
40 4594.0 134.0 0.16 5150.0 147.0 0.20
20 17548.0 515.0 0.62 20684.0 605.0 2.33
1000 30 12074.0 354.0 0.60 13582.0 395.0 1.53
40 9116.0 267.0 0.60 10114.0 293.0 1.13
20 1810.0 51.0 0.03 2268.0 60.0 0.02
100 30 1368.0 38.0 0.02 1868.0 46.0 0.01
40 1164.0 32.0 0.02 1562.0 37.0 0.01
20 9052.0 264.0 0.38 10326.0 297.0 0.59
6 500 30 6910.0 201.0 0.38 7746.0 220.0 0.44
40 5550.0 161.0 0.37 6254.0 175.0 0.36
20 18062.0 529.0 1.40 20500.0 594.0 3.51
1000 30 13710.0 401.0 1.39 15264.0 440.0 2.58
40 11126.0 325.0 1.39 12208.0 349.0 2.06

«  SRFwithFFD O| Seed0|| H|BHA & 7tE O|SH2|7} 25 9.7 % ~ 36.5 % &2 ZItE & ¢
+ SRFwithFFD 2 Eoh FER32 R 74%~211% H H2 =8 4
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