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Algorithm 9: M2 Dijkstra

9 While( SL # 0)

10 (¢ i) «SL f, (ti);

11 If (i isc.i,andt* =x,,)

12 el <1 !/ et

13 break;

14 End if

15 For each (1 +1 j) in V. .

16 fia = e e + 15

17 If Pre ,, jis@or [, < fo.;

18 Joa L Preq (0 i) ;
19 End if

20 End for

21 End while

22 Pre, 3, AGV l ; | A L
23 iL, pa el

24 taskList < taskList U {1}
25 End while

1
5 Table 1 Problem scales of instance groups
GroupID | |S]| [R] I[N

ISG1 9 3 3 10 x 10

ISG2 12 4 4 15 x15

ISG3 15 5 5 20 x 20

CPU Intel Xeon E5 — 2680 1564 20 p p 25 %25
v4 @2.4Ghz 256GB Windows10 64 5.2
Visual Studio 2019
C# IBM ILOG CPLEX 12.6.1 "' M
1 h
(3600 s) .
5.1 Cplex. N
M1
JAGV 2
; AGV M2 ISG1 Cplex
, ls
( instance group ISGs)
1
ISG1.1SG2 0.00% 58.57%. ISG2 Cplex

ISG3.1ISGA4. 2
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Cplex Cplex
Cplex
2 M
Table 2 Results of M1 insmall-scale instances
Cplex cG

F e Lpien( 8) Fee teg('s) Age( %) Frue Apye( %)
ISG1 -1 8 3.14 8 0.20 0.00 10 25.00
ISG1 -2 24 22.24 24 0.16 0.00 38 58.33
ISG1 -3 12 4.52 12 0.20 0.00 16 33.33
ISG1 -4 28 18.74 28 0.35 0.00 54 92.86
ISG1 -5 36 31.55 36 0.27 0.00 66 83.33
Ave. 58.57
1SG2 -1 34 3 600.00 34 0.83 0.00 56 64.71
1SG2 -2 68 3 600.00 68 0.76 0.00 84 23.53
1SG2 -3 28 699.37 28 0.81 0.00 50 78.57
I1SG2 -4 32 985.69 32 0.66 0.00 60 87.50
ISG2 -5 28 1 287.35 28 1.17 0.00 42 50.00
Ave. 0.00 60. 86

Y Fge ~ Feg ~ Frue M1 Cplex.CG » Leplex ~ Lo M1 Cplex CG v Aces
Ao CG. Cplex Ay = oo ~Fopee o Frue = Fope
F e Fppen
Cplex
ISG3 IS4 gap —23.29% 164.46%
2 3
3 M
Table 3 Results of M1 in large-scale instances
Cplex G

F e £ pien( 8) Fee teg(s) Age( %) Fruge Apye( %)

ISG3 -1 56 3 600 56 3.76 0.00 124 121.43
1SG3 -2 74 3 600 72 3.35 -2.70 94 27.03

ISG3 -3 46 3 600 38 1.07 -17.39 110 139.13

ISG3 -4 68 3 600 68 2.81 0.00 264 288.24

1SG3 -5 50 3 600 34 1.66 -32.00 176 252.00

ISG4 -1 56 3 600 36 10.29 -35.71 164 192. 86

1SG4 -2 82 3 600 38 15.77 -53.66 128 56.10

ISG4 -3 54 3 600 38 9.50 -29.63 198 266. 67

1SG4 -4 106 3 600 74 20.26 -30.19 216 103.77

ISG4 -5 76 3 600 52 13.11 -31.58 226 197.37

Ave. -23.29 164. 46

5.2.2 AGV M2 Cplex. N
AGV Dijkstra 4

AGV
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Cplex Dijkstra ls
17. AGV
30s 0; Dijkstra
4 M2
Table 4 Results of M2 in small-scale instances
Cplex cG Dijkstra
F e Lepien( 8) Feg tee('s) D F, L 8) Dy,
ISG1 -1 1 52.41 1 6.19 0 4 0.03 3
ISG1 -2 2 85.87 2 9.84 0 3 0.02 1
ISG1 -3 0 61.31 0 0.39 0 0 0.04 0
ISG1 -4 0 46.56 0 0.37 0 0 0.03 0
ISG1 -5 0 45.81 0 1.27 0 2 0.04 2
ISG2 -1 2 368.01 2 28.31 0 6 0.10 4
ISG2 -2 2 330.70 2 10.10 0 3 0.14 1
ISG2 -3 0 258. 11 0 8.54 0 3 0.11 3
ISG2 -4 2 420. 86 2 8.17 0 2 0.20 0
ISG2 -5 0 259.78 0 1.59 0 0 0.30 0
Sum. 0 17
L Fopo ~ Fe ~ Fuy M2 Cplex~ CG Dijkstra PPN M2 Cplex-
cG Dijkstra S DDy, CG. Dijkstra Cplex
Bee = Fop = Fopu®uy = Fuy = Fopo -
Dijkstra 39
Dijkstra ISG4
ISG3 ISG4 Cplex :
Dijkstra
5
5 M2
Table 5 Results of M2 in large-scale instances
G Dijkstra
Feg te(s) Fg Lag('9) Dy,
ISG3 -1 2 56.74 3 0.60 1
ISG3 -2 0 4.13 0 0.50 0
ISG3 -3 0 20.26 8 0.47 8
ISG3 -4 1 72.01 7 0.79 6
ISG3 -5 2 65.69 4 0.81 2
1SG4 -1 8 216.25 9 1.70 1
1SG4 -2 4 149.49 7 1.66 3
1SG4 -3 3 331.06 9 1.57 6
ISG4 -4 0 75.17 8 1.83 8
ISG4 -5 0 74.75 4 1.85 4
Sum. 39
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Fig. 4. Results of two algorithms in multi-batch cases
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Fig. 5 The relationship between the number of AGVs and system delays
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Fig. 6 The relationship between the distance of sorting slots and total dwell time
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Parcel assignment and AGV routing in floor-based sorting systems

HE Xue—ting ZHEN Lu" WU Jing-wen GAO Jia5ing
School of Management Shanghai University Shanghai 200444  China

Abstract. The rapid growth of express business has led to a significant increase in the complexity of sorting
driving the rapid development of automated sorting systems. Therefore a floor-based sorting system has been
developed to enhance the flexibility economy and scalability of automated sorting systems. In this paper par—
cel assignment and conflictHree routing of automated guided vehicles in a floor-based sorting system are stud-
ied. Two mixed integer programming models are proposed to minimize the parcel dwell time in the system. To
solve the models efficiently two column generation-based solution algorithms are designed with embedded ac—
celeration techniques such as the variable neighborhood search algorithm and the A™ algorithm. Numerous nu-
merical experiments are performed to verify the validity of the models and the efficiency of the algorithms. Sen—
sitivity analysis experiments are also performed to provide some management insights.

Key words: parcel assignment; conflictHfree routing optimization; space-time network model; column genera—

tion; mixed integer programming



