201644 2& http://dx.doi.org/10.7737/JKORMS.2016.41.1.041

5o AAA A 2uRx|olle] VNS <azls A&

-+

5 %
et A g e

Application of Variable Neighborhood Search
Algorithms to a Static Repositioning Problem
in Public Bike-Sharing Systems

Dong-Soon Yim

Department of Industrial and Management Engineering, Hannam University

m Abstract m

Static repositioning is a well-known and commonly used strategy to maximize customer satisfaction in public
bike-sharing systems. Repositioning is performed by trucks at night when no customers are in the system. In models
that represent the static repositioning problem, the decision variables are truck routes and the number of bikes to
pick up and deliver at each rental station. To simplify the problem, the decision on the number of bikes to pick up
and deliver is implicitly included in the truck routes. Two relocation-based local search algorithms (1-relocate and
2-relocate) with the best-accept strategy are incorporated into a variable neighborhood search (VNS) to obtain
high-quality solutions for the problem. The performances of the VNS algorithm with the effect of local search algorithms
and shaking strength are evaluated with data on Tashu public bike-sharing system operating in Daejeon, Korea.
Experiments show that VNS based on the sequential execution of two local search algorithms generates good, reliable
solutions.

Keywords : Public Bike System, Static Repositioning, Local Search Algorithm
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Algorithm: General VNS

0 Select the set of neighborhood structures
N, for k=1,-- k, .

Select the set of neighborhood structures

N, for 1=1,--1,,,
find an initial solution 7
choose a stopping condition

1 Repeat the following sequence until the
stopping condition i1s met

11 k=1

1.2 Repeat the following steps until

b=k, 0

1.2.1 Shaking: Generate a point R at ran-
dom from the k th neighborhood N, (R)

of R
1.2.2 Local search by VND
1.2.2.1 =1

1.2.2.2 Repeat the following steps until
=1

" 'max

1.2.22.1 Exploration of neighborhood:
Find the best neighbor R” of R’
in N(R)

12222 Move or not: If f(R") <f(R) set

R =R and =1 otherwise
I=1+1;
1.2.3 Move or not: If this local optimum is
better than the incumbent, move there
(R=R"), and continue the search with

N/(k=1) otherwise, set k=k+1
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4.1 1-relocate &

Algorithm: I-Relocate(R)
0 flag_1R = true task_1R = false

e

1 while(flag_1R = true) do

1.1 flag_1R = false
12 for each station 4,i=1,2, - n
121 RY=R—i
122  find ¥ and p° such that
2R+, ) =min{=((RY+i], ),
for all k¥ and p}
1.2.3 2R+, ) <2(R),
then R= [R(l)”]k‘,,f flag_IR = true
task_1R = true
end if
end for
end while

2 return task_1R
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Ao alell A AbAlgh & @A 1.2.29F 1.2.390 4] best-
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4.2 2-relocate &

Algorithm: 2-Relocate(R)
0 flag_2R = true; task_2R = false
1 while(flag_2R = true) do

1.1 flag_2R = false

1.2 for each station 4,i=1,2, -, n—1

1.2.1 for each station j, j=1i+1,i+2, -, n

1211 Kkl is index of route in which station
1 is included

1212 k2 is index of route in which station
j 1s included

1.2.1.3 if k1 = k2, continue

end if
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=min{z([R

by

k1,p‘)
=min{z([R*+v],, ), for all p}
if 2(”YW) <z(R), then r=RW
flag_2R = true task_2R = true
end if

end for
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