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Abstract—This paper investigates the periodic delivery
planning of vending machine problem (PDPVMP). The
problem is a periodic vehicle routing problem (PVRP),
which is also an extension of the typical vehicle routing
problem (VRP). The considered PDPVMP contains multiple
vending machines with periodic demands. For each vending
machine, its replenishment frequency is either once per two
days or twice per two days, i.e., once per day. In the
PDPVMP, there are multiple vehicles to deliver goods for
vending machines. The objective of the considered problem
is to minimize the total length of routes for all vehicles
during the time horizon such that all demands for vending
machines are delivered. In this paper, based upon a new
coding procedure, we apply an immune based algorithm to
solve the PDPVMP. A case of Taoyuan county in Taiwan is
considered and solved. Numerical results show that the
studied immune algorithm can effectively solve this
PDPVMP.

Index Terms—periodic vehicle routing problem, immune
algorithm, vending machine

I. INTRODUCTION

With the rapid economic development, the number of
convenience stores increases drastically during the past
years. However, it usually requires considerable funds
and a suitable location for a new convenience store. Thus,
more and more vending machines appear on most of the
streets in cities. In the early 19th century, the first
vending machine appeared in Japan. But vending
machines became popular after World War I1. In 2003,
The annual report of the Japan Vending Machine
Manufacturers Association shows that there are more
than 5.5 million vending machines to serve 126 million
people in Japan. Japan has the highest density of vending
machine in the world. As known, most vending machines
sell beverages (47.3%), cigarettes (11.3%) and foods
(2.2%). For the beverage, most vending machines sell
soft drinks (83.7%), while the others sell milk (7.0%),
coffee and chocolate drink (6.1%), and alcoholic
beverages (3.2%) ([1]).

Vending machine is a non-store business machine
without time and space constraints and can operate
twenty-four hours per day. Moreover, it does not require
the store space and the salesperson costs. In addition, its
set-up costs and operating costs are relatively low. Unlike
the convenience stores, the vending machines sell few
types of goods, such as beverage and biscuits etc.
Convenience stores have warehouses for inventory,
however, vending machines have no warehouses. Thus,
vending machines require replenishment frequently to
insure that customers can buy products at any time. As
known, the routing cost is the main part of replenishment
cost for vending machine industry. Thus, reducing the
cost of replenishment is equivalent to finding a good
delivery route of replenishment for vending machines.

In this paper, we consider the periodic delivery
planning of vending machine problem (PDPVMP) which
contains multiple vehicles to deliver goods for vending
machines. In addition, it is assumed that the
replenishment frequency of each vending machine is
either once per two days or twice per two days (i.e., once
per day). Note that we use “day” as a general time unit
throughout this paper. The objective of the PDPVMP is
to minimize the total length of routes for all vehicles such
that all periodic demands of goods for vending machine
are delivered. In this paper, based upon a new coding
procedure, we develop an immune based algorithm to
solve the PDPVMP. A case of Taoyuan county in Taiwan
is considered and solved. Numerical results show that the
studied immune algorithm can effectively solve this
PDPVMP.

Il. PERIOD VEHICLE ROUTING PROBLEM

A. Typical Period Vehicle Routing Problem

The PVRP was introduced by Beltrami and Bodin in
1974 and has several exciting variants and applications
arising in recent years. The PVRP is a generalization of
the classic vehicle routing problem (VRP) in which
vehicle routes must be constructed over multiple days.



