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Abstract: The vehicle-routing problem with a time window (VRPTW) is a class of vehicle-routing problem in which
customers’ demands have a specific function of time. This has been extensively investigated by researchers. According to
this function, a vehicle must reach a customer within a time window specified by the customer; otherwise, the customer
demand expires. Although the VRPTW has been addressed by researchers, other forms of demand function varying by time
have not been investigated. Hence, this paper attempts to formulate the problem when customers’ demands change after the
initiation as a function of time. This problem in conjunction with the location-allocation problem (LAP) is called the
location-routing problem with time-dependent demand (LRPTD). The objective here is to minimize the total network cost by
finding the best network configuration. This includes finding the best strategy with respect to location, allocation, and
routing plan. The problem formulation eliminates waiting times and can also handle problems with time windows. An
example is presented for to illustrate the model presented.
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1. Introduction
The location-routing problem (LRP) is usually considered a class of supply chain network configuration problems.
In fact, four major problems, which encompass both operational and strategic aspects, must be tackled in a supply chain
network: production, location-allocation, inventory, and transportation (Arntzen et al., 1995). Among these decisions,
location-allocation and location-routing problems are addressed in the LRP. The location-allocation problem is the problem
of locating a set of potential facilities and allocating customers to those locations with the objective of minimizing total cost.
The vehicle-routing problem (VRP), which originated from the traveling salesman problem (TPS), is defined as the problem
of finding a set of routes originating from a set of depots to serve a set of customers with known demands. Each customer
must be visited only once, and all vehicles must return to the depot from which they departed. Customer demands in a route
should not exceed the vehicle capacity (Larson and Odoni, 1981). The vehicle-routing problem with time window
(VRPTW), a class of the VRP in which each customer must be visited within a specific time window, has been an interesting
subject of research in the last three decades.
In the existing combinatorial formulations of the VRPTW only one type of static demand function is used (e.g.,
Desrosiers and Lubbeck, 2005). Thus, the literature contains no formulation where customers’ demand functions are dynamic
in a given period, i.e., customers’ demand change after initiation by time. The model presented in this paper takes into
consideration different functions for customers’ demand. It also considers customers with simultaneous increasing and
decreasing demands. If the demand functions are different and some customers’ demands are increasing with time, then the
increase in demand may lead to situations in which the demand can no longer be satisfied due to the vehicle capacity
constraint. Therefore, it is necessary to prevent the total demand from exceeding the vehicle capacity. Thus, the delay in
serving customers with the increasing demand function may not always be cost-effective. In the existing formulations of the
VRPTW (), the arrival time at a customer is calculated based on two conditions: (1) the sum of the arrival time at a customer
and the travel time from the current customer to the next customer should be less than the finish time for service at the next
customer; and (2) the service start time at each customer should be within the time interval. This may lead to waiting time
for trucks. For instance, consider that the truck is at the current customer and is at time 40. The service time window for the
next customer is [100, 160]. The travel time to the next customer is 20 minutes. Based on arc formulation conditions, the
arrival time at the next customer can be any time between 100 and 160. Thus, in this case, the truck must wait at least 40
minutes before it can serve the customer. In the formulation proposed in this paper, this deficiency has been addressed as
well. The objectives of this paper are to develop model for LRP in which customers’ demands can be any arbitrary function
of arrival time and minimizes total cost. This model is capable of solving the VRPTW. Based on the formulation, it is
expected that the following questions can be answered:
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