Solving the Location Problem of Printers in a University
Campus using p-median Location Model and AnyLogic
Simulation

Xu Sun?, Hao Yu! and Wei Deng Solvang*

Abstract. The location decision on service facilities is of significant importance
in determining the accessibility of the service provided. Due to this reason, it has
been extensively focused over the past decades by both researchers and practi-
tioners. This paper investigates a novel two-phase hybrid method combining both
optimization model and agent-based simulation in order to solve the location
problem of printers at a building of UiT The Arctic University of Norway, Narvik
campus. In the first phase, the p-median location problem is employed to select
the optimal locations of printers from a number of pre-determined candidate
points so that the total travel distance by both employees and students can be
minimized. In the second phase, both the original and the optimal location plans
of printers are tested, validated and visualized with the help of AnyLogic simu-
lation package. The result of the case study shows, however, the mathematically
optimized solution may not yield a better performance under a realistic environ-
ment due to the simplification made and incapability to deal with the randomness.
This has revealed that AnyLogic simulation can be used as a powerful tool to
validate and visualize the result obtained from an optimization model and to make
suggestions on the improvement.
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1 Introduction

The location problem of printers in a university campus is to select the optimal lo-
cations from a set of pre-determined candidates so that the accessibility and satisfaction
of users (students and employees in this case) can be improved. Considering the nature
of this problem, it is a service location and network design problem that has already
been extensively focused on and investigated by both researchers and practitioners for
more than half a century. In management science, the basic idea of this problem is to
locate a number of facilities and, meanwhile, to allocate customer demand to different
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facilities [1]. Over the years, several methods, i.e., mathematical optimization model,
analytical hierarchy process (AHP), geographical information system (GIS), etc., have
been developed and used to support the decision-making of the location problem and
network design of service facility.

Based on a previous research given by Yu et al. [2], this paper presents an improved
hybrid method for the location problem of printers in a university campus in Norway.
The rest of the paper is structured as follows. Section 2 presents the methodological
development. Section 3 illustrates the application of the proposed method with a real
world case study at UiT The Arctic University of Norway, Narvik campus. The result
and discussion are given in Section 4. Finally, section 5 concludes the paper.

2 Method

In order to support the decision-making on service facility location problems, a novel
two-phase hybrid method combining both optimization model and agent-based simula-
tion is developed. Fig. 1 illustrates a general framework of the method. First, based on
the problem identified, a mathematical optimization model is formulated to make the
optimal decisions on both facility location and demand allocation. After that, the result
is validated and is visualized in a realistic simulation environment. If the result fulfills
the performance required, it will be suggested and be visualized to the decision-makers.
Otherwise, all the previous steps need to be re-visited in order to identify the problem
of optimization.
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Fig. 1. Framework of the method.



In this paper, the p-median model is employed to make the optimal decisions of the
locations of printers. Then, AnyLogic is applied to create a realistic simulation envi-
ronment and to validate the optimal result obtained.

2.1 p-median Location Problem

The p-median location problem was first put forward by Hakimi [3]. Since then, it
has been extensively investigated and the research focus has been given to both the
development of efficient computational algorithms and the application in real-world
network design problems. Wheeler [4] investigated a location problem of patrol areas
with the help of p-median model in order to improve both traveling distance to calls
and workload equality. Combining a p-median problem with a novel part assignment
procedure, Won and Logendran [5] studied the balanced cell formulation in a cellular
production process. Incorporating with the environmental evaluation, Pamucar et al. [6]
formulated a green p-median model for the optimization of city logistics terminals. Ta-
leshian and Fathali [7] proposed a fuzzy p-median location problem in order to properly
manage the uncertainty in decision-making. Adler at al. [8] investigated a p-hub median
problem for the network and hub design of air transport in order to deal with the demand
expansion in African aviation market. Yu and Solvang [9] employed both maximal
covering model and p-median model to improve the post office relocation decisions in
a city in Norway.

The purpose of the p-median model is, through the optimal location-allocation deci-
sions, to minimize the total travel distance in the service network. A mathematical for-
mulation of the p-median location problem is given in Egs. (1-5) [9]. Herein, I and J
are the sets of customers and candidate locations for service facility, respectively. The
demand from customer i is represented by g;, and d;; is the distance between i and j.
Variable x; determines if a facility is opened or not, and variable u;; determines if the
demand from i is served by j. Finally, p specifies the number of service facilities in the
system.
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Objective function (1) minimizes the total travel distance to satisfy all the customer
demands. Constraint (2) assigns each customer to one service facility. Constraint (3)
requires a customer can only be allocated to an opened facility. Constraint (4) is the



requirement on the number of service facilities. Constraint (5) is the binary requirement
of decision variables.

2.2 AnyLogic Simulation

AnyLogic is a professional simulation software package with a graphical interface,
which can be used to create a realistic virtual environment for large and complex sys-
tems with different types of behavior (discrete, continuous and hybrid) [10, 11].
AnyLogic is a powerful and flexible tool that enables the modeling of three main fea-
tures in a simulation: discrete event, agent-based system and system dynamics, namely,
which can be combined in order to create a more accurate representation of a complex
process or system in the real world.

AnyLogic equips a wide range of built-in modules and database that can easily and
quickly be used to create the simulation of a complex system in a great number of in-
dustries and service sectors, i.e., manufacturing, logistics and supply chain, networks,
dynamic systems, business processes, healthcare, customer behavior, and transporta-
tion, etc. Furthermore, for obtaining the analysis and implication from the simulation,
AnyLogic has a set of analytical and optimization tools that can be accessed from the
modeling environment directly [12].

Except from the standard resources, AnyLogic also enables users to build a highly
customized simulation based on the features of the systems modeled. In this regards,
Yang et al. [10] investigated the passenger flow at the entrance of a subway station with
agent-based pedestrian library in AnyLogic in order to optimize the number of ticket
windows opened in peak and off-peak periods. In order to understand the influence of
the adoption of electric vehicles on pedestrian traffic safety, Karaaslan et al. [13] built
up and studied an agent-based simulation of a real intersection with AnyLogic. Kim et
al. [14] used AnyLogic to optimize the location-allocation problem of a biomass supply
chain.

3 Case Study

Combining with both p-median location model and agent-based simulation in
AnyLogic, we present a case study of the location problem of printers at the third floor
of the main building at UiT The Arctic University of Norway, Narvik campus. The
objective is to locate five printers in order to minimize the total travel distance. The
optimization process and result with p-median model have been given by Yu et al. [2].

In order to simplify the problem, several assumptions are made.

1. Eachroom is considered as a unique customer demand point and a set of can-
didate locations is pre-determined.

2. The users are divided into three groups: academic employees, laboratory em-
ployees and students. The demand for printing service from different types of
users are by no means identical.

3. The demand is aggregated at the center point of each room.



4. The demand is associated with three influencing factors: type of user, printing
frequency and number of user, respectively. Besides, it is also adjusted by the
sensitivity to distance from different types of users.

5. The distances between the customer locations and the candidate locations of
printers are approximated by the Manhattan distance.

Fig. 2 illustrates the layout of the studied area. The original location plan (red
squares) and the optimal location plan (green squares) are also given in the figure.

Fig. 2. The building layout and the printer locations in the original plan and the optimized plan.

In this paper, both the original and the optimal location plans of printers are simu-
lated in AnyLogic in order to validate the optimization and visualize the result under a
realistic environment. In this modeling and simulation environment, there are many
independent objects/individuals (students and employees), so an agent-based approach
is used. Compared with the original optimization procedures, several realistic assump-
tion are made as follows in order to have a better representation of the real problem and
generate a more reliable analysis.

1. Inorder to maintain the consistency, the customer demand estimated by Yu et
al. [2] is used in the simulation for determining the generation of agents (num-
ber and frequency).

2. Instead of aggregating all the customers in the center point of each room, the
customer demand can be generated at a random location within the room in
the simulation.

3. Instead of using the Manhattan distance to calculate the distances between the
customer locations and the candidate locations of printers, the real routes are
defined in the simulation

4. Compared the optimization environment from Yu et al. [2] with the current
layout of the building, significant changes of the layout of the area served by



the left most printer in Fig.2 are observed. Thus, this part is not taken into
account in the simulation and only the four-printer scenario is tested.
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Fig. 3. Agent-based mobile process diagram in AnyLogic.

The flow chart of agent movement is illustrated in Fig.3. The sources (students and
employees) are randomly generated from respective classrooms or offices. They will
go to the printing area via the real routes defined, use the printers and then move to the
exit. In this case, the goal is to calculate the movement distance of all the agents within
the studied period. In order to simplify the calculation and reduce the simulation time,
we only considered the movement distance in one direction: from the offices or class-
rooms to the printers. The distance in the reverse direction (back to the rooms) is as-
sumed to be the same as that in the forward direction, so it will not influence the result
of the comparison between different location plans. In addition, the movement speed
of all the agents is set to 1 m/s, so the movement distance is directly proportional to the
time consumed in the movement.

4 Result and Discussion

Table 1 illustrates the comparison between the performance evaluation conducted
by both optimization method and AnyLogic simulation. It is interesting to observe that,
with different approaches, controversial results may be obtained. In this case, the result
of the optimization by p-median model, which suggests the total travel distance may be
reduced by 10% through relocating the printers, is, however, not supported by the sim-
ulation result that shows the original location plan has a better performance.

Table 1 Performance evaluation of the optimal location plan and the original location plan in both
optimization and simulation environments

Performance evaluation Optimization Simulation

1 month 3 month 5 month
Reduction of total travel distance 104 -8.06% -7.08% -7.36%




As the procedures given in Fig.1, the mathematical modeling, assumptions and so-
lution code were carefully re-visited in order to identify the problems of the optimiza-
tion method. In this case study, the main problems of the use of p-median location
model are the two assumptions made in order to simply the optimization.

1. First, the aggregation of customer demand at the center point neglects the ran-
domness of the real demand generation, which may have a critical impact on
the objective value and decision-making especially in a small-scale problem.

2. The most critical problem is the Manhattan distance used in the optimization.
The distances between two points is one of the most important influencing
factors in the p-median location problem, However, as shown in Fig. 4, Man-
hattan distance cannot always give a realistic representation of the actual dis-
tance traveled and thus may lead to an improper result.

Fig. 4. lllustration of the difference between the Manhattan distance (blue) and the actual dis-
tance (green).

In order to solve the aforementioned problems, a stochastic p-median model may be
formulated so that the randomness of customer generation can be accounted. Moreover,
a more realistic distance calculation should be used.

5 Conclusions

In this paper, the location problem of printers in a university campus in Norway is
investigated using a two-phase hybrid method combining both optimization method
and AnyLogic simulation. First, the p-median location model was used to optimize the
location plan of printers, and then the result was tested in AnyLogic simulation. The
simulation result has revealed the problems related to the assumptions and simplifica-
tions of the original optimization. The research has proved the effectiveness of
AnyLogic simulation in the validation and visualization of the result of optimization.
Future research may be conducted in order to address the problems identified in the



case study. Furthermore, with the help of AnyLogic simulation, not only the movement
of agents can be estimated but also comprehensive analysis can be conducted to analyze
the overall performance of the printers, i.e., usage of different printers, queueing time,
etc.
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