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Introduction 

The covering location problem is often categorized as Location Set Covering Problem (LSCP) and Maximal 

Covering Location Problem (MCLP). In a classical MCLP, one seeks the location of a number of facilities 

on a network in such a way that the covered population is maximized. A facility covers a demand node, if 

it is established in a distance less than the threshold to the demand node. This pre-defined threshold is often 

called the coverage radius, which directly affects the solution of the problem. [1] 

MCLP was first introduced by Church and ReVelle [2]on a network, and since then, various extensions to 

the original problem have been made. Normally, MCLP is considered whenever there are insufficient 

resources or budget to cover the demand of all the nodes. Therefore, the decision maker determines a fixed 

budget/resource to cover the demands as much as possible. 

Problem description 

The Maximal Covering Location Problem can be formally described as follows: 

Data (input information): 

− A set of demand points I, each with an associated population to be served 𝑎𝑖. 

− A set of potential facility locations J. 

− A coverage radius or maximum service distance S. 

− A maximum number of facilities to be located p. 

Decisions (variables): 

− Decide which facility locations 𝑗 𝜖 𝐽 will be located. 

− Decide which demand points are covered by the chosen facilities. 

Optimization objective: 

− Maximize the number of people served or covered within the desired service distance. 

Constraints (feasible solution conditions): 

− At most p facilities can be located. 

− A demand point is considered covered if it is within distance S of at least one located facility. 

Mathematical Model: 

𝑀𝑎𝑥𝑖𝑚𝑖𝑧𝑒 𝑍 =  ∑ 𝑎𝑖 ∗  𝑦𝑖

𝑖𝜖𝐼

 

Subject to:  
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∑ 𝑥𝑗 ≥  𝑦𝑖

𝑗𝜖𝑁𝑖

            ∀𝑖 𝜖 𝐼 

∑ 𝑥𝑗 = 𝑝

𝑗𝜖𝐽

 

𝑥𝑗  𝜖 {0,1}           ∀𝑗 𝜖 𝐽  

𝑦𝑖  𝜖 {0,1}           ∀𝑖 𝜖 𝐼 

Where: 

 I = denotes the set of demand nodes. 

 J = denotes the set of facility sites. 

 S = maximum service distance. 

 𝑑𝑖𝑗 = the shortest distance from node i to node j. 

 𝑁𝑖 = { 𝑗 𝜖 𝐽 | 𝑑𝑖𝑗 ≤ 𝑆} = set of facility sites that can “cover” demand node i. 

 𝑎𝑖 = population to be served at demand node i. 

 p = number of facilities to be located. 

 𝑥𝑗 = 1 if a facility is located at site j, 0 otherwise. 

  𝑦𝑖 = 1 if demand node i is covered, 0 otherwise. 

 

Problem example 

Population growth and industrialization in Nuevo León have significantly increased the generation of 

municipal and industrial solid waste. However, a large share of recycled materials (PET, cardboard, 

metals) does not reach collection centers because of the distance residents must travel to dispose of them 

properly. 

In this context there is a clear need to decide where to locate a limited number of recycling collection 

centers so that the maximum possible amount of recyclable waste si captured within a maximum 

acceptable service distance.  

We consider a set of municipalities J, each associated with an estimated amount pf recyclable waste 

generated per day (wj). The set of potential sites I coincides with these municipalities. 
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The goal is to open exactly p recycling centers in such a way that the total recyclable waste covered is 

maximized, where a minicpality is considered covered if it lies in a maximum distance S from at least one 

open site. 

Small instance: 

- Demand nodes (also candidate sites): A–F 

- Weight = recyclable tons/day (objective weight) 

- Parameters: p = 2 centers, S = 2 km service radius 

-  

node x y weight 

A 0 0 12 

B 2.5 0.5 10 

C 1 2.8 14 

D 4 3.2 9 

E 5.2 0.2 11 

F 3 -1.5 8 

 

The image shows the feasible solution where we open at C and E; each circle is the 2 Km service radius. 

 

- Chosen open sites (feasible): {C, E} 

- A demand node j is considered covered if at least one facility i in {C, E} is located within the 

service distance S of j. 

- Objective value is equal to the sum of weights of covered nodes. 



 

Check coverage 

node weight Covered by C or E? Contribution 

A 12 No 12 

B 10 No 10 

C 14 Yes 14 

D 9 No 9 

E 11 Yes 11 

F 8 No 0 

 

Z = 14 + 11 = 25 
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