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Introducción {

}

The Maximal Covering Location
Problem (MCLP) represents a
fundamental class of
optimization problems in
facility theory. First
introduced by Church an ReVelle
in 1974, MCL addresses the
strategic placement of a
limited number of facilities
to maximize coverage of demand
points within a specified
service distance.

Aplications

Emergency service

placement

Healthcare facility

location

Telecommunications

network design

Environmental

infrastructure planning 

...
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THE MCLP CAN BE FORMALLY DEFINED AS FOLLOWS

Data (input information):
− A set of potential facility locations I.
− A set of demand points J, each with an associated population to be
served 𝑎𝑗.
− A maximum number of facilities to be located p.
− A coverage radius or maximum service distance S.

Decisions (variables):
− Decide which facility locations 𝑖 𝜖 I will be located.
− Decide which demand points are covered by the chosen facilities.

Formal definition {

}



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

Constraints:
− 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.

Formal definition {

}



Mathematical Formulation{

Where:

I = Set of potential facility locations

J = Set of demand points

𝑎𝑗 = Demand (weight/population) at node 𝑗

p = Number of facilities to be located

𝑑𝑖𝑗 = Distance between facility 𝑖 and demand
point 𝑗

S = Maximum service distance allowed to
consider a demand point covered

𝑁𝑗 = { 𝑖 𝜖 I | 𝑑𝑖𝑗 ≤ 𝑆} = Set of facility sites
that can cover demand node 𝑗

}

Model:

Subject to:



Mathematical Formulation{

𝑥𝑖 = 1 if a facility is located at site 𝑖, 0
otherwise.

𝑦𝑗 = 1 if demand node 𝑗 is covered, 0
otherwise.

}

Model:

Subject to:



Application context {

Recycling Center Location in Nuevo León 

}

Nuevo León, México, faces significant challenges in waste
management infrastructure. With increasing urbanization and
population growth in metropolitan areas like Monterrey, the
strategic placement of recycling centers becomes crucial for
sustainable development. The region requires efficient
coverage while considering:

Population density distribution across municipalities
Transportation accessibility
Environmental impact minimization 
Budget constraints for facility establishment



Problem Parameters {

}

Demand
points

Potential
sites

Coverage
criterion

Facility
constraint

01 02 03 04

Population
centers across
Nuevo León’s
municipalities.

Suitable
locations for
recycling
centers.

Maximum service
distance of 20
km 

Limited number
of centers due
to budget
restrictions



Algorithm description

Pseudocoude

The Greedy Adding heuristic
represents a myopic approach
that sequentially selects
facilities offering the maximum
marginal coverage improvement.
This method belongs to the class
of greedy algorithms known for
their computational efficiency
and reasonable solution quality.

Constructive Heuristic:
Greedy Adding {

}



Improovement Strategy

Pseudocoude

Local search serves as an
effective post-processing
procedure to enhance solutions
obtained from constructive
heuristics. The swap
neighborhood examines pairwise
exchanges between selected and
unselected facilities, accepting
improvements until local
optimality is reached.

Local Search: Swap
Neighborhood {

}



Computational results {

}

We conducted extensive computational
experiments across three problem scales:

Set 1: 100 demand points, 30 potential
sites, 8 facilities
Set 2: 1,000 demand points, 100 potential
sites, 15 facilities
Set 3: 10,000 demand points, 200 potential
sites, 25 facilities

Each set contains 20 randomly generated
instances with geographical distributions and
coverage constraints.



Performance Summary {
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Set 1 Results (Small instances)
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Set 2 Results (Medium Instances)



Performance Summary {

}

Set 3 Results (Large Instances)



SET
Avg % Cov

CH 
Avg Time
Const

Avg % Cov
LS

Avg Time
LS

Avg Absolute
Improvement

Avg Relative
Improvement

Improved

Small 84% 0.003 s 84.6% 0.003 s 3316 0.81% 40% (8/20)

Medium 82% 0.1210 s 82.3% 0.1193 s 11979 0.29% 60% (12/20)

Large 77% 5.2867 s 77.2% 11.0780 s 75867 0.20% 80% (16/20)

SUMMARY STATISTICS

}

Detailed Instance Performance{
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