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INTRODUCTION
TO THE
PROBLEM

The p-center model is a minimax
strategy that minimizes the

maximum distance to any client.
Instead of averages, it focuses on
the worst-case scenario to ensure
service equity, making it essential
for emergency infrastructure like

fire stations or ambulances.



IN THIS PRESENTATION, WE WILL:

1

2

3

Analyze the formal mathematical structure and constraints of the problem.

Explore its variations, such as the difference between vertex-center and absolute p-problems.

Investigate its computational behavior, looking at how to implement the model and evaluate
the quality of solutions in real-world contexts.



First, we define how the "decisions" are represented in the system:

Instead of looking at averages, we focus on the worst-case scenario:

Minimize D

This objective ensures that we minimize the maximum distance between any demand node and the
facility serving them.

MATHEMATICAL MODEL



These rules ensure the solution is practically feasible:



Restrictions

In optimization modeling, this indicates that these are binary decision
variables, typically used to represent "yes/no" or "on/off" logic.



CONSTRUCTIVE HEURISTIC
FARTHEST-FIRST STRATEGY



Core Concept
An iterative Greedy approach to
minimize the maximum distance (D).
Focuses on "worst-served" nodes to
ensure maximum spatial dispersion.



PSEUDOCODE



Input:
Demand nodes
Distance matrix

Initialization: 
Pick an initial node as the first facility.

Distance Computing: 
Calculate the minimum distance from every demand node to the
current set of facilities C.

Selection: 
Identify node i∗ with the maximum of these distances.

Number of facilities: p



Expansion: 
Add i∗ to the facility set.

Termination: 
Repeat until p facilities are selected.

Output:
Final set of facilities C.
Maximum service distance D (Objective Value).



EXAMPLE
FARTHEST-FIRST STRATEGY



Demand nodes:
 I = {1,2,3,4,5} 



Number of facilities: 
p=2
Now, let’s pick c1=1
So, C={1}

Compute dmin(i) for each node:

The farthest node is the Node 5, so our i*=5 We update C={1,5}



Now | C | = p, so, we evaluate the solution. For
each node, compute distance to nearest facility:

Maximum of these = 5
D=5

Facilities chosen: C={1,5}
Objective value: D=5

Final Result



LOCAL SEARCH 
BEST IMPROVEMENT FOUND



Core Concept

Starts from an initial feasible solution.
Explores neighboring solutions using 1-swap moves.
Evaluates all neighbors and selects the best one.
Repeats until no better solution is found.





Input:
The algorithm starts with an initial feasible solution X, representing
an initial set of selected facilities.

Initialization: 
The current best solution X* is set equal to X, and the variable
Improve is initialized to 1 to start the search process.

Neighborhood Generation: 
Neighbor solutions are created by swapping one selected facility with
one non-selected node. This allows the algorithm to explore
alternative solutions.



Selection: 
All neighboring solutions are evaluated, and the one with
the lowest objective value is selected.

Improvement check : 
If the new solution is better than the current one:
Update X*
Set Improve = 1
Otherwise, no update is made.



Stopping Condition: 
The algorithm continues while improvements are found.

Output:
The algorithm returns:
The final set of facilities C
The final solution X∗



EXAMPLE
BEST IMPROVEMENT FOUND 















COMPUTATIONAL WORK

CONSTRUCTIVE HEURISTICS VS. LOCAL SEARCH (BEST IMPROVEMENT)

p = 25

For small instances, the Best
Improvement Local Search (LS)
improved the Constructive
Heuristic (CH) in all experiments.
The average relative improvement
was 11.80%, while execution
times remained below one
second. These results show that
local search can significantly
improve the initial solution with
very low computational cost.



COMPUTATIONAL WORK

p = 50

In medium-size instances, LS
also outperformed CH in all
cases, obtaining an average
relative improvement of
9.33%. Although the
computational times increased
because of the larger
neighborhood exploration, the
algorithm still achieved good
solution quality within
reasonable execution times.



COMPUTATIONAL WORK

p = 100

For large-scale instances, LS
continued improving the
constructive solutions in every
experiment. The average relative
improvement was 7.54%, showing
that the constructive heuristic
already provides better initial
solutions for larger problems.
However, local search still
produced important
improvements, although with
higher computational times due
to the increased complexity of
the search space.



CONCLUSIONS
This project allowed the team to analyze the p-Center Problem from both
theoretical and computational perspectives.

The results showed that heuristic methods are effective for solving medium and
large instances with good solution quality and reasonable execution times.

Constructive Heuristic 1 obtained better overall performance, while local search
procedures further improved the initial solutions.

Overall, the project highlighted the importance and practical value of heuristic
optimization techniques in facility location problems.



THANK YOU
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