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Covering Location Problems

• Given: 
• Set of demand points (clients): J
• Set of potential facility locations: I
• A demand point is covered if it is within a 

neighborhood of at least one open facility

• Set Covering Location Problem (SCLP):
• Choose the min-number of facilities to open so 

that each client is covered

• Might be too restrictive
• Gives the same importance to every point, 

regardless its position and size



Two Variants Studied in This Work

• Maximal Covering Location Problem (MCLP)
• Choose a subset of facilities to open so as to maximize the covered demand, 

without exceeding a budget B for opening facilities

• Partial Set Covering Location Problem (PSCLP)
• Minimize the cost of open facilities that can cover a certain fraction of the

total demand

Additional input:
Demand dj, for each client j from J
Facility opening cost fi, for each i from I



A (not so) futuristic scenario

According to Gartner, a 
typical family home could 
contain more than 500 
smart devices by 20221.  

source: bosch-presse.de1(http://www.gartner.com/newsroom/ id/2839717)



Smart Metering: beyond the simple billing function

• IoT: even disposable objects, 
such as milk cartons, will be 
perceptible in the digital 
world soon

• Smart metering is a driving 
force in making IoT a reality

• To interact with our 
surroundings through data 
mining and detailed 
analytics: 
• limiting energy consumption, 
• preserving resources 
• having e-devices operate 

according to our preferences

• Economic and environmental 
benefits

source: www.kamstrup.com



Wireless Communication

(1) Point-to-Point, (2) Mesh Topology or (3) Hybrid

source: eenewseurope.com



Smart Metering: Facility Location with BigData

• Given a set of households (with smart meters), decide where to place
the collection points/base stations for point-to-point 
communication so as to:

• Maximize the number of covered households given a certain budget for
investing in the infrastructure→MCLP 

• Minimize the investment budget for covering a certain fraction of all 
households → PSCLP



Other Applications

• Service Sector:
• Hospitals, libraries, restaurants, retail 

outlets

• Location of emergency facilities or 
vehicles: 
• fire stations, ambulances, oil spill 

equipments

• Continuous location covering (after 
discretization)



Related Literature

• MCLP, heuristics:
• Church and ReVelle, 1974 (greedy heuristic)

• Galvao and ReVelle, EJOR, 1996 Lagrangean heuristic  

• …

• Maximo et al., COR, 2017 

• MCLP, exact methods:
• Downs and Camm, NRL, 1994 (branch-and-bound, Lagrangian relaxation)

• PSCLP:
• Daskin and Owen, 1999, Lagrangian heuristic



Our Contribution

• Consider problems with very-large scale data 

• Number of demand points runs in millions (big data)

• Relatively low number of potential facility locations

• We provide an exact solution approach for PSCLP and MCLP

• Based on Branch-and-Benders-cut approach

• The instances considered in this study are out of reach for modern MIP 
solvers



Benders Decomposition and Location Problems

• With sparse MILP formulations, we can now solve to optimality:

• Uncapacitated FLP (linear & quadratic)
• (Fischetti, Ljubic, Sinnl, Man Sci 2017): 2K facilities x 10K clients

• Capacitated FLP (linear & convex)
• (Fischetti, Ljubic, Sinnl, EJOR 2016): 1K facilities x 1K clients

• Maximum capture FLP with random utilities (nonlinear)
• (Ljubic, Moreno, EJOR 2017): ~100 facilities x 80K clients

• Recoverable Robust FLP
• (Alvarez-Miranda, Fernandez, Ljubic, TRB 2015): 500 nodes and 50 scenarios

• Common to all: Branch-and-Benders-Cut



Benders is trendy...

From CPLEX 12.7:

From SCIP 6.0



Compact MIP Formulations



The Partial Set Covering Location Problem



The Maximum Covering Location Problem



Notation



Benders Decomposition
For the PSCLP



Textbook Benders for the PSCLP 

Separation:
Solve (1), if unbounded, 

generate Benders cut

Branch-and-Benders-cut



A Careful Branch-and-Benders-Cut Design

Solve Master 
Problem

→ Branch-and-Benders-Cut



Some Issues When Implementing Benders…

• Subproblem LP is highly degenerate, which Benders cut to choose?

• Pareto-optimal cuts, normalization, facet-defining cuts, etc

• MIP Solver may return a random (not necessarily extreme) ray of P

• The structure of P is quite simple – is there a better way to obtain an 
extreme ray of P (or extreme point of a normalized P)?



Normalization Approach

Branch-and-Benders-cut

Separation:
Solve  ∆(y), if less than D, 

generate Benders cut



Combinatorial Separation Algorithm: 
Cuts (B0) and (B0f)

residual demand

For a given point y, these cuts can be separated in linear time!

(B0f)



residual demand



Combinatorial Separation Algorithm: 
Cuts (B1) and (B1f)

residual demand

For a given point y, these cuts can be separated in linear time!

(B1f)



Combinatorial Separation Algorithm: 
Cuts (B2) and (B2f)

(B2f)



Comparing the Strength of Benders Cuts



Facet-Defining Benders Cuts



What About MCLP?



Replace D by Theta in (B0f), (B1f), (B2f) 



Replace D by Theta in (B0), (B1), (B2) 



What About Submodularity?



Benders Cuts vs Submodular Cuts



Benders Cuts vs Submodular Cuts



Computational Study



Benchmark Instances

• BDS (Benchmarking Data Set):
• 10000, 50000, 100000 clients

• 100 potential facilities

• MDS (Massive Data Set)
• Between 0.5M and 20M clients



Tested Configurations



CPU Times for “Small” Instances



Comparison with CPLEX and Auto-Benders



PSCLP vs MCLP



PSCLP on Instances with up to 20M clients



To summarize…

• Two important location problems that have not received much attention in the 
literature despite their theoretical and practical relevance. 

• The first exact algorithm to effectively tackle realistic PSCLP and MCLP instances 
with millions of demand points.

• These instances are far beyond the reach of modern general-purpose MIP
solvers. 

• Effective branch-and-Benders-cut algorithms exploits a combinatorial cut-
separation procedure.



Interesting Directions for Future Work

• Problem variants under uncertainty (robust, stochastic)

• Multi-period, multiple coverage, facility location & network design   

• Data-driven optimization

• Applications in clustering and classification 

Exploiting submodularity together with 
concave utility functions

• Benders Cuts
• Outer Approximation
• Submodular Cuts
• In the original or in the projected space…



Open-Source Implementation
https://github.com/fabiofurini/LocationCovering
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