
Location 5:

UFL Heuristics

• Unlike the ALA, the Uncapacitated Facility Location (UFL) 
problem determines both the number of NFs and their 
locations

• Heuristics for the UFL usually provide a solution that is 
within ± 3% of the optimal

– Optimal determined using MILP formulation of the UFL

– Since data used for instances has significant errors, 
heuristics effectively solve the problem

– Similar to ALA, MILP formulation is only needed if 
additional constraints are added to the problem
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Uncapacitated Facility Location (UFL)

• NFs can only be located at discrete set of sites

– Allows inclusion of fixed cost of locating NF at site  opt number NFs

– Variable costs are usually transport cost from NF to/from EF

– Total of 2n – 1 potential solutions (all nonempty subsets of sites)
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Heuristic Solutions

• Most problems in logistics engineering don’t admit optimal 
solutions, only

– Within some bound of optimal (provable bound, opt. gap)

– Best known solution (stop when need to have solution)

• Heuristics - computational effort split between

– Construction: construct a feasible solution

– Improvement: find a better feasible solution

• Easy construction:

– any random point or permutation is feasible

– can then be improved  construct-then-improve multiple times

• Hard construction:

– almost no chance of generating a random feasible solution due 
to constraints on what is a feasible solution

– need to include randomness at decision points as solution is 
generated in order to construct multiple different solutions 
(which “might” then be able to be improved)
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Heuristic Construction Procedures

• Easy construction:

– any random permutation is feasible and can then be improved

• Hard construction:

– almost no chance of generating a random solution in a single 
step that is feasible, need to include randomness at decision 
points as a solution is constructed

– each decision step checked for feasibility
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UFL Solution Techniques

• Being uncapacitated allows simple heuristics to be used to 

solve

– ADD construction: add one NF at a time

– DROP construction: drop one NF at a time

– XCHG improvement: move one NF at a time to unoccupied sites

– HYBRID algorithm combination of ADD and DROP construction with 

XCHG improvement, repeating until no change in Y

• Use as default heuristic for UFL

• See Daskin [2013] for more details

• UFL can be solved as a MILP

– Easy MILP, LP relaxation usually optimal (for strong formulation)

– MILP formulation allows constraints to easily be added

• e.g., capacitated facility location, fixed number of NFs, some NF at fixed location

– Will model UFL as MILP mainly to introduce MILP, will use UFL HYBRID 

algorithm to solve most problems
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Ex: UFL ADD
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UFLADD: Add Construction Procedure
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UFLXCHG: Exchange Improvement Procedure
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Modified UFLADD

• Y input can be used to 

start UFLADD with Y NFs

– Used in hybrid heuristic

• p input can be used to 

keep adding until 

number of NFs = p

– Used in p-median 

heuristic
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UFL: Hybrid Algorithm
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P-Median Location Problem

• Similar to UFL, except

– Number of NF has to equal p (discrete version of ALA)

– No fixed costs

– Since usually n » p, only UFLADD used to construct the solution

• Starting from n NFs, UFLDROP would take too long

• Same is true for UFL Hybrid 
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