
Facility Location 



Deliverables 

Network and Discrete Location Models 

Set Covering Vs. Max Covering Model 

P-Center Vs. P-Median Problems 

Capacitated Vs. Uncapacitated Problems 

Hierarchical Vs. Stand Alone Model 
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Why Location is Important 

Location is the most important point in determining bases for services 
e.g. Petrol Pumps, Hospitals, Ambulances, Fire stations, Police patrols, 
shopping Malls, ATMs, Schools, Bus Stops 

For optimal selection of a location there can be quantitative and 
qualitative factors e.g. intruders in the enemy area. 

Even after deciding a location the performance of system will depend upon 
many parameters e.g. in case of ambulance: quality of medical staff, quality of 
equipment's, quality of processes being followed, proper advertisement of 
emergency services and others. 
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Location Problems 

In many real life problems proper location advice can 
become critical. 

Even if all other measures are perfectly managed but 
location is not proper, then the system may fail.  

If location is good, system may work even if other 
quality parameters are compromised. 

Location problem can be a minimization problem or 
maximization problem. 

For locating radioactive waste it has to be as far as 
possible from population hubs. 
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Location Problems in Different Avatars 

how many facilities should be started/added e.g. 
number of routers or other network resources 
required 

What should be the 
size/capacity/production/coverage area. 

What should be the criteria to allot users or 
customers to be allotted to a particular facility. 
Most often it becomes a service(quality) cost 
trade-off. 
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Contradictions 

Any state may like to have maximum number of hospitals to 
serve the needs but that will increase cost and may effect the 
quality of staff due to less demand for variety of medical skills. 

In some manufacturing systems, large volume productions 
may cost very less as compared to small units. 

In some cases demand can be split or changed to different 
locations depending on load at the facility, but in other cases 
retail store may like to be supplied by a typical warehouse or 
user may get services from a particular server from k servers. 
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Set cover problem  

To minimize the number of services locations so that all 
demand nodes are with in a given number of service 
standards of the nearest service. 

 

To cover an entire area with minimum number of 
ambulances so that the patient can reach the ambulance is 
maximum 10 minutes. 
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Maximum Covering Model 

Maximize the number of demands that can be covered with in a 
specified service standard  

Given number of ambulances, so as to station them at such locations 
to maximize number of patients that can reach the ambulance 
within 10 minutes 

Covering model is not linear to the number of service locations. A 
single facility may cover 50% of the population with in the service 
standard, but we may require 10 facilities to cover the whole 
population. 
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P-Center Problem (MinMax) 

Minimize the maximum response time (Time between a 
demand site and nearest service location using a given 
number of service location. 

Given 10 ambulances to be used in a particular 
geographical area. Station them at such places so as to 
minimize the maximum response time. 
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P-median problem 

Minimize the average response time (Time between a demand 
site and nearest service location using a given number of 
facilities) 
 
Given no of ambulances, station them at such places so that the 
average response time for all the possible patients is minimized 
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Stochastic Modelling-Real Life 

There are stochastic models also which take into account 

Different time required to travel due to vehicle or traffic condition 

Different workload of the staff associated 

Whether vehicle is available at location site or serving some customer 

Temporal or seasonal variation in the number of calls 

First aid or improving condition of equipment may be cheaper then adding  
ambulances 

Severity of calls 
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Planar vs. Network Problems 

If the demand can 
occur anywhere 
on the plane then 
it is planar model. 

If the demand can 
occur only from 
the graph nodes 
then it is network 
model 

If the graph can be 
represented like a 
tree then problem 
can be further 
categorized to tree 
problem. 
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Distance Calculation 

There are many ways to calculate the distance between nodes, which is 
fundamental to the design of the problem 

Distance between two points on the plane, Euclidean distance 

Distance between two strings 

Distance between two objects or cluster of points 

Distance using the network between the points 
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Dynamic Facility Location 

• In this case we have 
additional requirement 
which will let us know when 
to open new facility or when 
to close the existing facility 

• It may look at the demand 
patterns over some period 
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Single or multiple services model 

There may be a set of 
services that will be offered 
by a location, In that case 
there may be different 
demand/cost criteria for 
different services 
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Public vs. private 

In private sector problems profit is the driving factor but 

public sector projects may be for the social causes e.g. elder 
homes, Drug rehabilitation centers which may not directly 
give any revenue and there may be political considerations 
in setting up of certain locations 
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Capacitated Vs. Uncapacitated facilities  

If a facility has a maximum threshold beyond which 
it can not serve then it will be under the category of 
capacitated problem with a particular capacity, 
otherwise it will be a uncapacitated problem. Many 
problems are modeled on uncapacitated problems 
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Hierarchical vs.  Single level 

Whether the facilities are single isolated facilities or 
there is a hierarchy of facilities with increasing 
quality and range of services being provided at 
different facilities. e.g. Successively sophisticated 
medical facilities forming a pyramid from rural 
areas to the national capital. 
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Successively inclusive-exclusive 

Hierarchical facilities may not contain the services that 
are being provided at bottom of pyramid or it can be a 
superset of all facilities at the lower levels 

Successively inclusive or successively exclusive 
hierarchies. Hospitals may be an example of successively 
inclusive while administrative setup of a govt services 
may be successively exclusive 

Whether it is compulsory to follow the hierarchy or 
bypassing is allowed 
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Linear Programming 

Linear programming is answer to many 
facility location problems which is very 
important area to learn. 

LP is full with amazing algorithmic tricks 
and shortcuts to cut down the complexity 
of seemingly complex situations. 

It beautifully models the problem 
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Primal-Dual Approach 

1. Formulate the problem as an integer program, 

2. Relax it to a linear program, 

3. Look at the dual of the linear program, 

4. Devise an algorithm that finds an integral primal-
feasible solution and a dual-feasible solution, 

5. Show that the solutions are within a small factor of 
each other, and hence of the optimum. 
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Questions 
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Question 1 

Identify at least two different objectives that public officials 
might have in locating new prisons. 
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Question 2 

Identify two different objectives that state officials would 
have in determining locations of vehicle emission testing 
stations. 
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Question 3 

Major elements of the transportation method problem are: 

1) Supply sources 

2) Demand sources 

3) Unit shipping costs 

4) Shipping distances 

A) 1,2, and 3 

B)        1 and 2 

C)        1,2,3  and 4 
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