Uncertainty in building
times

IDENTIFYING CRITICAL FACILITIES IN A DYNAMIC
LOCATION PROBLEM

Joana Dias

Inesc-Coimbra and CeBER, University of Coimbra




Outline

_IMotivation
_JIMathematical Models

_JAlgorithmic approaches

JFuture work



Motivation

In most dynamic location models described in the literature, there are binary
variables that represent “When” and “Where” to open facilities:

1, if facility i is opened at period t

. =X
i 0, otherwise

But have we really the power to decide when facilities are opened?
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Well, sometimes we can get ahead of
schedule...

The Empire State buildind was completed 3
months ahead of schedule!
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Motivation

J1Opening a new facility implies, most of the times, some pre-opening works:
building, licensing, buying materials, building infrastructures, and so on...

JThere are many sources of possible delays...

JIMany times expected timings are not fulfilled...
JPoor design
JWeather
JFinancial conditions

JEquipment/material availability
d...

JUncertainty is, many times, neglected.



The problem

1 So, are we capable of deciding when to open or....

1 ...are we only able to decide when we should begin carrying out
the necessary activities to prepare the facility to be opened?

JIf there is no uncertainty associated with the time it gets to carry
out all the needed activities before having a facility up and running,
then these two problems are equivalent.



The problem

JA planning horizon

A set of potential locations for facilities

JA set of customers that have to be assigned to an opened facility in each
time period

IFixed opening and maintenance costs
JAssignment costs
1“Building” times for each facility

IScenarios that represent the uncertainty associated with problem’s
parameters



Mathematical model

1, if facility 1 begins to be built in period t
Yit = -
0, otherwise

1, if client j is assigned to facility 1 in period t under scenario s
"0, otherwise



Uncapacitated problem
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Uncapacitated problem

JAs it is, it is only possible to have a feasible solution if there is at
least one facility already in operation in the beginning of the
planning horizon.

JIf this is not the case, it will be necessary to consider a setup time
during which clients do not have to be assigned to facilities.




Capacitated problem

It is not possible to assure that the total demand will be always
fulfilled under all scenarios for all time periods, unless it would be
possible to fulfill with the already opened facilities under all
scenarios.

It is necessary to explicitly consider a cost associated with the
possibility of not satisfying all the demand.



Capacitated problem

X = percentage of client |’s demand that is assigned to facility I under scenario s

0, = percentage of client J’s demand that is not being satisfied in period t
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Critical facilities

IConsidering uncertainty in building times, does it make sense to try to
identify “critical facilities”?

ICritical facilities can be defined as being the ones in which it is
important to guarantee that building times are as short as possible
under all possible scenarios.




Critical Activities

ICritical Path Method considers | | B W
deterministic durations = e
11t allow us to identify activities that I

can influence project completion time | S



Critical Activities
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Critical facilities

JWill it be worth to invest in some
facilities in order to reduce the

uncertainty associated with their building A
times?

If it is, then these facilities can be
considered “critical” in the sense that the
decision maker is willing to guarantee that >
they will be operational as soon as

possible, at a cost. 8




Critical facilities

1, if facility i begins to be built in period t and
g, =4 anadditional investment is made
0, otherwise

d . = building time associated with facility 1 under scenario s




Critical facilities
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Critical faci

Instead of only two possible building times, a linear relation
between time and cost can be considered, or several
g_t < y_t ’ VI ’ I different time values for different levels of investment.

it — Ji

r+d' >2t+5-Mz Vi, r=1.T,t>1,S

Determine when it is the earliest t period
facility i can be operational under scenario s,
if it has started to be builtin 7.
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; Determines whether facilityi can be
Vi,r=1..,T,t>1,5S operational in t under scenario s, if it has
started to be builtin 7.

All clients will be assigned to operational facilities only in each time
period and under all possible scenarios.
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Critical facilities

_IDifferent values for the additional investment cost will lead to
different solutions and identification of different critical facilities

JIf investment cost is equal to zero, all facilities will be considered
critical...

IThe choice of which facilities to consider critical will depend on the
relationship between the additional investment cost and the cost of
not being able to fulfill all the demand.

IChanging the corresponding values will lead to the discovery of the
existing compromises between these two costs



Investment cost>0; increasing penalty costs

Penalty Cost

= Not critical =——Critical =-——Total



Penalty cost >0; increasing investment costs

Investment Cost

——Not critical =——Critical ——Total



Algorithmic approaches

JUncapacitated problems
JPrimal-dual heuristics




Algorithmic approaches

JUncapacitated problems
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Algorithmic approaches

JUncapacitated problems
JPrimal-dual heuristics

ICapacitated problems
JHeuristics

ICritical facilities
JHeuristics



Other Models

_IClosing/Reopening of facilities

_JAllowing for demand backlog
IBeing able to satisfy the demand later, at a cost

—ICapacity expansion




On-going and Future Work

) Extensive computational experiments to compare the primal-dual heuristic
with a general solver (CPLEX)

JImplementation of (other) metaheuristics for the capacitated cases and the
identification of critical facilities

1Generate problems where delays are independent and where delays are
correlated

IConsideration of different objective functions
JIMinimization of the maximum regret

JIMultiobjective approaches
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