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Introduction

Airline Recovery

@ Large problem with many stages.
@ Needs to be solvable in real time.
@ Interaction between each stage in the problem.
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Introduction

Airline Recovery

Airline Recovery Process

Schedule —> Flight cancellation and delays
Aircraft —> Rerouting and delay decisions
Crew —> Pairing repair and deadhead
Passengers —> Reallocation or lost passengers
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Introduction

Previous Approaches

Problem Size

@ Time-band network - Bard et. al. (2001), Eggenberg et. al. (2007).

@ Preprocessing selection of resources, both crew and aircraft -
Abdelghany et. al. (2004, 2008), Petersen et. al. (2010).

@ Fixed flight schedules - Wei et. al. (1997), Stojkovic et. al. (1998),
Medhard and Sawhney (2007).
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Introduction

Previous Approaches

Complexity

@ Selection of recovery policies - Johnson et. al. (1994), Stojkovi¢ and
Soumis (2001 and 2005), Abdelghany et. al. (2004).

@ Decomposition techniques - Lettosvky (1997), Petersen et. al.
(2010), Abdelghany et. al. (2004, 2008)
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Integrated Airline Recovery Integrated Airline Recovery
Solution Me! y

Integrated Airline Recovery

Considerations

@ Time allowed to return back to schedule.

@ Size of the recovery network - restricted by recovery window.

@ Equipment included in the recovery problem - using all available
crew and aircraft.
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Integrated Airline Recovery Integrated Airline Recovery
Solution Me! y

Integrated Airline Recovery

@ Integrating crew, aircraft and passenger reallocation.
@ Recovery policies of cancellation and delays.

@ Crew - rescheduling, reserve crew and deadhead.

@ Aircraft - rerouting.

@ Integration through short and restricted connections, and delay
consistency.
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Integrated Airline Recovery Integrated Airline Recovery
Solution Met

Crew Recovery
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Integrated Airline Recovery

Aircraft and Passengers
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Integrated Airline Recovery Integrated Airli
Solution Methc

Integration Constraints

Z Z bllp p Z Z bupyp <0 Vv(i,j) e EP,
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Integrated Airline Recovery Integrated Airline
Solution Methodol

Column Generation - Crew and Aircraft

@ Solved using a multi-label shortest path algorithm.

@ Delays are incorporated in the subproblem through the use of flight
copies.
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Integrated Airline Recovery Integrated Airline
Solution Methodol

Column Generation - Cancellation variables

@ Column generation subproblem formulated as a knapsack problem.
@ A column is generated for each flight in the recovery window.

aip:gCANPax(i) i a + Z Zhlll)( A CAN+dij)—5i.
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Integrated Airline Recovery Integrated Airline
Solution Method:

Cancellation Variables Subproblem
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Integrated Airline Recovery Integrated Airline R
Solution Methodology

Cancellation Variables Subproblem

Scale Cancellation Same Schedule constraints
kuy, k RhUu -, . D )
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keK pePk ieNi pePi

Relax the knapsack subproblem
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Integrated Airline Recovery Integrated Airline
Solution Methodology

Row Generation

@ Shorter C-G Master problem = rows are added as needed.

@ Restricted Connection constraints - assume pj = 0,V(i,j) € EP\EP.

@ Same Schedule constraints - use a row generation procedure.
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Integrated Airline Recovery Integrated Airline
Solution Method:

Row Generation - Same Schedule Constraints

Row generation occurs when no reduced cost columns exist for current

set of rows. .
Assume that é{, <0Oanddjp <0, so
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Integrated Airline Recovery Integrated Airline R very
Solution Methodology

Solving the Row Generation Problem

@ Solve shortest path problem for each aircraft enforcing the use of
(j,u"),¥i € NP, vu" € Uj\Uj, to find A",

@ Solve knapsack problem for each flight enforcing the reallocation to
(j,u"),vj € NP, vu" € Uj\U;, to find A,

@ Solve the shortest path problem for each crew k € K, using the
estimated duals for " and A", Vj € NP, vu’ € Uj\U;.

@ If any copies, (j,u’),Vj € NP, vu’ € U;\Uj, are used in a negative
reduced cost path, add the row to the master problem.
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Results

Data and Scenarios

Data

@ Planning stage consists of 262 flights, serviced by 79 crew groups
and 48 aircratft.

@ Flight network has 11 overnight bases for aircraft and 4 crew bases.
Scenarios

@ 16 scenarios based on airport closures at different times and
different lengths.

@ 4 major airports in the network.

@ Each major airport closed for 3 or 5 hours at either 6am or 1pm.

@ Recovery window = 4 hours.
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Results

Recovery Cost

Recovery Cost for different scenarios
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Figure: 3 hour closure: scenarios 0-7. 5 hour closure: scenarios 8-15. Morning:
scenarios 0-3, 8-11. Afternoon: scenarios 4-7, 12-15.
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Results

Runtime

Runtime for different scenarios
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Figure: 3 hour closure: scenarios 0-7. 5 hour closure: scenarios 8-15. Morning:
scenarios 0-3, 8-11. Afternoon: scenarios 4-7, 12-15.
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Results

Analysis of Reallocation Model - Runtime

Runtime for different scenarios
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Figure: 3 hour closure: scenarios 0-7. 5 hour closure: scenarios 8-15. Morning:
scenarios 0-3, 8-11. Afternoon: scenarios 4-7, 12-15.
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Results

Analysis of Reallocation Model - Improvement
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Figure: 3 hour closure: scenarios 0-7. 5 hour closure: scenarios 8-15. Morning:
scenarios 0-3, 8-11. Afternoon: scenarios 4-7, 12-15.
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Conclusions

Conclusions

@ Row-and-column generation is quite efficient in solving the
integrated airline recovery problem.

@ Row-and-column generation finds a solution with a smaller
optimality gap when terminated early.

@ Significant cost reductions by reallocation of passengers to flights
through cancellation variables.
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