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Introduction: Airline Industry

= Historically, technological advances and government policies prevailed against

profitability and competition among airlines.

= With the deregulation of the aviation market efficiency, profitability in operation and

competition have become dominant factors in airline management.

= In this scenario, the airline industry has become a leader developing and

implementing operational research methods.



Introduction: Airline Industry

= Aviation operations are supported by a complex transportation system:

e Airports make up the fixed nodes on which the system is built.

Aircraft represent the assets that provide the basic transportation service.

Demand between origins and destinations, specific travel dates and times.

* Crews operate the aircraft and provide service to passengers.

These entities are coordinated through a flight schedule.
= Airline profitability is critically influenced by the airline’s ability to:
1. Estimate passenger demands.

2. Construct profitable flight schedules (the airline schedule planning process).



Introduction: Airline Planning
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Introduction: Fleet Planning

What aircraft to acquire/retire, when and how many?

= Long-term strategic decision for an airline:
* Affects financial position, operating costs, and especially the ability to serve
specific routes. Tremendous uncertainty about future conditions.
= Huge capital investment with lasting impacts:
* Depreciation impacts last 10-15 years.

* Some aircraft have been operated economically for 30+ years.

Aircraft Family Price (MS)

A-320 80

A-330 210
A-340 250
A-380 375




Introduction: Route Evaluation

Given a fleet, selection of routes to be flown.

= Economic considerations dominate :
* Forecasts of potential demand and revenues.
e Airline’s market share of total forecast demand.
e Opportunity cost of using aircraft on this route.

* Network implications for costs, revenues and “profit”.

= Practical considerations just as important:
* Aircraft with adequate range and proper capacity.
* Performance and operating cost characteristics.
* Operational constraints and aircraft/crew rotation issues.

* Regulations, bilaterals, and limited airport slots.



Introduction: Schedule Development

The process begins a year or more in advance and continues until actual departure
time:

*  Frequency plans established first, based on routes and aircraft.

* Timetables and aircraft rotations defined 2-6 months in advance.

* Final revisions and “irregular operations” until the flight departs.

FREQUENCY PLANNING

TIMETABLE DEVELOPMENT
FLEET ASSIGNMENT

AIRCRAFT ROUTING



Introduction: Schedule Design

= The schedule design is among the most important factors that determine

passengers’ choice.

= |tis usually decomposed:
* Frequency planning: How many DEPAR
TURES

departures in each route?
P FLIGHT  DEsTINATION
AB 1350 PARIS

CD 4521 BERLIN
depart?
AF 4370 LONDON

e And timetable planning: when to

BA 0300 SINGAPORE
MEXI1CO CHTY

BK 4311
ax 2376
uA 5160

MANI LA
CHICAGO




Introduction: Fleet Assignment

Given:
= Flight schedule.
* Each flight covered exactly once by one fleet type.
= Number of aircraft by fleet type.
* Can’t assign more aircraft than are available, for each type.
= Turn times by fleet type at each airport.
= Other restrictions: maintenance, gate, noise, runway, etc.
= QOperating, spill and recapture costs, potential revenue of flights, by fleet
type.
Find:
= Cost minimizing (or profit maximizing) assignment of aircraft fleets to

scheduled flights.
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Introduction: Aircraft Routing

Given:

D

Flight schedule for a single fleet.

Number of aircraft by fleet type.

Maintenance requirements.
Turn times at each station.
Through revenues.

Maintenance costs per aircraft.

—_

Find:

Revenue maximizing assignment
of aircraft of a single fleet to
scheduled flights

Time-Line Network

.

October 2018
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Introduction: Crew Scheduling

Second largest operating expense (after fuel).

Assign crews to cover all flights for a given fleet type.
= Minimize cost
* Time paid for flying
e “Penalty” pay

= Side constraints

= Balance
vz || e oz 7 ) vz
t1 2 3 t4 tH t6 t7

Flight #Duty #Pairing # Schedule
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Introduction: Pricing

Differential pricing is universal:
= C(Classes (First, Business, Coach).
= Different “fare products” within the coach cabin.
= Every airline offers multiple prices.
= Economic trade-off in pricing decisions:
e Stimulation of new demand; increased market share for airline.
* Diversion of existing demand to lower fares; reduced revenues.
However:
= Difficult to estimate price elasticity, potential for stimulation and diversion.
= No practical tools for airlines to determine “optimal” prices.
* Primarily monitoring of price changes.

= Dominant practice is to match low fares to fill planes and retain market share.



Introduction: Revenue Management

“Inventory control” for airlines:

= Scheduled flight, capacity and prices: how many bookings to accept by fare type?

= QObjective: maximize revenue -- fill each seat with highest possible revenue.

= Revenue management increases revenues by 4-6%:
* Generate forecasts by flight date and fare class
* Optimize seat allocations to different fare classes

* Overbooking models to minimize costs of denied boardings.
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Introduction: Integrated Planning

Current practice is to perform scheduling, pricing and revenue management sequentially.

Integrated models would jointly optimize schedules, capacity, prices, and seat inventories:
» Better feedback can affect optimal choice of schedule and aircraft.

* Better choice of schedule and capacity: avoid discounting and “fare wars”.

Joint optimization and planning is a big challenge, both theoretically and practically:
* Few airlines have “corporate databases” with consistent and detailed demand/cost data.
* Identify models that can capture dynamics and competitive behaviors.

* Willingness to accept large-scale decision tool.



Introduction: Disruptions

* Incidents: deviations in airline operations.
U Possible causes: weather, accidents, airplane breakdown, crew
shortages, infrastructure failure.

« Adisruption restricts the system operation.

ILRW 5
| R L~

Rt T S
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Introduction: How to Deal with Disruptions

e Two ways to deal with schedule disruptions:
(J Re-optimize schedule after disruptions occur (operation stage).

 Build robustness into the schedules (planning stage).

* Existing planning systems do not have effective methods to manage disruptions.

A more robust plan can reduce the effect of disruptions on the operations:

reduce operation costs and improve quality of service

* Robust airline schedule planning methods are needed.

17



Introduction: Airline Recovery

SCHEDULE RECOVERY

AIRCRAFT RECOVERY

TAIL RECOVERY PASSENGER RECOVERY

CREW RECOVERY

Current practice: sequential solving.

Integrated models: better feedback and choice of schedule and capacity.
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Competition in Planning

Airline profitability is critically influenced by the airline’s ability to:
1. estimate passenger demands;
2. construct profitable flight schedules;

3. determine the fare levels and how many seats to make available at each fare level.

FLEET PLANNING

UTE EVALUATION

¥

CREW SCHEDULING

=ARCRAFT ROUTING

PRICINGGOMPETITION VENT

Luis Cadarso October 2018
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Competition in Planning

= Traditionally: demand fixed. But it depends on: mode, airline, fare, frequency and

the market characteristics.

= High Speed Rail (HSR): important competitor to airlines.

FREQUENCY PLANNING

TIMEME?EB?V?LOPM ENT

Approach

= Tactical competition integrated model for schedule
optimization: frequency planning, approximate
timetable development, fleet assignment and

passenger demand choice. o

PASSENGER USE
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Market Share

= Airlines compete for passengers: frequency and departure schedule; price charged;
quality of service. Market share as a function of the logarithms of the attributes.

v(a|w) =logasc, +alog f.” + glog p; + y logtt.

eV(alw)
= Discrete Choice Modelling: PaW = oT
e
a'eA

= The previous model is not enough: passenger types.

o Systematic utility depending on passenger type:

v(alw,¢) =logasc: +a° log f" + S log pi* +y* logtt”

23



Market Share

* The previous model is not enough: segmentation of passengers.

o Passenger types: logit expression.

. | : e71(1w)
W + + + + ° =
(G IW) = v, + 080 + 1 8, + pid,, + 15, H: Ze”(ﬂw)
l'eZ
o Joint probability for a passenger in market w of belonging to type ¢ and selecting
airline 1EW)  v(awg)
R =HIR™ = ST S giamd)

e’ e

{'el a'eA

= Mode choice. Two levels in the nested logit model: mode (air vs. rail) level at top and

operator level at bottom.

Gair 109 Zev(alw <) +7air 109ty

pWE — e pwe = He < pWie pwie
air T v(@w,0) a alair * air
Bair 109 Ze +7air 10gtt3] 0 I
e ach 4 gY(railw) , qv(nullw)




Model Estimation

Data from Amadeus Market Information Data Tapes.

Maximum likelihood: log L (o | X,,..., X le|¢ Iog( (X, |a))+ziV,”f Iog(PWM (X, |o-))+

i,air alair

|Wz!1i IOg(Pa\:Vrlg (Xi |0)) 4 rall Iog( rail (X |G)) { ”“” Iog( null (X |0))

Almost all of the parameter estimates were found to be significant at the 95%

confidence level using the classic Student’s t-test.

Likelihood ratio test statistic: 1831.21. Critical value of 25.00 at 5% significance level. We

reject the null hypothesis that the naive model is as good as the nested logit model.
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Optimization Model

= We are integrating several sub-problems:
e frequency planning;
* approximate timetable development ;
* and fleet assignment;

e all while considering passenger demand variation with schedule.
= Aim: determine the frequency by fleet type and by time period of the day for all the

flights given airport capacities, fleet sizes, average fares, unconstrained demands

and competitors’ schedules.



Air Network & Passenger Demand

Air network

= Airports and all feasible airway alternatives.

= Slot availability is known for each airline.

= Flight leg (departure airport-time period and arrival airport-time period).

= Aggregated network (Different discretization: congested vs. non-congested).

Passenger demand
= Unconstrained demand: origin, destination and desired departure time.
Fixed and known.

= Demand captured: competition effects (nested logit model).

28



Notations

= Decision variables:
Z? . frequency of flight f with fleet type .
yg : number of planes of fleet type im on the ground at the beginning in airport g.
hf : number of passengers of type ¢ in itinerary i.
faOd: frequency value in od pair offered by airline a.
= Parameters:
N_: fleet size.
Ct : cost of assigning fleet type 7t to flight leg f.
pv";: revenue per passenger in market w.

= Sets:
F : set of flight legs.

I1: set of fleet types.

G : set of airports.

OD: set of origin-destination pairs.



Model Formulation

max®, = > 3> piht = > >cfzf Objective function

WeWielwgeZ feF zell

DN <PucPitHd, —0i+7s (000, +oucg, ) YweW, ez  Demand

ielW

ZZ he < Zalffqﬂzf Vi eF Flight capacity

iclfcez rell

fX< > >zf VodeOD Frequencies
feFlOd mell

Yg 2 Z Z Z7 — Z Z7 Vg EG,kEKg,ﬂ'EH Aircraft count

k'ePKk feDFk. feAFk.
fo z; <bn_ Vwzell Block time
feF

+ Slot availability, symmetry, minimum service, fleet size, etc.
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Case Study

A simplified version of IBERIAS’s air
network: the Spanish network.

* It is a pure hub-and-spoke network
with 23 different airports.

* Planning period: 7 days.
* The planning must be periodic.

* Three different fleet types.
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Case Study

= We present two different case studies:

* Base case scenario: a measure of how the model solutions fit to the reality.

* New scenario: impacts of the entry of High Speed Rail in a market (stimulation of

demand in the market).



Base Case Scenario

= Sensitivity analysis: validate our choice of the maximum allowable load factor values
and verify the robustness of the model formulation to perturbations in assumptions
about parameter values.

= Maximum allowable load factor for each flight leg: min(p-alf,,1)

Z ‘fod - fod

MAPEl — 0deOD

MAPE, =

2.2

feF rell

57T T
Zf _Zf

> 120, (2 -27)

MAPE3 — feF [rell

odeOD

Z fod

227

feF rell

Y>>0,z

feFrell

2 2|2 20T

0deODkeKyy | f eDF zell

MAPE, =

2 2 227

0deODkeKy feDF 7ell

0.85
0.9
0.95
1
1.05
1.1
1.15

MAPE, MAPE,MAPE, MAPE,

(%) (%) (%) (%)

12.05 25.71 15.06 29.13
8.01 16.29 9.37 18.72
531 8.92 6.82 12.03
425 6.74 4.96 9.46
463 9.08 5.87 13.29
7.41 1291 8.18 18.99
11.07 24.36 13.71 26.16

BCN
0.00
1.29
1.71
1.29
1.71
1.29
0.97

AMS

SVQ AGP
-6.45 -2.31
-4.51 -1.06
-2.42 -0.49
-1.26 -0.49
-1.56 0.68
-1.56 1.25
-2.42 1.51

(%) (%) (%)

2.15 2.93 0.82
6.91 835 3.65
8.24 14.12 5.79
11.71 18.34 6.41

(%) PAX PROFIT RASK RPK

-9.95 -16.83-10.81 5.45
-5.03 -8.91 -6.19 4.52
-1.06 -3.11 -2.15 1.97

FLEET (%)

(%) A-319 A-320 A-321
-2.53 -1.41 -17.02
-1.69 -0.63 -10.01
0.67 0.33 -3.41
0.45 -0.09 -0.58 0.18
.0.72 -2.57 0.82 0.65
2.03 -4.53 -0.71 1.21
2.91 -7.65 -1.53 0.71
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Impacts of the entry of High Speed Rail

= High speed rail (HSR): source of competition in Spain developed by the government.

= High speed rails mean an important loss in

the market share for the airlines.

= The Spanish government is planning high

speed rails to Galicia.

October 2018

BARTRONA
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Impacts of the entry of High Speed Rail

= We develop a demand stimulation model to model the changes in the
unconstrained demand due to HSR entry.

= We validate our model’s ability to predict the airline response to HSR entry by
using past data from a time period before an actual HSR entry into a market to
predict the post-HSR entry scenario and compare it with the actual post-HSR entry
scenario.

= We consider a scenario with HSR entry in six new origin-destination pairs, and we
solve the model in order to study the predicted response.



Model Validation Against post-HSR Entry Scenario

We study the entry of the HSR in two different case studies:

Barcelona/Barcelona-Madrid and Madrid-Malaga/Malaga-Madrid.

We compare the model predictions about the airline response to HSR entry with

Madrid-

70 T T T T T T T T T T T
== == | HSR actual market share
mm—— Air actual market share

65 Air predicted market share N i
==-===: HSR predicted market share ,’ N

|
the actual response by the airline after the HSR entry.
|
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Model Validation Against post-HSR Entry Scenario

= Summary of the results obtained in this validation process. For each OD pair under
study, we show two different items

DI A

Z ‘fod o fod

_ odeOD MAPE . = ¥Wces
MAPE, = ST S
=0 weW (eZ

oD ltem Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Madrid-Barcelona MAPE, (%) - - 452 6.65 470 429 5.03 542 556 471 4.69 4.51 4.89
MAPE,, (%) - - 6.07 829 495 557 536 7.54 6.03 6.70 538 575 6.01
Barcelona-Madrid MAPE, (%) - - 452 6.65 470 429 503 542 556 471 469 451 4.89
MAPE_, (%) - - 6.128.26 5.54 539 571 691 6.15 6.42 492 541 6.09
Madrid-Malaga MAPE, (%) 4.03 7.51 6.07 5.80 5.09 5.61 5.13 5.26 4.19 545 510 5.10 5.10
MAPE_, (%) 4.15 7.85 5.895.67 4.83 548 560 490 3.63 539 531 531 531
Malaga-Madrid MAPE, (%) 4.03 7.51 6.07 5.80 5.09 5.61 5.13 526 4.19 545 510 5.10 5.10

MAPE,, (%)5.06 7.53 6.01 5.83 539 4.88 5.28 4.47 3.80 6.52 516 5.16 5.16




Predicting Airline Response to a Entry of High Speed Rail

Model-predicted frequency in Model-predicted average load factor in
response to HSR frequency variation response to HSR frequency variation
25 T T T T T T T T T 100 T T T T T T T T T
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Predicting Airline Response to a Entry of High Speed Rail

Model-predicted total IBERIA profit variation Model-predicted total IBERIA profit variation

as a function of HSR frequency for different as a function of fare changes for IBERIA alone
reductions in average fares by IBERIA alone for different HSR frequencies
T T T T L L -8 |5 T T T C 18 L
Base price =— HSR frequency 20
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Competition in Recovery

Passenger compensation regulation in Europe.

Comprehensive approach to airline costs: operating, ~d€lay, passenge

accommodation, loss of goodwill and compensation.

Current practice: sequential solving.

COMPETITION

Integrated models: better feedback and choice of schedule and capacity.

SCHEDULE RECOVERY

AIRCRAFT RECOVERY

TAIL RECOVERY PASSENGER RECOVERY

CREW RECOVERY

October 2018
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Recovery Actions

Schedule: flights may be canceled; departure times may be changed.

Fleet assignment: assignment of fleets to flights may be changed.

Aircraft Maintenance routing: routings may be changed; maximum flight hours

cannot be overpassed: maintenance.

Passenger demand: itineraries may be canceled, delayed and interrupted; re-

accommodation, loss of goodwill and compensation costs.



Maintenance

A maintenance opportunity: ground arc in an airport prepared to carry it out and

spanning as much time as the maintenance process needs.

A mesh is employed to check whether aircraft are exceeding the available flying

hours.

The aircraft will exceed
the available flying hours
if maintenance is not

Q QA QR DQ
f, ‘ alrswediy f : 0
) ® (I‘mdn?mf ] £ ¢ e ¢ carried out before
& = : : = & ~ - x Performing

(T T

maintenance
Flight
I Piane on ground

q Counting flying
hours
Time Time




Demand: EC No 261/2004

. N N
AmericanAirlines ¢

Scope

This Regulation applies to:

- Passengers departing from an EU airport

- Passengers departing from an airport located in a third country to an
airport situated in the EU when travelling on an EU carrier

- Passengers holding confirmed reservations

Denied boarding Cancellation Delay

46



R
Demand: EC No 261/2004

Care - this includes meals and refreshments in reasonable relation to
waiting time, hotel accommodation where a stay of one or more nights
becomes necessary and the possibility to make two telephone calls, send
fax messages or e-mails.

You are entitled to EUR 300.00 compensation
- When the new arrival time exceeds the scheduled arrival time by more

than 3 hours and less than 4 hours.

You are entitled to EUR 600.00 compensation
- When the new arrival time exceeds the scheduled arrival time by more

than 4 hours.



Demand: Phantom Passengers

Airlines may lose passengers if the recovery is not good enough.

Passengers may use the compensation to book another flight on

another airline to reach their destination.

Nowadays, airlines develop recovery plans without accounting for

“‘phantom” passengers.

Not accounting for “phantom” passengers may be too expensive:

Compensation and empty seats



Demand: Phantom Rates

* We estimate phantom rates for disrupted passengers.

« Phantom rates for each compensation level (i.e., delay at arrival) vary

with passenger types.

« Little data: we aggregate data of different ODs.

Passenger Total # of # of Phantom
Delay Delay Level
Class Passengers | Passengers
1 210 1 12 4

49



Demand: Phantom Rates

« Data aggregated from 30 different cases. Up to 15 fare classes.

* Number of rows in our dataset equals 379.

Delay Level 1
Phantom 35
Rate = o y =-0,0168x + 0,2906
o2 @ © R?= 0,853
©
0,25 8 © ©
© o °© o
0,2 © © © o o 5
§ © © .
0,15 ©) o) @ ®
® o 8
0,1 © %
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Optimization Model

= We are integrating several sub-problems in a non-linear model:
e schedule recovery;
e aircraft recovery;
e tail recovery;

* and passenger recovery.
= Aim: determine the schedule in order to recover from the disrupted

schedule at the lowest possible cost (operating cost, delay cost, re-

accommodation cost, compensation cost, etc.).



Air Network & Passenger Demand

Air network
= Airports and all feasible airway alternatives.
= Slot availability is known.
= Resource availability is assumed to be known.
= Time-space network (nodes are consolidated).

= Disruption is assumed to be known (nature, place, time, duration, etc.)

Passenger demand
= Demand is known (passenger type and itinerary)
= Compensation rules are known.

= Phantom rates are estimated.



Notations

= Sets:
T is the set of tails.

11 is the set of time periods.

A is the set of consolidated nodes at airports.

F is the set of flights.

P is the set of itineraries.

Y is the set of passenger types.

Z is the set of delay levels.

CT is the subset of time periods at which the fleet size is
counted.

MO is the set of maintenance opportunities; they are de-
fined by pairs of flights (f,f') which if performed consecu-

tively by the same tail allow for maintenance.
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Notations

" Parameters:

oc, . Is the cost of operating flight f with tail t.

de, is the delay cost per unit of time of delay at arrival of

flight f.

# is the re-accommodation cost for a passenger reas-

signed from itinerary p to itinerary p’.

re

7, is the number of passengers of type v in original itin-

erary p.

g, is the passenger capacity of tail t.
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Notations

" Parameters:

6% is the phantom rate for passengers of type v dis-

rupted from itinerary p to itinerary p’ experiencing a de-

lay at arrival of level ~.

3. is the minutes of delay allowed at delay level s above

the threshold 4.

5h is the number of available block hours before mainte-

nance for tail t.
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Notations

= Variables:
x, . is 1if flight f is assigned to tail t.
z. is 1if flight f is canceled, O otherwise.

57(57) i1s a non-negative variable which represents delay to

flight f at departure (arrival).




Notations

i,e{0.1} is 1if itinerary p is disrupted, O otherwise.

r¥* is a non-negative variable which equals the number of
passenger reassigned from itinerary p to itinerary p’ for

passenger type v.
7 is a non-negative variable which measures delay at ar-

rival of itinerary p’ with respect to planned arrival time of

itinerary p.

a“is 1if the delay at arrival of itinerary p with respect to

the planned arrival time of itinerary p’ is at delay level &,

0 otherwise.

pcy is the loss of goodwill and the compensation cost (if

any) for a passenger who was flying in itinerary p and was

finally reassigned to itinerary p’.



Model Formulation

minz = ZZ OC, ¢ X ¢ t+ Z fciy, + Z dc, o7 +ZZ Z rCS'hFE)I’U Objective function

teT fek feF feF veZ pePp'eCO,
. \2
DIIDILEDIILCIESHY
veZ pePp'eCO, teT fek
ZZX”_”f 1 vfeF Schedule
teT fek |
bh, > Z heX ;- Z Z rhy;, VteT, zell, Maintenance
feRNF, f,f'eR f'eF,
Z hg"“ =n, VpeP,veY Demand
p'eCO,
dax, =Y > (1= el ) vieF Pax. capacity
teT veY peP p'eCO,.:p'>f feZ
"< 9 +Z‘9§a§',§ ¥peP,p'eCO, Itinerary delay
§eZ

+ Slot availability, flow conservation, fleet size, etc.
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Case Study

* IBERIAS’s (simplified) worldwide air network.

* Itis a pure hub-and-spoke network.

* Five different fleet types.



Case Study

* Disrupted scenario (re-scheduling period: 3 days).
 Delayed flight: JFK-MAD.

 Delay of 320 minutes. |BER|A’




Case Study

Number of Alrcra_lft
- ting periods gzl
One of the main parameters of the presented OISl 2 flying hours
mathematical model is the number of time periods
during which maintenance need is checked 0 4
2 4
Q Q Q Q Q Q Q The aircraft will exceed
: the available flying hours
i E ¢ e s o 4 3
f1 fz fa fa
) > - oI, 6 2
\ lejii;ltenangce
- Flight 8 1
I Piane on ground
Q Counting flying 10 1
hours
Time 12 0




Case Study

2
The objective function penalizes changes: minimize .
(xe,r — 2t z)

them and speed up the solution process.

fEF:

k=5000 k=4000 k=2000 k=1000
Objective 1.7525E+7  1.6731E+7 1.6069E+7 1.5207E+7 1.4415E+7 1.3467E+7(LB)
function
Objective 1.3715e+7  1.3723E+7  1.3699E+7 1.3619E+7  1.3612E+7 1.3467E+7(LB)
function without
penalty
Solution time (s) 223 164 107 181 359 3600




Case Study

Comparison: phantom vs. no phantom (k=2000).

Considering Phantom Pax Not Considering Phantom Pax Variation (%)

Objective function 1.3619E+7 1.3630E+7 +0.08
with no penalty
Operating costs 1.3299E+7 1.3281E+7 -0.13
Extra Fuel costs 18523.21 11054.25 -40.32
Delay costs 25727.00 33921.45 +31.84
Reaccommodation 14100 25070 +77.80
costs
Compensation costs 261160 279080 +6.86
Rejection costs 0 0 0
# of canceled flights 0 0 0
# of changes 13 12 -7.69
Expected Phantom Pax 14.15 62.38 +340.84
October 2018 65



Case Study

Sensitivity analysis on phantom rates.

Item —20 -0 - o 20
Objective function 1.3630E+7 1.3621E+7 1.3619E+7 1.3571E+7 1.3567E+7
without penalty
Reaccommodation 25070 19758 14100 13380 13620
costs
Compensation 279080 272219 261160 260200 259160
costs
Rejection costs 0 0 0 0 0
Estimated 0 7.52 14.15 16.60 36.15
Phantom Pax




Case Study

Simulation results on passenger values (FCFS per class).

Item \Schedule Considering Considering Not Considering Not Considering
Phantom Pax Phantom Pax Phantom Pax Phantom Pax
(Opt.) (Sim.) (Opt.) (Sim.)
Objective function 1.3619E+7 1.3622E+7 1.3630E+7 1.3764E+7
with no penalty
Reaccommodation 14100 15800 25070 36809
costs
Compensation 261160 262827 279080 305646
costs
Rejection costs 0 0 0 96000
Expected Phantom 14.15 18.72 62.38 87.24
Pax
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Conclusions

* Competition is important at planning stages but it should be also considered when re-
scheduling.

* Tactical competition model for an airline-considering multi-modal competition.
Integrated optimization schedule design model:
o frequency planning;
o approximate timetable development;
o fleet assignment;
o and passenger demand choice.

* An integrated model for the recovery of the schedule, aircraft, maintenance and
passenger demand. A comprehensive approach to airline costs: operating, delay,

passenger re-accommodation, loss of goodwill and compensation costs.

 Computational experiments are drawn from realistic case studies.
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