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Agenda
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• Airline History
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Revenue Management
and Airline Planning
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Airline RM Problem: Big, Complex, Dynamic

• Revenue Management increases 
profit by helping airlines match 
supply and demand

• Typical major carrier:
• 3000 flights per day
• 10,000 markets
• 4,000,000 fares
• 100,000 fare changes per day
• 330 day control horizon
• $10 billion annual revenue

• Annual RM benefits are 
approximately $500 million 



A Little US Airline History
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Original CarriersOriginal Carriers BecameBecame

The Contract Air Mail Act of 1925
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The 1978 US Domestic Airline Deregulation Act

• The 1978 US Domestic Airline 
Deregulation Act mandated:
• End of route restrictions 12/31/81
• End of rate regulation 1/1/83

• The CAB actually moved faster 
ending route regulation in 1979 
and rate regulation in 1980

• CAB was sunset 1/1/85
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Canadian Deregulation was More Deliberate*

• Air Canada Act of 1977 mandated that AC should operate with 
“due regard to sound business principles and in particular the 
contemplation of profit”

• On 10 May 1984, the Minister of Transport liberalized air 
transport by allowing carriers to compete on routes anywhere 
in Canada

• “Freedom to Move” (Jan 1 1988) Greater reliance on 
competition and market forces; and an accessible and not 
excessively costly or time-consuming regulatory process

• In February 1995, Canada and the United States signed the 
“Open Skies” treaty, allowing Canadian carriers unlimited route 
rights from any point in Canada to any point in the United 
States

• *Copied shamelessly from: 
THE CANADIAN AIRLINE INDUSTRY 

John Christopher, Joseph P. Dion
Science and Technology Division
Revised 14 November 2002
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Quiz: In 1978, Who was the Biggest 
Texas-Based Airline?

$0.2 bn HOU

<$0.1 bn DAL

$2.7 bn NYC

$0.8 bn LAX

$1.0 bn DFW
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BI was the Rock-star of the US Airline Industry
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BI was the First Major Casualty of Deregulation 
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Deregulation Tanked the US Industry

US Airline Profit
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Deregulation also Killed Many Systems

RIPACS

Reservation Inventory Planning
and Control System
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US Airlines Evolved Following Deregulation

• Pricing – Large variety of fares and restrictions
• Scheduling – Hub and spoke network design
• Sales – Loyalty programs
• Distribution – Many selling channels
• Simplicity -- Networks, Fleets, Fares 



Revenue Management 
Development
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The Most Important Aspects of RM Developed 
in the Post-Deregulation Environment

• 1960s – Overbooking
• 1980s – Discount Allocation
• 1990s – O&D Control
• 2000s – Channel Control, Customer-based RM



Overbooking
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Overbooking – Sell Beyond Physical Capacity

Typical booking, cancellation, no-show profile 
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Capping Reservations at Capacity Results in 
Spoilage
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Overbooking Reduces Spoilage

• Uncertainty in the distribution of show-ups leads to probabilities of both 
spoilage and oversales

• Overbooking models maximize expected profit
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In 1982 Overbooking Models Went Nuts 

• Prior to De-regulation, oversale rates were limited due to costs.  
“Mad Money” was estimated at $3000 per passenger

• In 1982, the introduction of Volunteer Programs and Travel 
Vouchers cut the cost per oversale by 95% 

• The models were very happy, 
they drove overbooking and 
oversale rates to record 
levels

• Maintaining reasonable 
service at airports required 
tightening of constraints on 
oversale risk

• We dualized the service 
constraint and reintroduced 
additional oversale costs



Discount Allocation
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In the 1940s American Airlines Published Fares 
on the Back of Their Timetable
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$125

Unrealized
Demand

Simple Pricing Leaves Money on the Table

Captured
Revenue

Diluted
Revenue

Price per Passenger

Demand
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$125

Unrealized
Demand

Multiple Price-points Achieve More Revenue

Diluted
Revenue

Price per Passenger

Demand

Capture more revenue with more fares if: 
• Demand is segmented to avoid dilution
• Availability of cheap fares on peak

flights is limited to avoid displacement

Captured Revenue
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Class Code Allocations

Sell out Future Fare = $175
Hold for

Future Request

OR

OR

$0
Seats

remaining

Empty
Seat

Current Fare = $100
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If Having 2 Fares is Good then 40 is Better

Capture more revenue with more fares if: 
• Demand is segmented to avoid dilution
• Availability of cheap fares on peak

flights is limited to avoid displacement

$125

Demand

Price per Passenger

Captured Revenue
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Controlling Multiple Fares: EMSR
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Class Code Allocations
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Class Code Allocations
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Class Code Allocations
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Class Code Allocations

High Value

Full Fare

Deep 
Discount

Last Seat Availability

Cl
as

s 
Co

de



Confidential 34

Class Code Allocations
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In the 1980s US Domestic Carriers Developed 
Concentrated Hub and Spoke Networks

Each flight can carry
passengers in many markets
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By Serving Many O&Ds, the Range of Revenue 
by Class Code Expanded

DFW

AUS TUL

ATL

LGA

BOS

PAR

OKC
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Due to the Variety of O&Ds in each Class, 
Revenues Became Inconsistent
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Fare Overlap Invalidated the EMSR Approach to 
Discount Controls

Sell at DiscountSell at Discount

Hold forHold for

Full FareFull Fare

Sell outSell out

Empty SeatEmpty Seat

$200 $200 –– $500$500
Average = $350Average = $350

$250 $250 –– $600$600
Average = $300Average = $300

$0$0



Origin-Destination RM
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Virtual Nesting Restored Order to Revenues

PARPAR
TULTUL

DFWDFW

AUSAUS

ATLATL

BOSBOS

Org Dst Class Fare Bucket
AUS PAR Y $2,000
AUS BOS Y $1,500
AUS PAR B $1,000 Y1
AUS ATL Y $800
AUS BOS B $750
AUS ATL B $400 Y3
AUS TUL Y $300 Y4
AUS DFW Y $200
AUS TUL B $150
AUS DFW B $100 Y6

Y0

Y2

Y5
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Origin & Destination (O&D) Control 
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Origin & Destination (O&D) Control
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Origin & Destination (O&D) Control
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A Network RM Optimization Model

• Maximize revenue by 
allocating space to 
each O&D fare class, 
passenger type (p)

• Subject to total 
allocation on each 
flight leg LE capacity 

• Due to uncertainty in 
future demand, 
bookings and revenue 
are non-linear 
functions of the 
allocation

Allocation

R
ev

en
ue

revp(allocp)
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ODRM Formulation

Maximize: 

Subject to:

( | , )p p p p
p P

rev E traf Dmd alloc
∈
�

p f
p f

alloc cap f F
∈

≤ ∀ ∈�

0,palloc p P≥ ∀ ∈

•The optimal values of dual variables on the 
capacity constraints represent the opportunity 
cost of selling a seat on this flight 

•These values, referred to as Bid Prices, are used
by most advanced airlines to control availability  
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Bid Price Inventory Control – Locals

AA BB

CC

DD

$90$90

$80 $80 

$50 $50 

OD Class Fare Bid Price Net
Revenue

Availability

AB Y $79 $90 -$11 Closed
AB B $49 $90 -$41
BC Y $69 $50 $19
BC B $45 $50 -$5
BD Y $89 $80 $9
BD B $69 $80 -$11

Closed
Open
Closed
Open
Closed



Confidential 47

Bid Price Inventory Controls – Connections

AA BB

CC

DD

$90$90

$80 $80 

$50 $50 

OD Class Fare Bid Price Net
Revenue

Availability

AC Y $189 $140 $49

AC B $129 $140 -$11

AD Y $249 $170 $79
AD B $199 $170 $29

Open

Closed

Open
Open
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O&D Control using Bid Prices 
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O&D Control using Bid Prices 
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Channel RM
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Distribution

Distribution Channel Segmentation
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2000s Distribution Channel Segmentation
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Customer-based RM
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With Restriction-free Pricing and Transparent 
Shopping, What is Demand?

BOS

DFW

ORD

AUS



Confidential 55

Forecasting Demand for a Flight Class, or a 
Path Class is a Difficult Proposition

AUS

BOS

DFW

ORD
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Customer Choice Modeling Provides 
Situational Awareness of Demand
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Calibrate β to minimize errors
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There Has Been Good Academic Work on the 
Network Optimization Problem

AUS

BOS

DFW

ORD

An efficient, workable
solution has not been

developed and implemented
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Session Level Optimization Simplifies Modeling …

Special Deal! $259
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… and Improves Performance 
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RM in the Current Airline 
Environment
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Since Deregulation, the Amplitude of the Profit 
Cycle has Increased

• Commoditization of 
airline products

• Disparities in costs
• Reduction of  

segmentation
• Transparency of 

price
• Bankruptcy 

protection
• Threat of terrorism

US Airline Profit

-15

-10

-5

0

5

10

1980 1985 1990 1995 2000

Year

P
ro

fit
 ($

 B
ill

io
ns

)



Confidential 62

Since 1938 the Industry has Net Losses

US Airline Profit
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How can RM Help Airlines Get Better?

• Increase our knowledge of customers
• Integrate decisions
• Improve value propositions
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We Know a Lot About our Customers
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Customer Knowledge has Supported Demand 
Forecasting

Sell out Future Fare = $175
Hold for

Future Request

OR

OR

$0
Seats

remaining

Empty
Seat

Current Fare = $100
Sell nowBooking

Request

P(Demand>Remaining Capacity)
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Customer Understanding Drives 
Relevance-based Marketing

Nondiscretionary Demand
Low price sensitivity

Relatively constant demand

Discretionary Demand
High price sensitivity

Highly volatile demand
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Relevance-based Marketing

Current Price Reduction versus 30-Day Moving Average
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… to Improve Email Campaign Effectiveness

Good Day To Buy
Determine Ref Fares

Check Current vs Ref Fares
Find Recent Shoppers

Create Email
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How can RM Help the Airlines to Get Better?

• Increase our knowledge of customers
• Integrate decisions
• Improve value propositions
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Airline Performance will Improve with 
Continuity in Objectives and Decisions

Enterprise Planning Product Planning Tactics and Operations

Network 
Structure

Flight 
Schedule

Prices
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Better RM Modeling in Fleet Assignment 
Increases Airline Profit by 1-2 Margin Points

Fleet Assignment
Master Model

Revenue
Management
Subproblem

CapacityRevenue

O&D FAMO&D FAM
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O&D FAM is a Sub-problem in Schedule 
Generation

Fleet Assignment
Master Model

Revenue
Management
Subproblem

O&D FAMO&D FAM

Schedule Generation



Confidential 73

Which is a Sub-problem for Fleet Planning

Fleet Assignment
Master Model

Revenue
Management
Subproblem

O&D FAMO&D FAM

Schedule Generation

Fleet Planning

The Biggest Opportunities for RM Modeling
are not necessarily in RM
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How can RM Help the Airlines to Get Better?

• Increase our knowledge of customers
• Integrate decisions
• Improve value propositions
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Value Proposition for Major Airlines
Barely Adequate Service @$0.15 - $0.30 /Seat-Mile
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Improve Service > $1/Seat-Mile
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Reduce Cost: $0/Seat-Mile
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They are not Kidding
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This is Not a Promotion, It’s a New Business Model

What are the RM Opportunities when fare 
is no longer a significant part of the value proposition?
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Robust Planning and Marketing: 
Integration of RM, Planning and Operations

• Airline operations are 
subject to disruptions 
due to

• Weather
• Mechanical 

problems
• Labor
• ATC 

• Delays and 
cancellations propagate 
through the network
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Degradable Scheduling and Operations 
Segmentation by Reliability

• Airlines can reduce 
cancellation and delay 
propagation

• Layer the schedule
• Minimize flow of 

aircraft and 
passengers between 
layers

• Core layers have 
significantly greater 
reliability than current 
operations

There are new segmentation 
and product opportunities



Future RM Modeling 
Directions
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RM Opportunities
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Likely Aspects of Future RM Processes

• Use of better data
• Shopping data (request, response, action) is 

becoming available
• Visibility to previously unobservable features (spill, 

recapture)  
• Redefinition of forecasting

• Customer choice models
• Include impacts of schedule, price and availability
• Fewer, more consistent forecasts
• Linked with forecasts of Scheduling and Pricing
• Reduce impact of forecast errors
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Likely Aspects of Future RM Processes

• Increased scope of optimization
• Optimize price and allocations continuously prior to 

departure
• Incorporate features of customer behavior (upsell

and recapture) directly into optimization models and 
controls

• Models for use in up-line processes
• Simplification of systems and operations

• Event-driven data collection and updates
• Sparse data techniques



Final Thoughts
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Technology has Reduced the Barriers for New 
RM Applications
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RM Success Criteria

• Senior management 
support

• Time and resources
• Performance 

measurement
• Humility – it is much 

easier to make things 
worse than better 
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Revenue Management Resources

• “Revenue Management: Research Overview and 
Prospects”
• Jeff McGill, Garrett van Ryzin
• Transportation Science,  May 1999

• “Revenue Management and E-Commerce”
• Andy Boyd, Ioana Bilegan
• Management Science, October 2003

• Journal of Revenue and Pricing Management
• INFORMS Revenue Management Section
• AGIFORS Revenue Management Study Group
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Thank you
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The End


