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...But Before an Example

New York - Chicago

1400 1400
1200 ‘\ 1200
1000 1000
US$ 800 \V/\\ Uss 800 \
600 S 600 \.
100 NN - 4007 N —— o
200 200
0 0
Augus September QOctober Augus September October
Roundtrip Wednesday-Friday Roundtrip Thursday-Saturday

A Wednesday-Friday ticket is 15%-20% more expensive
than a Thursday-Saturday ticket!!
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...But Before an Example

New York - Chicago

1400 1400
1200 ‘\ 1200
1000 1000
US$ 800 \V/\\ Uss 800 \
600 S 600 \.
100 TN N - 4007 N —— o
200 200
0 0
Augus September QOctober Augus September October
Roundtrip Wednesday-Friday Roundtrip Thursday-Saturday

A Wednesday-Friday ticket is 15%-20% more expensive
than a Thursday-Saturday ticket!!

REVENUE MANAGEMENT:
“Selling the Right product to the Right customer at the Right price.”

Revenue Management



...and a Warning

Coca-Cora: A MaYor CALOR, MAS ALTO EL PRECIO.
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A Brief History

AIRLINE INDUSTRY

Time
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A Brief History

AIRLINE INDUSTRY

Low-Cost Airlines
(PeopleExpress)

|
|
|
|
|
|
l Computerized
Standardized | Reservation Systems
Prices and | (CRS)
Profitability |
Targets |  Global Distribution
| Systems (GDS)
|
L >
1970 1978 Time
Airline Deregulation

Act
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A Brief History

AIRLINE INDUSTRY

Low-Cost Airlines
(PeopleExpress)

| |
| |
| |
| |
| |
| |
| Computerized |
Standardized | Reservation Systems |
Prices and | (CRS) :
Profitability | |
Targets | Global Distribution |
| Systems (GDS) |
| |
] ] -
1970 1978 1985 Time
Airline Deregulation American Airlines’
Act “Ultimate Super Saver Fares”

& DINAMO

ULTIMATE SUPER SAVER FARES:

1) Fare Restrictions: Buy 30 days in advance, Saturday overnight, non-refundable.

2) Capacity Control: Restricted number of discount seats sold on each flight.
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A Brief History

AIRLINE INDUSTRY

Low-Cost Airlines

(PeopleExpress)
1986 PeopleExpress

| |
| |
| |
| |
| |
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Prices and | (CRS) | Adopt_lon qf _RM by
Profitability | | | Major Airlines |
Targets | Global Distribution (Continental, Delta, United)
| Systems (GDS) |
| |
1970 1978 1985 Tir:e
Airline Deregulation American Airlines’
Act “Ultimate Super Saver Fares”
& DINAMO

ULTIMATE SUPER SAVER FARES:

1) Fare Restrictions: Buy 30 days in advance, Saturday overnight, non-refundable.

2) Capacity Control: Restricted number of discount seats sold on each flight.
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A Brief History

AIRLINE INDUSTRY

Low-Cost Airlines

(PeopleExpress)
1986 PeopleExpress

| | I
| | |
| | I
| | I
| | |
l Computerized l went bankrupt :
Standardized | Reservation Systems | _ |
Prices and | (CRS) | Adopt_lon qf _RM by |
Profitability | | | Major Airlines | |
Targets ! Global Distribution ! (Continental, Delta, United) !
| Systems (GDS) | |
: : : .
1970 1978 1985 1991 Time
Airline Deregulation American Airlines’ American Airlines
Act “Ultimate Super Saver Fares’ “RM generated additional
& DINAMO $500 millions in revenue
per year”

ULTIMATE SUPER SAVER FARES:

1) Fare Restrictions: Buy 30 days in advance, Saturday overnight, non-refundable.

2) Capacity Control: Restricted number of discount seats sold on each flight.
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A Brief History

AIRLINE INDUSTRY

| . e | I
| L(I?,"e"(')gl‘;sé Q,’[';Zi)s | ' Expansion
| | I
| | 1986 PeopleExpress | - Hotels
| Computerized | went bankrupt - Pass. Railroads
Standardized | Reservation Systems | _ - gar_ ReET[aI
Prices and | (CRS) | Adoption of RM by | - Lruise Lines
Profitability ! | Major Airlines - Shipping
Targets | Global Distribution | (Continental, Delta, United) 1 - Trucking
. Systems (GDS) . . - Broadcasting
: | ' - Retail
] ] | -
1970 1978 1985 1991 Time
Airline Deregulation American Airlines’ American Airlines
Act “Ultimate Super Saver Fares’ “RM generated additional
& DINAMO $500 millions in revenue

per year”
ULTIMATE SUPER SAVER FARES:

1) Fare Restrictions: Buy 30 days in advance, Saturday overnight, non-refundable.

2) Capacity Control: Restricted number of discount seats sold on each flight.
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Revenue Management Decisions

RM ADDRESSES THREE TYPES OF DEMAND MANAGEMENT DECISIONS

o Structural Decisions

- Selling formats :
- Product bundling e atrateg_lc
anged relatively

- Terms Of sale infrequently

o Price Decisions \

- Initial prices
- Markdowns

- Promotions

Tactical

Price or quantity is used

o Quantity Decisions

. depending on commitments,
— Accept / ReJect demand flexibility of channel, time
- Rationing by scale, et
v channel
v location

v time
)
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What’s New About RM?

o Demand management decisions are old news

- Practice
- Economic theory

o The ‘new twist’ 1s how the decisions are made

- Information technology
v Databases
v Emterprise planning and execution systems

v Internet

- Scientific decision making
v Statistics
v Economic & behavioral modeling

v Optimization

Revenue Management



When Does RM Apply?

A CONCEPTUAL VIEW OF A FIRM’S “DEMAND LANDSCAPE”

Ja

1 32

Product

Qaa

2

6

>
Customer v i v = customer/product/time
valuation

RM tries to exploit this landscape and manage the resulting trade-ofts

a
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Conditions Favoring RM

1. Customer heterogeneity

2. Demand variability and uncertainty

3. Fixed selling horizon / Perishable products
4. Production inflexibility

5. Price is not a signal for quality

6. Data and IS infrastructure exist

7. Management culture accepting of science and tech.

Revenue Management



A Revenue Management System

Customer Product L
Purchase Information Pncmg
History Information

L]

Data Collection Layer *GC‘J D
TWO MAIN METHODOLOGICAL COMPONENTS £ 8 -
- %E Analyst

. 18

o Forecasting 553 o

> 2%
1)
o Optimization T s

Allocation Control

Overbooking Control

CRSIPlMSIE RP

v v
Sales/CRM D

@
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Classification of Models and Methods

o Quantity-based Revenue Management
- Single-resource capacity control
- Network capacity control

- Overbooking

o Price-based Revenue Management

- Dynamic pricing
v Markdowns
v Promotions

- Auctions

Revenue Management
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The Revenue Management Problem

RESOURCES PRODUCTS DEMANDS

Admission Control Price Control
D1(t,P)

S1(t)
Accept

Sn(t)
Accept

Reject

Revenue Management
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Revenue Management Taxonomy

I I Elements I Descriptor |

A Resource Discrete/Continuous

B Capacity Fixed /Nonfixed

C Prices Predetermined /Set Optimally/Set Jointly

D Willingness to Pay Buildup/Drawdown

E Discount Price Classes 1/2/3/.../1

F Reservation Demand Deterministic/Mixed /Random-

independent/ Random-correlated

G Show-Up of Discount Reservation Certain/Uncertain without Cancellation/
Uncertain with cancellation

H || Show-Up of Full-Price Reservation Certain/Uncertain without Cancellation/
Uncertain with cancellation

I Group Reservations No/Yes

J Diversion No/Yes

K Displacement No/Yes

L Bumping Procedure None/Full-price/Discount /FCFS/Auction

M Asset Control Mechanism Distinct /Nested

N Decision Rule Simple Static /Advanced Static / Dynamic

Source: Weatherford & Bodily (1992), Ops. Res. 40, 831-844.

Example: A1-B1-C1-E3-N3

Revenue Management
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Quantity-Based Revenue Management

Revenue Management
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Single-Resource Capacity Control

TRADITIONAL AIRLINE/HOTEL QUANTITY-BASED RM MODELS:

Given requests for different products....

Full Fare: $800

90
Seats

Moderate: $500

Lost Sale

Discount: $400
. decide which ones to accept or reject.

Revenue Management 15



Types of Controls

BOOKING LIMITS: Maximum capacity assigned to a particular class
at a given time.

— Partitioned: Partition available capacity into separate blocks (or buckets).

— Nested: Capacity is assigned in a hierarchical and overlapping manner.

Available Capacity
- >

Partitioned Booking Limits

Class 1
Nested Booking Limits

PROTECTION LEVELS: Total capacity minus booking limit

Revenue Management 16



Types of Controls (contd’)

Bib Prices: Threshold price for ” Accept/Reject” requests.

Class 1 Class 2 Class 3
$100 $75 $50
10
| I
- : |
y:=10 : b,=40 |
= > : >
| y,=25 | bs=25
: y3=50 :
- >

$100

$75

$50

Available Capacity

DISPLACEMENT CosT: V(z) — V(x —1).

Revenue Management



The “Static Model”

o D;: Demand for class ¢ = 1,...,n + 1 (continuous i.i.d r.v.)

o f;: Fare (net contribution) of class ¢

J1>/2>> fan
o xz;: Number of class ¢ customers accepted (control)
0<x; <D

o Low-before-high order arrival...

Dn+1 Dn D1
C Stage C-Xn+1 Stage C-Xn+1-Xn Stage
T n# — " = 1

Xn+1 Xn X1

Revenue Management

18



The “Static Model”

KEY REsULTS: “Bid prices” and “nested allocations” are optimal.

Revenue Management

19



The “Static Model”

KEY REsULTS: “Bid prices” and “nested allocations” are optimal.
1) Bid price decision rule: Open class j iff....

fi = AVj_i(z)

Revenue Management
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The “Static Model”

KEY REsULTS: “Bid prices” and “nested allocations” are optimal.

1) Bid price decision rule: Open class j iff....

fi =2 AVj_1(x)

2) Nested allocation decision rule:

y;: Nested protection level for class ¢+ and higher

Revenue Management
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Littlewood’s Two-Class Model (aciFors72)

— Fixed Capacity C.
— Two fares f1 > fs.
— Demand D, is random with cdf Fj.

— Demand D, arrives first than D;.

Revenue Management
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Littlewood’s Two-Class Model (aciFors72)

— Fixed Capacity C.

— Two fares f1 > fs.

— Demand D, is random with cdf Fj.

— Demand D, arrives first than D;.

PROPOSITION.

fo=fiP(D1>y1) <= wn= Ff1 (1 —ﬁ> :

Revenue Management

The optimal protection level for class 1, 11, satisfies

hi
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Littlewood’s Two-Class Model (aciFors72)

— Fixed Capacity C.
— Two fares f1 > fs.
— Demand D, is random with cdf Fj.

— Demand D, arrives first than D;.

PROPOSITION. The optimal protection level for class 1, vy, satisfies

fo=fiP(D1>y1) <= wn= Ff1 (1 —%> :

— BOOKING LIMIT: by = (C —y1)"

— BiD PrICE: w(x) = f1 P(D1 > x).

Revenue Management
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The n-Class Model

How we solve the general static model with n classes of customers?

Revenue Management 21



The n-Class Model

How we solve the general static model with n classes of customers?

Define V;(x) = optimal expected payoff-to-go if the available capacity
is x and the classes 5,7 — 1,...,1 are yet to arrive.

Vi@)=E|  max  {fu+Via@-uw}|, Vo) =0,

0<u<min{z,D;}

Define AVj(z) := V;(x) — Vi(x — 1).
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The n-Class Model

How we solve the general static model with n classes of customers?

Define V;(x) = optimal expected payoff-to-go if the available capacity
is x and the classes 5,7 — 1,...,1 are yet to arrive.

Vi@)=E|  max  {fu+Via@-uw}|, Vo) =0,

0<u<min{z,D;}

Define AVj(z) := V;(x) — Vi(x — 1).

PROPOSITION.
-) AVj(z + 1) < AVj(x)
-) AVj11(z) > AVj(x).

Revenue Management 21



The n-Class Model (cont’d)

COMPUTATION OF OPTIMAL PROTECTION LEVELS
(Brumelle & McGill, OR93)

“Fill Events”
A1(X,y) ={D1 > y1}
AQ(X, y) = {Dl > Y1 M D1+ Dy > yg}

AZ(X,y) — {D1 > ylﬂD1+D2 > ygﬂ. . .ﬂD1—|—D2‘|—' : —|_Dz > yz}

Optimality Conditions:

P(A(X,y)) = 2 }j 1

Solved via Monte-Carlo integration (Robinson OR’95)

Revenue Management 22



Revenue Management

Network Revenue Management
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Nov 21, 2007

Revenue Management

2-night stay
1-night stay .
I=| I.—I

Network Capacity Control

Nov 22, 2007 Nov 23, 2007 Nov 24, 2007 Nov 25, 2007

(1) Hotel length-of-stay network

(11) Airline hub-and-spoke network

41



Nov 21, 2007

2-night stay
1-night stay
I.=| I.—I

Network Capacity Control

Nov 22, 2007 Nov 23, 2007 Nov 24, 2007 Nov 25, 2007

(1) Hotel length-of-stay network

(11) Airline hub-and-spoke network

Optimize accept/deny decisions for path requests

Revenue Management
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Network Capacity Control (cont’d)

o t: time period
o Cy: m-vector of leg capacities

o A = |a;j]: m X n-incidence matrix

0 — { 1 if itinerary j uses leg ¢
777 1 0 otherwise

o &: n-vector of randomly arriving revenues

o us: n-vector of 0-1 controls (accept/deny decisions)

DYNAMIC PROGRAM
Vi(Cy) = mgXE [f;&r u(Ct, &) + Vi1 (C — Aut(ctag))}
subject to  Cy — Au(Ct, &) > 0

Revenue Management 42



Network Capacity Control (cont’d)

STRUCTURE OF AN OPTIMAL CONTROL:

Accept revenue f; for itinerary j if and only if

fi 2 Via(C) = Vi1 (C = Ay)

displacefﬁent cost

ISSUES:

- Approximating control structure

- Approximating displacement cost

Revenue Management
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Network Capacity Control (cont’d)

APPROXIMATE CONTROL STRUCTURES

1) Bid Prices:
Given values u;(C,t), « = 1,...,m for each leg, accept a request
for itinerary j = (41,42, ...,4k) if

I1) Displacement Adjusted Virtual Nesting (DAVN):
fj o :u’il(C? t) T M’iQ(C? t) T Mzk(ca t)

Compute displacement-adjusted revenue for each itinerary and ap-
ply the resulting revenues and demand in a single-leg model on each

leg.

Revenue Management 44



Network Capacity Control (cont’d)

APPROXIMATING THE PROBLEM

Step 1: Use alternative model to approximate the value function

V.(C) ~ VA0
V;A(C' ) &~ Optimal value of alternative model
given capacity = C and time = ¢

Step 2: Use approximate value function to decide

Accept revenue f; for itinerary j only if

fi = VANC) = VA(C — Aj) = VTVA(C) 4

Revenue Management 45



Network Capacity Control (cont’d)

EXAMPLE: DETERMINISTIC LP
V(C) = manZ fi v
J

subject to Ay <C
0 <y <E[D]

Then, VV,“¥(C) = X\ (provided gradient exists) and we accept f; if

fi > VtLP(C’) — VtLP(C — A;) (Bertsimas and Popescu, Trans. Sci., 93)
~ VIVE(O) A
= > X (Williamson’ss)

iEAj
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Extension: Code-Share Revenue Management

Destination

Revenue Management
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Extension: Code-Share Revenue Management

BCN

v
~a
S EN
@ \ Airline hub @

Destination

J
\ D

Origin
US$ 900

Revenue Management
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