Announcements

1. Retailer game material is posted, report due
Monday, May 3

2. This week recitations + office hours: How to
operate the retailer game

3. Last assignment is Due last class (simulation
report)
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[99% Good (3.8 Sigma) |

[99.99966% Good (6 Sigmu)l

- 20,000 lost articles of mail per mmmj- - Seven articles lost per hour

hour

+ Unsafe drinking water for = One unsafe minute every seven
almost 15 minutes each day months

* 5.000 incorrect surglcal = .+ 1.7incorrect operations per week

operations per week

+ Two short or long landings at i * One short or long landing every
most major airports each day five years

+ 200,000 wrong drug
prescriptions each year

=g

- 68 wrong prescriplions per year

= One hour without electricity

» No electricity for almost seven
- every 34 years

hours each month

60 and Dependent Components

+ Consider a product made of 100 components

+ Assume a defect rate of 1% on each
component

» The defect rate on the product is:

(3.80) P(defect) =1 —(0.99)100=63% !

(60) P(defect) =1 — (0.9999996)"0 = 3.4ppm !
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Improvement

Observation from
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Why 60?

+ Large Volume or Costly Defects

+ Connected Components

* Robustness to Process Shift

* Tolerance Buildup

+ Easier to Learn Process Improvements

.

Break.Com

Supply chain in the online advertising industry. What is
Break.com’s value proposition ?

What challenges does Break.com face in managing its
display advertising contracts?

How should Break.com price contracts with different
customers?

Challenges and risks associated with revenue
management in the online display advertising industry

* Some of the slides were adapted from Professor Guillaume Roels
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Break.Com’s Supply/Value Chain

oduct Mfrs/
Providers
PROGRESSIVE

Break.com Users.
¥ requesting
content

Display Contract Management

How many contracts to accept?




Stochastic Supply

Daily number of
viewers

Contracting/Pricing Practices

+ Contract Acceptance/Rejection Decisions:

Price threshold based on sales objective

+ Ad Delivery Method:

Uniform Ad Delivery over Time (e.g., request 2 million
impressions over 4 weeks — deliver .5 million
impressions per week)

Supply and Demand

Assuming uniform delivery over time
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Challenges and Tradeoffs

» Short-Term Revenue vs. Long-Term Brand Dilution
- Customers’ Perspective
“Punch-the-monkey” ads on ESPN.com

“There are literally ads everywhere, ... | do not go to ESPN.com
anymore."” pnps i -state ol online-advertiving, January
2007)

— Advertisers’ Perspective
Under-delivery penalty?

Uniform allocation?

Challenges and Opportunities
+ Transparency

In August 2000, Amazon was discovered to charge higher
prices to its most loyal customers

+ Behavioral Marketing and Privacy Issues

Break.com - Wrap-Up
+ Matching supply and demand in the face of
stochastic supply

+ Pricing should account for opportunity cost

+ Short-term revenue maximization vs. long-term
customer loyalty; importance of aligning operational
and business decision with long-term strategy
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Announcements

1. Retailer game material is posted, report due
Monday, May 2

2. This week recitations + office hours: How to
operate the retailer game

3. Last assignment is Due last class (simulation
report)
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Break.Com

Supply chain in the online advertising industry. What is
Break.com’s value proposition ?

What challenges does Break.com face in managing its
display advertising contracts?

How should Break.com price contracts with different
customers?

Challenges and risks associated with revenue
management in the online display advertising industry

* Some of the slides were adapted from Professor Guillaume Roels
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Break.Com’s Supply/Value Chain

Users
generating
content Break.com Users
- : requesting
- content
Product Mfrs/ Advertising i
Service Agencies BREAK
Providers
PROGRESSIVE @)
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Daily number of
viewers

Display Contract Management

How many contracts to accept?

Contracting/Pricing Practices

Contract Acceptance/Rejection Decisions:

Price threshold based on sales objective

Ad Delivery Method:

Uniform Ad Delivery over Time (e.g., request 2 million
impressions over 4 weeks — deliver .5 million
impressions per week)



Supply and Demand Improvement Opportunities

Assuming uniform delivery over time

16000

e e R e L / __\

12000

e
A

6000 - 4

4000 -

Weekly number of impressions (1,000s)

2000 -

14 15 16 17 18 19 0 21 2 23 24 25 26 27
Week ID

—Expected number of impressions —Demand with existing contracts

—Demand with new contracts

Challenges and Tradeoffs Challenges and Opportunities

» Short-Term Revenue vs. Long-Term Brand Dilution
— Customers’ Perspective
“Punch-the-monkey” ads on ESPN.com
“There are literally ads everywhere, ... | do not go to ESPN.com

anymo re.” (attp:/www.somerandomdude.netiblog/opinion/sorry-state-of-online-advertising/, January

* Transparency

In August 2000, Amazon was discovered to charge higher
prices to its most loyal customers

200 [Comments on DVDTalk.com]
“Amazon is over in my book”
“ESPN has decided to shun lower priced and sometimes “I will never buy another thing from those guys!”

questionably relevant network advertising” march 2008, ‘Amazon is suck.". (sic)

hitp:/iwww.webquild.org/2008/03/espn-shuns-cheap-ads.php)

“This was a pure and simple test. This was not dynamic
— Advertisers’ Perspective pricing. We don’t do that and have no plans ever to do that.”

Under-delivery penalty? (Bill Curry, Amazon spokesman)

Uniform allocation? - Behavioral Marketing and Privacy Issues



Break.com - Wrap-Up

* Matching supply and demand in the face of
stochastic supply

« Pricing should account for opportunity cost

» Short-term revenue maximization vs. long-term
customer loyalty; importance of aligning operational
and business decision with long-term strategy
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Announcements

. Retailer game material is posted, report due
Tuesday, May 3

. This week recitations + office hours: How to
operate the retailer game

. Last assignment is Due last class (simulation

report)

Video Vault and Contracting

How do Video Vault and Blockbuster compete?

. VHS order quantities for A.l. and Zoolander at $40
?

wholesale price?

. VHS order quantities for A.l. and Zoolander under

50% revenue sharing with $7 upfront fee?

Pros and cons of revenue sharing for studios and
retailers?

Supply chain contracting

Video Vault Vs. Blockbuster

Orders for A.l. and Zoolander
at $40 wholesale price




Orders for A.l. and Zoolander
under 50% revenue sharing, $7 fee

Revenue Sharing Pros and Cons

Retailers Studios

Before and After Revenue Sharing

« Before revenue sharing (pre 1998):
- Rentals shrinking, sales declines, 20%
of surveyed customers can't find what
they want.

+ After revenue sharing (1998+):
- Blockbuster negotiated revenue
sharing deals with all the studios.
- Begins the “Go home happy"
campaign:
= Total industry profit increased by
about 7% (Mortimer 2003)

Blockbuster market share

1997:

1999:

Vertically Integrated Firm

+ Estimated total market demand D for product with 3 month life cycle
sold at p = $100 retail price is uniform between 0 and 100,000 units

+ No salvage value

* Firm owns both retail channel and manufacturin? capacity, marginal
cost (production + distribution) is ¢ = $20, manufacturing lead-time >3
months

Optimal order quantity q? Expected profit?




Marginal Revenue Analysis

Two Firm Supply Chain

:algln]l Marginal
evenue
Marginal cost ¢ = $20 Marginal cost ¢ = $20 Revenue
Manufacturing
Wholesale
Price w = $60
Retail Retailer
Selling price p = $100 Order Selling price p = $100 P
Quantity q Quantity q
Demand D = U[ 0, 100k ] Demand D = U[ 0, 100k ]
Revenue Sharing Contract Revenue Sharing Profit Allocation
Marginal
Revenus - —_ S
Marginal cost ¢ = $20 [ etatier raveras shars ] 20% 20% 0% 0% 0% 0% 0% \".
Upfront fee 4 L] 8 10 12 1 10 ‘
Order quantity Bo00 | Boooo | 0000 0000 | w0000 | 60000 | s0000
Retailor E[profits) 640,000 060,000 1,280,000 1,600,000 1,020,000 2,240,000 2,560 000
10$ upfront fee 4 Manufacturer E[profits] | 2500000 | 2240000 | 170000 | 1600000 | 1760000 | 600000 |  £AD.000
50% revenue ahgrq Total E[profits] 3200000 | 3200000 | 3200000 | 3200000 | 3200000 | 3200000 | 3200000 ‘
N J
Retailer —— - = B
What do you observe?
Selling price p = $100 Order
Quantity q

Demand D = U[ 0, 100k ]




Buy-Back Contract

Marginal
Revenue
Marginal cost ¢ = $20

Wholesale | Buy-back
price price
w=$60 b=$50
Ratailer

Selling price p = $100

Demand D = U[ 0, 100k ]

Order
Quantity g

Quantity Discount Contract

Marginal
Revenus
Marginal cost ¢ = $20

Manufacturer

Wholesale price
wi{q) = 60 - qi2000

Retailer

Selling price p = $100 Frei
Quantity q

Demand D = U[ 0, 100k ]

Supply Risk Example:
Semiconductor Industry

+  Setting:
— Capital-intensive, with new foundries requiring $3B investmant, rapid
technelogical progress
= Huge swings in demand, profitability and available capacity

* No management of supply risk:
~ Buyer purchase from s pot market after observing demand
= Suppliers bear all risks of idle capacity, so they under-invest...

* More typically buyers (Dell, TI, Motorola and AMD) of commodity chips
bine spot market p and long-term contracts with suppliers
(Xilinx and Infineon):

= Quantity flexibility long-t tract covers and
monthly deliverios are between some floor M and some ceilingM + K (K
provides flexibility)

- Option contract: buyer purchases options bafore demand is observed at p, per
option, then possibly exercises each option after observing demandal price p,

Contract Summary

Move demand risk Move supply risk
upstream: downstream:

Revenue sharing Option contract
rental manufacturing, electricity markets,
| commodity chemicals,

Buy-back metals, plastics, apparel,
books, cosmetics, CDs, air cargo

agricultural chemicals,

electronics Quantity flexibility

manufacturing
Quantity discount
manufacturing




Wrap Up
. With wrong incentives the supply chain can
perform sub-optimally (= how to share risk?)

. Risk sharing (incentive alignment) maximize
size of pie (= supply chain coordination)

. Skillful contracting lets us do this while
remaining cognizant of incentives

. Many ‘contracts’: must calibrate carefully
(there are many feasibility issues)
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Announcements

1. Retailer game material is posted, report due
Monday, May 2

2. This week recitations + office hours: How to
operate the retailer game

3. Last assignment is Due last class (simulation
report)

Video Vault Vs. Blockbuster

Video Vault and Contracting

How do Video Vault and Blockbuster compete?

. VHS order quantities for A.l. and Zoolander at $40

wholesale price?

. VHS order quantities for A.l. and Zoolander under 50%

revenue sharing with $7 upfront fee?

Pros and cons of revenue sharing for studios and
retailers?

Supply chain contracting

Orders for A.l. and Zoolander
at $40 wholesale price

i

Z



Orders for A.l. and Zoolander

under 50% revenue sharing, $7 fee Revenue Sharing Pros and Cons

Retailers Studios
Before and After Revenue Sharing Vertically Integrated Firm
Blockbuster market share + Estimated total market demand D for product with 3 month life cycle
Ty sold at p = $100 retail price is uniform between 0 and 100,000 units

* No salvage value

» Firm owns both retail channel and manufacturin? capacity, marginal
cost S_plnroduction + distribution) is ¢ = $20, manufacturing lead-time >3
months

+ Before revenue sharing (pre 1998):

— Rentals shrinking, sales declines, 20%
of surveyed customers can't find what
they want.

Optimal order quantity q? Expected profit?

+ After revenue sharing (1998+):
— Blockbuster negotiated revenue
sharing deals with all the studios.
- Begins the “Go home happy”
campaign:
— Total industry profit increased by
about 7% (Mortimer 2003)

1999:




Marginal Revenue Analysis

Marginal
Revenue

Marginal cost c = $20

Manufacturing

Retail

Selling price p = $100

Demand D = U[ 0, 100k ]

Revenue Sharing Contract

Marginal
Revenue

Marginal cost c = $20

Manufacturer

10$ upfront fee

50% revenue share

Retailer

Selling price p = $100

Demand D=UJ[ 0, 100k ]

Marginal cost c = $20

Manufacturer

Wholesale
Price w = $60

Retailer

Marginal
Revenue

Two Firm Supply Chain

Ofdar Selling price p = $100 e
Quantity q Quantity q
Demand D=U[ 0, 100k ]
- - -
Revenue Sharing Profit Allocation
@nilor revenue share 20% 30% 40% 50% 60% 70% Bﬂ‘h

Upfront fae 4 6 8 10 12 14 16
Order quantity 80,000 80,000 80,000 80,000 80,000 80,000 80,000
Retailer E[profits] 640,000 960,000 1,280,000 1,600,000 1,820,000 2,240,000 2,560,000
Manufacturer E[profits] 2,560,000 2,240,000 1,920,000 1,600,000 1,280,000 960,000 640,000
Total E[profits] 3,200,000 3,200,000 3,200,000 3,200,000 3,200,000 3,200,000 3,200,000
What do you observe?

Order

Quantity gq



Buy-Back Contract Quantity Discount Contract

Marginal Marginal
Revenue Revenue

Marginal cost ¢ = $20 Marginal cost c = $20

Manufacturer Manufacturer

Wholesale Buy-back
price price
w=$60 b =$50

Wholesale price

w(q) = 60 — q/2000

Retailer Retailer

Selling price p = $100 Order Selling price p = $100 Oider
Quantity q Quantity q
Demand D =U[ 0, 100k ] Demand D =U[ 0, 100k ]

Supply Risk Example:

Semiconductor Industry Contract Summary

Setting:
— Capital-intensive, with new foundries requiring $3B investment, rapid Move demand risk Move supply risk
fechnelogicalprogress upstream: downstream:
— Huge swings in demand, profitability and available capacity
+ No management of supply risk: . .
— Buyer purchase from spot market after observing demand Revenue sharlng Optlon cor_itraCt .
— Suppliers bear all risks of Idle capacity, so they under-invest... rental manufacturing, electricity markets,
commodity chemicals,
»  More typically buyers (Dell, Tl, Motorola and AMD) of commeodity chips Buy-back metals, plastics, apparel,
combine spot market purchases and long-term contracts with suppliers books, cosmetics, CDs, air cargo
(Xilinx and Infineon): agricultural chemicals,
— Quantity flexibility contract: long-term contract covers several months and electronics Quantity flexibility
monthly deliveries are between some floor M and some ceiling M + K (K manufactun‘ng
provides flexibility) . =
Quantity discount
— Option contract: buyer purchases options before demand Is observed at p, per m facturi
option, then possibly exerclses each option after observing demand at price p, anuraciuring




Wrap Up
. With wrong incentives the supply chain can
perform sub-optimally (= how to share risk?)

. Risk sharing (incentive alignhment) maximize
size of pie (= supply chain coordination)

. Skillful contracting lets us do this while
remaining cognizant of incentives

. Many ‘contracts’: must calibrate carefully
(there are many feasibility issues)
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Revenue Management 1

1. What is RM?
2. Retailer Game Heuristics

3. Case Study: ZARA

What is Revenue Management?

The science of selling the right item to the

right person (= at the right price)

[ p—

Limited Capacity ) Qﬁ )
Uncertain Demand 2

| &
N,
N
Price As A Lever ‘p%?;ﬁ'
a8

How Important Is RM?

B DEMANDTEC"

ORACLE’ ita

Sabre@
@The Supply Chain Results Company

Increasing Revenues

* US $23 billion revenue
— A 0.2% increase in revenue?
+ The AA story - razor slim margins
— Net margin - 2.2%
— Impact on profitability:
— $500 mn. Vs. $550 mn.

=



Selling to the right person:

Extracting as much as possible

Econ 101
Scenario: 0 Marginal Cost Scenario: 0 Marginal Cost
D(p) D(p)
— ‘
N B N
D* \ J | Willing to pay between p,, and p,,;
\ |
/'
m ‘kv\ay o Revenue — | i -
Revenue = \ 0 pay py, or higher
- —— ¥ B
p* P Pio Phi p
. = Clearance Sales at Zara
Fashion Retail
Two campaigns:
+ Motivation for RM Spring/Summer i Fall/Winter
- Long LT (so, stuck with pre-ordered inventory...)

— Highly Heterogeneous Population
Inelastic Customers

— Trendiness very important
Elastic Customer

- Trendy (?), but very little $$

markPown

Regular Season
87% Revenue

77% Stock

Summer 07

Clearance Sales
13% Revenue

88% Sold During
Clearance Sales

V Salvaged

51% Avg. Markdown




Legacy Pricing Process

-
Retailer Model
1 PART. GENERATE INITIAL PRIGE MARKDOWN LIST.
Initial price markdown ! Initial price markdown + Initial Stock: 2000 Units
list for Spain list for sach country - Demand difficult to predict
ADMINISTRATION COMMERCIAL - Norestocking
COMMERCIAL + Initial Price: $60
2% PART: SUBSEQUENT MARKDOWNS (COMMERCIAL / COUNTRY MANAGERS) — Can markdown - $54 (10%), $48 (20%), $36 (40%)
INPUT DATA PER GROUP | CATEGORY AND COUNTRY * 15 week Se"ing season
SALES ANALYSIS (3 MOST RECENT DAYS) — Salvage at $25
ROTATION
ACCUMULATED SALES
STOCK

PRICING DECISION PER CATEGORY | COUNTRY

GOAL: Maximize revenues from the 2000 units

Demand Demand Estimation: Historical Data
Price 4

$607 = =
N
VAN

=
_)K ~
-

$48 NOTA

N\ . “"\
A
AN b

>y N\ .

lem 1 hem 2

~

hem 3

>
Demand

Different demand curve for each item

Demand random from week to week

- Even at same price

Figuring out what curve you face

— Needs Historical Data

— AND Online Data

.




Demand Estimation: Online
Data

Markdown Optimization

Markdown Optimization

Markdown Optimization




Sample Output

Back to Zara: New Pricing Process

Levers:

* Max n® categories

+ Minimum markdown
« Horizon length

+ Aging price factor

* Salvage capacity

Demand Pricing
Estimation Optimization
* Current
urrent campaign Model

* Historic markdowns

Model |

* Stock levels
« Broken assortment factor
» Commercial prices

]
Input Data: ;

|

« Salvage price |

The modal and the following results are based on the work of Felipe Caro and Jaremie Gallien

Model Output (for Women Blazer)

5 weeks to go 4 weeks to go 3 weeks to go..
[ PERIODO 1 | PERIODO 2 | PERIODO 3 ]
PRECIO_2| SALES_2| PROF_2| PRECIO_3| SALES_3| PROF_3|
[ 9 39.95 [ 10
28 1387 | 3993 34 134
138 6887 | 3995 160 6,767
172 6856 | 2995 233 6.966
268 8015 | 2495 305 7,612

o
> SALES ESTIMATE

PRICING DEC.———..
(MARKDOWN)

71

ESTIMATED FUTURE
MARKDOWN

Pilot Test Experiment Design

Belgium 1
(23 stores) l

France |
(107 stores)

Test groups are priced with
the optimization model

Control

X

In France, both test Ly Control groups are
and control groups are " priced manually

priced manually

Control

£




Pilot Test Results

Performance metric:

Y = % INCOME =

CLEARANCE SALES REVENUE + SALVAGED

INITIAL STOCK VALUED AT SEASON PRICES

Y performance 2006 2007 Average
B F_BF| B F Bf | 2008
voman Blazer | 35.3% 27.8%  7.5] 33.8% 33.5% 17
Basic Blazer 43.6% 374% 62| 50.2% | 45.2% 23 |5,
[TR.LTrouser |47.6% 45.7% 19| 45.5% 40.2% 0.0 i
T-Shirt 42.8% 43a% -0.3 45.!%.43.2% 2.6}
[Woman Trouser | 36.5% 31.6% 49| 51.3%| 44.9% 14
BasicTrouser | 56.3% 49.3%  7.0| 48.9% 48.8% 60| | 5
TR.LBlazer | 43.8% 34.5% 143| 33,1%) 45.5% 18
[T.R.L. Skirts 520% 434%  6.6) 413% 3L7% 10
+4% or $47M
in additional profits

Revenue Management 1 Wrap-Up

1. Revenue Management = Limited inventory
sold to the right customers.

2. Markdown management is a mode for such
discrimination in retail

3. Scientific RM = $$
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Revenue Management 1

1. What is RM?
2. Retailer Game Heuristics

3. Case Study: ZARA

How Important Is RM?

B] DEMANDTEC

ORACLE @
: Software”
Sabrew
@The Supply Chain Results Company

What is Revenue Management?

The science of selling the right item to the
right person (= at the right price)

GRANDSTANDS 3 GREEN JONSTIR SEATS
i !

Limited Capacity w e . o
Uncertain Demand 2 Y
1 "” g) 45 ? '”

T o
l ; Era

31
£ . 45
Price As A Lever ot I =

)
B/

- .
i nfes| a7 6] ROOF
1\
I~ T

ROCF 1L} 3| m—rpe— 3

ROQF

Increasing Revenues

+ US $23 billion revenue
— A 0.2% increase in revenue?

* The AA story - razor slim margins
— Net margin - 2.2%
— Impact on profitability:
— $500 mn. Vs. $550 mn.

Sy



Selling to the right person:
Econ 101

Scenario: 0 Marginal Cost
D(p)

D*

Revenue

Fashion Retail

Motivation for RM

— Long LT (so, stuck with pre-ordered inventory...)
— Highly Heterogeneous Population

Inelastic Customers

— Trendiness very important

Elastic Customer

— Trendy (?), but very little $3$

Extracting as much as possible

Scenario: 0 Marginal Cost

D(p)

g to pay between p,, and py,

Willing to pay p;,; or higher

Revenue

Clearance Sales at Zara

Two campaigns:

Spring/Summer i Fall/Winter
Irs
markdown
S e o s e L
_/H‘_/

Clearance Sales
13% Revenue

Regular Season
87% Revenue

88% Sold During
Clearance Sales

77% Stock

23% Stock -
/ Salvaged

Summer 07 51% Avg. Markdown



Legacy Pricing Process

1°* PART: GENERATE INITIAL PRICE MARKDOWN LIST.

Initial price markdown ! Initial price markdown
list for Spain : list for each country

ADMINISTRATION COMMERCIAL
DISTRIBUTION
COMMERCIAL

2° PART: SUBSEQUENT MARKDOWNS (COMMERCIAL / COUNTRY MANAGERS).

INPUT DATA PER GROUP / CATEGORY AND COUNTRY

SALES ANALYSIS (3 MOST RECENT DAYS)

ROTATION

ACCUMULATED SALES
_ =

STOCK
PRICING DECISION PER CATEGORY / COUNTRY

Demand
Price A
$60
$54
$48
$38 Ttem 1 Item 2 Item 3

Demand

+ Different demand curve for each item

« Demand random from week to week
— Even at same price

» Figuring out what curve you face

— Needs Historical Data
— AND Online Data

Retailer Model

+ Initial Stock: 2000 Units

— Demand difficult to predict

— No restocking
+ Initial Price: $60

— Can markdown - $54 (10%), $48 (20%), $36 (40%)
« 15 week selling season

— Salvage at $25

GOAL: Maximize revenues from the 2000 units

Demand Estimation: Historical Data



Demand Estimation: Online

Data Markdown Optimization

Markdown Optimization Markdown Optimization



Sample Output

Model Output (for Women Blazer)

5 weeks to go

4 weeks to go

3 weeks to go...

)

PERIODO 1 [ PERIODO 2 [ PERIODO 3
CLUSTER | Precio_Regular| INV_1 [PRECIO_1]saLes_1][PROF_1]pPRECIO_2[sALES_2]PROF_2[PRECIO_3[sALES_3]PROF_3
13900 59.95 4 | 4995 o 11 | 4995 [] 9 39.95 0 10
12900 50.95 185 37 1,837 | 49.95 28 1,387 | 39.95 34 1,354
11900 59.95 793 198 9,894 | 4995 138 6,887 | 39.95 169 6,767
9900 49.95 1,023 | 251 10,030 39.95 172 6,856 | 29.95 233 6,966
7990 39.95 1,468 | 406  12,174| 2995 268 8,015 | 24.95 305 7,612

SALES ESTIMATE

PRICING DEC......
(MARKDOWN)

J

ESTIMATED FUTURE

MARKDOWN

Back to Zara: New Pricing Process

» Max n° categories

= Minimum markdown
» Horizon length

« Aging price factor

» Salvage capacity

Input Data;

* Past campaigns

» Current campaign

* Historic markdowns

Pricing
Optimization
Model

EGEN
Estimation
Model

Output Data:
Markdown list
Price per cluster

:

Input Data:
* Stock levels

» Broken assortment factor
» Commercial prices

» Salvage price

The model and the following results are based on the work of Felipe Caro and Jeremie Gallien

Pilot Test Experiment Design

Belgium
(23 stores)

France
(107 stores)

Test groups are priced with
the optimization medel

Control

Control groups are

In France, both test priced manually

and control groups are
priced manually

Control

4



Pilot Test Results

Performance metric:

Y = % INCOME =

CLEARANCE SALES REVENUE + SALVAGED

INITIAL STOCK VALUED AT SEASON PRICES

Y performance 2006 2007 Average
B F B-F | B F B-F B-F 2008

Woman Blazer | 35.3% 27.8% 7.5/ 38.8% 33.5% 5.3 3.7

Basic 8lazer 43.6% 37.4%  6.2| 50.2% 45.2%  5.0| 4%.7% 23 ] S

T.R.L. Trouser 47.6% 45.7% 1.9] 45.5% 40.2% 5.3 0.0

T-Shirt 42.8% 43,1%  -0.3| 45.9% 43.2% 2.6 2.6 f

Woman Trouser | 36.5% 31.6%  4.9| 51.3% 44.5% 6.5 -14 W

Basic Trouser 56.3% 49.3% 7.0| 48.9% 48.8% 0.1 -6.0 .-2.5

T.R.L. Blazer 48.8% 34,5% 14.3| 34.1% 45.5% -1L5 -1.8 ’

T.R.L. Skirts 52.0% 43.4%  8.6) 41.3% 31.7% 9.6 -1.0| )

+4% or $47M
in additional profits

J

Revenue Management 1 Wrap-Up

1. Revenue Management = Limited inventory
sold to the right customers.

2. Markdown management is a mode for such
discrimination in retail

3. Scientific RM = $$



Announcements

1. Recitations this week on RM

2. Simulation Report is due May 12 (last class)

Revenue Management (2)
1. How to design booking limits?
2. What about managing a network of routes?

3. Are there other application areas?

The 2-Fare Model

« Selling air tickets (Leisure and Business)

Pio Phi
~.V! V! ,Vi V!
Bookings Open Take-off

.

The 2-Fare Model: Data

D_lo

P_lo=200 Wt o
P_hi =310 it 12

100 seats week 18




Booking Limits/ Fare Protection

* Allow the sale of at most X leisure tickets
* New request for business class - accept
* New request for leisure class

— How many leisure sold so far? (say 10)
— Acceptonly if 10 < X

* Naive Approach: Set....
— X = C - Expected Business Demand

Littlewood’s 2-Fare Model

C seats

Ample leisure demand D >> C
Business demand uncertain Dg
Leisure arrives before business

What is booking limit with a crystal ball?

What is booking limit otherwise?

Littlewood’s Rule

Consider selling the X+1st leisure seat

Potential Loss

— $py, - if we see demands for a business ticket > C - X
(reserved capacity to business tickets)

E[Potential Loss] = p,,; P(Dg > C - X)
Net Expected Gain = p,,-py,; P(Dg > C - X)

Sell if and only if p,,-p,; P(Dg>C-X)20

Littlewood Model

Set X* so that

P(Ds £ C=X")=1-22
Phi

Same formula even if D is random!




Applied to Data

D_lo

Woek I 07

Week 2 109

Week T 104

Week 4 81

Week 5 &

Woek 6 10

Week 7 85

Week 6 110

Week 9 87

Weck 10 a1

Week 11 8

Week 12 129

Week 13 14

Weck 14 109 . .

ek 15 8 This is NOT a small
week 16 o

weck 17 o Number!!
Week 18 &0

Week 19 101

Week 20 %0

Week 21 - .
Wk 22 75 ~1% gain
Week 23 gl

Week 24 80

Week 25 107

Week 16 107

Week 27 92

Week 26 uzl

Mean 99 20

Scev 140114255 15.8942613

Capacity Management

SEA-LAX ($110)
LAX-BOS ($00)
SEA-BOS ($180)

100 seats

100 seats

+ What is SEA-BOS seat inventory?

The Network Effect
SEA-LAX ($110) (E[D] = 65)

———  LAX-BOS ($90) (E[D] =30)
SEA-BOS ($180) (E[D] = 60)

isplacement Cost /

100 seats

The Network Effect

* What to do?




The Network Effect

+ Assume deterministic demand, say mean:
dseaax™ 65, diax.sos™ 30, dsgapos = 60

+ Maximize Revenue:
#(SEA-LAX)110$ + #(LAX-BOS)30$ + #(SEA-BOS)180$

+ Subject to constraints:
#(SEA-LAX) + #(SEA-BOS) €100 | [ . - |
#LAX-BOS) + #(SEA-BOS) S 100 | |Limited seats |
HSEA-LAX) € dgeapax S
#LAX-B0S) S diacgos - | Limited demand
#SEA-BOS) < degapos &

The Network Effect

SEALAX ($110)
LAX-BOS ($90)

SEABOS ($130)  Max 110x1 + 90x2 +180x3

s.t. x1+x3=<100

x2 +x3<100

0<x1566

; 0<x2530

100 seats Sy A 0=x3<60

Solution:

x1" =40 “l — - )
x2* =30 i | Good proxy for ‘Virtual Inventory’ |
x3'= 60 : ]

Hotel Capacity Management

SUN_ MON  TUE WED THU FRI SAT

— .

Eg. Weekday ($$) vs. Weekend ($)
* Itinerary = (price, block of days)

+ Eg: ($600, Sun-Mon)
+ Seats = Room Capacity on Each Day
+ Estimate demand for each block

Estimation And Forecasting

Based on historical demand

— Data Validity?

— Frequently more than 20 fare classes

— Demand shocks

— Buy-down and Buy-up impacts - ‘Spiral Down’
Delicate modeling balance

— Crude models - well estimated, hedging issues
— Detailed but wrong models

Many open problems

— Typically very secretive




Typical RM System
Architecture

Analyst DeciTion Support

Extract,
Transform, and
Load Transaction
Data

Forecasting — Optimization

Revenue Management System

Real Time Transaction
Processor (RES System)

Requests for Inventory

Legacy Systems

Very complex software products
Hard to bring about changes
Training

Understanding

Where is RM?

Airlines
|Apparel = MASSIVE DATA SETS
Freight & Cargo
Cruise Lines ‘ -
| Car Rental Advertising
| Retail | Entertainment
Hotels \ Oil and Gas
E-Commerce
(Mature) | Insurance

Billions of Dollars on the Table ’ (Emerging)

Revenue Management 1 Wrap-Up

Revenue Management = Limited inventory sold to
the right customers

Markdown management is a mode for such
discrimination in retail

Yield management = Hedging against high paying
demand

Scientific RM = §$
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Announcements Revenue Management (2)

1. Recitations this week on RM 1. How to design booking limits?
2. Simulation Report is due May 11 (last class) 2. What about managing a network of routes?

3. Are there other application areas?

The 2-Fare Model The 2-Fare Model: Data
i bl D
| Week 1 : SUrg o
. u s e . . [Week 2 : 109
+ Selling air tickets (Leisure and Business) Weok 3 io4
Week 5 84
| k 4
P Phi e ‘o
| Week 8 110,
P_IO =200 w:: ?o 1:3;: *
| Week 11 e
IWeek12 1. 1294
P_hi =310 weekis 0ol
Week 15 83
Week 16 87
Week 17 99
100 seats W:ek 18 83
LWeek19 101
Bookings Open Take-off Week gf: ;2
| Week 22 75 0
time — ) w:::gi : 'gg :
Week 25 ' 107
Week 26 107
Week 27 92

%

Cw)



Booking Limits/ Fare Protection

Allow the sale of at most X leisure tickets
New request for business class - accept

New request for leisure class
— How many leisure sold so far? (say 10)
— Acceptonly if 10 < X

Naive Approach: Set....
— X = C — Expected Business Demand

Littlewood’s Rule

Consider selling the X+1st leisure seat

Gain
= $plo
Potential Loss

- $py,; - if we see demands for a business ticket > C — X
(reserved capacity to business tickets)

E[Potential Loss] = p,,; P(Dg > C - X)
Net Expected Gain = p,, - p;,; P(Dg > C - X)

Sell if and only if p,,-p,, P(Dg>C=-X)20

Littlewood’s 2-Fare Model

C seats

Ample leisure demand D >>C
Business demand uncertain Dg
Leisure arrives before business

What is booking limit with a crystal ball?

What is booking limit otherwise?

Littlewood Model

Set X* so that
* Dlo
P(DBSC—X )=1-———
DPhi

Same formula even if D,_is random!



Week 1
Week 2
Week 3
Week 4
Week 5
Week 6
Week 7
Week 8
Week 9
Week 10
Week 11
Week 12
Week 13
Week 14
Week 15
Week 16
Week 17
‘Week 18
Week 19
Week 20
Week 21
Week 22
Week 23
Week 24
Week 25
Week 26
Week 27

Week 28

Mean
Sdev

100

Applied to Data

Naive Littlawood
0 16000.00  17000.00
22200.00  21650.00
16000.00  17000.00
16000.00  17000.00
22200.00 21782.35
22200.00  21650.00
20194.69 21194.69
20408.18  21408.18
16219.29  17219.29
22200.00  21650.00
16000.00  17000.00
22200.00  21650.00
22200.00  21650.00

22200.00  21650.00
131599 19ms9s  Number!!
21674.50 2183337

22200.00 21650.00
21506.59 21650.00
16000.00  17000.00
22767.77  22767.77
2220000 21650.00
22200.00 22162.21
21583.92  21650.00
22200.00 " 21650.00
650.00

~ 1% gain

20198

] 1 ‘20
© 14,0114255 15.8982613

The Network Effect

SEA-LAX ($110) (E[D] = 65)
LAX-BOS ($90) (E[D] = 30)
SEA-BOS ($180) (E[D] = 60)

100 seats

eats

loamsse isswa  This is NOT a small

Capacity Management

SEA-LAX ($110)
e LAX-BOS ($90)
SEA-BOS ($180)

+ What is SEA-BOS seat inventory?

The Network Effect

~ .

Brates penegad by ks sis st s e i

i pe Smptu ety s
—

« What to do?



The Network Effect

« Assume deterministic demand, say mean:
dseaax= 65, diax-gos= 30, dseaos = 60

« Maximize Revenue:
#(SEA-LAX)110$ + #(LAX-BOS)90$ + #(SEA-BOS)180%

« Subject to constraints:
#(SEA-LAX) + #(SEA-BOS) < 100 } T
#(LAX-BOS) + #(SEA-BOS) < 100 | L imited seats |
#(SEA-LAX) < dgpa. ax

#(LAX-BOS) S d| ax.50s } | Limited demand |
#(SEA-BOS) s dggpm0s

Hotel Capacity Management

SUN MON TUE WED THU FRI SAT

—

—~

Eg. Weekday ($$) vs. Weekend ($)
* Itinerary = (price, block of days)
- Eg: ($600, Sun-Mon)
+ Seats = Room Capacity on Each Day
+ Estimate demand for each block

The Network Effect

100 seats

Solution:
x1* = 40
x2* = 30
x3* =60

—— SEA-LAX ($110)
= LAX-BOS ($90)

T SEABOS ($180)  Max 110x1 + 90x2 +180x3

s.t. x1+x3<100
x2 +x3 <100
0<sx1<65
0sx2<30
0<sx3=<60

100 seats

}

Good proxy for ‘Virtual Inventory

Estimation And Forecasting

 Based on historical demand

— Data Validity?

— Frequently more than 20 fare classes

— Demand shocks

— Buy-down and Buy-up impacts - ‘Spiral Down’
» Delicate modeling balance
— Crude models - well estimated, hedging issues
— Detailed but wrong models
* Many open problems
— Typically very secretive




Typical RM System
Architecture

Analyst Decision Support

: 7 |
|, Transform,and §
¢ Load Transaction T

Forecasting

(NEEIIE el YA

i

&é Optimization |

Real Time Transaction

" Processor (RES System)

[l

Requests for Inventory

Where is RM?

Airlines
Apparel

Freight & Cargo
Cruise Lines
Car Rental
Retail

Hotels

(Mature)

N

Billions of Dollars on the Table

MASSIVE DATA SETS

Advertising
Entertainment
Oil and Gas
E-Commerce
Insurance

(Emerging)

Legacy Systems

Very complex software products
Hard to bring about changes
Training

Understanding

Revenue Management 1 Wrap-Up

Revenue Management = Limited inventory sold to
the right customers

Markdown management is a mode for such
discrimination in retail

Yield management = Hedging against high paying
demand

Scientific RM = $$



