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Forecasting Product Demand.:
Demand for Hollywood Movies

m Why is forecasting new product demand
Important?
To make optimal marketing allocation
decisions
m $ of advertising, # of screens, etc

m Why is it challenging?

Because demand is highly variable

m High for some products, low for others

“The Woodsman” had a budget of $30mill, but | |
made only $54,000 on the first week-end

“High Tension” had a budget of only $430,000, |
and made $1.9 mill on the first week-end

“Alexander” made $14 mill on first week-end
Because demand changes over life-cycle
m High early, low later; sometimes vice versa
m Changing rate of decay

THE WOODSMAN
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Movie Demand
Decay Rates

m Movie demand decays
at varying rates

Some decay at log-linear
rate; others have sudden
drops

Some increase over time
(“Sleepers™); others
behave very volatile
m Our goal is to forecast
demand decay rates
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Our only (or main) source of Info:
Data from a Prediction Market

The Hollywood Stock Exchange (www.hsx.com

home movies H$hop login
join

HOLLYWOOD STOCK EXCHANGE

HS7 66 ] HS72 56
HS54 26 Jennifer Cooli HE51.17
HS104 11 Thomas Kretsch HS37 37
HS43. 42 . Fred Willard HS$52.78
HS169 37 B John Corbett HSa7 23

(2 |

MovieStocks & StarBonds i TELL ME MORE

[AFERR] 5 : Weekend Openers
Take a position on the

H$15.00 ’ Berlin Film Festival - new movies opening this
This beauty became a household name with Ugify = e . weekend. o =

Betty and will appear in La Adisrma Luna.
Jim Carrey bets it all on Invest in your favorite

[VIEW CALENDAR] RADE NOW
Numbe, '3 on the roulette TEmEES. ~d T e

ONE MONTH . wheel this weskend. your predictions.
The Astronaut Farmer = LY
The Abandoned Community Talk Board i_? utu Releases
Amaring Grace | 2 Che t the latest See which films are
Hollywood news and scheduled for release
ange-related i‘—‘ next month. even next
- ) E year.

Movie Market Lab
Richard Sharpe +1940 89 9 the world's most popular Keep an sye on the biggest movers
+1888 84 prediction markets. Learn more. with these powerful tools.

el oy, 2007 AwardOptionsS™

+1544 63
+1472 .19

SEARCH .©

[VIEW LEADERBOARD] -




What Is a Prediction Market?

m [t is a speculative market created for
the purpose of making predictions
Similar to the stock market

Assets’ final cash value is tied to an event
or parameter

Will the next US president be a
Democrat?

What will be the magnitude of gasoline
prices next quarter?

Current market price can be interpreted as
probability of the event or the expected
value of the parameter.

Also referred to as information market,
decision market, idea future, event
derivatives, virtual market, ...
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lowa Electronic Market and the

2008 US Presidential Election
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Sports, Politics, Society, Money,

News, and much, much more ...

Will there be more than 9
named Atlantic Hurricanes
in 20087
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More major corporations use VSMs

= ®despo rts co m E lowa Electronic
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e Street.
new utures EXCHANGE
s - Generate ideas

- Design new products
' . Test ad effectiveness b
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We use data from the Hollywood

Stock Exchange (HSX)

m On HSX, one can trade movies, actors, and more
MOVIESTOCKS STARBONDS

LISTING @ SEARCH ®
LISTING @ SEARCH &

SCHEDULE @ OPENERS © TUP 1 5

TOP 15

JDEPP H$107.54 1]

INDI4 HS226.08 +17/8
AJOLI H$93.53 +12

SIMPS HS148.01 HALTED

BAFFL H$32.32 +1/4

Harry Patter and the Order of the Phoenix HPOTS H$251.01 -31/8 ASAND HE101.71 +11/4

The Bourne Ultimatum BORMN3 H3147.03  +21/2

JROBE H$55.50 1]

The Hobbit HOBIT H$a1.21 +1/2 BPITT H$111.89 -1 14

Harry Potter and the Half-Blood Prince HPOTG H$213.99  +5i8 MDAMO H$91.62 +1 1/2

B 1 ustin Powers 4 AUST4 H$50.85 AR Samuel L. Jackson SLJAC H$25.03 -1i4

Terminator 4 TERMA H34021 34 )| vicote Kidman NKIDM HS5899 -3/




Works just like a Stock

Market

Natasha Foutz's Movies Portfolio NET WORTH
today's change: H$4,002.00 H$2,004,002.00
CASH INTEREST INVESTMENTS
H$2,000,000.00 H$287.67/day @ +5.25% H%$4,002.00
RANK % GAIN
Overall Rank: 0 Week-to-Date: +0.20%
Change in Rank: up 0O Month-to-Date: +0.20%0
Percentile: +100.00% Season-to-Date: +0.20%0
How do I rank? Year-to-Date: +0.20%0
Graph Net Worth: 30,60,90 Lifetime-to-Date: +0.20%
Jump to your STARBOMNDS - FUNDS - OPTIONS
X . Release
MovieStocks Date Phase COMPLETE LIST »
| 0 MovieStocks 0 shares H$0.00 Hs0.00 D%|
StarBends™ COMPLETE LISTH
| 1 StarBonds 100 shares H$4,002,.00 H%4,002.00 +SBD,ID49,106,8?1,910,401]%:|
symbol shares avg paid curr price change total value net againfloss =, guicktrader
POTOO 100 HS0.00 H540.02 025 H%$4,002 .00 H$4,00200 0% Trade
Jump to your MOVIESTOCKS - STARBOMNDS - OFTIONS
funds COMPLETE LIST b
| 0 Funds 0 shares H$0.00 H$0.00 O”fo|
optfcns COMPLETE LIST »
| 0 Options 0 shares H$0.00 H$0.00 0%|
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What do | get In

m The key challenge for
prediction markets are
the right incentives:

Why would you submit

your wisdom to the
market?

Some argue that
prediction markets based
only on play money will
not work

HSX (and others markets)
prove this wrong!

return?
H$hop Redemption

Short on H57? Click here for Cash Only prices.

Summer Special! Receive a free PEN with your first $10 purchase
and a free WAND with your first $25.

510 million + US$12.00

H515 million + US$10.00

Size: Medium

H%15 million + US$10.00

Size: Medium

: S Hs10 million + US$7.50



More incentives...

Leadertoara

LEADE :' BDARD clase whndowr

e er I s |
rank = N na e gain wrorth

1 hl orey bl agnet Z0.95 o6 H$5,201,661.86
= Tirm EERC-TaLTS HE=2,029,207. 37
= liah katlin ZZ. 05 %6 HEZ, 440,91 6. 53
4 Jeff hlcDerrmott Z0.01 %% HE 2,479,172 70
= Frogoy and the Ho Piggy 19,81 o HE 4,631,992 16
= hiick bl athews 19.52 o H$ 2,005,622 06
Ed sirmon lopez 19,45 o5 HEZ2,285,071.96
=2 wwild Bill 1838 26 HE 2,299 96713
=] Leticia Ford 12.15 o HE=,281,741.47
10 Sigz 16.07 2% HE 4,722 ,570.89

Fankings Current o= of 09-JUR -20085

MONTH-TO-DATE

rark SCcreen name
1 M aney bl aon et 160 03 26 HES, 201 ,661. 86
pr bret shucke row 5. 86 %% HE 4, 2287 319 a5
=] Andreve Wt i s F3.A2 %% HF3,5589,623. 582
a rurray Hainer T2 BT 2% HE=2, 511,103 52
= Mike M cocCTaTe F2.20 %% HFS, 089, 73611
(=] i att Breseden B2 43 25 HE 32,268,559 68
e Shane Spence B2 37 2% HES 6534, 247 a8
= mMichael b attioli 55,95 2% HF 3,965,725 12
eatured on the N .
10 mMario MacFoo 52,39 2% HF3,555,930. 86

Rankings Current as of OS-JUR 2005

SEASON-TO-DATE

(14 17 rank screen name
Scott Howvward Z2=1.70 HES, 522,942 22
= ianira nartarrate 200 32 HES, 350,443 45

1 )
%
= Tigoda 129,12 % HES 552,299 73
4 Mike Reves 155 02 %% HE10,960,505.15
=] Jon Robhb 120,63 %6 HES 633,01 2 60
=] gookher saurus 170,11 2% HEF, 2327, 294.54
Ed steve harrington 167.01 %% HE 7, 252,933 26
= Bio Kithr 16390 % HES 773,859 18
=] mMoneyhlagnet 160,05 %6 HES, 201 ,661. 86
10 Shane Spence 15426 % HES 634,247 48
Ranking=s Current as of O9-JUr -2008
YEAR-TD-DATE
rank screen name gain worth
1 Set Srmarter!!! Y TD 2008 2972 99 % HE181,459, 747 232
2 _* John MoCain n2002 4232247 % HE22, 449, 472 03
3 helmetz A4091.71 2% H$23,834,160. 26
4 Decorman ¥ TD Z00Z 3907.11 2% HE$20,142,163. 76
S Sroup Captain Lionel Mandrake ~TD I659.7T6 % HS$7S,195,191.40
=] maguire 23211.81 % H$E62,23236,261.27
i DragonCrop 32191. 06 % HE65 221,212 29
=] LaukixTD 02 (Reset 27117 2792 068 % HE57T 241,222 00
=] mlitekraz ¥ TD 2529 .96 % HE$52,597,237.92
10 gav0e 24659 92 % HE51,291,517.032

Rankinoas Current as of 09-JJ M -2005

1 Tembot S57938.07 % HE11,160,761 460232
2 The Full Merino 467657 BS % HES, 355,153,093 41
3 The Moghul of The Rings 424199 70 %% HES, 485 993,904 89
4 HaAL gooo ITEOZ0 95 % HET, 522.419,218.07
S Trader Jones 324206 05 % HEEG, 486,121,059, 41
G HAL 2000 214417 98 % HER, 290,359 528 958
v Zeitgeist Y2655 77 % HES, 855, 115,437.39
= oA 2905873 26 % HES, 519,465, 217.61
a Pint-Sized Txredd 285621, 3236 % HES, 714, 427,111.32
10 HEX S&P: MOWVIES - BORDE - FUNMDESE - OPTIOMS 2TO2E4 565 2 HES, 599 691,244 12



o
Some curiosities...

Welcome to eBay! MNeed help?
Take a tour to learn more

Find more items similar to: Hollywood Stock Exchange Billion Dollar Portfolio! HSX!

See all items in: Internet Games > Other

m ...and you can
. Hollywood Stock Exchange Billion Dollar
sell your virtual Portfolio! HSX!
p O rtfo I i O O n Bidder or seller of this item? Sign in for your status Watch this item il Q“:,,

eBay! s

Currentbid:  US $15.50 Seller:  bigclayfan (39 ¢ )

Feedback: 100% Positive

Member:  since Jul-13-03 in United States
Read feedback comments

Ask seller a question
End time: Sep-18-07 21:23:05 PDT Add to Favorite Sellers

{3 days 5 hours)
Shipping costs: FREE
Standard Flat Rate Shipping Buy safely

PayPal account required

View seller's other items

Service 1. Check the seller's reputation
Service 1o United States Score: 39 | 100% Positive
Ships to: Worldwide Read feedback comments
2. Check how you're protected
" . Item location:  Missouri, United States .
View larger picture - ) PayPaj' Up to $200 in buyer
History: 16 bids protection. See eligibility.

High bidder: bdhsx (0 ) 8

You can also:
Hollywood Stock Exchange Billion Dollar Portfolio

This auction is for my HSX portfolio currently worth just over 1 Billion Dollars. I've
gone back to school and I don't have much time to play any more. If you're a member
of the HSX movie community and you're scraping along with a few million dollars,
now's your chance to save a few years of hard work and buy all the MovieStocks and
StarBonds you want to own!

Bidding starts at only One Dollar!
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Sample Data from HSX

m \We want to use
the shape of the
trading data

Concave, convex
Linear, nonlinear

Volatile, non-
volatile

m Shape captures
Information
cascading,
herding
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Second Reflection:
Our Full Forecasting Model

Early forecasting!

Trading
shape

-

Movie
release

- " e .

S L4
\\\~',’ Qayshape

HSX market information

U

Input Shapes

Movie Demand

U

Output Shapes

@ Model via Boos@ §
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Shape Analysis: Basic ldea
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Characterize decay
rates by principal
component scores
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Functional Shape Analysis of Decay

80

m Functional principal component
analysis

First 3 PCs explain over 98% of all
decay variation

60

40

m PC’s capture different decay ¢
aspects L
PC1: “slow decayers” - movies that Cot Rt

hold demand in later weeks

PC2: “sudden droppers” - movies that
decay suddenly after first few weeks

. “sleeper” movies - movies that
gain only very late

Principal Component
-0.2 0.0 0.2 0.4

-04




lllustration of Decay Shapes

m PC1: Batman and esp.

Monster hold demand high in
later weeks

m PC2: Anchorman suddenly

drops to zero after week 6

m PC3: Monster generates

Principal Component

demand only very late
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Important: There are more than 3
Shapes -- The “DNA” of Decay

GUESS WHO VALENTIN

10.0

m 3 PCs are only basic building
blocks for different decay shapes
There are many more decay patterns
Movie-specific shapes captured by the 02 4 68 02 4 6 8

Log—-Rewv
10 15
1 1
Log—Rev
9.0

5
L

corresponding PC-Scores fime Time
m Linear combination of 3 basic PCs GUESS WHO VALENTIN
We use similar ideas for capturing P e
shapes of HSX market information l l l) |>
1i0 1?5 2I.0 2?5 3‘.0 1?0 1‘.5 2.|0 2‘.5 310
Principal Component Principal Component

Late-dropper, Non-dropper,
little-sleeper late-sleeper



Where we are, where we are going

m  We now successfully
have...

...characterized input
and output shapes
using the principal
component scores

m We still need to...

...model output
shapes as a function
of input shapes

Trading

hj-*/
N

\\,__d," | Decay shape |
/

L
>

HSX market information

0

Shape Analysis

Input Shapes

Movie Demand

s

Output Shapes

@ Model via Boosting §
4
1

1
1
1
1
1
1

Different modeling options:

linear, nonparametric, neural

networks, boosting, etc



Modeling Input & Output Shapes

m Different modeling
options
Linear Models
= Simple, straightforward

Generalized Additive
Models (GAM)
s Flexible, non-linear

relationships between
XandyY

Boosting

s Can capture non-
additive data structure
between X and Y

Input Shapes

Output Shapes

@ Model via Boosting §

PCE1

PCE2

PCES

o[ [ R [

>

PCE1

PCs2

o[ [ [ R [




Predictive Accuracy

m Ten-fold cross-validation
to gauge predictive
accuracy

Predicting demand for

the first 10 weeks after
movie release

m Prediction best for the
Boosting Model
Evidence that there data

has non-linear, non-
additive structure

Prediction Error (in millions)

13.0

125

12.0

115

11.0

Linear

GAM

Boosting ®
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What's left? Inference...

m Functional Shape Analysis:

Powerful model for
predicting demand decay

Disadvantage: hard to
interpret
= Both model input and

output based on principal
components

m Solution

Reverse-engineer the
process

Create “dependence plots
that unveil the input-output
relationship

Input Shapes
(HSX trading

Output Shapes
(Demand decay

Idealized
Input Curve

]nference

histories) - Model Estlmatlon pattern)

I . R
“"S:i;ape““. lnpUt /- \ OUtpUt ;"Shape .‘;
* Analysis / Principal ‘( Boosting | ‘ Principal dnalyss

Components . J Components
e
:',éi1ape“,‘\\ Idealized f Estlmated Predicted ‘Shape“‘-,
 Decom- | Input q Model - Output "Recon-
poSﬂuon Components Components Strucllcfn

Resulting
Output Curve




Dependence Plot (1)

m Input curves measure the
effect of different shapes

Curves start and end at
same value, only differ in
path

Early market growth vs
late growth

Manifestation of early
and last-moment hype
about a movie

m Resulting demand decay

Early hype leads to high
early demand, but rapid
decay

Last-moment hype leads
to lower initial demand,
but slower decay

|dealized Input Curve

/Eesulting Output Curve

80

20

=0 I i =l

HSX markeTt“information

Movie Demand




Dependence Plot (2)

m Input curves
S-and inverse S-shape

Inverse S-shape
combines early and last-
moment hype

m Resulting demand decay

Both S-shapes result in
higher demand
= Indicates the

importance of herding &
diffusion dynamics

Inverse-S combines best
of both worlds

= Both early and late
diffusion dynamics

ol -

|dealized Input Curve

Resulting Output Curve

HSX markeT'F information

Movie Demand




Conclusions

m  Market shapes carry valuable N Movie
information e release
. Tradi - RN .
Result in more accurate forecasts | snape: N
Give insight into impact of <
herding behavior, information ———— P oo
cascading, hype, etc
. . Shape Analysis
m Many different methodological 1l il
challenges Input Shapes [ Outout Shapes |

Modeling decay @ §

Modeling trading shapes

Selecting important market
information

Linking response and predictors



