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Web [(# Show options...

Hulu - Watch your favorites. Anytime. Forfree. - 10 visits - Feb
25

Hulu.com is a free online video service that offers hit TV shows including
Family Guy, 30 Rock, and the Daily Show with Jon Stewart, etc.
www.hulu.com/ - Cached - Similar

TV Guide, TV Listings. Online Videos, Entertainment News

and ...

Find local TV listings, read the latest TV show scoops, celebrity gossip and
movie reviews and blog about your favorite TV shows, movies and
celebrities.

www.tvguide.com/ - Cached - Similar

TV Listings - Find Local TV Shows and Movie Schedules

- Listings ...

Nip/Tuck Comes to an End - Criminal Minds' Gubler Makes
Directorial Debut - Get Your Oscars Fashion Fix on TV Guide
Network ...

www.tvguide.coml/listings/ - Cached - Similar

TV.com - Free Full Episodes & Clips, Show Info and TV
Listings Guide

Mar 3, 2010 ... The best source for free videos, show and episode info, TV
listings guide, cast lists, TV gossip, and entertainment news.

Shows - Browse All - Episode Guide - NCIS

www.tv.com/ - Cached - Similar

Search Advanced Search

View customizations

Results 1 - 10 of about 1,760,000,000 for TV [definition]. (0.23 seconds)

Sponsored Links

Google TV Ads

Google TV Ads Helps You Buy, Sell,
Measure & Deliver Your Advertising!
www.Google.com/TVads

Tv

Shop The Latest TVs At Best Buy.
Buy Online & Pick Up In-Store.
www.BestBuy.com

Cheap TV Prices
LCD, Plasma, HDTV and Projection!

Many Sizes for Sale. Reviews, Too.
www.NexTag.com/TVs

TV at Amazon

Low Priceson TV

Free 2-Day Shipping w/Amazon Prime!
www.Amazon.com/HDTVs-Video-Audio

Top 10 Bestselling TVs
Bestselling TVs at Low Prices

Compare Great Offers & Save Big
deals.lcdTVprices.net
Rhode Island
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Agent Evaluation

Stylized Real World

Capturing interesting Financial risk and
real-world elements? market noise
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Agent Evaluation

Stylized Real World
Capturing interesting Financial risk and
real-world elements? market noise

® 6-8 agents compete simultaneously
® Play many games with different market conditions

® Agent with highest average profit wins tournament
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Presentation Outline

® Ad auctions game

® Optimization problem (stylized knapsack problem)
® Model-heavy (greedy multiple choice knapsack algorithm)
® Model-light (rule-based algorithm)

® Experiments

® [uture work
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Every day:

. submit bids

Loop:
A. Users place queries
B. Publisher assigns slots/CPCs
C. Users click/convert

2. receive summaries

/
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Advertiser decisions

For this query type:
*Bid
*Budget

Overall budget
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Get The Best Deals on Name Brand
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Flat Screen Televisions
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Find Great Savings Online.
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www. Target.com
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How does publisher
position and price ads!
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Advertiser

Bid X Quality & Score Slot CPC
$4 I 4
$3 3 9
$2 6 12
$1 8 8
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(Minimum bid to)

retain slot
Advertiser Bid X Quality & Score Slot CPC
$4 I 4 X
$3 3 9 2 (8/3) = $2.67
$2 6 12 I (9/6) = $1.50

$1 8 8 3
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User Click Model

Quely

Slot

Advertiser Ad Type

Generic

. O
T — e

Click?
Convert!

Pr(Click): advertiser quality, ad type

Pr(Convert): user state, capacity, comp. specialty
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Presentation Outline

® Ad auctions game

® Optimization problem (stylized knapsack problem)
® Model-heavy (greedy multiple choice knapsack algorithm)
® Model-light (rule-based algorithm)

® Experiments

® [uture work
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Stylized Knapsack Problem

® Equimarginal principle: equatin
?El%ij D (revg(5g) — costy(5,)) st mqarginalgretufn on I?nvesjmentg
1€C (marginal ROI) across uses (queries)

Z salesqy(54) < C maximizes profit, assuming
gEQ diminishing marginal returns.

rev,(S,) = sales,(5,)USP,

costy(5,) = mnumClicks(s,) CPC,(5,)

sales,(S,) = numClicks(s,)PrConv,(5,)
numClicks(5,) = 1,PrClick,(5,)
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Presentation Outline

® Ad auctions game

® Agent architecture

® Optimization problem (stylized knapsack problem)
® Model-heavy (greedy multiple choice knapsack algorithm)
® Model-light (rule-based algorithm)

® Experiments

® Future work
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Muki - Waikch your favories. Anytime. For Iee

e com 18 & Yoo oriine video servics Bt ofers Mt TV shows noludng
Farwy Guy. 30 Nock, and Be Daly 5how with Jon Sewat, o

TV Guice, TY Latngs, Oniee Videos, Enenainment Nows

TV hstngs, mad e et TV show s00004. ORebaly gossd
W3 DAOQ S0 your Svnte TV shows, Mowes ang

ormes © an End  Crmnal Mincy' Gubler Mauen
Dreciodal Detnst - Get Your Oucars Faahon P on TV Gude
Networs
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TV.com - Free Ful Episcdes & Chps, Show Info ana TV
Latngs Gude

M 3 2000 . The Dast s0u0n v Sad “ae0s. S00w A0 epiaode i, TV
SIN08 Qade. cant ben. TV gossp. SRR e

Shows - Baoese AJ - Es0oe Gude - NCS

wen v

How much profit do we
anticipate!?
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Web & Show cotora Hasits 110 of about 1.760,000.000 or TV Befoton)

TV Latngs - Find Local TV Shown and Move Schedule

Go .3lc v

Web & Zhow cptora
Muli - Waich your favories. Amytme. For Iee

M com 8 & Yoo ordine video servion Bl ofery et TV shows noludng
Farwy Guy. 30 Nock, and Be Daly 5how wih Jon Siewad, ok

TV Guice, TY Latngs, Oniee Videos, Enenainment News

2%, el T Lt TV how 400004 Omalrty Oossd a0
MOWE Tevews 303 DIOG B30 your Sverie TV sowes, Mowes ang
i )

e N

TV Latngs - Find Local TV Showa and Move Schedules

SINGs ..
NpTock Comes © an End  Crrmnal Mindy' Cobler Maken
Dweciodal Dotast - Get Your Ducars Faahon P on TV Gude
Networs

aaa

TV.com - Free Ful Episcdes & Chps, Show Info ana TV
atngs Gude

M 3 2000 . T Dt s0ur0n 17 Sad w008 00w A0 epiaide i, TV
4308 Qs cantien TV 3040 and erdtanvent ‘was

Shows - Bawse Al - Esdoe Guide - NCS

wew v

st 1 - 10 of about 1.760,000,000 ©or TV efn

Ve Saomaaionn

o) (023 seconda)
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Model-heavy optimization

Google W
C

Go .q[c v Search oo see Go "{lk‘ v Search  sonces S
C C

e 2AXMLEiom e DAMLEION
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Farwy Guy. 30 Nock, and B Daly 5how wih Jon Sewat ol ’ ’ ’

Find oo TV etngs, mad P s TV show s00004. 0Rebaly 0osss Mo
ow WS I3 DIOG B30T your Sverie TV shows, Mowes and MOWE Tevews 303 DIOG B30 your Sverie TV sowes, Mowes ang
TS

TV Guice, TY Lstngs, Oniee Videos, Enenaioment News 89 I 8 TV Guice, TY Leings, Oniee Videos, Enenainment News TV Guice, TY Letngs, Oniee Videos, Enenaioment News
Fd oo TV SINQL. W] Te et TV ahow 4000048, Omabnty [ ’ " o TV hatngs, mad e et TV show s00004. ORabrly 0ossd M 8 ’ I 8 ’

MO Tevews 03 DIOG S0 your verie TV shows, Mowes ang

S i ]

TV Latngs - Find Local TV Shown sod Move Schedules 60 I O e . o 8 60 I 0 1V Ls " 3 60 I O
- 9 oy ’ M ] ’

o T— 20,4

TV.ce Free Full Episcdes & Chps, Show Info ana TV

Latngs Guide

NpTuck Comes ©an Ind Crrmnal Mincy' Gubler Maken
j !O 4 Network : ZO 1

Direciodal Dottt - Get Your Ducars Faaton P on TV Gude
Free Full Episcdes & Chps, Show Info ana TV TV.com - Free Ful Episcdes & Chps, Show Info ana TV

wen v

Laings Cude inga Gudde
M ) Y o Tt Das 800008 B St 008 S00W AN apesnde ko, TV M 3 2000 . T 2ast s0u0n v St w0008 SA0w ANG apesnde ko, TV D o Tt Dot 80008 B0 St 0008 S00W AN epiaode o, TV
S3008 Jade cantian TV 204 AT erdarianrert sens SIN08 ade, cast ben. TV oy e T ! et ” cant : P CPMRATRNL ey
Snows - Baowse AL - Easooe Guwde - NCS Snows - Baoese Al - Esooe Gwide - NOS )] st Al - Easoos Gwoe - NCS 9
conly

How many sales do we How much profit do we

anticipate!? anticipate!?

Models give us these values.

Vgs = 1qPrClickys(PrConv,USP, — CPCys

wes = 1qPrClicksPrConv,
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Model-heavy optimization

~ S~

Lo S[C w Go S[C v Search  somnoes S Go S[k v SOMTh  ~ovw e ea

Ve Saomcaionn Yo

Web & Zrow cptorn Hasi 110 of abont 1.760,000.000 r TV Befnton] (023 secorda) Web & Zhow cotors Hasuit 1- 10 of about 1.760,000.000 or TV Befnton] (023 secorda )

Momsaion

Web & Jhow cptora Hasi 110 of about 1,780/

Myl - Waich your favories. Anytime. For fee

Muli - Waich your favories. Amytime. For Iee Muli - Waich your favories. Anytme. For ee
e com s & oo oniine video servics et ofers Kt TV shows noludng 90 2 O e 0om 18 & Yoo ordre video servios Bl ofery Mt TV shows noludng e com 18 & Yoo ordne video servos Bl ofery M TV shows noludng
Farwy Guy. 30 Nock, and Be Daly 5how wih Jon Sieead, oic ’ ’ - ’

Famwy Guy. 30 Noch, and B Dy 5how with Jon Sewat ok Farwy Guy. 30 Nock, and B Daly 5how with Jon Sewat, oic

TV Guice, TY Lstngs, Onlee Videos, Entenaioment News 89 I 8 TV Guice, TY Listings, Oniee Videos, Entenainment News TV Guice, TY Listings, Oniee Videos, Entenainment News
ngd .. 'd \d
Find ocat TV Setngs, mad e Lt TV show S000046, OMebaty 0ossp and ’ :_: . > 89’ I 8 :_: 65’ I 3

A ~ . o TV stngs, ad P s TV show s00004. 0Rably D0sP My TV hstngs, mad Pe st TV show s00004. ONebaly 0ossd
MOwE Tevaws 303 DO S000E your Sverie TV Wows, Mowes ang TOWE Pvens 03 DIOG 80002 your vt TV snowes, Mowes ang MOWE Tevenws a0 DIOG 0002 your verie TV snows, Mowes a0
e )

A e M e

ngs - Find Local TV Shown and Move Schedules 60’ I O TV Latngs - Find Local TV Shown and Move Scheduie 60 I O TV Latngs - Find Local TV Shown and Move Schedule 60 I O

Isir

P v ~ .' - ,'.:'- il Mt ‘7’":'«”".'." N Tuck Comes ©an End Crmmal Mincy' Cubler Mauen Ne omes © an Lnd  Cremmal Mirdy' Gubler Maken
Dweciodal Detet - et Your Oucans Fashon Fis on TV Gude Drecioral Dot - Get Your Ducars Faaton P on TV Gude £ Get Your Oucars Faatvon P on TV Gude
20,4 20,4 20,4

TV.com - Free Ful Epsodes & Chps, Show Info and TV
‘o

TV.com - Free Ful Episcdes & Chps, Show Info ana TV TV.com - Free Full Episcdes & Chps, Show Info ana TY

waings Gude
M 3 2040 . Ths Bast source B Sad w3008 SA0W NG epianae i, TV
SIN08 Qade, cant beis. TV QOSD, A0 enatanment Sews
Shows - Bowse Al - E29008 Unade - NUS
—

wakngs Gude wakngs Gude

M 3, 2000 . T a2 s0u0n 1r s ae0s. S00w A0G epiande i, TV M 3, 2000 . The Dast s0u0n Br Sad w0008 $00w A0 epiaode i, TV
I8 ade cast len TV oM. a0d erdrianrent Mves 3008 ade cant e TV oAt 00 erdertanrer! Sras

Shows - Bowse Al - E5s00e Owde - NUS Shows - Bowse Al - E29008 Ut - NUS
Te '

How many sales do we How much profit do we But what slots should
we choose, given this
Models give us these values. information!?

anticipate!? anticipate!?

Vgs = 1qPrClickys(PrConv,USP, — CPCys

wes = 1qPrClicksPrConv,
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Web + "5 1 L]
Mul hy ‘a ¥ For e

™ 3 2 Yoo O V00 M Pl ofery W TV showa
f o y. ON ad ow Wi Jon Sew ¢
TV Guice, TY Letngs e. E

o TV hetngs. mad o TV sow ¥

e eas s 0 W » TV o

Ted

Vi v

<3

oT

ot

How many sales do we
anticipate!?

wq§7 vq§
90,20

89,18

60,10

Ve Saomasion
et 110 of sbout 1.760,000,000 or TV Befnton] 023 seconda)

How much profit do we
anticipate!?

Models give us these values.

od Move Set

Search  somoes s

95,19

89,18

60,10

20,4

10,3

Model-heavy optimization

st 110 of sbout 1.780,000,000 o TV et

Web + ]
MUl ‘a nytme. For e
= a2 Yo e V300 sorvion Bl ofers M TV showa 3
a y. ON ad ow wih Jon Seeat, okc
TV Guice, TY Lstings Entena
o TV hstngs, mad Pe TV show 2000
evens a3 Do ABons TV o
rea
TV Latr TV Shown Aove
wsing
NpT o Come an ™ M~ Cubior Mak,
Jreciodel Deb G mears Faah » TV E
Netvore
TV.iom Epistdes AC foana TV
Laings G
M) 0907 » 7 St - 2 Sp0de i, TY
I8 P TV gossp, and entew oot e
o0 B% 2 Owde - N

Search sowoss s

T ———
o) 023 secorda

67,18

65,13

60,10

20,4

10,3

information?

But what slots should
we choose, given this

Assume: capacity constraint is hard.

This is a multiple-choice knapsack problem (MCKP)!
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Multiple Choice Knapsack Problem (MCKP)

Lqgs -
qeEQ) SES

subject to Z qugxqg < C

qe seS
Zﬂ7q§ S 1 \V/q - Q
5€S5

res €{0,1}, Vqe@,5€ S

eeeeeeeeeeeeeeeeeeeeee



MCKP Greedy Algorithm

® Remove (LP) dominated items

® |[tem (I,100) dominates item (5,20) |(Wgs, Vg5
® Create incremental items

® (5,20),(8,35) — (5,20),(3, I5)

® Run a greedy knapsack algorithm on incremental items: i.e.,
take incremental items in nonincreasing order of efficiency

® Convert incremental items taken back into items

Kellerer 2004
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c=s  Model-heavy optimization

1.760,04 wq§7 vqg ;-:o“.:; | | it 1-10 1,760,000 wq§7 vqg

6, $70 e i e 6, $76
5, $75 S |5, $75
3,$60 s s vt e 3, $60
2, $50 e | ), $40
,$30 = | ], $30

55
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c=s  Model-heavy optimization

| Wgs,Ygs | Wgs, Vg3

6, $70 S——— A 2
5, $75 B |5, $75
3,$60 Wi s s 3,$60
2, $50 i | ) 40
1, $30 o e e st T 1, $30

® Remove (LP) dominated items

55
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c=s  Model-heavy optimization

| Wqs, Vgs = | wgs, Vs

[ 6970 | Dominated Sea———— Y & /3
5, $75 g | 5, $75
3, $60 Wi, ot i it 3, $60
2, $50 e | ), $40
1,$30 = | ], $30

® Remove (LP) dominated items

55

Sunday, September 5, 2010



c=s  Model-heavy optimization

wq§7 Uqé

Dominated Na——— Y ¥ /3
v tamscsnson | 3, $60 i e
|, $30

TV Guce, TY L g

LP Dominated

® Remove (LP) dominated items

55
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c=s  Model-heavy optimization

Go “Q-C w _ _ Go :;k W . _
Web & Zrow Hassits 1 - 10 of about 1,780 Web & Zrow Hasuits 1 - 10 of about 1,700,000
it et s s Dominated e e s e st 6, $76
TV Guce TYL gs, O e Videos, Enen ent News
Find local TV Betngs. sad P e TY show S00006. Rty 00 Mg
WS B0 DAOD SO0 your Sverse TV shows, Movies 8ng
1y 1v A '

5, $75 B e |_5, 575

3, $60 N e |3, $60 W 5
2, $50 e LP Dominated
| ’ $30 ~ r ettt I : $30 D

® Remove (LP) dominated items

® Create incremental items

55
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c=s  Model-heavy optimization

(;\? Qi¢c W k;\f gle 1w
Wqs, VUgs Wqs, Vqs
Web # Show st 1 - 10 of sbout 1,760, Web # Show st 1 - 10 of sbout 1,760,008
S ———— Dominated —————— I O ,$|
TV Guice, TY Listngs, Onlee Videss. Enten | News

5875 | 23D S e | 5> $75 2,$15

3,$60 ,$10 e e | 3,$60 W5 2, $30
2, $50 1, $20 ——— LP Dominated
| , $30 | , $3O . poown snd soummmnani oo | : $30 £ | : $3O

® Remove (LP) dominated items

® Create incremental items

55
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Model-heavy optimization

| Wqs, Vgs | Wgs, Vg5
6,970 | Dominated ———— NP § /3 1, $
5,875 | 2,315 B o |5, $75 2,$15
3, $60 ,$10 i rimsnann | 3,860 W 5 2, $30
2, $50 ,$20 CEELTTETT ONSHON S | P Dominated
1, $30 1,$30 s Emmmmmee [ e30 @2 | $30

Remove (LP) dominated items
Create incremental items

Run a greedy knapsack algorithm on incremental items: i.e., take
incremental items in nonincreasing order of efficiency

55
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Model-heavy optimization

| Wqs, Vgs | Wgs, Vg5
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1, $30 [,$30 s Emmmmmee [ e30 @2 | $30

Remove (LP) dominated items
Create incremental items

Run a greedy knapsack algorithm on incremental items: i.e., take
incremental items in nonincreasing order of efficiency

55
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Model-heavy optimization

| Wqs, Vgs | Wgs, Vg5
6,970 | Dominated ———— NP § /3 1, $
5,875 | 2,315 B o |5, $75 2,$15
3, $60 ,$10 i rimsnann | 3,860 W 5 2, $30
2, $50 ,$20 CEELTTETT ONSHON S | P Dominated
1, $30 [,$30 s Emmmmmee [ e30 2 [, $30

Remove (LP) dominated items
Create incremental items

Run a greedy knapsack algorithm on incremental items: i.e., take
incremental items in nonincreasing order of efficiency
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Model-heavy optimization

| Wqs, Vgs | Wgs, Vg5
6,970 | Dominated ———— NP § /3 1, $
5,875 | 2,315 B o |5, $75 2,$15
3, $60 ,$10 i rimsnann | 3,860 W 5 2, $30
2, $50 ,$20 CEELTTETT ONSHON S | P Dominated
1, $30 [,$30 s Emmmmmee [ e30 2 [, $30

Remove (LP) dominated items
Create incremental items

Run a greedy knapsack algorithm on incremental items: i.e., take
incremental items in nonincreasing order of efficiency

55
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Model-heavy optimization

| Was> Vgs o | Wgss Vg3
6,970 | Dominated a———— P & /3 1, $
5,$75 2,$15 T AT 5, $75 2,$15
3, $60 ,$10 s | 3,860 W s [ 2,$30
2, $50 1, $20 Fee LP Dominated
| $30 . $30 i Emmmameer || 630 W [, $30

Remove (LP) dominated items
Create incremental items

Run a greedy knapsack algorithm on incremental items: i.e., take
incremental items in nonincreasing order of efficiency

55
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Model-heavy optimization

| Was» Vgs o | wgss Vg3
6,$70 | Dominated Sa—————— A 1, $1
5,$75 2,$15 T AT 5, $75 2,$15
3, $60 ,$10 i e | | 3, 6019 5 [2,$30
2, $50 1, $20 Fee LP Dominated
1, $30 ,$30 i Emmmmameer || 630 W [, $30

Remove (LP) dominated items
Create incremental items

Run a greedy knapsack algorithm on incremental items: i.e., take
incremental items in nonincreasing order of efficiency

Convert incremental items taken back into items

55
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Model-heavy optimization

I wq§7 Uq§

Web » 1-10 1.760.000.000 or TV 023 Web » 1-10 1760000000 or TV 02

89,18 = | 89,18 | 65.13

60,10 e —— AT T — 60,10

20,4 =TT 204 R T 204

10,3 S e [ 0,3 SR e [ 0,3

Assume: capacity constraint is hard.
This is a multiple-choice knapsack problem (MCKP)!

56
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Model-heavy optimization

S Wqs, Vqs

0.2) seconds

Web s 110 £ 1.700.000.000 or TV Webh & i 1-10 £ 1.700.000.000 or TV D) ™ E]
90.20 | 95 |9 e | 6718
9 ' . . -~ — ’ ' . « -~ — ’

89,18 oo [ g | o suamsmmseens |5 |3

60,10 er— AT i s | 60,10

204 il BTV e | 204

10,3 10,3 oA 10.3

Assume: capacity constraint is hard.
This is a multiple-choice knapsack problem (MCKP)!

56
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’U]qg, Uq§

90,20

89,18

60,10

20,4

10,3

You can go over capacity.

56

760,000,800 tor TV g 0.2) socorca

89,18

60,10

20,4

10,3

This is a multiple-choice knapsack problem

Model-heavy optimization

7 200 tor TV ! 0.23 secorda
67,18

65,13

60,10

20,4

(MCKP)

10,3
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Q\/ Penalized )
Multiple Choice
Knapsack Problem (PMCKP)

max Z: Z: Vs, K)Tgs

X
qe@) 5€S

R = Z: Z: wqg(p, ’{)xQE

qeQ seS
Zajcﬁ S 1 \V/QGQ
seS
res €{0,1}, Vge @,5€ S
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_8- 0.3
a [
c 0.2
§e)
(7]
g 0.1|—MgxCap {300 \ N go I I I I Is
c M4x Cap 4450 S~
8 0 _M]XCap= 600 \\~
0 200 400 600 800 1000

Capacity Used in Window

e — R
6,$70 sz |6, $76

5, $75 Rt enmirs |5, $75

‘qu. e | 3, $60 Bt T A 3, $60

2, $50 o e i 2, $40

v . Episodes & Chps, SHow TV

Exhaustive PMCKP

* For each capacity level,
* get capacity-adjusted values

* solve MCKP with these values

58
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c=s  Model-heavy optimization

| Wqs, Vg5 = | Wqs, Vg3

6, $70 onmmmmnae— | 6, $76
5,$75 S s |5, $75
3, $60 T sy s 3, $60
2, $50 aame e e o'l 2,40
| $30 S [ 830

Hybrid PMCKP

59
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c=s  Model-heavy optimization

= wq§7 Uqg 7, = = » wq§7 Uqg

6, $70 onmmmmnae— | 6, $76
5,$75 v |5, $75
3, $60 Wi eVt 3, $60
2, $50 e | 2,940
l,$30 Eana | 1,$30

Hybrid PMCKP

® Remove (LP) dominated items

59
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c=s  Model-heavy optimization

| Was> Va5 o | Was, Ugs

L) “; o w
Web + . i 1-10 £ 1.760.04 Web & . i 110 £ 1,780
Wakch v ’ - ATy . = e ° wWakhy r e Ay . Gr e
> - - - wat e 4 . . > - - W - wat e ,
v v Videos., Enten L New
™ TV sow & (malsty .
ws ™ .
I

5, $75 e e |5, $75
3, $60 R pusanaasiiista | 3, $60
2, $50 S o 2,540
o3 T —— e

Hybrid PMCKP

® Remove (LP) dominated items

59
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TV.com - Free Full Episcdes

2 TV Show

5,$75

3, $60

2,$50

|, $30

Dominated

TV 2o Free Full E 30

2 TV Show

Hybrid PMCKP

Remove (LP) dominated items

59

Model-heavy optimization

wq§7 Uq§

6,%$76
5,$75

LP Dominated
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TV.com - Free Full Episcdes

2 1V Showm

5,$75

3, $60

2,$50

|, $30

Dominated

TV.com - Free Ful Episcdes

Hybrid PMCKP

® Remove (LP) dominated items

® Create incremental items

59

Model-heavy optimization

wq§7 Uq§

6,%$76
5,$75

LP Dominated
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c=s  Model-heavy optimization

Go il w _ _ Go QqUC w . _
qu,'vqs qujvqs

Web & Zhow Masits 110 of about 1,780 Web & Srow Hasits 1 - 10 of about 1,700,004
Muki - Wakch your favortes. Anytime. For fee ° Muki - Waich your favortes. Anytime. For fee
e Dominated e e | 6 $T6 Y
TV Guice, TY Listings, Onlee Videos. Entenainment News

™ 2 Ty ~ . .

i g » TV .5

5, $75 2,315 Ao s |5, $75 2,$15

= 2,$30

LP Dominated
,$30

3, $60 ,$10 e 3,860
l,$30 1, $30

S

Hybrid PMCKP

® Remove (LP) dominated items

® Create incremental items

59
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c=s  Model-heavy optimization

wq§7 Uqé

S ————— Dominated Na——— Y ¥ /3 1, $]
o s—— % ¥} 2,315 Ao s |5, $75 2,$15
e i |3, $60 ,$10 i s |3, $60 2,$30
S S AT 2. $50 1. $20 LP Dominated
l,$30 l, $30 l,$30

)

Hybrid PMCKP

® Remove (LP) dominated items

® Create incremental items

® Run a greedy knapsack algorithm on incremental items,
penalizing values as capacity is used

59
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TV Guce TYL gs. Oniee Videos, Enten ent News

$ 30=30

Model-heavy optimization

5,$75

3, $60

2,$50

|, $30

Dominated

2,%15
,$10
|, $20

|, $30

TVGuce TYL gs, O e Videos, Enen ent News

TV.com - Free Full Episcdes

Hybrid PMCKP

Remove (LP) dominated items

Run a greedy knapsack algorithm on incremental items,
penalizing values as capacity is used

59

Create incremental items

wq§7 Uqé

6,%$76

5,$75

3, $60

)

S

I, $1
2,$15

2,%$30
LP Dominated
[, $30
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TV.com - Free Full Episcdes

$ 60=30+30

Model-heavy optimization

5,$75

3, $60

2,$50

|, $30

Dominated

2,%15
,$10
|, $20

|, $30

TV Guice, TY Listng

TV.com - Free Full Episcdes

Hybrid PMCKP

Remove (LP) dominated items

Create incremental items

Run a greedy knapsack algorithm on incremental items,
penalizing values as capacity is used

59

wq§7 Uq§

6,%$76

5,$75

3, $60

)

I, $1
2,$15

2,%$30
LP Dominated
[, $30
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Model-heavy optimization

e 5, $75

o 3, $60
e | 2,450
e 77, $30

$ 80=30+30+20

Dominated

2,%15
,$10

|, $20

|, $30

TV Guice, TY L gs. Oniee Videos, Enten ent News

TV.com - Free Ful Episcdes

Hybrid PMCKP

Remove (LP) dominated items

Run a greedy knapsack algorithm on incremental items,
penalizing values as capacity is used

59

Create incremental items

wq§7 Uq§

6,%$76

5,$75

3, $60

)

I, $1
2,$15

2,%$30
LP Dominated
[, $30
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c=s  Model-heavy optimization

TVio Free Full Episcdes & Chps, Show Info ana TV

$110=30+30+20+30

5,$75

3, $60

2,$50

|, $30

Dominated
2,%15
,$10
|, $20
|, $30

TVio Free Full Episcdes & Clps, Show info ana TY

Hybrid PMCKP

Remove (LP) dominated items

Create incremental items

= ’wqg, Uqg
6,%$76 I, $1
5, $75 2,815
2,%$30
P Dominated
|, $30

Run a greedy knapsack algorithm on incremental items,

penalizing values as capacity is used

59
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C

5

Model-heavy optimization

Goo; Googl Wqs,Vqs

Web & 2t He 10 Web ~ 5o Masit 110 of sbout 1,760,000

s & Dominated Sl B Y §) , $1

5, $7 2,$14 S e |5, $7 2,314
. S——— R LY [ 1,%$9 | T R ——— 2,$28
S e v Ga o Ve o P P ¥ e

V.o Free FUIE
o

sodes & Chps, Show Info ana TV

2, $48

I, $29

,$19
|, $29

TV o Free Ful Egisodes & Clos. Shaw
e

foana TV

P Dominated

|, $29

Hybrid PMCKP

~$H0=30+30+20+30- °
$114=29+29+19+28+9 °
-5 °

Remove (LP) dominated items

Create incremental items

Run a greedy knapsack algorithm on incremental items,
penalizing values as capacity is used

60
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V.o Free FUIE
o

~$HA4=29+29+{9+28+9-

Model-heavy optimization

u 10
Aoy
ool TV Shown and Move Scheduie
or Maik
n TV G

sodes & Chps, Show Info ana TV

$114=26+26+18+26+8+] |

5

5,%$63

3, $52

2, $44

|, $26

-10

’qug, Uqé

& Show cotors Hessin 1- 10070t

° Muli - Waich your favories. Amytime. For fee

Dominated e | 6 $63
2 $ I I TV‘.'». ge. TY Lstngs, Oniee Videos, Enenainment News

’ e e e e |y $63
I I $8 I TV Latngs - Find Local TV Showna and Move Schedule

9 Lsings

s e ot D e

|,$18
|, $26

Vo Free Ful Episcdes & Chps, Show Info ana TV

Hybrid PMCKP

Remove (LP) dominated items

Create incremental items

Run a greedy knapsack algorithm on incremental items,
penalizing values as capacity is used

6l

, $0
[2.811]
2, $26

P Dominated
|, $26
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c=s  Model-heavy optimization

= . . Wqs, Vqs
i T . Adding more items does =
= ..,\ more harm than good. 6, $56 l, $-1
e | s 957 | (25108 5557 | [Z570]
Gppreenemeesen | 3,347 [ LL36 1 0 g 2,$23
e | 2,841 i _P Dominated
|, $24 |, $24
| Hybrid PMCKP
—$H0=30+30+20+30— ® Remove (LP) dominated items
—$HA4=29+29+19+28+9- ® Create incremental items
-5 ® Run a greedy knapsack algorithm on incremental items,
~$HA4=26+26+18+26+8+- penalizing values as capacity is used
-10
$114=24+24+17+23+6+10+10
_I I 62
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c=s  Model-heavy optimization

@ ¢
g | 5,363
e eeemenean || 3,§52]
wL Episcdes & ;1.3:,5-.~14_T.r: 2’ $44
|, $26
FHAZ29+29+1942839
-5
$114=26+26+18+26+8+ |
-10

Dominateé

2,511

L .98 |
,$18
,$26

TV .o Free FUl E 30 “Sos Sh

TV Latngs

Adding more items does
more harm than good.

Hybrid PMCKP

Remove (LP) dominated items

Create incremental items

wirfoana TV

’qug, Uqé

6, $63

Run a greedy knapsack algorithm on incremental items,

penalizing values as capacity is used

Convert incremental items taken back into items

63

, $0
[2.811]
2, $26

P Dominated
|, $26
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PMCKP Algorithms

MCKP Greedy (Kellerer 2004) | | Exhaustive PMCKP |

Remove (LP) dominated items * For each capacity level,
* Item (1,100) dominates item (5,20) (Wqs; Vg3
Create incremental items
* (5,20), (8, 35) — (5,20), (3, 15)

Run a greedy knapsack algorithm on incremental
items: i.e., take incremental items in nonincreasing
order of efficiency

* Convert incremental items taken back into items

* get capacity-adjusted values

* solve MCKP with these values

Hybrid PMCKP | Dynamic PMCKP
* Remove (LP) dominated items Loop:
* Create incremental items *For each query,
* Run a greedy knapsack algorithm on «Get next undominated item

incremental items, penalizing values as
capacity is used

* Convert incremental items taken back into
items *Adjust values after each incremental item is taken

*Calculate incremental value and weight of this item

*Greedily take highest-efficiency incremental item

Convert incremental items taken back into items

64
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Presentation Outline

® Ad auctions game

® Agent architecture

® Optimization problem (stylized knapsack problem)
® Model-heavy (greedy multiple choice knapsack algorithm)
® Model-light (rule-based algorithm)

® Experiments

® Future work
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Model-heavy light optimization

® Model-heavy algorithms
equated marginal ROI

® Model light algorithms equate
some proxy of marginal ROI
using less information

How many sales do we
anticipate!?

...and how much profit?
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Equate ROI

Input: sales, targetROI, targetSales

EE R Mg i RO, (5 = "ale0)~ oty
= St;zrgetROI = targetROI(d) * INC_ROI ep CPC, () numClicks, (s,)
targetROI = targetROI(d) / INC_ROI i salesq(sq)
for all ¢ do — USP, — CPC,(s,) 1
CPC,; = (USP, — targetROI) x PrConu, PrConuy,

bid, = cpc2bid( CPCy)

Borgs 2007
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Equate ROI

If sold more than desired, reduce tomorrow’s sales
(by increasing target ROI).

Input: sales, targetROI, targetSales

el e SN RO, (5 = "ale0)~ oty
= St;zrgetROI = targetROI(d) * INC_ROI ep CPC, () numClicks, (s,)
targetROI = targetROI(d) / INC_ROI i salesq(sq)
for all ¢ do — USP, — CPC,(s,) 1
CPC,; = (USP, — targetROI) x PrConu, PrConuy,

bid, = cpc2bid( CPCy)

Borgs 2007
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Equate ROI

If sold more than desired, reduce tomorrow’s sales

(by increasing target ROI). ‘ ROI = “profit per sale” ‘
Input: sales, targetROI, targetSales l
Output: Vg, bid, revy(sq) — costy(sq)
if sales > targetSales then ROI4(sq) = — sjzlesq(sq)q q
targetROI = targetROI(d) * INC_ROI CPeilsnum Gl (5
else = USPy — W T
targetROI = targetROI(d) / INC_ROI salesq E‘SQ)
for all ¢ do = USP, — CPC,(s,)
CPCy = (USSP, — targetROI) * PrConuy, PrConu,

bid, = cpc2bid( CPCy)

Borgs 2007
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Equate ROI

If sold more than desired, reduce tomorrow’s sales

(by increasing target ROI). ‘ ROI = “profit per sale” ‘
Input: sales, targetROI, targetSales l
Output: Vg, bid, revy(sq) — costy(sq)
if sales > targetSales then ROI4(sq) = — sleesq(sq)q q
targetROI = targetROI(d) * INC_ROI CPeilsnum Gl (5
else = USP, — SR
targetROI = targetROI(d) / INC_ROI salesq E‘SQ)
for all ¢ do = USP, — CPC,(s,)
CPCy = (USSP, — targetROI) * PrConuy, PrConug

/ bid, = cpc2bid( CPCy)

Approximates equating marginal ROl across queries--
solution characterized by equimarginal principle

Borgs 2007
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Equate PM

Input: sales, targetPM, targetSales
Output: Vg, bid,
if sales > targetSales then
targetPM = targetPM (d) * INC_PM
else
targetPM = targetPM (d) / INC_PM
for all ¢ do
CPC, = (USP, — targetPM ) * PrConuv,
bid, = cpc2bid( CPC,)

PM,(sq) =

rev,(sq) — cost,y(s,)

revq(Sq)
1 cost,(sq)
revq(sq)
1 CRC (8,)
PrConv, USP,
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Equate PM

‘ PM = “profit as a fraction of revenue” ‘

Input: sales, targetPM, targetSales
Output: Vg, bid,
if sales > targetSales then
targetPM = targetPM (d) * INC_PM
else
targetPM = targetPM (d) / INC_PM
for all ¢ do
CPC, = (USP, — targetPM ) * PrConuv,
bid, = cpc2bid( CPC,)

l

PM,(sq) =

rev,(sq) — cost,y(s,)

revq(Sq)
1 cost,(sq)
revq(sq)
1 CRC (8,)
PrConv, USP,
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Presentation Outline

® Ad auctions game

® Agent architecture

® Optimization problem (stylized knapsack problem)
® Model-heavy (greedy multiple choice knapsack algorithm)
® Model-light (rule-based algorithm)

® Experiments

® Future work
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Experiments

o TAC AA games

® Optimization challenge
® |s it representative of TAC AA games!
® Model accuracy tests

® Fixed vs. dynamic capacity tests
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TAC AA Experiments

Agent

Y=

Set 2

Set 3

TacTex
HybridMCKP | 77.83
EquateROI
astonTAC 7630 | 75.32 | 77.25
munsey 7341 | 7240 | 72.01
epflagent 7243 | 73.05 | 72.46
EquatePM 69.63
QuakTAC 70.61 | 70.53 | 68.38
MetroClick 70.15 | 68.73 | 69.10
mertacor 68.31 | 68.08 | 67.63

Optimization algorithms that
approximately equate marginal
ROI are competitive

EquatePM is not competitive

Opponent scores/rankings are
similar, regardless of our agent
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Optimization Challenge

Agent Profit Avg Pos CPC ClickPr ConvPr  Salesin CS Salesin MS  OverCap
DynamicMCKP 75.93 2.49 0.46 0.21 0.17 0.41 0.85 .38
HybridMCKP 75.85 2.42 0.48 0.22 0.17 0.40 0.86 |.40
ExhaustiveMCKP 75.01 2.70 0.42 0.20 0.14 0.41 0.78 |.45
EquateROI 73.47 2.33 0.48 0.20 0.14 0.38 0.86 |.40
EquatePM 64.70 3.06 0.34 0.13 0.11 0.44 0.38 1.53

— = P Exhaustive, Hybrid, and Dynamic MCKP earn about the same profit
ybri :

RS i, ® Optimization Challenge scores/rankings similar to TAC AA games
astonTAC 76.30 75.32 77.25

munsey 7341 7240 | 720l o different opponents

epflagent 72.43 73.05 72.46 . ..

S o ® different market conditions

QuakTAC 70.61 70.53 68.38 R

—— T . ® opponents not responding to our agent

mertacor 68.31 68.08 67.63
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Model Accuracy Experiments

Performance under varying model accuracy ® Add noise to answer:
T

® s there a point at which rule-
based algorithms are more

~
o

profitable?
65 . .
o
S which model improvements
60 —4— MCKP + CPC Error will result in highest profits?
— EquateROlI

® As model accuracy decreases,

rules-based algorithms perform
better than Hybrid MCKP

o)
(o))

Average Final Profit (in Thousands)

O,
o

_ | | ® ClickPr accuracy appears to be
: e B e OF 0 B B8 more important than CPC
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Capacity Experiments

75
s g ® Exhaustive, Hybrid, and Dynamic MCKP
2 65 4 all have similar average capacities
= 9 :
£ 60 - ® These average capacities are similar to
o .
5 X R E— the best fixed capacity
% - P o GreedyMCKP . o . .
S 5 EquatePM ® Value in adjusting capacity dynamically
3 50 3° + HybridMCKP
< OJ DynamicMCKP

ExhaustiveMCP
45

09 1 14 12 13 14 15 1.8
Average Fraction Over Capacity
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Presentation Outline

® Ad auctions game

® Agent architecture

® Optimization problem (stylized knapsack problem)
® Model-heavy (greedy multiple choice knapsack algorithm)
® Model-light (rule-based algorithm)

® Experiments

® Future work
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Future VWork

® Models

® user state predictions

® opponent bid predictions
® Optimization

® Multi-day problem

® Game-theoretic problem

® Controlled testing environments
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Questions!
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