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Disclaimers

« This talk presents the opinions of the author. It does not
necessarily reflect the views of Yahoo! Inc or any other entity

« Algorithms, techniques, features, etc mentioned here might
or might not be in use by Yahoo! or any other company



What is “Computational Advertising”?

* New scientific sub-discipline, at the intersection of
— Large scale search and text analysis
— Information retrieval
— Statistical modeling
— Machine learning
— Classification
— Optimization
— Microeconomics
— Recommender systems



Computational advertising — main challenge

Find the "best match" between a
given user in a given context and a
suitable advertisement.

« Examples
— Context = Web search results - Sponsored search
— Context = Publisher page - Content match, banners
— Other contexts: mobile, video, newspapers, etc

e What is “best’???



Establishing a new discipline...
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Establishing a new discipline...
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Establishing a new discipline...
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Establishing a new discipline...

& WolframAlpha sz

what is computational advertizing?
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w Food & Mutrition » Materialzs w hore. .
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Establishing a new discipline...
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http://mags.acm.org/communications/200905/?pg=18

Key messages

1. Computational advertising = A principled way to find the
"best match" between a given user in a given context and a
suitable advertisement.

2. The financial scale for computational advertising is huge
— Small constants matter
= Expect plenty of further research

3. Advertising is a form of information.

= Adding ads to a context is similar to the integration problem of
other types of information

= Finding the “best ad” is a type of information retrieval problem
with multiple, possibly contradictory utility functions

4. New application domains and new techniques are
emerging every day
= (Good area for research + new businesses



Classic Advertising

Y 4




Brand advertising
Goal: create a distinct favorable image




Direct marketing

Advertising that involves a "direct response”: buy, subscribe, vote,
donate, etc, now or soon
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Lots of computational this and that ...

« Computational Biology

o Computational Chemistry
 Computational Finance

o Computational Geometry

« Computational Neuroscience
 Computational Physics

« Computational Mechanics
 Computational Economics

All are about mixing an old science with large scale computing
capabilities



What’'s computational about it?

e C(Classical:

— Relatively few venues — magazines, billboards, newspapers,
handbills, TV, etc

— High cost per venue ($3 Mil for a Super Bowl TV ad)
— No personalization possible
— Targeting by the wisdom of ad-people
— Hard to measure ROI
« Computational — almost the exact opposite:
— Billions of opportunities
— Billions of creatives
— Totally personalizable
— Tiny cost per opportunity
— Much more quantifiable

S/
|



Revenue flow basics

 What do advertisers pay?

— CPM = cost per thousand impressions
» Typically used for graphical/banner ads (brand advertising)
* Could be paid in advance - “Guaranteed delivery”

— CPC = cost per click
» Typically used for textual ads

— CPT/CPA = cost per transaction/action a.k.a. referral fees or affiliate fees
» Typically used for shopping (“buy from our sponsors”), travel, etc.

* ... but now also used for textual ads (risk mitigation)

 What do publishers get?

— Whatever advertisers pay minus rev-share (revenue-share) paid to intermediaries

 What do intermediaries get?

— Whatever advertisers pay minus TAC (traffic acquisition costs) paid to publishers

17
-17- Q!



US Online Advertising Spending

|U5 Online Advertising Spending, 2001-2011 (billions) _

2001 $7.1

2002 S6.0

2003 57.3

2004 9.6

2005 $12.5

20046

2007 $21.4

2008 $27.5

2009 532.5

2010 $37.5
2011 $42.0

ote. eMarketer benchmarks s US oniine advertising spending

nrojections against the interactive Advertising Bureatl

AR PricewaterhouseCoopers (PwC) data, for which the last full year
easured was 20046, onine ad data includes categories as defined by
LAB/PWC benchmark—display ads (such as banners), paid search ads
including contextual text finks), rich media (including video), classified ads,
sponsorships, referrals (lead generation) and e-mail fembedded ads onlyl
exciudes mobile ad spending

aurce eMarketer, October 2007 _

QBEEZE vt afflarketer com




Still growing (15% FH 2008 vs. FH 2007)

FH 2007 FH 2008
Search 41% (54,097) (44% (55,064)
Display Related: 32% (53,198) |33% (53,799)
-Banner Ads 21% (52,099 (21% (52,418)
-Rich Media 7% (5699) 7% (5806)
-Digital Video 1% (5100) 3% (5345)
-Sponsorship 3% (5300) 2% (5230)
Classifieds 17% (51,699) |14% (51,611)
Referrals fLead Generation 8% (5799) 7% (5806)
E-mail 2% (5200) 2% (5230)

Source: |IAB

-19 -




US Online vs. Offline

advertising spend

USs Online and Total Media Advertising Spending,
2006-2011 (billions and % of total media spending)

Iinternet Total media Iinternet % of
total media
2006 3169 3Z81.6 &, 0%
2007 3214 32875 7T.4%
2008 2275 32955 2.3%
2009 3325 33015 10.8%
2010 3375 33090 12.1%
2011 2.0 331560 13.3%

Naote: elarketer benciwmarks its US anline sdvertizing spending
rafections agalnst the Interactive Advertising Buraal
[LAB)MPricewsterfiouseCoopers (PWC) data, far which the last il year
measured was 2004 online ad data includes categories as defined by
TARPWE bencimmark—display ads (such as banners), pald search ads
finciuding contextual text links). noh media (including widep), classified ads,
sponsarsiips, referrals (lead ganeration) and e-mall jembedded ads only)
excludes mobile ad spemiing, eMarketer benciwmarks its US total media
advertising spending projectians against the Univevsal McoCanh data, for
which the [ast full year measured Was 20048 Includes tafawsion (broadecast
and cable), radic, Newspapers, magazines, internet fexciudes motiia),
outdoor, direct mail, yellow pages and other

Source: eMarketer. October 2007

08473 wrenn, e Narate r oo

S/
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The advertising $$ budget vs. the human time

budget

hare of Time in a Typical Week that US Adults Spend

-
ith Select Media* vs. Share of US Advertising
Spending by Media, 2007

Internet {personal and work)

M % of spending
ofe: *consumer media time deas not include Hime spert wsing a
caliphone, watching DVDs ar playing wideo games

Source; Forrester Research, "Teleconferance: The US Interactive Marketing
Farecast 2007-2012," lanuary 4. 2008

Lr 1503 v alarketer. com

S/




Computational Advertising
Landscape
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Graphical ads
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Tyree's catch of a lifetime | Peyton pumped | Welzel: Winners & losers Super Bowl history

Go to PepsiStuff.com NOW!

CLICK HERE FOR MORE OMN WYCLEF

NBA | NCAAB | GOLF | My Teams




More graphical ads
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———————
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By JANE E. BRODY

Published: March 13, 2007 E-MAIL
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yvou think, no matter how many carrots vou eat. The typical B] sinGLE PAGE
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Textual ads

1. Ads driven by search keywords —

2.

“sponsored search” (a.k.a. “keyword
driven ads”, “paid search”, “adwords”, etc)

Ads directly driven by the content of a web
page — “context match” (a.k.a. “context
driven ads”, “contextual ads”, “adsense”,
etc)

Textual ads are heavily related to Search
and IR



Sponsored search:

Text-based ads driven by a keyword search

[ om. an =] Advanced Search
GO ngl.e l_an_drEI?r_Dder l Search Preferences

Web Results 1 - 10 of about 22,100 for andrei broder. (0.3 seconds)

Sponsored Links
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Andrei Zary Broder (Hebrew, -T2~ M1k is a Research Fellow and Yice President of Borders Official Site
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enwikipedia. orgfwikil/Andrel_Broder - 21k - Cached - Similar pages - Mote this - Filter Gifts & Mare In One Onling Store

Wit DO ers.com
Andrei Broder | Yahoo! Research

Andrei Broder is a Yahoo! Research Fellow and Vice President for Computational Advertising. Yahoo! is Hiring

Previousky he was an |BM Distinguished Engineer and the CTO of ... Work For One of the Best. Start

research yahoo.comiAndrei_Broder - 43k - Cached - Similar pages - Mote this - Filter ¥our Career with Yahoo! Today.
careers yahoo.com

DBLP: Andrei Z. Broder San Francisco-Oakland-5an Jose, CA,

63, Andrei Z. Broder: Introduction: The Fourth International Workshop on ... 4, Andrei £
Broder: A Provably Secure Polynomial Approximation Scheme for the ...

ity informatik uni-trier de/~ley/dbfindices/a-tree/b/Broder Andrei_7= html - 759K -

Cached - Similar pages - Mote this - Filter

Andrei Broder Joins Yahoo - Search Marketing News Blog - Search ...
Ko 18, 2005 ... Andrel Broder, former vice president of research at Altahista and until
recently Distinguished Engineer & CTO, IBM Research, ...

blog searchenginewatch comblog/051118-1225844 - 33k -

Cached - Similar panes - Mote this - Filter

Yahoo! Search Blog: Search in the Future

Feb 1 : 2006 ... Questions for Andrei Broder re emerging search tEEhﬂDng‘f? Yesterday
evening | We conducted the interview with Andrei Brodear and we ...
W.ysearchblug.cumfarchivesmﬂﬂmz.html - 48k - Cached - Similar padges - Mote this - Filter
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Content match

YAHOO!, NEWS S
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The actors: Publishers, Advertisers, Users, & “Ad

agency”

Advertisers

Publishers

Ad agency
(Matchmaker)

Users

S/




Dual roles

Advertisers

Publishers j [
Ad agency

— Publisher is also match maker (Yahoo!, Google)

Users

e Sponsored search:

e Content match:
— Publisher is also match maker (Yahoo! content)
— Publisher is also advertiser (“House Ads”)



Advertising as information

* “l do not regard advertising as entertainment or an art form,
but as a medium of information....” [David Ogilvy, 1985]

o “Advertising as Information” [Nelson, 1974]

* Irrelevant ads are annoying; relevant ads are interesting
— Vogue, Skiing, etc are mostly ads and advertorials



Finding the “best ad” as an Information Retrieval

(IR) problem

1. Analyze the “guery” and extract query-features
— Query = full context (content, user, environment, etc)

Analyze the documents (= ads) and extract doc-features

Devise a scoring function = predicates on g-features and d-
features + weights

4. Build a search engine that produces quickly the ads that
maximize the scoring function



Behind the scenes...

e Setting the ad retrieval problem:
— Ads corpus =
» Bid phrase(s) + Title + Creative + URL + Landing Page + ...
— Query features =
« Search Keywords + Outside Knowledge Expansion + Context features

— Context features (for sponsored search) =
» Location + User data + Previous searches + ...

— Context features (for context match) =
» Location + User data + Page topic + Page keywords ...

e Search problem similar to web search, but
— Ad database is smaller
— Ad database entries are “small pages” [+ URL]
— Ranking depends also on bids
— Ranking depends also on click-through-rate



What is the best match?

* An ad has different utilities for publishers, advertisers, users
o Quality (utility) Factor (QF) is different

— A-QF, U-QF, P-QF
 The ad agency has its own economic interest

« Might have different types of ads that are not easily
compared

« Might have economics/contractual obligations that need to
be fulfilled.



A bit deeper: how does the
matching happens?
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A Semantic Approach to Contextual Advertising

[SIGIR 2007]

[AB, M. Fontoura, V. Josifovski, & L. Riedel]
— What is more important: the words or the context?

— Contextual ad matching based on a combination of semantic
and syntactic features.

— Classify both ads and pages into a 6000 nodes commercial
taxonomy

— The class information captures the “about-ness” of pages
and ads



Matching ads and pages

snowboarding

Atomic boards
75% off!!

JOE'S SKIING BLOG

My Atomic skis floated on
the fresh powder...
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Semantic and syntactic score

Semantic component — weighted taxonomy distance
Ta:t:( ) — {djl jv} ZdGTax(:ci) CWGZght(d) =1 idiSt(Cap) = e

TaxScore(PC, AC) =
D peePC Dace ac Ldist(LC A(pc, ac), ac) - cWeight(pc) - cWeight(ac)

Syntactic component - term vector cosine

tWeight(kws") = weightSection(S;) - t f_idf (kw)

27’€|K| tWeight(pw;)-tWeight(kw;)

\/Z%'Kl (tWeight(pw;))? \/Z%'Kl (tWeight(aw;))?

KeyordScore(p;, a;)

S/



Final score

Secore(p;. o) = a - TaxScorelTaxr(p; ), Tar{a;))

+i1 — o) - KeywordScore(p,, a;)



Results

0.9

0.8

0.7

Precision

0.6

0.5

ﬂ-'q' I I I I
0 0.2 0.4 0.6 0.8 1

Recall

—-u—- Alpha=.9, no phrase —— Alpha=0, no phrase
—-u—- Alpha=.9, phrase —— Alpha=0, phrase



The recommender systems
connection
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The ad matching problem as a recommendation

challenge

e The traditional IR approach is based on a fixed query <->
results correspondence

e For ads we

— Need CTR probability or user utility rather than
top-K results

— Have a continuous click-through feedback
« Challenge: incorporate the feedback
1.Long term loop: improve the ranking function
« ML based ranking

2.Short term loop: use the statistics we have for a
particular (query, ads) pair

 Closest to recommender systems




A generic view — dyadic interaction systems

« D. Agarwal, B.C. Chen “Feature based factorization model for
dyadic data” [In preparation]

» Dyadic Interaction data pervasive
— Recommendation systems (user-movie, user-music, user-book)
— Web advertising (match ads to webpage/query)
— Content Optimization (match articles to users)
* Unit of measurement : dyad (i, j)
— I= user, webpage,..; ]|= movies, ads,...
— Measure some response: ratings, click-rates,...

— Often have meta-data on dyadic elements
« Demographics, genres,....

— Goal: predict response for unknown dyads
» Better match-making, prediction



Challenge: clicks are very rare

 Need to aggregate clicks/recommendations

— Pages belong to site section to sites
Page € CNN/sports € CNN

— Ads belong to Campaign to Advertisers
Ad e Ford Focus e Ford

— Similar to preference estimation for
Annie Hall e Woody Allen Comedies € Comedies

« D. Agarwal, A. B, D. Chakrabarti, D. Diklic, V. J., and M.
Sayyadian. Estimating rates of rare events at multiple
resolutions. [KDD, 2007]



Challenge: how to find new ads?

o Similar to music recommender systems: need to explore
new songs but need to keep some similarity

e (Can take advantage of semantic taxonomy

— S. Pandey, D. Agarwal, D. Chakrabarti, and V. Josifovski.
Bandits for taxonomies: A model-based approach. [SDM,
2007]



Su
mmary
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Key messages

1. Computational advertising = A principled way to find the
"best match" between a given user in a given context and a
suitable advertisement.

2. The financial scale for computational advertising is huge
— Small constants matter
= Expect plenty of further research

3. Advertising is a form of information.

= Adding ads to a context is similar to the integration problem of
other types of information

= Finding the “best ad” is a type of information retrieval problem
with multiple, possibly contradictory utility functions

4. New application domains and new techniques are
emerging every day
= (Good area for research + new businesses



Thank you!

broder@yahoo-inc.com

http://research.yahoo.com
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This talk is Copyright 2009.

Author retains all rights, including copyrights
and distribution rights. No publication or
further distribution in full or in part permitted
without explicit written permission
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