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The VCG Mechanism

Before turning to today’s main topic I'll briefly review the VCG mechanism.
A private value social choice problem with transferable utility (©, p, A, v)
consists of

1. Aset ©1 X ©y x -+ x © of types for each player.

2. A probability distribution p on ©.

3. A set A of possible social alternatives

4. Utility functions u; : A X R x ©; — R with u;(a, t;6;) = vi(a, 6;) + t.

The utiltarian solution a“ to (©, p, A, v) is the function a* : © — A defined by
/

a’(©) = argmax,cx Z vi(a; ;)

i=1
A mechanism m = (S, a, t) consists of
1. Aset S=5; x S5 x --- x 5 of possible strategy profiles.
2. An action function a: S — A.
3. Transfer functions t; : S — R.
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The VCG Mechanism

A private value social choice problem with transferable utility (©, p, A, v)
consists of

1. Aset ©1 x ©; x --- x O of types for each player.

2. A probability distribution p on ©.

3. A set A of possible social alternatives

4. Utility functions u; : A x R x ©; — R with u;(a, t;0;) = vi(a, 6;) + t.

A mechanism m = (S, a, t) consists of
1. Aset §=5; x5, x--- x5 of possible strategy profiles.
2. An action function a: S — A.
3. Transfer functions t; : S — R.

Given an social choice problem (©, p, A, v) and a mechanism m = (S, a, t) we
consider the game where each players observes their types 6;, choose
strategies s; € S;, and the mechanism then determines the social alternative
and the transfers.

We can think of the second price auction as an example of a mechanism that
implements the utilitarian solution as a dominant strategy BNE in the IPV

auction environment.
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The VCG Mechanism

An important result due to Vickrey-Clarke-Groves is that can implement
utilitarian outcomes much more generally via the VCG mechanism.

Given any player i define a“; to be the utilitarian solution ignoring i's
preferences, i.e. a“,(0) = argmax,ca >, vi(a, 0)).
The externality that 7/ exerts on others in the social choice problem is
> vi@"(6),6) = > vi(a“ (), 6))-
J#i J#i
The VCG mechanism (Svce, avee, tveg) is defined by
1. f;\/(j(; = 0.
2. aveg(s) = a“(s).
3. tvee,i = Zj;éi vi(a“(0),0;) — Zj;éi vi(as;(6), 0;).
Informally, players are asked to directly announce their types, we choose the

utilitarian solution given the stated preferences, and players pay for the
externalities they impose on others.

The second-price auction is a special case: the winner pays the amount by

which they decrease the utility of the bidder who would have won otherwise.
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The VCG Mechanism

The VCG mechanism (Svcg, avee, tveg) is defined by

1. Svcg = ©.

2. aveg(s) = a“(s).

3. tvee,i = Doy vi(a“(0),07) — X2 vi(@L(0), 65).
Theorem: The VCG mechanism implements the utilitarian solution as a
truthtelling dominant strategy BNE in any private value social choice problem.
Some things to know about the VCG mechanism are:

1. VCG is very powerful. It applies far beyond the IPV model, with multiple
goods, players caring about others’ allocations, etc.

2. VCG is the essentially the only way to achieve dominant strategy BNE
implementation of a.

3. VCG is not budget balanced. In the second price auction it's important
that the high-bidder makes a payment that does not go to the
second-highest bidder.

4. The VCG action/announcement spaces can be very large in complex
problems. This can make VCG impractical.
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The VCG Mechanism

Theorem: The VCG mechanism implements the utilitarian solution as a
truthtelling dominant strategy BNE in any private value social choice problem.

Proof: We want to show that s; = 6; is a BR to any 0A_,- announced by the
others. Note that

ui(0:,0_1:0:,0_7) = vi(a“(6;,0-,):0;) + Z v;(a“(6;,0-7); 0))
J#i
= vi(a"(0-):0))
J#i
= W(a"(0;,0-):6;,0_;) — h(0_))

where W is social welfare and h is a function that does not depend on 6;.
If player i deviates to 6%, the outcome is some possibly different a’, and player
i's utility is

ui(0,,0-5,0;,0_;) = W(a;6;,0_;)— h(d_;)

a" was defined as the maximizer of welfare given the stated types, so the first
term is now weakly lower and the second unchanged.
This shows that s; = 6; is a best response to #_; so truthtelling is a BNE in

dominant strategies.
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Google

Google passed Seznam (in Czechia) in 2011, Yahoo! (Japan and Taiwan) by
2015, and Naver (South Korea) in 2016. This leaves China and Russia as the
only major countries where Google is not #1. Its worldwide market share is
reported to be around 92%.

Google's search advertising business is incredibly profitable. It earns high
profit margins on about $100 billion in revenue, giving Google the ability to
have dramatic effects on many other markets: Android, Gmail, Chrome,
Chrome OS (?), Google Docs (?), Google Cloud (?), Google Meets (?), etc.

The US Department of Justice filed suit on October 20, 2020 alleging Google
violated the Sherman Act in monopolizing search and search advertising.
Several states have sued over ad sales practices and the DOJ may file related
claims.
Some basic facts about Google advertising are:

1. Google auctions “sponsored link” ads whenever a search query is entered.

2. The advertising auction produces stable results.

3. Google advertising is highly profitable.

4. Competition from Bing has had little impact on profit margins.
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Iriages Pottery Barn Turkey Platter | potterybarn.com Turkey Platters
www.potterybarm.com/ www_target. com/
Maps Find Classic Thanksgiving Tableware Shop Dinnerware from Pottery Barn@®! Find Premium Platters At Delicious
Prices. Shop Party Trays At Target!
Kitas Shop for turkey platter on Google
Wi Turkey Platter
www bedbathandbeyond.com/
Shopping Buy Serving Platters & Trays Online
Everyday Low Prices. Shop Now!
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Gib [box Of6] 22"  Joh Erigndly W dgwood Mo Tisiay @ aliare
ibson ox ochnson rign edagwoo dive ke laiiers buych kil
Cambridge, MA Designs Bou... X 18" Brothers Village 20 T...  Johnson Bro... Bt”;éﬁi;;};ﬁpfﬁ;:t Ti:]}'gaiﬂepéi';??m
Change location $25.99 $158.99 $69.99 $99.99 $89.99 Find Turkey Platters Now...
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Shop by price: Up to $35 335 — 580 380 — 5150 5150 — 5400 Spode Dinnerware

Show search tools

—

wwwr.thebowlcompany.com/
Christmas Tree, Woodland, Turkey
Blue Italian at Great Prices

Harvest Oversized Turkey Platter. 21' Oval - Bed Bath & Beyond
, www bedbathandbeyond.com » ... » Platters/Bowls » Printable Reviews
>V@01VLLO, or Jr#* k4 Rating: 4.3 - 8 votes

’ ’ Shop for Harvest Oversized Turkey Platter, 21' Oval at Bed Bath & Beyond. Also Ceramic Turkey Serving Platter
LQOVUCM wLC shop for Platters/Bowls, Serveware. This charming oval platter will serve you and ... www.collectionsetc.com/
— Sheop Unigue Home Décor and More.
Pareh Get 1,500 ltems for $14.99 or Less!
Amazon.com: Turkey Platters
psults www _amazon_com/Turkey-Platters/im/R1QNZTJLPGY149 Turkey Platter

Thanksgiving is always around the corner. You may be searching for a perfect way fo

serve up the bird. Here's some suggestions for you. Also these patterns ... Wi sske svimni Tisckny Pt
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Other search engines, Like Bing,
do the same thing.

turkey platter

17,300,000 RESULTS

Pottery Barn® Tableware | potterybarn.com
www potterybarm.com
Find classic style for every space: tableware, accessories & more

Turkey Platters - Turkey Platters Online.
www.Target.com
Shop Dinnerware at Target.

Serving Platters & Boards | westelm.com
www. westelm.com
Shop Unique Serving Platters & Cheese Boards at west elm@&.

0
OO

Ads

Spode Woodland Turkey - Save 30% On Spode Woodland Turkey.

www GiftCollector com
Free Shipping On Orders Over 5199+

Images of turkey platter

bing.comfimages

See more than 52,000 images

turkey platter | eBay - Electronics. Cars, Fashion, Collectibles ..

www .ebay.com/sch/i html?_nkw=turkey+platter ~
Find turkey platter from a vast selection of Pottery & Glass. Shop eBay!

turkey platter | eBay

Ads
M&S Food Platters

www _marksandspencer.com/Platters
Buy Food Platters Online at M&S.
Delicious Food to Order From M&S.

Save On Steel Platters
WEBstaurantStore.com
High Quality Restaurant Supplies At
Great Prices. Shop Online Today!
webstaurantstore.com is rated

’ on Bizrate (292 reviews)

Turkey Platters for L ess
www.Calibex.com/Turkey-Platters
Thanksgiving Turkey Platters at
Bargain Prices. Gorgeous Selection!

Turkey Platter Deals

www. NexTag.com

Best Value for Turkey Platter. Find
MexTag Sellers’ Lowest Pricel

Crate & Barrel Serving

www _crateandbarmel com

Find Serving Platters for Entrees,
Desserts & More at Crate & Barrell

See your message here

RELATED SEARCHES

Ceramic Turkey Platter

Antique Turkey Platter

Vintage Turkey Platter

Large Turkey Platter

Johnson Brothers Turkey Platter
Thanksgiving

Turkey Platters for Sale
Personalized Thanksgiving Platters
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#fou Search Images Videos Maps Mews Shopping Gmail More

#fou Search Images Videos Maps Mews Shopping Gmaill More

Search

Ewenything

Images
Maps
Videas
News
Shopping

More

Cambridge, MA
Change location

Any time
Past hour
Past 24 hours
Past wesk
Past month

Past year
Cusstom range...

More search tools

mathcounts

About 430,000 results (0.11 seconds)

matheounts. ong/
MATHCOUNTS offers fun and engaging programs that get middle school students
excited about math. These programs include the MATHCOUNTS Compstition ...

Problem Resources
Each week the MATHCOUNTS
Problem of the Wesk features _.

Previous Competitions
Each year MATHCOUNTS makes
the previous year's competition ...

Competition Program
The MATHCOUNTS Competition is

Registered Schools
2011-2012 Registered
MATHCOUNTS Schools Listing ...

About Us - Main
MATHCOUNTS is a national
enrichment, club and ...

About MATHCOUMTS

A nationwide enrichment, club and

a national middle school __. competition pregram that .

Mare results from matheounts_arg »

MATHCOUNTS DRILLS

mathecounts saab.org/me.cg

for MATHCOUNTS Most Problems are adapted From MATHCOUNTS Competitions
and Workouts. CGI written By Elias Saab Copyright & 1288-2012 Elias Saab ...

Mathcounts - Wikipedia, the free encyclopedia

enwikipedia orgiwikiiMathcounts
Matheounts (stylized as MATHCOUNTS) is a middle school mathematics competiion
held in the United States. Its founding sponsors include the CHNA .

www_mathecountsmn_ong/
Math coaching and competition program for middle school students. Offers information
on state contest and coaching materials for schools throughout .-

CSPEE ion E ion & California MATHCOUNTS

www_mathcounts-ca org/
CSPE Education Foundation and Califomia MATHCOUNTS homepage.

www_mathcounts-nj.ong/
Jan 15, 2012 — Math coaching and competition program for middle school students.
Offers infermation on state contest.

Search

Ewenything
Images
Maps
Videas
News
Shopping

Maore

Cambridge, MA
Change location

All results
Related searches

More search tools

mathcounts preparation

About 27 400 results (0.18 seconds)

Ags - Why hase ads?

M C P . i I .
wwLartofproblemsolving . com/
Find Resources Used by Thousands of Successful MathCounts Students

Mathcount at Amazon - Low Prices on Mathcount
wwaramazon.com/Matheount

amazon.com is rated T.116 reviews

Free 2-Day Shipping w/ Amazon Prime

o

mathecounts_ saaborg/me.cg
for MATHCOUNTS Most Problems are adapted From MATHCOUNTS Competitions
and Workouts. CGl written By Elias Saab Copyright © 1280-2012 Elias Saab ...

The OnLine Test Page 100% Free{SAT, ACT.SOA EXAM P, EXAM ...
www_saab_org/

Preparation Tests From Mormisen Media LLC ... Mathdrills Home page -
MATHCOUNTS Drills - University OFf Missouri Math Tests Sites{MEW, Great For Math
SAT ...

MathCounts Drills - Math Drills - Vocabulary Practice For SAT - Factoring Drills

MATHCOUNTS - AoPSWiki

wwLartofproblemsolving com » Resources » AoPSWiki

Feb 1, 2012 — MATHCOUMNTS is a large national mathematics competition and ... Art
of Problem Solving hosts MATHCOUNTS preparation classes.

MATHCOUNTS Curriculum - Past Winners - Past State Team Winners

MATHCOUNTS PREE - Home

mathcountsprep.com/

COM s an online math portal designed to help middle school (Gth thru 8th grade)
students o prepare and excel in competitive math contests like MATHCOUNTS

AGMath com MATHCOUNTS Math page

www.agmath com/ST427index.himil

Available 3210 MATHCOUNTS coaches only please. If you would like a full state-
lewel (probably harder) MATHCOUNTS-style set to use for preparation for this
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And here’s an example
where no one cares
about the organic

results really, only the
ads:

+You Search Images Videos Maps News Shoppng Gmail More

Search

Ewerything
Images
Maps
Videos
News
Shapping

More

Cambridge, MA
Change location

Any time
Past hour
Past 24 hours

Past 2 days

Past week
Past month

Past year
Custom range...

All results
Sites with images

More seanch fools

Wikipedia: “Shorts are a bifurcated
garment worn by both men and women
over thelr pelvic area, cireling the waist,

and covering the upper part of the legs ...

AN

shoris

About 82,000,000 resuits (040 seconds)
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Shorts at Macy's | Macys.com

www macys.com/Shorts - 318 seller reviews

Shop Shorts at Macy's. Free Shipping w/ 588 Order Today!
mStyle Lab - Impulse Shop - Sale & Clearance

Victoria's Secret Shorts | VictoriasSecret.com

wvrsvictoriassecret com/ - 3,303 seller reviews

Shop This Season’s Sexiest Shorts at Victoria's Secret. Official Sie
Sweaters - Leggings - Jeans

—_— i . —_—

wWWW Zappos com/Swimwear

ZAppOs.com is rated 23,703 reviews

Free Shipping & 385 Day Retums!

Related searches for shorts:

Stores: Lappos EoreyerZl Kohis Zhopboo Amazon
Brands: Hollister Abercrombie Bebe American Eagle Gap

MO - Shorts (2008

wrnimdbocomitifieftt1 100118/

Rating: 4 210 - 2,885 voles
A young boy's discovery of a colorful, wish-granting rock causes chaos in the
suburban town of Black Falls when jeakous kids and scheming adults afike...
Directed by Robert Rodriguez. Staring Jimmy Bennett, James Spades.

Full cast and crew - Shorts Theatrical Trailer - Featurette: The Rodrigeez .. - Trivia

Shorts | Zappos.com

wwwi Zappos.com/shorts

5 days ago — MikePro Combat Core 6" Short525.00 Pro Core Il 2.5” Compression
Short ... Nike Dri-FIT Fly Training $hort332.00 Relaxed Fit Frickin Too Chino ...

Womens Shorts. high waist shorts. short shorts, jean shorts | Fore...

wwwr forever2 1.com/Product'Categony. aspx ?he=121...bims_shorts
Sweetheart Denim Shorts. 517.30. NEW. STYLE DEALS. Fab Classic Cuffed Denim
Shorts. Onig.- $10.50 ... Life In Progress™ Destroyed Denim Shorts. $22.80 ..

www_kohls.comkohisStore'mens/shorts_jsp
Shorts. Carge. Flat-Front & Pleated. Plaid & Pattemed. Denim. Athletic. Golf. email
alerts contact us about us siore locator - product guides careers store survey

SHORTS: ADVENTURES OF THE WISHING ROCK

shortsmovie wamerbros.comddvd/index himl

Buy the best Shorts movie experience on Blu-ray. Also Available on DVD. CLICK TO
RETURM TO SITE. USE ARROWS TO SCROLL. OWN IT. BUY MOW .

Shorts - Wikipedia, the free encyclopedia

en wikipedia orgiwiki/Shorts

Shorts are a bifurcated gamment womn by both men and women over their pelvic arsa,
circling the waist, and covering the upper part of the legs, sometimes __
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Shorts

www onehanesplace com!
cnehanesplace com is rated

Shop OHPE for Relaxed Fit Shorts.
Low Outlet Prices on Top Brands!

Doch & Official Si
wwwi .dockers.com/

Find Dockers® Khakis in Classic,
Relaxed and Slim Fit. Shop Now!

Bermuda shorts

www hanes.com/Signature_Pants
Great Selection of Colors & Styles
fior Pants & Shorts. Shop Today!

Ladies Shorts
www.athleta_com/

Shop ladies shorts at Athleta®.
Plus Everyday Free Ship on $50.

Shorts

WWW .3 com/

ae.com is rated

Buy Must Have Shorts At AE com.
Get Free Shipping On 5100+ Orders.

LOFTE Shorts

wwwl loft.com/

Stay in Style This Season With Our
Our Classic Shorts. Shop Mow!

Ladies' Shorts

www shopthebay. comMontereyBay
shopthebay.com is rated

Blowout Sale - Save up to 80% Off
Clearance, Plus 40% Off Everything!

Special Holiday Discount
wwen . mybiketnley.com!
mybiketinley.com is rated

All Triathlon Gear on Sale.

Free Shipping. Mo Minimum Order!

Sea your ad here »
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YEHOO! SEARCH rars Hiton Photes | Bearch | acvmrces seeren

E=arch Recohs 1- 13 of merad 75,500,000 for Parsts Hiten Photoy - 1131 sec. (4 dhe cage

Yahoo! Emoricut - About

. Paris Hiklton Photos - Yahoo! Movies

Paric Hitbzen : find the lafest news, phodos, imography ... Cick thumbnad o wies the fil-size
photo. House of Wax {2005 Premiere Phoboc. Specisl Events ...
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. Paris Hitton Photos : Photos - Riolling Stone
Faric Hilton Phobos. View Entre Galery. Frev 1 OF T hext ... Phobos. Videos. Discograpty.
MUSIC 5207, Farig Hilbon ASE Feed. Advertsement Advertsement

rodlingetons. oomiphotoe/galeny 424708 Wparke_hilon_photoe T - 23k - Cached

. Paris Hikltopn - Hotel Rewews - TripAdwisor

Paric Hitton, Paris: See 163 raveler reviews, SO candid photos, and greas deals %o Parls
Hifton, ranked $125 of 1,555 hotels In Farks and rated 4.0 of S al TipAdyizor.
tripadvicor.oom-ot_Reyisg-g1 8T 147-0157 355 -Reviews-Faris_Hillon-Feris..
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www_imdb sominamenmi3BsIss - 51k
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search page For the term “Paris Hilon.”
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fo provide bigh quality search results and
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Peaple searching Lor “Pavis Hil¥on” oy
want celebr'\’ﬂﬂ news, video’mges, or To

EPOHSTR RISULTS
Paris Hilton Tones
Z=f complmentary Pars Hithon

ringionss.
www tonEtunscdu som

Sirearn Fres Sexy Paris
Hilton Yideos

Hotl Parie Hiflon Videcs, Fres
Ereaming of Todsy's Hotlest
Ceiake.

AW _TBTHG . O

Paris Hilton

Cheap Frices and Hugpes SeiscHon
Paric Hifon on Sais

. C-alTEE e

Paris Hilton Photos

Find Faris Hifton FPhodos and
Compare prices at Emarier.com
AW, Gmarbesr. oo

e You Paris Hilkon?
Ceebriy quiz Weat oslebrity ans
¥ouT Leam winich celsbrly you are
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quiz
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W Mlokrcom/ phobos 1205 paris +HlBon - 35X - Cached

. Paris Hilton [ Pictures - FOXMews.com

Wizl FOMNews. 0om for e (akest pews on Parks Hiflon. ind news, gossip, media, and mons
from FO

W foEnswE. oom erserianmenbos bty hilben rdex himi

. Parps Hikton Zone | Pars Hilton Pictures, Pics, Photos

Paric Hithcn fan she o™=z news updates and photo gailsries of the heress and socalbe,
Inciuding magazne spreads and awands Show ApDEaRncES

www . parichitbonzons. oo - 47k

. Paris Hilton - Photo gallery

Paric Hibzsn on BEDE: Mowias, TV, Celabes, and mone... Phodo galery Tor, Parc Hilon
adverbsement. pleobos. board. contact. detalis ...

wwew Iendbosominame nmid 3BE 255 photogaliery - 14k - Cached
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Google

1. Google auctions “sponsored link” ads every time a search query is
entered.

2. The advertising auction produces very stable results.
For contrast, the figure below shows the high bid on one keyword on
Yahoo! over the course of one week in July 2002

12

. WMMWMMW MM
VT v

ms me 720 721 m2 23 24

(b) 1 week

3. Google advertising is highly profitable.
Google may be earning $15-20 billion on 2 trillion searches. Note that 2
trillion searches is less than one search per person per day.

4. Competition from Bing has had little impact on profit margins.
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How Does Google Advertising Work?

Often there are no ads. But on commercially-relevant queries there can be up
to three sponsored links on the top of the page and eight more on the right
side.

A search engine that wants to maximize its market share will have an incentive
to pick ads that consumers want to see. It is hard for a computer program to
inspect an ad and determine whether the offer will appeal to consumers.

Advertisers will have information on the likely profitability of their ads. This
will be correlated with social welfare if profits and consumer surplus are
aligned.

In theory it would be natural to use a VCG mechanism to reveal the values of
their ads. But, this is another example where VCG is infeasible. The number
of ways to assign up to 11 slots to 50 advertisers is enormous.
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How Does Google Advertising Work?

Google developed a system in which advertising slots are auctioned every time
a user enters a query.

@ Advertisers submit standing per-click bids for each possible search query,
e.g "Paris”, “Paris Hotels", “Paris -Hilton"

@ When someone types a search query Google identifies applicable bids

by, by, ..., by.

o Bids are multiplied by “quality scores”, wy, ws, ..., wy. The products are
ranked from highest to lowest. If wib; > waby, > ... > wyby then
bidders 1,2,..., M are chosen as winners for some M with 0 < M <11

and displayed in this order.

@ Advertisers pay if their ad is clicked. If ad k is clicked then advertiser k
pays Google M the lowest that k could have bid and been in the
kth position.

10/41



Edelman, Ostrovsky, Schwarz (AER 2007)

To think about how the mechanism works EOS consider first the following
simple model. (For now I'll ignore the weights.)

@ Suppose N firms bid for M prizes.
@ Prize k consists of getting zx clicks with z; > z > ... > zy.

@ Assume that bidder i gets payoff zxv; if he gets z clicks. Assume that v;
is known only to bidder i. The others treat v; as a random variable with
known distribution F;.

@ Suppose that advertising slots are allocated by the following “clock
auction” procedure: The price clock starts at zero. The price rises
continuously until all but M bidders drop out. From that point on,
whenever a bidder drops out so that only k — 1 bidders remain, the bidder
who just dropped out is awarded position k and assigned a per-click
payment equal to the drop-out point of the bidder in position k + 1.
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Observations
Some initial observations:

1. The GSP auction is not the VCG mechanism.

The message space is much smaller and in VCG firm i needs to pay
(zi — ziy1)Vier + (Zi41 — Zig2)Vigz + - .- + (Zm — O) vt
rather than Z,'b,'+1.
2. Truthtelling is not necessarily an equilibrium when M > 1.
Example. N =3, M =2, zz =200, o =199, vy =10, v, = 4, v3 = 2.

With truthtelling m, = 200(10 — 4) = 1200
If 1 deviates to 3 then m; = 199(10 — 2) = 1592.
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Model

The EOS model has an equilibrium in which all bidders who have clinched
slots “lie” and bid a little less than a click is worth to them:

Proposition

The clock auction has a unique Bayesian Nash Equilibrium in which strategies
are continuous in the types. In this equilibrium:
1. All losing bidders stay in until the clock reaches b} (v;) = v;.
2. When k < M bidders remain and the k + 15 bidder dropped out at b**1,
bidder i will plan to drop out at

Zk

bF (vi; k, bk+1) =y — (vi — bk+1).

Zk—1

Intuition: Bidders who have clinched a spot on the screen will not bid
“truthfully”. If you stay in until the clock reaches v; then you will be very
disappointed if someone else drops out at v; — € — you'll be left with a profit
of just e per click. It is much better to get fewer clicks at a healthy profit
margin by dropping out earlier.
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Model

Proof

1.

The first claim is immediate. If bidder i drops out before v; and loses his
payoff is zero. Staying in until the clock reaches v; is better: there is
some chance that others will drop out. Staying in past v; can only
produce losses.

. Payoffs are differentiable so a winner's optimal strategy must be such

that he is indifferent to first order between dropping out at b*(v;) and
b*(v;) + Ab.

Because dropping out at these two points yields exactly the same payoff
if no other bidder drops out in between the two bids, unconditional
indifference implies that bidder i must also be indifferent betweend
dropping out at the two points conditional on another bidder dropping
out in between b*(v;) and b*(v;) + Ab.

The equation for conditional indifference is:

zk(v; - bk+1) = zk_l(v,- - b*(v,))
Solving this equation for b*(Vv;) gives the formula in the Proposition.
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Model

The unremarkable bidding formula has an important Corollary:

Corollary

When players bid as above, the Google auction mechanism results in each
player facing the same payment schedule as in the VCG mechanism.

Sketch of Proof:

Losing bidders pay nothing. This is as in VCG.

The bidder in position M pays zybM*. In equilibrium bM*1 is the M 4 15t
highest valuation, so this also matches VCG.

The bidder in position M — 1 pays

ZMflb*(VM; M, bM+1) = zZu_1 <VM _ ziM(VM o bMJrl))
ZM—1
= (zm-1-— zM)vM + zpyvMFL,
Again this is the VCG payment: the first term is what firm M loses by being
bumped down from position M — 1 to position M; and the second is what the
firm that is bumped off the screen loses.
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Model Implications

1. The fact that Google's mechanism recreates the VCG payments means
that the equilibrium is an ex post equilibrium. No one wants to change
their bid after they see the other bids. This probably explains why the
Google mechanism produces stable bids.

2. Another implication of the VCG-equivalence is that the Google
mechanism is efficient: the winners are the firms that derive the most
value from being listed.

This suggests why Google may be so popular: if profits and consumer
surplus are aligned then the auction may also produce the CS-maximizing
page.

3. The VCG mechanism is not budget balanced. In this case, the firms all
make nonnegative payments and Google earns the VCG rents.
From a business perspective this is a stroke for commercial genius: the
mechanism that chooses the best links for display results in large
payments to Google. No competitor can steal Google's advertisers by
offering to let them advertise at a lower price — without the payments you
can't select the right advertisers.
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More Issues

The model described above is very nice, but leaves out two other issues that
are extremely important in practice.

@ In practice Google's most important innovation may have been the
“weighted” auction. Each bidder i is in practice assigned a “quality
score” w; and bids are ordered so that b*w! > b2w? > ... > pbNwh.
Payments also reflect the weights: the bidder in position k pays bW
per click.

Google spends a tremendous amount of money each year researching
ways to improve the weights.

@ Google also makes liberal use of “reservation prices”. If the high bid is
less than r then no ad is displayed. Many, many pages have no ads.

wk

The EOS model does not provide an adequate tool for thinking about
welfare implications: in its setup reservation prices are always
welfare-reducing because they prevent consumers from seeing ads that
are valuable to the advertisers.
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Athey-Ellison, “Position Auctions with Consumer Search,” (QJE 2011)

The main idea of our paper is to endogenize the “prizes” in the EOS model as
profits obtained from selling to a consumer population. Consumers incur
search costs when they click on links and search optimally given beliefs about
advertisers.

We have several motivations:
@ A more complete model can provide a more complete understanding.

@ Thinking about where values come from suggests and motivates
directions in which it is natural to change the standard model.

@ There is reason to think that answers to auction design questions will
change. Reserve prices need not be welfare reducing.

@ A complete model lets one talk about consumer and social welfare.
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Model Overview

We build a complete model with rational consumers and profit-maximizing
advertisers. The main elements of our model are:

Consumers have a need. They can meet this need by purchasing from a
sponsored-search advertiser.

Consumers incur search costs whenever they click on a sponsored link.

Advertisers differ in “quality”. Quality is the probability of meeting a
consumer'’s need.

Quality is private information of the advertiser.

Consumers gain information about advertiser quality if bids are monotone
in quality and screen positions are ordered by bids. This information
naturally influences the consumer search process.
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Overview of Results

Some of our observations are:

@ Sponsored search auctioneers should be thought of as two-sided platforms
that create social surplus by providing information to consumers.

@ Some of the standard auction theory results can be generalized to our
environment even though the auctions now have “common value”
elements.

@ Reserve prices have novel effects in our model: reserve prices can improve
social welfare by eliminating wasteful search costs and enabling more
extensive search; and there is an interesting alignment of consumer and
social preferences.

@ The standard results on the optimality of click-weighted auctions are not
compelling in our model. There are a number of problems: inappropriate
selection of firms; loss of information transmission; and incentives for
obfuscation.
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Base Model

@ Continuum of consumers of unit mass.

» Visit search page to find sponsored links.

> Get a payoff of 1 if they meet their need.

» Consumer j incurs cost s; from clicking on a link. Assume s; ~ G.
» Search optimally until need is met or benefit falls below s;.

@ N advertisers bid to be sponsored links.

» Firm i has probability g; of meeting a random consumer’s need.
» i ~ F[0,1] is private information. Firms’ ads convey no information.
> Get a payoff of 1 if they meet a need.

@ Search engine

» Conducts standard unweighted GSP auction.
» Displays M sponsored links ordered according to bids.
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Benchmark: Unsorted Lists

A benchmark for comparison is what happens if the advertisements are
presented to consumers in a random order.

Define § = E[qg;]. In that case, the consumer expects each website to meet
the need with probability g.
Proposition

If the ads are sorted randomly, then consumers with s > g don't click on any
ads. Consumers with s < @ click on ads until their need is met or they run out
of ads. Expected consumer surplus is

E(GE) =1 oo o5
q
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Consumer Behavior: Sorted Lists

Suppose that the equilibrium of the bidding game is such that the advertisers
are ordered on quality. Consumers will form priors based on order statistics
from the distribution F and update beliefs downward after every unsuccessful
click.

Write z; for the realization of search /.

Proposition

If the firms are sorted by quality in equilibrium, then consumers follow a
top-down strategy: they start at the top continue clicking until their need is
met or until the expected quality of the next website is below the search cost:

s> g =E(g"N|Zt=...=Z¢1=0)

The version of our model with g uniform is a nice special case.

Lemma

If g ~ U[0,1] and sponsored links are ordered on quality, then
. N+1-—k
kN _1 k—1
E(¢“"|zi=...=2"""=0)= T
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Consumer Behavior: Welfare Gains from Sorting Links

In our model sponsored-link lists contribute to welfare by making consumer
search more efficient.

When g is uniform and N large consumer surplus is approximately 1 — 2s with
unsorted links and 1 — s with sorted links. These approximations are fairly
good even when N is not very large. The figure below shows the curves for

N =4

E(CS(s)) E(CS(s))
14 14

- -

z 1 s 1 s
Unsorted Links Sorted Links
Figure: Consumer surplus with sorted and unsorted links: N = 4
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Bidding Game

Consider now the bidding game in which advertisers bid for locations. Suppose
k firms remain and the earlier dropout prices were bkt1 > pk+2 > > pN,

Each firm / must now decide how long to stay in hoping for a higher slot and
when to drop out and accept slot k. Equilibrium will be b*(k, b**1; q).

The standard EOS model is a private values model. Firms get (q; — b¥*1)z if
they accept slot k. If they reach slot k — 1 instead they get (g; — b*)zx_1.

Our model has common values. The value to slot k is

(qi — B*")Di(q, ..., q" ).
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Bidding Game

The equilibrium of our model is nonetheless is similar:

Proposition

The auction game has a symmetric strictly monotone pure strategy
equilibrium. Firms bid up to their value until M firms remain. After this, the
dropout point of a firm that has quality g when k bidders remain and the

k + 1%t highest bid is b**1 is given by

b*(k, b***; q) = B*H + (g — b**T) (1 —(1- q)G‘_’k)l))

Remarks

1. Firms bid up to their true value until they make it onto the list. Then,
they start shading their bids. (Note that G(gx)/G(gk—1) < 1.)

2. When g is small, bids increase slowly with increases in quality because
there isn’t much gain from outbidding one more bidder.

3. Every time a firm drops out of the final M it is common knowledge that
no other firm will drop out for some time.
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Bidding Game

Proof of Proposition 5

Assume that a symmetric equilibrium exists and that firms play strictly
monotone strategies with no bunching of dropout points.

The equilibrium bid b* will be such that an advertiser is indifferent between
dropping out at b* and at b* + db. Staying in for the extra db makes no
difference if no firm drops out, so the firm must be indifferent conditional on
another firm dropping out in this interval.

If the firm is the first to drop out its payoff is
E((1—-¢"") 1 —q*") - (1= d“ ") (1~ q)ld" " = q)-G(qu)(g—b ).
If the firm is the second to drop out in this interval its payoff is

E((1-q¢"")(1—=¢*N)-- (1= *M")|g" "N =¢q) - G(qk-1) - (9 — b*).

Indifference gives
G(@)(1 —q)(q — b*") = G(qu-1)(q — b*)
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Bidding Game

Proof of Proposition 5

The indifference condition above is a necessary condition for a PBE with
strictly monotone bidding and no simultaneous dropouts. To show that the
strategies are in fact an equilibrium we need to do a couple more things:
1. Verify that the strategies do lead to strictly monotone bidding as
assumed.
2. Show that the solutions to the indifference equations are optima.
> If a deviation does not change the order of the listing, then the firm that
deviates does not gain.
> If a firm moves down by dropping out earlier, then the above equations
show that dropping out is worse than dropping out immediately after the
other firm.
> The one-stage deviation principle implies that we need only show that a
firm does not gain by staying and then dropping out as soon as another
firm drops out. This also follows from the above equations.
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Reserve Prices

Suppose search costs are uniformly distributed. An important property is then:

Proposition

Consumer surplus and welfare are maximized for the same reserve price, and
given any bidding behavior by advertisers and reserve price policy of the
search engine, equilibrium behavior by consumers implies E(W) = 3E(CS).

Proof

Define GCS = CS + Search Costs and GPS = Advertiser Profit +
Search-engine fees.

A search produces one unit of each iff a need is met so E(GCS) = E(GPS).

Welfare is W = GCS + GPS — Search Costs, so we need to show that
E(Search Costs) = 1E(GCS).

This follows from the optimality of consumer search and the uniform
distribution of search costs: each ad is clicked on by all consumers with
s € [0, E(q)], so average search costs are one-half of the expected GCS.
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Reserve Prices

A corollary that is useful for computing socially optimal reserve prices is:

Corollary

Suppose that reserve price r'Y' maximizes social welfare when the search

engine has the ability to commit to a reserve price. Then, r'V is an
equilibrium choice for a consumer-surplus maximizing search engine regardless
of whether the search engine has the ability to commit to a reserve price.

Proof: Write CS(q, q') for the expected consumer surplus if consumers believe
that the search engine displays a sorted list of all advertisers with quality at
least g, but the search engine actually displays all advertisers with quality at
least ¢'.

The optimality of consumer search implies CS(q,q’) < CS(¢q’, ¢').

The assumption that advertisers use strictly monotone strategies for any r and

that r" is the socially optimal reserve price imply that
CS(q',q') < CS(rV, r'V).

A deviation to a different reserve price yields consumer surplus of CS(r'V, q')

for some q’. The deviation does not improve consumer surplus because
Cs(r',q') < CS(q',q') < CS(r™, ™).
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Reserve Prices

When consumers have positive search costs it is no longer socially optimal to
use a zero reserve price. The calculation is easiest when only one link is
displayed.

Proposition

Suppose that the list has one position and the distribution of search costs is
uniform. Then the optimal r satisfies

1w
r=sE(@"g™" > ). (1)

Proof:
We can find the social optimum by solving for the Nash equilibrium of the no
commitment model with a CS-maximizing search engine. In this model, the
search engine must be indifferent as to whether to display any link when it
learns that the best firm's quality is r. This gives
1 . .
r= EE(ql'N|q1'N >r).

Intuition: Reserve prices improve welfare in two ways: they help consumers

avoid wasteful clicks; and thereby enable consumers to click more.
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Reserve Prices

Our alignment theorem has another important implication: there is an
inherent conflict of interest between the search engine and advertisers.
Corollary

Advertiser surplus is lower under the profit-maximizing reserve price than
under the consumer-optimal reserve price.

Proof:

The consumer-optimal reserve price maximizes total producer surplus. If the
search engine chooses a different reserve price, then it must be that the search
engine's share of total producer surplus is larger with this different reserve
price. This leaves the advertisers with a smaller share of a smaller pie.
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Weights and Other Extensions

The search engine could obviously do better with more general strategies.

@ Reserve prices could vary by position on the screen.

@ Displays could be used to convey more information about quality
rankings. Current search engines do sometimes leave spaces on the top
empty while displaying ads on the side.

@ Information about sponsored links could be provided more explicitly.

We discuss a number of other considerations related to weighting bids.

o Clickthrough weights

> Suppose that each ad has a two dimensional type: A (J, q) ad meets each
consumer's needs with probability 6g. When consumers read the ad of a
(9, g) firm, a fraction 1 — § learn that it cannot meet their needs. The
other § know that the firm will meet their needs with probability g, but
still don’t know q.

» When s is small using the § as CTR weights is approximately optimal.
When s is larger it is better to show ads with a higher g and lower 4.

@ Relevance weights to combat obfuscation

@ Diversity weights
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Anderson and Renault, “Search Direction: Position Externalities and
Position Auction Bias”

Anderson and Renault consider a model with endogneous good prices and
consumers optimizing search order.

o Consumers have a need that can potentially be met by sellers
i=1,2,...,N.

o Seller i meets the need with probability 1 — ~;. If seller i meets consumer
Jj's need, it will provide surplus vj; — p; with v;; ~ F; on [v;, Vj].

o Consumers have cost s per search. Know {~;, F;} for all firms. Must
search firm / to see if need is met and learn vj; and p;. Search optimally
given equilibrium prices.

Observations:

1. Under some conditions the model has multiple equilibria, including an
equilibrium with every possible search order.

Equilibrium prices p; are such that consumers buy from the first firm that
meets their need. Firms early in the search order are setting prices well
below v;. This incentivizes the search order and deters further search.
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Anderson and Renault, “Search Direction: Position Externalities and
Position Auction Bias”

Anderson and Renault consider a model with endogneous good prices and
consumers optimizing search order.
o Need potentially be met by i =1,2,... N.
@ Seller i meets the need with probability 1 — ;. If seller i meets consumer
J's need, it will provide surplus vj; — p; with vjj ~ F; on [v;, j].
@ S cost s. Know {vj, Fi}. Search firm i to see if need is met and learn vj;
and p;. Search optimally.

Observations:

2. It is tractable to describe the profit-maximizing, wefare maximizing, and
consumer surplus maximizing equilibria of this variety.
Firms are ordered on summary statistics reflecting v;, v;, and A}, a
measure of the upside potential of learning v;;.
Profit and welfare-maximizing orders place firms with high v; and A;
first. Profit-maxmizing also puts high ; early, because it's good for the
firms if the later firms (which set higher prices) make the sales.

CS maximizing orders ignore v; (which is fully extracted), and reverse

ordering of the other factors.
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Anderson and Renault, “Search Direction: Position Externalities and
Position Auction Bias”

Anderson and Renault consider a model with endogneous good prices and
consumers optimizing search order.

@ Need potentially be met by i =1,2,... N.

@ Seller i meets the need with probability 1 — ~y;. If seller i meets consumer
J's need, it will provide surplus vj; — p; with v ~ F; on [v;, j].

@ S cost s. Know {vj, Fi}. Search firm i to see if need is met and learn vj;
and p;. Search optimally.

Observations:

3. Position auctions can be modeled as selecting among the equilibria.
Firms bid for positions, are ordered, and then set the prices that make
top-down search in the order determined by the bids an equilibrium.

The (not fully determined) equilibrium search order depends on the
nature of the seller heterogeneity. With differences in "height” (v;)
high-profit orders result. With differences in "width” (v;) we can get
high-welfare orders as in Athey-Ellison.
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Armstrong and Zhou, “Consumer Information and the Limits to
Competition”

Armstrong and Zhou discuss retail platform design using an information
design approach.

Two firms sell horizontally differentiated products through a retail platform.
Consumer i gets utility vjj — p; if she buys from firm j and utility 0 if she does
not purchase. Assume that v;; ~ F on [v, V] is unknown to the consumer
before she visits the platform.

Platform design consists of choosing and committing to a signal structure
o v, v] X [v,v] = A(S).

After the platform commits to the signal structure, the firms simultaneously
choose prices p; and p,. Consumers then visit the platform, observe the prices
and a signal about their valuations, and purchase from at most one of the
firms.

The paper discusses profit-maximizing and consumer-surplus maximizing
design.
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First Best Design

The consumer optimal outcome is unattainable. Consumers would like to buy
their preferred product at p = c¢. But if consumers are told which product has
a higher vj;, then the firms are engaged in differentiated product competiton
and there will be a positive markup.

The seller-optimal outcome is sometimes possible, but only when there is a
very high degree of differentiation. To achieve the seller optimal outcome,
each consumer must purchase their most preferred product and firms must
price in a way that extracts all surplus. Suppose that each consumer is told
which product has the higher v for them. Define puy = E(vi1|vis > viz) and
pr = E(vir|vir < vi2).

Proposition

If p — ¢ > 2(pr — ), then pf = p3 = py is an equilibrium of the pricing
subgame. These prices extract all consumer surplus.
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Second Best Design

In othe environments the platform faces an unavoidable tradeoff:

1. Providing consumers with better information about their relative surplus
increases gross surplus. This is appealing whether the platform is trying
to maximize consumer or producer surplus.

2. A consumer-maximizing platform also wants to minimize equilibrium
prices. This requires having many consumers who view firms 1 and 2 as
close substitutes.

A profit-maximizing platforms also wants to maximize equilibrium prices.
This requires having few consumers who view firms 1 and 2 as close
substitutes.

The information-design literature notes that it is often useful to think of signal
designs in terms of the distribution over posteriors g(E(v1 — v2|s)) they
induce.
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Second Best Design

The profit-maximizing design (on the left below) uses signals that concentrate
beliefs away from indifference.

The consumer-optimal design (in the middle below) creates near-Bertrand
competition by giving most consumers very little information.

H >
consumer sufplus

In a numerical example, there is much more scope to transfer surplus between
consumers and producers than to affect aggregate surplus.
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On Monday I'll discuss some empirical papers on online markets prob-
ably including

@ Einav, Levin, Kuchler, Sudaresan
@ Quan and Williams

o Ellison and Ellison

o Mayzlin and Chevalier

See you then!
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