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We investigate market forces that would lead to the emergence of new classes of players in the
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As a result, a significant pool of interested advertisers are left out. We present a comparative study
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by for-profit agents (or, mediators), who compete for slots in the original auction, draw traffic,
and run their own sub-auctions, and the other, where the additional capacity is provided by the
auctioneer herself, by essentially acting as a mediator and running a single combined auction.
The quality of the additional capacity is measured by its fithessfactor. We observe that the single
combined-auction model seems inferior to the mediator-based model and market becomes more
capacity efficientin the latter. For instance, the revenue of the auctioneer always increases when
mediators are involved, unlike the auctioneer based scenario where often there is a tradeoff be-
tween the revenue and the capacity. Further, the social value (i.e. efficiency) always increases
when mediators are involved. Thus, our analysis indicates that there are significant opportunities
for diversification in the internet economy and we should expect it to continue to develop richer
structure, with room for different types of market entities and mechanisms to coexist.

Categories and Subject Descriptors: H.4lmf¢rmation Systems]: Miscellaneous

General Terms: Algorithms, Economics, Theory
Additional Key Words and Phrases: Capacity Constraints, Diversification, Internet Economy,
Mechanism Design, Mediators, Sponsored Search

A preliminary version of this work was presented in WINE 20@@7erein the mediator-based model was studied
[Singh et al. 2007].

Authors’ Address: Department of Electrical Engineeringivérsity of California, Los Angeles, CA 90095.
Netseer Inc., 11943 Montana Ave. Suite 200, Los Angeles, Q349.

Emails: {sudhir, vwani, gunadhi, behngm@netseer.com

Permission to make digital/hard copy of all or part of thistenal without fee for personal or classroom use
provided that the copies are not made or distributed forfpwoiommercial advantage, the ACM copyright/server
notice, the title of the publication, and its date appead aotice is given that copying is by permission of the
ACM, Inc. To copy otherwise, to republish, to post on seryversto redistribute to lists requires prior specific
permission and/or a fee.

(© 2008 ACM 1529-3785/2008/0700-0001 $5.00

ACM SIGecom Exchanges, Vol. 7, No. 3, November 2008.



2 : Sudhir Kumar Singh et al.

1. INTRODUCTION

Sponsored search advertising(SSA), where advertisersopagpear alongside the algo-
rithmic/organic search results, is a significant growthketiand is largely responsible for
the success of Internet Search giants such as Google and!Yate statistics show that
the growth of the overall online advertising market has baemund 30% every year, as
compared to the 1-2% of the traditional media, and is expcténcrease t635.4 billion

in 2012 from aroun@20 billion in 2007.

In this form of advertising, the Search Engine allocatesatheertising space using an
auction. Advertisers bid upon specific keywords (i.e. queoyds). When a user searches
for a keyword, the search engine (i.e. the auctioneer) aéscthe advertising space to
the bidding merchants based on their bid valuesaraldity scoresand their ads are listed
accordingly. Usually, the sponsored search results app@aseparate section of the page
designated as “sponsored links” above/below or to the Bfittte organic/algorithmic re-
sults and have similar display format as the algorithmialtes Each position in such a
list of sponsored links is calledslot Whenever a user clicks on an ad, the correspond-
ing advertiser pays an amount specified by the auctioneaceh¢he ternCost Per Click
(CPC). Generally, users are more likely to click on a higlaked slot, and therefore,
advertisers prefer to be in higher ranked slots and competbém. The auction currently
used by Google and Yahoo! is a generalization of the Vickragtian [Vickrey 1961], and
is referred to as th&SP(Generalized Second Price) mechanism. GSP is tailoreceto th
unigue requirements of SSA, and has quite different ingemtroperties than the original
Vickrey auction, and has been extensively studied in regeats [Edelman et al. 2007;
Varian 2007; Lahaie 2006; Aggarwal et al. 2006; Lahaie amthBek 2007].

The analysis of the underlying SSA models has so far prijmfrdused on the scenario
where advertisers/bidders interact directly with a priyreuctioneer or AdNetwork, e.g.,
they bid for ad-space at leading search engine and publjisintls. The market, however,
has evolved rapidly, and is already witnessing the spootasmemergence of several cate-
gories of companies who are trying to mediate or facilitheeduction process. The main
focus of such entities is to generate relevant leads ordrédfithe advertisers. For ex-
ample, a whole genre of companies, collectively referregisttheonline lead generation
market specialize in aggregating traffic to their sites by biddiagkeywords on major
portals and search engines. Then, instead of selling ®=sraicd products themselves, they
have advertisers signed up on their sites to capture thesfedraffic. The exact pricing
model for the leads sold at these sites varies a great dehlding cost-per-thousand im-
pressions (CPM), CPC and Cost per Action (CPA), where “atttould imply completion
of a certain transaction by the lead at the advertiser's Bikamples of such companies in-
clude, Oversee.net, LeadClick Media, ad pepper, Valug@lic. and, according to ID'C
the lead-generation market is the fastest growing segniemntioe advertising and in 2007
raked in more thafi1.5 billion in revenues.

There are severainexplored fundamental issubgt come up when one considers the
combined systermomprising both the primary auctioneers and the mediatéos.exam-
ple, in the above mentioned lead-generation scenarioraskes have the choice to either

http://www.gpbullhound.com/research.php, http:/tntgiactive.com/Sector%20Report%200nline%20Lead
%?20Generation%20March%202007.pdf
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directly place their ads on the search portals (i.e., thegry auctioneers), or buy leads
from the mediators, or pursue both avenues. Then, are theegant unmet demands or
inefficiencies in the SSA model that enable mediators torfikeonomic need and survive,
or would in the long term the primary auctioneers simply @emechanisms or improve
efficiency and take over the services provided by the mediatblow are the revenues of
the primary auctioneers effected by the presence of theated? What are some of the
mechanisms that the middlemen can use so as to carve out @rrgffiiche? In other
words, we ask whether the primary auctioneers and the fifitpnediators carcoexist

in an economic and game theoretic sermed if they do coexist, then what ramifications
would it have on the overall efficiency and the utility of thevartisers.

In the present work, we adopt a fundamental approach, wherérst identify an in-
herent feature of the sponsored search advertising mar&stelycapacity constraints
which could be key to the emergence of new market entitieds fatural constraint in
the SSA framework arises from the fact that there is a limithe number of available
advertisement slots (atots that receive any clicks from usgrespecially for thgopular
keywordsand as a result, a significant pool of advertisers are léft@ansequently, new
market mechanisms, as well as, new for-profit agents arly likeemerge to combat or to
make profit from the opportunities created by scarcity irspdee inventory. We show that
this unmet need, i.e., the need of a large pool of adverttsegst leads, triggers &fold
diversification in the terms of

—the emergence of new market mechanisms
—the emergence of new for-profit agents, and
—the participation of a wider pool of bidders/advertisers.

First, we propose a model where the additional capacityasiged by for-profit agents
(or, mediators), who compete for slots in the original aarttidraw traffic, and run their
own sub-auctions. We show that the revenue of the auctipasevell as the social value
(i.e. efficiency), always increase when mediators are irael Next, we ask the question-
what if the auctioneer wants to provide the additional cépderself by essentially act-
ing herself as a mediator and runningiagle combined auctiéh Do the revenue of the
auctioneer and overall efficiency improve or do they degradmich a model? We show
that, unlike the mediator-based model, there is often setfidetween the revenue and
the capacity, and there is a phase transition from possighimin terms of revenue to a
loss as thditness(a measure of the quality of the additional capacity) insesameaning
that there is a critical fithess value beyond which the aueto always loses in revenue.
However, there exist scenarios where the revenue of théoaeetr could indeed increase
by increasing capacity. In the case of efficiency, the rasuttore in consonance with the
mediator-based model, i.e., the efficiency increases asfitmcreases. However, unlike
the mediator-based model, the efficiency could indeed dserby increasing capacity.
Our results and analysis indicate that for-profit mediatioas can increase capacity and
ad inventory space can indeed coexist along with primaryi@ueers. In fact, they add
significantly to the overall efficiency and the utility of thelvertisers. Thus, the SSA mar-
ket becomes moreapacity efficienby the involvement of such mediators, and we should
expect such entities to proliferate and continue to thrivhe market, however, has had
concerns about certain other kinds of mediators, partiyufaose that abuse inefficiencies
present in the market, and both Google and Yahoo! have taleasunes to actively dis-
courage and eliminate such entities. As discussed in tihafimlg, the mediators that we
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have analyzed are very different in nature and can survileibthey enhance both user
experience, and quality of traffic for the advertisers.

(1) Our model is motivated by a few examples fr@oogle Adwordsprovided in the
APPENDIX For example, the mediator “business.com” bids for the la@\888
number” and then sells the leads at its own site via a secoctibau Similarly, the
mediator “personalloans.com” does the same for the keyteasly loans”. Of course,
the real world mediators use mechanisms other than segpadations to sell the
leads that they aggregate. The analysis of such combinéehsygi.e., keyword auc-
tions at the primary site and different pricing mechanistrth@ mediators’ sites) can
also be carried out in a manner similar to the approach adapthis paper.

(2) The success of a mediator depends on how well she créegesititional capacity,
and how efficiently she sells them. The first aspect is cagthyeafitnessfactor in
our model, which is essentially a measure of the quality efaldditional capacity
provided by the mediator. The second aspect is capturedebyallue she derives by
selling the additional capacity. Both these quantitiesfarmally defined later in the
paper. Intuitively, it is important that the fithess of thedizor be very good so that
she can ensure a better value (i.e. revenue from sellingiadali capacity) and be
competent in bidding for and obtaining a slot in the primaugtéon (i.e. at the search
portal). Consequently, a mediator with poor fitness will hetable to survive in the
market. Thus, the kind of mediators we study in this papespeeifically the ones
who can efficiently create extra capacity (i.e., increasmaehtory) while enhancing
user experience.

(3) In general, there could be several other inefficiencigbé SSA framework, and the
market may naturally see the emergence of different kind®mprofit agents as a
result of these inefficiencies. For example, the tail quasiginfrequent keywords, can
easily comprise 40% or more of the total query volume at aayckeportal. Individu-
ally, each such keyword is difficult to identify, and evendéntified, it does not have
high enough volume to be attractive enough for advertisepdace bids on. Conse-
guently, a significant fraction of queries are never matdbethy advertisement, even
though the users may have specific and well-defined comnhéntéat behind such
gueries. The existence of such high-volume but poorly mpeéguery traffic has led
to the emergence ofseparate clasef mediators, collectively referred to as the search
engine orclick arbitragesector. In an ideal world, such mediators could enhance user
experience by better capturinger intentioni.e., by buying a large number of infre-
guent keywords with similar intent or from a particular veat sector (e.g., health,
finance, or travel), and then funneling the traffic to a sitd #hows relevant ads (i.e.,
on topics related to the users’ original queries), but basedigh-priced keywords.
Since the infrequent keywords are cheaper to buy, the nadiaain turn a profit by
showing ads for keywords that are more popular, and hence expensive.

In reality, howevercapturing user intention in a large-scale fashion is a véficdlt
problem, and many such click arbitrageurs end up buyinginfent keywords at a
cheap price and selling them at a higher price by taking tkeesus pages full of ads
that are not necessarily related to the original keywordd (aay be put by a different
auctioneer), without regard to and often compromising es@erience. Most of the
time, users just click on these pricey but irrelevant ads aiertheir way out of those
pages. Given that the pricing mechanism is PPC (pay-pek)dased, the advertisers
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do pay for all such junk clicks, making fortunes for thesataalgeurs. In the long run,
however, such an abuse of the inefficiency (i.e., the ingtofithe primary auctioneer
to capture commercial user intention for a large enoughifra®f query volume) is
automatically eliminated as advertisers figure out the wlishing conversion rates,
thereby decreasing their bids and paying much less or mpfhinthese junk clicks.
Also, the auctioneers may take smart actions to ban suctiagburs (since the traffic
from these arbitrage companies are of poor quality or baingéled to a competitor),
and the company Geosign being banned by Google is a primepgahthis. It is
important to reiteratehat the mediators we discuss in this paper, howelenot fall
in this category of short term profiteers

Now we discuss the formal setup for the standard sponsoeedisauctions which will
be helpful in the presentation of our model for creating &ddal capacity. Formally, in
the current models, there af¢€ slots to be allocated amony (> K) bidders (i.e. the
advertisers). A bidderhas a true valuation; (known only to the biddef) for the specific
keyword and she bids. The expectedlick through rate(CTR) of an ad put by bidder
when allocated slot has the fornCT' R; ; = ;e; i.e. separable in to a position effect and
an advertiser effectzy;’s can be interpreted as the probability that an ad will béceot
when put in slotj and it is assumed that; > ~;44 forall 1 < j < K and~; = 0 for
j > K. e; can be interpreted as the probability that an ad put by biddgli be clicked
on if noticed and is referred to as theevanceof bidderi. The payoff/utility of bidderi
when given slojj at a price ofp per-click is given bye;v; (v; — p) and they are assumed to
be rational agents trying to maximize their payoffs.

As of now, Google as well as Yahoo! use schemes closely moddedeRBR(rank by
revenue) with GSP(generalized second pricing). The bilder ranked in the decreasing
order ofe;b; and the slots are allocated as per these ranks. For simgptitiotation,
assume that thé&h bidder is the one allocated slbaccording to this ranking rule, then
i is charged an amount equali@’}f¢ per-click. This mechanism has been extensively
studied in recent years [Edelmanlet al. 2007; Varian 200Ralea2006; Aggarwal et al.
2006; Lahaie and Pennock 2007]. The solution concept thatdsly adopted to study
this auction game is a refinement of Nash equilibrium indepetly proposed by Varian
[Varian 2007] and Edelman et al [Edelman et al. 2007]. Unldisrrefinement, the bidders
have no incentive to change to another positions even atuherd price paid by the
bidders currently at that position. Edelmen et al [Edelntaal.2007] calls itocally envy-
free equilibriaand argue that such an equilibrium arises if agents arengpibeir bids to
increase the payments of those above them, a practice whimlieved to be common in
actual keyword auctions. Varian [Varian 2007] calledymmetric Nash equilibria(SNE)
and provided some empirical evidence that the Google bia agtees well with the SNE
bid profile. In particular, alsNE bid profileb;’s satisfy

(Vi = Yit1)Vit1€i41 + Vi1 €irabiro < Vieir1bip1 < (Vi — Yit1)Vi€i + Yip1€i42Dit2
(2)

foralli = 1,2,...,N. Now, recall that in the RBR with GSP mechanism, the bidder
pays an amouni‘% per-click, therefore the expected paymentakes per-impression

2http://www.techdirt.com/articles/20080319/020719588nl,  http://www.techcrunch.com/2008/03/18/how-
geosign-blew-160-million/
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is %ei% = ~v;ei+1bi+1. Thus the besBNE bid profile for advertisers (worst for the
auctioneer) is minimum bid profile possible according to &@n 1 and is given by
K
vieirbisr = 3 (% — Vi41)vi1€511 (2)
Jj=t
and therefore, the revenue of the auctioneer at this minif@Mmis

K K K K

D yieipabiyr = 3> (v —vir)visein = > (% — vir1)iviieiia. (3)

i=1 i=1 j=i j=1

For the comparative analysis, in the present work, we asshate¢he auction used to

sell the original slots (i.e., without any additional caipgc the single combined auction in
the auctioneer-based-model run by the primary auctioweszlt the original slots together
with the additional slots created by him, as well as, the tuctians in the mediator-based
model (one run by the primary auctioneer to sell the origéhatls and the other run by the
mediator to sell the additional slots created by her), dreualvia RBR with GSP i.e. the
mechanism currently being used by Google and Yahoo!. Theisaolconcept we use is
Symmetric Nash Equilibria(SNE)/locally envy-free eduoiila [Edelman et al. 2007; Varian
2007]. Nevertheless, as evident from the intuition behivedgroofs provided later in the
paper, the results hold true for other interesting all@ceéind pricing mechanisms as well.

2. THE MODEL

We will refer to the scenario where the additional capaaitgreated by a for-profit media-
tor asM DC (MediatorDriven additionalCapacity ) and the scenario where the additional
capacity is created by the auctioneePd3C (AuctioneeDriven additionalCapacity ).

—Ad(ditional/Secondary Slots:

—How arethe dots created? In MDC, the mediator participates in the original auction
run by the search engine (callgpeauction) and competes with advertisers for slots
(calledprimary slot9. Suppose that in the-auction, the slot assigned to the mediator
is I, then effectively, the additional slots are obtained bykifog this primary slot
in to L additional slots, wheré, < K. By forking we mean the following: on the
associated landing page the mediator puts some informeglewant to the specific
keyword associated with theauction along with the space for additional slots. Let
us call these additional slots ascondary slotsIn ADC, similarly, the additional
slots are obtained by forkingneof the original slots. Here, the auctioneer puts her
own ad/link in that slot, and on the associated landing pstgeputs some information
relevant to the specific keyword along with space for addé#lslots. We consider the
single fork case ilADC and single mediator case MDC for the sake of simplicity
of presentation and so that the calculations do not get udyyibut the results can
be extended to the case where the auctioneer forks multgike(n ADC) and adds
additional capacity, or there are more than one mediatoodiad (inMDC).

—TFitness andNew position based CTRs: The quality of the additional/secondary slots
is measured by fitness factor Let the probability associated with the ad put by the
auctioneer (iMDC) or the mediator (it DC) for creating additional capacity to be
clicked, if noticed, be denoted gs In MDC, this is actually the relevance score of the
mediator in the-auction. Moreover, the position-based CTRs for the aoldi slots
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in the landing page will in general be different than on themmage, and it might
actually improve, say by a factor af This means that the position based CTR for the
jth additional slot on the associated landing page is modeded,;. Therefore, we
can define a fitness factgrto indicate the effective quality of additional slots being
created, which is equal tbr. Thus, if the original slot being forked isand there are

L additional slots being created on the landing page, theefteetiveposition based
CTRs for the additional slots thus obtained arév1, v /72, . - ., vi.fvL respectively.
Clearly, fv1 < 1; however,f itself could be greater than

—A single combined auction vs two uncoupled auctions. The major difference in the
two scenarioMDC andADC is that inMDC there are two uncoupled auctions- the
one run by the auctioneer to sell the primary slots where thdiator also competes
for a slot (i.e. p-auction), and the other run by the mediator to sell the sgagnslots
( calleds-auction), however irADC there is asingleauction run by the auctioneer to
sell primary as well as secondary slots. Thus there is-aaction inADC. For the
comparative analysis, we assume that the single combingttbaun ADC as well as
the two auctions itMDC, are all run via RBR with GSP (i.e. the mechanism currently
being used by Google and Yahoo!) and the solution conceptseésuSymmetric Nash
Equilibria(SNE)/locally envy-free equilibria [Edelmana. 2007; Varian 2007].

—p-auction: In MDC, the mediator participates in the original auction run leysbarch
engine and compete with advertisers for a primary slot. k@ith agent (an advertiser
or a mediator), lev?” andd? denote her true valuation and the bid for fir@uction
respectively. Further, let us denatge? by s” wheree! is the relevance score dth
agent forp-auction. There are stil slots for thisp-auction, and the position based
CTRs are still the same as in the case without additionalaipa
In ADC, in the combined auction there are néw= K + L — 1 slots and for each
slot there will be a probability of being noticed if an advset is assigned to that
slot i.e. its position based CTR. We rename the slots in ticeedsing order of their
CTRs. That is, thejth slot is the one havingth maximum of the elements from
the set{y1, v, - - -, V=1, Vit1s - - - » Y ISy, v fv2, - -, fy} andits CTR s
denoted byy;. For the sake of simplicity, we assume that there are no.teso two
slots have the same position based CTRs. Thereforejjikewe havey; > 7,41
foralll < j < K+ L—-1andy; = 0forall j > K + L. Further note that,
v =, forj <I1—1,andy < ;. Thereforey; — yj41 =v; —vj41 forj <i—1,
-1 — Y > -1 — Y, andy; — ;41 could be greater than or less than— ;4 for
I < 7 < K depending on how the new position based CTRs are distrilartezhg
the old ones.

—s-auction: In ADC, there is nos-auction. InMDC, the mediator runs her individual
sub-auction for selling the secondary slots. For an adsexrthere is another type of
valuations and bids, the ones associated wittuctions. For théth agent, lew? and
b; denote her true valuation and the bid for thauction respectively. In general, the
two types of valuations or bids correspondingitauction and the-auctions might
differ a lot. We also assume thagt = 0 andb? = 0 whenever is a mediator. Further,
for the advertisers who do not participate in one auctayction ors-auction), the
corresponding true valuation and the bid are assumed torbe &kso, for notational
convenience let us denotge; by s;, wheree; is the relevance score oth agent
for the s-auction. Further, the-auction is not coupled to thg-auction, meaning

ACM SIGecom Exchanges, Vol. 7, No. 3, November 2008.



8 : Sudhir Kumar Singh et al.

that the corresponding auctions are independent of eaeh wthhe sense that for a
player who participates in both the auction games- the prokdf maximizing the
combined payoff from the two auctions is same as the probtEmsaximizing the
payoffs from the individual auctions independently. Tlsisndeed very reasonable in
practice because the conversion rates (and consequenthgliations) derived at the
two auction sites would be generally different, and furtiey have the flexibility of
reporting different bid for the two auctions.

—Freedom of participation: In ADC, since the auctioneer runs a single combined auc-
tion to sell original slots together with the additional ena bidder is allowednlyto
bid for all slots (original slots plus the additional onesyéther and not for the two
kind of slots individually. This is unlike iM DC, where the mediator runs her own
sub-auction. Advertisers are free to bid for primary as w&slsecondary slots, and in
general report two bid values - one to the auctioneer fopthection, and the other
to the mediator for the-auction.

—True valuation of mediator: The true valuation of the mediator (for thpeauction)
is derived from the expected revenue (total payments fromeriders) she obtains
from her corresponding-auctionex ante This way of deriving the true valuation
for the mediator is reasonable because, the mediator ctinipate in thep-auction
several times and run her correspondirguction and can estimate the revenue she is
deriving from thes-auction.

—Capacity: Thecapacityis defined as the sum of position based CTRs. Thus the capacity
in the original model without the additional/secondarntslis Z;il v;. In ADC or

MDC, itis Zf{:uﬂ v +mf S, ~i. Note that for a fixed., [, the capacity increases
iff fincreases, for a fixet f, it increases iffL increases.

3. RESULTS
3.1 The MDC Scenario

We first discuss the change in the revenue of the auctioneetodine involvement of the
mediator and our observation as noted in Result 3.1 is tldwiys increases. Intuitively,
when the mediator participates for buying the primary slittsicreases the competition
in the p-auction and therefore the revenue of the auctioneer goesThps, as long as
the mediator has a good enough fitness that guarantees hatr ia #he p-auction, the
auctioneer definitely gains in terms of revenue. Furtherpibtter the mediator’s valuation
is, the better slot the mediator gets allocated, bringimtpfoore gain in revenue. Besides
keeping a good fitness fact@r there is another smart way for the mediator to improve her
true valuation. She could actually run many subauctiorsedito the specific keyword in
guestion. This can be done as follows: besides providingdeaéional slots on the landing
page, the information section of the page could contairsliolother pages wherein further
additional slots associated with a related keyword couldrogided.

ResuLT 3.1. Increasing the capacity via mediators improves the revenfuitbe auc-
tioneer.

For the formal proof of Result 3.1, we will first need to disstise incentive properties of
the two uncoupled auctions, tlreauction and the-auction respectively, and in particular

3For example, the mediator “personalloans.com”.
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Diversification in the Internet Economy : 9

the bid profiles at their respective SNE's.

Suppose the allocations for theauction ands-auction ares : {1,2,...,N} —
{1,2,...,N} andr : {1,2,...,N} — {1,2,..., N} respectively. Then the payoff
of theith agent from the combined auctiom@uction ands-auction together) is

Ui = Yo—1(4) (Sf - T‘;g*l(i)Jrl) +¥r-109) (st - ri”(i)ﬂ)

where 15 =07 (ye00) T3 = Uriper:
From the mathematical structure of payoffs and strategiaitadole to the bidders wherein
two different uncorrelated values can be reported as bidlseinwo types of auctions in-
dependently of each other (i.e. since the two auctions ateupled), it is clear that the
equilibrium of the combined auction game is the one obtafneah the equilibria of the
p-auction game and theauction game each played in isolation. In particular atimimm
SNE[Edelman et al. 2007; Varian 2007],

K
YTt = Z(vj - 7j+1)sg(j+1) foralli=1,2,...,.K

Jj=i
and

L
iy = Y (% — Vir1)si foralli=1,2,... L

J=i

which implies that (recall that theffectiveposition based CTRs for the secondary slots are
Sy fvzs -, nfye respectively)

L-1

Vilip1 = Z('yj = Yj+1)85(j41) T VLS (14 foralli=1,2,..., L where
j=i

L L-1
Sg(l) =shy = fzwjﬂ =f Z(%‘ - 7j+1)jsi(j+1) + ’YLLSf—(L-H)
Jj=1 Jj=1
is the true valuation of the mediator multiplied by her relewe score as per our definition,
which is the expected revenue she derives fromshaunctionex antegiven a slot in the
p-auction.
Proof of Result 3.1: The revenue of the auctioneer with the participation of tleeliator
is
K K
R = Z 7,7'7“;')+1 = Z('Yj - ’7j+1)j5g(j+1)
j=1 Jj=1
ACM SIGecom Exchanges, Vol. 7, No. 3, November 2008.
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and similarly, the revenue of the auctioneer without theipiaation of the mediator is

K
Ry = Z(’Yj - 7j+1)j8§(j+1)
j=1
(whereg(j) = o(j) for j <landg(j) = o(j + 1) forj > 1)
-2 K
= Z(’V Yi+1 ]SU(J_H) + Z — Yjt+1)is o(j+2)
j=1 j=l-1
K
"R—Ry = > (= )iy — i) 20

j=maz{1,l—1}

wherein the last inequality follows from the observatioatth
s{"(i) > +1)VZ =1,2,...,K+1atSNE [O

Now let us turn our attention to the change in the efficienay aswe will note below
in the Result 3.2, the efficiency always improves by the pgdition of the mediator. The
basic intuitions behind an increase in efficiency are thabllocation aBNEis an efficient
one [Edelman et al. 2007; Varian 2007], and that the mediatogs in more value by
accommodating more advertisers with a hagillectivevalue. Further, better the fitness
and higher the values of advertisers in #auction, better the efficiency gain will be.
Furthermore, it is implicit in our analysis that tiuser experiencemeasured in terms of
total clickability, also improves when the fitness is ghobhus, we can indeed say that the
social welfare (i.e. the total welfare of all the partiesdlwed) improves. Moreover, even
the payoffs of all the advertisers will increase if the méalidas a high enough fitness (ref.
APPENDIX).

REsSULT 3.2. Increasing the capacity via mediators improves the effmjen

Proof: Let £ and Ey denote the efficiency with and without the participationhaf tnedi-
ator respectively, then we have

K

Eo = Z%SZ(J) Z% So(j) T Z% (5+1)
j=1
-1

EZZ’){jS + Z V5S U(J)+’7lf277 7(
J=1

Jj=l+1
L K L
B - Ey = WfZ%‘Si(j) - Z(’Yj — Yi+1)80 1) = ”Yle’YjSi(j) =Ny 20
j=1 1 j=1

Wherein the Iast inequality holds becuase
sz —1758; ) > VIfZ =177 ]+1 =ys? o(D) 2 71Tf+1 atSNE. [

4 Athey and Ellison [2007] is an example of work that takes @sgerience explicitly into account, although not
in the setting of the present paper.
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3.2 The ADC Scenario

Now, we ask the question- what if the auctioneer wants toigeothe additional capacity
herself by essentially acting herself as a mediator andingrassingle combined auctiéh
Does the revenue of the auctioneer/efficiency improve os dategrade in such a model?
Our observation is that, unlike the mediator-based modtendhere is a tradeoff between
the revenue and the capacity, and there is a phase transgmrpossibly a gain in terms

of revenue to a loss as tffitnessncreases, meaning that there is a critical fithess value be-
yond which the auctioneer always loses in revenue. Howévere exist scenarios where
the revenue of the auctioneer could indeed increase byasitrg capacity. The following
results formalize some worst case scenarios. Some furtbeussion is provided ikP-
PENDIX

Remark: Since there is ng-auction in the ADC scenario, for notational simplicity,
henceforth we will drop the superscripis We also assume that ttith bidder is the one
allocated slot; when ranked in the decreasing orderegb, .

RESULT 3.3. Lets;’s satisfy(j — 1)s; > js;4+1 for all j > 2. Recall thatl is the
primary slot being forked in to additional slots.

(1) Forl =1, if ;s satisfy(y1 — v2) > (v; — v+1) forall 1 < j < K then there exists
no fitness factoy such that the revenue of auctioneer incredses

(2) For anyl > 2, the gain in the revenue of the auctioneer is a decreasingtiom of f
and L.

Proof of Result 3.3(1): Let R and Ry denote the revenue of the auctioneer with and
without the additional capacity respectively. Let us define
lo = max {itmfn <}

theny; = v, forall1 < j <o —1, %, = 1 fy, andy; > v, forall j > i + 1.
Clearly,io > 1. Now,

K K
Ry = Y (v —vi1)isjtn =msa— 3 _ v [ = 1)sj — disjra]
j=1 j=2
K+L—-1
R=%ss— Y 40— s —jsji]
=2
K
“R—Ro = (i —m)s2— Y (% — 1) [ — 1)s; — jsj]
j=2
K+L—-1
= > G —1)s; — jsjpal
j=K+1

5Note that the conditions o;'s hold when they are geometrically decreasing (i.e. when=r7=1,1 < j <
K for somer < 1 and0 otherwise), which is a very good approximation in practiderams and Ghosh 2007;
Feng et al. 2006].
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Therefore, whemng > 2, we have

10—1
R—Ro = —(m —2)s2+ > (v =741 [ = 1)s; — jsj]
=2
+(io = 1S 1) [0 — 1)siy — d0Siq+1]
K K+L—-1
= > G =G = Ds— sl = Y A (G —1)s; — sl
j=io+1 J=K+1

< —(y1 —2)s2 + (71 — 72) [s2 — G0Sig+1]
(recall that('Yl - '72) > ('Yj - ’Yj+1) and(j — 1)Sj —J8j41 >0 Vi>2)
= —(71 —72)i0Sig+1 < 0.

Whenig = 1, we have

K
R—Ry = —(n—nfn)sa— > (3 =) [ = V)sj — jsjia]
=2
K+L—-1
= > G = Dsj — dsj]
j=K+1
< 0. O

Proof of Result 3.3(2): Let

ig = 12%2%{2 svfn <k

theny; = y;forall1 < j <1—1,%; = ;41 foralll <j <ip—1,%, = nfyn, and
4 >, forall j > iy + 1. Clearly,ig > 1 > 2.
K+L-1
R = Fisa— Y A0 —1)s;— sl
j=2
i0—1

-1
= s — > (G —1)s; —dsial = Y v [(G— 1)s; — jsjp]
=2 j=l

K+L—-1
—fn [(io = Vs —dosigr1] = Y 451G — 1)sj — jsja]
j=io+1
Now let us increasé to f  and denote the new position based CTRstéS and the new

revenue of the auctioneer & then two cases arise - one whegedoes not change and
other where it changes ig — 1.

Case 1: wheri, does not change by increasirfgto f'. Clearly, '?j' > ~; for all
j > 1o + 1 as we will be choosing elements from a set with larger valdéso recall that
s;'s satisfy (j — 1)s; — jsj+1 > 0 forall j > 2. Therefore, the second last term in the
expression of? strictly decrease and the last term also decreases and vie gef?.
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Case 2: Wheri, changes ta, — 1 by increasingf to f'. In this caseﬁ; = ~, for all
1<j<i-1,% =qyyiforall <j<ig—27,_; =nfmn, andy; > 3; forall
j > 1ig. Therefore,

R =R = v, [(io — 2)si—1 — (io — )si,] = wf 7 [(i0 — 2)sip—1 — (i0 — 1)si]
K+L-1 ,
- Y (=G - Vs — syl
J="0
< (o = f 1) (i = 2)si0-1 — (0 = 1)si,] < 0. O

Recall that the bidders are characterized by their trueatiminsy!”’s and their relevance
scores;’s ands; = e;v;. Thus, there is a wide pool of bidders satisfying the condgi
in the above result, and therefore indicating a significeadeoff between revenue of the
auctioneer and the capacity. Intuitively, the conditiofis 1)s; > js;11 State that the;’s
are well separated, and therefore the payments that thersidaiake aBNE are also well
separated. Increasing capacity (via increaging L) means essentially selling a fraction
of the clicks at a lower price. Whesy’'s are well separated, the extra revenue coming from
the newly accommodated bidders still fall short of that thet to lower payments from the
other bidders. Further, the Result 3.3 suggests that therphase transition from possibly
positive gain in the revenue to negative fiincreases, and there is a criticilbeyond
which the auctioneer always loses.

Now let us look at the change in efficiency due to added capacADC. In this case,
the result is more in consonance withDC, i.e., the efficiency increases as fitness in-
creases. However, unlike iMDC, the efficiency could indeed decrease by increasing
capacity.

ReEsSULT 3.4. The efficiency is an increasing function of fitngss

Proof: Let E denote the efficiency when additional capacity is addeduketefine

ip = nax {i:mfn <}

theny; = y;forall1 <j <l—1,7; =y foralll <j <ip—1,7;, = vfy,and
4 > v; forall j > iy + 1. Clearly,ig > [. Then,

K+L-1 ig—1 K+L-1
Z Visi = ZWJSJ + Z Yi+18; + nfrisio + Z Vi S;-
j=1 Jj=to+1

Now let us increas¢ to f and denote the new position based CTR%&\S and the

new efficiency a2’ then two cases arise - one whegeloes not change and other where
it changes tay — 1.

Case 1: wherni, does not change by increasirfgto f'. Clearly, '?j/ > ~; for all
j >ip + 1 as we will be choosing elements from a set with larger valiiégrefore, the
second last term in the expressionfstrictly increase and the last term also increases
and we get?’ > E.

Case 2: Wheri, changes ta, — 1 by increasingf to f'. In this casefy; =+, for all
1<j<i-1,% =qyyiforall <j<ig—27,_; =nfmn, andy; > 7; forall
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j > . Therefore,

-1 ig—2 K+L-1
B = Z%'Sj + Z Vi+185 +nf 118ip—1 + Z jS;-
=t 7=l Jj=to

E+(uf v = %ig)sio—1 > E. O

Y

4. DISCUSSIONS

Having established some results on how improving the capeiei mediator driven model
and auctioneer driven model effect the revenue and effigjeme would now like to com-
pare the two models in terms of these two parameters, whielt@nsidered two funda-
mental bench-marking metrics in mechanism design theorglitka 2002].

First, recall that the auctioneer’s revenue always ina@e&sM DC (Result 3.1) and in
fact the revenue of the auctioneer increases adittnessof the mediator increases, thus
there is no conflict between the revenue and the capacityairsttenario. However, as we
saw that in théADC often there is a tradeoff between the revenue and the cgResult
3.3). Therefore, in terms of revendDC is superior toADC. A typical tradeoff curve is
shown in the Figure 1. Further, recall that the efficiencyasisvincreases iMDC and in
fact the efficiency increases as fitaesf the mediator increases, thus there is no conflict
between the efficiency and the capacity in that scenario. ddew in ADC, although
the efficiency increases when fitness increases, it could glbbg&low the efficiency in
the scenario without any additional capacity. A typicadwgaff curve is shown in the
Figure 1. Therefore, even in terms of efficiency M®C is superior toADC. Hence, we
can conclude that thaDC is indeed inferior to thé1DC and the market becomes more
capacity efficient by the participation of mediators.

It is instructive to note that, in th®1DC scenario, as long as theauction and the-
auction are not coupled, and the traffic for thauction site is drawn from thg-auction
site, it does not matter who adds capacity and runs-#iection, a mediator or the primary
auctioneer. But in order to add the necessary capacity amdhel secondary auctions
effectively, the mediators have to specialize in the palticsector (e.g., loans, finance,
business logistics etc.) that they are adding capacity tasTif the primary auctioneer
(e.g., asearch engine portal) wants to also play the roleeafiediator then it will also have
to develop the necessary sales force and business infrastu For example, if Google
wanted to take on the role of business.com and personaltmangsee APPENDIX) then
it will have to develop a support and sales force that wiltreaut to small-businesses and
to loan companies, which might detract it from its core basg Thus, we expect that
separate mediator entities, specializing in differentasg will continue to coexist with
the giant search portals, who specialize on being the pyimactioneers and the source
of primary traffic or leads. Our results are further confirngda recent empirical study
[Gunawardana et al. 2008].

APPENDIX
A. MDC: ADVERTISERS’ PAYOFFS

Clearly, for the newly accommodated advertisers, thatédoties who lost in thg-auction
but win a slot ins-auction, the payoffs increase from zero to a positive numvew let us
see where do these improvements in the revenue of the aeeti@Result ), in payoffs of
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Fig. 1. Tradeoff curves for Auctioneer’'s Revenue/Efficen®IDC vs ADC. The data used is the following:
N=8K=5L=3~vy=[04 025 0.2 0.15 0.10],
sP=[25 20 8 5 3 2 1.5 1],s*=[0 0 10 4 3 6 0 0.
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newly accommodated advertisers, and in the efficiency (R2saome from? Only thing
left to look at is the change in the payoffs for the advertisgho originally won in the
p-auction, that is the winners when there was no mediator.nEepayoff forjth ranked
advertiser irp-auction is

K

Uo(i) = Vi) ~ Z(% = Yi+1)Sg i) F Uo()
i=j

where
Ug(j) = NI Vr-1(0(3)) (Si(g‘) - Tf—*l(o(j))ﬂ—l)
is her payoff from the-auction. Also, forj < [—1, her payoff when there was no mediator

IS

K

0 _
Yo(j) = sti(j) - Z(% - %+1)5§(i+1)
i=j
1-2 K
= ’Yng(j) B Z(%‘ - %‘H)sg(iﬂ) - Z (vi — 7i+1)5g(i+2)-
i=j i=l—1

K

. 0 _ .8

S () = UGy = U = D (%= W) (Shian) — Soisa)
i=l—1

Similarly, for j > I + 1, her payoff when there was no mediator is

K
Ug) = W15y = Do (6= r)Sha

i=j—1

K

. 0 .8

Cg(y = Uy = upgy = D (% = e (S — Shiira)
i=j—1

Therefore, in general we have,
K
0 s
o) — gy =Upy = D (= W) (Sh ) — Shsa)-

i=mazx{l—1,7—1}

Thus, for thejth ranked winning advertiser from the auction without média the
revenue from the-auction decreases @fimw{l_l,j_l} (Vi = %i+1)(85 (141) — So(it2))
and she faces a loss unless compensated for by her payef&iction. Further, this payoff
loss will be visible only to the advertisers who joined thetian game before the mediator
and they are likely to participate in theauction so as to make up for this loss. Thus, via
the mediator, a part of the payoffs of the originally winniadvertisers essentially gets
distributed among the newly accommodated advertisers. eMerywhen the mediator’'s
fitness factorf is very good, it might be a win-win situation for everyone.fd@ading on
how good the fithess factgris, sometimes the payoff from theauction might be enough
to compensate for any loss by accommodating new advertisetrsis consider an extreme
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situation when, = K andr = &. Thegainin payoff for the advertises () is

K

sz —Yi+1)( a(j) - 53(i+1)) - Z (vi — 7i+1)(55(i+1) - Sﬁ(iﬂ)))

i=mazx{l—1,7—1}
Therefore as long as

K
Z’L maz{l—1,j— 1}( 71+1)( a'(i+1) - S:Z'(H-?))

f=
m Zi:j (vi — 'YiJrl)(SZ(j) - Si(i-q—l))

the advertises (j) faces no net loss in payoff and might actually gain.

B. MDC: EXAMPLES OF FOR-PROFIT MEDIATORS
Please refer to the Figures 2, 3, 4, 5.

C. ADC

Remark: Since there is no s-auction in the ADC scenario, for notational simplicity,
henceforth we will drop the super scripts p. We also assume that the ith bidder isthe
oneallocated sot i when ranked in the decreasing order of e;b;

Value of capacity:

Definition C.1. LetR, be the original revenue of the auctioneer without addedaigpa
and R be the new revenue of the auctioneer after adding capactheatcorresponding
minimum SNE[Edelman et al. 2007; Varian 2007], then the “value of catyacs defined
asf=fo j.e. the relative gain in the revenue of auctioneer per irsgioa.

OBSERVATION C.2. ForagivenL, if 3l < K such that

where

. K+L-1 - .
. ((% =)= Dsi+ 375 k1 (35 — 7.j+1)38j+1>
B K
21V = Vi+1)isj4
= min Vi~ Vit1
K221 %) = Yj41

then the value of capacity is positive, i.e., revenue of tetianeer increases by adding
capacity.

PROOF. Letn = min< <k 7? ”“ then we havey;, — 501 > n(v; — vj+1) for
I <j < K. Attheir correspondmg m|n|mur8NE[EdeIman et al. 2007; Varian 2007],
the original revenue of the auctioneer without added capacid the new revenue of the
auctioneer after adding capacity dfg = Z;il('yj — Yj4+1)jSj+1 andR = Eﬁil(ﬁj —
ACM SIGecom Exchanges, Vol. 7, No. 3, November 2008.
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Fig. 2. For-Profit Mediator: Shaded links are the ads (theary slots), and the doubly shaded link is the ad of

the mediator personalloans.com
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Fig. 3. Secondary slots at personalloans.com
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Aj+1)JSj+1 respectively.

R — Ry
K K
=Y MG =) = (=)l dsin + Y (B = Yir)isin
=1 J=K+1
K K ~
= Y 1@ =) = (i —w)ldsin + Y, (T —vit1))dsin
j=i—1 j=K+1
K K
> (== Dsi+Y (=10 —vs)isin+ > (F5 —F1)isin
J=l j=K+1
K K
=(u—3)=Dsi+ Y G —A+)isi— L= Y (v — v+1)isim
j=K+1 Jj=l

and hence follows the observation.

We now provide an example to confirm that the above observdtes not give a vac-
uous sufficient condition and thalue of capacitgan indeed be positive.

ExampleC.3. Letl = K and geometrically decreasing's [Abrams and Ghosh 2007;
Feng et al. 2006] i.eq; = 71,1 < j < K for somer < 1 and0 otherwise. Then
;=ri"tfor1 <j<K-—1landy; = fri-! for K < j < K + L — 1 and0 otherwise.
Also, letjs;y1 > (j—Ds;jforal K +1<j< K+ L—-1land(K —1)sg > Ksk+1.
Then, the condition for Observation C.2 is satisfied. Dethitalculations are provided
below.

We have
.Y — Y+l fT‘K_ll—T
p= min B0t ST 0ZD g
2520 Y5 — Vi+1 r
Now,
K+L—1
(m =) =Dsi+ > (F = Fj41)isi+1
j=K+1
> (v —Ar)(K — D)sg + Ksx41(Yk41 — Yx+1L)
= TK_l(l — f)(K — 1)8[{ + fTKKSK+1.
Also

K

. K—-1
Y (v = Vir1)isjs1 =" Ksk (sl = K)
=l
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- <(’Yl — A= Vs + e (3 — %‘H)J'Sjﬂ)
S (v = vi1)isie
1= K = D)sg + [r¥Ksg
rE-1Kspk
(- f)+ fr)
(K — 1)8}{

OBSERVATION C.4. Foragiven L, ifl < K such that

K+L—-1 =~ -
5 5.5,
72'7 Kl 979 wheres = mln ﬁ 4)

8>1-— e
21 V355 25217

then the efficiency improves.

Proof: We have
K+L—-1 K+L—-1

Ey —Z”Ygsaa E= Z Yisi = Z'YJSJ"‘ Z Visj-

K K+L-1

SE—Ey =Y (Wi—w)sit Y. s
=t J=K+1
Let
’YJ

# = min -
K>j5>17;

then
K+L-1 K
E—-Eo> Y As;—(1=0)Y s;
j=K+1 Jj=l
and hence follows the observatiori]
We now provide an example to confirm that the above observdtes not give a vac-
uous sufficient condition and the efficiency can indeed imero

ExampleC.5. Let!/ = K and geometrically decreasing's as in Example C.3 and let
s;'s satisfysg4; = ol s for somea < 1. Then, the condition for Observation C.4 is

satisfied wherf > (&) Detailed calculations are provided below.

1—alrL

3 VK fTK_lzf_

rK-1
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Also,
K+L—-1 K+L-1
Do dsi= D s
j=K+1 j=K+1
L—1
. . 1 — pL—14L—1
KiL-1 -~ K 1_pL=15L—1
1 DK ViSi -1 afrtsi ( L—ro
ST K - - PEK—1g
Z_j:l ViS55 K
] f 1 —pL-lgl-1 1—ra—arf+ fria®
= —QoJr =
1—roa 1—ra
fl—ra)+1—f—ar+ frkak 1—rlal
- — (1
1—ra 1—ar
. 1—ar
< fif f>—-—.
Firs 1 —rLal
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