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The quality of the additional capacity is measured by its tness factor. We observe that the single
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when mediators are involved. Thus, our analysis indicates t hat there are signi cant opportunities
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1. INTRODUCTION

Sponsored search advertising(SSA), where advertisersopagpear alongside the algo-
rithmic/organic search results, is a signi cant growth kedrand 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 t&354 billion

in 2012 from aroun&20billion in 2007.

In this form of advertising, the Search Engine allocatesdtheertising space using an
auction. Advertisers bid upon speci ¢ keywords (i.e. quenyrds). 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 valuesarality 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 speci ed by the auctioneargcdethe 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 competadm. 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 tailorecketo 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 armthBek 2007].

The analysis of the underlying SSA models has so far primfvdused on the scenario
where advertisers/bidders interact directly with a priyrauctioneer or AdNetwork, e.g.,
they bid for ad-space at leading search engine and publisirtals. The market, however,
has evolved rapidly, and is already witnessing the spootasmiemergence 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 ordridr the advertisers. For ex-
ample, a whole genre of companies, collectively referreaisttheonline lead generation
market specialize in aggregating traf ¢ to their sites by biddifog keywords on major
portals and search engines. Then, instead of selling =raicd products themselves, they
have advertisers signed up on their sites to capture thesfedrraf c. 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 Examples 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 tha$1:5 billion in revenues.

There are severainexplored fundamental issufgt 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

Lhttp://mww.gpbullhound.com/research.php, http://meractive.com/Sector%20Report%200nline%20Lead
%?20Generation%20March%202007.pdf
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directly place their ads on the search portals (i.e., theg@ry auctioneers), or buy leads
from the mediators, or pursue both avenues. Then, are theegant unmet demands or
inef ciencies in the SSA model that enable mediators to hl@conomic need and survive,
or would in the long term the primary auctioneers simply @emechanisms or improve
ef ciency and take over the services provided by the med&tdlow 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 @ergfniche? In other
words, we ask whether the primary auctioneers and the fot-prediators cancoexist
in an economic and game theoretic sermed if they do coexist, then what rami cations
would it have on the overall ef ciency and the utility of the\eertisers.

In the present work, we adopt a fundamental approach, whereswidentify 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 signi cant pool of advertisers are left @onsequently, new
market mechanisms, as well as, new for-pro t agents aréylitcemerge to combat or to
make pro t from the opportunities created by scarcity ingmhce inventory. We show that
this unmet need, i.e., the need of a large pool of adverttsegst leads, triggers &fold
diversi cation in the terms of

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

First, we propose a model where the additional capacityasiged by for-pro t agents
(or, mediators), who compete for slots in the original aarctidraw traf ¢, and run their
own sub-auctions. We show that the revenue of the auctipasevell as the social value
(i.e. ef ciency), always increase when mediators are imedl 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 ef ciency improve or do they degradsuch a model? We show
that, unlike the mediator-based model, there is often aetfidetween the revenue and
the capacity, and there is a phase transition from possighimin terms of revenue to a
loss as thetness (a measure of the quality of the additional capacity) insesameaning
that there is a critical tness value beyond which the auwtier always loses in revenue.
However, there exist scenarios where the revenue of théoaeetr could indeed increase
by increasing capacity. In the case of ef ciency, the remuihore in consonance with the
mediator-based model, i.e., the ef ciency increases asstincreases. However, unlike
the mediator-based model, the ef ciency could indeed desdy increasing capacity.
Our results and analysis indicate that for-pro t mediatihvat can increase capacity and
ad inventory space can indeed coexist along with primaryi@ueers. In fact, they add
signi cantly to the overall ef ciency and the utility of thadvertisers. Thus, the SSA mar-
ket becomes moreapacity ef cientby the involvement of such mediators, and we should
expect such entities to proliferate and continue to thrivee market, however, has had
concerns about certain other kinds of mediators, partiyufaose that abuse inef ciencies
present in the market, and both Google and Yahoo! have taleasunes to actively dis-
courage and eliminate such entities. As discussed in thafimlg, 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 traf ¢ for the advertisers.

(1) Our model is motivated by a few examples fr@woogle Adwordsprovided in the
APPENDIX For example, the mediator “business.com” bids for the lay888
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 mechanistth@ 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 ef ciently she sells them. The rst aspect is captlby a tness factor in
our model, which is essentially a measure of the quality efaldditional capacity
provided by the mediator. The second aspect is capturedebyalue she derives by
selling the additional capacity. Both these quantitiesfarmally de ned later in the
paper. Intuitively, it is important that the tness of the diator be very good so that
she can ensure a better value (i.e. revenue from sellingiawlai capacity) and be
competent in bidding for and obtaining a slot in the primaugt#on (i.e. at the search
portal). Consequently, a mediator with poor tness will li@ able to survive in the
market. Thus, the kind of mediators we study in this paperspeei cally the ones
who can ef ciently create extra capacity (i.e., increaseragntory) while enhancing
user experience.

(3) In general, there could be several other inef cienciethie SSA framework, and the
market may naturally see the emergence of different kind®mepro t agents as a
result of these inef ciencies. For example, the tail queneinfrequent keywords, can
easily comprise 40% or more of the total query volume at aaycseportal. Individu-
ally, each such keyword is dif cult to identify, and even danti ed, it does not have
high enough volume to be attractive enough for advertisepdace bids on. Conse-
quently, a signi cant fraction of queries are never matcteedny advertisement, even
though the users may have speci c and well-de ned comméintant behind such
gueries. The existence of such high-volume but poorly mneégyuery traf ¢ 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,
nance, or travel), and then funneling the traf c to a sitatlshows 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 nogdiaain turn a pro t by
showing ads for keywords that are more popular, and hence expensive.
In reality, howevercapturing user intention in a large-scale fashion is a vérgudt
problem, and many such click arbitrageurs end up buyinginfent keywords at a
cheap price and selling them at a higher price by taking tkeesu® 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 eg@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 inef ciency (i.e., the in&pdif the primary auctioneer
to capture commercial user intention for a large enoughifra®f query volume) is
automatically eliminated as advertisers gure out the diisting conversion rates,
thereby decreasing their bids and paying much less or mpthinthese junk clicks.
Also, the auctioneers may take smart actions to ban suctragbirs (since the traf c
from these arbitrage companies are of poor quality or baingéled to a competitor),
and the company Geosign being banned by Google is a primepeahthis. It is
important to reiteratehat the mediators we discuss in this paper, howelenot fall
in this category of short term pro teers

Now we discuss the formal setup for the standard sponsoeedrsauctions which will
be helpful in the presentation of our model for creating &ddal capacity. Formally, in
the current models, there ake slots to be allocated among ( K) bidders (i.e. the
advertisers). A bidddrhas a true valuatiom (known only to the biddei) for the speci c
keyword and she bidg. The expectedlick through rate(CTR) of an ad put by bidder
when allocated slgt has the fornrCTR;; = ;& i.e. separable in to a position effect and
an advertiser effect. j's can be interpreted as the probability that an ad will beceok
when putin slof and it is assumed thay > ;4 foralll j K and j =0 for
j > K . g can be interpreted as the probability that an ad put by biddglt be clicked
on if noticed and is referred to as tredevanceof bidderi. The payoff/utility of bidder
when given slo} at a price ofp per-click is given bye; j(vi 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 moddeleRBR(rank by
revenue) with GSP(generalized second pricing). The bi&lder ranked in the decreasing
order ofe b and the slots are allocated as per these ranks. For simgplitibotation,
assume that thgth bidder is the one allocated sloaccording to this ranking rule, then
i is charged an amount equalM per-click. This mechanism has been extensively
studied in recent years [Edelman et al. 2007; Varian 200%alea2006; Aggarwal et al.
2006; Lahaie and Pennock 2007]. The solution concept thatdsly adopted to study
this auction game is a re nement of Nash equilibrium indegently proposed by Varian
[Varian 2007] and Edelman et al [Edelman et al. 2007]. Undisrre nement, the bidders
have no incentive to change to another positions even atutrerd 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 agitees well with the SNE
bid pro le. In particular, anSNE bid pro le Iy's satisfy

(i i+1 )Vi+1 €+1 + i+1 €42 b g b (i i+ )Vig + i+ €+2b42
1)

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

2http://Iwww.techdirt.com/articles/20080319/020719588nl,  http://www.techcrunch.com/2008/03/18/how-
geosign-blew-160-million/
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is i % = i€+1b+1. Thus the besSNE bid pro le for advertisers (worst for the
auctioneer) is minimum bid pro le possible according to Btjan 1 and is given by
X
i€+1h4 = (j j+1)Vj+1 € +1 (2)

i=i
and therefore, the revenue of the auctioneer at this minirgNifis
X XX X

i€+ b = (j j41)Vj+1 G 41 = (j j«1)iVisa gt (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 auctiomweszlt 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 origihails 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!. Theisalconcept we use is
Symmetric Nash Equilibria(SNE)/locally envy-free ediila [Edelman et al. 2007; Varian
2007]. Nevertheless, as evident from the intuition behivedproofs provided later in the
paper, the results hold true for other interesting allaceéind pricing mechanisms as well.

2. THE MODEL

We will refer to the scenario where the additional capadatgreated by a for-pro t media-
tor asMDC (MediatorDriven additionalCapacity ) and the scenario where the additional
capacity is created by the auctioneePd3C (AuctioneeDriven additionalCapacity ).

—Additional/Secondary Slots:

—How are the slots createdih MDC, the mediator participates in the original auction
run by the search engine (callpeauction) and competes with advertisers for slots
(calledprimary slot9. Suppose that in thg-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, where K. By forking we mean the following: on the
associated landing page the mediator puts some informeglewant to the specic
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 speci ¢ keyword along with space for additibslots. 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).

—FitnessandNew position based CTRsEhe quality of the additional/secondary slots
is measured by dness factor Let the probability associated with the ad put by the
auctioneer (iMDC) or the mediator (iftMDC) for creating additional capacity to be
clicked, if noticed, be denoted &5 In MDC, this is actually the relevance score of the
mediator in thg-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 of This means that the position based CTR for the
j th additional slot on the associated landing page is modaded; . Therefore, we
can de ne a tness factof to indicate the effective quality of additional slots being
created, which is equal 0 . Thus, if the original slot being forked isand there are
L additional slots being created on the landing page, thegrfteetiveposition based

Clearly,f 1 < 1; however{ itself could be greater thah

—A single combined auction vs two uncoupled auctionsThe major difference in the
two scenarioVDC and ADC is that inMDC there are two uncoupled auctions- the
one run by the auctioneer to sell the primary slots where tadiator 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 [Edelmaha. 2007; Varian 2007].

—p-auction:; In MDC, the mediator participates in the original auction run leysbkarch
engine and compete with advertisers for a primary slot. f@ith agent (an advertiser
or a mediator), lev” andl® denote her true valuation and the bid for frauction
respectively. Further, let us denat®el by sP whereel is the relevance score ath
agent forp-auction. There are stiK slots for thisp-auction, and the position based
CTRs are still the same as in the case without additionalaigpa
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 advest is assigned to that
slot i.e. its position based CTR. We rename the slots in tleesdsing order of their
CTRs. That is, thgth slot is the one havingth maximum of the elements from

denoted by . For the sake of simplicity, we assume that there are no.ge$10 two
slots have the same position based CTRs. Therefore, jikewve have~ > ~ .1

forall 1 |j K+L 1land~ =0 forallj K + L. Further note that,
~ = jforj | 1 and~ < . Thereforey ~4+ = ; 4+ forj<l 1,

~ 1 9> 1 1,and~  ~+1 could be greater than or less thgn ;41 for

I K depending on how the new position based CTRs are distritarezhg
the old ones.

—s-auction: In ADC, there is nss-auction. InMDC, the mediator runs her individual
sub-auction for selling the secondary slots. For an adsesrthere is another type of
valuations and bids, the ones associated gittuctions. For théth agent, let/? and
bF denote her true valuation and the bid for #iauction respectively. In general, the
two types of valuations or bids correspondingptauction and the-auctions might
differ a lot. We also assume thet = 0 andb = 0 whenever is a mediator. Further,
for the advertisers who do not participate in one auctmayction ors-auction), the
corresponding true valuation and the bid are assumed torbe &kso, for notational
convenience let us denotée by s?, wheree? is the relevance score oth agent
for the s-auction. Further, the-auction is not coupled to thp-auction, meaning
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that the corresponding auctions are independent of eaeh wthhe sense that for a
player who participates in both the auction games- the probdf maximizing the
combined payoff from the two auctions is same as the probtEmsaximizing the
payoffs from the individual auctions independently. Tisisndeed very reasonable in
practice because the conversion rates (and consequenthgliations) derived at the
two auction sites would be generally different, and furtiney have the exibility 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 sna 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 iMDC, where the mediator runs her own
sub-auction. Advertisers are free to bid for primary as &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 tipeauction)
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 de ned as the sum of position baseg,CTRs. Thus the capacity
in the original model without the additional/secondarytslis J-K:l i~ In ADC or

MDC, itis iKzl igr i+ f :‘:1 i. Note that for a xedL;|, the capacity increases
iff f increases, for a xed;f , it increases iflL increases.

3. RESULTS
3.1 The MDC Scenario

We rst discuss the change in the revenue of the auctioneetalthe involvement of the
mediator and our observation as noted in Result 3.1 is tldways 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 tness that guarantees het & ghe p-auction, the
auctioneer de nitely gains in terms of revenue. Furtheg, ltletter the mediator's valuation
is, the better slot the mediator gets allocated, bringimtpfomore gain in revenue. Besides
keeping a good tness factdr, there is another smart way for the mediator to improve her
true valuation. She could actually run many subauctioregedito the speci ¢ keyword in
guestion. This can be done as follows: besides providingdéional 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 revenfutbe auc-
tioneer.

For the formal proof of Result 3.1, we will rst need to disathe incentive properties of
the two uncoupled auctions, tipeauction and the-auction respectively, and in particular

3For example, the mediator “personalloans.com”.
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the bid pro les at their respective SNE's.

Suppose the allocations for theauction ands-auction are : f1;2;:::;Ng !
f1,2;:::;Ngand  : f1;2;:::;Ng ' f  1;2;:::;Ng respectively. Then the payoff
of theith agent from the combined auctigm@uction ands-auction together) is

U= 1y S % it ST iy

where 1 = B &)1 17 = B

From the mathematical structure of payoffs and strategiaitadle 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 obtaineah the equilibria of the
p-auction game and theauction game each played in isolation. In particular atimimm

SNE[Edelman et al. 2007; Varian 2007],

it = (j ja)sjuy foralli=1;2:K
and

~roy = () +1)S° 4y foralli=1;2::00L

=i

which implies that (recall that theffectiveposition based CTRs for the secondary slots are

1
i = (j j+1)S%juyy * LS°(Lay foralli=1;2::5L where
=i
0 1
i 1
Sp(l) = SE/I = f jrjs+l = f @ ( i j+1 )jss(j+l) + LLSS(L+1)A
=1 =1

is the true valuation of the mediator multiplied by her relewe score as per our de nition,
which is the expected revenue she derives fromsaauctionex antegiven a slot in the
p-auction.

Proof of Result 3.1: The revenue of the auctioneer with the participation of tleeliator
is

R= J'rjp+1 = (i j+1 )jsp(j +1)
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and similarly, the revenue of the auctioneer without theipigation of the mediator is

% .
Ro = ( j j+1 )JSE(]' +1)
j=1
(where~(j)= (j)forj<l and~(j)= (j +1) forj )

XZ icP X icP
= (j j+1)js G+y T (j j+1)iS (1+2)
j=1 i=1 1
X i (<P p
) R Ro = (i 3+ Guy Sjap) O
j=max f1;l 1g

wherein the last inequality follows from the observatioatth
sp(i) sp(i+l) 8i=1:2;:::;K +1 atSNE O

Now let us turn our attention to the change in the ef ciencd as we will note below
in the Result 3.2, the ef ciency always improves by the mapttion of the mediator. The
basic intuitions behind an increase in ef ciency are thataiocation aSNEis an ef cient
one [Edelman et al. 2007; Varian 2007], and that the mediatogs in more value by
accommodating more advertisers with a higghllectivevalue. Further, better the tness
and higher the values of advertisers in #auction, better the ef ciency gain will be.
Furthermore, it is implicit in our analysis that tluser experiencemeasured in terms of
total clickability, also improves when the tness is gdo@hus, 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 méati®as a high enough tness (ref.
APPENDIX).

REsSULT 3.2. Increasing the capacity via mediators improves the ef cien

Proof: Let E andE( denote the ef ciency with and without the participation bétmedi-
ator respectively, then we have

)6 P Xl p X< P
Bo=  jSi;y= Syt 1S gy
j=1 j=1 j=1
X1 ] X 5 bS .
E= Syt iyt ot i)
j=1 j=1+1 j=1
S % P ><_ S P
JE Bo=fysgy ()T T 8 i 0
j=1 I j=1

th5ein the last inequaigty holds becuase
fror, s foor, jrty = s P, atSNE. O
L T (D T L = B R B~ S L (R LU P :

4 Athey and Ellison [2007] is an example of work that takes @sgrerience 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/ef ciency improve orsdbdegrade 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 theessincreases, meaning that there is a critical tness value be-
yond which the auctioneer always loses in revenue. Howévere exist scenarios where
the revenue of the auctioneer could indeed increase byadsitrg 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 superscrigis We also assume that tliéh bidder is the one
allocated slot when ranked in the decreasing orderepf .

REsULT 3.3. Lets;'s satisfy(j  1)s; jsj+1 for all j 2. Recall thatl is the
primary slot being forked in to additional slots.

() Forl=1,if j'ssatisfy( 1 2) ( j+1) foralll j K then there exists
no tness factorf such that the revenue of auctioneer incredses

(2) Foranyl 2, the gain in the revenue of the auctioneer is a decreasingtiwm of f
andL.

Proof of Result 3.3@): Let R andRy denote the revenue of the auctioneer with and
without the additional capacity respectively. Let us de ne

io= max fi: 1f 1<
0= max it 1 ig

then~y = . foralll j io 1,~, = 1f 1, and~ j forallj io+1.
Clearly,ip 1. Now,
Ro = (i jx)isjia = 152 il Vs jsjal
i=1 j=2
KXL 1
R =~1s S50 Ds jsjeal
j=2
% . .
) R Ro=(~1 1)%2 (5 DI Vs jsjl
j=2
Kyl 1

S5G Vs jsjal:
j=K+1

5Note that the conditions ony 's hold when they are geometrically decreasing (i.e. wher rl L1
K for somer < 1 andO otherwise), which is a very good approximation in practidébrams and Ghosh 2007;
Feng et al. 2006].
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Therefore, whemg 2, we have

iX 1
(1 2)s2+ (; g+ Ds jsjal
j=2

+( i, 2f )[(lo 1)si, i0Sip+1]

R Ro

Kyl 1
5 DI Dsp isjeal S50 Ds syl
j=io+l j=K+1
(1 2)s2+( 1 2)[S2 i0Sie+1]
(recallthat( 1 2) (j j+1)and(j 1)s; jsj«1 08) 2)

(1 2)igSip+1 < O

Whenig = 1, we have

X
R Ro= (1 if 1)s (5 DG Vs jsjl
j=2
Kyl 1
5[0 s jsjal
=K +1
< 0 O

Proof of Result 3.3@): Let

iozlmiafoi: f 1< g
then = jforalll |j I 1,5 = j+u forall j io 1,~,= f 1,and
5 jforallj ig+1.Clearlyio | 2.
KxL 1
) R =~1% 5[0 s sjal
j=2
Xl ix 1
= 1S i [(J 1)5j j5j+l] j+1 [(J 1)Si j3j+1]
i=2 j=1
KxL 1
if 1[0 1)si,  i0Sig+1] S5G Ds jsj+l
j=io+l

Now let us increasé to f * and denote the new position based CTRsTaols and the new
revenue of the auctioneer B then two cases arise - one whegedoes not change and
other where it changestg 1.

Case 1: wheng does not change by increasifgto f °. Clearly, ~,O ~ for all
j 1o+ 1 as we will be choosing elements from a set with larger valéso recall that
si's satisfy(j  1)s;  jSj+1 O forall j 2. Therefore, the second last term in the

expression oR strictly decrease and the last term also decreases and RS geR .
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Case 2: Wheig changes tdg 1 by increasing tof°. Inthis case,~j0 = forall

1 j | 1,4= jaforall j g 2~ ,= f ,and~ - forall

j io. Therefore,

R' R= il 28,1 (o Dsg] f 1llio 2si, 1 (o 1)si,]
Ky 1

(5 DG Vs jsjal

j=io

Cio f° Do 2)s, 1 (o Ds,]< 0 O

Recall that the bidders are characterized by their trueatimnsv’'s and their relevance
scoresg's ands; = gV;. Thus, there is a wide pool of bidders satisfying the condii
in the above result, and therefore indicating a signi caateoff between revenue of the
auctioneer and the capacity. Intuitively, the conditiins 1)s;  js;+1 state thatthe;'s
are well separated, and therefore the payments that thersidaiake aSNE are also well
separated. Increasing capacity (via increasirgg L) means essentially selling a fraction
of the clicks at a lower price. Whes'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 negativefaincreases, and there is a critidalbeyond
which the auctioneer always loses.

Now let us look at the change in ef ciency due to added caganiADC. In this case,
the result is more in consonance witiDC, i.e., the ef ciency increases as tness in-
creases. However, unlike IMDC, the ef ciency could indeed decrease by increasing
capacity.

RESULT 3.4. The ef ciency is an increasing function of tneks

Proof: Let E denote the ef ciency when additional capacity is added.usetle ne

i0=1miafoi: f 1< g
then = jforalll | I 1, = j+ foralll j io 1,~,= f 1,and
5 jforallj ig+1.Clearlyio |I. Then,
KxL 1 X1 ix 1 KxL 1
E = 58 = St jaasp+ f s+ IS
j=1 j=1 j=1 j=io+1

Now let us increasé to f ° and denote the new position based CTRs~,§S and the

new ef ciency asE’ then two cases arise - one wheégedoes not change and other where
it changestap, 1.

Case 1. wheng does not change by increasifgto f °. Clearly, ~,O 5 for all
j 1o+ 1 as we will be choosing elements from a set with larger valiégrefore, the
second last term in the expressionbfstrictly increase and the last term also increases
and we geE0 >E.

0

Case 2: Wheng changes tag 1 by increasing tof°. Inthis caser = j forall

1 j | 1,4= jaforall j g 2~ ,= f 1and~ - forall
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j io. Therefore,

Xl iX 2 o KXL 1

E = is* j+18 + f aSip 1t IS
j:l ]:| j:iO
E+( f° 1 i)s, 1>E O

4. DISCUSSIONS

Having established some results on how improving the capaiei mediator driven model
and auctioneer driven model effect the revenue and ef giewe 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 theorgfida 2002].

First, recall that the auctioneer's revenue always ina@sasMDC (Result 3.1) and in
fact the revenue of the auctioneer increases astiiess of the mediator increases, thus
there is no con ict between the revenue and the capacityahgbenario. However, as we
saw that in théADC often there is a tradeoff between the revenue and the cgResult
3.3). Therefore, in terms of revenDC is superior toADC. A typical tradeoff curve is
shown in the Figure 1. Further, recall that the ef ciency ayw increases iMDC and in
fact the ef ciency increases as thaeessof the mediator increases, thus there is no con ict
between the ef ciency and the capacity in that scenario. &l@w, in ADC, although
the ef ciency increases when tness increases, it could gdl Wwelow the ef ciency in
the scenario without any additional capacity. A typicadeaff curve is shown in the
Figure 1. Therefore, even in terms of ef ciency tMDC is superior toADC. Hence, we
can conclude that thaDC is indeed inferior to thé/DC and the market becomes more
capacity ef cient by the participation of mediators.

It is instructive to note that, in th®IDC scenario, as long as theauction and the-
auction are not coupled, and the traf c for teeauction site is drawn from thg-auction
site, it does not matter who adds capacity and runs-ection, a mediator or the primary
auctioneer. But in order to add the necessary capacity amdhes secondary auctions
effectively, the mediators have to specialize in the palticsector (e.g., loans, nance,
business logistics etc.) that they are adding capacity tausTif 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 basg1 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 traf c or leads. Our results are further con rmég a recent empirical study
[Gunawardana et al. 2008].

APPENDIX
A. MDC: ADVERTISERS' PAYOFFS

Clearly, for the newly accommodated advertisers, thatédoties who lost in thp-auction
but win a slot ins-auction, the payoffs increase from zero to a positive numidew let us
see where do these improvements in the revenue of the aeeti@Result), in payoffs of
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revenue of the auctioneer

fitness

7.6 T
ADC =2 |
7.4 MDC A
None //

revenue of the auctioneer

56 L L L L
0

05 1 15 2 25
fitness
20 i
ADC I=2 -
19.5F MDC _ 1
None ~

Efficiency

fitness

Fig. 1. Tradeoff curves for Auctioneer's Revenue/Ef cigncMDC vs ADC. The data used is the following:
N =8;K =5;L=3, =[0:4 025 02 0:15 0:10],
sP=[25 20 8 5 3 2 15 1],s°=[0 0 10 4 3 6 0 O]
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newly accommodated advertisers, and in the ef ciency (Re&gwcome 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.nEwepayoff forj th ranked
advertiser imp-auction is

X
u@p= iy G )P U,
i=j
where
Uiy = of gy Sy T gm
is her payoff from thes-auction. Also, foj | 1, her payoff when there was no mediator
is
0 p x p
Wy = 587q (i i)S
i=j
K 2
= jsp(j) _ ( i i+1 )Sp(i+1) ( i i+1 )Sp(i+2):
i=]j i=l 1
0 s X p p
) UGy UWgy = W) Ci )Ty Seg)

i=l 1

Similarly, forj |+ 1, her payoff when there was no mediator is

0 p x p
Uiy = 0 15y (i i+1)S (i+2)
i=j 1
0o =
) Uy Uy = U, (i i’fl)(sp(wl) Sp(i+2))
i=j 1
Therefore, in general we have,
0 s X p p
Uap Wa = W Ci )8y STag )

i=max fl 1;j 1g

Thus, for thej th ranked winning agyert|ser from the auction without medra the
revenue from th@-auction decreases byI max fl 15 1g( i i1 )(sP (i+1) (|+2) )
and she faces a loss unless compensated for by her paysﬁmw:tlon 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 thseauction 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. ederywhen the mediator's
tness factorf is very good, it might be a win-win situation for everyone.d@ading on
how good the tness factdr is, sometimes the payoff from tlseauction might be enough
to compensate for any loss by accommodating new advertisetrsis consider an extreme
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situation wherL. = K and = ~. Thegainin payoff for the advertiser(j) is

X S S X P p
If ( i i+1 )(S () ) (i+1) ) ( i i+1 )(S (i+1) S (i+2) )
i=] i=max fl 1;j 1g

Therefore as long as

P
imaxf] 15 19 i i+1)(5p(i+1) Sp(i+2))

K
I i:j(i i+1)(ss(j) Ss(i+1))

the advertiser (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 nos-auction in the ADC scenario, for notational simplicity,
henceforth we will drop the superscriptsp. We also assume that théth bidder is the
one allocated slot when ranked in the decreasing order okib .

Value of capacity:

De nition C.1. LetRg be the original revenue of the auctioneer without addedaigpa
andR be the new revenue of the auctioneer after adding capactteatcorresponding
minimum SNE[Edelman et al. 2007; Varian 2007], then the “value of cajyads de ned
asRR—f0 i.e. the relative gain in the revenue of auctioneer per isgon.

OBSERVATION C.2. ForagivenlL,if 91 K such that
PrsL 1 : !
(o= nl)sl"' j=k+ (5 gw)iSjw
L .
(i ja)disia
= min 1 1.
Koj b j+1 ’

where

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

PROOF. Let = min, j x —— - then we havey  ~+ (j j+1) for
I K . At their corresponding minimurBNE[Edelman et al. 2007; Varian 2007],
the original revenue of the auctioneer V\gthout added capacid the new rEvenue of the

auctioneer after adding capacity &g = jK:1 ( j+1)jsj+1 andR = szl (~
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ecasy loans - Google Search harpriiweww 1

Wob fmoges Mideo News Maps Smail more W

leasy loans Search |
New! View and m Id
1-10 7,210.0 . (D.16 3

. qQuick shori-term loan. Many times iting & cash
§0§§4-Dn

BE8 Alerts & News
CTompiainants 1o the Better Business Bureau stiate that they responded 1o enti —30
newspaper and web site pr 1g easy cradit and easy loans.

SI5/07 944 PM

Fig. 2. For-Pro t Mediator: Shaded links are the ads (therariy slots), and the doubly shaded link is the ad of

the mediator personalloans.com
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Easy Loans

1of2

.. personal-~loans

=

hupfwww personalloans comfindex php?ui P

ol

| 30me || ComsoBcaseLoses || Convermionaitoans || Easyloans || #ome Equity Line Credit Loan |

Personal Loans

There are two xinds of

backed by some form of

loans are easier to qualify for because the lender takes on less
risk with the oresence of collateral. Because of the lowerad risx
they generally have ower interest rates. Secured loans are best
for borrowing large amounts. people with bad or imperfect credit
nistory =nd those that want longer repayment pericds.

A nigher credit score will give you = lower interest rate. Cbzain a

will save you money. Lenders will use your FICO to determine
your =tigibility and your interest rate.

Unsecured loans do not require coliateral; they are normally for
less than secured loans. The upper borrowing limdt is usually
UUOC,_ $25.000 with & repayment term of 5-10 years. Scme kinds

g-i:ﬁ lines °m credit. Unsecurec loans can be used for cedt

expenses. vacations, home repairs,

G§D- loans. (t@g loans etc. They are ideal for people who
<do no own a8 nome or property or homesownear who does not wisn
to pledge their nome or oroperty.

Requiring less paperwork than other foans, you can usually
aoply for an unsecured loan online with as jittle as your credit

money can be available 10 you in as litthe as 24 hours.

Additional Articles

Credit
Trook Sanngs Croagn Score:
Creds Resons == =

Crode Chocks Evoociam Cro.

Sponsored Results for Easy Loans
Short Term Loans to $2000

Easy Home Egui Loan

Apply Today and Take Advantage of Citibank's
Low 5.99% intro Rate.
MyHomeEquity.com

Easy Loan

Up to S Free Quotes with 1 Form. Refi or Home
Equity. Intro Terms.

wwew NexTag com/morigages

Up to $1.500 Cash Loans

Instant approval. No credit checks. Get up to
$1.,500 in 24 hours.

www_cashwest.com

Easy Loan - No Credit Checks

Up to $1000 Overmight + Earn an extra $100 with
our referral program.

waew_paydaymax.com

Next=>

oo £o Ltos- = tuden: toan
Auts Savyday toans
rrrrr = toans

T80T 1:23 AM

Fig. 3. Secondary slots at personalloans.com
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Fig. 4. For-Pro t Mediator: business.com
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Fig. 5. Secondary slots at business.com
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~+1)jSj+1 respectively.

) R Ro
X _ .
= [ =~+«) (; ja)lisja+ (5 g+)disia
i=1 j=K+1
X _ L
= (5 ~+) (j  j+)lisja + (7 ja)isina
ji=1 1 j=K+1
X | X |
(v 0 Dsi+ (0 D(j jwa)isja * (5 g+)disia
j=1 j=K+1
X , X .
=(1 I s+ (5 g+)isjsn (@ ) (j  j+)isju
j=K+1 j=1

and hence follows the observation.

We now provide an example to con rm that the above obseraalimes not give a vac-
uous suf cient condition and thealue of capacitgan indeed be positive.

ExampleC.3. Letl = K and geometrically decreasing's [Abrams and Ghosh 2007;
Feng et al. 2006] i.e.; = rl 1;1 j K for somer < 1 andO otherwise. Then
~=r Yforl j K 1land~ =frl fork j K+L 1andOotherwise.
Also, letjsj«1 (j  1)sjforallK +1 j K+L Zland(K 1)sx >KS k.
Then, the condition for Observation C.2 is satis ed. Detdikalculations are provided
below.

We have
— mi 3 _ fr< 1 r)= ]
KmllnI j ™ K1 f@a r):
Now,
Kyl 1
(1 = s+ (v ~g+)isjsa
j=K+1
(k ~«)K D)sk +Ksk+1(k+1 ~«+L)
=€ Y21 fYK  1)sk + fr¥Kskar:
Also

X
(j  j+«)isj« =X Ksk+ (asl = K)
j=1
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P . !
g Lo Ds e SG gaisia
L .
szl(j j+1)iSj+1
1 r<ol@ YK 1)sk + frkKska
rk Ksy s
(K I)sk
=1 — =1 f)+fr
KSk +1 ( )
(K 1)s¢
=f fr+(1 f ————(1 f
@ ) S )
(K 1)sk
=f@a n+@@ f) 1 —
@ n+@ f) o
<f@ r)=
OBSERVATION C.4. ForagivenlL,ifdl K such that
P K+l 1~S_ _
> 1 —#ﬂfﬂ—” where = min —; (4)
j=1 §Si Koo
then the ef ciency improves.
Proof: We have
X( KxL 1 Xl KXL 1
Eo = isi; E= 58 = isi* abk
j=1 j=1 j=1 j=1
Kyl 1
) E Eo = (5 s+ IS
i=1 j=K+1
Let
= mn L
K j 1 i
then
KL 1 NS
E Eo S (l ) iSj:

j=K+1 j=1
and hence follows the observatior]

We now provide an example to con rm that the above obseraatimes not give a vac-
uous suf cient condition and the ef ciency can indeed impeo

ExampleC.5. Letl = K and geometrically decreasing's as in Example C.3 and let
si's satisfysk +; = !sk forsome < 1. Then, the condition for Observation C.4 is

1 r

satis ed whenf > r7— - Detailed calculations are provided below.

1

er 1

=r|<1=f:

x
K
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Also,
Kyl 1 Kyl 1
~s = fri 1s
j=K+1 j=K+1
X1 ) 1 fL 1 L1
= frKs¢ ph = fr Kge =——
j=1 1 r
PK L1 K 1 fb 2 Lo2
ke IS _ fr s =y
)1 K =1 K 1
i=1 QS r SK
1 fr e B fo+frt b
1 r 1 r
f(A r)+1 f r +frbt b 1 rt b
= ( ) =f+ 1 f=—"
1 r 1 r
. 1 r
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