CSC200: Lecture 26



Announcements and Qutline

@ Announcements
> | have added questions to and finalized Assignment 3.
» Upcoming due dates:
© Quiz 6 is on February 5 (scope to be announced next Monday)
@ Assignment 3 is due on February 10
© Term test 2 is on February 12
@ February 15-19 Reading Week

@ Todays agenda

» Review sponsored search (Chapter 15) and sponsored search as a
matching markets problem.
» VCG and GSP prices



Selling slots in sponsored search
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@ Rather than negotiating prices for various (say common) search terms
or a promise of a certain number of impressions for particular
keywords, there is an ongoing automated auction for the paid slots.

@ What is the nature of this auction?

@ How does Google assign slots and charge prices for a given query?
Cannot know for sure, but fair to say that Google and others are
believed to use variants of what we will be discussing.

@ We will follow the text noting that this is a high level view focusing
on the algorithmic aspects of the auction.

@ Some important aspects are not considered and still the process is
technically involved. It is an area of active research.



Matching markets and the adwords problem

@ The adword problem (i.e. bidding for slots) is an example of matching
markets as discussed in Chapter 10.

@ In a matching market, we have sellers for each item (or one common
seller for all the items) and buyers desiring those items where say
buyer/agent j has some intrinsic value v(/, /) for item i.

@ This is a generalization of a single item auction but it is a special case
(i.e. we are assuming unit demand) of general combinatorial auctions.

@ In the adwords problem, the items are slots, each slot i having a
clickthrough rate r(/) and an advertiser j having an expected value
v(j) for a click of the advertisement.

@ We assume that each advertiser wants just one slot and we assume
(the separability assumption) that the value of slot i for advertiser j is

v(i,j) = r(i) - v().



The stated assumptions

Before preceding to the game theoretic aspect where advertisers are not
necessarily making truthful bids as to their revenue per click values, we
make the following assumptions:

@ Advertisers and the search engine know the click-through rates. (This
is not a worrisome assumption as statistics are kept.)

@ Click-through rate is independent of the quality and relevance of ad.
» This is not a valid assumption and the text goes on to show how to
correct this.
» Namely, we need to incorporate a quality factor g(j) depending on the
appropriateness of the advertiser j's ad to the query.
» This changes click-through to be g(j)r(i) if advertiser j gets slot i.
Equivalently, we can think of this as altering the valuation per click to
be v'(j) = q()v()-
» Hence the value v(i,j) becomes r(i)q(j)v(j) = r(i)v'(j).
@ The click-through rate and valuations do not depend on what is in

the other slots.

» This is also not a valid assumption and is a complex issue. That is, we
are assuming no externalities
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The quality factor g())

@ It is the search engine that determines the quality factor g(j)
= essentially a search ranking problem using the proposed ads as the
documents to be ranked.

@ Overture (and then Yahoo which bought Overture) did not initially
use a quality factor q(j) for measuring the appropriateness of the
advertisement for the query

® It was Google that incorporated this critical factor.

@ Since a search engine makes its profit by the number of clicks, giving
out slots just on the basis of an advertiser's valuation turned out to
be a bad mistake.



Weighted bipartite graph of advertisers and slots

Without loss of generality we can assume that all edges exist and there an
equal number of advertisers and slots.

clickthrough slots advertisers revenues
rates per click
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[Fig 15.2, E&K]



Setting v(/,j) = r(i)vV'())
@ Let r(i) be the click-through rate for slot i
(= number of clicks per say hour)

@ Let V/(j) be the (expected) revenue per click for the jth advertiser.

@ Usually one assumes that the click-through rates favour the top slots;
more specifically we assume r(i) > r(i + 1).
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(a) Advertisers’ valuations for the slots [Fig 15.3 (a)v E&K]



Maximum value matching

Fact (as discussed in matching markets)

@ The problem of computing a maximum value matching in a bipartite
graph (or any graph) can be computed optimally in time O(|V/|?®).

@ But as noted in the text, for the separable case that v(i,j) = r(i)v())
(or r(N)V'(j) = r(i)q(j)v(j)), the maximum matching problem is very
simple; namely, assuming r(i) > r(i + 1), greedily give out slots in
order of the modified valuations v/(j).
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(b) Market-clearing prices for slots

[Fig 15.3 (b), E&K]
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Some unstated assumptions/issues

Advertisers usually state a bid per click v(j) and also a maximum
budget Budget(j) which cannot be exceeded.

The conversion rate (when click becomes purchase) can often be
higher for slots not quite at the top.

Advertisements can vary in the amount of space they occupy.

Advertisers might want to vary the space and valuation depending on
which slot they receive.

The search engine can (and usually will) have a reserved price for
slots or charge calculated price + some nominal amount (say $.01 per
click).

This is a repeated game where advertisers are constantly monitoring
and changing their bids.
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The quality factor revisited

@ As noted, it is the search engine that determines the quality factor
q(j) and this is essentially a search ranking problem using the
proposed ads as the documents to be ranked.

@ In practice the quality factor may depend on much more than the
advertisement. There are additional factors that influence the quality
factor such as:

© As noted, the auction for a given adword is a repeated game and the
search engine (and advertiser) may want to spread out ones ad
placements for an adword by not exhausting ones daily budget quickly.

@ The search engine can keep track of a given user’s queries and that
might change the quality factor for a particular ad.

* For example, previous queries might indicate that the user is very
interested in a car purchase and hence an auto ad might be appropriate
even if the given query (i.e. adword) isn't so suggestive of an auto
purchase.

© The search engine might come to understand that the ad itself is
misleading and will then bar the advertiser from the auction
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Should advertisers be truthful about their valuation
per click?

@ Just as in single item auctions, advertisers (as agents) might not want
to reveal their true valuations for various slots.

@ But unlike more general combinatorial auctions:

» We can efficiently compute an allocation in matching markets that is
socially optimal which allows us to efficiently utlilize the
Vickrey-Clarke-Groves (VCG) auction. And for the basic way we are
setting v(/,j) (say ignoring the quality factor) we can simply assign by
sorting the v(j) values and assigning slots “greedily” to achieve the
optimal social welfare.

» VCG generalizes the Vickery second price single item auction.

» VCG computes an optimal allocation (with respect to social welfare)
and then sets “VCG prices"”.

@ Recall: VCG prices are based on the following idea:

Every agent is charged a price equal to the total amount of additional
valuation (to other agents) if that agent were not present.
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What this means for a matching market

@ VCG prices are independent of ones own bid. For a matching market
they have a very nice form; namely the price that agent j pays to get
slot i is determined by the other bids as follows:

_\/S S—i
pij=Vg_;— Vg

@ Here pj; is the price paid and VBS_J- (resp. Vg:j) is the optimum social
welfare with set S (resp. S — {i}) of sellers/items and set B — {j} of
buyers (with respect to any set of bids made by the other agents).

@ The VCG mechanism is truthful; that is bidding truthfully is a
dominant strategy for the agents and by definition provides a socially
optimal allocation. Note that this claim regarding truthfulness holds
generally whenever the global objective is the social welfare (i.e. sum

of all agents valuations).
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Why VCG is truthful and therefore optimal for social
welfare? The argument for a matching market.

@ Since the price pj; is determined by the other agents bids
(independent of agent j's bid for item i), the only deviation from
truthfulness will be if agent j can change the item received (say from
item / to item h).

@ Thus to show truthfulness, it suffices to show there is no gain in j's
utility in obtaining item h instead of item /. That is,

Vij = Pij = Vhj — Phj

@ Using the VCG prices this becomes the following:

S S—i S S—h
vii—[VB_; = Vg1 2 vij = [VB_; — V5

@ Which simplifies to

vij + Vé:j > Vpj + Vg:f

@ We argue that the left hand side is Vg while the right hand side is at
most Vg since it restricts solutions to assign slot h to agent ;.

15/1



Figure illustrating why VCG is truthful
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matching. over matchings constrained to assign h to j.

[Fig 15.5, E&K]

Figure : The heart of the proof that the VCG procedure encourages truthful

bidding comes down to a comparison of the value of two matchings.
16/



VCG recap

@ Most important property: the price that agent j pays for its
allocation (in this case slot /) is determined by the other bids. The
argument presented shows that VCG is truthful no matter what the
other agents bid (i.e. whether truthful or not).

@ But the VCG truthfulness depends on the optimality of the allocation.
Even an algorithm which is very close to being optimal might still not
be incentive compatible (i.e. have prices that will make truthfulness a
dominant strategy).

@ Note that VCG generalizes Vickery auctions for a single item since the
“harm"” caused to the other agents (in this case just one agent) is
precisely the second highest price.
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Does Google use VCG?

@ So...since we have an optimal maximum value matching algorithm,
we should be done?

@ But Google (and other search companies) use something called
generalized second-price auction (GSP) in determining its prices.

» When agent j is allocated slot 7, it pays the expected revenue for slot /
that would be obtained by the bid that won slot / + 1.

» This is essentially then the lowest bid that agent j can make and still
obtain slot /.

@ As the name suggests GSP is also a generalization of the Vickery
second price auction and initially it was thought (by Google and by
advertisers) that GSP was VCG or at least that it was truthful.

@ But as the text points out subsequent analysis showed that VCG and
GSP pricing is different and GSP is not in general truthful.
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Why did the search industry use GSP?

@ Reasons to use GSP Google adopted GSP when it was already in use
by other search engines. Intuitively,

» GSP is easier for advertisers (and us) to understand.

» It is a natural generalization of the second price auction for a single
item.

» We will see that although not truthful, GSP always has pure Nash
equilibria (NE) (i.e. bidding strategies) and we may want to think that
over time advertisers are learning to bid according to such NE.

@ The person responsible for choosing GSP thought it was truthful!
@ Google's ultimate goal is not social welfare but revenue maximization.

@ We will see that there can be many different NE and depending on
the NE, the revenue can be more or less than the revenue of VCG.

@ And there is always a NE for GSP that matches the revenue of VCG.
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The good and the bad of GSP NEs

o Bad:

> truth telling not necessarily a dominant strategy
» multiple NE some of which do not maximize social welfare (= total of
advertisers values for slots received)

@ Good: there is a NE which does maximize social welfare

@ Bad: Depending on which NE is chosen, revenue can be more or less
than VCG

@ The network in Figures 15.6 and 15.7 provides a nice example where
GSP is not truthful, and where
» there is an NE which is socially optimal and generates more revenue
than VCG
» An NE which is not socially optimal and generates less revenue than

VCG



GSP equilibria examples

@ In GSP, bidding truthfully (at 7 per click) x will win slot a and have
utility 70 — 60 = 10 whereas by lowering bid to 5 per click, x will win
slot b obtaining utility 28 — 4 = 24.

@ The (x,y, z) bids (5,4,2) achieve revenue 10 x 4 4 4 x 2 = 48.

This is a socially optimal NE. What needs to be shown?

@ The (x,y,z) bids (3,5,2) achieve revenue 10 x 3+ 4 x 2 = 38.
This is an NE that is NOT socially optimal

@ VCG achieves revenue 44; 64 — 24 = 40 from x and 4 from y.
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[Fig 15.6, E&K] [Fig 15.7, E&K]
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Should a search engine use VCG or GSP?

As the text says, this is a complicated question.

@ Since a search engines ultimate goal is revenue, should it care about
social efficiency?
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Should a search engine use VCG or GSP?

As the text says, this is a complicated question.

@ Since a search engines ultimate goal is revenue, should it care about
social efficiency? One can argue that over time, if there was a
competing social engine that is more socially efficient, then
advertisers might switch to use that search engine.



Should a search engine use VCG or GSP?

As the text says, this is a complicated question.

@ Since a search engines ultimate goal is revenue, should it care about
social efficiency? One can argue that over time, if there was a
competing social engine that is more socially efficient, then
advertisers might switch to use that search engine.

@ How would you set up a controlled experiment to gauge the
comparative social efficiency and revenue that would be obtained over
time by using VCG or GSP?

@ For one recent laboratory experimental study, see
https://www.dropbox.com/s/flz75k4ebcibyh7 /Online



