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ABSTRACT Generalized Second Price Auction and its variants has been the main mechanism used by search companies to auction positions for sponsored search links. In this paper we study the social welfare of the Nash equilibria of this game. It is known that socially optimal Nash equilibria exists, and its not hard to see that in the general case there are also very bad equilibria: the gap between a Nash equilibrium and the socially optimal can be arbitrarily large. In this paper, we consider the case when the bidders are conservative, in the sense that they do not bid above their own valuations. We show that a certain analog of the trembling hand equilibria are equilibria with conservative bidders. Our main result is to show that for conservative bidders the worse Nash equilibrium and the social optimum are within a factor of the golden ratio, 1.618.
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1.



INTRODUCTION



Search engines and other online information sources use sponsored search auction to monetize their services. These actions allocate advertisement slots to companies, and companies are charged pay per click, that is, they are charged a fee for any user that clicks on the link associated with the advertisement. The fee for such a click is decided by variant of the so-called Generalized Second Price Auction (GSP), a simple generalization of the well-known Vickrey auction [10] for a single item (or a single advertising slot). The Vickrey auction [10] for a single item, and its generalization, the Vickrey-Clarke-Groves Mechanism (VCG) [2, 5], make truthful behavior (when the advertisers reveal their true valuation) dominant strategy, and make the resulting ∗ Supported in part by NSF grants CCF-0325453 and CCF0729006, ONR grant N00014-98-1-0589, and a Yahoo! Research Alliance Grant.
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outcome maximize the social welfare. See also [1] about truthful sponsored search auctions. Generalized Second Price Auction, the mechanism adopted by all search companies, is a natural generalization of the Vickrey auction for a single slot, but it is neither truthful nor maximizes social welfare. In this paper we will consider the social welfare of the GSP auction outcomes. Our goal in this paper is to show that the intuition based on the similarity of GSP to the truthful Vickrey auction is not so far from truth: we prove that the social welfare is within a factor of 1.618 of the optimal in any Nash equilibrium for conservative bidders. We consider the full information game, assuming all advertisers know the valuations of all players. In addition, we will assume that the players are conservative, and do not risk bidding above their valuation. A bid value bi above the valuation vi for a player i, opens the player up to the risk of an outcome with negative utility (if another bidder b∗ appears in the range vi < b∗ < bi ). To formally justify our conservative bidder model, we assume that an additional random bid will show up with a small ǫ probability, and study the Nash equilibria of the game for the original bidders as ǫ tends to zero. This is analogous to the traditional notion of trembling hand equilibrium [8]. We’ll show that in the Nash equilibria of the game that survive this perturbation all bidders are conservative.



Our results. Our focus in this work is to analyze the social welfare in the Generalized Second Price Auction mechanism. We start by considering the simple model when click-though rates depend only on the slots, i.e., the probability of click for all bidders if assigned to slot i is αi . At the end of the paper, we extend our results to the model with separable click-through rate, where if advertiser j is assigned to slot i the probability of this resulting in a click is γj αi . It is known that there are Nash equilibria that are socially optimal. We show simple examples of Nash equilibria where the social welfare is arbitrarily smaller than the optimum. However, these equilibria are unnatural, as some bid exceeds the players valuations, and hence the player takes unnecessary risk by playing above their own valuation if a new bidder shows up between their bid and valuation. We define conservative bidders as bidders who won’t bid above their valuations. Our main contribution is to prove that if all bidder are con-



servative, then the social welfare in a Nash equilibrium can’t be very far from the optimal. To analyze the Nash equilibrium when all advertisers are conservative, we exhibit a simple property of those equilibria: consider two slots i and j, and let vk denote the valuation of advertiser k for a click. We show that if in a Nash equilibrium with conservative bidders, π(i) and π(j) are assigned to these slots respectively, than we must have that vπ(i) αj + ≥ 1. αi vπ(j) We say that as assignment of bidders to slots is weakly feasible if it satisfies the above inequality for all i and j, and we show that the social welfare of a weakly feasible assignment is at least a 1.618 fraction of the socially optimal assignment. Although only a necessary condition, weak feasibility is a simple and intuitive property. It is not hard to see that weakly feasible assignments cannot be too far from the optimal: if two advertisers are assigned to positions not in their order of bids, then either (i) the two advertisers have similar values for a click; or (ii) the click-through rates of the two slots are not very different, and hence in either case their relative order doesn’t affect the social welfare very much.



Related work. Sponsored search has been a very active area of research in the last several years. For the basic model of Nash equilibria in such auctions see the papers by Edelman et al [3] and Varian [9], for a truthful auction see Aggarwal et all [1], and see the survey of Lahaie et al [7] for a general introduction. Since the original models, there has been much work in the area, exploring more complex models of click-through rates, taking into account budgets, analyzing dynamics, considering more complex models of incentives (such as vindictive bidding), etc. A lot of this work have been reported in the first four Workshops on Ad Auctions 2005 through 2008. Closest to our work is the paper Lahaie [6], that provides price of anarchy bounds on efficiency of equilibria, provided that the click-through-rate decays exponentially along the slots with a factor of δ. Here we consider the simpler models of either click-through rates αi that is a property of slot i independent of the advertiser, or separable click though rates, where the click through rate for bidder j in slot i can be expressed in a simple product form γj αi . For these models Edelman et al [3] and Varian [9] show that there exists Nash equilibria that are socially optimal. More precisely, they consider a restricted class of Nash equilibria called Envy-free equilibria or Symmetric Nash Equilibria, and show that such equilibria exists, and all such equilibria are socially optimal. In this class of equilibria, an advertiser wouldn’t be better off after switching his bids with the advertiser just above him. Note that this is a stronger requirement than Nash, as an advertiser cannot unilaterally switch to a position with higher click-through by simply increasing their bid. Edelman et al [3] claim that if the bids eventually converge, they will converge to an envy-free equilibrium, otherwise some advertiser could increase his bid making the slot just above more expensive and therefore making the advertiser occupying it underbid him. They do not provide a formal game model that selects such equilibria. Vorobeychik and Reeves [11] use simulation to study stable equilibria.



Lahaie [6] also considers the problem of quantifying the social efficiency of an equilibrium. He proves a price of anarchy of min{ δ1 , 1 − 1δ } provided that the click-through-rate decays exponentially along the slots with a factor of δ1 . Feng et al [4] gives experimental evidence that click-through-rates decay exponentially. To prove the claimed bound, Lahaie develops a tool which is similar to ours. He proves π is a feasible v αj ≥ 1 for 1 ≤ i ≤ n − 2 allocation if and only if vπ(i) + αi+1 π(j) and j ≥ i + 2. In this paper, we consider a different restriction of Nash, we assume that bidders are conservative, in the sense that no bidder is bidding above their own valuation. We can justify this assumption by assuming that a new random bids can show up with a vanishingly small probability ǫ → 0. In equilibria that survive this perturbation, the bidders are conservative. Without any additional requirement Nash equilibria can have social welfare that is arbitrarily bad compared to the optimal social welfare. However, we show√that Nash equilibria of conservative bidders is within a 1+2 5 ≈ 1.618 factor to the optimum. We assume only that the click-through-rates are separable (the product form) and are monotone.



2. PRELIMINARIES We consider an auction with n advertisers and n slots (if there are less slots than advertisers, consider additional virtual slots with click-through-rate zero). Let vi be the value that advertiser i has for one click and αj be the click-throughrate of slot j. We will extend the results to separable clickthrough-rate at the end of the paper. Assume that advertisers and slots ordered so that v1 ≥ v2 ≥ ... ≥ vn and α1 ≥ α2 ≥ ... ≥ αn . Given those parameters of the model, the mechanism of the Generalized Second Price Auction (GSP) is: 1. each advertiser submits a bid bi ≥ 0 2. the advertiser are sorted by their bids (ties are broken arbitrarily) 3. the highest slot is assigned to the advertiser with highest bid, the second highest slot to the one with second highest bid and so on. 4. the advertiser occupying slot i pays the bid of the advertiser occupying slot i + 1. The advertiser occupying the last slot pays zero. Let Sn be the set of permutations of n elements. We characterize the order of the advertisers in the slots using a permutation π so that π(i) is the advertiser occupying slot i, which is the same of the advertiser with the ith highest bid. We define the utility of a user i when occupying slot j as given by ui = αj (vi − bπ(j+1) ). Given a set of bids b1 , ..., bn we say that they constitute a Nash equilibrium if no advertiser can increase its own utility by changing his own bid. Suppose advertiser i is currently bidding bi and occupying slot j. Changing his bid to something between bπ(j−1) and bπ(j+1) won’t change the permutation π and therefore won’t



change the allocation nor his payment. So, he could try to increase his valuation by doing one of two things: • increasing his bid to get a slot with a better clickthrough-rate. If he wants to get a slot k < j he needs to overbid advertiser π(k), say by bidding bπ(k) + ǫ. This way he would get slot k for the price bπ(k) per click, getting utility αk (vi − bπ(k) ). • decreasing his bid to get a worse but cheaper slot. If he wants to get slot k > j he needs to bid below advertiser π(k). This way he would get slot k for the price bπ(k+1) per click, getting utility αk (vi − bπ(k+1) ). Therefore we say that b is a Nash equilibrium if the following equations hold: bπ(1) ≥ bπ(2) ≥ ... ≥ bπ(n) αi (vπ(i) − bπ(i+1) ) ≥ αj (vπ(i) − bπ(j) )



αi (vπ(i) − bπ(i+1) ) ≥ αj (vπ(i) − bπ(j+1) )



∀j < i



(1)



∀j > i



where π is the permutation defined by b. We say that π is a feasible permutation for α, v if there is a b that generates π and is a Nash equilibrium. We measure the total quality P of an equilibrium by the social welfare, which is defined as j αj vπ(j) . The optimal social welfare is naturally achieved when π is the identity permutation and [3] proves that there is always a Nash equilibrium that achieves that (in particular, allocation and payments in this equilibrium are equal to VCG). However not every Nash equilibrium is optimal, as we will see shortly. We are interested in quantifying the price of anarchy for this game, which is given by the maximum over P P all permutations that define Nash equilibria of j αj vj / j αj vπ(j) .



2.1 Equilibria with Low Social Welfare



Even for two slots the gap between the best and the worse Nash equilibrium can be arbitrarily large. For example, consider two slots with click-through-rates α1 = 1 and α2 = r and two advertisers with valuations v1 = 1 and v2 = 0. It is easy to check that the bids b1 = 0 and b2 = 1 − r are a Nash equilibrium where advertiser 1 gets the second slot and advertiser 2 gets the first slot. The social welfare in this equilibrium is r while the optimal is 1. The price of anarchy is therefore 1/r. Since r can be any number from 0 to 1, the gap between the optimal and the worse Nash can be arbitrarily large. Notice however that this Nash equilibrium seems very artificial: advertiser 2 is exposed to the risk of negative utility: if advertiser 1 (or another advertiser) adds a bid somewhere between 0 and 1 − r this imposes a negative utility on advertiser 2. Bidding 1 − r while having valuation 0 is accepting a lot of risk. We claim that if bidders are not willing to accept such risk (or accepts only a limited amount of such risk) then the price of anarchy is bounded.



3.



CONSERVATIVE BIDDER EQUILIBRIA



We say an advertiser i is γ-conservative if bi ≤ γ1 vi . So, generic advertisers are 0-conservative. We call conservative bidders the 1-conservative advertisers.



Note that if bidder i has to pay a price above vi she has negative utility, and hence this cannot happen in a Nash equilibrium. A non-conservative bid bi > vi can only be part of a Nash equilibrium if the resulting price pi (the next smallest bid) is small enough vi ≥ pi . In this case all bids b′i in the range (pi , bi ] of user i result in the same outcome, and same payments, hence same utility. Now consider how the outcome and utility is effected if a new bid b∗ is added to the system. If vi < b∗ < bi then user i remains to be assigned to the same slot, but will pay a rate b∗ resulting in negative utility. In contrast, by bidding b′i = vi bidder i does not effect its utility in the original game, and avoids the danger of negative utility when the bid b∗ is added. Given the parameters α, v, we say that b is a conservative bidder equilibrium if it is a Nash equilibrium and bi ≤ vi for all bidders i.



Theorem 1. A Nash equilibrium that remains an equilibrium in the game when a random bid is added with a small probability ǫ > 0 is a conservative bidder equilibrium, and conservative bidder equilibria exists. Proof. We argued above that Nash equilibria that survive a small enough perturbation are conservative bidder equilibria. To see that conservative bidder equilibria exist we use the equilibria of Edelman et al [3], where b1 = v1 P 1 and bi = αi−1 j≥i−1 (αj − αj+1 )vj+1 for i > 1 is clearly conservative. For the remainder of the paper we consider conservative equilibria.



Theorem 2. For 2 slots, if all advertisers are γ-conservative, then the price of anarchy is bounded by 1+γr(1−r) , where γ+r(1−γ) 2 r= α α1 In particular, taking γ = 0 we recover the 1/r bound for the general case and for γ = 1 we have a quadratic function with maximum equal to 1.25. It is not hard to see that this bound is limited for any γ > 0. Proof. We can suppose without loss of generality that α1 = 1, α2 = r and α1 v1 +α2 v2 = 1, since what we are trying to prove is invariant under rescaling α or v. In any nonoptimal Nash equilibrium b1 ≤ b2 and by the Nash condition r(v1 − 0) ≥ 1(v1 − b2 ) and by the conservative condition b2 γ ≤ v2 . Substituting v1 = 1 − rv2 in those two expressions and combining them to eliminate the b2 term we get:



v2 ≥



1 γ



1−r − r(r − 1)



(2)



Therefore the social welfare in any non-optimal Nash is α1 v2 + . α2 v1 = 1v2 + r(1 − rv2 ) ≥ 1+γr(1−r) γ+r(1−γ)



3.1 Weakly Feasible Assignments Next we show that equilibria with conservative bidders satisfies the simple property mentioned in the introduction. We will call the assignments satisfying this property weakly feasible. In the next section we analyze the welfare properties of weakly feasible equilibria. We start by showing that an assignment when no bidder i can increase its utility unless he bids above his valuation is in fact a Nash equilibrium in the usual sense (equations 1) in which bi ≤ vi . For this equilibrium we still have the relations for j > i as in equation 1 but for j < i, now we have: αj (vπ(i) − bπ(j) ) > αi (vπ(i) − bπ(i+1) ) ⇒ bπ(j) > vπ(i) that is equivalent to: αi vπ(i) − bπ(j) ≤ (vπ(i) − bπ(i+1) ) or vπ(i) − bπ(j) < 0 αj and we can rewrite it as: vπ(i) − bπ(j) ≤ max =







ﬀ αi (vπ(i) − bπ(i+1) ), 0 αj



αi (vπ(i) − bπ(i+1) ) αj



since vπ(i) ≥ bπ(i) ≥ bπ(i+1) . So it is a Nash equilibrium in the standard sense with the additional constraints that bi ≤ vi . The equations 1 are not very easy to work with, since they are not very symmetric and they depend on b. We propose a cleaner form of representing an equilibrium that just uses α, v and the permutation π. Although it is a weaker property it still captures most of the trade-offs: 1. if values vi are very close then the order of the bidders doesn’t influence the social welfare that much 2. if values vi are very well separated, then permutations that would produce a bad social welfare are not feasible because they violate Nash constraints Theorem 3. Given v, α and a Nash permutation π, if i < j and π(i) > π(j) then: vπ(i) αj ≥1 (3) + αi vπ(j) in particular,



αj αi



≥



1 2



or



vπ(i) vπ(j)



≥ 12 .



Proof. Since it is a Nash equilibrium bidder in slot j is happy with his condition and don’t want to increase his bid to take slot i, so: αj (vπ(j) − bπ(j+1) ) ≥ αi (vπ(j) − bπ(i) ) since bπ(j+1) ≥ 0 and bπ(i) ≤ vπ(i) then:



Corollary 4. Given α, v, any permutation corresponding to a Nash equilibrium with conservative bids is weakly feasible. Our main P results Pfollow from analyzing the price of anarchy ratio j αj vj / j αj vπ(j) over all weakly feasible permutations π. Before proceeding to the main result. we re-prove the bound in [6] for the conservative case. i Theorem 5. If ααi+1 ≥ δ > 1 for all i, then if π is a weakly feasible permutation, then the price of anarchy is bounded by 1 − δ1 , i.e.: X X αi vπ(i) ≥ (1 − δ −1 ) αi vi



i



i



Proof. If π(i) > i then there is some j > i such that π(j) ≤ i (by the pigeonhole principle, since there are only i−1 slots with index < i, so at least one of the first i bidders must occupy one slot after i). So, as π(j) ≤ i < π(i) and j > i we can apply our relation: « „ « „ αj αj vπ(j) ≥ 1 − vi ≥ (1 − δ −1 )vi vπ(i) ≥ 1 − αi αi where the first inequality is that of Theorem 3. The theorem follows almost directly: X X X αi vπ(i) αi vπ(i) + αi vπ(i) = i



π(i)>i



π(i)≤i



≥



X



αi vi +



π(i)>i



π(i)≤i



≥ (1 − δ −1 )



X



X



αi vi (1 − δ −1 )



αi vi



i



3.2 The Main Results Here we present the bound on the price of anarchy for weakly feasible permutations, and hence for GSP for conservative bidders. Our main result is that it is bounded by 1.618. As a warm-up we will prove that it is bounded by 2, since the proof is easier and captures the main ideas. We will prove this bound for weakly feasible permutations and it will automatically be deduced to a bound for feasible permutations. Notice that the weakly feasible permutation nicely capture the fact that if advertisers i and j are in the ”wrong relative position” (i.e. different to the one in the optimal) then either their values are close (within a factor of 2) or their click-through-rates are close (within a factor of 2). Theorem 6. For conservative bidders, the price of anarchy for GSP is bounded by 2.



αj vπ(j) ≥ αi (vπ(j) − vπ(i) )



Inspired by the last theorem, given parameters α, v we say that permutation π is weakly feasible if equation 3 holds for each i < j, π(i) > π(j). From Theorem 2 we know that:



Proof. We will prove it by induction on n that all weakly feasible permutations result in social welfare at most of factor of 2 less than the maximum possible. For 2 advertisers and 2 slots we know that the worst possible social welfare for a weakly feasible permutation is at most a 1.25 fraction of



bidders 1



slots 1



γ



v we can just interchange the roles of them in the proof if i > j). Let β = αα1i and γ = vv1j . We know that β1 + γ1 ≥ 1. Following the lines of the proof of the last theorem we have: β



j i



...



X



αk vπ(k) = αi v1 +



k6=i



k



+



1 γ



≥1



1 ≥ (α2 v2 + ... + αi vi + αi+1 vi+1 + ... + αn vn ) 2



therefore: X X 1 1X αk vπ(k) ≥ α1 v1 + αk vπ(k) = αi v1 + αk vk 2 2 k>1 k6=i k vj v1



1 2



If ≥ we just do the same but deleting slot 1 and advertiser j from the input. Now, we prove the tighter result. Theorem 7. For conservative bidders, the price of anar√ chy is bounded by 1+2 5 ≈ 1.618. Proof. As before, we prove the conclusion for all weakly feasible permutations. We use here a dynamical systems argument: we define a sequence of values rk so that we can prove that for k slots social welfare is at least an rk fraction of the optimum, and prove that rk converges to the desired bound. Let r2 = 1.25 and suppose we have r2 , r3 , ..., rn−1 and that this property holds for them. Let’s calculate some ”small” value of rn so that the property still holds. Again, consider parameter α, v, a weakly feasible permutation π and let’s assume i = π −1 (1) and j = π(1) (as shown in Figure 1). If i = j = 1, this is an easy case and it is straightforward to see that in this case the price of anarchy can be bounded by rn−1 . If not, assume without loss of generality that i ≤ j (since equation 3 is symmetric in α and



i X



αk−1 vk +



n X



αk vk



k=i+1



k=2



!



≥



# " i X X 1 1 = α1 v1 + αk vk ≥ (αk−1 − αk )vk + β rn−1 k>1 k=2 1 1 X 1 ≥ α1 v1 + αk vk ≥ (α1 − αi )vi + β rn−1 rn−1 k>1



Figure 1: Allocation of slots in the proof of Theorems 5 and 6 the optimum. So, now we need to prove the inductive step. Consider parameters v, α and a weakly feasible permutation π. Let i = π −1 (1) be the slot occupied by the advertiser of higher value and j = π(1) be the advertiser occupying the first slot (as shown in Figure 1). If i = j = 1 then we can apply the inductive hypothesis right away. If not, equation v 3 tells us that: αα1i ≥ 21 or v1j ≥ 21 . Suppose αα1i ≥ 12 and consider an input with slot i and advertiser 1 deleted. This input has n − 1 advertisers and n − 1 slots and the permutation π restricted to those is still weakly feasible, so by the inductive hypothesis: X 1 αk vπ(k) ≥ (α1 v2 + ... + αi−1 vi + αi+1 vi+1 + ... + αn vn ) 2 k6=i



αk vπ(k) ≥



1 1 ≥ α1 v1 + β rn−1



... 1 β



X



Now, we can use i ≤ j to say: vi ≥ vj = X k



αk vπ(k) ≥



"



1 1 + β rn−1



1 v γ 1



” “ ≥ 1 − β1 v1 .



„ «2 # 1 1 X 1− αk vk α1 v1 + β rn−1 k>1



So, we would like P to find some rn such that we can say that P 1 k αk vk for all β ≥ 1, so we would like to k αk vπ(k) ≥ rn have: ( „ «2 ) 1 1 1 1 1 1− ≤ min , + rn rn−1 β rn−1 β for any β ≥ 1. But notice some other bound we can get is: X k



1 1 X αk vk α1 v1 + γ rn−1 k>1 „ « 1 1 X ≥ 1− αk vk α1 v1 + β rn−1



αk vπ(k) ≥



k>1



by following the lines of the proof of last theorem, but removing slot 1 and advertiser j in the inductive step. So another alternative is to get:  ﬀ 1 1 1 ≤ min ,1− rn rn−1 β for every β ≥ 1. So if we can get 1/rn bounded by the maximum of those two quantities, we are done. Summarizing that, we need: (



"



(



1 1 1 rn ≥ max rn−1 , max 1 − , + β β rn−1



„



1 1− β



«2 )#−1 )



for all β ≥ 1. Now we need to evaluate for which value of β1 ∈ (0, 1] the  ”2 ﬀ “ 1 1 1 1 has its miniexpression max 1 − β , β + rn−1 1 − β



mum. The minimum can be in two points: the minimum of the quadratic function or the intersection between those two √ functions. They intersect at β1 = −r + 1 + r 2 − r (where r stands for rn−1 ) and the quadratic minimum is at 1 − 12 r. So, for r ≥ 43 , the minimum occurs in the intersection and



3.3 Extension to separable click-through-rates So far, we have considered that the click-through-rates of advertiser i placed on slot j depends only on the slot in which he is placed. A more general model called separable click-through-rates assumes it depends on a product of two factors: one depending on the bidder and other depending on the slot. Let’s say that if advertiser i is placed on slot j, it will get click-through-rate γi αj where γi is some ”quality factor” attributed to each advertiser. The generalization of Second Price Auction for this setting ranks the advertisers in order of γi bi and charges an advertiser the minimum value it needed to bid to conserve his position. For example, if π is the permutation defined by sorting γi bi (i.e, π(k) is the advertiser with the kth highest value of γi bi ) then we charge advertiser π(j) the amount of: bπ(j+1) γπ(j+1) /γπ(j) .



Figure 2: Sequence of values rk that are an upper bound of the price of anarchy for k slots for r < 34 , it occurs in the quadratic minimum. So: 8“ rn−1 ”−1 4 > > 1 − , rn−1 < < 4 3 «−1 „ rn = q 4 > 2 > : rn−1 − rn−1 − rn−1 , rn−1 ≥ 3



since we want the smallest possible ratio. This allows to define rk recursively from r2 = 1.25 and it is easy to see that the sequence monotonically converges to the fixed point of √ that function which is the golden ration ϕ = 1+2 5 ≈ 1.618, as shown in Figure 2. This happens because the function that maps rn−1 to rn is non-decreasing and has a fixed point in ϕ, so if rn−1 ≤ ϕ then rn ≤ ϕ.



To illustrate how symmetric and easy to work with this new formulation is, we also add the following result:



In this the utility”of bidder i assigned to slot j is ui = “ setting bπ(j+1) γπ(j+1) γi αj vi − and the social welfare is given by γi P α γ v . Consider that α1 ≥ ... ≥ αn and that k π(k) π(k) k γ1 v1 ≥ ... ≥ γn vn . The definition of Nash equilibrium is analogous. Notice we can obtain a result very similar with Theorem 3 just by repeating the same calculations for this model: Theorem 9. Given v, α, γ and a feasible permutation π (a permutation from a Nash equilibrium) in the separable click-through-rate model, if i < j and π(i) > π(j) then: γπ(i) vπ(i) αj ≥1 (4) + αi γπ(j) vπ(j) Proof. Since advertiser π(j) can’t increase his utility by taking slot i, we have that: „ „ « « bπ(j+1) γπ(j+1) bπ(i) γπ(i) γπ(j) αj vπ(j) − ≥ γπ(j) αi vπ(j) − γπ(j) γπ(j) using that bπ(j+1) ≥ 0 and bπ(i) ≤ vπ(i) we get the desired result. And all other results follow with almost no change.



Theorem 8. The worse possible price of anarchy among all possible parameters n, α, v and all possible weakly feasible permutations π occurs when π is a simple cycle, i.e, exist {x1 , ..., xn } = {1, ..., n} such that π(xi ) = xi+1 for i < n and π(xn ) = x1 .
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and πi is weakly feasible over Ni (i.e., the restricted input of slots with indices in Ni and advertisers with indices in Ni ).



[1] G. Aggarwal, A. Goel, and R. Motwani. Truthful auctions for pricing search keywords. In EC ’06: Proceedings of the 7th ACM conference on Electronic commerce, pages 1–7, New York, NY, USA, 2006. ACM. [2] E. H. Clarke. Multipart pricing of public goods. Public Choice, 11(1), September 1971. [3] Edelman, Benjamin, Ostrovsky, Michael, Schwarz, and Michael. Internet advertising and the generalized second-price auction: Selling billions of dollars worth of keywords. The American Economic Review, 97(1):242–259, March 2007. [4] J. Feng, H. K. Bhargava, and D. M. Pennock. Implementing sponsored search in web search engines:



[5] [6]



[7]



[8]



[9] [10]



[11]



Computational evaluation of alternative mechanisms. INFORMS J. on Computing, 19(1):137–148, 2007. T. Groves. Incentives in teams. Econometrica, 41(4):617–631, 1973. S. Lahaie. An analysis of alternative slot auction designs for sponsored search. In EC ’06: Proceedings of the 7th ACM conference on Electronic commerce, pages 218–227, New York, NY, USA, 2006. ACM. S. Lahaie, D. Pennock, A. Saberi, and R. Vohra. Algorithmic Game Theory, chapter Sponsored search auctions, pages 699–716. Cambridge University Press, 2007. R. Selten. Reexamination of the perfectness concept for equilibrium points in extensive games. International Journal of Game Theory, 4(1):25–55, March 1975. H. R. Varian. Position auctions. International Journal of Industrial Organization, 2006. W. Vickrey. Counterspeculation, auctions, and competitive sealed tenders. The Journal of Finance, 16(1):8–37, 1961. Y. Vorobeychik and D. M. Reeves. Equilibrium analysis of dynamic bidding in sponsored search auctions. In WINE, pages 155–166, 2007.



























[image: Sponsored Search Equilibria for Conservative ... - Cornell University]
Sponsored Search Equilibria for Conservative ... - Cornell University












[image: Characterizing Optimal Syndicated Sponsored Search ... - CiteSeerX]
Characterizing Optimal Syndicated Sponsored Search ... - CiteSeerX












[image: Characterizing Optimal Syndicated Sponsored Search ... - CiteSeerX]
Characterizing Optimal Syndicated Sponsored Search ... - CiteSeerX












[image: Efficient Ranking in Sponsored Search]
Efficient Ranking in Sponsored Search












[image: Sponsored Search Auctions with Markovian Users - CiteSeerX]
Sponsored Search Auctions with Markovian Users - CiteSeerX












[image: Characterizing Optimal Syndicated Sponsored Search Market Design]
Characterizing Optimal Syndicated Sponsored Search Market Design












[image: Efficient Ranking in Sponsored Search]
Efficient Ranking in Sponsored Search












[image: Online Learning from Click Data for Sponsored Search]
Online Learning from Click Data for Sponsored Search












[image: Sponsored Search Auctions with Markovian Users - Research]
Sponsored Search Auctions with Markovian Users - Research












[image: A Structural Model of Sponsored Search Advertising ...]
A Structural Model of Sponsored Search Advertising ...












[image: Predicting Bounce Rates in Sponsored Search ... - Research at Google]
Predicting Bounce Rates in Sponsored Search ... - Research at Google












[image: An Experimental Study of Sponsored-Search Auctions]
An Experimental Study of Sponsored-Search Auctions












[image: A Structural Model of Sponsored Search Advertising ...]
A Structural Model of Sponsored Search Advertising ...












[image: Envy-Free Allocations for Budgeted Bidders]
Envy-Free Allocations for Budgeted Bidders












[image: High profit equilibria in directed search models]
High profit equilibria in directed search models












[image: Non-reservation Price Equilibria and Consumer Search]
Non-reservation Price Equilibria and Consumer Search












[image: High profit equilibria in directed search models]
High profit equilibria in directed search models












[image: Closeout Checklist for Sponsored Projects.pdf]
Closeout Checklist for Sponsored Projects.pdf












[image: State Sponsored Terrorism.pdf]
State Sponsored Terrorism.pdf












[image: Myopic Bidders in Internet Auctions]
Myopic Bidders in Internet Auctions












[image: A Hierarchical Model for Value Estimation in Sponsored ...]
A Hierarchical Model for Value Estimation in Sponsored ...












[image: Supplementary proofs for â€�Consistent and Conservative ...]
Supplementary proofs for â€�Consistent and Conservative ...















Sponsored Search Equilibria for Conservative Bidders






v we can just interchange the roles of them in the proof if i>j). Let Î² = Î±1 Î±i .... Proceedings of the 7th ACM conference on Electronic commerce, pages 1â€“7, New ... 






 Download PDF 



















 363KB Sizes
 0 Downloads
 260 Views








 Report























Recommend Documents







[image: alt]





Sponsored Search Equilibria for Conservative ... - Cornell University 

New Structural Characterization v i. E[Î± Ïƒ(i). |v i. ] + E[Î± Î¼(i) v Ï€Î¼ (i). |v i. ] â‰¥ Â¼ v i. E[Î± Î¼(i). |v i. ] Lemma: â€¢ Player i gets k or better if he bids > b Ï€ i. (k). â€¢ But this is a random variable â€¦ â€¢ Deviation bid: 2 E[b Ï€














[image: alt]





Characterizing Optimal Syndicated Sponsored Search ... - CiteSeerX 

other, and the search engine as the market maker. We call this market the ... markets requires the use of a relatively new set of tools, reductions that preserve ...














[image: alt]





Characterizing Optimal Syndicated Sponsored Search ... - CiteSeerX 

other, and the search engine as the market maker. We call this market the ... tions, [3] showed that the greedy ranking employed by. Google agrees with the ...














[image: alt]





Efficient Ranking in Sponsored Search 

V (Î³) = E[Âµ2b2] + E[Âµ1b1 âˆ’ Âµ2b2]1{t1>t2(b2/b1)1/Î³ }, ... t1 < t2. Under condition (3) we see from (8) that the expectation term in (5) ..... Internet advertising and the ...














[image: alt]





Sponsored Search Auctions with Markovian Users - CiteSeerX 

Google, Inc. 76 Ninth Avenue, 4th Floor, New ... tisers who bid in order to have their ad shown next to search results for specific keywords. .... There are some in- tuitive user behavior models that express overall click-through probabilities in.














[image: alt]





Characterizing Optimal Syndicated Sponsored Search Market Design 

markets requires the use of a relatively new set of tools, reductions that ... tion of the truthful sponsored search syndicated market is given showing .... Every buyer bi has a privately ..... construction is to turn each buyer in CMC0 to a good in.














[image: alt]





Efficient Ranking in Sponsored Search 

Sponsored search is today considered one of the most effective marketing vehicles available ... search market. ...... pooling in multilevel (hierarchical) models.














[image: alt]





Online Learning from Click Data for Sponsored Search 

Apr 25, 2008 - to use click data for training and evaluation, which learning framework is more ... H.3.5 [Online Information Services]: Commercial ser- vices; I.5 [PATTERN ...... [25] B. Ribeiro-Neto, M. Cristo, P. Golgher, and E. D.. Moura.














[image: alt]





Sponsored Search Auctions with Markovian Users - Research 

is the roman numeral for one thousand. We will drop the factor of one thousand and refer to pibi as the â€œecpm.â€� 3 The user could also have some fixed probability ...














[image: alt]





A Structural Model of Sponsored Search Advertising ... 

winter meeting, and seminar audiences at Harvard, MIT, UC Berkeley and Microsoft Research for helpful ... Online advertising is a big business. ... In the last part of the paper, we apply the model to historical data for several search phrases.














[image: alt]





Predicting Bounce Rates in Sponsored Search ... - Research at Google 

Among the best known metrics for these pur- poses is click ... ments in response to search queries on an internet search engine. ... ing aggregate data from the webserver hosting the adver- tiser's site. ..... The top ten scoring terms per source ...














[image: alt]





An Experimental Study of Sponsored-Search Auctions 

Research Foundation of Korea funded by the Ministry of Education, Science and ... for more than $21 billion of revenue for search firms in US.1 The auction format used for selling ad ... 1See http://www.iab.net/media/file/IAB PwC 2007 full year.pdf. 














[image: alt]





A Structural Model of Sponsored Search Advertising ... 

scoresâ€� that are assigned for each advertisement and user query. Existing models assume that bids are customized for a single user query. In practice queries ...














[image: alt]





Envy-Free Allocations for Budgeted Bidders 

2 Social and Information Sciences Laboratory, California Institute of Technology, ... stance, there may now be feasible allocations which do not maximize social ... (j) = min(vi(j),bi(j)). Item j will be assigned price pj; we use p to denote the vect














[image: alt]





High profit equilibria in directed search models 

... Hall, NY14627, e-mail: gvi- [email protected] ..... that the mechanism offered by seller j influences buyers' utilities only through Ïƒj, but the details of the ...














[image: alt]





Non-reservation Price Equilibria and Consumer Search 

Aug 31, 2016 - Email: [email protected] ... observing a relatively good outcome, consumers infer that even better outcomes are likely ...














[image: alt]





High profit equilibria in directed search models 

if arbitrarily large entry fees and small prices are allowed, then there are equi- ... schedule that increases in the number of buyers visiting sustains high profit.














[image: alt]





Closeout Checklist for Sponsored Projects.pdf 

Closeout Checklist for Sponsored Projects.pdf. Closeout Checklist for Sponsored Projects.pdf. Open. Extract. Open with. Sign In. Main menu.














[image: alt]





State Sponsored Terrorism.pdf 

Retrying... Download. Connect more apps... Try one of the apps below to open or edit this item. State Sponsored Terrorism.pdf. State Sponsored Terrorism.pdf.














[image: alt]





Myopic Bidders in Internet Auctions 

Feb 11, 2011 - We study the role of experience in internet art auctions by analyzing repeated bidding by the same bidder in a unique longitudinal field dataset.














[image: alt]





A Hierarchical Model for Value Estimation in Sponsored ... 

Also, our hierarchical model achieves the best fit for utilities that are close to .... free equilibrium, while Varian [22] showed how it could be applied to derive bounds on ...... the 18th International World Wide Web Conference, pages 511â€“520 ..














[image: alt]





Supplementary proofs for â€�Consistent and Conservative ... 

Mar 2, 2015 - It remains to show part (2) of the theorem; P(Ë†Ï� = 0) â†’ 1 ...... Sc. Thus, for arbitrary SâŠ‡ B, letting b(S) be the (p+1)Ã—1 vector with Ë†Î·S,LS filled into ...


























×
Report Sponsored Search Equilibria for Conservative Bidders





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Sign In






Email




Password







 Remember Password 
Forgot Password?




Sign In



















Information

	About Us
	Privacy Policy
	Terms and Service
	Copyright
	Contact Us





Follow us

	

 Facebook


	

 Twitter


	

 Google Plus







Newsletter























Copyright © 2024 P.PDFKUL.COM. All rights reserved.
















