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Abstract We study the power of polynomial-time truthful mechanisms comparing to polynomial time (non-truthful) algorithms. We show that there is a setting in which deterministic polynomialtime truthful mechanisms cannot guarantee a bounded approximation ratio, but a non-truthful FPTAS exists. We also show that in the same setting there is a universally truthful randomized mechanism that provides an approximation ratio of 2. This shows that the cost of truthfulness is unbounded. The proofs are almost standard in the field and follow from known results.
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Introduction



A large body of the literature in algorithmic mechanism design deals with understanding the power of polynomial time truthful mechanisms comparing to the power of polynomial time non-truthful algorithms. In other words, given a polynomial time approximation algorithm that provides an approximation ratio of α, determine if there is a polynomial time truthful mechanism that provides at least the same approximation ratio. Lavi, Mu’alem, and Nisan [4] gave the first negative answer to this question: there exists a setting that admits an FPTAS ignoring incentives, but truthful polynomial time mechanisms cannot provide an approximation ratio better than 2. Recently, some papers attempted to determine the size of the gap. That is, is there a setting where a poly time (non-truthful) algorithm provides an approximation ratio of α, but no truthful algorithm provides an approximation ratio of c · α, where c is very large? Papadimitriou, Singer, and Schapira [6] presented the problem of combinatorial public projects and showed that for this problem there exists an approximation algorithm that provides a constant approximation ratio, √ while no truthful algorithm can provide an approximation ratio better than m, thus showing that √ c = Ω( m). In this note we will completely answer this question and show a setting where there is an FPTAS, but poly time truthful mechanisms cannot guarantee any bounded approximation ratio. The setting is an artificial one designed for the sole purpose of proving the result. Providing a ”natural” setting that proves such a separation remains a question of some interest. We also show that poly time universally truthful randomized mechanisms provide an approximation ratio of 2 for this setting, thus also establishing that the gap between the power of randomized polytime mechanisms and deterministic ones is unbounded too. We note that although our results are communication-complexity based, establishing computational-complexity hardness can be done very similarly. The Setting: in an extended multi-unit auction we have m identical items and 2 bidders. Each bidder i has a valuation function vi that gives a value for each number of the items. Each vi is almost ∗ Supported by the Adams Fellowship Program of the Israel Academy of Sciences and Humanities, and by a grant from the Israeli Academy of Sciences. Email: [email protected].
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monotone: for each bidder i there exists some ki , 0 < ki ≤ m, such that v(m) ≥ v(m − 1) ≥ ... ≥ v(ki + 1) ≥ v(ki − 1) ≥ v(ki − 2) ≥ ... ≥ v(1). The valuations are normalized: v(0) = 0. The goal is to maximize the welfare given allocations that always allocate all items: find an allocation (t, m − t) that maximizes v(t) + v(m − t). The private information of each bidder is vi (notice that the ki ’s are private information too). We will assume that the vi ’s are given to us as black boxes, and will be interested in algorithms that run in time polynomial in log m (why? The short answer is that we have a (non-truthful) algorithm that provides a (1 + ²)-approximation in time poly(log m, 1² ), so the running time of our truthful mechanisms should be polynomially related. See Dobzinski and Nisan [2] for further motivation.)
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Preliminaries: Affine Maximizers and Maximal-in-Range Algorithms



Arguably the main positive result of mechanism design is the VCG payment scheme. In this scheme we obtain an optimal solution (o1 , . . . , on ), and allocate accordingly. Each bidder i is being paid Σj6=i vi (oi ). Thus, the profit of each bidder i equals to the value of the optimal solution: vi (oi ) + Σj6=i vi (oi ). Observe that truthfulness is a dominant strategy for each bidder: by deviating the bidder might enforce a suboptimal allocation, his profit will then be equal to the welfare of this suboptimal profit, which results in a decreased profit. What about the running time? At a first glance, it looks that VCG does not help much in constructing polynomial-time mechanisms, as it requires finding the optimal solution, and finding the optimal solution is computationally hard. One naive solution might be to use an approximation algorithm that finds an approximate solution (s1 , . . . , sn ), and uses VCG payments with respect to this approximate solution. I.e., the mechanism pays each bidder i Σj6=i vi (si ). Unfortunately, in general, using VCG payments together with an arbitrary approximation algorithm does not result in a truthful mechanism. There are, however, some approximation algorithms that are truthful when used with the VCG payment scheme: Definition 2.1 An algorithm is called maximal in range (MIR) if there exists a subset R of allocations (the range of the algorithm), such that for every possible input v1 , . . . , vn , the algorithm outputs the allocation that maximizes the welfare in R. I.e., for all input valuations v1 , . . . , vn the algorithm outputs arg max(S1 ,...,Sn )∈R Σi vi (Si ). Of course, we can also implement a weighted versions of VCG: Definition 2.2 An algorithm is an affine maximizer if there exists a subset R of allocations, a constant wi for each bidder i, and a constant cR for each R ∈ R such that for all input valuations v1 , . . . , vn the algorithm outputs arg max(S1 ,...,Sn )∈R Σi wi vi (Si ) + CR . We will show that there are settings in which all truthful mechanisms are affine maximizers.
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The Power of Deterministic Poly-Time Mechanisms vs PolyTime Algorithms



In this section we deal only with deterministic mechanisms. In the second section we will consider randomized ones. The proof is similar to the proof of Dobzinski and Nisan [2] for the setting of multi-unit auctions. We will show that all truthful algorithms for extended multi-unit auctions are affine maximizers. Then we will show that affine maximizers cannot provide a finite approximation ratio in polynomial time. The last part follows easily from [2]. This will conclude the proof. 2



The proof is slightly novel from a technical point of view: previous proofs of gaps for other settings obtain a characterization ”from scratch” using Roberts-like machinery. In contrast, we obtain a characterization by a reduction to a known characterization result. We require some notation. Let D be the set of all valuations of extended multi-unit auctions. Let D0 be the set of all monotone and normalized valuations (v(0) = 0, and v(m) ≥ v(m − 1) ≥ ... ≥ v(1) ≥ v(0)). Lemma 3.1 Let f be a truthful mechanism for extended multi-unit auctions with range at least 3. f is an affine maximizer. Proof: Consider restricting the domain of f to valuations in D0 only. We claim that the in this case f implements an affine maximizer. I.e., there exists a subset of all allocations R, constants w1 , w2 and a constant cR for each allocation R ∈ R such that f (v1 , v2 ) = arg maxR∈R w1 v(1) + w2 v(2) + cR , for all valuations v1 , v2 ∈ D. This follows from a paper with Sundararajan [3], as if both valuations are from D0 this setting is equivalent to multi-unit auctions where all items are allocated. The taxation principle says that in a truthful mechanism every bidder is faced with a price for each alternative (that depends only on the valuations of the other bidders), and that this bidder chooses its most profitable alternative. Since these prices depend only on the valuation of the other bidder we will say that these prices are induced by the other bidder. If both valuations are in D0 then each bidder induces prices that are the same as weighted VCG (since in this case the implemented function is an affine maximizer). Since the prices that a bidder induces do not depend on the valuation of the other bidder, we have that if a bidder’s valuation is in D then the prices he induces are the prices of weighted VCG (even if the other bidder valuation is in D0 ). Thus, if v1 ∈ D and v2 ∈ D0 , bidder 2 will induce weighted VCG prices and bidder 1 will choose the allocation that maximizes the weighted welfare. Hence, f (v1 , v2 ) is an affine maximizer if v1 ∈ D and v2 ∈ D0 . Similarly, since the prices that a bidder induces depend only on his own valuation, we have that bidder 2 always induces weighted VCG prices. We can now conclude that f is an affine maximizer. This concludes the proof of the lemma. Lemma 3.2 Let f be an affine maximizer for extended multi-unit auctions that provides bounded approximation ratio. The communication complexity of f is m. Proof: We will prove this theorem only for maximal-in-range algorithms. Extending the proof to affine maximizers is easy. We first claim that if f provides a bounded approximation ratio then the range of f must be full. Suppose not, and let the allocation (t, m − t) be the allocation that is not in the range. Now consider the following instance: v1 and v2 are identically zero except for v1 (t) = v2 (m − t) = ∞. We have that f does not provide a bounded a bounded approximation ratio, in contradiction to our assumption. Thus, f is a maximal-in-range algorithm that has a full range, i.e., an algorithm that always outputs the optimal solution. Nisan and Segal [5] show that optimally solving multi-unit auctions requires a communication complexity of m, and their proof directly extends to case of extended multi-unit auctions. Thus the communication complexity of f is m, as needed. All we have to show now is that there is an FPTAS for the problem. Consider the following algorithm: each bidder i rounds down each value to the nearest power of (1 + ²), and reports only the (logarithmic number of) bundles where his (rounded down) valuation changed. Each bidder also reports vi (ki ). Now we use exhaustive search to find the optimal allocation that consists only of bundles that their value was reported. The algorithm finds a solution that recovers a fraction of at 1 least 1 − (1+²) of the optimal welfare. 3



Theorem 3.3 There exists a setting in which there is a (non-truthful) FPTAS, but truthful mechanisms cannot guarantee any bounded approximation ratio.
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The Power of Deterministic Poly-Time Mechanisms vs. Randomized ones



Another question is to determine the power of randomization. The two main types of randomized mechanisms that are considered in algorithmic mechanism design are: • Universally truthful mechanisms: these mechanisms are a probability distribution over deterministic mechanisms. • Truthful in Expectation mechanisms: the mechanism flips some random coins. The dominant strategy for a bidder that is interested in maximizing the expected profit is to reveal his true valuation. Notice that every universally truthful mechanism is also truthful in expectation. The following is a poly time universally truthful mechanism that provides an approximation ratio of 2 for extended multi-unit auctions: select a bidder i uniformly at random and allocate him arg max(vi (m), vi (ki )) items. We leave the proof of the approximation ratio and truthfulness as an easy exercise to the reader. This proves that the gap between the power of poly time universally truthful and poly time deterministic truthful mechanisms is unbounded. In a recent work with Dughmi [1], we show for the first time that poly time truthful-in-expectation mechanisms are strictly more powerful than universally truthful ones: there is a setting where universally truthful polynomial time mechanisms cannot provide an approximation ratio better than 2, but there exists a truthful in expectation FPTAS. Increasing this gap remains an open question.



References [1] Shahar Dobzinski and Shaddin Dughmi. On the power of randomization in algorithmic mechanism design. To appear in FOCS’09. [2] Shahar Dobzinski and Noam Nisan. Mechanisms for multi-unit auctions. In EC’07. [3] Shahar Dobzinski and Mukund Sundararajan. On characterizations of truthful mechanisms for combinatorial auctions and scheduling. In EC’08. See also addendum at http://www.cs.huji.ac.il/∼shahard. [4] Ron Lavi, Ahuva Mu’alem, and Noam Nisan. Towards a characterization of truthful combinatorial auctions. In FOCS’03. [5] Noam Nisan and Ilya Segal. The communication requirements of efficient allocations and supporting prices, 2006. In the Journal of Economic Theory. [6] Christos Papadimitriou, Michael Schapira, and Yaron Singer. On the hardness of being truthful. In FOCS, 2008.



4



























[image: Truthful Approximation Mechanisms for Restricted ...]
Truthful Approximation Mechanisms for Restricted ...












[image: On Characterizations of Truthful Mechanisms for Combinatorial ...]
On Characterizations of Truthful Mechanisms for Combinatorial ...












[image: Truthful Approximation Schemes for Single-Parameter ...]
Truthful Approximation Schemes for Single-Parameter ...












[image: On Characterizations of Truthful Mechanisms for Combinatorial ...]
On Characterizations of Truthful Mechanisms for Combinatorial ...












[image: On the Impact of Kernel Approximation on ... - Research at Google]
On the Impact of Kernel Approximation on ... - Research at Google












[image: A NOTE ON THE NONEXISTENCE OF SUM OF ...]
A NOTE ON THE NONEXISTENCE OF SUM OF ...












[image: On the Impact of Kernel Approximation on Learning ... - CiteSeerX]
On the Impact of Kernel Approximation on Learning ... - CiteSeerX












[image: Note on the Voice of the Customer]
Note on the Voice of the Customer












[image: A NOTE ON THE MONOGENEITY OF POWER MAPS T ...]
A NOTE ON THE MONOGENEITY OF POWER MAPS T ...












[image: A note on the identification of dynamic economic ...]
A note on the identification of dynamic economic ...












[image: A NOTE ON STOCHASTIC ORDERING OF THE ... - Springer Link]
A NOTE ON STOCHASTIC ORDERING OF THE ... - Springer Link












[image: On Approximation Resistance of Predicates]
On Approximation Resistance of Predicates












[image: On the Auslander-Bridger type approximation of modules]
On the Auslander-Bridger type approximation of modules












[image: A Note on the Inefficiency of Bidding over the Price of a ...]
A Note on the Inefficiency of Bidding over the Price of a ...












[image: Note on Drafting a speech.pdf]
Note on Drafting a speech.pdf












[image: A note on Kandori-Matsushima]
A note on Kandori-Matsushima












[image: A Note on -Permutations]
A Note on -Permutations












[image: A Critical Note on Marx's Theory of Profits]
A Critical Note on Marx's Theory of Profits












[image: briefing note on - Services]
briefing note on - Services












[image: A Note on Separation of Convex Sets]
A Note on Separation of Convex Sets












[image: A Note on Uniqueness of Bayesian Nash Equilibrium ...]
A Note on Uniqueness of Bayesian Nash Equilibrium ...












[image: A note on juncture homomorphisms.pdf - Steve Borgatti]
A note on juncture homomorphisms.pdf - Steve Borgatti












[image: A Note on Uniqueness of Bayesian Nash Equilibrium ...]
A Note on Uniqueness of Bayesian Nash Equilibrium ...















A Note on the Power of Truthful Approximation ...






Aug 26, 2009 - Email: shahard@cs.huji.ac.il. 1 ... The private information of each bidder is vi (notice that the ki's are private information too). We will assume that the ... Of course, we can also implement a weighted versions of VCG: Definition ... 






 Download PDF 



















 117KB Sizes
 0 Downloads
 413 Views








 Report























Recommend Documents







[image: alt]





Truthful Approximation Mechanisms for Restricted ... 

Jun 14, 2007 - âˆ—School of Computer Science and Engineering, Hebrew University of Jerusalem, Israel. [email protected]. â€ School of Computer Science ...














[image: alt]





On Characterizations of Truthful Mechanisms for Combinatorial ... 

Shahar Dobzinski. School of Computer Science and Engineering .... One open question is to characterize combinatorial auc- ..... Of course, we will make sure.














[image: alt]





Truthful Approximation Schemes for Single-Parameter ... 

Jul 25, 2010 - participants are incentivized to bid their true value for a good. ... Email: [email protected]. .... allows a good compact representation.














[image: alt]





On Characterizations of Truthful Mechanisms for Combinatorial ... 

School of Computer Science and Engineering. The Hebrew ... Stanford University. 470 Gates ... personal or classroom use is granted without fee provided that copies are not made or ... EC'08, July 8â€“12, 2008, Chicago, Illinois, USA. Copyright ...














[image: alt]





On the Impact of Kernel Approximation on ... - Research at Google 

termine the degree of approximation that can be tolerated in the estimation of the kernel matrix. Our analysis is general and applies to arbitrary approximations of ...














[image: alt]





A NOTE ON THE NONEXISTENCE OF SUM OF ... 

The coefficient of tk in pm is the trace of Sm,k(A, B) := the sum of all words of length m in A and B in which B appears exactly k times (and therefore A exactly m âˆ’ k times). In his ingenious 2007 paper [HÃ¤g07], HÃ¤gele found a dimension-free alg














[image: alt]





On the Impact of Kernel Approximation on Learning ... - CiteSeerX 

The size of modern day learning problems found in com- puter vision, natural ... tion 2 introduces the problem of kernel stability and gives a kernel stability ...














[image: alt]





Note on the Voice of the Customer 

on the ambient room light and reflections, the colors that the software designer chooses, the ... 10. Classes have a balance between theory and real-world application. ... A wide selection of companies and industries that recruit at the business.














[image: alt]





A NOTE ON THE MONOGENEITY OF POWER MAPS T ... 

ALBANIAN JOURNAL OF MATHEMATICS. Volume 11, Number 1, Pages 3â€“12. ISSN: 1930-1235; (2017). A NOTE ON THE MONOGENEITY OF POWER MAPS.














[image: alt]





A note on the identification of dynamic economic ... 

DSGE models with generalized shock processes, such as shock processes which fol- low a VAR, have been an active area of research in recent years. Unfortunately, the structural parameters governing DSGE models are not identified when the driving pro- 














[image: alt]





A NOTE ON STOCHASTIC ORDERING OF THE ... - Springer Link 

Only the partial credit model (Masters, 1982) and special cases of this model (e.g., the rat- ing scale model, Andrich, 1978) imply SOL (Hemker et al., 1997, ...














[image: alt]





On Approximation Resistance of Predicates 

Permuting the underlying k variables by a permutation Ï€. (Î¶Ï€)i = Î¶Ï€(i). (Î¶Ï€)ij = Î¶Ï€(i)Ï€(j). - Multiplying each variable xi by a sign bi âˆˆ {âˆ’1, 1}. (Î¶b)i = bi Â· Î¶i. (Î¶b)ij = bi ...














[image: alt]





On the Auslander-Bridger type approximation of modules 

where each bi is a positive integer. We denote by mod(R) the category of finitely generated. R-modules, by T C n the full subcategory of mod(R) consisting of all ...














[image: alt]





A Note on the Inefficiency of Bidding over the Price of a ... 

the class we consider, the price per unit share depends only on the first and ... (in the form of an independent audit) or endogenous (in the form of inter-agent.














[image: alt]





Note on Drafting a speech.pdf 

Page 1 of 1. Speech is supposed to be an oral presentation. But ,since you have speech as a discourse ,it is desirable. that we must learn the techniques of writing a speech.While presenting a speech on a stage, the speaker has a. lot of advantages .














[image: alt]





A note on Kandori-Matsushima 

Sep 16, 2004 - Social Science Center, London, ON, N6A 5C2, Tel: 519-661-2111 ext. ... equilibria, where private information is revealed every T-periods, as Î´ ...














[image: alt]





A Note on -Permutations 

We use information technology and tools to increase productivity and facilitate new forms of scholarship. For more information about JSTOR, please contact [email protected]. Mathematical Association of America is collaborating with JSTOR to digitize,














[image: alt]





A Critical Note on Marx's Theory of Profits 

Greece email: [email protected] ..... determination of r and the best form for generalizing to more complex cases'. (Steedman (1991, p. ... 37-9). Finally, it must be remarked that in Steedman's examples there is a case in which the said.














[image: alt]





briefing note on - Services 

systems. In the light of these conclusions, a series of meetings in Africa, including the Foresight. Africa workshop in Entebbe, the AU meeting of Directors for Livestock Development in. Kigali 2004, the Congress ... OIE meeting of SADC Chief Veterin














[image: alt]





A Note on Separation of Convex Sets 

A line L separates a set A from a collection S of plane sets if A is contained in one of ... For any non-negative real number r, we denote by B, the disk with radius r.














[image: alt]





A Note on Uniqueness of Bayesian Nash Equilibrium ... 

Aug 30, 2011 - errors are my own. email: [email protected], website: ... second and main step of the proof, is to show that the best response function is a weak contraction. ..... In et.al, A. B., editor, Applied stochastic control in econometrics.














[image: alt]





A note on juncture homomorphisms.pdf - Steve Borgatti 

A full network homomorphism f: N -+ N' is a regular network homomorphism if for each R E [w fi( a) f2( R) fi( b) * 3 c, d E P such that fi(u) = fi( c), fi( b) = fi( d), cRb and uRd for all a, b E P. In a network N the bundle of relations B,, from a t














[image: alt]





A Note on Uniqueness of Bayesian Nash Equilibrium ... 

Aug 30, 2011 - errors are my own. email: [email protected], website: ... second and main step of the proof, is to show that the best response ..... Each country has an initial arms stock level of yn âˆˆ [0,ymax], which is privately known.


























×
Report A Note on the Power of Truthful Approximation ...





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.
















