
Accepted Manuscript

Bounding the inefficiency of outcomes in generalized second price
auctions

Ioannis Caragiannis, Christos Kaklamanis, Panagiotis Kanellopoulos,
Maria Kyropoulou, Brendan Lucier et al.

PII: S0022-0531(14)00064-7
DOI: 10.1016/j.jet.2014.04.010
Reference: YJETH 4270

To appear in: Journal of Economic Theory

Received date: 11 December 2011
Revised date: 27 March 2013
Accepted date: 7 April 2014

Please cite this article in press as: I. Caragiannis et al., Bounding the
inefficiency of outcomes in generalized second price auctions, J. Econ. Theory
(2014), http://dx.doi.org/10.1016/j.jet.2014.04.010

This is a PDF file of an unedited manuscript that has been accepted for publi-
cation. As a service to our customers we are providing this early version of the
manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final form. Please note that during
the production process errors may be discovered which could affect the content,
and all legal disclaimers that apply to the journal pertain.

http://dx.doi.org/10.1016/j.jet.2014.04.010


Bounding the inefficiency of outcomes in generalized second price
auctions∗

Ioannis Caragiannis† Christos Kaklamanis† Panagiotis Kanellopoulos†

Maria Kyropoulou‡ Brendan Lucier§ Renato Paes Leme¶ Éva Tardos‖

Abstract

The Generalized Second Price (GSP) auction is the primary auction used for monetizing the use
of the Internet. It is well-known that truthtelling is not a dominant strategy in this auction and that
inefficient equilibria can arise. Edelman et al. (AER, 2007) and Varian (IJIO, 2007) show that an
efficient equilibrium always exists in the full information setting. Their results, however, do not extend
to the case with uncertainty, where efficient equilibria might not exist.

In this paper we study the space of equilibria in GSP, and quantify the efficiency loss that can arise
in equilibria under a wide range of sources of uncertainty, as well as in the full information setting.
The traditional Bayesian game models uncertainty in the valuations (types) of the participants. The
Generalized Second Price (GSP) auction gives rise to a further form of uncertainty: the selection of
quality factors resulting in uncertainty about the behavior of the underlying ad allocation algorithm. The
bounds we obtain apply to both forms of uncertainty, and are robust in the sense that they apply under
various perturbations of the solution concept, extending to models with information asymmetries and
bounded rationality in the form of learning strategies.

We present a constant bound (2.927) on the factor of the efficiency loss (price of anarchy) of the
corresponding game for the Bayesian model of partial information about other participants and about ad
quality factors. For the full information setting, we prove a surprisingly low upper bound of 1.282 on
the price of anarchy over pure Nash equilibria, nearly matching a lower bound of 1.259 for the case of
three advertisers. Further, we do not require that the system reaches equilibrium, and give similarly low
bounds also on the quality degradation for any no-regret learning outcome. Our conclusion is that the
number of advertisers in the auction has almost no impact on the price of anarchy, and that the efficiency
of GSP is very robust with respect to the belief and rationality assumptions imposed on the participants.
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