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My research interests center in the design and analysis of algorithms for systems composed of independent agents, and studying the properties resulting from their behavior. Much of my work concerns
algorithmic game theory (as agents are often self-interested), the study of large networks of agents,
and markets with many buyers and/or sellers. More recently, I have begun studying and developing
algorithms for settings where only a limited amount of information is known about the input: this
often occurs because the agents which report their state may not tell the truth, or may simply report
only a small amount of information instead of everything that the algorithm designer would like to
know. The emphasis of all my work is usually on algorithms and network properties with provable
guarantees, and especially on approximation algorithms. In this research statement, I discuss each of
these topics in detail, focusing especially on my recent work.
Ordinal Approximation Algorithms. (See [1] and presentation slides at [2].) In this work we
design algorithms which are only given a limited amount of information (specifically ordinal information), and yet must compete with algorithms which know the “ground truth” numerical information.
We call these ordinal approximation algorithms.
To illustrate when such constraints can arise, consider a simple matching scenario in which agents
are located in some metric space, and the goal is to form a high-quality matching of the agents, where
the distance between two agents represents how much those agents want to be matched together.
However, instead of knowing the exact distances, all we know are the ordinal preferences: each agent
tells us which would be their first choice to be matched with, which would be their second choice,
etc. Based only on this information, how well can we compete with algorithms which know the true
distances?
The same issues arise in social choice settings: as in spacial preference literature suppose that
a set N of agents (voters) and a set of of alternatives (candidates) A correspond to points in some
metric space. The distance from an agent i to alternative a represents the cost that agent i assigns
to alternative a ∈ A occurring,1 and the goal is to find the optimum alternative (for example, the
one which minimizes the total distance to all voters). If we knew the exact distances this would be
easy to do, but once again this is complicated by the fact that while it may often be reasonable to
assume some underlying utility structure on the preferences of the agents, it is usually unreasonable
to assume that we know these numerical values exactly; it is much more likely that we only know
the preference ordering over the candidates for each voter. In other words, just as in the matching
setting, we only know the ordinal preferences for each agent i over alternatives in A; we do not know
the actual numerical values and thus the strengths of agent i’s preferences.
Perhaps surprisingly, we were able to show that in many settings ordinal information is enough to
form algorithms which perform almost as well as ones with access to the full numerical information. In
[3] we showed that several classic social choice mechanisms are good ordinal approximation algorithms
as well. For example, the Copeland mechanism always returns an alternative which is guaranteed
to be within a factor of 5 in quality as compared to the optimum alternative, no matter what the
underlying numerical truth is; since we also proved a lower bound of 3 for the approximation factor
of any deterministic algorithm which uses only ordinal knowledge, this is somewhat close to the best
possible. In follow-up work [4,5], we designed randomized algorithms with much better approximation
factors. For the matching setting described above, in [6] we designed an ordinal 1.6-approximation
algorithm for the maximum-weight metric matching problem; this algorithm uses a careful mix or
greedy and random matchings in order to form matchings with provably high quality. Moreover, in [8]
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we specifically focused on designing truthful algorithms: ones which result in a good matching while
using only ordinal information, and in addition do not provide any incentive for the agents to lie about
their preferences. More generally, other graph and clustering problems allow good approximations
based only on ordinal information; for example in [9] we give such approximations for Max k-sum,
Densest k-subgraph, and Maximum Traveling Salesman problems.
Our results so far show that in many settings, limited ordinal information is enough to form
algorithms which perform almost as well as ones with access to the full numerical information. Thus,
if obtaining full numerical information is too costly, it may be better to collect ordinal information and
apply approximation algorithms. More generally, the same questions can be asked for other types of
limited information: how much information about the true input is enough to produce good results?
I believe this is a promising area of research, and am excited to continue pursuing it.
Agents in Networks – Network Formation Games and Group Formation. (See presentation
slides at [10].) I continue to study various aspects of networks which are created or administered by
selfish independent agents, following up on my work on network formation games from [11, 12]. (This
work popularized now-standard concepts such as potential games and price of stability, and has resulted
in a huge amount of followup work; see for example [13, Chapters 17,19] and references therein.) In
recent years, I have mostly been interested in network contribution games, where agents not only
form local links to their neighbors, but also determine the strength of these links. More specifically,
each node/agent has a budget of effort that it can allocate to different incident edges representing
its friendships, relationships, collaborations, etc. The amount of effort allocated to a link by its
endpoints determines the strength of this relationship, as well as the happiness of the participants
with this relationship. Together with Martin Hoefer, I was able to show the existence of various types
of coalitional equilibria in such games, as well as to quantify the price of anarchy, and prove various
convergence properties of agent interactions [14]. These games have a close relationship to the classic
problem of stable matching with cardinal preferences, which arises in such applications as matching
medical residents to hospitals, online dating, and kidney exchange [15]. I was able to use similar
techniques to provide price of anarchy bounds for both exact and approximate stable matching [16,17].
I was especially interested in seeing how externalities affect the properties of networks formed in this
manner: for example when agents are somewhat altruistic or care about the status of their friends in
the network [18,19], or when agents receive benefit not just from their immediate friends, but also from
friends-of-friends (e.g., I may decide to become friends with person X not because of X themselves, but
because of X’s circle of friends) [20]. Further questions in this area include determining effective ways
to influence the agents of these games, and considering a combination of agent incentives (including
average distance to other nodes, betweenness, etc.), as well as applying these techniques to specific
network settings (see [30] below).
Games in which agents form groups are very related to network formation games, both in the
techniques which can be used and in the questions commonly asked about them [21]. In addition to
work on price of anarchy using semi-smoothness [22], I was recently able to analyze the quality of
various equilibrium concepts when player utilities from joining a group are non-monotone in the size
of that group [23], as well as show how to construct high-quality approximate equilibria by giving
the players small amounts of incentives [24, 25]. The latter is especially nice since for settings where
exact equilibria do not exist, we were able to create good stable solutions by using a small injection
of incentives.
Agents in Networks – Autonomous Systems and the Internet. The Internet is composed of
tens of thousands of sub-networks called Autonomous Systems (AS), each under a single administrative
authority with its own distinct goals in controlling the traffic entering and leaving its network. The
complex system of business relationships and routing agreements between various Internet entities
(e.g., Autonomous Systems, Internet Exchange Points, enterprize networks, residential customers) is
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at the heart of Internet connectivity. In addition to looking at abstract network formation games, I also
consider specifically the games played by Autonomous Systems and ISP’s when forming contracts in
the Internet [26, 27], as well as when pricing those contracts [28, 29], and when purchasing connections
from Internet Exchange Points (IXP’s) [30]. In all of the above contexts, I was able to show that the
stable solutions of the game have good quality, ways to influence the agents in the network in order
to form good global solutions, or pricing schemes which yield high-quality solutions.
Item Pricing for Large Markets and Multiple Objectives. Perhaps the most classical setting
with many independent agents is that of economic markets. Together with PhD student Shreyas Sekar,
I have designed simple non-discriminatory item pricing algorithms for various types of markets [31–34].
In such algorithms, a seller chooses prices for each good that they are selling, and the buyers receive
their most preferred bundle of goods at these prices. While this is a fundamental economic setting
that has received a lot of attention, much remains unknown about forming efficient pricing algorithms
which provably result in good outcomes for both the buyers and the seller (or sellers). Some of the
things that set our work apart from most of the literature are as follows. (1) Large Markets: We
especially focus on markets in which each buyer can be assumed to be infinitesimal as compared to
the overall market size. No single buyer makes much difference to the market, and such markets often
have very different properties from “small” markets with only a few buyers. (2) Optimizing Multiple
Simultaneous Objectives: We have had significant success designing pricing schemes which form solutions simultaneously optimizing several objectives, especially both Revenue (payments received by
the seller) and Social Welfare (total utility of the agents). (3) Production Costs: Many real markets
include production, instead of having a fixed supply. Unfortunately, despite the fact that production
costs often require very different techniques from limited supply, and in fact generalize both limited
and unlimited supply, markets with non-linear production costs have received too little attention in
the item pricing literature.
For example, in [31] we studied envy-free pricing in large markets with unit-demand valuations:
each buyer wants a single item from a set of satisfactory items, but both these sets and the values
that the buyers assign to obtaining an item can differ for different buyers. This problem is known
to be notoriously hard (no approximation algorithm better than O(log n) is possible in general), and
has received a lot of attention during the last decade. In [31], we gave a new pricing scheme such
that for large markets with the demand curve obeying the Monotone Hazard Rate condition, this
scheme is guaranteed to obtain a 1.88-approximation for the maximum revenue. We were later able
to greatly generalize these results for other demand types beyond Monotone Hazard Rate, as well as
to multi-minded (not just unit-demand) buyers, and provide simple pricing schemes which guarantee
both good revenue (e.g., e-close to optimum) for the seller and good social welfare (e.g., 2-close to
optimum) for the buyers simultaneously [31–33].
More generally, we are especially interested in black-box reductions. For example, these include
general procedures converting pricing schemes with good revenue or good welfare into pricing schemes
which guarantee good revenue and welfare at the same time. We were able to provide such reductions for a variety of settings [32, 33], in which a pricing scheme approximating maximum possible
revenue is converted into a scheme with slightly less revenue, but is guaranteed to give a constant
approximation to the optimum social welfare for the buyers. Most results for these problems have
been concerned only with revenue: our results show that in this setting, it is possible to also achieve
high social welfare without sacrificing much revenue. Moreover, we were able use our techniques to
create new approximation algorithms for sequential buyers with XoS valuations; ours is the first known
item pricing algorithm with a polylogarithmic approximation for revenue for such general classes of
valuations [33]. Another type of black-box reduction which we have worked on are techniques to convert pricing schemes which are known to work well in the presence of limited supply to ones which
have good properties in the presence of production costs. We believe that the ideas involved in our
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techniques can be used to design a variety of new efficient pricing algorithms; this is something that
we are actively working on. We also continue to work on quantifying the tradeoffs between revenue
and welfare, especially for large markets, and for markets with a network structure [34].
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