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Overview. My research is in algorithms, primarily in problems concerned with incentives.
The ubiquity of the internet has given rise to more and more settings that involve self-interested
individuals—be they ride-sharing users, advertisers bidding in an advertising auction, or reporters
maximizing the spread of news in a social network. While the majority of my work has contributed
to core problems within algorithms and mechanism design, my recent and forthcoming
work focuses on the topic of mechanism design for social good.
For a concrete example of an algorithm that interacts with agents who have a strategic interest in the outcome, take the E.U. Emissions Trading Scheme (ETS). The ETS elicits the economic
value produced by each manufacturer and calculates the social cost of carbon pollution. Then, with
the objective of trading off value to the economy and the cost of pollution to society, the ETS algorithmically determines which European manufacturers can produce (and how many metric tons of)
carbon for the next year. If a manufacturer can misrepresent the economic value of their products
such that the government increases their production allowance, leading the manufacturer to earn
more revenue, then they will do so—and this behavior can render our classical algorithmic solutions
insufficient. Reasoning about participants’ incentives complicates the design task, resulting in a
new frontier in optimization and algorithm design. The field of algorithmic mechanism design uses
tools from game theory and economics to design mechanisms: algorithms that guarantee that even
when the participants act in their own self-interest, the objective (i.e., a good allocation of carbon
emission licenses) is achieved.
Within the foundations of mechanism design, my research is centered in multi-parameter settings, where participants have multiple pieces of private information impacting their interests, and
algorithmic solutions sit at the threshold of tractability. A manufacturer’s economic value is multiparameter—for each metric ton of carbon emitted, more goods are produced, and supply eventually
exceeds demand, decreasing value—thus the firm has a different value for each additional metric ton
emitted. My work has given the first positive results for long-standing open problems:
• In settings where varying quality levels of a service are sold, we provide the first explicit
characterization of revenue-optimal auctions for any general multi-parameter setting [12, 18].
• In the interdependent values model, where a buyer’s valuation of an item depends not only
on their own private information, but on other buyers’ information as well, we provide the
first approximation to optimal welfare—the sum of players’ values for the items they are
awarded—for multi-dimensional and even combinatorial settings [15, 16]. This work was
awarded the EC 2019 Best Paper with a Student Lead Author.
• In a market where buyers and sellers trade, we provide the first approximation to the gains
from trade—the value of the efficient trades—for a setting with a multi-parameter buyer [7].
By attacking problems from the most complex domains, my work not only provides algorithmic
solutions, but develops cutting-edge mathematical theory.
While designing mechanisms, I use simplicity and robustness as guiding principles.
Simple mechanisms are easy to implement and easy for participants to understand; complicated
mechanisms may be inaccurately predicted by game theory due to participants’ inability to understand how to strategize [3]. By designing a mechanism to be robust—to lack of detailed information,
agents’ risk attitudes, or agents’ valuation classes—we expand the settings for which its guarantees
hold. Otherwise, a small amount of noise in a dataset or model could destroy theoretical guarantees.
By possessing these features, my work provides tangible guidelines for use in practice.
While many of my results have focused on classical auction design, my recent work applies
insights and mathematical tools from algorithmic mechanism design to develop the foundations of
mechanism design for social good, particularly in domains such as healthcare, environmental sustainability, and online labor markets. Each of these domains is concerned with how the government
and citizens design allocation policies, impose tax structures, create laws, and regulate activities;
these are mechanism design problems. These topics have been well-explored in economics, operations research, sociology, public policy, and many other adjacent fields, yet have been under-explored
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in computer science. Because of this, with Rediet Abebe in 2016, I co-founded the Mechanism
Design for Social Good initiative [1], a multi-institutional interdisciplinary research initiative
focused on improving access to opportunity for historically underserved and disadvantaged communities. What has resulted is an interdisciplinary community of over 2300 researchers globally,
toward which I contribute both leadership (e.g., organizing, PC-chairing, and steering the four
workshops and first ACM MD4SG conference) as well as research [2, 4, 7, 17, 19] (e.g., determining
parameters that guarantee the carbon ETS used in practice is robust to strategic behavior [19]).
Road Map. The next section describes my work in mechanism design for social good. The
following section details my work within foundational mechanism design, e.g., uncovering a spectrum
of auction complexity, and using simple mechanisms to guarantee robustness to misinformation or
unexpected behavior. Finally, I discuss my long-term research agenda.

Mechanism Design for Social Good
Theoretical mechanism design has primarily guided both the foundations and implementations
of auctions; most of my thesis research (described in the next section) has focused on core directions
within this domain. My goal is to extend this rich mathematical theory toward social good domains.
Of course, there are many different aspects to social good. I am particularly interested in algorithmic
questions regarding mitigation of social harms where incentives must be considered.
Carbon Pricing. In energy markets, firms produce and sell goods, but in the production of
said goods, they emit pollution, a consequence with a negative impact on society. A government
designs their Emissions Trading Scheme (ETS) with a goal to maximize welfare: the total economic
value from the firms selling goods minus the societal cost of pollution. In work with co-authors [19],
we investigate the mechanism most used in Emissions Trading Schemes globally: the uniform price
auction [11] with a cap on how many metric tons can be emitted and a minimum price that polluters
must pay per license. This auction is not truthful. It sets the license price at the maximum of the
lowest-winning-bid and the minimum price, so firms can under-bid to potentially cause a lower price
to be set. If successful, the result is that firms producing less economic value pollute in place of
under-bidding firms who could have produced more economic value, hence more carbon is emitted
than is made up for in economic gain, resulting in an unbounded price of anarchy.1 We determine
that by setting a “safe” minimum price to be a particular function of the cap, we can recover
strong price of anarchy guarantees. This means that using a safe price ensures approximately the
best welfare of this uniform-price auction (for this cap and safe price) from non-strategic agents.
However, it does not guarantee an approximation to optimal welfare over any uniform-price auction
with any choice of cap and price. We prove that using a safe price with the uniform-price auction
either achieves near-optimal welfare, or, there must be some single dominant manufacturer, and
the government should instead contract solely with them to achieve near-optimal welfare.
Health Insurance. In the US, there are two common types of health insurance markets: (1)
free markets with unregulated entry, e.g., the Affordable Care Act Exchanges, where any insurance
provider can join and offer a plan at any price, and (2) regulated markets, e.g., within a corporation,
that limit entry into the market via some initial mechanism, and the employees of the corporation then purchase a plan from among the chosen insurance providers. Compared to unregulated
markets with full choice over plans, regulated markets limit entry to the k plans with the cheapest
prices, inherently removing some of the choices (decreasing consumer utility) yet also forcing lower
prices (increasing utility). In our work [17] we ask: is limiting entry better for consumer utility?
To answer this question, we must first characterize insurance provider prices in equilibrium—a typically computationally intensive and mechanical mathematical process. However, we observe that,
surprisingly, we can leverage techniques from revenue maximization to solve for these prices in an
intuitive way. Then, we compare the utility of both settings, and again leverage a theorem from
1

The price of anarchy is the ratio of the optimal (non-strategic) allocation to the worst-case equilibrium.
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the foundations of revenue maximization to transform the condition into a precise characterization
of when limiting entry improves consumer utility. This work not only gives insight into health insurance market regulation, but also serves as a proof of concept as to how foundational mechanism
design can find applications in social good!
Online Labor Markets. In online labor markets such as Upwork or Mechanical Turk, workers
form one side of the platform, selling their labor, and employers form the other side, purchasing
labor. The platforms employ algorithms to aid in the matchmaking process, and their algorithms
have tangible impacts on employment opportunities, the quality of work received, and the incentives
of both parties to report information truthfully. To ensure that a platform is benefitting its users,
we can ask what gains from trade, or quality of matches, its algorithm achieves. We know from
a seminal result [29] that it is provably impossible to achieve the optimal gains from trade while
satisfying natural incentive and no-deficit constraints. In one approach [4], my co-authors and
I take a resource augmentation perspective: recruiting additional employers to the platform and
proving that the gains from trade of a very simple mechanism on this larger market (with increased
competition) beat the impossible-to-achieve optimal gains from trade of the original market. The
mechanism we use, adapted from McAfee [26], is robust, as it does not rely on market information.
If instead our market size is fixed—we cannot recruit additional employers or workers—then we
can instead approximate the optimal gains from trade. In very recent joint work [7], we design simple
mechanisms that give the first gains from trade approximation guarantee for a multi-parameter
employer, that is, one who is interested in hiring multiple types of workers.

Foundations of Mechanism Design
Interdimensional Settings: An Auction Complexity Middle Ground
The problem of designing revenue-maximizing auctions has been the subject of intense study for
decades. The problem is completely solved when the auctioneer has a single item to sell [28];
however, even when the seller has only two items to sell, optimal auctions are not well understood.
The optimal auction in this setting can be incredibly complex—highly randomized and intractable
to compute [10, 25]—and thus characterizations remain elusive.
In our work [12, 18], we uncover a whole spectrum of complexity between the the “easy” case
of “single-parameter” settings (where the buyer’s private information is characterized by a single
number) and the fully general “multi-dimensional” setting. We introduce a new subclass of natural
and ubiquitous multi-dimensional settings that we call interdimensional settings, for which the
complexity of maximizing revenue occupies this complex-yet-tractable middle ground.
Our main result is a complete characterization of the optimal solution in the interdimensional
setting we call “The Fedex Problem,” where a buyer has a value and a deadline, and a shipping
service is worth their value to them only if their package is received on or before their deadline [18].
This is perhaps the simplest multi-dimensional setting imaginable, and the total ordering over
shipping options—that 1-day shipping is better than 2-day shipping and so on—greatly simplifies
the buyer’s incentive constraints. As a result, a dual formulation of the problem has fewer variables,
making it more tractable to solve. We obtain an explicit closed-form solution for the dual variables,
and then algorithmically reconstruct the primal variables (the optimal mechanism); this is the first
optimal characterization for a multi-dimensional setting without any restriction on the form of
the mechanism or on the buyer value distributions. En route, we also develop multi-dimensional
analogues of Myerson’s Nobel-Prize-winning theory: revenue curves, ironing (needed even in the
single-bidder case), and virtual values.
We then characterize the optimal mechanism for selling to a single-minded buyer, for whom a
set of items is worth their value only if it contains their desired bundle—bundles are now partiallyordered by containment. The single-minded setting was one of the first settings studied within

Kira Goldner

Research Statement

Page 4

Table 1: The complexity spectrum from interdimensional settings; bold results are my own [12, 18].
Setting
Metric

1 item

FedEx

Budgets

SingleMinded

Multi-Unit

Coordinated
Valuations

2 items

Characterization

closed
form [28]

explicit
dual

dual [14]
properties

dual
properties

—

—

intractable
[10, 25]

Menu LB
Size UB

1 [28]

countable

uncountable
[10, 25]

exponential [30]
unbounded2 unbounded
exponential [14]
exponential
—
finite3

algorithmic game theory, demonstrating the limits of polynomial time computation for welfare
approximation [24]. We discover that the optimal auction’s menu complexity, or the number of
distinct options offered to the buyer, is unbounded2 but finite3 [12]. This sharply separates the
single-minded setting from both the FedEx setting (exponential menu complexity [18, 30]) and the
“multi”-dimensional two-item additive setting (uncountable menu complexity [10, 25]).
My work demonstrates that what was previously believed to be a dichotomy of single- and
“multi”-dimensional settings is in fact a full complexity spectrum—both by menu size and the
optimal mechanism’s characterization. Through my work and the follow-up work in additional
interdimensional domains [13, 14, 30, 31], we now understand the spectrum in Table 1.

The Efficacy of Simple and Robust Mechanisms
In order to achieve optimal revenue, optimal mechanisms are precisely tuned to their input, often
resulting in complex mechanisms that, if the input varies even slightly, will not sustain their guarantees. For example, an uncertainty-averse buyer is one who discounts uncertain outcomes, and
thus pays a premium for outcomes that are more certain. If such a buyer were to participate in
the highly randomized optimal mechanism described for the FedEx setting, they might purchase
1-day shipping (which is never randomized) if they can afford it, and otherwise not purchase any
shipping option—even though their deadline may be much later than 1 day from now. As a result,
the optimal risk-neutral mechanism for FedEx fails to earn revenue from many uncertainty-averse
customers who are unwilling to purchase randomized options, causing it to earn quite poor revenue.
In contrast, simple mechanisms—such as posted prices or selling the grand bundle of all items—are
more robust to a change in buyer risk attitude or value distribution. In my work, various co-authors
and I design mechanisms of these sorts and prove that they guarantee good approximations to many
objectives (welfare [8, 15, 16], revenue [6, 8, 9, 15, 16, 20], and gains from trade [4, 7]) independent
of (1) seller knowledge of detailed buyer information [4, 15, 16, 20], (2) buyer risk attitudes [9], (3)
buyer valuation classes [6] (e.g., with or without complementarities).
Interdependent Buyers. In the standard model of independent private values, a buyer’s
value for an item is unaffected by other buyers’ values for the item. This is often unrealistic. For
an item such as a house or a painting, the item’s resale value is directly relevant to the buyer’s
willingness-to-pay, and is well-approximated by the values of other buyers. In many cases, buyers
do not actually know their values for an item, but rather, each have partial information regarding
the item. Combining the information of all buyers informs a buyer of their value for the item.
For example, if two firms are bidding for oil drilling rights, and one firm learns the amount of oil
available, that information directly impacts the value that the other firm has for the drilling rights.
The interdependent values model [27] captures the idea that a buyer’s information and value may
impact the values of other buyers.
What makes these settings so challenging (and worthy of the 2020 Nobel Prize in Economics)
is that changing one’s bid impacts the values of other bidders. For example, a kindergarten dad
2
3

For every M , there exists a prior distribution for which the menu complexity of the optimal mechanism is ≥ M .
For every prior distribution, the menu complexity is finite.
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knows whether a drawing of a dog is by Picasso or his daughter. Upon reporting the low signal
(daughter), he wins the drawing, as he is the only one who values the doodle; for reporting the high
signal (Picasso), his bid increases the value of art collectors, whose values dwarf his own. Thus, by
increasing his bid, he decreases his chances of winning (as this increases another bidder’s value).
To avoid this phenomenon, all prior work assumes that valuations satisfy the restrictive “singlecrossing” condition—a condition ensuring that an increased bid can only increase chances of winning. However, (1) there is no generalization of this condition past the single-parameter setting,
and (2) even simple examples like the dog drawing above are not covered by this condition, and
for such examples, no prior work gives any guidance on how to allocate! For giving the first
(constant-factor) approximation without single-crossing [15, 16] and the first welfare guarantee for
any non-degenerate multi-parameter setting, including up to general combinatorial auctions [16],
our work was awarded EC 2019 Best Paper with a Student Lead Author.

Future Work
I am eager to continue work on algorithmic problems inspired by society and policy where
incentive issues arise. As a theoretical computer scientist, I find it crucial to engage in interdisciplinary conversations in order to understand how and where domain experts believe my research
methodology can be used to provide insight on societal problems. This is what provides the essential component of ensuring that my work is of interest to those in the domain, rather than isolated
in theory. I am looking to collaborate with experts in and outside of computer science—e.g., with
those in security and privacy, cryptography, machine learning, and computing for development,
as well as with medical centers, pedagogical scholars, and legal scholars. The following are a few
examples of a long-term agenda in mechanism design for social good.
Healthcare. Imagine a number of Medicaid patients who need to receive a medical procedure.
The government covers the cost, but it cannot afford to give each of the patients their preferred
hospital, and thus must choose how to assign patients to hospitals. Typically, to elicit true preferences, we use payments, but this is infeasible when we are treating impoverished patients. Instead,
payments are implemented as wait times or reductions in quality of care; we thus of course prefer to
minimally use such payments. The mechanism designer’s goal is then to maximize the sum of the
patients’ true utilities: allocated value minus “payment” (i.e., wait time), subject to the constraints
that the agents are incentivized to truthfully report their needs, and that the budget constraints of
the government are met. This “money burning” setting where the “payment” does not benefit anyone and is thus “burnt,” while resolved for allocating a single treatment [5, 21], is wide open in the
multi-dimensional setting of allocating differing hospitals. Within foundational mechanism design,
we have a rich toolkit for maximizing patient value (welfare) or focusing on payments (revenue),
yet our techniques do not apply to the challenging task of simultaneously maximizing patient value
and minimizing payments. En route to finding a solution that would give insight for allocating
treatment, we must develop fresh ideas—techniques for obtaining a benchmark, potential simple
mechanisms, candidate duals—to handle this unusual objective.
Mechanisms and Law. Equal Employment Opportunity (EEO) laws require that protected
classifications (e.g., race, national origin, age, disability, gender, sexuality, and religion) cannot be
used in hiring, firing, or the terms and conditions of one’s employment. One application where labor
laws are relevant is contract design. From an economic standpoint, this is the design of payments
from employers to workers based not on an agent’s costly labor, but only on the observable outcome
of some unknown actions of labor. From an algorithmic standpoint, contract design is the setting
where the algorithm designer knows the input to the algorithm and the objective, but the algorithm
itself is performed by strategic agents with no stake in the outcome, for whom taking actions on
behalf of the algorithm is costly. The designer then uses payments to the agents in order to
incentivize them to take actions that will produce the desired outcome. By EEO laws, payment for
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equivalent work cannot be different for workers of varying protected classes—even though different
workers might incur different costs. How can we design approximately-optimal contracts that
adhere to EEO labor laws?
Privacy and Terms of Service Agreements. In order to use most internet applications,
a user is presented with a non-negotiable Terms of Service agreement that they must opt into,
including agreeing to share their data. Regardless of the application, such agreements are almost
always bilateral between only the user and the data-collector. However, one user sharing their data
impacts more than just themself—it may impact how someone else is classified or what that person
is charged. In ongoing work with Tim Roughgarden, privacy scholar Helen Nissenbaum, and legal
scholar Salomé Viljoen, we are studying the impact of using bilateral agreements on incentives and
social welfare compared to alternative privacy agreements.
Privacy and Data-Dependent Markets. The E.U.’s General Data Protection Regulation
(GDPR) dictates consumers’ privacy rights (to opt-in to, erase, and transfer their data) and firms’
requirements for data security. Very recent work [23] studies a simple market with a personalizable
product, such as a generic radio station vs. a trained Pandora station, and under what conditions
consumer utility and/or firm profit are improved when the market is subject to GDPR regulations.
However, their work assumes that upon opting into data sharing, a user’s true data is simply
known, as opposed to elicited. Given that a product is personalized over time, such as a pandora
station being trained by likes and dislikes, one should expect a consumer to potentially misreport
their data—whether directly or, e.g., via using a VPN to provide an alternative location—especially
if their data impacts the price at which the good is offered to them. Multi-stage market design
subject to privacy regulations is a wide-open and important direction that I am eager to work on.
Diverse Admissions. One issue that we face as academics when we run graduate admissions
in the US is a gap in our ability to understand the applications coming from varying backgrounds.
When an applicant comes from a top research university and has a letter from a well-known colleague, then the signal from their application is very close to our actual value for the student. In
contrast, when a student comes from a small liberal arts college, or a historically black college,
or a university from an unfamiliar country, we may not know how to evaluate their coursework
and research experience as accurately, so the application may provide a much noisier signal of our
value. Is it possible that it’s not only better for society and breadth of perspectives, but also for
pure technical quality to invest in costly inspection procedures in order to better estimate and thus
accept the values of applicants from diverse backgrounds? These questions, which have arisen in
my own admissions experiences, may be well-modeled by the information acquisition literature,
such as a matching setting with costly interviews [22] or a Pandora’s box problem [32]. In addition,
because faculty are responsible for the students that they admit—with respect to time, finances,
and career trajectory—then they bear some risk, so it makes sense to investigate risk attitudes.

Conclusion
My research has solved longstanding open problems in many difficult multi-parameter settings,
including characterizations of revenue-optimal mechanisms, welfare guarantees in the interdependent values model, approximations to gains from trade. My research has also pioneered the direction
of “mechanism design for social good,” a community which I co-founded and has since massively
grown. I am eager to continue pursuit of the above research program, applying my expertise from
multi-parameter algorithmic mechanism design to societal problems where these techniques are
likely to provide guidance. I look forward to interfacing with experts in other disciplines in order to
ensure that the problems I solve are not only technically interesting, but also relevant and practical.
I also intend to select problems that I know will be of special interest to the mechanism design
community, bringing them along on this new agenda.
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