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The past few decades have seen an accelerating shift from analysis of elegant theoretical models to treatment of important real-world problems, which often bear
complexity in the forms of constraints, priorities, or endowments. This has paved
the way for the design of complex algorithmic solutions. In microeconomics, complex solutions also stem from normative economics, where the goal is to find some
solution that satisfies a combination of axioms, and no emphasis is placed on the
simplicity or the intuitive appeal of the solution itself. On the one hand, having too
few axioms could permit a solution to make arbitrary choices from a wide range of
possibilities, and on the other hand, having nonessential axioms could unnecessarily complicate the resulting solution. For instance, with the rise of computational
economics, polynomial time computability became a popular desideratum. But for
many problems, it has become dispensable due to the availability of fast integer
programming solvers.
In this article, I examine the appeal of reverting to conceptually simple solutions,
and its practical implications on the future of economic design. I draw on my experience of research on social choice theory, which studies societal decision making
based on individual preferences. I begin with the positive case of fair division, where
the power of conceptually simple solutions is relatively well understood, and then
discuss voting, where the appeal is less clear.
First, what do I mean by “conceptually simple solutions”? While there is no clear
definition, such solutions are typically easy to describe, intuitively appealing, and
importantly, defined for a wide range of domains. In theoretical computer science,
greedy algorithms and dynamic programming are recognized to be conceptually
simple. In this article, I focus on an approach that stems from welfare economics:
maximizing a collective utility function (or simply, welfare maximization). In this
approach, one first defines, for each participant, a utility function that maps each
possible outcome to a real number, then defines a collective utility function (CUF)
that aggregates individual utilities, and finally chooses the outcome maximizing the
collective utility. Three popular choices for the CUF are utilitarian (sum of utilities),
Nash (product of utilities), and egalitarian (minimum utility).1
Let me discuss their efficacy in fair division applications, where the goal is to
fairly divide a common pool of resources among participants. The study of fair diNisarg Shah
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The leximin method is a refinement, in which, after maximizing the minimum utility, ties are
broken in favor of higher second minimum utility, remaining ties are broken in favor of higher
third minimum utility, and so on.
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vision begins by answering what fair means. One of the most compelling notions
of fairness is envy-freeness [Foley, 1967], which requires that no participant prefer
what another participant receives to what she receives. Take the classic setting of
rent division, where n rooms and a total rent are to be divided among n roommates.
Svensson [1983] showed that envy-free outcomes are guaranteed to exist when individuals have quasi-linear utilities, i.e., if their utility is their value for the assigned
room minus the rent paid. When participants can be charged payments for receiving
goods, utilitarian CUF is typically preferred. Indeed, for rent division the First Welfare Theorem implies that in any envy-free outcome, the allocation of rooms must
maximize utilitarian CUF. There still exist multiple divisions of rent that guarantee
envy-freeness; Gal et al. [2016] showed that choosing the rent division that maximizes egalitarian CUF (subject to envy-freeness) provides additional guarantees. It
is worthwhile remarking that this solution concept has the added benefit of being
polynomial time computable.
Let us now turn our attention to goods allocation without money. The lack of
money makes interpersonal comparison of utilities less meaningful, which in turn
makes Nash CUF compelling because, under mild conditions, it is uniquely independent of individual utility scale [Moulin, 2003].2 Indeed, consider the cakecutting setting [Steinhaus, 1948], where a divisible heterogeneous good (“cake”)
is to be allocated. It is commonly assumed that participants have additive utilities;
in fact, cake-cutting is the quintessential fair division setting with additive utilities.
It has been shown that cutting the cake by maximizing Nash CUF satisfies most
desiderata considered in the literature:
• It is equivalent to a market equilibrium approach (strong competitive equilibrium
from equal incomes, or s-CEEI) [Sziklai and Segal-Halevi, 2015].
• It satisfies group envy-freeness [Berliant et al., 1992], which generalizes envyfreeness and Pareto optimality [Weller, 1985].
• It produces an outcome in the core,3 which generalizes a different fairness notion
called proportionality, and Pareto optimality.
• It satisfies intuitive properties such as resource monotonicity (dividing more cake
cannot be worse for anyone) and population monotonicity (dividing between
more participants cannot be better for anyone) [Sziklai and Segal-Halevi, 2015].
The intractability of computing this outcome, except in special cases [Aziz and
Ye, 2014], has led researchers to explore finite, bounded, and polynomial time computable solutions.4 Such solutions are often conceptually more intricate than simply
maximizing Nash CUF; take, for example, the polynomial-time Even-Paz protocol [1984] for proportional cake-cutting or the (surprisingly complex) bounded-time
Aziz-Mackenzie protocol [2016] for envy-free cake-cutting. It is unclear if one can
instead compute the outcome maximizing Nash CUF up to an accuracy sufficient
for real-world problems.
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That is, scaling the utilities of an individual does not alter the outcome maximizing Nash CUF.
This is an easy derivation given the equivalence to s-CEEI.
4 Geometric requirements such as contiguity of allocated pieces of cake have also inspired a significant body of research.
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For allocating indivisible goods without money, under additive utilities, there is
no outstanding method due to the impossibility of achieving strong fairness notions
like envy-freeness. Recently, Caragiannis et al. [2016a] showed that maximizing
Nash CUF achieves envy-freeness up to one good: no participant would envy another participant if the former got to remove at most one good from the latter’s
bundle. It remains to be seen whether maximizing Nash CUF leads to (relaxations
of) stronger guarantees for this setting as it does for cake-cutting. Nonetheless, we
have deployed this approach to our fair division website, Spliddit.org, due to the
simplicity of the solution concept and the usefulness of envy-freeness up to one
good in explaining fairness of the chosen outcome to the participants.
In the literature on fair division with non-additive utilities, one prominent method
is the leximin method, which maximizes egalitarian CUF. Kurokawa et al. [2015]
studied the leximin method, motivated by the real-world problem of allocating unused classroom space to charter schools. Under mild conditions, they showed that
when utility functions satisfy an “optimal utilization” requirement,5 the leximin
method satisfies proportionality, envy-freeness, and Pareto optimality, along with
a strong game-theoretic desideratum called group strategyproofness.
Welfare maximization, while prevalent in fair division applications, is largely
overshadowed by the axiomatic approach in voting applications, although it has had
its advocates [Harsanyi, 1955, Hillinger, 2005]. One potential reason is that while
fair division deals with preferences over an exponential outcome space, and thus
imposes restricted utilities for tractability, voting applications typically deal with a
small outcome space, and thus ask voters to report rankings over possible outcomes.
Unfortunately, in this ordinal model, no conceptually simple, or intricate, solution
dominates due to celebrated impossibility results like Arrow’s [1951] impossibility.
The situation improves a little if one adheres to cardinal utility theory, which
posits that voter preferences have intensities, which can be represented by cardinal utilities. Nonetheless, in most voting applications, such as political elections,
it is cognitively difficult for voters to specify a real-valued utility for an alternative. Procaccia and Rosenschein [2006] reconciled this conflict by introducing the
implicit utilitarian voting framework, where voters still report ranked preferences,
but these are treated as proxies for underlying cardinal utilities. To address the lack
of full information and derive a unique solution concept, they combined welfare
maximization with an elegant solution concept from theoretical computer science:
optimization of worst-case approximation, where the worst case is over all possible
full information (cardinal utilities) consistent with the reported ordinal information.
Boutilier et al. [2015] showed the promise of this framework for selecting a single
alternative. Caragiannis et al. [2016b] extended the approach to selecting a subset
of alternatives and replacing worst-case approximation by another simple concept
from learning theory, minimax regret. While they showed that implicit utilitarian
rules perform well on real data, the framework currently lacks the strong axiomatic
justification that welfare maximization has in fair division. One direction for the
future is to study complex voting problems with exponential outcome space, such
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Leontief and dichotomous utilities are examples that satisfy this requirement.
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as participatory budgeting [Cabannes, 2004, Benade et al., 2017], where restricted
utility forms may again be imposed. Another direction is to bridge the gap between
voting and fair division by treating the outcomes of a voting process as public goods.
Recent work has shown that some of the fairness notions considered in the fair division literature are well-defined for voting problems, provide non-trivial guarantees,
and can be achieved [Conitzer et al., 2017, Fain et al., 2018, Aziz et al., 2017].
Let me now cast a wider net. In this article, I examined the appeal of using conceptually simple solutions in social choice, surveyed their success in fair division
applications, and contrasted with the relative lack thereof in voting applications.
There are also practical implications of gravitating towards such solution concepts.
Perhaps the most obvious implication is that we need to invest more effort to understand the limits of their capabilities — the domains for which different solution
concepts are suitable, and the practical considerations they can incorporate. For instance, it would be interesting to study if the attractiveness of the leximin method or
Nash CUF extends beyond the “optimal utilization” domain [Kurokawa et al., 2015]
and the additive utility domain [Weller, 1985, Varian, 1974, Berliant et al., 1992,
Sziklai and Segal-Halevi, 2015, Caragiannis et al., 2016a], respectively. Kurokawa
et al. [2015] show that the leximin method can incorporate arbitrary external constraints on feasible outcomes as long as the outcome space remains convex. Would
a similar result hold for Nash or utilitarian CUF? Also, most CUFs can easily incorporate priorities for participants in the form of real-valued weights.6 Are there
other forms of priorities they can incorporate? Finally, implicit utilitarian voting
uses worst-case approximation and minimax regret to deal with partial information.
Would these be useful to deal with partial information in fair division?
Going one step further, there is also a subtle methodological implication for social choice researchers. Instead of starting from a set of axioms and designing some
solution concept that satisfies them, one may want to examine fundamental solutions
that emerge (often uniquely) from simple concepts such as welfare maximization,
worst-case approximation, or minimax regret. Budish [2012] contrasts the prevalence of a similar optimization-based approach in the mechanism design literature
to the prevalence of the axiomatic approach in the applied matching literature. Note
that axioms can still be useful for justifying the choice of one solution concept over
another, and for explaining appropriateness of the chosen outcome to the participants (cf. the article in this volume by Ariel Procaccia). Also, the axioms could be
setting-dependent even if the solution concept is more generally defined.7 It is also
worthwhile remarking that even if a solution concept is simple, the algorithm for
computing its outcome may be complicated; see, e.g., the algorithm for maximiz6

Utilitarian, Nash, and egalitarian CUFs admit weighted variants that use sum of utilities multiplied by weights, product of utilities to the power weights, and minimum of utilities divided by
weights, respectively.
7 Conversely, sometimes an axiom is broadly defined, but is achieved in different settings by different solution concepts. For instance, the core is achieved by maximizing the Nash CUF in allocation of public goods [Fain et al., 2018, Aziz et al., 2017], by the top trading cycles mechanism in
housing markets [Shapley and Scarf, 1974], and through stable matching algorithms in two-sided
matching markets [Gale and Shapley, 1962].
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ing Nash CUF [Aziz and Ye, 2014, Caragiannis et al., 2016a] or the algorithms for
implicit utilitarian voting [Boutilier et al., 2015, Caragiannis et al., 2016b].
Conceptually simple solutions are easy to convey to participants and intuitively
appealing, and therefore have a practical advantage over complex solutions. They
have thus been advocated in other areas of computational economics as well. For
instance, in algorithmic mechanism design literature, simple auctions have been
shown to be approximately optimal for many complex settings [Hartline and Roughgarden, 2009, Daskalakis and Pierrakos, 2011, Greenwald et al., 2017], and have
been advocated for their robustness [Hartline, 2013]. I believe such solution concepts have potential for significant real-world impact in social choice applications.
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