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Abstract. Iconstruct a class of strategy-proof and Pareto efficient mech-
anisms of cake cutting in the context of offline interval scheduling. Mo-
tivating applications include the circulation of the single copy of a book
owned by a public library among all self-interested and rational poten-
tial players with piecewise uniform value densities over continuous time
intervals. This class of mechanisms accommodate both anonymous and
non-anonymous configurations and can serve as a flexible platform to im-
plement allocations of heterogeneous goods according to distributional
objectives such as arbitrary guaranteed shares of reported demand.
The cake-cutting literature has recently made significant progress to-
ward a better understanding of strategy-proofness. Two-person incentive
compatible cake-cutting problems were studied by Maya and Nisan in [I],
while Mossel and Tamuz in [2] and Chen et al. in [3] proposed solutions
to such problems with any arbitrary number of players, with the for-
mer focusing on stochastic mechanisms. A more recent paper [4] by Aziz
and Ye discussed various cake-cutting algorithms for piecewise constant
and piecewise uniform value densities and examined the compatibility
of Pareto efficiency, strategy-proofness, and fairness. Procaccia [5] con-
tains a great introduction to the cake-cutting literature including the
issue of strategy-proofness. A wonderful review of classical cake-cutting
algorithms focusing on fairness issues can be found in Procaccia [6].
This paper proposes a class of mechanisms generalizing the strategy-
proof, Pareto efficient, and envy-free mechanism developed in [3] by tem-
porarily compromising on fairness. Representing the mechanism design
problem as a constrained optimization problem, I manage to characterize
all feasible cuts of the cake with a collection of linear constraints regard-
ing the maximum total payoffs of any subset of players by slightly gen-
eralizing the network-flow proof in [3]. More importantly, I demonstrate
that strategy-proofness can be obtained from the additivity and concav-
ity of the social planner’s (in this case, the library’s) utility in terms
of the payoffs of the players (the readers). The essential result in con-
structing strategy-proofness is a non-inferiority condition that roughly
states the following: when a player increases her demand to a superset
of her original demand, a specific group—depending on the identity of
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the player changing her report—of players will all be allocated (weakly)
larger pieces!].

Partially relaxing the fairness requirement suggests some interesting
and potentially positive extensions of the current literature. In the context
of scheduling, maintaining piecewise uniform valuations, the allocation of
a certain resource (the book, in this case) at an early instant should not
depend on the report of players who arrive at a later time, suggesting a
type of dynamic consistency as a necessity in the design of online cake-
cutting mechanismsdd. Such dynamic consistencies may be incompatible
with fairnesdd. In addition, under piecewise constant valuations, the in-
compatibility of strategy-proofness and even weaker notions of fairness
than envy-freeness, such as equal-treatment-of-equals, has been widely doc-
umented in both computer science (see [4]) and economics (see Zhou [9])
literature. Earlier works including [I0] by Bogomolnaia and Moulin fo-
cus on maintaining fairness by mildly yielding on strategy-proofness. The
mechanisms developed in this paper provide an adaptable potential plat-
form upon which strategy-proof and Pareto efficient mechanisms, while
unable to achieve envy-freeness, can be developed to perform better on
fairness than simple mechanisms such as random serial dictatorship.
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! The establishment of the non-inferiority condition draws inspirations from the mono-

tone comparative statics literature such as [7].

2 See [8] for an early exploration in this direction.
3 Counterexamples can be constructed showing that Mechanism 1 in [3] cannot accom-

modate such dynamic consistencies. However, such counterexamples do not conclu-
sively show the incompatibility between dynamic consistency and fairness.
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