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ABSTRACT
For one-sided matching problems, two widely studied mech-
anisms are the Random Serial Dictatorship (RSD) and the
Probabilistic Serial Rule (PS). The induced outcomes of
these two mechanisms are often incomparable and thus there
are challenges when it comes to deciding which mechanism
to adopt in practice. Working in the space of general prefer-
ences, we provide empirical results on the (in)comparability
of RSD and PS and analyze their economic properties.
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1. INTRODUCTION
The problem of assigning a number of indivisible objects

to a set of agents, in the absence of monetary transfers,
is fundamental in many multiagent resource allocation ap-
plications, and has been the center of attention amongst re-
searchers at the interface of artificial intelligence, economics,
and mechanism design. Examples include assigning dormi-
tory rooms or offices to students, courses to students, and
medical resources to patients.

Two important (randomized) matching mechanisms that
only elicit ordinal preferences from agents are Random Serial
Dictatorship (RSD) [1] and Probabilistic Serial Rule (PS) [3].
Both mechanisms have important economic properties and
are practical to implement. The RSD mechanism has strong
truthful incentives but guarantees neither efficiency nor en-
vyfreeness. PS satisfies efficiency and envyfreeness; however,
it is susceptible to manipulation. Therefore, there are subtle
points to be considered when deciding which mechanism to
use. For example, given a particular preference profile, the
mechanisms often produce random assignments which are
simply incomparable and thus, it is difficult to determine
which is the “better” outcome.

We empirically study the comparability of PS and RSD
when there is only one copy of each object, and analyze the
space of all preference profiles for different combinations of
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agents and objects. We argue that the theoretical findings
on RSD and PS do not necessarily provide enough guidance
to a market designer trying to select the correct mechanism
for a specific setting. For example, the sd-inefficiency of
RSD does not mean that PS always outperforms RSD. Sim-
ilarly, the envy of RSD and the manipulability of PS both
depend on the structure of preference profiles, and thus, a
compelling question, that justifies the practical implications
of deploying a matching mechanism, is to analyze the space
of profiles to find the likelihood of inefficient, manipulable,
or envious assignments under these mechanisms.

2. MODEL AND PROPERTIES
Let N denote a set of n agents and M denote a set of m

indivisible objects. Each agent i ∈ N has a private strict
preference ordering, �i, over M where a �i b indicates that
agent i prefers to receive object a over object b. We let P
denote the set of all complete and strict preference order-
ings over M . A preference profile �∈ Pn specifies a prefer-
ence ordering for each agent, and we use the standard no-
tation �−i= (�1, . . . ,�i−1,�i+1, . . . ,�n) to denote prefer-
ences orderings of all agents except i and thus �= (�i,�−i).

In one-sided matching, if m = n then each agent will re-
ceive exactly one object, however if m > n then some agents
may receive multiple objects. An assignment is represented
as a matrix A where each element Ai,j ∈ [0, 1] is the proba-
bility that agent i is assigned object j. We let A denote the
set of all feasible assignments where an assignment A ∈ A
is feasible if and only if ∀j ∈M ,

∑
i∈N Ai,j = 1.

A matching mechanism, M, is a mapping from the set of
preference profiles, Pn to the set of feasible assignments, A.
In this paper, we focus our attention on two widely studied
mechanisms for one-side matching: Random Serial Dicta-
torship (RSD) [1] and Probabilistic Serial Rule (PS) [3].

RSD randomly chooses a priority ordering of agents where
the first agent gets to select its most preferred object from
the set of objects, the second agent selects its most pre-
ferred object from the remaining objects and so on until no
objects remain.1PS treats objects as a set of divisible goods
and simulates a simultaneous eating algorithm. Each agent
starts“eating” its most preferred object, all at the same rate.
Once an object is exhausted then the agent starts eating its
next preferred object among the remaining objects, until all
objects have been “eaten”.

1For n < m, we use a variant of RSD based on quasi-
dictatorial mechanisms [6, 4].
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Figure 1: The fraction of preference profiles that PS stochas-
tically dominates RSD.

3. PROPERTIES OF RSD AND PS
To evaluate the quality of a random assignment, we use

first-order stochastic dominance [3]. According to our model,
given a random assignment Ai, the probability that agent i
is assigned an object that is at least as good as object ` is
defined as w(�i, `, Ai) =

∑
j∈M :j�i`

Ai,j . We say an agent
always prefers assignment Ai to Bi, if for each object ` the
probability of assigning an object at least as good as ` un-
der Ai is greater or equal that of Bi, and strictly greater
for some object. Formally, Ai stochastically dominates (sd)
Bi(6= Ai) if ∀` ∈M, w(�i, `, Ai) ≥ w(�i, `, Bi).

A matching mechanism is sd-efficient if at all preference
profiles �∈ Pn, for all agents i ∈ N , the induced random
assignment is not stochastically dominated by any other as-
signment. An important desirable property in matching
mechanisms is strategyproofness. A mechanism M is sd-
strategyproof if at all preference profiles �∈ Pn, for all
agents i ∈ N , and for any misreport �′i∈ Pn, such that
A = M(�) and A′ = M(�′i,�−i), we have ∀` ∈ M, w(�i

, `, Ai) ≥ w(�i, `, A
′
i). An assignment is manipulable if it is

not sd-strategyproof. If there exists some agent who strictly
benefits from the manipulation, then we say the assignment
is sd-manipulable. Similarly, an assignment is sd-envyfree
if each agent strictly prefers her random allocation to any
other agent’s assignment.

The theoretical properties of PS and RSD have been well
studied in the literature [3, 5, 2]. PS has been shown to
be both sd-envyfree and sd-efficient. However, it is sd-
manipulable when n < m [5], and is not sd-strategyproof
when n ≥ m. On the other hand, RSD is sd-strategyproof,
but it does not guarantee sd-efficiency.

4. RESULTS
We studied the space of preference profiles and provided

empirical results on the (in)comparability of RSD and PS
under general and lexicographic preferences. Under lexico-
graphic preferences, any fraction of a more preferred object
is preferred to other less preferred objects. The number of
all possible preference profiles is super exponential (m!)n.
For each combination of n agents and m objects we did a
brute force coverage of all possible preference profiles. For
the cases of n = 10 and m ∈ {9, 10}, we randomly generated

1,000 instances by sampling from a uniform preference pro-
file distribution. For each preference profile, we ran both PS
and RSD mechanisms and compared their outcomes. Our
main results are as follows:
General preferences: In terms of efficiency, the fraction of
preference profiles �∈ Pn for which PS stochastically dom-
inates RSD converges to zero as n

m
→ 1. PS is almost 99%

manipulable when n ≤ m and the fraction of sd-manipulable
profiles rapidly goes to 1 as m

n
grows (Figure 1).

Lexicographic preferences: The fraction of preference
profiles �∈ Pn for which RSD is lexicographically domi-
nated by PS at � converges to zero as n

m
→ 1. For lexi-

cographic preferences, we also observe that the fraction of
preference profiles for which PS assignments strictly domi-
nate RSD-induced allocations goes to 1 when the number of
agents and objects diverge. The fraction of preference pro-
files �∈ Pn for which RSD is lexicographically dominated
by PS at � converges to 1 as |n−m| grows.

5. DISCUSSION
Our work in this paper can be used to help guide de-

signers of multiagent systems who need to solve allocation
problems. If a designer strongly requires sd-efficiency then
the theoretical results of PS indicate that it is better than
RSD. However, our results show that PS is highly prone
to manipulation for various combinations of agents and ob-
jects. This manipulation and the possible gain from manip-
ulation become more severe particularly when agents can re-
ceive more than one object, and designers need to take this
into consideration. We have also instantiated utility func-
tions for agents under variety of risk attitude models to gain
deeper insights on the manipulability, social welfare, and en-
vyfreeness of PS and RSD. Our results show that while RSD
does not theoretically guarantee sd-efficiency, it tends to do
quite well – sometimes even outperforming PS in terms of
social welfare. RSD also has the added advantage of being
sd-strategyproof and thus is not prone to the manipulation
problems of PS.
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