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ABSTRACT

We consider a variant of facility location problems where the facility
is prelocated at a specific position to serve the agents who are
located on a real line. Because the facility cannot be relocated due
to various constraints (e.g., construction costs and requirements),
the social planner considers the structural modification problem of
adding short-cut edges to the real line (e.g., shuttles between pairs
of locations) for improving the accessibility or reducing costs of the
agents to the facility, where the cost of an agent is measured by their
shortest distance to the facility possibly using the short-cut edges.
We focus on the mechanism design aspects of the problems where
the agents’ locations are private. We propose several strategy-proof
mechanisms that elicit true agent locations and minimize the total
or maximum cost of agents. We provide approximation ratios for
these mechanisms and lower bounds on the approximation ratios
for total or maximum cost.
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1 INTRODUCTION

Facility location problems (FLPs) have received a lot of attention in
recent years within the context of approximate mechanism design
without money [1, 8, 15, 17]. In the mechanism design version of
the FLPs, a social planner aims to design mechanisms to locate a
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facility to serve a group of agents located in a metric space (e.g.,
on a real line) to minimize the cost objective that accounts for the
agents’ accessibility or distances to the facility. Because each agent’s
location in the metric space is private, the mechanisms also need to
elicit agent location information to determine the optimal location.
However, it is known that each agent can misreport their location
to bring the facility closer to them by manipulating the mechanisms
(e.g., to change their output locations). Therefore, the social planner
’s objective is to design a mechanism that is strategy-proof (i.e., the
agents have incentives to report their true location information),
while approximately minimizing a given cost objective.

Our Problem and Approach. In many situations, a facility (such
as a school, park, or library) prelocated in the past can become less
than ideal for the agents due to the change in agent compositions,
where the population in the targeted domain is different from that
in the past (e.g., agents moving into different locations) or change
in the social planner’s objective. A straightforward approach would
be to locate a new facility or relocate the facility to improve the
accessibility or distances of the agents to the facility. Unfortunately,
the planner is often unable to simply ignore the prelocated facility
due to various constraints (e.g., costs of building the facility). In
order to improve accessibility for the agents when building a new
facility or relocating a facility is not totally feasible, we therefore
require an alternative approach.

Existing facility location literature [7, 14] has suggested a struc-
tural modification approach that alters the metric space to improve
the accessibility or reduce the distances of the agents to the facility.
For instance, the social planner can construct new edges (such as
roads or bridges) or offer shuttle services between two points in the
metric space to reduce the distances that the agents must travel to
reach the facility [2, 3]. While [7, 14] focused on the optimization
aspect of structural modification to reduce agents’ distances to the
facility, the work of [5] initiated the study of structural modifica-
tion from the mechanism design without money perspective where
agent locations are private. More formally, when the facility has
been prelocated, [5] aimed to design strategyproof mechanisms
to elicit agent locations on a real line and determine a costless
short-cut edge (e.g., a shuttle service) between two points to add to
reduce the costs of agents (measured as a total or maximum cost).
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Table 1: A summary of our results for adding one edge.

Obiective Deterministic Randomized
) Lower Upper Lower Upper
2 2
Max cost 2K 2—k+1 min{—3k+l k} —3k2+2k+3 max{2 + 2 141y
) 8 4
Social cost ﬁzti nk2+(kn+—12)k 1_02]“.1.925!c Jﬁfi k> 29 (3n—3)k3+(n2+n+2)k§f(2n2—3r]1<+1)k+n2—n
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Table 2: A summary of our results for adding two edges.

.. Deterministic Randomized
Objective
Lower Upper Lower Upper
Max cost 00 &) % 3n
. (n—2) (4n’+11n+30)
Social cost 00 00 1.02 a2 (nr6)

In this paper, we re-examine the structural modification from the
mechanism design without money perspective as in [5]. While the
work of [5] focused on the setting of adding a single short-cut edge
of incurring zero cost to the agents, we extend it to two natural
situations: (i) adding a short-cut edge that has a cost proportional
to the (absolute) distance of its two endpoints, and (ii) adding two
short-cut edges with zero cost.

2 CONTRIBUTIONS

We consider the problems of designing strategyproof mechanisms
to elicit agent private locations and add short-cut edges to reduce
agent distances to prelocated facilities on a real line.

Once the short-cut edges are determined, the cost of the agents
is the length of their shortest path to the facility, which can use
the short-cut edges to reduce the original distance or go to the

facility directly in the case that the short-cut edges do not help.

The mechanism is required to be strategy-proof, which guarantees

that no agent can decrease their cost by misreporting the location.

Moreover, we are interested in mechanisms that minimize the total
cost of all agents (i.e., the social cost objective) or minimize the max
cost of agents (i.e., the max cost objective).

In this paper, we investigate two main directions: adding one
short-cut edge with linear cost and adding two short-cut edges with
zero cost. Our results are summarized in Tables 1 and 2.

In this setting of adding one short-cut edge with linear cost,
there are n agents and a facility prelocated on a real line. Given
the reported locations, the mechanism selects two points a,b € R
and creates a short-cut edge (a, b). The length or the cost that an
agent incurs when using the edge (a,b) is la;bl , where k > 11is
a constant coefficient. Naturally, the (general) cost of the agents
is the length of their shortest path to the facility (possibly using
the short-cut edge). For social and max cost objectives, we present
deterministic and randomized strategy-proof mechanisms with
constant approximation ratios. We provide the lower bounds on
the approximation ratios. The results are summarized in Table 1.

In the setting of adding two short-cut edges with zero cost, a
mechanism selects two edges (a1, b1) and (az, b2) with zero cost,
that is, the cost that an agent incurs when traveling from a; to
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b1 (resp. az to by) through the short-cut edge is 0. Similarly, the
(general) cost of the agents is the length of their shortest path to the
facility (possibly using the short-cut edges). For both social and max
cost objectives, we present randomized strategy-proof mechanisms
and prove the approximation ratios, as well as the lower bounds
on the approximation ratios. While it can be difficult to design
a deterministic mechanism with a constant approximation ratio,
our main contribution in this part is randomized mechanisms. The
results are summarized in Table 2.

3 RELATED WORK

We briefly survey facility location studies that are most related to
the considered mechanism design setting of structural modification
to reduce agents’ distances to the prelocated facility.

Procaccia and Tennenholtz [15] initialized approximate mech-
anism design without money for facility location. This agenda
investigates strategy-proof mechanisms through the lens of the
approximation ratio. In a typical setting, the agents report their
private locations on the real line to a mechanism, and then the mech-
anism determines the locations for building facilities, where the
cost of agents is the distance to the facilities. For the single-facility
problem, they provide precise bounds on the approximation ratio
of strategy-proof mechanisms for the social cost and maximum
cost objectives. Later, [12, 13] improved the bound for problems
with two facilities. In addition, a large variety of variations on this
typical setting are thoroughly investigated, including different pref-
erences for facilities [10, 16], the distance constraint [6], and other
cost functions [9, 11]. We refer readers to a recent survey on more
models and results for mechanism design for facility location [4].
While all these studies focus on locating facility locations, our work
focuses on how to modify the structure to reduce the costs incurred
by agents when the facility has been prelocated.

The work of [5] is the first to study the structural modification for
facility location problems from the mechanism design perspective.
Precisely, when the facility has been prelocated, [5] aimed to design
strategyproof mechanisms to elicit agent locations on a real line
and determine a short-cut edge with zero cost between two points.
This edge is added to improve the accessibility of agents to the
facility and reduce their costs.
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