Fair Transit Stop Placement: A Clustering Perspective and Beyond
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Introduction

We study the transit stop placement (TrSP) problem [1] in general metric spaces, where agents travel between
source—destination pairs and may either walk directly or utilize a shuttle service via selected transit stops. We
investigate fairness in TrSP through the lens of justified representation (JR) and the core, and uncover a
structural correspondence with fair clustering.
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Consider a general metric space (X, d). Let N := {1,2,...,n} denote a set of n agents and C C X" denote a set
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of m candidate stops. Each agent has a travel route 6; = (a;, b;), where a;, b; € X

» Input: A TrSP instance | = (N,C,© = {0;}icn, k).

» Output: A (placement) solution Y C C, |Y| < k, where k is a positive integer.

» Define another metric d’ : C x C — R, representing the transit system cost.

» Given any feasible placement Y. The cost of agent i with 6; = (a;, b;) is defined as
ci(Y) = min d(a;, b;), min {d(a,-,yl) + d'(y1, o) + d(y, b,-)] .
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5-Justified Representation ((5-JR)
Let 5 > 1. A placement Y C C is said to provide 5-JR if there is no group of agents S C N with S| > 2k” a
pair of transit stops T C C,|T| = 2, such that for each agent i € S, 5-ci(T) < ¢i(Y).

(c, 3)-Core
Let a;, B > 1. A solution Y C C is in the («, B)-core if there is no group of agents S C N, and a transit stop

set T C C with |§| > a - |T|- 7, such that for each agent i € S, 8- ¢(T) < ¢i(Y).

Fair TrSP Problem Meets Fair Clustering

p-Proportional Fairness [2] (p-PF)

Consider a general metric space (X, d), a set N of n datapoints, a set M of m candidate centers, and an integer
k > 0. A clustering solution Y C M satisfies p-PF if there is no group S C N with |S| > 7 such that there
exists some t € M \ Y such that forevery i € S, p- d(i, t) < min,cy d(i,y).

[Reduction Result
» Given any p-PF clustering algorithm, there is an associated TrSP algorithm which achieves (2, p)-core.

» Given any [-JR TrSP algorithm, there is an associated clustering algorithm which achieves (25 — )-PF.

Algorithms and Approximation Results
|Greedy Capture for TrSP (GC-TrSP)

1. Grow distance balls centered at each candidate stop; 2. Pick any stop whose ball contains at least | ;| active

endpoints and deactivate them; 3. Terminate when all endpoints are deactivated.

|Expanding Cost Algorithm (ECA)|

1. Grow cost balls centered at each pair of candidate stops; 2. Pick any pair whose cost ball covers at least [Qk”}

~

active agents and deactivate them; 3. Terminate when all agents are deactivated.

[ A\-Hybrid

1. Grow distance balls (A - r) at each candidate stop and cost balls (r) around each pair of stops simultaneously;\

2. Pick any stop or pair whose ball contains at least | ;| endpoints or [%ﬂ agents and deactivate them.

Theoretical Bounds
no algorithm exists

T GC-TrSP core

Upper Bound

(2,1+2)
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no clustering algorithm exists
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Experimental Evaluation
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