
The ride-matching problem with ride-back guarantee can

be modeled as a minimum cost maximum flow in a

directed acyclic graph [1].

Motivation: This graph can be sparse leading to low

matching rates.

Consider a Traveler Incentive Program (TIP) that

1. Behavioral Adjustment (BA): pays user with the rate

of the value of time, l , to expand their time windows

by minutes,

2. Individual Rationality (IR): directly adds dollars

to the potential gain of pair .

Goal: Given a budget of dollars on subsidy, find the

optimal matching, scheduling, and subsidy allocation that

maximizes the social welfare.

Figure 1: An example of graph with 5 riders and 6 drivers in both morning and evening 
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Introduction
Traffic congestion during peak hours is a serious issue

worldwide, mostly due to single-occupancy commuter trips

during morning and evening peak hours. Public transit

agencies and TNC’s have failed to alleviate traffic

congestion.

Community-based ridesharing (CRS), a shared mobility

system in which commuters in the same community with

similar itineraries and time windows share their rides

together, can effectively mitigate congestion.

Objectives

References
[1] Lloret-Batlle, R., Masoud, N., & Nam, D. (2017) Peer-

to-peer ridesharing with ride-back on HOV lanes: toward a

practical alternative mode for daily commuting.

Transportation Research Record, 2668 (1), 21-28.

[2] Berger, André, et al. (2011) Budgeted matching and

budgeted matroid intersection via the gasoline puzzle.

Mathematical Programming, 128(1), 355-372.
Formulation

The problem of matching, scheduling, and subsidy

allocation can be formulated as a large MIP.

Pre-processing Procedure: For each , the optimal

subsidy, , and trip start times and trip end times can

be determined in polynomial time by solving a LP.

Budgeted Min Cost Flow (BMCF): Find the optimal flow

(matching) in graph subject to .

Results and Discussion
Data: From the New York City taxi dataset - Feb 1-10, 2016

a) Freq. of origin/destination zone b) Rel. Freq. of subsidized zone c) Ave. subsidy per subsidized users

Figure 4: Distribution of BA incentive among users based on origin/destination zones

Distribution of BA Incentive:
1. Most trips originate from or end at central zones.

2. The trips that start or end in the edges are more likely

to receive subsidy, but experience larger changes in

their time windows.
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Table 1: Summary of results averaged over 10 days
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Conclusions
1. Proposed an incentive program to tackle some of the

issues that impede the practice of ridesharing by daily

commuters.

2. Formulated the problem of matching, scheduling, and

subsidy allocation for this program as a BMCF which

is NP-hard.

3. Introduced a polynomial algorithm that yields near

optimal solutions for large-scale instances.

4. Experiments showed a significant increase in both the

social welfare and matching rates.

5. The proposed TIP can help promote equity in

transportation.

6. For future work, a mechanism is required to ensure

truthfulness in the case of incomplete information.

Issue: BMCF is NP-hard.

Algorithm: An approximate solution for (inspired by [2])

1. Add the slack of budget constraint to the objective by introducing a Lagrangian

multiplier .

2. Find and two solutions and such that .

3. Modify and until their difference reduces to one path or cycle.

4. Patch based on a subsequence of the remaining path or cycle.

Proposition 1: Algorithm 1 runs in , and yields a near-optimal solution
such that .
Budget-balanced variant: Replace fixed budget with in the budget

constraint, where is a flat tax rate (cross subsidization).

Proposition 2: If we let be a variable, then the budget-balanced variant of the
TIP solves in polynomial time, and the optimal tax rate can be found as

, where is the optimal flow without any subsidy.

Solution Methodology
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a) Maximize social welfare

Figure 2: Impact of different type of incentives

b) Maximize matching rate

Incentives Impact:
1. BA is always beneficial for both objectives.

2. IR can be effective for maximizing the matching rate.

Figure 3: Impact of tax rate

Cross Subsidization:
1. The optimal flat tax rate is too high, but increases the social welfare six-fold.

2. A flat tax rate as low as 5% can increase the social welfare three-fold.
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