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Study Purpose 

 Classical traffic assignment models
 Focused on just one side of decision makers

 Negligence about the operator decisions

 Look at both sides of users and operators

 Operators behavior effects network flow and user decision
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Introduction

 Mobility as a service
 conventional fixed route transit

 flexible transit

 Rideshare

 Carshare

 Microtransit

 Ridesourcing

 Important to forecast
 Failure or success depend on cost sharing
 Kutsuplus in Helsinki 

 Car2Go in San Diego 
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Problem Illustration
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Problem Description

 Travelers choice depends on cost allocation decisions
 Fare

 Wait time, Access time, Detour time, Reservation time

 Fare splitting, Capacity reliability, Credit/discount for switching 
pickup/drop-off location

 Focus on both sides (users and operators)
 understanding beyond the route choices of travelers

 Assignment model framework
 Based on stable matching
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Assignment Game

 Long literature
 Gale and Shapley (1962) 
 Marriage problem

 College admission problem

 Shapley and Shubik (1971) 
 Linear programming

 𝑎𝑖𝑗 = max 0,𝑈𝑖𝑗 − 𝑐𝑗

 𝑢𝑖 = 𝑈𝑖𝑗 − 𝑝

 𝑣𝑗 = 𝑝 − 𝑐𝑗
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Transportation applications of Game 
Theory

 Non-cooperative game:
 Harker (1988), Zhou et al. (2005),  Anshelevich et al. (2008)

 Cooperative game:
 Matsubayashi et al. (2005): Air Transportation 

 Agraval & Ergun (2008): Network Flow

 Hernandez & Peeta (2014), Hezarkhani & Slikker (2016): Freight

 Wang & Erera (2014), Dai & Chen (2015), Wolfson & Lin (2017): 
Ridesharing

 Rosenthal (2017): Transit 

 Aghajani & Kalantar (2017), Chen(INFORMS 2017): Parking Management
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Proposed Model

𝑅 set of operators

𝑆 set of users

𝑎𝑠𝑟 = max {0, 𝑈𝑠𝑟 − 𝑡𝑠𝑟} Payoff 
value for matching btw s and r

𝐶𝑟 operating cost of route r

𝑥𝑠𝑟 the number of users s that 
are matched to route r

𝐴𝑟 ⊆ 𝐴 disjoint sets of segments 
of route r
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Summary of Differences 

 Pay off values

𝑎𝑠𝑟 = 𝑚𝑎𝑥{0, 𝑈𝑠𝑟 − 𝑡𝑠𝑟 − 𝑐𝑠𝑟}

𝑎𝑠𝑟 = max{0, 𝑈𝑠𝑟 − 𝑡𝑠𝑟}

 Routes has operating cost of 𝐶𝑟, cost of route will 
be divided between the users of that route (𝑐𝑠𝑟)

 Capacity is segment level 
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Computational Experiments

 4-node example
 with demand 1, without capacity

 with demand 5, capacity 2

 𝐶𝑟 = 5 + 0.5 × 𝐴𝑟

 NYC taxi, with capacity 3
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Example

 4-node network
 Scenario 1

 𝑤𝑎∈𝐴𝑟
→ ∞
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Example

 4-node network
 Scenario 2

 𝑤𝑎∈𝐴𝑟
= 2

 𝑞𝑠∈𝑆\{𝑘} = 5
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NYC taxi case study

 Data:
 Wednesday October 5th 2016 from 8AM to 

8:30AM 

 the lower Manhattan region, 21 zones

 755 taxi trips were conducted during the study 
period

 Routing:

 (𝑂𝑓, 𝐷𝑓) , 𝑂𝑔, 𝐷𝑔

  𝑂𝑓 − 𝑂𝑔 − 𝐷𝑓 − 𝐷𝑔 , 𝑂𝑓 − 𝑂𝑔 − 𝐷𝑔 − 𝐷𝑓 ,  𝑂𝑔 − 𝑂𝑓 −
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Results

 Total mileage from 1996.9 miles to 1621.5 miles (31.4% decrease)

 542 of 755 users decide to share their ride (71.8%)
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Results

 Gap btw user and operator optimal ticket price
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Results

 Let’s look closer
 (3,10), (10,17) and (10,17) 
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Results for one coalition
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Conclusions

 First model to formally address both user and operator behavior

 Identify the types of cost allocation possible for designing new cost sharing 
mechanisms for different mobility systems

 Identify the challenges of considering segment capacity and congestion 
effects for future research

 Cost sharing policies instead of in advance cost sharing policies

 Matching part of demand to routes (Flow)
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