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MOTIVATION: BACKGROUND

A According to the U.Bepartment of Transportatioore than 10% of the GO®
related to transportation activity

A The 2019 Urban Mobility report estimates the cost of congestionlisttzebe on
the order of $160 billioar $960 per commuter andbillion hoursn delayed time

A There exists significant amount of unused capadnithe transportation network silidsi ——_—

A Emergingnformation technologibave made available a wealth of-ties and
dynamic data about traffic conditions
U GPS systems both in vehicles/phones
U interconnected data systems

U onboard computers -
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OPPORTUNITIES for REHARING

A Ridesharing is a joiritip of more than two participants that
share a vehicle and requires coordination with respect to
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itineraries and time
A Unorganized ridgharing

U Family, colleagues, neighbors
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U Hitchhiking
U Slugging
A Organized ridsharing
U Matching of driver and rider
u Can require
A Service operators
A Matching agencies

A Costsharing systems (Carnting

A Revenue maximizing systems (Uber, Dif, etc)
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IMPACT of TNCs on CONGESTION

A Shifts mode from environmentally friendly modes
U 2018 Schaller Repoésurvey of TNC usefiss0% would have used public transit, biked, or walked and 40% would have
used either a taxi or personal vehicle
U 2019 University of Kentucky Repornore than half of the 62% increase in weekday traffic delays between 2010 and 2016
due to Uber and Lyft trips

A Cause®xtra deadhead milés pickup customeiup to 20% of the trip in SF and 50% in NYC (LA Times, 2019)
A Overall, Schaller reports that TNCs have &ddédllion VMT annualtytotal for nine large metro areas

A Less time driving searching for parking and car ownership
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RIDESHARING CHALLENGES & RESEARCH

.-
RESEARCH AREA

Ride preferences have dimensions

A Type of vehicle A Cost
A Flexibility of route A Travel time
A Gender

Software assistants can help with

A How to balance different criteria

A Multiple rides for a trip

A Transfer points

A Which routes to take to maximize possibility of ride

sharing
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RIDESHARING CHALLENGES & RESEARCH

Implementation of large scale word of mouth systems

RESEARCH AREA| =

(reputation systems)
A Used in Carma, Carpool WdBdloco
U New users
U Bias toward positive comments (retaliation threat)
Escrow Mechanisms
A Intermediary that forwards payment and collects
feedback
A Issues with incentiv®mpatabilifyefficiency:.
Use of Social Networking Sites (SNS)
A Get to know the driver/rider

A ZimRide CarmagCarticipate
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OUR SETTING

A Share the ride costairly and without any subsidies
A Make surgassengers have no reason to drop out after accepting their fare quote.
A Motivate passengers sobmit requests earlifhis allows the system to maximize serviced passengers.

000
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AN EXAMPLE

P; P;
2 2 2 2
P, Py P, P;
Distance 5 5 1 ‘ Distance 2 2 4
Total Cost 20 60 60 Total Cost 20 60 60
Marginal Cost | 20 40 0 Marginal Cost | 20 40 0
Shared Cost 7 ? ? Fixed-Fare 10 10 10
Incremental 20 40 0
Proportional 15 15 30




DESIRABLE PROPERTIES

ONLINE FAIRNESS

The costs per distance unit are monotonically nonincréasing

passengerse arrival order ) .

EXPOST INCENTIVE COMPATIBILITY

Thebest strategpf every passenger isdorive truthfully

(provided that all other passengers arrive truthfully and none

change whether they accept).

USCViterbi

IMMEDIATE RESPONSE

The passengersée costs (atireel) monot or

BUDGET BALANCE

The total cost is shared by all (serviced) passengers.

INDIVIDUAL RATIONALITY

The shared costs of passengers who accepted their initial quotes

should never excedieir willingnesw-paylevel.




DESIRABLE PROPERTIES
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P, P,

k=1 k=2 k=3 X Budget balance
Distance 2 2 4 (e.g., Fixed-Fare)
Total Cost 20 60 60 . | |
Marginal Cost | 20 A0 0 X Immediate response
Fixed-Fare 10 10 10 (e-g., Proportional)
Incremental 20 40 0 X Online fairness
Proportional 15 15 30

(e.g., Incremental)
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POCS MECHANISM

A Proportional Online Cegharing is a mechanism that provides low fare
guotes to passengers directly after they submit ride requests and calculates

their actual fares directly before their rides.

A POCS calculates shamsts by:

J
1=i MCxr (1)
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A POCS is a mix of
U marginal costharing (with respect to coalitions)
U proportional costharing (with respect to passengers within a coalition)
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STATIRIDESHARINGMECHANISNDESIGN

THEFRAMEWORK

Total Cost — DriverQBirectCostF 4 Total Detour Cost

Total SharedCost | SharedCostof F el SharedCostof the Total Detour

A Anysubmechanism A Anysubmechanism
A Propose 3 mechanisms A Use POCS for now

A New Properties Identified

aReduced Burden for the First PassengerPrdpeintye i ni t i al quote for the first passenger, |

aFairness i n ShariTmhge DOriinvaer éssh aGoes to fPrtolpeerdryi.ver es direct cost pai

A The Rid&Sharing Mechanism Framework (RSMF) constrains tieesiitanisms for sharing the cost of F to satisfy

the new properties.
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THEMECHANISIMN DETAIL DRIVEROUTORCOALITION

Total SharedCost | SharedCostof F el SharedCostof the Total Detour

HOWTOSHARH‘HECOS'F ................................................................................................................................................................................................................................................................................................
A Share proportionally to passengersf;é demand

A Driver ioutof the coalition in sharing F

A Pros:

A all are satisfied
AFairness in Sharing) DEoreges Cost property
A Cons: } they contradict with each other under certain
r

A fails to reduce the burdef the Bt passenge circumstances




STATIRIDESHARINMECHANISNDESIGN
THEMECHANISIMN DETAIL DRIVERN-COALITION

Total SharedCost | SharedCostof F el SharedCostof the Total Detour

HOWTOSHARE‘HECOS'F .......................................................................................................................................................................................................................................................................................
A Share proportionally to passengersf;é demand

A Driver isn the coalition in sharing F

A Pros:
A all are satisfied
AFairness in Sharing Driverés Cost property
A Reduced Burden for the First Passenger property holds

A Cons:

Athe drivefulymsecoeemst i s not




STATIRIDESHARINMECHANISNDESIGN
THEMECHANISIMN DETAIL PASSENGERREDICTING

Total SharedCost | SharedCostof F el SharedCostof the Total Detour

HOWTOSHARBHECOSEF — B
A Predict the total number of passengers by adapting a ogtimsizatiormethodzandiet al. 2015, 2018)
A°A passengerés share ®f——the—-dri+ve+res—direct cost
A Pros

original desirable properties are satisfied
AFairness in Sharing Driverés Cost property
A Reduced Burden for the First Passenger property holds

A Cons:

A the Budget Balance property is lost (increase prediction accuracy can mitigate this issue)




s e

STATIRIDESHARINGMECHANISNDESIGN

RIDESHARIN@ith TIMECONSTRAINTS

. WHATQ DIFFEREN

A Drivers and passengers havénit ofhow
much time they want to spend in the

g 5 vehicle.

2 A We use amconvenienceost function to
: measure delays past their time window
0 |

0 2 4 6 Tr(k)

In-Vehicle Time
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RIDESHARIN@ith TIMECONSTRAINTS

Total SharedCost s SharedCostof F el SharedCostof the Total Detour

+

whenever inconveniences occur

How to determin?
the discount amou

Process Flow Diagram
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RIDESHARIN@ith TIMECONSTRAINTS

BasicDiscount

The new passenger is responsible for all inconvenience
costs of previous passengers

A Pros:
original desirable properties are
satisfied
A Fairness in Sharing Driverées
A Reduced Burden for the First Passenger property holds
A Passengers are not responsible for the inconveniences
costs that are not caused by themselves
A Cons:
A the Online Fairness property is lost
A the ExPost Incentive Compatibility property is lost

Inconvenienc€ostBasedDiscount

Passengers form coalitions to share the inconvenie

COSts

A Pros:

original desirable properties are
satisfied

Co AtF ag rronpeesrst yi nh Slhaasr i ng Dr

A

Reduced Burden for the First Passenger property

A Cons:

A
A

the Online Fairness property is lost

passengers with high tolerarioetime mayot get
any discountwhile being responsible for part of tr
total inconvenience cost

requires more memory and time in simulation



s e

EXPERIMENRESULT

MECHANISWITHOUDISCOUNT
@ .
'@' SETTING: == Driver-out-of-
coalition (DooQ
Randomlgenerated data set @t0*40 grid mechanism
Each replication hdsvehicle and 4 passengers Ori \ _
o river-in-

Costper mile i$l COM PAR : coalition (DlQ
Clustered spatial pattern, origins (destinations) mechanism
are generated withinl®*10 grid at the bottom / 4
left (top right) corner Passengers

Prediction (PP)

Results are averaged o260 replications E A




EXPERIMENRESULT

MECHANISMW/ITHOUDISCOUNT

Table 1 Average Performance Measures for the Different Mechanisms
Mechanisms DooC DiC PP
Total Cost of the Operation 69.61 69.61 69.61
Driver’s Direct Trip Cost 42,46 4246 42.46
Average Passenger Cost 17.40 15.26 17.17
Y of Absolute Budget Balance Error 0 0 2.2
Y% of Driver’s Cost Recovered 100 80.01 97.79
Y of Reduced Burden for the First Passenger 0 2091 60.05

Choose

for sharing F for further experiments in
comparing the discount methods

USCViterbi

INSIGHTS

A Supports theoretical analysis

Ve

A DiCproduces the lowest average passenger co

Ve

A DooCr ecovers all of t h ¢

A PP balances the driver and passengers' costs
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EXPERIMENRESULT

MECHANISM/ITHDISCOUNT

SmallDataset
low probability in passengers having inconvenience costs

Gowith LargeDataset

|-> the problem becomes too large to solve optimally

Useheuristicsfor quick solution with good quality

L. the ExPost Incentive Compatibility is lost
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EXPERIMENRESULT

MECHANISWITHDISCOUNT
o]
S 70 DATASET
o 9 ° Alhambra
(o]
o]
@ Monterey P
Los Angel@s % 2 _

e N S & Road sensor datay LA Metro (archived by USC researchers)

W ngeles  Montebe o _
- A:mmemeM < LA county region includiBg sensors on 7 freeways
-Windsor =
e P ® pico Generat@rigindestination (ODprobability matrix using the

Bell Gardens
s South Gate sensor data
Downey

e ©H Lynwood  ® OD generatethndomlyusing the OD probability matrix
horne @ Willowbrook ...@.

f L.

Compton @

Paramount el |
Gardena &=




EXPERIMENRESULT

MECHANISM/ITHDISCOUNT

Table 2 Simulation Settings for the Different Scenarios

Scenarios Number of Requests Number of Drivers Time Limit W-factor

1 1000 300 L.5T 2
2 1000 300 2T 2
3 1000 500 1.5T 2
4 1000 300 1.5T 1.5
5 1000 300 1.5T 3

s e

Average vehicle speed: 36 mph

Each passenger hdifferent linear functiemalue of irvehicle

time

Maximum kvehicle time is set to be eittieb or 2 timegheir

direct travel time

Each passenger has a willingregsaylevel ofl1.5, 2 or 3times

(W actor) the passengerse dire
The system hak,000 passenger requesisd300 or 500 ride

sharing drivers

Results are averaged o600 replications
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EXPERIMENRESULT

MECHANISM/ITHDISCOUNT

Table 4  Average Performance Measures for the Discount Methods in Scenario 1
Mechanisms No Discount ICBD Basic Discount
Driver’s Direct Trip Cost 7.33 7.33 7.33
Total Operation Cost per Vehicle 9.54 9.82 9.65
Shared Cost Per Passenger 3.10 3.33 3.19
Shared Cost Per Driver 2.72 2.48 2.48
7 of Requests Served 74.67 71.86 75.76 Table 5 Average Performance Measures for the Discount Methods in Scenario 2
# of No-Passenger Vehicles 87.34 46.23 62.03 Mechanisms No Discount ICBD Basic Discount
Driver’s Direct Trip Cost 7.30 7.30 7.30
1 Total Operation Cost per Vehicle 11.27 11.87 11.35
Shared Cost Per Passenger 3.10 3.40 3.15
Shared Cost Per Driver 2.75 2.43 2.42
% of Requests Served 91.89 86.40 90.95
# of No-Passenger Vehicles 85.7 29.49 51.54
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EXPERIMENRESULT

MECHANISM/ITHDISCOUNT

Table 4  Average Performance Measures for the Discount Methods in Scenario 1
Mechanisms No Discount ICBD Basic Discount
Driver’s Direct Trip Cost 7.33 7.33 7.33
Total Operation Cost per Vehicle 9.54 9.82 9.65
Shared Cost Per Passenger 3.10 3.33 3.19
Shared Cost Per Driver 2.72 2.48 2.48
% of Requests Served 74.67 71.86 75.76 Table 6  Average Performance Measures for the Discount Methods in Scenario 3
# of No-Passenger Vehicles 87.34 46.23 62.03 Mechanisms No Discount ICBD Basic Discount
Driver’s Direct Trip Cost 7.33 7.33 7.33
1 Total Operation Cost per Vehicle 8.74 9.17 8.88
Shared Cost Per Passenger 3.16 3.46 3.28
Shared Cost Per Driver 3.70 3.24 3.38
% of Requests Served 90.89 90.67 91.63
# of No-Passenger Vehicles 208.29 115.97 115.00




EXPERIMENRESULT

MECHANISMWITHDISCOUNT

The effect of willingnesspayl evel on passengerse cost and

METRANS SEMINAR | DESSOUKY & H2020.10 I




