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Study Purpose

\/

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

/
*
/
*

Negligence about the operator decisions

K/

** Look at both sides of users and operators

s Operators behavior effects network flow and user decision
Transport Transport Transport
Wardrop user Operator Operator 1 Operator | K|

Route choices

«e. |Traveler | P|
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_Introduction

\/

** Mobility as a service
conventional fixed route transit

J/
000
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8

flexible transit
Rideshare

K/ K/
000 000

Carshare

%

<

Microtransit

K/
000

Ridesourcing

/

s Important to forecast

/7

** Failure or success depend on cost sharing

X/

% Kutsuplus in Helsinki

X/

%* Car2Go in San Diego
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Problem Illustration

Model mputs
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Feaszible Cutput 1
Feasible Cutput 2
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User performance? (u

A Dperatm_’_pi;rfﬂrmance? (1)

~ S A eneih v S0ig « mezpdion DG

3y yuung| espud
1vguzhowggion gezesicy Bosiy

El@.
NYU

BHI IUbII atics,

Logistics, & Tr

ptl.a




‘Problem Description
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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

Cost allocation Cost transfer Example systems

Fare User = Operator  Public transit, taxi, on-demand ridesharing, vehicle sharing
Wait time Operator = User | Public transit, taxi, on-demand ridesharing

Access fime Operator = User  Public transit, vehicle sharing

Detour time User = User Public transit, on-demand ridesharing

Reservation time Operator < User  Vehicle sharing, on-demand ridesharing

Capacity reliability Operator = User | Public transit, vehicle sharing
gﬁgﬁ;ﬁ;ﬁl&ﬁﬁgﬁhmg Operator = User  Public transit, on-demand ridesharing, vehicle sharing

Fare splitting User = User

Public transit, on-demand ridesharing

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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Transportation applications of Game gL
i h o10) ry NYU
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*%* Non-cooperative game:
s Harker (1988), Zhou et al. (2005), Anshelevich et al. (2008)

K/

*%* 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

K/
000

%

<

%

<

%

*

.0

/
000

'S SN nsunsth 1—11' 5018 « pS2pALOL DG’
Z = | —
= 3\ yuung| eenud 7
7 N 1r9uzhowggion ge269Lcy BosLy



‘Proposed Model
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R set of operators
S set of users

agr = max {0, Us, — tg,-} Payoff
value for matching btwsand r

C, operating cost of route r

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

A, € A disjoint sets of segments
of route r

max E E oy X gy

sas raR
g1
reR
OasrXsr < Wo Va € A,,7 € R
sa8/{k}
I:.‘I'{—:M[:l_xk?] HFER
sas/{k)
Xsr € Lt vs € S/{k},r € R
X feyn = {{}.1}

reR
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Summary of Differences

/

s Pay off values

Agr = max{or Usp — tgr — Csr}

Asr = maX{O) Ugr — tsr}

/

be divided between the users of that route (c;-)

J/

s Capacity is segment level

** Routes has operating cost of C,., cost of route will

Logistics, & Transport Lab
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Computational Experiments Sl SENYy
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% 4-node example

s with demand 1, without capacity
s with demand 5, capacity 2

% C.=5+05X%|A4,]

K/

% NYC taxi, with capacity 3
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Example nvu JECAE

** 4-node network ), 3 &
% Scenario 1 N,
> 2

\/
Wgep, 2 0

Table 3c. Ticket prices 1n user-optimal allocation mechanizm

Optimal . User Operator

Solution | Route | Links of route 12) | 3 | @3 | G2 | @y | *2) revenue
P 5 1-2-3 183 | 183 | 183 55
42 3I—4-2-1 2 2 2 B
- 21 3-4-2 183 183 5.5
51 | 2-1-2-3 2 2 2 2 5
- 26 +-3-2 183 183 55
51 | 2-1-2-3 2 2 2 2 2 6

S —
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s 4-node network

/

%* Scenario 2

* Waea, = 2

*® Gses\(ky = O

Table 4¢. Ticket prices in operator-optimal allocation mechanism

RN
o

Cost Ticket price Operator
Route Links of route of .

route (1.2) (1.3) (2.3) (3.2) | (1) (4.2

& 4-2 5 5.5

7 1-3-2 5.5 3 5

9 1-2-3 5.5 5 2 5

23 4-1-2 5.5 5

26 4—-3-2 5.5 5 4

28 4—-2-3 5.5 5 5.5

49 4—-1-3-2 & 3 5 5

51 4-1-2-3 [+ 5 5 5
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NYC taxi case study

% Data: ;
» Wednesday October 5" 2016 from 8AM to
8:30AM
** the lower Manhattan region, 21 zones "
¢ 755 taxi trips were conducted during the study
period !
% Routing:
% (05,Dp), (OQ'D.Q) ’
% {(0r = 0y — Dy = Dy),(0y — Oy — Dy — Dy), (0 — Of —
zones B 11 Lie Mol;rra
zone [ 12 Lower East Side
I 1 Alphabet City [ 13 MeatpackingWest Viage West
[ ] 2 Battery Park B 14 Seaport
[ 3Battery Park City [] 15S0Ho
["] 4 chinatown I 16 Stuy Town/Peter Cooper Village
' [[] 5East vitage Il 17 Tri8eCa/Civic Center
N TSt Se apott” [ & Financial District North [l 18 Two Bridges/Seward Park
A G i i i

[] @ Greenwich Vaiage South [l 21 World Trade Center

Miles
I 10 Hudson Sq

. —— w—
00.129.25 05 075 1
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_Results

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

000

«* 542 of 755 users decide to share their ride (71.8%)
Sin:gle andShared Taxi Rides-NY-(IZ“ |

e SISy

Sy,

=i Y

"

10 15

Ticket Price (%)

/

B 11 Litte ItalyNoLiTa
12 Lower East Side

5 ]
Shaedlie zones
- Singe Ride zone
I 1 Alphabet City [I0 12 MeatpackingWest Vitage West
[ ] 2Battery Park B 14 Seaport

[ ] 3 Battery Park City [] 1550H0

Single Riding Ticket Price Operator Optimal Ticket Price —— user optimal ticket price

Figure 8. Ticket price percentage of users pay in three different scenaric

[ 4 crinatown I 15 Stuy Town/Peter Cooper Village
5 East Vilage I 17 TriBeCa/Cric Center
Park

N
[ 6 Fnancial District North [l 18 Two
— A I 7 Francial District South [l 19 Union Sq
8 Greenwich Vilage North [l 20 West Village
T — — Miles 0 Greenwich Vilage South - 21 World Trade Center Lg
0012925 05 075 1
[ 10 Hudson Sq
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_Results

\/

*%* Gap btw user and operator optimal ticket price

GAP BETWEEN USER- AND OPERATOR-
OPTIMAL ($)
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Results

s Let’s look closer
s (3,10), (10,17) and (10,17)

T
NEw YORk RSEY

LS ot o

e B 11 Litte itaiyNoLiTa

[ 12 Lower East Sice

I 1 Aghabet City I 13 MeapackingWest Vitage West
B 14 Sexcont

“ [ ] 2BateryPark 1
N [ 3 Batery Park City [] 1550H0
[ 4 Chinatown I 18 Stuy Town/Peter Cooper Vilage
P [ ] 5EastVitage I 17 TrSeCa/Civic Center
N 3 e agx } I ¢ Firancial District North [l 18 Two Bridges/Seward Park
[ 7 Firancial Distrct Soumn [l 19 Union Sq
A 3 [ ] 2 Greenwich vitage Nor [ 20 West Vitage
7] 9 Greenwich Vitage South [l 21 Workd Trade Center
I 10 Hudson Sq
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Results for one coalition

Table 5. Pricing of users (1,2) and (1,7) in single and ridezsharing taxi riding

Users
Path Fesult
i =S (3.10) | (1017) | (10.17)
Travel time (min) g
o Ticket price (§) 7.55
T User profit ($) 0
— Operator profit (§) 557
o (ticket price — operation cost) )
= Travel time (min) 11
by — Ticket price ($) 7.50
E 1 User profit ($) 0
o n Operator prafit (3) 5.52
? (ticket price — operation cost) )
“ Travel time (min) 11
et Ticket price (§) 7.85
T User profit ($) 0
1 Operator profit ($) 5.87
(ticket price — operation cost)
Travel time (min) 8 11 11
. ; User optimal b+1.32 b+1.32 b+ 1.32
22| ~ Ticket price () Operator optimal | b+ 1.98 | b+ 198 | b+ 1.98
E b I , User optimal 943 —b | 1058—hb | 1093 - &
ER T User profit (3) Operator optimal | 8.77 —b | 992—b | 10.27 — b
E & — _Gpemtc.}r profit ($]. User optimal 3b
(ticket price - operation Operator optimal 1.98 + 3b
cost)
BV .e—

A
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Conclusions
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K/ K/
000 000

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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