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our group
Critical MaaS

Critical MaaS The CriticalMaas$ rese: progi

ERC Starting Grant, 5 years, develops and tests theories and models to
Pl (prof. Oded Cats + 4 PhDs, 1 PostDoc (me) explain and predict the performance of (po-

Civil Engineering, Transport & Planning, TU Delft

(ranked 1st in Europe in Transport Engineering) tentially fully-automated) flexible on-demand

transport services offered by Mobility as a Ser-
vice providers at strategic, tactical and real-
Scope time operation levels by identifying key deter-
minants of level-of-service, including the con-
sideration of travel demand patterns, traveller
Supply Peyman Ashkrof and operator behavioural preferences, service
design and fleet allocation and management
with a special focus on system-wide accessi-
Demand Nejc Gerzinic bility, efficiency and equity effects.
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Two-sided mobility platforms
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mobility platforms

Two-sided platforms

|
Two-sided mobility platform:

two-sided supply (drivers, vehicles) and demand (travellers)
platform connects supply and demand
mobility offering travellers to supply their mobility needs (reach a destination)
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Case-studies

Today:

Kucharski, R., Cats, O., & Sienkiewicz, J. (2021). Mod-
elling virus spreading in ride-pooling networks. Scien-
tific Reports, 11(1), 1-11.

How do viruses spread in ride-polling networks and how to
control it?
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Case-studies

Today:
Kucharski, R., Cats, O., & Sienkiewicz, J. (2021). Mod- Kucharski, R., & Cats, O. (2020). MaaSSim-agent-based
elling virus spreading in ride-pooling networks. Scien- two-sided mobility platform simulator. arXiv preprint
tific Reports, 11(1), 1-11. arXiv:2011.12827.
How do viruses spread in ride-polling networks and how to How individual agents make independent decision that
control it? yield complex system dynamics?
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Ride-pooling
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Ride-pooling

oe

Modelling virus spreading in ride-pooling networks

an intermediate alternative for pandemic urban mobility

|
Context:

@ crowded public transport systems can be a major contributor to virus spreading.
@ but individual, private rides in cars will cause congestion and capacity issues.
@ what is in between?

Looking for alternative urban mobility mode for pandemic cities
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Ride-pooling
°

Ride-pooling

|
Shared ride:

@ two or more travellers can be matched into a pooled
ride and travel in the same ride-hailing vehicle.
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Ride-pooling

Ride-pooling

Shared ride:

@ two or more travellers can be matched into a pooled
ride and travel in the same ride-hailing vehicle.

@ vehicle picks them up from origins and drops-them
off at their destinations,
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Ride-pooling

Ride-pooling

|
Shared ride:

@ two or more travellers can be matched into a pooled
ride and travel in the same ride-hailing vehicle.

@ vehicle picks them up from origins and drops-them
off at their destinations,

@ both pickup and travel times deviate from the desired
or minimal ones,
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Ride-pooling

Ride-pooling

|
Shared ride:

@ two or more travellers can be matched into a pooled
ride and travel in the same ride-hailing vehicle.

@ vehicle picks them up from origins and drops-them
off at their destinations,

@ both pickup and travel times deviate from the desired
or minimal ones,

@ this inconvenience needs to be compensated with a
lower fare compared to an individual ride,

<2 [ aradiN

‘Smart Publie Transport

Two-sided mobility: virus spreading and agents-based models— ANET, Budapest, 2021



Ride-pooling

Ride-pooling

|
Shared ride:

@ two or more travellers can be matched into a pooled
ride and travel in the same ride-hailing vehicle.

@ vehicle picks them up from origins and drops-them
off at their destinations,

@ both pickup and travel times deviate from the desired
or minimal ones,

@ this inconvenience needs to be compensated with a
lower fare compared to an individual ride,

@ service provider can now:

o better utilise its capacity
e charge several users for a ride
o while paying a single driver commission.
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Ride-pooling

o0

Model

how virus can spread in ride-pooling

@ it is quite obvious (and safe to assume) that you infect your co-riders.

@ but what happens beyond a single vehicle?

3 [ aradiN

‘Smart Publie Transport

sided mobility: virus spreading and agents-based models— ANET, Budapest, 2021



Ride-pooling

o0

Model

how virus can spread in ride-pooling

@ it is quite obvious (and safe to assume) that you infect your co-riders.

@ but what happens beyond a single vehicle?

Everyday we apply the SIQR model with transitions taking place when:
@ infected travellers infect their susceptible co-riders (S — I),
@ infected travellers are quarantined after the incubation period (I — Q),

@ travellers recover after the quarantine and acquire complete immunity to the virus
(@ = R).

The loop terminates when all the infected travellers are quarantined (there are no
active infections).
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Ride-pooling
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Algorithm

Methodology at glance:

Day-to-day evolution

) Demand fo ride pooing s o Daysmana ) _ar

-~

participation.
probabilty p

T
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initally infected

@ We consider travel demand for ride-pooling trips (a),
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Ride-pooling
oe

Algorithm

Methodology at glance:

Day-to-day evolution

) Demand fo ride pooing s o Daysmana ) _ar
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@ Matching rips to rdes

b) Shareapsty network

A

shared__| | contact 3
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A

Initially infected

@ We consider travel demand for ride-pooling trips (a),
@ for which we compute a shareability network (b) with a given behavioural parame-
ters B3, system design A and alternatives’ attractiveness e.

—1

P e

‘Smart Publie Transport

sided mobility: virus spreading and agents-based models— ANET, Budapest, 2021



Ride-pooling
oe

Algorithm

Methodology at glance:

Day-to-day evolution

) Demand fo ride pooing s o Daysmana ) _ar

participation.

@
’. ® protabilty p

T T
tips daily trips

@ Matching rips to rdes

b) Shareapsty network

o Jof o
%

shared__| | contact 3
s .
o e
A

Initially infected

@ We consider travel demand for ride-pooling trips (a),

@ for which we compute a shareability network (b) with a given behavioural parame-
ters B3, system design A and alternatives’ attractiveness e.

@ We simulate the day-to-day evolution of spreading until the virus is halted.
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Ride-pooling
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Algorithm

Methodology at glance:

Day-to-day evolution

) Demand fo ride pooing s o Daysmana ) _ar

r
’ e
p!

b) Shareapéity network

QA

participation.
probabilty p
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| contact |

shared_|
ides network

Initially infected

@ We consider travel demand for ride-pooling trips (a),

@ for which we compute a shareability network (b) with a given behavioural parame-
ters B3, system design A and alternatives’ attractiveness e.

@ We simulate the day-to-day evolution of spreading until the virus is halted.

@ Each day we obtain the daily demand (c), consisting of those who want and can
travel (decided to travel with probability p and are not quarantined).
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Ride-pooling

oe

Algorithm

Methodology at glance:

Day-to-day evolution

) Demand fo ride pooing s o Daysmana ) _ar

participation.
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b) Shareapsty network

i
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contact
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shared_|
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Initially infected

We consider travel demand for ride-pooling trips (a),

for which we compute a shareability network (b) with a given behavioural parame-
ters B3, system design A and alternatives’ attractiveness e.

We simulate the day-to-day evolution of spreading until the virus is halted.

Each day we obtain the daily demand (c), consisting of those who want and can
travel (decided to travel with probability p and are not quarantined).

Daily trip demand is optimally assigned to shared rides,
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Ride-pooling
oe

Algorithm

Methodology at glance:

Day-to-day evolution

tips daily trips

) Demand fo ride pooing s o Daysmana ) _ar
I
paription ;
.‘ . probability p| el
d ‘ & [ el

@ Matching rips to rdes

| contact |

shared_|
ides nstwork ]

Initially infected

@ We consider travel demand for ride-pooling trips (a),

@ for which we compute a shareability network (b) with a given behavioural parame-
ters B3, system design A and alternatives’ attractiveness e.

@ We simulate the day-to-day evolution of spreading until the virus is halted.

@ Each day we obtain the daily demand (c), consisting of those who want and can
travel (decided to travel with probability p and are not quarantined).

@ Daily trip demand is optimally assigned to shared rides,

@ which forms the contact network (d) on which virus spreading is thenfﬁo%allﬁd
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Ride-pooling

@00

ExMAS

python based open-source package applicable to general networks and demand patterns

[
ExMAS 1, for a given:

@ network (osmnx graph),
@ demand (microscopic set of trips ¢; = (0i, d;, t))

@ parameters (behavioural, like willingness-to-share and system like discount for shared
rides)

computes:
@ optimal set of pooled rides (results of bipartite matching with a given objective)
@ shareability graph

@ set of all feasible rides
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Ride-pooling
0e0

Contact network

shareability network: actual matching:

travellers (nodes) are linked if the can share each clique is a vehicle and travellers within
a ride together (are compatible), vehicle are isolated from others and fully
node size proportional to degree connected with co-travellers.
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Ride-pooling
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Control variable
Demand stability

We identify an effective control mea-
sure allowing to halt the spreading be-
fore the outbreaks without sacrificing
the efficiency achieved by pooling.

p demand-stability

Each traveller participates in the system with proba-
bility of p.

Total number of travellers (nodes) remains the same
2000 = sample(2000|2000/p)

Fixed matches among co-travellers
disconnect the otherwise dense con-
tact network, encapsulating the virus in
small communities and preventing the
outbreaks.

TuDelft oy
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Ride-pooling

Results

Number of infected in time

participation probability p
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Number of infected travellers over the course of epidemic outbreaks, with various settings of initially infected (rows) and demand
stability (columns), bold lines denote averages over all experiments (shown individually using thin lines)
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Ride-pooling

Results

Scaling

a) Number of eventually infected trav-
ellers for varying demand stability p

- a) total number of infections 1ot D) demand scaling and initially infected travellers. )
initally infected . os (b) share of infected travellers changing
0.85 . with a demand for various p’s.
o Importantly, stabilizing the demand
0o 0.99 does not reduce the efficiency, as we
2000 travellers Lw‘“m report in (c), lw.here .the. mean occu-
™ infections pancy (key ef_flmency indicator of ride-
pooling) remains stable as demand sta-
bilizes.
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Ride-pooling

Results

Network properties

a) node degree evolution b) transmissivity distribution

WY

1

2 5

a) Average node degree in the evolving contact networks. b) Mean transmission rate » (number
of new infections per infected) distributions. c) Insights into the first phase of the epidemic

outbreak in the case of 10 initial infections.
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Ride-pooling

Results
Spatial spreading

An illustration of the spatial extent of epidemic outbreaks originating from two initial infections.
A major part of Amsterdam becomes infected for spontaneous demand (left), while it remains
spatially contained as the demand stabilises (right). For stable demand (p > 0.8) the geograph-
ical boundaries are confined, while otherwise, the virus crosses the river Ij and reaches also the
north parts of Amsterdam.
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Ride-pooling

Spreading

summary

complex system

highly stochastic

highly connected shareability network

highly disconnected its daily realisation (assignment to the vehicles)
massive spreading under unstable demand

effective halting with stable demand

Limitations/Assumptions/Caveats

one trip per-day

driver is not a spreader
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ded mobility platfo

Agent-based two-sided mobility platform simulator
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ided mobility platform simulator
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Agent-based two-sided mobility platform simulator

open source - python - lightweight - agent-based - simulator

|
The why’s:

motivation emerging service, disruptive to urban mobility landscape

new to focus on phenomena central to two-sided platforms and not well-
studied traffic flow, route choice, congestion, etc. Faster learning curve
than well-established full-stack MatSim, SUMO, etc.
challenging independent decision makers: heterogenous, individual, adaptive, strate-
gic
complex system dynamics driven by multiple agent classes
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ided mobility platform simulator

MaaSSim

Use-case

Let’s simulate a system in which:
@ travellers choose among public transport, ride-hailing (Uber) and ride-pooling
@ drivers decide whether to work for the platform or not

@ platform sets a fare and commission for drivers

f Platform perspectlve

Profit E[M"]

10 -

o ] 6
81 5
=77

257 3
84~

3'_ 2
29

1] 1

IRRRER
123456780910
Riders N
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d mobility platform simulator

MaaSSim

Agents

o may be assigned to multiple platforms and submit request to all of them to choose the best offer amongst
those.
A traveller unsatisfied with previous experience may opt-out before requesting.
When receiving an offer the traveller makes a decision whether to accept it or not.
While accepting she/he walks to the pick-up point, waits until the driver arrives, travels to the drop-off point and walks
to the final destination, which terminates traveller’s daily routine.
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ded mobility platform simulator

MaaSSim

Agents

Travellers

o may be assigned to multiple platforms and submit request to all of them to choose the best offer amongst
those.
A traveller unsatisfied with previous experience may opt-out before requesting.
When receiving an offer the traveller makes a decision whether to accept it or not.
While accepting she/he walks to the pick-up point, waits until the driver arrives, travels to the drop-off point and walks
to the final destination, which terminates traveller’s daily routine.

| A

Drivers

operate in a loop, queuing to the platform and serving matched requests until the end of their shift.
Along their routines, drivers decide whether to:

opt out before starting a shift and not enter the platform at all;

accept or reject the incoming requests

re-position after becoming idle.
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ded mobility platform simulator

MaaSSim

Agents

Travellers

o may be assigned to multiple platforms and submit request to all of them to choose the best offer amongst
those.
A traveller unsatisfied with previous experience may opt-out before requesting.
When receiving an offer the traveller makes a decision whether to accept it or not.
While accepting she/he walks to the pick-up point, waits until the driver arrives, travels to the drop-off point and walks
to the final destination, which terminates traveller’s daily routine.

Drivers

| A

operate in a loop, queuing to the platform and serving matched requests until the end of their shift.
Along their routines, drivers decide whether to:

opt out before starting a shift and not enter the platform at all;

accept or reject the incoming requests

re-position after becoming idle.

Platforms

| \

matches a two-sided queue of travellers on one side and drivers on another.
For a given price (traveller) and commision (driver).

4
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MaaSSim Agent routines

d two-sided mobility platform simulator

nt-b:
[e] lele]e}

Driver

Platform

Traveller

STARTS A DAY

[ENQUEUES TO PLATFORM|

‘within-day-ioop _

OPT- OUT DECISION

STARTS SHIFT

RECEIVES REQUEST

ACCEPT DECISION
£_driver_decline

ARRIVES AT PICKUP

access

DEPARTS FROM PICKUP

ravel

ARRIVES AT DROP-OFF
- egress

ENDS SHIFT

ENDS DAY

[ sTRTsApay

STARTS A DAY

ATEGY
fiet size and prcing

OPT- OUT DECISION

1 ENQUEUED

IDLE DRIVER| | RE:

MATCHING
£ maten

=

OFFER

1S REJECTED

REPOSITION DECISION £ driver_repos

EW
QUEST

TRANSACTION

REQUESTS A RIDE

RECEIVES OFFER

ACCEPT DECISION

LOSES PATIENCE

ACCEPTS OFFER
i 1S ACCEPTED
| | ARRIVES AT PICKUP

| DEPARTS FROM PICKUP |
| ravel

3| ARRIVES AT DROP-OFF |
2 ogross

£-1
[ARRIVES AT DESTINATION

ENDS DAY

- leaving the system - accepting re-

quests - re-positioning

- accepting offers,

- selecting platforms and modes,

- leaving the system

setting prices matching request
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MaaSSim

Usage

from MaaS8im.simulators impert simulate, simulate parallel
frem MaaSSim.uwtils import get_config, load G
from MaaSSim.utils import prep_supply_and_demand, collect_results

sim = simulate() # run MaaSSim simulation

sin.runs[0] .trips # access the results

perama = get_config('default.json') # load configuration

params.city = "Nootdorp, Netherlands" # modify it

inData = load G(params)} & Load different network graph

params.nP = 50 # modify number of travellers

inData = prep_supply_and demand(inData, params) # regenerate supply and demand

8in2 = simulate(inData, params)} # rerun the simulation with new data and parameters

print('Simulated wait times: {}s and {}s.'.format(sim.res[0] .pax_exp['WAIT'].sum(},
sim2.res[0].pax_exp['WAIT'] .sum(})) # compore some results

space = {nP=[5,10,20]1, nV = [5,101} # define the search space to explore in ezperiments
aimilate_parallel(inData, params, search space = space) # run parallel ezperiments
res = collect_results(params.paths.dumps) # collect results from so mparallel szperiments

def my function(*=kwarge}: # user defined funciion to represent ageni decisions
veh = kuargs.get('veh', Nome) # input
gim = veh.sim # access to the simulation object
if len(aim.runs)==0 or sim.rea[last_run].veh_exp.lec[veh.id].nRIDES > 3:
return False # if I had more than 3 rides yesterday I stay
else:
return True # stherwise I leave
—e
aim = simulate(inDate,params, f_driver_out = my_function) # run MoaSSim with wser—defined function >0

Lab
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MaaSSim

public repository

@ public repository

@ open, short code

© module, rather than a software

@ tutorial, examples, jupyter notebooks

Documentation
1. Tuorls:
- Quickstart
+ Overien
+ Configuration
Youroun networks

Yo
- Developing onn decision functions
+ Inerprotingresuts

mand

2 Repro

< and xperiments
Installation:

pis a1t Hasssi

https://github.com/RafalKucharskiPK/MaaSSim
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ided mobility platform simulator
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Questions

Discussion

Thank you!

Rafat Kucharski,

PostDoc @ Critical Maas,
Tansportation and Planning TU Delft,
r.m.kucharski@tudelft.nl?
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