Simulation-based Optimization Methods for High-dimensional
Urban Mobility Problems

Carolina Osorio

Work partially supported by the US NSF Awards 1351512 and 1334304

e NN o b v B
I Institute of p y
Civil and Environmental Engineering

Technology July 8, 2019



I I I B B Massachusetts

Institute of

Carolina Osorio N s




My bias

Modeling Optimization

N

Urban Mobility

-

: : Travel ti liability 2019, Ti . Sci
*  Private and public stakeholders ravel time relavlity ransp. sclence

e Problems: signal control, congestion pricing, autonomous mobility, Dynamic problems 2016, Transp. Science
car-sharing, calibration Energy efficiency 2015, Transp. Science
* Goal: design practical algorithms for stakeholders, Large-scale 2015, Transp. Science

computational efficiency

MIT

Emissions 2015, Transp. Part B

NEW_ YORK CITY

MITe;"

MIT Energy Initiative

>
NSERC
CRSNG accenture

(SANDAG

High performance. Delivered.

B Bl Massachusetts

3 Carolina Osorio ||| | it

Technology



Simulation-based optimization
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Continuous Problems
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Integrated On-demand Mobility Services
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Metamodel Problem
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Metamodel Approach
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Downtown Boston Car-sharing
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Downtown Boston Car-sharing
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Downtown Boston Car-sharing
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Metro Boston Car-sharing
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Insights

What is the role of simple analytical models in this era?

Information from an analytical MIP enhances the scalability and the computational efficiency of
general-purpose discrete simulation-based optimization algorithms
There is abundant analytical literature (IP/MIP) we can build upon

Leave the realism to the data

Devise creative ways of combining analytical models with more realistic/data-driven approaches
Analytical models can provide problem structure to general-purpose black-box methods
Search high-dimensional spaces, preserve asymptotic guarantees + achieve computational efficiency

Ongoing work:

14

Use of MIP as a sampling distribution
 High-dimensional sampling techniques
e Scalable Bayesian optimization:

GPs + analytical models

Algorithms to optimize both profit and

transportation accessibility

Use of search data for demand estimation
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Discrete & Data-driven Simulation-Optimization
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2D example
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