
Simplifying Modeling Complexity In Dynamic Transportation Systems: A 
State-space-time Network-based Framework

Xuesong Zhou (xzhou74@asu.edu; xzhou99@gmail.com)
Associate professor, School of Sustainable Engineering and the Built Environment 
Arizona State University

Prepared for Workshop IV: Decision Support for Traffic
Long ProgramNew Directions in Mathematical Approaches for Traffic Flow Management
Institute for Pure & Applied Mathematics, UCLA

1

mailto:xzhou74@asu.edu
mailto:xzhou99@gmail.com
http://www.ipam.ucla.edu/programs/long-programs/new-directions-in-mathematical-approaches-for-traffic-flow-management/


Outline

1. Introduction
large-scale dynamic traffic assignment and simulation 

2. From simulation to optimization: 
Modeling next-generation of transportation systems 

Key Questions: modeling challenges 

Problem Definition: VRPPDTW

Methodology: combination of dynamic programming and Lagrangian relaxation 

3. Extensions
Traffic flow state estimationΣ ŀƴŘ ǘǊŀŦŦƛŎ ǎƛƎƴŀƭ ŎƻƴǘǊƻƭ ŀƴŘ ǘǊŀƛƴ ǘƛƳŜǘŀōƭƛƴƎΧ
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Background

Xuesong Zhou

tǊƻƴƻǳƴŎŜŘ ŀǎ ά{ǳ-ǎƻƴƎ WƻŜέ

Acronym for extending traffic user equilibrium and system optimum models to next generation
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Research areas 
Simulation-based mesoscopic dynamic traffic assignment

DYNASMART
DTALite (based on simplified kinematic wave model)

Traffic state estimation and prediction 
Train routing and scheduling 
Ą Vehicle routing and scheduling (new)  



Topic 1: 
Introduction: large-scale dynamic traffic 
assignment and simulation 
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Open-source Free Software Package 

NEXTA: front-end Graphical User Interface GUI (C++)
https://github.com/xzhou99/dtalite_beta_test

DTALite: Open-source computational engine  (C++)
Light-weight and agent-based DTA

Simplified kinematic wave model (Newell)

Built-in OD demand matrix estimation (ODME) program 

Emission prediction (light-weight MOVES interface)

Simplified car follow modeling (Newell)



Learning Traffic Network Modeling using Open-source tools

www.learning-transportation.org

12 lessons:

Lesson 1: Let Us Create a Transportation Network First

Lesson 2: From Population  to Driving Trips:

Lesson 3:  Remove Roads to Speed Travel?

Lesson 4: Optimize Traffic Signal Lights
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Computational Challenges 
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Maryland State-wide model:
20 K nodes, 47K links, 3,000 zones, 18 M agents
CPU time: 30 min per UE iteration on a 20-core workstation with 194 GB RAM

Shared memory-based parallel computing for agent-based path 
finding and mesoscopic traffic simulation  (based on OpenMP)



Origin-Destination Demand Spatial Distribution Pattern

Collaboration with University of Maryland and Maryland State Highway Administration
Supported by TRB SHRP II Program 

http://www.roads.maryland.gov/


Vehicle Animation at Network Level



Volume at Network Level

Band width of a link is proportional to link volume 



Density at Network Level



Speed at Network Level



Queue at Network Level



Queue Duration at Network Level

Link width represents duration of congestion (e.g.  60 min vs. 120 min)


