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CPS: Synergy: Collaborative Research: 

This project is bringing tools from formal methods to 
traffic management to meet control objectives 
expressed in temporal logic. This approach is being 
applied to signal timing and ramp metering strategies 
for signalized intersections and freeway traffic control. 
In addition to meeting temporal logic specifications we 
aim to incorporate optimality criteria, such as total 
travel time, throughput, and vehicle miles traveled.  
 

Overview 

•  Traffic networks are mixed monotone systems: 

 
 
•  Increasing and decreasing components 
•  Decomposition function  
•  Congestion causes non-monotone behavior 

Mixed Monotonicity 
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•  For each link           , the state 
    represents the number of vehicles on the link 
•  Each link has: 
•  Demand                  
     to move downstream 
•  Supply                
     to accept upstream flow 

Dynamics:   
 
 
•  Turn ratios        divide demand among downstream 

links and supply ratios        divide supply among 
upstream links 

•  Signal variable                    indicates if link    is active  

Traffic Network Model 
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•  Mixed Monotonicity leads to efficient abstraction: 

 
 

•  The one-step reachable set from a box of initial 
conditions is tightly over-approximated by computing 
the decomposition function at only two points 

Reachable Set Over Approximations 
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Efficient abstraction from reachability computation

The transition system T = (Q,M,d ) is an over-approximating
abstraction of x+ = Fm(x,d):

If 9x 2 Iq 9d 2D such that Fm(x,d) 2 Iq0

Then q0 2 d (q,m)

Mixed monotonicity allows efficient abstraction
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Input to:

Verification and
synthesis tools
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Traffic flow model
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Link state update
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LTL Specification: 
•  Each signal actuates cross street traffic infinitely often 
•  Eventually, links 1, 2, 3, and 4 have fewer than 30 

vehicles on each link and this remains true for all time 
•  The signal at junction 4 must actuate cross street traffic 

for at least two sequential time-steps 
  

       

Example 
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ẋ 2 f(C, x)

g

1

rl

(x) � 0g

1

lr

(x) � 0

Mode D
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Correct-by-design control of arterial corridor
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Linear Temporal Logic spec.
I

Each signal actuates cross street

traffic infinitely often

I
Eventually, links 1, 2, 3, and 4 have

fewer than 30 vehicles on each link

and this remains true for all time

I
The signal at junction v

4

must

actuate each direction for at least

two sequential time-steps (pedestrian

crossings)

Naïve offset optimal policy
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Correct-by-design control of arterial corridor
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Linear Temporal Logic spec.
I

Each signal actuates cross street

traffic infinitely often

I
Eventually, links 1, 2, 3, and 4 have

fewer than 30 vehicles on each link

and this remains true for all time

I
The signal at junction v

4

must

actuate each direction for at least

two sequential time-steps (pedestrian

crossings)

Correct-by-design policy
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Distributed controllers designed with assume-guarantee 
contracts that change in response to runtime conditions 
and reduce cumulative delays.  Dynamic contracts 
overcome the conservatism of fixed contracts. 

Dynamic Contracts 
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Sparsity-Aware Abstraction 
Many real life networks exhibit a sparsity property because 
geographically distant links do not interact. A sparsity-
aware abstraction procedure leverages sparsity by 
selectively computing reachable sets from low 
dimensional subspaces, and is able to construct 
abstractions of high dimensional systems with 1051 
discrete states.  

Abstraction Construction Time 


