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Formal methods provides a proof that  
a system satisfies its specification

Closed system synthesis / traditional 
model checking Probabilistic synthesis Reactive synthesis Minimum violation 

planning

System Deterministic Probabilistic Nondeterministic (adversarial) Deterministic

Guarantee on the 
policy Satisfy the spec Maximize the probability of 

satisfying the spec
Satisfy the spec for all possible 

adversarial actions
Minimize the violation of 

the spec

Computational nature Offline / online Offline Offline Online, anytime

Rely on Satisfiability of the spec An accurate probabilistic 
model of the environment

An accurate assumption of the 
environment behaviors and 

realizability of the spec

Real-time planning to 
respond to quickly 

changing environment

Applications

Analysis of Toyota unintended 
acceleration, mission critical software 
(Mars Science Laboratory, Deep Space 
1, Cassini, the Mars Exploration Rovers, 
Deep Impact, etc.)

Case studies in 
communication, network 
and multimedia protocols, 
security and biology

Case studies in robot motion 
planning

Decision making 
component of some 
autonomous vehicles
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Behavior specification 
is easy...

… unless it has to be 
precise.

“Safe”

“Lawful”
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1. The indicator should be activated after the previous turn 
has been passed

2. The indicator should be activated at least 3 seconds before 
initiating a turn

3. The indicator should be activated at least 30 meters before 
the turn is made

Term Formalization
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• No infeasibility. The desired goal is guaranteed to be 
reached. 

• Minimize a cost function that is representative of the 
level of unsafety with respect to the given safety rule. 

• Consider an ordered set of safety rules with 
priorities 

• The standard lexicographic ordering is used to 
compare the level of unsafety of trajectories

Minimum Violation Planning 
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A generalisation of minimum violation planning 

1. For autonomous vehicle, a realization is a world trajectory 

2. A rule is a function on realizations and measures the degree of violation 
of any given realisation 

3. A rulebook is a pre-ordered set of rules.

Rulebooks 
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A

B

Rule A is more important 
than Rule B

A B

Rule A and Rule B are incomparable. 
The implementation can choose 
whether A or B is more important.

A B

Rule A and Rule B are of the 
same rank



Behavior Specification using Rulebooks 
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• Partial specification as a base for 
distinct jurisdictions 

• Allow iterative specification 
refinement, including priority 
refinement, rule aggregation and 
rule augmentation



Example: Liability-Aware Planning 
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• Singapore’s technical 
recommendations for AV 
development, TR 68, 
released in January 2019  

• Eventually, the TR will 
become the SG Standard 

• Encodes the idea of 
minimum violation 
planning and rulebooks

Singapore Example: Technical Reference 
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