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Topics / People

I. Planning via Model 
Checking

II. Planning via 
Operations 
Research

III. Planning via AI
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“Plan”

 Timed Automata
 Model Checking
 Time-optimal Planning
 Zones

 Priced Timed Automata
 Cost-optimal Planning
 Priced Zones A*

 Timed Games
 Dynamic Planning
 Strategies, Zones

 Stochastic Timed Automata
 Performance Analysis
 Statistical Model Checking

 Stochastic Priced Timed Games
 Expected Cost Optimal Adaptive 

Planning
 Strategies
 Reinforcement Learning

 Applications
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Timed Automata
Model Checking



Model Checking

TOOL

System Description

Yes
Prototypes

Executable Code
Test sequences

No!
Debugging Information

Time Cost Probability

Automated Planning Tools, ... Kim Larsen [10]



Train Crossing

River

Crossing

Stopable
Area

[10,20]

[7,15]

[3,5]

list

Kim Larsen [11]Automated Planning Tools, ...



Train Crossing

River

Crossing

Stopable
Area
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Communication via channels!
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Timed Automata [Train]
= Finite State Control

+  Real Valued Clocks

invariants

Guards

Synchronizations

Resets
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Timed Automata [Gate]
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= Finite State Control

+  Real Valued Clocks

+    Discrete Variables



UPPAAL DEMO
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UPPAAL Examples
SSFT15/UPPAAL SMC/

file:///C:/Users/kgl/Desktop/DESKTOP12/POWERPOINT/Toulouse 2014/ScreenCapture_2014-10-15 9.0.58.wmv


Timed Automata
Time-Optimal Scheduling



Resources & Tasks

Resource
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Resources & Tasks

Resource

Task

Shared variable

Synchronization
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Resources & Tasks
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Task Graph Scheduling – Example
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Task Graph Scheduling – Example
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Task Graph Scheduling – Example
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Task Graph Scheduling – Example
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Experimental Results
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Symbolic A*

Branch-&-Bound
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Real Time Scheduling

5

10

20

25

UNSAFE

SAFE

• Only 1 “Pass”
• Cheat is possible

(drive close to car with “Pass”)

The Car & Bridge Problem
CAN THEY  MAKE IT TO SAFE

WITHIN 70 MINUTES ???

Pass
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Let us play!
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Real Time Scheduling

SAFE

5
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UNSAFE

Solve 
Scheduling Problem

using UPPAAL
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The ”secret” of UPPAAL
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Zones – From Finite to Efficiency
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A zone Z:  
1· x · 2   Æ 

0· y · 2   Æ 

x - y ¸ 0



Symbolic Transitions / Zones
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y:=0

delays to
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Forward Rechability

Passed

Waiting Final

Init

INITIAL Passed := Ø;
Waiting := {(n0,Z0)}

REPEAT
- pick  (n,Z) in Waiting
- if for some Z’ Z

(n,Z’) in Passed then STOP
- else /explore/ add

{ (m,U) : (n,Z) => (m,U) }
to Waiting;
Add  (n,Z)  to Passed

UNTIL Waiting = Ø
or
Final is in Waiting



n,Z’

m,U

n,Z

Init -> Final ?
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Canonical Zone Representation
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Datastructures for Zones

 DBM package

 Minimal Constraint 
Form 

[RTSS97]

 Clock Difference 
Diagrams 

[CAV99]

x1 x2

x3x0

-4

4

2

2

5

3 3 -2 -2

1

Automated Planning Tools, ... Kim Larsen [34]


