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UPPAAL Branches
� Real Time 

Verification

� Real Time 
Controller Synthesis

� Real Time 
Scheduling & Planning

� Real Time 
Testing
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TIGATIGATIGA

CORACORACORA

TRONTRONTRON
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Real Time Systems

Plant
Continuous

Controller Program
Discrete

Eg.: Realtime Protocols
Pump Control
Air Bags
Robots
Cruise Control
ABS
CD Players
Production Lines

Real Time System
A system where correctness not only 
depends on the logical order of events 
but also on their timing!!

Real Time System
A system where correctness not only 
depends on the logical order of events 
but also on their timing!!

sensors
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Real Time Model Checking
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UPPAAL Model

Model
of
environment
(user-supplied /
non-determinism)

Model 
of
tasks
(automatic?)

Plant
Continuous

Controller Program
Discrete

SAT φ ??SAT φ ??
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??

Real Time Control Synthesis

Plant
Continuous

Controller Program
Discrete
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Partial UPPAAL Model

Model
of
environment
(user-supplied)

Synthesis
of
tasks/scheduler
(automatic)

SAT φ !!SAT φ !!



Real Time Verification
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LEGO Mindstorms/RCX

� Sensors: temperature, 
light, rotation, pressure.

� Actuators: motors, lamps,

� Virtual machine:
− 10 tasks, 4 timers, 

16 integers.

� Several Programming 
Languages:
− NotQuiteC, Mindstorm, Robotics, legOS, etc.

3 input ports

3 output 
ports

1 infra-red port
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A Real Real Timed System

Controller
Program

LEGO MINDSTORM

The Plant
Conveyor Belt

& 
Bricks
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First UPPAAL model
Sorting of Lego Boxes

Conveyer Belt

Exercise:    Design Controller  so that black boxes are being pushed out

Boxes
Piston

Black

Red9 18 81 90

99

Blck
Yel

remove

eject

Controller

Ken Tindell

MAIN PUSH
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NQC programs

task PUSH{
while(true){

wait(Timer(1)>DELAY && active==1);
active=0;
Rev(OUT_C,1);
Sleep(8);
Fwd(OUT_C,1);
Sleep(12);
Off(OUT_C);

}
}

task PUSH{
while(true){

wait(Timer(1)>DELAY && active==1);
active=0;
Rev(OUT_C,1);
Sleep(8);
Fwd(OUT_C,1);
Sleep(12);
Off(OUT_C);

}
}

int active;
int DELAY;
int LIGHT_LEVEL;

int active;
int DELAY;
int LIGHT_LEVEL;

task MAIN{
DELAY=75;
LIGHT_LEVEL=35;
active=0;
Sensor(IN_1, IN_LIGHT);
Fwd(OUT_A,1);
Display(1);

start PUSH;

while(true){

wait(IN_1<=LIGHT_LEVEL);
ClearTimer(1);
active=1;
PlaySound(1);

wait(IN_1>LIGHT_LEVEL);
}

}

task MAIN{
DELAY=75;
LIGHT_LEVEL=35;
active=0;
Sensor(IN_1, IN_LIGHT);
Fwd(OUT_A,1);
Display(1);

start PUSH;

while(true){

wait(IN_1<=LIGHT_LEVEL);
ClearTimer(1);
active=1;
PlaySound(1);

wait(IN_1>LIGHT_LEVEL);
}

}



UPPAAL Demo
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A Black Brick
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Control Tasks & Piston

GLOBAL DECLARATIONS:
const int ctime = 75;

int[0,1] active;
clock x, time;

chan eject, ok;
urgent chan blck, red, remove, go;



Real Time
Controller Synthesis

with
Franck Cassez, Agnes Counard, Alexandre David

Emmanuel Fleury, Didier LimePresented at CONCUR’05

TIGATIGATIGA Efficie
nt



Controller Synthesis and Timed Games
Production Cell

GIVEN System moves S, 
Controller moves C, and property φ

FIND strategy sC such that sC||S ² φ
Æ

A Two-Player Game

GIVEN System moves S, 
Controller moves C, and property φ

FIND strategy sC such that sC||S ² φ
Æ

A Two-Player Game



Untimed and Timed Games

Reachability / Safety Games

Uncontrollable

Controllable

1

☺2

3

4

/
x>1

x·1

x<1

x:=0

x<1

x·1

x≥2



Untimed Games

Reachability / Safety Games

Uncontrollable

Controllable

Strategy:     
F : Run(A) Æ Ec

Memoryless strategy:
F : Q Æ Ec

Winning Run:
States(ρ) ∩ G ≠ Ø
States(ρ) ∩ G = Ø

Winning Strategy:
Runs(F) ⊆ WinRuns
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Controllable

Strategy:     
F : Run(A) Æ Ec

Memoryless strategy:
F : Q Æ Ec

Winning Run:
States(ρ) ∩ G ≠ Ø
States(ρ) ∩ G = Ø
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Untimed Games

Reachability / Safety Games

Uncontrollable

Controllable

Loosing (memoryless) strategy

Strategy:     
F : Run(A) Æ Ec

Memoryless strategy:
F : Q Æ Ec

Winning Run:
States(ρ) ∩ G ≠ Ø
States(ρ) ∩ B = Ø

Winning Strategy:
Runs(F) ⊆ WinRuns



Untimed Games

Reachability / Safety Games

Uncontrollable

Controllable

Winning (memoryless) strategy)

Strategy:     
F : Run(A) Æ Ec

Memoryless strategy:
F : Q Æ Ec

Winning Run:
States(ρ) ∩ G ≠ Ø
States(ρ) ∩ B = Ø

Winning Strategy:
Runs(F) ⊆ WinRuns



Timed Games

Reachability / Safety Games

1

☺2

3

4

/
x>1

x·1

x<1

x:=0

x<1

x·1

Uncontrollable

Controllable

x≥2

Strategy:     
F : Run(A) Æ Ec∪ λ

Memoryless strategy:
F : Q Æ Ec∪ λ

Winning Run:
States(ρ) ∩ G ≠ Ø
States(ρ) ∩ G = Ø

Winning Strategy:
Runs(F) ⊆ WinRuns



Timed Games

Reachability / Safety Games

1

☺2

3
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/
x>1

x·1

x<1

x:=0

x<1

x·1

Uncontrollable

Controllable

x≥2

Strategy:     
F : Run(A) Æ Ec∪ λ

Memoryless strategy:
F : Q Æ Ec∪ λ

Winning Run:
States(ρ) ∩ G ≠ Ø
States(ρ) ∩ G = Ø

Winning Strategy:
Runs(F) ⊆ WinRuns

x != 1 : λ
x=1 : c

x<2 : λ
x≥2 : c

x != 1 : λ
x=1 : cWinning (memoryless) strategy)

x<1 : λ
x≥1 : c



Implementation & Demo



Experimental Results



BRICK Sorting
Timing Uncertainty + Synthesis

Generic Plate

Controller

Piston



BRICK Sorting
Timing Uncertainty + Synthesis

Generic Plate

Controller

Piston
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