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B Sensors: temperature,
light, rotation, pressure.

m Actuators: motors, lamps,

m Virtual machine:

- 10 tasks, 4 timers,
16 integers.

m Several Programming
Languages:
- NotQuiteC, Mindstorm, Robotics, legOS, etc.
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Exercise: Design Controller so that black boxes are being pushed out



int active;

NQC programs int DELAY

int LIGHT_LEVEL;

task MAIN{
DELAY=75;
LIGHT LEVEL=35;
active=0; task PUSH{
Sensor(IN_1, IN_LIGHT); while(true){
Fwd(OUT_A,1); wait(Timer(1)>DELAY && active==1);
Display(1); active=0;
Rev(OUT_C,1);
start PUSH; Sleep(8);
Fwd(OUT_C,1);
while(true){ Sleep(12);
OFFf(OUT_C);
walt(IN_1<=LIGHT_LEVEL); 1
ClearTimer(1); 1
active=1;
PlaySound(1);

waitt(IN_1>LIGHT _LEVEL);

}
}

A
whl

B
in Computer Science



UPPAAL Demo

== BRICS c

Basic Research s s

N C omputer S cience CENTER FOR INDLEJREDE SOFTWARE SYSTEMER

LLLoLLLIoloLOLLOL
LototottotLLotol




A Black Brick

B1

pos==4 pos==18 )\ pos==81 Py pos==490
Qﬂ 1 *é U U -0

Sensar onZ pistan end
105<=4 10s<=18 105<=8 1 10s==580
F F F F

remave 7




Control Tasks & Piston

TaskPUSH
TaskMAIN x==ctime ejectl active=0
i - blck?
red? [>.<] %=0 : | |
active=true walt passive
¥<=ctime _ ]
active== go?
Piston
El GLOBAL DECLARATIONS:
eject? const int ctime = 75;
; INt[0,1] active;
Y= i
¥ -
| PN ) clock x, time;
removel 52 y==1 )
y<=1 chan eject, ok;

urgent chan blck, red, remove, go;
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Controller Synthesis and Timed Games
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Untimed and Timed Games
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Untimed Games

Reachability / Safety Games

Strategy:
F: Run(A) > E,
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:. Memoryless strategy:
F:Q~>E,
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Untimed Games

Reachability / Safety Games

Strategy:
F: Run(A) > E,
:. Memoryless strategy:

F:Q~>E,

—> Uncontrollable
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Untimed Games

»
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Reachability / Safety Games

Strategy:
F: Run(A) > E,
Memoryless strategy:
F:Q~>E,

Winning Run:
States(p) NG = QD
States(p) "B=@

Winning Strategy:
Runs(F) € WinRuns

Loosing (memoryless) strategy

—> Uncontrollable

—> Controllable



Untimed Games

Reachability / Safety Games

Strategy:
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Timed Games

Reachability / Safety Games

Strategy:
F:Run(A) > E_U A
Memoryless strategy:
F:Q>E.UA

Winning Run:
States(p) NG = @
States(p) NG =@
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Timed Games

Reachability / Safety Games
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Implementation & Demo
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Experimental Results

Plates Basic Basic +inc Basic +inc Basic+lose +inc || Basic+lose +inc
+pruning +pruning +topt
time | mem time mem time mem time mem time mem
5 win || 0.0s 1M 0.0s 1M 0.0s 1M 0.0s 1M 0.04s 1M
lose || 0.0s 1M 0.0s 1M 0.0s 1M 0.0s 1M n/a n/a
3 win || 0.5s 16 0.0s 1M 0.0s 1M 0.1s 1M 0.27s 4M
lose || 1.1s | 45M 0.1s 1 0.0s 1 0.2s 3M n/a n/a
4 win || 33.9s | 1395M 0.2s aM 0.1s 6 0.4s 501 1.88s 13M
lose - - 0.5s 11M 0.4s 10M 0.9s agM n/a n/a
5 win . = 3.0s 31M 1.5s 22M 2.0s 16M 13.35s HaM
lose - - 11.1s | 61M 5.9s 46M 7.0s 41M n/a n/a
5 win = = 89.1s | 179M 38.9s | 121N 12.0s 63M 220.3s | 369M
lose - - 699s | 480M 317s 346M 35.1s | 273M n/a n/a
7 win - - 3256s | 1183M 1181s | 786M 124s 319M 6188s | 2457M
lose - - - - 16791s | 2981M (| 4075s | 2090M n/a n/a




BRICK Sorting
Timing Uncertainty + Synthesis
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BRICK Sorting
Timing Uncertainty + Synthesis
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Figure 1: UPPAAL ON Screen.

= ) UppaaL has an open discussion forum group at
Mews: We are proud to officially release UpPaaL 4.0.2 (Aug 7, 2006), available from the Download page. .
) - Yahoo!Groups intended for users of the toal, Ta
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