





» Timed Automata / UPPAAL
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State (L1, x=0.81)
Transitions
(LT , x=0.81)
-2.1 —>
(LT , x=2.91)
->
(goal , x=2.91)

E() goal ?
A() goal ?
A[]—L4?




Question

Does their exist

a strategy that

guarantees
A<> Goal ?

Strategy:
0:(4,v) = {4, cace}




Theorem [AMPS98 HK99]

Reachability and safety timed games are decidable and
EXPTIME-complete. Furthermore memoryless and “region-based”
strategies are sufficient.

~ classical regions are sufficient for solving such problems

Theorem [AM99 BHPRO7,JT07]

Optimal-time reachability timed games are decidable and

EXPTIME-complete.

[ANMOO] Asarin, Maler. As soon as possible: time optimal control for timed automata (HSCC'99).
[EHPROT] Brihaye, Henzinger, Prabhu, Raskin. Minimum-time reachability in timed games (ICALP'07).
[JTO7] Jurdzidski, Trivedi. Reachability-time games on timed automata (ICALP'07).
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Backwards Fixed-Point Computation

Definitions
cPred(X) = {0geQ|3geX.q~>.q}
uPred(X) = {geQ|dge X.q—>,q}
Pred(X,Y) = {qeQ|3dt. geX and Vs<t. gscYC}

X

n(X) = Pred] X U cPred(X) , uPred(X°®) ]

Pred,(X,Y)

Theorem:

The set of winning states Is obtained as the least fixpoint

of the function: X = n(X) U Goal




- -ﬂl-&-u-l—

are symmbolic states, i.e. sets of concrete states;
— G —_—

is the set of (concrete) goal states;
~E={5%5,58% S5}

the (finite) set of symbolic transitions (controllal
— Waiting C E

is the list of symbolic transitions waiting to be 1§
— Passed

is the list of the passed symbolic states;
— Wim[S]|C S

is the subset of S currently known to be winnin,
— Depend[S]|C E
indicates the edges (predecessors) of S which mu
information about § is obtained.

symbolic version of on-the-fly MC algorithm

for modal mu-calculus
Liu & Smolka 98

Initialization:

Passed — {So} where So = {(50,6)}/5
Waiting — {(So,,8") | 8" = Posta(S0)” }:

Win[So] < So N ({Goal} x RY,):
Depend[So] — 0;

Main:

while ((Waiting # 0) A (so € Win[So])) do

e= (5., S") — pop(Waiting):

if S’ &€ Passed then
Passed — Passed U {S"};
Depend[S'] — {(S, a, S")}:
Win[S'] — S" N ({Goal} x RX,);

Waiting — Waiting U {(S",a, S")| 8" = Post, (S")""};
if Win[S'] # 0 then Waiting «— Waiting U {e};

e (* reevaluate *)”

f (Win[S] € Win") then

Waiting «— Waiting U Depend[S]; Win[S] — Win™;

Depend[S'] — Depend[S’| U {e};
endif

endwhile

[CDF+405] Cassez, David, Fleury, Larsen, Lime. Efficient on-the-fly algorithms for the analysis of timed games (CONCUR'05).
ECD-07] Berhmann, Cougnard, David, Fleury, Larsen, Lime. Uppaal-Tiga: Time for plaving games! {CAV'E?!.

in" — Pred¢(Win[S]U Us—cﬂ“ Pred.(Win[1),
UsﬁaT Pred, (1'\ Win[1])) N S,

D



Trfliﬂ'n‘

Traindn

Trainin

Train(0)

X>=3

leave[0]!

Cross

| Safe ._<

' 5| appr([0]!
x=0

1| Appr
x<=20

x<=10
stop[0]?

x<=5

X>=7
x:

Start
x<=15

go[0]?
X=

Gate

Free

@ -

e:id_t
len >0 len ==
go[front()]! appr[e]?
enqueue(e)
Occ
e:id_t
appr[e]? stop[tail()]!
enqueue(e)

e id_t

e == front()
leave[e]?
dequeue()




Tnﬂin!ﬂl

Tr=inim

Trfliﬂ'n‘

Train(0)

X>=3
leave[0]!

| Safe .<

| || appr[O]!
x=0

Cross
x<=5

Gate
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A Buggy Brick Sorting Program

B1

B1

pos==0

pos=0

start
pos<=2000

pos==9 pos==18
IM_1:=20 IM_1:=100 . pos==81
ont SEnsar onz2
pog==9 pos<=18 pos==81

Cb

TaskMAIN

S0

active=true

EMSIG Autumn School 2015

eject

active=0

wait

«<=ctime
l\.-i':‘tl'\ '._::

16




Generic Plate

remove?
turn==ID

I

|

ok? :
|

pos=0, turn++ !

start off .
Controller s

ejé eject?

y=0

A\
<=1

e e e e o e e = = e = =
T e e e e e e e e = = = =






Generic Plate
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e = e = = =
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Realistic case-

study described

in several formalisms
(1994 and later).

Objective: stamp
metal plates in press.

feed belt, two-armed ...
robot, press, and
deposit belt.

deposit belt

________



& C:/Documents and Settings/kgl/Desktop/D 4fdemo/prodcell-contro
File Edit Wiew Tools ©Options Help

el Q] K@

Editor | Simulator | verifisr

i Drag out i:[ Drag out ]: lA;
Robotz,8 =0 Robot2
Transition chooser Robotz B =0 e .
. ]
7 =M AXROT =MAXROT !
00 40 20 30 40 o~ [RobotzPress=0 D oa s . R !
Robot2 Plate(0).id = 0 N R nEeT )
Plate(0) Platef1).id = 1
PlateiZ).id =2
Plate(3).id =3
Platei4).id = ¢ IB & Press & Press
0] = 0 : takdp takgP 1! 5
B=tyue, Press=1alse A=thue, Press=1alse 3
L RobotZ.x = 0.000000
) ) & Plate(0). = 0.000000
2| E7] Plate(1}.x = 0,000000 Ea&é,!:';'.ess '21"5'73 |!ess
Delay: D$| D Resst | Plate(2).x = 0.000000 B=fals=, Press=tus f=false, Press=tue
—_— Platel3).x = 0,000000
| P Take transition | Plate(4).c = 0000000 x=0, A=tiue x=0, B=false
Trace controls Plate(0)
| st || 9\3," W Last | 0<PLATES- 28 b
wE=MINWAIT
Pres Pla Mexk
| 4 ” P Py ” b | Init ?‘j@ﬂll _____ . Amiving Ayailable
Spesder w==MAWAIT =0 Moy 2==12 x==2 TakenA Press TakenB Safe
O==PLATES-1 && ' .
. ! ,."? SoesMIMART_ A etz T X2 leaveP 17 leaveB?
||||Y||||| ST =0 =0 ’
1 ! ]
Slowy Fast i ! I
] ]
] I ]
| 0==0 1 op[0]? | ==2
[ ¢ Random ] .\E:o ! =0 |
Sirmulation Trace N &%T:SIU BaD ‘
Plate(1)
1=PLATES- &&
wE=MINWAIT
it S0 . Amving  Avallable
w==MAWAIT 7 x=0 Moy =12 w==2 TakenA Press TakenB Safe
==PLATES- aa) =
T INWWAIT__ . # ¥==12 ! tak ea? leaveP 17 takeP 27 leaveB?
. ! x=0 | )
il I | i i
L b l P ||
Sunday, July 15, 2010




Experimental Results

[CDF+05]
Flates Basic Basic +inc Basic +inc Basict+lose +inc || Basic+Hlose +inc
+pruning +pruning +topt
time mem time mem time mem time mem time mem
5 win || 0.0s 1M 0.0s 1M 0.0s 1] 0.0s 1M 0.04s 1M
lose || 0.0s 1MW 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 1M 0.0s 10 0.2s 3M n/a n/a
4 win || 33.9s | 1395M 0.2s aM 0.1s G 0.4s 5] 1.88s 13M
lose - - 0.5s 11M 0.4s LOM 0.9s 9M n/a n/a
5 win = = 3.0s 310 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 | 121M 12.0s 63M 220.3s | 369M
lose - - 699s | 480M 317s 346M 35.1s | 273M n/a n/a
- win - - 3266s | 1183M 1181s | 786M 124s 319M 6188s | 2457
lose - - - - 16791s | 2981M (| 4075s | 2020M n/a n/a
Model c3 ch cl2 u3 u6 ul2
Ol1d 0.1s| 1M | 12s |63M | - - 0.2s | 3M [235s|273M| - - [BCD+O7]
New ||0.05s|3.5M|[0.05s|3.5M|0.14s|55M||0.02s|3.5M|0.04s| 3.5M |0.12s|55M

[CDF+05] Cassez, David, Fleury, Larsen, Lime. Efficient on-the-fly algorithms for the analysis of timed games (CONCUR'05).

[BCDH

EMSIG Autumn School 2015

Kim Larsen [22]

07] Berhmann, Cougnard, David, Fleury, Larsen, Lime. Uppaal-Tiga: Time for plaving games! {CAV'O7).




= Robust and optimal

Clamping Injection Cooling Ejection CO n t ro I

m ; = Tool Chain

R | = Synthesis:  UPPAAL
TIGA

= Verification: PHAVer
= Performance: SIMULINK

= 40% improvement of
existing solutions..

[CJL+09] Cassez, Jessen, Larsen, Raskin, Reynier. Automatic Synthesis of Robust and Optimal Controllers — An Industrial Case Study (HSCC'09).




12,2 ltres/second = R1: stay within safe

[ rump J;——""‘“ interval [4.9,25.1]
*I Accumulator

[ ] = R2: minimize

average/overall oil
volume
t=T

- *
Machine/Consumer

” o v(t)dt /T
Cmscammssezos  wmusee () ) )

Vmin




Machine Rate (litre/second)

Infinite

301/ 71 717 717 1 T T 1
o8- : ! ! ' ' ' : ' :
2.6
2.4
2.2
2.0+
1.8
1.6~
1.4
1.2
1.0
0.8
0.6
0.4
0.2+
0.0

i i
8 10 12 14 16 18 20
Time (second)

cyclicdemand = F: noise 0.1 1/s

to be satisfied by our
control strategy.

= P: |atency 2 s between

state change of pump




v := 10.0
t:=0 Vacc:= 0

[t<4 [t<8] [t<10] [t < 12]
[t < 20] [r< 18] [r< 16] [r< 14]

t=20 r=12
t:=0 my =0
t=18 _ r=14 [true]
m; =0 n: _:}]ES my:=1.7
(a) The Machine (b) The Accumulator
z = 2, switch_on!
7-—9 pr =22, z:=0
pr =0
Undecidability
[true] z > 2, switch_off! [true] ->
pri=0,z:=0 Discretization

(c) The Pump




Abstract Game Model (oo,

= UPPAAL Tiga
offers games of perfect information

= Abstract game model such that states only
contain information about:
= Volume of oil at the beginning of cycle

= The ideal volume as predicted by the
consumption cycle

= Current time within the cycle V, V_rate
= State of the Pump (on/off) V. acc
» Discrete model ti_me

EMSIG Autumn School 2015 Kim Larsen [27] u e a




y<2*D y<4*D y<8"D y<10"D y<12"D
7T y==2"D T y==4"D T y==8"D T y==10"D T
' V_rate-=12 ' V_rate+=12 V_rate-=12 V_rate-=13
‘ ““““““ " :“"“““"‘““““““)‘““‘““"?“1
y<=2"D y<=4'D  “~. y<=8'D "~ y<=10"D _-"y<=12'D |
- " P I
Noise(time-2"D) < fanan fenstinannis
Checks whether V
y==20"D && final_Noise() A under noise gets
outside
i - | [Vmin+0.1,Vmax-0.1]
: Noise(10*D) - -~ JNoise(timgrD*B) Noise(time-D*8) >~ _Noise(6"D) :
y<=20"D Soy<=20'D .-~ y<=18"D -° \y<=16"D . y<=14"D !
- !
‘ bool Noise(int s){ "
DD - = * = ! \\
// s is the duration of consumption (in t.u.) |[*----
. y<14'D
return (V-s<(Vmin+1)*D | V+s>(Vmax-1)*D);}




z>=2"D && i<N

V_rate+=22, z=0,
start[i]=time
void update_val(){

update_pump? int V_pred = V;
update_pump? update_pump? time++
V+=V_rate;
V_acc+=V+V_pred,;
z>=2*D ¥
update _pump?

V_rate-=22, z=0,
stop[i]=time, i++ Every 1 (one)

seconds




Global Approach

0s 20 s

= |, is optimal among all m-
stable intervals.

EMSIG Autumn School 2015 u e s




TO (o) I C h a.i n Quassiomodo

A Strategy Synthesis TIGA T T T T —
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tume (S) Performance Evaluation
5 SIMULINK

Guaranteed
Correctness
Robustness

15[ .

Volume (litre)

10

with

[ I S M ---- A A
il 5 10 15 20

Time (second)
Verification PHAVER
EMSIG Autumn School 2015 Kim Larsen [31] u B a

40% Improvement







Aalborg

T<=2

Car

UMZ4ﬂ

=20
00 0
U[O 20]

"\

"-..

_—— =

|
1
T<=35 Go U[O,35] :
|

o O

Can | get to Sidney?
(1-player)

Will | always come to Sidney?
(1-player)

What is the optimal WC strategy?
(2-player)

Is there a strategy guaranteeing
WC <= 607?
(2-player)

What is the optimal strategy?
(1v2-player)

What is the optimal strategy
Guarenteeing WC <= 607
(1v2-player)




Controllable

Uncontrol-

lable = Strategy:

o Execg — P (X U{AH)\{0}

= Memoryless, deterministic,
most permissive.

x<=100 && X<=100 && x>=90

B
x=0

______

x<=140 &8&>=20

Run
50.1 1 2.4 a 20.3 d
m = (INIT,x = 0) — — (CHOICE,x = 0) - - (A,x = 0) — — (END, x = 20.3)
Total time = 50.1 + 2.4 + 20.3 = 72.8




Objective: A() (END A time < 210)

A A 560 Deterministic, memoryless strategy:
X _ W s ||/ SS——
100
A A
x<=100 && x<=[100 &&  x>=90 time
0 B ' d 100 200
=V ’ ])E)O_ W: W —
b a0 8d> 20
| A i
E A
a b iai
Most permissive, memoryless strategy time
70 90
zoo




”CO RA”

« Cost optimal strategy
= take b immediately

A WC= 280
a X>=60
=0 To08& O
C,== I
|
DICE x==100 w D

-

______

x<=140 &&>=0
C,==

Priced Run
50.1 r 2.4 a 20.3 d
m = (Init,x = 0) - (CHOICE,x = 0) 2 (A, x =0) P (END, x = 20.3)

Total cost =0+9.6 + 60.9 =75.5




"SMC”

Controllable .
« Cost optimal strategy

= take b immediately
WC= 280

UNIFORM[0,100]

» Priced Timed MDP

= Optimal expected cost str
CHRICE  x==100 w D = take b immediately
expectation = 160

x<=100 && X<=[{100 && x>=90
C,==0 C,==4

w
o

______

b x<=140 &&>=20

C,==




"SMC”

Controllable

Cost optimal strategy
= take b immediately
overall = 280

UNIFORM][0,100]

* Priced Timed MDP

= Optimal expected cost str
CHOICE x==100 w D » take b immediately
expectation = 160

§’<=_=1000 ue 2’11400 e I = Minimal Expected Cost while
B | d guaranteeing END is reached
------ | within time 210:
x<=140 &&= Strat.: 90>  (100,w)
€== t>70> (0,a)
t<70> (0,b)
= 204




Objective: A() (END A time < 210)

Most permissive, memoryless strategy:

Xl e W W —
100
A 2
P A
4 il : ~N a b ag
o] Stochastic Strategies time
Z L A 0.1 I 70 9010'0 zvoo E
oy - ( {4}) —[0,1]. o §
\- e /100 B
| 1 iai
Cost optimal deterministic 1 gd |
sub-strategy ! time
70 90
200




maxRuns

maxGood

maxBest

evalRuns
maxNoBetter

maxlterations .

maxResets

e
R A R | [o]S

ﬂc — U(G‘P)

y

I1

h 4

----- >[ Filtering ]

Time Bounded Reachability
G, 7

SMC

----- -[ Simulation i‘i

u¢|=U(o")
or
ue|=pe

]

Evaluation J

---------------

——

det(uj)

Y



Nondeterministic Strategies Un(&v) < E.uid))

Ry = {(21?31)? Ce (Zk,ak)}, where a; € ZCU{)\}.

Stochastic Strategies  u° v’ (Z.u {1} - [0,1]

Splitting

Logistic Regression
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Uppaal TIGA Uppaal |
strategy NS = control: A<> goal E E<>error under NS | /j

strategy NS = control: A[] safe A[] safe under NS

¢ 9 B clo

Timed Game synthesis Timed Automata

abstraction

minE(cost)

P|o°

Stochastic - -

Stochastic Priced
Timed Automata
/

Statistical Learning : .. "'y Uppaal SMC L

. % simulate 5 [<=10]{e1, e2} under SS
strategy DS = minE (cost) [<=10]: <> done under NS Pr[<=10](<> error) under SS

\strategy DS = maxE (gain) [<=10]: <> done under NS/ kE[<=10;100](max: cost) under SS

optimized

maxE(gain
(gain) Strategy

Priced
Timed Game




Aalborg

T<=2

Car

UMZ4ﬂ

=20
00 0
U[O 20]

"\

"-..

_—— =

|
1
T<=35 Go U[O,35] :
|

o O

Can | get to Sidney?
(1-player)

Will | always come to Sidney?
(1-player)

What is the optimal WC strategy?
(2-player)

Is there a strategy guaranteeing
WC <= 607?
(2-player)

What is the optimal strategy?
(1v2-player)

What is the optimal strategy
Guarenteeing WC <= 607
(1v2-player)







Exponential Uniform [3,5]

(id+1):N*N x>=3
iq1
Safe .o _ _ _ _ _ _ 'f"i"fﬂ‘i]- Cross
P X<=9
rs
7 el Uncontrollable

Find strategy that
minimize
Expected time
from Appr to Cross
while being Safe







Safe & Adaptive Cruice Control

EGO FRONT

VelocityEgo VelocityFront
. —_—

AccelerationFront

AccelerationEgo
-

Distance

Q1: Find a safety strategy for £go such no crash will ever
occur no matter what Front is doing.

Q2: Find the most permissive strategy ensuring safety

Q3: Find the optimal sub-strategy that will allow £go to go
as far as possible (without overtaking).

EMSIG Autumn School 2015 Kim Larsen [53] u e a




Discrete

void updateDiscrete (){
int 0ldVel, newVel;

0ldVel = velocityFront - velocityEgo;

velocityEgo = velocityEgo + accelerationEgo;
velocityFront = velocityFront + accelerationFront;
newVel = velocityFront - velocityEgo;

[ T ¥ B VY )
o o N

14|

distance and velocity

iy J ]

I 1
i :
(R

01 2 3 4 5 6 7 8

9 10 11 12 13 14 15 16 17 18 1
time

9 20

 |Ed rDistance
distance

F rvelDiff

| = verpitf

Continuous




Positive_acc

chooseEgo?

9 velocityEgo < maxVelocityEgo
chooseEgo? accelerationEgo = 2
No_acc

accelerationEgo = 0 velocityEgo > minVelocityEgo

accelerationEgo = -2

7
chooseEgo? Negative_acc




Faraway

distance > maxSensorDistance
- .”",ﬁ'&': T T T Tupdate? T TTommmmmmmmmmmmmn

: | T~ distance = maxSensorDistance+1, accelerationFront = 0
| cha:aseFrant? v
| S
| ‘ \‘*-ﬁd_iS_tE nce > maxSensorDistance = _
! | update? '
n‘___¥ distance = maxSensorDistance+1, |

accelerationFront = 0 :

I

|

Positive_acc
chooseFront?

i:intfminVelocityFront, maxVelocityFront] .

i <= velocityEgo

velocityFront = i,

distance = maxSensorDistance,

rVelocityFront =i * 1.0,

I
I
I
I
|
I
I
I
. rDistance = 1.0*maxSensorDistance *
- &

velo,ei’tyFront < maxVelocityFront
accelerationFront = 2

I

s

I ~
I

. . ! . uéhcityFrnnt > minVelocityFront
7
! dIStanCS > max5SensorDistance ! ch-:;m‘.eFront.. accelerationFront = -2

, update? : L

distance = maxSensorDistance+1, o ‘
chooseFront?

No_acceleration Negative_acc

accelerationFront =0

accelerationFrpnt = 0 -

B o o mm omm omm omm omm omm mw m o mE W mE o mw o m omw o omm o mm o mm o mm mw omm ww wm ww wm omw e ww ww ww S

I
-




Pr[<=100] (<> distance <= 5) A[] distance > 5

200 i . ' i ———sa

100 ——

.1ng e B S — _E"_&*---._ |~

-200 S : o

_3DD e N
-400 uxﬁhﬁh‘%
500 =
-600
-To0 T stive
800 e
-800 H“txxh

-1000

1100 h,

-1200 “K“H_

-1300 o

-1400

-1500

-1600 e

1700

I S R .

Distance

Time




strategy safe = control: A[] distance > 5
A[] distance > 5 under safe

§ f T TR o N
: I BAVENS ==
o AR tyaa DA
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I il A
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inf{velosityFront-velosityEgo==v}: distance under safe

140 — . . . . |
; C  model

@ -~ 6.00+2.50v2 .
R 5.54+0,905v+0.0589y24+0.00177v3 =g i

3
< 5 5 5 5 5 i
E T4 J) SRS SRRVOUOPSIOUES S0 FORTO S0 VUUSFS OSSOSO SSNNS SN SRS S
bt :
E 6o T
E :
= . . ; . E
£ : : : : 5
20 oo b _
i

30

v=(velocityFront - velocityEgo)




strategy safeFast = minE (D) [<=100]: <> time >= 100 under safe

20.024, - -

v

E 0.020| |l safe
20016 | I fastSafe

5 0.012] - - |Ed avesafe

o : =] avgFastSafe
gu.uus ------ |

0
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200
nce




Probability density

robability
o
X1

[l density
[ density
3 cumutativ
E cumulativ

0.88}
0.80}
0.72|
064
0.56}

48|
0.40| #
).32|

Energy Con

‘Cumulative distribution of collision

Energy probability density
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Case Studies: Controllers
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Memory Arbiter Synthesis and Verification for a
Radar Memory Interface Card, 2005

Analyzing a x model of a turntable system using
Spin, CADP and Uppaal, 2006

Designing, Modelling and Verifying a Container
Terminal System Using UPPAAL, 2008

Model-based system analysis using Chi and
Uppaal: An industrial case study, 2008

Climate Controller for Pig Stables, 2008 (synth)

Optimal and Robust Controller for Hydralic
Pump, 2009 (synth)
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= For more see
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http://people.cs.aau.dk/~kgl/Shanghai2013/uppaaltutorial1.pdf
http://people.cs.aau.dk/~kgl/Shanghai2013/uppaaltutorial2.pdf
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Case Studies: Protocols

= Analysis of a protocol for dynamic configuration of
IPv4 link local addresses using Uppaal, 2006

= Formalizing SHIM®6, a Proposed Internet Standard
in UPPAAL, 2007

= Verifying the distributed real-time network
protocol RTnet using Uppaal, 2007

= Analysis of the Zeroconf protocol using UPPAAL,
2009

= Analysis of a Clock Synchronization Protocol for
Wireless Sensor Networks, 2009

= Model Checking the FlexRay Physical Layer
Protocol, 2010
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Using UPPAAL as Back-end

= Timed automata translator from Uppaal to
PVS

= Component-Based Design and Analysis of
Embedded Systems with UPPAAL PORT,
2008

= METAMOC: Modular WCET Analysis Using
UPPAAL, 2010.

= TetaSARTS: a tool for modular timing
analysis of safety critical Java systems,
2013
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UPPaaL is an integrated tool environment for
muodeling, validation and verification of real-time
systems rmodeled as networks of timed automata,
gxtended with data types (bounded integers, arravys,
gto.).

The tool is developed in collaboration between the
Departrment of Information Technology at Uppsala

University, Sweden and the Departrment of Computer
Science at Aalborg University in Denmark,

Download

The current official release is UPPaaL 3.4.11 (Jun 23, 2005), A release of UPPAAL 3.6 alpha 3 (dec 20,
2005) is also available. For maore information about UPPAAL wersion 3.4, we refer to this press release.
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et Rt e

Figure 1; UPPAAL on screen.

AALBORG UNIVERSITY

RELATED SITES: TIMES | UPPAAL CORA | UPPAAL TROMN

License

The UppaAL tool is free for non-profit
applications. For information about commercial

licenses, please email sales{atiuppaali{dot)icom,

To find out more about UPPAAL, read this short
introduction . Further information rmay be found
at this web site in the pages About,

Docurnentstion, Download, and Examples.

Mailing Lists

UppaalL has an open discussion forum group at
Tahoo!Groups intended for users of the tool, To
join or post to the forum, please refer to the
information at the discussion forum page. Bugs
should be reported using the bug tracking
systern. To email the development team
directly, please use
uppaal{atilist{dot)it{dotiuuldot)se.



www.uppaal.{org,com}
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