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Real Time Systems

=

Sensors

Plant

Continuous

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

in Compuler Science

actuators

Controller Program
Discrete

Real Time System

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

Plant Controller Program
Continuous Discrete
sensors
Model
actuators of
tasks
(automatic?)
Model Bl
T D
environmen “&m
(user-supplied /
non-determipism) @ :
o 9 8RS hk UPPAAL Model -

in Computer Science
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Real Time Control Synthesis

Plant Controller Program
continuous Discrete
sSensors
Synthesis
of
actuators tasks/scheduler
(automatic)

s
Model
of
environmen

(user-supplied)

ofl E= BRCS L Partial UPPAAL Model /

Basic Research
in Computer Science




Model-Checking

Model: A

| &
Yesl!

UPPAAL
| Nol!
Requirement S AEF Diagnost_ic
Information

Specification: F %

A — Model: Network of Timed Automata
F — Requirement: TCTL formula, e.g.:
- Invariant: something bad will never happen
- Liveness: something good will eventually happen
- Bounded Liveness: something good will happen before
oL =2 BRCS some upper time-bound T.

Basic Research
in Computer Science
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UPPAAL Tool
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Enabibed Tramibions

L Reset

Siidaticn Trivcm
(5ale, Salu, Sdw, Sale, -, Start)
{Traind 4,00, Gate. Bogge?)

Train?

isafe, Safe, Safe, Apgr, -, Start)

(Gate.9. 80!, Queue.S, 8307}
{Safe, Safe, Sofe, Appe, Orr, Start)
(Trand 4. 80001, Gate. Dagori)

Qe Jjinew [l

Gate  Oueue

Al

Truird, Croes




Timed Automata
Alur & Dill 1989
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Dumb Light Control

press?
?
@ = * Bright

press?

WANT: If press is issued twice quickly
then the light will get brighter; otherwise the light is
turned off.



Dumb Light Control

press?
X:=0 ress?
@ F; N * Bright
<=

press?
X=>3

Solution: Add real-valued clock x

CENTER FOR INDLEJREDE SOFTWARE SYSTEMER
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Timed Automata review

Alur & Dill 1990

Clocks:
n Guard
Boolean combination of integer bounds
Action X<=5& y>3 Reset

used Action performed on clocks

for synchronization
- a State

( location, x=v, y=u) where v,u are in R

xX:=0 Transitions

\scvete“ans ( n, x=2.4, y=3.1415 ) a >
> (m, x=0, y=3.1415)

e &{ N wars (1, x=2.4, y=3.1415)__6(1-1

\ay
pe (n, x=3.5, y=4.2415)

‘ = EcEi!:CReSseorch

in Computer Science
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Timed Automata review

INnvariants

n
x<=5 Clocks: x, y
/ Transitions
x<=5& y>3 2)
Location (n, x=2.4,)=3.1415) AN
Invariants a
e(l.1)
(n, x=2.4,)=3.1415) *
(n, x=3.5, y=4.2415)

— 5

Invariants
ensure

. progress!!

‘ = EcEi!:CReSseorch

in Computer Science



Example

=0 X =
y L0
a b
y<= X<=

y<=2, x>=4

L1

Reachable?

CENTER FOR INDLEJREDE SOFTWARE SYSTEMER



Example

=0 X =
y L0

a b
y<=2 X<=2

y<=2, x>=4

L1

Reachable?

CENTER FOR INDLEJREDE SOFTWARE SYSTEMER

(LO,x=0,y=0)




Example

y.=0
a
y<=
L1
Reachable?
BRICS
Basic Research
in Computer Science

LO

X.=

X<=

y<=2, x>=4

CENTER FOR INDLEJREDE SOFTWARE SYSTEMER

(LO,x=0,y=0)

98(1.4)
(LO,x=1.4,y=1.4)




Example

a
y<=
L1
Reachable?
BRICS
Basic Research
in Computer Science

LO

X.=

X<=

y<=2, x>=4
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(LO,x=0,y=0)
98(1.4)
(LO,x=1.4,y=1.4)

%a
(LO,x=1.4,y=0)




Example
y:=0 0
y<=2

L1

Reachable?

X.=

X<=2

y<=2, x>=4

3 12 E!
! .
(LO,x=0,y=0)
98(1.4)
(LO,x=1.4,y=1.4)
%a
(LO,x=1.4,y=0)
98(1.6)
(LO,x=3.0,y=1.6)
961
(LO,x=3.0,y=0)




constraints

Definition
Let X be a set of clock variables. The set B{(X) of clock constraints
¢ Is given by the grammar:

¢ = z<c|c<z|z<c|e<z | P1 A2

where ¢ € N (or Q).



Clock Valuations and Notation

Definition
The set of clock valuations, R is the set of functions ¢ — R>g
ranged over by u,v,w,....

Notation
Let ueRY, r CC, d € R>g, and g € B(X) then:

e u+dc RC is defined by (u+ d){z) = u(z) + d for any clock z

e u[r] € RC is defined by u[r](z) = 0 when z € r and
u[r|{z) =ulz) for z & r.

e u |= g denotes that g is satisfied by u.



Timed Automata

Definition
A timed automaton A over clocks ' and actions Act is a tuple
(L,1g, E, I), where:

e L is a finite set of locations
e [y € L is the initial location
e ECLxB(X)x Act x P(C) x L is the set of edges

e I: L — B(X) assigns to each location an invariant



Semantics

Definition
The semantics of a timed automaton A is a labelled transition sys-
tem with state space L x RC with initial state (Ig,ug)* and with the

following transitions:
d
e Lu) "Dy (Lutd)iffucIl) and utde 1),
e (ILu) L (I, u') iff there exists (I, g,a,7,!') € E such that

—ufFg,

— ' = u[r], and
— 4 e 1(l"

tug{z) =0 for all z € C
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Timed Automata: Example

location




CSS
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Timed Automata: Example

|

value
: ofz ©
2
Xx<3
Invariant
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Light Control Interface

touch!
press?

starthold!
o
endhold! I
release? =
N
0,
N
.|.
. +
-

‘ = EcEi!:CR?seorch

in Computer Science
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Light Control Interface

BRICS

Basic Research
in Computer Science

Interface

endhpld!

2 =
press? =

<Ase?

release?

toychl
touch!

|
starthold!

relepse? |

endhold!

starthold!

Level: 5

Switch

CENTER FOR INDLEJREDE SOFTWARE SYSTEMER

Dim

T

0]

L++/L--7/L:
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Networks of Timed Automata

(a’la CCS)
_ Two-way synchronization
x>=2 _ .
y<=4 on complementary actions.
a! a? " R R R R RER R R RN
Closed Systems!

xX:=0

Y Y Y

Example transitions

(/1, m1,......., x=2, y=3.5,.....) U (12.m2,....x=0, y=3.5, .....)

‘ = BRI.. If a URGENT CHANNEL

Basic Research
in Computer Science



Network Semantics

T 4T, =(S,xS,,—» sty s2)  where

S, ——1S; S,—5—25S,

Sy ||)(52 —M)Slﬂx S, Sy ||)(SZ —M)S].”XSZ,

! - ? p

Sy 1,82 —— 7|, Sy

e(d) e(d)

S1 1S S,

5y [ls, —=2 >S1lly S2

>2S,

il

@ g
o

ERX(
[0}
8(

el
==
e
g

3



Network Semantics
(URGENT synchronization)

T 4T, =(S,xS,,—» sty s2)  where

Sy ||)(52 —M)Slﬂx S, Sy ||)(SZ —M)S].”XSZ,

! -~ ? -
S]_ 2 )151 SZ —a)z SZ

Sy 1,82 —— 7|, Sy

e(d) e(d)

S1 1S S,

s, llg, —=2

>2 S,

>St ], s> vd' < d, Vue UAct:
e(d) u? e(d) u!

il

@ g
o

ERX(
@
85‘

— (S, > > A S, o> o)

©
==
e
g
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Light Control Network

User

‘ = EcEi!:CRgseorch

in Computer Science

Interface

endh

pldl!

2 =
press? =

release?

-

:ASe?

release?
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= totichl ‘Cunum

(- touch! touch?
-
- starthold!

relepsa? | |

endhold! f\
‘ starthold? old?

startiold!




Overview of the
UPPAAL Toolkit
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File Templates Wiew Queries

Options  Help

C:\Documents and Settings'Kim'Desktop' UPPAAL example:

| B am

G & &

System Editor | Simulatar | Verfier |

WQ%‘@

=10l x|

Dirag out Name: IInlelfacs Parameters: I
_ 4 LightBertinoro2004
# Global declarations I
# Declarations N
=5 User
fel
# Declarations o (LI
=%} Contral [EEEE ¥=0
tough!
# Declarations
enfihold!
Process assignments
S pstem definit
pstem definition s
¥==5
releape?
Base?
relpase w=fl0
®==[10
starfhold!

Editor

BRICS

= == Basic Research

in Computer Science

DOim

cuments and Settings htBertinoro2004.xmil - UPPA, O il
mplates  Wiew Queries Options Help
Editor  Simulator | Verltier |
Dirag out [hag out -
~Mariabl Interface
Enabled Transitions .
L =0 - Control
(Interface.5) cime in [22,58] el -
[User1.r 7
User.z in [2,5] * L
Interface.x in [2,5] T ey
Mext | Reset time - User.z in [20,53]
time - Interface.x in [20,53]

Simulation Trace

Fielace. &. fouchl, Cortol 2 touch o
[-, O, -1
[Usger. 2 press!, Interface. 1 press?)

=

Trace File: I

Prey MNext Replay
Open Save Randaom
|
1 1 4 1 1 1
Fast

Interface.x = User.z

User Interface Control

131

File:

Templates

; C:\Documents and Sel

Wiew Queries Options

Simulator

Help

| B a [

System Editor I Simulator

Qe R @

Werffier |

Overview

]
FlE<> Interface.Din .

P2

Query

Model Check

Iresert

Remove

Comments

Comment

true --> Interface.0ff

I’l‘he light switch will always ewehtually turn off

Status

Froperty is satisfied
true > Interface. O
FProperty is zatisfied.

E <> Interface.Dim
Froperty iz not satizfied.

Verifier



CSS

Train Crossing

Stopable
Area

[10,20]

Queue

“:L

i«

= Basic Research Gate

in Computer Science
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T rai N C rOSSi N g Communication via channels and

shared variable.

Stopable
Area
appr, \ [10,20]

stop

[7,15]
.

Queue €mpty
nonempty

hd, add,re

il

i«

Gate

= Basic Research
in Computer Science



Timed Automata
IN UPPAAL
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Declarations

4. C:/Documents and Settings,/Kim/Desktop/uppaal-3.4.7 /demo /train-gate.=ml - UPPAAL

File Templates

View  Cueries

Options  Help

CSS

CENTER FOR INDLEJREDE SOFTWARE SYSTEMER

=10l x|

|0 & @

o & &

® @

g 1D-

System Editar | Simulator | Verifier |

Dirag out |: it
Jtrain-gate * For more details abhout this exanple, see
[ B |obal declarations * "automatic Werification of Real-Time Communicating Systems by Constraint Solwving',
E Train * by Warng ¥i, Paul Pettersson and Mats Daniels. In Proceedings of the 7th International
o&- Gate * Conference oh Formal Description Technicues, pages 22353-235, North-Holland., 1994,
-5 IntQueue w g
i Process assignments
- # System definition const N 5: /4 # trains + 1

int[0,N] el;
chan

appr, atop, go, leawve:

Constants
Bounded integers

EIE Train
S &' larations

chan enpty, notempty, hd, add, rem:
_J train-gate clock x:
i Global declarations ’

Channels
Clocks

I _ 4 hain-gate
. [Global declarations
=) Train

“otp Declarations
-5 Gate

EH Intdueue

R

int[0,N] list[N],

len, i:

Arrays

Templates
Processes

i

Trainl:=Trainiel,
TrainZ:=Trainiel,
Train3:=Trainlel,
Traind: =Trainlel,

1y:
21:
3
4);

Systems

E- Intdueus

. le.s Declarations
# Process assighments
em definitian

aysten

Trainl, TrainZ, Traind, Traind,

Fate, Queue;
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Declarations in UPPAAL

m The syntax used for declarations in UPPAAL is similar to
the syntax used in the C programming language.

m Clocks:
- Syntax:

- clock x1, .., xn ;

- Example:
- clock x, vy; Declares two clocks: x and vy.

‘ = EcEi!:CReSseorch

in Computer Science
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Declarations

m Data variables

Syntax:

int nl1, .. ;
int[l,u] n1, .. ;
int n1[m], .. ;

BRICS

Example:
int a, b;

int[0,1] a, b[5][6];

Basic Research
in Computer Science

CENTER FOR INDLEJREDE SOFTWARE SYSTEMER

In UPPAAL (cont.)

Integer with “default” domain.
Integer with domain “I”” to “u”.

Integer array w. elements
Nn1[O0] to nl1[m-1].
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Declarations in UPPAAL (cont.)

m Actions (or channels):

- Syntax:

- chan a, .. ; Ordinary channels.

- urgent chan b, .. ; Urgent actions (see later)
- Example:

- chan a, b;
- urgent chan c;

‘ = EcEi!:CReSseorch

in Computer Science
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Declarations UPPAAL (cont.)

m Constants
- Syntax:

~ const Int cl1 = nl;

- Example:
- const Int]0,1] YES = 1;
- const bool NO = false;

‘ = EcEi!:CReSseorch

in Computer Science
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Timed Automata in UPPAAL

e =id,
Safe ©\ x=0 e Cross invariants
4 <=5
appr!
e:=id, x:=0
Discrete x.=0
Variables
X>=7
Guards
Appr Start
x<=20 x<= 15
x<=10,
e==id 0
Synchronizations
Resets Stop

‘ = BBcEi!:CRgsecrch

in Computer Science



Timed Automata in UPPAAL

i :=Expr

Expr =i |i[Expr]| < O-

n|—Expr |
Expr +Expr
Expr —Expr

Expr > Expr
Expr/Expr |
(ga?Expr: Expr)

inv ::= x < Expr | x <= Expr|inv,inv

X>=3

Resets

x = Expr

Cross invarlantS
KZD X<=35

x:=0

Guards

g:=gclgelg.g

1 gc = x ®Expr|x®y +Expr
gd -:=Expr op Expr

®e{<, <=,=,>=>}

Op €{<I <:I — >:l >II :}




Expressions

list{len].=e,
add?  [en++

notermpty!

len=0
e =list0]
b

l<len listi=listfi+1],
i++

‘ = EcEi!:CRgseorch

in Computer Science
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used in

guards,
Invariants,
assignments,
synchronizations
properties,
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Expressions

Fxpression

BRICS

Basic Research
in Computer Science

D
NAT

Expression ' [’ Expression ']f

" (' Expression ")
Expression "++' | "++' Expression

FExpression '"——' | "'—--' Expression
Fxpression AssignOp Expression
UnaryvOp Expression

Fxpressicn BinOp Expression
P

Expression ’'?' Expression

ID 7.7 ID

Expression



Operators

Unary

F r | F!f

Binary

I ! | I e="r

.F_|_.F | F__r

.F|.F | A

"and” | 'or
Assignment

r .= | ry—r

=t TE=T

‘ = EcEi!:CRgseorch

in Computer Science

"not’
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Guards, Invariants, Assignments

Guards:

It is side-effect free, type
correct, and evaluates to
boolean

Only clock variables,
iInteger variables,
constants are referenced
(or arrays of such)

Clocks and differences are
only compared to integer
expressions

Guards over clocks are
essentially conjunctions
(l.e. disjunctions are only
allowed over integer
conditions)

BRICS

Basic Research
in Computer Science

Assignments

It has a side effect and is
type correct

Only clock variable,
Integer variables and
constants are referenced
(or arrays of such)

Only integer are assigned
to clocks

Invariants

It forms conjunctions of

conditions of the form x<e
or x<=e where x is a clock
reference and e evaluates

to an integer
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Synchronization
Binary Synchronization Broadcast Synchronization
[ | DeC|aI’ed ||ke: m Declared ||ke
chan a, b, c[3]; broadcast chan a, b, c[2];
m If a is channel then: m If ais a broadcast channel:
- a! = Emmision - al! = Emmision of broadcast
~ a? = Reception - a? = Reception of broadcast

m A set of edges in different
processes can synchronize if
one is emitting and the others
are receiving on the same b.c.

m Two edges in different
processes can synchronize
If one Is emitting and the

other Is receiving on the channle. A process can always
same channel. emit.
Receivers MUST synchronize if
they can.
No blocking.

‘ = EcEi!:CReSseorch

in Computer Science



More on Types

m Multi dimensional arrays
- e.g. Int b[4]1]2];
m Array Initialiser:
- eqg.int bf4)] ={ 1, 2, 3, 4 };

m Arrays of channels, clocks, constants.

- e.g.
- chan a[3];

- clock c[3];
- const K[3] { 1, 2, 3 };

m Broadcast channels.
- e.g. broadcast chan a;

CENTER FOR INDLEJREDE SOFTWARE SYSTEMER



Templates

1
: Marne: ITrain Param(er&: Iint[D,N] &; const id

N

=0 '
Sare
©
appr!
£ =id,
W=0

Appr
®==20
we=110,

e==id

Stop

Dirag out

CENTER FOR INDLEJREDE SOFTWARE SYSTEMER

m Templates may be
parameterised:

~ 1nt v; const min;

const max

m Templates are instantiated
to form processes:

o

INt[O,N] e; const

4§ rain-gate

i«

ElE Train

‘s Declarations
-5 Gate

ElE IntQueue

‘-t Declarations

L i Systemn definition

BRICS

Basic Research
in Computer Science

------ # Global declarations

------ L WFiocess assignments

inl:=Trainiel,

inZ:=Train(el,

Train3:=Trainlel,
Traind: =Trainlel,
Queue; =Intfueueiel);

3)1:
4y ;

- Trainl:=Train(el, 1);
- Train2:=Train(el, 2);
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Extensions

Select statement Forall / Exists expressions

m models a non-deterministic m forall (x:int[0,42]) expr

choise true if expr is true for all
m X I Int[0,42] values in [0,42] of x
Types m exists (x:int[0,4]) expr

true if expr is true for some

values in [0,42] of x
m Record types

m Type declarations i
_ Example:
m Meta variables: forall
not stored with state (x:int[0,4Darray[Xx];
meta Int X;

‘ = EcEi!:CReSseorch

in Computer Science
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Urgency & Commitment

Urgent Channels Urgent Locations

m No delay — time is freezed!

= May reduce number of
clocks!

m No delay If the
synchronization edges can
be taken !

= No clock guard allowed. Committed Locations

m Guards on data-variables.

No delay.
| o s Next transition MUST
m Declarations: involve edge in one of the
urgent chan a, b, processes in committed
cl[3]; location

m May reduce considerably
state space

‘ = EcEi!:CReSseorch

in Computer Science



TCTL:

Timed Computational Tree
Logic
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TCTL = CTL + Time

bu=p|a|-6|dVve|lzing|E[pUg)|A[sUg]

p € AP, automic propositions,
ze D, formula clocks,
a — constraints over formula clocks and automata clock

zing —‘“freeze operator’” introduces new
formula clock z
E[6Uo¢], AloU ¢ ] - likein CTL

No EX ¢



Derived Operators

AlpUgr ¢] = zinAll¢ A z2<T)U ).

CENTER FOR INDLEJI SOFTWARE SYSTEMER

Along any path ¢ holds continuously until within 7 time units

v becomes valid.

EF .5 ¢ = zinEF(z<5 A ¢)

The property ¢ becomes valid within 5 time units.



Paths

A pathis an infinite sequence s8q gy 51 @3 82 a2 . .. of states alternated by transition
labels such that 5; =+ 5,41 for all ¢ > 0.

Example:

(off, x =y =0)—2(off, x=y =3.5) push_ {z}
(On,X:y:O)L)(On’X:y:ﬂ.) push N
(On,x:O,y=ﬂ)—3)(on,x:3,y:ﬂ.+3) 9—(7+3) N

(on,x=9—(7+3),y=9)—* 5(off,x =0,y =9)...

i«

= BRICS
B c Research
Cm Sc



CSS
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Elapsed time In path

Alg,0) = 0

Alg,i+l) = A(cr,i)Jr{

0 ifg=x
g ifagcR'.

Example:
o= (off, x=y=0—2(off, x=y=35)—2",

(on,x=y=0)—2>(on,x=y=7)—2"

(on,x=0,y=7)—>>0nx=3 y=7+3)—=3

(on,x=9—(7+3),y=9)—* 5(off,x=0,y =9)...
A(G,1)=3.5, A(5,6)=3.5+9=12.

A\ 4 |

R,
n Com Sc



TCTL Semantics

S, WEDP iff p € Label(s)
§,WE « iffvUw E «
s, W= ¢ iff =(s,w = ¢)

swEeV Y (s, uE@ V (s,wEY

s,wEzing iff s,reset z in w = ¢

s,w EE[¢Uy] iff 3o € PP(s).3(i,d) € Pos(o).
(o(i,d), w+A(o, ) E¢ A

s - location

w - formula clock valuation
Pu(s) - set of paths from s
Pos(c) - positions in o
A(o,1) - elapsed time

(v (5, d) € (5,d).0(j,d), wtA(o,5) E ¢ V ¥))

s,wEA[QUY] iff Vo€ P(s).3(i,d) € Pos(o).
((o(i, d), w+A(g, 1) E¢ A

(V(5:@) < (1,d). (07, @), wtA(0,5)) = 6 V 9)).

(i,d) <<(i’,d") iff (i<j) or ((i=j) and (d<d"))

gff E= BRICS

Research
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Timeliness Properties

AG [send(m) => AF 5 receive (1))

receive(m) occurs within 5 time units after send(m)

EG [send(m) = AF_y; receive (1))

receive(m) occurs exactly 11 time units after send(m)

AG [AF _y5 putbox|

putbox occurs periodically (exactly) every 25 time units
(note: other putbox’s may occur in between)

CSS
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Logical Specifications

m Validation Properties
- Possibly: E<>P

m Safety Properties
- Invariant: A[] P
- Pos. Inv.: E[] P

m Liveness Properties
- Eventually: A<>P
- Leadsto: P->Q

m Bounded Liveness
- Leads to within: P >_,Q

ofl = BRICS
= == Basic Research
in Computer Science



Logical Specifications

m Validation Properties
- Possibly: E<>P

- E<>p

CENTER FOR INDLEJREDE SOFTWARE SYSTEMER
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Logical Specifications

u ]
) '+
o
m Safety Properties Ally
- Invariant: A[lP
- Pos. Inv.: E[]P .
IT'/
|
- El]ly
|
- ¥



Logical Specifications

|
|

_ A<>p
m Liveness Properties

~ Eventually: A<= P p——>Y

- Leadsto: P->0

CENTER FOR INDLEJREDE SOFTWARE SYSTEMER
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Logical Specifications

m Bounded Liveness
- Leads to within: P >_,Q



CENTER FOR INDLEJREDE SOFTWARE SYSTEMER

T rai N C rOSSi N g Communication via channels and

shared variable.

Stopable
Area
appr, \ [10,20]

stop

[7,15]
.

Queue €mpty
nonempty

hd, add,re

il

i«

Gate

= Basic Research
in Computer Science



Gear Controller T

with MECEL AB Lindahl, Pettersson, Yi 1998
— = —
EJ &)‘g Interface

\—. -/

Network GearBox Engine Flowgraph
Reqlevlear 1
| From(eaar | Newlear
[T-;-{F-Eli:lrl||
GearContrdl
. GCT imer
( ToGear)
RaqSet GearSet OpenClutch T Clurch1 slpen heqSpeed TorqueZera
Raqlleu Gearneu CloseClutch ClutchlaClosad Reqlorque SpeadSet
ReqderoTorque
¥ ¥
Gearbox Clutch Engine
‘ == BRICS GETimer CTimer ETimer
& &= Basic Research (ExrStat) (ErrStat) (UseCasea)

in Computer Science



Gear Controller

with MECEL AB

Requirements

Volvo

GearBox Engine

GearControl@lInitiate ~» <1500 ( ( ErrStat =0 ) = GearControl@GearChanged )
GearControl@Initiate ~» <1000
( ( ExrrStat =0 A UseCase=0) = GearControl@GearChanged )

Clutch@ErrorClose ~s <0 GearControl@CCloseError
Clutch@ErrorOpen ~r <209 GearControl@COpenError
GearBox@Errorldle ~+ <30 GearControlQGSetError
GearBox@ErrorNeu ~+<xo0 GearControl@GNeuError
Inv ( GearControl@CCloseError = Clutch@ErrorClose )
Inv ( GearControl@COpenError = Clutch@ErrorOpen )
Inv ( GearControl@GSetError = GearBox@Errorldle )
Inv ( GearControl@GNeuError = GearBox@ErrorNeu )
Inv ( Engine@ErrorSpeed = ErrStat £ 0 )
Inv ( Engine@Torque = Clutch@Closed )

/\ Poss ( GearAGear; )
iE{ RN, L5}

/\ Imv ( ( GearControl@Gear A GearQGear; ) = Engine@Torque )

CENTER FOR INDLEJREDE SOFTWARE SYSTEMER

Interface
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UPPAAL 3.4

notermpty? rem?
© ©-

h Free A

B oty ?

bl appr? @)

M

leave?
oee

stop!

Gate Template

‘ = EcEi!:CRgseorch

in Computer Science

CSS
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LHIBLLIMaLRLaL

list[len]: =g,
add? len++

natermpty!

len=0
& =list0]
b7

list[i]:=0,1:=0

shiftdown

i<len  listiL=listi+1],
++

int[O,N] list[N], len, i:

IntQueue
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LHIBLLIMaLRLaL

UPPAAL 3.6 (3.5) with C-Code

lisEmpty()
el = hd()

appr?
enqueue(el)

leave?
A
Occ
appr?
enqueue(el) stop!

Gate Template

A'l!; -.Eggizﬁomh

in Computer Science

dequeue()

int[0,N] lisc[HN], len;

volid encqueue (int[0,N] element)
{

lizt[len++] = element;
¥

vold degqueue()
{
int i = 0;
len -= 1:
while (i < len)
{
lizt[i] = li=c[i + 1]:

i+

}
list[i] = 0O:
i=0;

H

bool isEmptyi)

{

return len == 0;

H

int[0,N] hd()
{

return listc[0];

}

Gate Declaration



Case-Studies: Controllers

m Gearbox Controller [TACAS’98]

m Bang & Olufsen Power Controller
[RTPS’99,FTRTFT 2K]

m SIDMAR Steel Production Plant [RTCSA’99,
DSVV’'2K]

Real-Time RCX Control-Programs [ECRTS’2k]
Experimental Batch Plant (2000)
RCX Production Cell (2000)

Terma, Verification of Memory Management for
Radar (2001)

m Scheduling Lacquer Production (2005)

m Memory Arbiter Synthesis and Verification for a
Radar Memory Interface Card [NJC'05]

MEEES

arch
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Case Studies: Protocols

m Philips Audio Protocol [HS’95, CAV’95, RTSS’95,
CAV’'96]

Collision-Avoidance Protocol [SPIN'95]
Bounded Retransmission Protocol [TACAS’'97]
Bang & Olufsen Audio/Video Protocol [RTSS'97]
TDMA Protocol [PRFTS’97]

Lip-Synchronization Protocol [FMICS’97]
Multimedia Streams [DSVIS’98]

ATM ABR Protocol [CAV'99]

ABB Fieldbus Protocol [ECRTS’2K]

IEEE 1394 Firewire Root Contention (2000)
Distributed Agreement Protocol [FormatsO5]

Leader Election for Mobile Ad Hoc Networks
= BRICS [CharmeO5]

asic Research
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www.uppaal.com

RELATED SITES: TIM

UPPAAL

Il s
e

Home | About | Documentation | Download | Examples | Bugs

UPPAAL is an integrated tool environment for ﬁ — License
= e =
rmodeling, validation and verification of real-time . ;
; - - 1 The UpPaasL tool is free for non-profit
systerns modeled as networks of timed automnata, - 2 l R ; : :
y gl » applications, For information about commercial
extended with data types (bounded integers, arrays, & ;
licenses, please email sales{atjuppaal(doticom.
etc.). a ' ¥ #
Th Iie Faialoned lab ion b & u - To find out more about UPPAAL, read this short
e e:e ﬁ:ﬂ s : n':atu:n ik IE 1= 4 . " . introduction . Further information may be found
Departrr Information Technols | 2 i : o
UP nl';mﬂ'g : rmd Iﬂ_ln nﬂ o tatfuppsa at T at this web site in the pages About,
. & 4 =
n.wersn‘f weden an e. Qf.;ga mient of Computer v 7 T S e
Sgience at Aalborg University in Denmark. as | | ]
. | 7] Mailing Lists
Download 2

Figure 1: UPPAAL on screen.

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 more information about UppasL version 3.4, we refer to this press release.,

UppaaL has an open discussion forum group at
Yahoo!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
syster . To emnail the developrment team

directly, please use
uppaal{ at)lst{dot)t{dotuu{dot)se.

AALBORG UNIVERSITY

UNIVERSITET

BRICS
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