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CISS - center For Embedded Software Systems

Regional ICT Center (2003- )

= 3 research groups
= Computer Science
= Control Theory
= HW/SW- codesign

= 20 Employed

= 25 Associated

= 20 PhD Students

= 50 Industrial projects

= 10 Elite-students
= 65 MDKK 'E

Information Society

Technologies

= ARTIST Design
= ARTEMIS
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ES are Pervasive

Characteristica:

Dedicated function

=  Complex environment
= SW/HW/Mechanics

=  Autonomous

= Ressource constrained
. Energy

: Bandwidth

. Memory

= Timing constraints
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ES are often Safety Critical

300 horse power
100 processors

How to achieve ES that are:

e correct
predicable
dependable
fault tolerant
ressource minial
cheap

| Model-Based Development

SSFT2015 / Kim G Larsen
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Requirement .
Ad(req = A
AO(req = A3 grant)
AO( req = Ad<zps c<sg grant)
AO(req = Ai<aos . p>0.90 grant)

No!
Debugging Information

Yes
Prototypes
Executable Code
Test sequences
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Requirement . -
Ald(req = A
AO(req = A3 grant)
AO( req = Ad<zps c<sg grant)
AO(req = Ai<aos . p>0.90 grant)

No!
Debugging Information

Yes
Control Strategy



Origin of UPPAAL

EPSILON
TCCS
Timed Refinements
Timed Mu-Calculus
Regions
Prolog

CCS & Modal Transition Systems
Refinements

Modal Mu-Calculus
Explicit State Representation

TAU

Prolog

UP4ALL
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UPPAAL
Timed Automata
TCTL
Zones
C++ & Java

2013
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= Timed Automata & UPPAAL

= Symbolic Verification &
UPPAAL Engine, Options LNE] 2 "

* Priced Timed Automata e (| 0\ ) [ C
and Timed Games

= Stochastic Timed Automata
Statistical Model Checking
Optimal Synthesis

(Lecture + Exercise)?



From Timed Automata to Stochastic Hybrid Games

Model Checking, Performance Evaluation and Synthesis
using UPPAAL

Kim Guldstrand Larsen
CISS, Aalborg University, DENMARK

Fifth Summer School on Formal Techniques
May 17 - May 22, 2015
Menlo College, Atherton, CA

Slides (preliminary — will be updated)

1. Timed Automata and UPPAAL

2. Symbolic Verification and UPPAAL Engine

3. Priced Timed Automata and Timed Games

4. Stochastic Timed Automata and Statistical Model Checking

Material available herel

www.uppaal.org

Exercises available herel
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SENSOrs

actuators

“Plant Controller Program
Continuous Discrete

Eg.: Realtime Protocols

Pump Control Real Time System

égb%atgs A system where correctness not only
Cruise Control depends on the logical order of events
ABS but also on their timing!!

CD Players

Production Lines




press?
? press?)?]t press? )%Jht

press?




Synchronizing

Soset action
ese

press? Bright

X<= 3

Clock Guard
[.')reSS’;> X>3 Conjunctions of
X~N
X: real-valued
clock
ADD a clock x




press?

x=0

press? Lt

ht

press?

Bfight

X<=3

press? Xx>3

States:
( location , x=v) where veR

Transitions:

delay 4.32
press?
delay 2.51
press?

( Off , x=0)
> ( Off , x=4.32)
- ( Light , x=0)
- ( Light , x=2.51)
- ( Bright , x=2.51)




Invariant
(Henzinger)

0 x==100
LigrLt
f press? x=0 x<=100 X<=3 press? BIQQLWU
X>3 K0 X3
o press?
x=0  x==100 | T Press’ =

x=0




x=0

x==100

Light
press? x=0 x<=100 X<=3
X= xmul : ”ESS'?
Transitions:
( Off , x=0)

delay 4.32
press?
delay 4.51
press?
delay 100

T

-> ( Off , x=4.32)
- ( Light , x=0)

- ( Light , x=4.51)
- ( Light , x=0)

- ( Light , x=100)

> ( Off , x=0)

Bright
press’? x<=100
X>3
press’?

Note: X

( Light , x=0) delay 103 >

Invariants
ensures
progress



Light
x<=100

J press? x=0 X<=3 press'?
1 3
x= x==100 | 7 Press

1% simulate 1 [<—-1moamtc:mnnuerurr + 2*Controller.Light + 3*Controller Brioht _ EE=S=)

Slmulatmns (1)

e

8,0E3 9,0E3 1,0E4




=0 x==100
Light Bright
press? x=0 x<=1 00)({:3 press? =100
x=0
x>3
press? press?
x=0 x==100 x=0 x=0
y>=98  press! y=0
st sy
y<=130 y<=10
y=0 press!




Let C = {x,y,...} be a finite set of clocks.

Set B(C) of clock constraints over C

B(C) is defined by the following abstract syntax

g8,81,8 =X~n | x—y~n| gNAg

where x,y € C are clocks, n € N and ~€ {<, <, =,>,>}.

Example: x <3 A y>0 A y—x=2




Clock valuation
Clock valuation v is a function v : C — R=9.

Let v be a clock valuation. Then

@ v+ dis a clock valuation for any d € R=? and it is defined by
(v+d)(x) =v(x)+dforall xe C

@ v[r] is a clock valuation for any r C C and it is defined by

0 if xcr
v[r](x) { v(x) otherwise.




Clock Valuation - Evaluation

Evaluation of clock constraints (v = g)

vEX<n iff v(x) <n
vEXx<n iff v(x) <n
VEX=n iff v(x) =n

viEXx—y<n iff v(x)—
vEx—y<n iff v(x)—

v E g1/ e iff v = g1 and v = g

SSFT2015 / Kim G Larsen




Timed Automata - Syntax

A timed automaton over a set of clocks C and a set of labels N is
a tuple

(L. lo, E.T)
where
@ L is a finite set of locations
@ (o € L is the initial location
o EC LxB(C)x N x 2 x Lis the set of edges

o /| : L — B(C) assigns invariants to locations.

We usually write /¢ £20 ¢ whenever (¢,g,a,r.l") € E.

SSFT2015 / Kim G Larsen u e a




Timed Automata - Semantics

Let A= (L, ¢y, E,l) be a timed automaton.

Timed transition system generated by A

T(A) = (Proc, Act, {—+| a € Act}) where
@ Proc = L x (C — R2Y), i.e. states are of the form (/. V)
where / is a location and v a valuation

o Act = N UR=Y

@ —— is defined as follows:

(0.v) === (¢'.v') if there is (222 ¢)) € E sit. v =g and V/ = v][r]

(4. v) A, ((,v+d) foralld c RZ°st. vi=I(¢) and v+ d = (¢)

o

SSFT2015 / Kim G Larsen




Simulatons

3.5

3.0

2.5

w20

guard S8
1.0

0.5

0 1.1 2.2 3.3 4.4 5.5 6.6 7.7 8.8 9.9 11.0
time

2<=x &&
X<=3

al €= synchronization

X:

0
€~ reset




Simlations

0 1.3 2.6 3.9 o2 6.5 7.8 9.1 10,4 11.7

invariant




x:=0

b
X<=2

y<=2, x>=4

@

Is L1 reachable ?







x:=0

X<=2

y<=2, x>=4

@

(g()ax:an:O)
1 W,z =14,y = 1.4)




x:=0

X<=2

y<=2, x>=4

@

(g()ax:an:O)

1 W,z =14,y = 1.4)
s (ly,x =14,y =0)




x:=0
b
|
X<=2 E
!
y<=2, x>=4 X
C (g()ax:an:O)
1 W,z =14,y = 1.4)

‘ s (lg, = 1.4, = 0)
L L5 (o, 2 = 3.0,y = 1.6)

= (ly,x = 3.0,y =0)




x=100

Sy\nchronization

y>10 press! y:=0

press!

Transition

delay 20
press?!
delay 2
press?!

( Off, Rest, x=0, y=0)
- ( Off, Rest, x=20, y=20)
- ( Light, Busy, x=0, y=0)
- ( Light, Busy, x=2, y=2)
- ( Bright, Rest, x=0, y=0)




Network Semantics

T1||XT = (5, xS,,-, s(l)”X s;) Wwhere

S,—> s,  Ss,—23;s,’

s, |l,s —T>51’||x S,

e(d) e(d)

s, s, —= >Sy ]l S2

S

s, llxs; —t sy s, S ||x52—u>51||xszl
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Network Semantics eon

2
(URGENT synchronization) S\J(\G‘(\(Oﬂ\l
x \)(93“\
T]_ ||XT — (Sl X Sz,—), S](')”)( SS) where
s,—* s, s,—% 555,
s.hs,—s/lcs, P
al 7 a’ ,
S]_ —1 Sl SZ —>9 52

S ”xSZ —T)Sll||x52’ vd’ < d, Yue UAct:

RECE SRS

e(d) e(d)

>1 Sl, 52
d ’
s, lhs, —=< >SSz
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First Introduction




press? d release? - touch! 0.5<d<1
press? 1 - startH!
press? d release? > endH! d»l

touch!
J
press?

starthold! |
o

endhold! T

release? d i

&
+
+
-

User

press? 0.2 release? ... press? 0.7 release? .. press? 10 2.4 release? ..

!

’rhi h! l :
e ouch! startH! ﬂ a




Light Control Interface

press? é)

Interface

endhpld!

A

release?

release?
JSE?

touchl

Switch

Dim

h!
C touc >
starthold!

relepse?

starthold!

endhold! >
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User

Interface

endhpld!

release?




Usr

starthold!

touich!

relepse?

Switch

L=0L, OL=L,
on=1 L=0,
on=0
2
touch? touch?
Dim
Dim

L>0 and x==




Usr

Interface

& simulate 1 [<=1000] {L}

value

Simulatons

2.9

8.8

77

6.6

5.5

4.4

3.3

2.2

1.1

0 a0 160

240

400

480 560 40 720 a00 880 960
kime

Lt i

==

| 1=

SL=L-1,
x=0




3 output ports

= Sensors: temperature,
light, rotation, pressure.

= Actuators: motors, lamps,

= Virtual machine:

= 10 tasks, 4 timers,
16 integers.

= Several Programming Languages:
= NotQuiteC, Mindstorm, Robotics, legOS, etc.




The Plant 7'!'?5-"’;?. N e Controller
Conveyor Belt N T e — N Program
& Nove, W/ N\ | LEGO MINDSTORM

What is suppose to happen?




Ken Tindell

@ Piston
V
Conve%r Belt

remove

99

Black

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




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) ;

}
}

int active;
int DELAY;
int LIGHT LEVEL;

task PUSH{

while (true) {
wait (Timer (1) >DELAY && active==l) ;
active=0;
Rev (OUT _C,1) ;
Sleep (8) ;
Fwd (OUT _C,1);
Sleep (12) ;
Off (OUT_C) ;




B1

blck!
pos== ‘ pos==18 i pos==81 . pos==380 .
,:un 1 Sensor on2 piston end
pos<=9 pos<=18 pos<=81 pos<=390
oL remave?
pos=0

start off




TaskPUSH
TaskMAIN x==ctime eject! active=0
S0 blck?
?
e (] x=0, | ,
active=true || wait e
¥<=ctime )
active== go?
Piston
s1
eject?
y=0
b o
remavel 52 y==
y<=1




= Model includes
Round-Robin
Scheduler.

= Compilation of RCX
tasks into TA
models.

= Presented at ECRTS
2000




The Production Cell
Course at DTU, Copenhagen
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Approaching ]—{ Crossing J—{ Safe }

=1

tracks



Safe —{Approaching ]——>-—> Safe
Safe—>-—>[ Crossing ]——> Safe

tracks

- —

Time

. Stop the train while it still stoppable! _ u “ a a




Safe

Safe

ZApproaching:

Crossing

Safe

iApproaching:

|

[Stopped

Crossing

Safe

tracks




Approachin_q Crossing

Add timing+ T
synchronization
[ Stopped’ {Restarted} x>=3

Cross
x<=5

leave[id]!
Safe ._‘

l A apprlid]!

x=0

: : Appr

x<=20

x<=10
stopl[id]?
Stop

x>=7
x=0

Start
x<= 15

o[id]?
x=0




L C:\Users\kgI\Desktop\DWZ\UPPWPMLﬂampled\LMBI\_SMQTr_; nGateCPS14.xml - UPPAAL

.

File Edit View Tools Options Help

Editor | Simulator | Concretesimulator | Verifier | yggdrasil|

BaBE?¢laaaFe- -

| 1 Project W Mame: |Train Parameters: |oon5l id_t id

- # Dedlarations

]

-5 Gate

. - Declarations
4 System declarations

x>=3

id]!
leavelid]! Cross

Safe
(1 +id):N*N .=(

apprfid]!
x=0

Appr
x<=20

x<=10
stop[id]?

x=<=5

x>=7
=0

Start
x<=15

go[id]?
x=0

Stop



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

i |IPPAAL - Help

<] &le

=10 x|

Olal

L FPAAL Hep
=4 GUI Reference
- | Menu Bar
------ # Tool Bar
-] System Editor
-] Simulator
- Verifier
(=" { Language Reference
E@ System Description
-] Declarations
] Templates
@ Parameters

|1 Swstem Definition
- Pricrities
S f Scope Rules
@ Semantics
| Requirement Specificatio
-] Expressions
Lo Reserved Keywords
Cornmand Line Options
File Formats
MNew Features

|UPPAAL Help

UPPAAL iz a tool for modeling, walidation and werification of real-time systems. It is appropriate for
systems that can he modeled as a collection of non-detertninistic processes with finite control
structure and real-walued clocks {1 e timed automata), communicating through channels and (or’
shared data structures. Typical application areas include real-time controllers, communication
protocols, and other systems in which tirming aspects are critical

The UPPAAL tool consists of three tain parts:

# a graphical user mterface (GUI,
# a verification server, and
# a cormtiatd line tool.

The GUI 15 used for modelling, simulation, and werfication. For both simulation and verification, the
GUI uses the werification server. In stimulation, the serwer iz used to compute successor states. The
cotrnand bne tool is a stand-alone verifier, appropriate for e.g batch werifications.

IWiore infortmation can be found at the UPFAAL weh site; http: //wnawa. uppaal. com




Validation Properties
= Possibly: E<> P

Safety Properties
= |nvariant: Al] P
= Pos. Inv.: E[] P

Liveness Properties

= Eventually: A<> P
= Leadsto: P> Q

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




% C\Users\kgl\Desktop\DESKTOP12\UPPAAL\U PPﬁAL examples\LCCC2013\SMC\TrainGateCPS1.... l-E‘@‘E
o i i . F 3 - s -

Eile Edit View Tools Options Help

I - oml s o @ @ [ las - |

S C:\Users\kgl\Desktop\DESKTOP12\UPPAAL\UPPAAL examples\LCCC2013\SMC\TrainGateCPS14.xml| - UPPAAL - @EE

File Edit View Tools Options Help

Ram s fla Al e

(eCPS14xmi - UPPAAL e 5 |
¥ C:\Users\kgl\Desktop\DESKTOP12\UPPAAL\UPPAAL examples\LCCC2013\SMC\TrainGateCPS14.xml - UPPAAL - =k

‘Eile Edit View Tools Options Help
BaB(d¢|aa e [{@- >0

| Edito Simulatorl ConcreteSimulatorl Ver'rﬁerl Yggdrasill

.. # Dedlarations

H id t list[w+1]; -
.ﬂ Train int[0,N] len;

-5 Gate

“-# System declarations // Put an element at the e=nd of the gueus

] Name: Parameters: | I

void enqueue(id_t element)

{

list[len++] = element;

}

Language
User defined functions (C-like)

New types (records, type
declarations, meta variables,
scalars)

// Remove the front element of the guesus
void deguene()
{

int i = 0;

len -= 1;
while (i < len)
{

li=t[i] = list[i + 1];

i++;

}
list[i] = 0;

}

Select clauses on edges
Forall and exist quantifiers

// Returns the front element of the gueus
id t front()

Partial instantiation of templates




File Edit View Tools Options Help

Ladd¢c adaaRAdse
Edilorl Simulator| ConcreteSimulator Ver'rﬁerl Yggdrasil

Transition chooser
00 30 60 90| 420 50 a
Traing4 .

-
4 I 3

Delay: ho,8982] [ S Reset Delay
| b Take transition |

Simulation Trace

[ 4 Frst | a68,108[2 W Last |
[ 4l Prev “ b Play b Next ]
Speeder
| | | | | U_I
Slow Fast
l p Random ]

(Safe, Safe, Safe, Safe, Safe, Safe, Free)
Gate m
(Safe, Safe, Safe, Safe, Safe, Safe, -)
appr{2]: Train(2) — Gate[2]

(Safe, Safe, Appr, Safe, Safe, Safe, Occ)

anpr(31: Train(3) — Gate[3] N
< | 1 | »

[=t-<Global variables>
t{ﬂ} =0

L-time = 457.299845
-5 Gate

E| list = {4,1,2,0,3,0,0}

L)
“len =5
=% Train(0)
. L= 0.066801
=5 Train(1)
| Lx = 47.604389
=5 Train(2)
 Lx=0.111443
=% Train(3)
X = 0.049604
-5 Train(4)
. Lx=0.000000
=5 Train(5)

L = 4.909008

Train(0)

Safe
{1+ 0pNN

appr0]!
x=0

Appr
*®4=20

stop[0]7

Graphical Simulator

- visualization

and recording
* inexpensive fault detection
* inspection of error traces
* Message Sequence Charts
« Gannt Charts

Stop

Train(2)

Bafz
{1+ ZENN

eave[2])
leawve[2]! Croze
xe=f

Train(3)

wE=3 wF=3

e leave[3]! Crozs
{1+ 3NN -

1

Gantt Chart

0 10 19 28 37 46 55 64 73 92 91 10010911812713614515416317219119015

Train(D) | S

Traini1)

;P 1
Train() | S T —

Traing3)
Traini4)
TrainiSy

4

= > 1=

o]
>

e & ]
P




Graphical Simulator
- visualization
and recording

iInexpensive fault detection

Inspection of error traces

Message Sequence Charts

— R

n o\ sers\kgl\Desktop\DESlCl’OPlﬂUPPAAL\UPPML exampleﬁ\LCCC2ﬂl3\SMC\Traln ;

File Edit View Tools Options Help

I BRaE|2¢|Raaq [ R@< e

Editor| Simulator | ConcreteSimulator | Verifier | Yggdrasil|

............................................................................. T Y
Enabled Transitions &k .g lGate : , "
- - ist = {5,3,4,2,0,0,0
[front()]: Gate — Train(5) | - L0l =5 ° G an nt C h arts
[1] =3
~[21=4 )
[3] =32
— [4] =0
~[5]1=10
| b et || @ Reset | -....[5] a
-len =
Simulation Trace I'—_'}--{Co_nslralntﬁ
- ~fime = 63
Train(1) - ~Train(0).x & [13,25]
(Safe, Cross, Stop, Stop, Stop, Stop, Occ) ~Train(1)x = [3,5]
. . ~Train(2).x € [10,25]
leave[1]: Train(1) — Gate[1] Train(3).x & [30,65]
(Safe, Safe, Stop, Stop, Stop, Stop, Free) -~ Train(4).x € [23,60]
. il apo]! ‘appr{3]!
go[front()]: Gate — Train(5) L I:g:%gf))i iEﬁ[i%iS!m i . a0 o -~
(Safe, Safe, Stop, Stop, Stop, Start, Occ) ~Train(0).x - Train{1).x € [10,20] || Train(0) Train(1) Train{2) Train(3) Train{4) Train(5) Gate

appr{0]: Train(0) — Gate[0] ~Train(0).x - Train{2).x = [0,5] ~
P . ~Train(3).x - Train(0).x < [17,40]
< i | » ~Train(4).x - Train(0).x  [10,35]
o ~Train(2).x - Train(1).x < [7,20]
Trace File: | | ~Train{3).x - Train(5).x € [-5,0]
’ 4l Prev ” 1> Next ” I Replay ] ~Train(4).x - time = -33
~Train(4).x - Train(3).x  [-20,0] leave 1]
| =iopen || B sae | P»Random | ~Train(5).x - time < -30
~Train(5)x% - Train(0).x € [17,40]
J ~Train(5).x - Train(4).x < [0,20] Stop
goffrent()]




QE simulate 1 [<=1000] {Gate

: —
% Pr[ <= 100](< > Train(0).Cross and (forall (i :id_t)i!= 0 imply Tra... gi R
Cumulative Probability Distribution oo Simulations (1)
0,36 54l
0,32
4,8
0,28
0,24 4,2|
£0,20 ) 3 - 3,6
1% (2 E3 cumulative| 01 3\SMC\TrainGateCPS14.x
2 0,16 E average 2 3,0
= 3
- Eq,12 = F Gate.len
File I o4
| o008 '
0,04 L8 'l
Ny 0 1.2
Ed| 13 23 33 43 53 63 73 83 93
run duration in time 0,6
Parameters: a=0.05, €=0.05, bucket width=6.6591, bucket count=13 N
) |Runs: 383 in total, 148 (38.642%) displayed, 235 (61.358%) remaining 0
| | Span of displayed sample: [13.4033958957132, 99.9718096766852] 0 160 320 480 640 800 960
3 | Mean of displayed sample: 67.857764992086 + 3.64941877938102 (95% CI) | t'me_
<> lrain(0).Crocss
E<> Train(l).Crossa .
E<> Train(0).Cross and (forall (i : id t) i != 0 imply Train(i).Stop) . Check

A[] forall (i : id_t) forall (J : id t) Train(i).Creoss s& Train(j).Cross imply 1 == jJ .
A1) Gove.1iaet) —= o o

Fr[ <= 100] (<> Train(0).Cross and (forall (i : id t) 1 != 0 imy
E[ <= 100; 2000] (max: sum({i:id_t) Train{i).5top)

Verifier
« Exhaustive & automatic
checking of requirements
.. Including validating, safety, liveness,
bounded liveness and
response properties
.. generation of debugging information
for visualisation in simulator.
.. performance properties,
e.g probabilistic and expectation.
.. plot composer

Train(0) .Appr ——> Train(0d) .Crcas

Query
Train{0).Appr —=Train{0).Cross

Comment

Whenever atrain approaches the bridge, it will eventually cross.




Bang & Olufsen (1997)

= Bug known to exist for 10
years

= |ll-described:
2.800 loc +
3 flowchart +
1 B&O eng.

= 3 months for modeling.

= UPPAAL detects error with
1.998 transition steps
(shortest)

= Error trace was confirmed in
B&O laboratory.

= Error corrected and verified ‘ A -
in UPPAAL. st oSN

i

= Follow-up project. MY 1st RTSS'97 talk, Klaus Havelund
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Lindahl, Pettersson, Yi 1998

Volvo
Saab

Network GearBox Engine
Canbus

— - —

\—. I

Interface

Paul Pettersson

EAA

GCT Lomaa

Bagfet Geariet
Bagliew Gearneu

GearBox

GET imer
(ErzrStat)

]
OpenClutch J Clutchlslpen
ClogeClutch ClutchlzClosad

[ Clutch ]
CTimex
(ExrzStat)

( ToGear]

Reqopasd,
ReqTorque

ReqieroTorque
¥

Torquedero
vpeadiat

Engine
ETimer

(UseCa=a)




MECEL AB (1998)

Gear Controller

GearControl

Engine
p;‘rb - RegZerol orque? ETimers0 UseCase=0
¥ GreTimer0 Torque DecTorqus
FromGear<=0 (@) .. ETimer<=400
FramQear:Q . -2 Timer>=50
- G CTirmer>=250 -
ReqZeroTorque! & = Clutch! o Timer==400
GCTimer=0 o eTimemd. Chitch IsOper? ReqTorque? E
heckToraue Oregmre tuteh Open2 ToGear>0 UseCase=1
GCTimerd=255 = . GCTirmer<=200 ETimer-O -
Getmran ST ChtchOpen Sl Ui
orquelera? ToGears=0
Q & R Mew! ClutchClose
ReqNeuGear OpenError GCTirmer=0 ETi =800
R Neu! ReqTorque? imel
GeTime=0 G CTirmer >»200 and GCTimer =200 and
G CTimer<=250 G CTirner <= 250
Q - o & Coartious ETimer==200 RegSpe
eckBearMey BNeuBrror . arteus
GCTirmer<=250 CTirmer =250 U 3 -
seCasen] TorqueZero!
GearMeu?
E'EE’"@’ : '53';"“ ETimer<500 ETimer==300
CTimer<=2|
TaGear<=| L EchﬂSpud
oGear
ReqSpeed!  geTmer=15 _ ETimer>=50 ToGea>0
GC Timer=0 Open Clutch! Clich s Open? S
Q 9 SpeedSa! RegSpeed?
CheckSyneSpeed O CTimer=0 “=TheckCluteh Bl Speed
GCTimer<=155 GCTirmer <= 200 " ETimer=0 : ETimer=0 Zero
Timere=
- ToGear»0 ETimer<=300 FindSpeed
SpeedSet? iR ETimer<=200
GCTimer=0
e ETimer==500
Qﬁrq SetGear ReqSat!
Flieq Set! )
GCTirmer>300 and  GCTimer»300 ard
BCTMEMD GCTimer<=350  QoTimereiass - EmorSpeed
Q‘lrckﬁea’hﬂ G SetError %E_I!fkctir%!az ToGear==0 Gﬂ.ar'CDntrd
GCTimer<=350 imers=
GearSet? Close Clukeh! CearSet? CoseChtch! GCT L
Q CutehlsClosed? GCTimer=0 9 - -
SpE— Ched e Cosed Clutch tose GCTimer=0 { ToGear )
GCTirner* 150 and 1 3
ReqTorque! GCTimer<=200 6CTimen 150 OpenClut<h Clutchlslpen heqopeed TorqueZere
CTirmeri=2|
CloseClutch| | ClutchIsClosed Reqlorquel | gpeedSet
New Gaar| GearChanged CClose Error CheckClutch Closed2 ReqieroTorque
[ T T Py ] i . GCTimer: =200 ¥
GearBox Clutch Engine
SSFT2015 / Kim G L Sl ey e
/ Kim G Larsen (ExzStat) (ExrStat) (UseCasa)




Lindahl, Pettersson, Yi 1998

— - —

O o
=2 ®©
~ CCDU Interface =
\—a. -/ reni aianssen
Network GearBox Engine
Canbus

GearControl@lnitiate ~» <1500 ( ( ErrStat =0 ) = GearControl@GearChanged )
GearControl@Initiate ~ <1000
( ( ErrStat =0 A UseCase =0 ) = GearControl@GearChanged )
Clutch@ErrorClose ~ < GearControl@CCloseError
Clutch@ErrorOpen ~<a0p GearControl@COpenError
GearBox@Errorldle ~s<zs0 GearControl@GSetError
GearBox@ErrorNeu ~<am GearControl@GNeuError
Inv ( GearControl@CCloseError = Clutch@ErrorClose )
-] PR &éaarr(fﬁ-ﬁtml@CQpenErmr = CIutch@ErrorOpen )

N . . T [ S o~ e pe— N B | Y

(1)

(2)
(3)
(4)
(3)
(6)
(7)
(8)

L N




Case Studies: Controllers

Gearbox Controller [TACAS’98]

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

SIDMAR Steel Production Plant [RTCSA’99, DSVV’2Kk]

Real-Time RCX Control-Programs [ECRTS’2k]

Terma, Verification of Memory Management for Radar (2001)

Scheduling Lacquer Production (2005)

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

= Adapting the UPPAAL Model of a Distributed Lift System, 2007

= 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
= Optimal and Robust Controller for Hydralic Pump, 2009

SSFT2015 / Kim G Larsen u e a




Philips Audio Protocol [HS’95, CAV’'95, RTSS’95, CAV’96]
Bounded Retransmission Protocol [TACAS’'97]

Bang & Olufsen Audio/Video Protocol [RTSS’97]

TDMA Protocol [PRFTS’97]

Lip-Synchronization Protocol [FMICS’97]

ATM ABR Protocol [CAV’'99]

ABB Fieldbus Protocol [ECRTS’2k]

IEEE 1394 Firewire Root Contention (2000)

Distributed Agreement Protocol [Formats05]

Leader Election for Mobile Ad Hoc Networks [Charme05]

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

= Formalizing SHIM6, 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



fmics2010.pdf

Using UPPAAL as Back-end

0 \2/882uu: verification of object-oriented designs using Uppaal,

= Moby/RT: A Tool for Specification and Verification of Real-Time
Systems, 2000

= Formalising the ARTS MPSOC Model in UPPAAL, 2007

= Timed automata translator for Uppaal to PVS

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

= Verification of COMDES-II Systems Using UPPAAL with
Model Transformation, 2008

n g/IOE;I'OAMOC: Modular WCET Analysis Using UPPAAL,
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UPPaAL is an integrated tool environment for
muodeling, validation and verification of real-time
systems modeled as networks of timed automata,
gxtended with data types (bounded integers, arrays,
etc.).

The tool is developed in collaboration between the

Cepartment of Information Technology at Uppsala

dniversity, 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.

o gy

_;’

et bt e

Figure 1; UPPAAL on screen.

UPPSALA AALBORG UNIVERSITY

UNIVERSITET

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{atiuppaal{dot)com,

To find out more about UPPAAL, read this short
introduction . Further information may 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
uppaalfatilist{dot)it{dotiuuldot)se.



Exercise 1 (Brick Sorter)
Excercise 19 (Train Crossing)
Exercise 2 (Coffee Machine)
Exercise 28 (Jobshop Scheduling)
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http://people.cs.aau.dk/~kgl/SSFT2015/
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