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UPPAAL

Graphical Design Tool
e timed automata =
¢ state machines
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UPPAAL

File Edit Wew Tools Options Help
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=
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UPPAAL

& C:/Documents and Settings,/kal/Desktop,/KIM/UPPAAL fuppaal-4.0.1 /demo/train-gate.xml - UPFMKL = IE’IE!
File Edit View Tools Options Help

Ba@maaaRa-e.

EdiEorI Simulakor  Werifier |

Cvervigin

i

E<» trains(0).Cross and trains(l).%3top

E<> trains(0).Cross and (forall (i : id t) i != 0 imply trainsiij.Stop)

Check

A[] forall (i : id t) forall (j : id t) trains(i).Cross && trains(j).Cross imply i == j Inserk
4[] gate.list[HN] == 10 Remove
Comments

trains(0).4ppr --= trains(0).Cross

20000000
===

Lo

trains(l).4ppr --> trainz(l).Cross

CQuery
itrains(at).Appr --=trains{4).Cross

Verifier
e Exhaustive & automatic
checking of requirements
e .. including validating, safety, liveness,
bounded liveness and
response properties

Froperty is satisfied,

e e .. generation of debugging information

trains{S). Appr - = trainsiS), Cross

Al for visualisation in simulator.

Property is satisfied,

Skatiis

FEINSL L) APRr
Froperty is satisfied,
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e Optimal scheduling for cost models
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“Impact
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Google:

UPPAAL:
SPIN Verifier:
nuSMV:

134.000
242.000
57.700

> 1.500
Google Scholar Citations

(Rhapsody/Esterel < 3.500)



Impact ,

®

UNIVERSITET

Academic Courses @

D I U M CI I I - U D K C:/ProgramfUppaalidemo/train-gate zml - UPPAAL
! 1 Ele Templates Wew Queries Options Help
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2 T | | oo -
(D) i
Query
Tsinghua, Shanghai, ISS, I e B2
‘ Slows Fast :
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Status

1>

Traind.Appr - Trainl Cross
Froperty is satisfied,
Train.Appr 3 TrainZ.Cross
Praperty is satisfied
Train.Appr - Train3.Cross
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Trair. Appr 3= Traind Cross -

Property s satisfied.
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Froperty is satisfied, v
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Impact
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Impact

Company Downloads
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| System Editor {| Simulator | Ve

‘rogram/Uppaalidemot

Fie Templates Wiew OQueries Options Help
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UPPSALA
UNIVERSITET

Drag out | tame: [ Train

| Parameters: |int[,H] &; const id

A train-gate
@ Global declarations

S Gate
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~-@ Process S#e. (@

® System defintion p

4
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wx=y

I3

Train1 Train2

e == o cocs sk @

5 \(

Stop

st v s

Overvien

(Gate.9.addl, Queue.5.add?)

P11 Train2.Appr --> TrainZ.Cross

(5afe, safe, Safe, Appr, Oct, Start)

P12 Traind.Appr --> Traind.Cross

F14

(Train3. +.appr!, Gate,3.appr?)

E3

P15 A[] not deadlock

Query

Framn. Appr -—> Traind.Cross

Commenit

TreTT
Traing.
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Traind.
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i % e
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E T

Status

Traind.Appr - Trainl Cross
Froperty is satisfied,
Train.Appr 3 TrainZ.Cross
Property s satisfied.
Train.Appr - Train3.Cross
Property is satisfied,

Trair. Appr 3= Traind Cross
Property s satisfied.

A1 net: deadiock

Property is satisfied,
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Timed Automata

Resource

Reset
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\

Invariant

use?

ldle

'

InUse

%

X<=7

donel

__— | Guard

X>=4

[Alur & Dill’'89]

Synchronization




Timed Automata Alur & DI

Resource
Synchronization

ldle

—O-—

use? donel

Reset \ / Guard

InUse X»=4

\_>©_/

X<=7 Semantics:

2
I
O

Invariant (Idle , x=0)
- (Idle , x=2.5) d(2.5)
- (InUse, x=0) use?
- ( InUse , x=5) d(5)
- (Idle , x=5) done!
- (Idle , x=8) d(3)
- (InUse, x=0) use?. .



Composition

Resource

use?

X:=0 InUse

k_>O_J

X<=B
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donel

=B

Task

Synchronization

Init

S

Using Done

usel done?
®——+0 -0

Shared variable

/



Composition

Resource
ldle

—O-—

use?

2
I
o

InUse

\_>©_/

X<=B

Semantics:

Task

Synchronization \
/

Init Using Done

| ! done?
donel © use — )@ ohe >O
Xx>=B //

Shared variable

( Idle , Init , B=0, x=0)
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- (Idle, Init, B=0, x=3.1415) d(3.1415)
- ( InUse , Using , B=6, x=0) use

- ( InUse, Using , B=6, x=6) d(6)

- (Idle, Done , B=6 , x=6) done
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Task Graph Scheduling
Optimal Static Task Scheduling

Task P={P4,.., P}

Machines M={M,,..,M_} P
Duration A: (PEM) IN, 72

< :p.o.on P (pred.)

m A task can be executed
only if all predecessors 2,3
have completed

m Each machine can process
at most one task at a time

m Task cannot be preempted.
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Task Graph Scheduling
Optimal Static Task Scheduling

Task P={P4,.., P}

Machines M={M,,..,M}
Duration A: (PEM) | N, 16.10 2,3

< :p.o.on P (pred.)

M1

Task5s .

done1!

x1==B1




Experimental Results

name | #tasks | #chains | # machines | optimal | TA
001 437 [25 -4 1178 1182
000 452 43 20 537 537
018 730 175 10 700 704
074 1007 66 12 891 894
021 1145 88 20 605 612
228 [187 293 8 1570 1574
071 1193 124 20 629 634
271 [348 127 12 1163 1164
237 1566 152 12 1340 1342
231 1664 101 16 t.o. 1137
235 1782 218 16 t.o. 1150
233 1980 207 19 1118 1121
294 2014 141 17 1257 1261
295 2168 965 18 1318 1322
292 2333 318 3 8009 8009
298 2399 303 10 2471 2473
C SS Abdeddaim, Kerbaa, Maler
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Optimal Task Graph Scheduling

Power-Optimality

m Energy-rates:
C: M! NXxN

Task5s

x1<=B1

B1=8 Bz=2¥
Y done1? f5=1>o<f5=1 done2 78
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Further Information

[E uPPAAL - Mozilla

. Fle Edit Yew Go Bookmarks Tooks Window Help

| ®OQ @ @ VI%http:/ﬂwww‘uppaa\‘comﬂ

] [searen] =

=101

[E UPPAAL CORA - Mozilla

Ble Edit Yew Go Bockmarks Took Window Help

®O @0 @ Q 7]% it fwuny, s, 3 dkj~behimannfcora)

] [searen] =

=101

o] 48 Home  [E3Boockmarks

UPPAAL is an integrated tool environment for
rodeling, validation and verification of real-time
systerns modeled as networks of timed automata,
extended with data types (bounded integers, arrays, |
etc). | « i §

The tool is developed in collaboration between the

RELATED SITES: T]

License

The UpeaAL tool is free for non-profit
spplications but we have a license sareement
that all users must fill in before downloading
and using the tool. To find out more abaut
uppaaL, read this short introduction. Further

information may be found at this web site in

4 Home | E3Bookmarks

UPPAAL CORA

UPPAAL for Cost Optimal Reachability Analysis

Main Page Introduction Language Guide Option Guide Publications Case Studies

Welcome!

URPPAZL is an integrated tool environment for modeling, validation and werification of real-time
systems modeled as netwaorks of timed automata, extended with data types (bounded integers,
arrays, etc.).

RELATED SITES: UPP2y

Download  Contact us

Latest News

UPPAAL Got New Home Page
25 jan 2005

The main UPPAAL site adopted the same

|| Department of information Technoloar at Uppsala LLoe iE=>08 e e ||| uPPaAL CORA is a branch of UPPAAL for Cost Optimal Reachability Anslysis developed by the DUt tin REARLIGORR oL e
Uniwersity, Sweden and the Degartme.nt of s i Exam?‘ ke R S = | UPPASL team as part of the VHS and AMETIST projects. whereas UPPAAL supports model same time, the UPPAAL CORA site has
Compliter Sience RRamies l s
i Utir Science st Aalborg University in L MK, u I checking of timed automata, UPPAAL CORA uses an extension of timed automata called LPTA. sdQptada g Ealor senem

{f Denmark, "INE I¥

,;ﬁ Malhng Lists LPTA allows you to annotate the model with the notion of cost. This can be the cost of delay in .
Download Figure L UPPAAL on sereen, certain situations or the cost of particular actions, UPPAAL CORA then finds optimal paths Updated case studies

The current official release is UppaaL 3.4.7 (Oct 5, 2004), A development snapshot of UppAAL 3.5.4 (Feb

3

UPPSALA

4, 2005) is also available, For more information about UpPAAL version 3.4, we refer to this press relesse.

uppaaL has an open discussion aroup at
Yahoo! Groups intended for users of the tool.
To join the group, email
uppaal-subscribe@yahoogroips.com, to post
use uppaal@yshooaroups.corn, To email the
development team directly, please use
bug-uppaal@docs.uu.se for bug reports and
uppasl@docs.uu.se otherwmise.

matching goal conditions.,

UPPAAL CORA has been used in a number of case studies. Some of these are described on the
case study page of this site. If you come up with interesting uses, please contact us. We are
interested in hearing what you do!

Due to different internal data structures, UPPaal CORa& currently consists of two different
VErsions:

30 Nov 2004

The models of the case studies can now
be downloaded from the case study
page.

More Hews @

AALBORG UNIVERSITY n
UNIVERSITET A wersion for the simplified case of time optimal reachability analysis.
= A wersion for the full language of LPTA,
iz i Rz FE /| &S D & o E=F P
.
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