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UPPAAL
Graphical Design Tool

• timed automata =
• state machines

+
• clocks

• communication
• datatypes
• user defined functions

• cost variable
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UPPAAL
Graphical Simulator

• visualization 
and recording

• inexpensive fault detection
• inspection of error traces
• Message Sequence Charts
• (Gannt Charts)
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UPPAAL

Verifier
• Exhaustive & automatic

checking of requirements
• .. including validating, safety, liveness, 

bounded liveness and
response properties

• .. generation of debugging information
for visualisation in simulator.

• Optimal scheduling for cost models
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“Impact”
UPPAAL downloads

y = 3,236x2 - 13,841x + 582,21

0

5000

10000

15000

20000

25000

99
07

99
11

00
03

00
07

00
11

01
03

01
07

01
11

02
03

02
07

02
11

03
03

03
07

03
11

04
03

04
07

04
11

05
03

05
07

05
11

06
03

06
07

Date

To
ta

l n
um

be
r o

f D
ow

lo
ad

s

UPPAAL downloads

0

100

200

300

400

500

600

700

1999 2000 2001 2002 2003 2004 2005 2006

Year

Do
w

nl
oa

ds
 p

er
 m

on
th

Google:

UPPAAL: 134.000
SPIN Verifier:     242.000
nuSMV:             57.700

> 1.500 
Google Scholar Citations

(Rhapsody/Esterel < 3.500)
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Impact

Academic Courses @

DTU, MCI, IT-U (DK)
Chalmers, 
Linköping,Lund, 
Chalmers,
Mälardalarn (S)
Nijmegen, Twente, CWI 
(NL)
Upenn, Northumbria(US)
Braunschweig, 
Oldenborg, Marktoberdorf
(D)
Tsinghua, Shanghai, ISS, 
NUS (Asia)
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Impact
Company Downloads
Mecel
Jet
Symantec
SRI
Relogic
Realwork
NASA
Verified Systems
Microsoft
ABB
Airbus
PSA
Saab
Siemens
Volvo
Lucent Technologies
Systematic
…
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Impact

Tutorials Given @
Estonian School (01)
IPA Fall Days (01)
FTRTFT (02)
CPN (02)
SFM (02)
MOVEP (02)
DISC School (03)
MOVEP (04)
PRISE (04)
PDMC (05)
ARTIST2 (05)
EMSOFT (05)
RTSS (05)
TECS week (06)
TAROT (06)
ARTS (06)
GLOBAN (06)
ARTIST ASIAN SCH (07)
…….
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Timed Automata

Synchronization

Guard

Invariant

Reset

[Alur & Dill’89]

Resource
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Timed Automata

Synchronization

Guard

Invariant

Reset

[Alur & Dill’89]

Resource

Semantics:
( 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?
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Composition

Resource Task

Shared variable

Synchronization
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Composition

Resource Task

Shared variable

Synchronization

Semantics:
( Idle , Init , B=0, x=0)

( 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={P1,.., Pm}
Machines M={M1,..,Mn}
Duration Δ : (P×M) → N∞

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

A task can be executed only if 
all predecessors have 
completed
Each machine can process at 
most one task at a time
Task cannot be preempted.

P2 P1

P6 P3 P4

P7 P5

16,10

2,3

2,3

6,6 10,16

2,2 8,2

M = {M1,M2}
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Experimental Results

Abdeddaïm, Kerbaa, Maler
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Optimal Task Graph Scheduling
Power-Optimality

Energy-rates: 
C : M → N

P2 P1

P6 P3 P4

P7 P5

16,10

2,3

2,3

6,6 10,16

2,2 8,2

1W
4W

2W
3W



Dynamic Voltage Scaling
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Task Scheduling

T2 is running
{ T4 , T1 , T3 } ready
ordered according to some
given priority:
(e.g. Fixed Priority, Earliest Deadline,..)

T1
T1

T2
T2

Tn
Tn

SchedulerScheduler

2 14 3

ready
done

stop
run

P(i), [E(i), L(i)], .. : period or 
earliest/latest arrival or ..  for Ti

C(i): execution time for Ti
D(i): deadline for Ti

utilization of CPU
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Modeling Task

T1
T1

T2
T2

Tn
Tn

SchedulerScheduler

2 14 3

ready
done

stop
run
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Modeling Scheduler

T1
T1

T2
T2

Tn
Tn

SchedulerScheduler

2 14 3

ready
done

stop
run
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Modeling Queue

T1
T1

T2
T2

Tn
Tn

SchedulerScheduler

2 14 3

ready
done

stop
run

In UPPAAL 4.0
User Defined Function
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Schedulability = Safety Property

A� ¬(Task0.Error or Task1.Error or …)

¬(Task0.Error or Task1.Error or …)

May be extended with preemption
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Energy Optimal Scheduling

“Choose”
Scaling/Cost

(Freq/Voltage)

Using Priced Timed Automata

C

T1
T1

T2
T2

Tn
Tn

SchedulerScheduler

2 14 3

ready
done

stop
run F:= ?? ; V:= ??
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Cost Optimal Scheduling =
Optimal Infinite Path

c1 c2

c3 cn

t1 t2

t3 tn
σ

Value of path σ:   val(σ) = limn→∞ cn/tn
Optimal Schedule σ*:  val(σ*) = infσ val(σ)

Accumulated cost

Accumulated time
¬(Task0.Err or Task1.Err or …)
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c1 c2

c3 cn

t1 t2

t3 tn
σ

Value of path σ:   val(σ) = limn→∞ cn/tn
Optimal Schedule σ*:  val(σ*) = infσ val(σ)

Accumulated cost

Accumulated time
¬(Task0.Err or Task1.Err or …)

THEOREM:  σ* is computable   

THEOREM:  σ* is computable   

Bouyer, Brinksma, Larsen HSCC’04

Cost Optimal Scheduling =
Optimal Infinite Path



ARTIST2 WS: Tool Platforms for ES Modelling, Analysis & Validation Kim Larsen [30]

Contact: www.uppaal.com



Formalizing the ARTS
MPSoC Model in UPPAAL

Jan Madsen and Michael R. Hansen

Embedded Systems Engineering Group

Informatics and Mathematical Modeling
Technical University of Denmark

ARTIST2



DATE'07 Workshop, April 20, 2007
Madsen & Hansen [32]

Motivation

CELL processor
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a b c

Model of system 
implementation

Motivation 

1 2 os
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design tasks

os os



DATE'07 Workshop, April 20, 2007
Madsen & Hansen [34]

ARTS objectives

System-level modeling framework
Bridging, 

Application
RTOS 
Execution platform 

Processing elements
NoC

Supporting
System-level analysis
Early design space exploration

1 2 os

3

4

a b c

L1 L2

L3

R1 R2 R3

Model of system 
implementation

Cross-layer optimization
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Formalizing ARTS
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Timed Automata for a task
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MOVES: Hiding UPPAAL! 

a b c

Model of system 
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a b c

Model of system 
implementation

MOVES

1 2 os

3

4

L1 L2

L3

R1 R2 R3

Model checking

Required specification

E<>missedDeadline

E<>totalCostUsed(Memory)>=23 

E<>totalCostUsed(Energy)>=15
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Example: MPSoC specification
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Specifying the application

Task t1  = new Task(1, 3, 10, 10, 0, 1);
Task t2  = new Task(2, 2, 8, 10, 0, 2);
Task t3  = new Task(2, 2, 10, 10, 0, 3);
Task t4  = new Task(1, 1, 5, 10, 0, 4);
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Execution platform

Processor p1 = new Processor(1, Processor.RM);
Processor p2 = new Processor(1, Processor.RM);
Processor p3 = new Processor(1, Processor.RM);
Processor pm = new Processor(1, Processor.RM);
Resource r1 = new Resource();
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Mapping application onto platform

Task[][] tasks = 
{{t1},{t2,t3},{t4},{tm1,tm2}};

Task tm1 = new Task(3, 3, 10, 5);
Task tm2 = new Task(1, 1, 10, 6);

apps.useResource(tm1,r1);
apps.useResource(tm2,r1);

apps.addDep(t1,tm1);
apps.addDep(tm1,t2);
apps.addDep(t3,tm2);
apps.addDep(tm2,t4);

3 1τm1
τm2
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e(τ1)= [3] 

Traces

e(τ1)= [1:3] 
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Handling realistic applications?

[Application from Marcus Schmitz, TU Linkoping]

Smart phone:
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Smart phone

Tasks: 114
Deadlines: [0.02: 0.5] sec
Execution: [52 : 266.687] 
cycles
Platform:

6 processors, 25 MHz
1 bus

Verified in 2.5 hours!
Using a granularity of 400 
cycles
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Discussion Points

Accuracy versus scalability
UPPAAL & SymTA/S (Network Calculus)

Verification versus simulation
UPPAAL & ARTS (System C)
UPPAAL & Ptolemy
UPPAAL & TrueTime

Efficient verification methods for optimal infinite 
scheduling for PTA.

Negative rates
Discounting
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