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AIM (Werner Damm, FM 2015) 

 

• rigorous mathematical 

verification and analysis of 

models and realizations of 

complex safety-critical 

computerized systems, 

 

• raise the state of the art in 

verification and analysis  from 

a level, where it is applicable .. 

to a level allowing 

comprehensive and holistic 

verification. 
AVACS Final Colloquium Kim Larsen [5] 
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Models:  

• all types of behaviours 
• nondeterministic, probabilistic, real-time, and hybrid system models, 

models reflecting the dynamic  

• the investigated classes of models cover all system structures 

• the investigated classes of time models are expressive enough 

to cover all layers of the design space 
• physical latencies of vehicles to worst-case execution times of tasks on 

modern processor architectures 

 

Tools:  

• automatic techniques to verify or falsify compliance of models 

 

Methods:  

• formal proofs for complete systems from guarantees of 

subsystems 

Werner Damm, FM 2015. 
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UPPAAL Tool Suit 
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AVACS & UPPAAL 
Highlevel view 
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Damm 

AVACS publications 

 926 

 

GOOGLE: 

AVACS+UPPAAL 

 1.200 



Demo 

AVACS Final Colloquium Kim Larsen [10] 

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


AVACS 
German Science Foundation, 1.1.04 – 31.12. 15. 

AVACS Final Colloquium Kim Larsen [11] 



R1: Beyond Timed Automata 

AVACS Final Colloquium Kim Larsen [12] 

MobY/PLC 
Henning Dierks 

Ernst-Rüdieger Olderog 



R1: Beyond Timed Automata 
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PLC Automata 

Timed Automata 
(w Mader, Vandraager) 

Code 

Moby/PLC 

PRRZS’06 

 



R1: Beyond Timed Automata 
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Fault-tolerance under 

error models and  

hardware assumptions 

(glitches, jitter) 

Michael Gerke, Rüdiger Ehlers, Bernd Finkbeiner, 

Hans-Jörg Peter:  

Model Checking the FlexRay Physical Layer 

Protocol.   

FMICS’10 
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Fault-tolerance under 

error models and  

hardware assumptions 

(glitches, jitter) 

Michael Gerke, Rüdiger Ehlers, Bernd Finkbeiner, 

Hans-Jörg Peter:  

Model Checking the FlexRay Physical Layer 

Protocol.   

FMICS’10 



THE ”secret” of UPPAAL 
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Zones & DBMs 
THE ”secret” UPPAAL 

AVACS Final Colloquium Kim Larsen [17] 

 DBM package 

 

 Minimal Constraint 
Form  
   [RTSS97] 

 

 Clock Difference 
Diagrams  
   [CAV99] 

 

 PW List  
   [SPIN03] 
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Alexandre David Marius Mikucionis Gerd Behrmann 
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Rüdiger Ehlers, Daniel Fass,  

Michael Gerke, Hans-Jörg Peter:  

Fully Symbolic Timed Model 

Checking Using Constraint Matrix 

Diagrams.  RTSS’10 



Performance 
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R3: Search & Abstraction 

 H. Dierks. Heuristic Guided Model-Checking 
of Real-Time Systems, NWPT04 

 

 H. Dierks. Finding Optimal Plans for Domains 
with Continuous Effects with UPPAAL CORA. 
ICAPS05 

 

 K. Larsen: Optimal and Real-Time Scheduling 
using UPPAAL. ICAPS05 

 

 

 

AVACS Final Colloquium Kim Larsen [21] 



Priced Timed Automata 

AVACS Final Colloquium Kim Larsen [22] 

HSCC01, CAV01, TACAS01 

• [HSCC01,HSCC01] 

 Cost-optimal reachability is decidable  

 in PSPACE 

  

• [CAV01, TACAS01]  

 Symbolic A* using Prized zones 

 



cost 

t 
E L T 

E  earliest landing time 

T  target time 
L  latest time 
e  cost rate for being early 
l   cost rate for being late 
d  fixed cost for being late 

e*(T-t) 

d+l*(t-T) 

Planes have to keep separation 
distance to avoid turbulences 
caused  by  preceding planes 

Runway 

Example: Aircraft Landing 

Kim Larsen [23] AVACS Final Colloquium 



Planes have to keep separation 
distance to avoid turbulences 
caused  by  preceding planes 

land! 

x >= 4 

x=5 

x <= 5 

x=5 

x <= 5 

land! 

x <= 9 

cost+=2 

cost’=3 cost’=1 

4  earliest landing time 

5  target time 
9  latest time 
3  cost rate for being early 
1  cost rate for being late 
2  fixed cost for being late 

Runway 

Example: Aircraft Landing 

Kim Larsen [24] AVACS Final Colloquium 



Aircraft Landing Source of examples: 
 Baesley et al’2000 

Kim Larsen [25] AVACS Final Colloquium 



PDDL3 to UPPAAL Cora 
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Modeling ALP with PDDL3 [Dierks VVPS05]
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Modeling ALP with PDDL3 [Dierks VVPS05]
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Experimental Results
Translating PDDL3 to PTA [Dierks VVPS05+]



R3: Search & Abstraction 

 Gerd Behrmann, Ed Brinksma,  
Martijn Hendriks, Angelika Mader:  
Production Scheduling  by Reachability  
Analysis – A Case Study. IPDPS 2005 

 Sebastian Kupferschmid, Jörg Hoffmann,  
Henning Dierks, and Gerd Behrmann.  
Adapting an AI planning heuristic for  
directed model checking. SPIN06 

 Jürg Hoffmann, Jan-Georg Smaus,  
Andrey Rybalchenko, Sebastian Kupferschmid,  
and Andreas Podelski. Using predicate abstraction  
to generate heuristic functions in UPPAAL. 
MoChArt06  

 Sebastian Kupferschmid, Klaus Dräger, Jörg 
Hoffmann, Bernd Finkbeiner, Henning Dierks, 
Andreas Podelski, and Gerd Behrmann. Uppaal/DMC 
-- abstraction-based heuristics for directed model 
checking. TACAS07. 
 
 
 

AVACS Final Colloquium Kim Larsen [27] 

Gerd Behrmann 



R3: Search & Abstraction 

 Henning Dierks,  
Sebastian Kupferschmid, and  
Kim G. Larsen.  
Automatic abstraction refinement  
for timed automata. FORMATS07 

 Sebastian Kupferschmid,  
Martin Wehrle, Bernhard Nebel, a 
nd Andreas Podelski.  
Faster than Uppaal?. CAV2008 

 Sebastian Kupferschmid, Jörg Hoffmann, and Kim G. 
Larsen. Fast directed model checking via Russian doll 
abstraction. TACAS 2008 

 Holger Hermanns, Jan Krcal, Gilles Nies, Marvin 
Stenger:  GOMX 4 – Satelite as a Services.  
SENSATION 2015 

 

 

 

AVACS Final Colloquium Kim Larsen [28] 

Gerd Behrmann 
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R2: Real-Time Tasks 

AVACS Final Colloquium Kim Larsen [30] 

 WCET analysis: 
the execution time of 
an isolated task. 

 

 Schedulability analysis: 
Verify no deadlines 
violated in higher level 
system for given sched. 
princinple 

 

 Scheduling: 
Assign resources to 
tasks 

Tasks 

SP 

Res. 

Model checking is 
fixpoint iteration without 
dynamic abstraction and 

using 
set union to collect 

states. 
 

Abstract Interpretation is 
fixpoint iteration with 

dynamic abstraction using 
lattice join to combine 

abstract states. 
 

Why AI + ILP Is 
Good for WCET, 

but MC Is 
Not, Nor ILP 

Alone! (CAV03) 

Why Model 
Checking Can 
Improve WCET 

Analysis (CAV04) 
Alexander Metzner 

 



Herschel-Planck Scientific Mission at ESA 

AVACS Final Colloquium 

Kim Larsen [31] 

Attitude and Orbit Control Software 
TERMA A/S Steen Ulrik Palm, Jan Storbank Pedersen, Poul Hougaard 



Blocking & WCRT 

AVACS Final Colloquium Page 32 

Marius Micusionis 

thanks and a few qeustions.eml


TERMA Case Follow-Up 

AVACS Final Colloquium Kim Larsen [33] 

[ f*WCET, WCET] 

1 Day 

6 Days 

f=100% f=95% 

f=90% f=86% 

ISOLA 2012 



TERMA Case  - Statistical MC 
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TERMA Case – Conclusion 

AVACS Final Colloquium Kim Larsen [35] 



R2: Real-Time Tasks 
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H: Hybrid Systems 
Statistical MC,Stochastic HS 

AVACS Final Colloquium Kim Larsen [38] 

on/off 

on/off 

Room 1 

Room 2 
Heater 

simulate 1 [<=100]{Temp(0).T, Temp(1).T} 

simulate 10 [<=100]{Temp(0).T, Temp(1).T} 

Pr[<=100](<> Temp(0).T >= 10) 

Pr[<=100](<> Temp(1).T<=5 and time>30) >= 0.2 



H: Hybrid Systems 
Other Case Studies 

FIREWIRE BLUETOOTH  10 node LMAC 

Battery 

Scheduling 

Kim Larsen [39] AVACS Final Colloquium 

Energy Aware 

Buildings 

Genetic Oscilator 

(HBS) 

Passenger 

Seating in 

Aircraft 

Schedulability 

Analysis for 

Mix Cr Sys 

Smart Grid 

Demand / 

Response 

AODV &  

DYMO 
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S1/ H3: Compositional  
Games 
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: Never two trains at 

the crossing at the 

same time 

Environment 

Controller 
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: Never two trains at 

the crossing at the 

same time 

Environment 

Controller 

? 



S1/ H3: Compositional  
Games 

AVACS Final Colloquium Kim Larsen [43] 

: Never two trains at 

the crossing at the 

same time 

Controllable Uncontrollable 

Find strategy for controllable 

actions st behaviour satisfies  

Controller 

Environment 



S1/ H3: Compositional  
Games 

 

 Robust and optimal 
control 

 

 Tool Chain 

 Synthesis:       UPPAAL 
TIGA 

 Verification:    PHAVer 

 Performance:  SIMULINK 

 

 40% improvement of 
existing solutions.. 

Quasiomodo 

Kim Larsen [44] AVACS Final Colloquium 

[CJL+09] 

Quasiomodo Quasiomodo 



S1/ H3: Compositional  
Games 

 R1: stay within safe 
interval [4.9,25.1] 

 

 R2: minimize 
average/overall oil 
volume 

 

Kim Larsen [45] AVACS Final Colloquium 

Quasiomodo 
Quasiomodo Quasiomodo 



S1/ H3: Compositional  
Games 

 Infinite cyclic demand 
to be satisfied by our 
control strategy. 

 P: latency 2 s between 
state change of pump 

 F: noise  0.1 l/s 

 

 

Kim Larsen [46] AVACS Final Colloquium 

Quasiomodo 
Quasiomodo Quasiomodo 



S1/ H3: Compositional  
Games 

Strategy Synthesis TIGA 

Verification PHAVER 

Performance Evaluation  

SIMULINK 

Guaranteed 
 Correctness 
 Robustness 
 
with 
 40% Improvement 

Quasiomodo 

Kim Larsen [47] AVACS Final Colloquium 

Quasiomodo 



S1/ H3: Compositional  
Games 

 Hans-Jörg Peter, Robert Mattmüller: Component-
Based Abstraction Refinement for Timed Controller 
Synthesis. RTSS 2009: 364-374 

 Rüdiger Ehlers, Robert Mattmüller, Hans-Jörg Peter: 
Combining Symbolic Representations for Solving 
Timed Games. FORMATS 2010: 107-121 

 Hans-Jörg Peter, Rüdiger Ehlers, Robert Mattmüller: 
Synthia: Verification and Synthesis for Timed 
Automata. CAV 2011: 649-655 

 Bernd Finkbeiner, Hans-Jörg Peter: Template-Based 
Controller Synthesis for Timed Systems. TACAS 
2012: 392-406 

 Hans-Jörg Peter, Bernd Finkbeiner: The Complexity 
of Bounded Synthesis for Timed Control with Partial 
Observability. FORMATS 2012: 204-219 

AVACS Final Colloquium Kim Larsen [48] 



S1/ H3: Compositional  
Compositional Verification 

AVACS Final Colloquium Kim Larsen [49] 

SubSpec1 

SubSpec2 

SubSpec3 

A[] not Env.ERROR 
A[] forall (i:id_t) forall (j:id_t)  

( Node(i).Token and Node(j).Token imply i==j) 

ECDAR 



S1/ H3: Compositional  
Compositional Verification 

AVACS Final Colloquium Kim Larsen [50] 

ECDAR 



S1/ H3: Compositional  
Compositional Verification 
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ECDAR 

coin 
pub 

tea 

cof 

Machine Researcher 

Administration 

grant 
patent 

Input:  
   control.  
   (required) 
Output:   
   uncontrol. 
   (allowed) 



S1/ H3: Compositional  
Compositional Verification 
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ECDAR 

coin pub 

tea 

cof 

Machine Researcher 

Administration 

grant 
patent 

grant patent 

¸ 
? 



S1/ H3: Compositional  
Compositional Verification 
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ECDAR 

ButA 

ButB 

Good 

Bad 

Guarantee Assumption 

A>>G  = (A | G) \ A 

Properties 

 (A | G) · ¸  

      (A | A>>G ) 

 

A>>G ¸ G 

 

 A · A’ ) 

    A>>G ¸ A’>> G 

 

 G · G’ ) 

    A>>G · A>>G’ 

Quotient 

X · B\A   iff   (X | A) · B   



S1/ H3: Compositional  
Compositional Verification 
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ECDAR 

A, G 

A1, G1 A2, G2 

Proof Rule: 

  A>>G  ¸  ( A1>>G1 | A2>>G2 ) 

FASE’12: Moving from Specifications to Contracts in Component-Based Design 



HSCC14 

S1/ H3: Compositional  
Compositional Verification 

AVACS Final Colloquium Kim Larsen [55] 



AVACS 
German Science Foundation, 1.1.04 – 31.12. 15. 

AVACS Final Colloquium Kim Larsen [56] 



S3: Dependability Properties 

AVACS Final Colloquium Kim Larsen [57] 

J Bogdoll, A David, A 

Hartmanns, H Hermanns:  

mctau: Bridging the Gap 

between Modest and 

UPPAAL.  

SPIN 2012 
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X: UPPAAL Stratego 
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G 
Timed Game 

σ 
Strategy 

P 
Stochastic 

Priced 
Timed Game 

P|σ 

φ 
synthesis 

abstraction 

σ° 
optimized 
Strategy 

G|σ 
Timed Automata 

P|σ° 
Stochastic Priced 
Timed Automata 

minE(cost) 

maxE(gain) 

Uppaal TIGA 
strategy NS = control: A<> goal 
strategy NS = control: A[] safe 

Statistical Learning 
 

strategy DS = minE (cost) [<=10]: <> done under NS 
strategy DS = maxE (gain) [<=10]: <> done under NS 

Uppaal 
E<> error under NS 
A[] safe under NS 

Uppaal SMC 
simulate 5 [<=10]{e1, e2} under SS 
Pr[<=10](<> error) under SS 
E[<=10;100](max: cost) under SS 



X: UPPAAL Stratego 
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X: UPPAAL Stratego 
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Q1: Find a safety strategy  for Ego  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 Ego to go 
 as far as possible (without overtaking). 

EGO FRONT 

Safe and adaptive cruice control 

L, Mikucionis, Taankvist 2015 



X: UPPAAL Strategogo 
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No Strategy 



X: UPPAAL Strategoego 
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Safety Strategy 



X: UPPAAL Stratego 
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Safety Strategy 



X: UPPAAL Stratego 
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Optimal and Safety Strategy 



AVACS 
German Science Foundation, 1.1.04 – 31.12. 15. 

AVACS Final Colloquium Kim Larsen [66] 

INDUSTRIAL 

IMPACT 



Industrial Impact 
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AVACS Final Colloquium 

                            (2015-2021) 

TU Dresden   INRIA   U College London 

32.5, 74 MDKK 

Kim Larsen [68] 
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X: UPPAAL Stratego 
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Discrete 

Continuous 



H: Hybrid Systems 
Statistical MC,Stochastic HS 

 A Bouncing Ball 

AVACS Final Colloquium 

Simulate 5 [<=20] {p} 

Pr[<=20](<>(time >=12 && p >= 4)) 

Kim Larsen [74] 



Train Crossing 

Time 

River 

Bridge 

tracks 

Safe Approaching Crossing Safe 

0 
3 – 5 

20 

AVACS Final Colloquium Kim Larsen [75] 



Train Crossing 

Time 

River 

Bridge 

tracks 

Safe Approaching Crossing Safe 

Safe Approaching Crossing Safe 

Stop the train while it still stoppable! 

10 0 
3 – 5 

20 

AVACS Final Colloquium Kim Larsen [76] 



Train Crossing 

Time 

River 

Bridge 

tracks 

Safe Approaching Crossing Safe 

Safe Approaching Crossing Safe 

10 0 
3 – 5 

20 

Stopped 

Crossing Safe 

Restarted Stopped 

Crossing Safe 

7 – 15 

Crossing 

Restarted 

AVACS Final Colloquium Kim Larsen [77] 



Train Crossing 

Safe Approaching Crossing Safe 

Stopped Restarted 

Add timing+ 
synchronization 

AVACS Final Colloquium Kim Larsen [78] 


