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via
Model Checking



“Plan”

 Timed Automata
 Model Checking
 Time-optimal Planning
 Zones

 Priced Timed Automata
 Cost-optimal Planning
 Priced Zones A*

 Timed Games
 Dynamic Planning
 Strategies, Zones

 Stochastic Timed Automata
 Performance Analysis
 Statistical Model Checking

 Stochastic Priced Timed Games
 Expected Cost Optimal Adaptive 

Planning
 Strategies
 Reinforcement Learning

 Applications
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Applications



“Experimental” Results
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”Experimental” Results
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COP15



SIDMAR Production (2002)     VHS
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Casting Machine

Storage Place

Crane B

Crane A

 A. Fehnker, T. Hune, K. G. 
Larsen, P. Pettersson

 Case study of Esprit-LTR
project 26270 VHS

 Physical plant of SIDMAR
located in Gent, Belgium.

 Part between blast furnace and 
hot rolling mill.

Objective: model the plant, obtain 

schedule and control program
for plant.
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Crane B

Crane A

Input: sequence of steel 

loads (“pigs”). @10
@20 @10

@10

@40

Load follows Recipe to 

obtain certain quality, 
e.g:

start; T1@10; T2@20; 

T3@10; T2@10; 

end within 120.
Output: sequence of 

higher quality 
steel.
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A single load
(part of)

Crane B

UPPAAL
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Controller Synthesis for 
LEGO Model

 LEGO RCX 
Mindstorms.

 Local 
controllers with 
control 
programs.

 IR protocol for 
remote 
invocation of 
programs.

 Central 
controller.

m1 m2 m3

m4 m5

crane a

crane b

casting

storage

buffer

central

controller

Synthesis
1971 lines of RCX code (n=5),

24860    - “ - (n=60).



AXXOM Case Study (2005) ARTEMIS
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AXXOM Case study

 3 types of recipes

 for uni/metallic/bronce

 use of resources, 
processing times, 
timing

 29 (73, 219) orders:

 start time, due date, 
recipe

 extensions:

 delay cost,
storage cost,
setup cost

 weekend, nights

Laquer Production Scheduling

Behrmann, Brinksma, Hendriks, Mader

16th IFAC World Congress

In
fo

rm
a
ti
o
n
s
te

k
n
o
lo

g
i

UCb 

Recipes UPPAAL template

for metal
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Results Extended Case 

#jobs
work

hrs
heuristic

max.
orders

min. cost

found in 60 s

29 - es, no, nl - 530,771

29 - es, no, g - 647,410

29 avail. es, no, nl - 1,714,875

29 avail. es, no, g - 2,263,496

29 expl. no 4 192,881,129

Competitive
with

Orion-pi
results

Orders of magnitude 
faster than 

MILP, GAMS/CPLEX
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Tilt-Tray Sorters

Scheduling rules &

Optimization, 2008

Philips: Indoor Lighting systems, 2014

Océ Datapath, 2012

ASML, 2004: 

Wafer Scanners

Optimization of 

Throughput



P3: Popular Parallel Programming
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P3: Popular Parallel Programming
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Analyzing spreadsheets for parallel execution via model checking. 

Thomas Bgholm, Kim G. Larsen, Marco Muniz, Bent Thomsen, Lone Leth Thomsen
2018



FIR Filter Structures

 Transversal w/Adder Chain

 Transversal w/Adder Tree

 Transposed

 Symmetric

Automated Planning Tools, ... 11

Peter Koch
Erik Wognsen



Design Space Exploration

Peter Koch
Erik Wognsen
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(#multipliers, #adders)



Nano Satellites 

 First wave: 

Launch something into 

space

 AAU Student Satelites

 Second wave: 

Exploit new opportunities

 Small, non-critical, science 

missions

 Third wave: 

Mission critical services

 Monitoring & com for 

national security needs

 Commercial applications

 Ambitious science missions

Automated Planning Tools, ... Kim Larsen [13]



GOMX-3

 ADS-B receiver
 Airplane tracking

 UHF transceiver
 Groundstation

up/down link

 SOFT Lband receiver
 Geostationary satellite 

tracking

 Xband Downlink for 
ESA
 Test to Kourou and 

Toulouse

 Tight power budget

Automated Planning Tools, ... Kim Larsen [14]



GOMX-3 Deployment
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Planning GOMX-3 

 Orbit can be 
accurately predicted 
(and modelled)

 Priced TA for
 Experiments

 Positioning, 
preheating, powering 
actual device

 Battery 

 Environment

 Generate optimal 
schedule for 1 week
using UPPAAL CORA

Automated Planning Tools, ... Kim Larsen [16]

Battery

Job Instance

[Bisgaard, Gerhardt, Hermanns, Krcál, Nies, Stenger FM16]
[…, Havercort, Jongerden, Larsen, Wognsen, International Astronautical Federation 16]
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Timed Games
Optimal Dynamic Planning

Alpha Go



Playing Games – Nim
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ME UPPAAL



Timed Automata & Model Checking
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State (L1, x=0.81)
Transitions

(L1 , x=0.81) 
- 2.1 ->

(L1 , x=2.91)
->

(goal , x=2.91)

Ehi goal ?

Ahi goal ?

A[ ] : L4 ?



Timed Game
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Timed Game & Synthesis
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x<=1

x<=1

Kim Larsen [22]



Decidability of Timed Games
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UPPAAL Tiga [CDF+05, BCD+07]

 Reachability properties:
 control: A[ p U q ] until

 control: Ahi q  control: A[ true U q ]

 Safety properties:
 control: A[ p W q ] weak until

 control: A[] p  control: A[ p W false ]

 Time-optimality :
 control_t*(u,g): A[ p U q ]

 u is an upper-bound to prune the search

 g is the time to the goal from the current state
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UPPAAL Tiga
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DEMO

Uppaal-tiga-0.17/concur015



Model Checking (ex Train Gate)
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: Never two trains at

the crossing at the

same time

Environment

Controller



Synthesis (ex Train Gate)
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: Never two trains at

the crossing at the

same time

Environment

Controller

?



Timed Games
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: Never two trains at

the crossing at the

same time

Controllable Uncontrollable

Find strategy for controllable

actions st behaviour satisfies 

Controller

Environment

Uppaal examples/marktoberdorf08/lecture 5
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Synthesis Demo

Kim Larsen [29]



Timed Games
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: Never two trains at

the crossing at the

same time

Controllable Uncontrollable

Find strategy for controllable

actions st behaviour satisfies 

Controller

Environment

Uppaal examples/marktoberdorf08/lecture 5



Exercises

Model Checking (optional)

 Exercise 2 (Coffee Machine) 

 Excercise 19 (Train Crossing)

Planning (mandatory) 

 Exercise 28 (Jobshop Scheduling)

 Exercise 22 (Crossing River) OR 
Exercise 21 (Rush Hour) -- homework for 
Lecture 2.
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