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Part Zero

Setting the Stage



Modelling and Analysis

Model Requirements

System under study

(implementation or design)

model-

based testing

verification

(model checking etc)

correctness safety performance costs



learning



Model Checking

"Can we reach certain states?"

"What is the expected cost

until we reach certain states?"

stochastic modelling and model checking

"What is the probability

of reaching certain states?"

good states

bad states

final states

…

process P() {
alt {
:: stop {= fail = true =}
:: send; alt {

:: {= done = true =}
:: reset; P()

} } }


+ counter-

example

or

state space

exploration

model

checking

randomised algorithms, uncertain environments, 

machine-learnt functionalities, resource sharing …

+ witness



George E. P. Box

Models

All models are wrong,

but some are useful.



Models

nondeter-

minism

MA

LTS DTMC

MDPTA

PTA

STA

SHA

arbitrary

distributions

continuous

dynamics

time/

clocks

CTMC

MA

IMC

Discrete-time Markov chains:

discrete probabilistic choices

Continuous-time Markov chains:

continuous stochastic time

Markov decision processes:

decisions and uncertainty

Markov automata:

MDP plus CTMC,

compositionally

Probabilistic timed automata:

MDP plus hard real time



Concurrency Modelling Primer 

Labelled transition systems:

states S

actions Act

transitions

initial state (set)



Nondeterminism



Concurrency – Nondeterminism – Interleaving



What is out there?



Handshake Communication



Getting Real



Multiple Handshakes



Synchronous Product



Time to Play

• You pick a die.          

• I pick one 

of the remaining. 

• Then we throw. 

• The higher 

number wins. 

A: 0 0 4 4 4 4

B: 1 1 1 5 5 5

C: 2 2 2 2 6 6

D: 3 3 3 3 3 3



Part One

Markov Chains
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Markov Chains

Discrete-time Markov chains

   

   

 

 

on a bus

Marktoberdorf

station
walking

wrong line

wrong way

Gymnasium

lost in Marktoberdorf

ℙ ⋄ =     +    ⋅ (   +    ⋅ (    +    ⋅ (   + ⋯

walking walkingfirst bus second bus



Markov Chains

Discrete-time Markov chains

Value function

𝑉ℙ 𝑠 =  
 if target

Σ𝑠′∈𝑆𝑃 𝑠, 𝑠′ ⋅ 𝑉ℙ(𝑠
′) otherwise

𝑉ℙ ∈ 𝑆 → ℝ:

reachability probability is least fixpoint of 𝑉ℙ

   
   

   

   

   

   

 

 

on a bus

Marktoberdorf

station
walking

wrong line

wrong way

Gymnasium

lost in Marktoberdorf



Markov Chains

Discrete-time Markov chains

𝔼 to ∨ =     ⋅ ( +    ⋅    ⋅ ( +⋯1 1

Values: 𝑉𝔼(𝑠) = Σ𝑠′∈𝑆𝑃 𝑠, 𝑠′ ⋅ (cost 𝑠, 𝑠′ + 𝑉𝔼 𝑠′ )

must have probability 1!

   
   

   

   

   

   

 

 

on a bus

Marktoberdorf

station
walking

wrong line

wrong way

Gymnasium

lost in Marktoberdorf
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Markov Chains

DTMC in Modest

bool lost, arrived;

transient real cost;

property PLost = Pmax(<> lost);

property PArrived = Pmax(<> arrived);

property ECost = Xmax(S(cost), lost || arrived);
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do {

:: tau palt {

:0.5: {= cost = 1 =};

tau palt {

:0.1: {= =}

:0.9: {= arrived = true =}; stop

}

:0.5: tau palt {

:0.5: {= arrived = true =}

:0.5: {= lost = true =}

};

stop

}

}



Modest

Hahn, Hartmanns, H., Katoen: A Compositional

Modelling and Analysis Framework for

Stochastic Hybrid Systems (FMSD 2013)

Hartmanns, H.: The Modest Toolset:nn

An Integrated Environment for Quantitativen

Modelling and Verification (TACAS 2014)

The Modest Language The Modest Toolset

a modelling and

description language for

stochastic timed systems

high-level language for

compositional modelling

with an SHA semantics

2001: PAPM-PROBMIV

2006: IEEE TSE (STA)

2013: FMSD (SHA)

a multiple-formalism,

multiple-solution toolkit

driven by Modest features

2003: DSN (predecessor MoToR)

2009: QEST (mcpta tool)

2014: TACAS (toolset)

model checking,

simulation (SMC),

model-based testing



Modest

Network of SHA

Results

PHAVer

prohver mcsta modes

xSADF JANIModest

The Modest Toolset

www.modestchecker.net

mosta

implemented in C#

cross-platform

qcomp.org

http://www.modestchecker.net/
http://qcomp.org/
http://qcomp.org/


Markov Chains

DTMC in Modest

do {

:: tau palt {

:0.5: {= cost = 1 =};

tau palt {

:0.1: {= =}

:0.9: {= arrived = true =}; stop

}

:0.5: tau palt {

:0.5: {= arrived = true =}

:0.5: {= lost = true =}

};

stop

}

}

Your Homework!

Feel free to check 

with mcsta!

What are the values

of PArrived & ECost?
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Composition Operators on Markov Chains

Only the synchronous product makes sense.

The MCs proceed in 

lock-step through 

discrete time.

What happens 

to the probabilities?

⊗
𝑝 𝑞

𝑝𝑞


