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Modelling and Analysis

Model «verification Requirements o%
(model checking etc) ‘/ %

mode|.— learning 2
based testing S

System under study

(implementation or design)

05
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0.5
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correctness safety performance costs




Model Checking

"Can we reach certain states?¢" good states fing| states

bad states
process PO { 3! + witness
alt { P >N -
: stop {=fail =true =} -

:: send; alt { Z> S
RN

:: {=done = true =} |
:: reset; PO I
} o}

> VR

e ' + counfer-
state space ¥ model example

exploration checking

§ randomised algorithms, uncertain environments,
machine-learnt tunctionalities, resource sharing ...

> stochastic modelling and model checking

"What is the probability "What is the expected cost
of reaching certain states¢" until we reach certain states?"

probabilistic reachability eward expectations



Models

All models are wrong,
but some are usetul.

George E. P. Box



Models

Discrete-time Markov chains:
Continuous-time Markov chains:

Markov decision processes:
decisions and /

Markov automata: ime/ TA M

MDP plus CTMC, clocks /

compositionally

oT

A MA
DP

Probabilistic timed automata: LTS DTMC CTMC

~ MDP olus hard real time nondetfer-

minism



Concurrency Modelling Primer

Labelled transition systems: actions:
coin,
S T
Act get_sprite,
get_coke

> C S x Act x S

get_coke get_sprite




Nondeterminism

finite automata: language acceptors
" B Qo Qo

deterministic nondeterministic

transition systems: operational system models

o B decide nondeterministically to
execute action « or 3
nondeterministic worst-case analysis: consider all

resolutions of the nondeterminism



Concurrency — Nondeterminism — Interleaving

Th = (Sl,ACtl,—)l,...)
T = (Sg,ACtQ,—)Q,...)

Th |||7§ = (51X52,AC1.'1 U Acty, —, .. )

where the transition relation — is given by:

(8% ! « /
S1 —1 5 S —22 5

(51,) = (s}, %) (51,%) — (51, %)



What is out there?

’7

' A
\ Trocess E\~

Base principles:

o)

m Communication via shared variables o0 0\\ 6'\(\\0

in shared memory c 0066 0\56 \'\O(\

o | ™ AT O

m Synchronous communication via messages ¢ \\0(\ ((\\)

Channels with capacity 0 ' ° CO(‘\((\ ’\CD
m Asynchronous communication via messages % X ,0(\\\'

\

Channels with capacity > 0 (Buffers!) 0\)‘I~\\



Handshake Communication
Tl = (Sl,ACtl,—>1,...), 7-2 = (S2,ACt2,—>2,...)

Syn € Act; n Act, (set of synchronization actions)

Tl HSyn T, = (51 X 527ACt1 UACt27_>7

7 L] L] L

interleaving for every action o ¢ Act; \ Syn:

8} / 8 /
<517 52> g <51752> <51752> ﬂ) <S£7 52>

handshaking (rendezvous) for o € Syn:

S| —q si N S 5, s,
(s1,%) — (s1,5))




Getting Real
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Multiple Handshakes

T, = (S1,Act;,—1,...)

75> (SQ,ACtQ,—>2,...)

transition systems 73 = (S3.Act3, =3, )
== (S4,ACt4 —4 )

T,

suppose that Act; n Act; n Act, =0 if 1,),k are pairwsie
distinct. Then:

T, | T2 | T35 || Ta ... :=

(((Tl HSyan TQ) HSyn1’2’3 T3) HSyn1’2’3’4T4) -
where

Syni o Act; N Acts

Syn172j3 — (ACtl U ACtz) M ACt3
Synisss = (Act; U Acty U Acts) N Acty



Synchronous Product

for parallel systems with fully synchronized processes

Tl — (51, ACtl, —1, ),

SIVen TS T, = (52, Acty, —», )

Tl @Tz = (51 X SQ,ACt, —, )




Time to Play

* You pick a die.

« | pick one @A004444
of the remaining. Cou

e Then we throw. ﬁ B-111555

* The higher =

number wins. G C:222266
5‘)(’%&’%); i :
?LBQ(_}; i
Z.



Part One

Markov Chains
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Markov Chains

Discrete-time Markov chains

on a bus
wrong line
@ 031 ............ v’ Gymnasium
0.5
------------ % lost in Marktoberdort
I\/\ork’roberdonc
station Wolklng wrong way

P(ov’) = 0.524+0.5- (0.9 +0.1-(0.52 4+ 0.5 (0.9 + -
—— —~— —— N

walking first bus walking  second bus



Markov Chains

Discrete-time Markov chains

. on a bus
wrong line .

O:)l ............ / GymnOSIUm

0.5 0/031 ____________ % |ost in Marktoberdort

Marktoberdorf

station Wo||<|ng wrong way
Value tunction |
1 it target

IpeS > R:V =
P ~ p(s) {ZS,ESP(S,S’) - Vp(s') otherwise

= reachability probability is least fixpoint of Vp - iterative

algorithm



Markov Chains

Discrete-time Markov chains

. on a bus
wrong line .

O:)l ............ / GymnOSIUm

0.5 0/031 ____________ % |ost in Marktoberdort

Marktoberdorf

station

Wo||<|ng Wrong way

E(“htov/ Vx)=05-(2+0.1-05 (2+ -
H_J
must have probability 11

VC1|UeS: V[E(S) — ZS’ESP(S’ S,) ) (COSt(S) S,) T VIE(S’))



Markov Chains

bool lost, arrived;
transient real cost;

0.9 :O:) 1

property PLost = Pmax(<> lost); 0.5

property PArrived = Pmax(<> arrived); 05 x)J1
property ECost = Xmax(S(cost), lost || arrived);
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: {=Tlost =true =}
};
stop

} DTMC in Modest



Modest

The Modest Language The Modest Toolset
a modelling and a multiple-formalism,
description language for multiple-solution toolkit
stochastic timed systems driven by Modest features
2 high-level language for 5 model checking,
compositional modelling simulation (SMC),
with an SHA semantics model-based testing
2006: IEEE TSE (STA) 2009: QEST (mcpta tool)
2013: FMSD (SHA) 2014: TACAS (toolset)

Form Me,
thog,
Dop S Syst Deg ¢
1010075175, o ;42)01163) 431191 33,
2-0167.,, 2

Hartmanns, H.: The Modest Toolset:
An Integrated Environment for Quantitative
Modelling and Verification (TACAS 2014)

Hahn, Hartmanns, H., Katoen: A Compositional
Modelling and Analysis Framework for
Stochastic Hybrid Systems (FMSD 2013)



Modest
The Modest Toolset
oo\s

X
xSADF  Modest  JANI «— &\ioguages

l. -
A
,/T.-'-T.LI!I P

gcomp.org

Network of SHA —— mosta — = I_T |
8 TA .
prohver mcsta " modes
mnod. PHAVer

implemented in C#
\} cross-plattorm a & 4

Results www.modestchecker.net



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

Markov Chains
DTMC in Modest

"v) )1
do {
:: tau palt { () 1
:0.5: {=cost=1=};

tau palt {

:0.1: {==

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

}

:0.5: tau palt {

:8'2: {= ?""Wed:tr“e =} What are the values
:0.5: {=Tlost =true= _
). t=lost=true=} of PArrived & ECost?

sto
g = Your Homework!

Feel free to check
with mcstal



Composition Operators on Markov Chains

Only the synchronous product makes sense.

p q
S — S N\ S — s) P q

(s1, %) == (s1, 5))

The MCs proceed in
lock-step through

discrete time.

What happens
to the probabilities?



