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Overview

Verification of model properties.
_

/ \ L-Oé_fc (hw/?vx‘B

Tremstbton Sy sbrng

Formal Methods in Algorithmic Cheminformatics and Systems Biology 2/13



P8
5 \(.\o“’ ’(B“V\ ;

G

. P
Kripke Structure 14 \?«\» <<
I
A transition system TS = (S, —, 1, AP, L) enriched with a labelling
function L: S — 24P defining a set of atomic propositions valid in each
state.

Path fragment is a sequence of states sg, s1,... such that for all i € N,
(S,',;[7 S,') c—.

A path fragment is maximal if it is infinite.

A path fragment is initial if sp € /.

A path is an initial and maximal path fragment.

Given a path fragment m = sp, s1, . .., the trace of 7 is a word
L(so)L(s1)... over the alphabet 247
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Linear-Time (LT) Properties

A language P C (24P,

A transition system TS satisfies a property P, TS = P < trace(TS) C P
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Invariant Properties

An invariant condition given by a propositional formula ¢ holds in every
state.

Pinv = {AoA1Az--- € (2AP)W | Vj € No, Aj |= &}
TS = Pipy & Vs € Reach(TS), L(s) E &
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Safety Properties
“Something bad never happens.”

P is a safety property if for all words o € (24P)« \ P, there exists a finite
prefix & of o such that PN {o’ € (24P)¥ | & is a prefix of o'} = ()

> Bad PreF (Popr) = Set oF all Fimbe words which

wre nob w prabic ot any G eP TSER,;, <= treg(TSh
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pref(c) = {6 | & is a finite prefix of o}
closure(P) = {o € (2*P)“ | pref (o) C pref(P)}

A property P, is a safety property if and only if closure(Psafe) = Psate.
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Liveness Properties

“Eventually something good happens.”

P is a liveness property if and only if pref (P) = (24F)*.
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Fairness
“Everyone gets their turn.”

Different fairness constraints are considered.
A Unconditional Fairness Every process gets its turn infinitely often.

Strong Fairness Every process that is enabled infinitely often gets
its turn infinitely often.

Weak Fairness Every process that is continuously enabled from
some point onwards gets its turn infinitely often.
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Regular Properties

As a property P defines a language, we say it is regular whenever it
defines a regular language.
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w-Regular Properties

A language (property) is w-regular if there exists an w-regular expression
producing it.
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w-regular languages are recognised by nondeterministic Biichi automata.
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Temporal Logic

Temporal modalities on top of predicate logic:
¢ “Eventually”;
O “Always”;
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Linear Temporal Logic (LTL) < MR
© rvusoltng sbout pe ths o we* <>\f =ToY
Syntax: K T .
pi=Tlalp A || OplelUe  TFS1HP

Semantics over words: = traces
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cEa & acA

cEwiAp & okE¢ando =g

ol & ol

o= Op & ofli]Ee
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Computational Tree Logic (CTL)

Syntax:
sty Foreds & = T | 2| O A D, | 0 | T | Ve
’réC Ford. @ =0 | d; U d,
Semantics over states and paths:
sET
skEa & acl(s)
sEPIAP, & sEP ands P,
sE o & SEP
sEJp < I € Paths(s),m = ¢
s E Ve & Vm € Paths(s), 7 = ¢
T = QO & 7[ll=¢
rE®US, < m_
djew FOl1ED, AYisj T[AED
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