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Overview
Discret Time Continuous Time

Deterministic Discrete Markov Chain Continuous Markov Chain
PCTL CSL

Nondeterminstic Markove Decision Process Probabilistic Timed Automata
pCTL

2



Discrete Markov Chain
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PCTL

s |=D a iff a ∈ L(s)
s |=D ¬f iff not s |=D f
s |=D f1 ∧ f2 iff s |=D f1 and s |=D f2

σ |≡D f1U≤tf2 iff there exists an i ≤ t such that
σ[i] |=D f2 and
σ[j] |=D f1, for all j : 0 ≤ j < i.

s |=D f1U
≤t
≥pf2 iff µDs ({σ | σ[0] = s ∧ σ |≡D f1U≤tf2}) ≥ p.

s |=D f1U
≤t
>pf2 iff µDs ({σ | σ[0] = s ∧ σ |≡D f1U≤tf2}) > p.

f1 ∨ f2 ≡ ¬(¬f1 ∧ ¬f2)
f1 → f2 ≡ ¬f1 ∨ f2

f1u
≤t
≥pf2 ≡ ¬(¬f2U

≤t
>1−p¬(f1 ∨ f2))

f1u
≤t
>pf2 ≡ ¬(¬f2U

≤t
≥1−p¬(f1 ∨ f2))

G≤t≥pf ≡ f u≤t≥pfalse

F≤t≥pf ≡ true U≤t≥pf
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Markov Decision Process and pCTL

P ⊆ Stat
φ, ψ ∈ Stat =⇒ φ ∧ ψ,¬φ ∈ Stat
φ ∈ Seq =⇒ Aφ,Eφ,P./aφ ∈ Stat
φ ∈ Stat =⇒ φ ∈ Seq
φ, ψ ∈ Seq =⇒ φ ∧ ψ,¬φ,ut φ, �φ, φUψ ∈ Seq

s |= Aφ iff ∀ω ∈ Ωs · ω |= φ
s |= Eφ iff ∃ω ∈ Ωs · ω |= φ
s |= P≥aφ iff µ−s ({ω ∈ Ωs | ω |= φ}) ≥ a
s |= P≤aφ iff µ+

s ({ω ∈ Ωs | ω |= φ}) ≤ a

5



Continuous Markov Chain
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Q =

 0 3 0 3
0 0 1 0
0 0.5 0 0
0 0 0 2


p(s, s′) = 1− e−Q(s,s′)·t t > 0

Probability to make a transition within t time units

E(s) =
∑

s′∈S Q(s, s′)

P(s, s′) = Q(s, s′)/E(s)
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What we didn’t do

• MTBDD and sparse matrix in probabilistic model checking

• pCTL*! PCTL*? CSL*?

• Other systems

• Automata-theoretic approach to probabilistic model checking

• Probabilistic Timed Automata
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