Performance Queries

on Semi-Markov SPNs with an Extended Continuous Stochastic Logic

Jeremy Bradley, Nick Dingle Pete Harrison and William Knottenbelt

Imperial College London

{jb,njd200,pgh,wjk}@doc.ic.ac.uk

PNPM’2003 – 3rd September 2003

What is an SMP?

Distributions:

W ∼ Γ(α, λ), Z ∼ Hyper ( 2 3, 13; λ, μ ) , X ∼ U [ 1 λ , 1μ ] , Y ∼ δ [ 1 μ ]

Random Process Evolution

Random Process Evolution

Random Process Evolution

Random Process Evolution

Random Process Evolution

Random Process Evolution

Random Process Evolution

Random Process Evolution

What is an SMP?

• Represented by discrete-time Markov chain, Pij, and state sojourn-time distribution matrix, Hij(t)

• Kernel of time-homogeneous process:

Rij(t) = IP(Xn+1 = j, Tn+1 − T n ≤ t | X n = i) = PijHij(t)

• Xn is state at nth state change, Tn is time of nth state change

Passage-time Analysis

• Passage-time calculation from single start state to multiple end states:

Li⃗j(s) = ∑ k /∈⃗j

r̂ik(s)Lk⃗j(s) + ∑ k∈⃗j

r̂ik(s) : for 1 ≤ i ≤ N

• Weighted passage-time to take into account many possible start states: L⃗i⃗j(s) = ∑ k∈⃗i

α kLk⃗j(s)

eCSL Syntax

• Extended Continuous Stochastic Logic – Performance level queries Ψ def = tt Ψ ∧ Ψ ¬Ψ S ρ (ψ) T τρ (ψ, ψ) P τρ (ψ, ψ) – State level queries ψ def = tt p[N] ψ ∧ ψ ¬ψ

eCSL State Formulae

State formulae:

m|= tt for all m m|= ψ 1 ∧ ψ 2 iff m|= ψ 1 ∧ m|= ψ 2 m|= ¬ψ iff m|̸= ψ m|= p[N] iff m(p) ∈ N

• m is a marking of the underlying SPN, p is a place label from the SPN, N is a subset of natural numbers

• a marking satisfies p[N] iff the number of tokens in place p lies in the set N

eCSL Semantics I

Performance formulae: ⃗m|= tt for all ⃗m ⃗m|= Ψ 1 ∧ Ψ 2 iff ⃗m|= Ψ 1 ∧ ⃗m|= Ψ 2 ⃗m|= ¬Ψ iff ⃗m|̸= Ψ

⃗m|= Sρ (ψ) iff Π ⃗j ∈ ρ where ⃗j = Sat(ψ)

• ρ is a subset of [0, 1], Sat(ψ) = {m ∈ M | m|= ψ}.

• ⃗m|= Sρ (ψ) says ⃗m satisfies S ρ (ψ) iff the accumulated steady state of all states states satisfying ψ lies in the set ρ

eCSL Semantics II

• Passage-time performance formula: ⃗m|= Pτρ (ψ 1, ψ 2) iff IP(P ⃗k ⃗m⃗j ∈ τ ) ∈ ρ

• where ⃗j = Sat(ψ 1), ⃗k = Sat(ψ 2) P ⃗k ⃗i⃗j = ∑ i∈⃗i

α i inf { u > 0 : Z(u) ∈ ⃗j | Z(0) = i, ∀u′ < u . Z(u′) ∉ ⃗k }

• i.e. does the random variable, P ⃗k⃗i⃗j, lie in the time range τ with probability in ρ

eCSL Semantics III

• Transient performance formula: ⃗m|= T τρ (ψ 1, ψ 2) iff ∀t ∈ τ , T ⃗k ⃗m⃗j(t) ∈ ρ

• where ⃗j = Sat(ψ 1), ⃗k = Sat(ψ 2) T ⃗k ⃗i⃗j(t) = ∑ i∈⃗i

α iIP ( Z(t) ∈ ⃗j | Z(0) = i, ∀t′ < t . Z(t′) ∉ ⃗k )

• i.e. does the transient dirstribution starting in ⃗i, finishing in ⃗j and avoiding ⃗k, stay within ρ for all t ∈ τ

Transient bound eCSL Example

• Find value q such that:

Sat(p1[35] ∧ p5[10])|= P[0,10){q} (p2[175], p6[1])

• i.e. find probability that defined passage occurs within 10 seconds?

Semi-Markov SPNs

Use semi-Markov stochastic Petri nets to generate our SMP models

SM-SPN: Voting System

Passage-time (I): 1.14M

Sat(p1[35] ∧ p5[10])|= P(0,86](0.8,1)(p2[175], p6[1])

Passage Time (II): 10.9M

Sat(p1[300] ∧ p3[80] ∧ p5[10])|= P(0,t]{p} (p2[300], ff )

eCSL Example

Sat(p1[5])|= T (31,65)

(0.001,0.014)(p2[5], ff )

PNPM’2003, Urbana-Champaign jb@doc.ic.ac.uk 3rd September 2003 24

Transient Constraint

Sat(p1[5])|= T (31,65)

(0.001,0.014)(p2[5], ff )

Transient Constraint

Sat(p1[5])|= T (31,65)

(0.001,0.014)(p2[5], ff )

Transient Constraint

Sat(p1[5])|= T (31,65)

(0.001,0.014)(p2[5], ff )

Transient Constraint

Sat(p1[5])|= T (31,65)

(0.001,0.014)(p2[5], ff )

Transient Constraint

Sat(p1[5])|= T (31,65)

(0.001,0.014)(p2[5], ff )

Transient Constraint

Sat(p1[5])|= T (31,65)

(0.001,0.014)(p2[5], ff )

Transient Constraint

Sat(p1[5])|= T (31,65)

(0.001,0.014)(p2[5], ff )

PNPM’2003, Urbana-Champaign jb@doc.ic.ac.uk 3rd September 2003 32

Conclusion

• Introduced extended continuous stochastic logic over SM- SPNs

• Added multiple start states to queries

• Added new bounded transient query

PNPM’2003, Urbana-Champaign jb@doc.ic.ac.uk 3rd September 2003 34

CSL Semantics

State formulae:

s|= tt for all s s|= a iff a ∈ set of labels, A(s) s|= Ψ 1 ∧ Ψ 2 iff s|= Ψ 1 ∧ s|= Ψ 2 s|= ¬Ψ iff s|̸= Ψ s|= Sρ (Ψ) iff Π ⃗j ∈ ρ where ⃗j = Sat(Ψ) s|= Pρ (ψ) iff IP(σ ∈ Path(s) | σ |= ψ) ∈ ρ Path formulae:

σ |= XΨ iff ∃σ[1]|= Ψ σ |= Ψ 1 ∪τ Ψ 2 iff ∃u ∈ τ . (σ@u|= Ψ 2 ∧ ∀u′ < u, σ@u ′ |= Ψ 1)