
MONITOR LOGICS FOR
QUANTITATIVE MONITOR AUTOMATA

Erik Paul

Leipzig University

August 22, 2017

QuantLA



MOTIVATION

item x restocked (in a shop) every Monday

purchase events between Mondays

⇒ modeled as (infinite) sequence over alphabet {restock, demand}

How many purchases of x each week?

minimal demand

maximal demand

long-term average demand
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QUANTITATIVE MONITOR AUTOMATA

A = (Σ,Q, I ,F , n, δ,Val) Quantitative Monitor Automaton

Σ finite alphabet

Q, I ,F states (initial,final)

n number of monitor counters

δ ⊆ Q × Σ× Q × (Z ∪ {s, t})n transitions

Val : ZN → R ∪ {∞} valuation function

e.g. minimum, maximum, long-term average

223%



QUANTITATIVE MONITOR AUTOMATA

A = (Σ,Q, I ,F , n, δ,Val) Quantitative Monitor Automaton

Σ finite alphabet

Q, I ,F states (initial,final)

n number of monitor counters

δ ⊆ Q × Σ× Q × (Z ∪ {s, t})n transitions

Val : ZN → R ∪ {∞} valuation function

e.g. minimum, maximum, long-term average

226%



QUANTITATIVE MONITOR AUTOMATA

A = (Σ,Q, I ,F , n, δ,Val) Quantitative Monitor Automaton

Σ finite alphabet

Q, I ,F states (initial,final)

n number of monitor counters

δ ⊆ Q × Σ× Q × (Z ∪ {s, t})n transitions

Val : ZN → R ∪ {∞} valuation function

e.g. minimum, maximum, long-term average

229%



QUANTITATIVE MONITOR AUTOMATA

A = (Σ,Q, I ,F , n, δ,Val) Quantitative Monitor Automaton

Σ finite alphabet

Q, I ,F states (initial,final)

n number of monitor counters

δ ⊆ Q × Σ× Q × (Z ∪ {s, t})n transitions

Val : ZN → R ∪ {∞} valuation function

e.g. minimum, maximum, long-term average

232%



QUANTITATIVE MONITOR AUTOMATA

A = (Σ,Q, I ,F , n, δ,Val) Quantitative Monitor Automaton

Σ finite alphabet

Q, I ,F states (initial,final)

n number of monitor counters

δ ⊆ Q × Σ× Q × (Z ∪ {s, t})n transitions

Val : ZN → R ∪ {∞} valuation function

e.g. minimum, maximum, long-term average

235%



QUANTITATIVE MONITOR AUTOMATA

A = (Σ,Q, I ,F , n, δ,Val) Quantitative Monitor Automaton

Σ finite alphabet

Q, I ,F states (initial,final)

n number of monitor counters

δ ⊆ Q × Σ× Q × (Z ∪ {s, t})n transitions

Val : ZN → R ∪ {∞} valuation function

e.g. minimum, maximum, long-term average

238%



QUANTITATIVE MONITOR AUTOMATA

A = (Σ,Q, I ,F , n, δ,Val) Quantitative Monitor Automaton

Σ finite alphabet

Q, I ,F states (initial,final)

n number of monitor counters

δ ⊆ Q × Σ× Q × (Z ∪ {s, t})n transitions

Val : ZN → R ∪ {∞} valuation function

e.g. minimum, maximum, long-term average

241%



QUANTITATIVE MONITOR AUTOMATA

A = (Σ,Q, I ,F , n, δ,Val) Quantitative Monitor Automaton

δ ⊆ Q × Σ× Q × (Z ∪ {s, t})n transitions

q0

a(
s
0

)
−−−→

2

q1

a(
1
0

)
−−−→

⊥

q2

b(
1
s

)
−−−→

5

q3

a(
t
2

)
−−−→

⊥

q4

b(
0
3

)
−−−→

⊥

q5

a(
s
t

)
−−−→

3

. . .

Weight of run: Val((zi )i≥1)

Weight of ω-word: infimum over all runs

344%



QUANTITATIVE MONITOR AUTOMATA

A = (Σ,Q, I ,F , n, δ,Val) Quantitative Monitor Automaton

δ ⊆ Q × Σ× Q × (Z ∪ {s, t})n transitions

q0

a(
s
0

)
−−−→

2
q1

a(
1
0

)
−−−→

⊥

q2

b(
1
s

)
−−−→

5

q3

a(
t
2

)
−−−→

⊥

q4

b(
0
3

)
−−−→

⊥

q5

a(
s
t

)
−−−→

3

. . .

Weight of run: Val((zi )i≥1)

Weight of ω-word: infimum over all runs

347%



QUANTITATIVE MONITOR AUTOMATA

A = (Σ,Q, I ,F , n, δ,Val) Quantitative Monitor Automaton

δ ⊆ Q × Σ× Q × (Z ∪ {s, t})n transitions

q0

a(
s
0

)
−−−→

2
q1

a(
1
0

)
−−−→

⊥

q2

b(
1
s

)
−−−→

5
q3

a(
t
2

)
−−−→

⊥

q4

b(
0
3

)
−−−→

⊥

q5

a(
s
t

)
−−−→

3

. . .

Weight of run: Val((zi )i≥1)

Weight of ω-word: infimum over all runs

350%



QUANTITATIVE MONITOR AUTOMATA

A = (Σ,Q, I ,F , n, δ,Val) Quantitative Monitor Automaton

δ ⊆ Q × Σ× Q × (Z ∪ {s, t})n transitions

q0

a(
s
0

)
−−−→

2
q1

a(
1
0

)
−−−→
⊥

q2

b(
1
s

)
−−−→

5
q3

a(
t
2

)
−−−→
⊥

q4

b(
0
3

)
−−−→
⊥

q5

a(
s
t

)
−−−→

3
. . .

Weight of run: Val((zi )i≥1)

Weight of ω-word: infimum over all runs

352%



QUANTITATIVE MONITOR AUTOMATA

A = (Σ,Q, I ,F , n, δ,Val) Quantitative Monitor Automaton

δ ⊆ Q × Σ× Q × (Z ∪ {s, t})n transitions

q0

a(
s
0

)
−−−→

2
q1

a(
1
0

)
−−−→
⊥

q2

b(
1
s

)
−−−→

5
q3

a(
t
2

)
−−−→
⊥

q4

b(
0
3

)
−−−→
⊥

q5

a(
s
t

)
−−−→

3
. . .

Weight of run: Val((zi )i≥1)

Weight of ω-word: infimum over all runs

355%



QUANTITATIVE MONITOR AUTOMATA

A = (Σ,Q, I ,F , n, δ,Val) Quantitative Monitor Automaton

δ ⊆ Q × Σ× Q × (Z ∪ {s, t})n transitions

q0

a(
s
0

)
−−−→

2
q1

a(
1
0

)
−−−→
⊥

q2

b(
1
s

)
−−−→

5
q3

a(
t
2

)
−−−→
⊥

q4

b(
0
3

)
−−−→
⊥

q5

a(
s
t

)
−−−→

3
. . .

Weight of run: Val((zi )i≥1)

Weight of ω-word: infimum over all runs

358%



EXAMPLE

q0 q1 q2
(restock, s, 0)

(restock, t, s)

(demand, 1, 0)
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(demand, 0, 1)

⇒ sequence 5, 3, 7, 4, . . . of demands per week

valuation function to compute long-time average, minimum, ...
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MONITOR LOGICS FOR QUANTITATIVE MONITOR AUTOMATA
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