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 where 


¬ ∨ 𝖷 𝖴

[σ ⊧ 𝖷φ] ⟺ [σ1 ⊧ φ] σi = sisi+1…

[σ ⊧ φ𝖴ψ] ⟺ ∃i ≥ 0 : ([σi ⊧ ψ]) ∧ (∀0 ≤ j < i, [σ j ⊧ φ])

Enables to build other logical operators (∧, →, ↔, , ) and other 
temporal operators, such as:


•  (finally): 


•  (globally): 


•  (release): 

𝗍𝗋𝗎𝖾 𝖿𝖺𝗅𝗌𝖾

𝖥 𝖥 ψ ≡ 𝗍𝗋𝗎𝖾 𝖴 ψ
𝖦 𝖦 ψ ≡ ¬(𝖥¬ψ)
𝖱 ψ 𝖱 φ ≡ ¬(¬ψ 𝖴 ¬φ)
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•  = there are no req and no ack


•  = a req eventually occurs, not ack occur before 
that, and an ack must eventually occur. 

φra = 𝖦(¬r ∧ ¬a) ∨ ((¬a 𝖴 r) ∧ 𝖥a)

𝖦(¬a ∧ ¬r)
(¬a 𝖴 r) ∧ 𝖥a

or
req ack

φra2 = (𝖦(¬a1 ∧ ¬r1) ∨ [(¬a1 𝖴 r1) ∧ 𝖥a1])
∧ (𝖦(¬a2 ∧ ¬r2) ∨ [(¬a2 𝖴 r2) ∧ 𝖥a2])



Finite LTL

Finite LTL (FLTL) is essentially LTL on finite traces  





α = s0s1⋯st

[α ⊧F 𝖭 φ] = {[α1 ⊧F φ] if α1 ≠ ϵ
⊥ otherwise

[α ⊧F φ 𝖴 ψ] =
⊤ if ∃i ∈ {0,…, t} : (([αi ⊧F ψ] = ⊤ )

∧ (∀j ∈ {0,…, i − 1}, [αj ⊧F φ] = ⊤ ))
⊥ otherwise
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3-valued LTL (LTL3):
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⊤ if  ∀σ ∈ Σω : ασ ⊧ φ
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? otherwise

4-valued LTL (RV-LTL):

[α ⊧4 φ] =

⊤ if  [α ⊧3 φ] = ⊤
⊥ if  [α ⊧3 φ] = ⊥
⊤p if  [α ⊧3 φ] = ? ∧ [α ⊧F φ] = ⊤
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Runtime Verification LTL 
(RV-LTL)
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The Computational Model

Set of asynchronous crash-prone monitors


• Hypothesis 1: Shared memory with read/write accesses 
(we actually use IIS model)


• Hypothesis 2: Synchronization barrier between 
 and  for all α′￼ = s0s1⋯st−1 α = s0s1⋯st = α′￼st t ≥ 1

Decentralized Monitors

Shared Memory



Monitors Get Partial Information 

• Partial trace  where  is fixed


• Monitors examine  for deciding 


• , after some communication


• It may be the case that

for some 


for some 

α = s0s1⋯st α′￼ = s0s1⋯st−1

st = {a1, …, ak} [α ⊧4 φ]
wi = view(pi), i = 1,…, n

[α′￼wi ⊧F φ] = ⊤ i ∈ [n]

[α′￼wj ⊧F φ] = ⊥ j ≠ i
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Alternation Number
• The alternation number of an LTL formula  with respect to a finite 

partial trace , denoted by , is the maximum integer 
 such that there exists a sequence of partial states (i.e., views)

 with , , and, for every ,


 


• The alternation number of an LTL formula  is 


 


• Remark: 

φ
α = α′￼s AN(φ, α)

k ≥ 0
w0, ⋯, wk w0 = Ø wk = s i ∈ {0,…, k − 1}

(wi ⊊ wi+1) ∧ ([α′￼wi ⊧F φ] ≠ [α′￼wi+1 ⊧F φ])
φ

AN(φ) = max {AN(φ, α) ∣ α ∈ Σ⋆}
AN(φ) ≤ |𝖠𝖯 |



Example



 


•                               ➜ 


•                           ➜ 


•                      ➜ 


•                 ➜ 


•   ➜ 


φra2 = (𝖦(¬a1 ∧ ¬r1) ∨ [(¬a1 𝖴 r1) ∧ 𝖥a1])
∧ (𝖦(¬a2 ∧ ¬r2) ∨ [(¬a2 𝖴 r2) ∧ 𝖥a2])

s0 = {r1, a1, r2, a2}
w0 = Ø [w0 ⊧F φra2] = ⊤
w1 = {r1} [w1 ⊧F φra2] = ⊥
w2 = {r1, a1} [w2 ⊧F φra2] = ⊤
w3 = {r1, a1, r2} [w3 ⊧F φra2] = ⊥
w4 = {r1, a1, r2, a2} = s0 [w4 ⊧F φra2] = ⊤

AN(φra2) = 4



Results
Theorem For every , there exists an LTL formula  with 

 such that runtime verifying  using distributed 
monitors requires a verdict set  with . 


Theorem For every , and for every LTL formula  with 
, there is distributed monitors that correctly  

monitor  using verdict set 


 

k ≥ 0 φ
AN(φ) = k φ

V |V | ≥ k + 1

k ≥ 0 φ
AN(φ) = k

φ

𝔹2⌈k/2⌉+4 = { ⊥ , ⊤ , ⊥0 , ⊤0 , …, ⊥⌈k/2⌉ , ⊤⌈k/2⌉ }
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Let  be a finite partial traceα = α′￼s

[α ⊧D φ] =

⊤ if  [α ⊧4 φ] = ⊤
⊥ if  [α ⊧4 φ] = ⊥
⊤0 if  [α ⊧4 φ] = ⊤p ∧ (∀w ⊂ s : [α′￼w ⊧D φ] = ⊤0 )
⊥0 if  [α ⊧4 φ] = ⊥p ∧ (∀w ⊂ s : [α′￼w ⊧D φ] = ⊥0 )
⊤i , i > 0 if  [α ⊧4 φ] = ⊤p ∧ (∃w ⊂ s : [α′￼w ⊧D φ] = ⊥i−1 )

∧ (∀w ⊂ s, ∃j < i : [α′￼w ⊧D φ] ∈ { ⊤j , ⊥j } ∪ { ⊤i })
⊥i i > 0 if  [α ⊧4 φ] = ⊥p ∧ (∃w ⊂ s : [α′￼w ⊧D φ] = ⊤i−1 )

∧ (∀w ⊂ s, ∃j < i : [α′￼w ⊧D φ] ∈ { ⊤j , ⊥j } ∪ { ⊥i })

AN(φ, α) = {0 if  [α ⊧D φ] ∈ { ⊤ , ⊥ }
k if  [α ⊧D φ] ∈ { ⊥k , ⊤k }



Reducing #Logical Values



DLTL+

⊥0 < ⊤0 < ⊥1 < ⊤1 < … < ⊤i−1 < ⊥i < ⊤i < ⊥i+1 < …

DLTL−

⊤0 < ⊥0 < ⊤1 < ⊥1 < … < ⊥i−1 < ⊤i < ⊥i < ⊤i+1 < …



Conclusion and

Open Problems

• Proof of concept: Decentralized runtime monitoring of 
can be done, with verdicts in 


• Conjecture: For every , distributed monitoring of  
requires  different values. 


• Next step: Getting rid of the synchronization barrier 
between  and 

φ
LTLAN(φ)+O(1)

φ φ
AN(φ)

α′￼ = s0s1…st−1 α = α′￼st = s0s1…st−1st
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Grazie


