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Unifying hyper and epistemic temporal logics. Bozzelli, Maubert, Pinchinat (FoSSaCS 2015)

ns

w

r

first-order trace 
quantification is not 

enough



nr

s

nrnr nr nr

eventually common 
knowledge       r ?

Communication in Multi-Agent Systems

21

nr

ns rns ns ns r r

ns wns ns ns r r

ns nsns ns ns r r

second-order 
quantification

ns

w

r



s

nr

ns rns ns ns r r

ns wns ns ns r r

ns nsns ns ns r r

ns nsns ns ns w r

eventually common 
knowledge       r ?

s s

Communication in Multi-Agent Systems

22

second-order 
quantification

ns

w

r



nr

nr nrnr nrnr nr

s

ns rns ns ns r r

ns wns ns ns r r

ns nsns ns ns r r

ns nsns ns ns w r

eventually common 
knowledge       r ?

Communication in Multi-Agent Systems

23

ns nsns ns ns ns r

second-order 
quantification

ns

w

r



nr nrnr nrnr nr

s

nr

ns rns ns ns r r

ns wns ns ns r r

ns nsns ns ns r r

ns nsns ns ns w r

eventually common 
knowledge       r ?

Communication in Multi-Agent Systems

ns nsns ns ns ns r

ns nsns ns ns ns w
s

second-order 
quantification

24

ns

w

r



nr nrnr nrnr nr

s

nr

ns rns ns ns r r

ns wns ns ns r r

ns nsns ns ns r r

ns nsns ns ns w r

eventually common 
knowledge       r ?

Communication in Multi-Agent Systems

ns nsns ns ns ns r

ns nsns ns ns ns w
s

second-order 
quantification

25

ns

w

r



Hyper²LTL

26

| ∃X . φ | ∀X . φφ := ∃π ∈ X . φ | ∀π ∈ X . φ

ψ := aπ | ¬ψ | ψ ∧ ψ | ψ | ψ ψu



Hyper²LTL

27

trace-set variable

| ∃X . φ | ∀X . φφ := ∃π ∈ X . φ | ∀π ∈ X . φ

ψ := aπ | ¬ψ | ψ ∧ ψ | ψ | ψ ψu



Hyper²LTL

28

trace-set variable

| ∃X . φ | ∀X . φφ := ∃π ∈ X . φ | ∀π ∈ X . φ

ψ := aπ | ¬ψ | ψ ∧ ψ | ψ | ψ ψu

 — system traces 
 — 

𝒢
𝒰 Σω



Hyper²LTL

29

| ∃X . φ | ∀X . φφ := ∃π ∈ X . φ | ∀π ∈ X . φ

ψ := aπ | ¬ψ | ψ ∧ ψ | ψ | ψ ψu

∃π . ∃X . π ∈ X

eventually common 
knowledge       r ?



Hyper²LTL

30

| ∃X . φ | ∀X . φφ := ∃π ∈ X . φ | ∀π ∈ X . φ

ψ := aπ | ¬ψ | ψ ∧ ψ | ψ | ψ ψu

∃π . ∃X . π ∈ X ∧

eventually common 
knowledge       r ?

∀π ∈ X . ∀π′ ∈ 𝒢 . (π ≡ π′ ∨ π ≡ π′ ) → π′ ∈ X

If  is indistinguishable 
from some  in   
then  is also in 

π′ 

π X
π′ X



Hyper²LTL

31

∃π . ∃X . π ∈ X ∧

∀π′ ∈ X . ◊rπ′ 

| ∃X . φ | ∀X . φφ := ∃π ∈ X . φ | ∀π ∈ X . φ

ψ := aπ | ¬ψ | ψ ∧ ψ | ψ | ψ ψu

∀π ∈ X . ∀π′ ∈ 𝒢 . (π ≡ π′ ∨ π ≡ π′ ) → π′ ∈ X

eventually common 
knowledge       r ?

If  is indistinguishable 
from some  in   
then  is also in 

π′ 

π X
π′ X



Hyper²LTL

32

| ∃X . φ | ∀X . φφ := ∃π ∈ X . φ | ∀π ∈ X . φ

ψ := aπ | ¬ψ | ψ ∧ ψ | ψ | ψ ψu

Common knowledgeAsynchronous 
HyperpropertiesTrace theory

Model Checking 
Undecidable



Hyper²LTL

33

| ∃X . φ | ∀X . φφ := ∃π ∈ X . φ | ∀π ∈ X . φ

ψ := aπ | ¬ψ | ψ ∧ ψ | ψ | ψ ψu

Common knowledgeAsynchronous 
HyperpropertiesTrace theory

Model Checking 
Undecidable

Approximations



Hyper²LTL

34

∃π . ∃X . π ∈ X ∧

∀π′ ∈ X . ◊rπ′ 

∀π ∈ X . ∀π′ ∈ 𝒢 . (π ≡ π′ ∨ π ≡ π′ ) → π′ ∈ X

eventually common 
knowledge       r ?

If  is indistinguishable 
from some  in   
then  is also in 

π′ 

π X
π′ X



Hyper²LTL

35

∃π . ∃X . π ∈ X ∧

∀π′ ∈ X . ◊rπ′ 

∀π ∈ X . ∀π′ ∈ 𝒢 . (π ≡ π′ ∨ π ≡ π′ ) → π′ ∈ X

Unique Least Fixpoints

eventually common 
knowledge       r ?

If  is indistinguishable 
from some  in   
then  is also in 

π′ 

π X
π′ X



Hyper²LTL

36

∃π . ∃X . π ∈ X ∧

∀π′ ∈ X . ◊rπ′ 

∀π ∈ X . ∀π′ ∈ 𝒢 . (π ≡ π′ ∨ π ≡ π′ ) → π′ ∈ X

Asynchronous 
Hyperproperties

Trace theory

Unique Least Fixpoints

If  is indistinguishable 
from some  in   
then  is also in 

π′ 

π X
π′ X

eventually common 
knowledge       r ?



Model Checking Hyper²LTL

37

φ = ∃π1 . X1 . ∀π2 ∈ X1 . … . Xk . ∃πk+1 ∈ Xk . ψ

Unique Least Fixpoints



Model Checking Hyper²LTL

38

φ = ∃π1 . X1 . ∀π2 ∈ X1 . … . Xk . ∃πk+1 ∈ Xk . ψ

Automaton A1

Unique Least Fixpoints



Model Checking Hyper²LTL

39

φ = ∃π1 . X1 . ∀π2 ∈ X1 . … . Xk . ∃πk+1 ∈ Xk . ψ

Automaton A1
Automaton Ak

Unique Least Fixpoints



Model Checking Hyper²LTL

40

A1 A2 Ak× × ⋯ ⊧ ψ

HyperLTL model 
checking

×

Algorithms for Model Checking HyperLTL and HyperCTL*. Finkbeiner, Rabe, Sánchez (CAV 2015)
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Algorithms for Model Checking HyperLTL and HyperCTL*. Finkbeiner, Rabe, Sánchez (CAV 2015)
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