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φ := ∃π . φ | ∀π . φ

Hyper²LTL

Temporal Logics for Hyperproperties. Clarkson, Finkbeiner, Koleini, Micinski, Rabe, and Sánchez. (POST 2014). 
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Temporal Epistemic Logics
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❖ LTL  
LTL + (common) knowledge


❖ HyperCTL   

HyperCTL  + knowledge


❖ MCK, MCMAS 
Model checking knowledge and time

K,C

*lp
*

Unifying hyper and epistemic temporal logics. Bozzelli, Maubert, Pinchinat (FoSSaCS 2015)
The complexity of reasoning about knowledge and time. Halpern and Vardi (STOC 1986)

MCK: model checking the logic of knowledge. Gammie, van der Meyden (CAV 2004) 
MCMAS: an open-source model checker for the verification of multi-agent systems. Lomuscio, Qu, Raimondi (Int. J. Softw. 
Tools Technol. 2015)
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 — 

𝒢
𝒰 Σω

26



Hyper²LTL

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

ψ := aπ | ¬ψ | ψ ∧ ψ | ψ | ψ ψu

27

eventually common 
knowledge       r ?



Hyper²LTL

| ∃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 ?

28



Hyper²LTL

| ∃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 ?

29

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



Hyper²LTL

∃π . ∃X . π ∈ X ∧

∀π′ ∈ X . ◊rπ′ 

eventually common 
knowledge       r ?

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

ψ := aπ | ¬ψ | ψ ∧ ψ | ψ | ψ ψu

30

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



Hyper²LTL

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

ψ := aπ | ¬ψ | ψ ∧ ψ | ψ | ψ ψu

31

Trace Theory Causality

Common 
 Knowledge

Asynchronous 
Hyperproperties



Asynchronous Hyperproperties 
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Observational determinism 
∀π1 . ∀π2 . (lπ1

↔ lπ2
) → □ (lπ1

↔ lπ2
)



Asynchronous Hyperproperties 

l := 0 
if h then
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0 1

0 1
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Compiler 
optimizations
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❖ HyperLTL   
HyperLTL + stuttering w.r.t a set of LTL formulas


❖ AHLTL  
HyperLTL + trajectories


❖    
fixpoint-based logic
Hμ

Asynchronous Hyperproperties 

Automata and fixpoints for asynchronous hyperproperties. Gutsfeld, Müller-Olm, Ohrem (POPL 2021)
A temporal logic for asynchronous hyperproperties. Baumeister, Coenen, Bonakdarpour, Finkbeiner, Sánchez (CAV 2021)
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Asynchronous extensions of HyperLTL. Bozzelli, Peron, Sánchez (LICS 2021)
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Model Checking Hyper²LTLfp

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

Friday afternoon 
@CAV

Interpreted over general 
set assignments
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HyperLTL model 
checking

46

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



Why do we need 
Second-Order 
Hyperlogics?

Trace properties
First-order 

Hyperproperties
Second-order 

Hyperproperties

Common 
knowledge

Asynchronous 
properties

Knowledge

Information-
flow Causality 

47



Why do we need 
Second-Order 
Hyperlogics?

Trace properties
First-order 

Hyperproperties
Second-order 

Hyperproperties

Common 
knowledge

Asynchronous 
properties

Knowledge

Information-
flow Causality 

48



Why do we need 
Second-Order 
Hyperlogics?

Trace properties
First-order 

Hyperproperties
Second-order 

Hyperproperties

Common 
knowledge

Asynchronous 
properties

Knowledge

Information-
flow Causality 

Thank 
you!

49


