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Timed Games
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Timed Games
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Timed Games – State-of-the-Art
Backwards Fixed-Point Computation

Definitions

cPred(X) = { q∈Q | ∃ q’∈ X. q c q’}
uPred(X) = { q∈Q | ∃ q’∈ X. q u q’}

|Predt(X,Y) = { q∈Q | ∃ t. qt∈X   and  ∀ s≤t. qs∈YC }

(X) = Pred [ X ∪ cPred(X)  uPred(XC) ] X(X) = Predt[ X ∪ cPred(X) , uPred(XC) ]

Y
Predt(X,Y)

Theorem:
The set of winning states is obtained as the least fixpoint 

f th  f ti              X (X) G lof the function:             X  (X) ∪ Goal
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Specification Theory

Imp: set of implementations

Spec: set of specifications



Timed Systems Specifications =
Timed Modal I/O Transition Systems

Input: controllable
(required)

Output: uncontrollable
(allowed)

Input: controllable
(required)

Output: uncontrollable
(allowed)

Machine Researcher

tea

fcof

coin? pub!C bili ? C bili ? coin? pub!Composability? Composability? 

Alfaro,Henzinger, Stoelinga EMSOFT02



Timed I/O Transition Systems
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Refinements, Implementations, Consistency



Timed Refinement =
Timed Alternating Simulation

Intuition:Intuition:Intuition
S leaves less choices than T

for an implementation.

Intuition
S leaves less choices than T

for an implementation.



Refinement (example)

A (S)

T

B (T)



Refinement as a Game
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Refinement as a Game (example)

A (S)
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B (T)



Consistency
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Consistency

 iff   TSCONS
Theorem

),(S T

.consistent are T and S



Consistency Checking as a Game
I
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Consistency Checking - Example



Composition of Timed Interfaces

tea

Machine Researcher

cof

Classical rules for
Composition of I/O transition

systems
coin? pub!

Theorem

If    A1 ≤ B1 and

Theorem

If    A1 ≤ B1 andIf    A1 ≤ B1 and
A2≤ B2

then
A |A ≤ B |B

If    A1 ≤ B1 and
A2≤ B2

then
A |A ≤ B |BA1|A2 ≤ B1|B2A1|A2 ≤ B1|B2



Composability of Timed Interfaces
– as a Game

tea

Machine Researcher

cof

coin? pub!control: A[] ! UNI

Can the OVERALL environment use to use the composition
so that for any unexpected input is guaranteed not to occur? 

Can the OVERALL environment use to use the composition
so that for any unexpected input is guaranteed not to occur? 



Future Challenges

 Independent Implementability:

If  B1 and B2 are composable
and A1≤ B1 and A2≤ B2
then A and A are composable!then A1 and A2 are composable!

 Non-determinism?
 Unobservable actions? 

  Timed Games with Partial   Timed Games with Partial 
Observability !  

 Applications ! 



Thanks for your attention !
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