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using TIGA
using TIGA
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Untimed and Timed Games
Reachability / Safety Games
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Untimed Games -

Memoryless Strategy:
F: Q> E.

= » Uncontrollable

—> Controllable

UCb



Untimed Games e

Memoryless Strategy:
F: Q- E,

Winning Run p:
States(p) NG - @

Winning Strategy:
Runs(F) € WinRuns
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Untimed Games e

Memoryless Strategy:
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Timed Games

Strategy:
F:Q>E.UA

Winning Run:
States(p) NG = @
States(p) NG =0

Winning Strategy:
Runs(F) € WinRuns

Reachability / Safety Games
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Timed Games

Strategy:
F:Q>E.UA

Winning Run:
States(p) NG = @
States(p) NG =0

Winning Strategy:

Runs(F) € WinRuns

Reachability / Safety Games
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Winning (memoryless) strategy)

control: A<> ©

--==>  Uncontrollable

—> Controllable



Timed Games - State-of-the-Art

Definitions

cPred(X)
uPred(X)
Pred,(X.Y) ={qeQ

{qeQ | 3qe X. q>.q}
{qeQ | 3qe X. 9>, q}
| 3t.9'eX and V s<t.gseY¢}

n(X) = Pred;[ X U cPred(X) , uPred(X°¢) ] X

Pred,(X.Y)

Theorem:

The set of winning states is obtained as the least fixpoint
of the function: X - n(X) U Goal



UPPAAL Tiga
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Specification Theory

Imp: set of implementations

Spec: set of specifications

Specification Formalism
SPF = (Imp,Spec, sat)
where
sat c Impx Spec

|S|={I:Isat S}

Refinement :
S«T iff |S|<|T]

Consistency :
|1S|=D
|1S|N|T|=2 @



Timed Systems Specifications =
Timed Modal I/0 Transition Systems

Input: controllable
(required)

Output:  uncontrollable
(allowed)

tea

cof

‘————-

coin? Composability? pub!

Alfaro,Henzinger, Stoelinga EMSOFTO2



Timed I/0 Transition Systems

Time determinism (d € R)

TIOTS. if s—>s'and s—2 5" then s'=s"
(St,Act,—) Input enabledness
where —>:Stx(Act UR)xSt for all s and ie%,. s——
and Act =3 UZ, Timedivergence
whenever s —% > % 59 ,_ a9 ..
then Za: = o0

=0
Determinism (a € Act UR)
ifs—2 s and s—2 5" thens'=s"

Output urgency

whenever s——
then s——implies d = 0
Isolated outputs

If s—°> sand s—2 > theno =20



Refinements, Implementations, Consistency




Timed Refinement =
Timed Alternating Simulation

Let S and T beTIOEGA.

S <T Iff Intuition:
, . \ 5 L. D S leaves less choices than T

i. §— 2% 5S'thenT — 2 ST with S'<T'

. 5—2 55" then T —< ST ' with S'<T'

o Theorem
Definition: Whenever S<T then|S|c|T|
IsatS &% I<S o
onjecture

Whenever |S|c|T|thenS<T

Theorem Theorem
Whenever S and T are deterministic S<T =
then S<T < TTr(S)c TTr(T) (V® e ATCTL. Tentr® = Scnird)



Refinement (example)

A (S) teq!
@
/4 \\'\. |
~ |
+7 co|n? Seo
P =0 y>=5
/ |
J_ —C 9f—' - -Cg Let S and T be TIOGA.
y== y<=5 S<Tiff
i, T—">T then 5—">S with S<T'
' ! [ .
BT @< —————— t?a' . S—2 35" then T—25T'with S'<T'
\
T TR~ l ii. S—955 then T—9 5T with S'< T
/// COI‘I7 \\\ \\\ |
\\ y>=
teal

— — — —



Refinement as a Game

L,
A Q o not A<B
U iff
9i \\’ s ¢ AxB sat control: A<> Error
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Refinement as a Game (example)




Consistency

Consistency :
Does there exist I such that
I<S and I<T?



Consistency

y<=1

Theorem
CONS(S,T) iff
S and T are consistent.

Let s be astateof S and t astateof T.
Define CONS as the largest relation such that whenever CONS(s,t) then

. Vi.[s—2>s'At—251')= CONS(s', ')
i, (30 eX, UR. SLN/T—U)):}

(EIU e, UR. S—U)S'ATL)T'/\CONS(S',T'))



Consistency Checking as a Game

I,
A ( 2 . S and T are inconsistent
\\hl o iff
| ~_ o SxT satisfies
g; N
cee N ! control: A<> (T or S).
; O
r', A 4
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Consistency Checking - Example

AB
—
I
! yB<=1
| coin?
cofl | yA=0,
yA>=4 && yE:? ———— EE_E!_ ______ ).
yA<=5 && /YA<=5 && yB<=9 s=blue
yB>=7 &8 )
}"B{:E : ﬁjf/ ‘j.r]ﬂlz}ﬁ s=hlue ).
\
al yB>9 s=red ).
; \
f,; \ cofl ).

/ yA<4 && yB>=7 && yB<=9 s=blue

e o ____ coft_ __ _____
yA}—dr && yA<=05 && yB<7 s=red %'.




Composition of Timed Interfaces

Researcher

____________

g y<=4 v<=8 y Classical rules for
I */ Composition of I/0 transition
| systems
|
coin? vpub! -
s s .
1 i? 1l / € Zi _23
541 5, —> 5 |52
Theorem
| [
S ——>S
If Alé Bl C(nd : ol 5_]. P GEZL_Z?
. SIS —>5 |5,
A< B, e econ,
then n;«,,o//abé;e
al ' a? '
A1|A2 < BllBZ S— 5 S—S, GEZI _22
1 o /




- as a Game

Composability of Timed Interfaces

| tea

cof

coin? | control: A[]! UNI

pub!

4————-

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 B, and B, are composable

and A;<Bjand A,< B,
then A;and A, are composablel

Non-determinism?
Unobservable actions?

- Timed Games with Partial
Observability |

Applications |
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