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@ timed automata ~~ operational semantics: transition systems
@ transition systems ~~ notion of bisimulation

~» bisimulation for timed automata
@ transition systems ~~ notion of open maps

@ Two transition systems are bisimilar if and only if they are connected
by a “span” of open maps.
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Motivation

N

N
[A] [B]

@ timed automata ~~ operational semantics: transition systems

transition systems ~- notion of bisimulation

~» bisimulation for timed automata

transition systems ~~ notion of open maps

want to “pull back” these open maps “along the semantics functor”

central piece: how to construct C from R (“inverse semantics”)

Generalization!
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Open maps:

e standard models (“presheaves”)
@ standard logics
o relations between different formalisms ( “adjoint functors”)

@ connection to algebraic topology (“model categories”)
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Open maps Definition and bisimulation and paths

@ transition system: o S states
o s € S initial state
o 2 labels
o EC S x X x S transitions
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Open maps Definition and bisimulation and paths

e transition system: (5,59, X, E C S x ¥ x S)

e morphism of transition systems (S1,s), ¥, E), (S2,s3, %, Bp) :
f S — S, such that

f(s7) = 3

(s,a,8) e BE = (f(s),a,f(s)) € &

@ morphisms are functional simulations

@ (in actual fact, morphisms can also change the labeling. We don't

need this here)
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Open maps Definition and bisimulation and paths

e transition system: (5,59, X, E C S x ¥ x S)

e morphism of transition systems (S1,s), ¥, E), (S2,s3, %, Bp) :
f S — S, such that

f(s7) = 3

(s,a,8) e BE = (f(s),a,f(s)) € &

~> category of transition systems

@ well-behaved category; natural constructions are well-known; relates
to other formalisms by (reflective) functors
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Open maps Definition and bisimulation and paths

e transition system: (5,59, X, E C S x ¥ x S)

e morphism of transition systems (S1,s), ¥, E), (S2,s3, %, Bp) :
f S — S, such that

f(s9) =

(s,a,8) e BE = (f(s),a,f(s)) € &

~> category of transition systems
e a morphism f : (51,59, %, E1) — (S2, 89, %, B2) is open if
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Open maps Definition and bisimulation and paths

e transition system: (5,59, X, E C S x ¥ x S)
e morphism of transition systems (S1,s), ¥, E), (S2,s3, %, Bp) :
f S — S, such that

f(st) =53

(s,a,8) e BE = (f(s),a,f(s)) € &
~> category of transition systems
e a morphism f : (51,59, %, E1) — (S2, 89, %, B2) is open if

V reachable s; € S; 51 s1
i

Sy
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Open maps Definition and bisimulation and paths

e transition system: (5,59, X, E C S x ¥ x S)

e morphism of transition systems (S1,s), ¥, E), (S2,s3, %, Bp) :
f S — S, such that

f(st) = s
(s,a,8) e BE = (f(s),a,f(s)) € &

~> category of transition systems
e a morphism f : (51,59, %, E1) — (S2, 89, %, B2) is open if

V reachable s; € S; 51 s1
V edges (f(s1),a,s}) € E> { ]
52 f(Sl) a*> Sé
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Open maps Definition and bisimulation and paths

e transition system: (5,59, X, E C S x ¥ x S)
e morphism of transition systems (S1,s), ¥, E), (S2,s3, %, Bp) :
f S — S, such that
f(sf) =
(s,a,8) e BE = (f(s),a,f(s)) € &
~> category of transition systems
e a morphism f : (51,59, %, E1) — (S2, 89, %, B2) is open if

V reachable s; € S; S 51— s

V edges (f(s1),3,%) € E fi ] I

3 edge (s1,a,51) € E1 a f
for which sh = f(s]) = flsr) ===
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Open maps Definition ...and bisimulation and paths

e (again:) a morphism f : (51,59, 2E1) — (S2, 89, %, E) is open if
V reachable s; € S;
V edges (f(s1),a,s}) € Bz
3 edge (s1,a,s1) € Ey for which s5 = f(s})

e open map f : (51,50, %, E1) — (52,89, %, Ep) ~ bisimulation

R ={(s,f(s)) | s € S1 reachable}

@ conversely: bisimulation R C 51 x 5, ~~ span of open maps

R
51/ T
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Open maps Definition and bisimulation ...

@ a path transition system:
a1 ap
S) — S] — SH) — ... —> Sp

@ P : the category of paths and inclusion morphisms

@ (a full subcategory of transition systems)
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Open maps Definition and bisimulation ...

@ a path transition system:
a1 ap
S) — S] — SH) — ... —> Sp

@ P : the category of paths and inclusion morphisms

@ a path in a transition system T = a morphism P — T, for P € P
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Open maps Definition and bisimulation ...

a path transition system:

al ap
S — S —SH — ... ——>Sp

P : the category of paths and inclusion morphisms

a path in a transition system T = a morphism P — T, for P € P

a morphism f : T; — T5 is open if and only if:
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Open maps Definition and bisimulation ...and paths

@ a path transition system:
ai an an
Sp — S —SH — ... — S,

P : the category of paths and inclusion morphisms

a path in a transition system T = a morphism P — T, for P € P

@ a morphism f : T3 — T5 is open if and only if:
Vm:Pr—PecP P, T,
o1
P> T2
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Open maps Definition and bisimulation ...and paths

a path transition system:

ai an an
SO —™S51 —S — ... —> 5

P : the category of paths and inclusion morphisms

a path in a transition system T = a morphism P — T, for P € P

a morphism f : T; — T5 is open if and only if:
Ym:PL—P,eP P, p1 T,

Vpr:Pr—=Ti, pp:Po—T>
with ppom=Ffop m f

PzTTZ
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Open maps Definition and bisimulation ...and paths

a path transition system:

al ap
S — S —SH — ... ——>Sp

P : the category of paths and inclusion morphisms

a path in a transition system T = a morphism P — T, for P € P

a morphism f : T; — T5 is open if and only if:

Ym:PL—P,eP P, p1 T,

Vpr:Pr—=Ti,p2:Pp— T2 q/
with ppom=Ffop m / f

3 q: P, — T7 such that PzTTz
gom=p; and foq=py
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Open maps Definition and bisimulation ...and paths

@ a path transition system:
ai an an
SO —™S51 —S — ... —> 5
@ P : the category of paths and inclusion morphisms
@ a path in a transition system T = a morphism P — T, for P € P
@ a morphism f : T3 — T5 is open if and only if:
Vm:Pr—PecP PP T,
Vp:Pr=Tip:Po— T q/
with ppom=Ffop m / f
3 q: P, — T7 such that P> 7 T2
gom=p;and fog=po
@ a.k.a. open maps = RLP(P)
@ see also
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Open maps Definition and bisimulation ...and paths

@ a path transition system:
ai an an
SO —™S51 —S — ... —> 5
@ P : the category of paths and inclusion morphisms
@ a path in a transition system T = a morphism P — T, for P € P
@ a morphism f : T3 — T5 is open if and only if:
Ym:PL—P,eP P, p1 T,
Vpr:Pr—=Ti,pp:Pr—To q/
with ppom=Ffop m / f
3 q: P, — T7 such that P> 7 T2
gom=p; and foq=py
@ a.k.a. open maps = RLP(P)
@ generalization to higher-dimensional transition systems:
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Timed automata

Back to timed automata:

o A =(Q;,q%, %, G, E;) timed automata A1 A2
~ [A] = (Si,s?, £ UR>o, E!) location-valuation
timed transition systems: R
Si={(q,v) € Qi x Rg’o vEi(q)} [Ad] [A2]

E={(a.v) = (d'.V)[3q =2 d €E:v g/ =[S 0]}
®

U{(g,v) — (qv+1t) |Vt €[0,t] : v+t F1i(q)}
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Timed automata

Back to timed automata:

o A =(Q;,q%, %, G, E;) timed automata A1 A2
~ [A] = (Si,s?, £ UR>o, E!) location-valuation
timed transition systems: R
Si={(q,v) € Qi x Rg’o vEi(q)} [Ad] [A2]

El = {(a.v) = (d,V) | 3q % q €E vk v =v[S 0]}
®
U{(q,v) L (qv+1) |Vt e[0,¢] v+t +iq)}
~ R=(5,LUR>q, E') is also a LVTTS:

5251X52§Q1><Q2XRSOUC2

E/ = {(q17 q27V17V2) i> (qia qé7yivyé) ‘ (qi7Vi) i) (q;7yl’) € EI/}
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Timed automata

Back to timed automata: A

o A =(Q;,q%, %, G, E;) timed automata A1 A2

~ [A] = (Si,s?, £ UR>o, E!) location-valuation
timed transition systems: R

Si={(q,v) € Qi x Rg’o vEi(q)} [Ad] [A2]
E={(a.v) = (d'.V)[3q =2 d €E:v g/ =[S 0]}
®

U{(g,v) — (qv+1t) |Vt €[0,t] : v+t F1i(q)}
~ R=(5,LUR>q, E') is also a LVTTS:
SCSx5CQx QxRS
E' = {(q1, g2, v1,12) = (a1, @, 1, v) | (qivi) — (a},v) € E[}

@ Theorem: A LVTTS is the semantics of a timed automaton if and
only if it has a stable region quotient. Break ~~ Coffee ~~ Proof
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