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The Framework I

m Discrete Events Systems
deterministic labeled transition systems with atomic propositions
m Centralized Supervision and Complete Observation
m Control Objectives
any mu-calculus definable property
m Optimal Control

maximally permissive controllers

We turn control problems into QL model-checking
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Processes for Systems I

S=1(S,s"t,Lyon T C AP
where
m > ={a,b,...} events
m AP = {p,p’,c,c,...} (atomic) propositions
m S s’ €9 set of states, initial state,
mt:S x> — S transition (partial) function,

m L:S — 2 labeling of states by propositions
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Centralized Supervision with Complete Observation

Y= D W2,

Controllers

Admissible Controllers

C is an admissible controller of & for property PP whenever

C is admissible and & x C satisfies the property P
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Synchronous Product I

| 51 — <S1, S(l),tl,L1> on Fl and 82 — <SQ, 88,t2,L2> on FQ
(With [Ny = @)

81 X 82 — <Sl X Sg, (8(1), S%),t,L>

t((sy,89),a) = (s, s,) whenever

{ sy = ti(s1,a), and

So = to(89,a)

L(Sl, 82): Ll(Sl) U LQ(SQ)
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Centralized Supervision with Complete Observation

ISR C DI
m Controllers

m Admissible Controllers

m C is an admissible controller of & for property /2 whenever
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C is admissible and & x C satisfies the property P
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The Property P I
m Mu-calculus L,

[Kozen 1983], [Arnold & Niwinski 2001]

m Fix-point operators to build your own modalities
L, subsumes CTL, LTL, CTL",...
Safety, Liveness, Fairness, ...

m Equivalent to (parity) tree automata

[Emerson & Jutla 1991]
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The Mu-Calculus L, and the Quantified Mu-Calculus QL I

m Syntaxeof L, T |p|=3|8V G| <a>f| X |puX.6(X)
where p € AP, a € ¥, conditions on B(X), ...

m Syntaxe of QL, de.a|-alaVa|f
where c € AP and 8 € L,

m Semantics of QL,,  S.s = [ for “state s of S satisfies 3"
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The Semantics of QL I

S,sEDp iff s has label p
S,s F<a>[ iff there exists s’ € S, {
S,s E puX.f(X) is technical ...

m Lﬂ—formulas

def (- . e "
laloe = = <a>—a means “if any a-successeurs then it satisfies

uX. <a>X V m means “some a* trace reaches a marked state”

def

INV (o) = —uX.—(| |2 X A B) means “property « is invariant”
m Formulas Jdc.av

we need a c-labeling process & = (E, &%, ¢/, L") € Lab,
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c-labeling Processes for the Semantics of dc.« I

m A c-labeling process is a complete process £ = (F, ", ', L) on {c}.

Lab,. the set of c-labeling processes.

m Process Son I and £ € Lab., S x &£ is a c-labeling of S

that is (an unfolding of ) S with the new label ¢ put somehow.

m S, s = Jde.a iff there exists £= (F, %, ¢/, 'Y € Lab, s.t.
SxE&, (s Ea
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Pruning and Adjustment I

b b b
A, b N Bt
O G 0| | G o 0y
C SxCE«a
Pruning Pruning Adjustment
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The Proposition for Pruning and Adjustment I

m £_.is the c-pruning of £
just keep states of £ that remain “inside ¢’ and forget proposition ¢
m «xc is the c-adjustment of «

adjust the formula to talk only about states which remain inside ¢

(<a>..)xc E<a>(cA...)

SxE. . Eaiff §x & E axc
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The Theorem for Basic Controllers I

Write Controller(c) € L, for c¢AINV(c=A,cy |ulc)

For any a € QL,

there exists an admissible controller C of S for «
if and only if

S | de. Controller(c) A axc
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Proof sketch for <) I

There exists an admissible controller C of S for «
e

S | de. Controller(c) A axc

1.S x £ £ Controller(c) & &, is admissible.
2.5 xEFaxc & Sx&E,.Fa
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The Theorem for Maximally Permissive Controllers I

For any o € QL,
there exists a controller of S for o which is maximally permissive
iff
S | de. Controller(c) Aaxc A V. |[cC ¢ = —Solution(c, o)

Vg

Solution(c, a)
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Proof sketch I

m C is more permissive than C’ whenever S x (' <S8 x C

(= means there exists a simulation)

m ¢ C ¢ means “if a state is labeled by ¢, it is also labeled by ¢

cCdE(INV(E)*e  and ¢ dE(cTd)A=(d Ce)

m In fact,

SxExEEcLd & Sx&E.28xE,
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Conclusion I

m Logical Characterization of Maximal Permissiveness
for mu-calculus definable control objectives
m Decision and Synthesis
1. build a parity tree automaton A for
Je.Solution(c,a) AVc.|c T ¢ = —=Solution(c, a)]
2. compute the parity game G(A,S)
3. find a winning strategy (if any)

4. derive £ from the strategy and compute C = £_..
m Complexity O(\S\2|a22a|)
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