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Control of Discrete Event Systems

I Introduced byRamadge & WonhanjRamadge, 87]
I Discrete Event System Finite Automatonwith

Controllable(Act.) and Uncontrollable(Act,) actions J

I Example ofControl Objective avoid state Bad

I Means: disablesomecontrollabletransitions at the right time
Ramadge & Wonham Theory is based on Language Theory
[Ramadge, 89, Thistle, 94]
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Control Problem (CP)

Input: a model of theopensystem (game)G and aproperty"
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Control Synthesis Problem (CSP)
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compute awitnesscontroller ?
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Game Automata, Strategies & Winning States

Game Automaton

I A strategyf gives for each niterun the controllableaction to take.
We assumeéull observabilityof the system

I A strategyrestrictsthe set of runs of the system.
from a states it generates of subset of the runs of the initial game

I A strategy iswinningif it generates onlygoodruns.

Winning States
A state s is winningif there exists a winning strategy fros

MSR'05 (Autrans, France) Control of Timed Systems 10/ 32




Controllable Predecessors

MSR'05 (Autrans, France) Control of Timed Systems 11/ 32



Controllable Predecessors

(X) = states from which one caanforceX with a controllable action
(X) = Pred*®¢(X) nPred*'(X)

MSR'05 (Autrans, France) Control of Timed Systems 11/ 32



Discrete Games

Controllable Predecessors

(X) = states from which one caanforceX with a controllable action
(X) = Pred*®¢(X) nPred*'(X)

not (9u 2 Acty)

MSR'05 (Autrans, France) Control of Timed Systems 11/ 32



Veri cation & Control Discrete Games Timed Games Symbolic Algorithms

Controllable Predecessors
< a <

(X) = states from which one caanforceX with a controllable action
(X) = Pred*“'c(X) nPred**(X)

Some Values of the  Operator
b (feg) =
I (fag) = fog
I (flo;10) = f o 20
I (fo 1 200=fo 71 20
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O let' be a set ofsafe(good) states andG a game
Q let W be thegreatest xpointof h(X) ="\ (X)
© W is theset of winning statedor (G;" )

I CP:check that'g 2 W
I CSP: GivenW and G, we can build a winning strategy
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GivenG a nite game,' a control objective

Theorem (CP is Decidable)
CP isdecidablefor ! -regular objectives.

Theorem (E ectiveness of CSP)

Strategy synthesis is ective. We can build a nite automaton (controller
C that speci es a winning strategy.

4

Theorem (Positional Strategies are Su cient)

Positional (or memoryless) strategies su ce to wih -regular games.
The number of states of C is number of states of G.

Add Dense Time ... CP and CSPj?
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[x 4] _ [x 5]

I Introduced byMaler, Pnueli, Sifaki§Maler, 95]

I The controllercontinuouslyobserves the system
time elapsing and discrete moves are observable

I It has the choice between two types wfoves

I do nothing
I do a controllable action (among the ones that are possible)

I It can stop timefrom elapsingby taking a controllablemove
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How to Deal with Dense-Time ?
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Symbolicrepresentation of statesJ

I A strategy (or controller) can choose toait

Add a specialvait action J

I Densetime the controller can be unfair

I block time
I do in nitely many actions in a bounded time
I do arbitrarily closed (in time) discrete actions

ImpIementationIssuesJ
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E ectiveness of Pred 2 and Pred

If P is aSP then Pred’(P); Pred (P) are SP and can be computed
e ectively. (There is asymbolic versiomf Pred* and Pred.)
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Partial Conclusion
Assumptions:
I Timed systems withull observation
I ldeal controller that operates idense-time
Results:
I Control Problem is decidable for-regular objectives
I Control Synthesis Problem is e ective
I Positional (or Memoryless) strategies are su cient
Advanced Topics:

I Partial Observability
Patricia

I Implementation
Karine
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Timed Automata [Alur & Dill'94]

A Timed AutomatonA is a tuple(L; q; Act; X;inv;! ) where:

I Lis a nite set oflocations
I "o Is theinitial location
I X is a nite set of clocks

I Act is a nite set of actions

. . < 0;a;R
I 1 is a set oftransitionsof the form !
\; ~0 2 L,
a2 Act
a guardg which is aclock constraintover X
aresetset R which is the set of clocks to be reset to 0

) 0With:
|
|
|
|

Clock constraintsare boolean combinations & k with x 2 C and
k2Zand 2f ;<g.
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Semantics of Timed Automata

Let A = (L; o;Act; X;inv;! ) be a Timed Automaton.
Astate(;v) of AisinL RX,

The semantics oA is aTimed Transition System
Sa =(Q;do;Act[ R o;! ) with:

| Q =L RXO
I do=("0;0)
I I consists in: 8 o 81T 0y 5
discrete transition : (;v) ! (%v9 0 . XOF: ?/[r N
" VOE inv(9

delay transition: (; V) 1 C;v+d) ( d2R g”rv+dpEinv()
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De nition (Outcome in Timed Games)

Let G = (L; o;Act; X; E;inv) be a TGA andf a strategy oveiG. The
outcomeOutcomé(; v);f) of f from con guration (*; v) in G is the
subset of Rung; v); G) de ned inductively by:

I (";v) 2 Outcomé("; v); f),

I if 2 Outcomd(’;Vv);f) then °= 1 ¢ (*%v9 2 Outcomd(’;V);f)

if 92 Rung(";v);G) and one of the following three conditions

Q e 2 Act,
Q e2 Act; ande = f( ),

@ e2R oand80 %< e;9( 0V 2 (L RX) st last( )!®

(Vo9 Af( 1S (*0008) =

I an innite run is in2 Outcomé(; v);f) if all the nite pre xes of

are in Outcom§"; v);f).

hold:
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