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Supervisory Control of DES
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e System: DESG = (X,X,6,xp)
* Observable: r=X,U%2,,and P:X* > X}
* Controllable: =X, UZX,
e Supervisor: S: X — 2% satisfying 2, € S(a) forany a € X},



System Model of TDES

* System: TDES G = (X, %, 6, x¢)
* Event: X =X, U{tick}

* Language: L(G), generated by G under supervisor S
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Control Decision ( Supervisor Observation
|8: Ty — 2%act x 2%or

e System: TDES G = (X, X, 0, xp)

* Event: X =X, U{tick}

* Observable: T=X,UZX,,and P:X" —> X}

* Controllable: X, =2, UZy., Zfor S Zgee

 Supervisor: S:X! — 2Z%act x 2%for satisfying X, S S(a) = (Sa(a),S f(a))
and S¢(a) € S,(a) N Xg,, forany a € X

 Language: L(S/G), generated by G under supervisor S
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Standard Event Tick Event “Enable”, indirectly
v | v :
C ! tick :
D——()! Enable DR
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Supervisory Control of TDES
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Standard Event Tick Event “Enable”, indirectly
v i v :
~ _ e atiCk e S

o cc L(S/G);
e For any s € L(S/G) and 0 € X
o . if 0 € Yyet, then
SO € L:(S/G) <~ 0 € Eﬁ(@)(S) M SE(P(S))
- if o = tick, then
so € L(S/G) &

[0 € Ecc)(s)] A [Et:(GgS) NSy(P(s)) = 0.

e NRON
G .05 vy = {a,b}{..}) gl ..ol

Y = ({a, }; {ar })




Supervisor Synthesis Problem
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/Problem 1. Given a TDES G and a safety specification K € L(G), \
find a partial-observation supervisor S: P(L(G)) — 2*act x 2%for
such that

e Sis safe,i.e., L(S/G) € K; and
e S is maximally-permissive, i.e., for any S’ that is safe, we have

\L(S/ G)ZL(S'/G). .

4 _ )
Consider a prefix closed sub-language K = K € L(G)

Assume that K is recognized by a strict sub-automaton H =
(XH, Z, 6H! xO) of G, l.e. L(H) =K




Observable Reach
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Possible states after seeing a] * Assume tick € X, here.

o, is standard event o, is tickevent

OR,(ily) = {6(x,0) E X:x € l}] OR;ic(lly) = {6(x,0) EX:x ELNEg(x) Ny =0 }]




Unobservable Reach
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Uy € Y N Ly,
0p EYaNZ,

Y= Wa¥yr)




Unobservable Reach
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Uy € Va N Zyo,
0p EYaNZ,

UR. (1) is defined recursively as follows:

o : CUR,(2);
o Forany x € UR,(2), 0 € 7, MNXy, such t
z', we have =’ € UR,(2);

e For any z € UR,(1) such that Eg(z) N~v; = 0,
6(z,tick) =z’ and tick € ¥, we have ' € UR,(2).

hat §(xz,0) =

tick is preempted by u,,

tick

tick is preempted by o,
* Assume tick € X, here.

UR,(1)




Properties of Unobservable Reach
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Lemma 1. Vy,1, UR, (URy(l)) = UR,(1).
\_ J

[Intuitively: The unobservable reach defined indeed yields a reachability Closure.]

(

Lemma 2. For any y,1 and state x € UR,, (1), there exists

a state x’ € 1 and a sequence of unobservable events
UqUy ..Uy, € X, Suchthatx = 6(x', uy ... u,,) and VO <

Q <=m,6(x",uy ..uy) € UR,(1). P

4 )

Intuitively: there is a “construction path” from the initial set t.

\, J




Example: Observable/Unobservable Reach

el

(zo = {0} A
% = {c}
Zr =19}

(letto = (0,1,2},70 = (Bues ), we have 1; = OR,(ioly) =
{3,4};
Then let Y1 = (Zyc U {c}, {0}), then UR, (1) = {3,4,5}, pay
attention that tick was preempted at state “4” and “5" by forcing
event o.
But if we pick control decision ¥, = (X, U {c}, @), then we have

\UR],2 (1,) =1{3,4,5,6,7,8}. /




Inclusive Controller: Definition
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\<qn1} (Var Vf) € Qor 5 ({ql’m’qh}l (Va,)/f>
({at, - CIkz} e VD

P @i ) VD

@0y 0]

° SYStem: T= (QT, ZO, F, hT, QO,T)I w.r.tG = (X, Z, 6, xo)

* States: Qr S 2XxT

* Initial states: Qor € Q7 Use notation (1(q), (Ca(q), Cf(q)))
' to denote components of q € Qr

» Decisions: I € 2Zact x 2%for

* Transition: ht: Qr X X, — 297, non-deterministic

e Supervisor: S: X — 2% satisfying Z,. € S(a) for any a € I}



Inclusive Controller: Explanation
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J One of the initial states ]

A\

Y1= Ve V1f)

<=l
A




Inclusive Controller: Explanation
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J One of the initial states

after “observing nothing”,
a.k.a. observing €

Y1= Ve V1f)

The initial control decision,

>
A




Inclusive Controller: Explanation

RS

J One of the initial states

after “observing nothing”,
a.k.a. observing e

Y1= Ve V1f)

The initial control decision,

The set of possible states
= URy({xO})

>
A




Inclusive Controller: Explanation
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J One of the initial states

¥1= V1w Vif) after “(l)(bserving rllothing" )
‘ a.k.a. observing e

The set of possible states
= URy({xO})

. O/ :! Other initial states with different control decision

The initial control decision, ]




Inclusive Controller: Explanation

w16

J One of the initial states

after “observing nothing”,
a.k.a. observing e

Y1= Ve V1f)
W |

f"‘\\

B

The set of possible states
= URy({xO})

,' Other initial states with different control decision

The initial control decision, ]

Observing the event o;




Inclusive Controller: Explanation
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J One of the initial states

after “observing nothing”,
a.k.a. observing e

Y1= Ve V1f)

The set of possible states
= URy({xO})

The initial control decision, ]

Observing the event o;

After observing the event o;,
the current possible states should be

ORoi(l1|Y1)

O;



Inclusive Controller: Explanation

w16

J One of the initial states

after “observing nothing”,
a.k.a. observing e

Y1= Ve V1f)

The set of possible states
= URy({xO})

The initial control decision, ]

Observing the event o;

After observing the event o;,
the current possible states should be
OR..(11vi)
After making decision y,,
the current possible states should be

UR,, (ORoi(lllyl))

O;



Inclusive Controller: Explanation

ATNEad 16

]

J One of the initial states

m \( The initial control decision,
P VN ol « 1 . L1 »

| hr : Qr x ¥, — 297 is the partial non-deterministic
transition function from a state to a set of states satis-
fying the following constraints: for any ¢1 = (11,71) =
(21, (M,0571,7)), 42 = (12,72) = (22, (V2,05 72,7)) € QT Jor
and o € ¥, such that ¢ € hr(q1,0), we have

© 0 € Y1,a U {tz'ck‘}

- 19 =UR,(OR, (11 | 1)

)
@ =< A
@ @ ©

d & U % 2
the current possible states should be

URy2 (ORoi(lllyl))




Inclusive Controller: Explanation
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J One of the initial states

m \( The initial control decision,
P 7~ \ ol « 1 . L1 »

| hr : Qr x ¥, — 297 is the partial non-deterministic
transition function from a state to a set of states satis- l
fying the following constraints: for any ¢; = (11,71) =
(21-,- (’Yl,a,-,-’}’l,f)),QQ — \ ,’)’2) = (22, (’Yz,a,’}’z,f)) € Qr jon
and o € ¥, such that ¢\ < hr(q1,0), we have
c 19 =UR+,(OR,(11 |
41

|\ After making decision y»,
rrent possible states should be

s\ U0k

If any state that satisfies this constraint
was included in any ht(q,7),
we name T as a Total Controllerw.r.t. G, (Tol(G))




Example: Total Inclusive Controller
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{3, 4, 5},({uc, c},{o})

—>__{0, 1, 2},({uc}{h) ‘

—>1 {0, 1, 2},({uc, c},{})

—1L {0, 1, 2h{uchio}) {3, 4, 6},({uch{})
—>{ {0, 1, 2},{uc, c}{o})

fzo — {0}\
Lo = {c}
Zr =19}

{3, 4},({uc}{})




Inclusive Controller: Deterministic Transitio
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Deterministic Transition Hy: Q X (2, X I) > @ s.t. Hy(q,(0,7)) = q' = (LY)
ifq' € hy(q,0) andy =y'.
Extend Hr to Hr: Q X (£, X I)* - Q
\Given a supervisor S, we get control decision whenever o € X, occurs. D

-

HT(ql; (Oi; YZ)) = {q>

\_




Inclusive Controller: Deterministic Transitio
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Deterministic Transition Hy: Q X (2, X I) > @ s.t. Hy(q,(0,7)) = q' = (LY)
ifq € hy(q,0) andy =vy'.
Extend H;y to Hr: Q X (£, X IN)* - Q
\Given a supervisor S, we get control decision whenever o € X, occurs. y
[Given a supervisor S, we get control decision whenever o € X, occurs. ]

Ea.s = (01,5(01))(02,5(0102)) ... (0n, S()) € (X, xT')*




Inclusive Controller: Deterministic Transitio
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Deterministic Transition Hy: Q X (2, X I) > @ s.t. Hy(q,(0,7)) = q' = (LY)
ifq € hy(q,0) andy =vy'.
Extend H;y to Hr: Q X (£, X IN)* - Q
kGiven a supervisor S, we get control decision whenever o € X, occurs. y
[Given a supervisor S, we get control decision whenever o € X, occurs. ]

Ea.s = (01,5(01))(02,5(0102)) ... (0n, S()) € (X, xT')*

We get an estimation of possible states in Tol(G):
Ao s: = HT(qO,S: Ea,S)’ where do,s:— (URS(E) ({x0}), S(E))°




Inclusive Controller: Properties
e A e A -

Theorem 1. Given a supervisor S for G,and a € P(L(S/G)), we
have I(qa,s) = {6(xy,s) EX:Ss€EL(S/G) AP(s) = a}.
.

\.

(Intuitively: The theorem indicates that all supervisors was “embedded’ in the
Total Inclusive Controller, 1.e. we can synthesis a certain supervisor by choosing
a certain transition at each q € Qre(s) Upon observable event o, which

\eliminate the non-determinism of the controller. y




Inclusive Controller: Properties
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Theorem 1. Given a supervisor S for ¢ and a € P(L(S/G)),

we have I(qa,s) = {6(xy,s) EX:sE€L(S/G) AP(s) = a}. )

4 )

Intuitively: The theorem indicates that all supervisors was “embedded” in the
Total Inclusive Controller, i.e. we can synthesis a certain supervisor by
choosing a certain transition at each q € Qreg) Upon observable event o,

which eliminate the non-determinism of the controller.

\. J
é )
Theorem 2. Supervisor S is safe if and only is Va € P(L(S /G)),
1(qas) S Xu -




Inclusive Controller: Properties
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Theorem 1. Given a supervisor S for ¢ and a € P(L(S/G)),

we have I(qa,s) = {6(xy,s) EX:sE€L(S/G) AP(s) = a}. )

4 )

Intuitively: The theorem indicates that all supervisors was “embedded” in the
Total Inclusive Controller, i.e. we can synthesis a certain supervisor by
choosing a certain transition at each q € Qreg) Upon observable event o,

which eliminate the non-determinism of the controller.

. J
r [} [ [} [} \
Theorem 2. Supervisor S is safe if and only is Va € P(L (S / G)) ,
I :
. (CIOC,S ) J
Suggests an approach for synthesizing a safe controller.
Now we say T is safe if for any q € Qr,1(q) € Xp.




All Inclusive Controller for Safety
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Definition. (AIC-Safe) Given TDES G, A(G) = (Q4, 2, T, hy, Qg ) is

a safe and complete inclusive controller such that for any complete
\controller T thatis safe, we have T T A(G).

J

/Construction A(G): \

- Start from all possible initial-states;

- Explore the entire space where all states are subsets of Xy;
- Iteratively remove states that violates the completeness
requirement (In order to guarantee safety, some states might
make the AIC incomplete) , until the resulting subsystem s

\complete; /




AIC-Safety : Properties
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Theorem 3. Use S(T') to denote all supervisors included

\in T, then a supervisor S is safe iff S € S(A(G)).

[Suggests that the AIC-Safe includes all safe supervisors ]




AlIC-Safety : Properties
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Theorem 3. Use S(T') to denote all supervisors included

\in T, then a supervisor S is safe iff S € S(T).

supervisor S is said to be included in T if

® ¢o,s € Qo,r; and
e for any ac € P(L(S/G)), where a € ¥* and o € 3,

we have S(ao) € Cr(Hr(q0.5,€0.5),0)-




—> {0, 1, 2},({uc},{})
—> {0, 1, 2},({uc, c},{})
—> {0, 1, 2},({uc},{o})
—>1 {0, 1, 2},({uc, c},{o})

Example: AIC-Safety

- -

A=zl 6




Extract a Supervisor from AlC-Safety
e 16

FEAS(q) =

. (O'Ezact/\o-ef}/a) or
{a eX:x€rNd(x,0) N [(a:t?lck/\EG(m)ﬂ’)’f:@)

[q = (1, (Va»yf))]

We want to extract a subsystem that
enables as many events as possible at each instant.




Extract a Supervisor from AlIC-Safety
AN\ |

Initially, we choose an initial state gy € (o 4 that
contains the maximum number of feasible events
among all initial states, i.e.,

Vgy € Qo,a t [FEAS(qq)| < [FEAS(q0)|-

{3, 4, 5},({uc, c},{o})

{3, 41,({uch{})

{3, 4, 6},({uc}.{})

—>{ {0, 1, 2},({uc, c}{o})




Extract a Supervisor from AlIC-Safety
AN |

At each state ¢ reached, upon the occurrence of
observable event o € >,, we choose a successor state
q¢" € ha(q,o) that contains the maximum number of
feasible events among all successor states,

Vq" € ha(q, o) : |[FEAS(¢")| < |FEAS(')|.

o)

{3, 4, 5h({uc, c},{o})

{3, 4, 6},({uch{})

{3, 4},({uc}.{})

o

—> {0, 1, 2},({ug, c}{o})




Extract a Supervisor from AlIC-Safety
AN |

At each state ¢ reached, upon the occurrence of
observable event o € >,, we choose a successor state
q¢" € ha(q,o) that contains the maximum number of
feasible events among all successor states,

Vq" € ha(q, o) : |[FEAS(¢")| < |FEAS(')|.

{3, 4, Sh({uc, c},{o})

{3, 4},({uch{h

o

—> {0, 1, 2},({uc, c},{o})




Extract a Supervisor from AlIC-Safety
A NFand

We repeat the above procedure until all reachable
states are visited (either by a depth-first search or

a breath-first search) and denote by 7" C A(G) the
resulting inclusive controller.

{3, 4, 5h({uc, c},{o})

{3, 4, 6},({uc},{})

—>1 {0, 1, 2},({uc, c},{o})




Extract a Supervisor from AlIC-Safet
P y/\f\L?ﬂﬁﬁ

[ )
Theorem 4. T includes a unique supervisor S,

kwhich solves Problem 1.




Conclusion

Contributions:

* Supervisor control of Timed Discrete Event System

* Solved synthesizing problem of safe supervisors for TDES

under partial observation
* The solution is maximally permissive

* Generalize previous synthesis techniques from the untimed

setting to the timed setting



Conclusion

Contributions:

* Supervisor control of Timed Discrete Event System

* Solved synthesizing problem of safe supervisors for TDES

under partial observation
* The solution is maximally permissive

* Generalize previous synthesis techniques from the untimed

setting to the timed setting

Future Direction:

* Investigate the non-blocking control problem for TDES



Conclusion

Contributions:

Supervisor control of Timed Discrete Event System

Solved synthesizing problem of safe supervisors for TDES

under partial observation
The solution is maximally permissive

Generalize previous synthesis techniques from the untimed

setting to the timed setting

Future Direction:

* Investigate the non-blocking control problem for TDES

Thank You!




	幻灯片编号 1
	幻灯片编号 2
	幻灯片编号 3
	幻灯片编号 4
	幻灯片编号 5
	幻灯片编号 6
	幻灯片编号 7
	幻灯片编号 8
	幻灯片编号 9
	幻灯片编号 10
	幻灯片编号 11
	幻灯片编号 12
	幻灯片编号 13
	幻灯片编号 14
	幻灯片编号 15
	幻灯片编号 16
	幻灯片编号 17
	幻灯片编号 18
	幻灯片编号 19
	幻灯片编号 20
	幻灯片编号 21
	幻灯片编号 22
	幻灯片编号 23
	幻灯片编号 24
	幻灯片编号 25
	幻灯片编号 26
	幻灯片编号 27
	幻灯片编号 28
	幻灯片编号 29
	幻灯片编号 30
	幻灯片编号 31
	幻灯片编号 32
	幻灯片编号 33
	幻灯片编号 34
	幻灯片编号 35
	幻灯片编号 36
	幻灯片编号 37
	幻灯片编号 38
	幻灯片编号 39
	幻灯片编号 40
	幻灯片编号 41
	幻灯片编号 42
	幻灯片编号 43

