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Mixed modular supervisory control of event feedback
and state feedback
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Abstract: One of the standard ways to handle the state explosion in large systems is to practise the modular supervision of
languages or predicates,or of discrete event systems. However, there is nothing to be developed about the mixed modular super-
vision of both the languages and predicates. The synthesis and properties of mixed modular supervisory control are discussed. By
showing the equivalence between a state feedback and some event feedback , the conjunction for the state feedback and the event
feedback is defined. Then, the mixed modular supervisor is equivalent to the intersection of the sub-supervisors and the sub-con-
trollers.. It is shown that the mixed modular supervisor is nonblocking and deadlock-free under the condition of the X -invariance
of the predicates and the closeness of the languages . Furthermore, a mixed modular supervisor is deadlock-free if and only if the

subsupervisors and subcontrollers are all deadlock-free and the corresponding pair meets a d-invariant relation.
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1 5| & (Introduction)

B E 4 £ 4 (Discrete event system, DES) Y W
#7845 A Ramadge 1 Wonham! "2 8 1 LIk, —HZ
P 2 E R Z T I (Modular super-
visory) RIEIR KRR EE RE N —FE 8
BOHEPHREEEREHRBRSREBHAIN T
H.CRBIFEAERE TETEHMELE, FS
T FRRESNIEEEAS SRR ERFRIES
RS UK 4 1R R4 B9 6 IR BOR g P ERH 2
AR LAY PP R IR, AR AR R AL P2, T
SCHR[STRICHR (4109 — N8, @3 5l A T @R

Y5 H 399:2003 - 05 - 28 WIE TR B 12003 - 11 - 19.
2T H BEXARBFE ST H (69904008) .

i Stk [4 ] P Sy BB 7R e M 1
O 30k [ 6] @ o 51 A #H B 3F P 28 (Mutually non-
blocking) ARSI T 41 T8 5 I MR = 8RB
ZFE; R 7131 T 1B S LAY A, g 5| A
EEN - TS, AE T FTHESREENLE
PRIORFESR AR, SCER[ 8RB TR TRE A
B, oI —Sitie TETREMELIER
PR FEEVE, @ 5 A B S d -A RS,
THE T RS R FiEH S EEN TR FEF
[H] R .
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R mEERSREELEE b A X HF R
Sk S RIRAIR A1 M R R AR AN A ¥ &, TR E
RGP A R & (TES) iR E R E A
R4 RIE S B, R RS P (k[ 10]
Byt 5.3, AR &4 1,2 BIFGEE Py, P ®ox, M
K34 THEMF 3.6 hr BN S, kKK
), A SCIRTE X RS I T, 3 70 RS AR AT LATA
HRFE R R— NIRRT IR T SRR
B FURA R R p s B2 TEES A1 SR
BmEE SR G WEER, R i T HE
RHZE 5 TCAE BB .

2 ¥ #& 183 (Preliminaries )

A XFi%ER) DES R— M EZIPL 6 = (0,3,
8,q0,0.). H. 0 AEBUREE, = AEMNFE,
qo WHIHIRES, 0, ARIIREE, 8:ZxQ0—~0 A
WEHBER. > BrEMHRE, RHETEREHE
BRI M = x 0 B  wBksf 3B L(G) =
is€ 2 18(s,q0)! Tn CHIT R, HAP 5(5, 900!
TR 0(s,q0) HEX .28 5 |5 6 MEESMHE
(Active event) E X R S(5) = lo € 3 18(s0,q0) .
EE KATRIRGK RKTERIRE, MR K =
K, M# K A8 K = A EAEEH &
S RIHW—ANTED={re21Z,criH
#4483 (Control patten) £, Hrh 2° B S WFE, M
FRBRES £ L(G) > T N DES G FHUAHES I f 8
HTRREHR /G, EF-ENITHN L(F/G) PR N
TEHEHMB: ¢ € L(f/G)isc € L(f/G)eo
s € L(f/G),6 € f(5),50 € L(G). INBIET KK
BKS, N L(G) ¢ K, MFF K BT,

RS FERIFE. X Fifm| P, 5l AB iR
e wip,(P):wlp,(P)(q) =1 HHXE 6(s,g)E P
HIEEXL . FEHEE P < wp,(P),c € 3, KIF1E P
HE -ATER(HP < 7 ARFLRDTFRF
F7,B0 P, < PP, \ P, = P,. T[ED.WRE
Re(G,P) AERTE C PAPIERTS g0 WS P
) — 2R S A BRI AR SRS BT A B S 5, W
PRV P < Re(G,P) N\ wip,(PY(c€EZS)B P A
O EEIE A . SOk 10] 0T A, vl IR —E R 3, -
FASIBIA. (R P RATHE:, WSE CP(P) = [P/ I P’ €
P(Q),P < P, P Al#E| R P WAl & i W& , HH
HyHEER B E A MR K TEE, 0
Xy Pt = supCP(P). Mi¥RBLET g: Q— " 9 DES G
Bk s M FEERBSRER BT AU T 8
RS R G2 SRS FER.

SIFE 110 1) MAEIES K, FELENEE
28 B L(//G) = KT DBERMH K BATHE
HIAES .

2) % P RQ LENER, P(go) = 1, MAEEE
Hl2s g 15 R(g/G) = PRI LESRMN AP REA]
ifid.

XFFigE P, f Le(P) = s € L(G) I Vi1 €
s.8(t,q0) € PL A PHAEIES, BERAM THEEM
1816 P, A Le(P) A, Htn R 1&i14 P 23 - AEH,
MEAEES Le(P) BT EANI W FIES K,
FRR(K) =1¢g€ Q1 3s€ K, 8(s,90) =)t AK
BYRLRIE A, [F e & TE S K RATEAMN, U R(K)
VRAEIEIE L AL SR, iFHE P RS -AE
W, R(Le(P)) = Pt MR A TiHAE &
B2, A Le(PY) = [Le(P))Y BLOL.

DL A R BETRG , tAT 2 0 sclk[ 10] .

3 RERBREE—EXZHTHEEHERREM
%t 5= 2 (Equivalence relation between state
feedback and event feedback under some con-
dition)

W K A—AlEMHIES , ML FE—-NEER
W re F,, #% L(f/6) = K, K F, BEMHRE
FEE RZIRR T £, HHEE

SUle€Z s €Kl cfls)cs, U
le € S, 150 € KU (Z" - L(G)HI.

TTE F, PRl KB — MR E,idh f, #45

(G =

SJUc €S 1lss € KU(S* - LGN =

2. Uls€ 2 1s0€ 2 - (L(G) - K), s € K.
(1)

WP HRH—Z,-ALIFHE, NEFEES Le(P)
EAEAN, B LR Mg R TEX g7 i
%

g (s) =
S.Ule€ 210 €3 - (L(G) - Le(P))I,
s € Le(P).
Y s € Le(P)B}, 50 € Le(P) 5 8(s0,q9) €
P EY WA
le €2, 150 € Le(P)U (2" - L(G))] =
lo € 2. 18(s0,90) € PEHEEX] =
le € 2, | wlp,(P)(q) = 1}.
BRI g R AR
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8(s,q0) =8(t,q)=g" (s)=g" (1), 5,6 € L(g/6),
(2)

Hg* A—WKERM, BA .

g (¢)=3Ulc € .1 wlp,(P)(g)=1l. g € P.
(3)

FRAA, ERRERR S5 R K FQ) B —4
BRI REM Y, A R 5 0 B i A s ok
GRS E R 7 BB R

EE1 F4H—ES Kc L(6), MEAE K
SR g, W18 K = L(g/G) HFEDILBEENE Rt
F—3S-ATEA PHK = Le(P).

E vEN SFE RSB g, K =
Lig/7G), W K Enl#EHH. 45 P = R(g/6) =
R(K), W P = R(K) V¥, B} P& 3 -ATEH),
HA Le(P) = Le(R(g/6)) = L(g/G) = KWL,

watE B PRI -ALIEALHK = Le(P) £

AERAN, SLFEEFFRBG ¢, % K =

L(g/G). WXtFigid P, XHEF Vs,t € Le(p),

8g(s) = 8,(1),0E€Z,,50€ Le(P),ts € L(G), N

Hlo€c Z lss e (LG)-K)} =1cE€EZ ltoe

(L(G) = K)I, BF g(s) = g(t), Filh g B—RE

Fi
EE 2 B PRES-AEEAE, NEERES KM

g 15 L(g/6) = Le(P), HW 1§ R(g/G) =

R(Le(P)) = P'.

E Y PRS-AEHNHEELH, FE—
RERM g 18 L(g/G) = L(P), Br LA
R(Le(P)) = P', Bl g WEREX, TH
R(g/G) = pt , BT .

4 EHRBERTSREHRERGEKE
(Mixed modular supervisory control for event
feedback and state feedback)

ERIBA P c @, HEERTHETFEEAN P,
W BRFEERES ¢ € S(P), (18 R(g/6) = P,
Hp £(P) = lg€T?IR(g/6) =P ' cPI.E
B Z(P) XTI E AT H 2(P) A MH—
M KTT,idh g*(P), BH R(g*/6) = Pt.
MPRS, - AEE, MWH R(g*/6¢) = P =
R(Le(P)), Hp Le(P) BRI EMAIES, A
Le(P) = [Le(P)]' = Le(P"). XHULIRZAS 1 g
NE L(g"/6) = Le(PY) = Le(P) = [Le(P)]!.
Freist FAERAIEE P, Al B HEHI88 ¢, #18
L(g"/€) = Le(P) = [Le(P)]".

MTiEE K, K, R
KNK=KNK,
WIFR K, # K, FEMER.

HBEERS K5WEAP, M Le(P) 2IA8, 1R
K2, W Le(P) N K = L(P) N K C
Le(P) N KW, M Le(P) N Kc Le(P)NKE
SKALSL B Le(P) 5 KJEBREE.

5138 2! HHEH K, K, FEZR .

(KNP = k' N K.
T2 T3EEBRT .
EIE3I KX ,Pc Q, % KEAKW, I
(KN Le(PH' = K' N Le(P)*.

EX 2 HEDES CHRMANEERSS g, Hg
R (2), AT g MR A RIR A ) 88 , ) %
Bh=fNgEXH

h(s) = (f A g)(s) = f(s) A g(q).
EEP q = 5(&40)-

B E LR AT A TSR RS

D L(h/G) = L{f/G) N L(g/G);

2) L,(h/C) = L,(f/¢) N L.(g/G).
ARSI T EHE.

EE 4 HZTEEBS K53, -ATHEE P, &S,
g K, P BEEES SEHEE (LT RNES
e BN LT EXERRIERe ) k= fNg
Hf5g WEE NH

L(h/G) = L(f/7G) N\ Le(P) =

L(f/76) N Le(PY) = L(f/6) A\ Le(R(g/C)).
iE Y pES, -ATIEEN, HETARTH TR

BT

L(g/C) = Le(P') = Le(P), R(g/G) = P'.

FREA L(g/G) = Le(P) = Le(P') = Le(R(g/C)).

S PREMCE10] P86 5.3, /TH -
R FEREHRRE. MWERSEN 4 MARE
AT ok 2 B RE R S8 SRR, &40 1,2 17
XHWEE PP, IR, W& 3,4 BCHRIES
K\ Ky RFER, BRERI T 2Kl TF 3.6 hm A
L S, WA RGES G, B S AR KM
7285, P, P TR ERR ) RIHEHZE 21,22,
Ky, K, AR (DRSS £, f>, AEME R,
H g1y g2 fiofo B ATE S T RPEALR, ok E
X2 W RIEEE g1, 2042 AT SRR G HOR (A

EX 11
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5 BAEMKER YR (Sudy on proper-
ties of mixed modular supervisory control)
BSOS SR Rt B AR I 8

BRIt 1T T B 5T, 32 %y BH 28 F 0L B

MHE.ATHRFGER R SRESRERRESRE

PR MR SR RO M B AR I (R) R

5.1 3IEPE =R & #& 848 (Mixed modular supervisory

control with nonblocking)

I SCAR(3, 10 A 0, X 35 4 F i Y B L 7 T
B, FuESOEHERERERREST B AREHN
— P RAVEFHRFELFRENHARIT AIEN
& MHAEPSE &M AT AR & A%, AR H1, 18
EIR SRS Y 2R, A ST T IE IR & #
FARBE S (A RIES ) EAH L.

EX 3 X g #y DES B4 8%, W H AL i 2
KRQOW—FHR RN ESE, MRE L,(g/6) =
L(g/G), WIFFH2S ¢ ZIEFHER.

BAR,IFE Q, KBRS Le(Q,) 5 6 MFRIA
BH L(G) = {s € L(G) 1 8(s,q0) € Qul™™ 0
£ Le(Q,) c L,(G) HOL.

ER S5 H[EiFE P, IEHIE ¢ 4P BT
L8, 8 PRI -AER LN P < Q,, MIEHIZS g &
IR .

E H PRI -ATHHP<Q,, \IFPA
0. = P, FrlA

L,(g/G) = L(g/G) N L,(G) >
Le(P) N Le(Q,) = Le(P A Q) =
Le(P) = Le(P) = L(g/G).

AR, T,(g/C) c L(g/C) BIRHT, 1 L, (g/C)

= L(g/C), BMEHIZE ¢ Z2IEBHER.

EHE 6 HEEs K53,-AZFE P, XS,
g HK,PHUESGE S5ERNGE, IR £, ¢ Z24EH
EZW,B L, (f/6) 2y, M h = f A g hR2IERHZE
i

E HTFPRES,-AEK, /[H L(g/G) =
Le(P). T

L,(h/G) =

L.(f N g/G) = L,(f/G) N L,(g/G) =
L(f/G)N L,(G) N L(g/6G) N L,(G) =
L,(f/G) N L(g/C) = L,(f/C) N Le(P),

BE#E
L,(f/G) N Le(P) c L.(f/C) N Le(P).

A, % F R M & XA

L.,(f/G) N Le(P) =

L.(f/G) N Le(P) c L.(f/G) N Le(P),
B LA

L,(f/C) N Le(P) = L,(f/G) N Le(P),
HH

L,(k/G) = L,(f/G) N Le(P) =
L(f/G) N Le(P) =
L(f/6) N L(g/G) = L(h/G).
M L,(h/G) = LCh/G), BV R = f N g RAEFEZE
B, IEEE.

HTFY Q, = QW LIBHR P < Q,, BHZHIEE ¢
fEEdERRER, A LT HEIL.

¥it1 T DESC = (0,2,8,q0,Q), 5%
S, P 5IEEK, R f.g WK, P S
AH5EMNES, MR FRIEMEN, BA L,(f/6)
R IBA R = f A g RIEFHZER.

LLF HES £ X P AR RS i

¥it2 MFDESG=(0,%.0,9,0,) 5%
P4 Zu~$ﬁiﬁiﬂ Py, P, w glvé’zﬁ Py, P, FHES
WEEE, M P, Py< Qn, Mg g, WiEE g =g, A
g2 WIRRIEBHER).

5.2 IR & N5E (Mixed modular supervisory
control with deadlock-free)

XTHES Kc L(6G), MR vs € K:1) Jo
€3 . ffiff o€ K;2) BF 3p€ 3,15 8 €
L(G). MFRIET K RIS M FES K C
L(G)(i = 1,2), 1% ¥s € Ky N K2, B Zk (5) N
Sk (s) = ¢, BR (K Ky) B d-FEH7. (7]

FREMNERM FAH 7RIV 28 I8
FIRERMERF T HESRE -1Z8. X FRE
Rig g, R:1) Vg € R(g/G), 3o € 3, H1F
8e(o, )V (8, e/ BPREFHEBEE): 2) &
Vg€ R(g/G),Jo € =, 18 5(a ,q)!. WFR
g/C RETFEHM . Fnt, SCAR[91E T3 A B 391
B d-TEXR A TERERHSIRYSN TSI VE
ZHRMFERNS THHARTFERLE -FAZH. U
T . AXEECE7.9])4 Y TR B EE TSR
TR &

ER T BORRE PRI, -AEK,N Le(P) B
TP T LBERZMAE N g/C RIS, Hp ¥
T2 g N P WERLSE .

iE oM. BHh g/6 ELFELIN, BigiA
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PRS- KA, 8 Vg € R(g/6) = P' =
R(Le(P)), Wb LI TFHRZ—MT

1) Jo€ 3, #1858 5,(0,9)!. BA5,(0,9) €
R(g/G) = Pt c P.

2) 3o € 3, 1F18 6(o,q)!, HEA 8(5.9) €
R(g/G) = P' c P.

Ml R(g/6) 5 Le(P) PIUEMFRKER, /]
Hvyq€ R(g/6) 15X (1), (2) ML ¥4k N
Vs € L(P)f q =0 (s,q) € R(Le(P)) #7155
(1),(2) BOL.

XX () H, Mo S B F(c,9)!. HA
g(g)(o) = 1, Bf 8(so ,q0)) , HiIEH 5(s0,q0) €
P, Rl so € Le(P), BUKET Le(P) RIILHIAY.

HR(2)A, Y€ S0, H 6(6,9)!, B O(0,
q) = 8(s0,q0), 1 8(s0,q0)!, H 8(s0,q) € P,
FFLL so € Le(P), BULAT Le(P) RIEFEBI . 525
HARIE .

DB X FEE P, LA ERER R ¢ 15
R(g/6) = P', BHE L(g/6) = Le(P*).

HigH P23, - AT, ATH Le(P) BT

M, HH R(g/G) = P = R(L(P)), FrUd
L(g/G) = Le(PY) = [Le(P)]! = Le(P) RTTHE
Eil:o R

H Le(P) REBMATIH, Vs € Le(P),
Qo € 3, 15 56 € Le(P), B} 8(so ,q9)!, H
0so,q0) € P, I8 q = 8(s,q0)!, MFH ¢q €
R(Le(P)) = R(gsG), ity s M{EEMH, &
R(L(P)MIE XA L RERFAFHKTH vq €
R(Le(P)) = R(g/G),35 € 3, #18 8(s,9)!,
H é(s,q9) € P.

Yo I b, A8, ) Hqge PRS, -4~
R, o wlp,(P)(q) = 1, B) 6 € g(q), WH
8,(0,9)!, \IH g/ G RIFH .

Yo 3. B,H5(0,9)!, ATH g/6 EILILH
A9 . AT A AR FRIIE

TREMRGH T LR SEIESHFAENTT

WEFM.
T8 HEDESG.IBEE K H5igmp,ig P

RS, -AZH M Le(P)T N KT = (Le(P)NK)T

BT LERMA (Le(P)T K1) B d- A58,

KT R K MBK T EAB RS TIES .
WERATHMTSIEE P, - AW
i3 U aFEiES Li,L, c L(G), N

(LN L)Y = LT N LT S nZwRen (LT,
L") B d-ARAH.

EX 4 BTHESNATEHSe, Myse
Lf/6)NL(g/G), FH f(s)N glg) = ¢, WER (f,
g) & d-AEwM, Hd g = 8(s,q0).

hEREX AR E S, AL T EH.

EE9 HES-ATHAPREFK, MK,
P HEFEZEE SHEMNG A S f i d e
g YIRTEAR IR, W h = fN g BRTERHB L
FEFRIHHLE (f, g) & d-AEH.

6 %51t (Conclusion)

FEE 75 B9 — D FRIE 6 R PT LA S S B s R AR
HE—F1E%, tagfrd s e ek 101 A E 5.3, %
FIE% K, K., P, PR KKy, Pl P, RER
Py FXt R A FE S 8% g B PR R AIE 688 g1
RIGIEATIEHERI AT, AR ek sh % ik

AKX FEZEETYHRZAGEN FESNHES
B R AR IR AT S, FIRTRE )5
A—EMAG TR B G RIFHER, BF
HRBESRERGHITEE, FHA R A— 3G
RO, RDR IR R % R R E L — A1
TIRABEEEN S —4HE . BESEKEN T HER
MTEHES IR ZE WS LB R 3 .
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