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Abstract: The synthesis of mixed decentralized supervisory control is investigated . Firstly, a closed, controllable and 8- ob-
servable ( hd-observable) language is proposed as the necessary and sufficient condition for the existence of a solution to the syn-
thesis of state feedback (with partial state-observation) . And a necessary and sufficient condition that ensures the existence of
mixed decentralized supervisor is given by a global constraint which is closed, controllable and n-coobservable. Moreover, a nec-
essary and sufficient condition for the existence of pure decentralized supervisor( decentralized controller) is shown by a closed,
controllable and 5- observable ( n-hd- observable) language. Finally, by presenting a relation between global constraints and
mixed ones, a sufficient condition obtained for the existence of mixed decentralized supervisor is that the language which is

close, observable and controllable and the predicate which is observable and controllable are both satisfied.
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1 5|5 (Introduction)

Wi B0 2 Ramadge 1 Wonham! "2 8 1 F 3k
i B R R (DES) B — U R, Bl
W ds (FHla%) K B EH T EFEHR L, F
BHARARZNITIEPRENHE N TFoHAKXER
& AR RAE HERAESE, sRBERHEEDES
FERES . XHR(3 ~ 8] B R TFEHRME-E5R
AR HE T R EE My a8 6 X R 6 4 Bk
B, [4)RHE TR SRS FTMERES B4
MR FENTERM, CER(S IS H T R4 0]
MEIES 5XE4 PR BHRSITNEETH
KR, CR6THE TAERATTMEBERGTHRES
R BT, RIBFEH R B9 %4 T Efi
TXER[3,4]PHI5w. X (7,81 He TETRE

WO H $6:2003 - 10 - 20; Wi 2i0R H 3#:2004 - 05 - 08.
EEWH ER A AR LS BB H (69904008) .

g BUER RSO, SO [7 18 5 A - TR
FEIRIA, R T2, n- ATERIAIR /T BOR B R 15t
FRENFTERA TR 8] M E#— Tt T &
/NATHE , n- ALIREEIRIT AR FE M, R 4 Al B 8 20
ARSI RO TR AR

&5 KEBHMRERERAESETES
HRBRERE R IR0 BEE L, Y REER
FB o B AT AR LR TR 4R AT IR B ) 3 B
HARDH K. 3CHR[9,10]348 T RGLET M 815 B8R
AFAXEREHER, S THEMER T ki
WHERRN . AXHATIMO) PO K n-BR
BAMEEEHE S, Bl T REET 85 BBk
AFEHEXERSHER TRE T BEEFENTE
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2 & HiR (Preliminaries)

DES ¥Rt &L B 3L 5B AES A,
Wit 5 ALY i RGBT ¥ AT i, ROk
EH—SHEFRNMAEREN—TTEH L.
BEWARGEUBIN G = (Q,2,8, 90, Qn) R
ES L(G) SHriRES L.(G) RFm, 577 2f#
HERGEF LR AT REZR 25" 6 =
ERITH. AT SIABHEHNILE, K = 4 AW ER
MRXMFES,, .. BRI ={re2* 12, crl A%
#i#= (control pattern) £ , H P 2° B = B4 . FRBR
% f:L(G) — I' y DESG LA 8% % fimTF
DES I, BRIFFMBENEMR, B T FR—IF
F ARG BBE N T RXET, B Rz IT
%, BARRF i LB WOk (1, 11] 385 K AT
BABRK, MR K = K, WK KZAN . NRES
KWRKS, N L(G) c K, MFR K Z2V#H) .1 DES
R THAES T MER, KT MERH R M5
-3, U lel, K =, AT WEFHE 05,5 €
K,o€3, ,0€ K,s'0 € L(G),M(s) = M(s"), 1]
8 s'o € K, MIFR K £ M-7] WK (3L 7R 2 0] g
BT L(G) FrlEERRTR M(L(G)) IR G ¥
—NMREER G, RER, FHHRE LG, =
M(L(G)),L,(G,) = M(L,(G)) . G, FHY
EAESH N ¢ WRFAEAES . EAX T
ARBHIES K, M(K) SRR RAR.

HREFERIFH. X Fif#E P,5I AW
B wip,(P): wip,(P)(q) = 1 H{HNE 6(s,9) E P
HEE X . MFIC Re(G, P) HE G FAMIHRS
go B REH P FrBEKNRSFTABRNES , WFRH
2 P<Re(G,P) A\ wp,(P)(c € Z,) K PRI
1814 . MFRST g: Q — I' 2 DESG R 3%, His
WA W45 48 . 20 DES BETIRAT 0T W
B, AR EHN h:Q —~ Y, HH Y IREETRE
MEIANNFSE, X THEE P WA P >
h='(h(sp,(P) A P)) A sp,(P) ,JUFR P 2 h-vI
BH,H P s, (P) BESEMS o TP FRIREH L
FRBAMREES BRI PEs THRBEESR
{4 (strongest postcondition of P under ¢ ). BAR %t F 1]
FAIMEIRIE P, h(P) LR/ ATEN.

XFFi8iE P ,FR Le(P) = {s € L(G) | ¥t <
5,8(t,90) € Pl A PHBHIES , B Le(P) 2
R . X FiES K, R R(K) = {g€ Q1 Is €K,

8(s,q0) = q)1 X K ki), FEERS K £
Al EEAR, W R(K) R EIFE.

PA_E R RAFN, thrl S WICEk[11].

3 EFEEHNRERBE A (Synthesis of
state feedback based on language)

EX1 MFREENES K, 5,5’ € K,
8(s) = 86(s’),0 € S.,50 € K,s's € L(G) , ]
s'e € K, MFR K 2 5-AINEN .

EAXMN FEERIFE, KEXETHE - ATl
ZH.UTEBSE TETESHRERBSE.

EE1 WTEENES K, RFE—RERG
g HBL(g/G) = KMAFLERERK R—0-7]
MEE A HEIES .

FesrtE. K 245 A, AT H 40 3 44 iR
g(s) =3, Ulc€ 3. Isc€ 3" -(L(G) - K)I,
s€ K, [#18 L(g/G) = K,R(g/G) = R(K), H
Le(R(K)) = K. i S-ATMBEHEA, X F 5,5’ €
K, B 6(s)=8(s") Rioc€ 3. 1502 (L(G)-K)}
={c €2 150 (L(G)-K)}, M g(s) = g(s').
g H—RERHI.

¥ DES ZE T REZTSATMER, o K] WE
PRE, MBRRERIR () g R (g =
h(q')=g(q) = g(q") ,UFF g R h-RERB (h-
FH ), EX L(G) ERFMAER S:hO(s) =
h8 (s )esh(8(s)) = h(8(s')),s,s' € L(G). XH{E
EiBiA P, M Le(P) R hS-FIMBH L AN Y TR
BAL

91,92 € P, h(q) = h(gy), 0 € 2,

8(o,q,) € P, 8(0,4,)1=68(0,q,) € P.
HiIgEM A RELN, PR AATMEHYENY
Le(P) &2 ho-AI BRI MM TEH 1,713

EE 2 X TARERRS T MWER DES, & E £
EMIES K . FE— - RERF g HRL(g/6) =
K DB R R K & hd- v M E .

iE WEE BERA L(g/6) BWHEMKN,H K
A AN, TIE K2 h-ATEN. BN g h—h-
RERIR, B R(g/6) = R(K) B . h-FI WERIF
W, H Le(R(g/G)) = Le(R(K)),Le(R(g/G))
= L(g/G) = KHLe(R(g/G)) = Le(R(K)) = K
R hS-FIIMEEHY, B K 2 ho- ] EE ] # ).

FeorvEdEE | BUEBH AT A1, BARRLAL .
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4 BASHYE (Mixed decentralized supervi-

sory control) -

iﬁﬁ—ﬁ*%ﬁﬂiﬂ%%% (G, %Mii s %hi})(i
=1,2,,n), HHBIMI, LA SRR RTFEESE
Tﬁﬁ%ﬂiﬂ%%ﬁ%ﬂ Mi32 - Ei’hi: Q - Yi’
mxr 48— M,h WEEG #8 L(G) =
M(L(G)),L(G) = M(L,(G)),R(G,Y) =
R(R(G,Q)), H# G HGCH—TRERE.XTF
AEARK i K, = M(K)(i = 1,2,-,m - 1),
P, = ho(K)(j = m,-,n), W K FTHHREARK,,
Ky s Kn 1y Prs ey P, BIRIETSEBLL R, BP

K = (M0 LA 8) (B,
SFAR K, B33 ALLT 3451283 — L
FXRASBR SRR FIERNEH3.

EX2 Hs,ss €K,0 € K,s's € L(G),
M(s) = M(s'),i = 1,2,,m - 15 A, 8(s) =
hid(s'),j = m,,n, /18 5’6 € K, MFK K & n-
BATMENS  MERETREETLTWER,
MR KR n-AIRBH . MESEETFEHEELTR
£, MFR K £ n- ho- T REEH.

EX3 IMEF KEn-BEMER,HHH
RK=KRKS,NL(G) c K ,# KB n-BKAH
MEMEBHIES .

SIB1 ATNEE P, REERSRG ¢, #18
R(g/G) = P, W Le(P) = 6~'(P) . H+p 5-'(P)
= {s18(s) € P}.

iE Le(P) c 67'(P) BRKL, FiE 67'(P)
c Le(P).

vs€ o (P),Mo(s)e P.MP=R(g/G),
B R(g/GC)MEXH, ve €5, WHF &6(2)!, BH
8(t) € R(g/G) = P, Bl Le(P) BIE XA,
s € Le(P). 1 s WEBEHTTH, 67'(P) c Le(P).
LA, Le(P) = 57'(P).

12 WHE—i(i=1,2,,m-1),AEGC
M M-AIRETEAETK, R, VRABELGC K
MR ALY ./G) = M(K), NBFE GCH
2R £ BB L(A/6) = Mi'M(K).

UEBH AT & I 3C#k[12] .

B, HEM 1,582, BTy HA.

83 MFE—i(i=1,2,,m-1),8%FGC
i hS-FIRBEBAIER K, % g} K G, RTEH
#,8 R(gi/G) = ho(K) MISHFE C2ZRY

Yodk g, BB R(g,/6) = by 'hS(K).

EHE 3 AEES K WEEEES LG = 1,2,
vom - 1) 5EEE (G = m,n), BB LA
g/G) = KT LBEEMH K B— n- B G F MEF
REEHES . M TR (I M filgl Mg .

iE DEHE RFE LG =1,2,,m-1),
g(j = m,,n) B/ L(FA g/C) = K, B F
L(f N\ g/G) AR, 8 K AR .

TiE K RAHEM. K s € K,0 € 3,,0 €
L(G) ,ARFiE s € KB .AF s € L(f N\ g/G)
=K,6€3,,0€ L(G) ,XFENL(f N g/C) BT
BR, B o € L(f A\ g/G) W L(f \ g/G) = K,
MEBH o € K. FE K B n-BEAFWER . BT s,
s EK=L(fNg/G),scsEK=L({fAg/G),ss €
L(G), M 5;(55)1,8;(s0)!. & s'c € K = L(f A
g/G) MW (f A g)(s')(e) =0. T 6 € K =
L(f A g/G) M (f A g)(s)(o) = 1. A Mi(s) =
M(s'), T8 £,(s) = £i(s'); RBT X EH 2,6(s) = A
8(s") AR fi(s) = fi(s"), B i =1,2,-,n .
EEB(FAg)(s) = (fA g)(s'). BEH=HFE,
W s'e € K. B, KB—nBEG A MER T EH
ES.
FortE. K B o BRE TR EA A, N K 2
M-FTSREE AT £ A B9 , FRIBT o 2 ho-RIVRZR AT A1 A9
HEIE LA, 7 ¢ —2RBESAG = 1,2,
m- 1) ,#8 L(f/G) = M'M(K). XHhTFIHE3
W, CH—2REHB g = m,,n), 78
R(g/G) = hi'h; 8(K), MR #r, H L(g/C)
Le(hj'h; 6(K)). X #1513 1 5 Le(R(g/G))
5" (R(g/6)) ,# L(g/G) = &8'hj'h; 8(K) =
(h;i8)~'(h;i8)(K), FMEH A (RERB) BT
HRE— R (ESHR®R), A
K = [AMPOLRED] N LA (8 () (H)],
5
L(f A g/6) =

(AL N [AL(g/6)] =

j=

CAME ] N LA (8) (R8)K)] = K.
R 3, BB T
Rit 1 MEEE K, MEENER £ = 1,
2,,n) 618 LU £1/6) = K MFEADERIENK
R— n- TR T RS
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Wit 2 AEES K, WHEERS ¢( =1,
2,,n) {18 L(1gl/6) = K AFRSLERMBAK
£— n-hs- T MBI EAIES .

YN RENARRZETRAEERAR K R
&, EH—-RITFIES K, K, 5Fi8iF Py,
-, P, FTH R A ARKRFRRN, THIT EH
BRREARSBEYRNEXE.

EER4 FKERM-TTREVEAES, P, 2
h-FRBEA IR, K i = 1,2,--,n, T

(K N Le(P))
£ n-BATME ] A .
iE 4
L =(\(K N Le(P)),

HH P eh- TR, FTLL Le(P;) & hy0-FT R
Ea AN BT K —OTEAK, T Le(P;) BT
R, K, N Le(P;) RATH#EAR,BATH L Wi
A EFR .

TUE L R n-BREPTIRER . BRA, 5,5’ €K,
s6 € K;,s's € L(G),M;(s) = M,(s") ,T1 K, BM-
AREERT, W s's € Ki(i = 1,2,--,n). BRXEF s,
s' € Le(P;),s0 € Le(P;),s'0 € L(G),h;8(s) =
h;8(s'), H Le(P;) J& h;o- AT EEEH) , Tl s'c € L
e(P)(i = 1,2,-,n), FRLA s'c € K; [\ Le(P;)
(i =1,2,-,n). #2718 s's € L.

ZEaTA, L Rn- BRG] #E .

BhEHE3 S5E# 4718

ERB5 ATRE G, 1% K R—RM T MEM
FiES, P - TREEIER, K = 1,2,
n, Mﬁﬁﬂ’ﬁﬁ#fl(t =1,2,,m-1) 5B 3%
g(j = m,,n), 8

LU A 1g176) = (\(KiN Le(P)).
5 & it (Conclusion)

AXFEITR TIRA OB 3 R ).
8 522 AT AR 5 IR A P R B B RGE &
FTHEBTHORERRG G EE, X5 n-BKE TR
e, G T RASBEESFENTOLERSE,
BNRGELRE n- BRG] IREE AT 2 PA) 1) 3 T RGBS
SHARRARSREARNER BRETHREY
RAREGARN, BRSO BUUE B FERTD R
Ba , X HRE S R e o Bk is 5 RER B
Mo BEEFERTRSLERE.
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