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Abstract: A supervisory control approach is presented for discrete-event systems incorporating components with several
working modes. By utilizing the Ramadge-Wonham supervisory control framework, the corresponding supervisors in each
working mode are computed. In order to generate the merged supervisor, the corresponding supervisors in each working
mode are combined together by using the proposed algorithm “merge” . The event selection function is defined to obtain
the events enabled at each state of the merged supervisor, thereby ensuring the controllable and nonblocking operation of
the system under its supervision. Finally, the validity of the proposed approach is illustrated by a manufacturing system
with material feedback, in which the working mode of the test unit is selected by the times of workpieces failing to pass
the test. Compared with the variable abstraction approach by exploiting extended finite-state machines, the approach in this
paper is more intuitive and convenient. Moreover, our approach is adapted to the case that several workpieces coexist in the
system.
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s, DL EJTE SIN TSNS DL B IR A
R AR, SINEOMNAFEA EREPEE R
SR FERE 2 39K, HETIHE R 1 B 1 4% 0 R %L
UEAN, Bl AL TARRE R, B8k 51N 14
R R I SCHR[8-9, 14] H AR 1T A7 4l

8575 2O M B AR EAT 7 2 I RIAE, (HIX D5
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GIETE T SN S, A = S EE A
PE SRS ECRRIIG K HAE B prisert i il & B
P A4 R ORAIE R G 1 AT 4% HARBH 281817, AP Ts
EI T — MR REE N 2 A TAFFRI AT R 4
IS AR, T SCHR PR AR R i i)

ASCHTR T35 B B R G A TR
ANFZ AT e B B R T R ST A B
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ARSI 75 1% RT3 G B A A A 2 8] AR S U]
.
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Table 1 Nomenclature

HeErr s X
G SEL)
5(q, s) IR MRS g R FH s R AE IR pR A
L(G) E BIHLG T A A 5 1 P
Lim(G) H LG AT A s = AR iR M5
K THE KRTZ e
Zu AR ES
e SRS
E PEREFENR
Cc(E) SF G L BT TR S e
supC(E) C(E)H s KIta
Asup A Bsup Hﬁg?%%”%gAsupEBsup HIAC 5

QmA X Qmp PRURESEES Qma 5 QBN R/RE
Asup © Bsup HH Asup 5 Bsup ZE BRIl A BB 2 4%
D(q) TERFS g W 2B I H AR &

We THERES

2 AR
21 EHHEMRS
B RCFE A R SR #5704 (5-tuple)fi b i) H 3l

Hl(automaton) #4541 H Al

G = (Q7 27 65 40, Qm))

Hr: QNIRESES YNEHES . Qx XY = Q
R R R A 1% bR B — N i BR L (partial function);
Qo NVIEIRES; Qu NFRFUIRSES. MR K
HIBHE, FERERBOTY AN : Q x X% — Q, H X~
FoRFMES Y FHIKleene 1.

H sh LG T 4 11 = (language) Y P4 i (closed
behavior) 1] FK/R N

L(G) := {s € X*|6(qo, 9)'},

HA 56 (qo, )30 (q0, 5) A 52 3L, BIAFIAAR S
qo B R FAFER sTT A,

H s LG R A4 B 5 10 A5 1R P B (marked beha-
vior) i RN A

L, (G) :={s € L(G)|0(q0,5) € Qu}-
W HEA s, soe 298 & EEN
(concatenated), it./F s1.55!!.
22 WEEHIER
IHMEREIES K C X, KKXT L(G) {52
(Vs,0)s € K, 0 € X, so € L(G) = so € K,
Ho: KR RE 5 KW RT4% 4] @ (prefix-closure); X,
FoRAT EFA4ELSN, fF B Ef B, Fh4E
G ORI RSN ES SATEEHES, 5500
M5 X, 52,05
L E C X FRontERetabs, X T Grls Hiw e e
BFR B TA v 15 S nlidsE
C(F) ={K C E|KXTGn#}.
H£EC(FE) R R AT RILE
sup C(F) := U{K|K € C(E)}.
545 SERD i 2 P BeFa A B B B s i 2% mT s A
TCTHAFEHF Isupcondit & HEA T 51 181,
WERAE I B HIER M ER T, ARGEMVILHIRES
HUR 2 A R AR S e B BAR BUIRES, WIFR RStk
FH %€ (nonblocking).
3 AMHZ TR THEBREFRGEL T
T
TEIA BB RS, AR SR AT
WA —FhBE e ) AR, (EAE 3 ) BRI+
Zgi, I EARYE TR I TR E T — 21
I CAAE. Flanss T 3 ah A =28 4 fks I B oG, an ik
() — AN A3 B2 IR 35 A g o B e PR, U
MR ITCA PR 1% TAFIE R 2 g A7 B Om 1L, M2
YE IR S B R 4.
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N T HER R IR AR — e, R R R A
—ANHAAAAE PR TR, WA TAERIUR f [F 2P
F(synchronous product)! 14155 Fr 15 1) £ Gt 4 (1 4
XRS5 RefR bR WC/EGA, Ex5Gp, Eg, X
R e B ) )

Agyp = supcon(Gy, Ey),
B,y = supcon(Gg, Eg).

i B AR B A% ] 98 Agup 5 Beowp M5 B 5 HEAN RS
AN, M AR ok e, i, E % E
SR HI SRR G 0E.
i
Agup = (Qa, Ya, 08, q0a, Qma),
Bsup = (QB,EB,5B7QOB, QmB)-
$i Aup 5 Bop FIZCHRLAE
Asup N Bsup = (Qars, Xans, 0ans; (¢oas 9oB),
Qma X QmB)a
Hor:

QAHB = {(Qaa qb)IQa = 6A(qOA7 5)7
@ = 08(qoB, 5), s € (XaNXp)"};
Qma X Qup NEEQua5QupMH R/REE (cartesian

product).

DL Aqup A Boup N 55 Bill, #% 40 F Rk & B &
merge(Agup, Beup) FBE L Agyp © Baup, FHRHFR
kb B I A

Step1 ¥JiHfL.

é\

Qs = {¢al(¢as 1) € Qansl,
Qs = {®|(¢a, 1) € Qarn}-
é\QA\ﬂ = QA - QlAaQB\ﬁ = QB — Q% /{%‘
QanTHPREETH N (qa, —), HQp\nTHIREE
A (—, qp).-

%

Asup o Bsup =

(QAOB; EAOB; 5A0B7 (QOAa QOB)a QmA X QmB)7
H: Qaos = QanBURQA\nUQB\n; Zaos = ZaU
EB; 5A0By\jAsup o lelpﬂg%iz@ﬁ’ ijEEStep ZEP%%
R TTEAE

Step2 X Ag, BT B R B 0A (Gur, 0) =
a2, ﬁ\: EPQaly a2 S QA: o c ZA, 'ﬁEAsup o Bsupq:] ﬁj‘i‘
PIIEE T AT

5A0B((Qa17 *1)7 U) = (Qa27 *2)7

/ﬂ\:qj: ﬁn%ﬁ{i(qah(_ml) € QAQBE_(SB(qbl,O') = (b2
€ Qp, Wx1=qu1, *2=quo; WRAFTE (a1, @o1) € Qars
Hoép(qu1, o) RE S Mk =qu1, %o =—; Hx; =—,
ko = —.

XF B AT B F 7% SR 5008 (g1, 0) = qra, FoH
b1, dn2 S QB? (S EB, ’ﬁiAsup o Bsup EP@WD??%I%I
¥

5A0B(<*17Qb1)70> = (*27%2)7

Horr: ﬁﬂ%ﬁ@(qﬂ, C]b1) S QAmBEC;A(qahU) = (a2
€ Qa, W %y = qa1, %o = qao; W R AFAE (¢a1,qm1) €

QAnBEfsA(Qah U)ﬂi%)‘(, )”\'J*1 = (a1, *2 = —} 715)”\”
X = —, X9 = —.
Step3 %
QmA X QmB =

{(qmaa qmb)|Qma € Qma, mp € QmB}'
FQaop FIPIRESHEMH N0, 1, -+ | [Qaos| — 1, HH
REORVILEIRTS (qoas qoB)s |Qaos | WIREEE Qaon
W PR ANL

H T merge(Agup, Boup) B 15 T T Asup5 Boup
W T 7% BB LUAE B A © B RS BRI,
[R] I 12 B39 ) I TR) B2 2% B2 O (g + o), Ho iy,
Mo 73N Agup 5 Beup TS BREC L

H merge(Asup, Boup) H 1% 1) # 38 1k 72 7T 50,
Agup © Boup FPIREECE /N T Agup 55 Boup IR ELZ AN,
B |Qaos| < |Qal + |Qs|. merge 52 1) S 57 2 LA
Agup 5 B, A NFER, 73 54 Agup 5 Boup TANE
Agup N B TR NN Agup © Baup Y, JEIEFEXT B
SRR I Step 2. 24 Agup 5 Baup LR, HT
ASUP © Bsup7 AsupLﬁBsup B@T‘Bﬁé%ﬁjﬁjﬁﬁ;{kﬁ()i%%,
B Qaos| = |Qa| + Q8| — 1.

¥ Agup 55 Bawp WIFFEICAE Agup U Bawp. B EIHL
Agup U Baup H Agup 0 Boupy I E AT EHEIH T
Agup 1By T AIEH 73, IS Qaop TR 4E
H{(= ®)|(— ) € Qaop} PHIFTHREULEZ
R, i3 45 R RN Ay, RV EE VR A
Qaos EHEE{(¢ar —)|(¢ar —) € Qaos} FHIFTAIR
DU Z MR, i3 45 5 R1N By, 111 H
Agup U B TIEBE ARG E Agop 1 By

BN G0 I TR A A M B R ) 8 Ay ©
By BB H AT I T, BT T T Re4 AN
A A B el A B B s i At AR TR RS, T 1%
PRS2 112 A H A S s | e 2, (R
A RE B A AN e h ZR. TR E
AN AR BLIE A R A AR, X TR
WG = (as @) € Qaon, HANRFEY o :=D(q,)
U D(gqp), HH: D(qa) N Agup THEIRES ¢ B 25 1L 1) 5
PSR B, D(qy) N Bsup THERE ¢ #5255 11 R
HH B EE S, D(q.)5 D(q,) 7T HITCTH Kcondat
R EAR], HHED(-) = 2.

W FAEEREE = (Ga, @) € Qaos, [FIFFFIAXE
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R () T AR (S BEAWe, .= {(ID, ¢, 0, P)}, b 4 SZ4)
ID € {1,2,--- YN TGS, ¢', 8" 5 AN TAF AR T UL BT (075 S R B B L 28 8 5107-9), v

AL S5 0 X 5 HAR 2 5 TR B8 2 0 X
EEBUBUR A5 B, P9 S0 T A ey
FKHIVE 1] (predicate), 41 A4 B 5 0T HICEUIN T2
R FE R S RER A RE.
B Ft His € 2% g KA G Acup © Baup 24
AR A 9" = Saon((qoa, qon), 5). REHF Ay 0
By A IR ASH I PSR T 5 4 22 3 T
PR R A 5 AR IR @O F AT L £ R 2 f -
Qaos — Yaos N
f(@°) ={o € Yrcglso € L(Asup © Baup), 0
A(ID, q', 0,
o E P},

Ho B PRINFHMo MR 2181 P.

AR R BON N B R SO TERES O RT K
Ao TR AL :

1) APl e Bz i 25 4%

2) i2$:1q:ﬁﬁXTrﬂ:I{q:1nAu%/ﬁ\EPEG%/I\/E\‘MR
AR, HHiZ R A G TAE BES T
FOW AT AR SR

3) IR AT A P

EE1 A RBEHIEEAw 0 Bap N TGA
EGBEH"EE’HFﬁﬂﬁ”*%‘?ﬁFJ

UE ¥ B R A8 Agp © BSUp? Asup 5 Boup Y
AR D ARCIED 5, 28, 25

HHGUEM] Agup 0 Beup R T GATIHE, B

(Vs,0)s € L(Asup © Bsup), 0 € X% ois
so € L(Gy) = so € L(Agup © Bsup)-

HTs € L(Asup © Bsup), MG Agup 0 Byup AL
i FE W s € L(Agup) L (Byyp). Hlo € 24,1 %0
o€ XREXs.

WME s € L(Bawp)\L(Awp) o € ZE\XY, HT
% Mrso € L(Ga) AR, B () H 2R oz, i
s € L(Agp)Ho € X% 5, T L(Agp) KT GATHE,
Hlittso € L(Agp)- T72, HH L Agup © Bawp HIH4
G Hlso € L(Agup © Bsup)-

Agup © By KT Gy AT 4% H1IE B 2 72 5 3iE W]
Agup © Boup KT GA PRI R, AL A FEECIE.

SRJFAE] Agup © Baup KT GA 5 GRIREZE.

EAgup © Boup T ECR A ° € Qacn, HHFF
LR (q°) B SCAT AN, RAA AR Ay, BB, 52
1k HLig 18 R PRSI A BE A AR, RIAE F A 1E 6 R
() BIWERT, Asup © Baup FIBAT A 2GR FHZE.

WEEE.

?é Eq"’
P) € m(;lf/fﬁ?%al(q/)a)!a
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ANEE3THRH MALMZ TEERA S B E RSN
Bh k. ARG HIANUER, M, TU 520 %
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Fig. 1 Structure of the manufacturing system with feedback
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2z i X B2(H 9 411232 7); kWl B8 e TU M 22 i IX
B2 TAEA TR, FE4F B b TAE AR

1) 5% T E R T 20k, WA B e TU TAF
FEREA, B AZZ X B2 T A AT A (e 53%
7, 8B A% LK 12 T A 4 IF & R S 4k
7)), AN A 4 WA SR i it R A6 3R 7). A5
3 AXF R E SRR B TR E ST U A R,

2) WIHZ AR RN TSR AR 27, A &
JCTU TAETERE B, B AZE X B2EL T A4 T A6
RS AETERIR), KA 4 DK 12 T AR IF b
(S8R IR, A AS A5 4% MK 12 TAF TN & X
B1HF IO T.(HFE10%R). 2l BXE R E shil
BRL B 1 E ST U .

Xof I (AP REARBR

1) BiibZErX B1, B2 Fis S R,

2) MR TAFIIN CRECERETU 1) TR,

R BT TAETE A5 BB X R 220 X B1,
B2E S 51 i B 8 E SIHLB1A, B24 5
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Blg, B2gHiR. HTCTiHHE 13

Ga =sync(R, M, TU,),
Gg = sync(R, M, TUg),
Ex =sync(Bla, B2y),
Eg = sync(Blg, B2g),
Aqup = supcon(Ga, Ey),

By, = supcon(Gp, Eg),

Frhsync(-) ATCTH SRR #2118,
1 A S B R X B 9% 2
Agup5 B, B2 5 E3HTR.

P2 MBS Asup IREHAL IR

Fig. 2 State transition graph of supervisor Asup

)

K 3 MBS Bsup RS A

Fig. 3 State transition graph of supervisor Bsup

M) FH i 45 SR AS 2 T P14 i £ R B 2 o 4
Agup © Bayp, HAARER BRI A AR 2R

@ 4 I_EAW‘_FEX#ﬁ%[J%EAsup o Bsup’{j(jtt-ﬁgfz.

Fig. 4 State transition graph of merged supervisor

Asup o Bsup

k2 WEHRRENEEFZEL

Table 2 Relation between states and their decision sets

RE PR | RE oRsE

0 {357} 7 {1}
1 {157} | 8 @
2 {1,571 9 {1}
3 {1,5} 10 {3}
4 {1,3} 1 {1,3}
5 {1,3} 12 {1,3}
6 {3}

B HEMFs € Ui g KA Asup © Bap 112411
RE NG = daos((oa, qoB), s). RIEVEREFEHR2) B
BRI AE H HE R P - WR#10(s) < 2, MTU
TAEERE B, F7THAlRE, BN, TU TAE A,
FAESPAERE, HA#10(s) RN T sHHFHHF10K
A IREL IR X N T A E BEARAWE, =
{(ID, ¢, &', P) }3&oR. G2 X5t 2 i) TARERE AN 1A
T PYAE.

Bk FE s =1.3, Wg° =2, We, = {(1,1, by,
P)}, A 20k s TAF a0 T 0 T s M A )
ARZSL, SR B0 M B [ SR (K56 75 R
0, 5T S0 I TAE B A TR I A S
Bymrg ity ERfE. R0 Y. = {1,5, 7}; B,
TR 2FH MR R AE, NI FHAEREREf(2) =
{2}, i RAERE2F 1R AE, WAy, 0 By HIY]
MRS R A B E 8 1.3. 1. 28 3  RFSS. BLER
SERAFMRe A, MEES AAEEMH10CE K
A2 K AE IR A RE kAR, BRI H BLBE 2E, RIL£(5)
= @. IR, A8 300 SR 0 4 R 2R A RlkE
G B BH 28 S 2K 2B G TAFS BAE SR WS,
={(1,1, dpep, P)}.

s =1.3.2, Wg° =4, W2, ={(1,1,
Opap, P)}. HIR2WHIX 0 = {1,3}, BIRTER 45
PESAITYAE 52 S, B TR PRIVE A, b 350k
PEeRELf (4) = {7}, S IB0 TAELERE B, kT
KR THEBEEGEHT AW, ={(1,1,0rus,
P)}.

% F A s = 1.3.2.7.10.3.2.7.10.3.2, Mlg° =

4, Wi = {(1,1, 0824, P) }, BIFRIRHENCRZS4. 1%
20 Y. = {1, 3}, BARFEAR A FABMTI A &

SC AR TIE R PRIFE R, BEi kB f (4) =
{5}, RIS B0 TARAERE AL X R AW EE R SO ER
Tz LA Caseid 172000 T, P I . oo TAF
TEREA.

N T IR B R A ST 45 S b G2 o X ) 8
N1, ATEER 3T A B X AR R
.

K SCHR[7-15) P I 7 A5 2 B P 2% 5 A
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ARSLFHRTTVER o — MR Re 2 2 LR
AL T RGP G R, K X BIMA & K82,
MTU TAEAERER A S B Szt X BIM R E )
WU AS T S S FT 7. Rl e B % 28 S5 IR Tk
SRR AR, TR RS B,
AEASFEBEIR. BEI, G R EA R LR, R Gk
A2 AR, 0 R TAE REE W, ={(1,2,
Ogie, P), (2,1, 6p1p, P)}. BT LIS 545 3 5 R £
RV FE3R A, B LA AT I L, W FHAE3K
A JE TAHHE RESEH N WY, = {(1,1,0u, P), (2,
1,051, P)}. WG, REKAERE B 68 5 F 0
MR BT AR TR 4R 8B T .

0 1 a 1 Q 1,101,10

Bl1, Bly

K5 X BURSHAE K
Fig. 5 State transition graphs of buffer B1
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