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Realization of bisimilarity control of
nondeterministic discrete event systems

LIU Fu-chun'
(School of Computers, Guangdong University of Technology, Guangzhou Guangdong 510006, China)

Abstract: Due to the practical and theoretical importance, the study of combining discrete event systems (DESs) with
bisimulation equivalence has received considerable attention in recent years. This paper addresses the realization problem
for bisimilarity control of nondeterministic DESs proposed in the prior work. A computing tree is constructed based on
the subset of Cartesian product of nondeterministic plant and specification, and a polynomial algorithm is presented to
check the simulation-based observability of specification, which indicates that the existence of bisimilarity supervisors can
be verified with a polynomial complexity. Moreover, the physical design is further discussed, and it is illustrated that the
bisimilarity control mechanism can be physically realized by employing an additional simulation recognizer with memory
and judgement function.

Key words: discrete event systems; supervisory control; bisimulation equivalence; nondeterministic automata; bisimi-

larity control

1 5|3 (Introduction)

XA L 5% 2 (bisimulation relation)f& —#f I T #
R FR G2 [ AT AH BRI A D R U2 BAE A T Ak
REFME TN REE A —, O ZNHATIE
HHTERE XD MERGEY . bRidEB ARG &
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Aot T ARV R A% T P AN 2 U R R 1)
FRPEREAT AL, SR T — P A AR 2 2 B
PRSI L],

ASSCAREETC [2) [ TAE, B — BT SR S
PR SCILAE Rl L. A SO STk B M RSO I S &
R Rl — AN, AR R B I 5 AT S 26
X7, RJE, WETHEE U] SR RS A SR
SEME R, Mt T — ARV DL e
ERAERGMBAIRCR, - H T —HIBRTE G
R AAETHER R TR 2 A, Wiie
BT ST R0 2 BIAIL B T B A 1 &% B A AE
PE T AE 2 T R) Y SEILR 58 R, AR X ARL
BRI LHI S SO, S T 7EA STz il e 12
filt_E i 25 L A0 T B A 0 7 T e PR ASE 0 50 R R
BT, SEBL T IS AE R SC R YU 3 (15
P B S R AR e St B
2 R B R R R SRR S 4 (Bi-

similarity control of nondeterministic DESs)

BEETRGR R EE R e et
FUNAR EAE TS EBCRSEFEL RIS R . BT L
A XA h:

X1 — A EBEERARIEA R B3

G=(X,2Y oz Xn), 1))

Hr: X2ERREE, TRARFME, a2 RER
B : X x X — 2% 2y € XRUIIRE, X C
XRAGERSE MENEREr € X flo € X, #F
la(z,0)] < 1, MFRG AHETA R B 3hHL(determini-
stic finite automaton, DFA); & |, G HIEH e B E
R B 3h#l.(nondeterministic finite automaton, NFA).

WX AEE TR AEN A Y EHERKAA &
&, M2 HHE—FHREHRA—MES. GHAERIES
RIRGH VIR Sz BT B F B EE
L(G@), B}

L(G)={s € X" : a(xg,s) # T}. (2)
GHHERE S R L(G) T T il 2B AN A GRS
B FRRIES, A L (G), B

L.,(G)={s€ L(G) : axg,s) N X\, # T}. (3)

—ficHh, MR IR, FAEE AT HPAA
MR THEY = DU, Hh D R EHEME, Y.
RATEFEME NRGE AT MR, DX A5k X
= XUX, HH X MY, 53 & v A AN ]
WA, BT E B NS S g ) 2,
PRI R AR, BRI, KRR AR I, 25 38 R0 21 1)
& — M (projection) i I8 J5 H A 5, IX BB
EXH— NP 2 — X5, B EP(e) =€ H

SFoe XHse X H

_J P(s)o, MR o€ X,
P(so) = {P(s), R o5 )
EX 21 GHEEI2$ (supervisor) iE XA — ANk
$Sp: P(X¥) — 2% Eif: HMIms e 2, H
YwuN{o € X:s0e€ L(G)} C Sp(P(s)). (5

EX 3 SphETHHERGLANSHG, KA
BiE S L(Sp/G)i A% X e € L(Sp/G); 3 Hso €
L(Sp/G) 23+ BALHs € L(Sp/G), so € L(G), 0 €
Sp(P(s)). SpIGHHERZES LA

Lin(SpIG) = L(SpIG) N L (G).
EX 4 —MESKHAETES M, R
K¥Y.NnLG)CK, (6)

XHLK & K 1RT4% A1 (prefix-closure).

EX S —NEFEKMAETES TR, & X
iAW RP(s) = P(s)s, s’ € K, FHI AL
3

(Vo € X)so e KAs'o e L(G) = sae K. ()

X6 G = (X, X, w05, Ximi) 1=1,2,
2P NFA, B8 Gy i # Go #40 (G, is simulated by
Go), MRFLE NI KERDPC X, x Xo, [F 15
(To1,To2) € D, HIMER (21, 72) € D, WHifE:

1) XAERo € YHz, € ay(zy,0), #AFEr, €
(22, 0), 153 (x], 24) € D,

2) #xy € X1, Wy € X

W, WAG Co Ga, RO —MEHUKR.

EXT TP C (X x Xo) U (Xy x X)Xt
A H Gy Cp Go, G2 Ty G, MIBFR N 2 Gy M
G5 Z TR] ) — A WA L 5% & (bisimulation relation), ic
HGi ~¢ Go. BIR, IBHUKRE—NMEFNKER.

E X8 ke HEBHE M RAG = (X,
X, o wo, X)) MEER B BTG HAR = (Q, X, 4, qo,
Qu)- WR Cg G HSpRGHIEHIZE. TR
DRI R GG A 4 F NFA:

SpIG = (Y, 2, 8,40, Yun), ®)

HAREFEY = Q x X, WIHIRE Ry = (qo, o),
BEERESEY L =Y N (Qu X X)), WEHEBERES :
Y x X% — 2V LR

1) (Q7x) Gﬂ(yoa U) = q € 5(Q070)’ 1360((1'0, 0-),
o € Sp(e), 3 HY0 € X ., f(q,x) € P,

i) (¢',2")€B((¢,2),0) © (q,2) €B(vo,5), ¢' €
d(q,0), 2" € a(x,0),0 € Sp(P(s)), 3 H %o € X,
i, H (¢, 2') € P.



1

X7 AR 2L RS O AR G P 1 R SR 77

EX9 FHXNEREs € Y Hlyy, y2 € B(yo, s),
BE(y1)NZue = E(y2)NEye, WFRSEIGR X, —HHE
B, KA E(y) ={oc € ¥ : B(y;,0) # o} i=1,2.

E X102 4 At w M B ES R KRG =
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8, qo, Qum)- FRRAFET RS R H), WRAFAE—
MERIRRP, 3R Ty G, Hili2

(Vs € L(R))(Vq € 6(qo, ) (Vo € Xyc)
(so € L(G) = 0(q,0) # 9).

EX 1P i E M EHESRSEG =
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8, q0; Qu), FRRAFETBIUKX RN, W RAFAE—
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Q x XF— AP435 28 Sp 18 # #5 R AR STIGR
YR HSTIG ~ R ELM 2 RAA R TR
KA TR TSR M.

3 BB S SE IS (Realization algori-
thm for bisimilarity control)
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%, MI\WBHPELR) EEX—N KRR
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KFE~ pMIFEA L, TP L(R) RIS B R M2
L(R)/ ~p={[slp : s € L(R)}, (12)
Hrs' € [s]pRmns € L(R)HP(s) = P(s).
WG, ERFZCGHIA—AFRE “null” | B
IR 7 RE, R RREQ x (X U {null})F 7T
FR(q, ) A OREX” 2 vF A A S AT

(€))

FEQ x (X U {null}) MIFEANFE, FHEF TR
p=1{(¢,71),(q,22), -+, (¢, 1)}, (13)
B A — &5 P BT “ORSXT” #REE SR F AH R
SEVNAARR. R, XA EE2ANARFR A “null” ()45
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L, A SCRARSS IR R B & T EE
EXIPUN il =R7
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PB1 METENTURIER C GREROL:
BB11 Llpo = {(qo, wo) PATHINRES A3,
BE12 NTHEANL A
P ={(¢" %)), (¢, 25), -, (¢"z)}, (14
HE(q") # @, WiHEp AN TTEN T4 &
S FICEM (¢, 28) (1 < j < k), MRGLEERFHIAN
REFER, A LRSS LN
<qg,olg > <q o), g >, (15)
WMa(q', xh) KT8 REGEASon(q’, o) ) HIN
T pltt ot eI A< h < DE
SR
i) Ha(xh,op) = oW, ptt = {(g,", null) };
i) Ha(zh,o]) # N,
Pt =g x ala, 0h) = Qum < (X — X).
HE,13 XSon(q’,z)) (1 < j < B)BHATF:
i) R Son(q', ) ) B & T HEAE A ILE T 45,
MIEERHERR L G,
i) WRSon(q’, o} ) BEH “BE R AFARET
45 51, WM MBR TT RN (¢, 25) FFNTH BT % (¢,
o) ARG KT
BB’ 14 WRZE P EI3FN)Z G L rp R
ho, WEERMERR Z G.
BB, 1.5 REPITEEI2-14, HRITHAEY
IHES R Ik
B2 BB IEHNSGRER L G, W
B4 BN, RAE S (12), % L(R) XI5 &M%
L(R)/ ~p.
B3 N TR AN I T 3 e g5
M B4 5 “UNOBS” HIREH B Xt F &5 55(q, ),
0s{, o ATHIREG: Kipo Bl (g, ) KIFHEH, 4
Mgo=( U E(z')) N X. — E((¢, ).

1'60(10,82%1))

(16)
ﬁH%M(W) #+ 2, HfFfEse [qu7r)]p$[10' € M(q,x), (i
f3so € L(R), W In iz 45 7i(q, ©) ) “UNOBS”
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FE 2 B39 i), #7Son(¢', o) B & T ofF b #
T 5, WIARHE pi e AT, — R AR g €
§(qo, 8) R g € Qu, Rifia(zg, s) N X, = @, X
K E X6H )AL, K, R Z G. 75 1.3
(i), #Son(q’, %) & 3 “ B 45 517 { (¢, null)}
TEAHFE R, WiHg™ € 0(¢', of)Fla(z, of) = @
foq’ £ ot Pk, RYEE 6/I1), TR (¢, ) M
ZMERR R P NER. 7EP B L4, RIS Sip, &
i B39 i) 2 JE AR R 2, KRB € 6(qo, s)H
NFfEx € a(zo, s)Hq' Ca, Bl E L6 DAL, ]
RZ G. XERVSBIAIKAER C GRE KA.

EPATERIZ G, WMRER AR L G, W EH
T R4, W H G R IER RARAETERICR
AU ) 25 8. A W, SR AH Gk AT PR3, P
B3h, FAFAETCEN (¢, 2) M, o) # 2, FH BAFAE
S € (8, PHo € My oy G50 € L(R), MR P(s)
=P (8(,0))s 50 € L(R), BfEs(, ,,o ¢L(R). Ft,
P 1A 4, RAS B E TR R AWM, AT
TP E3H, — MG (g, ) BI4E A “UNOBS”
PPREEBS MBI ER T U RN EEET
FERUE R ATINE. (R, BVEAEBAT 5e D BRARS AT DAS:
UE R HARETHRSCR AT,

SERE 3 UL AL TR 2 T ) Py SRR

UE BEHERSC 4 H R TSR T
P 11 22 1 X ) S5 ] 4, AR S R TR IR B AR 14
RN EZIMAFE.

W QA X |4 7l JE RAGHI IR & 4. id R Mqo
H R I B K T B B AR K B A, WV TR 2
n+ 12 HTEN R REZH|Q|| XN ET4 M,
MM TR 2 AT X| + LnE, B, 12
HEIMRE fipo, F2EBRZA|Q|| X4 R, 32
B®EZA QI X))2(1 X |+ )M ri. DLUEHE, ZBn+1
BEEEZE(1QIX)"(1X] + 1)" ANk . M TR
5B RO(Q" X)X | Y). RN, 55 B3
WRARZN0(Q XM X|"1)FkIE “UNCOOB”
FPRSEBER BT . SEEIE 2 —A
KPRESEMNFHENZTHRO(|1Q™ | X" | X" 1).

UEEE.

HAZE TR

4 XUERLEE I Y3 SEJ (Physical realization

of bisimularity control)

HI 3C [1-21%0, XU il AL il 2 75 A= Ze L i) 1)
MEERD ESINT — MR R, R EBAUR R AT LA
AL (FRZABHAUR R IR KL, [ BA
PUT BTl Re:

© FEAEDIRE: K4S E TGS RMAR GG,
KRR Co G, WK HRFTATCRAEEL o,

« AW NREGCHE—RESEBEL
(@, s) FHA A UFPRE, s HORAEFMHR), THK
FHAAEE RAR R B RIFENRE R (¢, 2)
€ O. WIRAELE, Wi s; FNIXHXANMAANE R

HTRMG—H% %€, NREIGHIFEH K RO T
WiE, BRItk BRI T A B DI RETE R GEHA
AT H P DA S £ R A SRS TR BT
FCSZHL. 7ECEOR A b, ARRLOC R RGBT R
GE—RESHEBE R (2, ), RTREFLEFEA (15
(q,x) € DHYFAIWTAS 5T 2 FE T IR A A HE 35 1)
YesEXNo AWy, 3] 2 FH 12 48 v i A 38 v] S
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5 SE(Examples)

Bl 1 FZEBEHFEMFREGHIERIIR, WKl

s, Hp X, = {a}, ¥, = {b}.

B 1 RGG )R R(CH)
Fig. 1 System G (left) and specification R (right)

RS ={(qo, %0), (q1,22), (g2, %2), (g3, 1), (qu,
x4), (g5, 23) 1, WIRCy G. R 1M Hs =5 =b,0=a
i, A BAL, Bk, RASEAEE TR R AU
PE. AMAREEL, TR I RIEX—450.

FEPAT BRI Z 5 v SR N E 2 .

(g0, %)}
a b b
(a5, %))} (g, %,)} {(q )}
b a
(@ 2} (@)}

B2 B ARG T AR T
Fig. 2 Computing tree 7" in Example 1

WP T2 AT 40, L(R) Al 85 %143 L(R)/ ~p=
{[blp, [alp}, H[b]p = {b,ab,ba}, [a]p={€,a}. XF
ﬂ:é’lﬂ:t:}?\ (C]b $2), ﬁsl(ql,zz) = bﬂmﬁﬁ(l6)?%M(ql,12)
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= {a} # @. A, ®Ws = b o = o, WERKMs €
[S(g1.00)) P> T € Mg, 2y Beso € L(R). 1RAED IS, —
ANINGE (g, 22) BISE 5 “UNOBS” HPIRSHEB R
BT H. NTTAEBAT S BAF LG RN, B2 RAR
AETERISCR TR,

B2 FZEHIHHEENREGHIMTEBHR, H
Y. =X, ={b}. FE SRR R THEAIRR
AL, T T A SC AR B 1 IR — 4518,

HBEPAT S B2 G SR T B3, 34T 5
Bowf, L(R)XI 43 MM K L(R)/ ~p5 111 AH .
i FARE K (16), WTHHER S fp = (¢, o) 5
M, . = @, Fik, HEESAT P BN, THEA
INIMEAT RS 5 “UNOBS” [PRSHEFR . WTTHRYE S
a3, REGETHRICR M.

(g0, %)}
a b b
{(g5, %)} (a1, %)} 1@ 1)}
b a
{(as 2} {CAEAY

3 B2 KIE R TR T
Fig. 3 Computing tree 7" in Example 2
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