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Study on relabeling observer property in symmetric
discrete-event systems
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Abstract: Symmetry arises when discrete-event systems (DES) consist of groups of identical components. To reduce
the state space of symmetric DES, the event relabeling map is proposed in this paper. The event relabeling map relabels all
events fulfilling the same task to one symbol and treats uncontrollable events irrelevant to control as unobservable events.
Then the unobservable events are erased by relabeling them to the empty symbol. To ensure that the supremal controller
remains control-equivalent after relabeling, the concept of relabeling observer property (ROP) is proposed, as well as steps
to determine whether certain languages have this property. Based on the ROP, we show that the original supervisor and its
relabeled counterpart are equivalent in control action. Namely, the reduced supervisor in the relabeled system achieves the
same control goal as the supervisor in the original system before relabeling. Finally, examples are given to illustrate the

validity of the proposed approach.
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iR (18 1B = s s it] H s 2 B (R0 Pk S I g e
RGN TFER .

BRSO R AR E B LA S PR B R GRS
B TEAFAE SIS AR 2%, B3 i) I B sl 48 7
SR B P T I B 55 1), AR SCHR R P
o SR TC IR KT i 65 R A [ 2L A A T 2 T R S
PR B JR SRk AT 4 f1 928 P& 40 4k mp W (1)
L. 7E Petri PIH, SCRR (19141 %5543 7T W Petri (415
THAELRL W 1) 3% SCHR [20] $5- 5520 7 W Petri /3 25 )
15 5N T B 12 W e @ SR (2122135 T8 03
AT W Petri 4 1) 45 P45 1t 2 I 90 T e B3 s S 2
RSV RG2S W, 8 HF AR E bR
LR 2R S M AT AT 5, AR SCHE H S B AR
SEE LI 25 5 DA PR EEARIC T IS, RGN N I

B 2 EA AR TR P HI R

AR SRR A 1) M e ) 1) B 6 R B 1R 2R v X
¥ R R bR, RS TAHE . i T4
PEMZPERE R BB E A H 3 F 19 % (automated
guided vehicles, AGV)IPi &4t Z2ih X T
EREREIN LB N T ) LA, XK RGN I §Eis
T E BT

1) Bk pb X LR s, BIFEZE b X ip 6 AR
TR, 22100 T PO ERAGV /NS 243 2B X
BT A

2) BiIEgE X BB RE, BIAE SR oh X i I T
HEB g X A EMEL T, Zbn THLEAGY
INIEEE TRV R X TN T A

SCHR [23-25]F ZEWF T G0 X 25 5 (1) B A e B 1)
R ULIRAF 22 v X 45 B N A AR B T &, SCHR[26]%
FH B IS Petri [0 56 A2 7 B 76 2% i X 3F 47 B 8L STk
(272915 FH S B R RN 1 7] 223 238 S 28 i [X 1Y
P35 TR ¥ AR SC B S 2 2 A S R R 2 A [
A 25 52 [ PR 2% X PO B AR, e 4%
T8 e T8 A ) M B s ) 8 DA S G b X R i 5
T TR X R MERE R R SR ARG N E
B BT, T ELIN T A0 5 AGV /N R BAT A ]
s, BRI, B FERTFR B A RS B 1k 2 X
RS T YRR A R ) il RS T SR I g v X ()
SRS R AT SE T A R L

KR TR ISR 2N R T S5A A *
FIFEAME &, S35 HIR 1 AR B B RS RS54,
R S bR iC WS L X FR S B 1 R 4 24
PR T AT AR IO EE VT MRS, e T DA
JIERH T A B AR IC BT S 2R 40 K M B A5 ) 48 1 5
Wt SESTE R T F R S AR v LI A8 S A i
T2, H LA—ANliE RGNS T 55471 BT 7 ik

M IERATE; 56717 Mah4 3.
2 %é}fﬁﬁ(Desczription of systems)
2.1 DESHZIHI#E (Automaton model of DES)
BHCEE RS SR H A s KRG T E R, B
NI AT R 5 TeA:
G =(Q,%,6,q,0Qm),
Hr: QRIRESES; DNFMES, TR AT
HUEEL 5EAMELRY,0: Qx X > Q H
TR RGP RS ARITL R R, FRAEFHE R g0
WIEIRE; Qm C QMRS S. —Mth, FF2R
By NG :Q x X — Q, KX R X LTl
AR E R RS (B E T o), TR
RS s € X%, Ho(qo, 8)!13R0(qo, s)FE X.
TE X GHTRNE 5 M PAYET (closed behavior)
L(G) = {s € X*|6(qo, s)!}.
PR 5 (marked behavior) N
L,(G) ={s € X*6(qo, ) € Qu}-
WX T GHIERERES g € QP EFffds € Y fi
#36(qo, 8)!, WIFKG AT 1A (reachable). WIS T G H1E:
BREq € QUWFEFEF s € Y fi1150(q, ) € Qums
I FRG ¥ [F] 7] 75 (coreachable). 41 HGEE AT & i [F]
AIIA, JUFRGHEFE (trim).
IR E SCHTE BN E A FRARES B 3L, t AT
& SUAHE A BRI B3R
H=(Q,%,1,q0, Qu)-
bR R A, H o HARDUE X3 5 G AHE. 1
WFHEF R - Q x X — Pwr(Q)nE AN
n(g,€) = {q},
(g, s0) = U{n(d',o)ld’ € n(q, )},
Hort Pwr (1) Frme. HAHEA IR B3R
BRI 5E SO RN —ANRES R, SRR 34 et
K ZMIRES.
IHMERIE S K C X%, WAL
(Vs,0)s € K, 0 € Xy, s0 € L(G) = so € K,
PR K TG4,
fEtEREEisH E C X3 0R, RTINS GT]
25 HI R PERRTR AR B 4515 5 KRR N
C(E) = {K C B|K%:FGaEY. (1)
B TC(E) A Bl b ()2 s 4544 101, K C (B)AEAE
F#iFtsup C(E) := U{K|K € C(E)}.
HEMWLGH IH SRR 1 RIRI o Ny rT i 4
G5 EMEE SN, WAoo HA A
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Do AT FEAF AT X 7€ X H PR (natural
projection)P : X* — X* N

P(e) = ¢,

e ag X,
Pla) = {a, o€ X, @
P(sa) = P(s)P(a),

HrheR /R 2 7 4F (empty symbol). H ZRMLEF F T4k

FR R P AN LA

22 WERESHMIBIFESR (Quasi-congruence and

optimal quasi-congruence)

XTI EA BRZE HEHLH, AT HORS RS
QEEAT S Xl 7, P A KISR0 X 7 R R R &
E(Q). MAEREM KR m € £(Q) W 5T b bt
P.:Q — Qim, HhQm N HE&QR T 4. n
FXFEREq, ¢ € Q.

P(q) = Px(q') =
(Vo € Xo) Prn(q, @) = Pen(q',a), (3

WFRT N H ERIFRIR R AR,

HQC = {r € E(Q)|rvH LEAAXZ),
KA QCTEIFIBFVAEH T H B, Bt AQC 7E3F
BENVAE IR A ) B Ak, HAEQC A7
TEBMPFRR KR p := sup QC. T, € QC, Xt
An > 1, 115

Pn = Pn-1 A /\{pnfl © 77('7 O‘)‘a S 20}? (4)

Hrp: fi5“o" RnBEGIBH, “N"TRKALEBHE.

23 REIER A Hpoe = lim p, (n — 00); BRIAS Y

W E SR A BRARZS B 3L, Brel iz A

FEA FRE WIS, 1685 0, = o1, B poe = o, BP0 N

QLR R R R, M EAIFRR KRN T

H (mod p) I3 H (R JLE AL A .

3 XAREBFE ARG F A E AR D
(Symmetric discrete-event systems and event
relabeling map)

SRR B R B 2 A BA R A
PECIN T Te) H R dn s i)/ N G R 4, Wl
AE RSB D RE PR L R A LAl 73 g 2 4

G ={li}, i€ {l,--- ,m},
G, ={0j}, j€{1,-- ,n},

Horbom, n R IEBAG AN T on i i

PF1d15 10253 AR M A AU E A 5 0 12 56 kg

AR TRON G2 o X v i A BN B RO v i A

271525273 ARG N GE i IX A B AR 5500 158 Bl

A R A B 1k DX BT i R BE AR R A

IR AL TARRES A A AL SR 5 g X

WA TAEE, LT T S A E0E B,
P A S 141, 142, 251, 25248 SIFRIC R — =54,
W kRGN, 12, 21, 22, MBI/ R 4851
RSHOE BT R G Es ) B ).

#2
3 3 271 252
171 I li2 ° j 0j J
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Fig. 1 Schematic of a small manufacturing system

FE 1 BN TR T L S N TR T O ARG
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G X 1, OF R IX Hh B H T A7 3k — 45 0 T
¥t Ii 5 05 BE— AT HAF EARCEAE, &S BERREX 428
X o A FRTRON S5 B i R T T 2 7 A e [X R
W65 R RO RETE AR, BRI T BT SC BT RS A 7] 2842 B
gE R R A BEE— P AT A AR IO,

BB RG = (Q, X, 6, qo, Qu) 55, Hh X
= YU%00, X = X AT AR ICERAE 1 S
BB, Do ANTTHNFEES. 4T = T.UT, FRE

WL E R FA RS, € CF A ERICMUNR - 2 —
T A5 A LA 26

R(e) =¢,

R(o)=¢, 0 € X,

R(o) € Ty, 0 € X, (%)

R(o) €T, 0 € X,
R(so) = R(s)R(0), s€ X", o € X.
FAFEIR IO R A RTINS R E e, HEDR
iR ERC RTINS, AR
PR RTINS, AT E ARSI R E 8L
SR E 2R, 4

G =(Q,%,6,q,0Qm)

RG = (Z,T,¢, 20, Zw),
Horbrep(-) 45 RAE B BN LB S

relabel
—RG

rep() rep()

R

L@ L(RG)

K 2 RO SR B

Fig. 2 Schematic of the rebeling map and its implementation
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AR S FHTCTRY o it J5 (Frelabel () 503515

(RG, H) = relabel(G) 1§15 RGi# &
L.(RG) = RL,(G),
L(RG) = RL(G).

HU 5 Hrelabel (+) BVERTHE SRR U0 T

] K ESIBLG FTA A A SRS
Ne, HRFMZE e HE B BRI BET AR, %
Frsss Rid N H,

B2 CRPRIP R ERRCEERI A
58 A BRARES B L H 8 184 BURE B T
FEA MRS B AL, Frgss RECNRG.

THAMEE D RE R AN E A BRIRAS B 3L
SEAON 5 AR R T 2 H R OB B B 2)
BL. i TR ER L iR EAE 22 TG TA) 9 S8, TRl
5 [relabel () B9% BB 0] 52 4% B 5 14 A2 RV
(RIS T B2 2R BE—HE, ¥R 0(27), Hdhn NGRIIRESHL.
{ERAE B AR B e R geh, i T a5 A
A rb 58 O R 55 B A B AR I R — A, [
I RGHPRESEATAT LGRS E R 2.

4 FHEFCHERHISEN T (Control eq-
uivalence of supervisors before and after re-
labeling)

I S B AR G BRAR g A AT S, AT
AT J5 FR G N e B 4, AT FEERHR AT
FF EARIC AT A B ) B AR TR B 5Ok
4.1 o)A (Problem description)

BOEPHERN GG, VEREFEIRAE H

Ly(S) :=supC(Ly(G)NE),

L (RG) := R(Lun(G)),
L(XRS) = supC (L, (RG) N R(E)),
Lu(RS) := R(L,(S)) =

{R(s) € L (RG)|s € Ly(S)}.
FFERCHT G RGN B R B #4500 8 S
5 X RS, Jy 1 A5 e ] s A AR TR A3 1 RCR,
BIL,,(RS) = L (XRS), A3 E G NEFEIRL
A & P 5, 2R Ja AT M 5 B Ly, (RS) =
L.(XRS).

4.2 HAFEARIC I AR ) € SO B (Defi-
nition and computation of relabeling observer
property)

BETFIETK C Ly (GQ), R FHAEFR LIS R

KT KR

(Vse X tcT*)s € K & R(s)t € R(Ln(G)) =

(3s' € X)R(s') =t & ss’ € L, (G), (6)

MFR R T K BA S ERCINIE (relabeling ob-
server property, ROP) 4 J5i.

E= A B S TRV S A ey ey e R <
25t 2 0 T AE B kAT F A AR S I S
R(s) € R(K) C R(L(Q)), tn R FfF 8 t I Rk E R
AR PVRE, BIR(s)t € R(Lw(Q)), M—EAf7
fEFif R s € D fiifTs BEp AR L Nt Hs' B A
REBEASRUVIRES.

AR A AR 1L 251 BT 11 g ST R TR
KCL,(GQ), i R KT L, (G)EA ROP T, Nl R
KT K HAROPIES.

45 5€ HEINLG, "N T 8 e 4 Wy 1R EE AR iC
S RKT Ly, (G) R HATROPH:.

XA R G &5 bR ) A BT
FEML, BPTRERIL N

= (Qa Ta 1, 40, Qm)

FINFEMH L ¢ X, EHEP%ﬁiEWﬁ%Eq € Quining %
#%(q, 1, q). ZiLZEAE G H R A

= (Q’ TU{M}7 77/7 qo, Qm)
AIIEFTCTH 1
H := supqc(H', [NULL EVENTS])

LIRS AR LB RC TG &5 R AROPHE
Jii, FHNULL EVENTS 4 B AN a] W =544 26 p 1)
Hetr, HFoR H LR A2 B0 2. n S i [l fg 6 21
HoRgs e A 3L, M RET GEATROPYES; 75
ANEAROPHER.

EE1 FHERCES RET L.(G) BfA
ROPPEST 24 HAY 4 H NS5 5E E ZhHL.

SE BR1RTIE B ) 22 WLSCHR [6].

ROPP: 5 ¥ B AR T 5 0 P i o 26 5. 1757 wp g s
B
4.3 X FRES BUE AT R 4 AT 4% 1% (Controllability of

symmetric DES)

TE 5N E AR C I 28 PR, 2 T SRE I &
PEEARICHT 5 R G B 38 R SEAN . B o
124N 5] B

gl#1
R(Li(5)).

iE ()%
L.(S)f#13R
(S
)-

R(Lw(5)) = L(RS), BIR(Ln(S)) =

t € R(Li(S)). M 17 £ H F & s €
(s) =t. A F M Fw e 215
sw € Ly (S). # R(sw) = tR(w) € R(Ln(S5)),t €
R(Lw(9))

(D)4t € R(Li(S)). WAELEF A w € T 1453
tw € R(Ly(S)). BlAFfEsv € L, (S) A3 R(sv) =

tw, HH R(s) = t, R(v) = w. Milis € L, (S), A5t



a4
= R(s) €

( m(
1&&&: 5F -

)

FE LS MRS S R G S AR DI B P TR A
))- K =R '(F)NL(G) C R'R(E)
L(RG )ﬁ%?L(RG)T??E’J?m N L..(S
ENEFK C LGS F = R(K)N R(K) =
K := R (F)NL(G) = {s € L(G)|R(s) € F}.
SIFE 2 GRS EARCBU ROCT K HATROP
e, Horb Ko (7)For, T
R(F) N L(G)
ik

(G)CE
FH S FH2 AT 00 SR AR AT R T Lo (G)
Eﬁmw%ﬁﬂﬁ%b
= R(F) N L(G)
(C) 7 i BT
(2)4s € RY(F) N L(G), Nt =

L., (RS)
WHEEFHMFw e T Stw e F C L(RG). HT

529
NL
KA L, (S) &K T L(G) M R #2185, At
F C R(Ln(5)) =
E E]

s B A RNPYER, K< T
L, (G) "I % B R ML REAR IR B R AT 92 116 5
KT St ERIL G, R4 R R(K) W 2R T
L., (RG) w5 High R I REFR IR R(E) 1 K AT 4% 115
5. R(K)FPRSEAAE L KR 2, RIAER 2 A0
HféEHaTa*TE’JHUTmTﬁ%TE%'J%& 1.
R(s)ye F.I 5 Sf5l(Examples)
= K E R TSR R N E R ARA
RKFTKAAROPIEST, WAFAE A o € DML ROPYEFRAIRIEIS AL, SR 545 & 60 & A i WL A £
sv € L(G), R(sv) = tw X PR B R G A ARG AT 5 B ] 2
Hittsve R-YF)NL(G), Blse R-1(F) N L(G). HEE AN
AT FCRER], A SCRGE BTA WHE RN 51 ROPHE R MAIF (Verification of the ROP)
AW AR AR E M RE 4R AR BB A E AR IE T
D457 (relabeling normality property, RNP), B} £/ = 2= HoE
R™YR(E)). B hpic IE N AR 5 52 5 0T 15 RE 47
PRE, ST ERICB BA W A
RHEB2 RS ERRCE R T L, (S) A
ROPYE T H A Redabr E R ARNPYET, WL, (RS)
(XRS).

AN R T R B B O R T
FAATROPYER 3L, 1y T

m(R
E G Lo (RS) YT L(RG) TH, 1

(Vt,7)t € Ly,(RS), T € T,

:/\/—\‘Hi
T ReiE THL R R
ZIGAEIEFE, PEAMN 5 FE24F AN B4 [0 TAERY
& oL, PAEIR I R TF RIS R T i e &5 SR an 3 s
FricoN12.
€ R(L

CipaZ

EIE
HApFAF111, 12108 AR id 11, FHAF112, 12245 &
tr € L(RG) = t1 € Ly (RS).

At € Ln(RS), 7 € Ty, tr € L(RG). H 5 B 17T At
Ln(S)). FIHAFEF A s € L, (S) 3 R(s)
Y AEBR(0)=

L.(RS).

a]
t. T RE T L, (S) B AROPHE, MAFE S0 €

7,50 € L(G). T Ly (S)KTL(G)
—Hl 1350 € Ly (S). FTLAR(so) =t1 € R(L(S))
?%T%lE%Lm(RS)y‘jEEij(ﬂ?§¥lm =, RIHIE B
MAEBRTL(RG) AR TS F C L(RG), 9f
F C L (RS). 5

). X
K :=R!

Q) =
B AGUE KT, B

2
12
QCH_I
Kl 3 AR TEREE

(F) N L(G) = {s € L(G)|R(s) € F}

(Vs,0)s € K, 0 € X, so € L(G) = so € K
At = R(s), T :=
tt = R(s

Fig. 3 Schematic of the computation of quasi-congruence
HARTCTHHEE RN
I1 = create' (11, [mark 0], [tran[0, 111, 1]
[1,112,0]])(2,2),
o I2 = create(I2, [mark 0], [tran[0, 121, 1]
(o). RUER 5 XAt € F. ti T 1,122, Ol
) € L(RG), WP atr e 7. 1=

PRl b 5| B2 AT 1S

so € RY(F)YNLG) = RY(F)NL(G) = K.
FAh, T EEARNPIER, W15
’DES _ sync(DES1, DES2

2,2),
sync*(11,12)(4,8)
'DES = create(DES) i T8I B R4 K B S IBAL LU T /5

1
DESE)H TS kA BN RE M

[122,12]])(3,4),
ugasfr%l”’]

(RI, H)=relabel(I, [[111,11], [112, 12], [121, 11]
HOR TERHAT EAF BRI R, 7EH R0
tol. .
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VRERE 1 (0 1 R 06 A 5 SRAE D B, R
supqe(-) EVETF R H h BN IFE R RG]
QCH,I = Suqu(Hlv Null[ ]7 QCHL 2]])<37 4)
BARB ISR W
Ey, = {07 172}7 Q —FE = {3}a
E12 - {17273}7 Q - E12 - {0};
Eu = {0}7 Q - EH = {17273}’
o = E1y A (Q — E11) A Epo/
(Q_EU)/\E;L/\(Q_E;L):
{{0}7 {17 2}7 {3}} = {A7 B, C},
KB, FnFtha € {11,12, u} il KA KPR 4L
RIS
L po = o, IR 1P HTHE LR, 718
p1 =mo Ao on(-,11) Amgon(-,12)A
moon(-, u) =
{{0}, {1, 2}, {3}} A {{0}, {1, 2}, {3}}n
{{0}, {1, 2}, {31} A {{0},{1,2,3}} =
HPRESHAEWME3HHIQCH THIR, BRI N4
€ 3L, BT AR B AR L i X T L, (1) BA
ROPHMEJ5.
k1 RIEMB & X Z T H A
Table 1 Computation process of the optimal
quasi-congruence

q M1 M2 N 7711 7712 77L
0 1,2 %] 0 B %] A
1 3 0 %] C A %)
2 3 0 1] C A [%]
3 9 1,2 o o B ©

5.2 AT AR B 3E &R S8 SE B (Manu-
facturing system with unobservable events)
L4 b s i R g9, Rt 4L R A A
[RIZE AR I SR TeA K, WTAE
G, ={I1,12,13},
G, ={01,02,03}.

B N AN 300 L 58 0 AT 0 AR TN G b X o,
f5 AR 3/ 0 L B T I FAT NG IX A B AR A T a3
— BN L. HEREFEAR AP Ik W 4 BRI X B
I B BT . BE it XA N2, TR 0% IR
F251, 5 € {1,2, 3} kA DL 1 Z8pi IX B v (
B 1k 28 XAy 2 B i o 7 AN e [X R T

SR == n(q, a),n == moon(g, @), a € {11,12, u}.

h); TR 22 1L Fi1F 142, 4 € {1,2, 3} RAELI 122
MIX IR (TR 22 v X A AN TAF, i
HFAF L2 RO A 2= 80 v X ARt 2%
X EE). BFME1, 102,251, 2524 B EFRC N1,
12,21, 22. 4144, 146, 254, 256 Kl 5 PEBEFE bR TE %,
WA, BT T8 Icli 50 sl
IR, DRI EAS R P 2 AT 8 — 0 S S b i
1E.

241 21
B
K 4 &AM FRE R gon = E

Fig. 4 Schematic of a symmetric manufacturing system with

unobservable events
P4 &A1) N2 .

k2 BATRAAEMK
Table 2 Event table of the system shown in Fig.4

HIFAAFR PrARERAE R X

1il I T B I B NN ER T A

1i4 IR EIC I TARAT I T

132 IS TT Tk n T 5 56 TN B
1i6 I LRI L BN A TAEEA &
251 I HICO N BHEL T

2j4 I T EITO 0 TR I L

252 I BITO KN L 5e BEm T A4

26 I TEICO RN AN TAEEMSHE &

Wt RG = (1210|111 204), H b 7 5|
REFPERUEHE, F/ETCTH Fsync(-) L THRFRPERAL
FHATCTH E 15 4T EARCHT RS0 oK B
il

S = supcon*(G, B)(6144,31104).

SR J5 F lrelabel (-) 51245 2 AT FAF E AR L 5 fHE
XN R RG SRR R B, JHH A R F 4 Ebrid e

*DES3 = supcon(DES1, DES2) Fll FiH B o T4 55) 5 DES 1 AT % HLisi AL M RS RARDES 2 B R M B2 il .
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RGN IEERIE X RS:
(RG, HG) = relabel(G),
(RB, HB) = relabel(B),
XRS = supcon(RG, RB)(24,51),
Horh HGOXN GEFESHT FAF EARC A R, AT
IFAEIBARICN99(). # HsupqeikiuE - H
Fric i BA SR AR 8T, /D
QC_G = supqc(HG, Null[99],
QC'omitted])(16, 48).
Fext S EHGHAT ST AR CIRIE TR RACIERS, %
WERS 5 X RS &AL, R
(RS, HS) = relabel(S)(24, 51),
true = isomorph®( RS, X RS).
HT RS5 X RS[FI, UiH]

L.(RS) =L,(XRS),
RISSAE g B2, X1 H L BRUA R PERESRbr, H1 T
L(B) = R™Y(R(L(B))), FL: bR A A RNP 1
Ji. 1 ERTCT R A5

S = supcon(G, B)(6144,31104),
BIS LA 6144 MR, 311044 R R L 1M
(RS, HS) = relabel(S)(24, 51),

B RSH FLA 244 IRES, IR R . XTS5 RS
FRDR A5 B mT et LA 5 M Rk 1) B O 1 R i
AP AR FARIC AR AT AR AR KRR b k4% ] s 45
12485 R DAHE) AT = A S 0 -5 i S O 2H AR
L.
6 4518 (Conclusions)

AR SR F A e BB e B AR )
P RGHATACTE, FiIA T A E AR B F RS
R BT HAERCER T S E A A
PR NS, FEUE B W SR A E AR TE L ST RGex)
O FR) e A MW 4 o) s LA S EE T W0 8 R L
PEREFR bR 2 B AR S IE MR, WX RGE AT F R E
FridJa BT i B sl # pe sl 5 R gl T - E
FrRic AT AR A ) B bR, & a et SEg5eHE | prie s
V& IR
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