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Synchronization distance determination and synchronization

controller design for hybrid Petri nets
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(1. School of Computer and Information, Heifei Univerisity of Technology, Hefei Anhui 230009, China;
2. College of Science, Anhui Univerisity of Science and Technology, Huainan Anhui 232001, China)

Abstract: There are rare conclusions so far in studies of transition fairness and synchronization distance for general
hybrid Petri nets. On the basis of the definition of general hybrid Petri nets, we formally define the transition fairness and
the synchronization distance, and propose the method for determining the synchronization distance by using the pruned
invariant behavior (IB) evolution graph. Sufficient and necessary conditions for fairness determination are developed, and
the relationships among the fairness, synchronization and pruned IB evolution graph are confirmed. The proposed method
not only gives existing results in simple Petri nets, but also extends the application scope in the determination of the
synchronization distance. A synchronization controller is designed on the basis of the synchronization distance for a hybrid
transportation control system, the performance of which demonstrates the valid application of the synchronization distance
to the realization of the synchronization control
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1 5| %= (Introduction)

EE B3 & R4, 625 #5013 (synchro-
nization distance) 2 i i P4 4> SR (G 5) 2 [H] [A]
WA TR R GO M, B R R A AR
(AR 3T 422 8] F AR L 3 37 R B, AN AR LY R
AN FAF [FDFE B 45 e A, 1 Bl o] LR
TIRE A b 2 ) 22 S8 BN 454 T4 .

[Fi) 25 P28 TRIE 92— NP (1) ) 8, 7 25
PEENA& R GV ST rh, H AT AL A EE 05 4
TR [ 20 B S AU R 20 BE B A T R A
gt AT RRCER S HAEME—1
S 175 ) Petri B 3-8 L ARIRS—RY L FRIAT- | BERE
W A A5 . E IK SEAH DG IR 5T, B ) N 41

Wk H 39: 2011—09—07; W& Sk H #91: 2011—12—19.

TECER)R U FD R, M B P AL AR E () [ A AT
FESEE. AT, AU R0 B8 5 52 B (R 0 v B ey
F 2 2 S AR AT, ARk SR gh,
AP [ 20 B 0 AR A R R AT 23 A, J e v A
RUCRE R[] A &, T LLIS B0 TAR AT FEREAG 56
IR H ). BRI A, IEARA T TG R B B I
—E L AR R T AR R R G P R
HE B0, S nT LA e P v s AR (R [R] 25 BE S, A
T0F T AR S R R AT 42, S )20 B f
A RELESR - LePetri B 1 M S [R50 B 1 AT BEOK
{14 55 o L B

SR, AEIRARE 2= LA AR =i R vh, i A8z
ARG RAEHIE RIS R G S, W T

FEGTH : H R HARBFAIES R BT H (60873195, 61070220); 2527 ke 18 -1 k5 364 % W3 H (20090111110002).
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JiMREE: 2% Petri W Z G R [R] 20 B (8 52 K [0 Pl 4 i et 885

K BEAL A KA, ZR Ge R ) 8] R 8 A 52 2 AN [F)
B 1= IR, A B A A, RS O
MGES AR R X R S R R IK ), XA et
BRIRBN I E ARG L IRAR R, R 4Petril
(hybrid Petri net, HPN) & B 2% R G 581 40 B i)
ML A Z—, HR. DavidfH. Allaf 7. #F 58 A
G3EE R AN [R] 1 B A0 806 HPN 2R 4T 1 AN [A] )2 IR
(3 RN 78, 3224 — i R A4 Petri W B (first-order
hybrid Petri net, FOHPN). 43 %) Petri® ) (differential
Petri net, DPN). [i1] &{Petri 1% (batch Petri net). )~ X
7K Z%Petri % U (general hybrid Petri net, GHPN)%% 4%,
H4 25 PIHPN S, A T b oo B A A, 5 T 495 28 g A
PRGBSI L, AR IR 3 M 5T 43 A
Sht R A 2 N 1 B 2 H IR, LA 9T 35
AR IE AT g1 X7~ (enable and firing) AL B# i 5]
S AL U8 W (instantaneous firing speed, IFS)+ 174
VAR IR A AR 1 R (evolution of invariant behav-
ior state, IBS Evolution)- IR 7 nJ ik ¥ (state reach-
ability), 1M &1 0F AH 6 52 2% 0 1% 5T, Wi 1k L A F
PE A7 SV AR AR, L I AR AR DR ) 5 1) 3% S Petrilf)
WF 5T 3140 55 bk A G TR A Petri ) 1 Y AF 5T
F BRI A A v 5 A MR DL AT R A v
AR ok R P I R TS B AR Db AR UL aE
HRUSAT19.200 Ao 45 g 116 200567 TR A T LU 5 3
[R5 08, AR SE T A5 200 (4 1 4 1 h R0 I 428 23 220
FEARDWE K. DRI, WHR] R 2 Petri (A (R 35 PR - P
PR R A S S5 LAt P T A 5 R N 2 T A4 Petri )
(1) — NGB sURIAE R

ARILAET AR A Petri M i AT b, 25 AT
PRI BRI AL A PO R I g X, IF il AR AT 2
SR FRE RIS IR G, 5 Y [R) 20 BE 2 1R SR Al 55002 i
ik 55 1] B 2 i Petri I R S 1) LA 45 W AH LU AR, iE B
TSR B[R R R SR AR T A UIE FH
ghie, M HLAR R T [R]85 F S L, i 451
HEAT T U6, i i 0 0 AR AT W] 20 B g 4t AR P R
P i 2 R B v S48, AT U R I 20 B 2 S IR AR
PRSI A
2 |7 XiEZ%PetriM (General hybrid Petri nets)

2.1 ] IR 24 Petri M F1 B R G5 (General hybrid
Petri net and system)

EX 1 ] SCIR A4 Petri M B Sy 45 oo 21011
GHPN = (P, T, F,W, S, S4., S¢), Hrh:

1) P = PyUP, L Py, POy 3R B HUE P
EOMELEES, HWLP, N P. = o. BE
JIT T el 2 7, e 458 T R el 2 7.

DT =TyUT,, Hp: Ty = TiUTp UTg U T
TN R, T RN L AR AL (FH Y (A3 H A

RN, BRI AR AR R ) B HAR T
Ty 49 Wk I8 AR T AR CRH Y. (1) AR 3T H B 2 3K 0), To b
i BOAE I AR AT SR CRH Y. R A2 3T WA 26 3R 7)), T oA
F5 000 AT RE AR IT A CHH Y. (1) A8 3T FH W A & 1-3R0m),
T b BAT B W EGT B AR TR (H A R B &
TRIR).

3) F C (P xT)U(T x P)APetril¥ ]2 it f14%
L2 ARG R PR AL

4) Wk Petri W4 3 (R ALAE bR KR, 3l 2 (P x Ty) U
(Ta x P) — ZT(ZT M IEBEE)M (P x T,) U (T, x
P) — RT(RT A IES%D).

5) S, : Ty — (RTU{0}) x (Rt U {0}) A i}a]
BT AL 1 I [A) R PR 2

6) Sac : Tp\Te — RTAITFE I I ] 4E I bR 2L
#iVt; € Tp, LG5I RIIERN S, = Sqc(t,); £Vt € T,
PG R ZE N = Sqc ().

7 S T. — (RTU{0}) x (RT U{0}) KL
AL G KRR X 0], Vi, € Te, 2Se(t;) = (V™
Vmaxy ey min L ymax gy G Sy /NG | O 3 B
KR H .

108 S, 22 ARIT 1) 5 | R eV min |/ max
HARLAS [R) 0] LA B LR AN [R] (1) 3% 82748 53T e 7 2
Ay Vmin = Ymax — Const, Wi 2L AR I WY iz K
JE 1 52 ) 3% ZLPetri¥ (constant continuous Petri nets,
CCPN)!BIy I g, 25 Vmin < Vzmax )34 42748 1F %)
J3 45 [X 5] 33 % 3% 252 Petri /¥ (interval speed continuous
Petri nets, ICPN)ZI {15 1. CE WIS UEN, e R
i 0] A% [ 3% 2 Petri ¥ (variable continuous Petri nets,
VCPN)!MI2 ICPN [ —ANRp 4230 DR b s S 1 i
GHPNZY — ANl A ) SR J4Petri AR, 4051 )L
PSR 5| R X

AT TR N S B A I bt At SRR
Mo, FE Frp, 0 BT AT N S i AR AT e Ok Tp Alp, s AR
T BT A i N B8 B 282) P T it B G )
By S D1, t D () F R,

EX 2 AN IR Petri M, 2 m

N (o) VI AT B R R 2
W< N,m(7) >Ei< N,m > AT ZEA AR
TR A4 Petri R 4¢.

2.2 A iE i 68 F1 5] k& & X (Enable conditions
and firing of transition)

EX 3 (EHEART ARSI FH< Nom >
MR APetri R4, t € Ty. #7Vp € “tifiEm(p) >
W (p,t), WIFRAR T N il GEARIT.

TE X4 (3B IE AT RE AN 51 & I ] X R



886 EAT T

N %29 %

#H< N,m > SUR A Petri 248, t € Ty. #548Tt
(144 GE I 8] iC hyenable-time (), 5| A& B[] 3 A firing-
time(¢), Wi [X [ [enable-time(t), firing-time(¢)] A 4%
LA HE AN 5| A I TR) DX TR rpa AN [) ) 28 A
AR 8 J5 AH Y B 5 A I ) 5E SCan R

1) #t €Ty, Wifiring-time(t) = enable-time(t);

2) #t € Tp U T, Mfiring-time(t) = enable-
time(t) +Sac(t);

3) #t €T, Mifiring-time(t) =enable-time(t)+
¢, C € Sy(t).

TE X 5 CELARIT (1l fet® 11]) < N,m >]~
SR A<Petri R4L, t € T,.. #5Vp € til’;ﬁ/@m( ) >
W (p,t), HVp € tili &m(p) > 0, MFRELALIT
oAl RE

EX6(3{ 51 ) R AR S 1R, W

m'(p) = m(p) — W(p,t), Vp € 't —t',
m'(p) =m(p) + W(t,p), Vpet’ —"t.

AESARIT LR AL REIRA T LR o5 A, W)

m'(p) =m(p) — W(p,t), Vp € ("t —t") N Py,

m'(p) = m(p) + W(t,p), Vp € (t" = "t) N Py,

m'(p) =m(p) —v-A, Vpe ("t-t")NF,

m/(p) =m(p)+v-A, Vpe (t"—"t)N Py,
Hop ARNFESDTe5] KWK E v €
[len Vmax]

I3 51N Tk R R B AR AT I 22 AR AT
151k dfire(t) = {t,[C1, &) oh & HUR 1T 5
K, (1 = enable-time(t), (, = firing-time(t); i
five(t) = {t, v, [C, I} AHELLAZTLI 5K, C1, Q7Y
ool A 3 AR 3 | R TR T I TR RN 5 | R 4 I T
VR I)G | RH#.

EX T #< N,m > XiRZPetri &4t i

JPulKART Ao = {fire(t;1), fire(t2), - - - , fire(t;;),

> D@7 J5, RERARIR
ﬁ(t”/g)jﬂ’}gﬂi

- fire(t) H(k
B Rm!, WAl m(ro)[o > m/(1r_1),
tiifEo LI

AR R M, X TSR T ¢, LR GI kR
fire(t) = {t, vy, [C1, &) MHlfire(t) = {t, vy, [C3, (4] i
RFAF((C = ) V(G = G)) A (v = vy), WK
VR I — k5] Kfire(t) = {t,v1, [C1, Ca) }EK
fire(t) = {t,v1,[(, ]} #o PHILT B RARIT
{t, 01, [Cr, QIII{E, va, G, G HIAL (G2 = G) V (G
=) A (v1 = o), MIAZITEHX PR IR G| R B —
K, Big(t, o) = 1.

EX 8 H<N,m>] IR Petri W R4, |T|
=p HEX = LT R < Nym > 1A8

(w1, 22,

5
ITAERE M), 2 HACHAER Z 3 /2 254 (m (1) [t >
sSz;=1) A ((-m(7)[t >)<z;,=0), Hrhie[l,p)].

3 AEEH)Z 8 K A % &K (Fairness rela-
tionship between transitions (or transition
sets))

3.1 AFHAE BB R X (Definitions of fair-

ness and synchronization distance)

7E B U AF IR 3l 1) il Petri R 4+, WEHTAR
) 21 K R T LA ARIT 2 [A) R A KL
1987 1 O (T S 1197 N 23741 1 175 = SR (S P
TR A% Petri M R 48, AN B2 LRI IA) R 3R, b 2%
FEAR T (P I (2 AR I RN 0E 4R 3T 1 A7), ke
A 1B EPetri I RGP 1 2 P VE 3 B 5 i AN O
A, R AR 3= 3545 VR 24 Petri M R 4t AR IE (A1)
PR R IR E S HAH DGR 1 Jo ) 5 T 3.

EX9 < N,om > iR IkPetri & 5¢, A%
THT, CT, T, CTHT NT,=2. #¥o : m(7,_1)[o
> m/(1i_1), HHo={fire(t;1), fire(ta), - -, fire(ti;),

- fire(tiy) Yk = DHE; ¢ To(j € [1, k], Wigsk

RVt - m! (121 [t >= t € Ty, WIFRARIE 41T 406

Ty, HHOM R Hk, = maianj(tij/U), Hrh:a:je

[1,&], 4, € Th. i
EX10  #H< N,ym > iR Z4Petri™ R4, A2

TAT, CT, T, CTHT, NT, = &, T AT K

T, HARIT AT WA, WIRRARIT AT AT 2 2

P,

EX 11 i< Nym > IR A4Petrii R 4
#ity € T, : m(7i_1)[t; > m(), WFNS(t;, 71, Ti)
= [ o)At AR I B i, i) L1
WOk, Horbo(t) it AT 5 | R .

EX 12 < N,m > iR Z%Petrif & 4,
TIENT, CT, T, CTHTI NT, = @, MAT4]
Ty AT R EE B Ky sd (T, Ts):

1) sd(Ty,T>) = oo, £ RITLHT FHToAN 2 A
5

2) sd(Ty,Ty) = max{ky, ko}, Hr: ki AR E
VML IO R B, Ko 9 228 3T T M T K

3.2 AFHERAEAE D B T SV (De-
termination of fairness and computation algo-
rithm of synchronization distance)

H T AR E AT AT 7 20 6 5 sd (T, Ty),

) FE 8T ) A2 4T 4 1k & (invariant behavior, 1B )y

AP T LU EL O Sl 7 AR TE AP R AR IR AR [

G IAR I Cip T R
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KTIBIEAL B R vH &, 2 WCHR [7, 11 &P
PR, 70X B 3 HHE S B B AL I L&

EX 13 < N,m > R 3%Petrit R 4,
BIENT, To MW NRTE T TN, = . M
BVt € Ty i B Ak B ok 56 T T 15 B
B LA,

8]k IRA%Petri W R G5 R FE B SR AR ST VL.

N T R APetri R4i< N,m >, BiE 4
TCT, T, CTHT NT, = @.

i sd(Ty, Ty).

W

Step 1 % [ SCRk [71M0IBE AL I H sk H< N,
m >FAT AR AR U 5, A RS AR IR
HAT Hfive(t) = {t, [C1, G FOEBURIT ¢ 1951 K), 8%
fire(t) = {t,v, (1, G YOELARIL t 151 R)E R, 14
B AL E;

Step 2 MHERVE € ToRIbRTE, 13210 T L&
BB AL I Ey

Step 3[RVt € TR, 145210 T 11E
BIIBYH AL K By

Step 4 4% HEI 1) X (i) (1) o 22 1, RIS B P AR
T IR B 2 WAL P Slloy, Fl By AR IE T
IR B % WARIT P 5 oy

Step5  sd(T,T,) = max{|oy|, |02}, HH|- |3
T IR RE

Step 6 4N,

EX 14 %< N,m >N LiRA%Petri R4,

BIHAT, CT, T, CTHTNT, = &, KT T
16 BYIBYEH A & 757, o I 20 BRDIR m (7 ) 195 A2 25 A1
=3t € T—Ty : m(7_1)[t >, WHEM(7h_1 ) WILAZS
.

EX 15 %< N,m >N iR APetri R4,
TATUT, CT, T, CTHT NT, = @, KT TG
BB AL N BAR S m (i1 ) Flm (7,1 ) A
SEOIRES, 9 HACH LR 3AN AR AT

D m(re—1)("Th) = m(7i1)("Th);

2) BWITHTx =T — T — TofEN 2y Ml T
F{(ﬂfﬁgﬁﬂ%){m (Tk—l) = XTX (Ti—1>;

3) ARIEAET, AT A 1 B4R I 10 5| R 38R AE )
W1 My FAEE, Blo(me_y) = v(1_1).

EE 1 < N,m>H) LIRA%Petri W R %, 4
KT IE BB AL I Hh A7 7E P NMBIR S m (1)
Fm (12 ) I — e 5l i 42, < N, m >KTT,
(PG BY B A ] — o AN R AR T,

EIB2 < N,m >H XiRIEPetriM R4, 47
KT T B A5 BYIBYEE A4 B e A0 1] v A7 e [ i, ) &

DAFAEPIABIRA M (731 ) Rl (731 ) 5407

S8 FRLAINGE B2 UE W A8 mT LA & SC14 0 5E 15
HEEAFH, UE B IR .

EX 16 < N,m >H IRZPetril R4,
BTEHT, CT,T, CTHT, NTy, = @, TG
BTIB8 14 P& T I ANBAR A (7 ) Bl (7 ) SE A
SRS, WIFRm (i1 ) MRS,

EX 17T < Nym >0 R J%Petrild R4,
BTAT, CT, T, C TAT NT, = @, X Tl
BUIBIH AL B AEAT B I 2y PR S m (11 ) BEAS
THEAS, AR TIE LA, WHRm(r_) AL

JIAA.

EIE3 < N,m >H IR IPetriM R4, A&
AT, CT,T, C THT, NTy, = @, RTT,HME
BYIBYH A ] — i SR AL S T iR A TR 75 A 1Y
TR —Fh.

T4 < N,om >k IR J-Petri R 4,
BENT, CT, Ty, CTHT,NT, = @, 35K T To 1
&8 IB A0 K] By F1OCT Ty 118 87 1B 5 44 (8] B
JE TR, N sd(T),Ty) = Lmax{state(E,),
state(Esy)}/2., Hfstate(E;) (@ = 1,200 E; il
t € Tyl IBREMANEL, Bsd(Ty, Ty) = oo.

UE ESE, YOk TR RE BYIBE L B B R OC T
T 1018 BYIBIE AL ¥l B S 8 T 20 2% 35 B I, AR 9 o
SCORTE S14T] 1, Ty T A R EOh By il e
TR S AN B, TR B TR AR 38 3R 20k By il
t € TYIREMAH, th TAaARSEAE T, —
51 R IR AN IR A, BRI AR 4 e SC12m] 41, X
T TE T AL S 3T 4 (0 A 8 0 3 0 sd(Th, Ty) =
Lmax{state(E, ), state(Ey)}/21. RN T P& 1
1& By AL P i T AR 2 25 28, AT 79 A8 A4 1] gtk
B2 AW, WITIEH T sd(Th, Ty) < oo.

R, 47 % T8 BYIB T AL B F1 Ok T T Y
1& BUIB AL [ By AN JE T AL A T, ey = 22 DA
TG T

1) E\MIE T — AN A RAE, 5N A2
AR, B2 R ™. AR E, A EATS
B, M E, AR, W € 14, 16H117 55 411,
T1ﬁz—%kﬁa:T2, TETzﬁﬁiﬁﬁ?Tl, )I_I\IJSd(Tb Tz) = 005

2) By M Ey AT — /N ERAN R SE L35 T, A4 AR
P 2 X16A117 5 51, Ty AN KIS 11, HT, AR T
Ty, Wsd(Ty, Ty) = oo. ==

SE I 4K R 20 BE B A A]ak M g A A — i 3 AT
3 AT, TR 2% Petri M 3R 48 (1 ] 5k Pk B 48 7 AH OGS
R [7, 111410 24 2 A Bl i) s fige JE g, DRI AT 45
[i) 235 I 20 11 R A L B 7 .
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EHE S < N,m >Nk XiRA<Petri R4, A5
THT, CT, T, CTHETINT, = @. ZiFHT
Tl TR AR, M HA Y sd(Ty, Ty) < oo.

UE Mg SC10F 3 BE3 W] LLR 25 5 45 i, 1k B M
W&

4 [R)2 R SK A 2 a3 18 (Discu-
ssion about the application scope of synchro-
nization distance)

7 SOIR 24 Petri 2 48 52 K Petri B X 1) — B
XA IR, g 7] U H, ANl i 0] 8 3% 7 2
HiPetril® R 4t P-time ) I ] Petri (¥ LA A& T-time ) i}
(] Petri¥ | i 2 Petri P #fS 2t | SR Z¢Petri 9 1) 45 451,
PRI, S0 T ) 22 S ) SR A, Ay B A AN S S
R A R SR AR D7 9 mT LA T R R R 2 B Petri 4,
TP AR S0 S A 7 205 B P [R) A2 B 1 1 5 1 B
HiPetri™ ¥ O 4518 FL & — 2.

EH 6N WY = (S, T, F; My)Jy—APetrii,
tr,ty € T, WAty Mt Z TH B[R BE B sd (b, to) THA
R an

1) sd(ty,t) = oo, Hty MtoEXH AL T2
KA,

2) sd(ti,t2) = max{§(t;/o)|IM € R(M,) :
Mo > A(f(t:i/o) = 0) A (i) € {121} # .
i—’lh%DtQEE'T'ﬁL]‘?/A\%Z?‘%?\;

H 78 BO AT A0, IXAN [ A0 B B 1) 5 SO SO s
LA — AN RIEARERER T, 75— AT
AT AR ) B RO AT ) 21— s 12, 7T LA
HH P AN BRI A Ty AU T 22 ) B ) 20 B 128 SR 5 2

EET7 WY = (S,T,F; My)h—Petri¥,
T, CT,.T, CTHT, NT, = @, WT AT, 2 (8] 1[F]
AR sd(Ty, To) vHA RN 0T

1) sd(Ty,Ty) = oo, AT T AEXHANGE T4
KA

2) sd(Ty, To)=max{#(ty/0),er,|IM € R(My):
Mo > AE(tn/0),er, = 0) A (i, 5 € {1,2})} #
j), %TlﬁuTz?’fZEPﬂ‘%/l}qZ%%;

UE T SE AR — M Petri (1) A PP e X, BTy
MTHAE XA T A VR 3R, WARAE IEHEE K, X TV M
€ R(My) Mo € T* : Mo >#AH (1)o7

> H(t/o) =0~ ¥ 4(t/o) <k,
teT; teT)y
i,7 €{1,2} N1 # j, 1)

B, Ty TR AE X AL T AR 2R, S5 W] W B
R, FHTVNTHAE XS ALE T AR R, WX T

fEE ISk, #3M € R(My)flo € T* : M[o >

Y H(t/o) =0 — > H(t/o) > k Hrhij €

teT; teT;

(1,2} # . T RIOFERERE, WAk E R T
By LR 4, WAy ik bl R IR RAAE, BN
KT AR ART, AE A S e 4k 21— AN ARE
SURFPBIERE Y- 4(t/o) > k, Wittsd(ty, 1) = oc.

teT;

HH L, i AL

EIE 8 T HLTEE B4R — AR,

Uk L, E HAR)IE IV ST SR A Petril
GHPN(general hybrid Petri net), 1 & #1711 1& A
& 1] #.Petri® SPN(simple Petri net), 1 4 72 X1,
#GHPN AR IE H &5 A BE N S ORI Ty, R A A3
BCZE P Py, A SN B 3 291, W) I () GHPNGE
HEJE—SPN.

HE i i BRA) [R] 20 BE Bk 554, B R T TLM g
BYIBYSH AL ] oy A O 110 1) 42 BB AL & B & T
PRSI, RIS AR AT FITo 36 /2 4 A A7 A
IEREH K, X TVM € R(Mo)flo € T*: Mo >#H
S 4(t/o)=0— X b(t/o)<h, ije {12} Ni ]

teT; teT;
BRAL, B i 1AV R R, g B4R T SR 5
BT SR GRM BT 7m) B R 7= T (1 A2 3 E
AN, T AT f 2 R A2 AR CER, BRI P )
DR St
sd(T1,Ty) = umax{state(E, ), state(E2)}/21, (2)
Sd(Tl, Tg) = max{ﬁ(tk/a)tkeTj ‘ dM € R(Mo) :
Mlo > A(#(tm/0)e,er, = 0) A
(1,5 € {1,2})}(i # j). 3)
K, % T 00 15 BB fb 8 By 1% -1 0
1 B IBSG AL Iy R B8 T IEE A5 0, A A,
ANJE T I &SR, 15 8 BTIBEE AL 1 1K) E X (GE
S13), P TAF & IE Rk, #83M € R(Mo)Hflo €
T Mo >/ 4(t/o) =0— > t(t/o) >k, H
teT; T

teT;
i, 5 € {1,2} Ad # 5. T ATy 15 2 ANE T8
R, EMEOL T sd(ty,ta) = oo, i BEAFI & BETI 3K
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M(s,, Sy, Ss, Sy, S5) M(s,, Sy S35 Sy S5) M(s,, S, S5, S5 S5)

(1, 0,0, 0, 0) 1,0, 0,0, 0) (1, 0, 0,0, 0)
t t t

©,1,1,0,0) ©,1,1,0,0) ©,1,1,0,0)
ts ty

©, 0,1, 1, 0) Uy ©, 0,1, 1, 0) ty ©, 0,1, 1, 0) ty
ty ls

©,1,0,0, 1) ©,1,0,0, 1) ©,1,0,0, 1)
ts ty

0,0,0,1, 1) 0,0,0, 1, 1) 0,0,0,1, 1)

(b) IBAL (©) KT tsMIEIBIEIfLIE (@) KTt 1B BB

Bl 1 —ANSPNIRF RS2 118 BT B AL
Fig. 1 A simple Petri net system and its pruned IB evolution graph
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2, 1K -5 SCHR [113R 43 (PORS B AL R) 25 B s i — 2
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2 BRI, T g PO T BT 5E FRA M 451,

(a) 3Tk [12]7 1R A% PetriX REE

M ARAIE T[] 25 2R 28 )M 2 £ GHPNAISPN - 1)

ESE, T AE HAR SR B [ Petri (Y A ik R WL [H] 2D HI@I

B Ak, (LA T T R 0 2 R
SR A2 R 0 BE B AE 2 1t R o, DRt @ 2L |(0.3 05@

AT 7= 25T (¥ Petri Y JE 2. ({13, [70,70+0.5/3)),

5 F % B K% ) 25 B o) 28 10 B i (Case @%’”’3“*1'5/3”’”’

study and the design of synchronization con-

{{£5,3,[75+0.5/3,7,+0.5/3]},
{

, U.
g ]
y M

{
troller) (3030 e 301,
5.1 RARRGH IR BB K fi# 24 65 (Example of @@I
synchronization distance solving for hybrid sys- {{t3,[79+0.5/3,75+0.5/3]},
tem) {t3,[79+1.5/3,79+1.5/3]},---)

DUSCHR (12 B A R R APt R oo sy, L0
48 9 1 B2 ()BT 7). FORE R HIIBAT ALy Ul L8, 7+2730), )
N 2 W Bt i I M A7 A
E12(b). PRSI, F U RN T LK 2R3 P 41 (b) R IBHLHE

HEATHEBE, WIAT A3 H
B2 SCHR [12]7 (9 24 Petri X R 48 [ FLIB s 1k 4]
sd(ti,t;) =1, sd(tc,t;) = oo, Fig. 2 A hybird Petri net system in [12] and its IB

Hri, j € {1,2,3} Ai # j. evolution graph
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5.2 [FB 8% v vk B FH 226 (Case study of syn-
chronization controller design)

DI M HLAs S B AR g o B, DA SCHR
F1 [ 235 B MR 2 T T 2 PR 28105 o 00 2 7 e R R 42
s vk b B34 T T R IR R TE s s ] 2 K,
Horpbr 5 1-9%7nis X B, CHIR R PR 4237,
CH2, CH3% /m KX 4237, X1, X2, X3, X4, X5:&
TG 54T, fEH T AR S, EEAPR
5 LG R L 1) AT 2 AR X TR, 8
FHEEIE S LA AR X e 5 554 R AT 2k 4208
2) B 42 A [ SR X5 1) LR R 0, A4S
F R HITER TAERE IS B ?

be . 2 10 be 3
cH1 ! "N 4 CH2
5 oo
6 X3
%
= CH3
x 8

K3 —AMfi iz i

Fig. 3 A simple transportation route graph

e s B s i 25 5 K e, WL4E I8 I A
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T, ST IS i B i L B A P 4(a) it
N, HHEETs) — s16 € Pak X BENFEIHZE X,
HESEE T sby, smy(i = 1, 2)R KX A7 IR X A
fiti it BRI, € Te(i € [1,8]Af € [1,4]Ai,j €
TR NI X B, 4277 i mine; , mines R 7
AR T RBENAE; BT £ € {1,2, 3 S HAH K
DRI 2 R 2 I IX B B R A .

(a) VRZ%Petri P A5 1Y

(b) fRIAL i R 2 A2
4 MLAIS 5 5 1 4R R A Petri I A5 IR % 7 4k ) 114 4 A8
Fig. 4 Logic hybrid Petri net model of transportation

dispatching and its simplified macro model

71 Bl 4@) 1, FEHLZ00 X B IR 5 44 FH 5 40 2F
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WM EARZEEN(N € ZHIR. X TRXFER >
Bl4(b) T VESEBLIN, I N sd(tty, tt3) = oo. [FIFE
AT DL 3 VA8 04 o 2 T 1R 7 9 S B sd (t, tts) =
N, wiElef s, Hh#HlZERT Acon; (i € {5,6}), ¥
AR PN N T 3 $IZE P fG sd(tty, tt3) = N,
NI SEI T AN [FILZAE 2 2 U0 P B i il .

min ,,max
vy U5 cony

Smo
Bl 5 SEBL T L4385 1 T RAT 4 (R0 42 1 ) Petri 4 5 2
Fig. 5 Petri net model realizing synchronic control between

transporting and mining behaviors

6 SEILT AN FNLAS H iR B A P R 3
) Petri o A5 254

Fig. 6 Petri net model realizing synchronic transporting times

control between different locomotives

6 45 (Conclusions)

BESXF) SR A% Petri I (1) A8 3T 24 1 ¢ & BA % [+
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AW 78 LA E. 34, FEIBYH AL B 1 3 Al L,
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Ji, 03 A SR ()4 - E B T IR 2D R ) SR iR
IR, H DAR A4 I8 1 i 45 ) 5 40 b i s i 7
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RPE. AR T SR 25 Petri B (¥ 7] 235 8 2 X1 )F
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S5 BT IR, X SR 2 Petri P IR BIE 540
& TSR], oK R R D A v I A
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