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Abstract: The controllability of siphon is the key factor in detecting deadlocks which occur in the flexible manufacturing system

based on Petri nets. The sufficient condition for deadlock-free detection of ordinary petri nets is that all siphons are not emptied.

However, this condition can not be applied to general ones. Therefore, a condition named max-controlled for deadlock detection of

generalized petri nets is proposed. In recent years, some conditions have been developed to try to obtain the general sufficient one
because the max-controlled condition has been proved to be overly restrictive, but most of them are only applicable for S*PR (systems

of sequential systems with shared resources) net. In this paper, a new condition named max*-controlled is introduced and the deadlock

detection method based on MIP (mixed integer programming) is presented. Compared with previous conditions, the new one is more

general to generalized petri nets and it can be a theoretical support for dealing with the structural complexity problems of liveness-

enforcing supervisor in large scale of flexible manufacturing systems.
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TSRS FE IR G ORI Petri I AL U 145 275

FH 385 3 Petri M 1) 2 T VA 32 200 &I (mixed integer
programming, MIP) [’IFEA I 77, 12752 0] AAEAS
i 7 B A A5 AR IR RT3 R 3R R G0 oA, 45 44
F AR AL T — PR GF 1 BB . IS, Huang 56 017E %
PRSP LA 4 %F SPPR(systems of simple sequential
processes with resources) W74 H 7 It FMIP# %48
SRV T SR SR, 6 T B RE ) B 5K — M Petri
M, BT IR IAUE R T 1, AAIZIE M AL BUIRAS
FRIASIIN EU G 3 Petri P 2242 4245 %2 . Ay i, BarkaouiZs!®!
TEWESE T — MePetri W HE bR Il ) 71205, B I H
TAEFRIH A max n] PP — i Petri WA ESER 78904
5, SRR AAT I T4 7, FE Tz sk st (R e
PEilas AR s gt S et JF AT R AT
N 52 BIAR BRI HAR I J5 Chaol'), Lit' !, Liul'2)]
i fg = 11315635 2 WF 90 2 35 30 3 20 Barkaoui [y max
APPSR LASR &5 Hh 2 A1 B A 1) — i Petrd 94 3% 4
(1) 7853 451, ABRGH 73 BRI TSR AR A R BR TS PR
WU R R 1) — M . T4k, XK A U417
(TR I SR A E TS B LU DU R S AL BIUIRAS (MIP T
TEATIRIE T max nJ 4 A, DAL, ANSCAE Bl TAER)
WFFCIEAN |, 2E— LT85 T Barkaoui ¥ max W #5 1% 4%
P, $2 T8 4 A max# w3 AR nT 4 41, I
TESEA A IR B SEIL T 5E T-MIP) SRS I 7 .
5O 1 HA S A B, 24 SE A, TS AT
Z AR — I, AR ROCFIBEEME hilid JR G o B
A T 48 1) 5 K 52 e R AL T AT D I B R S
.
2 Petri [ FE AN 2 (Basics of Petri nets)
Petri P (5 #)I8 & — AN e 4l (P, T, F, W), Pl
T 53 MRR A PEFT AR I (A&, PAIT AR AR HAS
FIAZ; F C (P x T)U(T x P)MCRmKREA MR
A W o F-NT 2 AN, 1R o & — 4591
SYEL—MUE. Petri N = (P, T, F, W B 238 M,
#Vf e F,W(f) =1, /%0, N¥A— KM, NI bx
WM Z DN INPEINTIWSS, (N, Mo)FRA—A M %
G nlibR VR, Mo R NI BR IR, Mo w] & 1) e
HAR A RN (N, M) 0T 35 4E, i A R(N,
M,y). &x € PUTRPetriMN = (P, T, F,W)[f] 3§

e E BHr € X" = {y e PUT|(x,y) € F}.
Fr PR, T EE P CERC AR, 53
B TC R I AT, # a2 AE, HnTE g
{pIve 3 SSERE  NES =R LIP3 IO R ik
FERT. WS AR R N PRI ER A 2%, WK% AR IT A Y5
ARIE. AREAE bR UM AR 2 BAX Mvpe t,
M(p) = XM (p,t), id AMIt). 23Tt € T3 24
HAY *4YM € R(N, M,), 3IM € R(N, M), M'[t).
FR(N, Mo) 2 TCAEB 24 AALUMYM € R(N, My), 3t

€T, M[t). PR(N, Mo)=2& & 1) 4 HAL Ve € T, ¢t/
My T2, B EES C PRAERR S HAE TS C
S AGERS AN HAL Y SANEL & HARATAT 5 bR
YER B MILTEE. STEM T A AHEE M5 H
MM (S) = Z;DM(p) =0.

pE

3 %i# Petril MIPZEAKY 7% (Deadlock de-
tection method based on MIP for ordinary
Petri nets)

X F8 3 Petri ), MIPZE SRS I 77 725 PR A% 00 JELARL
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EE AL g5 4 A (N, Mo) T i —A
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G(M) =min ) vy,

peEP
st.zg > > vp,—|"t|+1, VteT, (1)
pe "t
vp = 2, V(t,p) € F, 2)
vp>é\;[3((p;))), Vp € P, 3)
vp, 2t € {0, 1}, 4

M=My+CY,M>0,Y >0, (5

Forb: SBRSHIIFHE, SB(p) = max{M (p)|M =
My+CY, M >0,Y >0}

FEE 2 AN = (P, T, F)&E—ANg5ka 7M.
FG(M) = |P|, W(N, M) AL il 2 (e bx.

JEMIP ) 8 (1) 3K i /& NP-hard, {H &, X
BT bR g LB R 25 K G Petri P >k i, MIPAEAH
R TTEAN TG ER AR A SR, BXIHIIEFRRA
TBURK, DRI, 7 VEATIAN O R —F Ay R A6 Bt s
D73 SR A8 P —245 H O MIPAE B RS I 7 00 T
SIBUE R T 11— M Petri 9 FEANEE H, PR R 545 b
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F.
4 max” ] 5F (Max#-controllable con-

dition for deadlock detection)
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St B
EX 18 45 C PRMN = (P, T, W, M)

— MR, W H3p € SIHEBRM(p) > max W(p,t),
MFRSEEARR M T i maxbric 1.

ENX 28 45 C PRMN = (P,T,W, M)
—MERR, R STEREA T IAFR IR T AR E maxbrid
[, DUL.SHR Jymax n] 45 [1).

TE X 3B FrPetril (N, Mo )i 42 155 b 16 352 K
Z ¥ EEPE(max-cs-property), 24 (N, M) R &E—A
WM AR max AT 1.

E T 381 FPetril (N, Mo) & — AN /IMF
FRER 2 max nJ 1, IB4 B2 TCALB ).

B 1T 78— MPetri P (N, M) W UR AR S My =
5p7 + 4ps + 6pg + 6p1o + 6p11, Ht1, ta, tr 73K
— U E BIERA

M = p1 +ps +ps + 2p7 + 2pg +
5pg + Sp10 + Hp11,

S = {p2,p4,p6,P7. P8}

& (N, Mo)ME——MR/AMERR. A ERRS S
IR T pr M pg 3 AT
M(p7) =22 max W(pr,t) =2
p7

il

M(ps) =2 > max W (ps,t) = 2,
tEpg

JIT LM bR STEM R fmaxbr ic 1. 3835 ) 2R 48 11
T A AT I bR AR 4 AT AT, STEVM € R(N, Mo) &
#B A maxAr 1c 11, PGS i max m] 45 1), AR 3 e 23,
LRy W iR

K 1 3 &£ max-cs-property I TCHEE I — % Petri P4

Fig. 1 A deadlocks-free generalized petri net satisfies

max-cs-property

SR, 78 B3 — DA AR BT, Bz
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t1, ta, tr A RO — IR 5 BIRIRAS
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M (p2) = M(ps) = M(ps) =0,

M(p7) =0< W(p77t4)7

M(pg) =1 < M(ps,ts5),
R SHEM R & AFmaxbric . SR i Al i 1 20 #r
AT, AZ SR TCAEE I, AT i s BRI ANIE
TAZEAY Petri (AR R AL EAT I

Bl 2 2R A max TP A L S max T ME 4 PG
A — i Petri™]
Fig. 2 A deadlocks-free generalized petri net with siphons

being non-max-controlled but max™ -controlled
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FrS, fEM T, 3p € S, Wi /£ M (p) E?éa;( W(p,t). H
)

JE SCIAL AL SHE MR Zmaxhs id (1. fi 4 B 3,
WERAEMF, (N, Mo) B BT A /M5 F5 #8 E maxbr
W, W—E3t € T, t1ife. 4510 S IRE g, 3
FHIE.

T 0 B2 7 (1) — fEPetri, 75ty ta, t7 73 )
W UR RS M = p1 + ps + ps + ps + 5po +
510 + 5p11 I, XM (N, Mo) FiE— 1) — AR ME bR
S = {p2, pa,p6, 7, ps}, Atz € po Hio Al E, N 1S
A A2 LATAAT, 2R MR A max# brid (I fE s
F AT IE A3 B R A, 2% R E— AN bR STE T AT
ALIEFRIR R hmax# Fric 1, BIS max# vl #4511,
PRI, 29 2 JCAE B .

FH LA Eo6F B2 00 73 At mT &t 6T B2 s 2k
T () — fPetri I, 10 i KGN 75 A7 A Emax ] #5145
s LA SEAZ M R AR A AR SE B Tk AN R ], 2k
Frmax# AP AT INL SN L.

e X2 max i] 5 S5 AF A L, & SCSIR AT 4
PESCAF T SEAA. 38 b, e SIS S T e X2.
BAR, Homax® brid a7 — A4 MR A2 8 2 e s
maxbrIL A PE. TERLE TR IR, iR A5 AR S 2
JEmaxbrid (1, REHEL3p € S, 3t € “p, thlife,
W2 A5 B AT 4 58 max# brid (1. IR, & SUSIK)
max? A PR AR 2 X2 max ] SRS
&, #i T5E 2O bR AT A ) P B
5 FET max? AT A H) MIP ZEEUR 3V

(Deadlock detection method of MIP based on

max*-controlled condition )

R E X4, T g e 4 @ IRA&M € R(N,
Mo) T REUM 22 40 55K 1 A Emax b 1o (45 b )
B

k1 SREUN(N, Mo)#E IR IRAM R iR
[rEmax™ bric xR,

1 \: Petri (W (N, Mo) F1 n] 15 R #& M € R(N,
M), Herh N = (P, T, W).

RS MR K AEmax# FRid 5 .

1. S:=P

2. while(@p € Pifi/t M (p) > max W(p,t))

P
do

3. P:=P\{p}

4. S:=S5\{ph

5. while( 3t € T Ht/ 2 FeA%IT)do
6. P:=P\t"

7. S:=8\t"

8.

while( 3t € T H.t 257531 )do

9. T:=T\{t}
10. P:=P\t’
11. S:=5\t"
12. end while

13. end while
14. end while
15. &S

R 4 592 1 R0 34, 1 S —/NPetri W 7E T AT (1)
ALEAR T SR B K HEmax? bric (45 b3
%, W22 0 TC AR BRI AR IT, BRI 1) S B
T L [ Petri W (K T AT IRARAS . 0T KRR (1) 22
PEHIIE RGN 5, R 2l R 52 e B s FRR
FRENE TR L. Ay e, ASSCRR S S LR e B4 S B T 5
F-MIPIIZE BRI (e FESFIE BE6). S5 RE
AL, 127 R RS TR RS R GRS,
T X RGEATRARAS Wk [T, PRIAE 5 Tk =ik

X T G5 R AT S, ST SR K 8 K JEmax
FRIC IR bR AT I I 51N 3R R R up, 21, epr
Flley A0 R WA BEHOM R In) 8K A g, o vy, =
{p & S}RIRpAEHIE T RAZHR S BT, phi
Bl 2 = 1{t ¢ S " }RIREALEIEITRAERS 1)
W ARIT, (R epe = 1{M (p) = W (p, t) LA
Fric E T p R i K (p, )1 BE, W A2 M (p) > W (p,
t); e = 1{t € T, M[t)} HLAbRIC W AEREARIT.

EES HEEWA RN, My)h— M RE
M € R(N, My), M F 5K 1I3E max# bric (M5 bR S
= {p € Plv, =0}, v,, p € PA] HHLL BRI 7
PRI ER

G(M) =min ) vp,

peEP
stozp > > v, — |t +1, VteT, (6)
pE.t
vp > Zt, V(t,p) € Fa (7)
(M(p) —W(p,t) +1)
e > ) VW p7t > 07
pt B(p) ( )
3
Up> Z €pt—|p°|+1, Vp6P7 zt#la (9)
tep®
e> S ey —|t|+1,VteT, v, #1, (10)
pe 't
vy > e, V(t,p) € F, (11)
Upaztaetaept S {071}7 (12)

Hrp: BRI IHUE, B(p) =max{M (p)|M = My
YCY, M >0,Y >0}

UE 1%0E R AR AN R ). AR SR
PSR4, K@)~ ERAEATRAREM T, W
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R3p e PREFM(p) > max W(p,t), Wov, = 1, pt

FEBR. M STV R 2D 185 —7, @A (10) £ R,
TEAERRESM T, XM B A e e e,
=1, WiHXADEYp e t”, v, =1, I ifHv,=1
1) T B B i, MR i B2 R i 2D B8 — 11, K (6)3%
IR AR () BT S N TSR A B, Wz = 1, ¢
PR, DN BN Tvp € t°, Wiz = 1y,
= 1. IsfT8E G, Prfiv, = LNE Az, = 109748
A B R B AH ), KT 2R Pk R G WA A,
%S ={p € Plv,=0}.Vpe S, v,=0, NXA1)A]
KVt € "p, ¥ e, =0. &E5 @) F10)F S ep
c t
< |t|-1,80vt € S, 3p € "t M (p) < ‘Z/(p,t),
tA AL RE AR IE. [FEE, Vpe S, v, = 0, N (9)T

>3 exn<|p|—1,BVpe S, Itep M 19M(p)
tep®

< W(p,t). B, GE20(6)—(12), P LR R
RE T — K 1 dEmax? b id 45 b, 4 HAL
MG(M) < [P, iFHE.

EE6 A (N,My), N=(P,T,W)H—Petril¥,

AT P BPIRES M, Herb: M = My + CY, M >
0, Y >0, HG(M)=|P|, W(N, Mo) & JCHEBHT.

UE AR E PS5, R a5 AT IR IRE M
T, WG (M) = | P|, W A 22 B 6T Y. 1Y)
TR R AT op I BUE R N1, RIFEIZIRE S AfE
A AE max b id (45 ks, W R RE T, ¥
G(M) = |P|, WAL T A v IEAR R BIAME
e dEmax® BRI A5 b, RIS A BT {5 bR AT A2 max#
AR, BHOEBRA T, (N, Mo) & JCaestm).

K37 4 — BAT 2T DT 19T el
15 R G Petri AL, HAARAS Mo = 10ps + 10p12
+ 10p1s + p19 + P20 + 2p21 + Spaa + 3pas + 6pas +
P25 + 3p26 + 3p2r, Ht1, tio, traZP WK — K5 5]
KR M = p1 4+ 9ps + po + Ip12 + p13 + Ip1s +
2p21 + 3p22 + P23 + 2p2e + por. MBI TR
it B AFLINGOM), 7EAR S M T, 5 BES T AMIPAL
b ) R R AT AFG(M) = | P|. WTLASRAE, 7E1% M &R
G T W IRAR IR, B E ARG (M) = |P|. H
JE RO ] HIA R GE A AL .

Kl 3 Joaesi— M Petri
Fig. 3 A generalized petri net with deadlock-free

A LLE 2, 58 PROH [FPIRAS M HH Petri PR 7 14
KA. AR YEPetri P 3L A B, AT A — AN AT IA AR IR AL
WIS, AR RS T R AR IR — g 2]
LI UST, G S Petri B (N, Mo ) £E BT A7 ik A IR 7S 7 FE

IR IRM F#H G(M) = |P), W(N, Mo)LEFTAE I
AIEARIRM R A G(M') = |P|, RS2 LIEHEL
(). 2, WA(N, Mo) 75 R IR TR HIAR IR
M TFHG(M) = |P|, WiZRGIA— B AL,
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6 %58 (Conclusions)

ASCAEWTFT EA IIMIPAEAIR I et L, 43
*ﬁTfJ“ 70 JRI R BT — e Petri, T
T BRI A Emax# bR id 14 b LU Y R St
& 5 A7 AE LB MIP J7 V5. % J5 VAR T T
Barkaoui [#)15 Armax ] #2428 386 L, R
GBI e SCH R, 45 T A G R ST MIP
SRR 7325, AR EIEAT R I R G AL 1) — A
7o AR ELAT, Bk, A5 I TR 1T 44
B BEAR TR — M Petri P (1) MIPZE A I 7 V2 A
I, PG A TR B M1 RS0 0 peai R il 7y
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