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Abstract: TCPN (timing constraint Petri nets) is an important kind of time-related Petri nets. Some basic concepts
are redefined to enrich and perfect corresponding the theory of TCPN. Firstly, the rigorous definitions for weak and
strong schedulability of a transition are redefined to correct the irrationality of the original ones. The verification
method for the strong schedul ability is presented in the form of atheorem. Secondly, the definition of schedul ability
of TCPN isgiven and the corresponding necessary and sufficient condition is proposed. Finally, the characteristic of
TCPN along with Petri nets and other time-related Petri netsis analysed. It is of certain illumination and referrence,
both in research of time-related Petri nets and in modeling real-time systems.
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2.1 TCPN
,TCPN (7121,
1. TCPN (P,T,F,C,D,M):
P={pwp2,....Pm ;
T={ tllt2| e |tn}
F ;
C [tminvtmax] ;
D ta(t)
M m Q@ ) M(p) p , Mo
TCPN . , TCPN
, TCPN . [14] . TCPN
) ) 1 ) )
[3,15] [2,10]/6
P b p2
Fig.1 A concrete fragment of TCPN
1 TCPN
[1 , t
(1) tEF(tj):maX{ tmin(pj)} +tmin(tj);
(2) tee(t)=min{ tra () tmax ()} -
tr() —ter(t)2ty(t), t; 3 P t; ter()/te(t) t; /
1 TCPN , , t1 p1. p1
TO' ’ tl .
(1) ter(t)=max{ tmin(PL)} +tmin(t)=3+2=5;
(2) tLF(tl):rni n{ tmax(pl) xtmax(tl)} =mi n{ 15110} =10.
tLF(t]_)—tEF(tl):10—5:5<6, 1, . [14] ,
[7] , ty [To+3,Tp+15]
, t1 [2,10] [To+2,To+10] ,

(1) ter(ty)=max{ To+3,To+2} =To+3;
(2) tLe(ty)=min{ Ty+15,Ty+10} =T+10.

tLr(ty)—ter(t)=To+10—(To+3)=7>6,

© PEBREBALTU bt/ www. jos. org. cn



14 Journal of Software Vol.18, No.1, January 2007

TCPN L, 4 ,
, TCPN , )
2.2 TCPN
TCPN , 2 TCPN :
tmin(P1) tmax(P)]  [tmin(P2) tmax(P2)] Pr P2
) . ) P1 To )
[Tottmin(P1), Tottmax(P1)]  t1 Ltmin(ts), tmax(t)]/ta(ts) 4 , 1 ty
; ty . tt T, , ) t
[Tot+tmin(ts), Tattmax(ts)] . tmax(tD)—tmin(t)2ta(ts)  tmax(P1)—tmin(P1)—tmin(t1)=ta(ts) '
t; . , TCPN
Token ,

[tmin(pl)vtmax(pl)] [tmin(tl)r[max(tl)]/td(tl) [tmin(pZ)rtmax(pZ)]

P b P2
Fig.2 A generalized fragment of TCPN
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Fig.4 Two T_nets are gained after decomposeing Fig.3
4 3 T

4(a) , t, Token [ . 1, t,

ter(t2) =tee(to) Hmin(t2) =tre(ty) +max{ tmin(P2) Himin(t2) +ta(t2)} —ta(t2) = (tre(ty) + 1+ 1+2)-2=teg(t1) +2,
tLr(t2) =t e(tz) =tre(ts) +min{ tha(P2) tmin(P2) Hmax(t2)} =tre(ts) +min{ 6,1+5} =tre(t1) +6,
tF(t2)—ter(t2) =(tre(ty) +6)—(tre(ty) +2)=423=ty(t2).
) ta . ta t,
2,
ter(t2)=tee(to) +tmin(t2) =maX{ tmin(P2)} +tmin(t2) =tmin(P2) Htmin(t2) =1+1=2,
t(t2) =t e(tz) =min{ min{ tna(P2),MaX{ tmin(P2)} +tmax(t2)} =Min{ tnex (P2) s tmin(P2) +tmax(t2)} =min{ 6,1+5} =6,
tLr(t2)—ter(t) =6-2=4>3=ty(t2).
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’ t2 ’ t2 ’ 2 ’ tz .
’ 4(a) t3 t8 . ’ 4(b) t4,t5,t6
ts . t7 , ts,ts , 3
ter(t7)=tee(ty) +tmin(tz7) =max{ min{ Tokena(ps)} +tmin(Ps), Min{ Tokena(p7)} +imin(P7)} +min(tz)
:max{ tFE(t]_)+8+2+1,t|:E(t1)+7+2+1} +1= tFE(t1)+12,
t|_|:(t7) =t|_E(t7)=mi n{ mi n{ tFE(t1)+ll+5,t|:E(t1)+12+5} ,max{ tFE(t1)+ll+1,t|:E(t1)+12+ 1} + 4} :tFE(tl) +16,
te(t7)—ter(tz) =(tre(ts) + 16)—(tre(ts) + 12)=421=ty(t7).
, t7 . t7 , ,
3 , ,
1. 1 . 3 8 , , TCPN ; ,
, tg 4(a) 4(b) ; Y 4(b)
ps  Token
P ) )
4(a) 4(b) tg / :
Tablel Schedulability analysis of the transitions
1
Transition t; Operation tLe(t) ter(ti) te(t)—ter(t)  ta(t)  Schedulability  Decision span
t1 Register 0 0 0 0 Strong (0,0)
t Send rej ection tFE(t1)+6 tFE(t1)+2 4 3 Strong [tFE(t1)+2,tFE(t]_)+3]
t3 Record rejection tee(t)+10  tee(ty)+6 4 1 Strong [tee(t1)+6,tre(t1)+9]
ta Count compensation tre(ty)+6 tre(ty)+2 4 3 Strong [tre(t)+2,tre(t) +3]
ts Send compensation tee(t)+11  teg(ty)+8 3 2 Strong [tee(t1) +8,tre(t1) +9]
ts Send letter tpE(t1)+12 tpE(t1)+7 5 2 Strong [tpE(t1)+7,tFE(t1)+10]
t7 Record compensation tre(t)+16  teg(ty)+12 4 1 Strong [tee(t)+12,tre(ty) +15]
tg(a) Archive rej ection tpE(t1)+14 tpE(t1)+9 5 3 Strong [IFE(t1)+9,t|:E(t1)+ll]
tg(b) Archive compensation tee(t)+20  tee(ty)+15 5 3 Strong [tee(t1)+15,tee(t1)+17]
4(a) tg /
[ter(te) +ta(ts) tLr(ts)] [ter(te)+ta(ts),
tLr(te)] ) P
T
T=0.5x{ [trg(ts) +15+3+tee(t1)+20] xp+ [tre(ty) +9+3+tre(t) +14] x(1-p)}
=tre(ty) +13+6p.
4 TCPN
, TCPN Petri  ( TPN TCPN
/ /
TCPN Petri , [,
Token TCPN
, Token , ,TCPN
Petri , .
Petri TPN Petri
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; 5(b) TPN , 5(b)
To Token Po, 1 b (To+1,Tp+3) (To+3,Tpt+5) t
(To+1,To+3) , TPN L s A * T+3 t
, to 3 5(c) TCPN ,
, .TCPN , t; , , t,
, t .
Po Po Po [1.6]
‘ (1.3 ‘ (35) [1,3]/1‘ [3,5]/1
t1 t, t1 tz t1 2
@ (b) (©
Fig.5 Conflict structure of Petri nets, TPN and TCPN
5 Petri  ,TPN,TCPN
2 [L.24-7]
Table2 Comparison between Petri nets and time-related Petri nets
2 Petri Petri
: Time-Related Petri nets
Petrl nefs Timed Stochastic Time Timing constraint Petri nets
Transition timing constraint Null Constant Mean Interval Time pair and duration
Place timing constraint Null Null Time pair
Time modes Local Local and global Local and global
Local determinability Yes Yes No
Firing modes Weak Strong Weak or strong
Conflict structure Support Nonsupport Support
b TCPN
3. TCPN, ,
Petri , TCPN
TCPN( N), Petri No.
N No No :
6=(Mot:M1...tiM;...t;Mp),
N

S'=(Myt, M{ ...t M/ ..., M/),

Mi’ :Mi, t: =ti(i=1,2,...,n).
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TCPN , 6 (1=1,2,...,n) , ti ,
t! , M/ (i=1,2,....n) N . , No N
,No N , Token . No
No , . , ) O
5
Petri Petri . Petri , ,
Petri . TCPN ,
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) , / g TCPN
, Petri TCPN . TCPN
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