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On Petri nets semantics for n~calculus
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Abstract: In order to remedy the deficiencies of #-calculus, n-calculus is mapped into Petri nets, n-calculus is divided
into the basic elements, sequence, concurrency, choice and recursive modules, These modules are mapped into Petri
nets respectively, which construct a complicated system, Petri nets semantics for n-calculus visually describe system

structure as well as system behaviors, and the qualitative analysis of properties is proved directly on the structure of
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the nets. Finally, the mobile car network is used to show how the n-calculus model is mapped into Petri nets.

Key words: n-calculus; Petri nets; Concurrency; Structual characteristics; Analysis

1 5 E]

Petri M = B L =RAORFERB I E, B
PRALZFEHEEHLERN  EHRREHRE,
A R MRTESFEAR T ENAY. » &
BT ARMARIRINEHNSATUNHRRYE B
MR B RFES T TR, N RANBERT W ET
A ErBENHEERRARAMEER AR
BB RGYBENER . FRINEBREEAFETH,
MAXHETAR L, {VA MWB 1 HAL £JL# B
B IE TR, Petri MU B —F B A T E%EE XN
EREAERETR . EA/MEHFR . FSMAIHR
RE. CRETREANGHBRMERS T BAEXK
WHEREWEFZEN. BWABRS TRATUE
L4 AR SE Petri PAIRYT.

HTFrHEFERARK. AXERE - RE

KRB . 2006-04-27; #EEIHRE: 2006-11-29.
RE&TH. BX 863 iR B (2003AA721070).

¥y Petri WE L, AT 7] A 3 F A Petri MY 45
WM T EMIXFLRANTEANSHIEHY
HERG. EERCREH & ~BHERLHY
Petri MiE XMW HEC. REAAHEN n REHK
Bk Petri M L REET —EW X BHEOFE
BIAT — B9 Petri B, REEF FIBA Petri M
MXBFTE MEXBIFTELREN AHTFIE
LA

AXRB - REHFBHESBEONESR
TC R IA JRE I R RS L LR AL, 4 FIB
513 Petri . B 4% = WHH R Petri B35 EA
B EAEEWEATR, BT REA B RN THESE
Al .
2 #RER Petri ik X

¥« WE MR P XK Petri MERIEH

EEEN . FREQ7) B, WALLA BL4 AEERRERBRI AT S Agent REER 5N A FFR;
BEF(1963—), B RMERA HE MLESH AFEEHI . L Agent RERMAFHA.



% 8 1

FHREE. nFEWN Petri REXFR 865

Np ¥ Ny $F R HE G Token, M IHHENRZE
R, ATHADERY. ~ REAEES A ZREERN
ERRBE, ZREEREEXEANTER KR
BRC8] B9 Bk, 55 %2 R 3E 48 6 BK A9 78 X A 3 I A
% (label) W, REE 5H B3R E Petri MR
E.EFRAABA. ARMEHENR, 234
e(entry) ,i(internal) #l x(exit) FR®. Fpt R Rt
RO HRA B P MR RATEMBE . HEBRE
AR (BIHE PIRAMEFR) B e MARTEET
EENE cWREEEIRA NS nWETHEHE
AN F Petri MM ET. TERARMAAR YA
B.EBTTINEFEL . AE o~ HENXE
2 B 5 T AR

ErEEP, WEFRERRENDIETNE
fE, 2% CSP,5] ALk (trace) MEEED.

O OBX1 AR PREBRKRHRTN— RT3
fEfR A P # — KB AT 5Lk, & ¥ A (actionl,
actionZ, ) F7R. ¥ P Fi 4 Al MO BT B S &
e N traces(P), 3 HZ ik O B T B R #Lk
£4 B3 FEFHER P, € traces(P).

EBX 2 BHEPITHE s M WERRAIEMN
IEFFFIRERE A Mt RR.

m W AT SR AT Perri R % 51 FF 51
o, MEEZEBREANHETARE. ¥ ~ REVWE
KR 7 € {r,y(@), 3z, y(x) ) BB B REA R
JLLIHHHBBR B AL RFEW . EEN
MBS, T E 4 A8 LS Petri MiE X
805 .
2.1 nREEXETH Petri FiF Y

BERIL 7€ {r,y(x) ,yz,y(x) ) RRBBRE
SE, B ERRTEIIF R EREAST
.

BREAM 1 M~ 0B N,

K ahfE m l—EE 1. 7, BT ¢ i
& —> Token K% A FEFT A%t BEFT , A 1(a)
7N,

(@) N, (b) N,,

Bl EXBTRBEALZME Petri MiE X
M & 1A, traces(m, 0) = {{),{(x) },05(N,) =
{Os ) bon f e, REI-PEEN A RBA SRR,
HHEABmTER.
Gl WREABHEHN L, H FHEER
7. 048 2 Petri IR N, , ] traces(x, 0) =os(N,).

2.2 mEHEEALEHE Petri MiF Y

T EABANEXEMTF CCS,P =ya. PE
A P ke T ERK.

MM 2 NP =uaPBN.».

{E'&i&ﬁ PB%M&%%’NP 93&&P = def Q. Pﬂy&
S8 N, p AR KB E « F— BTt B, B
B Ne 0% EEFT RS AW, 2L o MAARE
FrZ A — %K, @ 1(b) Fim.

FEAH, MR, B2 FE i AELTR
AR, TH— P BB R AN MBI HRIT
HBPMQE 4R A Petri MR N, MINg, B
traces(P) = os(Np),traces(Q) = os(Ny).

MBR, #£B P =we. P WHRITRIEH
traces([a = 5]P) = { O, ()"}, KRR IIT n W B 1E
o, MBS HN 2 FE 1(b) H,N,. » BRHFF R
traces(N,p) = (O, )"} HF a Fi e, BREI—13h
EHARFSRR, TREWNTSRL.

ZFi2 MRAEHBRSHN2, G HEEMP
=yqa. P 18 B Petri BB N.p, M traces(P =
ai@ P) = as(Np).

THRENERHAETFIP=P|IPERPHKRE
i, 3 Petri WIS SR AT REE L ST AL 2 B3,

2.3 = REIGF SR Petri FiE Y

BSFRMI MNP BN,

HR . PRAPITTZEE R, AT P. . P
{6 Petri MR AN R  HBaE r AET . &
R > AR t. WM&~ Token BIRTEREFT e fF
HBREV AR, B Ne W% — /& B AT,
L AERZMR YR BERT, A 2() R,

e 1, e t, fy
(Z)——-”—-u?v\.\ (:)—JL.(:)_JL—.(:)
A 1) 1l

(a) N,, (b) Ny
e? e e : C €
t‘ ? v
et tfe T8 t=yx|y(2)
Nl‘é éNﬂ NI:) :NQ
(©) Nm() (d) Nl’!Q

B2 MFRHFELRE Petri MY

HB . P AT HEE S traces(n, P) = {(),
(m"s A s € traces(P)}, By BRATHLI 3 R/ 2Ca) AT
FoN.p BEE . BEZEHENFIIESSHE
P B3t 64 Petri B N, R ST B ST LM
@, Bl os (Nep) = {O (2> os(Np)}. I F iz, £
FA—1SEMARRAF SRR, THEMTER:

GiX3 MRS S, h o HEER



866

® #

5

* id %22 %

7, P 183 Petri B N,.r, W traces(r. P) =
as(Nyp). ,

MHEAW4 M P.QE N,

HBRP.QURRMFEH, #RQEMREP Z
JERAT. 7 P. Q¥ 4Lk Petri MBI No o BIH R
& BBk No B3 AFERT 8 Token, ¥ iZERY
Ne B EFR I — 1 ERER No A E
Bt s Ne RIS APERFRI N M3 i BERR 23 BIFE 9 Np g
BI% A EE BT, tn 2(b) FFR.

MRHE PIITs FRBRIEHR.WHERQ
BB IIT, B4 traces(P.Q) = {si"s, A s €
traces(P) A s, € traces(Q)}. B BRETHL I 4 T &
2(b) |, H# R P BRIV WET N 1 Token 3|55
No I APERT, Bt 0s(Np o) = {0120, A o, €
as(Np) A gz € os(Ng)}.

MR #BB P Y, N traces(P,. Q)
{traces(P)}, lB Np FEEK, JL4 B PERT B No %8
A A& Token, No KT A T AN R MK
4,34 0s(Npg) = {os(Np)}. FRUBMTLE®:

4 MREHBSFAN 4, B - WERR
P.Q18 3| Petri M A Npgo, W traces(P.Q) =
os(Np.g).

2.4 mRAHZANE Petri WiF Y

T REMRAFRBRIER | RRFREGH.

MHEHAWS M P|QE Npq.

HEP|QEARMEE.D WRERB PHQ
B, P | QBEBI Npg A 2(c) BT, Ne
M No I FHRPAT;2) WMRAR P QX E
ZFHTER, WP =yzr P =y(2),Q=y(2),
WHBP | QFEE—~MEMBEET =yz | y(2). iR
PHQHERS XA, MABFHEFTERE",
HHABRPHNBEFEHREL « EEREKFL
HBF UL ATRE N AR SER R SE, B R
BPHQAAAEESESEBIFTHHRES, A
2(d) FriR. '

HER P | QRMITHBFRRF traces(P | Q)
= {5, € traces(P) A s, € traces(Q)}. B+
5FE 2(c) F, X FEM D,Neo WEHFF R
05(Npjg) = {0, € 6s(Np) A 0: € os(Ng)}; ¥ FH
B2, RN MEFESERENER. BN
SHE) A3 —AEE LR WAL S EGR
BATHT AFFISEE D HE. BTH0
T4&®:

&S5 MRBMHARSANS, h WERBP
| Q788 Petri MR Npgo, W traces(P | Q) =
os (Npjg).

2.5 nRNEFRERE Petrl FIF N

T WEMARMBER + RARBEW, LR
HFla =0]P WA IEfE— ISR BEH, &
a = b, W7 P, BFRL& 111,

BEBMM6 M P+QH Npy.

HR P+ QBRI Npo AR ¥ Ne FIN,
MBAERSIHF ENALHMAERNR, ME 3(2)
.

[a=b] 1,
(6) Nyyp

(a) Nan

3 RBLAN Petri AT X

HR P+ QR BT BB W] RIR K traces(P+-Q)
= {s|s € traces(P) V s € traces(Q)}. HBIEBL 5T
W) 6 #1E 3(a) H1,Npyq IR FEFI R 05 (Npig) =
{o|o€ os(Np) Vo€ os(No)}. AILFIRUNT 4
w:

#it6 MAREARMNANMG, b rFHEREP
+ Q783 Petri MAEE Npyq, [ traces(P+ Q) =
Us(Np+Q).

matEn 7 M[a = b]P 3| Nia=sip-

B (a=0]P BB Npu—sre BHLR : A
BYESE & Mo, 4B Ne ARG EEFT ORI B2
T HEREFEIWEETNDT KK (guard
function) , ¥ Mf Z FRELE, _RET —H M IE.
I H 1, T e, TRINAHEE —A Token B3y AFEFT,
& 3(b) .

(e = b]P WPATHB R TR F traces(fa
=b0IP) = (O, {La# b, La=0b])'s Ns€E
traces(P)}. #RFBLSFHN 7 F1 & 3(b) H s Npu—syr #
BEFEFTIHN os (Npgesy P) = { Ot (t1d o No E
os(Np)}. i Fla =01t [a # 0] M 1, BRI —A4
HENARFSRR, TRBNTEL:

BT MBEARSHN 7, h WA e
= b]P 18 8| Petri MHEE Nro—sps W traces([a =
b5]P) = os(Nry=sgp).

REL 7 Zug AN, TTRE « HEHEN
Petri W5, WHHAFTEE, TRIABIRAEHK
®,
2.6 #EHH Petri MIFBXHHEITH

n JE Y Petri Wi X AR EREN I 8EEF
P, ATAR B SCER12] BLF 2 MR PP X Fh
HEE B I R TIRE— Bk,



% 8 M

FHRE%E: n HEW Peri RIEBXHR 867

HBE BB Petri RNE L HERREN
B R  WH U SIE LR ER, IR
R AR MR EE TS, TR A A6 e ik
EEHMFREINEN. WERP=a|bFQ =
a.b+b. o, TREFBXSHBEP MQZAMEMN,
T H e 5t Ry Petri FIE UG (N 4 i), A BB R
ERX5HAE 4()) MIEFHELEREE 4(b)).

e e
a b
a b
b a

(@) # & (b) 3EHh M 38
B4 HEunEmetiE

HEE—BM  Er RERBRGLRT,RE
MEA TR [ B % 5, T 0 B A 55 3k
MR FHBRTHNE, ARETHNEERE
(TS, R F Petri B 5 59 T 35 B (RG). i} 7
BHUTEX: o

EX3 ]I AR SC TSXRG,M N Petri
FAR, R (P, M) € S, WX T/ P 3hfEa

Bkt e T, FHKGERY:D ME P P, W
IM MM, # H (P',M) € S;2) n§

MM, P',P >P’ 3 E.(P', M) € S. # S
RBREMBLE.

T RENETRANTSENBIENLRE
B, A5 I R 55 P B9 ShAE L U XG RE T 77 25 B o i 8 .
RF\EL 1~ 7,88 PHE—FIITHE trace, 7
Petri MM R N, $0K —& £ 5 FF 5] o MR RL, 18
trace B B9 34 R B 34T IR 5 o o 0 B 4E R LT
R L P B RS S N, T EAS
BEMBELER FRETEMTSHE.

EBE1 ~EEHRBEP 5K Petri Wi LR
N» ZESN8E E R EH 9.

3 SEHIEESR

HBAE « J B Petri MBS ¥, H B4
FRAHAEBENARA F B RENEY, 4
FERFRE B EEN— NP REBHS, XENE
WHITEGE. BREELNES 18 R%EY 2,8
R RE 2 MR 2. TS B S, KELFE
EEHE RN TR . bR 58
REEWRFCYRBIEMEN S, Fot B ERE
FAEERE RS- EN . RE. PR B

HE K — AR ¥ a = {talk,switch,gain,lose} , i =
RERBRWT . '
Station;(a;) =
witalk;. Station;{a;) + lose; (¢;,s;).
inform,(¢;,s,). switch;(t;,s;). Station;(a;),
Control; (lose; yinform;) =
wlose, (talk, , switch,).
inform; (talk; , switch; ).
Control; (lose; sinform;),
Car; (talk;,switch;) =
srtalk;. Car,(talk,;,switch;) +
switch; (2;,5,). Car;{t;ys;). ¢))
R LRNBR, RETHBR
System = |
(w;;i = 1,2)(Car, (talk, ,switch;) |
Station, (2,) | Control, (lose, ,inform;) |
Car, (talk, , switch,) |

Station, (a,) | Control, (lose, ,inform,)). (2)

' (@) B R
SRR per

(b) BEREME RS PetriP H
5 BUKERK v RMMERL Petri BiF X



868

¥ #l

5

PS * #22%

R 7 WH B Petri FE LA BRETHLN , & 4%
W RE PREFBEHBEIS P Petri M, A
5Ca) B, o BREFRBREF, R 5HM
B K 8 O ;Station, 1 Station, & Control, #I
Control, K Petri PIBIR R A IR, X B R4 —
A REREFBRONBEFAHE Petri MR
WEXEL, BRA—-TERET. BEBIERE
System i) Petri P& N r SNE 5(b) iR, B
N REENKTS R L SR Petri FiF X;
AR IE talk;,lose; , switch; ,inform; B5FEEET (1), 3K
fTHBZEKER. M Nopen TUTEH, MHRRE
Bt FERT Py M1 P, F—A Token, 53 HIRRIKE 1
ARE2LREIARE2EBEEME PRI LT
B, Petri IR RIFHERRENIF LTES. 4
REIEGHIBPEHEW 1 of, PREHBE
AEWBARE | HRBEW 2 0FHE.

Y WHHERBS B Petri FJS, AT R A Petri
B3R TR (40 INANY 28) ST BERI R 5t HE 1T 47
MBIE. 25 HA, N BH BB, AERER 21
AHEEBEEN, TURIEREABDBRLNHBE

BAEEBIREREN r WHAR R B Petri
M, T EFHAERENEFRBEL BRI RR
BRYBEW, R Petri MNEWHRNT
RO ONBERIR B W ST RENER.

4 % &

30K n R AELBTT R R EF
MBEFLREARGE W, 3 BB H Petri B, H K
EHREAXNARLE, TERBER n WEHFEY
Petri B R7R. # » WH B4 4 Petri Mg XK SHPLE
EH Petri LB EW . HEME A, TUHRRE
B EH £, AT F A Petri AR LRI F T AXY
BHRHTHTMBIE. &R, RHE « HEK Petri W
BX-BBHREMBHN r WA R Petri
M, 3t INA SERRIHAT 4047, WAE T AT 07 ik
A R

$ % STk (References)

(1] %BR. Petri MBITHEREEMAIM] 7. ¥
HE AL, 2003,
(Jiang Chang-jun. Behavior theory and applications of
Petri nets [ M]. Beijing: Higher Education Press,
2003.)

{2] Milner R, Parrow J, Walker D. A calculus of mobile
processes[J]. ] of Information and Computation, 1992,
100(1) . 1-77.

[3] Murata T. Petri nets; analysis, and
application [J]. Proc of the IEEE, 1989, 77(4). 541-
580,

{47 Petri nets tools and software [EB/OL]. http://www.
informatik, uni-hamburg. de/ TGI/PetriNets/tools/.
[5] Busi N, Gorrieri R. A Petri net semantics for n-calculus
(JJ. Lecture Notes in Computer Science, 1995, 962

145-159.

[6] Engelfriet J. A multiset, semantics for the n-calculus

Properties,

with replication [J]. Theoretical Computer Science,
1896, 153(1/2): 65-94.

[7] Devillers R, Klaudel H, Koutny M, Petri net semantics
of the finite m-calculus [J]. Lecture Notes in Computer
Science, 2004, 3235(2): 309-325.

[8] AN, RE%, R, —LFHBHRBEFER Petri
M—x @ [J]. E@ZEKXEER, 2004, 38(1); 52-
58,

(Cao Mu-liang, Wu Zhi-ming, Yang Gen-ke. m-net: A
new modular high level Petri nets[J]. J of Shanghai
Jiaotong University, 2004, 38(1): 52-58.)

{97 Mazzeo A, Mazzocca N, Russo S, et al.
specification of concurrent systems: A  structured
approach [J1. The Computer Journal, 1998, 41(3).
145-162,

[10] Best E, Koutny M. Process algebra a Petri-net-

Formal

oriented tutorial [ J]. Lecture Notes in Computer
Science, 2004, 3098: 180-209,

(11] &&%, BRI, 5%, €. FAEARL AN RS
fABR (1] WHEAER, 2005, 15(8): 18-22,
(Han Ting-ting, Chen Tao-lue. Yan Feng, et al
Study
asynchronous m-calculus [ J ]
Letters, 2005, 15(8). 18-22,)

[12] Ribaudo M. Stachostic Petri net semantics for process
algebras[C]. Proc of the 6th Int Workshop on Petri
Nets and Performance Models., Los Alamitos: IEEE
Press, 1995, 15(8): 148-157.

[13] Milner R. Communicating and mobile systems: The -
calculus [M].
Press, 1999.

[14] Roch S, Starke P H. INA. Integrated net analyzer
[Z]). Version 2. 2.

on expressive power of synchronous

High Technology

Cambridge: Cambridge University





