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Soundness Analysis of Distributed Real-time and Embedded Software Based on Petri Nets

CHEN Li-qgiong SHAOQO Zhi-ging WANG Xiu-ying FAN Gui-sheng
(Department of Computer Science and Engineering, East China University of Science and Technology, Shanghai 200237, China)

Abstract The soundness of the model is the key issue to guarantee the reliability of distributed real-time embedded
(DRE) software, Reasonable determination method of DRE software model is given in this paper. The method is based
on time Petri nets with inhibitor arc, using top-down strategy to respectively model functional modules and the commu-
nication process. Exploiting the synthesis operations of Petri nets to form the ITPN model of system. Under the premise

to meet real-time property, the formal definition and judgment theorem of soundness of distributed real-time embedded

software are presented. Finally,an example is given to explain the feasibility of the method.
Keywords Distributed real-time embedded software, Petri nets, Model, Soundness, Verification
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REE AN ARG RO EEL R, 57 L L
AR (Distributed Real-time Embedded ,DRE) Z24 & & & 4
MRF&ATR . R AT KT as FIf K as o d i
RO REBRTRS . DI EEH AL B RE . AE
RANEMEFEGEUREERESRBAES . BREHA
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HBHHRENE L RN AR X RESEESEE
5., B2, mRILHHE R DRE 2408+ ER:EH I EAE
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BT, AR AR RGBT RIS O EMBARE
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BB T M AR LA RRG LR WEER
Z-CCM, B REZ T ERA Mr R A& A48, SCEk[10]
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Z AR R, TTPN fENEE Petri A9 72, B2—RE
Wy ER e T BN —f AR EE R E R R,
EWESHREAHE BEMSMRNFERRE.
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DT={t1stsy> st} B—NHERMAETE, m=0,3H
PUT+#®, PN T=0;

QRF(PXTU(TXP)—>N" ,N* iR BHEE, F &
R KB R B

WI, BMENES: LCPXT,H LUF=&;

(5)M, : P=N* , M, FRAFIEFRIR 5
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BT« BREH . Z=X«Y URM R, BEFPTXE
FIRFHAT Y.

B3 WETFREH MR

KT S5 BN IS R E S HIR XM R ATREAL T AR
BORAE, UER M M RETRESTNEG., BN RE
BH— MG EM—AEHRE. EREIAERI IR LY
W B HE—MEF AT AR A EAFES . FAESHINE
LT AT 45 i R I D A L B PR R DARIE TFAE 55 B 3R
AL S MBILERIR. BERALER 2 HHHRES
TAES AR R R A — N REA,

#£ ITPN B UF R A RR R N EEWT IR E
BBEE — T ] LU SE A, AR AN B R KR
RITFE, @ 2 iz AT T TR A /B3 L T

AT HYEIHAT, ERAERN REW, A HIFEF N EA
2H4%, B} AND-split #l OR-split, AND-join Fl OR-join, [ 3
Fims. HAFEXT OR-split BARES RN T M By 28 E, X 2
DB 24 By AR RUAR |] LAl X S e A 5 0 B B2 F L.
Ty A1 Tp BB RS BRATBEAR —4, R BB RIBAE X
il & B E L& — B PATER BT BR /NI AME S B —
AMES B PUR™RE.

G4 PARRMEAEE, A EMEFREAME T,
BATFME - WG E T — KRBT, MR E A
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(b) AND-join (d) OR-join

B3 EAREMH ITPN R

EBR 4 MEEE LA MR R

#£ DRE 844+ , 45 ThREA B 3 s 1) @l 15 ik AT
AR AMNMER. AXFFERNBSERSR AL
B AN R GEHHAT B, BT LU R R84 DS 2E#E A 1 3K 3
1 (Time-Triggered Protocol, TTP),

FREFMEFREZBRIIUF AR, XEIERESZE
BEEERE, A FTEJLMEE  REEHR IS8T T
Ve 425 R AR BISE R B TH B LUG A gkt s St S0EAs, B
BHAR ARARRSEAESATURIT AL HEE &S
FEBR (I H] X B AR TR R AR

TTP ) 528 75 5] 35 4 55 w2 B 43 4 i1k ( Time Division
Multiple-Access, TDMAY, B 1 75 % %4 b7 538 15 1 BB g A 10
B 4 frs , A2 30 B 4E 450 B] #1437 (Task Time Units, TTU)
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DABRAT A5 TH BRME MK B R 2 B RE S5 (Il 4
M EXERAKBESR T). BT T WERRRRRN
S53R, DG 45 I R TH B B AR 55 . RIEICPRTE 0L
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T.,.. Z A — M HK.
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BB s AR AR ITPNRE
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AR R AR E, NTTA DR T RRNE .
Z I, DRE 34 dr 4T 45 B 45 0 1 15 A 10 &9 3R R38 5 AL #l A
af LAeh ITPN R TR B AR . 7ELERE b, SR A Petri M E)
AHBEAHHENTTMEMERHAILE D, R DRE 848
ITPN SRS, 20l 4 fis . ST MESHEM—MNMIAER S..
A— PRI ER Suw ERES i SEHMEFBERFHAILE
H,4&F T BaEFs R, TURESFEEES ST &,
X TR AR I — MNP S, B 1. T4 RG]
HB&EME.
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EXS5 WI=(P,T,F, i My, R°) 853 i 58 By it )
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OB RV pEP, IKEN,FBYCWM,D)EVEM
(<K, R SHERBHE COA R, IR K=1,MFR SHER
BECHRELH;

DM V€T, VCEV, IfEFH 6,.C =M ,D),
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Mt ITPN RIF9EE, AT ITPN A5 R i) IF st A 30k
HIXEETARTFESH ENEE, 2o AR K
A B it i S —ANS B TTPN MR 208 B B R A
TR,
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QGBI AE—FNERR Sa 8 S. FIE L

ERMERT , REKBRER  FEERMEHE, RS
BIRAR IFRE;

DOEANGBRBEAFY, PEM—MEFETEEFHAE
BRI BT e

XI&FRAEWS RIE R GBS R F T
R,ITPNBRIEE B BTMEH. BEU LHNERK, &
EAREHE T LA H ITPN 4 B (soundness) H I R 4L E
X,
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EX6 & S=(P,T,F, L, M, R) A N B 8]
Petri M, = A FER), M AN = W2 FHE &4

(OEERRESE CeV . FFHME T o, 18 . Cloa>
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(DVeT,IC=M,D)EV, [#18 . M >

MES 6 AL H , 4 (D B ERSE E AR D EE
— AT EEZT AT S Cu 2 A ERE—FBE %K
PHARIE T TTPN M B R BB BB EHURE ; KM (2 RN
PRI T, BB T EARESEE P BRI,
B T AR R R T B 2T T & MER A AR
o EERTHE— , R EA RS A D RE B R,

FTHEA MK E ITPN SHEEEHE. HESIANTENEE
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EBX7 #®S=(P,T,F, L, M, ,R) ikl 3K &y isf 8]
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EIE 1 P EIAIEE Petri W S RIS HE,
WHNEHARN 2 RIENEERH.

TR (DREWE (=) BiEE . B 2 AEBHERER
Fa, 0

HiE 5 £ H=>3 AEEHABL

X0 s REEN S, T E R EE .

1. VCEV, €T, Ak FI 0,C =M ,D),
#8 o>C A—M > X 5EXL6DORFE

%% 2. V€T, ICEV, A EFS) 0,C =M ,D"),
18 Clo>C N—=M 1> X5FX 6 (DXFBE

ST EAME=T RIEMEST

R = RAEMEN=>Z BERFWARR

RS ETRM

SYKEN,IC=WM,D)EV, I p€ P, fH18 . M(p)>K

SIt€p t ATTRREHEC EEAFELEMEFIR

SoAMEFES 61,0, H18 C[on>C AM DDA Clo,
>C'(M”,D7),M (Su)=1,M (p)F0,M" (S0} =2, 5
ITPN ¥R A2 AR A —F &

LI RAEE=S BARHBOL

£% I, SCTPN 24 FHERIE 7 N3 M 835 A Fid,
DEPEBIE

(DI = PEETHELEL 6D BRBR,
Bl HEEERE 3 35 R aE L 6(1),

Ik 3 BIEMAARH=> HE 6(1)

VI REM

SXF L, YCEV, FMEFF o, 18 Clo>C (M,
DY M [t >

M Spn o HYME—B A BERR , BPAR PR ASAS R — 1

SC=C, HyCeV, Ak Fs o §15 Clo>Cou » BB
ESL6(DRRST.

Hitk, = BRE&H, BRI,
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5 LBITHR

T B HER A R ARG 89 TTPN R 5
AT R A B R E , A% S0 P A 8k T\ B R 48 (Driv-
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