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Abstract 

The application of Petri nets for the modeling and vcrification of systems, a t spec­

ification and design leveis are well know. Despite of powerful structuring mechanisms 

available in the Petri nets theory for the construction of the modcl of complex systems, 

the designcr is st.ill like ly to face t hc problem of state ex plosion, when analyzing and 

vcr ifying large systems. Also, when dealing with real-time systcms, th(' vcr ifica tion of 

timing propert i<'S is n<.>ccssary. A modcl, named G-Net.<. anel a lime extcns1on, named 

Fuzzy Ttme G-Nets, were introduced to the thc modular analysis of romplex real·time 

software systems. ln tl11s work wc introduce an cnv ironment for logical and timing 

analysis bascd on tlus two kind of Petri nels 
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1 Introduction 

One of the most importanl aspert that must be considering whcn specifying and des1gning 

a complex distributed software system is its mhercnt concurrency. Besides this, one must 

consider structural properties of lhe system, as well as lhe behaviors of the componPnt.s of 

lhe system and lhe communication messages exchangt'd among these compon!'nls. Formal 

techmques must be employcd, because they allow thc spccifier to write unambiguous, ele ar. 

and concise specJficaLions , providing a foundaL1on for analyzing specifications for corrertness. 

The G-Net model [7, 14] and the Fuzzy T1me G-Ncts [5, ~. 17, 6], that explor!'s the possi­

bility of using the natural decomposition of distributed systems, are used to the design and 

implemenl.at.ion of a verification environmcnt to tbe modular logical and temporal analysis 

of complex software systerns. The logical analysis is based on the so callcd assumefguarantee 

paradigm [lO]. This modular analysis methodology allows lhe designer to rcason ahont com­

ponents, processes or software modules, and their mtt•racL!ons with an env1ronment When 

designing a component, assumplions are madl' about Lh<' behavior of Lhe env1romnent so that 

the local behavior of a component can be specified and venfied . When des1gning thl' com­

ponents that com pose lhe environm!'nL of another component, the designer mnst guarantec 

that thesc components behavt> a.~ assumed. !ndeed, t he designer guarantees the rommilment 

of lhe environment with respt'rl lo lhe assumed cnvironmental behavior. 

ln the case of real-time systcms, besides Lhe log1cal analysis, the analys1s of timing asperts 

must be taken into account. ConMclering Pctn, a vanety of modifications have been proposed 

in order to extend Petri nets [li, 20, 21] and/or stochastac [12]. One of lhe major problem 

with this approachcs when analyzing complex systems is thc lack of modular tcchniqucs. 

ln arder to perform tinung analys1s of wmplrx real-time sortware syslcms, W<' introduccd 

an extcnsion for the l'etri NcL moclt'l in order to chararll'fizc lnmng constramts [I, 4. 6, 17] 

ln th1s extens10n, the positiv<' aspl'rts of thr dt'lennnusllc and stochastiC" approadaes are 

combincd 111 a complenwntary fa.,hion, i e , Lhe pro1>osrd extcndcd Petn urt as amenable 

to modcl real-time systems and Lo make perfonuanrl' ;1.nalysis of systems Tht• l'XL<!llS!On, 

called Fuzzy Ttnt(' Prln Nct (FTPN), uses a fuzzy approach baseei in thc fuuy sei Lheory 

introduccd by Zadeh [22] . ln llus fuzzy approarh. thc tokens carry a fuzzy tune fuurtion 
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that characten zes the possibility of therc being a token in a plact' iu a given mstant of 

time. Also, fuzzy time intervals are associatcd wilh the transition~ to prov1dc abihty to 

reprcscnt t tmmg rcstricttons. The fuzzy time intervals associatcd with the trans1tions allows 

thc rcpresentat1011 of the three general categories of timing ronstraints that are considcring 

in real-time systcms [3]· mruomum timing constraints, mimrnurn l1nt111g t·onstramts and 

durat1onal t1ming constramts This extension is good to cvaluate perfonnance of systems 

modeled by a Petn net. For examplc, for a given bystem it is poss1blr lo compute t he 

m1mmum, maximum and most probable responsc time nrrded to rcach a g1ven statf' from 

an initial statc. Also, aggrcgate performance mdiccs may bc computcd 

We integratcd the proposecl FTPN togcther with G Nets, in a rder to define a modular 

approach to pcrform tnning analysis of systcms. Thc integration is callrd Fuzzy Ttme G­

Nets. Then, using thc conccpt of FUzzy Ttmc G-Nets, wc can clivide a complex system in 

subsystems which are studied in isolation and the results latcr combined 111 a rder to compute 

t he global solution for the entirc system [6]. 

Bes1des the thcort•tiCal foundat ion, it is necessary t.o providc to dcs1gncrs cnvironments, 

e.g. graphic cditors, simulators, and so on. ln this papcr wc introduce the conccpts bchind 

G-Ncts and Htzzy Ttme G-Nets, and desrribc an cnvironment lo hrlp d1's1gncrs to develop 

the des1gn of real-time distributed software syslems. ln this work lhe emphas1s IS given to 

logical and tirning analys1s modules impll'menled. 

The rest of th1s papPr IS structurcd as follows. Seclion 2 prcscnts the background anel t he 

application of G Net.~ anel G-Nrt ~ystcms. Section 3 ontlines t hc logical analys1~ Se<"lion 4 

discusscs lhe timmg analys1s. ln Secllon 5 we hrit>fly mtroducc thc vcrifkal10n env1ronmcnt 

for G-Net systcms. Finally, in Seclion 6, wc prescnt some discussion and thc conclnsion of 

th1s papt>r 

2 G-Nets and G-Net Systems 

ln [7] the conccpt of G Nrts and G-Nct systt>m• were 1ntroduced. G-Nct,, are a Pf' tri net 

bascd framework for lhe modular drs1gn and sp~>ci ficatlon of d1stnhutl'd mformatiun sys­

tems. T he framework IS an inlegrallon of Pcf ri net thcory w1l h lhe objccl oncnltd software 

2-13 

PDF compression, OCR, web optimization using a watermarked evaluation copy of CVISION PDFCompressor

http://www.cvisiontech.com


-- ... 
(_GSf't.-. fWTW) -. -~ 
~~- __...., 

<...,.._. ..n-->-1 <r,P>-"' I 

l ~ 1~4..cuflhon>•H~ ~~ .. "' .pt~J(<ap>)) 

=~~.-//\) OPTH!~A.l. 

:rnUC1VU 

(, 
_ -1 

\ i 
\ ~G'Mil 

---------------~/ 

Figure I. :-lotat ions used to represent a G-Nrt 

engineenng approad1 for system design. Thc mot1vation of th1s integ1atmu 1s LO bridge t hc 

gap between tbe formal lrealmPnl of Petri net.s anda modular, ohjccl-oriented approach for 

the spenfkatinn anel protntyping of complcx software systems. The G-Net notation incorpo­

rates lhe notlons of module and system structure mto Petn nels, and promott·s abstraction, 

enca psulation aud loosr roupling among I he modules. 

A Rpccification or d<'~ign based on G-.'\'els consisls of a sct of independcnt a.nd looscly­

coupl<'rl modnles ( G-Nels) orgauizrcl in 1<'1 ms of ,·arious system slnll'lurrs. A G-Nrt is 

cncapsu]atPd in such a way thal a morlulc r an only access another module through a well 

clcfincrl mechanism called (,'- Nct ab.-tracltnn, avoiclmg interference in lhe internal st.ructure 

nf a.nother ruodttle. 

A G-Net C, JS composcd of two pacts· a special place cal.led C:ener1c Switch Place {GSP) 

and an l ntcl-nrtl S truclU!\ ( IS, Tlw C: S I' (>Jfl\ Jd t·S th• tb>tral' IJon nf t hr lll '1duk and >t.:T\'t'b 

;~~ an mt rrfaet• lwl\\~~n tl~t• r:-.'l'rt and olh~r moduiPs The 11\lt' rnal strnctun IS a mocl iflt:d 

Prlri nrt, 'lnd J(•pre:;enl> tht. dt•l.ailrd mtrmal rralJz;uiun of llw rnudt'l t'd applica.l ion T hc 

nntal1on for C:-1\rts IS V<'JI do»t• to lhe Pt·tn nrt. nolalion [ I:J) ;\mou~ nllll'r lralmr,, l his 

notatiou allowri lh<' uS<>r lu indrc.tlc cummumcaiJon among C:-Ncl.< and tnmiuat ton Tht> 

nol ation for G Nds ts •hown in F'igurr I , and i• explamed as followR: 

Tlw !8 of thr nt>t JS cnclost•tl by a 1<1nmkrl cotner tt't'lõtnglr drfimng tlw mtemal 
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structure boundary. The GSP IS mdicaled by tlw e-llipse in lhe left upper comer of l he 

rectangle defining lhe IS boundary. The mscription GSP(neLname) defines lhe narnc 

of the net to be referred by other G-Nets. T he rounded comer rectangle in the up­

per tight comer of lhe IS boundary is used to 1dentify lhe methods and attributes for 

the net, where: (attribute_name) = { (type}} defines the altribute for lhe net where: 

(attribute_namc) IS tbe name of the altributes, aud (type) IS a type for lhe atlribute. 

(method_name) is lhe name for a method, (dcscriptwn} is a dcscription for the method. 

(pl : dcscnptlon, · · ·, pn : descnplwn) is a lisl of arguments for the melhod. Finally, (sp) is 

the name of the initial placc for the method. A circle rcpresenls a normal place. An elhpse 

111 lhe internal structure rE'prebcnts an msta11ltaled swttchmg piace (1sp). The isp is used to 

provide mter-G-Net commumcation. T he inscription isp(G'.mi} indicates lhe invocation of 

l he net C' with metbod mt. A rcctangle represents a transition, that rnay have an inscnp­

tion associaled w1th it. This mscripl1ons may be cither an atlnbulJon or a finng rcstriction. 

We will use the standard Language C notatwn for both attnbul10ns anel fir ing restrict1ons. 

A double circlc represenls th<' terminalion place or goal piacc. Places and transitions are 

connectcd through ares that may carry an expresswn 

Tbe GSP of a C-Net C, dcnoted by CSP(nctname) in th<' ellipsc of Figure I, uuiquely 

idculifies t he mod ule. Thc roundcd-corner rcclauglc in lhe GS P side conlai ns a descriplion 

of one or morl' mcthods, which spt'cify lhe funrtions, operatwns or servire' defined by lhe net, 

anda set of attribules specifying lhe passive propcrL1es of the module (if any). The detailed 

structures and mformation flows of each melhod are clefined by a modified high-lcvel nct in 

the mternal structure. More sp<"cifically, a methocl d!'fincs thc input parameters, lhe onilial 

marking of thr corrl'sponding internal high-l<'vd net (the initial statr of the cxeculion). Thc 

collcction of lhl' mclhods and lhe atlnhu tcs (if any} pro,·ides lhl' ab~traclion or thl' l'XI<'mal 

view of lhe module 

ln t ht' internal stoucture, plarl's oeprescnt pnmtlwcs. and lraus1tions, logrt her w1th <Ores, 

reprcsent connectJons or relations among thc I" 1mit1ves. Thesr pnmitJves may he actions, 

predicates, data entities, and mstanllatrd sw1trh piares (1sp 's). A set of speCJal piares called 

Coai Placcs reprcscnts lhe final st at P of lhe cxccution. and the rcsults (lf any) to bc rt'lllrn<•d 
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A tra.nsition, togclhcr with ares, defines the synchronization and coordinales the information 

transfer betw!'cn 1ts input and output places. 

G1vcn a G-Net C, an isp of G is denoted by tsp(C: ... .,.< mtd) (or simply isp(G) if no 

ambiguity occurs), where Gn•m• is the unique Jdentificalion of (;, and mtd is a defined 

method for G An isp(G.,.,..,.mtd) denotes an mstanllatJon of lhe G-Net G, 1 e, an instance 

of invocat10n of G hased on thc mcthod mtd. Thereforc, executmg lhe tsp primitive implies 

invokmg G (by sending a loken lo G) based on the specifird mcthod This token contains 

the parameters needed to define the tokens for tht> initial marking of lhe invoked net. This 

intcraction between G-Nets can be comparcd to thc mechanism of remete proccdure call. The 

tsp notation serves as lhe primary mcchanism for specifying lhe connections or relationships 

between di!ferent G-Nets (modules). Embedding an tsp of a low<•r lrvcl G-Net into thc 

internal structurc of a higher levei G-Net spccifies a hierarchical configuralion A formal 

introduction lo G-Nets can be found in [7]. 

3 Logical Analysis 

ln tlus section we oulline a modular logical analys1s methodology for G-Nct systcms The 

modular logical analys1s allows lhe composition of a system in a modular fashion Therefore, 

providing mcchamsms by which il is possiblc to consider ciiffl'rcnt componcnts of a model, 

based on a rigorous structurc, allowing the designer to h ave a bctl!'r control of the complexity 

of the systcm. ll ence, r.li!ferenl parts of the model might bc mdcpcndently considered. 

Moreover, analysis, reuse, and correction should be localizcd and pcrformed at thc componcnt 

levei, as long as the component interface remains unchanged. To bc ablc to take advantage 

of the benefits of surh a modular approarh, a romponcnt must prcscnt two characteristics: 

• The externa! view of lhe components must bc loosrly couplrd, ,o that mdepenr.lence 

among cornpon<'nls can he as high as possiblc and only a few wrll defined relation~hips 

are allowed. 

o Externally a component must prcscnt a very lugh-level of funrt 10nal rohPsion, so that 

thc rol<' anel thr rontnbutJOII of each componentlo the Pllllr<' syst<'m arr dearly dcfined. 
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G-Nets and G-Nrt systt>ms posscss Lhe abov<' r hari\Cteristics. ln ordcr to ta kc advanlage 

of the above two general ronrept.~ . inhcrent to G-Nfi,, we havc lo define how G Nets com­

llllllllCale with earh other by rneans of a lugh-levrl protorol. which determines how G'-Nets 

are connected . As discussed bcfort', the GSP of a GNct provides the ahstrart1on with ex­

pliri t clefinition of the methods (services) available to other nets. A lso lhe rsp and thc goal 

places provide nwans by wh1ch a G-Net can hc invoked and the processed result (if any) is 

returncd. T he gt>neral prrnc1ples thal musl be sat1shcd wlwn G-Nets are communit·atrrlg IS 

very s1milar to lhe clicnl-server protocol. ;uHl rons1sts of Lhe following s tcps 

I. Thc rcquester G-Nrt rrquests a servrcc. 

2 Thr rallcd G-Net acrt>pts or 1101 thr rcqu('Strd bcrvire. 

3 l:pon acccptance of the service. tbc called G-Nct atlends the rcqucst and prov1des the 

results, otherwrsc lhe requester G-N<t nmM ISS\lt> another requ<>'L 

4 Thc requester G'-NFt rclrirves the rcs11lt. 

3.1 G-Net Systems Analysis 

For analysis purposc a G-Nct systern will IH' cons1derccl as obtainl'cl by compos1ng rertain 

number of G-Ncts. llavrng in mind lhe object1ve of avoicling stalc explosion, an cvrdcnt 

method to analyzc G-Net systems is dccornposition . Tht> intent is to vcrify properlies of 

individual componcnts, valtdate if thcse propcrti<'s holo for thc entirc syst~m. ano use them 

to d cclurl' additional propt'rties of Lh<' systcrn. 

T lw lll<>thodology ,., <~ rornbrnal1o n of bt'ililVUJral :1nd lngical ;uralys 1 ~. llchavaoral :1nalysis 

IS applrccl to venfy tlll' local IH'hav1or lu tlus st~p w, can eath~r ust• iu,,manl aualysis or 

rearhab1ltty I rec analysis [ 13j. Wc tN' Lht> rt>adaabihty I r<'P analysis for th<' n·a.~on tha t we 

t"<lll also t>xtract frorn tht• rl'<~rhabilitv trce t hf> •·xtcrnal or observed lwhavwr of a (;.\fi. 

Logical analysis 1s hasl'd on lhe so call!'d IIS.<IWit' lquuran fcr parad1gm for lnuts lliOll sys­

Lcms !J!Jj. Thc objrclivl' as to vcnfy piOpl'rtrrs ol urdivicl ual romponl'nls, infcr if these 

propertics hold in thr complete sy~t em, anel IISI' tlwm lo dcducc additional propc1t1cs of the 
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systcrn Furthcrmorl', wh!'n venfymg propertii'S of the componcnt.s, it may also be necessary 

to make assumptions abou l thl' h<'havior of the cnv1ronment. 

Assumptions and commitments may bc g1ven by te:nporal log1c formulae Generally, flrsl 

order temporal log1c IS ncccssary to describe thc servires of a G-Net, as Lhe realization of 

Lhe methods are given by a modified l'redtcatcjlhmslltort Nct [9], bul we may separ;,te Lhe 

pure mLcraction (the protocol), wlnch may bc dcscnbu.l usmg only propos1L10nal temporal 

log1c. from lhe propcr srrvice specification dealing w1th tbc computalion of data, whcrc first 

arder log1c ts necessary T hus, in most cases, it ts possihlc to scparate the proposit1onal part, 

descnbiug thc purc intcracliOII, and lhe first order part dcscnbing the data transfonnations. 

T hen the analysis or correctncs:; vcnfication t·an be rlonr in two steps: lirst vcrifying the 

purc intcractíon, e.g. by applymg a model chccking procedure, and sccond verifying lhe 

correctness of lhe data transformations by thc rcalizallon of the mternal struct me by ap­

plymg well know analys1s mrthodologies for Prcdlcatc/Trnnsltton .Vets hkt> r!'achab1hty and 

mvanant analysis 

To vcrify whetht>r the tmplemcntation parl satls!ics thc propertics impo~ed 111 l hc interac­

liOn between a G-Nct and its cnvtronml'nt. , wc have to ronstruct a moclel (in th1s casr the an 

abstracted rcachability graph) rcprcscnting the implemcntation, in which Lhe ~Jll'r ificatlon 

or lhe desired propcrties can bt> lnL<'rpretcd. 

Our target is to constder software components modrlcd hy means of G-Nct~ Wt· wnsider 

that thest' G-Nets are asynchronous componcnts that rommunicatcs by means of synchro­

nized actions as m CSP. Thcrcfore, we assume that therc 1s no dept'nclency among the clock 

units of different components, i c., thcrc is no global clock. 

4 Timing Analys is 

For lmung analysis wt• use Fu:zy T1mr Petn ,\'rt,, that arr an extens1on of l't•liÍ llt'l' wluch 

use a futzy approach to tntrodnr~ lime mlo PPt n n!'ls Th" mouel is intencl~d to "'rve as a 

too! wh1d1 is suitablc for modelut ~<: re,•l-timc systcm~ and for computmg sdertcd pct for mance 

mdiccs, t.e., th ts tnodd t:ombmes lhe abilily to moclcl real-time systems of Lhe drtctnunist ic 

exl<'nsions and thc ab1hty 1 o llt<Lke pcrformanre evalna11nn of stoch>l-~1 ir rxtensions. As 
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shown late r, this is accomplished through tlw mmbinat1on of time intervals and fuzzy set 

theory [8) 

In the Fuzzy T1me Petn Net model, tokens carry a fuzzy time funcl10n representing the 

possibility of therc being a token in a given place from a refcrcnce sct. Acsirles the fuzzy 

time function, two fuzzy intcrvals are associated with each transit1on. The enablc interval 

E represents the minimum and max.imum time that must elapse between lhe enabling of a 

transition and its firing time. The rlclay intcrval D represents thc firing time, i.e. , lhe delay 

ncccssary to execute thc action represented by the corresponding trans1l1011. Thc existence of 

thesc time intervals associated wit h transitions is nccessary in arder to allow the modeling of 

two different timing com;epts: time-outs anrl proccssing dclays. Moreover , thcse two types 

of intcrvals are important whcn dealing with real-time systcms. We can rcprcscnt three 

general catcgories of timmg constraints for real-time systems, that ar~: max1mum timing 

constraints, minimum timing constraints and durational timing constraints [3]. 

The timing analysis is based on the fuzzy time function associatcd with thc tokcns. The 

idea is to use the fuzzy reachability graph, where we have lhe complete statc space, in order 

to compute the FT Fs. 

The fuzzy reachab1lity graph is a modified reachability graph which incorporatcs the 

fuzzy time concepts defined in the FTPN model. The basic 1dea is to exLend the concept of 

reachabliity grapb to indude the Fuzzy Time Function (FT F) carried by lhe token, which is 

computed after each transition firing, starting from the initial marking. Also, the modified 

reachability graph considers the fuzzy time intervals associated with the transitions. Thus, 

the fuzzy reachability graph is characterized by: 

1) Assigning a FT F to cach token on places in a given stalt• 

2) Attaching to each edge of lhe graph the Liming intervals associated with the corresponding 

finng transition representmg the time rcstnct1ons whcn firing a lransition. 
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4.1 Timing Analysis Issues 

WP •~~sume that t hc FT Fs associated with the initial token& are known 1 and defined in 

lhe fuzzy reachabili ty graph by the FSET assigned to the root (initial state). Thus, from 

the initial slate in the fuzzy rcachability graph and the initial fuzzy tunc functions, wc 

e<m <"ompute the FT Fs in the others states of the fuzzy rcachability graph lnformally 

speaking, to comput c t hcsc functlons, it is neccssary identify differences among lhe F S ETs 

of immediate rea.c-hablc states. Considenng two c-ouneclcd states in thc F RG and their 

resp .. ct 1 VI' F S t:'J's, we h ave to consider two cases during the analysis: 

l. common elemcnts bctwcen FSETs. 

2. difftrmt elements between FSETs. 

Focusing on the dynamic behavior of a FTPN, item I indicates that tok~>ns were not re­

ruovcd after firing a transition. Item 2 may rcprcsent two things: tokens removed from input 

places and tokens d!'pos1ted in output places. According to the fuzzy functlon computation 

rule, input tokens are combined to determine the FTF of thc output tokens. 

4.2 Timing Analysis Using Fuzzy Time G-Nets 

For uming analysis purpose, we assume that the internal slruclure of a C-Net will be a 

FTPN. When one C-!l'rt invokes another C-Net with a givcn method m, this melhod defines 

lhe mitial marking for thc invoked net Sine!' lhe internal structure is a Fuzzy T1me Petn 

Nfl. lhe token lhat arnves in an isp is a fuzzy loken. Thus, the initial marking for the 

invokcd net shou ld bc composed hy fuzzy tokcns. Oncc uur mam objec-tive is the modular 

analys1s. wp hav!' to havc condlllons to study earh C-Nct 111 1solation. i.c .. thc ind1v1dual 

G-.Vrt llmm~ analy~1s must be mdependent of thr anulysis of lhe G-Nct wh1ch is invoking 

Jt . Unr to tlw commutatiVIty anel d1stnbut ivily properl1cs of fuzzy St'lS. 1t is poss1ble lo 

st n<ly e;\ch uwokcd G Net consiCicnng lhat the tokens of the Ullllal rnarkmg for the invoked 

net are not fut.zy l"hc rcsults are then combined via the tsp, i.P., a fuzzy mterval that 
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corresponds to Lhe mitumum anel mmomum cxccution ltme of the invokcd net is computed 

by combinmg the enable and delay inlervals attached lo its Lransitions. The computation 

of this fuzzy interval resumes whcn a goal place 1s rcached, indicating that th«> invocation 

finished. Finally, lhis fuzzy intcrval is combined with Lhe fuzzy time function ass1gn«>d to the 

isp' s token. Thc analysis of the invoked net dcpends of Lhe mcthod usl'd in lhe invocatwn. 

ln order to define lhe Fuzzy Ttme G-Net (FTG-Net), we consider Lhe clcments that take 

part in lhe interaction among G-Net.~. that are the tsp and the GS P, and Lhe fuzzy time 

mtervals, defined delays, assoc1alcd with the finng of I ransitions. 

5 Verification Environment and Application 

ln this section we introduce Lhe verification environment clevrloped for G-Net systems. The 

system was implemcntcd in language C, and is porlable to diffcrent marhines. Thc actual 

implemenlation runs on OECStations and SPARCstat1ons under t.:NlX. Thc mLcrface was 

implcmented based on Lhe XWindows syslem 

ln Figure 2 Lhe block diagram of the venfication syslem is shown. From th1s figure , 

wc can identify the execution of two differcnt kind of analys1s· perfonnance analysis and 

behavioral analysis. 

As we show in Figure 2, lhe verification syslcm h as as input a (!-Net specification, actually 

lhis is a text description as ínLroduced by Chen in [2] This text descríptíon is loaded by 

lhe reachabílity trce genemtor, and IS uscd to generate the reachabilily trce. Ra.~t>d on this 

reachability tree and some add.llional informallon, we gcneratc the reachability graph for the 

specified net. T he reachability graph is then used to prrform rc-entrauce vcrífication, local 

structure and behavior venficatíon, and inLcr<lrliOII analys1s. Thc performancl' anulys•s 1s 

pcrformed bascd on lhe concepts prcv10usly inlrodu<"cd for Fuzzy Time G-Nets Systems. and 

lhe fuzzy rt'achabtltty graph IS denved from thc rea<"hability graph, g«'nNaLcd 111 lhe log1ral 

analysis 

Thc approach mtroduced m this paper has been u'ed to modrl two diffen•nl kind of 

syslems: a track vrhicle transport syslem [ln. 16] and for a flcx1blc manufactunng syslcms 

[18). 
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F1gure 2: Block diagram of Lhe venfication system 

ln Figure 3 W<' show Lhe screen-dump for Lhe execution of Lhe analys1s proccdure. Note 

t hat nol ali of the analysis are 1mplemented. We show in this figure the transitive closure for 

thc reachabilit.y graph. l:lased on thc transitive closure wc perform behavioral and structural 

verificat1on of thc internal net implcmenling each mcthod. At the cnd of t he window we 

present t he pla.ces belongmg to the interface of lhe ncl. W1th l hese informal10n one can 

vcnfy t hc externa! behavior of one G-Net, and can also, based on the rcachabihty t ree 

and rcachabilily graph vcnfy lhe internal behavior of lhe net. Details ahout thc analysis 

procedure can bc fouud in [14). 

T he screen-dlunp depicted in Figure 4, presenls a screcn with the analytical rcsults 

obtained from lhe tuning analys1s algonthm alo wcll as Lhe corresponding Ttmmg G-Nets 

lntcrocllon Graph {T(:J(;) )6). The TC/C IS a 20 graph lhat clepicls thc tmung anel in­

leracllon aspens helween difTNcnl C-NPts m a C-.Vd system. The TCIG can be used as 

an alternat•ve approadt in a rder lo drlrmline somr performance ind1ces. From these two 

scrcens, wc can see that lhe t une chart refiects thl' results obtained by using lhe algori thm. 

For example, the FTF value assonated with tsp(C.m.~) can bc d<'rivrd from Lhe TGIG by 

observmg maximum v;<lues in Lhe horizontal !ines corrl'~ponding to t he best and worst cases 
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Figure 3. Screen dump for tbe consumer net sbowmg the analys•s 

for G-Netjmethod G(G).ms. 

6 Conclusion 

lo this paprr we describcd a system for the modular analys1s for a elas.~ of lugh-lcvcl Petri 

net named G-Nets. We desçnbed the motivat10n for such a modular analys1s approach 

the necessity to av01d thc statc cxplosion problrm when analyzing a largc complex software 

systcm. 

The emphasis g1ven on this paper is on thc cngineenng aspccts of the mcthodology. Wc 

believe that the marriagc bctween formal methods and cngint>ering approaches is the best 

way to face the difficu lt1cs associated with the design and verification of complex softwart' 
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·-... ~ ·--
Figure 4: Screen-dump for lhe timing analysis of lhe producer 

systcms. The advantages of this convenienl marnage are evidcnt. From one ~pecl it is 

possible to share the methodological aspccts inherenl to an cngineering approa.ch for t he 

design and verificatJon of complex software syslems. Ou the other hand, powerful fo rmal 

methods are lhen available for thc dcsiguer, so that early 111 the dcsign phase of a system it 

is possible to verify whether the system possesses or not lhe specificd propert1es. 

Actually we are developing a graphical editor and animalor to be coupled lo a simula­

lor for G-Net syslerns. Also we are workmg on lhe iulegralion of the verificalion systern 

presentcd in lhis papcr with lhe editorfanimalor. 
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