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El Presente tr·abaJo ProPone una e~tensión en la definición de la 
eJecución de Redes de Petri a fin de eliminar las limitaciones de estas 
redes en la modelización de sistemas rea1es7 cuando uno desea respuestas 
a Fre~untas que van mas al1a de un ''si'' o un ''no'' al analizar la 
acePtabilidad del cc,mportamiento del sistema modelizado~ 

El ma·ror contenido de información en las resPuestas del modelo se 
losr·a Per·mitiendo al usuario entrar información acer·ca del conocimiento 
que el mismo tiene sobr·e al~unas características de los requerimientos 
del sistE<ma~ 

En consecuenci~ sera necesaria la introducción de un vector de 
pr-obabilidades de eJecuci6n de eventos habilitados, como una comPonente 
extra en cada nodo del ar·bol de alcanzabilidad y el uso de técnicas d2 
~1ont-ecar·l o. 

In th~ Present wortc an extension in the definition of a Petri N~t 
e~Ecution is Siv~n in order to elirninate the limitations of these nets in 
th~ modelling of r·eal sYstems, when one wishes to answer to questions 
be-...·.:·nd ·:l 11 '·tes 11 or a ''no'', in anal·y·sin.S th<.:< accePtable behaviour· of a 
modell~d svstem. 

The Sreater· content of information in the answers of the model is 
achieved b·v allowins the user to enter information about the knowledse he 
has on sorne characteristics of sYstem r·e~uirements, before the execution 
üf the neto 

Ther·efor·e~ the introduction o·f an Execution Probabilit·\· 
enabled events, as an extra comPonent in aach node o·F th~ 

Tree and the aid of Montecarl0 t~chni~ues, are nec2ssarv. 

\iY:•:tc.r für 
F<,;,achab ~ 1 i b·· 

(·~) Corr.Putad.:.r Científicü <UNBA 1975), t"-1So: in C.:.mPuter· ,:::ci<értC;? 
CLiniversit~· of Astan in Birmin~ham, lf~K. 1982), Profesor Titular er1 la 
Escuela de Informatica de la Universidad Nacional de S~n Luis, C~tedras 
de Sistemas Operativos Y Analisis ComParativo de Sistemas. 
Chacabuco Y Pedern~ra , 570Cl - San Luis Ar~entina. 
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This Pa?er is a conse9uenc-e of th~ work 
in the studv and imFlementation oF Software 
e~ecution ar1d analvsis of Petri Nets~ 

of the author and coworkers 
for th~ sintax control, 

In Previous works it became clear for· the sroup, as Peterson and 
other authors stated, t~1e abilitv of these nets to d~tect Patho1ogic~l 

b<?h<.:¡_vJ.our-s ( d.;;,. a. d l .:, o: k s , vi o 1 a t i •) n s e• f 11"1 u tu al .Z7: :e 1 u s i o n r· ,;; s t r· i e t t o n .s , <?te ) 
in svstem5 that exhibit concurrent activities~ 

For· this PUrFose a Petr·i Net iB a simPle and POWerful tool which can 
ser·V•? a~.' a. 
!:;h,?r·id;;:t.n; 
N0ts" [4]. 
ITr<-"!di u m for 
t··,··F,:: of 

basis for ambitious ProJects, as that of Nelson, Haibt and 
"!:;p.:=_.cificati(•n., DE-si!:ln a.r.cl ImPl-ementati•:•n '../ia Annotat\."!d F',:::-tr·i 

In 5eneral, we notice that a Petr·i Net is a highl)· efficient 
either t~1e dia~nosis of s~·stems suscePtible of exhibiting this 

failures n~ the elimination of these failures durin~ the 
debu~~in~ sta~es. 

Nevertheless~ and this is a limitation in th~ definition of the 
•?.,:e.:ution of 8 P'-"!tr·i N..ct, this dc.'-=:.s not .:.ccur when c.n1~ wish<:?S tü mor·t-
faithfullv mode1 the behaviour of a real sYstem. 

Such a limitation is a consegu~nce of the basic assumFtion that sa~·s 

that, anY tr·ansition in a set of enabled transitions can fir·e~ That 
11 anY 11 is translated, in the software which imPlements the e~ecution. as a 
r·andom selection of the tran.sition to be fired with a uniform Pr-obabilit~· 

~istribution (~guiProbable). 

This t··,-·p,;;: ·)f imPlementation is reasonable in the cases where one 
wishes to .show,bv an·~ means (e.~ the construction 
tree or the e~ecution of a 5r·aph), the reachabilitv 
tn th,:?- s·r"sten1. 

of the reachabilitv 
of ·an abnormal state 

But, it is clear that for th2 one who wants to obtain more 
information than the mere detection of fail1Jres, such tYPE of 
imPlementation is unsatisfactor·Ya 

For e~amPl~, if a set of ena.blinS tokens in sorne Flaces (conditions 
which d2scribes the state of the SYsteml determines that certain 
trar1sitions (possible events i~ the s~·stem) can fire, it is not alwavs 
tr·u<::o that all 
r-ea.l s·.,.·stem~ 

the enabled events are eguallv P~obable to occur in the 

Other·wise7 it is tr·ue that in the presence oF manv re9ueriments of a 
scarce resource from man·\· Frocesses there would be a priorit·~· policv to 
Srant them. It is also true that th-e access toa particular t·~pe of 
resour-ce could be more fre9uent than the acc~ss to other tYPe of 

Such Pre-statrljshed Preferences in the real S'(stem are not Possible 
to mode1 with the si.mFle assumFtion that an·r" transition of an enabled set 
can fire withoJJt addins anYthins else. 
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sel~ct a transition of a s0t of er1abl~d tra.nsitic·ns, b~sed on th& 
~nowleds~ the d0sig~er· or ar1al·(st has a~out the 5'•'stem and of 2~P1ajning 

br-:i ..... o:.fl·,-·, s;:,¡r,,;:. .:!-?tai ls .:.~= a. F•:.ssib1 • .:.· imPl...:::rr.-?nt.::ttior,, 

PREVIOUS CONC~PTS 

u.:i t h 

1'1 .--.-.~ )J 

0 is a.n initia1 mar·kin~ and ~ is the P?tri N~t Str·uctur·e d~fin0d ~-,·; 

e: 
F' 

Í t 1 , t J. ~ " " • • t ITt ~ 

~:::.¿.t •:>F r, Pi::i·:·_~s, ,-, .-·- (J 

S2t 0f m transitions, m 
T 
T 

-::.•\::' t ·~' f 

r• .. · 

F' .. · 

<;¡ 1 i 

T n P u t f 1_.: n ·= t j_ ·=· n 
C:utF·i.Jt functior, 

?ossj~l~ baSs form~d with elements of P, 

th0 st8te s?a.ce RCS,u) of the r1ettuor~ is Form2d b·,· t~,¿ m5r~~-nss which are 
r·-2a.:h;;:¡_b 1..=:~ l~í-· •:.m th,:,. in i t i;;:,.l iTI>7":!.r-k t n!.Oi ,u~ 

This Reacha.bi1it~- :3et, R(s,p), has a Finite reFres~ntation bY m~ans 

of a Reachabilit~· Tr~~. Each nod~ j_n this tr·ee reFresents ei.ther a 
reachab1~ mBr·kins or ~ set of reachabl¿ mar~in~s if the Petr·i N0t is 
IJIJb(·UndiE'd (rr-es•?nc,:¿. •:.f \LI ::::·y·mbol in th,_::: tr·o2"~). 

In addition, for each of these nod~s the SIJbset Tau oF ~nabl~d 

transitions is unigiJel~· determined. Thjs is tru0 even in the cases where 
the ~~ s~·mbol is pr-eser¡t in a Particular node, because the Pres~nce of 
extr~ tokens in~ F1ac~ aff~cts neith~r the enablina nor the 
tr·an~,itiür1s. 

fir·ins of 

for 
C::or,s<..~"4u•?nt 1 

a p:3.r·ti•:ular 
there is a uni9ue set Tau oF transitions t~~at c~.n 

marking Cst~te of the F'etri Net). 

After highlishtins tt1ese cüncePts we go now tG the constr·uction of 
the selection function E. 

We describe now the buildinS-·up Frocess for the selection fur1ction. 

i) 
For a given mar~ins ~¡~ 2 R(S,~), w2 d0fine asan Enablin~ Vector a 

m·----v,~.::t.:.r H = thi,h:~~,.~ .. hm) suo:h that 

i·F ti is en~.bled in ~~ 
hi 

= m 
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i i ) 

We associat~ to each enablin~ vector 
indicates the weishtins that one knows is 
the Possibilitv of execution for ¿s.ch of 
ev2nts in the current1)· modelled state 
enabled transitions>~ 

a weishtin~ vector W which 
made in the r·eal S)'St~m, about 
the comPetitive and enabl~d 

of th~ net (described bv the 

If for· a Siv-2n rna¡-·kin:S WE haV<? H =. (1,l),(l,1) .::3.rtd 
the associated wei~htins vector is W e t3,0,Q,1), 
we would te de5cribing a situation where, 

tran.sitions tl and t4, tl 
t .. ? in g 

has a 
Probabilit)- 3 times Sreater than t4 to be fir·ed. 

This W vector is subse9uentlv 11 normalized'' to w~ where 

Briefly, W/ defines a Probabilit·f distribution for the sthocastic 
variable 11 transition to be fired 11 • 

Each comPonent wi~ of w~ describes the firins Probabilit~- of transition i 

wi~ = Pr ( Fj.rin~ ti J. 

This di;tribution is a Probabilit~· on~ because 

l.úi .. · a.nd ~ 1.tJi··· 

:i..i i) 
Or1ce the vector w~ is obtained and b~· means oF the we11 ~nown 

aPPlication o·F the Montecarlo rnethod, we have a decision rule to 
determine the transition to be fired. 

IF we call TAU to the class of all sets <Tau) 
be generated durins Petri Net execution, we 

of enabled transitiGns 
to 
function, so constructed, takes a Tau and for this T~u 
in the knowledse one has about the sYstem, to d~fine a 
a descriPtor o~ a Probabilit)· distribution 
Montecar·lo techniques returns us th~ transition 

The last Para~raFh can be rewritten as 

E ~ TAIJ Tau 

that can be d@c0mPosed in 

m 
E1 TAU H 

m m 
E:2 H N 

m m 

that our selection 
all.:rws us, bas<?d 
vector w/ which is 
which aPPlYin~ the 

t:c: N -_;· 1] E E5 . E4 . E3 . E2 . El 
m 

E4 1) F 

E5 F ... Tau 
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TAU Th<.:­
N-2t1 

class of all sets of ~nabl-2d t~ansitions for a giv~n Petri 
wh2r·e ¿ach set (orresPonrls to a Particular reachable 

"' H 

m 
N 

m 
C! 

F 

Tó3.U 

i ) 

Th'-::. s-2 t o f a 1 1 m-vectors whos¿ ~l-2ments ar-2 binar·y digits. 

Tt-,•:.- 3.;::.t ol: all rn-·v,::-ct•:.fs whos.¿. ,::.12IT•<2nts ar-e P(·Sitiv-2 .:.r· nu11 
inteSt?rs. 

Tf-,-? :;..,:-:t üf ;;;_ll m--v>?ctors wh·:.S .... "' .._=-1-em'-::.r,ts are PO:•Sitiv-:.- r8.ti.:.r,als~ 

l¿3~ tha~ or .¿.gual to 1 and th0·~ add UP to one. 

Th12 s2t of all dis•:r·,::-t Pr·.)babili.t··( distr·ibutior, f'Jíl.:ti.:.r,s uJith 
m el-em-2nts in th2ir domain. 

The set o( enabled transitions for a ~iv~n reacr,d.ble markins iG 
th.c F'2tri. N,~t. 

The conc2Ft o(~ node in th-2 reachabilit·( tr€e7 will be -2~t2nded for 
a routin~ of tree seneration, in order that each of th~s~ node; will b0 
f.)r·rr,ed t.·,.- the Pair·; 

( jJ' fj) C Curr~nt MarkiGS~ Cu~r2nt EGablin~ V~ctor 

ii) 
Aft~r·1nar ds i t wi 11 b.¿. 

traversing th~ tr·.¿.~ and based 
ne·:~ss<=tr··,·· tü u..rritt a ro:11Jtin-:: (·~-) th;:;¡_tl ir, 

on the U3~r~s lnowled5~? cr2~t.¿.s th2 
cor·r.¿.sponding w2iS~1tins vector W for that Particular stat2 in th.¿. net. 
From this~ the ProbabilitY vector w~ can b.¿. d.¿.termirled 6nd then th2 .¿.na­
blinS v2ct~r can be r2Pl~ced in the nod-27 which now takes this Form 

Tre\:: nod,¿. = (JJ?!rJ···) 

( Curr2nt Mar~:ir1S1 Probabilitv Vector associat2d with this mar~inS ) 

i i i ) 
During P0tri Net .¿.~~cution, in .¿.ach one or its stat2s~ th2 vector w~ 

ass cj~ted with the curr.¿.nt marlins will b~ F.¿.tch2d anda routine to 
8.PP th.:: rv:ont.¿.car·l o rneth(od I..JJi 11 bE.< cal ledo In this w~··· th·? t:-·ansiti.:.n 
to e fjred i~ determi~ed~ 

(*) It could b0 the sam2 decribed in i)~ 



C:ONCL.US I CJN~:; 652 

P~s st;:;:¡_ted in 
;.::::;::·cuti.:.r. of a F'-etr·i 
clos~r to that of th~ 

the introduction, this tvFe of 
Net t0ould allow R behaviour of 

sYstem state mod~lled in each 

imPlementation in the 
thi= model,. sr·anular·l··,· 
instance of the net~ 

In th~ cases in which the tokena· distribution in the net is 
mod~l1ins the resuiremer1ts of certain resources, it is ?ossibl~ for us to 
obsErv~ the accumulation of tokens in som2 Pl~ces, and this fact would be 
mod0llin~ t~1e feedin~ of r·e9uir2ments gu?ues, whose Par·am0ters (mean and 
rr1a<j.mum sueue len~ths, mean waitins time in the sueu~ meassured in number 
of Fir·in~s, etc) could b~ r·e5istered for further analysis~ 

Th~ asai~nation of a 
enabled transitions, 

Fir·ir1S Pr·obabil it·y· 
tuould no3.tur·all 

<..c:sual t.:. 1 or O to .:.ne o·F 
the d-escr·ib-E< .;.;. Ft·:i.·=·r it·,· F·)1 icf 
without n~~din~ th~ U5~ or inhibitor ares. 

A3 r~~ards to th0 analvsi3 of Liveness and Coverabilit~'~ related 
with the Problem of reachabilit·y, we see now that in the cas2 of bein~ 
able to answer affirmativelv to 9Uestion5 such a~ ; 

Is w/ reachable from ~ ~ 

Is there a reachable markins ~/ From ~' such that p¿ covers a 
Siven markins ~~~? 

Is it ?ossible f(•r th;_:: tJ"i:!t to ar-r·i"...te to 
transition can fire ? 
Is ther·e anv reachable marking where the mutual e~clusion 

restrictions are violated 

we are now able not onlY to answ¿r hut also we would fur·ther 
Precise our answer sPecj.fi~·ins the arrival Probabjlit·r to such a state 
aft,;::-r· k fír·inss. 

This is Possible because, 

where ¿ is the e~tended next state function and Sisma is a firinS 
se9uence of len~th ~ ,then the arrival Pr·obabilitv to u/ would be given 
bY the product of the Probabilities associated with the fir·inS 
transitions in each of the succe3iV~ markin~s (states) throu~h which the 
F\:-tr·i f\let So<?S~ 

Finall~·, we believe that this extended definition of a Petri N2t 
,?::ecution impr·oves its mode11J.r,g a.bilitY allou.Jing a rnor 
rePresentation of real svstems behaviour and a better unders 
th2m by answerin3 an imPortant set of 9Uestions to whj.ch the 
appr·oach has no answer~ 

::ai thfu1 
artdin:3 üf 
r·adi tiona1 
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