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Abstract 
Critical time distributed systems cannot be considered from a time point of view as Marko
vian processes and classical analysis methods cannot then be used. 
We present for analysing such systems a methodology based on the concept of the worst 
case(s). Such methodology is implemented thanks to the so-called "Stochastic Timed Petri 
Net" which allows to combine different transition firing rules. 
As application example, we consider a distributed producer-consumer process (the pro
duction process is periodic with a jitter; the produced data have a validity time window; 
the consumption request process is periodic with a jitter). 
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1 INTRODUCTION 

The modelisation and the analysis of critical time distributed systems require to express 
the main mechanisms of such systems (message exchange, time contraints, ... ) and to 
analyse both qualitative aspects (verification of properties) and quantitative aspects ( eval
uation of performances by considering times and probabilities). These two analysis must 
be made by using the same model in order to be sure that "what it is evaluated" is "what 
it is verified" . 
Furthermore these systems, from a time point of view, cannot be considered as Markovian 
processes and classical analysis methods cannot be used. 
The goal of this paper is precisely to present a methodology of analysis of such systems 
based on the Stochastic Timed Petri Nets (STPN) model. 
This paper is divided into two sections. In the first section, we present the STPN model 
(Atamna, 1994) in its new version (Juanole and Gallon, 1995). In the second section, we 

G. V. Bochmann et al. (eds.), Formal Description Techniques VIII
© IFIP International Federation for Information Processing 1996



352 Part Eight Real-time and Stochastic Systems 

consider the application of this model to the modelisation and the analysis of a critical time 
protocol (token passing mechanism and producer-consumer activity) (IEC SC65S/WG6, 
1994). 

2 STPN MODEL BACKGROUND 

We present the STPN model by emphasizing the main characteristics of its new version 
i.e. the different transition firing rules and their consequences. 

2.1 Definition 

e An STPN is a triplet< PN,IO,FO >: 

- P N is the underlying Petri Net, 
- 10 is a firing time interval function : thus to each transition t; a firing interval I; 

= [a;, b;] with 0 ::=::; a; ::=::; b; ::=::; oo is associated; a; and b; being respectively the 
lower bound (Earliest Firing Time : EFT) and the upper bound (Lastest Firing 
Time : LFT) of the firing interval in which the transition is firable; the firing is 
instantaneous, 

- FO is a firing probability density function : to the firing interval of each transition 
t;, a probability density J;(x) is associated. 
A probability density function can be a continuous distribution (uniform, exponen
tial) or a discrete distribution (Dirac impulses) or a mixed distribution (uniform and 
discrete). All these distributions (except the exponential and the Dirac impulse at 
the time 0) have the time memory property (important for the study of the time 
constraints). 

• The operating rule of the stochastic timed Petri nets is based on transition firing. A 
transition t; can be fired from a given marking if : t; satisfies the underlying timed 
Petri net operation (that is by only considering the time (Roux and Juanole, 1987); 
the probability of firing t;, in the time interval considered, is not zero. 

2.2 Analysis 

STPN model is characterized by several dynamic behaviors. The analysis of a dynamic be
havior is a reachability analysis based on a randomized state graph (its structure depends 
on the time constraints). 

Randomized state graph 
It is a transition system which has the following characteristics : 

• A state is composed of a triplet < M, D, F > where : 

- M stands for the underlying Petri net marking, 
- D is the firing range, that is the set of firing intervals of the transitions enabled 

by the marking of this state : the smallest of the lastest firing times (LFT} of all 
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the enabled transitions is called sLFT. This instant represents the very last moment 
when one of the enabled transitions must necessarily be fired, 

- F is the firing stochastic process, that is the set of the probability densities associated 
with the set of the firing range intervals. 

• The transition between two states is a. triplet < t;, 9;, p; > where : 

- t; is the underlying Petri net transition whose firing causes a. change of state, 
- p; is the branching probability associated with the firing of the transition t;; more 

precisely p; is the probability of firing transition t; between its earliest firing time 
(EFT) and the sLFT date, knowing that the other transitions enabled in this state 
will be fired later (the computation is based on the race model (Marsan, Balbo, 
Bobbio, Chiola., Conte and Cumani, 1985)). 

- 9; is the firing time of thr transition t; (still the conditional sojourn time in the state 
of departure of the transition); the value of the firing time depends on the firing rule 
which is considered (see next subsection). 

With the set of the probabilities p;, we define the transition probability matrix 'P and 
with the set of the times 9;, we define the matrix E> representing the conditional sojourn 
times in the states. Then a. randomized state graph is isomorphic to an embedded chain 
defined by the matrices 'P and e. 

Definition of the firing time (Ji 
We can choose different values for 9;, which define different transition firing rules : 

1) 9; is the mean firing time: 9; = 9mean; this rule is called the mean rule. 
2) 9; is the minimum firing time (9min) which is defined as the mean firing time (9mean) 

minus the standard deviation (st) which is the square root of the variance : 9min = 
Bmean - st; this rule is called the min rule; 

3) 6; is the maximum firing time (9max) which is defined as the mean firing time (Bmean) 
plus the standard deviation (st) : Bmax = 9mean + st; this rule is called the max rule. 

4) 9; is the earliest firing time i.e. it is the lower bound of the firing interval (a;): 91 =a;; 
this rule is called the "minimum minimorum" rule and is noted the MIN rule. 

5) 8; is the possible lastest firing time i.e. 9; = sLFT; this rule is called the "maximum 
maximorum" rule and is noted MAX rule. 

The different randomized state graphs and their interest 
We can, a.t first, define two great types of randomized state graphs : homogeneous graphs 
(all the STPN model transition firings follow the same rule) and heterogeneous graphs 
(all the STPN model transition firings do not follow the same rule). 

• Homogeneous type. 
we can define five graphs : 

- the mean graph : all the transition firings follow the mean firing rule; 
- the min graph : all the transition firings follow the min firing rule; 
- the max graph : all the transition firings follow the max firing rule; 
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- the MIN graph : all the transition firings follow the MIN firing rule; 
- the MAX graph : all the transition firings follow the MAX firing rule. 

• Heterogeneous type. 
We can define a great number of heterogeneous graphs by defining, in the transition set, 
subsets which follow different firing rules. For example, if we decompose the transition 
set into two subsets {ta} and {tb} which follow respectively the rules MIN and MAX, 
we define the graph MIN( { ta} )MAX( { tb} ). 

Each graph can be interesting for representing a point of view of the dynamic behavior 
of the system being modelled. 

Homogeneous graphs are useful to analyse different speeds of the behavior : at the ear
liest behavior (MIN graph), mean behavior (mean graph), at the lastest behavior (MAX 
graph), intermediate behaviors rather slow (min graph) or rather fast (max graph). 

Heterogeneous graphs are useful to analyse particular behaviors i.e. which have a par
ticular semantic from an user point of view. For example, an heterogeneous graph can 
represent a worst case (some actions are fast, other actions are slow and we have to check 
if the behavior is still correct and has the expected performances). The analysis of the 
worst cases is very important in a critical time context (heterogeneous graphs can only 
analyse such behaviors and that is, in our mind, an important feature of the STPN model). 

Important remark : if we only have transitions with deterministic distributions, we 
only have one randomized state graph (all the homogeneous and heterogeneous graphs 
are merged in an only graph as the deterministic distributions have no dispersion). 

2.3 Using a randomized state graph 

We can use use a bounded randomized state graph at two levels : 

• first level : 
if the branching probabilities (p;) and the sojourn times (8;) associated with the graph 
transitions are not taken into account, and considering only the transition seman
tics (sending or receiving messages, local actions, ... ), the graph obtained allows a 
qualitative analysis of the specific properties of the modelled system to be carried out : 

- the relation between two events can be drawn up in the form of temporal logic 
formulas (Allen, 1990) : it is inevitable that, it is potential that, ... ; 

- a reduced quotient automaton showing the behavior of the system relative to a subset 
of events referred to as observable events can then be built up (in particular, with 
the use of a projection technique based on the notion of observational equivalence 
(Milner, 1980)). 

e second level : 
if the branching probabilities (p;) and the sojourn times (8;) are now taken into account 
(i.e. we use the matrices 'P and 8), we can carry out a quantitative analysis of the 
system behavior. Two kinds of quantitative analysis can be made: 
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- the first one is the classical one which considers the global graph and which is based 
on the use of the matrices P and 8; we can compute equilibrium state probabilities, 
unconditional sojourn times on the states, steady state probabilities, path duration 
and probabilities, .... 

- the second one is based on abstract views of a randomized state graph. An abstract 
view of a randomized state graph g of .N states is a reduced graph S of n states 
(n < .N) obtained from a projection over a subset of states (E1 , .•• ,E;, ... ,E;, ... ,En) 
from graph Q. These states are called the observed states. The world of the observed 
states is equivalent to the subworld of these states in the context of the initial graph 
on the basis of the so-called notion of "first passage". We have shown in ( J uanole and 
Atamna, 1995) how to get automatically from the matrices P and 8 the transition 
probabilities and the transition times, at the first passage, between the states of the 
reduced graph. Abstract views of a randomized state graph (that we will call in the 
following quantitative abstract views) are very useful for the analysis of points of 
view of the behavior of a system (Juanole and Atamna, 1995) : in particular, we 
can get the distribution of occurence of an event, dependability performances like 
the occurence of a failure (MTFF), performability performances (Trivedi, Malmotra 
and Fricks, 1994), .... 

2.4 Comment 

Then, the different randomized state graphs and the analysis which can be made with 
each randomized state provide means in order to make an exhaustive study of the different 
points of view of the behavior of a system. 

3 APPLICATION TO A CRITICAL TIME PROTOCOL 

3.1 Protocol presentation 

We have a local area network using a serial bus as transmission ressource. The MAC 
(Medium Acces Control) protocol is a centralized one with a control station called LAS 
(Link Active Scheduler), which grants to any other station (we call it Normal station) the 
use of the bus by sending a token (Token PDU). After the use of the bus, the Normal 
station sends back the token to the LAS. These mechanisms have been defined in a 
proposal of a standard for fieldbusses [10]. 

We consider, for our analysis, the distributed activity where a Normal station A must 
consume periodically data produced by a Normal station B. We call A and B respectively 
the consumer station and the producer station. 

We have then the following periodic scenario : 

• the consumer receives the Token PDU and requests the producer to send a produced 
data (the request is made by sending a Compel Data (CD) PDU). 

• the producer sends a Data (DT) PDU when it receives the CD PDU. 
• after the reception of the DT PDU, the consumer sends back the token to the LAS. 
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The following time specifications are very important for the analysis of such a protocol : 

• the periodic arrival of the token to the consumer is characterized by a jitter. 
• the periodic data production is characterized by a jitter and a validity time is associated 

to each production. 

The study of such a protocol must mainly analyse the consequences of such charac
teristics on the producer and the consumer activities. 

3.2 STPN model 

Underlying Petri Net 

~-PR_O_~.._C_E_R_--.., 

TRANSMISSIO 
MEDIUM _______...____, 

Figure 1 Underlying Petri net 

CONSUMER 

The underlying Petri net model is represented on the figure 1. The places P1, P2, P3 , P4 , 

P11 and P18 and the transitions t1, t3 , t6 and t15 are an abstract representation of the 
system periodicity : 

• the place P1 represents the periodic initialisation of the system i.e. it induces the firing 
of the transition t1 which starts the clock in the LAS (place P3 ; the transition t3 

represents the clock period), the work in the producer (place P2 ) and in the consumer 
(place P4 ); 

• the place P1 represents the end of the period in the LAS; 
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• the return of the token to the LAS is represented by the two places P17 (the token is 
returned after a correct consumption) and P18 (the token is returned after an incorrect 
consumption). 

The dark zone in the right side represents the consumer : 

• the transitions t4 and t7 allow to specify the token arrival with its jitter (the transition 
t7 represents the token reception (?Token)); 

• after the reception of a token, the consumer sends the CD PDU (!CD) and waits for 
the DT PDU reception; it can receive either a DT( +) PDU, which means that the data 
is valid from a temporal point of view, or a DT(-) PDU, which means that the data is 
not valid from a temporal point of view; 

• when the consumer receives a DT PDU, it sends a Data Indication to the LLC (Logical 
Link Control) sublayer (!Data lnd(+) or !Data lnd{-)). 

The dark zone in the left side represents the producer : 

• the transitions t 2 and t8 allow to specify the time position of the data production inside 
the period (the transition t8 represents the reception of a Data Request from the LLC 
sublayer (?Data Request); 

• after the data production (transition t8), the producer starts a Timer (place P10), which 
specifies the time window for the DT PDU sending (this time window which is still 
called the Maximum Confirm Delay (MCD) is represented by the transition t9 ), and 
puts the data in a buffer (place P11 ); if the CD PDU is received before the MCD end, the 
producer sends the DT( +) PDU, stops the MCD timer and informs the LLC sublayer 
(!Data Con!(+)) : this is represented by the transition t12• At the end of the MCD, 
the producer releases the buffer and informs the LLC sublayer (!Data Con!(-)) :this is 
represented by the transition t10• If the CD PDU is received whereas the places P10 and 
P11 are empty (that means that no data is buffered either because the Data Request 
has not still been received or because the MCD has ended), the producer sends a DT(-) 
PDU but does not inform the LLC sublayer: this is represented by the transition t11 • 

The dark zone in the middle represents the transmission medium (the transmission of 
the PDUs is considered without losses). 

Time specifications 
The following transitions have always the same time specification : 

• t~, ta, tlO, tu, tl2, tl3, tl4, tls, tl6 : f(x) == o(x) i.e. these transitions are immediate 
(zero time) . 

• ts : f(x) == o(x -15); 
• t2 : f(x) == o(x -100); 
• t3 : f(x) == o(x- 200); 
• ts, tl7 and tls: f(x) == o(x- 5) i.e. we have a propagation time of 5 time units. 

However, concerning the transitions t8 , and, t 4 and t7, which are very important for our 
study (the first pair specifies the production process time and the second pair specifies 
the token arrival process), we consider three time specifications : 
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• specification 1 : 

_ t 0 x _ { ~ for 0 $ x $ 2 
8 0 f( ) - 0 elsewhere 

- t4 : f(x) = S(x- 89) 

_ t1 : f(x) = { -h for 0 $ x $ 22 
0 elsewhere 

• specification 2 : 

_ t 0 x _ { ~ for 0 $ x $ 2 
8 0 f( ) - 0 elsewhere 

-t4:f(x)=S(x-98) 
_ t 0 x _ { ~ for 0 $ x $ 4 

7 0 f( ) - 0 elsewhere 

• specification 3 : 

- t8 : f(x) = S(x- 2) 
- t4:f(x)=S(x-99) 
-t?:f(x)=S(x-2) 

3.3 Analysis 

What analysis should be carried out ? 

t2 l8 t2 t8 

I D I D 
0 100 102 200 300 302 

14 17 14 7 

0 89 100 Ill 200 2a9 300 311 

Figure 2 Time diagram 

• Genera.! idea. 

I 
400 

400 

!0 I 
PRODUCER 
(production) 

CONSUMER 
{Ioken rec<:ption) 

- In the case where the token arrival process and the data. production process have 
a. jitter (time specification 1 and 2), it is essential to identify the two worst cases 
which represent the bounds of all the possible behaviors : if a.t least one worst case 
gives a.n incorrect behavior, the time specification cannot be accepted; if the two 
worst cases give a. correct behavior, the time specification can be accepted (we are 
then sure that we have a.lwa.ys a. correct behavior )o 
The two worst cases are : 
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* the token arrives at the latest instant and the data production is made at the 
earliest instant; we then have to consider the heteregeneous randomized state 
graph MAX(t7)MIN(ts) . 

* the token arrives at the earliest instant and the data production is made at the 
latest instant; we then have to consider the heterogeneous randomized state graph 
MIN(t7)MAX(ts) . 

t2 

production 

18 19 

end or producrion 
validil)' 

D D Producer 
-----------~-+----------1-+-~•• (production and 

t4 

100 102 

Ioken reception 
t7 

115 117 production validity) 

Consummcr 
----+--~--------~~~---4--------;.,.. (token reception) 

89 Ill and CD sending 

tS CD reception 

Producer 
----+----494-------~-----t-----'111--6---<., (CD reception) 

Figure 3 Visualisation of the potentiality of abnormal situations 

For example, if we consider the time specification 1 whose jitter phenomenons (data 
production (t8); token reception (t1)) are represented on the time diagram of the 
figure 2, we can see (figure 3) that we have the potentiality of abnormal situations. 

- In the case where we have no jitter (i.e. all the transitions have deterministic dis
tributions as with the time specification 3), all the randomized state graphs are 
identical and then there is only one behavior (there is no worst case). 

e Qualitative analysis 
Two important specific properties have to be checked : 

- the inevitability or potentiality of a correct consumption; 
- the service which is provided at the producer level and at the consumer level (local 

services); these local services are got through abstracts views based on the observa
tionnal equivalence; for the producer service, we make a projection on the transitions 
of a randomized state graph labelled with ?Data_Request, !Data_Confirm(+) and 
!Data_Confirm(-); for the consumer service, we make a projection on the transitions 
of a randomized state graph labelled with !CD, !Data_lnd(+) and !Data_/nd{-). 

• Quantitative analysis 
We could give the equilibrium and stationnary probabilities of the states in each ran
domized state graph (but that would represent general properties) . We prefer here to 
emphasize the information got through quantitative abstract views which give comple-
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mentary informations with respect to the qualitative analysis of the specific properties. 
More specially, we evaluate : 

- the distribution of the producer process and its mean value tp (projection on the 
states reached after the firing of the transitions labelled with ?Data..Request); 

- the distribution of the consumer process and its mean value tc (projection on the 
states reached after the firing of the transitions labelled with !CD); 

- the mean value of the (producer-consumer) pair process tpc (this value is computed 
by using an abstraction technique in two steps (Carmo, 1994) (Juanole, Vasques 
and Gallon, 1994); first step : projection on the states reached after the firing of 
the transitions labelled with ?Data..Request; second step :sequence of projections on 
each state of the first step and all the states reached after the firing of the transitions 
labelled with !DataJnd( + )); 

- the MTFF of the producer (first step: projection on the states reached after the firing 
of the transitions labelled with ?Data_Request; second step :sequence of projections 
on each state of the first step and all the states reached after the firing of the 
transitions labelled with !Data_ Confirm(-}); this MTFF will be noted MT F Fp; 

- the MTFF of the consumer (first step : projection on the states reached after the 
firing of the transitions labelled with !CD; second step : sequence of projections on 
each state of the first step and all the states reached after the firing of the transitions 
labelled with !DataJnd(-}); this MTFF will be noted MT F Fci 

- the MTFF of the (producer-consumer) pair (first step : projection on the states 
reached after the firing of the transitions labelled with ?Data_Request; second step : 
sequence of projections on each state of the first step and all the states reached after 
the firing of the transitions labelled with !Data_lnd(-}); this MTFF will be noted 
MTFFpc· 

Analysis of the time specification 1 

Randomized state graph MAX(t7)MIN(ts) 

The graph is represented on the figure 4 (32 states). 

e Qualitative analysis 

- After two situations of a token reception (states S23 and S4 reached after the firing 
of the transition t 7), we can see that it is inevitable to have a correct consumption 
(states S30 and S10 reached after the firing of the transition tt4), and after a situation 
of a token reception (state S14 reached after the firing of the transition t7), we can 
see that it is inevitable to have an incorrect consumption (state S21 reached after the 
firing of the transition t 16) which is consequent of the late CD arrival (after the end 
of the MCD :state S17). Then globally we can still say that after a token reception, 
it is potential to have a correct consumption. 

- The abstract views representing the producer service and the consumer service are 
represented on the figure 6 : according as either the token receotion ( t1) occurs before 
or after the data production (t8 ), we have a correct or an incorrect behavior; the 
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1\6. 0. I 

-------~ im:orrcct behav1or 
16, 0. I 

mcorrccr bchav1or 

Figure 4 MAX(t1)MIN(t8 ) graph 
(specification 1) 

Figure 5 MIN(t7)MAX(t8) graph 
(specification 1) 

incorrect behavior results of a late arrival of the PDU CD i.e. after the end of the 
MCD time-out (t11 fired after t10). 

• Quantitative analysis 

- producer process : the abstract view is represented on the figure 7 (the first passage 
times and probabilities label the transitions between the states). We can compute 
the probabilities of these states : II(S6 ) = 0.045; II(S12) = 0.455; II(S22 ) = 0.5. 
The distribution of the producer process then is : 

f(x) = 0.045{0.0458(x- 200) + 0.4558(x- 199.07) + 0.58(x -199.2)} 

+0.455{0.0458(x- 200) + 0.4558(x- 200.93) + 0.58(x- 200.03)} 

+0.5{0.0456(x- 204.88) + 0.4558(x- 199.97) + 0.58(x- 200)} 

We get : tpc = J0
00 x.f(x) dx = 200 time units (t.u.) which is normal taking into 

account for the periodicity of the process (period of 200 t.u.). 
- consumer process :the abstract view is represented on the figure 7. We can evaluate 

the distribution in the same way as we have done for the producer process. We 
get : tc = 366.97 t.u .. The comparison between tp and tc allows to quantify the 
uncorrectness i.e. to evaluate the "under-consumption". 
(producer-consumer) pair process: tpc = 177.05 t.u. 

- MTFFp = 219.7 t.u. 
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Specification I : 
MAX(t7)MIN(t8) graph 

Specification I : 
MIN(t7)MAX(t8) graph 

Specification 2 
and 

SpecifiCation 3 ~ ..... ~ .. 7o.ta... 112 

2 

113~!-lod(+) lCD tl4 

2 

Figure 6 Qualitative abstract view (observational equivalence) 

Producer process Consumer process 

Figure 7 Quantitative abstract views (specification 1) 

MTFFc = 255.7 t.u. 
MT F Fpc = 260.2 t.u. 

Randomized state graph MIN(t7)MAX(t8) 

The graph is represented on the figure 5 (30 states). 

• Qualitative analysis 

we can still see that it is potential to have a correct consumption (paths with the 
firing of the transition t14 ); note that the erroneous behavior results of a too early 
arrival of the CD PDU (it arrives before the data production and consequently we 
have the firing of t 11 which precedes the firing of t10, contrarily to the previous case). 
the abstract views representing the producer service and the consumer service are 
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represented on the figure 6 :according as either the token reception (t7 ) occurs after 
or before the "Ready to Produce" condition (t2 ), we have a correct or an incorrect 
behavior. 

• Quantitative analysis 
We get the following results : 

- tp = 200 t.u. and tc = 400 t.u. (these values show the "under-consumption"); tpc = 
209.92 t.u. 

- MT F Fp = 215 t.u.; MT F Fe= 203.5 t.u.; MT F Fpc= 397 t.u. 

Comment 

This analysis shows that this time specification cannot be accepted (the worst cases give 
uncorrectness). 

Figure 8 MAX(t1)MIN(t8) graph 
(specification 2) Figure 9 MIN(t1)MAX(t8 ) graph 

(specification 2) 



364 Part Eight Real-time and Stochastic Systems 

Analysis of the time specification 2 

The randomized state graphs MAX(t7)MIN(t8 ) and MIN(tr)MAX(t8) are represented 
respectively on the figure 8 and 9. 

• Qualitative analysis 

- it is inevitable to have a correct behavior (t14 is fired in all the paths; t9 and t16 are 
never fired). 

- the abstract views of the producer process and the consumer process (figure 6) 
visualize the correct behavior. 

- note that we have checked that all the other randomized state graphs give (obviously) 
correct behaviors. 

• Quantitative analysis 
We summarize on the table of the figure 10 the main results in time units (we have also 
the results given by the mean graph). It is important to note that by the quantitative 
analysis we discriminate cases which have identical qualitative properties. 

• Comment 
From the correctness point of view, the time specification 2 can be accepted (but 
we note that we can have variations in the performances of the (producer-consumer) 
process. If these variations are not important (from an application point of view), the 
specification can then be accepted). 

~ mean MAX(t7) MIN(t7) 
MIN(II) MAX( II) e.s 

tp 200 200 200 

te 200 200 200 

tpc 9 10.5 7.5 

Figure 10 Quantitative analysis (specification 2) 

Analysis of the time specification 3 

The only randomized state graph is represented on the figure 11 (we only have one path 
(cycle) as the distributions have no dispersion and also there is no undeterminism). 

• The qualitative analysis arrives at a conclusion identical to the one related to the 
specification 2 (inevitability of the correct behavior; visualisation of this behaviour by 
the abstracts views of the figure 6). 

• The quantitative analysis gives the results presented on the table of the figure 12. With 
regard to the specification 2, we have no more variations in the performances (if the 
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Figure 11 The only randomized 
state graph (specification 3) 

Mean times Values 

tp 200 

tc 200 

tpc 9 

Figure 12 Quantitative analysis 
(specification 3) 

365 

value of tpc is suitable from the application point of view, the specification can be 
accepted). 

4 CONCLUSION 

We have shown the interest of th STPN model for implementing a methodology of analysis 

of the critical time distributed systems based on the concept of the worst case(s) when 
we have time specifications with time intervals. 
The STPN model which allows : 

- to express the basic mechanisms of distributed systems (parallelism, synchronisation 
by message exchange) and critical time systems (time constraints), 

- to represent different temporal scenarios (at the will of an user) through the use of dif
ferent firing rules which allows to get different randomized state graphs (a randomized 
state graph is a formal model representing a point of view), 
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provides by means of the randomized state graph concept an only framework for both 
qualitative and quantitative analysis. 
The study of a producer-consumer process has shown the adequacy of this methodology 
for dealing with important time mechanisms like periodicity, jitter, validity time window 
and for evaluating functionnal and dependability performances. 
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