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Abstract 
A formalism for an extended Condition/Event Petri Net, PFS/MFG (Production Flow 
Schema/Mark Flow Graph) is introduced in this work. The algebraic relations provided can be 
used in behavior and structural property analysis of discrete systems modeled in this technique. 
Behavior analysis is based on a simulator which specifications and some algorithms are 
presented here. The resulting net can be applied to the design, modeling and evaluation of 
configurations in Factory Automation as well as to discrete shop floor control. Briefly, we 
describe a realistic application of the revised PFS/MFG net in a medium size printers factory. 
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1 INTRODUCTION 

A Petri Net (PN) (for example: Reisig, 1985) is a graph representation composed of two 
classes of elements, normally associated with static and dynamic aspects of a system, 
respectively. Suitable target systems generally are non deterministic discrete event systems. 
Concepts such as concurrence, parallelism and synchronism are the basis over which the real 
model are depicted. The graphic presentation works as a design tool and plays a visual
communication role similar to flow charts, block diagrams and networks (Murata, 1989). 
Thus, a PN representation of a system can be used as a design schema as well as a supervising 
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framework, or feedback control (including the verification of correctness where PN supports 
simulation algorithms). 

The formal interaction between abstract specification and practical implementation 
makes the modeling and analysis of production systems using PN an important contribution to 
the formalization of the design process in engineering. However, the modeling of large and 
complex1 systems in PN raises some difficulties. The problem will be even worse if we try to 
analyze structural properties such as invariants, synchronic distance, etc. One solution for this 
problem would be to search for a more synthetic representation based on the definition of high 
level and extended nets. A successful approach in discrete manufacturing systems is the MFG 
(Mark Flow Graph), which include compounded elements (for example: Hasegawa, 1987). In a 
MFG, each element called box can represent a single element or a "static composed element", 
that is, a subnet. Thus specific ways to store items, such as FIFO, LIFO, etc., can be 
represented. Assembling and disassembling processes (which affects only the item flow) can be 
also abstracted by a box. 

Another view of the same problem argue that the modeling difficulties derive from the 
inexistence of a more structured design methodology. An hierarchical approach, called 
PFS!MFG (Production Flow Schema/MFG) was developed by Miyagi, 1988, based on 
Condition-Event PN (CIE nets) and including abstract elements called activities. Activities 
stand also for an entire sub-net and introduce the concept of "dynamic composed element". 
The duality ofPN is then restored. In this approach, each activity can be substituted by a sub
net starting and ending with an event, while a box can be substituted by a subnet starting and 
ending with conditions 2. 

In the present work we discuss the algebraic representation of PFS!MFG briefly 
referring to its structural properties. Reachability con~itions will take a more important role 
when we discuss the specifications of an object-oriented simulator now being developed. To 
enrich the presentation we will show an application example based on a real medium size 
company that produces printers. The application is concerned with the analysis of the item flow 
in the factory in order to automate the transport system. The analysis was based on a software 
tool called AIPUSP (Intelligent Environment to the Design of Production Systems) which first 
version was presented in (Lucena, 1989) and refined since then until the new object-oriented 
model showed here. 
Before discuss the structural analysis we will present some basic definitions and notations. 

2 BACKGROUND DEFINITIONS 

In this section we will introduce the basic notation that will be used in this work regarding CIE 
nets and its derivations. 

1The concept of large and complex are quite imprecise since there is not a formal definition of "large system". 
We risk a heuristic concept of "large and complex" (based on the experience with Petri Nets Design) as a system 
with more than 40 conditions and more then 40 events, and where the respective incidence matrix is not sparse. 
2we are in fact admiting the existence of two kind of subnets: those which are ressamble active elements - as 
milling machines or any kind of transformation of material - and pasive subnets like assembly process or 
storing, where no transformation is performed. 
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[Def 2.1] A CIE net N is a triple, N = (B,E,F), where: 
i. B and E are disjoint sets; 
ii. Fr;;;,(BxE)u(ExB) is a binary flow relation inN; 
iii. A subset c r;;;, B is called a case. 
1v. If e E E and c r;;;, B, e is enabled by c iff •e r;;;, c 1\ e• n c =0. 

A function M:B -iN is called a marking. A marked CIE net <N,M0>, is a CIE net N 
with an initial marking M0. 

Generally, we define the enabling vector as the mapping o : E ~ { 0, I}, indicating 
which events are currently enabled. 
If e E E is enabled at a marking M, then e may be fired yielding a new marking M' given by the 
equation: 

M'=M+ATo ( 2.1} 

for V c E B, M[ e> M' denote that M is reachable from M by firing the event e. 

The incidence matrix A=[aij] is an nxm matrix of integers {-1,0,1} given by: aij =a/
a;_F where, a/ is the arc from event ito its output box (post-condition) j, and aij- is the arc 
from the input box} to event i. 

A finite sequence of transitions o={e1,e2, ••• en} is a finite firing sequence of <N,M0> iff 
there exist a sequence: M0[e1>M1[e2> ... [en>Mn such that, for Vi, 1991, M;.1[e>M;. It's said 
that the markingMn is reachable fromM0 by firing sequence o, i.e., M0[o>Mn. 

CIE nets are very useful in the analysis of the qualitative behavior of discrete systems. 
The drawback in applying this technique to the modeling and analysis of manufacturing 
systems is its expressiveness, principaly when a big number of conditions is involved. 
Unfortunately, modeling real systems frequently implies in the representation of a great number 
of conditions and leads to complex net structures. This is the principal reason to study 
extensions to the basic formalism even when they are amenable only to some specific 
application domains such as manufacturing systems. 

MFG is one PN extensions attached to the modeling of discrete manufacturing systems. 
The main idea was to base the design of factory systems in suitable macro-elements such as 
assembling stations, intermediary buffers, etc. When dynamic parts are not important in the 
modeling, assembling stations and storage mechanisms can be considered static elements and 
reduced to conditions such as "if a number of pieces k is ready then a product is assembled". 

PFS, on the other hand is a representation of the specifications (or design) in a top
down refinement methodology. It introduces abstract elements which are supposed to be filled 
later with a proper detailed version. The final result would be a MFG, and that is the reason the 
whole methodology is called PFS/MFG. However the abstract model (PFS) and the final 
representation of the system (MFG) are kept apart, that is, the designer should make a PFS 
representation first and then refine it until it reaches a MFG form. Also, the verification of the 
model (by simulation for instance) could be done only when the MFG form is reached. 

Following we resume a revision of PFS/MFG to unify the abstract representation of 
PFS and the macro-objects in MFG by interpreting it as a bipartite graph where the nodes 
belong to two different classes ofsub-graphs (similarly to the conventional PN). 
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2.1 PFS/MFG Basic Elements 

A PFSIMFG would be defined as a triple (B,A, G), where B and A are disjoint sets of 
composed elements called boxes and activities respectively. Each element in B or A is 
represented by an object characterized by a set of attributes. For simplicity let us consider that 
a generic class box can be characterized by box:: <#name,#mark>, where #mark is a boolean 
variable to indicate when a box is marked. A condition, such as in conventional CIE net is an 
object instance of the class box. 

In PFSIMFG there is also the following sub-classes of the class box: {time_ box, 
capacity_box} where, time_box ::<box I estimated_time>, that is, it inherits all the attributes 
of box and have an extra parameter with the estimated time to enable the firing. Similarly 
capacity_ box :: <box I capacity> where capacity is the maximum number of marks it could 
accept. There are also other sub-classes for capacity_ box defined as: static_ subnet :: 
<capacity_box I #io_relation, #pt_subnet> where, (to be consistent with the original net) we 
would call distributed_box to an object of the class static-subnet that has io _relation=(! : n) 
and assembling_ box to one with io _relation=(n : 1 ). The attribute #pt _ subnet is a pointer to a 
static subnet. We could also go further, defining elements with other io _relation values but 
what we have done so far is enough to establish the relationship between conceptual elements 
and extended ones. 

The classs activity would be defined as the aggregate: activity :: <#name> with sub
classes: 

single_activity ::<#name, #list_of_con> and 
compound_ activity::< activity I & {[2, single_activity],[I,time_box]}> 

where, the last definition includes a part-of aggregation (Embley, 1992), 

Similarly to conventional nets, the G elements (gates) are relations defined in the set (B 
xA) u (AxB) and will not be represented as another class of objects. However we can classifY 
G-elements as: {$flux, $int_gate, $ext _gate} acoording to the following criteria: for a generic 
flux relation g=(a,b ), g will be a single flux relation ifthere is no persistent marked element in 
the pair (a, b). If a orb has a persistent mark, then the relation will be an internal or external 
gate if the element with the persistent mark belongs or not to the system (it is not a pseudo
box) respectively. Then, an "external condition" is a rule that is not part of the system in the 
sense that its satisfaction is not under its control. Reset buttons, power switches, quality 
assurance, and other anthropomorphic control actuators are examples of "external conditions". 
Internal and external gates can still be classified as enabling or disabling according to whether 
they can enable an activity when it is marked or when it is unmarked. 

We can define our extended net as a bipartite graph, similarly to conventional CIE nets. 
Activities will play the role of dynamic elements and boxes the static counterpart. 
Conventionally, activities will start and end with input and output events, while macro boxes 
will start and end with input and output conditions respectively. Both can stand for sub-graphs. 
This full complementary relationship between our definitions and those of conventional PN 
make it possible to mix abstraction levels in the same representation, that is, composed 
elements such as macro boxes or activities can be connected to single conditions and events. 
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A nonnal flux relation can be compared with internal and external gates. An external 
gate is a flux relation between an element within the component or object being considered and 
another one outside the component. We associate the source (destination) of the relation as a 
pseudo-condition, in the sense that it will appear to the component as an unique condition 
which could not be explicitly represented with its base set of conditions. For instance, if we 
consider a manufacturing cell controlled by a central station, a control sign sent to a NC
machine in a cell would be represented by an external gate in the sense that the rationale of the 
sign is in the control algorithm located in the station. If the design (model) should be modular 
the machine cell should not be concerned with the functionality of the controller. An enabling 
external condition can then be interpreted as a relation between an external pre-condition and a 
dynamic element in the component. On the other hand, a disabling external condition would 
stand for a relation between a dynamic element in the component and an external post
condition. 

The definition of enabling activity is exactly the same as in [Def 2.J.iv], except by the 
requirement to verify the local time. Thus, an activity with estimated time t will be enabled if 
when its local time is zero (an activity has local time zero if it is not operating) all its pre 
conditions and input macro boxes have at least one mark, and all its post-conditions and output 
macro boxes have at least an empty space by that time. When thw firing occurs, the time box 
will retain the mark, the local time will start counting and the process represented by that 
activity will be unavailable. If the post-condition is not enabled when the estimated time is 
reached the activity would hold the mark. Thus t is in fact a lown bound. 

In the next sub-section a state equation for this firing process will be proposed. 

2.2 PFS/MFG State Equation 

As we have seen in eq. (2.1), a new state in a conventional CIE net depends linearly from the 
previous events and from the events currently enabled. We can show that in PFSIMFG the 
state equation is similar to the conventional if we follow the definitions above. Actually, we 
intend to show that PFSIMFG preserves most of the formalism and properties of PN and also 
improves its expressiveness. 

First of all we will establish that the incidence matrix will be built including all the 
pseudo-conditions and consequently all the gates will be normally included. Since pseudo
conditions have a persistent marking it is imperative that the marks be restored in the firing 
process. A term l!..Tak replaces the marks for a given enabling vector. Thus modified state 
equation is, Mk+1 = Mk +(AT- A1)ak where, A is the new incidence matrix and ak is the 
enabling vector in a state of M~c- The matrix A has the same order that the incidence matrix and 
is given by: [ 0 n 1 where, n is the sub matrix of the pseudo-conditions and 0 is a matrix 
(n-1) x (m-k) composed of zeros if the order ofll is(/ x k). 

As an example, let us take the PFS/MFG of Fig. I, which incidence matrix (each 
column describe the link relations to each passive element in the order of the indexes in the 
net) and A matrix (we prefer to keep this term - sub matrix of the pseudo-conditions -
separately from the incidence matrix because matrix A has all the property relations of the net, 
what will be used to evaluate properties as well as the firing vector) are: 
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( pc1[8J ) 
extemaf--,_, 

..--M-1>( 

Figure 1 A PFS/MFG example. 

0 0 0 -1 0 0 0 0 0 0 0 0 0 

-1 0 0 0 -1 0 0 0 0 0 0 -1 0 

0 -1 0 0 0 0 0 0 0 0 0 0 0 
A= A= 

-1 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 -1 I 0 0 0 0 0 0 0 0 

0 0 0 -1 0 0 0 0 0 0 0 0 0 

A Direct Algorithm to Evaluate the Enabled States 
Although the firing vector cannot be built by simple numerical calculations it is important to 
draw a line between what could be done by direct analysis and what should be partially 
automated by using knowledge systems (Lucena, 1989). In order to specify formaly the 
algorithm let us first define a direct product of vectors: 

[Def 2.2] The direct product of two column vectors A and B is a column vector C with the 
same order, such as A®B = C = [cif] = [aif .bv] . 

If we notice that each line vk in the matrix A describe the pre and post-conditions of an 
event ek the proposition follows, 

[Proposition 1] An event ek is enabled in a marking state M, if and only if ~®vk = [•etJ (where 
[•ek]J = I if b1 is a pre-condition of ek and zero otherwise). 

This proposition is a PFS/MFG rephrasing of the conventional firing conditions from 
which the demonstration can be derived straightforwardly. Therefore, the firing vector is build 
according to the rule: 



(~®vk= [•ek]) =>utik= 1 
otherwise u1lk = 0 
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(2.2) 

Taken in account that the direct product is associative, commutative and distributive, 
the antecedent of the previous equation can be rewritten as: 

(2.3) 

where, the square means the scalar product . This equation can be evaluated directly from the 
terms in the state equation, dispensing the need to distinguish the input relations from the 
output one as implied in the original construction (equation 2.2). However those are only 
necessary conditions. Enabled events can be in conflict or contact what demands a further 
analysis ofthe enabling vector derived from the rule above. Two generic events ek and e,can 
be: 

independent if, 
in contact if, 
in conflict if, 

'<:/ j, (vk®v,) 11= 0 
3), (vk®v,) 11 = -1 
3), (vk®v,) 11= 1 

Normally we should allow only orthogonal events to be enabled simultaneously 
(independent events). This is a very strict rule which make models less flexible. We can now 
allow some of the conditions in the second group to be fired even because contact do not have 
the same meaning in a safe net that has capacity boxes or because we would like to model 
explicitly the synchronized start of two parallel events in distributed systems. Such decision can 
be taken according a policy previously set in knowledge systems or taken with the assistance 
of expert systems. This work is not concerned with such decision support systems. 

Managing Multiple Marks in Capacity Boxes 
One of the original features of PFS/MFG is the capability to represent the flux of control as 
well as numerable items or conditions. The capacity box is the basic element capable to hold 
multiple marks. We will deal only with this element here, since any other boxes can represented 
by a static sub-net (starting and ending with a box or condition) of the basic elements. 

As it was mentioned before, PFS/MFG is a safe net, that is, even holding multiple 
marks in capacity boxes, each connection admit the flux of one mark at a time. Thus, the 
multiplicity of marks should be taken in account only to build the firing vector. 

According the strict firing rule represented in Proposition 1, we need to know if there 
is at least one mark in each pre-condition and if there is capacity (space) for at least one more 
mark in each post-condition. Therefore, the marking vector (which is no longer unitary) has to 
be modularized to a unitary one. The modularization function is defined as follows: 

[Def 2.3] Let C be the capacity vector of a PFS/MFG net, that is, a vector where each c11 
represents the capacity of the static element j. Let be the marking vector M, and the event 

vector e, (a liner in the incidence matrix). The modularization is defined as: ~-t(M1 ,e,} = u;· 
where: 
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if (M1 0e,)lk <0 

if (M1 0e,)lk > 0 and q -(M1 0e,)lk > 0 

in all the cases remaining 

Returning to the example in Fig. I, let us build the enabling vector for the initial marked 
state: Ml= ( I I 3 0 0 I 0) The capacity vector for this net is: CI' = ( I 3 7 I I I I ) 

The modularization function for the event e 1 returns the same initial marks, that is, ll 
(M0,e1) = M0, and if we substitute in equation (2.3), result in [(2M0 - I + v 1) 0 vJ12 = 8 
meaning that event e 1 is not enabled. We can repeat the process to event e2 : j.t(M0,e2) = ( I 0 3 
0 0 1 0 )T, and [( 2M0 - I + v2) 0 v2]2 = 0 means that the event e2 is enabled. Continuing the 
process to the other events we can conclude that the events e2, e3, e4 e e5 are enabled, and that 
the pairs {(e2, e4), (e3, e5)}are in conflict, {(e2, e3), (e4, e5)} are in contact, and {(e2, e5), (e3, 

e4)} are independent. If the events are allowed to fire in parallel the following enabling vectors 
are equally possiblel: ( 0 I I I 0 O)T or ( 0 I I 0 I 0 )T 

Introducing Activities 
Activities are essential to encapsulate the concept of process and sub-system in a large model. 
Originally activities were proposed by (Miyagi, 1988) to extend the MFG formalism to the 
modeling and design phases. The extended model could then play the important role of 
systematizing and structuring the modeling until it results in a plain MFG. However, in this 
approach, the verification of correctness by simulation could be done only in the final steps. 

To solve this problem, we present another view of activities as a compounded element 
including an input and an output event separated by a timed box. Thus, partial models are 
complete, in the sense that they could be simulated once an estimated time argument is 
provided. The encapsulation would be provided by representing all elements as objects, and 
activities as an aggregate of at least three objects. Once the model is refined a pointer to 
another subnet should be added to the original object representation and internal gates would 
connect and synchronize the aggregated subnet. 

The current approach can suit better those applications in manufacturing systems where 
models are revised several times, and can also improve the reusability of models. Also, 
decomposition of large nets in several sub-nets can produce a representation more appropriate 
to a distributed implementation of the PFS/MFG simulator. 

As in the case of the multiplicity of marks, introducing activities will have some impact 
in the evaluation of the enabling vector, since some boxes will now have a time constraint to be 
considered as a pre or post-condition for some events. Similarly to the previous case we will 
introduce the time vector as a vector with the same order of the marking vector and which 
elements are the expected time to preserve its marks. 

If we adopt the policy that conditions will be prepared to dispose its marks as soon as 
possible, conventional conditions would have expected delay equal to zero. Conversely, 
pseudo-conditions whose marks are not under the control of the modeled system would have 

3we assume that the simulation policy is to fire as many events as possible. 
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an infinite expected delay". Time-boxes would have an integer expected time (the delay 
assumed by the simulator). 

Thus, one more rule should be added to our algorithm which is a new modularization 
to the marking vector Mz: the local time for each box (stored in its object data model) must be 
greater then or equal to the corresponding value in the time vector. We define this second 
modularization as: 

[Dej 2.4] Let M;' be the modularized vector of marks, the global (simulation) time vector T 
and the local time vector t, that is, where each element is the current value of the simulation 

time. The second modularization is defined as: 11( Mi , 11) = M ~ where, 

(-•, ) =e, { 0 if t11, is finite ,greater then 0 and Tlk > t 
TJ Ml ,tl l,=MI It= -., . . . . . . . 

M 1 1, m all the remammg cases mcludmg t11, tnfirute or 0 

To clarify the ideas, let us take a slightly modified version of the example in Fig. I (illustred in 
Fig.2), which has the following incidence matrix, capacity and time vectors: 

I 0 

0 0 0 -I 0 0 0 3 0 

-I I 0 0 0 0 -I 0 7 0 

0 -I 0 I 0 0 0 0 0 
A= -I 0 0 0 0 0 0 

C= T= 
0 

0 0 -I 0 0 0 1 't 

0 0 0 -I 0 0 0 00 

0 0 0 0 -I 0 0 00 

The state shown in Fig.2 corresponds to the vector: Ml = ( 0 1 3 1 0 1 1 0 ) 
Assuming that r-3, let us now evaluate the enabling vector in this state to reach the 

next state. Once we increment the simulation clock the current time vector will be, tT = ( 0 0 0 
0 0 1 oo oo ) and using the definition for the first and second modularization above, we have 
that, 

and, because of the time bound of the activity, 

4From the point of view of the model these marks would persist forever if an external agent do not change 

them. 
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) external I 

pc2 ....___ 

Figure 2 Modified version ofFig.1 after the third firing. 

M4 = M3 and M:' = M;' 

M 6 = M~ = M 4 andM;' = M 6 , thus 

M1 = ( 0 1 3 1 1 0 1 or 
Suppose now that the activity_ A has to be refined so that, instead of only the previous 

aggregate of elements we also have a subnet associated with that. Consider for instance, the 
refinement shown in Fig.3. 

Figure3 Refinement of activity_ A. 

A interesting thing is to assure that by using abstraction we do not have to reconsider 
all the representation of the models each time we want to add one more element or one more 
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subnet. However, each time a new single element is included the incidence matrix and aU other 
relations are modified. 

Therefore, our next goal is to minimize this re-engineering and maximize the reuse of 
the representation already done by keeping the subnets apart. For instance our refinement of 
the net in Fig.2 is the subnet between the input and output events of the activity. They could be 
two different nets connected by external gates and having two events in common as depicted in 
Fig.4. 

Figure4 Other form to represent the system ofFig.2 and 3. 

Thus, in our previous example only one column would be added to the incidence 
matrix. 

3 A PRACTICAL EXAMPLE 

A simulator was implemented in C++ using a personal computer. The objective was to have a 
feeling about the application of the ideas presented here in a more realistic environment where 
real requirements were present. 

As a target application we analyzed the feasibility of automating the transport service 
and the flux of manufactured pieces in a printer's factory. All the work was concentrated in a 
simple path from the burning test to the packing station which had to cross several other 
sections and paths in the factory environment, due to present disposition of the site. 



360 Part Twelve Modeling and Design of FMS II 

The proposed problem was to analyze the possibility of using AGV's (Autonomous 
Guided Vehicles) to transport the pieces from the burning test cell to the packing center and 
evaluate the performance of such design compared to the previous approach based on human 
work. Since this is a feasibility analysis, all the work were more qualitative using time estimates 
based on the mean performance of the equipment (there were no real selection of model or 
kind of robots or vehicles). 

Our analysis was directed to verify if the new automated system could do better then 
the old system. The parameter of analysis were not only the number of artifacts transported but 
also the minimization of the number of AGV's in order to reduce the cost with equipment and 
also avoid traffic jam in the site. Another important point were the optimization of the 
maintenance pit stops to recharge batteries and the flexibility to increase or reduce the 
workload according to the necessities of the company. Fig. 5 shows the PFS/MFG model for 
the system. 

Figure 5 

b9 e12 b6 

b1 = AGV prepared to unload b2 = AGV unloaded 
b3 = AGV ready to be loaded b4 = AGV loaded 
b6 = battery is down b7 = ready to energize the battery 
b8 = battery energized b9 = counting the run cycles 
b1 o ... b13 = movements in the paths of the site 
e1 = AGV unload proeess e2 = start path to testing station 
e3 = arrived at testing sta. e4 = AGV loading process 
e5 = start path to packing sta. e6 = arrived at packing station 
e7 = start path to energizing sta. e8 = arrived at energizing station 
e9 =energize e10 =start return from energi. sta. 
e11 = returned to work path e12 = replace the b::ttery 

PFS/MFG of a printer's factory (marks corresponding the AGV's are not 
represented). 

To this particular problem we supposed that the transport vehicles had an autonomy of 
4 hours, and a workload capacity of 8 printers. We consider two possibilities to recharge the 
batteries: a) making a pit stop (e9) or b) replacing the battery at once (e12). We worked with 
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the pessimist estimate that the pit stop process would take twice the time of the battery 
replacing (in fact we expect the complete replace be even faster). 

We also use some structural properties (not mentioned in this work) by analyzing the s
invariants of the system. 

Based on the hypotheses above we simulated the net with different numbers of AGV's 
and conclude that the best solution is achieved with two AGV's. We can increase the working 
capacity of 300/o over the intended in the maximum working cycle. This will give some 
flexibility in the production schedule. The model presents a deadlock when we use three 
AGV's. Even if that can be solved with a proper adjust of the timing in the processes it do not 
present any other advantage besides a bigger lazing time. In other words using three AGV's 
would no increase significantly the performance already achieved. 

4 FURTHER WORK 

In this work we tried to establish a more strong link between the concept in PFS/MFG and 
conventional CIE nets in order to set the basis for a new simulator. The main idea is to 
consider each basic element (event, condition and relation) as a more complex element with 
some associated parameter as the capacity, the kind of relation, the kind of marking and the 
estimated time for an activity. The number of parameters can increase since the relation 
between them remain the same, what was represented by the Proposition 1 and by the state 
equation. 

We are now implementing a new version C++ of the PFS/MFG simulator based in the 
algorithms mentioned here and using the concept of objects to encapsulate the representation 
and properties of each element. Aggregates are being used to define activities as compound 
elements and to allow more reusability in the process of modeling. 

The new simulator is the core for a new version of the AIPUSP system (Lucena, 1989), 
renamed as AIPUSP ll. All numerical algorithms for qualitative analysis will be connected in 
the future with AI tools to arbitrate conflicts and to help the designer to perform behavioral 
and structural analysis. 

Two more improvements are being prepared: the association of the representation of 
PFS/MFG with new object-oriented design methodologies and its use in distributed control 
environments. 
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