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Conceptual Analysis and Modeling of a Metro
System

A. Spiteri Staines

take the forms of schematic diagrams, block diagrams
Abstract— This work considers the problems associated witincluding other notations like flowcharts, graph models, UML

different levels of complexity and decomposition for modeling @otations, formal methods, etc. Symbolic models can be visual
large transport system such as an underground metro. Such a sy{¢fon visual.

shares many paralielisms with many complex computer systems.qy e modeling techniques are suited for treating and
Many techniques based on object oriented analysis and

decomposition can be found. The problem is formulated and tﬁ%presenting complex distributed systems like networks. Hence
France Paris metro system is considered. Different consideratid@§é modeling a metro system symbolic modeling offers
related to decomposition, functionality and system representatisignificant advantages like i) graphical or visual
have to be considered for this autonomous system. For a soluti@presentation, ii) decomposition and scalability, iii) different
three main levels or views are used. These are i) top, i) middle agg\ypoints, iv) verifiability and verification of different parts,

iii) low level view. The solutions are based on the three main Ie\.’e@ explicit communication with different stakeholders.
hierarchy, modularization, decomposition and certain assumptions. . . . .
The implementation is explained and discussed. Symbolic modeling can be used to define criteria and test

certain hypothesis.
Keywords—Modeling, Object oriented analysis and design, Classification of the system into different categories is

System engineering, Transport. important for understanding the complexities involved at the
different levels.
[. INTRODUCTION A network is composed of locations, distribution,

SYSTEM modeling has evolved from a simple process tgonnections and resources. All these entities interact with one
embrace complex issues. One of the main goals of systéfPther and comprehending the interactions is important.
modeling, synonymous with object orient analysis, serves dany systems in the external world can be conceptualized into
complete and improve the design of the final artifact. Usuallyd hetwork. This is one of the main reasons why block
greater emphasis is placed on the design rather than Rgdations, graph theory, Petri nets and higher order nets are
analysis of systems. Models can present an abstracted vergRfiPmmended.
of the system. This helps to reason about the main underlying
properties. Il. BACKGROUND

Analysis is explicitly concerned with the user's world, the One of the main tasks of systems engineering is the creation
problem, its application domain and the system’'s essent@fl representational structures for existing systems and new
responsibilities. The design of the solution is dependent on thees. Modeling a transport system or a traffic system such as
outcome and precise analysis of the problem. Analysis @ underground metro or a complex train system is a
concerned with studying and observing a problem domain. ddmprehensive and difficult task. Most of these systems
specification is created using external observed behaviemploy diverse computer technologies and software control. A
From this it should be able to document and create informatiegstem, like an underground metro organization is a collection
that explains the functional and quantifiable operationalf trains, rails and station service points that exist at different
characteristics of a system. Issues like reliability, availabilityevels. The servicing points serve as inlets and outlets for the
performance, service levels, etc. all need to be included. Thélesv of commuters. An underground metro is a highly
can be derived from proper models developed during tleeganized transportation network. This necessarily places a
analysis stage. high demand for parallel and temporal constraints. These are

Three basic types of models can be considered. These arédéntified in as explained in [1],[2],[4],[6].[71[13].
Physical, ii) Mental and iii) Symbolic. Physical models include Mainstream modeling approaches, such as those used for
diminutive and imitation behavior of the real thing. They catraffic, computer network, and communication systems tend to
represent very well the actual system. Symbolic models céutus on i) theoretical solutions, ii) employ a single method for

analyzing the problem and iii) support a limited number of
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Previous work shows how Petri nets, higher order netthat a single solution seldomly exists and still there are many
Colored Petri Nets (CPNs) and similar constructs are usefdifferent ways to formulate the same problem. Using a single
for describing networked systems involving parallel processesy to represent a system implies the narrowing down of
[31.[91,[8],[13]-[15]. This implies that they are also useful forknowledge. The structures used to represent can become a
modeling a metro or train network. However, different viewmitation because they impose a restricted view. When
and dimensions are involved in a complex metro system. Faonsidering large systems there are so many issues that
depicting such a network a single view is not sufficient. Theifferent methods and techniques have much to offer.
ideas presented are not limited to modeling only this type ofA. Paris Metro System

system. They can also be used for any type of system that is _
networked [4]-[8]. The Paris-Metro system has been chosen to represent the

A metro system is considered to be a special transp(WPblem domain. The reasons are that this networked system

system which requires operations like incidence managemefn Provide an elaborate scenario for different types of
flow control, precise time constraints and timings, etc. It d€cOomposition, analysis and modeling that is not so
difficult to model all its aspects because of the parametergaightiorward. L

involved and even concepts, like changing behavior with time. !N Principle this metro is similar to other large metro

Models used are a simplification of what is actually takingYStems like the underground system in central London and
place. Complex conditions are ignored for the sake &ther pIac_es aroun_d the worId_. This m(_etrc? is _charactenzed by
modeling. its large size, density, complexity and distribution.
A short description of the Paris Metro is that it represents
. PROBLEM DEFINITION an important symbol for the Paris city in France. It consists of
. . . . elaborate architectural and complex engineering artifacts.
Thls. work  deals - with comprehencjmg the issues fc}{lormally there are 14 distribution lines and also bus and other
modeling a complex metro systgm. Unhkg normal SyStems’sgrvices. The main lines used exist at different levels. The line
metro __ha_s a number  of d|ffere_nt views _ that r?qu'r(le(ijentification is facilitated by maps having different color
reconciliation. A transport system like a metro consists Yodes for easy identification. The metro traffic is quite dense,
cyclical predictable behavior is the norm. Lines are bi-

several sub levels that are dependent on several variables S‘HP
parameters that can indicate non-determinism. The Complexgpfectional and have clear names and identities. There is a

of the system has a direct effect on the monitoring of ﬂTgrge overlap of metro stops at certain main stations and sub-

system. stations. This is visible from a detailed metro map. Virtually

Any descriptive model is actually a simplification of hOWalmost all of central Paris is covered by stops which sometimes

the real system works. Other problems are found in describiqg?pe within walking distance from each other. Trips allow

or represg_ntln_g the sys_tem. The issues related_ to velers to swiftly access one direction to another in a given
decomposition imply that different ways of representation negd . frame of 60 seconds to a maximum of 2 minutes

: I
to (tj)er:ound. Ther? ar? pr%ble{gsss t_o vlvhdat(;s :o bde rep_r:setnteeeines share parallel operations interacting with one another
ant oW many levels shou € Included to describe I&? common places and from a temporal perspective. In a
system. articular sense the metro exhibits multiple behavior.

By definition a ”?e”o IS a rea}l 'F|me SYStem that has bo bviously there must be several ways how to represent this.
hard and soft deadline characteristics. This type of system has

to offer a high level as relates to the temporal quality-of- B. Views, Decomposition and Functional Issues
service (qos) guarantees. Obviously the more levels that argfrom a computational perspective this system clearly fits the
included the more complex the solution, so a tradeoff has to &galogy of parallelism and distributed architectures. The size
sought. The concept of systems hierarchy can be used to ofierthe model reflects the computational complexity of the
a practical solution. An important aspect of a metro, is thparticular problem. The concept of breaking down the entire
normally the requirements would not change. This type @fstem into small components or entities facilitates verification
network is a permanent network. It is not a dynamic netwodnd validation that can be carried out incrementally or
that changes after some time elapses. Even if the configuratifuentially. Reduction serves to simplify the process [8].
changes this is just a minor modification but the same patternThe idea of having separate views is based on the principle
is repeated. If lines or routes are changed this would be jusgfacomplexity reduction. Having separate views, enables the
simple case of reassignment. A solution should reflect thegeoper understanding of parts of the system. Here, basically
issues. three main views or levels are considered. These are: i)
Some approaches might claim that for a well specifiegkchitectural, top view or macro view. ii) middle view and iii)
problem there is a single correct design solution. Thigicro view. See fig. 1. The system can be studied in detail
reasoning can imply that other solutions are suboptimalsing the micro views. However just these views or studying
However normally this is not possible. It is evident from all théhe low-level behavior does not allow for the comprehension
modeling techniques and concepts that are heavily usedointhe system as a unified whole. This is the reasoning for
systems analysis and design in conjunction with one anothgicluding the three views. Using reduced views can be
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considered to be a reductionist approach, which can be use®presentational factors that are important. Given the

for comprehending the micro level. Using three or more viewomplexity of a dense metro system certain issues and criteria
implies that different levels of granularity can be included ihave to be met. For the solution, approaches common to
the model. system and software engineering have been considered. The

Top level: The system is considered as a complete artifagcthitectural view can be separated from the functional view.
and the lower level details are ignored. However this level #&his is done through decomposition.
not suitable for modeling and experimentation but rather for These relate to classification of the system, its
general representation. modularization via decomposition, etc.

Middle view: This is easier to comprehend by stakeholders. The proposed solution is to use a three tier functional
However again there are some difficulties and limitations as tiecomposition approach. This has been previously used for
use it for certain aspects of modeling. The middle view idassifying transport systems like traffic modeling. The
meoscopic and consists of the interrelationships. This is ndassification is briefly outlined in 2.2. Block diagram
complete as at the low level and some details are definitelgtations describe the macro view, middle view and the micro
omitted. It could be suitable for modeling if it is combinediiew.
with lower views.

. . . . . . A. Classifying the System as Autonomous
Micro view: The micro views, microscopic or low level ”
views, offer high fidelity. In these views the physical system Here modularity refers to the autonomy of the system parts.

operations can be considered in detail by isolating a Syste,ﬁlﬂtonomous behavior is evident in the different lines. This

such as a particular line from another. If the microscopic vieg€ans that each line is managed independently from another

for the Paris system metro is considered then the lines 1./f}f- Each line is self regulating because its actual behavior is

are seen in detail. This implies that each line can be examiri@gependent from other lines. At a deeper level autonomous

in isolation from each other. behavior implies self healing and self control [10],[11].
Different levels or views can be combined with each othefUtonomous behavior results in new research challenges and

The lines can be combined with each other at the stationsOgPortunities. _
stops for particular requirements. This is like combining the From & modeling perspective, the metro has a number of

meoscopic view with the microscopic view. In the Syster1’;}utonomous parts. This means 'Fhat correct .models have tq be
graph layout this implies adding a further layer ofenerated for these pgrts. Specific modularity and abstraction
decomposition with micro and middle view combined. are the key to developing aytonomous system -components. In

As an analogy the individual lines are comparable ti§rms of software programming and system design autonomous
different computer programs or systems e.g. P1, P2, P3,... gHnputing involves ideas like transparency of the design,
which are composed of deterministic metro stops, but it {§iNg Open ways for system representation [10].

possible to have non-deterministic linking between the metro I the system is represented using some form of graphs,
stops at a given point in time. I.e. the link or switch from ont€n ach specific node in the graph has its own authority and
line to another is non-deterministic. responsibility for different activities as indicated in fig. 3-4.

The lines or trains are similar to multiprocessors sharing theg, System Modularization through Decomposition

same memory Ic_)ca_tlon_s. This fits in with concurrency, Modularization is a well known principle in both system and
parallellsm .and d|str.|bu-t|on of work. The metro has all thgoftware engineering approaches [12]. For problem solving
characteristics of a distributed system composed of SUbSySte‘t%niques, such as divide and conquer are well known and
and having various timing constraints. The metro can hfey to breakdown a big problem into smaller counterparts
considered to be a special type of network model. that can be solved individually. The principle of modularity is
C. Abstraction and Modeling Issues based on this. As software and system complexity increases

The reasoning behind creating abstract models is to cregt@dularity is very important. _
simple understandable structures without many unnecessarj\ormally, in classical programming problems and system
details [2],[6]. It is not always simple to strike a balanc@nalys's modulqr!ty is useo! for |d§nt|fy|ng different main parts.,
&fter decomposition. In object oriented approaches modularity

Ideally the elements in the model should map or represé )
elements in the real world system. The complex connectivity @ 900d way for abstracting problems. In the metro system,
ifferent concepts, synonymous with object oriented

in a metro system implies that there are many nodes and e

in representational structures that are interrelated. The size®gftraction, are observable. These are object oriented like
the system implies that conventional modeling techniquductures based on inheritance, abstraction, coupling and

might result in descriptions that are too complex thus making€Ssage pass through. The object oriented concepts are
unfeasible. applicable to different levels of the system. Generalization

along with class specialization are useful for explaining the
IV. PROBLEM SOLUTION system structure along with cohesion. See figure 1.
. . . . For a metro system, modularity can be used to understand
Formulating and proposing a solution for modeling a metrg

! . eéter the system when models are to be developed. A metro
system can be quite complex. There are various steps an
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system is composed of many components and parts at differerdered sub paths can be generated. These sub paths describe
levels of complexity. A good solution should employhow the system is configured and can be devoted to individual
principles of modularity in the analysis and design of the reattention.
system. Each actual low-level or micro-level individual metro

The concepts of modularity are directly related to structur~'
hierarchy. A large network can be decomposed into smal
modules or subnets.

" Meto )
Metro
Complete
Line
‘ Views
Line Train
Individual
Lines
Fig. 2 view relationship graph
Train transport network is a linear ordered path that can be viewed in
two directions. The metro stations are considered to be nodes
or vertices and the distance between one station and the other
N / are the edges. This can be represented as a digraph having

cycles.
Fig. 1 metro class system hierarchy and multiple inheritance )
D. Metro System Decomposed Views or Levels

C. Structural Hierarchy The following views or levels have been considered in the

Another way of decomposing and expressing componeRELro system. These are based on.the principles of top dpwn
based systems is through using structural hierarchy afi§composition and hierarchy which are congruent with
abstracting it. Structural hierarchy or abstraction hierarchy f&!tonomous system engineering principles. See fig. 5.
useful for providing and explaining the structure of a particular 1"€ 1evels are: i) Macro view. This is also known as the
system architecture in terms of its elements. The concept BRCrOScopic or low fidelity view in transport modeling. ii)
structural hierarchy is well known and the idea is to be able ¥jddle view. This is known as meoscopic or medium fidelity
describe a system in terms of its components. Graph structufl&V- iii) Micro view. This is known as a microscopic or high
are particularly well suited to representing this hierarchjidelity view where more detailed physical behavior and
Normally nested elements in the system are ignored or omittg§€raction can be modeled. A hybrid view of the three can be
from the graphical representation. See figure 2. created. This would depict the complete system. _

A metro system follows this hierarchy almost naturally. l.e. The i) Macro view has a top level network and restricted

decomposition and different levels are easily noticeable. TR¥StéM description outlining the system. i) Middle view. More

three levels described previously are based on structufi@t@il is shown with parts of the network and lines, possibly

hierarchy. The use of structural hierarchy is commonplad@eraction. Structured diagrams, system graphs, network
when describing complex autonomous systems. diagrams, colored network diagrams or charts can be used. iii)

System graphs are suitable for depicting hierarchy Micrq View. Mo_re detailed_ system graph_s_shovx_/ing cyclical or
systems. A graph model for representing the metro syst@ﬁ:'ycllcal behawor are vglld. State transition diagram or state
would be useful in this respect. chart_s, Petri _nets and_ higher order nets, etc. can express the

The metro structural hierarchy graph can be considered .rﬁguwed detail. The micro can be a true representation of what

be a dependency graph. From the graph different linei§r @ctually happening. However the micro view has to be
considered in conjunction with the other views to make sense.
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Level n
Leveln +1
Leveln+ 2

Fig. 4 ordered sub-path

For showing the micro view the individual lines are
e @ isolated. Different modeling techniques, ranging from static to

dynamic, can be used for representation at this level. In this
Leveln + 3 case, it was chosen to use a working model. In this case timed
Petri nets have been considered because of their usefulness.
Fig. 3 system component hierarchy with autonomous component8ut other modeling techniques can be used. A timed Petri net
can be constructed for each individual line. Such a Petri net is
easier to examine in isolation and can be used for time
E. Model Discovery measurements.
Model discovery refers to the process of comprehending aG_ Some Assumptions

system and its components to the extent that it is possible to . ) . .
derive and discover new models. When modeling complexity, the focus on important details

The task of model discovery is not straightforward becau§eans that some other aspects of the system are ignored. Some
it is dependent on what is going to be represented and at whggumptions for the metro system are listed below.
level of abstraction. The main assumptions for the macro and middle level are:
For considering the metro system, the different levels Ot system is decomposable, ii)different notations or
views considered like human interaction, task managemeffPresentation is possible, ii)system follows graphical

data management, system domain, etc. can be used to gendlgg@mposition, iv) system can be represented using graphs,
different models. complex graphs or some sort of network topology, v) graphs

Here the generic system domain view is emphasized. |yst contain useful information about the system, vi) symbolic

real sense this view would require reconciliation with othdtotations and representation can be used, vii) it is possible to
views for integrating different aspects of the complete systeniSClate and decompose parts of the graph to bring greater detail
and ignore unnecessary details.
F. Representing the Entire System For the micro level the assumptions must be more refined
The entire system can be represented using an undirectecuad detailed. I.e. the assumptions refer to the actual operations
directed graph. This can be called a dependency or functionél the system. In this case the France Paris metro is
dependency graph. See figs. 3,4 and 6. The concepts of systemsidered, hence these assumptions relate to the workings of
modularization through decomposition and those of structurdlis system. The assumptions for the France Paris individual
hierarchy can be shown using this structure or other structurdines are are: i) trains stop at all stations i.e. destinations, for
For the sake of simplicity, an undirected graph can be useghch line only 1 train stops at a fixed time at a station for a
This can express undefined detail. The depth of the graphsiagle direction (i.e. max 2 trains but opposite directions in a
related to what is being shown and the level of detail requirgtation stop), ii) metro stop is associated with a Petri net place,
as regards the interrelationships. l.e. a metro line e.g. lineedch line forms a complete circuit. l.e. 2 circuits in opposite
will normally have relationships with the other lines because directions, iii) station spread is evenly distributed, behavior is
certain stations these lines converge or form a meeting polighly cyclical and deterministic. I.e. fixed at the micro level,
for switching over to the other line. The inter relationships &) system can be decomposed further.
the middle level indicate the relationships between the metro
lines. Fig. 6 is a simplification of this. Once the whole view is V. IMPLEMENTATION

complete then the individual micro views are easier to The jimplementation of the solution is explained using the
construct. ideas elaborated in the previous part and by diagrams.
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O
i) MACRO VIEW VT
¢ METRO SYSTEM
Fig. 7 paris metro top view
ii) MIDDLE VIEW
v ;i
iii) MICRO VIEW
@]
Fig. 5 three level view
PARIS
METRO SYSTEM
LINE LINE LUNE | . .| LMNE
1 2 3 14
MACRO
VIEW 1
MIDDLE -
VIEW Fig. 8 paris metro top + middle view

X

(@]
MICRO
LINE 7
VIEW MAGENTA

Lo

VILLEJUIF VILLEJUIF PR LA
LOUIS LEO KREMLIN COURNEVE

ARAGON LAGRANGE | |BICETERE 8 MAI 1945
Line 1 Line 2 Etc. | |
Fig. 6 partial dependency graph showing different views Fig. 9 low level view paris metro line 7
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three main levels described in the problem solution part [5].
Other block diagrams or notations are also valid. The FMC
diagrams show the active system components which connect to
one another using undirected edges via undefined channels.
The channels are undefined for the sake of simplicity. These
diagrams can be refined or decomposed further to show
whatever detail is necessary. See fig. 2-4

To clarify the whole system a dependency graph is also used
to decompose the system into its sub parts which are the
individual lines. This is shown clearly in fig. 5, where the main
lines of the Paris-Metro lines 1..14 are included. As these lines
overlap or connect at certain stations there are other
relationships which must be included. This can be compared
with the actual system map.

The complete system being composed on the middle layer
and low level view is more abstract than the other layers. The
view of this layer can be summarized.

B. Different Levels

The structures used to represent the complete system also
show the different levels. The different levels mainly show the
top + middle view. In the implementation the middle level is
important because it is what binds the top level to the lower
level. The middle level is an important layer of information
that explains the main points of the system but still from a
structural level. Sometimes it can be unclear as what is actually
being shown because it can overlap with the top and bottom
parts.

In the case of the Paris metro system the middle level is
composed of all the lines that form the metro. l.e. the middle
level is composed of lines 1..14. There can be some other
relationships between the lines at the middle level. The middle

To illustrate the solution the entire Paris-Metro system layer can be considered to contain the complete metro

considered from the three views already mentioned and shomgtworking system and all the relationships between different
in fig. 7-9. The implementation can be summarized into thréimes and stations should be included. This has not explicitly
main parts which are the i) complete system, ii) different levelt®een shown in the diagrams except in the partial dependency
or modules that capture the requirements of these levels ayeph. Obviously more details have to be used to explain this
i) the low level representation which is functional. The idegelationship.
of these three parts is that this approach can be replicated for C. Low Level Functional Representation
similar systems. ) i )

The implementation shown is only a small part of what can e low level representation is the micro level or
be implemented. |.e. the same policy used here can be applf¥8roscopic level of implementation. The individual lines are

for all the lines and many other notations could be used Bloreé important and functionality is needed. Time Petri nets,
representational purposes. higher order nets or notations like colored Petri nets are

suitable for representing the sub-systems at this level. Petri
A. Complete System nets are a well known formalism that have received
The complete system is composed of different views. Thedpnsiderable attention. Petri nets have been extensively used
top view, ii) middle layer view and the iii) low level view. for the static and dynamic modeling of systems ranging from
These are fig. 7-9. However to depict the complete system tt@mputer networking to manufacturing and traffic modeling
description is more representational than functional. Differefg],[14].
diagrams or notations can be used for this representationTime Petri nets are executable and results can be derived
ranging from block diagrams, data structures, UML notatiorfesom these. For each of the individual lines at the micro level a
and object oriented notations. l.e. conceptual class diagranise Petri net can be constructed as in fig. 9.
component diagrams, etc. are all useful in this respect. Here only the time Petri net for the Paris Metro line 7
Fundamental modeling concept (FMC) block diagrams atdagenta is shown and only 1 direction is considered for
used to drawn and show the compositional structures of thienplicity. The other direction is the inverse of this. Time can
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be associated with places, transitions or arcs. The time valleswritten agalais royal< pyramides< opera< chaussee d’
are obtained randomly from a range of min 60 secs - max 1a6tin la FayetteThe precedence graph is observable from the
secs which are close to the real system scenario. ForPetri net, this is in the form of a chain implying that only
transition to occur to the next state, the next stop must be frmmuential behavior is possible. The time value placed next to
or empty. Control dependence implies this. the transition shows the minimum and maximum possible
Similarly for each metro station in the same direction wdelay. The delay represents the actual time for the metro train
could have two rules i) for entry, ii) exit, these rules arto make it from one stop to another. The actual time for the
logically dependent. Dependency ordering does contairain to travel from one stop to another represents the deadline
memory order which in the case of such a system is likelgr that job.
fixed and constrained. Starvation or deadlock in the Petri net is
avoided because being cyclical, at a certain point tokens VII. DiscussION

representing the trains must be removed by a transitiona |ogical model pattern for decomposition is visible from

deterministically, even though time can vary. So transitioRfie approach being used. This work shows that object oriented

verifiable using different techniques. systems and not just only for software design and
development. This seems to be familiar with a model used in
VI. SOME RESULTSAND FINDINGS object oriented design. Five or four layers used in object

The three levels used in fig. 2-4 clearly separate ttwiented modeling can be considered. These are i) subject
requirements and abstract the necessary details of the systiayer, ii) class or object layer, iii) structure and attribute layer
They can be combined with other notations as required. and iv) service layer. In a more simplified form this implies

The partial dependency graph shown in fig. 6 shows hailvat the structure consisting of the subject, object and attribute
the system is structured and is useful for developing othare considered independently from the behavior or service
models and scenarios. Additionally the hierarchy exhibitegart. This has been shown clearly to be the case in this work.
reflects interesting parallelisms with other common place Principally this implies separating the structural aspects
computer system structures. This means that the system carfirbm the behavior of the system. This would help with clearly
treated as many other computer related domain problems. Titentifying the problem domain and understanding it. Many
aspect of decomposition implies that this problem is solvablgroblems benefit from object oriented modeling even though
It can be broken down into smaller parts that can hée actual solution or implementation can take a different form.
individually represented and solved. The partial dependencyAnother important aspect is the graphical nature of the
graph indicates the relationship between these partgsual models shown. All these can be considered to be some
Relationships can be cyclical in nature. form of graph. There are other ways of representing graphs

The time Petri net given in fig.10 is executable and is usefahd these can be formalized using various techniques.
for generating random time sequences for the system. TheThe time Petri net representing the functional lower level,
tokens placed in the places show precisely the distance of amgéicates the real-time properties of this system. There are
metro train from another. A simple equation can be used ¢ertain deadlines that have to be met for the proper behavior
determine the avg time from one station to another where Tartd timeliness of the metro. There is a sequential temporal
=max time from one station to another and N = no of stationsdering between the stops. Each stop has a temporal
Avg Time_ > T As the system is bounded it is possible télependency, this is the time distance it takes to travel from one

N station to another. The time Petri net can properly represent
generate a limited sequence of sequences, test codesth@ and it can be used to generate results through simulation.
situations that are verifiable and well ordered. The Petri net
can be called a simple transport process event Petri net. The VIIl. CONCLUSIONS

net can be reduced to an augmented marked graph. Place aRghe approach presented here is useful for constructing
transition invariants can be found for the net. Many oth€fis,al models for the levels. The views show the mixed
forms of analysis on the time Petri net can be conducted  parajlelism issues found in a complex transport like a metro.
~The Petri net can be considered as a special biparifigerent notations from object oriented analysis and design
directed graph and further analysis can be performed on itafle yseful for modeling the static part from a conceptual and
can also be reconstructed using different details for oth%rgicm point of view.
modeling purposes. The Petri net can be considered t0 be ghe method of combining formal theory with operational
precedence graph or task graph with specific constrainssyes strives to strike a balance between the formality aspects
There is a partial ordering of the tasks which are to bg,q simplicity.
performed. The tasks imply stopping at the stations. This iSThe availability of system tools, case tools, graph theory
observable from the pregedence -relat|0n V'S'bl? in fig. IQerature, Petri nets, modeling formalisms, etc. allows for the
which shows e.g. thapalais roya,l is beforgyramidesand  experimentation with different configurations and different
thenoperafollowed bychaussee d' antin la fayettelhis can  yjews of the system. Different views can help to discover new
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models and processes.

Constructing and putting the models together is a
considerable process that requires patience and thinking. In
this aspect this is a form of knowledge discovery process that
enables one to properly form and verify his experiences and
comprehension about the system.

Obviously considerable work can be done to improve the
notations and methods outlined in this paper. The importance
of having a domain expert's advice and knowledge for
improving the models is a must. The notations used are regular
and basic ones. There is no point in limiting the analysis of
such complex systems to a particular set of notations.
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