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Abstract. This paper presents a proposal for structuring events for system
models expressed using IOPT nets (Input-Output Place-Transition Petri nets).
Currently, a non-autonomous event within an IOPT model is defined based on
change of input signals with respect to a specific threshold, when two
consecutive execution steps are considered. New types of events are proposed,
allowing the definition of an event activated not only by crossing a fixed
threshold, but also by considering a change in associated signal values on a
specific amount (belonging to an interval of values). The concept is further
extended allowing the definition of an event based on signal values presented
on previous execution steps. The proposal results on a classification of several
types of events, namely threshold events, momentum events, impetus events, as
well as delayed events and logical events. Usage of these types of events allows
improvements in terms of expressiveness and compactness of the resulted
model.
Keywords: Petri nets, embedded systems, human-system interaction.

1 Introduction
System complexity has grown considerably over the last decades. Some of the reasons
for this growth are related with the increase in systems’ processing capability and
memory, as well as associated with the development of more robust technology. This
complexity is due, mainly, to the need to produce more efficient systems, and more
user friendly.
The growing development of the Service Oriented Architecture (SOA) and the
Event-Driven Architecture (EDA) combined with the reduction of cost in sensor
technology have led, in the last years, to a big development in the use of events in the
analysis of signals and system’ behavior [1].
Use of event modeling allows the development of more complex systems
expressed through a much more compact model, supporting the development of much
more user friendly interfaces.
In order to cope with problems related with the system’s complexity, several
approaches were proposed to decompose the system development using multiple
steps. Model Based Development approach, using specific languages for system
specification, is one of these examples.
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Graphical languages are normally recommended to support this approach. Some
examples of graphical languages are statecharts [2], state-machines [3] or Petri Nets,
which are used as reference modeling formalisms on this work.
The many developments that Petri Nets have suffered since its first presentation in
1962 [4] have led to the growth of their use in various areas. One of those areas is
engineering, taking advantage of some Petri net intrinsic features, such as the ability
to model synchronization, concurrency, and conflicts [5], as well as the simultaneous
visualization of the structure and behavior of the system [6]. These features allow
Petri nets to capture the dynamics of the system, making them also useful in
simulation [7].
One of the issues that have taken a significant contribution to the growth of its use
was the inclusion of non-autonomous characteristics. This has led to increasing the
impact of their use, when compared to other modeling formalisms used for embedded
systems design [8]. These non-autonomous characteristics allow the connection of the
net with the environment, making them well suitable for modeling the system’s
controller behavior.
Some examples of non-autonomous Petri net classes are the Interpreted Petri nets
[9], synchronized Petri nets [10] or IOPT nets (Input-Output Place-Transition nets)
[11].
Whenever modeling human systems interactions are addressed, the number of
available modeling primitives is limited.
Following the line of the work presented in [12], this paper presents a more
complete and elaborated set of elementary events, benefiting from a scalable
definition, addressing the effectiveness of Petri nets modeling for human-system
interaction systems, also keeping applications within the controllers’ modeling.
Augmenting the traditional way to define an event (as a signal trespassing a
threshold level), new ways to define an event associated with signal changes were
proposed in [12] related to amplitude and changing speed of variation on signal
values.
In this work, this concept is extended allowing a generalized definition supporting
the use of the specified signal variations.
On the other hand, for each variation level two different types of behaviors were
previously defined. In this work, this definition is also extended.

2 Relationship to Collective Awareness Systems
Collective awareness systems are systems that allow interaction and knowledge
development in collaboration by several people.
The work proposed in this paper presents a set of elementary events that are
defined to be used in the future behavior definition based on events from one or more
variables from one or more systems. These characteristics and its exact definition
make them suitable for defining behaviors that can be shared or even set together.
On the other hand, the fact that the IOPT nets can be used to implement these
events and these tools implemented online and interconnected in the same system
ensures a greater capacity for development of collective awareness systems.
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3 Signal Analysis
It is considered a signal as the value of a certain time variable. This variable can be
physical or from the output of a system. As presented in [11], two ways can be
considered to analyze a signal:
- Analysis of the signal value at a given moment in order to verify that this value
meets a certain condition.
- Definition of events associated to that signal to analyze if the behavior of the
signal in time obeys to the behavior that we want to find.
These two types of analysis are mainly different in terms of duration of the
analysis. Whereas a condition is inspecting the value of the signal at a given instant of
time. In an event, the behavior of the signal in time is analyzed.
From another point of view, a signal analysis can also be made taking into account
different degrees of differences between consecutive values. The value of the signal,
its derivative (considering two instants of analysis), its second derivative or the
following derivatives can be analyzed. Given this analysis one can analyze not only a
point or a variation between two points but also behaviors taking into account three or
more instants on the signal.
In Table 1 these two types of dependencies on signal evolution is presented,
showing the various possibilities for the analysis of a signal.
Table 1. Events and Conditions Definition

In terms of levels of variation (∆), defined as a difference of signal value in two
consecutive instants, it is possible to define higher order of differences.
It can be seen that for all variations of X, the conditions only analyze a given value
of signal X of the index n, while an event is analyzed based on the behavior between
two index values n and n-1.
In the table, it can also check the possibility of analysis of the signal behaviors at
various instants of the signal. Given that ∆Xn = Xn-1 – Xn and ∆Xn-1 = Xn-2 – Xn-1, an
event in △X analyzes signal values in three instants (Xn-2, Xn-1 e Xn). Likewise
analyzing the event condition ∆2X it has that ∆2Xn = ∆Xn-1 – ∆Xn = (Xn-2 – Xn-1) – (Xn2
2
1 – Xn ) and ∆ Xn-1 = ∆Xn-2 – ∆Xn-1 = (Xn-3 – Xn-2) – (Xn-2 – Xn-1). Thus in ∆ X four
values of the signal are analyzed (Xn-3, Xn-2, Xn-1 e Xn).
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4 Elementary Events
An elementary event is defined as an event that cannot be obtained from the
composition of other events of the same type.
In this work, two types of elementary events are determined that are distinguished
by their behavior: elementary open events and elementary closed events.
4.1 Elementary Closed Events
Elementary Closed Events are events that define the analysis for the entire spectrum
of signal values. In other words, any value that the signal can have satisfies one of the
conditions of the event, either the Pre- or the Post-Condition.
An Elementary Closed Event is in such a way “Closed” that the event can be
detected just by looking at one of the conditions. For instance, knowing that the signal
satisfies a pre-condition at instant (n-1) and fails to satisfy this condition at instant n,
it is guaranteed that he satisfies the post-conditions, which allows the detection of the
signal without the need to analyze pre- and post- conditions.
In Table 2 the events defined with these characteristics are shown.
Table 2. Elementary Closed Events definitions.

Pre-Condition

Post-Condition

Xn-1 > K
Xn-1 ≥ K
Xn-1 < K
Xn-1 ≤ K
Xn-1 = K
Xn-1 ≠ K

Xn ≤ K
Xn < K
Xn ≥ K
Xn > K
Xn ≠ K
Xn = K

All events presented in the table are associated to value of signal X to simplify the
presentation, but all these types of events can be defined in any ∆nX.
4.2 Elementary Open Events
Elementary Open Events are events that do not define the analysis for the entire
spectrum of signal values. In other words, there are values that the signal may have
that are not covered by the equations that define the signal.
The Table 3 presents the defined set of types of elementary open events.
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Table 3. Elementary Open Events definitions.

Pre-Condition

Post-Condition

Xn-1 > K
Xn-1 < K
Xn-1 < K
Xn-1 > K
Xn-1 = K
Xn-1 = K

Xn < K
Xn > K
Xn = K
Xn = K
Xn > K
Xn < K

An elementary closed event can be analyzed taking into account only one of the
conditions (pre or post-condition) in the two consecutive steps of analysis. For this
kind of events, if the pre-condition was satisfied in the step n-1 and the same precondition is not satisfied in the step n, the event occurs because the post-condition is
satisfied. For elementary open events, both conditions (pre and post) are needed to be
analyzed.
To better understand, this type of events, it will be analyzed the event of the fourth
row of the table, with the conditions Xn-1> K Λ Xn = K. In this case, if the signal
satisfies the pre-condition in instant (n-1), being greater than K and fails to satisfy this
condition in instant n becoming less than K, while the pre-condition to be no longer
satisfied the event does not occur. Thus, it is not possible to define this type of events
using only one equation as proved possible for elementary closed events.
It is not possible to define an elementary open event by composition of other events of
the same type. This is the reason that makes it elementary. Despite this, being of
another type, it is possible to define elementary closed events by composition of
elementary open events.
4.3 Complete List of Elementary Events
With the previous definitions, it is possible to define a large number of types of events
that define the behaviors of interest in the associated signal.
Putting together the elementary open events and the elementary closed events a set of
twelve types of events is obtained. A set of identifiers is used to represent events in a
compact form.
The twelve events resulting from the merger mentioned above are defined for each
of the various levels of variation (X, ∆X, ∆2X, ∆3X, …, ∆nX).
The Table 4 presents this set of events for X and ∆X, showing the conditions of the
event and a graphical representation of the behavior of the signal that makes this
event to occur.
For each level of variation, twelve types of events were defined, each one
representing a specific behavior of the signal. These types of events are represented
with a specific operator.
In the variation level 0, the value of (X) is analyzed, detecting crossing of a specific
value. For example, it is possible to define an event to detect if the temperature of the
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car is higher than 90 degrees. In variation level 1, the first difference (∆X) is
analyzed, associated with the velocity of variation of the signal. For example, an
event that occurs whenever the temperature of the car is increasing more than 5
degrees per minute can be defined. Finally, the other levels represent the next
variations, starting with level 2, the second difference (∆2X) (representing the
acceleration of variation) up to level n represented by (∆nX).
Table 4. Complete Elementary Events list
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4.4 Delayed Analysis of Events
Until now, all events have been presented as analysis of variations in the signal
between two consecutive steps of analysis (Xn and Xn-1). Nevertheless, it is possible to
set all these events and an analysis based on two distinct instants (not consecutive)
separated by p steps of analysis (instead of one).
In this sense, delayed events are not a new type of events. They are a characteristic
that can be changed in any type of elementary events. With the addition of this
characteristic, the analysis of the event is done taking into account the values (Xn e
Xn-p). The analysis accomplished in the previous section is done considering two
consecutive steps as a particular case where the value p = 1.
In Fig. 1 the way to analyze an event with delay is represented.

Fig. 1. Analysis of a delayed Event.
To analyze this event a p-sized window is created and the signal inside this
window is not used to the analysis of the event.
Taking into account the large number of types of events is not possible to use one
single example to explain the full potential of these types of events. As a matter of
fact, due to lack of space, it is not possible even to present a simple system’s model
taking advantage of any of these new modeling capabilities.

5 Conclusions and Further Work
The use of these new types of events provides effective modeling capabilities when
using IOPT nets models. It allows the creation of smaller models for the same system,
making them easier to read and easy to interpret.
The definition of different variations of the signal allows the analysis of a set of
behaviors that allow a better knowledge of the signal, allowing not only changes on
the value of the signal, but how these changes occurs, like its velocity or acceleration
or even the acceleration of the velocity of the signal.
Taking into account the following objective to define events that represent more
complex behavior of associated signs by composition of simple events, the definition
of these elementary events becomes a robust starting point for this composition.
Those robust definitions allow the composition of events from different signals and
even from different variations of the signal.
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As future work, it is foreseen to define a set of transformations, as well as
composition between elementary events in order to create a composed event. To do
this, a standard compact representation for all elementary events and to the interaction
between them needs to be defined.
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