Bottom-Up Development of Process-based Ontologies
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Introduction

The development of information systems is based on a set of concepts, defined in accor-
dance to the reality and context of the system’s intended application domain. Considering
the existence of this application domain, ontology-driven information systems [2] use de-
scriptions of the mental models of a community for a given share of the reality as a tool
to express the semantics that must be adopted in the applications. This allows the sharing
and reuse of this knowledge in other application development processes.

Spatio-tempora information systems, in particular, benefit from the ontology-based
view. These information systems usually operate mostly with identifiable objects that in-
clude spatial, non-spatial, and temporal characteristics[1, 4, 8]. Ontologies can be used to
determine under which conditions these objects acquire or lose their identity, how their
properties change over time, and how they can be divided into other objects [3]. Thus, the
ontology must relate both to the semantics of the objects and to the semantics of the proc-
esses that generate changes in the real world.

This paper proposes the definition of a set of operations that are essential as a seman-
tic base for the definition of ontologies. These operations are based on processes that
model the life and evolution of spatio-temporal objects, as represented in an information
system. Such operations are based on the spatial characteristics of the objects, on their
descriptive attributes, and on the definition of their identity. Our objective is to model
complex transformation processes that take place over time, using these operations as
fundamental building blocks. Thus, we focus on vector-based spatia representations and
on discrete linear-time intervals [10, 13, 15].

Process-based Ontology

Process-based ontology is used to represent changes in objects over time, according to
recent studies on the correspondence between the object-oriented and the event-oriented
views of the world [3, 9, 14]. Using process-based ontology, it is possible to store, man-
age, and retrieve the processes that have determined, through time, the changes that took
place at a given location, along with the history of each spatial object. An information



system that is built observing this paradigm would be able to count on not the latest ver-
sion of each relevant object, but on the process that led to the present situation.

A process-based ontology includes the semantics of the objects and processes. It d-
lows the materialization of the history of objects using more than just a chain of object
versions over time, since the processes by which changes take place are also stored. Proc-
esses describe, along with the objects involved, details on the constraints, conditions, and
operations that set off object evolution. Processes can aso change through time, therefore
following process versions is also needed.

We propose the modeling of processes using a bottom-up strategy, in which processes
are composed with events, which in turn are composed with operations. In this strategy, a
process is a broader concept that considers all aspects of the change, including semantic
details, such as constraints and rules that are specific to the desired representation of the
universe of discourse. Processes are defined through the composition of events each of
which belongs to a predetermined set of possibilities. Events can be seen as steps from
which processes are formed; therefore, their definition is semantically more general. Us-
ing events, steps in the development of a process can be specified in an adegquate tempo-
ral order, so that changes in the state of objects can be recorded. In turn, operations are
used to define events from an even simpler set of generic actions. These operations i+
clude generic identity-based changes [1, 5, 6, 7, 11, 12], modifications on the geometric
shape, or on the contents of descriptive attributes. Moving from operations towards proc-
esses, semantic details must be added, thus making the definitions progressively more
specific in terms of the information system (Figure 1).
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Figurel - Process-based ontology levels

Even though objects evolve, within a given knowledge domain, according to process
rules that are ontologically connected to their definition, these rules ultimately have an
effect on elements of the objects representation, such as their geometric shape, descrip-
tive attributes, and identity. We argue that complex processes can be specified from a
kernel of simple operations on those representational aspects. This can be achieved
through a computational environment that enables specialists to arrange and combine op-
erations into events and processes, adding rules wherever it is necessary, according to
their view of the redlity.



An example of the bottom-up strategy is the process of opening a new street. The
space to be used by this new street (Figure 2) runs through some previously existing par-
cels (such as A), thus requiring the reacquisition, by the local government, of parts of
these parcels, and the merging of these parts to become part of the city’s street network.
Figure 2a shows the initial situation, in which the area required for the new street is de-
fined. Next, the section of parcel A to be transformed is obtained by geometric intersec-
tion (Figure 2b). The remainder of A is then obtained through the division of the former
area into two objects, one of which retains the identity of A, and another (A1) with the
same characteristics of A (Figure 2¢). Finally, A1 and al other parts of parcels that com-
pose the area of the street are joined together and transformed into public property, thus
evolving into a new object, S (Figure 2d). In this example, we would use at least four op-
erations: | nt er sect Geom Di f f erenceCGeom Creat eCbj, and DestroyQbj .
We would also need additional operations to deal with attributes. These operations would
be used to define two events. Di vi deObj and Evol veQbj . The process will then use
Di vi deObj and Evol veObj , aong with additional rules that are specific to the case
of land parcding.
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Figure?2 - Reparcelling process

Notice that events, such as Di vi deCbj and Evol veCbj , can be developed using
much more than simple geometric operations. Additional operations, by means of which
a historic account of the transformation of each object can be maintained, can also be in-
corporated in the design of the events. With this, land parceling processes can be defined
in a high level, using previously defined events, which encapsulate complex transforma-
tions and object history recording.

Conclusions and Future Work

We observe that the representation of the life and evolution of geographic objects seems
to be semantically richer when change-generating processes are used to describe their
history. A process-based ontology can facilitate the development of information systems
that are closer to reality, since they are based on process rules that derive from a pre-
established set of events and operations. This approach aso facilitates the adaptation of
processes to various local contexts, not only by maintaining the semantic definition of a
process, but implementing it according to a different set of events that are significant in a
given context, such as local laws and standards.

Thiswork isin progress. Its results will include an ontology that will be validated and
verified through the modeling of evolution processes over a case study, to be developed
over a cadastral information system. In that situation, land parceling processes, which are



bound by complex legal and administrative constraints, have effects on the identity, geo-
metric shape, and attributes of objects such asland parcels over time.

This proposal will be formalized and validated using the Haskell functional pro-
gramming language [3, 9], which enables the verification of the operations and the detec-
tion of semantic errorsin a clearer and more succinct manner.
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