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Abstract

   With the development of distributed object technologies and the overwhelming advent of
the Web, an object-oriented data model for GIS/LIS is proposed, possessing significantly
increasing importance and application, when moving from a static position to a distributed
and heterogeneous view. The conceptual model of land information hinges on a complex
spatio-temporal object model for defining not only collections of land parcel objects but also
distributions of them within a four domain framework.

   However, harmonizing relationships between time and space are not simple, for temporal
ontology is semantically different from that of space. The temporal history of an object
makes it possible to trace actor behavior footprints in space. The vestiges of temporal
location and extent are important paths in understanding the history of space, attribute and
actor.

   The basic entities considered are examinations of spatial and temporal objects, highlighted
in the light of temporal primitives and temporal relationships with space giving rise to
temporal versioning of objects and databases. The development of spatio-temporal data
model in GIS/LIS parallels the progress of temporal databases. Temporal components are
implemented with the relational model, then with object-oriented data models. Temporal
object models and their functions in existing spatio-temporal data models are examined. A
conceptual spatio-temporal object model for LIS is illustrated with variants of temporal LIS.

   A fundamental challenge in creating next generation GIS/LIS is in supporting
interconnectivity and interoperability within distributed and heterogeneous spatio-temporal
databases, providing various temporal principles, assisting spatio-temporal analysis and
forecast.

   A conceptual spatio-temporal object model (STOM) is proposed, illustrating interactions
within four domains, facilitating actor domain description impacting on spatial, temporal and
attributive behavior in the real world.

Key Words: Object-Orientation, Temporal Object, Database Version, Spatio-
Temporal Data Model, Web GIS, XML, STOM
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                                                         Chapter I
                                                    Introduction

   Every land parcel occupies a unique relationship with every other land parcel. In
every community, there exists a variety of land uses. Each parcel is the focus of a
complex and is the singular set of space relationship with the social and economical
activities at a given time.
                                                                                                          (Chapin, S., 1974)

1.1 Motive of research

   Human interest in controlling land use predates written history. It is certain that traditions
and customs regulate the way we use the Earth. The earliest writings of Egypt,
Mesopotamia, India, and China record conveyances, surveys, and settlements of land
disputes, for human history recites the never ending conflict between the right of the
individuals to maximize their private use and enjoyment of their interest in land (Cooper,
1974). Throughout history, human beings have formed communities to further social,
economic, political, and cultural needs. Early cities were founded primarily for these
purposes.

  With Industrial development commerce and industry increasingly occupied the city, so
that residential space continued to expand as urban lands become more and more of a
controversial issue. Commercial and cultural activities lead to extensions of defensive
boundaries constantly changing the use of limited urban space with its high densities and
irregular street systems. The defensive fortress of early cities may have found it difficult to
adjust to emerging economic functions.

   Industrialization altered the structure of cities reflecting manufacturing and commercial
needs, creating unprecedented increases in the scale of activities and a pattern of land use
reflecting the basic economic function. The need for large plots for commercial, industrial,
and residential areas accelerates urban-related development, reshaping urban spatial
structure, resulting in changes of urban land use but germinating the vitality of urban land
markets.

   The land economist/speculator views land use in terms of economic gain, and looks upon
land parcel as a commodity traded in the real estate market. Urban land is considered
valuable because of its potential for future income. Economists discuss how land values
vary spatially in the city, long recognized as patterns of value changes in time relating to
patterns of changes of use. (Chapin, 1974).

   Advances in applied mathematics and electronic computations stimulate great interest in
the application of mathematical models and processing systems by urban and regional
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developers. Significant progress in the application of these techniques to urban
transportation, planning, and development is under-way. However, metropolitan
phenomena are so complex and resistant to abstraction in simple terms, that computer
solutions have an appealing simplicity in comparison to the difficulties of mechanical models
and analytical solutions (Harris, 1974).

   To simulate in an abstract way what happens in the real world is becoming increasingly
familiar. With developers rapid progress in large cities, comprehensive planning requires
huge amounts of detail regarding land, building, public services, etc which must be
processed quickly, accurately, and consistently. It is no longer possible to do this by
conventional means, since few analytical methods and models are available for exploring
complicated symptoms of land use in any fair degree of detail.

   Since the consequences of land use are simply not predictable, most modeling seeks to
simulate metropolitan mechanism, growth, and change under the influence of varying
assumptions concerning external influences and policies to be pursued. The sum of
responses provides a land information system (LIS) for comprehensive information of land
use patterns, which today receives attention at local and national government levels.

   Particularly, land record issues are increasingly recognized, because land information
based on the parcel is essential in supporting planning, regulatory and real property tax
assessment while providing land data for research, planning and decision making. Land
parcels are viewed as the smallest unit for which land use decisions are made, being a vital
factor in any system of land records. The consensus reveals that the existing system of
parcel records in developing and developed countries is archaic and inadequate, being
redundant, fragmented and costly to maintain, stemming from malfunctioning technologies
within institutions and organizations.

   By the 1970s, the terms ”Land Information System” and ”Multipurpose Cadastre” were
being used synonymously by users in the United States. A multipurpose cadastre relates
specifically to records based on the proprietary land parcel and is a subset of the wider
meaning of a land information system. As one of multiple information systems and
technologies, land information is coupling to current database technologies benefiting from
the object technology. Based on object-oriented concepts, object-oriented database
management systems (OODBMS) provide data integration and overall control, while a
database management system (DBMS) supports facilities for all types of objects.
Applications using any of these can communicate via the shared database.

   Distributed object computing has an impact on current computer systems that require
interconnectivity, portability and interoperability to reduce data collection cost and use
updates from other databases. Specifically, a distributed object-oriented DBMS and the
Web database are able to embody an interoperability for LIS containing a wide variety of
heterogeneous land related data. In addition, in forestry, urban ecology, transportation,
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urban and regional planning, electronic navigation and cadastral management temporal
applications are essential.

   As land distribution information possesses a confidential strategic character, it is a
responsibility of government that ranges from cadastral map productions to update of land
and real estate registers. In this research, study concentrates on object-oriented conceptual
modeling with temporal object models providing historical land information and database
version management. An ideal spatio-temporal object model is proposed, applicable to
other research areas, which includes the actor domain that impacts on spatial, temporal
and attributive domains.

1.2 Object technology for space and time

   To understand how object technology has an impact on the GIS/LIS, the basic principles
of object-orientation are discussed. Object technology changes the way we conceptualize,
build, use, and evolve computer systems. It facilitates the integration of incompatible
computer resources and the building of software systems easier to maintain, change and
extend with robust components easily assembled to create new or modified applications,
being synergistic with the Information Highway. It offers a model in which adaptable agents
spawned by a user’s local computer can act across the network. Object technology makes
it much easier for non-technical people to access and customize information and
information systems, as many instances of data conversion and manipulation become
transparent. With the benefit of object advantages, client objects in distributed object
systems can learn other objects’ contents and capabilities, invoking operations associated
with those qualities. In other words, objects interact as clients and servers.

   The object-to-object messaging that is central to object technology works through a
system by which objects belong to classes with common properties. Classes can be nested
in hierarchies where classes inherit attributes (data and procedure) from classes that are
higher (superclass) in the hierarchies. Inheritance allows objects to efficiently represent
large amounts of redundant information common to all objects. Since the spatial data
consists of a number of classes and objects, object-oriented applications exist in current
spatial databases. Temporal information dealt with in business areas is a major object in
temporal communities. However, there is little research or development based upon
object-oriented applications. Thereby, object technology may alleviate difficulties and
dilemmas of complex spatial and temporal objects and then enhance spatio-temporal
representation. The spatial and temporal objects are now new research domains in object
technologies.

1.2.1 Object-oriented data for temporal history

   Object-oriented databases have become increasingly popular during recent years
providing more appropriate models for applications in engineering, CAD and office
systems than relational database models. There is no clear specification of what an object-
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oriented database is. It does not mean that no complete object-oriented data model exists,
but rather that there is no agreement yet.

   An important aspect of the object-oriented model is the ability to build up composite
objects from object parts, allowing modularity in the representation of objects and reuse of
parts where appropriate. It is also accepted that an object-oriented database for such
applications should be able to handle temporal data. The temporal history is essentially
historical information representing transaction time as a means of going back in time to
observe what really exists at any specified time in the database. There are many reasoning
situations when information given by temporal history is essential as a means of checking
temporal consistency along the timestamped events to ascertain whether a specific version
could be a parent of another version. One always exists before the other in temporal
history.

   It is possible to build a hierarchical history graph in the form of generalization and
specialization from the Object Relationship Model (ORM) where temporal history shows
in a linear timeline how historical events are correlated and communicated. With regard to
the Object Behavior Model (OBM), time can be added and subtracted between anchored
or unanchored times as a behavior. However, when temporal objects interact with spatial
objects, more complicated variations pertaining to spatio-temporal queries, time series
analysis, combinations of spatial and temporal dominance (Langran, 1993) and many
others are revealed. We examine object oriented temporal modeling which can be applied
to a spatio-temporal object model. In particular, linguistic approaches are revisted because
time has temporal extents and locations in the context of spatio-temporal ontologies

1.2.2 Temporal GIS

   Nunes (1995) argues that space and time are well-known, common to ordinary human
experience, being so deeply rooted in human ability to perceive, understand and interact
with the environment, that no one feels the need to pay attention to what they might be in
order to master their practical implications or consequences in real situations. The notions
of space and time depend upon personal reasoning and philosophy. A special meeting of
the National Center for Geographic Information and Analysis (NCGIA) shows that time
has dynamic meanings in geographic space. A number of different approaches to space
and time are represented in this discussion (Egenhofer and Golledge, 1994) with respect to
spatio-temporal reasoning, human cognitive representation, language, social and cultural
science, spatial human behavior, etc. However, this research deals only with issues of
spatial cadastre and temporal registers in LIS. An increasing demand for time series
analysis of environmental phenomena, or the observation and monitoring of key indicators
are driving developers to consider adding temporal data to GIS.

   The temporal GIS responds to three demands in order to deliver the capacity for space-
time modeling (Aangeenbrug, 1990). Aangeenbrug points out that first, it may become
important to document data quality in terms of time. Secondly, historical series need to be
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incorporated to review rates of change in natural resource systems. Thirdly, scenarios of
the state of the environment may need to be developed. Temporal requirements exist in our
daily life or research areas, not easily recognized because every one possesses a wide
background of spatial and temporal concepts: from very basic, intuitive and almost innate
or automatically applied cognitive structures, to very sophisticated and specific concepts
developed inside a particular scientific or professional community (Nunes, 1995). Every
one is able to deal with space and time, and there appears to be no need for further
thinking and elaboration on every one’s own ideas. But it is not easy even for individuals to
explicitly express his or her view of the given facts and situations of spatio-temporal
complexity and confusions.

1.3 Research motivations and objectives

   This research concerned with the impact of object-orientation and the underlying data
modeling concepts on spatio-temporal LIS, is a new approach to problems using models
based on existential concepts. The fundamental construct is the object that combines both
data and behavior in a single entity. Object-oriented models are useful for understanding,
communicating with application experts, modeling enterprises, designing programs and
databases. The GIS/LIS user market has an ever increasing demand for more
sophisticated software to solve more and more of the real world problems in accordance
with the rapid development of hardware. It is obvious that conventional programming and
databases have reached their limits in coping with complex and diversified applications,
especially in the spatial and temporal analysis application of land and geographic
information system (GIS/LIS).

   Current relational data models lack the modeling power and extensibility needed for
complex objects and operations used in geographic applications. Most current models do
not have the benefit of fully-fledged DBMS features. Some packages in commercial GIS
marketing use an interface to a relational DBMS to handle non-spatial data, but the spatial
data are not within the DBMS. There is a need for DBMS and for modeling power better
than that of relational DBMS. A few object-oriented GISs come to the market based upon
spatial analysis. Another important requirement is a system to which temporal data and
operations can be efficiently added.

   In relational DBMS, a table is created for each entity type. Wiegand (1994) points out
the shortcomings of relational database in GIS. An entity is something that has a physical or
conceptual existence. A row and column in a table correspond to an entity and attributes.
An attribute is restricted to being a built-in type with only a single value and relationships
are typically modeled using tables. Thus a relation schema ends with many additional or
extra tables, making less easy  to depict the relationship of complex entities in the real
world (Wiegand, 1994).

   The second flaw in current GIS/LIS is topologically structured spatial data, commonly in
separate files according to spatial type. A weakness of current GIS storage techniques is
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that the geometry and attribute data are kept in different databases often causing
inconsistent matching, when dealing with spatial and attribute data separately. It may be
convenient that attribute data can be contained within the spatial data in each layer.

   The third drawback is that current DBMSs lack extensibility in providing for special
application needs. There are no provisions in traditional systems for adding new data types
and methods, add user-defined code or design new storage methods. The fourth flaw is
the fact that historical data is difficult to obtain, often collected at varied intervals and of
diverse scales, for temporal events can be considered as the smallest entity, not easily
detected. As a result, a great need for spatio-temporal data has led to the advent of
object-oriented temporal GIS, accelerating GIS research and development, as most
existing models provide only static historical information in a discrete time structure,
separated from attribute data.

   The development of a spatio-temporal data model to tackle those problems is examined,
suggesting an object and database versioning model through time, which can be applied to
spatio-temporal object databases. This versioning model is significant in expounding the
existing problems of data redundancy in digital map databases, since temporal object
models might not fully harmonize with spatial object data models. In particular,
understanding the evolution of database versioning enables us to reconsider temporal roles
and histories associated with historical databases of buildings, land parcels, structures, etc.

   An interpretation of spatio-temporal language may help to formulate assumptions and
hypotheses concerning cognitive capacities in understanding spatio-temporal extents and
locations, how to describe spatial change in time and express the passage of time in space.
This may present a linguistic investigation of how natural language given in discourse can be
used to reason in space about the flow of time (Meulen, 1995) providing the framework of
spatio-temporal query language. Since multipurpose land information is based upon
composite land parcels, a conceptual distributed heterogeneous object space is proposed
which can integrate all land related information, illustrating concepts of physical object data
design.

   Because of continuously growing demands for temporal LIS and GIS, Frank explains an
object-oriented approach to a property registration system (1996) and spatial and
temporal reasoning (Frank, 1997). Most researchers would have put an emphasis on a
spatial information system and databases although some have dealt with LIS (eg, Vrana,
1989; Price, 1989; Hunter and Williamson, 1990). More progressive study is contributed
by Al-Taha (1992) based on a relational model associated with temporal legal changes.
Worboys (1992, 1994) emphasizes spatio-temporal elements using object-oriented
techniques. Several geographers (eg, Peuquet, 1994; Yuan, 1994) concentrate on features
(what), event times (when) and locations (where) based on relational environments.

   Another temporal factor the actor (who) is added to three domains because land
information is pertinent to historical information concerning land taxation, ownership, as
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well as housing and land policy, since actor domains give birth to spatial planning and land
related activities. Being different from three domains, actor domains overwhelmingly
influence spatio-temporal changes that are important, but hard to detect where they occur,
for  actor domains impact upon the smallest changes in the process of surveying and
mapping. In this respect, the standalone GIS system might have limitations in supporting
unpredictable actor object’s behavior and activity.

   Our conceptual STOM (spatio-temporal object model) in the context of Java-based
Web GIS system provides a more dynamic and idealistic way for spatio-temporal object
database layer versioning, when tracing old actor behavior and physical land boundary.
Strong characteristics of state transition and an object interaction diagram  capable of
illustrating the flows of three domains is recommended with respect to events and
interaction. A vestige of actor’s activities and spatial changes is a very questionable matter
since there are few methodologies to support actor domains. Judging from existing spatio-
temporal data models, we need a four-legged principle of actor, time, space and attribute
approach, so that spaces and times are respectively independent. Active detection of
spatio-temporal changes are required. In addition, time must be regarded as an important
part in spactio-temporal factors when GIS vendors begin to upgrade GIS systems by using
full temporal object functions.

   Considering the above mentioned issues the objectives of this research can be
summarized as follows:

• Analyze the use of time in land information systems and discuss issues related to
temporal LIS.

• Design and discuss a spatio-temporal data model applied to spatio-temporal object
databases based on four critical domains.

1.4 Thesis organization and outline

   This thesis provides the land information community with a rich example of object-
oriented representation in space and time. Pointing out current issues of historical (or
temporal) information in LIS, while discussing temporal modeling requires a geographic
space.

   A dynamic land parcel provides the LIS societies with a better understanding of object-
orientation, temporal aspects, spatiotemporality of cadastral maps, and distributed object
space. The following chapters include research objectives and goals. Chapter Two
describes object-oriented conceptual modeling on the basis of Object-Oriented System
Analysis (OSA) associated with a model-driven approach. This OSA consists of three
models: object relationship model (ORM), object behavior model (OBM), and object
interaction model (OIM).
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   Chapter Three addresses temporal ontologies and the temporal object system by
introducing linguistic definitions, a physical interpretation approach to cartography and
computer engineering issues of the TIGUKAT temporal object model. Linguistic definitions
of space-time enhances cognition of the extent and location of natural language associated
with spatio-temporal query language. Considering anchored and unanchored temporal
entities, the temporal object consists of time spans, time intervals and time instants.
Another object system is proposed in terms of DateTime and Interval that can be more
practical in supporting space and time domains. In order to check temporal role in space-
time, a look at existing spatio-temporal data models is suggested.

Fig 1.1 General framework of the study

   Chapter Four focuses on the temporal issues of land information system (LIS). It
presents the role of temporal (historical) information with respect to land taxation, land
ownership, and natural resources, but also examines the temporal needs for land
information management. The temporal history of land information plays a major role in the
understanding of versioning of historical objects and the spatio-temporal changes in a
database. It also proposes conceptual time-sliced object database and implemented
database version management by using two time-stamps and DB version state transition
diagrams.

   Chapter Five concentrates on the possibilities of distributed heterogeneous object
databases concerned with distributed object management. The distributed object space as
a conceptual design of distributed heterogeneous object DBMS for spatio-temporal
database is examined. As one type of distributed object database, the Web has
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dramatically increased the number of data sources available to users in a variety of
domains, and is a powerful distribution vehicle for any organization wanting to publish or
cordinate the use of multiple data sources. Java and XML are also a body of software and
a set of protocols and conventions providing easy and consistent access to information on
the Web. Java and XML make it possible to access GIS data through the Internet
although the issues of temporal data models are not involved with the Web GIS.

   Chapter Six explains the TextAndLine objects that are able to simulate all types of
registers. A land parcel object that includes the characteristics of spatial, temporal and
attributive data can be regarded a small portion of spatio-temporal worlds. A spatio-
temporal model is often based upon feature, time, and location. But the land parcel is also
an object containing information about land related activities which are recorded in land
registers. The spatio-temporal object model not only supports spatio-temporal (or
temporal) resolutions and database version management, but also assists history
managements and spatio-temporal operators enable us to smoothly describe a wide variety
of spatio-temporal changes. Land tenure systems and land taxation systems are always
associated with a human actor, owning the property rights, and paying property taxes.

   Thus, we suggest a spatio-temporal object model (STOM) that begins with actor (who) in
the context of four domains with the support of a state transition and object interaction
diagram. On the basis of OBM and OIM, we deal with the history of four domains that can
be galvanized in the Web-based GIS systems. As a proof of our conceptual STOM, we
make use of the implemented Gothic software that provides full functions of object-oriented
and temporal object models.

1.5 Thesis contributions

   The lack of integration in surveying and mapping activities is too great to expect one
research program to have any effect but this thesis makes efforts to serve as a bridge
between LIS and object technology, regarding all actors in surveying and mapping as an
object.

   With regard to object-oriented data modeling, a wide variety of conceptual modelings
exists, with some now commercialized in GIS communities. However, temporal information
is not extensively researched in GIS/LIS. Furthermore, temporal object models are still new
to computer science. It is believed that object-oriented spatial modeling may easily simulate
the physical world with the help of temporal functions. However, time has more cognitive
and linguistic notions in terms of temporal locations and extents. This is a new approach in
defining space-time although there are many reports concerning space-time in Geography
and Cartography.

   Al-Taha (1992) describes temporal issues for cadastral systems. His thesis might be the
first publication in the field. His approach is based on an Entity-Relationship (ER) model to
explain temporal reasoning and formalisms in deed recording systems. He seldom examines
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characteristics of temporal objects when time interacts with space. Wachowicz (1999)
expounds the meaning of space-time paths within a spatio-temporal data model in
Smallworld GIS. But, there are few clear indications of temporal object classes and
hierarchies.

   Therefore, the focus is not only on the history and role of temporal object versioning in
land information, but also on object database version management and an historical DB
state transitions diagram that enables thinking about temporal potentialities in spatio-
temporal DBMS. However, there are very few papers or research developments of what
the best model of object and database version for temporal LIS looks like. Therefore, the
object versioning model using DateTime and Interval is proposed because the current
versioning model is still in its infancy in GIS/LIS. A conceptual model of distributed
heterogeneous object database, considered as an ideal structure in distributed object
DBMS is suggested, coming from the distributed object management and the Web GIS
with the support of Java and XML influences.

   With respect to spatio-temporal object models, Peuquet (1994) suggests the Triad
Model that consists of feature (What), event time (When) and location (Where). This model
is very useful in depicting the real world. However, it should provide more temporal
requirements in the fields of land management and LIS. Our emphasis is on temporal object
systems which are capable of tracing any historical event, particularly focusing on human
actors who significantly impact on three domains.

    Particularly, a clear spatio-temporal object model (STOM) is proposed, with the support
of state transition and object interaction diagram that make it easier to examine the flow of
events and interactions with regard to actor’s activities. This model can be applied to a wide
variety of GIS database technologies and spatio-temporal applications. With the help of
software requirements, STOM may maximize its feasibility in practical GIS/LIS. Little
theoretical work is done on temporal history or on an historical version of land information,
and relatively few systems actually attempt to incorporate both temporal information and
composite spatio-temporal objects into land information.



11

                                                          Chapter II
          Object-Oriented Conceptual Modeling

   As the name implies, objects are the key concept in understanding object-oriented
technology. When looking around, you now see many examples of real-world objects:
your house, your land parcel, your cadastral map, etc. These real-world objects share two
characteristics: they all have states and behaviors.

2.1 Introduction

   One of the main purposes of conceptual modeling is to illustrate physical environments used
to express the creations of human actors. An effective approach in analyzing and
understanding these complex phenomena is to model them. Typical examples are maps and
charts including symbols, colors and patterns, making it possible to gain new views of reality
by analyzing the model.

   When looking at a map, perspectives of the shapes of features between two objects are
perceived, instead of measuring the distance in space. A model is always useful where
phenomena are relatively entangled. A model usually captures just a few aspects of the
phenomenon under consideration. When creating a model, it is essential to clarify the part of
reality being depicted, even though knowing exactly what to model is rarely obvious at the
beginning of the work. Within a map, all cartographic elements can be viewed as objects.
Traditionally, they contain static characteristics throughout in one or two dimensions.

   In current conceptual modelings, the object is the basic construct around which all other
models are defined. An object is a thing or phenomenon within the real world. Object-oriented
modeling is a new way of appraoching problems using models organized around real-world
concepts. The fundamental construct is the object that combines both data and behavior in a
single entity. Object-oriented models are useful for understanding problems, communicating
with application experts, modeling enterprises and designing programs and databases. This
chapter contains an object-oriented concept and examines three types of object models on the
grounds of Object-Oriented System Analysis (OSA) (Embley et al., 1992). This model
describes object relationship, object behavior, and object interaction among objects. With the
help of a graphic notion for expressing object-oriented models, it provides a description of the
properties of the objects and their classes.

2.1.1 Object-oriented approach

   When we analyze systems, we create models of the application area that interests us. A
model might involve one system, such as a production-planning system, focusing on one
business area, or covering an entire enterprise. The model represents an aspect of reality,
being built in such a way that it helps in understanding that aspect. The model is much simpler
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than reality, just as a model town is simpler than a real town. Within object-oriented analysis,
the way of modeling reality differs from conventional works. By representing the real world in
terms of object types and describing the relationships between them leads us to design and
program systems in an object-oriented way. The models built in OO analysis reflect reality
more naturally than thoses in traditional system analysis. Reality consists of objects and events
that change the state of those objects.

   Using OO techniques, a virtual GIS/LIS may be built that more closely models the real
world. The object model describes the structure of objects in a system, such as their identity,
their relationships to other objects, their attributes, and their operations. The object model
provides the essential framework into which the relationship, behavior and interaction
models can be placed. Objects are the units into which we divide the world, the molecules of
our models. Our goal in constructing an object model is to capture those concepts from the
real world that are important to an application. The object model is represented graphically
with object diagrams containing object classes.

2.1.2 Origin of object-orientation

   The evolution of computer science from punched cards to workstations with bitmap screen
and mouse has been rapid and spectacular, based upon the refinement of increasingly efficient
hardware and of software design methods. The Apple Macintosh is an example of a success
story on both scores. More powerful machines, networks and distributed systems including the
increasing size and complexity of software systems, require sophisticated programming tools
incorporated in programming environments of the same higher quality. It is no longer advisable
to design a programming language separated from its environment.

   Maintenance problems have shown the necessity for monitoring data abstraction as well as
software modularity and reusability. Many languages have been designed to this end, each
attempting to provide a satisfactory solution in its own way. Object-oriented languages stand
out against all of them. Before making a survey of the different aspects of the object model,
this first section aims at defining the concept of object as well as the features of language that
can be labeled “Object-Oriented”.

   Three different approaches to the object-oriented approach were developed in the 1970s.
Fig 2.1 shows the origin of object-orientation benefiting from the development of databases,
artificial intelligence (AI) and procedural language. The programming language based on
software engineering provides the concept of data abstraction and decomposition for the
object-orientation. Other related research is concerned with the parallel process which
considers each process as an object in computer architectures. The second point of view is
relevant for the development of database technology. The object-oriented data modeling and
encapsulation can further consolidate the advent of object-orientation. The last concerns the
influence of artificial intelligence and Expert Systems (ES). It is a fact that human knowledge
bases can be depicted as a type of object data model in the form of knowledge-based
objects. Thus, object-oriented data models intend not only to improve the representation of
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facts and rules, but also to provide improved modeling techniques of cognitive learning and
problematic descriptions of objects.

Fig 2.1 Origin of object-orientation (Jeong, 1989)

2.1.3 Object-oriented programming

   The size and complexity of projects in terms of manpower and hardware, require numerous
refined programming tools to successfully complete applications under the most favorable
conditions. Ideally the largest possible share of work can be undertaken by computers so that
software systems are easy to test, improve, reuse, and maintain. All languages, from Fortran
and Cobol to Prolog, Lisp, C++ and Java allow an object-oriented programming style to be
adopted. Only some of them, however, offer mechanisms for directly using objects.

   The genesis of the technology now called “object-oriented” dates back to the early 60s. It
arose from the need to describe and simulate a variety of phenomena such as nerve networks,
communication systems, traffic flows, production systems, administrative systems, and even
social systems. It is relatively easy to implement an object-oriented design with a language
since language constructs are similar to design constructs. In general, an OO language
supports objects, polymorphism at run-time, and inheritance. Object-oriented programming
implies that the world of an application is structured in terms of objects rather than procedures.
Object-oriented programming is a new way of approaching the job of programming and takes
the best ideas of structured programming combining them with powerful, new concepts that
encourage observing the programming task in a new light. Object-oriented programming easily
decompose a problem into sub-groups of related parts.
   The literature on object-oriented programming (OOP) emphasizes how much it is different
from procedural programming in many important respects. In a conventional programming
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language, a procedure typically performs multiple operations and handles several items of data
in the course of executing the program between main and subroutine, in combination with their
respective data, generally causing bottlenecks in programming languages. To tackle this
drawback and enhance the human representation by computer, programming languages
require a model based on human thought. The real world consists of various objects that
independently communicate with each other and behave with the help of information
exchanges and invisible influences. Objects of the real world have their own data and certain
behavioral procedures.

                   Procedural  language                      Object-Oriented language

Fig 2.2 Object-oriented versus procedural-oriented system

   A conventional programming language deals with them separately. Information and data
belong to a procedure and are regarded as a subsidiary process. Fig 2.2 shows disparities
between procedural language and object-oriented language. Today, we use C++, Eiffel and
Smalltalk to explain how to implement an object-oriented system modeling (OSM) with OO
languages. C++ is a very popular language in commercial applications. But it is only an
extension of the C language and may be limited in describing a complicated real world. Java is
an object-oriented language, representing an evolutionary step in software development, even
among existing object-oriented languages, improving on previous techniques and contributing
new, important characteristics, such as in its relationship with the Web (Lewis and Loftus,
1998).
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   When using the Object Relationship Model (ORM) for a particular system analysis, we
introduce the ORM to explain generic characteristics of objects. This model is based upon a
bottom up approach. We first present objects and classes and then show how groups of
objects and relationships constitute object classes and relationship sets. The ORM is a way of
describing or representing objects, classes of objects, relationships between objects and
classes, and real world memberships. The ORM can be considered the static part of object-
oriented systems modeling. That is, the ORM describes the “database“ of a model: what
objects may exist, what object classes they belong to, and what relationships exist between
objects. The ORM consists of objects, object classes, relationships relationship sets, and
constraints, only describing common terms of notion of object-orientation.

2.2.1.1 Object characteristics

   From the viewpoint of software development, the first programs were written in machine
code, becoming dependent on the architecture of the computers on which they were
implemented. Programming language techniques have naturally evolved towards a more clear-
cut division between the concepts manipulated in programs and their internal representation.

   There are many definitions of an object. Booch (1991) discusses the state, behavior, and
identity of an object: the structure and behavior of similar objects defined in their common
class and the interchangeable terms of instance and object. This is a classical language
definition, as defined in (Coplien, 1992), where classes play a central role in the object model.
Booch also insisted that the term “object” was first formally applied in the Simula language,
and objects typically existed in Simula programs to simulate some aspect of reality. Martin
(1992) defines an object as anything to which a concept applies and a concept is a shared
idea or notion that applies to certain objects within normal awareness. Rumbaugh (1991)
notes that an object is defined as a concept, abstraction or thing with crisp boundaries and
meaning for the problem at hand. Shlaer and Mellor (1988) define an object as an abstraction
of a set of real world things such that: all of the real-world things in the set of the instances
have the same characteristics. All instances are subject to and conform to the same rules.

   In the face of the increasing complexity of the problems tackled, it was apparent that
software systems needed to be better structured. A program is considered to be a set of
procedures together with a separate set of data on which the procedures operate. Related
design methods consist of ”divide and rule”. The splitting up of tasks to be carried out into a
set of independent modules is known as black boxes. This is called procedure-oriented
programming. However, the slightest change in the data structures can lead to a complete
reorganization of these procedures. The idea of information hiding (sometimes called
encapsulation) obviates this difficulty because the data and the procedures manipulating it are
incorporated into the same entity, namely the object. An object includes a static part, a set of
data, and a dynamic part, a set of procedures manipulating this data. An object is defined by
its behavior, and represented by the set of its procedures, rather than by its structure.
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   An object has a unique and immutable identity that differentiates it from other objects. An
object identity (OID) comes into being when the object is created, and can never be confused
with that of an other object even if the original object has been deleted. The OID never
changes even if all the properties of the object change. It is independent of the object’s state.
An object identifier further has the following characteristics: 1) it identifies an object not only in
an extension of a class, but also in a database, 2) it is constant throughout the lifetime of the
object, 3) it is not visible to the user, and 4) it is created and maintained by the system.

   An object has a set of attributes (Instance variables), and relationships with other objects.
An attribute models the state of an object. Procedures define its behavior. Procedures are
considered to be messages. We say that procedures encapsulate the behavior of the object.
They define the interface to the object, and can be used to maintain the hidden internal
structures and states of the object. Consequently, procedures may define the only available
way to communicate with an object and access its attributes. Procedures are sometimes
referred to as functions or methods.

   Meanwhile, Java is an object-oriented programming language for the Internet. Java is
actually an alternative to C++. Java is a language for creating safe, portable, robust, object-
oriented, multithreaded and interactive programs (Naughton, 1996). Java applet or its
application can be regarded as a set or collection of objects which communicate with each
other by means of messages in order to achieve some processing demanded by the world
outside the applet (Freeman and Ince, 1996). Java contains facilities for defining an object,
naming an object and creating an object. Naming an object requires a simple declaration of the
form.

2.2.1.2 What is an object type ?

   The concepts we process apply to specific kinds of objects. For example, land data includes
those objects which are concerned with environmental, infra-structure, cadastral, and socio-
economic information. Instances of topographical data could be buildings, roads, railways, and
so on. In object-oriented analysis, these concepts are called object types: their instances are
called objects. An object type is a category of object and an object is an instance of an object
type (Martin, 1992). The term object, however, is fundamentally different from the term entity.
Entity is concerned merely with data. We typically store a record for each entity. Object is
concerned with data and the methods with which it is manipulated. In the OO world, the data
structure and methods for each object type are packaged together.

Land data

Cadastral data
Environmental Data
Infrastructure Data
Socio-economic Data
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Fig 2.3 Object type and objects

2.2.1.3 Other object-oriented themes and notations

   There are several themes underlying object-oriented technology. Although these themes are
not unique to object-oriented systems, they are particularly well supported in object-oriented
systems.

Fig 2.4 Other themes of object-orientation

   Fig 2.4 shows object-orientation mechanisms, stemming from ideas of the Simula language
(Dahl and Nygaard, 1966), but this model only later began to be widely used, as a result of
the introduction of Smalltalk-80 (Goldberg and Robson, 1983). Other languages were then
developed including C++ (Stroustrup, 1998), Common Lisp Object System (Schmidt and
Omohundro, 1991) and Eiffel (Meyer, 1988).

Classes

   An object class is the description of a family of objects having similar properties (attributes),
common behaviors (operations), common relationships to other objects, and common
semantics. The abbreviation class is often used instead of object class (Rumbaugh, 1991).
Objects in a class have the same attributes and behavior patterns. Most objects derive their
individuality from differences in their attribute values and relationships to other objects. It is
believed that the term class refers to the software implementation of an object type. Object
type is a conceptual notion. Object types are specified during OO analysis. However, when
implementing object types, other terms are used. In the Modula programming language, object
types are implemented as modules, while Ada uses the word package. In object-oriented
languages, object types are implemented as “classes” (Martin, 1992).
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   The class implementation specifies the data structure for each of its objects. Although we
described the concept of object and class with examples, this approach is, however, too
vague for more complex topics. We need a formalism for expressing object models that are
coherent, precise, and easy to formulate. Object diagrams provide a formal graphic notation
for modeling objects, classes, and their relationships to each another. Object diagrams are
useful both for abstract modeling and for designing actual programs. Object diagrams are
concise, easy to understand, and work well in practice.

   There are two types of object diagrams: class diagrams and instance diagrams. A class
diagram is a schema, pattern, or template for describing many possible instances of data. A
class diagram describes object classes. An instance diagram describes how a particular set of
objects relates to each other. An instance diagram describes object instances. Instance
diagrams are useful for documenting test cases and discussing examples. A given class diagram
corresponds to an infinite set of diagrams. Fig 2.5 shows a class diagram (left) and one
possible instance diagram (right).

Fig 2.5 Class and objects

   An object’s environment, infra-structure, cadastre and other data are instances of class data.
Class diagrams describe the general case in modeling a system. Instance diagrams are used
mainly to show examples helping to clarify a complex class diagram. The distinction between
class diagrams and instance diagrams is in fact artificial: classes and instances can appear on
the same diagram, but, it is not useful to mix classes and instances (Rumbaugh, 1991).

   Meanwhile, the basic element of an object-oriented programming object in Java is a class. A
class defines the shape and behavior of an object. Any concept you wish to represent in your
Java program is encapsulated in a class (Naughton, 1996).
Abstraction mechanisms

   The object-oriented data model is built on four basic concepts of abstraction: classification,
generalization, association, and aggregation. In fact, the term abstraction derives from our
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ability to conceptualize a complicated world, to further compact our world by distinguishing
when one abstraction is more general than another. Each object is unique. However,
abstraction removes certain distinctions, so that we can see commonalties between objects.
Without abstraction, we would know only that everything is different. With abstraction, various
distinguishing features of one or more objects are selectively omitted, allowing us to
concentrate on the features they do share (Martin, 1992). In brief, abstraction is the act or
result of removing certain distinctions between objects, revealing commonalities.

   These abstraction concepts may be described by means of relationship sets. A relationship
set is a set of relationships, all of which have the same arity, connecting to the same object
classes, and expressing the same logical connection among objects. In an ORM diagram, a
relationship set is represented by lines connecting associated object classes. The number of
connections to object classes in a relationship set is known as “arity” of the relationship set. If
there are two connections, the relationship set is binary (Figure 2.6). If there are three, it is
ternary. For four object classes, the relationship set is quaternary. Relationship sets with five or
more are 5-ary, 6-ary, and so on. It is common to refer to relationship sets of arity three or
more as n-ary relationship sets.

                                                     connects
                     Land  parcel                                             Buildings

                                    Fig 2.6 Binary relationship set

Classification

   Classification is the mapping of several objects to a common class. The term object is used
for a single occurrence of data describing something that possesses some individuality and
some observable behavior. The terms object type or abstract data type refer to types of
objects, depending on the context. In the object-oriented approach, every object is an
instance of a class. All objects that belong to the same class are described by the same
properties and have the same operations. Classification is concerned with the grouping of
objects with similar properties and behavior into object classes. The objects belonging to a
class are collectively described by a class definition.

   That is, instead of describing individual objects, the object-oriented approach concentrates
on the patterns of both states and behaviors that are common to an entire class of objects. The
state of an object is represented by its property and its behavior by a set of procedures that
are encapsulated with the properties. This class structure encompassing both properties and
behaviors is the natural unit of abstraction in object-oriented systems. Classes and instances
are uniquely identifiable. The name of a class should uniquely identify that class and distinct
instances must be assigned to some unique object identity (OID).

Map
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Figure 2.7 Classification

Generalization and specialization

   Generalization and specialization represents the “Is-a” relationship set, an essential element
of the object-oriented paradigm. The main idea in generalization and specialization is that one
object class (the specialization) is a subset of another (the generalization). The process of
generalization consists of putting classes together in what is called a superclass. Generalization
enables us to perceive that all instances of a more specific concept are also instances of a
general concept. Specialization, on the other hand, breaks apart a class by differentiation of
properties or forms a set of lower class called subclass. Specialization allows us to describe
each subclass of a more general class by specifying only the additional details necessary for its
definition. Subclass describes a specialization of the superclass.

Fig 2.8 Generalization and specialization

   The terms superclass and subclass characterize generalization and specialization. It is
important to note that superclass and subclass are abstractions of the same object, and do not
describe two different objects. The direction of the “Is-a” relationship goes from the
specialization to the generalization, that is, it may be stated as, “Specialization Class is-a
Generalization Class”. The diagrammatic representations of two examples of generalization
and specialization are shown in Fig 2.8.
Association

   An association describes a group of links with common structure and common semantics. A
link is a physical or conceptual connection between object classes. All the links in an
association connect objects from the same classes. Association and links often appear as
verbs in a problem. An association describes a set of potential links in the same way that a
class depicts a set of potential objects. In fact, the notion of an association is certainly not a
new concept. Associations are widely used throughout the database modeling community for
years. In contrast, few programming languages explicitly support associations. We
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nevertheless emphasize that associations are a useful modeling construct for programs as well
as databases and real world systems, regardless of how they are implemented (Rumbaugh,
1991).

Fig 2.9 Association

   In an ORM diagram, association is also known as the “member-of” relationship set. For
example, clubs and teams are usually modeled using association. Accordingly, an object in the
cadastre object class is a set of objects from the tax, legal, economic and multipurpose. The
relationship set is read “tax cadastre is a member of cadastre”.

Aggregation

   An aggregation represents the “a-part-of” or “is subpart of” relationship set, in which
objects representing the components of something are associated with an object representing
the entire assembly. Aggregation is a strong form of association in which an aggregate object is
made of components. Components are part of the aggregate. The aggregate is semantically an
extended object that is treated as a unit in many operations, although physically it is made of
several lesser objects. A single aggregate object may have several parts: each part-whole
relationship is treated as a separate aggregation in order to emphasize its similarity to
association. For example, the building object class is an aggregation of the walls, windows,
doors and roofs that are part of it.

   However, there may be some discussions of the differences between association and
aggregation. Aggregation is a special form of association, not an independent concept.
Aggregation adds semantic connotations in certain cases. If two objects are tightly bound by a
part-whole relationship, it is an aggregation. If the two objects are usually considered as
independent, even though they are often linked, it is an association. But, the decision to use
aggregation is often arbitrary a being matter of judgment. Often it is not obvious if an
association should be modeled as an aggregation (Rumbaugh, 1991).
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Fig 2.10 Aggregation

Inheritance

   Inheritance provides a natural classification for different kinds of objects and allows for the
commonality of objects to be explicitly taken advantage of in modeling and constructing object
systems. In fact, generalization, as an abstraction mechanism, results in a hierarchical structure,
called a generalization hierarchy. In generalization hierarchy, the properties and methods of the
subclasses depend on the structure and properties of the superclasses. Inheritance is a
relationship between classes where one class is the parent class of another. Inheritance
provides programming by extension and can be used as an “is-a“ hierarchy.

   A high-level object class containing other object classes can be specialized into lower-level
object classes. An object type can have sub classes. That is, there is a hierarchy of object
classes, subclasses, sub-subclasses, and so on. A subclass inherits properties of its parent
class; a sub-subclass inherits properties of the subclass, and so on. A subclass may inherit the
data structure and methods or some of the methods of its superclass. It also has methods and
sometimes data types of its own. The subclass has the same methods as its superclass but also
has its own methods. Inheritance is a natural way to model the world or a universe of
discourse, and so provides a natural model for object-oriented analysis and design.

   This is common in the artificial language domain, where semantic nets use inheritance to
understand the world through the use of classes and concepts for generalization and
categorization by reducing the real world’s inherent complexity. Inheritance also provides for
code and structural reuse. In the class diagram, all routines, structures, and attributes available
in superclass are also available to all subclasses throughout the diagram. This concept is very
powerful because it reduces information redundancy and maintains integrity.

Single inheritance

   Inheritance can be restricted to form a strict hierarchy and is then often referred to as
generalization and specialization. Single inheritance requires that each class has at most a single
immediate superclass. This restriction implies that each subclass belongs only to a single
hierarchical group and one class can not be a part of many distinct hierarchies. The
representation of hierarchies as a tree is used for strict inheritance with the most general
superclass at the top, and the most specific subclasses at the bottom. Fig 2.11 illustrates an
example of a single inheritance.

Superclass

Subclass 1     Subclass 2     Subclass 3

(Building)

(Wall)                 (Doors)          (Windows)

Inherit from
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Fig 2.11 Single inheritance

Multiple inheritance

   A class may inherit features from more than one superclass. That is, multiple inheritance
permits a class to have more than one superclass and to inherit features from all parents. This
permits mixing of information from two or more sources. This is a more complicated form of
generalization than single inheritance. The advantages of multiple inheritance are greater power
in specifying classes and an increased opportunity for reuse. It brings object modeling closer to
the way that people think. The disadvantage is a loss of conceptual and implementation
simplicity.

Fig 2.12 Multiple inheritance

Role

   A role is one end of association. A binary association has two roles, each of which may have
a role name. A role name is a name that uniquely identifies one end of an association. Roles
provide a way of viewing a binary association as a traversal flow from one object to a set of
associated objects. Each role on a binary association identifies an object or set of objects
associated with an object at the other end. From the viewpoint of the object, traversing
association is an operation that yields related objects. The role name is a derived attribute
whose value is a set of related objects. Roles often appear as nouns in problem descriptions
(Rumbaugh, 1991). In an ORM diagram, a role label is placed on a relationship set and gives
a special name to all objects participating in the relationship. A role is represented on the
ORM by writing the name of the role next to the object class for which the role applies in the
relationship set (Fig 2.6).

Constraint

   We can model most systems with objects, object classes, and relationship sets. To describe
a system more satisfactorily, however, we often wish to state additional properties of object
classes and relationship sets by imposing constraints. Constraints are functional relationships

Superclass 1 Superclass 2

Subclass 1      Subclass 2       Subclass 3

(House) (Hotel)

(Wall)                  (Door)              (Floor)
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between entities of an object relationship model. Constraints provide one criterion for
measuring the quality of an object relationship model.

   For instance, we might want our model to allow only one Age object for each Person
object, or at the most, one object in the President object class when modeling a company. In
an ORM, a constraint restricts the membership of one or more object classes or relationship
sets. The ORM allows analysts to express several different types of constraints. However, in
the object behavior model and object interaction model, it may be useful to use this constraint
in order to describe some restricted conditions.

Encapsulation

   Booch (1991) defines that encapsulation (sometime called protection) is the process of
hiding all of the details of an object that do not contribute to its essential characteristics.
Encapsulation (also information hiding) consists of separating the external aspects of an object,
which are accessible to other objects, from the internal implementation details of the object,
which are hidden from other objects. The implementation of an object can be changed without
effecting the application that uses it. Encapsulation is not unique to object-oriented languages,
but the ability to combine data structure and behavior in a single entity makes encapsulation
cleaner and more powerful than in conventional languages that separate data structure and
behavior.

   Lewis and Loftus (1998) mention that the term encapsulation is used to describe the fact
that objects are thought of as black boxes. An object encapsulates the methods and data that
are contained inside it. Encapsulation is the main idea behind the client-server model of
computing. Some languages permit arbitrary access to objects and allow methods to be
defined apart from classes as in conventional programming. Simula and Object Pascal provide
no protection for objects. Therefore, instance variables may be accessed wherever visible.
However, most object-oriented languages provide a well-defined interface to their objects
through classes.

   Having explained several components of ORM, this section shows some relationships
among the components of ORM. According to this ORM (Fig 2.13), if a Relationship Set
(RS) is a subpart of a High-Level Object Class (HLOC), then all the Object Classes
connected to RS are also subparts of HLOC. Every Generalization and Specialization Class
relates through a Generalization and Specialization Relationship Set. Aggregation and
Association Relationship Set have the same relationship as their class.
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Fig 2.13 Conceptual ORM (Embley et al., 1992)

2.2.2 Object behavior model

   The ORM is a powerful tool for representing objects and relationships. However, it does
not allow us to model the behavior of objects. We need a behavior model to document the
way objects in a system function, respond or perform. We use the Object Behavior Model
(OBM) to describe the behavior of the objects in a system. The OBM is a means of
describing the behavior of objects.

   It is a means of explaining an object’s possible states and how and why it changes states.
Behavior in the OBM has three basic components: the states which each object exhibits
throughout its existence; the conditions that cause an object to make transitions from one state
to another; and the actions performed by an object in various states and transitions.

   The OBM describes concepts dealing with flow of control, interactions, and sequencing of
operations in a system of concurrently active objects. The major OBM concepts are states
which represent values of objects, and events which represent external stimuli. The OBM
models these two aspects of behavior using state diagrams (or nets). The OBM consists of
states, transitions, events, triggers, actions, and conditions.
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   A state represents the status, phase, situation, or activity of an object. Rumbaugh (1991)
insists that a state be an abstraction of the attribute values and links of an object. A state
specifies the response of the object to input events. The response to an event received by an
object may vary quantitatively depending on the exact values of its attributes. The response is,
however, qualitatively the same for all values within the same state, and qualitatively different
for values in different states.

   There are no systems to determine all the states of a given object. The states might be
determined by intuitively examining the object to see what the object status are, what the
object may be performing, and the object situation, etc. For instance, a student with a very
limited lifestyle may have the status sleeping, eating and studying in school. A state can only
be one of two conditions, either on or off, active or inactive. A state can only be turned on or
off by a transition unless an exception occurs. Flow of control typically passes from one state
to another.

Events

   An event is a change within the system which includes the creation or deletion of objects or
relationships, the starting or stopping of an activity, and the reception of a message from other
objects. An event is something that happens at a point in time and is a one-way transmission of
information from one object to another.

State diagrams

   A state diagram relates events and states. When an event is received, the next state depends
on the current state as well as the event; a change of state caused by an event is called a
transition. A state diagram is a graph whose nodes are states and whose directed arcs are
transitions labeled by event names (Rumbaugh, 1991), transitions (Embley et al., 1992).

Fig 2.14 Event causes transition between states

   In general, a state is drawn as a rounded box containing an optional name. A transition is
drawn as an arrow from the receiving state to the target state; the label on the arrow is the
name of the event causing the transition. The state diagram specifies the state sequence caused
by an event sequence.

Transition

State 1 State 2
Trigger Description

Action Description
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   Objects change states through transitions. An event can cause transition of objects from the
initial state to the next or any other another. A transition may be described as an arrow of data
and information flow. A transition consists of a trigger description and an action description. In
general, a trigger is a Boolean expression describing system conditions or events. When the
trigger of a transition is enabled and the condition becomes true, the trigger fires (Embley et al.,
1992). Rumbaugh (1991) mentions that triggering is the automatic application of an operation
to a network of objects when the operation is applied to some starting point object.

Action

   It is used to show that the transition must proceed. It may cause events, create or destroy
objects, observe objects and send or receive messages. An action, like a procedure, is always
terminated. An action description is, however, often put on the arrow as a verb type in other
types of modeling. It is sometimes easier to describe the cause and effect between objects.
Meanwhile, the most important point, as a whole, is the timing in the OBM.

   Transitional timing may be connected with atomic time object which is concerned with the
real-time of messages between two different states. An event is any change within a system.
Any change that can be detected may be modeled as an event. Thus, when an object
responds to an event, an object is responding to some detectable system change. Fig 2.15
illustrates the timing considerations for event-based triggers. An event triggers an enabled
transition only at the instant the event occurs.

Fig 2.15 Timing considerations of event monitors as triggers (Embley et al., 1992)

   Picture (A) shows a transition that is enabled from time t1 to time t3 and an event monitored
by the triggers of the transition that occurs at time t2. Since the event occurs during the time
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the transition is enabled, the event can trigger the transition. Picture (B) shows a transition that
is enabled from time t2 to time t3 and monitored events that occur at time t1 and t4.

   If events do not take place during the time the transition is enabled, they do not trigger the
transition. Thus, a trigger based on an event monitor can only cause a transition to fire if the
transition is enabled at the time the event occurs. These examples are essential in illustrating
processes and changes of any object within the real world. It also may apply to spatio-
temporal processes and changes when time interacts with spatial elements and embodies
temporal land information systems. In transitional timing, there are two kinds of time object:
instant and interval (Fig 3.13 and 3.14).

   The time object is described in more detail in Chapter three and four with an emphasis on
the temporal object system. In fact, the OBM is a collection of state diagrams that interact
with each other via shared events. Fig 2.16 illustrates an OBM, describing the behavior of a
sample site planning process. In this example, a transition is shown on the diagram as a
rectangle. The transition identifier is usually shown above the left corner of the transition
rectangle. The trigger description is shown in the top of the transition rectangle and the action
description in the lower portion with a horizontal line as a separator.

Fig 2.16 Sample model of OBM (modified from Embley et al., 1992)

   An ORM represents the static structure of a system, while an OBM represents the control
structure of a system. A state diagram, like an object class, is a pattern: it describes an entire,
possibly infinite, range of sequences.
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Fig 2.17 Conceptual OBM (Embley et al., 1992)

Conceptual object behavior model

   The objective of behavior modeling is to understand and document the way each object in a
system interacts, and functions. The most important aspect concerning transition, as a whole, is
the timing. Time passing can lead to different actions with a trigger. Thus, there is an initial and
a final transition. If state is a subpart of High-Level Transition (HLT), then all transitions
connected to state are subparts of HLT.

2.2.3 Object interaction model

   The ORM allows users to describe the relationships among objects. The OBM allows the
users to depict the behavior of an object. One object may interact with another in many
different ways. For example, an object sends message or information to another object and an
object may request information from another object. An object may alter another object, and
an object may cause another object to act. To understand object interaction, we consider
major characteristics of object interaction models (OIM) :1) what objects are involved in
interaction, 2) how the objects act or react during interaction, and 3) the nature of interaction.

   Since we are able to identify objects in ORM, we use ORM and OBM components in OIM
to show which objects are involved in interaction. We define the behavior of objects with state
diagrams and use state diagrams in OIM to describe how objects act and react in interactions.
The nature of interaction can be described by the activity constituting interaction. Information
about objects transmitted or exchanged during interaction are used to explain interaction
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features of an appropriate combination of ORMs and state diagrams so as to create object
interaction models.

Basic concepts of OIM

   Behavior modeling methods which are similar to event analysis, are appropriate for
describing processes in terms of triggers, events, control conditions, and operations. However,
for complicated processes in companies and large organizations, and very complex real world
conditions, specifying the dynamics of events, triggers, and control conditions is not always
possible nor appropriate. Under these circumstances, a different representation method should
be employed. This new method described as an object flow diagram (OFD). Before making a
survey of OFD, we mention a few related terms in OIM such as, multiplicity, data-flow
diagram.

Fig 2.18 Interactions between object class

   Multiplicity: it specifies how many instances of one class may relate to a single instance of
an associated class. Multiplicity constrains the number of related objects. It is often described
as being “one” or “many”, but more generally it is a (possibly infinite) subset of the non-
negative integers.

   Data flow diagrams: a data flow diagram shows the functional relationships of the values
computed by a system, including input values, output values, and internal data stores. A data
flow diagram (DFD) is a graph showing the flow of data values from their sources in objects
through processes that transform them to their destinations in other objects. But a DFD does
not show control information, such as the time at which processes are executed or decisions
among alternative data paths are performed. In other words, a DFD describes the possible
flow of information and the decomposition of activities, while indicating nothing about how
these activities and their inputs and outputs are controlled. A DFD contains processes that
transform data, data flows that move data, actor objects that produce and consume data, and
data store objects that store data passively.
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   Object flow diagrams: an object flow diagram (OFD) is similar to a data flow diagram
because it depicts activities interfacing with other activities (Martin, 1992). In DFD, the
interface passes data. In OO techniques, we do not want to be limited to data passing.
Instead, the diagram represents any kind of object that passes from one activity to another.

Bidirectional interaction

   There are cases in which two interactions are so closely related that they can be treated as
being the same interaction. Consider the following:

Fig 2.19 Two-way interaction

   In the first interaction (picture A), a local authority (planner) surveys a certain area and
interviews with inhabitants for a civic center construction. An inhabitant requires some
compensation from the planner during the second interaction. These two interactions actually
belong to a single unit of interaction between the planner and land owner. In the case of
interaction at both ends of a bidirectional being identical, we write only one description and
place it in the middle as the example in picture B.

Interacting with multiple objects

   Interactions can take on a number of different forms. They can be One to One (1:1), One to
Many (1:M), Many to One (M:1), and Many to Many (M:M). This describes the multiplicity
among objects. One to One (1:1) is the most common form of interaction. There is a single
origin object and a single destination object. An example of One to Many would be a radio
station broadcasting to all of its listeners. There is a single source object (the radio station),
and multiple destination objects (the listeners). However, Many to One (M:1) interaction is not
seen very often in OIM diagrams. An example might be a group of surveyors measuring one
small  city. Many to Many (M:M) interaction is also quite rare (Embley et al., 1992).

High-level interactions

   A high-level interaction is an interaction that contains other low-level interactions. High-level
interaction has exploded and imploded views. An exploded view shows what a high-level
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interaction contains, while an imploded view hides its contents. Here is an exploded and an
imploded example with multiple interactions (Fig 2.20). Of course, high-level interactions can
be created by serial construction or parallel construction. A high-level interaction can be
created which encloses all of the interactions, but not the object classes.

   This becomes an N-way interaction represented by arrows coming out of a shadowed line
with diagonals. A high-level interaction provides a more compact way of describing
abstraction of interaction among object classes, particularly complicated real world entities.
For a high-level interaction to be valid, every enclosed object class must have all of its
associated interactions enclosed as well. Otherwise, interactions connected without
intermediate object classes in the imploded view might occur.

                  Exploded  view                                              Imploded  view

Fig 2.20 High-level interaction (modified from Embley et al.,1992)

Continuous interaction

   Sometimes, an interaction is continuous. Information is sent as a constant flow, rather than as
discrete events. The most common being a satellite scanner that continuously measures and
records current land cover on earth. A heat sensor in a satellite may continuously report the
power to the control panel. It is important to note that the destination objects do not
necessarily need to continuously receive the information.

   Perhaps the control panel only checks the heat sensor every second. In principle, it may not
be necessary to describe whether information flow is continuous and constant. Because
interactions among objects are very changeable. This interaction is not seen very often in OIM
diagrams.
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Conceptual object interaction model

   In an OIM diagram, interaction can have a parameter of Parameter Type. The ORM and
OBM indirectly implement the OIM. The OIM consists of multiple object flow diagrams that
specify the meaning of operations and constraints.

Fig 2.21 Conceptual OIM (Embley et al., 1992)

   Fig 2.21 illustrates a conceptual OIM composed of four interactions as well as semantic
elements of ORM and OBM. Probably other OIMs contain more complicated structures than
the OSA because objects of the physical world are multifarious and their interactions are too
dynamic to denote within the OIM.

2.3 Summary

   The Object Relational Model (ORM) shows the “doers”- the objects. Each process is
implemented by a method used on some objects. The ORM shows the structure of the actors,
relationship sets, and high-level object. The Object Behavior Model (OBM) shows the
sequence in which the operations are performed. Each sequence is implemented as events,
states, or transitions of statements within some methods. The OBM shows the states of each
object and the operations that are performed as it receives states of events and their actions.
The three models come together in the implementation of methods. The Object Interaction
Model (OIM) is a guide to these methods. The OIM shows what “has to be done” by a
system. The leaf processes are the various operations on objects. The OIM shows the
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operations of classes and the arguments of each operation. Therefore, it shows the supplier-
client relationship among classes. The processes in the OIM correspond to operations in the
ORM showing objects related by function. In the light of Object-Oriented System Analysis
(OSA), this model is associated with devising a precise, concise, understandable, and correct
model of the real world. The purpose of object-oriented data modeling is to model the real
world system so that it can be understood.

   In the ORM, the real world consists of thousands of objects, which are considered as
complex geographical actors on the setting map. The ORM can describe the characteristics of
complex real world objects as points, arcs and lines in a fundamental geographical object. The
OBM is able to depict the object that is present on the stage but not moving, while helping us
to model transitions and changes of a cartographic group of object such as populations,
buildings and infrastructures. The OIM allows us to illustrate interactions and communication
among objects. In an OIM, the actors interact with the other objects, move forward, and
create different processes. In conclusion, the OIM can be implemented by the ORM and the
OBM. Real-world data modeling is supplemented by three conceptual models (Fig 2.22).

Fig 2.22 Integration of object models
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                                                         Chapter III
           Temporal Object Model in Space-Time

   There is a four-dimensional arena - space-time which consists of spatio-temporal points
existing independently of objects in space-time. The topological properties of space-time
are independent of objects in space-time. The spatio-temporal relations between bodies
depend only on the spatio-temporal relations between points in space-time.

                                                                                                                      (Ray, C., 1987)

3.1 Introduction

   Time is an essential feature of information defining the constantly evolving real world. Facts or
data need to be interpreted in the context of time. Time is a universal attribute in most
information management applications and deserves special consideration. In recent years, there
has been a growing interest in the application of temporal modeling in a conceptual schema.
Among the new emerging applications, geographic applications play a leading role and have
created a temporal research area. When history is taken into account as valuable data, the
discovery technique also considers the evolution of data through time. Temporal information has
become increasingly popular and influential in the development of new generation database
systems. Recent research work attempts to overcome this problem from a number of different
perspectives pertaining to linguistics, cartography, physics, and human geography, etc.

   The modeling of complex objects arises from the need to deal with applications which require
the management of objects of arbitrary complexity. Traditional data models, that is, relational
models, oblige users to decompose the representation of a complex object into a set of
relations. But object-oriented approaches to complex objects enable users to simulate and
imitate the real world in a reusable and flexible manner. Time applications can also benefit from
the support of object oriented database management systems which better capture the
semantics of the complex objects that arise in GIS/LIS domains. There are many temporal
object model proposals and some notable similarities in their temporal features (Ozsu et al.,
1996):

• Each temporal model has one or more temporal primitives, namely, time instant, time
interval, time span, continuous and discrete time, etc.

 

• Some temporal models require their temporal primitives to have the same underlying
granularity, while others support multiple granularities and allow temporal primitives to be
specified in different granularities.

• Most temporal models support a linear and cyclic model of time, while some support a
branching model of time.
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• All temporal models provide some means of modeling historical information of real-world
entities and histories of entities in the database. Two of the most popular types of histories
employed are valid and transaction time histories.

   This chapter reviews temporal issues concerning language, cartography and engineering, while
introducing the temporal object system, which contains spans, intervals and instants as well as
the history of temporal objects. Other versions of temporal object are highlighted. To begin
with, we start our study by giving a linguistic description of spatio-temporal terms, it gives us a
primary understanding of space and time. However, some terminologies are based upon English
prepositional phrases and may not provide a full description of complex spatio-temporality.

   We describe three steps of object processes pertaining to evolution and relationships of
objects, and structural changes of objects. Basic processes of spatio-temporal objects are
essential to portray physical phenomena, arising from the fact that object behaviors are
unpredictable. These processes prove that objects move and interact with other objects in a
specific place at a given time. Object attributes are continuously changed when space interacts
with time. In order to depict object process in space and time, we examine five spatio-temporal
data models, ranging from a cube model to an object model.

   In addition, three kinds of data domain are reviewed to understand current temporal GIS
developments and technologies because there is no agreement on a spatio-temporal framework,
based upon the three-legged approach to location (where), feature type (what), and event time
(when).

3.2 Time perspective in space

3.2.1 Language and linguistic issues

   Language is used to describe time and space, sometimes both together. In natural language,
however, there seems to be an asymmetry between time and space. There are few terms to
describe temporal relationships when compared to spatial relationships. Time is ephemeral and
private. What kinds of models of the world do languages yield ? The time model that our
language provides is very strange. Most languages do not allow us to assign a temporal name to
a spatial object.

   Language also gives us wonderful economy of temporal description in verbal and textual
expressions. Hence, there is a definitive meaning from which we made use of time in space.
However, linguistic expression often leads to disadvantages and ambiguities. Languages enable
us to tell temporal ambiguity that is pertinent to positive or negative meaning when time contains
dimensions, extents and locational orders.

   A general, reusable computational resource has been developed within the text generation
project for organizing domain knowledge appropriately in order to gain linguistic realization.
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Bateman (1990) argues that linguistic analysis is developing and using an extensive domain and
task independent organization of knowledge that supports natural language generation: this level
of organization is called the Upper Model (UM). Golledge and Stimson (1997) argue that
language is a very different modularity often used as an agent of spatial and temporal
description. In many cases the language implies an underlying geometry, and unconventional use
of a relational term may cause considerable confusion.

   The Upper Model provides a domain and task independent classification system that supports
sophisticated natural language processing, while significantly simplifying the interface between
domain-specific knowledge and general linguistic resources (Bateman, 1990). We find that
definitions of a mapping between knowledge and its linguistic expression are facilitated, if it is
possible to classify any particular instances of facts, states of affairs, or others that occur in
terms of a set of general objects and relationships of specified types that behave systematically
pertaining to their possible linguistic realizations.

3.2.1.1 Spatio-temporal object

   Time provides a class for the general concept of a temporal object, including all points,
volumes, and undivided wholes, etc with temporal dimensions. Time points, which are non-
decomposable in the style of zero dimensional points in time, and a single explicit subtype, are
defined here as zero dimensional time (zero-D-time). Zero dimensional points are usually
referred to using a preposition such as “at”.

   Time as a general undecomposable substance, is the combination of temporality and
substance (Bateman et al., 1995), used as an analogous spatial concept that might support, for
example, selection of the interrogative form “when”. Time-interval is a one, two, or three
dimensional, set of time points. It is also an ordered-object. Two subclasses (or subtypes) are
differentiated by linguistic grammar as one or two-D-time and three-D-time. A three-D-time is a
portion of time that is being viewed on a sufficiently large scale as if it were a volume within
which a thing occurred (e.g, in “1996”) rather than a plane on which a thing occurred (e.g, “on
that day”). A one-or-two-D-time is a temporal object that is associated with time intervals or
smaller scale successions of time instants, e.g, a day (as opposed to a year) (Fig 3.1).

   A relationship of spatial-temporal locating may locate with respect to a space or time that
can be classified as either absolute or relative. Absolute here refers to a fixed property of
temporal and spatial relationships according to how they are used in the English grammar
(Bateman et al., 1995). Absolute spatio temporal relationships are taken to be unchanging with
respect to the observer. A relative relationship is one that moves with the observer. This
linguistic interpretation gives us a semantic representation of human reasoning concerning the
flow of time in space. On the basis of these motivations, time and space are defined as a
linguistic hierarchy in terms of scales, extents and locations.



38

Fig 3.1 Spatial-temporal objects in Generalized Upper Model (Bateman et al., 1995)

   The spatio-temporal sub-hierarchy is organized along a number of dimensions, which combine
to form specific categories of relationships between entities and locations in space and time. The
Upper Model (UM) (Bateman et al., 1994) delineates that most spatio-temporal subclasses are
responsible for the appearance of specific prepositions within prepositional phrases generated by
the grammar to express spatio-temporal relationships. According to the UM, spatio-temporal
linguistics includes relations associated with time, space, directions, and extents. In principle,
there are two level distinctions between locating and extents. In English, the extent-dimension is
responsible for the selection of prepositional phrases involving prepositions such as for, along,
during, as in the prepositional phrases: “for six days”, “for three miles”, “across the bridge”,
“along the street”, “during the seminar”, etc.

Fig 3.2 Locating and extent in space and time (Bateman et al., 1995)

   The concept is one of a segment of space or time within which some processes or states are
composed of locating and extent between space and time, as opposed to a simple location which
picks out spatio-temporal points of location (Bateman et al., 1995). Temporal-relation and
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extent combine to give the subclass temporal-extent, spatial-relation and extent combine to give
the subclass spatial-extent. Locating combines with both spatial-relations and temporal-relations
to give the subclasses spatial-locating and temporal-locating (Fig 3.2).

Temporal and spatial extent

   Temporal-extent further decomposes into nonexhaustive-duration and exhaustive-duration.
This distinction provides the motivation for selecting between the preposition “in” and “during” in
their corresponding prepositional phrases. Temporal-extent is the relationship of a process or
object to a DateTime or Interval in time. However, spatial-extent is the relationship of a
process or object to a path or interval in space. It further decomposes into parallel-extent and
nonparallel-extent. This distinction provides the motivation for selecting either grammatical or
circumstantial constituents realized by prepositional phrases involving the prepositions “along”
and “across”.

Temporal and spatial locating

   Temporal-locating is associated with a process or state with respect to a time in either an
ordered or nonordered fashion. The ordered-locating defines a nonsimultaneous ordering
between the event/process and a time, provided by two dimensions from anterior and posterior
(Bateman et al., 1995). Anterior and posterior defines whether the temporal relationship in time
precedes or follows. Extremal and nonextremal express the relationship between the
process/state and time pertaining to whether there is an orientation words at the end or beginning
points of an interval. In the case of spatial-locating, it is the relationship between an object or
process and its location in space. It further decomposes into orienting, source-destination, and
static-spatial categories. The orienting specifies that there is an element of relative directionality
included in the relationship between process/state and the space within which that event/process
is located (Fig 3.3).

Fig 3.3 Linguistic time ordering (Bateman et al., 1995)
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   It is in contrast nonorienting. Examples of this dimension of contrast are given by grammatical
circumstantials realized by prepositional phrases involving the prepositions “to”, “from”, “off”,
“onto” (Nonorienting) versus the prepositional phrases involving “towards”, “in front of”,
“above”, “below”, “behind” (orienting). Source-destination indicates the orientation of
directionality included in a process/event pertaining to either from the source or towards a
destination.

Fig 3.4 Spatial-locating (Bateman et al., 1994)

   Static-spatial specifies that there is no movement involved and the spatial location is
unchanging. For instance, this land parcel is located at that place. More generally, the grammar
realizes these categories by the prepositional phrases involving “to”, “from”, “onto”, and “into”
for motion-processes (Bateman et al., 1995) (Fig 3.4).
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                                               Temporal Ontology

               Fig 3.5 Linguistic spatio-temporal ontology (Henschel, 1993)

   Some of these selections of prepositional phrases are also dependent on the type of spatial
object where location occurs. Based upon the above linguistic English notions, the spatio-
temporal hierarchy can be shown in Fig 3.5. In the meantime, the usefulness of linguistic
terminology in describing cartographic concepts has been explored in depth by many
geographers. Head (1984) and Langran (1992) insist that cartography has more in common
with natural language than with the communication models based on electronic information
theory.

3.2.2 Cartographic issues

   Before discussing cartographic time, let us consider for a moment what is implied by “where”
and “what”. When we specify “where” by giving a location (or place) of an object, or “when”
by giving the time (or epoch) of an event (or occurrence) in reference to other objects or events,
we are not saying that “where” or “when” are part of those objects or events. Rather, all of
these things may be considered as taking place in an abstract arena. We shall follow modern
terminology here by calling this arena space-time. This terminology comes about by appending a
time dimension to the familiar three dimensional world in which we live, which is often called
space. The three dimensional space is just something that is experienced by any observer when
they consider moving left or right, forward or backward, up or down.

   When precautiously attributing physical properties to either space or time, one implies more
the spatial-temporal sense. One should be particularly wary of divorcing either space or time
from the observer. Western cartographers are apt to do so as they are very accustomed to
maps. For example, the ancient navigators who have a way of thinking in sailing directions, are
very much self-centered. In order to get from one island to another, they would simply note that
one should set sail in a certain direction. To get to a third island, one would imagine oneself on
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the intermediate island and note the direction in which one must head. A map-style bird’s eye
view of the resultant course is not recognized and, unless the short-cut route was independently
known, it would not be sailed. Past, present and future should be associated with the
perceptions of an observer. Accepting time as one dimension in space, it becomes more
complex to elucidate interoperation between time and space. In space-time from Aristotle’s to
Einstein’s view, there have been various definitions. Time, a phenomenon that is perceived only
by its effects, has stymied since its beginnings (Langran, 1992).

Aristotle’s space-time

   It is interesting to review the origin of time and space that Aristotle’s analysis of the physical
properties of spatial magnitude, time, and locomotion, and the metaphysical view has provided
us with a conception of happening and motion or process as a fundamental spatio-temporal
ontology. Every sensible body is by its nature somewhere. Time is the numeration of continuous
movement. Aristotle (384-322 B.C) was interested in motion. He realized that motion can be
understood by seeing how the location of objects change. Aristotle’s conception of the
structural features of time seems to mirror (White, 1992) his geometrical conception of the
structural features of spatial extension (in one dimension) or distance. That is, temporal instants
or ‘nows’ are conceived as temporal points.

   Such instants are thought as limits and as potential or actual divisions of stretches/intervals of
time when Aristotle uses the term chronos. Intervals of time are infinitely divisible in Aristotle’s
potential or constructive sense of infinitely divisible, in the same geometrical way that intervals of
spatial magnitude or distance are. It is not our purpose to critically discuss Aristotle and his
views concerning space and time, but to use him to represent the ancient pre-renaissance views
of space and time. According to Aristotle’s view of space, time, and motion (Fig 3.6), it may
describe the principles of cartographic time in space. To be able to explain in more detail, we
imagine a cube, sliced into a stack of horizontal planes. Each horizontal plane represents “an
instant of time”. Each point on that plane represents “a position in space (at that instant of
time)”.

       A (same vertical line)         B (same horizontal plane)  C (spatial and temporal separation)

Fig 3.6 Aristotle’s space-time map (Salgado, 1995)
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   In general, many planes exists that can be picked out of a cube. However, we can slice up this
cube in a certain way. There is a special set of lines, namely the vertical lines (Fig 3.6a), because
they are parallel to the vertical sides of the cube as well as perpendicular to the horizontal
planes. Each vertical line represents “a position in space”. More precisely, it represents “for all
time”, at the same position in space. In other words, each vertical line consists of those events,
which are coincident in space. There is also a special set of planes, namely the horizontal planes.
More concretely, representing “all of space at an instant time” (Fig 3.6b). Each horizontal plane
is composed of those events simultaneous to each other. Considering temporality in space, if
two events occur on the vertical line, then measure this time-difference (temporal separation) by
measuring the length along the vertical line. At the same time, if two events take place on a
common horizontal plane, then measure this spatial distance (spatial separation) on the horizontal
plane (Fig 3.6c).

   After Einstein published his Theory of Special Relativity in 1905, most scientists accepted
Einstein’s premise that time is a fourth dimension that interacts with space (Morris, 1984;
Langran, 1992). According to Einstein’s theory: the Causal Structure (Ray, 1987) provides
each event in space-time with its own notion of ordering events into “those events to its past”,
“those events in its present”, and “those events to its future”. The causal theory of time asserts
that the temporal order of events is reducible to causal relations between the events (Norton,
1992).

   When we make some assertion about the temporal order of two events, we can assume the
possibility of one causally affecting the temporal order. In Aristotle’s space-time, his absolute
“horizontal planes of simultaneity” (Salgado, 1995) defined the following casual structure; for a
given event, consider the absolute horizontal plane on which this event sits. Events lying above
this plane (in the diagram) are “events to the future” of the given event. Events lying below this
plane are “events to the past” of the given event. Events lying at the boundary between future
and past are “events happening now”, that is simultaneous time. Ray (1987) notes that the
causal future and past of the points lie in and around the Hole (T=0).

Fig 3.7 Aristotle’s and Galileo’s Causal Structure (modified from Ray, 1987)
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   Norton (1996) explains the hypersurfaces of simultaneity, which divide the manifold into three
regions as the present and the remaining two the past and the future. He defines T (past) to be
the identity map in the future so as to coincide with T in the past and the present that is to be a
smooth interpolation between them. Similarly, he defines T (future) to be the identity map in the
past in order to coincide with T in the future and the present that is to be a smooth interpolation
between them. This physical approach to space-time can be applied to modern cartographic
temporal concept even if the notions of Aristotle’s view have been based on the absolute rest
and natural state of motion of any object.

3.2.3 Computer engineering issues

   The study of time is increasingly becoming an important part of research efforts in a variety of
strands within computer science. Many logicians in artificial intelligence have pointed to the need
for a realistic world model to include representations not only of snapshot descriptions of the
real world, but also of histories or the evolution of such descriptions over time (Kahn and Gorry,
1977; Allen, 1983). Traditionally, many different temporal reasoning algorithms were proposed,
but none seemed to be acceptable in practice due to efficiency problems. Until recently, the
literature on the nature and representation of the time issue is full of never-ending disputes and
many contradictory theories. This contrasts sharply with the commonly held view of time, which
does not prevent people in their everyday life to cope with the treatment of time. It means that
there are some forms of commonsense time that is rich enough to people to deal with the world,
and that is universal enough to enable cooperation and communication between people.

3.2.3.1 The nature of time

   One of the major issues in designing a conceptual model for information systems possessing a
built-in notion of time is “what is the nature of time and what are its properties”. This is a
question with a long philosophical tradition but should be treated as an ontological in information
systems theory. A number of models exist for representing time. The following is a list of models
and different taxonomies that could be explored for implementation in time research; mechanical
time, event vs transaction, absolute vs relative, discrete vs continuous, direct
determination/measurement vs indirect determination/measurement time, and work-flow or
process time and partial ordering vs fully ordering time (Egenhofer and Golledge, 1994).

   They mention that processes operate in the world and are embedded in time. Elements of a
taxonomy of time can be continuous or discrete, as are processes. Cycles are a property of
processes, not time, time derives through measurements. Processes can be observed and
measured directly or indirectly. There are a number of ways to represent time. We use interval
and span methods, such as calendars and clocks, which are absolute, or we use ordinal
methods, which are relative. We also represent time with cyclic representations such as the
storage of repetitive information or by propositional information. Problems, however, arise when
defining the granularity of measurements, determining connections between time and
measurement, dealing with imprecise relative dates and indirect dates, on attempting to discretize
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space, time, and attributes. This section describes general characteristics of time in terms of
absolute and linear time.

   An essential issue when considering a model or system for handling the temporal dimension of
data is the nature of the time dimension itself. In principle, this issue comes down to whether
time is modeled as discrete elements (such as integers) or dense elements (such as rationals) and
continuous elements (such as reals). While there are proposals for three types of time, it appears
that the uses of discrete and continuous time are more useful in depicting the nature of time.

   Note however that there are no limits to the subdivisibility of time, since time models are
investigated by many authors. A related issue concerns whether data values are associated with
points in time or with intervals and spans. Clearly this issue appears when using discrete and
continuous time because the two representation schemes are equivalent.

   In the light of absolute time, most research has focused on modeling and managing absolute
time in some form, that is, exact time points or intervals are associated with each data value. The
absolute indicates that a specific valid time at a given timestamp is associated with a fact. Such a
time depends neither on the valid time of another fact, nor on current time. For example, a
person registers his land in a cadastral book on xx/xx/1997. Hence, absolute times are
concerned with chronologically definite statements only. In cognitive reasoning, however, a great
deal of attention has been placed on relative time, indicating that the valid time of a fact is related
to either the valid time of another fact or the current time. When dealing with phrases such as
“last week” and “a year ago” appearing in natural language understanding systems, obviously
issues of relative temporal modeling stress information and have to be alongside the absolute
temporal modeling.

   With respect to linear time, an important issue about the nature of time in a scheduling context,
which might take place in a “just-in-time”or job scheduling circumstance, is that of periodic
time. The majority of temporal modeling approaches consider the time axis to be linear. Any
system that supports time should be able to model requirements which refer to periodicity of the
familiar time units of weeks, months, years as well as user defined periods such as work-weeks,
weekends, payroll periods, etc. These time expressions can be nonlinear types when there is a
need to make assertions in alternative futures. This is useful in forecasting models and requires
the use of branching time.

3.2.3.2 Preservation of multiple past states

   As the temporal database is intended to capture all past database states including the current
one, preserving past states is essential, and guaranteed simply by deleting previously entered
data. There are two independent causes that have a bearing on the preservation such as the
retroactive update and the error correction with delayed update. Preservation still can be
incomplete for those operations can generate multiple pasts. For example, cadastral surveying,
mapping and land registration, can be continuously carried out by user and local government.
These multiple past states of surveying and mapping may provoke duplication errors and
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misunderstandings. A common problem is that the transaction time is often used in order to deal
with retroactive and proactive updates. However, more details of this topic are really temporal
formalisms in computer science.

   A major and current temporal concern between time and information is that there are multiple
relationships. Two relationships which receive most attention are called event time and
transaction time. The valid time of a fact is when the fact is true in the simulated reality. A fact
may have any number of associated instants and time intervals with single instants and intervals
being important special cases. Event times are usually supplied by the user. An event can be
viewed as an abrupt change of database states. An event has a slightly tailored meaning, which
causes it to generate certain relevant facts. More specifically, it causes changes to the properties
of objects. Thus, when an event occurs, it is naturally assumed that the event changes certain
properties.

   There are several similar names such as real world time, intrinsic time, logical time, and valid
time. A database fact is stored at some point in time and remains current until logically deleted.
The transaction time of a database fact is the time when it is current and may be retrieved.
Transaction times are consistent with their serialization order, while their time values can not be
later than the current transaction time. Also, as it is impossible to change the past, transaction
time can not be changed but may be implemented using transaction commit times, being system-
generated and system-supplied. Similar names are registration time, extrinsic time, physical time,
transaction commit time and database time.

3.2.3.3 Model of the timeline

   As mentioned, two basic time models are proposed in the temporal database community: the
continuous model, viewed as being isomorphic to the real numbers, with each real number
corresponding to a “point” in time, and discrete time, where viewed as isomorphic to the natural
numbers. Snodgrass (1992) chooses to use a discrete model and proposes that time is modeled
by a closed interval on the real number line. Time has both an origin and an endpoint. The
timeline can be subdivided into a finite number of contiguous, pairwise disjoint sub-intervals.
Each sub-interval is called a chronon.

   A chronon is the smallest duration of time. Other terms, such as “instant” (Gadia, 1986),
“moment” (Allen & Hayes, 1985), “time quantum” (Anderson 1982), and “time unit” (Navathe
& Ahmed, 1987; Snodgrass &  Dyreson, 1992), are used in the literature to describe a non-
decomposable unit of time. We assume that the set of chronons (or instants) is linearly ordered.
A different model of time, where the chronons are partially ordered, is called branching time. As
we can count the chronons, the size of each chronon is usually fixed by the granularity of the
interpretation (e.g, second, day, year).

3.3 Temporal object system
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3.3.1 Object in time

   When describing the modeling of time in temporal databases, there have been many efforts to
model temporal data. As depicted above, time is a linear and discrete collection of time units, of
which the smallest one is considered as chronon. An interval is represented by two chronons
(e.g, moment, instant) indicating the beginning and end of the interval. In view of temporal issues,
transaction time can be one of multiple past states of an object. Chakravarthy and Kim (1993)
argue that there may be multiple interpretations for the temporal behavior (validity) of a class of
data objects. Using the idea of temporal validity, they define the notion of history as being a
representation of the evolution of an object along a one-dimensional time.

   The significance of temporal validity is associated with each individual property, that an object
has its own characteristics as temporal attributes (or data values) related to the temporal
behavior of data objects. An evolution (or version) of temporal data values may be called the
history of an object. However, we need to establish the history of an object in terms of its
evolution. This section examines the history of an object and relevant concepts, showing how its
temporal history is constructed from data manipulation operations.

3.3.1.1 History of an object

   Temporal data values possessed by an object are represented by a pair (P,ΤΤ ) (Chakravarthy
and Kim, 1993), where P is a property and ΤΤ  is a valid period of P for the object. Usually, an
object may have several attributes during its lifetime. Therefore, the temporal data values an
object has during its lifetime can be grouped together. They call such a group the history of an
object. The history of an object reflects its evolution along the time dimension (Fig 3.8).

   With respect to temporal history, the first picture shows a temporal version between each
temporal object with a different property. The initial point ΤΤ i has several sub-points (ti, tk,...,tm)
in the time intervals, in which an object acquires a property (Pi), and the time point ΤΤ j (tj, tl,...,tm)

immediately after the final points of the time intervals, where the object loses that property.
Chakravarthy and Kim (1993) call these acquisition and release points. Among the release
points of a history, the one which is not an acquisition point of another property is termed a
death point such as ΤΤ k. Similarly, among the acquisition points, the first one in a history or the
first one after a death point is termed a birth point. In the second picture, the acquisition points
ΤΤ i and ΤΤ n are birth points. Note that a history may have multiple birth and death points. If the
history of an object has more than one birth point, it says that the object has been reincarnated.
With regard to the lifetime of temporal objects, it can be defined as a time interval between its
birth and its closest death points which is not included in the lifespan. If there is no matching
death point for a birth point, then the relevant lifespan becomes indefinite. In the meantime, since
valid periods of a property in history are disjoint, it is obvious that a property becomes at least
valid at given a time point. By moving the time point along the time axis, we can get properties of
an object at various moments. We can call the property obtained at a time point a “snapshot”.
Being analogues to the valid period, the snapshot provides us with information directly
extractable from a history. While the valid period gives information regarding different time
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periods an object possessed a given data value, the snapshot renders information about what
data values an object possessed at a given time point. These explanations are fundamentally
based on a theoretical analysis of temporal properties.

Fig 3.8 Evolution of object (Chakravarthy and Kim, 1993)

   Looking at the relationship between a current object and an historical object, the object is first
created and then modified several times by update transactions in its life cycle. It may finally be
deleted. Usually, updates to a conventional object overwrite the previous object’s states.
Therefore, changes in objects are not maintained. In certain temporal databases, update
histories of temporal objects are maintained with current objects and historical objects. A
current object represents the current state of a temporal object. A historical object represents a
past state of a temporal object. Current and historical objects are generically referred to as
version objects.

   In Fig 3.9, when a temporal object is to be updated, it is logically updated. The current object
of the designated temporal object approaches the new state reflecting the update. Just before
the update, a new historical object is created to preserve the previous state. Each historical
object is associated with the current interval, which begins at the commit time of the transaction
that made the state represented by the historical object. The current interval of the current
object begins at the commit time of the last update transaction and the end time is a special value
“now”.

   A temporal object is logically deleted by the operation. Deletion can be applied to current
objects. When deletion is applied to current objects, a historical object is created to preserve
the last state just before deletion. Then, the current object approaches the dead state. We refer
to current objects with the dead state as grave objects. Values of all user-defined attributes of
the “grave objects” are NULLs (Kitagawa and Suzuki, 1996). The current interval of the grave
object begins at the deletion transaction commit time and continues forever.
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Fig 3.9 History of temporal object (Kitagawa and Suzuki, 1996)

3.3.2 Temporal domains

   Accepting time as the fourth dimension, there are two ways to represent it in temporal systems
as noted in temporal component. Although people generally perceive time as continuous, most
implementations represent time in a discrete manner. Discrete domains map time to the set of
integers. Based on the discrete model, the smallest unit of time, analogous to a pixel in a raster
image, is called a chronon. Many systems may represent time parameters in the granularity of
one second or finer. For example, in land registration day, the time is associated with the
registration events that take place on each day of the deeds, being recorded in the object
database.

   Continuous domains map time to the set of real numbers. For many events, exact times can
not be determined. For example, it can be hard to define the exact finishing time of a cadastral
mapping over the whole country, scheduled at a certain time. Hence, the time at which
information is entered and updated in the object database is from the continuous time domain. In
many cases, discrete models record only a single domain of time. However, the continuous time
domain is equally necessary and essential in most current spatio-temporal applications where
population growth and land development continuously extends spatial distribution along the
timeline. Particularly, the importance of time in land parcels for mapping and registration cannot
be ignored. The continuous time domain can be useful in increasing not only representation time
efficiency, but also the temporal object modeling and temporal queries evaluation.

3.3.3 Temporal ontology

   Most work of temporal modeling in information systems concentrates on defining a general
temporal model during its incorporation into a relational database, where it is usually based on a
simplistic view of the underlying structure of temporal entities. Most commercial temporal
models deal with time units as days, weeks, months, etc, being the simplest way of determining a
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transaction time date. Although many software applications make extensive use of temporarily-
variable data, there are no commercial temporal database management systems in general use.

   Work based on a relational data model, reveals shortcomings in some areas of research and
practice, such as spatial databases, associated with attribute data. The temporal object model is
still a rapidly expanding field of research. However, little work has been reported on concrete
design and analysis of temporal categories and hierarchies. To find a temporal object and
classify object class, basic temporal primitives require the characterization of temporal data.

   Temporal information can be classified, anchored (absolute) or unanchored (relative) in the
Gregorian calendar (Ozsu et al., 1996). For example, September 1, 1997 is an anchored time,
in that we know exactly where it is located on the time axis, while 30 days is unanchored, in that
we do not know where it is located on the time axis, since it can stand for any block of 31
consecutive days. Here, we use the TIGUKAT (Ozsu et al., 1993) temporal object model that
is purely behavioral with uniform object semantics. The model is behavioral in the sense that all
access and manipulation of objects is based on the object behaviors. The model is uniform in
that every component of information, including semantics, is modeled with well-defined behavior
(Ozsu et al., 1995). The primitive objects of the model include: atomic entities (reals, integers,
strings, etc.); types for defining common features of objects; behaviors for specifying the
semantics of operation that may be performed on objects; functions for specifying
implementation of behaviors over types; classes for automatic classification of objects based on
type; and collections for supporting general heterogeneous groupings of objects.

3.3.3.1 Unanchored temporal entities

   Unanchored temporal information can be specified using the span time primitive, as a span is a
relative duration of time. Examples of time spans include 3 hours, 5 days, 4 to 5 months, etc,
being basically an atomic, cardinal quantity, independent of any time instant or time interval, with
a number of operations defined on it. In terms of span temporalities, a time span can be
compared with another time span with transitive comparison operators and can be subtracted
from or added to another time span. Time spans can be further characterized as being
indeterminate.

   A determinate span represents complete information of duration. For instance, the maximum
time allowed for surveyors to complete their surveying and mapping project is a determinate
span. An indeterminate span represents incomplete information of duration. It has lower and
upper bounds that are determinate spans. One day - two days, for example, is an indeterminate
span that can be interpreted as “a time period between one and two days”. Any determinate
span can be represented as a special kind of indeterminate span with identical lower and upper
bounds. An indeterminate span can be either continuous or discrete. Because both lower and
upper boundaries must be discrete spans. Since discrete spans are a special case of continuous
ones, indeterminate spans with one discrete and one continuous boundary are allowed and are
treated as continuous ones.
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Calendric granularities

   A calendar allows physical time to be represented in readable form. Perhaps the most familiar
is the Gregorian based on the revolution of the earth around the sun. Another familiar calendar is
the Lunar, based on the rotation of the moon around the earth. In general, calendars are based
on the needs of different cultures or organizations. The Lunar is also commonly known as the
Islamic calendar and is used by Asians and Muslims world wide. A calendar can be defined in
terms of any reasonable time unit. The Gregorian has days and months as time units. However,
the Academic also adds semesters. More specifically, a calendar is composed of a finite number
of time units. In the Gregorian, years, months, days, hours, minutes, seconds, are all calendric
granularities.

Representation of spans

   Since a calendric granularity is a unit measurement of a time span, it is desirable to use them
for measurement of time spans. Granularities are also commonly used to express a lack of
information about the particular time of an event. As noted before, discrete granularity is a
special kind of determinate time span used as a unit of time. We assume that, the granularity of
days behaves similarly to the time span 1 day. This can be expressed by the letter G to refer to a
particular granularity (Gday is a granularity of days) (Ozsu et al., 1995). Every operation
performed on a span can also be carried out on a granularity. For instance, to obtain a time span
of 5 days, we would multiply the granularity of days by the integer 5 such as 5 Gday. To get a
time span 5 months 2 days, we would add the span of 5 months to the span of 2 days; 5 G
month + 2 Gday. In general, we may define a discrete determinate span as a finite sum: where Ki

is an integer coefficient and Gi represents distinct granularities.

                                                             N
                                       S discrete  =   ∑∑  ( Ki  Gi )
                                                             i=1

   Since a granularity is a special kind of a time span, it is meaningful to compare two
granularities with each other. If one granularity is greater than the other as a time span, we say
that the former is the coarser and the latter is the finer between the two (Ozsu et al., 1995). For
example, the span of 1 day is shorter than the span of 1 month and therefore the granularity of
one day is finer that the granularity of one month.

3.3.3.2 Anchored temporal entities

   Anchored temporal information can be specified using an instant (moment, chronon) and
interval primitives. An interval is a duration of time between two specific anchor points
representing the lower and upper bounds of the interval (e.g. Sept.2, 1997, Sept. 2, 1998).
With respect to the time interval temporality, it says that a time interval can be depicted as a
duration between lower and upper bounds and has a length of time. A time interval can extend
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or shrink by a specified time duration. A time duration can be added or subtracted from a time
interval. Temporal reasoning approaches to time intervals provide a more vivid expression of
time intervals as primitives. A rich set of ordering operations between intervals can be defined.
The interval-based model allows statements to be interpreted only over time intervals (Allen,
1984). Allen introduced a powerful temporal representation that takes the notion of a temporal
interval primitive. The representation describes a method of representing the relationships
between temporal intervals using hierarchical constraint propagation techniques. With these
relationships, one can express any holding relationship between two intervals. Fig 3.10 shows
examples of predicates that clarify the interpretation.

   A time instant is a specific anchored moment in time such as Sept. 2, 1997 and Sept. 2, 1998
in a time interval. Thus, a time instant is a special case of a time interval, which has the same
lower and upper bounds. Hence the time instant Sept. 2, 1997 can be described as (e.g. Sept.
2, 1997, Sept. 2, 1997). Since a time interval is represented by two anchored instants, it is
sufficient to show how a time instant is represented within the context of a calendar. The
representation of time intervals is merely the expression of its two anchored time instants.
Aspects of time instant temporalities, a time instant can be compared with another time instant.
A time instant can be added or subtracted from another time instant. A time instant can be
compared with a time interval to check if it falls before, within, or after the time interval.

                   Fig 3.10 Temporal relationships for close intervals (Allen, 1984)
Continuous time instants and intervals

   Continuous instants are just points on the line of all anchored time specifications. They are
totally ordered by the relation “later than”. Like time span, there are also two kinds of

1. A ends when B begins

2. A starts when B ends

3. A starts before B begins and ends before B ends

4. A starts after B starts and ends after B ends

5. A starts and ends before B

State of Temporal Relation Illustration of Temporal Relation
A B

6. A starts and ends after B 

7. A starts before B starts and ends when B ends

8. A starts after B starts and ends when B starts

9. A starts when B starts and ends after B ends

10. A starts when B starts and ends before B ends

11. A starts before B starts and ends after B ends

12. A starts after B starts and ends before B ends

13. A starts when B starts and ends when B ends 
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continuous intervals: determinate and indeterminate intervals. Every interval has lower and upper
boundaries,which are continuous instants. The difference between determinate and indeterminate
time intervals is that a determinate interval denotes an event that occurred during each instant of
the interval, while an indeterminate interval denotes an event that might occur at each instant of
the interval. Therefore, determinate and indeterminate intervals have different mappings to the
time sets.

Discrete time instants and intervals

   There are two possible interpretations of a discrete time instant. For example, assume that a
surveyor has examined one site the whole day of Sept. 25, 1997. This explanation gives the fact
that we can use the determinate time instant Sept. 25, 1997 for the whole day. However, if a
surveyor is coming to Stockholm on Sept. 25, 1997, we would express this as an indeterminate
time instant. In other words, it means some time during that day. Therefore, there are also two
different kinds of discrete instants: determinate and indeterminate that correspond to the two
different interpretations. Fundamentally, a determinate (indeterminate) discrete time instant
behaves like a determinate (indeterminate) time interval. Discrete time instants can be used to
form discrete time intervals. Since we make use of determinate and indeterminate discrete
instants, we have also determinate and indeterminate discrete time intervals. Determinate
(indeterminate) time instants can be used as boundaries of determinate (indeterminate) time
intervals.

3.3.4 Conceptual model of temporal object

   This section examines how the calendar model and the anchored and unanchored temporal
primitives are incorporated into an object model. Time is noted as a number of chronons
(instants, moments, etc.). There are also time behaviors in calendric granularities, where time
methods have add, subtract, multiply, and divide. As depicted in Chapter two, Object
Relationship Model (ORM) and Object Behavior Model (OBM) can be applied to describe
temporal relationships and behaviors. In some temporal data models, Ozsu et al. (1995)
describe more detail of temporal behaviors. But, it may not be necessary to deal with temporal
behavior in order to model change of the real world and a time series. We select calendric
granularity to find and classify objects and classes.

3.3.4.1 Time span

   Before describing time span, we look at calendars resources of time. Time objects have a
subclass of calendars. We start with the object type related to the notion of a time span.
As noted in unanchored temporalities, a determinate span is a special one of indeterminate span
with identical lower and upper bounds. Hence, an indeterminate span may be a major object
type (Ozsu et al., 1995) introduced to model continuous indeterminate time spans.

Time Object Calendar

Superclass Subclass
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                                          Fig 3.11 The calendar type

   In this model, DiscreteSpans are a special case of continuous ones. Deep categories can lead
to particles of time granularity. The object type of DiscreteSpan can be defined as subclass of
the IndeterminateSpan. Moreover, granularity is a special kind of determinate span. Therefore,
the object type of granularity is a subclass of DiscreteSpan. Instances of granularity represent
various cases of discrete granularities, e.g., years, months, hours.

Fig 3.12 Span and granularity types (Ozsu et al., 1995)

   The user may create new granularities as instances of Granularity. Since the set of all
granularities is totally ordered with respect to the comparison operators (<, >), the user should
be able to specify granularity as “finer than” (Ozsu et al., 1995). The temporal system would
uniformly update the total order in the set of granularities. It is also the user’s responsibility to
provide the system with the lower and upper bound factors of the new granularities with respect
to already existing granularities.

3.3.4.2 Time sets and intervals

   Since time intervals are composed of time instants, an object group or union of determinate
and indeterminate instants and intervals need to be represented, Ozsu et al. (1995) define it as a
time set. However, object-oriented programming can provide users with user-defined functions
such as TimeElement, TimeAggregate, TimeCollection and TimeSet, etc. We define the time set
in order to represent them making the subtype of all intervals and instant types. Since a time set is
composed of just one interval, a time interval is a special kind of time set.

                                                 ContinuousDeterminateInterval

                                                 ContinuousIndeterminateInterval

TimeSet           Interval                                                                                  SpecialInterval
                                                 DiscreteDeterminateInterval

IndeterminateSpan

Discrete
Indeterminate
Span

Continuous
Indeterminate
Span

DiscreteSpan Granularity SpecialGranularity

DeterminateSpan

Superclass Subclass
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                                                 DiscreteIndeterminateInterval

       Superclass                                                                                          Subclass

Fig 3.13 Interval types (Ozsu et al., 1995)

3.3.4.3 Time instants

   Every instant can be treated as an interval with identical lower and upper bounds. As discussed
in anchored temporal entities, discrete time instants essentially behave like continuous time
intervals. Additionally, a discrete time instant is also a special kind of discrete time interval whose
lower and upper bounds are discrete and identical. DiscreteDeterminateInstant is a subclass of
DiscreteDeterminateInterval and ContinuousDeterminateInterval. Similarly,
DiscreteIndeterminateInstant is a subclass of DiscreteIndeterminateInterval and
ContinuousIndeterminateInterval.

DiscreteDeterminateInterval

                                                                DiscreteDeterminateInstant
ContinuousDeterminateInterval
                                                                                                                              SpecialInstant

 ContinuousIndeterminateInterval

                                                                    DiscreteIndeterminateInstant
 DiscreteIndeterminateInterval

     Superclass                                                                                         Subclass

Fig 3.14 Instant types (Ozsu et al., 1995)

3.3.5 Temporal structure

   Temporal structures provide the underlying ontology and domains for time. The basic building
block consists of anchored and unanchored temporal primitives. The sub building block provides
a domain for the primitives consisting of discrete or continuous temporal primitives. Finally, the
last building block adds determinacy. Thus, a temporal structure can be defined by a series of
progressively enhanced temporal primitives.

       Determinacy temporal primitives             Domain-based temporal primitives               Temporal primitives
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          P (determinacy and indeterminacy)              P (discrete and continuous domain)

                                      Fig 3.15 Building a temporal structure

   This gives a detailed hierarchy of the different types of temporal primitives existant in each of
the building blocks. Based on the features of a temporal structure, its design space consists of 11
different kinds of temporal primitives.

                                                                                                                               DeterminateDiscreteInstants
                                                                                   DiscreteInstants
                                                          Instants                                                         IndeterminateDiscreteInstants

                                                                                   ContinuousInstants             DeterminateContinuousInstants

   
     Anchored primitives
                                                                                                                               DeterminateDiscreteIntervals
                                                                                    DiscreteIntervals
                                                                                                                               IndeterminateDiscreteIntervals
                                                 
                                                         Intervals
                                                                                                                               DeterminateContinuousIntervals
     Temporal structure                                                ContinuousIntervals
                                                                                                                               IndeterminateContinuousIntervals

                                                                                                                                DeterminateDiscreteSpans
                                                                                    DiscreteSpans
                                                                                                                                IndeterminateDiscreteSpans
          
         Unanchored primitives
                                                                                                                                DeterminateContinuousSpans
                                                                                    ContinuousSpans

                                                                                                                             IndeterminateContinuousSpan

            Temporal Primitives (TP)                            Domain-based TP             Determinacy-domain-based TP

Fig 3.16 Temporal structure design space (Ozsu et al., 1998)
3.3.6 Other relevant temporal object models
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   Up to now, we explained the principles of temporal structure, temporal primitives, and time
sets that may be available to office information systems, a specified business, and applied
engineering areas when we need to simulate real-time of temporal behaviors. However, there
are also several temporal object models. Theodoulidis et al. (1996) analyze a number of
different object models with respect to their concepts and techniques relating to object-
orientation and the time domain, namely the ODMG object model, the TEER, the TOODM, the
OODAPLEX, etc. Meanwhile, the Canadian Spatial Archive and Interchange Format (SAIF) is
introduced with regard to temporal object class and structure, because the SAIF (1994) might
deal with spatial and temporal architectures and their characteristics. It might help us to further
understand a spatio-temporal object model corresponding to the TIGUKAT object model, for
both may provide a conceptual framework of all spatio-temporal data models in GIS/LIS.

   A time class of the SAIF carries a time value, an interval, a duration, or a collection of such
values. Date and 24 hour time may be used separately or together, in which case the object
carrying both values is considered a timestamp. Two kinds of intervals are recognized as year-
month intervals, and day-time intervals. Spans and instants may have their own attributes. Date,
time, timestamp, year-month interval and day-time interval can be viewed as object types. In
these hierarchies of TemporalObject, we can specify the relationship among objects.

Fig 3.17 Structure of time class (modified from SAIF, 1994)

Class :          TemporalObject
Superclass:  Tuple
InstanceVariableNames:     TimeObject         TemporalReferencing
Comments: A temporal object represents a specific portion of the time line. The time domain is
defined through the value for TemporalReferencing. The portion of the time line is defined by the
value for TimeObject. TemporalReferencing is concerned with the temporal framework for time

TemporalObject

TemporalAggregate TimeObject TemporalReferencing

DateTime Interval Instant Span

Date Time YearMonthInterval DayTimeInterval
Day
Month
Year

Hour
Minute
Second

Months
Years

Days
Hours
Minutes
Seconds
Milliseconds

Time-stamp
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data defined in terms of time type, offset from UTC. Time type indicates whether the data is
referenced to an arbitrary time, to Universal Coordinated Time (UTC), or to GPS timing.

Class:         TimeAggregate
Superclass: TimeObject
InstanceVariableNames: objects         Multiset (TimeObject)

Class :            DateTime
Superclass:   TimeObject
Comments:  This is an abstract superclass dealing with date and time constructs. This can
correspond to the SQL concept.

Class:          Date
Superclass:  DateTime
InstanceVariableNames:          year                   Integer
                                                 month                Integer
                                                 day                    Integer
Constraints:   month  -  unsigned integer
                      day      -  unsigned integer

Class:     Time
Superclass:   DateTime
InstanceVariableNames:        hour                Integer
                                               minute            Integer
                                               second            Integer
Constraints:       hour     -       unsigned         Integer
                           minute  -      unsigned         Integer
                           second  -      unsigned         Integer

Class:   TimeStamp
Superclass:   DateTime

Class:     Interval
Superclass:   TimeObject

Class:    YearMonthInterval
Superclass:   Interval
InstanceVariableNames:      months        Integer
                                             years            Integer
Defaults:                              months:        0
                                             years:           0

Class:    DayTimeInterval
Superclass:   Interval
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InstanceVariableNames:       days             Integer
                                              hours            Integer
                                              minutes        Integer
                                              seconds        Integer
Defaults                                days.             0
                                              hours:           0
                                             minute:          0
                                             seconds:        0

3.4 Spatio-temporal ontology

   With the technological upheaval of software and hardware developments, spatio-temporal
requirements in government agencies, concerned authorities, and surveying and mapping
industries are greatly increasing with issues of collecting and updating topographic and cadastral
maps. A number of researches and technical reports indicate temporal needs in GIS/LIS.
Accurate GIS data collection using GPS and Remote Sensing has become low cost enabling a
municipality to quickly create a new data set to modify their existing maps. In particular, remote
sensed imagery provides surveyors with spatial data sets of the same geographic region with
temporal resolutions. New technology creates ‘data-rich’ TGIS opportunities, but there are also
‘data-poor’ applications such as in changes of land use, urban growth, and population
distribution, etc. A GIS generally uses only two or three dimensional spatial data and has great
difficulty handling temporally-referenced data (Hazelton et al., 1990; Candy, 1995).

   Temporal modeling may be able to analyze time series data detecting patterns and forecasting
future trends of climate, ocean dynamics, and other environmental changes. In addition, many
temporal modelings already exist in temporal databases. However, temporal function is still a
new approach to spatial databases. An alternative approach is to use generic TGIS database
that allows the user to create, model, query, predict and plan from TGIS graphic viewers. TGIS
can be considered as an extension of the standard GIS data model or object data model.

   Large organizations are examining their need for TGIS functions. The United States
Geological Survey (USGS) predicts that future production methods and customer demand
queries involve the historical evolution of individual map features (Candy, 1995). USGS
initiatives require GIS to support partial and dynamic vector updates and the ability to recreate
the database at any previous time. The National Center for Geographic Information and
Analysis (NCGIA) has discussed spatio-temporal reasoning in GIS, ranging from linguistic
issues through cognitive and computational aspects pertaining to time in geographic space
(Egenhofer and Golledge, 1994).

   Environmental Systems Research Institute (ESRI) Canada has developed Arc Forest software
which allows and facilitates queries of historical forest polygon attributes (ESRI, 1994).
Currently, the evolution of geo-relational TGIS is dependent on two software developments:
extending GIS spatial data models to store a time coordinate and extending relational database
management systems to allow storage and query of temporal attribute values (Candy, 1995).
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3.4.1 Space and time

   Time has a wide variety of shapes depending upon intended applications and temporal
databases that are associated with essential parts of office information systems, time series
simulation, GIS, etc. A space-time is the set of all possible process/ events in the universe. It is
mathematically modeled as an abstract four dimensional space. Each point in the space-time
represents an event. Space and time (or space-time) have no general shape. Different models
for the whole universe may have different shapes. When depicting space-time, we imagine four
members (x,y,z,t). The one (t) identifies time of occurrence when the event happened, and three
(x,y,z) is used to identify position of occurrence where the event happened. Szegö (1987)
delineates the three different times arising from the cylinder-shaped time-geographic model in his
book “Human Cartography”. He mentions that the horizontal plane “T” represents the point in
time “Now”, and the area of the circle shows the extent of the space at this point in time. The
outlines of space lie within the uppermost surface of the cylindrical model, which represents the
past. “T-1” is a point in time in the past, “T+1” in the future.

   In contrast, Langran (1992) argues that linguistic times are associated with past tense, present
tense, and future tense in order to depict the relative location along the timeline. Meulen (1995)
views time as expressions of natural language, and Friedman (1990) mentions that each event is
time-tagged as it occurs, and time-tagging is an organic process in which the reading of a
biological clock becomes linked to individual events in cognitive memory. It is also possible to
imagine a version of the model in which one often notices the time and date when salient events
occur, and this temporal information is entered into cognitive memory along with other notable
aspects, such as who, what, and where.

   With regard to temporal boundaries, spatial boundaries are created when adjacent locations
differ, temporal boundaries are built when adjacent states of the modeled system differ when
change occurs (Langran, 1993). The majority of map information emphasizes  the status-quo of
real world. Antique or historical maps speak of cadastral and cartographic methods in past
tense. Maps depicting temporal themes employ a series of tenses.

3.5 Spatio-temporal process

3.5.1 Basic spatio-temporal object process

   We can model events as a set of processes that transform objects. There is a clear need for a
spatio-temporal GIS/LIS enabling monitoring and analyzing successive states of  spatial objects.
Langran (1992) notes the importance of defining processes conceptually   to establish a proper
link between time and space in GIS, involving three components: a definition of the notion of
change, particularly differentiating between evolving and mutating objects; an inventory of
spatio-temporal processes and a rule for making a clear demarcation between the spatial,
temporal, and thematic domains. Mutations provide evidence of change essential for defining
events, used to model geographic processes (Claramunt & Theriault, 1995). In the field of
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object-oriented GIS/LIS, the term “entity” is equivalent to objects designating an observed
phenomenon.

   Fig 3.18 shows the basic processes describing spatio-temporal events and defining a
framework of object behavior. Compared to actors as an object, they portray object behavior
pertaining to relationships, evolution and structural changes. Three main types of spatio-temporal
processes may be defined as:

• Concerning the evolution of a single object
• Involving functional relationships between several objects
• Those that are the evolution of spatial structures involving several objects

   The first is associated with evolution of a single object that constitutes an indispensable
foundation for TGIS/TLIS: 1) Basic processes include appearances, disappearances and spatial
stability to allow representation of attribute variations without spatial effects, 2) transformation
processes change shape and size of objects in the form of expansion, contraction, and
deformation, 3) movement processes lead to positional changes such as displacement and
rotation.

  The second concerns functional relationships between objects: 1) replacement processes
involve a sequence of objects of comparable types accomplishing the same function or
occupying the same position in space. There are succession and permutation, 2) diffusion
processes involving a transfer of characteristics between two or more spatial objects. It seems
useful to distinguish between production phenomena, reproduction phenomena, and transmission
phenomena. Each process carries a precedence constraint. Contagion is a specific form of
diffusion.

   The third is associated with the evolution of spatial structures and takes into account
constraints linked to the position of other objects. Restructuring processes contain three types:
division of a single class into “N” subclasses (split), fusion of “N” subclasses into a single class
(union) and reallocation of land parcels covered by “A” initial zone to form “B” new zones.
These three types of classes can be applied to delineate object behavior in the physical
landscape. In particular, the third case is designed to express the realities of land dealings in
terms of land subdivisions, land merges and re-allocations, etc. Changes in land boundaries
(land readjustments) are comparable to changes in shape of the concerned land parcels, also
known as the transformation processes. However, these object processes might be required to
portray more dynamic changes of land boundary because a cadastral line might be highly
variable data in some countries.
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Fig 3.18 Typology of spatio-temporal processes (Claramunt & Theriault, 1995)

3.5.2 Time as a geometric dimension

   Many data of the real world describe continuous evolution. To capture the evolutionary
complexity of real world objects, application domains like environmental analysis, land use
planning, time series modeling, etc, need to model spatial data evolving in the course of time.
The data modeled in these domains represents phenomenon variability that ranges from
stationary data like a land parcel boundary to highly variable data (Yeh and Cambray, 1994a)
through time. In previous temporal modeling, temporal ontologies with no connection to spatial
dimensions are examined. Accepting time as the fourth dimension, there are two ways to
represent it in a temporal system such as discrete and continuous, which are expressed in the
temporal object system. Temporal behavior can be divided into several categories according to
its behavior or change patterns. Stable values exposed to events of a sudden nature have
stepwise constant values. Continuous changing values can be divided into three sub-categories
according to change patterns: Uniform, Smooth and Irregular changes. The third type of
temporal behavior exists as discrete values collected on a regular or irregular basis (Renolen,
1996).

   Even in spatio-temporal domains, time is represent as a discrete object and loses the
intrinsically continuous aspects of temporal variability. A highly variable value that models a real
world phenomenon is characterized by a continuous and complex evolution. Selected methods
of boundary representation (BR) (Yeh and Cambray, 1994b) delineate time values in spatial-
temporal domains. The transformation of a temporal sequence into a BR uses the temporal

I. Evolution of a  single entity

A) Basic changes

(1) Appearance

t1 t2

(2) Disappearance

t1 t2

(3) Stability

t1 t2

B) Transformations

(1) Expansion

t1 t2

(2) Contraction

t1 t2

(3) Deformation

t1 t2

C) Movements

(1) Displacement

t1 t2

(2) Rotation

t1 t2

t1 t2

(1) Succession

t1 t2

(2) Permutation

A) Replacement processes

(1) Production

t1 t2

(2) Reproduction

t1 t2

(3) Transmission

t1 t2

B) Diffusion processes

II. Functional relationship  between entities

A) Restructuring processes

t1 t2

(1) Split

t1 t2

(2) Union

t1 t2

(3) Re-allocation

III. Evolution of spatial structures  involving several entities



63

sweeping operator. To represent the whole evolution in a continuous way is equivalent to
retaining all the shapes and localization of the object through time. It is the sweeping of the value
representation during the course of time and not a simple union of successive states. This
temporal sweeping is equivalent to choosing time as the third axis.

   The trajectory of temporal sweeping corresponds to the object’s center of gravity during the
course of time. This operator is based upon the strong hypothesis that time is seen as a
geometric dimension which possesses properties of localization on the time axis. A sweeping
representation consists of shifting a surface or a line along a trajectory (Yeh and Cambray,
1994b). Compared with the usual definition of generalized sweeping, the different shapes of the
section corresponding to the versions stored in the temporal sequence and the trajectory are
described with the associated behavioral functions.

Fig 3.19 Temporal sweeping of a surface (Yeh and Cambray, 1994b)

   The sweeping shape is depicted by the behavioral function associated with the object and by
different intermediate geometrical values describing the states of the object. The main idea is to
get a continuous transformation allowing the change from a first geometrical shape into the next
shape according to a given behavioral function. By doing so, an object evolving with time is
represented with a 4D shape, which is described through 3D representation.

   Yeh and Cambray (1994b) argue that boundary representation (BR) depicts a “solid” in
terms of its boundary surface. Solids are represented as a union of faces, each defined by its
boundaries, the vertices and edges. This conceptual BR is very useful in understanding changes
of spatial land boundaries where time is involved with spatial transformation processes.

3.5.3 Spatio-temporal dimensional dominance

   Langran and Chrisman (1988) examine a concept characterizing application in terms of
whether functions operate in predominantly spatial or temporal dimensions. This concept, called
dimensional dominance, can be used as a framework for TGIS design. They argue that one must
consider whether data should be accessed in deep (temporal) or broad (spatial) chunks and
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whether functions travel predominately through space or time. On the basis of dominance
between space and time, Langran (1993) suggests data can be configured in phase space in a
space-dominant, time-dominant, or spatio-temporal pattern. Once the dimensional dominance is
determined, data and query languages can be optimized for the TGIS application. Fig 3.20
depicts the dimensional dominance of data and query processing in various spatio-temporal
applications. Langran insists that these classifications be easily changed with the peculiarities of
an application.

Fig 3.20 The dimensional dominance of various applications (Langran, 1993)

   Space-dominant applications are associated with maps and charts that are in general, based
on current tense data. Most of their operations are limited to the spatial domain. Despite the
space-dominance, the past has value for map and chart production, as a past tense does exist in
the form of past map editions or incremental updates. Topographic mapping remains space-
dominant, but navigational charting and cadastral mapping shifts to the spatio-temporal subclass.

   Time-dominant applications are related to temporal history, and connect with one part of
aspatial information. In particular, land registration and changes of spatial boundaries are
basically concerned with timestamps when events occur between the valid time and the
transaction time, whereas spatio-temporal applications favor neither space nor time. Spatio-
temporal domains generally involve regional processes or changes in land use or land cover, real
time modeling and simulation. Multipurpose land information needs advantages of spatio-
temporal dimensions in terms of the event’s place (where), time (when) and object (what)
(Langran, 1993).

3.6 The development of spatio-temporal data models

   A number of data models have been suggested for a spatio-temporal system. Some of them
are based on the raster approach, others on the vector approach and yet other concepts can be
applied to both vector and raster data. Some models are based on the object-oriented
paradigm, an approach that is capable of integrating both vector and raster data into one data

Space-dominant Spatio-temporal Temporal-dominant

Temporal mapping Simulation modeling Maintaining medical
or legal histories

Space

Utility mapping Human, environmental, or
natural resource management

Personal and inventory
record  keeping

Cadastral mapping Multipurpose land information Land registration and
land boundary histories

Time



65

model. This section takes into consideration the development of spatio-temporal data models
and technological development in GIS/LIS.

3.6.1 The space-time cube data model

   When numerical data evolve in the course of time, their mathematical or geometric
representation might be regarded as lines (curves), planes and polyhedra. In order to depict
such variable data, the space-time cube data model in CAD/CAM and engineering areas is
used. We found that Hagerstrand (1970), Szego (1987), Langran (1993) and many others
describe the processes of two dimensional space along a third temporal dimension. This data
model is similar to the boundary representation (Yeh and Cambray, 1994b) mode in a GIS.
When the trajectory of a 2D or 2.5D moves across time, the Boundary Representation
represents a solid in terms of its bounding surfaces such as dangling faces or edges with vertices
(Fig 3.19).

3.6.2 The snapshot data model

    A second common model of spatio-temporality is a snapshot sequence of time slices. The
nature of each time slice is captured by Wood and Fels (1986) and Langran (1992) describing
maps as sequential snapshots that record only fixed phenomena. Time-slice snapshots are an
intuitively appealing space-time model. They have roots in traditional mapping and mimic the
progressive nature of a slow-motion video. They are currently used to approximate spatio-
temporality in a GIS. Armstrong (1988) argues that independent time-stamped layers should be
added to a database if any changes occur.

          Fig 3.21 A snapshot model of timestamped layers (Armstrong, 1988)

   The drawback is that two snapshots contain much the same data and changes do not exist as
explicit entities. In addition, the root problem is that snapshots represent states but not the
events changing one state into the next. Judging from time-stamp layers, the snapshot models are
based on representations of raster or vector styles. The raster snapshot TGIS data structure can
be described as a stored series of grids for each theme (Peuquet and Wentz, 1994). A typical
land use data set might be derived from satellite imagery of the same geographic region in each
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10-15 year span. This raster snapshot model is still used in several government agencies without
too much difficulty by using pattern matching languages or macro language (Candy, 1995)
programs to create one time cube for each data layer.

   The raster data structure facilitates some layer-based temporal analysis. But most non-
polygon feature-based temporal analysis is impossible due to the lack of links between feature
versions. Another drawback is the need to create a new layer each time when a change is
recorded resulting in huge raster data sets and a number of data redundancies. The vector
snapshot data structure is in operation in many surveying and mapping areas in the form of CAD
formats. One advantage is its simplicity for implementation within current GIS software.
Disadvantages are associated with storage space being very high when all data is stored for
each snapshot regardless of the number of features changed between snapshots.

   Candy (1995) argues there are no links between layer versions resulting in difficult or
impossible temporal analysis. Temporal resolution tends to be poor as it is unrealistic to create a
new data set each time a single feature changes. In addition, there are no methods for attaching
event times to each feature. Change detection is required between temporal versions by extra
query languages.

                       1975                                1985                              1995

                    1975                                  1985                               1995

Fig 3.22 Raster and vector snapshot structure (case of road) (Candy, 1995)

3.6.3 The event-update data model

   The snapshot model can not specify individual changes or events in the data set. One way to
overcome this is to represent events explicitly. Langran and Chrisman, (1988) briefly discuss the
amendment vector approach where the current state can be found by applying amendments
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from a base map or current state map. In this case, it represents changes as the boundaries of
both states and versions. The base state with amendments is superior to snapshots.

   A raster update model might be more efficient for temporal analysis than a vector update
model. The raster update model is also location-based (Peuquet and Duan, 1995) compareing
any location’s content over time saving on data storage. But, the main difficulty is maintaining
correct pixel registration as data is updated.

   Furthermore, any raster to vector conversion and vice-versa or other classification may cause
erroneous pixel class changes. To be able to compare temporal versions, one has to keep them
in a separate file. In the meantime, several researchers are studying variations of the raster
update model for TGIS analysis applications.

   Peuquet and Duan (1995) propose a new raster-based event-oriented approach called the
Event-oriented Spatio-Temporal Data Model (ESTDM) based upon GRASS GIS software
and extended custom C programs (Candy, 1995). Both ESTDM and Temporal Map Set
(TMS) (Beller, 1991) models group time-stamped layers to show temporal observations of a
single event in a temporal sequence. However, ESTDM outperforms TMS in terms of data
efficiency and support for analysis of temporal patterns and relationships, since the ESTDM
store changes in relation to a previous state rather than a snapshot of an instance.

                    1975                                1985                               1995

Fig 3.23 The raster update model

   A header file contains information about its thematic domain (Peuquet and Duan, 1995),
pointer to a base map, and pointers to the first and last event lists. The base map shows an initial
snapshot of a single theme of interest in a geographical area. An event-based series consists of
the spatio-temporal dynamics of the thematic domain in that geographic area.

   Every event is time-stamped and associated with a list of event components to indicate where
changes have occurred. An event component shows changes to a pre-defined location (a raster
cell) at a particular point in time. The ESTDM has shown its capability and efficiency to in
respond to spatial and temporal queries.
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Fig 3.24 Primary elements and the pointer structure of an ESTDM (Peuquet & Duan, 1995)

   However, the adoption of the ESTDM model to a vector-based system requires a substantial
redesign of event components. Historical or transitional information of an entity or a process
becomes fragmented if changes occur to spatial objects or their topology. Mechanisms are
needed to allow event components to keep track of their pre-defined entities and locations
(Yuan, 1996).

                   1975                                 1985                               1995

Fig 3.25 The vector update model

   In contrast to the vector snapshot model, the vector update model makes it possible to
represent updated features in each GIS layer. Only the first layer contains a full data set, other
layers contain feature versions. The main advantage is that feature objects are traceable over
time. The main disadvantage is that there is no easy way to measure spatial topology changes
over time (Hazelton, 1992; Candy, 1995). In practice, this model is best implemented using
current GIS software technology. Feature updates are added to the base state layer, with the
old versions of any modified features moved into an archive layer. This model has been used for
a cadastral database developed by Hunter and Williamson (1990).

3.6.4 The space-time composite data model

   Similar to the vector update model except that both past and present features are stored in the
same layer. Langran and Chrisman (1988) propose this TGIS data model since this design
preserves spatial topology over time. GIS data configuration needs to be reconstructed
whenever new data is introduced because space-time composites are altered by the overlay of
the new spatial data and old space-time composites. However, this data model may become
redundant since two contiguous objects may have full or partial common histories as they are
parts of the same semantic object.
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   Langran’s space-time composite model has many interesting properties. But the question is
whether the model produces too fragmented data sets, and whether the indexing techniques are
able to cope with large data sets (Renolen, 1996). The simple model shown below can be seen
in current CAD softwares. Every feature version has a unique version ID, but feature versions
may be linked by a common feature ID or a special feature pointer. In fact, the space-time
composite is a merger of the vector snapshot and update models in that it encompasses as much
of the space-time planes as possible.

                                                                                                    Features 1975

                                                                                                    Features 1985

                                                                                                    Features 1995

Fig 3.26 The space-time composite data model

   However, a raster space-time composite model can not be implemented as multiple feature
versions can not exist in one layer. A space-time composite TGIS has not been developed.
There are two main problems in implementing the model (Langran, 1992). Firstly, if all feature
versions are intersected in the same layer, there may be many new small line segments created
when this new line is intersected with the old line. Secondly, the system must assign new
identification numbers to each new feature that appears when an existing feature is split up.
Probably, a more serious criticism is that this model can not be used in most of today’s GIS
(Candy, 1995).

3.7 Current framework of spatio-temporal data models

   Much research has been conducted towards the development of TGIS. Armstrong (1988)
reviewed approaches to handling temporal data and developed general models for incorporating
temporality in spatial databases. He finds that the incorporation of temporality in spatial
databases generates considerable complexity in data representation. Langran (1992) examines a
set of practical issues that must be addressed by anyone wishing to implement a spatio-temporal
database. The issues she examined include how data representation, incremental updates, and
system longevity affect the implementation of spatio-temporal systems. Langran and Chrisman
(1988) examine a concept concerned with characterizing applications in terms of whether
functions operate in predominantly spatial or temporal dominance. This concept, called
dimensional dominance, can be used as a framework for TGIS design.
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   In terms of temporal expressions, there are two main methods of implementing time in
databases. The first is to leave time out of the data model and include it as an attribute of the data
entities. The second is to include time as an integral part of the data model. With this
implementation of time, the semantics of the data model are extended to incorporate time directly
in spatio-temporal architecture. A few experimental TGIS projects have been conducted by
ESRI, IBM and several universities in the USA. ESRI (1994) has developed a data structure
that can be used to implement a limited GIS (Montgomery, 1995). The TGIS has been
developed based on a relational data model that tries to overcome the problems of temporal
representation being based on an Area Event System. Each area event has three elements: Event
Area, Event Independent Information, and Event Dependent Information. Each Area represents
the shape and location of the event. Event Independent Information depicts what type of event
occurred, when and where the event occurred. Event Dependent Information describes how the
event occurred. The event independent information for all event types is stored in one table
(Montgomery, 1995).  The temporal attributes in this table are planned event start date, planned
event end date, actual event start date, actual event end date, and the date of event is
superseded by another event. The date tuple (start date, end date, superseded date) records the
transition points in the event time line.

   Peuquet (1994) proposes an integrated approach for representing spatio-temporal data in
GIS. This new way, called the Triad representational approach, unifying temporal, locational,
and object related aspects of the data, and incorporating concepts from perceptual psychology,
artificial intelligence, and other fields. The goal of her research is to draw together a range of
concepts and ideas not only to improve the representational and analytical capabilities in GIS,
but also to provide more friendly temporal query languages.

   Although there is increasing research and development integrating the temporal dimension into
TGIS, few feasible spatio-temporal data models exist. Until recently, the technology might not
fully be available to build a TGIS. Likewise relational DBMS, many of TGISs are designed with
the relational data model. However, there are problems in the way that the system’s structure is
represented using a relational data model for the design of the TGIS application.

   Peuquet (1994) defines a framework for implementing time in a database using a Triad model
in the TEMPEST. She suggests that this model should be represented in three ways: feature (or
object)-based, location-based and time-based. Feature-based models maintain the necessary
feature data of spatial objects or entities, as well as their spatial and temporal delimiters.
Location-based models maintain the locational attributes of objects. Location-based data is
represented with a raster model and feature-based data is described with a vector model. Time-
based models maintain the database of change recording every event of an object maintained in
the feature based model. She argues that spatio-temporal data manipulated by these three
models are all stored in an object-oriented spatial database.

   In recent TGIS research and development, the object-oriented data model is used to design
the TGIS with more promising results. The object-oriented data model represents the complex
data structure inherent in a TGIS in a more appropriate manner than the relational data model.
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With an object-oriented data model, the complete history of an entity can be represented as a
single object (Montgomery, 1995). Traditionally, the major problems are in combining space
with time in the form of spatio-temporal object models.

3.7.1 Spatio-temporal framework

   Some research and development of spatio-temporal object models is experimentally
conducted in universities and several commercial software companies.  IBM designed and built
the TGIS prototypes in cooperation with the Colorado State University, Fort Collins, Colorado.
The goal is to define temporal functionalities and spatial-temporal operators required to carry out
global change research. In principle, each spatio-temporal model is based upon three kinds of
data distinguished in a temporal GIS, namely spatial, temporal, and attribute data.

Fig 3.27 Spatio-temporal structure and framework (Peuquet, 1994)

   The three data together represent the values of the attributes of an object occupying a certain
position (spatial data) in the world at a certain time (temporal data). When dealing with temporal
data, users look for causal relationships between objects. Events are used for an object that has
both spatial and temporal locations and extents. Peuquet (1988, 1994) and Claramunt &
Theriault (1995) treat time as a complementary and independent facet of spatial and thematic
domains.

   The proposed framework separates themes, time, and space. Peuquet (1994) argues that the
temporal domain is represented by successive object versions accumulated in temporal
structures. The structure’s links describe events explicitly and can be applied to spatio-temporal
object models. But, she may not describe how the three domains have relationships at micro-
levels pertaining to hierarchies of temporal and spatial data types when they combine or conduct
themselves independently. Because time encounters spatial objects, there is a broad spectrum of
complex temporal queries and questions with various geometric complexities.
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   Worboys (1992) presents the spatio-temporal object model (ST-object model). The world is
considered as a set of discrete objects consisting of spatio-temporal atoms by incorporating a
temporal dimension orthogonal to the 2D space. Worboys’ (1992) proposal is based on viewing
spatio-temporal objects as a finite collection of disjoint right prisms (so called ST-atoms). The
bases of these prisms are spatial extents, and their heights represent their temporal extents. Fig
3.28 shows the changes that occur in spatial objects at the time steps indicated by t1, t2, t3 and
the decomposition of spatial objects into ST-atoms. Spatio-temporal atoms are the largest
homogeneous units where certain properties hold in both space and time (Yuan, 1996).

Fig 3.28 Spatio-temporal object model with ST-atoms (Worboys, 1992)

   Though the ST object model is similar to the snapshot model and space-time composite
model, it only represents sudden changes upon an independent, discrete, and linear time
structure. In addition, this ST object model might not clearly explain how temporal classes and
objects interact with spatial objects and how ST-atoms can be explicitly differentiated if there are
tremendous ST object versions within a short time interval. While this model indicates linear time,
branching ST object versions coming from spatio-temporal processes could not be interpreted.

   Yuan (1994) proposes another conceptual modeling for spatio-temporal models which are
based on semantic, time, and space domains, developed by analyzing spatio-temporal
information needs for wildfire studies and representational requirements to facilitate these studies
in a GIS environment. This three domain model defines semantical, temporal, and spatial objects
in three separate domains. Time is modeled as an independent concept in the three domain
model, instead of being an attribute of location as in the snapshot model or being an integral part
of spatial entities as in the space-time composites and spatio-temporal objects. Geographic
concepts and entities are represented by dynamically linking the three types of objects from a
layer or object perspective (Fig 3.29).
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   The major advantage of the three domain models is that there are no pre-defined data
schemata, rather the model dynamically links relevant objects from the three domains to
represent a geographic entity or concept. Linkages among these objects can be numerical or
fuzzy membership functions. These functions are useful in representing dynamic boundaries such
as transactions of soil distributions, seasonal changes in lake boundaries, or diurnal changes in
shorelines (Yuan, 1996).

   In two examples of spatio-temporal models, Peuquet and Yuan suggest a three-legged
approach for a TGIS data model, stemming from what it is, where it is, and when it is, with
unclear descriptions for which of the three domains have as their temporal object’s hierarchies
and object’s methods for spatio-temporal combinations, when the physical world is practically
simulated.

Fig 3.29 A conceptual framework of three domain models (Yuan, 1994)

   Wachowicz (1999) proposes an object-oriented data model for TGIS using Smallworld GIS.
She developes the spatio-temporal data model based on Time Geography and object-
orientation. She mentions that the space-time path requires a different version management
approach for incorporating change into a database. This might be a new approach to object-
oriented TGIS based on version management that is an increasing controversy in GIS/LIS.
Meanwhile, there are few explanations concerning a temporal object model associated with
temporal class and object for bitemporal databases. She affirms that a new version management
approach is necessary for dealing with changes represented by the synchronization of events and
states. Therefore, temporal object and database versioning through time should be investigated in
the context of a spatio-temporal object data model.

3.8 Summary

   This chapter reveals that time has multifarious shapes in language, cartography and computing
research. Considering cartographic time, it focuses on the nature of space-time even though the
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motion of objects is generally based on Aristotle’s viewpoint. Meanwhile, time is essential in
measuring the order of events, forecasting object behavior with the help of a timeline and a
timestamp.

   The history of an object implies that we are able to trace past states and keep up with current
transitions of the object. The temporal history results from evolution within the temporal orders,
consisting of sub-linear and branching orders. The timestamp is also connected with temporal
orders, detecting differences of temporality between temporal primitives. In the meantime,
granularity is depicted as being part of a calendar represented as special kinds of span, intervals,
and instants within a unit duration, showing how the model of a calendar and unanchored and
anchored information can be implemented within an object model. The other model of temporal
objects is, however, examined on the grounds that it provides a more realistic basis of temporal
reality, where time classes illustrate the categories of time objects and their relationships.

   The three domains highlighted in a temporal GIS, namely spatial, temporal and aspatial-
atemporal data, represent the values of the attribute of an object occupying a certain position
(spatial data) in the world at a certain time (temporal data). The usual analogy of time as a line
stretching indefinitely towards the past and future is an indication that time and space dimensions
have some commonalties to be taken into account in the overall design of a temporal GIS
(Hermosilla, 1993).

   With regard to spatio-temporal processes, time is an essential dimension for understanding
space associated with temporal evolutions, functional relationships and interactions of time
objects. To define temporal behavior in space, Yeh and Cambray (1994b) propose boundary
representation delineating time values in spatio-temporal domains. Temporal sweeping operators
make it possible to visualize spatial evolutions in the course of time, considering it as a geometric
dimension.

   Between space and time, there are influential dominances depending upon the viewpoint of
user interests and preferences. Therefore, several ways of spatio-temporal data modeling are
discussed ranging from cube to object model. A few researchers propose the three-legged
approach to spatial, temporal and thematic or semantic data, based upon questions of time,
location and feature.
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                                                        Chapter IV
                                  Temporal issues in Land
                                  Information Systems

   It is a commonplace nowadays to regard everything as having a history and this applies
even to our idea of time. Greater knowledge of the universe has been accompanied by
greater appreciation of the distinctions between past, present, and future as people have
learned to transcend the limitations of the eternal present.

                                                                                                       (Whitrow, G.H., 1988)

4.1 Introduction

   Time certainly is a fundamental characteristic of human experience, but there is no evidence
that we have a special sense of time, as we have of sight, hearing, touch, taste, or smell. Our
direct experience of time is always of the present, and our idea of time comes from reflecting
on this experience. As long as our attention is concentrated on the present, we tend to be
unaware of time. A sense of time involves some feeling or awareness of duration, but this
depends upon our interests and the way in which we focus our attention.

   Recording the temporal evolution of land information allows users to better model the
dynamics of the real world. If land transactions occur frequently, then cadastral time seems
short, but if more attention for cadastral surveying and mapping is necessary, then cadastral
time seems extended. In fact a feeling of duration is experienced whenever present works are
related either to past experiences or to future expectations and desires. Clearly, our sense of
duration is affected not only by the degree to which we concentrate our attention on what we
are doing in land information, but also by the general physical circumstances of database
management.

   An archive is considered as a historical record or a collection of document preserved in
historical databases. Digital map databases make it possible to produce a variety of derivative
maps and outputs that smoothly maintain the consistency of historical landscapes and
heritages. One major role is to search for footprints of foregoing events over time in response
to various needs and demands for planning, construction, environment and land information
management.

   This chapter presents the role of temporal (historical) information in terms of land taxation,
land ownership, and natural resources, while examining the temporal needs for land
information management. Furthermore, we deal with temporal object models to describe
database versions implemented by valid time and transaction time. Using database version



76

state transition diagrams, illustrates the extended database version model for historical
databases. The DB version view plays an important role in visualizing versioning control of the
DB version manager in charge of the creation and maintenance of versions and version change
notices. The DB history view enables us to understand how the DB history manager can
manage historical land information. With the benefit of valid time (VT) and transaction time
(TT), an extended DBV model is proposed consisting of a logical and physical version object
as well as a temporal object. This extended DBV model can be applied to spatio-temporal
databases with the support of version management.

4.2 Temporal role in land information

   A cadastre is a comprehensive catalogue of quantifiable resources based on an
administrative division of land into parcels. Maps and land records are parts of the system or
can be derived from the system. The cadastre is essential for one or several purposes: for
instance, land registration and taxation, land use planning, urban development planning,
environmental monitoring and protection, and statistics. Furthermore, the cadastre provides the
basis for land information through the division of land into parcels connecting the information
contained in land records to the parcels. This basis is of great importance for other types of
land information systems (LIS) (Osterberg, 1994).

   One purpose of the cadastre is to ascertain the location, size, type, and use of real property
and to record the information pertaining to land value and ownership. Land records have been
a great concern to all governments from ancient to modern society. In fact, land policy and its
execution does, to a large extent, depend upon the effectiveness of land registration systems.
The cadastre can deliver the uniformity required to combine information about different
institutions within the cadastral data. The techniques of setting up registers and producing
maps in different scales are well-known to land archive specialists providing customers with
thematic maps or lists for further planning or as a basis for special decisions.

   A review of past cadastral records and historical resources allows us to understand the
spatio-temporal history of maps. Cadastral maps include the temporal (historical) attributes in
terms of the history of geometric, topographic and legal change. A timeline is an atlas of
history. We use timelines to depict areas of geographical and cadastral maps where historical
events are located in time, circumscribing a residential area on them. In a broad sense,
historical information can be conceived as temporal data of spatial changes in the context of
historical states and events. Godschalk et al. (1986) and
Vrana (1989) examine land information issues requiring historical and spatial information.

   Temporal data are transformed into historical information in the process of identifying the
status of a parcel in a longer cycle of development and in forecasting trends in the supply and
demand for land development. Information on changing land boundaries, land ownerships,
natural resources and physical characteristics of a geographic area allow temporal information
to support land use decision making and resource management functions. Particularly,
information on land parcels is essential in the operation of farms and estates. We often require
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up-to-date and historically complete information on previous uses of land in a readily available
form. If this is not maintained, landowners are obliged to use out-of-date and inaccurate data
sometimes with serious consequences.

4.2.1 Historical information and land taxation

   When analyzing the evolution of land information, it is obvious that most are based or
originate through cadastral systems. On the basis of LIS history, it can be argued that several
stages of LIS evolution developed from the fiscal cadastre. Changes in the majority of present
LIS are indicated in steps given in Fig 4.1. The cadastre instituted in early times as an
instrument of tax collection maintained this function throughout its history. Cadastral maps
provide a concise and accurate method of both fairly assessing and permanently recording
charges on a particular piece of land as a form of fiscal cadastre.

Fig 4.1 Land information development

   Today, the fiscal cadastre is defined as an inventory of land parcels providing the necessary
information for determining the tax value of each parcel. The applications of the fiscal cadastre
are, however, more widespread and related to a variety of land management functions. The
current function of fiscal cadastre still keeps old characteristics causing serious drawbacks
stemming from inaccurate information on tax, inaccessible ways of updating property transfers,
and registering land area changes. The land economists and speculators view land use in terms
of economic gain theory, with the use of each land parcel determined for the urban land
market (Chapin, 1974). Urban land has great value because of its potential to produce
income. From the historical viewpoint of values and uses, patterns of land values change in
time, land use pattern also changes. Conversely as the pattern of land use changes, the
patterns of land values change in time. Radically impacting the patterns of land values and uses
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on the city structure, it gives rise to undesirable distributions of income and spatial imbalance of
development.

   Modern fiscal cadastres often need to connect economic registers when land values are
dependent upon the temporal cycle of economic booms. The historical analysis of land values
and uses enables the forecast of spatial and temporal balance of land revenues and equilibrium
of land taxation within the framework of sustainable land development. Ostensibly, a fiscal
cadastre becomes a register containing a wide ranging list of all land value determinants for
every tax parcel, together with maps delineating tax parcel boundaries. This line of reasoning
leads to a comprehensive fiscal cadastre, extending the term “fiscal cadastre” far away from its
original meaning. A new term may be needed.

4.2.2 Historical information and land ownership

   At the heart of a cadastral system, the important aspects might be serious issues of land
ownership. A land-title record system is an archive for tracking changes in the configuration of
parcels and constructing a “chain of title” (NRC, 1983). In this respect, historical information
pertains to the nominal attribute of land ownership and transitional cadastral extent. In
cadastral systems, various changes take place through transactions based on conveying rights
from one legal owner to another. Historical changes of property ownership may stem from the
legal actions of property transfer. Al-Taha (1992) examines temporal reasoning in cadastral
systems associated with three categories of legal actions: voluntary transfers of rights,
condemnation or expropriation for public purposes and optional transfer such as by
encumbrances.

   Vrana (1989) points out that maintaining a record of parcel attributes and geometry at
historical intervals provides a census of ownership and other demographic data, but this alone
does not provide historical information on the process of land transfers and parcel
configuration. Public agencies are often required by law to maintain historical records of land
dealing. However in a non-automated environment, these can seldom be compiled into a
comprehensive census for a given time period. Even in surveying and mapping, it is very
laborious to constantly update original cadastral maps when lacking a permanent over-all
record of property boundaries at any given time, except the present. Most nations have similar
difficulties pertaining to updating cadastral versions, while, maintaining older versions in
databases.

   Land records are also kept for a long time and are never deleted or destroyed. While other
systems may periodically destroy old records, cadastral systems keep their records no matter
how old the land records are with guidelines and rules for deleting old versions when data
values fade away along the timelines. However, when statistical analysis of land values and
censuses of ownership are needed, old versions are often essential in forecasting future trends.
Obviously, a modern multipurpose cadastre that stores only computerized parcel registry may
not provide the state of prior boundary information.
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   Therefore, there are up to date requirements for existing cadastral maps containing spatio-
temporality coupling to land registers. With the help of spatio-temporal processes, it is obvious
that geometric changes can be illustrated very clearly. There are, for example, changes of land
size and shape, events of land subdivisions and merges, and evolution of land boundaries.
Some studies require more details of object’s behaviors (or actions) and spatial changes in
cadastral systems, for changes of ownership and land boundaries are major issues in temporal
history. The more complex database updating of a LIS requires the entry of a new geometry
for parcel boundaries after lot line adjustments or subdivisions because these events are the
smallest spatio-temporal processes, not easily detected until a buyer or seller registers the
action through the public land registry.

4.2.3 Historical information and natural resource management

   In modern times, this may become imperative in terms of wiser management of natural
resources meeting growing human needs. Unquestionably, additional large-scale utilization of
natural resources is inevitable in the foreseeable future. Effective management of publicly
owned lands requires a complete and accurate historical inventory of all such estates pertaining
to boundaries, areas, land uses, soil types, vegetation types and other parameters. Moreover,
modern multi-function-based land record systems including temporal functions are needed to
assist in tracing environmental natural resources for land-use planning purposes, whenever
tracing the geographical history of residential areas and historical sites for preservation.

   There have been numerous attempts to develop planning information systems for land uses
relating to cultural and resource information within a geographical framework. The primary
purpose is to organize extensive and varied planning data within a common spatial network or
framework, so that the complexities and interdependencies of the planning problem can be
represented through time.

   With the rapid development of office automation, sophisticated software and advanced
corporate computing, the multi-purpose cadastral system of today is designed to overcome
difficulties, accelerating the integration of different uses and applications. By providing a
comprehensive record of land-related information, and presenting this information at the land
parcel level, the multipurpose cadastre can be further conceptualized as an operationally and
administratively integrated public LIS, supporting continuous, readily available, and
comprehensive land-related information (NRC,1983).

4.3 Temporal aspects of land database management

   Automation of current activities leads the way in problems solving towards future information
systems. One dilemma experienced in surveying and mapping projects is that surveyors and
planners tend to emphasize the collection of data and its application. However, the temporal
information they use and store is often seen as a secondary attribute although we find useful
temporal indications in photo and topographic maps. It may be important for research and
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development to focus more on the problem of how temporal data and information is used in
land information management. Frequently, when updating cadastral maps, a few difficulties
occur in differentiating cadastral lines and polygons in terms of their version orders. The
temporal technology to support verifiable land information is not yet developed although spatial
database management systems are closely related with LIS.

   Today, information in cadastral maps is seen as being one of many database strategies and
industries in surveying and mapping areas. Conventional information can be viewed as
snapshot databases which representing the state of an enterprise at one particular time. As a
database changes, out-of-date information, representing past states, is discarded, although
many different authors advocate the importance of historical information in a database or
information system environment. It is not hard to see when to add greater functionality to
information systems because it is often necessary to have access to historical information. As
discussed, there are two orthogonal types of time that a data model may support, event and
transaction time. However here, time is considered as a part of the geographic element.

   Sinton (1978) points out that basic components of mapped thematic data are “Theme”,
Location”, and “Time”. This means that geographic information is time and space-specific. If
so, no LIS exists without implicit temporality. Hunter and Williamson (1990) clearly point out
the importance of preserving historical data in GISs.  Highlighting the importance of historical
cadastral mapping, stemming from the fact that it is often the first form of accurate, large-scale,
graphical representations of a region since governments traditionally need to know who
occupies what and where it is located (for tax purposes). Hence, administrators and planners
continue to find cadastral mapping essential as they overhaul the evolving histories of land
parcellation and sub-division of land boundaries to meet social and economic needs.

4.3.1 Temporal representation

   In temporal object-oriented modeling, temporal structure pertaining to continuous and
discrete domains, and determinacy are examined. Temporal expressions may be described as
a set of similar calendric granularities. In temporal LIS, the origin of Gregorian calendar is
given as the span of 1582 years from the start of time, as proclaimed in 1582 by Pope
Gregory XIII as a reform of the Julian calendar (Ozsu, et al., 1996). The calendric
granularities in the Gregorian calendar are the standards, each has similar calendric
granularities from the Academic to other possible calendars, and the Business calendar.

4.3.2 Temporal orders

   A temporal order is a theoretical timestamp. A temporal order can be classified as being
linear or branching. In a linear order, time flows from past to future in an ordered manner. In a
branching order, time is linear in the past up to a certain point, when it branches out into
alternate futures. The structure of a branching order can be thought of as a tree defining a
partial order of time. The trunk of the tree is a linear order and each of its branches is a
branching order. The different types of temporal order are dependent upon each other.
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Fig 4.2 Temporal order relationship (Ozsu et al., 1998)

   In a sub-linear order, the temporal primitives (time intervals) are allowed to overlap, while in
a linear, the temporal primitives (time intervals) are not allowed to overlap. Thus, every linear
order is also a sub-linear order. A branching order is essentially made up of sub-linear orders.
Based on concepts of Object Relationship Models (ORM), the relationship between temporal
orders can be depicted.

4.3.3 Temporal history

   The temporal history of an object is an order between the different versions of that object
reflecting the creation time order of the versions. Chapter 3 deals with the evolution of objects
consisting of acquisition points and release points. This evolution leads to historical object
versions along time dimensions which usually do have time stamping, allowing the building of a
linear temporal history. Object version management allows users to update, insert and delete
an object at the same logical time, to create a new object version. Although version control is
not considered to be a mandatory feature of object-oriented databases, it has often been
associated with design applications on account of the importance of object versioning.

   The simplest kind of versioning is to preserve object state histories (Kesim and Sergot,
1994), based on retaining information concerning all past states of objects. Any update to an
object generates a new version. To verify questions of temporal history in current cadastral
information systems, orders of time stamping, when several users access land databases and
simultaneously update their data, are discussed. There are always several users taking out an
object at the same logical time and creating a new version of that object when accessing the
land database. In that case, all the new versions logically come after the latest common
version. However, there is no order between the new versions.

   Consequently, the temporal history is a partial order between the versions of an object.
Versions that can not be ordered following creation time are said to be parallel (Lambrix,
1992). When parallelism is allowed for the temporal history, several users can work at the
same time using and even editing the same piece of information in the distributed object
database without disturbing each other. When allowing several users to connect with, take a
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copy of, and work further with the same land database, being disconnected from their main
database, it is interesting to note that all versions of an object which are created in one session
have to be totally ordered pertaining to each other in timelines.

   There are, however, two problems with time stamping. Time stamping requires the
synchronization of clocks utilised by all users. This can be very difficult considering that users
may have disconnected main land database servers. Although the origins of potential problems
of parallel versions are far beyond the scope of this chapter, a worse drawback is that when
several users are accessing the land registration data server in parallel, the information given by
time stamping may actually be misleading. Therefore time stamping enforces a linear order
even where this is not desired.

   Arising from the requirements of temporal models, they should adequately represent and
manage real-world entities as they evolve over time, as an entity assumes different values over
time. The set of these values forms the temporal history of the entity. Two basic types of
temporal histories are considered in databases which incorporate times. These are histories of
valid and transaction time. Other temporal histories include event time and user-defined time
histories (Ozsu et al., 1998). Unlike valid and transaction times, the semantics of user-defined
time is provided by the user, and not supported by the database management system. Since
valid, transaction, event, and user-defined histories can have different semantics, they are
orthogonal (Ozsu et al., 1998).

   Fig 4.3 shows the four types, which could be used to model these different histories. A
temporal history consists of objects and their associated time-stamps. Property p (history)
returns a collection of all time-stamped objects that comprise the history. An history object
also knows the temporal order of its temporal primitives. The property p (temporal order)
returns the temporal order, associated with the history of an object. The temporal order
basically orders the time intervals (or time instants) in the history. As far as temporal land

information is concerned, parcel-based LIS is a special type of LISs which focus on the
inventory and management of well-defined units of land ownership.

Fig 4.3 The type of temporal history (Ozsu et al., 1998)

4.3.4 Cadastral data management in temporal dimension

   In the previous section, the temporal primitive and temporal history is described. Look at the
interactions between the temporal dimensions. A temporal history is composed of entities
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which are ordered in time. This temporal ordering concerns a collection of temporal primitives
in the history, which in turn are represented in a certain manner. Hence, the four dimensions can
be linked via a “has-a” relationship (Ozsu et al., 1997). A temporal model can support one or
more valid, transaction, event, and user-defined histories. Each history in turn has a certain
temporal order. This temporal order has a property defined by the type of temporal history.

Fig 4.4 Temporal dimensions (Ozsu et al., 1998)

   Cadastral surveying and mapping processes range from existing survey laws and regulations
to productions of cadastral maps. In this process, it is often recognized that temporal
requirements should be considered when a significant change of projects occurs in local and
central mapping agencies. Hence, negligence in the historical recording of land related activities
on the grounds of emphasizing current information, may give rise to the absence of need for
temporal LIS.

   With respect to temporal classes and hierarchies, DateTime and Interval are basically
considered. Deriving from temporal representations, temporal orders, temporal histories and
cadastral events (objects) as triggers bringing about cadastral histories, we can surmise a
process of temporal history in a cadastral data management. Cadastral data management from
survey plans through map presentations and relationships among them by means of DateTime
and Interval and temporal history can be illustrated. Although discussing temporal history of
cadastral systems, further attempts are needed to define whether or not a temporal component
is necessary in a LIS, because land interests are dynamic and changes typically do not happen
at a point in time. Every small alteration recorded in the LIS has many steps in the overall
procedure of achieving the change varying over time, ranging from a few minutes to a few
years, in government related agencies responsible for streamlining surveying and mapping
processes. Hence, temporal database structures should be required to track these small
changes and maintain adherence between databases in the LIS.
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Fig 4.5 Temporal history of a cadastre

4.3.4.1 Cadastral time instants and time intervals

   When studying temporal issues and questions, the answer may depend upon temporal
ontologies pertaining to spans, instants, and intervals. In this section, two temporal elements
related to space are discussed. In recent years, the interest in spatio-temporal geographic
analysis has created significant needs in the realm of GIS research for effective software
coping with questions relating to time and space. Temporal query languages have been
developed as users interface through manipulating and querying temporal databases. Interval-
based representations of objects in terms of spatial and/or temporal aspects are employed by
many scientists. One reason for employing interval-based representations is that intervals are
so general that the representing view can be applied to the many areas (Aritsugi and Tagashira,
1997). Langran (1992) lists four primitive query types at the root of all fundamental temporal
and spatio-temporal queries. These are:

• Simple temporal query: what is land use of land parcel at time T ?
• Temporal range query: what happens to this land parcel between T1 and T2 ?
• Simple spatio-temporal query: where are land boundaries changed at time T ?
• Spatio-temporal range query: where are land boundaries changed between T1 and T2 ?
   Peuquet and Wentz (1994) propose three classes of queries on a spatio-temporal database.
The first is change in an object or feature. The second is change in the spatial distribution of an
object or set of objects. The third is the temporal relationships among multiple geographic
phenomena. But most current languages which develop temporal query languages are a result of
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extending an existing query language based on business type applications. There are, however,
additional TGIS requirements in cadastral systems, because land tenure and land registration
systems focus on temporal ownership rather than spatial issues. The problems of land boundaries
are closely associated with spatial matters. To examine the relationship between time and an
actor or location in a cadastral system, we consider the following questions:

• General temporal query: when and who owns this land parcel ?        Time + Actor
• Specific temporal query: who owns this land parcel at time T ?
• Temporal range query: who owns this land parcel, before T1, between T1 and T2, and after

T2 ?
• Spatio-temporal query: who, when, and where did land subdivisions or merges occur
     at time T1, between T1 and T2, and after T2 ?                           Time + Location + Actor
• How has this land parcel been subdivided between T1 and T2 ?

   There are few conceptual differences among temporal queries. But, spatio-temporal queries
are very diverse. The second query considers a time instant and the other three are associated
with time intervals. An important question is whether we need to represent more details of the
timeline in a cadastral system. Even if it is always possible to do that, it is seldom needed.
Because the importance lies with time instants and the relationship among time intervals which
are most often used in GIS. For cadastral systems, anchored temporal entities as temporal
primitives are considered to be sufficient. Temporal events and intervals can be represented by a
discrete and totally ordered time model. A totally ordered set of discrete instants is a set of
elements that can be arranged in a linear sequence. Judging from the requirements of temporal
models, they should adequately represent and manage real world entities as they evolve over
time. An entity assumes different values over time. The set of these values forms the temporal
history of the entity. Fig 4.6 shows the four types of different histories interacting with spatial
histories. A spatio-temporal history consists of objects and their associated timestamps.

Fig 4.6 The properties for spatio-temporal histories
   Ozsu et al. (1998) define temporal orders and propose temporal structure design space to
associate time with entities in modeling different temporal histories. This temporal ordering is a
collection of temporal primitives in the history (Goralwalla, 1998). Basically, a temporal model
can be envisioned as having a notion of time, which has an underlying temporal structure, as a
means of representing the temporal structure, and different temporal orders to order the
temporal primitives within a temporal structure. This notion of time, when combined with

Temporal History

ValidHistory TransactionHistory EventHistory

Spatial History

TopologicalHistory GeometricHistory

User-definedHistory

LegalHistory



86

spatial objects, can be used to represent various spatio-temporal histories of the objects in the
real model.

4.4 Modeling time in databases

   Traditional methods for depicting temporal patterns used by cartographers in the static maps
era is to map rates of change or to provide a series of static snapshot maps that require the
map users to step beyond the static snapshots and understand the series as a continuous
temporal sequence (Gregory et al., 1998).

   Snodgrass and Ahn (1985) propose a taxonomy of time in datatabases. Snapshot database
is a single snapshot of reality and is insufficient for temporal applications requiring the support
of past, current or even future data. Historical database is associated with the valid time (VT)
dimension. Rollback database is concerned with the transaction time (TT) dimension. A
bitemporal database deals with the VT and TT. Bitemporal database stores snapshot values,
valid time-stamps which can be instant or interval, and also transaction time-stamps which are
periods or span. Meanwhile, database entities can vary over time in several ways. Unlike
conventional relational databases, a temporal object database enables the recording of
persistent histories of events pertaining to different situations, requiring new coverage.
However, the use of temporal values is limited in conventional databases, particularly with
respect to their structure. The evolution status of an attribute characterizes its behavior in time
and the way it is observed. An attribute is constant if it must not change in time. Otherwise it is
mutable. A mutable attribute can be historical or fugitive (Fauvet et al., 1997). It is historical if
temporal values are meaningful and recorded, whereas it is fugitive if only it’s most recent value
is meaningful.

   Here we take a look at how a temporal object (or class) is changed in a database. Fig 4.7
offers a conceptual view of a bitemporal database. At the first slice of TT1, the object has two
values: A (for Vt1) and B (for Vt2). In the second slice, the temporal value of the object
history has changed and there are now three values. In the third slice, the temporal value has
changed again. We recognize that a temporal database is a sequence of historical database
indexed by transaction time. A database can be regarded as a sequence of temporal slices,
where each slice is the database’s state for a given TT, and where the real world historical
evolution of an object is given by VT. The most recent slice in the TT sequence corresponds to
the present and is indexed by special TT values. A temporal database without TT support has
only one slice with snapshot and valid time values (Medeiros and Jomier, 1994).
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Fig 4.7 Bitemporal object state evolution

   A database without VT support may not allow valid nor bitemporal time. There is also
interval between each object. When an interval-object (Salzberg and Tsotras, 1997) is inserted
in the database at a given TT, a record is created with the object’s attribute and VT interval,
and an initial TT interval. The TT interval endpoint is changed to another TT if this object is
later updated. A bitemporal access method stores its past logical states and supports
addition/deletion/modification changes on the interval-objects of its current logical state.

   In the process of database evolution, the TT plays an important role in endowing a database
with the version identifier. This copying of slices is a logical operation, where each slice
corresponds to a version of the database. Historical databases are logically a set of each slice
database. The use of version management with two time-stamps leads to persistent database
systems in GIS/LIS database management.

4.4.1 Versions in databases

   In the previous discussion, the temporal history could be interpreted as one issue of version
matters. But we rarely consider the issues of temporal history as version management.
Versions are a means of storing different states of a given entity, allowing for the control of
alternatives and of temporal data evolution. Data versioning has been used since an early date
to improve database reliability and performance. Data versioning control is essential because it
preserves data and structures that have been changed, saving them from destruction. It also
provides accessibility for later reuse or for maintaining a historical perspective on work (Maioli
et al.,1993). In general, versions of design artefacts can be in one of three different states,
depending on which database level they reside in and their read-write permissions (Santoyridis
et al., 1997). These version states are transient versions, working versions, and released
versions.

   Various aspects of version management are considered in CAD/CAM databases,
information systems and engineering databases. There is also considerable work concerning
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temporal aspects of databases using versions. All these databases have several or many
versions associated with the problem of databases consistency. In particular, software
configuration management aims at storing and maintaining the states of the software objects
represented by versions. The approaches keep track of the evolution of the object via a
version of revision that covers the derivation history (or development history) (Weber, 1991)
of the object in a derivation (or version) graph.

   The versions of an object are characterized by their contents of a composite version, or
application attributes attached to the version or additional relationships between versions.
From the persistent view, the database is constructed and used in strict order by defining the
meta-data (schema) first and then initializing some data in accordance with the meta-data
description. Orthogonal persistence facilitates database consistence (or order), content and
mechanism for imposing multiple layers of structure on the data, and mechanisms for evolving
meta-data (Kirby, 1997).

   Conventionally, a temporal database reflects changes in objects by generating a new version
of the information at each object maturation. The relational database provides several other
options; it can generate new versions of tables, tuples, or attributes to reflect new object
versions. Langran (1993) compares three types of versioning methods of describing temporal
data: relation-level, tuple-level, and attribute-level. But the main problem with all relational-
based approaches is that replicating an entire versioning table for each change can be quite
inefficient. Changes can be made to data within a version and it is also possible to make
changes to the data model within a version without affecting the data model (or data) in any
other versions. Thus, versioning is necessary in distributed systems to maintain the consistency
of the database.

   Cellary and Jomier (1990) propose a database version model and formalize a multi-versions
(or multiple versions) database in the context of object-oriented databases. In order to explain
the values of historical information and database, this database version (DBV) model is used
with a temporal object model. A multiple version database is composed of a set of logically
independent and identified database versions, identified by a database version identifier and
composed of versions of object and class.

   Each database version represents one state of the real world modeled by the database and
may be associated with one or several dimensions corresponding to the versioning semantics
of the applications. As a version of object may have the same value in several database
versions, a version of object is spilt into two versions: a logical version of object and a physical
version of object. Thus, each DBV is composed of one logical version of object in the
database. A logical version of object is seen by users in a given database version. A physical
version of object is used by the system to store the value of all the logical version of this object
(Medeiros and Jomier, 1996).

   Fig 4.8 shows logical and physical object version, association table (or version table) and
database version stamps. As the multiple version database is organized as a tree of database



89

versions, the stamp of a database version is constructed in such a way that makes it possible to
identify all the database version’s ancestors. When users choose the database version, the
system automatically identifies object versions belonging to the database version chosen. When
a logical object version mapped to a shared physical object version is updated, or a new
logical version of an object is created, its association table has to be updated by the DB
version manager. To be able to support a transaction, this model allows the use of transactions
that consist of object transactions and database version transactions (Cellary and Jomier,
1994). An object transaction operates on a logical object version within one or several
database versions and gives birth to the evolution of the entire database version from one
consistent state to another. A database version transaction operates on database versions
creating a new database version or deleting an existing one.

Fig 4.8 Database version management (modified from Cellary and Jomier, 1990)

   However, this DBV model might not include the database history when a database version is
evolved. Most database version management would support a simple method of time-stamp
that may not be enough to cope with the problems of historical database versions, and would
focus on multiple versions concurrency control and seamless consistency of object in database.
Moreover, this DBV model does not illustrate how the database history is made, how the DBV
model is processed in the databases, and whether this DBV model can be appropriate for
spatio-temporal object databases. Historical information and database are closely related with
version management of database history that is essential to the spatio-temporal object database
system.

   By identifying the historical evolution process of database version, the mutation of DB
version can be described by means of DB version state transitions diagram within the context
of temporal object models (Fig 4.9). It starts with initial New that is the source pseudo-state.
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Creation is defined as the beginning of DB version but is not yet active for project purpose.
This means that the object is not taken into account by the project applications. It can only be
activated when necessary. Transitions mean that DB version is completely defined and ready
to be used, but not yet active. Action is that the created DB version is now used by the
project applications.

   When users start to redesign or update DB version, the DB version is replaced by a newer
version but is still in use by some applications in Supersession’s step. In the End step, the DB
version is not in use anymore, and so is not taken into account by the project applications
anymore but is still kept within the data model due to possible references from other objects
(mainly history data). In Comparison step, it identifies interval difference of DB version
between the Creation and End, and then the dead DB version is sent to historical database.
The version manager is in charge of the creation and maintenance of the versions and version
change notices. The version manager observes the creation and end of DB version through DB
version change notice. It also receives some message about temporal disparities of DB version
from TT and VT time-stamps.

Fig 4.9 Trace time of DB version and history

    In the course of evolution of DB version, the version manager does not determine the
termination of DB version’s validity until the history manager gets a message from the Interval.
The version manager provides DB version with version identifier and keeps it in database.
With regard to the DB history view, a DB history keeps the occurrences of history events over
time. A DB history event provides an occurrence of an event in time. A DB history event data
is the data generated during a specific history event. The DB history manager interacts with the
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DB version manager when temporal value of each DB version is terminated. Each DB version
may have its temporal value associated with historical event data. With the help of version
manager, the history manager puts a dead DB version into historical storage index.

   However, it may be very hard to make a clear difference between the role of history view
and the version view. The history manager receives DB versions from the version manager and
provides them with the transaction time (TT) time-stamp. Additionally, it also requires some
knowledge how TT and VT time-stamps have an impact on DBV model because a spatial
object data model is not fully harmonized with a temporal object data model. Although this is a
semantic interpretation to explain the versioning flow of digital map databases through time, this
concept might be useful in clarifying the problematic issues of version management in GIS/LIS.

4.4.2 Temporal support for database version management

   Versions can be used to support consistent scenarios in the database, offering a mechanism
for manipulating live data without fear of corrupting the database. The main drawback of
version systems is that the database has various types of code and such systems are difficult to
extend when new database systems are desired. In general, while describing as semantically
meaningful a snapshot of an object in time, others have extended versions to include those that
are not snapshots. Such versions should be optionally able to see changes in the base relation
(Ong, 1991).

   The problem is that the user does not recognize how two time-stamps interact with a
database version. The DBV model is used to explain temporal applications in multiple
databases. The DBV model makes a clear distinction between the database logical level (seen
by users), and its physical level (managed by the system) (Gancarski and Jomier, 1994). From
the logical point of view, the database is seen as a set of database versions (DBV). Each
DBV, identified by a DBVid, represents a version and is composed of logical versions of
object. Each logical version of object represents the state of one object in one DBV, and is
therefore identified by a pair (Oid, DBVid).  Users only manipulate DBV and logical versions
of an object. From the physical point of view, it presents efficient data structures and
algorithms to implement version management. To avoid redundancy, values are stored in
physical object versions identified by an identifier. Logical versions of an object having the
same value share physical versions. For each object, a table is used to map logical versions to
physical versions.

   Based on the concept of Fig (4.8, and 4.9), we are able to propose the following conceptual
schema of an implemented DBV model (Fig 4.10) with the help of two time-stamps and a
temporal version table. Each physical version identifier (PVid) is associated with a value to
form a physical object version. Values may obtain object identifiers. Each database version
(Oid, DBVid) is associated with one physical object version to form a logical object version.
Thus, a multiple version object is defined by an identifier (Oid), associated with the content of
the object. A database version is defined by an identifier, associated with the content of the
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database version. Furthermore, two time-stamps are also involved with logical and physical
object version whenever object transaction and database version transaction are updated.

Fig 4.10 Temporal support for DBV model (modified from Gancarski and Jomier, 1994)

   At the same time, the DB version manager perceives temporal values of each DB version
and transmits some messages to the DB history manager. Then, the DB history manager
makes use of the TT (from, to) to compare temporal validities between DB versions.
However, there are composite and complex DB versions that need to clarify their temporal
derivation histories based on mathematical formalisms. Thus additional DB version techniques
with temporal function should be required to make temporal orders of DB version. In a
temporal object data model, several temporal functions are required to support the history
object.

   For example, Function snapshot (Oid, time) returns the persistent pointer to the version
object which represents the current state at the time. Function Get_date( ), Get_time( ),
Interval(plus, minus), and Timestamp(plus, minus) and so on (Cattell and Barry, 1997).
History of a temporal object is represented by version objects in the version set (Kitagawa
and Suzuki, 1996). In the operation snapshot, the history index is used to retrieve the Oid of
the historical object which represents the current state at the designated time.

4.5 Using temporal version in GIS/LIS

   A multiple database has resulted in a large number of systems that have their own data
storages and semantic characteristics. Most GIS/LIS are still based on a spatial data handler
that needs to connect with a distributed object-oriented database. But LIS demands that
commercial DBMS  keep track of large amounts of geo-referenced data, of different data
format using heterogeneous surveying devices, and at different time periods. The essential
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question is how to maintain a consistent spatial data model by a DBMS and how the spatio-
temporal data model may be implemented by version management. Database approach to
versions has not fully dealt with problems related to GIS/LIS, and there are few reports of
GIS/LIS using version mechanisms. Most version management mechanisms available in
database systems focus on conventional aspects of the evolution of an object/class and
multiple versions of concurrent modeling. Their use as a means of managing temporal data
evolution might be a plain linear version set in CAD/CAM or another arena. But they rarely
discuss temporal history management and temporal operators that enable tracing a historical
database to figure out a branching version.

   Fig 4.11 portrays database version management for GIS/LIS based on the previous
discussion (Fig 4.8 and 4.9). Being different from the DBV model, the bitemporal database
(Fig 4.7) that supports multiple versions of spatial database is independent and may have a
collaborative structure in distributed object databases. Each spatio-temporal database version
(STDBV) may be composed of many layers. At a glance of spatial workspace 1, layer 1 has
been updated to layer 2 or layer 3. Some parts of layer 2 are shared with layer A in spatial
workspace 2 when users take STDBV2. Each changed layer and STDBV are sent to a
historical file. But there may be some data redundancies among STDBVs if changes are
incremental. Therefore, some GIS packages support a database that can be seen as a set of
STDBVs, but data is not replicated. Only the changes relative to the parent version are stored.
To implement this efficiently requires version management to be built in at a fundamental level
in the spatio-temporal DBMS. However, this DBV model should be required to spatially
illustrate the flow of database layers versioning through time.

Fig 4.11 A conceptual spatio-temporal version management
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   In the meantime, the normal assumption in a commercial DBMS is that transaction is a short-
term affair. However, in a GIS/LIS system for designing database, a transaction can, in
general, be very long, possibly days or even weeks. A planner may take a considerable time
to complete his work before he gets it approved and then available to other users of the
system. The most common approach used to address the long transaction problem is check-
out (Newell et al., 1990). The user specifies an area in which he wishes to work and the data
selected is copied in a separate working area, which is only available to the user. Check-out is
a mechanism for distributing data in which each user has single user access to his checked out
dataset. Check-out is both a physical and logical copy of the database. The working area may
or may not use the same DBMS and data structure as the master database. When the work is
complete, the changes are applied to the master database.

   The major drawback of check-out: is that initial retrieval of data can take a long time. By
contrast, a version managed database is capable of holding any number of versions of the
whole database without replication that is common between versions. Thus all users can see
the whole database at all times, subject to any change made within the privacy of their own
versions. Version management also minimizes the load of the database server by maximizing
the utilization of the workstation. Version management has many advantages over both map-
management and check-out in handling long transaction issues.

4.6 Summary

   In cadastral systems, various changes take place through transactions based on conveying
rights from one legal person to another. Historical changes of land parcel may stem from legal
actions of property transfers. We can also observe geometric changes to cadastral objects.
Hence, there are, for example, changes of land size and shape, events of land subdivisions and
merges, and evolutions of land boundaries. However, it is very clear that changes of ownership
and land boundaries are major issues in a temporal land information system (LIS). This
chapter presents a solution for the management of geographical data evolution in GIS/LIS
using the database version mechanism, allowing the development of automated tools to keep
track of different versions of the same geographical entity through time. However, there are
very few research developments of what the best model for a spatio-temporal object database
version looks like. Although the DBV mechanism may allow efficiently maintained historical
versions in a database, no clear indication of temporal potentiality may exist because version
management is associated with changes over time.  Our conceptual model, presents not only
applications of temporal object model and an extended version mechanism in database, but
also proposes a conceptual framework of database state transitions diagram, composed of the
version view and the historical view, including two time-stamps. Future spatio-temporal object
database models may lead to a well-defined historical model and temporal versionings for
spatial database.



95

                                                           Chapter V
                Distributed and Web-based Spatio-
                Temporal Object Databases

   Space-time in the settlement systems is a universal input in all human activities, and just as
there is a limit to the packing of activities in a population time-budget, there are corresponding
limits to packing in a regional space-time budget.

                                                                                                                     (Carlstein, T., 1982)

5.1 Introduction

   Objects can be distributed on different computers throughout a network, living within
their own dynamic library outside of an application, and yet appear as local within the
application. A distributed database is a collection of data belonging logically to the
same system but is physically spread over the sites of a computer network. A distributed
DBMS is only one way of providing database management support for a distributed
computing environment. We are able to present a working classification of possible
design alternatives along three dimensions: autonomy, distribution, and heterogeneity.

   Distributed object management is a computing paradigm that allows objects to be
distributed across a heterogeneous network, allowing each of the components to
interoperate as a unified whole. The overall technical goal of distributed object
computing is to advance distributed information technologies so that they may be more
efficient and flexible, yet less complex. The benefits of distributed objects managements
are indeed solutions to the problems with traditional client/server paradigms in GIS.
Considering the current situation in GIS, we can discover that many different
information systems are used in different parts of the organizations. Furthermore, there
is an increasing need to obtain uniform access to the heterogeneous database lying
behind those information systems. The aim of obtaining a distributed heterogeneous
database system, for the integration of heterogeneous databases, is a well-known
problem.

   As one type of distributed object database, the Web has dramatically increased the
number of data sources available to users in a variety of domains, and a powerful
distribution vehicle for organizations needing to publish or coordinate the use of
multiple data sources. The Web is a wide-area hypermedia information retrieval system
providing access to a myriad of documents and data on the Internet. The Web is also a
body of software and a set of protocols and conventions providing easy and consistent
access to information on the Web. This makes it possible to access GIS data through the
Internet although the issues of temporal data models are not involved with the Web GIS.
This chapter examines current issues of distributed object database and possibilities of
the Java GIS and XML for the purpose of spatio-temporal database.
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5.2 Distributed database management

   This section deals with current issues of distributed database systems enabling
elaboration of a spatio-temporal object data model. Since there have been multifarious
discussions about database research and development, we do not delve into more
technical topics in terms of parallel database, distributed queries, etc. Instead, we extract
valuable knowledge from distributed object management founded upon the
multidatabase management-based paradigm.

   A distributed database is a collection of data which belongs logically to the same
system but is physically spread over the sites of a computer network. A user can access
the database from any site. A distributed database system processes and executes a
user’s query by accessing the data from multiple sites. Valduriez and Ozsu (1999) argue
that a distributed database is a collection of multiple, logically interrelated databases
distributed over a computer network. A distributed database management system
(distributed DBMS) is then defined as the software system that makes the distribution
transparent to the users.

   A distributed database has a few special characteristics with regard to the combination
of the distributed database and the distributed DBMS. First, data is stored at a number
of sites. Each site is assumed to logically consist of a single processor. Second, the
processors at these sites are interconnected by a computer network rather than multi-
processor configuration. Third, the distributed database is a database, not some
collection of files that can be individually stored at each node of a computer network.
This is the distinction between a distributed database and a collection of files managed
by a distributed file system. Fourth, the system has the full functionality of a DBMS.

   This new orientation results in data independence, whereby the application programs
are immune to changes in the logical or physical organization of the data and vice versa.
The distributed database technology intends to extend the concept of data independence
to environments where data is distributed and replicated over a number of machines
connected by a network. This is provided by several forms of transparency: network
transparency, replication transparency, and fragmentation transparency (Valduriez and
Ozsu, 1991).

   In the distributed database, users may be permitted to access other parts of the
distributed database, to maintain reliability of support for distributed transaction in
business areas, which distributed transactions execute at a number of sites where they
access the local database. With full support for distributed transaction, users can access
a single logical image of the database and depend on the distributed DBMS to ensure
that their requests are executed correctly no matter what happens in the system.
Providing transaction support requires the implementation of distributed concurrency
controls that are significantly more complicated in long transaction GIS. This leads to
the special distributed concurrency control algorithm.

   A distributed DBMS is only one way of providing database management support for a
distributed computing environment. We are able to present a working classification of
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possible design alternatives along three dimensions: autonomy, distribution, and
heterogeneity. Autonomy refers to the distribution of control, and indicates the degree
to which individual DBMS can operate independently. It involves a number of factors
such as whether the component systems exchange information, whether they can
independently execute transactions, and whether one is allowed to modify them.

   Heterogeneity may occur in various forms in distributed systems, ranging from
hardware heterogeneity and differences in networking protocols to variations in data
managers. The important ones from the perspective of database systems relate to data
models, query languages, interfaces, and transaction management protocols. The
taxonomy classifies DBMSs as homogeneous or heterogeneous. The alternative system
architectures based on this taxonomy are illustrated in Fig 5.1.

   Distribution has been identified as one of the major features of next generation
database systems ushered in by the presentation of database technology into new
application areas arising from need for object data modeling, parallel database, and
interoperability. A parallel database is itself a distributed database system made of a
number of nodes connected by a fast network. Distributed database technology can be
easily extended to implement parallel database systems, to accommodate increasing
database sizes or increasing performance demands.

   The object-oriented database (OODB) environment supports an object-oriented data
model built around the fundamental concept of an object, and includes features such as
encapsulation, inheritance, class composition hierarchy, etc. The fact that the model
supports inheritance (generalization & specialization), for example, is an aspect of this
particular object model. Since some object models do not support inheritance, or
provide similar facilities in another way, or support different forms of inheritance,
specific objects can be defined to support the requirements of specific applications using
the facilities provided by the object model.

   However, different applications make different demands on the object model, and
specific facilities in the object model make a particular application more or less easy to
define and support. The object concepts included in object-oriented programming
language have generally been developed on a language-specific basis, with each
language having its own specific set of object features. The object concepts included in
object-oriented DBMSs (OODBMSs) generally contain not only these concepts, but
frequently attempt to include concepts from DBMS data models. For this reason, it is
useful to consider what a data model is for in land databases, as the term of several
classes and objects may be appropriate for an object model.

   Object-oriented multi-database systems as referred to as heterogeneous or federated
databases, represent the confluence of various trends in GIS arising from object-
orientation, distributed database and interoperability. Recently, the Internet has become
the major vehicle in networking industry for information access and dissemination.
While much of the early works in federated databases concentrated on relational
technology, some Web-based technologies were developed at the beginning of the 90’s
based on object models. (Gardian, 1997).
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Fig 5.1 Trends of distributed DBMS (Valduriez and Ozsu, 1991)

5.2.1 The nature of object-oriented database management

   A great deal of research effort in the database community is being focused on what are
identified as next generation databases, designed to meet the requirements of application
domains which contain more complicated structures (Kemp & Oxborrow, 1992). In
fact, relational database systems have been very successful in meeting the requirements
of traditional business applications. Some of the features of the relational systems which
make them suitable for these applications become too restrictive when these systems are
put to use in other application domains that are more complex than relational structures.
Here are some of the more important shortcomings of the relation model in meeting the
requirements of complex application domains.

• Relational systems deal with a single object type concerning relation. A relation is
used to model different real world objects, but the semantics of this association are
not part of the databases. Moreover, the attributes of a relation may come only from
simple and fixed data type domains such as numeric, character, and datatypes.
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require more complex object structures with nested objects.

• Relational systems provide declarative and simple queries for accessing the data.

   A traditional database stores data with no procedures for making the data independent
and accessible to diverse users for a wide variety of purposes. Whereas, an object-
oriented database stores objects along with the methods that process that data. Object-
oriented databases first evolved from a need to support object-oriented programming.
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research as the major candidate in successfully meeting the requirements of advanced
applications requiring data management services.

   While the introduction of OODBMS is an important step in terms of integration of
computer processing, there are a number of reasons why it does not address the full
scope of the problem for there are a great many forms of data that can not be
successfully integrated in databases managed by today’s DBMSs. OODBs, today,
become important for certain types of applications with complex data such as
CAD/CAM/CAE, and GIS. In business and office information societies, they have
introduced the object-oriented concepts, describing business object types, their
behaviors, and the relationships among objects (person, Dept. e.g.).

   Object technology enables them to renovate their business strategies in the context of
reengineering minds. Various needs, arising from the lack of traditional relational
database give birth to a new generation of database management systems. Active
databases are best implemented with OO techniques. Knowledged-bases become frame-
oriented where a frame is an object having a collection of rules associated with it
(Martin, 1992). OODB has inherited from various database technologies, artificial
intelligence, programming techniques, and abstract data types.

   Meanwhile, one issue not addressed by OODBMS technology (and conventional
DBMS technology in general) is that of integrating different database systems that have
been created within organizations. The existence of multiple heterogeneous database
systems within large organizations models that of independent applications and files.
There are separate databases, each with its own cluster of applications. However,
similar problems of data redundancy and inflexibility in the face of new applications
still exist in different government agencies and authorities. One approach to coping with
this problem has been the heterogeneous distributed database management system
(HDDBMS) (Manola, 1988). A HDDBMS is a set of components designed to integrate
existing DBMSs and their associated databases.

   To deal with the problems of interface, they propose standards and guidelines in the
context of metadata, which enables users to access when creating new data and
information at different sites. One way is that the client-server architecture has been
guided for managing the dialog with the user through an interface, and performs some
verifications and the routing of the user’s queries to the adequate server. The server is
executed on another machine, possibly with a different operating system. The advantage
of this system is overall the possibility of optimizing each module to reduce the volume
of transferred data.

5.2.2 Object-oriented database management systems

   Object-oriented database management systems (OODBMS) generally capture the
same concepts as object-oriented programming, but also provide additional
characteristics necessary in supporting large, shared and persistent object stores. These
characteristics include support for query, efficient processing over large secondary
storage organizations, concurrency control and recovery.
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   The general idea is that an OODBMS is a DBMS that stores not data, but objects in
the context of encapsulated combinations of data structures together with methods
(procedures). There is, however, no universally accepted and formally specified object
model. There are a number of features that are common to most model specifications,
but the exact semantics of these features are different in each model (Valduriez et al.,
1994). The OODBMS provides data integration, overall control, and DBMS support
facilities for all types of objects. Applications using any of these types can communicate
via the shared databases. Compared to a conventional relational DBMS, a typical
OODBMS generally differs in at least the following respects (Manola, 1994):

   First, an OODBMS supports user-defined data structures and operations on them
(objects classes and methods), rather than restricting users to instances of a single built-
in type (relations) and a fixed set of operations on them (relational operations).

   Second, an OODBMS assists the concept of object identity. This means that the object
has an identity independent of its attribute values (this identity can be used to reference
the object from within other objects).

   Third, an OODBMS provides direct object relationship. This means that objects
related to a given object can be accessed by invoking a method of the given object
(inheritances). The basic idea in using an OODBMS is to represent an entity or object in
the application domain being modeled with a corresponding object in the database. This
includes modeling, the behavior of each object as well as the object’s structure and
relationships to other defined objects. This one-to-one mapping keeps seamless match
between the application domain and the database modeling of that domain.

   Distributed object computing further extends this OODBMS and enables developers
to assemble applications from objects that run on disparate platforms distributed in a
network. Objects communicate with each other through a message-passing mechanism.
An object’s role can change between client and server. A given object can act as a
server to some objects and, at the same time, as a client of other objects. Furthermore,
the client and server objects can be on the same machine and even in the same
geographical process.

   In fact, land database can benefit from current database technology. Here, we discuss
a major framework of DBMS. The Object Management Group (OMG, 1995)
emphasizes the aims of the interoperability, reusability, and portability of components,
and its operating procedures attempt to insure that any specifications adopted as
standards have their basis in commercially available software. The OMG Object
Management Architectures (OMA), and its specifications of Common Object Broker
Architecture (CORBA), are relevant to a discussion of OODBMS standards.

   There are two basic ways in which the OMA is relevant in this context (Manola,
1994). The first is as an extension of the way that applications interact with an
OODBMS. OMG’s OMA and CORBA can be used to extend this approach by
providing connectivity between applications and DBMSs connected to the network, as
shown in Fig 5.2. In this case, the Object Request Broker is used as an object-oriented
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messaging component external to the OODBMSs and client applications. Applications
objects have access not only to those OODBMSs to which they are directly connected,
but also to any OODBMSs connected to the Object Request Broker. OODBMS may
also access other OODBMSs via this approach. The second way in which the OMA is
relevant in the context of OODBMSs is that the collection of objects within a
distributed object architecture can be considered as an object database itself, provided
appropriate services are available to provide OODBMS-like functionality.

   In peer-to-peer applications, two client computers communicate with each other
directly, acting both as a server and a client at the same time. Peer-to peer applications
can be useful, for instance, when two users on different client computers have to
establish a session for consultation or negotiation on a computer-supported cooperative
work. In a traditional client/server approach, communication between two clients is
through the server. Two separate concurrent sessions must be established between each
client and the server that causes more overheads on the network and the server. Instead,
a peer-to-peer provides direct communication link for interchange of data whenever
they want, without going through the server.

Fig 5.2 A conceptual object-oriented DBMS

   In a conventional computing model, the client always issues the requests. The server
is passive in the sense that it only reacts to the client’s requests. The active server
observes events of geographical change that it can handle, and clients can recognize
those geographical changes where they occur.
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   There is, however, no standard object model or standard languages for OODBMSs
corresponding to the status of the relational model and SQL for relational DBMSs. In
addition, ANSI and ISO standards committees are currently developing object
extensions to SQL. An approved SQL standard containing object facilities may play a
primary role in defining the concept of an OODBMS (Manola, 1994). These standards
may ultimately define the key characteristics of the OODBMSs. Even now, multimedia
types are used to represent the general sorts of extended applications to be supported by
OODBMSs. These types include complex documents, sounds, video, time series of
image changes, and other types likely to be used in GIS/LIS.

5.2.3 Distributed object management

5.2.3.1 Distributed object computing for land database

   With the trend toward reducing computing costs by rightsizing (which implies
distributed processing), surveyors and system managers must design their applications
to run on networks of interconnected machines that share the processing load.
Applications must make the best use of existing resources to meet the needs of business
and achieve performance, scalability, security, usability, and maintainability objectives.
Today’s surveying and mapping process is also finding the traditional client/server
approach to be inefficient. Typically, most application logic in a client/server
environment is located on the client machines, with centralized or distributed data
servers. This approach can lead to excessive network traffic and difficulty in
maintenance. One solution to these problems is to put some of the application logic on
the server where it can access the traditional client/server approach. The new approach
is called distributed object computing, that is, objects are on the server as well as on the
client machines. After all, object-orientation and client/server computing build on
similar concepts.

   In particular, there has been a number of different data formats and files in GIS/LIS
areas. They use an integrated database system that has already existed within
organizations. Of course, it is not necessary for all data to be stored within one system
as long as access to the data can be gained when necessary. Connecting a series of
computers together into networks covering local or wide areas is becoming more
common. Through Local Area Network (LAN) or Wide Area Network (WAN), data can
be collected, stored and updated in several different locations.

   Through the network-based GIS systems, the numbers of GIS/LIS installed all over
the country are increasing in all domains varying from central governmental and
municipal managements to private consulting companies. The major issues concern the
necessity of sharing information in different databases in order not to duplicate existing
data, but to benefit from the newest updates located in other databases. As it is
important to deal with updated databases, it is also important to use existing information
as efficiently as possible. In fact, acquisition of geographic data is generally 5 to 10
times more expensive than the hardware and the software themselves (Laurini, 1994).
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   To reduce costs of data collection and use updated data from other databases,
connecting and sharing land related data has been a great challenge to our present
societies. In the case of cadastral data, the national court of administration may hold
legal records as to who owns real estate, while the national tax bureau may hold the land
tax assessment. The municipal planning department may have data on land uses, land
holders, etc. Several concerned institutions have updated data for their purposes. But the
problem is how to connect those different databases in an effective and efficient
manner. With the development of object-oriented technology, it is natural that the
client-server accepts the object-oriented concepts and the clients request objects from
the server which retrieves them from the database and returns them to the requesting
users. But, some problems reside in accessing data between client-servers because of
heterogeneous hardware and software systems. There are two requirements to enhance
data communications.

   The first phase is interconnectivity. Current computer systems still need smooth
connections among heterogeneous systems. There are increasing demands for
interconnectivity to enable different users, functions, or organizations to communicate,
and to share data and processing resources. Effective and efficient interconnectivity
requires considerable generality of interface capabilities between information systems.
These needs are not fully addressed by current communications or distributed systems
technologies. However, only the interconnectivity guarantees communication.

   The second phase is the more advanced goals of interoperability. This can be regarded
as a collaborating computation. Two or more systems are interoperable if they can
interact to jointly execute tasks. Distributed query processing is a very simple example
of interoperability in the domain of data management, in which a remote access plan is
developed that attempts to optimize use of individual database systems attached to a
network. Interoperability provides the maximum benefit in making effective use of
existing computing resources to perform new tasks, and in integrating new computing
resources to support changing requirements. Manola (1989) suggests that both the
object-oriented DBMS and the heterogeneous distributed DBMS extend database
technology, but there are still a number of following problems:

   The first is that neither the HDDBMS nor the OODBMS support true integration of
processing. In the case of the HDDBMS, this is because it only provides for integrating
data. In the case of the OODBMS, some integration of processing, namely that in the
procedures associated with the objects, is supported. The second is that neither the
HDDBMS nor the OODBMS are designed to support advanced forms of
interoperability, such as collaborated writing and cooperation in staging data between a
database and an application, or other forms of cooperation among surveying and
mapping components.

   Today, an object-oriented DBMS provides an environment that integrates
heterogeneous types of objects in terms of graphics, texts, sounds, and images
(multimedia). The basic idea behind distributed object management is to continue these
trends in object-oriented distributed system models, application integration
environments, and OODBMS. The complete set of resources available on a distributed
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network, including computers, network facilities, data, program, etc, can be treated as a
commonly-accessible collection of objects which can be combined in arbitrary ways to
provide new information processing capabilities. Therefore, intelligent interoperability
in the context of such a distributed object system may allow the set of resources
available on the network to be treated much like the object in an advanced object
database system. We refer to a collection of objects created by this approach as an
“object space”. Ultimately, the concept of distributed object management is intended to
support the following capabilities (Heiler et al., 1992):

• The ability to integrate existing, separately-developed collection of objects and data,
as in a heterogeneous DBMS.

• The ability to integrate heterogeneous data types, including both conventional
formatted data and unconventional data types such as sounds and images data as in
an object-oriented DBMS.

• The ability to provide full relational DBMS functionality for the integrated data.

• The ability to use existing applications in defining object models, etc.

5.2.3.2 Architecture of distributed object management

   Most of the existing OODBMSs are multiple client-single server structures where the
object-oriented database is stored and managed by a single server which provides
services to a number of clients (users) within a distributed system. It can be called an
Object Manager (Valduriez et al., 1994) or a Distributed Object Manager (DOM)
(Manola, 1989). The distributed object manager is intended to deal with the problems of
integrating knowledge-based application programs and heterogeneous persistent data
sources, residing within a network of computing systems.

   The DOM creates and manages a network-wide object space, consisting of all
applications in the system, encapsulated as objects, together with all the objects residing
in these applications. DOM as outlined by the Object Management Group (OMG, 1995)
represents an attempt to define standards for open object interfaces. The strategic
ramifications of this accomplishment are highly significant for organizations desiring to
build open systems architecture. The crowning achievement of the OMG has been to
develop the CORBA standard. The CORBA architecture defines a languages neutral
interface that permits a client object to request services from a server object without
requiring the client object to have specific knowledge of the location or identity of the
server object.

   The ORB (Object Request Brokers) is the CORBA defined mechanism that manages
the interchange of messages between objects residing across heterogeneous platforms.
Technically, DOM permits a request or transaction involving objects that reside
anywhere in the system to be expressed without the requester having knowledge of the
location, format of the objects or methods involved. Unlike distributed DBMSs, DOMs
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are intended to permit arbitrary operations to be executed over arbitrary objects on any
machine in the system.

   Fig 5.3 illustrates the principles of a DOM-based system architecture, which combines
features from both HDDBMS and OODBMS architectures. The architecture can include
an arbitrary number of distributed nodes (physical) each running one or more
applications. In this architecture, components called Distributed Object Manager
(DOM) and Local Application Interfaces (LAIs) are used to interface heterogeneous
applications into a single system. This means that the DOMs and LAIs make all
attached resources within an entire network, including all attached components, and
various data and process resources within those components appear to be objects within
a common object space.

   Every application in the network has a DOM that provides means for interfacing,
possibly via other applications in the network. There can be many applications on a
given node interfacing via a single DOM. Local Application Interfaces (LAIs) provide
mappings between application and DOMs.

Fig 5.3 A conceptual object space and DOM architecture

   LAIs accept messages in the DOM object model and translate them into local requests
for processing. LAIs perform the reverse function for messages flowing between
applications and DOMs. The objects in this object model are intended to be objects in
the classic Smalltalk sense. Of course, the objects may also be realized as “Native”
objects. In this case, DOMs are object managers in the classic Smalltalk sense (Heiler et
al., 1992).
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   To make the role of the DOM object model in the architecture more explicit, we can
describe a hypothetical architecture for a distributed heterogeneous object management
system. In fact, a network consists of a distributed collection of sites (physical server).
Each of these sites contains an executive component which is the distributed object
managers (DOMs). These object managers communicate with each other through a
common DOM object model.

5.2.3.3 Distributed object space and Java

   Conventional object-oriented systems, such as that of Smalltalk, assume that they are
dealing with a single object space. That is a single object, managed by a single
component, which have object identifiers assigned by that system. However, the
computing environment being considered by DOM technology probably consists of
distributed instances of such object spaces, as well as object spaces managed by
heterogeneous components. This gives rise to the need of the DOM object model to
contain capabilities for dealing with multiple object spaces.

    The primary reasons for dealing with multiple object spaces concern the distribution
and heterogeneity of the different sets of objects with which a DOM-based system work
(Manola, 1993). In particular, it is necessary to explicitly represent various aspects of
these objects in the object model in order to provide the various users of the model with
the necessary control information. One reason for considering multiple object space is
that DOM object models must support objects that are distributed in space, residing in
various connected components using DOM facilities. Still another reason for considering
multiple object spaces is that, in a DOM-based system, many of the system components
are heterogeneous, either based on different object models, or existing non-object-
oriented systems.

   Even though the DOM architecture assumes the use of Local Application Interfaces
(LAIs) to smooth differences between local systems and the DOM object model, the
object model itself contains facilities to cope with differences. Most existing systems
were not constructed according to any form of object paradigm. An important
consideration in the design of the DOM object model is the determination of what
abstractions are appropriate for defining distributed heterogeneous object spaces.

   Although the multiple object spaces provide a good communication environment, the
existence of multiple object spaces raises the issue of how information about an object
within an object space can be provided with other object spaces. In addition, it raises
issues related to object access and movement between object spaces. These issues are
technically important matters when distributed and persistent object spaces are involved
because performance of information access is a key concern in surveying and mapping
industries and other areas. Many different object models have been and are currently
being developed to serve various application areas.

   Meanwhile, Java is an object-oriented programming language that is designed to look
and feel like C++ but is at its core like Smalltalk. Java is very appealing but not
revolutionary (Wallnau et al., 1997). The Java language was founded on many of the
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same principles as Smalltalk, indeed many of its capabilities were taken from Smalltalk.
The advent of Java has been perceived by some as a threat to the future of Smalltalk and
other languages. Java really consists of two components. There is a language (Java) and
a byte code specification (Java Virtual Machine). However, Java might be still in its
infancy with regard to performance, features, etc (Eidsness, 1999).

   With respect to distributed object management, many of the leading Smalltalk vendors
(IBM, GemStone, ObjectShare, etc) have begun to embrace Java to some significant
degree. A few Smalltalk GIS vendors are also moving into Web technology. There are
many Smalltalk applications that might benefit from being ported to Java. There are
various approaches of interest, including automatic and manual translation from
Smalltalk to Java, or a hosting of Smalltalk on top of Java within the framework of
distributed object spaces.

5.3 The Web approach to distributed GIS databases

5.3.1 GIS databases on the Web

   Recently, three major emerging trends appear concerning the demand for a new open
approach to spatial data management. First, a growing desire to expand the access to
geographic data within organizations is required. Second, organizations are beginning to
use spatial location to integrate their core business data and are adding spatial analysis
to their business processes. Third, growing popularity for and access to the Internet is
increasing pressure at all levels of organizations to provide increased public Internet
access to existing geographic data. Open access to geographic data was constrained
because it could not be easily incorporated with other core organizational data stored in
a relational database management system. Accessibility and usability of spatial data are
major bottlenecks inhibiting the number of applications. WWW is increasingly used in
geo-spatial data services throughout the Internet or Intranet.

   Meanwhile, there is always the question of why buy an expensive GIS software. From
time to time, we recognize that many users use only a small fraction of functionalities
offered by their GIS. Some users are already aware of that and often do not care about
the remaining GIS features. Yet other users may not use their GIS at all. They bought
several GIS software because they thought it might help them with their problems but
then found out that it might not (Gunther and Muller, 1998). This may be one reason
why the Web GIS technologies come into the market.

   From the GIS users point of view, a major reason for using the Internet for data
dissemination and GIS processing is that it has the potential to deliver dynamic results
in a timely fashion. In other words, the Internet and the Web create a new opportunity to
develop software for distributing GISs. Users of the Web can access the GIS engine and
download objects and necessary data sets to their local computers (clients). Users can
then operate the objects and have the results displayed on the Web. The Internet model
for computing involves holding and processing data on centrally managed servers that
are then published to browser clients. The depth and quality of server-based geo-
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processing tools for display, query, and analysis clearly have a major impact on the
utility of a system to deliver GIS.

   The basic idea of WWW is to merge the techniques of computer networking and
HyperText into a powerful and easy to use global information system. The Web has its
own transport protocol, HTTP (HyperText Transfer Protocol), and its own document
structure based on HTML (HyperText Markup Language). It has also integrated the
protocols of Gopher, FTP (File Transfer Protocol) and telnet, and it has gateways to
others. Thus the text and document available through these systems are also
automatically visible through the Web. Conceptually, HTML and HTTP are
independent of platforms and protocols, but HTML is quite permissive (Valduriez and
Ozsu, 1999).

   A merit of the Web is that it is used to initiate processes on either the client or the
server. A request can start a database search on a server, returning a synthesized
document. The Web’s ability to negotiate formats between client and server makes it
possible to ship any type of document from a server to a client, provided the client has
the appropriate software to handle that format. This makes it possible to access GIS data
through the Internet. Enormous volumes of digital map databases have been created
using GIS software, computer-aided design (CAD), and remote sensing within different
departments, organizations and nations.

   Currently, the Web database allows users to pose queries to and retrieve answers from
distributed heterogeneous sources. Such systems usually consist of three components: 1)
mediators to provide a distributed heterogeneous data integration, 2) wrappers to
provide a local translation and extraction, and 3) Web sources containing raw data to be
queried and extracted (Lee and Chu, 1999). Currently, the Web system is considered as
a gigantic distributed database.

   The Web GIS applies the client/server concept in performing GIS analysis tasks. It
breaks down the task into server side and client side. The client can request data,
analysis tools or modules from the server. The server either performs the job itself and
sends the results back to the client through the network, or sends the data and analysis
tools to the client for use on the client side (Peng, 1997). One advantage of the Web GIS
is that it can access distributed heterogeneous databases and perform distributed
processing (Hall, 1994). Information and applications can reside on different platforms
across the network. The Web GIS takes advantages of this distributed heterogeneous
system so that the GIS data and analysis tools can be accessible to different computers
through the network. Users can access GIS data and application programs from
anywhere on the network.

   Before the development of the World Wide Web, the Internet was used only as a tool
to transfer data. Since the inception of the Web, GIS professionals realize that GIS can
be expanded onto the Web, and it can evolve into a new GIS technology. Different GIS
techniques have been developed on the Internet. There are three types of such
techniques: Common Gateway Interface (CGI), plug-ins, and Internet Programming
Language (IPL) (Peng, 1997). The GIS plug-ins or helper programs are created to work
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inside the Internet Web browser such as Netscape Navigator and Internet Explorer. It is
client-side implementation of the Web GIS. The IPL includes Java, ActiveX, etc. It
might be the future direction for the Web GIS.

   GIS plug-ins are small applications installed at the client side to extend the
capabilities of the Web browsers. The role of plug-ins is to provide seamless new GIS
data support for Web browsers and facilitate the Web browser in communicating with
GIS. GIS helper programs can be large GIS applications or existing GIS software
located in the users’s local machine. When the Web browser detects a GIS data type on
an HTML page, it automatically launches the respective GIS helper program (Peng,
1997).

   CGI is a standardized way of writing scripts that the server runs when a request for the
relevant URL (Uniform Resource Locator) is received. A gateway is typically a
program that transforms information from one form to another, and one use for CGI
scripts is to implement gateways. For example, you may have all your data in a
relational database, and want to make this information available to the Web. To do this
you would write a gateway script to transform HTTP requests into accesses to your
database, and translate the replies into HTML.

   Web browsers can directly communicate with Web servers by using the Hypertext
Transfer Protocol (HTTP), but not with GIS servers. The linkage between GIS
programs and Web servers is established using the CGI or gateway script. The CGI
script allows Web servers to execute GIS programs and interpret their output
information to Web browsers. CGI scripts are called by the Web server based on the
user request submitted via the browser. The scripts launch the GIS server and translate
the request to a format that a GIS server can interpret. The GIS server then performs the
analysis and sends the output back to the CGI script. The CGI script sends the output
and associated information to the Web server and browser for display. The server and
the CGI program work in conjunction to enhance and customize the Web’s ability to
link with GIS data and functions (Peng, 1997).

   Most people have seen the results of CGI, but probably do not realize how static
HTML documents differ from responsive HTML documents. In a static HTML
document, the browser requests a URL from the Web server. The server looks to see if
that document exists. If it does exist, the server sends the document to the browser. The
Web server looks at the data and runs the appropriate script or program. The script or
program processes the request with the information supplied, generates an HTML
document and passes the completed HTML document back to the Web server. The Web
server then sends the finished document back to the browser.

   CGI-based Web GIS focuses solely on the server-side operation. The GIS server does
all the work, and the Web browser is a user-friendly front-end interface. The CGI scripts
act as the translator between the browser client and the GIS server. The processing
workload on the client side is minimal. Since all processing is conducted by the GIS
server, the CGI-based Web GIS can take advantage of the functionality of existing GIS
server software such as Arc/Info.
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   The CGI-based Web GIS, however, is restricted by the limitations inherent in the Web
browser and the static HTML. Server-side Web GIS is based on stateless HTTP and
CGI scripts. The user cannot directly work with spatial objects as with stand alone GIS
software. There are also a few drawbacks of CGI-based GIS. First of all, an HTTP Web
server doesn’t remember calls between requests. The whole routine from browser to
Web server, invoking the CGI script and initializing the GIS server must be repeated if
every user wants to access a digital map database. Therefore, it generates a lot of traffic
on the Internet. It gives rise to very slow operations between the Web server and GIS
server because of CGI’s interpretations.

Fig 5.4 CGI based Web GIS

   Secondly, the product of all the GIS server’s work is more static images. The Web
browser passively displays these static map images. The only interaction with HTML
documents is by selecting hyperlinks. The limitations inherent in the Web prohibit the
direct manipulation of maps on the browser. For example, the user cannot select a
feature by dragging a rectangular, circular or irregular polygon on a map image.
Likewise, the user cannot select a linear or a point feature on the map.

   Thirdly, there might be some frustrations in obtaining quick access to land database
servers or in receiving obsolete quality in the course of transmissions. Finally, an
important indication is that HTTP does not support a vector data type, which most
spatial functions of current GIS require.

5.3.2 The Web and Java GIS

   Most recent developments in distributed object technology (DOT) involve the use of
middleware technology. Objects are added to networks and integrated with middleware,
often called ORB (Object Request Broker). Objects are being used in distributed
systems to represent units of distribution, movement, and communication. The addition
of Web technology provides application portability. There is in effect a new paradigm
of computing which are associated with interoperable objects.

   Java is a much more advanced technology than CORBA, but it has already had, and
continues to have, an enormous impact in distributed object technology. The integration
of Java with the Web adds a dimension to object technology, not available in languages
such as C++, namely mobile objects (Wallnau et al., 1997). Java provides mobile
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objects within a homogeneous computing environment, while CORBA provides remote
objects, assuming a heterogeneous computing environment. Java is an object-oriented
programming language that supports the major object-oriented concepts, which include
object, class and class inheritance.

   With Java, there is the advantage of uniformity and portability across many physical
machine architectures. The Java compiler translates the source code of a Java program
into a sequence of bytecode instructions, which can be executed by the interpreter on
the Java Virtual Machine (VM). The Java VM defines an interface between Java
bytecode and computer. The Java VM makes it possible to run the same Java bytecode
on any platform (Liwu, 1998).

   The Java program connects back to the server machine using socket technology that is
provided by the networking application programming interface (API) of Java. The Java
networking API provides mechanisms to encode and decode Uniform Resources
Locators (URL). The Java Database Connectivity Specification API provides relational
database operations between the host and the client. These interfaces facilitate the
connection between the applet on a client to “live” data on the host. The core concepts
for Web development have been HTML and the notion of a URL. HTML, the language
for arranging text and images on a Web page, has evolved over its short lifetime to
include higher level structures such as tables, forms and frames. The URL provides the
mechanism for referencing other pages across the global name space (Wallnau et al.,
1997).

   The future of distributed client/server computing may consist of the WWW and
CORBA environments. The Web supports user-friendly uniform interface to access any
distributed resources. Moreover, it provides standardized multimedia document formats.
Java version 1.1, provides its own distributed processing model based on Java Remote
Method Invocation (RMI). RMI provides a naming service for Java programs to look up
object references for objects that are executing on remote Java virtual machine, and then
to invoke methods on these remote objects. In fact, RMI provides ORB functionality
that is fully integrated with the Java language and run-time environment (Wallnau et al.,
1997). It would seem that there is no need for Java and CORBA to work together.
Meanwhile, CORBA is the middleware based on principle of its single uniform object-
oriented view of distributed and heterogeneous system integration (Merle, 1996).

   But WWW users want many extensions: changing the HTTP protocol, integrating
new kinds of Web resources, and easy database access without CGI or Perl and so on.
The CORBA object-oriented approach offers good properties to encapsulate and
structure Web components under the same paradigm. It brings modularity, flexibility
and attraction to needed features encountered on the WWW.

   In nature, Java enables implementing the network-oriented, object-oriented and
distributed GIS with the benefits of the Remote Method Invocation. The Java classes
can be mapped directly into object-oriented GIS classes or can be used to create new
objects. For the Internet programmers, Java can be used to write applets, which are
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displayed by the Web browsers. Java provides a standard class, class applet, to support
Web programming. An applet is defined with a subclass of class applet.

   An applet is compiled with the Java compiler before a browser can display the applet.
The class has a standard Application Programming Interface (API) for the Web
browsers. All useful applets are instances of the standard class applet, in the package
Java Applet. Class applet specifies a standard interface for Web browser and applet
viewers to run applets (Liwu, 1998). A programmer extends the class applet to define
data representation, specify visual presentation, and prescribe the behavior of applets.

   An applet is a mini-program associated with a Web page. A local or remote Java-
enabled browser displays an applet in a Web page by invoking methods of the applet.
When the browser comes across the applet, the applet is loaded and started. When it
leaves the page, the applet is stopped. An applet is invoked by an applet-tag within an
HTML page in a browser. It is therefore necessary for the browser to not only
understand the applet-tag, but also to provide the Java interpreter to execute the applet
once it arrives at the client location from the server.

   By using this characteristic of Java applet, users are able to cope with difficulties of
access to databases on any other platform. In current commercial Web page database, it
provides a simple, inexpensive and effective tool for query and reporting of data on a
Web page. All Java web databases are embedded in an HTML document using the
applet-tag. When an HTML document is presented to a client, the applet is
automatically downloaded into the client computer cache.

Fig 5.5 Database access from Java GIS

   With the benefits of GIS Java applet, no database interfaces needed to be established
and no sever database gateways needs to be purchased or deployed. GIS applet is
executable code that resides in a machine that is accessible to a Web server at a Web
site. GIS applets are referenced inside an HTML document and executed by a Web
browser at the client side. They initially reside on the server side, just as HTML
documents (Peng, 1997). These applets files are downloaded and executed when a user
connects to the Web site and invokes the HTML document containing a reference to the
GIS applet

WWW
Browser

WWW
Servers GIS DB

Servers

QueryObject

Maps Java
Applet

JavaGIS
Softwares

HTML
GIS Java
Applet



113

   Web users send a query to the GIS server to operate a certain function. The server
converts the vector data results of operation into raster format. Then, the raster file is
sent back to the browser. However, several drawbacks remain. First, the image file can
be large, requiring significant transfer time between the client and the server. Many GIS
analysis and visualization require repeated manipulation to get the expected results, thus
adding to the processing and transmission burden (ESRI, 1997). By contrast, Java
provides Class Vector (Liwu, 1998) for manipulating and displaying vector data on the
assigned the Web browser display area. Class Vector is a standard Java data structure
class in package Java.util.

5.3.3 XML and GIS databases

   Multifold ways of interoperability approaches and architectures have been discussed
in the context of distributed geographic processing and spatial data integration in recent
years. There are, today, increasing demands for sharing and integrating heterogeneous
spatial databases through Intranet. HTML is greatly used to allow users to access
complex documents and enables them to distribute their reports by preferable formats.
Nevertheless, there are incessant debate and awareness that HTML should be
ameliorated in terms of its extensibility, structure and validation.

   There are major drawbacks of HTML (Bosak, 1997). First, it does not allow users to
specify their own tags or attributes. Second, it does not support database schemas or
object-oriented hierarchies. Third, it does not support the kind of language specification
enabling to check structural validity.

   HTML is an application of the SGML (Standard Generalized Markup Language),
considerably more complex to learn and design documents with than HTML. XML
(eXtensible Markup Language) defined by the World Wide Web Consortium (W3) has
quickly emerged as a key enabling technology for improving communications between
Internet, data warehousing, and e-commerce applications. XML is an SGML subset
providing self-describing custom markup in the form of hierarchical named-values and
advanced facilities for referencing other documents. XML is meta-markup language that
allows users to define their own sets of markup elements (Ciancarini et al., 1999) that
are most appropriate to the specific class of documents they are dealing with.

   Unlike HTML, XML specifies a text-based way to represent the structure inherent in
data so that it can be authored and interpreted. Therefore, XML provides a flexible and
extensible mechanism that can handle entire digital libraries from highly structured
database records to unstructured documents. XML shows great promise for the
definition, exchange, and processing of structured information on the WWW. This
might be particularly interesting in the field of GIS/LIS.

   Since a great deal of metadata might have been encoded in SGML, the parent form of
XML, the availability of free and commercial purpose XML tools to process metadata
shows great benefit for the GIS/LIS community. Standardization efforts in a number of
countries resulted in the development of universal standards for data exchange,
including SDTS (U.S), SAIF (Canada), ALK (Germany), FEIV (France) (Gupta et al.,
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1999), etc. In addition, there are also different commercial spatial data formats
stemming from ESRI, Map Info, SmallWorld, etc. Some of these standards might not be
connected with emerging standards for Web-based data interchange.

   Moreover, there are several alternatives of meta-markup language for different
purposes. In order to cope with vector graphics, a significant shortcoming in HTTP,
Ferraiolo (1999) proposes the Scalable Vector Graphics (SVG) that integrates with
other W3C specifications and standards efforts. Mathews et al. (1998) suggest the
Vector Markup Language (VML) that is an application of XML. It defines a format for
the encoding of vector information together with additional markup to describe how
vector information may be displayed and edited.

   Since there are multifarious geo-referenced data, integrating spatial information from
data sources over the Intranet requires some form of integrated view to allow for
distributed processing and querying. Valduriex and Ozsu (1999) examine the issues of
information integration in the Internet revisiting the multidatabase architecture with data
resource wrappers and mediators. A mediator-based system has evolved from an initial
proposal by Wiederhold (1992) consisting of a network of mediators. Each mediator
offers a specific data service and acts as an information broker (Liu et al., 1998). The
role of the mediator is to accept a user request, break up the request into small
fragments corresponding to the capabilities of the sources and then deliver the request-
fragments to the appropriate sources. In other words, the mediator communicates with a
large variety of distributed heterogeneous spatio-temporal sources through the Intranet
(Fig 5.6). A main mediator can be composed of several sub-mediators conforming to
different application of the wrappers.

Fig 5.6 A conceptual model of interaction through Java and XML
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   The GIS and other wrappers communicate with main (or sub) mediator in a
commonly agreed language. The role of the wrappers is to translate a request from their
mediators to that of the information source and then transform the results provided by
the information resource back to their mediators. Here, we only examine the
relationship between Java and XML to see how they can smoothly interface and they
can impact on the geo-information infrastructure and network.

   Historically, a close relationship between XML and Java might have existed since the
early birth of XML. It seems that Java and XML were designed to be used in distributed
systems. XML is viewed as an application of SGML for the Web. The Java VM is
accessible to any platform. From the architectural point of view, XML could not
separate from Java because XML is just a data format and may need programmed
behavior to be useful. Java provides the portable code to make XML useful, and XML
may offer the data format for Java. Their relationships seem to be entirely
complementary. One major key point is how both XML and Java can contribute to
complex environments of distributed and heterogeneous spatio-temporal databases so as
to facilitate the acquisition, integration, or exchange of data.

5.4 Summary

   This chapter explains object-oriented database and distributed object management on
the basis of object space. Since different data and files are dispersed and disconnected in
surveying and mapping societies, distributed heterogeneous object DBMS is one way to
connect them through the use of DOM. The multiple object space may become a guide
to the next direction of heterogeneous surveying and mapping data widely spread in
GIS/LIS societies. We propose a conceptual model of distributed object management
that can galvanize access to GIS databases.

   Although the distributed object technology based on CORBA provides a good
communication environment, arising Web technology raises the issue of how it can
improve the existing GIS database. Certainly, there is a clear trend towards increased
use of Internet and Web technology to deliver services to end users, and not just
elaborate Web pages. The Web is based on standard resources of HTML documents,
GIF images, postscript files, audio files, etc., with the common characteristics of being
passive, read-only, and static (Ingham et al., 1995). One of the major advantages of the
Web is the speed and ease by which information can be made available. As one
powerful programming language for Web technology, the characteristics of Java applets
are much more advanced than CORBA, and can be applied to current GIS as a new
paradigm of distributed object database.

   Due to the of three major HTML drawbacks, XML is becoming an increasingly
pervasive technology that could sweep away HTML and undermine Java's influence. It
seems that XML offers users the choice between building Web applications and
building Java systems. From a database point of view, we examine the relationship
between XML and Java to see how two overwhelming technologies may influence
spatio-temporal databases.
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                                                                                                      Chapter VI
                                        Spatio-Temporal Object Model

   SpatialObject makes us feel spatial locations and extents. TimeObject enables us to touch
the past, present and future events in space. SpatiotemporalObject provides us with limitless
and timeless universe travel that is named as four dimensional worlds.

6.1 Introduction

   Many commercial GIS softwares support spatial object data models based on
OODBMS/RDBMS environments. However, temporal data always exists in and
around daily life, business and GIS/LIS arenas. Since spatio-temporal object model
might be new approach to GIS/LIS communities, there are few commercial packages
within the full capabilities of temporal object systems. Although there is a growing
demand for temporal data to be incorporated into LIS, system administrators and
system managers experience difficulty in responding to temporal requests because
present reliability of working circumstances for temporal applications put time into
secondary status.

   Land information is associated with land use planning, cadastral survey, land
registration, and valuation, etc. This can be interpreted as a digital map that is
equivalent to multipurpose cadastre’s functions. When updating land databases,
database versions can always exist in spatial and temporal maps pertaining to land use,
environmental change, and land tenure systems, etc. In principle, cadastral and
topographic maps retain the past history of urban land developments arising from
dynamic actor’s behaviors. However, little work is done in understanding the actor
domain that significantly impacts on spatial, temporal and aspatial-atemporal domain.
This Chapter not only examines the class of land parcel playing a major role in
temporal LIS, but also proposes a conceptual spatio-temporal object model (STOM)
interactions of four domains. The four requirements of the STOM and how four
domains interact with each other are described. As a demonstration of a spatio-
temporal application, an example explaining the vector update model is currently
available in LIS community is shown.

   In order to illustrate the STOM and research constraints, a simple example is
implemented using Gothic GIS software consisting of spatial and temporal objects
(Ryu et al., 1997), making it possible to archieve spatio-temporal histories. It
describes disparity between the old and current version with the benefits of several
history management conveniences and spatio-temporal operators, etc.

   Our conceptual STOM might be limited in providing confidential evidence because
there are few feasible temporal object models harmonizing with spatial objects.
Moreover, actor domain is considered in a simple manner or is not available for
spatio-temporal applications. Therefore, a profound meaning of actor domain is
proposed to identify the mechanism of change in spatial, temporal and attribute
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domains. On the basis of a state transition and object interaction diagram, actor’s
activities as the means of event-based approach are depicted with interactive
operation between sender and receiver objects.

6.2 Object model for land parcel

   A GIS deals with objects which are graphically represented in three dimensions.
Spatial features and attributes are recorded in a database. When the changes occur in
the object’s location, attributes, and states, object-orientation deals with the data items
(objects) undergoing certain transformations (processes) in their life-cycle. GIS data
consists of spatial (geometrical) and aspatial (thematic) data. Spatial data describes
the geometry (shape) of an object and its three dimensional locations in space.
Location is defined as a referenced location in terms of X,Y,Z coordinates.

   Aybet (1992) remarks that the basic data model of a geo-object has a graphical
description (point, line, polygon), a location (X,Y,Z) and a textual description of
features (object classes/sub-classes) and their attributes (instance variables).
Bernhardsen (1992) insists that objects in a GIS data model be basically described in
terms of identity type, geometric elements, attributes, relations and qualities.

   To begin with, temporal classes and spatial classes need to be defined although
several spatio-temporal models are dependent on the implementation of existing GIS
softwares. Here, important spatio-temporal classes for cadastral systems are explored
because of the enormous hierarchies of spatio-temporal objects (Fig 6.1). Worboys
(1994) insists that geo-objects be composed of spatial, graphical, temporal and textual
& numeric object. For example, a land parcel may have a polygon that represents its
boundaries in the real world. A polygon, line and point represent its cartographic
shape at different levels of generalization as a graphical form.

Fig 6.1 Land related class of land parcel
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   A land parcel changes its boundary and area, coming under different ownership
within the timelines. As an atomic element in LIS, a land parcel contains spatial and
temporal units as well as textual and symbolic characteristics. However, these
hierarchical classes and attributes may depend not only on historical and cultural
mapping heritages but also on social and political backdrops to cadastral maps.

Class:  Land parcel
Superclass: Property
InstanceVariableNames: polygon ID: Int                            parcel No: Int
                                        parcel area: Real                           parcel value and year: Int
                                        parcel  address: String                  parcel landuse: String
                                        surveying techniques: String        parcel scale: Int
                                        owner name: String                      owner address: String
                                        cadastral map No: Int                  Ad  code: Int or String
                                        etc.

6.2.1 Text and Line object

   An object belonging to the class TextAndLine object describes some parts of
documents and specific forms. Basically, texts or symbols provide the description of
object behavior and additional data. For example, geographic objects contain
geometric properties which can be applied to cadastral maps, which are essentially
descriptions of land parcels to which land rights are being defined, although cadastral
maps are not in themselves a record of any right held. The formal record of rights is
normally contained in one or more ”registers” that in some countries are known as
“Land Books” (Binns and Dale, 1996). The priority in many cadastral systems in
some countries is to manage textual records more efficiently rather than to produce
digital cadastral maps. Textual data may include the property reference number, the
name and address of the proprietor, the title number and form of tenure, details of any
mortgages, subleases or assignments, and possibly details of annual rents and rental
payments and due dates, etc.

Fig 6.2 High level structure of TextAndLineObject
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   These registers consist of different texts and symbols. We can assume that the class
TextAndLine is composed of TextOrSymbol and ArcOrArrow (Fig 6.2) that are able
to depict aspatial land registers. However, TextAndLine also depends on different
document formats and specific forms, existing in a wide variety of office
environments. In addition, there are methods (operations) of communicating between
classes which include more details of attributes. Here, major classes pertaining to
attributes only are present.

Class: TextOrSymbol
Superclass: TextAndLineObject
InstanceVariableNames: Symbol      TextMultiline

Class: TextAndLineAggregate
Superclass: TextAndLineObject
InstanceVariableNames: objects    Multiset (TextAndLineObject)

Class: TextMultiline
Superclass: TextOrSymbol
InstanceVariableNames: TextLine Chapter Section Paragraph  Sentence WrittenBook

Class: TextLine
Superclass: TextOrSymbol
InstanceVariableNames: Point RelativeEndPoint TextPath  TextAlignment  Character
Comments: TextLine carries text referenced to positions of specified documents and
forms.

6.2.2 Spatio-temporal land parcel

   When creating and changing geometric features (point, line, polygon), we are able to
add time to them. Currently, experimental software provides an integrated spatio-
temporal model based upon this concept, including more details of temporal
expressions and query languages. In the real world, users need to construct their own
objects and a simple set of tools, which can be applied to any mix of data, functions,
and objects. Since parcel-based cadastral systems enable users to represent
multipurpose LIS, the land parcel is an essential unit constituting cadastral maps. We
describe fundamental characteristics of spatial land parcels at the macro level (Fig
6.3).

   In fact, map production is usually associated with basic and thematic maps at every
mapping center. Thematic maps may be regarded as topographic, cadastral, road
utilities, population, etc. In principle, the cartographic object model supports those
thematic maps consisting of different geometric primitives. By contrast, land
information is associated with various land-related activities such as land use planning,
cadastral survey, land registration and valuation, etc. This can be interpreted as a
multifunctional cadastral map being similar to the function of multipurpose cadastres.
Therefore, we are able to surmise a wide variety of applications of land parcels
containing various classes and attributes as well as object methods. These hierarchical
classes and attributes may also depend upon conceptual data modeling for
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constitutional environments and social and political needs for new maps. There are
hierarchical relationships between cadastral maps and land registers with an emphasis
on land parcel.

   Mavima (1993) proposes five categories of land parcel’s application although no
standard exists for cadastral classes and methods because of different object models
and manifold uses of cadastres.

Fig 6.3 Structure of map and register object and their applications
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Class: Topo, Road, Building, Cadastre, Utility, Lake, River, etc
InstanceVariableNames: point (weight, color), line (weight, color, type), polygon
(color, type), other presentation symbol
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   Many geo-scientists have dealt with spatial and temporal models, or spatio-temporal
models based on relational concepts and object-oriented orientations. There might be a
few dominant models to clearly elucidate spatio-temporal classes and attributes. Of
course, Smallworld GIS and Gothic GIS software begin to embrace temporal
functions, but they might display some paucities in handling historical views between
the old object and database version and the current one. This historical view is closely
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related to spatio-temporal operators and is useful when there are multiple alternatives
and derivatives in databases.

   Wachowicz (1999) deals with the meaning of space-time paths that expound spatial
and temporal issues within a spatio-temporal data model in Smallworld GIS. She
mentions that a version management approach for a spatio-temporal data model
involves finding a way to integrate the approach and the model. The version
management approach requires being consistent with object-oriented concepts. In
Chapter 3 and 4, we discuss a temporal object model explaining object and database
versioning model concerned with database version management and leading to
historical evolution of database version. However, these are only pertinent to a time-
based approach to an object database model.

   Now, we take a bird's eye view of our conceptual spatio-temporal object model
(STOM). STOM provides dynamic and idealistic ways for actor's behavior to
influence spatial and temporal changes (Fig 6.4). As any spatial object model, we use
also three geometric objects that interact with temporal DateTime and Interval. When
three geometric elements are created at a given time and then updated later, the
DateTime articulates these elements in accordance with time. The Interval perceives
object versions when spatial objects start to upgrade.

   Comparing present feature ID with past feature ID, the Interval provides them with
the transaction time time-stamps. The spatio-temporal DB history manager gets a
message from the Interval. This history manager sends past feature ID to historical
databases. This evolution of object versioning is similar to DB Version State
Transitions Diagram.

   STOM also supports the spatio-temporal history management that should correspond
to the versioned database. The major role is to trace historical information. To a
certain extent, it could be one function of DB version managements. From a database
point of view, a historical database using a geographical visualization tool with
temporal operators makes it possible to compare multiple objects and database
versions as well as schema versions. However, we should avoid database redundancy
among derivative database versions.

   Meanwhile, there is an additional requirement in realizing STOM. There is a broad
spectrum of cartographic DB versions that have different scales, shapes and colors at a
given time in the course of mapping projects. Naturally, unnecessary geometric DB
versions occur and should be separated from the essential one. In this case, it requires
a version management tool that controls a spatio-temporal resolution.

   At the micro level of mapping tasks, users often generate many geometric versions
whether they are necessary or not. With the help of the spatio-temporal ID and pointer,
users can differentiate geometric multiple versions, but it takes a lot of effort to search
for a specific version that requires to be updated or deleted. Therefore, STOM
provides users with spatio-temporal layer versioning that enables tracing multiple
versions of spatial objects and their attributes with temporal resolutions (instant or
interval). This layer versioning is to illustrate the different class of versioning in a
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spatio-temporal map context. Spatio-temporarily, it is possible to visualize changes of
spatial object's history through time.

Fig 6.4 A conceptual STOM

   From the perspective of GIS software design, it automatically endows spatial objects
with temporal objects whenever users create, update, and delete them. When users
want to save or delete some spatial objects, the GIS graphical interface asks users
information about a temporal resolution and geometric type that has the spatial and
temporal as well as attribute history.

   Meanwhile, there are many steps in the overall process of cadastral database ranging
from resurveying and mapping to updating of land register. Cadastral data is
constantly changing in spatial and attribute domain, and it has to be observed and
surveyed continuously in order to process and enter it into the existing cadastre. The
updating or maintenance of cadastral databases is quite difficult. To maintain database
consistency during the period of change, a suitable workflow to get the new data must
be considered.

   From the point of view of cadastral databases, one considerable role of STOM is to
ascertain actor's behavior having effects on space (where), when (time) and attributes
(what) giving rise to the smallest spatio-temporal changes in GIS organizations. With
the help of the distributed object space (Fig 5.2) and the Web GIS (Fig 5.5 and 5.6),

TLIS feature identifier (ID)
Feature version Valid time (from)
Feature version Valid time (to)
Feature version Transaction time (start)
Feature version Transaction time (stop)
Actor version
Present feature version ID
Previous feature version ID

Distributed Heterogeneous Object-Oriented Spatio-Temporal Database

Spatial Domain Temporal Domain Aspatial-atemporal  Domain

Actors

Actor Domain

Spatial Behaviors Temporal Behaviors Attributive Behaviors

Point

Line

Polygon

DateTime

Interval

Java-based Web GIS Historical Database

Actor ID
Event reasons
Event types
Event effects
Event places
Event times
Event attributes

Requirements: 1. DB version managements
                          2. Spatio-temporal history managements
                          3. Spatio-temporal (or Temporal) resolutions
                       4. Spatio-temporal operators



123

STOM enables actors (Who) to immediately describe their activities no matter where
they are.

   In this respect, the standalone GIS system might be limited to support unpredictable
actor's behavior since serious predicaments exists in some national GIS agencies as to
how and when they can detect spatial databases change. In the meantime, there are
also additional conditions required to realize STOM in terms of layer versioning, data
quality and security, database reliability, data access, etc.

6.3.1 Actor's object in the STOM

   When thinking of shapes in the real world, objects can be seen as a fundamental
basis of natural landscapes, physical features, cultural distinctions and political
boundaries. One good way of depicting them is to model conceptual structures of
objects and elucidate the anatomy of complex objects. In principle, an object is able to
change and transform its characteristics in the course of the generalization of the real
world through plays, motions, signals, influences and behaviors. Human beings have
translated events and processes of objects into maps and descriptive charts or thematic
ways within their purposes and projects.

Individual actor

   The actor is one of the objects in map setting and is also a human player. As an
expression of actor’s behaviors, the play is used to explain their movements on the set
or other actions. An actor may have an effect on his fellow actors and the audience
with or without speech by means of gestures, or purely through the force of charisma.
The most important and prolific actor in the world of human cartography is Man
himself (Szegö, 1987).

   But, human actors seldom appear as discernible individuals. Meanwhile, in the
surveying and mapping world, real property of maps on which activities of land
subdivision and land registration are recorded by land surveyors, are concerned with
not only the history of land boundary and ownership, but also the attributes of land
parcels and clients as well as land values. Even if this map illustrates the change of
land parcels, it is more meaningful to trace the land owner (or person) in space-time.

Building, trade route and other actor

   Buildings very often serve as actors on maps, providing human beings with shelters,
castles, fortifications and different categories of ecclesiastical buildings along with the
time of their foundation. Several clusters of buildings are main town elements.
considered as huge actors on the map. Towns have given rise to a wide variety of
commerce and industry, the place of origin or manufacture of different raw materials
and products, the network which distributes these products, nodes which evolve at the
intersection of links, and connecting links such as a heterogeneous collection of
“actors”.
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   Trade routes are a category of physical elements which serve as actors, often looked
upon as expressions of the flow of goods, related most closely to the category “play”
(Szegö, 1987). However, the maps of the progressive expansion of the railway
network, that is, illustrations of the size of the network at different points in time,
ought to be assigned to the actor category.

   As a thematic way for population, a map shows the approximate geographic
distribution of the population as a dot map, each dot, as an actor, represents one
thousand or a million people. The point symbols have schematic human form. In spite
of the simplified placement of these symbols, we get a fairly clear picture of the
approximate location in the setting of different population groups during various
historical periods.

6.3.2 Interaction of four domains in the STOM

   When describing object behaviors, we can present them in linguistic ways or
picturesque expressions with respect to their static and active motions, signals and
interactions. It can be thought that the play being performed in the public space may
be presented as a type of action and movement of actors at a given place and time.
Szegö (1987) argues an actor’s behavior on the geographical set with cartographic
means of expression. His example can be used to explain the object reality between
human actors and physical landscape or among human actors.

   Three object images are influenced by means of the actor’s distribution at a certain
point in time or during a given period while the actors are stationary, indirectly
describing as the type of activity being performed. Here, all images can be viewed as
network-based GIS databases that constitute an event object, a date object, a place
object and a person object. Each object image can be semantically linked to any other
object image (Fig 6.5).

Fig 6.5 Interaction of four domains

   A person object image is also connected with other images of links. This makes it
possible to easily control each image of version management because an actor is a
trigger giving rise to other changes. In the case of large-scale of spatio-temporal
databases, however, it might be hard to trace a specific version of each image (or
domain) of what users are looking for. In addition, if historical information occurs in
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four domains, the historical relationship might have complicated entities in terms of
object’s intervals, different places and person of events, and various processes of
surveying and mapping.

   Since the actor’s play (or behavior) represents a wide variety of his activities on the
map, old cadastres are limited in portraying multifold actor’s motions. The processes
and motions of actor within space-time are, however, dynamic, being unpredictable
interactions of actors in the physical world. The actor's play can be applied to
anatomize current conflicts of land tenure and simulate interactions of individual
actors in terms of surveying, construction, land subdivision, transfers, and
registration.

   Here, the appropriate attributes for each spatial and aspatial-atemporal object version
across time are explained (Fig 6.6). A new version is added to the temporal table each
time. An object undergoes a thematic or spatial change. A thematic change also creates
a new tuple in the thematic table. A spatial process modifies the reference in the
spatial table. The new version continues to point to the old description as long as there
is no change in the domain concerned. The four sets of tables are interconnected by
domain links. Bidirectional temporal links allow forward and backward movements
through time (Claramunt & Theriault, 1995). Version tables provide an explicit
representation of the chronological sequence of changes and, in a way, act as temporal
indexes to access spatial and attribute descriptions of objects.

   Fig 6.6 Spatio-temporal evolution of land parcel object (modified from Claramunt
& Theriault, 1995)
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   Versions are distributed in past, present and future temporal tables to identify events
with respect to the present and to optimize queries about the current situation.
Attribute and spatial tables for past and present versions are joined to allow
description sharing (Claramunt & Theriault, 1995). Actor tables are associated with
object behavior’s descriptions that are major players impacting on the three domains.

   However, other temporal requirements in LIS are needed to be discussed. A LIS is
associated with heterogeneous aggregates stemming from technical issues and legal
and fiscal matters. An additional temporal demand is required to interpret object’s
behavior in planning, construction, surveying and mapping, etc. The actor as an object
is often discussed on account of the causes and effects of events.

   The temporal domain consists of temporal objects associated with temporal
primitives. The DateTime and Interval determine the past, present and future
characteristics of each domain. In this semantic interpretation of temporal evolution
and history handling transitions, mutations, and movement of spatio-temporal
processes can be difficult. Therefore, STOM should connect with graphical interface
in order to change 2D way into 3D or 4D. Moreover, STOM should further support
space-time series analysis and management such as various spatio-temporal forecasts.

   With regard to spatio-temporal data models, Peuquet and Duan (1995) and Yuan
(1994) propose spatio-temporal models based upon geographic backdrops and
applications. Focusing on three domain models concerned with time, location, and
features, these types of event functionalities are available to current TGIS technology.
A temporal event requirement not fully supported by current TGIS technology is a
methodology for defining and recognizing an event.

   It is important for some TGISs to recognize not only where, what type, and why an
event occurs, but also when. It is less complicated for a system to recognize the need
for an update when the event is catastrophic, such as a wildfire, however, small
changes to an area like residential development and especially land registration may
not be as obvious. Therefore a methodology for measuring those small changes is
required. For example, land dealings and registrations are sometimes conducted
privately between sellers and buyers. These small events are very important in
temporal LISs.

   The Triad model which Peuquet (1994) proposes can be very useful in understanding
current TGIS requirements and can also apply to LIS. However, land parcels contain
institutional characteristics pertaining to land valuation and land registration as well as
land laws. Therefore, additional attributes in order to detect the smallest events,
stemming from: “who is now buying this property”, “why is he selling this housing “
are needed. In addition to these three rules (what, when where), one or two more types
of event attributes are required because property rights and leases are complex
problems, when current land databases must cope with new demands for land
information.

   Benefiting from our conceptual STOM, we can design a semantical actor domain.
We begin with an actor in land related activities, interpreted as event-based triggers.
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(Fig 6.7). Additionally, the three domain models are interacted based on location,
time, and object attributes. In a LIS, the aspatial-atemporal domain consists of
cadastral surveying data or abstract concepts of land dealings, individual land
subdivision and merge, land registration, etc. The spatial domain comprises spatial
objects of points, lines, polygons, cells, and volumes within geographical objects.

Fig 6.7 Four objects interaction model (OIM) from land information cycle

6.4 Spatio-temporal representation of land parcel

   Since land parcel is connected to a number of other objects, it is not easy to portray
the object relationship model (ORM) and object behavior model (OBM). We illustrate
an overview of land parcel with regard to map layers and applications. However, there
are still constraints in describing relevant objects pertaining to geometric objects,
temporal objects and institutional objects in the real world.

   To explain temporal (historical) information, an example of the vector update data
model is suitable. Since this model can best be implemented using current GIS
methodology, the base state is always the current database. This model has two
advantages in keeping updates separate from some fixed base states. The current data
set is usable for normal GIS functions and deleted features and any previous versions
of deleted features can be found and traced using the archive layer.
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   The vector update model is used for an historical database developed by Hunter and
Williamson (1990). Most proposed only a database time (created and ceased time) in
current cadastral maps (Fig 6.8). Here is an example of two blocks. We sometimes
need to trace historical changes of communes or cities for census of ownerships with
graphical displays. In this case, the vector update model may require time series
methods.

Fig 6.8 An example of vector update model and spatio-temporal table

   If a parcel is updated, then the entire parcel is copied to an archive drawing file and
replaced by the new version. This cadastral TLIS may be primarily designed for
graphical display. In this example, we cannot trace how parcel (No 2) was transformed
and sub-divided for 15 years. In other words, the feature versions are not linked and
the attributes (owner name) are not time encoded. In the course of transformation,
parcel (No 2) may contain spatio-temporal processes such as extensions and splits or
others which might be conducted by eminent actor domain. The second step could not
be seen in Fig 6.8 because the vector update model tends to focus on a current state.

   However, the main problem is that each parcel may contain a number of evolutions
of a movement, transformation, and change pertaining to legal, geometric, and
topological attributes. This process leads to a data cemetery if we keep all feature
versions with attribute information. In order to portray the vector update model as a
type of spatio-temporal object models, we might need to set up new data sets
pertaining to geometric and temporal entities.

  Considering conceptual data modeling, we review the above vector data model. This
shows conceptual datasets considered as spatio-temporal object attributes and a table
of domain. This is an example of aspatial-atemporal information that connects spatio-
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temporal databases, being capable of visualizing composite thematic maps. Each
domain interacts with each other and compares old objects with current objects during
the updating of an event. A time-stamp of temporal history may detect each feature
version and send them to a historical database.

Fig 6.9 A conceptual and logical schema using the ERM

   Now, we may need to understand conceptual structure, logical design or physical
design in two cases. Deriving from land related classes and the vector update model,
we are able to compare the Entity-Relationship Model (Fig 6.9) with the relationship
data model and object-oriented data model for OODBMS (Fig 6.10).

   Here, time is considered as one of spatial attributes in a relational data model. When
spatial boundaries, particularly cadastral lines, include several versions, it is difficult
to figure out historical versions and requires extra-ordinary database techniques. In
addition, conservation of previous changes of spatial boundaries and aspatial data is
found to be sometimes significantly important, or obsolete, depending upon goals and
projects of GIS organizations.

   Evidently, the lists of a grantor and grantee may be very volatile. The smallest
events in a land tenure system are really problematic in tracing historical evolution of
ownership and land boundary when there are incremental spatial changes in temporal
resolution. Therefore, some methodologies for detecting residential and proprietary
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matters in LIS must be taken into consideration for consistent database version
management.

Fig 6.10 A conceptual and logical schema using object-oriented model
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another by means of their type, valid time, trigger and action. There exist a complete
partial order on events in the timeline, but some events can be simultaneous.

   Event-based systems allow the computer to respond to certain commands or
conditions at any time. As a result, an event-based system constantly checks to see if
certain events have occurred or not. Based upon event-based behavioral sequence in
the course of surveying and mapping, linear-time temporal logic is used to emphasize
the specification of spatial behavior properties since it is quite complex to expound
human interactions and influences in space.

   Although temporal logic is a useful tool for less complicated behavior
specifications, it lacks the expressive power required for dynamic human behavior
activities. Specifically, even in an object-system it is often essential to express
persistent temporality rather than simple temporal relationships. A basic mechanism
would order a queue of events, invoking one procedure for adding an event and
another for getting to the next.

   In terms of the relationships between time and event, time is taken into
consideration in two ways that are pertinent to the time of occurrence of the activity
(DateTime) and the duration of each activity (Interval). Golledge and Stimson, (1997)
argue that the time-geographic and the action-space and activity-space approaches to
the study of human spatial behavior in a spatio-temporal context of large-scale
environments have been integrated and extended in what is referred to as an activity
approach to the analysis of individual and household activities and travel behavior.

   However, there is a crucial lack of design tools and methodologies to help building
event-based applications and it is hard to apprehend and control the overall behavior
of a large event-based system if actor domains are involved in a broad spectrum of
land related activities. Worboys (1998) mentions that the object-based approach in the
context of the event-based concept, allows the definition of events that are objects,
one or more of whose attributes are temporal measurements. In this respect, the
mapping is from the domain of objects to the temporal domain.

   Understanding interactions in the presence of a large number of events and
reactions, triggered discretely or continuously, is always difficult in heterogeneous
processes of LIS. This difficulty is of course increased by the structural and functional
differences that exist between central governments and cadastral agencies and even by
their different database systems.

   To further understand spatial events or human behavior in space, object behavior
model (OBM) can be useful for explaining procedural events based on condition and
event-based triggers. Any change detected may be modeled as an event in the process
of surveying and mapping. Like any other object, event objects may participate in
relationships. Modeling events as objects provides us with a way of recording events
and recording information about events. State transition diagram and its table is
capable of illustrating actor object’s activities how actor domains impact on spatio-
temporal changes.
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Fig 6.11 State transition diagram for actor’s events

   Fig 6.11 shows that an event is an occurrence at a point in time that is a stimulus for
an object and a system. The events for  land surveying are considered as a message
such as “start surveying” and “stop mapping”, etc. An event can be represented as an
event object. A condition is a logical value (true or false) that is valid over a period of
time that affects transitions from one state to another. Condition-based triggers
(Embley et al., 1992) cause an enabled transition to fire when their logical statement
is true. An action is an operation such as “split land parcel” in response to an event.
Actions include updating an attribute, sending a message, creating or destroying an
object, or similar action. A transition is a unique pattern of a current state, event,
conditions, actions, and a destination state.

   The most obvious changes to spatial data occur when actor object modifies the
cadastral maps and land registers by creating and subdividing land parcels. Since this
land subdivision is closely involved with more than Departments and other legal
agencies, each agency performs its function in the subdivision process and updates
databases to record the changes, while the process takes an extended period of time.

    Having different database times of the changes, the problem is basically
inconsistency during the period of change. There is also invisible action of a
prominent person who transforms and changes physical land boundaries and contents
of land use. These times are not normally pertinent to the legal description. The
mandatory sequences of action lays the onus on anyone who initiates the action on
spatio-temporal events to register them in some historical databases. Because human
actors play a major role in the desirable creation of spatial changes or unnecessary
chores of spatial anomalies on account of misunderstandings of their professions and
unpredictable changes of planning and project’s goal stemming from policy-maker’s
desires and top executive’s needs in a governmental mapping agency.

   However, there are always technical problems in detecting what human actors
change and where they are. To respond to these questions, we derive a set of
collaborative work for workflow management that is suitable for distributed object
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systems. The process of change in LIS should be redesigned to avoid the spatial
anomalies and temporal difficulties that come from diverse actor domain activities.

   Workflow is a concept closely related to information processes, automating business
and re-engineering in an organization. Workflow may capture information process
task at a level that describes the process requirements for information system
functionality and human skills (Georgakopoulos and Hornick, 1995). Therefore,
workflow management is a technology supporting fast redesign and re-
implementation of the process as information system change and processes of LIS that
are particularly pertinent to temporal management and its application.

   It is also concerned with specifing and preserving the consistency and integrity of
the processes of LIS. Workflow technology can benefit from integrating groupware
(or multi-users GIS/LIS system) by embracing the human-human interaction
paradigms and tools or computer supported collaborative work. Groupware for
temporal LIS benefits from workflow by defining explicit and consistent process and
enactment, and streamlining process of information systems.

   As one possible solution for detecting human activities in temporal LIS, we consider
the relationships between process of land surveying and synchronous groupware.
When considering streamlined flows of land surveying in Fig 6.11, there are multifold
spatial events (or multi-events) that are expected to be detected by using groupware.
Since different steps and phases of land related activities in government agencies lead
to diverse spatial events and various purposes of databases, we should circumscribe
events and steps of land surveying and land registrations that are appropriate for
intercommunication within the framework of distributed object systems or the Web-
based GIS systems.

   The simplest way to denote spatial events in GIS systems is by actor’s operating
system ID. This enables spatial events to associate actors with activities. Generally, it
would be impossible for actors to know about other spatial activities and specific state
of other actors such as their roles, whether they are active in the system, their physical
and virtual locations, etc. With respect to a national GIS project, actor roles and tasks
are often considered to be highly secret matters that may not be available to other
actors even in the same GIS organizations. Hence, a more suitable detection of actor’s
activities is required.

   To illustrate the concept of actor behavior detection, consider the following example
user and group classes in state transition diagram (Fig 6.12). The users_group allows
the users to access a host server (or database) that is ready to interconnect main
databases. Each spatial event is represented as an object in which the operating
manager (or user) stores pertinent information. Each event can be aggregated in a
user-group or larger group of databases, used for different purposes.

   This simplest method to bind users and spatial events is to know where they initiate
spatial and attribute changes at a specific time. The main problem with this static
approach is that it is hard to bind information of spatial changes from different
Departments and other concerned authorities. Peculiarly, when the same contents of
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actor activities arise from different users, a dynamic way of temporal logic properties
must be considered.

Fig 6.12 Transition for actor domains

   Manna and Pnueli (1991) and Dietrich et al. (1997) propose that behavioral
constraints be expressed using predefined events and linear-time temporal logic that is
suitable for modeling object-oriented distributed systems. This temporal logic
explains the flows of request and response in the light of the object, thread, process
and system level.

   Ben-Shaul and Ifergan (1997) suggest an event-based integration model based on
the WebRule that is concerned with collaboration by means of servers registering
interest in certain events and associating certain actions with them, which are
triggered upon the occurrence of those events. This temporal logic of event type and
the Webrule can be applied to complicated event-based behavior for spatio-temporal
objects since there might be little approach to temporal logic for an object behavior
model and the Web-based event system in GIS/LIS.

   Up to this point, we have examined a reason of occurrence of spatial events based
upon object states and transitions in object behavior model. However, there is a broad
spectrum of interactions among actor groups that are hard to illustrate in a state
transition diagram. To consolidate our conceptual model of STOM, we need to look at
each interaction between actors and define the activity of sender objects to receiver
objects in object interaction model (OIM).

   But we show only how actor domain interacts with three domains (space, time and
attribute) in a conceptual object interaction diagram and its table (Fig 6.13). In this
interaction diagram with an illustration of the history of an object (or class)
versioning, each evolution of the history of an object is a sort of interaction during a
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certain period of time between two objects (or actors). Active actors who directly
influence three domains receive continuous supports from inactive actors who are
able to impact on the smallest spatio-temporal changes often neglected in the process
of land surveying.

Fig 6.13 Interaction diagram for evolutionary objects

   The attribute_history describes the history of spatial and legal attributes that come
from changes of spatial objects and land registers’ objects. The spatial_history and the
temporal_history respectively describe the history of spatial and temporal
environment. Since each history has a link_name, the actor_history enables to send
messages to that of three domains in order to know when, where and what other actors
give rise to spatial changes. The actor_history has a major role in boosting close
connection with three link_histories (Fig 6.13). The spatio-temporal_history is
constantly checked by the function of interaction_operation_name.

   Compared to a state transition diagram, this object interaction diagram enables one
to elucidate an object’s operation (or actor’s operation) in the streams of predefined
interaction scenarios. By using an interaction table, we are able to more concretely
specify actor’s influences and effects in temporal LIS.

   Although OBM and OIM enable us to expose the source and destination of actor’s
activities, the question is just how much change and what kinds of change are
required and who are willing to check these changes. Additionally, there is also the
question whether two diagrams can keep up with branching version of spatio-
temporal object or class. Today, commercial Smallworld GIS, Gothic GIS software
and others might support actor’s activities in a rudimentary manner within a linear-
time. More complicated interactions and interferences of actor domain ranging from
land surveying to land registration always lead to problematic issues and tangible
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questions of temporal analysis and functions pertaining to spatial distribution and
equilibrium of land values and ownership. Although many predicaments remain in
actualizing groupware in the context of event-based systems, we suggest a possible
modeling of actor domain that guides spatial-temporal change in STOM.

   To partially explain a conceptual STOM, we use experimental Gothic GIS software
that has only full functions of object-oriented spatial object. The Gothic class consists
of object, RWO (Real World Object) geometric, spatial, goth_pre_simple, simple,
simple_point, simple_line, simple_area and temporal classes with the timestamps
(Ryu et al., 1997; Hardy, 1999) illustrated in Fig 6.14. Their experimental temporal
classes and structure of modeling is similar to our conceptual temporal object system.

Fig 6.14 Structure of spatio-temporal class

   In order to trace historical information, we require spatio-temporal operations
concerned with the formulation of spatio-temporal queries. Spatio-temporal operators
form a basic set from which queries can be computed. We often classify these queries
as spatial, temporal and spatio-temporal queries. As explained before, spatio-temporal
queries deal with spatial relationships along time and are hard subjects in LIS. Based
on temporal aspects, there are four types of operators such as location-operator,
orientation-temporal operators, metric-temporal operators and topological-temporal
operators. These operators make it possible to consolidate spatio-temporal query
languages.

   Now consider a vector update model (Fig 6.8) and parcel (No 2). We are able to
trace spatial and temporal changes between archive and current file using the history
table (Fig 6.15). This history table enables users to examine and compare changes of
spatial, temporal and attribute histories within the context of valid time and transaction
time, and retrieval of “History_Dr’s contents” as a sort of historical database
containing the history table. In the context of spatio-temporal object concept, parcel
(No 2) keeps the historical information of object previous state by means of
History_Dr.
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Fig 6.15 History management of objects

   Additionally, the History_Dr provides each object with geometry ID when spatial
object is changed. The major and strong point s of this example are associated with
visualization and display of historical events in a given period (or span). They called it
“Animate of Object” (Paik, 1998). It enables displaying the object’s evolution from
present to past with a regular temporal period. This is one of the functions in
multimedia GIS to track spatial changes in specific areas.

   It also has a special menu “Step by Step” (Paik, 1988) to compare each object’s
evolution and change at a specific location and period, an excellent achievement. This
display function makes it possible to track previous and forward object’s version when
the history pointer matches with geometric objects in spatial domains. Particularly,
when there are many multiple versions of cadastral line, this graphical interface can
galvanize spatio-temporal applications in land information. Gothic enables users to
manage different object’s versions by means of the Version Access Context (VAC)
(Kang, 1998) which is concerned with the valid and the transaction time.

   However, there are few attempts to describe the history of actor domain influencing
the flows and mechanisms of three domains and event-based approach to actor’s
activities. Additionally, state transition and object interaction diagram with their tables
is uniquely useful to explicate unpredictable spatial streams and actor’s vestiges in
STOM that are not yet investigated in spatio-temporal GIS/LIS.

   Since additional temporal requirements exist in a specific application and each
spatio-temporal data model has different concepts and characteristics corresponding to

Id    Owner       VT-from          VT-to          TT-start          TT-stop          Geo id

1      John          07-12-1980    04-20-1990    07-12-1980       07-121-980
2     Edward     05-03-1990     09-15-1996    05-03-1990      05-03-1990
etc
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their research goals and purposes, there are risks in describing whether STOM has
certain merits or shortcomings compared to other models. In addition, other temporal
object-oriented data models and unidentified spatio-temporal models might have more
powerful spatio-temporality. Here, we only compare STOM with existing models
mentioned in this research.

Table 6.1 Comparisons among spatio-temporal data models

   The major difficulty of this comparison is that STOM is just a conceptual model not
yet proved, while some models above are continuously implemented and updated. As
mentioned, the major characteristics of STOM are not only to support object-
orientation and temporal object class, but also to assist spatio-temporal persistent
objects to be traced in spatio-temporal layer version management, and to accelerate
active detection of spatio-temporal change by using the Web GIS systems.

   Compared with existing spatio-temporal data models, spaces and times are
respectively independent enabling users to choose temporal functions depending upon
their projects. Finally, STOM provides users with information about spatial events and
actor’s activities with respect to event reasons and events effects that are respectively
interpreted as “Why” and “How” within the framework of state transition and object
interaction diagram.
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6.6 Summary

   Since land parcel contains three characteristics of space, time and attribute, the
cadastral object and TextAndLine objects describing land parcel are fundamental in
constituting LISs. To explain the further creation of historical versions, we describe
structures between space, time, and aspatial-atemporal domains. In addition, we
propose a conceptual spatio-temporal object model (STOM) closely related with four
object interaction models (OIMs) within the framework of land information. We
concentrate on actor domain in space when an object is considered to be a physical
feature, composed of human beings, buildings, routes, etc.

   The object image represents traces and behaviors of objects interacting with other
objects in circumstances of spatial influences and extensions. It implies that all
physical actors behave themselves, within the basic unit of land boundaries defining
their source of power and influence. STOM analyzes the mechanism of four domains
as to how physical actor behavior affects time, space and attribute.

   Land information can be interpreted as a time series of events in the context of a
cadastral map database. This map database is closely connected with land registers,
including cadastral DateTimes, and cadastral Intervals seen in national mapping series.

   As a case study, we make use of a volatile land parcel being transformed and sub-
divided through land transfers and dealings. Applying the vector update models and a
conceptual STOM, the vector update model is relatively efficient in examining current
states of land ownership. However, we often disregarded the previous land uses and
old boundaries when there are a number of feature versions because system managers
and system administrators are forced to respond to present needs rather than previous
events. In these circumstances, STOM enables them to cope with problematic histories
of land information. By using object behavior model (OBM) and object interaction
model (OBM), two diagrams help us clarify events and interactions of actor’s
activities in the overall process of land information management.

   In conclusion, every feature of interest in a LIS has temporal, locational, actor and
thematic attributes. These four factors interact with each other and then lead to
complex feature versions. STOM efficiently delineates past histories of land parcels
and proposes the next orientation of LIS.
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                                                       Chapter VII
                                                       Conclusions

7.1 Summary of Thesis

   During the past 20 years, data modeling has dramatically changed pertinent to its goals and
purposes as well as ways in which modeling methods have evolved. When building models
and constructing physical systems, we do not often set up clear overall frameworks that
organize geometricaL, temporal, and thematic models.

   Object-oriented concepts have impacted on analysis and design practices in the last few
years as they gained acceptance and wider usage. Object-oriented modeling provides the
most natural and intuitive way of simulating the real world. However, a representation of a real
world domain in terms of a set of spatio-temporal objects which must be flexible and
extensible is a complex task. In current object-oriented designs and analysis, there are about
10 object-oriented development methodologies. Each of them display strong and weak
properties through technical tests. We have selected the Object-Oriented System Analysis
(OSA) as the most useful for this research.

   Chapter two denotes principles of object-oriented concepts consisting of object relationship
models (ORM), object behavior models (OBM), and object interaction models (OIM). The
ORM describes notions of object, class, instances, data abstraction, and encapsulation. In
particular, association and inheritance are useful for depicting relationships among objects. The
OBM is associated with events, states, and transitions. The OIM is concerned with data
processes and flows concerned with interactions among objects. This OSA methodology
facilitates analysis and explains object status and action when defining relationships, situations,
and interactions among objects.

   Chapter three reveals that time has a long background in computer science, business,
cartographic communities, etc. Although time has been involved with various arenas, it is used
as a secondary information source. One reason for this is that users are not well-acquainted
with temporal modeling applying to temporal information for time is considered as historical
data. However, we take three different viewpoints in approaching linguistic, cartographic and
computer engineering issues. In particular, the interpretation of Aristotle’s space-time map may
give us a hint for future research agendas and orientations. In addition, temporal history
provides us with a full understanding of historical information, when time object changes its
time property and time value.

   In our study, we propose that the temporal object system contains temporal units: time
spans, time intervals, and time instants based upon anchored and unanchored domains. The
calendric granularity enables us to simulate temporal reality very easily and differentiate
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historical temporality. This makes it possible to consider temporal behavior between instants
and intervals.

   Furthermore, other models of temporal objects are examined in order to provide a more
concrete basis of temporal reality. In the real world, there are, however, two kinds of time:
event time and transaction time, pertaining to spatial relationships. More precisely, time objects
provide us with DateTime and Interval, which are acceptable in the spatial domain.
Meanwhile, the time dimension is described in a more conceptual or technical way. The
spatio-temporal meaning may be too ambiguous to determine spatial and temporal extent and
location. Thus, we examine the Upper Model (UM) that suggests linguistic nuances and
prepositional phrases. Spatio-temporal frameworks exist to portray spatial evolution along
time axes. Spatio-temporal processes facilitate feeling the static and dynamic behaviors of
objects in geometric time when they evolve and transform their shapes and attributes. Between
space and time, there are three influential dominances depending on the viewpoint of user
interests and preferences. We examine spatio-temporal development from a cubic model to an
object model. Currently, the three-legged approach to spatial, temporal and thematic data is a
universal model.

   Chapter four shows that temporal history is associated with cadastral time instants and time
intervals, which keep order of events along the timeline. Time stamping allows cadastral events
to register their historical traces. In order to explain temporal history and spatio-temporal
representation of land parcels, we examine temporal representation and temporal orders. We
also make use of DateTime and Interval so as to illustrate the temporal history of cadastres
and present a solution for the management of geographical data evolution in GIS/LIS using the
database version mechanism. Although the DBV mechanism may allow efficiently maintaining
historical versions in a database, there are few explanations of time-sliced object database
with two time-stamps. Particularly, the valid time and transaction time may make version
management of land database easier to deal with and facilitate management of cadastral and
topographic maps when there are frequent spatial changes in urban areas.

   Chapter five explains a distributed object space connecting with heterogeneous distributed
object database management. Many different object models have been and are currently being
developed to serve various application areas. Each object model has to be developed
explicitly to serve as the common object model in application to integration architecture. We
propose a conceptual object-oriented database management system and distributed object
manager (DOM), as being capable of interfacing with different heterogeneous objects. As one
type of distributed GIS/LIS database, we describe Java based Web GIS and XML that are
emerging technologies. These collaborations between Java VM and XML enable acceleration
of a wide spread of the Web applications in GIS/LIS.

   In Chapter six, our conceptual STOM is recommended as a dynamic and idealistic solution
for simulating the real world. There are, of course, additional temporal requirements with
regard to Why and How corresponding to different demands of spatio-temporal applications.
In our STOM, we deal with actor domain that significantly impacts on three domains (space,
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time and attribute) because land information is closely related to human actors who own land
parcels and pay land tax.

   A land parcel has spatial, temporal and symbolic objects as four dimensional properties.
Due to the fact that cadastral systems consist of cadastral maps and land registers, land
parcels appear to be the rudimentary unit of spatial cadastres and pertain to other geographic
data. A land parcel has a great potentiality in illustrating spatial changes and differentiating the
history of land parcels. We especially study the spatio-temporal evolution of land parcel,
leading to historical data, and then suggest four object interaction models (OIM) for land
information within the framework of STOM.

   Finally, we choose the vector update model that can depict land subdivisions and land
transformations. STOM illustrates valid time (from, to) and transaction time (start, stop) in
which temporal versions of land parcels are vital for the effective use of information systems in
the multi-disciplinary areas of land information. By illustrating state transition and object
interaction diagram, the relationships between actor’s activities and three domains can be
explicated. As a proof of STOM by using Gothic software, implemented by temporal object
modeling, we show the history management of spatial and temporal changes with a short
display of the History of Object, Animate of Object and Step by Step.

7.2 Discussions and questions

   In this research, a few limited methodologies attempt to elucidate conceptual, logical or
physical modeling for space and time with the help of the OSA. Although object-oriented
modeling is a new methodological approach to problems of the real world, space and time
have a broad spectrum of nuances and applications. However, this research does not answer
what object-oriented development methodologies are the best for spatio-temporal models.
There are about 10 methodologies. We only found technical assessments of each of them.
According to the specialist meeting in NCGIA, spatial-temporal questions in GIS/LIS range
from philosophy and reasoning, cartography, computer science, social science, natural
language to spatial-temporal cognition and behavior.

   Entrikin (1994) argues that space and time relate to particular phenomena within certain
frameworks and one has to consider space and time as a connection between subject and
object. He further remarks that the GIS represents time from the perspective of physical
sciences, while human (social) science centers time on individual experience. It implies that
human beings deal with physical time (clock time) and human experience (body time) because
we live in a physical as well as a cultural world (Couclelis, 1994).

   Planners need space to talk about time when observing human behavior in commune and
city over time. This is one of the ways to model changes in space over time. From the social
planning point of view, urban developments are viewed as dynamic and continuous processes
which are evident in man-made structures and infra-structures during certain periods. Time
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becomes a basis for the analysis of relationships between spatio-temporal events in urban
space. Time often translates as a sequence of events. We often ask how time and space
constrain human spatial behaviors (Stead, 1994).

   In terms of geographic issues, we often find that the current GIS packages have difficulties in
handling the movement of objects through space and time. In other words, time series analysis
requires more efforts of technical geographic data modeling. The second issue is that the
function of statistical analysis based on object-oriented concepts must be added to the current
GIS. The third issue is concerned with spatio-temporal query languages. Most query
languages in space and time are based upon business and commercial applications. In natural
languages, languages are used to describe time, space, and sometimes both together. The
extents and locations of temporal language which human beings provide are generally volatile
and ambiguous. Most languages do not allow you to assign a temporal name to a spatial
object.

   Even though two distinguished temporal dimensions, event time and database time are mainly
expressed in this research, further attempts are needed in defining whether these two kinds of
time can be sufficient for the variety of natural language expressions. The fourth issue is that we
do not explain enough about geometric objects and attributes. Geometric classes contain a
number of subclasses and related other classes for the purpose of mapping and surveying
projects. With regard to LIS, we do not describe object-oriented property registration models
because property registration systems depend upon social, political and cultural backdrops in
each nation. It may be difficult to determine general land tenure models.

   Although we discussed the temporal history of LIS, further research is needed in defining
what types of spatio-temporal components are necessary in LIS because land interests are
very complicated and spatial changes typically do not happen at a point in time or in space.
Many sorts of small changes are made to the data in LIS. There are many steps in the overall
procedure of achieving these changes, which vary over time, ranging from a few hours to a few
years. Even though the databases are correct at both the beginning and the end of the change
processes, there are many processes and potential changes where the core dataset may not
agree with one another during the period of change.

   The most obvious changes to the spatial data occur when a land parcel is subdivided. From
the start of surveying to the end of registration, there are many administrative steps, and
various administrative bodies are involved with surveying and mapping processes. The
question is just how change is detected. Because temporal database structure is required to
track these changes and maintain cohesion between the databases in LIS. We are able to
track transaction time if administrative management is consistent. However, the smallest spatial
changes are difficult to detect within temporal processes and may exist in every land related
activity.

   There are many issues and questions to be raised, discussed and answered before an
object-oriented spatio-temporal object model is included in the LIS. In our analysis of
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temporal modelings and spatial processes, we do not take into consideration multiple
inheritances and multiple object versions, which enable us to effectively simulate the physical
world. Currently, spatio-temporal object models and application softwares are still a new
approach to temporal GIS/LIS and there are no standards of spatial and temporal object
model. Therefore, several questions require to be examined.

1. What is the user need for temporal LIS ?

    * Historical data retention and access
    * Change of land information process

2. What is the new solution for object and database versioning model in space-time ?

3. How do we define spatial events in LIS ?

     * Social science, planning and psychological perspective

4. What is the best methodology for explaining actor’s activities in LIS ?

5. If we accept workflow management for temporal LIS, what kinds of regulations and roles
should be required ?

6. How can we know about the smallest change in space-time ?
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                                                      Chapter VIII
                                                      Future Work

   LIS can be coupled to modern technologies, providing automation for the processes of
change in land quantification, containing the provision of flexible access and distribution of land
data. With LIS dynamic applications, more definitive object prototypes are possible within
spatio-temporal data components but may not be considered separately from the temporal
components because LIS is closely coupled to land registration and taxation of land parcels.

   In the light of spatio-temporal issues, there are a great number of latent questions associated
with spatio-temporal cognitive representation, temporal taxonomies, topological and metric
spatial knowledge, linguistic representations, included in implementation issues for temporal
GIS/LIS, etc.

   In terms of system design and development, first consider the Open Geodata Interoperability
Specification, for open architecture is an approach to software engineering and system design
that enables and encourages data sharing, resource tools, etc between different users or
applications. When applied to the domain of GIS/LIS, the intent is to move away from the
current paradigm in which specific GIS/LIS applications are tightly coupled to their internal
data models and structures. The Open GIS facilitates exchange of information for individual
GIS/LIS and other systems, such as statistical analysis, image processing, document
management, or visualization, etc. The fundamental requirements of an Open architecture for
GIS/LIS are 1) interconnected application environment, 2) interoperable interface, 3) shared
data space, and 4) heterogeneous resource browser. The four broad requirements for Open
GIS/LIS are similar to an overall system for distributed object space.

   An Open GIS/LIS architecture provides robust methods for accessing multiple forms of data
using multiple software environments. That is, any compliant GIS or other application that uses
geodata must be able to access and use distributed information in any supported format.
However, many different object models have been and are currently being developed to serve
various application arenas. Each object model has to be developed explicitly to serve as the
common object model for application programs in distributed object space.

   As we are on the edge of multimedia society, a general definition of a multimedia application
is one which involves the interactive presentation of several media types. By this, we mean not
only display, but also analysis, processing of multimedia data, synchronization in the display of
multiple media items and the ability to support interaction with the data. Those technological
and methodological ways can be applied to GIS/LIS, including digital interactive multimedia
functions providing the manipulation of digital videos, sounds, images, and multidimensional
modeling such as pictorial entities and operations. The uses of interactive digital multimedia
technologies have the potential for more realistic representation of spatial objects, bringing the
time dimension to GIS/LIS. A multimedia GIS/LIS may be designed as an object-oriented
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database enabling us to trace historical data with the full function of graphical visualization. An
object-oriented multimedia GIS/LIS impacts on the design of cadastral systems, property
registration systems and land taxation systems in the near future.

   The ability to detect and monitor small changes in conditions of land surveying and
registration is fundamental to understanding the human impact on the cadastral system and on
the assessment of sustainable land management. There is no consensus in the change detection
literature regarding the best methods for detailed investigation which relates to the
generalization problem of results. For any particular application, there is no emerging sense of
the appropriate methods to be used. Change detection studies generally use relatively simple
methods for investigating change.

   LIS has two characteristics that determine the basis of a temporal model: events occur at
discrete and irregular points in time, rather than continuously, in a discrete representation of
space. Change detection needs to redesign cadastral processes to eliminate the possibility of
inconsistency. Surely, the human actor overwhelmingly impacts on three domains (space, time
and attribute) most closely related with the smallest changes. However, we often neglect the
importance of actors (Who) domain as to how they influence three domains in GIS
organizations.

   This is a significant key to practically realizing spatio-temporal modeling in GIS/LIS.
Because actor behavior must be unpredictable, it gives rise to tremendous changes and
versions in the three domains during surveying and mapping. We need feasible ways of
detecting actor behavior and the smallest changes associated with spatio-temporal modeling.
This issue is further discussed in GIS organization responsible for temporal (or historical)
information about cadastral management.
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