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ABSTRACT

Along with audio/visual data, three dimensional (3D) graphical data has been
popular in a wide range of application domains due to good effects of 3D visualization
and the available support from recent advances in computer science by means of 3D
data acquisition and authoring tools. A large amount of 3D graphical data needs to be
effectively managed for convenient access, sharability, and reusability. Moreover, once
3D graphical data is time-varying, the temporal aspect of the 3D graphical data and
metadata surrounding them should be captured to reflect changes along time.

In order to deal with 3D objects over the time, we develop a temporal object
relational database system for 3D objects whose properties, relationships, and/or
themselves are supported with valid time. The object relational database model with the
valid time support at both object and attribute levels is defined to represent both
graphical data and metadata parts of 3D objects. Accompanying this temporal object
relational database model, a temporal object relational SQL fanguage is innovatively
proposed as a temporal extension of the standard object relational SQL language in
association with temporal logic for ease and intuition. The language allows the
nonprocedural temporal specification of data definitions (schema definitions, schema
evolutions, and integrity constraints), querying, and modifications (insertions, deletions,
and updates). It serves a large family of both non-temporal and temporal database
users at several various complexity levels of temporal data manipulations in a temporal
transparency environment. Based on this temporal object relational database model, a

temporal object relational database is determined for both graphical data and metadata



parts of 3D objects. In addition, the temporal object oriented NIAM (Nijssen's
information Analysis Methodology) conceptual schema model is proposed to represent
metadata about 3D objects in respect of valid time at the abstract level. A temporal
object oriented NIAM conceptual meta schema is formed after our automatic data
extraction process on an input 3D graphical data source. A conceptualiogical
transformation procedure is systematically invoked to obtain a temporal object relational
meta database schema. Then, both graphical data and metadata of 3D objects can be
captured with regard to valid time by means of our temporal data population process.
As soon as a temporal object relational database for 3D objects is available,
front-end applications can have access to 3D objects exactly and conveniently by
querying the graphical data and metadata parts of these 3D objects in many aspects:
graphics/semantics, non-temporal/temporal, non-spatial/spatial, and non-
presentable/presentable with the use of the proposed temporal object relational SQL
language. In comparison with related works, only our system examines the temporal
aspect of metadata about 3D objects. As a result, the graphical data and metadata
about 3D objects over the time can be consumed in a standard way. 3D objects can be
easily reached along time at both graphical and semantic data levels for sharability and

reusability.
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Chapter 1

Introduction

With recent advances in computer science and engineering, audio/visual data as
well as three dimensional (3D) graphical data has been easily generated and spread
over a wide range of application domains such as architecture, real estate, interior
design, education, and medicine, etc. 3D objects can be acquired from real objects or
from 3D data modeling with 3D programming toolkits, 3D authoring tools, and 3D data
description languages. With such available supports, a large number of 3D objects exist
and need to be effectively managed for convenient access, sharability, and reusability.

Moreover, the significance of using metadata is well accepted for the machine
understanding of multimedia data, geographical information, and other resources. This
fact is supported by the investigation of some international standards such as MPEG-7
(11, ISO 19115:2003 [2], and the Dublin Core metadata standard [3], respectively.
indeed, [4] introduces the use of semantic information in CAD applications for the
improvement of the workflow and capabilities of the applications mainly dedicated to
non-experienced users. Several advantages of using semantic information based on
ontologies are also listed in [4] for management, searching, and sharing, etc. With more
consideration for 3D graphical objects, [5, 6, 7, 8, 9, 10, 11, 12, 13] realize the need of
metadata surrounding 3D graphical objects. This awareness stems from the lacking of
support for semantic information in 3D data formats that are only invented with graphics
terms. For instance, what 3D objects of interest in the Universe of Discourse (UoD) are in
a scene, what semantic types of those objects are, what relationships, e.g. composition
and spatial relationships (left, above, disjoint, etc.), among those objects are, and so on
are not explicitly available along with the graphical data part of 3D objects and scenes.

Besides, temporal aspects are the inherent part of any entity. It is found that once
3D objects and the scenes in which they participate vary along time, metadata about
them is time-varying as well. Thus, it is valuable to take into account the temporal aspect

of 3D objects and metadata surrounding them to reflect their time-varying nature.



As for temporal database management, a large number of proposals have been
investigated based on a few existing non-temporal data models: relational [14], nested
relational [15], object oriented [16], and object-relational.[17, 18]. Two main temporal
aspects of data, valid time and transaction time [19], are determined. Temporal data
representation has been formed with two different timestamping schemes: tuple/object
and attribute. The former scheme regards the timestamp as a special attribute(s) of a
relation scheme or an object class/type and hence as part of every tuple/object while as
part of attributes individually and not of the whole tuple/object for the latter [20].
Temporal data manipulation has been supported by many temporal extensions to
relational algebra/tuple calculus, QUEL, OQL, and SQL. Also related to time, temporal
logic [21] which is a classical logic augmented with temporal operators to describe how
truth values of assertions change over time has been researched for a long time. Due to
its expressive power, it is useful in natural language processing, artificial intelligence,
and computer science. Hence, we take advantage of temporal logic to set up the
mathematical foundation of our temporal data querying extension and to allow users to
non-procedurally express temporal queries against a temporal database by means of
temporal operators (ALWAYS, ANYTIME, NEXT, PREV, and UNTIL).

In short, this research will bring database technologies to the handling of 3D

objects along time.

1.1 Motivation

In the context introduced above, this subsection addresses the motivations of our
work for the handling of 3D objects with respect to valid time.

- 3D graphical data is of our interest because of its existence in a wide range of
application domains.

- Existing works that pay only attention to 3D objects normally define content-based
retrieval techniques to make a search for individual 3D objects handled in an
arbitrary manner. Their outcomes are based on some degree of similarity. No
relationships among 3D objects can be easily answered. Also, no temporal aspect of

3D objects and metadata about them is examined.



Nowadays, there exist some standardized 3D object description languages such as
the Virtual Reality Modeling Language (VRML) [22] and the Extensible 3D (X3D) {23]
standards. Also, the significance of the use of metadata in handling complex data is
realized for multimedia, geographic data, and other resources. indeed, MPEG-7 has
been invented for audio/visual data, not including 3D objects. However, there is no
specific metadata standard about 3D objects. Without any standard, each group of
applications specifies its own metadata to deal with 3D objects at the semantic level.
This makes 3D object management by means of metadata application-dependent.
Thus, the sharability and reusability of 3D objects are reduced.

Existing works related to metadata about 3D objects have some shortages. Firstly,

their metadata extraction process is almost manually carried out or not considered.

Secondly, there is little consideration on operations on metadata about 3D objects.

Front-end applications that require metadata about 3D objects have to invent their

own metadata consumption methods. Thirdly, no temporal aspect of metadata about

3D objects is taken into account as the time-varying of 3D objects takes place.

As of this moment, the temporal aspect of 3D graphical data has been considered

with continuous changes by means of abstract data types in the 3D space with the

time dimension. Nevertheless, 3D object representations are of high complexity and
manipulations on 3D objects are very limited as compared to the investigation of
spatio-temporal databases in the 2D space.

For the time-varying of properties, relationships, and/or 3D objects themselves, data

timestamping is taken into consideration at both tuple/object and attribute levels.

From this temporal aspect, we figure out some difficuities in dealing with temporal

data at the attribute level as follows.

O Existing SQL standards lack temporal supports, especially the one at the
attribute level. This fact leads to no inherent temporal support for database users
from any DBMS using SQL. With a non-temporal database language, it is a great
burden for database users to handle temporal data all on their own. Also,
temporal data management will vary from user to user and from application to
application. In case of working together, different database users need to have

an agreement on their temporal data representations and manipulations.



O Strong support for attribute history orientation is hardly obtained with the
tuple/object timestamping scheme that has been researched in many works. In
those works, an attribute history can not be treated as the whole one without a
time invariant key for history identification. Aiso, the non-temporal and temporal
information of a single entity will be split into several tuples/rows and tables with
the tuple timestamping scheme. This leads to an unnatural temporal data
representation with so-cailed horizontal and vertical temporal anomalies.

O In other research works, only some temporal attribute operations are supported
for history orientation. Most of them focus on temporal data representation,
algebraic operations, or a temporal extension to OQL mainly for temporal data
querying. Works on schema definitions, schema evolutions, integrity constraints,
and temporal modifications related to attribute histories in the attribute
timestamping scheme still need to be done. Since other operations that are not
supported as if built-in ones have to be manually implemented by database
users using a non-temporal database language, temporal data management at
the attribute level is limited.

O The non-procedural property of the standardized SQL language is very well-
known for database users. It enables users to concentrate on what they want,
rather than how they have to do to achieve what they want. Nevertheless, no
temporal object relational SQL language exists with the attribute timestamping
scheme for temporal database schema definitions, temporal database schema
evolution definitions, the specification of integrity constraints, and temporal data
manipulations. Therefore, a temporal extension to the standardized SQL
language at the attribute level will significantly facilitate temporal data
management in many aspects from definition (schema, schema evolution, and
constraint) to manipulation (query, insertion, deletion, and update) like the non-
temporal standardized SQL language has supported non-temporal data

management up to now.



1.2 Contribution

In this research, a temporal object relational database system is originally proposed

for 3D objects whose properties, relationships, and/or themselves are supported with

valid time. The system will significantly facilitate the handling of both 3D graphical data

and metadata parts of 3D objects along time.

The temporal object relational data model is proposed together with a novel
temporal object relational SQL language.

O The temporal object relational data representation is defined with the attribute

timestamping scheme. It is intuitive and expressive to naturally gather non-
temporal and temporal attributes of the same entity type.

The language is upward compatible with the non-temporal object relational SQL
language. It includes all main functions of a non-procedural database language
for temporal database schema definitions, temporal database schema evolution
definitions, temporal integrity constraint definitions, temporal data querying, and
temporal data modifications. The support of temporal database schema
evolutions enables the temporal enhancement on a non-temporal database.

As a temporal extension to the standardized object relational SQL language, the
proposed language is non-procedural. By using this language for temporal data
management, database users can specify what they want rather than how to
achieve what they want. Also, the proposed language includes the intuitive
expressive power from the temporal logic for temporal data querying. Hence, it
allows database users to handle temporal complex data of any data type and
issue temporal ad-hoc queries based on object relational technology with ease
and intuition.

Also, the language possesses temporal upward compatibility to encourage both
non-temporal and temporal database users to use the same means to facilitate
data management regardless of the temporal aspect of data up to their
requirements and abilities. Therefore, both non-temporal and temporal database
users can work on the same database which is temporal to temporal database

users and as if non-temporal to non-temporal database users.



O Furthermore, the language can be used in a temporal transparency environment
through existing interfaces -which are from an employed object relational
database management system (ORDBMS); thus, well-known to database users.
This feature is very helpful for temporal database application development on a
non-temporal ORDBMS that is now temporal with our temporal extension.

O The temporal compatible object relational database system that we have
achieved plays an important role of an underlying platform on which temporal
database applications can be developed.

The temporal object oriented NIAM conceptual schema model is introduced for

conceptual data representation in respect of valid time. A temporal object oriented

NIAM conceptual meta schema is defined on this temporal object oriented NIAM

conceptual schema model to represent non-temporal/temporal metadata about 3D

objects and their scenes at the abstract level. Such a conceptual meta schema is a

common means for communication among users, graphics designers, front-end

application developers, and domain experts. Moreover, the conceptual meta
schema provides them with the overall understanding of 3D objects and their scenes
via semantics rather than via graphics encoding and visualization.

A procedure is determined to systematically and automatically obtain a temporal

object relational database for temporal 3D objects from a 3D graphical data source

that is true in reality for some period of time.

O Firstly, based on our temporal object oriented NIAM conceptual schema model,
a temporal conceptual meta schema is shaped from the input 3D graphical data
source to represent metadata in respect of valid time about temporal 3D objects
at the abstract level. The derivation of the temporal conceptual meta schema is
application-independent and can be automatically carried out.

O Secondly, based on our temporal object relational data model, a corresponding
temporal meta database schema is systematically and automatically obtained
from the corresponding temporal conceptual meta schema.

O Thirdly, extracted from the 3D graphical data source, metadata about temporal
3D objects can be populated into the metadata part of the temporal object

rejational database while graphical data of temporal 3D objects into the



graphical data part of the temporal object relational database. Other metadata
about temporal 3D objects that are not expilicitly extracted from the input 3D
graphical data source can be additionally populated into the metadata part of
the temporal object relational database for those temporal 3D objects.
The querying of 3D objects over the time is enabled in many aspects: graphical,
semantics, and temporal by means of the standardized object relational SQL
language extended with our temporal and 3D data supports. Due to the maturity and
popularity of the SQL language, various front-end applications can conveniently

have access to temporal 3D objects in a standard way.

1.3 Assumption

The research is conducted with several following assumptions.

For the handling of the graphical data part of 3D objects, it is obvious that the
handling of the graphical data part of 3D objects relies on the specific 3D graphical
data format of the 3D graphical data source of 3D objects. So, the 3D object
description language is chosen to be the standardized Virtual Reality Modeling
Language (VRML) in our work. This implies that a 3D graphical data source fed into
our system is formatted in VRML.

For the handling of the metadata part of 3D objects, metadata will be explicitly
extracted from a 3D graphical data source with the assumption that the scene graph
of the source is composed of 3D objects of interest, not of graphical nodes. That is,
3D object recognition is excluded from this research and the handling of the
metadata part of 3D objects is independent of the 3D object format. However, in
combination with the previous assumption, an automatic data population process is
developed for a 3D graphical data source formatted in VRML. In order to automate
the process, it is supposed that each 3D object in a scene is generated from some
3D pattem of a known library also formatted in VRML. Each pattern is associated
with a type name of a semantic type which is meaningful to humans and is a
collection of 3D objects of interest in the Universe of Discourse. The library can be
established by graphics designers and domain experts for 3D pattems and for their

type names, respectively.



- For the handling of the temporal aspect of 3D objects, both tuple/object and
attribute timestamping schemes are utilized. Nevertheless, the main concentration of
the proposed temporal object relational SQL language is given to the attribute
timestamping scheme with temporal upward compatibility, sequenced cases, and
non-sequenced cases. Differently, the tuple/object timestamping scheme is only
supported with non-sequenced cases where the timestamping attributes are equally
treated as other attributes of an object. Besides, discrete changes of the properties
and relationships of 3D objects are supported in this research work. As for
continuity, the continuous changes of 3D objects, e.g. their motions, can be

accommodated with some properly smalt granularity although not considered.

1.4 Dissertation Organization

This dissertation contains fourteen chapters and two appendices. Apart from this
chapter for an introduction, the rest of this dissertation is structured as follows.

An overview on the works related to ours is given in the next chapter Literature
Review with consideration on the handling of 3D objects and the handling of temporal
data in general. From the literature review, problem statements are addressed in
chapter 3 to specify the scope as well as the goals of this research. Next, chapter 4 will
briefly present the theoretical background of fields in which the research is involved.
Chapter 5 goes into detail over the handling of 3D objects. The graphical, semantic, aiid
temporal aspects of 3D objects are examined. As for an overall illustration of the work, a
case study is then described in chapter 6. The next two chapters 7 and 8 are dedicated
to the conceptual data representation and temporal object relational data representation
where the temporal object oriented NIAM conceptual schema model is proposed in
chapter 7, the temporal object relational data model and the temporal object relational
SQL language in chapter 8. With the conceptual and logical temporal data
representation, a temporal object relational database is defined for 3D objects in
respect of valid time in chapter 9. After that, chapter 10 shows our proposed temporal
data population process from a 3D graphical data source for both graphical data and
metadata parts of 3D objects with valid time. Using the result from chapters 9 and 10,

chapter 11 presents the querying of 3D objects with/without temporal aspect by using



the temporal object relational SQL language earlier proposed in chapter 8. The
expected output of this research is presented in chapter 12. it is a temporal object
relational database system for 3D objects with the valid time and 3D data supports. A
short conclusion of the entire work is drawn in chapter 13. Finally, chapter 14 will point
out some possible interesting topics for further research based on our achievements.
Along with the chapters introduced above, two appendices are added at the end of
the dissertation for more details. Appendix A shows the user's manual of our extension
to an employed ORDBMS for temporal and 3D data supports. Using this appendix A, the
demonstration of our proposed temporal compatible object relational database system
and temporal object relational SQL language can be carried out. As for appendix B, a
prototype of the proposed temporal object relational database system for temporal 3D
objects is included with its requirements, functionalities, user interfaces, and the SQL
statements of the temporal metadata population process on the case study. This
appendix B exemplifies the temporal object relational database system for temporal 3D

objects that is obtained from our research work.



Chapter 2

Literature Review

in this chapter, a literature review is presented on the handling of 3D objects. For
the temporal aspects of 3D objects and metadata about them, an overview on the

handling of temporal data is also included.

2.1  The Handling of 3D Objects

This subsection presents an overall review on the handling of 3D objects in many
different aspects. [24, 25, 26, 27, 28, 29, 30, 31, 32, 33] consider only raw data. Among
them, [24, 25, 26, 27, 28, 29] aim at temporal 2D/3D data and [30, 31, 32, 33] do not
examine any temporal aspect of 3D data. [34, 35, 36, 37] using content-based search
for dealing with 3D graphical data are also reviewed. Differently, (4, 5, 6, 7, 8, 9, 10, 11,
38, 39] handle 3D objects via their semantic information, called metadata. More general,
[12, 13] handle not only metadata about 3D objects but also their graphical information.

[24, 25, 26, 27, 28, 29] are among works on spatio-temporal databases. [24, 25, 26,
27, 28] add the time dimension into spatial data by making use of abstract data types.
Only temporal 2D spatial data is handled in [24, 25, 28, 29] while temporal 3D data in
[26, 27]. Even though the investigation of 2D data can be extended to 3D data in
principle, operations on 3D data must be a matter that needs to be further explored. [26]
details a physical representation of 3D spatial data and deals with continuous changes
of 3D geometries along time. Their work shows how complex the management of
temporal 3D data is. Also, no operation on their 4D data types has been investigated.
[27] takes VRML source files as an input in a manual data population process. This
would be a tedious and heavy task for users as input scene graphs get larger. Besides,
only 3D objects with simple shapes such as boxes, cones, cylinders, and spheres are
supported. No support for 3D objects with complex shapes might restrict the
applicability of their work because 3D objects might be captured from real objects that

can be of any unanticipated form. Although the temporal aspect of 3D objects is
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considered, no temporal relationships such as before, during, starts, overlaps, finishes,
etc. among objects along the time axis can be obtained.

[30, 31, 32, 33] focus on a general solution to 3D data representation, not counting
the temporal aspect of 3D data. [32] provides a formal definition of 3D primitives at the
abstract level by means of mathematics with no implementation aspects. In order to
introduce these 3D primitives to real world usage, their implementation needs more
consideration. In contrast, the work in [30, 31, 33] handles 3D geometries at the
implementation level with the spatial support of an ORDBMS. Due to the complexity of a
3D object in géneral. their representation of a 3D object requires deep knowledge of its
shapes. In addition, the operations on 3D geometries are very limited from the current
support of an ORDBMS although 3D data representation is allowed with DBMS-supplied
spatial data types. Particularly, there are few functions of the checking of topological
relationships among 3D objects and the z axis is omitted.

[34, 35, 36, 37] provide content-based search over 3D graphical data. [34]
proposes a content-based search mechanism over a collection of 3D objects formatted
in VRML. [35] introduces algorithms for 3D object recognition and segmentation in
cluttered scenes which are obtairied from range images. [36] gives us an analysis on 3D
mode! descriptions and retrieval methods. A common problem resolved with content-
based search is to fine a list of 3D objects from a given collection similar to an input
object in a query based on some similarity measurement like {34, 36] or to fine which
objects in a given library appear in a scene like [35]. The solution to this content-based
search problem is investigated for individual objects based on some degree of
matching similarity. It is noted that 3D objects in such a search in [34, 36] are simply
gathered together in an arbitrary manner. They are defined in their own local coordinate
system. Thus, spatial relationships among these 3D objects do not exist. As for [35],
spatial relationships among 3D objects in a scene exist. However, they are not taken into
account in [35], which mainly concentrates on 3D object recognition and segmentation
in cluttered scenes. As a further investigation in 3D object retrieval, [37] introduces their
consideration on semantic aspects of 3D objects. [37] develops a multimedia asset
management system that allows associating metadata with physical entities, performing

3D content-based multimedia search, and enabling relevance feedback methods. Like
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other works with a content-based search above, physical entities are individually
handled. They have no spatial relationships with each other. Therefore, only simple
queries with object names, types, and/or binary operators in the form of “field_name
operator field_value” are supported together with keyword type and 3D content-based
searches. The result of a query is also all stored objects that have 3D representations
similar to the given object in the query. The relevance feedback from the user is
expected in [37] for more relevant results. Generally speaking, refationships and the
temporal aspect of 3D objects as well as non-presentable information about 3D objects
cannot be reached in these works, which employ a content-based search.

Apart from content-based searching for 3D objects, metadata surrounding them
plays an important role in the handling of these 3D objects as indicated in several
current standards. The Dublin Core metadata standard [3] defines a vocabulary of
fifteen elements for use in resource description. These elements are contributor,
coverage, creator, date, description, format, identifier, language, publisher, relation,
rights, source, subject, title, and type. As for geographic information, the 1SO standard
[2] accompanies the standardized spatial schema [40] to describe digital geographic
data. The MPEG-7 standard [1] defines classical archival-oriented and perceptual
descriptions about audio/visual data contents as well as additional information for
organizing, managing, and accessing the contents in terms of low-level and high-level
descriptors. However, these metadata standards do not take 3D objects into account.
Also, they neither standardize a metadata extraction process from data sources nor
specify metadata consumption issues. Nevertheless, these aforementioned standards
set up a foundation from which more application-specific metadata needs can be
derived. They figure out the significance of metadata in complex data management. As
a marked point, there is no specific metadata standard for handling 3D graphical
objects at the semantic data level as of this moment. Indeed, [4. 5, 6.7, 8,9, 10, 11, 38,
39] concentrate on the need of semantic information on 3D objects but with no temporal
aspect of 3D objects and metadata about them. We examine these related works

according to their foundation for the format of metadata about 3D objects as follows.

a. The MPEG-7 standard
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[5, 6, 7] make use of the MPEG-7 standard. [5] establishes the links between visual,
geometric, and semantic entities to the input X3D fragments. The annotation process
seems to be manual. The manipulation over the achieved MPEG-7 semantic description
has not yet been defined in [5]. As an extension of [5], [6] determines SQL-like queries
against semantic instances. These queries are then intended to be translated into
XQuery expressions because semantic information is organized in XML documents
according to the MPEG-7 standard. For such a translation, a set of template queries is
planned to be built. Realized in [6], this approach to querying semantic annotations on
3D objects is more restrictive than a free query approach. Similarly, [7] uses MPEG-7 to
store semantic graphs associated with their scenes. A semantic entity is manually
selected to describe some 3D object at some level of detail and of abstraction. Besides,

[7] does not mention any manipulation on MPEG-7 descriptions.
b. Ontologies

In addition to the employment of MPEG-7, [8, 9] are based on ontology modeling for
the semantics of 3D objects. Ontologies in [8] are the primitives and concepts that are
used to build 3D objects and scenes. They are structured in Ontology Web Language
(OWL) classes. Then, [8] organizes scene metadata in their specialized file format,
called 13DVPproto, for the incorporation of semantics into 3D scenes. The access-limited
logic (ALL) language is used to have access to metadata. This metadata organization is
somewhat inconvenient to front-end application developers as they have to be trained
with a new format. Their metadata achievement is manually carried out in [8]. Also using
the notion of ontology, [9] uniquely identifies each virtual object on the Intemet
corresponding to an object type according to an ontology. Bounding boxes and spatial
containment relationships among objects are able to be extracted as well. Their so-
called spatial containment relations are in fact object compositions. The process of
metadata extraction from a scene specification in [9] is partially automatic. Moreover, [9]
does not discuss their global knowledge base, which contains annotated information:

virtual worlds with their semantic information.

c. The Resource Description Framework (RDF) standard [41]
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By employing RDF, [10] defines a number of RDF schema vocabularies each of
which defines terms for a particular set of concepts surrounding the content of a virtual
environment. The attachment of a 3D object (shape) to an appropriate RDF resource
seems to be manually made by the graphics designer. Their semantic information must
be organized in XML documents as RDF is XML-based. As for [11], the notions of a
semantic object and a semantic zone are defined. A semantic object is used to
represent one or more geometric objects. It has a specific meaning shared by the
author and the final user of the 3D environment. Relations among semantic objects are
also specified such as containedBy, sharedBy, and boundedBy. A semantic zone is
used to represent spaces (zones) of a 3D environment. These semantic objects and
zones are organized in a hierarchical structure and included into an X3D file via
MetadataSet nodes together with 3D geometric objects. Apart from semantic information
stored in X3D files, [11] uses RDF Schema files to capture the relations between the
classes of semantic objects for some specific domain. With such an organization,
manipulations on semantic information must directly refer to X3D and RDFS files.
Nevertheless, no facility is introduced in [10, 11] for front-end applications to manipulate

metadata.
d. The geographical metadata ISO standard for 3D city models

For 3D city models, [38] discusses metadata in regard to the geographic metadata
standard [2]. After an analysis on the applicability of the metadata standard, [38]
highlights the needs of a 3D spatial data infrastructure as well as of metadata
catalogues particularly for 3D city models. However, no operation on metadata is

analyzed towards front-end applications once metadata is available.

e. Semantic nets

[39] uses semantic nets for knowledge representation of a virtual world. Due to the
nature of semantic nets, semantic information and their types are not separated in such
a way that the fast growing of the net that might take place will have an impact on
access to semantic information with graph traversing. Only access around instances
(e.g. to ask if an instance is a kit-part) or relations (e.g. inst-of) of a semantic net is

allowed. Thus, their semantic information consumption is confined.



Different from the related works which have been reviewed above, {12, 13] consider
both graphical information and metadata about 3D objects. They propose a system with
the 3D graphical data model called 3DGML to allow the semantics of 3D objects to be
incorporated into a 3D scene. The semantic information captured includes component
objects, spatial relationships about direction, and composition hierarchies of objects. In
their system, VRML input files will be converted into 3DGML documents that are XML-
based files containing both graphical and such semantic information. After that, these
XML-based files are parsed and stored in a relational database. The system provides
end-users with a Web-based interface to issues query-by-example style queries.
Queries are enabled with only spatial relationships about direction such as left, right,
above, below, near, and far. Although descriptive information about each individual
object is introduced, where such information comes from and what types of 3D objects
in a scene are not explained. Also, query results are entire scenes. No way is introduced
to have access to particular parts of a scene. No topological relationships and temporal

aspect of 3D objects and scenes are investigated as well.

2.2 The Handling of Temporal Data

In addition to the literature review on the handling of 3D objects, we pay attention to
the handling of temporal data in general. This consideration will be essentially applied to
the handling of the temporal aspect of 3D objects in particular.

Firstly, the data timestamping schemes are discussed. The timestamping of time-
varying data can be done with both tuple/object and attribute timestamping schemes.
The former one is simpler mostly with first normal form (1NF) relations in the relational
data model [14] while the later is more complex, but more expressive, more natural, and
closer to user thought process with less data redundancy. This is because all time-
varying data of an object or attribute of interest are modeled together in a single
tuple/object [42]. Furthermore, the former one might produce temporal data anomalies
[43], namely vertical and horizontal, due to the splitting of the data of a single modeled
entity/object into several tuples and in several relations. To overcome such unexpected
anomalies, the latter shifts data timestamping to the finer attribute level. This leads to the

concepts of a temporal attribute and an attribute history. This is one of reasons for the
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use of the nested relational [15], dbject oriented [16], and object relational [17] data
models to naturally deal with temporal data at the attribute level. For the tuple
timestamping scheme, the existing works [20, 28, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53,
54] have been researched on many issues of a temporal database including temporal
data representations, integrity constraints, querying, modifications, and
implementations. In comparison with temporal database systems with the tuple
timestamping scheme, temporal database systems with the attribute timestamping
scheme are less in number. Indeed, [55] provides an overview on temporal database
system implementations. Among these temporal database systems, only the TDBMS
system associated with the works [42, 56] based on non-1NF relations with basic
temporal relational algebra operations and restructuring operations PACK and UNPACK
follows the attribute timestamping scheme while others follow the tuple timestamping
scheme. With the availability of the nested relational, object, and object relational
database systems to support non-atomic attributes, the number of temporal database
systems that support the attribute timestamping scheme in the literature has gradually
increased and a few recent system implementations can be found in [24, 57, 58, 59, 60].
In this literature review on the handling of temporal data, we will concentrate on a valid
time support at the attribute level and will consider the existing works [24, 42, 43, 56, 57,
58, 59, 60, 61, 62, 63, 64, 65, 66) with attribute timestamping for a valid time support.
Secondly, a so-called built-in temporal support is examined in some existing SQL
standards and commercial database management systems (DBMSs). As of this
moment, there is no built-in temporal support in any existing SQL standard. Part 7
SQUTemporal [67] has been withdrawn and not yet implemented in any existing
commercial DBMS although introduced a long time ago. Commercial database vendors
are now working on a transaction time support, e.g. Oracle with FlashDB [68] and MS
SQL Sever with ImmortalDB [69]. To our best knowledge, valid time support is provided
by Oracle Workspace Manager [70] and no valid time support from Informix, 18M DB2,
and MS SQL Server. However, the valid time support from Oracle 10g/11g [71] follows
the tuple timestamping scheme and provides temporal database users only with
relationship checking operators between two periods (wm_overlaps, wm_contains,

wm_meets, wm_equals, wm_lessthan, and wm_greaterthan) and set operators
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(wm_intersection, wm_|diff, wm_rdiff). In general, the implementation of a temporal
DBMS that supports valid time at the attribute level is rarely available to database users
except employing proprietary services. With no built-in temporal support, a non-temporal
database language has to be employed for temporal data management. As proved in
[52], it is very complicated and difficult for database users to handle temporal data all
on their own, even more with the attribute timestamping scheme.

Thirdly, an overview on the related works (24, 42, 43, 56, 57, 58, 59, 60, 61, 62, 63,

64, 65, 66] with a valid time support at the attribute level is given for a comparison.
a. With the relational data model

A research work in [58] introduces a temporal database system which provides
database users with attribute timestamping while the tuple timestamping scheme is
used for their underlying implementation on top of a relational DBMS. Their temporal
extension to SQL is simple with the AS ON clause for the specification of the date from
which retrieved data has been valid and the WHEN clause for the specification of search
conditions on temporal attributes. The WHEN clause allows temporal data selection
while the WHERE clause is evaluated with the principle of temporal upward
compatibility. There is no discussion about joins, integrity constraints, and modifications
on temporal data. Also developed on a relational DBMS, [61] defines temporal
counterparts of existing operators performing on temporal attributes. Since the data type
of an attribute can not be anticipated, this approach can not generally overcome the
time-varying of data. So, the proliferation of temporal operators might take place for

each individual data type.
b. With the nested relational data model

[42, 43, 56, 63] provide a temporal algebra/calculus with no consideration on time
granularity, upward compatibility, temporal upward compatibility, integrity constraints
related to time-varying data except [43] defines homogeneous constraints. Also, there is
a restriction on data types of time-varying data (integers, real numbers, and strings)
supported in [42, 56). In their works, the support of conditions on time-varying data is
littte, thus resulting in some degree of complexity, as time variables are allowed to be

directly accessed. This feature can be considered to be the non-restrictiveness (non-
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sequenced) feature mentioned in [45, 52]. Furthermore, the implementation is likely to

be unavailable to users [43, 56, 63] or partial {42].
c. With the object relational data model

On the employment of an ORDBMS, [64, 65] use temporal versions of data types.
However, their approach is not generalized because valid timestamps are attached to a
particular data type such as NUMBER. Moreover, temporal data manipulations such as
temporal methods/routines are missing. Similar to [61], [64, 65] might incur the
proliferation of temporal versions of data types that are not anticipated and the
proliferation of temporal operations on instances of these temporally enhanced data
types as a side effect. Along with [64, 65], [59] implements a temporal DBMS on Oracle
10g/11g. Like [58], [59) uses tuple timestamping to handle timestamped attributes.
Indeed, temporal data is presented as temporal views each of which is defined as a
merge of an original snapshot table and a temporal table corresponding to an individual
temporal attribute. Besides, their temporal data representation is defined with instant
timestamps that might result in data redundancy as compared to temporal element
timestamps and incur some semantics assumption to provide an interval-based validity.
Like the valid time support in Oracle 10g/11g Workspace Manager, their temporal
support includes only temporal relationship operators. Temporal upward compatibility
and the details of their temporal views, temporal data querying, temporal data
modifications, and integrity constraints are not discussed. In addition to [53, 64, 65], we
are aware of a transaction time support of [72, 73] that is provided on an ORDBMS. The
main differences between valid time and transaction time are pointed out as follows.
Transaction time is system-supplied while valid time user-supplied according to the
modeled world. No modification on transaction time is directly allowed database users
while modifications are possible on valid time. Transaction time is not able to stretch the
future while valid time can be supported towards the future. As far as we know, valid
time and transaction time are orthogonal to each other. Despite our focus on a valid time
support, our work can be nicely extended to cover transaction time. This can be done
either from scratch or by combining a built-in transaction time support already supplied

by an existing ORDBMS in order to become fully temporal, i.e. bi-temporal.
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the further refinement of the results of less complex queries or from the direct use of our

temporal methods within non-sequenced statements.

SELECT [<set_quantifier>] <select_list> (8.3.3.3)
FROM <table_reference_list> . (8.3.3.1)
[<where_clause>] (8.3.3.2)
[<group_by_clause>} (8.3.34)
[<having_clause>]) (8.3.3.4)

Before each clause of a SELECT statement is detailed, it is noted that in our
language, attribute histories returned by temporal column references are treated as first
class values that can be queried and manipulated as the whole because temporal
column references are in fact column references. In tumn, column references can be
present in value expressions that either are retumed to database users or participate in
some search condition for joins and selections. From this point, each clause supported
in our language is considered with the temporal aspect of input tables, in fact of
involved columns. Besides, the Cartesian product (i.e. CROSS JOIN), union (UNION),
difference (EXCEPT in [17] or MINUS in Oracle 10g/11g), and intersection (INTERSECT)
on temporal tables are the same as those on non-temporal tables. It is because these
operations perform at the object/tuple level and they are not affected by the temporal
aspect of any column of an input table. Therefore, temporal tables become non-
temporal ones with regard to these operations and the union compatibility checking is

performed on temporal columns as usual.
8.3.3.1 FROM Clause

In the FROM clause, a <table_reference_list> is used to derive a list of table
references. In case of a list of two or many table references, the Cartesian product, i.e.
CROSS JOIN, is obtained as a result of the evaluation of this clause. The operation at
this stage is performed at the object/tuple level. However, the specification of the joins
different from a cross join might be placed in this clause according to the specification
of the OR SQL language in [17]. That could be a qualified join or a natural join.

- A qualified join: in the join specification, a search condition is defined with the ON
keyword or a join column list is determined with the USING keyword. So, a qualified
join is said to be temporal if any temporal column reference is involved in the join

specification. Otherwise, non-temporal.
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- A natural join: a common equi-join column list is implicitly determined. All common
referenced columns must be comparable and operands of an equality operation.
Similarly, a natural join is said to be temporal if at least one common referenced
column is temporal. Otherwise, non-temporal.

In general, a join operation among tables can be expressed by a combination of the
Cartesian product in the FROM clause and appropriate search conditions in the WHERE
clause instead of explicitly using join operators: JOIN and NATURAL JOIN. To simplify
and minimize our temporal extension, a join operation on temporal tables is explicitly
formed by database users with the Cartesian product in the FROM clause and search
conditions in the WHERE clause. So, the FROM clause in our language is simply a list of
table references that are table names with/without their aliases separated from each

other by commas. its syntax is specified as follows.

<table_reference_list> ::= <table_reference> | <table_reference_list> <comma> <table_reference>
<table_reference> ::= <table_name> [[AS] <table_alias>]

8.3.3.2 WHERE Clause

Consider the WHERE clause: <where_clause> ::= WHERE <search_condition>.

If the WHERE clause is not specified, all rows of a resultant table from the
evaluation of the FROM clause are returned as a resuilt of the evaluation of the WHERE
clause.

If the WHERE clause is specified, the main issue is the specification of a
<search_condition> in respect of the temporal aspect of columns involved in a
<search_condition>. According to SQL production rules, a <search_condition> is
shaped by one or many so-called Boolean primaries with or without Boolean
connectives such as NOT, AND, and OR together with the grouping parentheses ‘(' and
'y. The existing SQL specification defines a Boolean primary as a predicate such as a
comparison predicate, a BETWEEN predicate, an IN predicate, a LIKE predicate, a
NULL predicate, etc. or as a Boolean predicand such as a parenthesized Boolean value
expression or a nonparenthesized value expression primary. We pay attention to so-
called predicates defined in [17]. These predicates are primitive in such a way that any
of them can not be further decomposed into other predicates. The interpretation of each

predicate will assign a Boolean value (TRUE or FALSE) as the meaning of that predicate
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at the evaluation time. Besides, predicands of each predicate are row value predicands
which are expressions in which column references might be present. Thus, the
specification of a <search_condition> is now shifted to the specification of a predicate
with respect to the consideration on whether any column reference specified in the
predicate specification is related to any temporal column.

- If no column reference is related to any temporal column, the predicate is interpreted
as usual.

- If at least one column reference is related to a temporal column, the predicate is
interpreted according to the time-varying aspect of the referenced temporal column. The
time-varying of referenced temporal columns makes the predicate temporal as a
temporal formula of temporal logic. Indeed, the truth value of the predicate changes
over time along with the change of referenced temporal columns. So, the employment of
temporal logic [21] to describe how the truth value of a predicate changes by means of
typical temporal operators ALWAYS, ANYTIME (EVENTUALLY), NEXT, PREV (LAST),
and UNTIL is appropriate. We consider whether.or not the temporatl aspect is expected.

i — The temporal aspect is not expected. The principle of temporal upward compatibility
is applied to the interpretation of the predicate which is being evaluated. In other words,
only current states of temporal columns which take part in the predicate are used. The
predicate is regarded to be time-invariant.

Example 8.6 — A non-temporal (current) query on the Emp temporal table without any consideration
on the temporal aspect of the Dept temporal column: List employees who (now) work in the Sales
department.

SELECT e.REFC AS ID
FROMEmpe
WHERE e.Dept.Department = ‘Sales’;

ii - The temporal aspect is expected. In order to express the time-varying aspect of a
predicate containing temporal column references, we extend the set of Boolean
primaries with temporal predicates TP as shown below. A temporal predicate is a
predicate whose truth value changes along time. The specification of a temporal
predicate is formed by adding a temporal operator into the specification of a predicate
defined in [17] so that conventional predicates become arguments of temporal
operators. Temporal operators which are based on temporal logic are ALWAYS,

ANYTIME, NEXT, PREV, and UNTIL along the time line (past, NOW, and future). Other
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temporal operators such as SINCE can be derived from these typical temporal
operators. Each temporal predicate is also interpreted as a truth value (TRUE or FALSE).
It can be used wherever a standard OR SQL predicate is allowed in a search condition.

<boolean_primary> ::= <predicate> | <boolean_predicand> | <temporal_predicate>

<temporal_predicate> ::= ALWAYS <left_bracket> <predicate> <right_bracket> (TPI)
| ALWAYS <periods> <left_bracket> <predicate> <right_bracket> (TP2)
| PALWAYS <lefi_bracket> <predicate> <right_bracket> (TP3)
| FALWAYS <left_bracket> <predicate> <right_bracket> (TP4)
| ANYTIME <left_bracket> <predicate> <right_bracket> (TPS)
| ANYTIME <periods> <left_bracket> <predicate> <right_bracket> (TP6)
| PANYTIME <left_bracket> <predicate> <right_bracket> (TP7)
| fANYTIME <left_bracket> <predicate> <right_bracket> (TP8)
| NEXT <left_bracket> <predicate> <right_bracket> (TP9)
| PREV <left_bracket> <predicate> <right_bracket> (TP10)
| UNTIL <left_bracket> <predicate> <comma> <predicate> <right_bracket> (TP11)
| UNTIL <periods> <left_bracket> <predicate> <comma> <predicate> <right_bracket> (TP12)
| PUNTIL <left_bracket> <predicate> <comma> <predicate> <right bracket> (TP13)
| fUNTIL <left_bracket> <predicate> <comma> <predicate> <right_bracket> (TP14)

Let p and g be two predicates shaped by production rules in [17] with none of our new
temporal constructs.
Let tc,”, ..., tc/. ..., and tc,” be temporal column references present in p and their
corresponding attribute histories be tc,” = {(av, *, V) <oy (@Vy 007 VE s ons (@V3000s
Vi e 10 = 4@V VD), s (@0 VD, e (@Y V), e @nd tc, = {(av,,
Ve (@Vnen » Vinen o - (@Vapn + Vi -
Let tc,, ..., tc, ..., and tc, be temporal column references present in g and their
corresponding attribute histories be tc,” = {(av, % vty woes @V40% VEygr ) oons (@30
Vi) ot = (e, v (v Vi), e @V vt ). and te,” = {(av,,”,
Vi D, e (BVgm s Vimem D - (8Vpn + Vi ))-

We elaborately formulate the sequenced semantics of these temporal predicates.

Firstly, we define the time line over which a temporal-predicate is evaluated. The
time line is discrete. It is partitioned into granules based on a common granularity and
open to both the past and future. It contains a special instant, NOW, for the separation of
the past and future. The smallest instant INFINITY- is the infinity towards the past and
the greatest instant INFINITY+ is the one towards the future. NOW+1 is the next instant
of NOW towards the future and NOW-1 the previous instant of NOW towards the past.

Secondly, we define the meaning of truth of each group of temporal predicates
TP1...TP14. For clarity, an illustration on the evaluation of these temporal operators with
the presence of two temporal column references, namely x1 and x2, is shown as follows

in Figures 8.2..8.6.
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Figure 8.2 The Evaluation of the ALWAYS Temporal Operators: ALWAYS {<p(x1, x2)>}
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Figure 8.3 The Evaluation of the ANYTIME Temporal Operators: ANYTIME {<p(x1, x2)>}
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Figure 8.4 The Evaluation of the NEXT Temporal Operators: NEXT {<p(x1, x2)>}
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Figure 8.5 The Evaluation of the PREV Temporal Operators: PREV {<p(x1, x2)>}
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Figure 8.6 The Evaluation of the UNTIL Temporal Operators:
UNTIL {<p1(x1, x2)>, <p2(x1, x2)>}

TP1 - ALWAYS {p(tc)’, ..., tcP, ..., tc,”)} = TRUE if and only if
Vv cl?in 1.h1, ..., ci’ in 1..hj, ..., cn?in 1.hn,
Vi PO AV POV P =@ and plavy P .. av; P, ..., aVa ') = TRUE.

TP2 — ALWAYS <periods>{p(tc’, ..., tcP, ..., t&?)}) = TRUE if and only if
Vv cl?in 1..hl, ..., ciin 1.hi, ..., cn® in 1. .hn,
vty PO AVE POV, o A <periods> 1= and plaviel’s ..o, AVies oo avy ') = TRUE.

TP3 - pALWAYS {p(tc,’, ..., tc’, ..., tc,”)} = TRUE if and only if
Vv ¢1?in 1..hl, ..., ci’ in 1..hi, ..., cn® in L. hn,
Vi POV PO AV PA{[INFINITY -, NOW)) 1= @ and P(avyc)Pseees @Vighreros 8Vaa’) = TRUE.

TP4 - fALWAYS {p(tc)’, ..., tc, ..., tc,”)} = TRUE if and only if
Vv ¢lPin 1.h1, ..., ci?in 1..hi, ..., cn® in 1. hn,
Vi) PO AV PO AV PN {[NOW, INFINITY#)} 1= O and Pavyer®se.osVicheo oy 8Vae’) = TRUE.

TP5 - ANYTIME {p(tc’, ..., tc?, ..., te,")} = TRUE if and only if
JeclPin 1.hl, ..., ci’in 1..hi, ..., coP in 1. .hn,
Vi PO AVE LA AV P 1= D and plavi e, ..., 8V, oo, avp ') = TRUE.

TP6 — ANYTIME <periods> {p(tcy®, ..., tc?, ..., 1)} = TRUE if and only if
Jcl?in 1..h1, ..., ci’ in 1. hi, ..., coP in 1 hn,
Vi PO AVE P (W o M <periods> 1= @ and plavi ot ... av;’, ..., @n ') = TRUE.

TP7 - pANYTIME {p(tc)’, ..., tcf, ..., t,7)} = TRUE if and only if
JclPin 1.hl, ..., ci?in L.hi, ..., cn? in 1..hn,
Vfl'dpﬁ...thi_dpﬁ...thn'mpﬁ{[INlew., NOW)) = and p(8V|'c|p,..., avi'd’,..., av,'c,.") = TRUE.

TP8 — fANYTIME {p(tc/’, ..., tc, ..., tc,”)} = TRUE if and only if
Je¢lPin L.hl, ..., ci?in 1..hi, ..., cn® in 1.hn,
V0PV AV PO .. Wi P A{[NOW, INFINITY+)) 1= @ and p(avi oi®s...,8ViPs---» 8Vaga”) = TRUE.

TP9 — NEXT {p(tc)®, ..., tc, ..., tc;F)} = TRUE if and only if
Jcl?in L.h1, ..., ¢ in 1..hi, ..., cnPin L.hn,
NOW+1 € v, and ... and NOW+1 € vt P and ... and NOW+1 € Vi o”
and p(avy ¢/, .-, 8V ..., 8Vp ) = TRUE.

TP10 - PREV {p(tc/, ..., tcP, ..., tc,")} = TRUE if and only if
JeclPin1.hl, ..., cPin 1.hi, ..., cnP in 1.hn,
NOW-1 & v, ” and ... and NOW-1 € vt, and ... and NOW-1 € Vi o°
and p(avi ), ..., 8Vic's +.ey 8V en’) = TRUE.

TP11 — UNTIL {p(tc)®, ..., tc, ..., teD), qltci’, ..., tc, ..., and tep,V)} = TRUE if and only if
Jcl%in 1.k, ..., ci%in L.hi, ..., cm%in 1.hm, gt in vt; %N vt G0N AV e
qt '=NULL and g(avi &%, ..., 8Vig"% ..., 8Vmem') = TRUE
and (¥ cI?in L.h1, ..., ci®in L.hi, ..., co® in L.hn,
vty P AV PO AVE o A{[INFINITY-, qt)}!= @ and p(avie® ... 8Vics ..., 8Vna’) = TRUE).

TP12 — UNTIL <periods> {p(tc®, ..., tc?, ... tca?), q(tey’, ..., t6:%, .., and tey,")} = TRUE if and only if
Jel%in L., ..., ci¥in L.hi, ..., cm%in 1.hm, qt in vt} o 9.0 G0N AWV o M <periods>,
qt '=NULL and q(avi.i%, ..., 8Vig% .-, @mem’) = TRUE
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and (V cI?in L.h, ..., i in L.hi, ..., cn® in 1..hn,
wl'c|Pﬁ...ﬁvﬁdpﬁ...ﬁmm’ A{[INFINITY-, qt)}!= D and p(avy o’ ..., aVi P, ..., 8V, 0?) = TRUE).

TP13 — pUNTIL {p(tc/®, ..., tc?, ..., t&P), g(tey, ..., tcf, ..., and tc,,®)} = TRUE if and only if
Jcl%in 1.hl,...,ci% in 1..hi,...,cm% in 1.hm,qt in vt; o3 ..AWE SN AWV o N [INFINITY -, NOW)),
qt I=NULL and g(av; ;%,...,av; 5., aVmem") = TRUE
and (V ci?in L..h], .., ci’ in 1..hi, ..., cn® in 1. .hn,
VP AVE LA AVE o” A{[INFINITY-, qt)} =@ and p(avyo)P, ..., avie®, ..., @Vn ") = TRUE).

TP14 - fUNTIL {p(tc,’, ..., tc?, ..., tca?), q(tcy5, ..., te, ..., and te,?)} = TRUE if and only if
Jcl%in 1.hl,...,ci%in L.hi,...,cm% in L.hm,qtin vt "N .nvt 3N Aty o IN{INOW, INFINITYH)},
qt !=NULL and g(av; ¢;5,....8Vi%. .., 8¥men’) = TRUE
and (V c1?in 1..hl, ..., ¢i in L.hj, ..., cn® in 1..hn,
vty P AVE LA AV N{[INFINITY-, qt)}!= @ and pavy oiP, ..., avigs ..., aVoa') = TRUE).

Finally, we intuitively state the meaning of truth of each group of temporal
predicates TP1...TP14.

TP1 - ALWAYS {p} = p is always true along the time line stretching the past, present, and future.
TP2 - ALWAYS <periods> {p} = p is always true for some periods of time.

TP3 ~ pALWAYS {p} = p is always true in the past.

TP4 - fALWAYS {p} = p is always true in the future.

TPS — ANYTIME {p} = p is true sometime along the time line stretching the past, present, and future.
TP6 — ANYTIME <periods> {p} = p is true sometime for some periods of time.

TP7 - pANYTIME {p} = p is true sometime in the past.

TP8 — fANYTIME {p} = p is true sometime in the future.

TP9 — NEXT {p} = p is true next time with a common granularity of all referenced temporal columns.
TP10 — PREV {p} = p is true last time with a common granularity of all referenced temporal columns.
TP11 - UNTIL {p, q} = q is true sometime along the time line and p is true till that moment.

TP12 — UNTIL<periods>{p, q} = q is true sometime for some time periods and p is true till that moment.
TP13 — pUNTIL {p, q} = q is true sometime in the past and p is true till that moment.

TP14 — fUNTIL {p, q} = q is true sometime in the future and p is true till that moment.

For illustration, we present a few examples of SELECT statements on the two Emp
and Dept temporal tables of the sample database. Examples 8.13..8.16 are temporal
SELECT statements with join conditions.

Example 8.7 — A temporal query on the Emp temporal table using the ALWAYS temporal operator for
a selection condition and the ASELECT construct which is defined in the next subsection for data
retrieval related to attribute histories of some data type specified with the clause “OF <type_name>":
What are the names and salaries of those employees in the Sales department during 1990-19957

SELECT ¢.REFC AS 1D, ASELECT PERIOD('01-01-1990", *01-01-1996°) {¢.Name OF VARCHAR) AS NAME,
ASELECT PERIOD{’01-01-1990", 01-01-1996") {e.Salary OF NUMERIC} AS SALARY

FROM Emp e
WHERE ALWAYS PERIOD('01-01-1990°, *01-01-1996°) {e.Dept.Department = ‘Sales’};
NAME SALARY
1D ValidTime ValidTime
viValue | Fod viValue vSen | viEnd
E4  |Jack 1/1/1990 | 17171996 50 1/1/1990 1/171996

Example 8.8 — A temporal query with the pALWAYS past temporal operator: Who are now the
managers of the departments whose budgets are currently less than 500 and were always greater than
100?

SELECT d.REFC AS ID, d.Manager AS MANAGER

FROM Dept d

WHERE d.Budget < 500 AND pALWAYS {d.Budget > 100};
iD MANAGER
D2 El

D3 E4
D4 E3
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Example 8.9 - A temporal query with the pAN'YTIME past temporal operator: What are the name and
salary histories of those employees who worked sometime in the Sales department in the past?

SELECT ¢.REFC AS ID, ASELECT{e.Name OF VARCHAR} AS NAME, ASELECT {e.Salary OF NUMERIC} AS SALARY

FROM Emp ¢
WHERE pANYTIME {e.Dept.Department = ‘Sales’};
NAME SALARY
D ValidTime ValidTime
vWVale st vignd] VM S| wEnd
40 1/1/1980 1/1/1984
E4 | Jack 5/15/1950 12/31/9999 0 1/1984 123179999
30 1/1/1980 1/1/1984
ES | White 12/1/1960 12/31/9999 |40 1/1/1984 1/1/1989
- 50 1/1/1989 12/31/9999

Example 8.10 — A temporal query with the PREV temporal operator: List employees whose salary of
last month was greater than 40.

SELECT e.REFC AS ID

FROMEmpe

WHERE PREY {e.Salary > 40};
ID
E2
El

E4
ES

Example 8.11 — A temporal query with the NEXT temporal operator: List employees who are going to
move to the Sales department next month.
SELECT e.REFC AS ID

FROMEmp ¢
WHERE NEXT {e.Dept.Department = ‘Sales’};

Example 8.12 — A temporal query with the pUNTIL past temporal operator: What are the name and
salary histories of those employees who worked only in the Sales department until changing to the
Marketing department in the past?

SELECT ¢.REFC AS ID, ASELECT{c.Name OF VARCHAR} AS NAME, ASELECT{c.Salary OF NUMERIC} AS SALARY

FROMEmpe
WHERE pUNTIL {e.Dept.Department = ‘Sales’, e.Dept.Department = ‘Marketing'};
NAME SALARY
D ValidTime . ValidTime
Walve m—en T vigad | e [ vShn ViEnd
30 171/1980 1/1/1984
ES |White |12/1/1960 12319999 |40 17171984 1/1/1989
50 1/1/1989 12/315999

Example 8.13 - A non-temporal join on the Emp temporal table: List employees who have the same
salary.
SELECT ¢l .REFC AS ID1, €2.REFC AS ID2

FROM Emp el, Emp €2

WHERE e].REFC < ¢2.REFC AND el .Salary = e2.Salary;
[D1 [ D2 ]
) [ E¢ ]

Example 8.14 - A temporal join using the ALWAYS temporal operator on the Emp temporal table:
List all employees who have had the same salary for Feb 1985-Feb 1986.

SELECT ¢1.REFC AS ID1, ¢2.REFC AS ID2

FROM Emp ¢l1, Emp 2

WHERE ¢1.REFC < ¢2.REFC

AND ALWAYS PERIOD(*02-01-1985", *03-01-1986’) {e]1.Salary = ¢2.Salary};

ID1 1D2
El E2
El ES
E2 ES

Example 8.15 - A temporal join using the pUNTIL past temporal operator: List departments which
always got the same budget as the Sales department until the Sales department got a greater amount.
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SELECT d1.REFC AS ID, d1.Department AS DEPARTMENT
FROM Dept d1, Dept d2

WHERE d1.REFC < d2.REFC AND d2.Department = ‘Sales’
AND pUNTIL {d1.Budget = d2.Budget, d1.Budget < d2.Budget};

1D [ DEPARTMENT ]
LDl [ Toy

Example 8.16 - A temporal join with the fALWAYS and pANYTIME temporal operators: List
employees who always work in the same department from now but got different salaries sometime in
the past.

SELECT el.REFC AS ID1, ¢2.REFC AS ID2
FROM Emp el, Emp 2

WHERE e REFC < ¢2.REFC

AND fALWAYS {el.Dept = ¢2.Dept}

AND pANYTIME {e1.Salary != ¢2.Salary};

[1o1 [iD2 |
=) | ES ]

Although we allow the temporal operators to be applied to predicates, the following
distributivity relations between the temporal operators and the Boolean connectives
(NOT, AND, and OR) can be utilized for more complex temporal requirements. Letp, q,
and r be conventional predicates.

ALWAYS {p AND q} = ALWAYS {p} AND ALWAYS {q);
ALWAYS {NOT p} = NOT ANYTIME {p};

ANYTIME {NOT p} = NOT ALWAYS {p});

ANYTIME {p OR q} = ANYTIME {p} OR ANYTIME (q};
NEXT {p OR q} = NEXT {p} OR NEXT {q};

NEXT {p AND q} = NEXT {p} AND NEXT (q};

NEXT {NOT p} = NOT NEXT {p};

PREV {p AND q} = PREV {p} AND PREV {q};

PREV {p OR q} = PREV {p} OR PREV {q};

PREV {NOT q} = NOT PREV {q};

UNTIL {p AND q, r} = UNTIL {p, r} AND UNTIL {q, r};
UNTIL {p, q ORr} = UNTIL {p, q) OR UNTIL {p, r}.

It is noted that time variables disappear in temporal logic. This fact reduces the
great difficulty and complexity of expressing the change of truth values of assertions
over time as compared to the use of pure first order logic with time variables. Hence, itis
valuable to take advantage of temporal logic for the temporal data querying support of
the proposed language. Using our language with the expressive power of temporal
logic, database users can easily and naturally issue temporal queries by means of

temporal operators as demonstrated in the examples.
8.3.3.3 SELECT Clause

For a temporal extension in the SELECT clause of a query statement, we examine a
<select_list> with consideration on the temporal aspect of involved column references.

A <select_list> comprises a collection of <select_sublist>s separated from each other
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by commas. The production rules of a <select_sublist> are modified below to include
the derivation of temporal columns retumed to database users:

<select_sublist> ::= (<derived_non_temporal_column> | <derived_temporal_column>) [<as_clause>]

A <select_sublist> is either a <derived_non_temporal_column> or a
<derived_temporal_column>.

A <derived_non_temporal_column> is in fact a conventional <derived_column> of
the non-temporal OR SQL language [17]. In this case, no temporal aspect is concemed.
A derived column can be any value expression defined in the non-temporal OR SQL
language or in the core of SQL:2003, implemented in any existing ORDBMS. So, the
evaluation of a derived non-temporal column is checked with regard to the presence of
any temporal column reference.

If there is no presence of any temporal column reference, no temporal aspect
exists. The evaluation of the derived non-temporal column being considered is usual.

If there are one or many presences of temporal column references, the temporal
aspect exists, but is not desired. The derived column is evaluated with current states of
temporal columns. These temporal columns are treated as if non-temporal according to
the principle of temporal upward compatibility.

Example 8.17 - We want to know the current name of each employee. The Name temporal attribute is
treated as if it were a non-temporal one.

SELECT e.REFC AS ID, e.Name AS NAME

FROM Empe;
ID NAME
El Edward
E2 Di
B T
E4 Jack
ES White

Different from a <derived_non_temporal_column>, a <derived_temporal_column>

is defined below.

<derived_temporal_column> ::= ASELECT [<periods>] (S3)
<left_bracket> <value_expression> OF <type_name> (S1)
[ON <search_condition>] <right_bracket> (S2)

The ASELECT construct provides the notion of history oriented selection examined
on one or many attribute histories of one or many time-varying elementary facts. This
notion is comparable to the notion of valid time selection [19] on temporal 1NF relations
to extract facts from a temporal database based on the relational data model. In our

work, an expected value at a derived temporal column retumed to temporal database
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users is a collection of temporal compositions defined in section 8.2. Each temporal
composition is computed from one or many attribute histories referred to by temporal
column references corresponding to temporal elementary facts gathered in a row/tuple
of a resultant temporal table after the evaluation of the FROM and WHERE clauses. For
the evaluation of a <derived_temporal_column>, we consider three main parts of a
<derived_temporal_column>, namely, <value_expression> OF <type_name>, ON
<search_condition>, and <periods>. These three parts will be detailed as follows in the

semantics explanations S1, S2, and S3, respectively.
S1 - <value_expression> OF <type_name>

The specification of a <value_expression> is a conventional one without any of our
new temporal constructs in the OR SQL language [17] or in the core of SQL:2003,
implemented in an ORDBMS.

if ASELECT wraps no column reference that refers to an attribute history at a
temporal column, sequenced semantics has no impact on the retumed value. The
evaluation of a derived temporal column is the same as the one of a derived non-
temporal column without the ASELECT construct.

If one or many attribute histories involve in a <value_expression> via one or many
column references which are now called temporal column references, their temporal
aspect is desired to be considered. Each <value_expression> is specified along with
the name <type_name> of its data type, which can be a built-in type (e.g. VARCHAR,
NUMERIC, etc.), a DBMS-supplied type (e.g. MDSYS.SDO_GEOMETRY on Oracle
10g/11g), a user-defined type (e.g. T3D.TYPE1, which is a user-defined type under the
T3D schema), or a REF type (e.g. REF(Dept_t)), etc. This data type will be the data type
of the time-dependent component of every temporal composition of the resultant
collection at a derived temporal column.

Let {(av,,, VE,). ...v (@Y, V) -.h (@Y, VE,)} De an expected result after the evaluation
S1.
Let tc,, ..., tc, ..., tc, be temporal column references in a <value_expression> and their

corresponding attribute histories be tc, = {(av, ,, Vt, ), ... (@Vy ¢ VEi o)y oo (@Y 00 Vel



oo 10, = {(@Vig, Vi e (@Y Vi) s @V Vi) - and te = {av,,. vt ) o (@Y
Vt, s -eer (@Y Vet
Let F be a final function on these temporal column references that retums a scalar value
of the data type <type_name>. We can rewrite a <value_expression> as F(tc,, ... tc,, ...,
tc,). For example, <value_expression> = function1(tc1 + tc2, tc1) — 2*tc3 = F(tc1, tc2,
tc3).

The evaluation S1 of a <value_expression> with sequenced semantics is shown
below to compute one temporal composition (av,., vt;) in the result of the evaluation S1.
Vclin1.hl, ..., ciin 1.hi, ...,cnin L.hn,

if vty N NV NV o 1= and Flavy gy, ..., 8Vigy o0 8Vn ) !=NULL
then for ¢ in 1..h, avje = F(avj 1, ...y @¥igis +0s BVnen) § Ve = Vi 1N W D NVEg o

Example 8.18 - We can think of the whole history of something/someone, e.g. the history of each
employee’s name.

SELECT REFC AS ID, ASELECT {Name OF YARCHAR} AS NAME

FROM Emp;
NAME
ID ValidTime

VtValuo ViStart ViEnd

El Ed 2/1/1982 1/1/1988
Edward 1/1/1988 12/31/9999
E2 Di 1/1/1982 12/31/9999

John 1/1/1962 1/1/1978
Johnson 1/1/1978 12/31/9999
E4 Jack 5/15/1950 12/31/9999
ES White 12/1/1960 12/31/9999

S2 - ON <search_condition>

If specified, this part allows some conditions to be specified on the time-dependent
component of each temporal composition of the resultant collection. A
<search_condition> is formulated without any of our new temporal constructs in the
same way as a conventional search condition in the OR SQL language [17] or in the
core of SQL:2003, implemented in an ORDBMS. The evaluation S2 parallels the
evaluation S1 with sequenced semantics. Therefore, we make an extension to the
evaluation S1 with extra consideration on a <search_condition> to gain the evaluation
S2 in Figure 8.7. Let tc,, ..., tc, ..., tc, be all temporal column references in a
<value_expression> and/or a <search_condition> and their corresponding attribute
histories be tc, = {(av, .. Vt, ), «es @V 10 Vlgds ons @V Vel oo 1G = {(av,;, Vtp), -

@V, V) -0 (@Vi vt b .. and te, = {(av,,, vi, ), -, (aV, e Vicads =+ @V poo Y )
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in addition to F, let P be a final function on these temporal column references like F.
P only differs from F in respect of the data type of a retumed value. A retumed value of P
is either TRUE or FALSE.

The evaluation S2 of a <value_expression> and a <search_condition> with
sequenced semantics in parallel is shown to compute each temporal composition (av]_c.

vt /) in the result of the evaluation S2.

av ' ! ) 1 P re 1i
e el BNt - SR S L p ™3 ! Tm)f'
1 f A n ——— 3 f — >
INFINITY- | i i T owowr i l i " IHFRIIIY+
av. i av. ! .
1, { i o E fad }‘ lr $ vy | seg | 2 RN ,'!Vu T\m);m
rmy. | | ! - P 7 b oo
! i i

Féf"u-“’z,l) Favy o9 | Flanaeny) | Honpoag | Timeline

F ] t 7 T 7 7 —>
INFMIIY- {‘ i f | Now i 1 i NFNTIY+
Plev, v -TRUE. Plev, v, J=FALSE | Pl o2 )=TRUE Plevy 0 TRUE 7y

P PRIV f P { X { + } 5 ' »
: } i, YOow i i i INFNITY+

Figure 8.7 An lllustration on the Semantics Evaluation S2 of the ASELECT Temporal
Construct
Velinl.hl, ..., ciinl.hi,...,cnin 1. hn,
if vl M. AV G W g 1= O
and F(avy ¢y, ...y @Vigiy -++» 8Vncn) 1= NULL and P(avy i, ..., @Vig --- 8Vae) = TRUE,

then for ¢ in 1..h, av;c = F(aV| 1, -e) BVicir -0 8Vaga) 3 Ve = Vi oM WO WV o

A sample result of the illustration in Figure 8.7 is obtained: ASELECT {F(tc,, tc,) OF
<type_name> ON P(tc,, tc,)} = {(F(av,,.av,,), vt/ Wt,,), (F(av,av,,), vt

(Fav, gav,,), vty 3ty )}

Example 8.19 - We can think of the history of each employee’s name different from ‘John’.
SELECT REFC AS ID, ASELECT {Name OF VARCHAR ON Name !~ *John’} AS NAME

FROM Emp;
NAME
ID ValidTime

wiValue ViStant ViEnd

El Ed 2171982 17171988
Edward 17171988 1273179999
E2 Di 1/1/1982 12/31/9999
E3 Joh 1/1/1978 12/31/9999
E4_ | Jack /1571950 127319999
ES White 12/171960 | 12/31/9999

83 - <periods>

If <periods> is not specified, the resultant collection of temporal compositions
{(av,y, Vi), ..v (@Y VE), - (@Y, )} ODIaIned from the evaluations S1 and S2 will be
returned to temporal database users.

If <periods> is specified, this part allows a restriction on the time component of
each temporal composition of the resultant collection obtained from the evaluations S1

and S2. After the evaluation S3, the resultant collection of temporal compositions is
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returned at a derived temporal column to form a temporal table for temporal database
users. With a confinement on validity, a resultant collection is {(av,_,, vr].',f\<periods>),
(av,, Vi M<periods>), ..., (av. viM<periods>), ..., (av,,, vt,M<periods>)}. If
vt (M<periods> is an empty set, (av,. vticﬁ<periods>) is excluded for any c in 1..h.

Example 8.20 - We can think of the history of something/someone in some particular periods of time,
e.g. the history of each employee’s name different from ‘John’ in 1985-1990.

SELECT REFC AS ID
, ASELECT PERIOD("01-01-1985', *01-01-1991"){Name OF VARCHAR ON Name != ‘John’} AS NAME

FROM Emp;

NAME
D ValidTime

viValue WiStn ViEnd

£l Ed 1/1/1985 1/1/1988

Edward 1/1/1988 1171991

E2 Di 1/1/1985 1/1/1991

E3 Johnson 1/1/1985 17171991

E4 Jack 1171985 1/1/1991

ES White 1/1/1985 1/1/1991
8.3.3.4 GROUP BY Clause

Regarding temporal aggregations, [106] gives an overview on existing works that
provide a support for aggregating temporal data in the tuple timestamping scheme. As
for the attribute timestamping scheme, only [57, 60] support temporal aggregates. They
allow the partitioning of a history along the time axis based on a temporal unit or
duration. Aggregation is then made on these partitions. Differently, our work follows the
spirit of the existing aggregation support of the OR SQL language [17] with the GROUP
BY and/or HAVING clauses and aggregate functions in consideration on the temporal
aspect of involved columns. An inherent support for non-procedurally aggregating
temporal data is an essential part of our language. Indeed, [107] shows how
complicated temporal data aggregation is with the non-temporal standard SQL
language where the coalescing of resultant rows is explicitly done by database users.

If the GROUP BY and/or HAVING clauses are not specified, no grouping column is
specified in the SELECT clause. The resultant table from the evaluation of the WHERE
clause is considered to be only one group for aggregation if aggregate functions are
used in the SELECT clause. Any existing aggregate function supplied by a DBMS is able
to be applied to derived non-temporal columns and unable to derived temporal
columns. So, part of a temporal extension for the support of the GROUP BY and/or

HAVING clauses in our language is a coliection of our temporal aggregate functions.
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These functions are tCOUNT{}, tMAX{}, tMIN{}, tAVG({}, and tSUM{} where tCOUNT{} can
be applied to temporal data of any data type, tMAX{} and tMIN{} can be applied to
temporal data of a data type with a partial ordering such as alphanumeric and DATE
data types, and the others only to temporal numeric data. Each of them takes one
derived temporal column as an input. The formulation of a SELECT statement with
aggregate functions is also described in the form of SELECT..FROM..WHERE shown in
three previous subsections 8.3.3.1-8.3.3.3.

Example 8.21 — List the number of employees whose names are always different from ‘John’ and their
highest salaries along time.
SELECT COUNT(REFC) AS EMP#, tMAX{ASELECT{Salary OF NUMERIC}} AS SAL_MAX

FROM Emp
WHERE ALWAYS {Name !=‘John’};

SAL MAX
EMP# ValidTime
viValue vtStart vtEnd
4 40 1/1/1980 1/1/1984
50 1/1/1984 12/31/9999

If specified, the GROUP BY and HAVING clauses are shaped with conventional
production rules in [17]. Like derived non-temporal columns, derived temporal columns
might be present in the two clauses and aggregate functions. As we know, there are two
parts of aggregation on an input table after the evaluation of the FROM and WHERE
clauses: a set of so-called grouping columns and a set of aggregate function
invocations in the SELECT clause. A set of grouping columns is a
<grouping_element_list> and must be specified in the GROUP BY clause. A search
condition in the HAVING clause is specified as the one in subsection 8.3.3.2 with or
without aggregate function invocations and applied to each group from the partitioning
of the rows of the input table returned by the evaluation of the GROUP BY clause. Using
the specification of the GROUP BY and/or HAVING clauses, existing non-temporal
aggregate functions, and our temporal aggregate functions, we show a non-procedural
formulation of grouping and aggregation on a temporal table. The temporal semantics
are examined below for three cases: grouping with temporal upward compatibility,

grouping with no temporal aspect, and grouping with the temporal aspect.

i. Grouping with temporal upward compatibility

In this case, temporal column references might be present in the SELECT, GROUP

BY, and/or HAVING clauses but their temporal aspect is not considered. None of our
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new temporal constructs is allowed in the SELECT, GROUP BY, and/or HAVING clauses.
Therefore, existing non-temporal aggregate functions are applied to temporal columns
instead of our temporal aggregate functions. These temporal columns are treated as if
they were non-temporal according to the principle of temporal upward compatibility.

Example 8.22 — List the highest salary at each department at present.
SELECT Dept AS DEPT_ID, MAX(Salary) AS SAL_MAX

FROM Emp
GROUP BY Dept;
DEPT _ID SAL_MAX
D2 40
D1 50
D4 55
D3 50

ii. Grouping with no temporal aspect

Grouping with no temporal aspect is done with a <grouping_element_list> that
contains one or many derived non-temporal columns and no derived temporal column.
One or many non-temporal aggregate functions are independently invoked on derived
non-temporal columns, and one or many temporal aggregate functions independently
on derived temporal columns. The grouping of rows of the input table with no temporal
aspect according to distinct values at the grouping derived non-temporal columns is
evaluated in [17]. The evaluation of a non-temporal aggregate function invocation is
carried out as normal. Thus, we pay attention to the evaluation of a temporal aggregate
function invocation in this case. A temporal aggregate function invocation on a derived
temporal column is accomplished by a user-defined aggregate function. At each
iteration step, an input of this function is an attribute history at the derived temporal
column of each row in the group determined by the grouping columns in a
<grouping_element_list>. An attribute history comes out as an output of a temporal
aggregate function at the termination stage of aggregation after the coalescing of
temporal compositions of the attribute history currently achieved. Each temporal
composition (av,, vt,.) of the resultant attribute history shows aggregation av,, of all
values true for the same periods i, of time. Temporal aggregation with a temporal
aggregation function invocation in the SELECT clause is computed as follows for each
group g of n rows determined by the grouping derived non-temporal columns.

Letr,, ... f, Fuy - T, DE N TOWS Of the g group for n >= 1 andiin 1..n.
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Let A/ be a derived temporal column on which a temporal aggregate function tAGG is
invoked. tAGG can be tCOUNT{}, tMAX{}, tMIN{}, tAVG{}, or tSUM({}. At each iteration of
aggregation, A = {(@v,,, vt,), ..., @V, Vo), ... (@Vy, vt )}, an attribute history of the
derived temporal column in one r; row.

For tCOUNT{} without the DISTINCT keyword, let Ag = {(av_count;;, vt_count;,), ..., (av_countjc coun»
vt_countc cou), --+» (AV_COUNG Y couns YE_COUNH 0wy} be the previous outcome of aggregation at the previous
stage. In case of the first stage, av_countj cum and vt_count,. e are initialization values.

For tMAX(}, Ag={(av_max;,, vt_max;,), ..., (aV_MaX;j ¢ max, Vt_M8X; c max)s +-» (AV_MAXj 3, maxs VI_MAXp_max)} -
For tMIN{}, Ag={(av_min;, vt_min;;), ..., (&V_Min;j ¢ min, Vt_MiNjc_min), --5 (BV_Mi 4 _pmimy VE_MiNjp_min}}-

For tAVG{}, Ag_sum={(av_sum;;, Vt,)), ..., (aV_SUMje g Vtic avg)s ---» (RV_SUM;p ag, Vtip ovp)} 8nd Ag_count
={(av_count;;, Vt;), ..., (AV_COUNtj¢ g Ve avg)s ---» (BV_COUNtp gy, VEp avp)}-

For tSUM(}, Ag={(av_sum;,, vt_sumj)), ..., (aV_Sumj¢_gum, Vt_SUM;c gum); ..., (BV_SUMp_gurmy VE_SUM;p_sum)} .

Step 1- Find a set tpoint of all distinct points in time present in all time components of all
temporal compositions in both A and Ag: tpoint = {P,, ..., P,, Py ..., Py} where
P,<...<P<Py, <...<P,.

Step 2 - Create a set tinterval of all intervals of time from tooint: tinterval = {{P,, P,), ...,
[(Pw Pay)s -ees [Prys P} Where the end point of one interval will be the starting point of the
next interval except for the last interval [P,,,, P,). ltintervall = m-1. Each interval [P,, P,,,)
in tinterval will be associated with its appropriate initialization values up to the employed
temporal aggregate function tAGG{}. In particular, for tCOUNT{}, av_count, = 0; for
tMAX({}, av_max, = a minimum numeric value; for tMIN{}, av_min, = a maximum numeric
value; for tAVG{}, av_sum, = 0 and av_count, = 0; for tSUM{}, av_sum, = 0.

Step 3 - Calculate an aggregation Ag for the current stage by examining the outcome of

the previous stage and then the A input of the r, row of the current stage.

For tCOUNT{}: + If vt_count;; couy contains [Py, Pysy), then av_county = av_county + av_countjc coum:
+ If vt; . contains [Py, Py4y), then av_count, =av_county + 1.
+ Ag={..., (av_county, {[Py, Pes1)}), ...}
For tMAX({}: + If vt_max; ;_max contains [Py, Pi+1) and av_max, < av_maxj. mes
then av_max; = av_maX;,c_max:
+ If vt; . contains [Py, Pys1) and av_max; < av;, then av_max; = av;;
+ Ag: "--’ (av_maxh {[Ph Pk#l)))’ "')'
For tMIN{}: + If vt_min; ¢ i contains [Py, Pys) and av_miny > av_min;¢_min, then av_mim = av_min; ¢ mia;
+ If vt; . contains [Py, Pys1) and av_min; > av;, then av_min, = av;;
+Ag={..., (av_miny, {[Py, Prs)}), ...}
For tAVG{}: + If tj ¢_p\g contains [Py, Pryy), then av_sumy = av_sumy + av_sum; e awy;
av_count, = av_count, + av_count;; .
+ If vt; . contains [Py, Pysy), then av_sumy = av_sumy + av;; av_count, = av_count, + 1;
+ Ag_sum = {..., (av_sumy, {[Py, Prs)}), .-.}5
+ Ag_count = {..., (av_county, {[Py, Pxs1)}), ...}
For tSUM({}: + If vt_sum;;_gm contains [Py, Pys1), then av_sumy =av_sumy + av_sumc gm;
+ If vt; . contains [Py, Py,), then av_sumy =av_sumy + av;;
+ Ag= (..., (av_sumk, {[Pk, Pkﬂ)}), ...}.
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Step 4 - If the stage is a termination one, i.e. i=n, we compute an aggregation Ag for
tAVG{}: Ag = {..., (av_sumJav_count,, {[P,, P,,,)}), ...}. After that, the coalescing on Ag
takes place as follows:

For all temporal compositions (av,, V), (@v,, vto). ..., (av,, vt,) that have the same time
dependent component av,, a new temporal composition (av,, Vi \ It ,\U...\Uwvt ) is
created and added into Ag while all coalesced temporal compositions (av,, vt,), (av,,
vto), ..., and (av,, vt ) are removed from Ag.

Ag is returned as an output of a temporal aggregate function for the g group. It is also
an attribute history where each time dependent component of a temporal composition is
an aggregation value for some periods of time.

Example 8.23 — For each gender, list the number of employees and the highest salary that employees
have been paid along time.

SELECT Gender, COUNT(REFC) AS EMP#, tMAX{ASELECT (Salary OF NUMERIC}} AS SAL_MAX

FROM Emp
GROUP BY Gender;
SAL MAX
Gender EMP# ValidTime
wValue v ViEnd
40 1/1/1980 1/1/1984
M 3 50 1/1/1984 1/1/1989
55 1/171989 12/31/9999
30 1/1/1980 1/1/1984
F 2 40 1/1/1984 9/1/1986
50 9/1/1986 12/31/9999

iii. Grouping with the temporal aspect

In this case, grouping with the temporal aspect is done with a
<grouping_element_list> that contains at least one derived temporal column and no
derived non-temporal column. As of this moment, our language allows only one
grouping column in the GROUP BY clause to be a derived temporal column. The rows of
the input table are partitioned along time into groups. Each group is associated with a
distinct value at the grouping derived temporal column and a period of time when that
value is true in reality. In particular, let g,, ..., g, ..., and g,, be m resulting groups of
rows partitioned by the grouping column. For any k in 1..m, the g, group is associated
with (v,, p,) where v, is a value which is the time-dependent component of some
temporal composition at the derived temporal column and p, is a period of time when v,
is valid in the modeled world. Given any two g,, and g,, groups for any k1 and k2 in 1..m
and k1 <> k2, there is a constraint such that v,, must be different from v, or if v,, is

equal to v, then p,, must be disjoint from p,,.



107

After the grouping along the time axis, non-temporal/temporal aggregation can be
made on each g, group of n rows of the input table with one or many non-
temporaltemporal aggregate functions independently invoked on derived non-
temporal/temporal columns, respectively. The evaluation of a non-temporal aggregate
function invocation is obtained according to the SQL standard [17] while the one of a
temporal aggregate function invocation has already been presented in the previous
case 8.3.3.4.ii.

The evaluation steps of the GROUP BY clause with a grouping derived temporal
column A, with respect to valid time at the A, column of the input temporal table ut? after
the evaluation of the FROM and WHERE clauses are shown below. Let NA,, NA,, ..., and
NA,, be n1 derived non-temporal columns on which non-temporal aggregate functions
AGG,(), AGG,(), ..., and AGG,,() are invoked, respectively. Let TA,, TA,, ..., and TA, be
n2 derived temporal columns on which temporal aggregate functions tAGG,{}, tAGG,{},
..., and tAGG,,{} are invoked, respectively. The query statement is now rewritten as
follows with the specification of a derived temporal column in subsection 8.3.3.3. This
statement is then transformed into a sequence of SQL statements that can be executed
by an ORDBMS.

The transformation steps are presented as follows. Given the following statement:
SELECT ASELECT [<periods_A;>] {A; OF <typc_name> [ON <search_condition>]},

AGG\(NA)), ..., AGG,(NAy)),
tAGG, {ASELECT [<periods_TA,>} {TA, OF <type_name> [ON <search_condition>]}}, ...,
cROM m;AGG,z{ASELECT [<periods_TA.;>] {TA,; OF <type_name> [ON <search_condition>]} }

GROUP BY ASELECT [<periods>] {A; OF <type_name> [ON <search_condition>]}
HAVING <search_condition>;

Step 1 — Associate each row with a value and a period of time at the grouping derived
temporal column so that the timestamping of the A, temporal column is now placed at
the tuple level. In the following statement, tSelect() is our temporal function, which can
be executed by the employed ORDBMS. It is used to evaluate the temporal construct
ASELECT{}. The result of tSelect() is an attribute history. Also, the evaluation of
ASELECT{} on TA, for any i in 1..n2 restricts the valid time of the attribute history returned
by t.TA, within the valid time of the attribute history retumed by t.A.

CREATE VIEW u2 AS
SELECT nt.vtValue AS A;, vt.viStart AS vtStart, vt.vtEnd AS viEnd,

NA,, ..., NAy, tSelect(t.TA;) AS TA,, ..., tSelect(t. TA.2) AS TAp
FROM ut! t, TABLE (tSelect(t.Aj)) nt, TABLE (nt.ValidTime) vt,
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cos(8) 0 smm(@) O
1 0 0
Ry(8) = i
-smn(8) 0 cos(6) O
0 0 0 1

Figure 12.18 The Rotation Matrix Ry or the ScaleOrientation Matrix SRy for an Angle

Counterclockwise along the Y Axis

cos(-8) 0 sm(-6) O

Rey(6) = . 0 1 0 0
—sin(-8) 0 cos(-6) O
1

0 0 0

Figure 12.19 The Rotation Matrix R-y or the ScaleOrientation Matrix SR-y for an Angle

Anti-counterclockwise along the Y Axis
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Figure 12.20 The Rotation Matrix Rz or the ScaleOrientation Matrix SRz for an Angle ~
Counterclockwise along the Z Axis
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0
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Figure 12.21 The Rotation Matrix R-z or the ScaleOrientation Matrix SR-z for an Angle

Anti-counterclockwise along the Z Axis

st 0 0 O
S= sy 0 0
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Figure 12.22 The Scale Matrix S

Using the transformation mechanism above, the minimum bounding box of a
composite object or composite part of an object graphically represented by a node of

the Transform node type is calculated as follows.
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Firstly, let BBox be the minimum bounding box stemming from all nodes included in
the field of the MFNode field type of the Transform node. The computation of BBox is the
same as the one for a node of the Group node type.

Secondly, let PO, P1, P2, P3, P4, P5, P6, and P7 be the eight coordinates of BBox.

P0 = (BBox.Xmax, BBox.Ymax, BBox.Zmax);
P1 = (BBox.Xmax, BBox.Ymax, BBox.Zmin);
P2 = (BBox.Xmin, BBox.Ymax, BBox.Zmin);
P3 = (BBox.Xmin, BBox.Ymax, BBox.Zmax),
P4 = (BBox.Xmax, BBox.Ymin, BBox.Zmax),
PS5 = (BBox.Xmax, BBox.Ymin, BBox.Zmin),
P6 = (BBox.Xmin, BBox.Ymin, BBox.Zmin),
P7 = (BBox.Xmin, BBox.Ymin, BBox.Zmax)

Thirdly, the transformation of the Transform node that is being considered made by
the transformation matrices above is applied to each individual point PO..P7 of BBox to
obtain P0*..P7*, respectively.

Pi*=TxCxRxSRxSx-SRx-CxPifori=0.7

Fourthly, the minimum bounding box of BBox after the transformation is the
minimum bounding box of a composite object or part of a composite object graphically
represented by the Transform node that is being considered is determined as follows.

Xmin = min(Pi*.X), Ymin = min(Pi*.Y); Zmin = min(Pi*.Z);
Xmax = Max(Pi*.X); Ymax = Max(Pi*.Y); Zmax = Max(Pi* Z)

12.2.2 3D Spatial Methods

A collection of 3D spatial methods supplied within our system is classified into
topological methods, directional methods, and metric methods. These methods are
used to determine spatial relationships among 3D objects in a 3D scene according to
their positions. In order to diminish greatly the complexity of mathematics involved in the
computation of the exteriors, interiors, and boundaries of 3D objects in these 3D spatial
methods, the minimum bounding boxes of these 3D objects are used as inputs of these
3D spatial methods. The use of the minimum bounding boxes has a little impact on the
precision of the calculation. Indeed, the difference is acceptable to let us know relatively

about the spatial relationships among 3D objects in a 3D scene.
12.2.2.1 Topological Methods

Topological methods are equal3D, disjoint3D, intersects3D, touches3D, crosses3D,
within3D, contains3D, overlaps3D, and onBoundary3D. These methods are based on

the checking of the exteriors, interiors, and boundaries of the two input 3D objects as
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shown in Figure 12.23. The calculation of the interior, exterior, and boundary of an actual
3D object is of very high complexity. So, the minimum bounding boxes of 3D objects are
used in general. These minimum bounding boxes are represented by two coordinates
(points) as the minimum point (Xmin, Ymin, Zmin) and the maximum point (Xmax, Ymax,
Zmax). They are achieved for each individual 3D object after the temporal data

population process from an input 3D graphical data source.

Intersaction [boundary (A), boundary (B)] intersection [boundary (A), interior (B)] intersection {boundary (A), exterior (8)}

intersection [interior (A), boundary (B)]  intersection [interior (A), interlor (B)]  Intersection {interior (A), exterior (B)]

[exterior(A), boundary(B)] __intersection [exterior (A), interior (B)] _ intersection [exterior (A). extatior (B))

Figure 12.23 The 9 Intersection Matrix for Egenhofer's Operators [40]

The following shows how simple the checking of spatial relationships between two
minimum bounding boxes of the two input 3D objects is in comparison with between the
two input 3D objects. The input of each 3D spatial function is the two minimum bounding
boxes of the two corresponding 3D objects. The output of each 3D spatial function is

‘TRUE’ or ‘FALSE". -

() equal3D() in Figure 12.24

@01502

S

Figure 12.24 O1is equal to O2.

equal3D(01, 02) = ‘TRUE’

iff bbox1.Xmin = bbox2.Xmin and bbox1.Xmax = bbox2. Xmax
and bbox1.Ymin = bbox2.Ymin and bbox1.Ymax = bbox2.Ymax
and bbox1.Zmin = bbox2.Zmin and bbox1.Zmax = bbox2. Zmax

(i) disjoint3D() in Figure 12.25

Ol Xmax 02Xmin

z
Figure 12.25 O1 is disjoint from OZ2.

disjoint3D(01, 02) = “TRUE’
iff bbox1.Xmax < bbox2.Xmin or bbox2.Xmax < bbox1.Xmin
or bbox1.Ymax < bbox2.Ymin or bbox2.Ymax < bbox1.Ymin



or bbox1.Zmax < bbox2.Zmin or bbox2.Zmax < bbox1.Zmin

(iii) intersects3D() in Figure 12.26

Figure 12.26 O1 intersects O2.
intersects3D(O1, 02) = NOT disjoint3D(01, 02)

(iv) touches3D() in Figure 12.27

lor
|

y
o2, ’

O1 Xmax = 02.Xmin X
z

Figure 12.27 O1 touches O2.

touches3D(01, 02) = ‘TRUE’

iff ((bbox1.Xmax = bbox2.Xmin OR bbox2.Xmax = bbox1.Xmin) AND
((bbox1.Ymin <= bbox2.Ymin AND bbox2.Ymin <= bbox1.Ymax) OR
(bboxt.Ymin <= bbox2.Ymax AND bbox2. Ymax <= bbox1.Ymax)) AND
((bbox1.Zmin <= bbox2.Zmin AND bbox2.Zmin <= bbox1.Zmax) OR
(bbox1.Zmin <= bbox2..Zmax AND bbox2.Zmax <= bbox1.Zmax)))

OR ((bbox1.Ymax = bbox2.Ymin OR bbox2.Ymax = bbox1.Ymin) AND
((bbox1.Xmin <= bbox2.Xmin AND bbox2.Xmin <= bbox1.Xmax) OR
(bbox1.Xmin <= bbox2.Xmax AND bbox2. Xmax <= bbox1.Xmax)) AND
((bbox1.Zmin <= bbox2.Zmin AND bbox2.Zmin <= bbox1.Zmax) OR
(bbox1.Zmin <= bbox2.Zmax AND bbox2.Zmax <= bbox|.Zmax)))

OR ((bbox1.Zmax = bbox2.Zmin OR bbox2.Zmax = bbox1.Zmin) AND
((bbox1.Xmin <= bbox2.Xmin AND bbox2.Xmin <= bbox1.Xmax) OR
(bbox1.Xmin <= bbox2.Xmax AND bbox2.Xmax <= bbox1.Xmax)) AND
((bbox1.Ymin <= bbox2.Ymin AND bbox2.Ymin <= bbox1.Ymax) OR
(bbox1.Ymin <= bbox2.Ymax AND bbox2.Ymax <= bbox1.Ymax)))

(v) within3D() in Figure 12.28

| | 02
o
L i /

02k O1Yan oxn.7 X
rA

Figure 12.28 O1 is within O2.

within3D(01, 02) = ‘TRUE’

iff bbox2.Xmin <= bbox1.Xmin and bbox1.Xmax <= bbox2.Xmax
and bbox2.Ymin <= bbox1.Ymin and bbox1.Ymax <= bbox2.Ymax
and bbox2.Zmin <= bbox 1.Zmin and bbox.Zmax <= bbox2.Zmax

(vi) contains3D()

contains3D(01, 02)= within3D(02, O1)
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(vii) overlaps3D()
overlaps3D(O1, 02) = intersects3ID(01, 02)

12.2.2.2 Directional Methods

These directional methods are boolean functions to check the spatial relationships
between two objects based on the direction of the base axis. The notions of “left” and
“right” are determined along the X axis; the notions of “above” and “below” along the Y
axis: and the notions of “front” and “behind” along the Z axis. In addition, the notion of
“on" is defined as a combination of the two methods touches3D() and above3D().
Similar to the topological methods, these directional methods also take as an input the
two minimum bounding boxes of the two corresponding 3D objects. The output of each

directional method is also ‘TRUE’ or ‘FALSE".

(i) left3D() in Figure 12.29

Figure 12.29 O1 is on the left side of O2.

1ef3D(01, 02) = “TRUE’ iff bbox1.Xmax <= bbox2.Xmin

y
| 0t.¥min 3 02 Yomax
02 1
X
R /l

Figure 12.30 Ot is on O2.

(ii) on3D() in Figure 12.30

on3D(O1, 02) = ‘TRUE’

§fF ((bbox1.Ymax = bbox2.Ymin OR bbox2.Ymax = bbox1.Ymin) AND
((bbox1 Xmin <= bbox2. Xmin AND bbox2.Xmin <= bbox].Xmax) OR
(bbox1.Xmin <= bbox2. Xmax AND bbox2.Xmax <= bbox1.Xmax)) AND
((bbox1 Zmin <= bbox2 Zmin AND bbox2 Zmin <= bbox1 Zmax) OR
(bbox1.Zmin <= bbox2. Zmax AND bbox2 Zmax <= bbox1.Zmax)))

(iii) above3D() in Figure 12.31

1 y
p! # =7 O1.¥min

et 02 Ymax

Figure 12.31 O1 is above O2.
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above3D(O1, 02) = ‘TRUE" iff bbox!.Ymin >= bbox2.Ymax

(iv) front3D() in Figure 12.32

Figure 12.32 O1 is in front of O2.
front3D(O1, 02) = *“TRUE" iff bbox1.Zmin >= bbox2.Zmax

12.2.2.3 Metric Methods

Different from the two previous groups, this group of metric methods height3D(),
width3D(), and length3D() approximately measures the height, width, and length of a 3D
object through its minimum bounding box, respectively. Also, the distances between two
3D objects along the X, Y, and Z axis with the distance3Dx(), distance3Dy(), and
distance3Dz() methods, respectively, and the shortest distance between two 3D objects
in the 3D space with the distance3D() method are computed. The inputs of each of
these metric methods are the minimum bounding boxes of the involved 3D objects. The ]
output is some value of some measurement unit. The measurement unit used in the
VRML language is meter.

(i) height3D() in Figure 12.33

/]
o o i

Figure 12.33 The Height of a 3D Object O
heigth3D(0) = bbox. Ymax — bbox.Ymin

(i) width3D() in Figure 12.34

- width

B
,a-————»/l x
z

Figure 12.34 The Width of a 3D Object O
width3D(0) = bbox.Xmax — bbox.Xmin

(iii) length3D() in Figure 12.35
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Figure 12.35 The Length of a 3D Object O
length3D(0) = bbox.Zmax — bbox.Zmin

(iv) distance3D()

distance3D(01, O2) = the shortest Euclidean distance between any two points P1 and P2 where (P! belongs to Ol and P2
belongs to 02) or (P1 belongs to O2 and P2 belongs to O1).

(v) distance3Dx()

distance3Dx(01, 02) = Max {bbox2.Xmin — bbox1.Xmax, bbox 1. Xmin — bbox2. Xmax, 0}

(vi) distance3Dy()

distance3Dy(O1, 02) = Max{bbox2.Ymin ~ bbox}.Ymax, bbox1.Ymin — bbox2.Ymax, 0}

(vii) distance3Dz()

distance3Dz(0 1, 02) = Max{bbox2 Zmin — bbox 1.Zmax, bbox1.Zmin — bbox2.Zmax, 0}
12.3 The SQL Extension Module for Temporal Data Support

For temporal data support in general, this proposed SQL extension module
includes a collection of temporal data types and a collection of temporal methods.
These data types and methods are used for the transformation of temporal SQL
statements into conventional SQL statements temporally enhanced with our temporal
data types and methods. Wrapped in one of our appropriate translation stored-
procedures, a temporal SQL statement is directly submitted to the employed ORDBMS
via an existing interface. Furthermore, the database users can take advantage of this
SQL extension module for non-sequenced cases with non-restrictiveness. It is because
these temporal data types and methods can be non-restrictively used in the same way

as built-in and DBMS-supplied data types and methods of the employed ORDBMS.

12.3.1 Temporal Data Types

Corresponding to a period of time, a set of periods of time, a temporal composition,
and an attribute history defined in chapter 8, four temporal data types VTPERIOD,
VTPERIODS, ANYTEMPORALVALUE, and ANYTEMPORALDATA are defined. The
VTPERIODS data type is a collection type of the VIPERIOD data type and
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ANYTEMPORALDATA of ANYTEMPORALVALUE. The SYS.ANYDATA opaque data type
provided by the Oracle 10g/11g ORDBMS is used as the data type of the time
dependent component of a temporal composition so that our temporal support can be
given to data of any data type. The built-in data type DATE is used as the data type of
instants (points of time) on the time axis. Therefore, the DAY granularity is supported as
of this moment. Nevertheless, a large number of built-in datetime related methods
provided by Oracle 10g/11g can be applied to deal with other granularities such as
YEAR, MONTH, HOUR, MINUTE, etc. The specifications of these four temporal data

types are shown as follows.

(a) The VTPERIOD data type

CREATE OR REPLACE TYPE VTPERIOD AS OBJECT (
viStat  DATE,
vtEnd DATE,
MEMBER FUNCTION IsWellFormed RETURN NUMBER,
MEMBER FUNCTION IsCurrent RETURN NUMBER, —0 = TRUE if the interval contains "NOW"
MEMBER FUNCTION GetDuration (granularity IN CHAR) RETURN NUMBER

)
/
(b) The VTPERIODS data type

CREATE OR REPLACE TYPE VTPERIODS AS TABLE OF VTPERIOD;
/

(c) The ANYTEMPORALVALUE data type

CREATE OR REPLACE TYPE ANYTEMPORALVALUE AS OBJECT (
vtValue SYS.ANYDATA,
ValidTime VTPERIODS,
MEMBER FUNCTION IsWellFormed RETURN NUMBER,
MEMBER FUNCTION IsCurrentData RETURN NUMBER -0 = TRUE if its valid time contains "NOW"

)
/

(d) The ANYTEMPORALDATA data type

CREATE OR REPLACE TYPE ANYTEMPORALDATA AS TABLE OF ANYTEMPORALVALUE;
/

12.3.2 Temporal Methods

The temporal methods of this module are classified into the following five groups:
basic methods, sequenced methods, temporal aggregate functions, translation stored-

procedures, and external functions.
12.3.2.1 Basic Methods

The group of basic methods consists of LifeSpan(), tValue(), tAnyData(), and

ValidTime() corresponding to the ones introduced in subsection 8.2.
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Figure 12.36 Conventional Allen’s Operators
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Figure 12.37 Extended Allen's Operators

In addition to these methods, Allen's operators [100] are also implemented in this
system. Conventional Allen's operators are tBefore(), tEqual(), tMeets(), tOverlaps(),
tDuring(), tStarts(), and tFinishes() to check the relationships between two intervals
(periods) of time as shown in Figure 12.36. Along with these conventional Allen's
operators, we enable these operators to perform on two temporal elements each of
which is a set of disjoint periods of time as shown in Figure 12.37. In other words, the
input of each conventional Allen's operator is an instance of the VTPERIOD temporal
data type while an instance of the VTPERIODS temporal data type for each
corresponding extended Allen’s operator in our system.

Moreover, basic set operations on two periods of time as well as on two sets of
periods of time are implemented. These operations are tpUnion(), tpintersection(), and
tpDifference() on two periods of time while tUnion(), tintersection(), and tDifference() on

two sets of disjoint periods of time. The tUnion(), tintersection(), and tDifference()
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operations are closed as their outputs are sets of disjoint periods of time. In contrast, the
outputs of the tpUnion(), tpintersection(), and tpDifference() operations vary from an
empty set or NULL to one period to time, or to two periods of time, i.e. a set of disjoint
periods of time. Other set operators are defined, e.g. isSubSet(), isEqual(), isMember(),
etc. where a period of time is considered as a set of continuous instants (points in time).
Finally, this group includes extra functions GetXXX(SYS.ANYDATA) to extract data
of any data type from an instance of the SYS.ANYDATA opaque data type supplied by
the employed ORDBMS. Among the methods of this proposed temporal SQL extension

module, only these functions are dependent on the support of the employed ORDBMS.

12.3.2.2 Sequenced Methods

The group of sequenced methods includes two parts, the first one curAnyData(),
curinsert(), curDelete(), and curUpdate() for temporal upward compatibility and the
second one nextAnyData(), prevAnyData(), tSelect(), tinsert(), tDelete(), and tUpdate()
for sequenced semantics.

The curAnyData() method is used to extract the value currently true in the modeled
worid from an attribute history. The curinsert() method is used to insert a value currently
true in the modeled world into an attribute history. The curDelete() method is used to
remove the value currently true in the modeled world from an attribute history. The
curUpdate() method is used to change into a new value the value of an attribute history
currently true in the modeled world.

The nextAnyData() method is used to extract from an attribute history the value that
is true at the next instant of NOW, i.e. NOW+1, based on some granularity. The
prevAnyData() method is used to extract from an attribute history the value that is true at
the previous instant of NOW, i.e. NOW-1, based on some granularity. The tSelect()
method is used to implement the ASELECT construct defined in chapter 8. The tinsert(),
tDelete(), and tUpdate() methods are similarly used to implement temporal insertions,

deletions, and updates on an attribute history with some periods of time.
12.3.2.3 Temporal Aggregate Functions

For the support of temporal data aggregation, our system has the temporal

aggregate functions defined such as tCOUNT(), tMAX(), tMIN(), tAVG(), and tSUM()
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which have already been presented in chapter 8. As of this moment, only the temporal
data aggregation of numeric data is supported with the tAVG() and tSUM() functions
while the tMAX() and tMIN() functions can be applied to temporal data of a data type
with a partial ordering such as alphanumeric and DATE data types and the tCOUNT()
function to the aggregation of attribute histories of any data type. These temporal
aggregate functions are invoked in the same manner as any built-in or DBMS-supplied
non-temporal aggregate functions of the employed ORDBMS.

These temporal aggregate functions are implemented as user-defined aggregate
functions supported by the object relational extensibility interface of the employed
ORDBMS. The output of each temporal aggregate function is an attribute history defined
in subsection 8.2.1. Each temporal composition of the resulting attribute history shows

the data aggregation for some periods of time in the modeled world.
12.3.24 Translation Stored-Procedures

Translation stored-procedures tsqiCreateType(), tsglCreateTable(), tsqlAlterType(),
tsqlAlterTable(), tsqiDropType(), tsqiDropTable(), tsqlSelect(), tsqlinsert(), tsqlDelete(),
and tsqlUpdate() are defined for transmitting temporal SQL statements written in the
proposed temporal object relational SQL language in chapter 8 to the employed
ORDBMS temporally extended with this temporal data support module. These translation
stored-procedures can be directly invoked and executed by the employed ORDBMS via
any existing interface in both SQL modes: interactive and embedded.

The tsqiCreateType() procedure takes a CREATE TYPE statement as its input, the
tsqlCreateTable() procedure a CREATE TABLE statement, the tsqlAlterType() procedure
an ALTER TYPE statement, the tsqlAlterTable() procedure an ALTER TABLE statement,
the tsqIDropType() procedure a DROP TYPE statement, the tsqiDropTable() procedure a
DROP TABLE statement, the tsqlSelect() procedure a SELECT statement, the tsqlinsert()
procedure an INSERT statement, the tsqlDelete() procedure a DELETE statement, and

the tsglUpdate() procedure an UPDATE statement, respectively.
12.3.2.5 External Functions

Corresponding to the tsqiCreateType(), tsqiCreateTable(), tsqlAlterType,
tsqlAlterTable, tsqiDropType(), tsqiDropTable(), tsqiSelect(), tsqlinsert(), tsqiDelete(),
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and tsglUpdate() translation stored-procedures, extemnal functions tsqlCreateType_c(),
tsqlCreateTable_c(), tsqlAlterType_c(), tsqlAlterTable_c(), tsqiDropType_c(),
tsqiDropTable_c(), tsqlSelect_c(), tsqlinsert_c(), tsqlDelete_c(), and tsgiUpdate_c()
written in the C programming language are included for transforming a temporal SQL
statement into one or many non-temporal SQL statements able to be executed by the
employed ORDBMS. Each SQL statement after the translation is temporally enhanced
by our temporal data types and methods.

Using the Oracle Call interface (OCl), a shared library is set up to store the coded
C implementation of these external functions. Each of these extemal functions in tum
implements a small token analyzer and parser particularly for its associated statements.
During the parsing process, the translation of a temporal SQL statement is carried out.

The result of each function is simply a text that contains the instructions and the
transformed SQL statements rewritten with the use of our pre-defined temporal data
types and methods. The execution of the transformed SQL statements is then run inside
the employed ORDBMS. Hence, the result of a SELECT statement expected to the
invoker is not directly retumed to the invoker. The invoker needs to further make an
appropriate step to have access to the result of the SELECT statement wrapped in the

translation stored-procedure that has been invoked.

12.4 Summary

This chapter has presented the temporal object relational database system for
temporal 3D objects and their scenes proposed in our research work. The
implementation of the proposed system is achieved using the Oracle 10g/11g ORDBMS.
However, the employed ORDBMS can be replaced with any other ORDBMS that also
supports the extensibility with abstract data types, user-defined methods, user-defined
operators, and user-defined optimization techniques. The two main SQL extension
modules of the proposed system have been described for temporal data management
in general and for temporal 3D objects handling in particular. As of this moment, only the
functionalities of the proposed system are focused. Thus, performance issues of the

proposed system are not of interest in this dissertation.
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Conclusion

In this dissertation, a temporal object relational database system has been
innovatively developed for the handling of 3D objects and their scenes whose
properties, relationships, and/or themselves are supported with valid time at both
graphical and semantic data levels. The conceptual data representation of the metadata
part of temporal 3D objects and their scenes is based on the temporal object oriented
NIAM conceptual schema model proposed in chapter 7. The logical data representation
of both graphical data and metadata parts of temporal 3D objects and their scenes are
based on the object relational data model with the support of valid time proposed in
chapter 8. Along with this system, a novel temporal object relational SQL language is
invented as a temporal extension of the standard object relational SQL language in
association with temporal logic for ease and intuition. The main supplied functionalities
to facilitate the handling of temporal 3D objects are summarized as follows.

In chapter 5, a procedure for the handling of 3D objects with valid time is proposed.
This procedure shows step by step the achievement of a temporal object relational
database for temporal 3D objects from 3D graphical data sources valid for some
periods of time in the modeled world.

in chapter 7, the temporal object oriented NIAM conceptual schema model is
proposed for the conceptual data representation with temporal aspects and object
orientation. Based on this TOONIAM conceptual schema model, a TOONIAM
conceptual meta schema is systematically and automatically derived from an input 3D
graphical data source with some period of valid time to represent non-temporal/temporal
non-explicit/explicit metadata about temporal 3D objects at the abstract level. Integrity
constraints are also considered for this derived TOONIAM conceptual meta schema to
support the handling of temporal 3D objects.

In chapter 8, the logical temporal data representation is proposed by using the
object relational data model with data timetamping at both object and attribute levels. In
addition, a temporal object relational SQL language is originally defined with the main

functions of a database language including temporal data definitions (schema
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definitions, schema evolution definitions, and integrity constraint definitions), temporal
data querying, and temporal data modifications. The language is upward compatible
with the standard object relational SQL language and temporal upward compatible to
enable both non-temporal and temporal database users to work on the same temporal
database. It also supports sequenced semantics for temporal data manipulations and
allows non-sequenced semantics with non-restrictiveness. The temporal logic is
employed in the language for intuitive temporal data manipulations. This language plays
a key role in the proposed system to define and manipulate the graphical data and
metadata parts of a temporal object relational database for the handling of temporal 3D
objects. By means of this language, temporal 3D objects can be accessed in regard to
valid time in the SQL standard manner via existing interfaces of the employed ORDBMS
at both graphics and semantics levels.

In chapter 9, a temporal object relational database for temporal 3D objects is
defined by using the conceptual and logical data representations in the two previous
chapters 7 and 8. The graphical data part of temporal 3D objects is fixed for any
application domain; thus, handled in the object relational graphical database at the
logical data level. In contrast, the metadata part of temporal 3D objects varies from
application domain to application domain; thus, considered at both conceptual and
logical data levels with a TOONIAM conceptual meta schema and a temporal object
relational meta database schema, respectively. The temporal object relational meta
database schema can be systematically and automatically obtained from a
corresponding TOONIAM conceptual meta schema. Integrity constraints are also
introduced to be transformed and enforced along with the temporal object relational
meta database schema. All non-temporal/temporal non-explicit/explicit metadata about
temporal 3D objects is handled in the temporal object relational meta database. The
object relational graphical database and the temporal object relational meta database
are brought together to form a temporal object relational database for temporal 3D
objects.

in chapter 10, a temporal data population process is determined to automatically
populate the data from a 3D graphical data source with valid time into the temporal

object relational database defined in chapter 9. The automation of the proposed
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temporal data population process can be reached by using the database approach to

dealing with temporal 3D objects. Furthermore, the preparation of the proposed

temporal data population process is discussed so that this process can be applied in

practice with the assumptions of this research.

In conclusion, the achievement of this research is the temporal object relational

database system for temporal 3D objects where the querying of temporal 3D objects is

enabled in many various aspects: graphics/semantics, non-spatial/spatial, non-

presentable/presentable, and non-temporal/temporal by using the proposed temporal

object relational SQL language. The original points of the proposed work are stated

below as compared to the related works on the handling of 3D objects and their scenes.

The consideration on the temporal aspect is given not only to 3D objects and their
scenes themselves but also to the metadata surrounding them.

The temporal data representation of both graphical data and metadata parts of 3D
objects is invented at both conceptual and logical data levels. Mainly different from
the related works, the proposed temporal logical data representation is associated
with a new temporal object relational SQL language.

The temporal database population process on 3D graphical data sources with valid
time is considered towards the automation based on the assumed availibility of 3D
object regconition. In other works, the population is manual or left as their future
work without any temporal aspect of the content of the given sources. Once the
temporal aspect of 3D objects is taken into account, the population of these 3D
objects into a proper database also needs to be examined with regard to valid time.
The querying over 3D objects and their scenes is enabled and enriched in a free
query approach with many various aspects as mentioned earlier. This can be
obtained by means of the proposed temporal object relational SQL language
accompanying this system in the same standard manner as the standardized SQL
languages. Indeed, many different front-end applications can have access to 3D
objects and their scenes for any period of time at any detailed leve! from object to
scene through existing database application programming interfaces. So, sharability

and reusability of 3D objects and their scenes can be achieved along the time axis.



Chapter 14

Further Research

A temporal object relational database system has been investigated for the
handiing of temporal 3D objects and their scenes. The proposed system mainly aims at
the functionalities. These functionalities have been detailed in chapters 5, 7, 8, 9, 10,
and 11. It is obviously bewared that our system cannot cover every aspect in 3D object
management particularly as well as in temporal data management generally, Thus, this

chapter will address some further related research of interest.

14.1 On the Proposed System’s Side

On the proposed system's side, a further work can be firstly considered for the
graphical data support to relax the assumptions of the current work. In particular, 3D
object recognition techniques can be included as part of the proposed system so that
the preparation process defined in chapter 10 would not be a burden on those who
have to set up the graphics library.

Secondly for the temporal data support, a built-in semantics support for transaction
time can be achieved by looking into the inherent transaction time support of an existing
ORDBMS (Oracle 10g/11g [68] or MS SQL Sever [69]) or by a new transaction time
extension. Since transaction time is orthogonal to valid time, the addition of transaction
time is feasible and has no impact on the currently achieved system. Apart from
transaction time, a temporal extension of other SQL variants such as views, cursors,
and assertions/triggers is also valuable to facilitate temporal data management at the
database level as much as possible instead of letting database users handle their data
in respect of time (transaction time as well as valid time) at the application level.

Thirdly, the enrichment of queries supported by the proposed system is more
tested at the graphical data level for a similarity based evaluation. As of this moment,
queries over a scene and its evolutions have been illustrated using the case study in
chapter 6. More investigation can be made for queries over many scenes.

Fourthly for the efficiency of the proposed system, performance issues are

promising with indexing techniques studied for spatial, temporal, and spatio-temporal
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data. These techniques can be trivially implemented and included into our SQL
extension modules, which have been defined in chapter 12, through the object relational
extensibility interface of the employed ORDBMS.

Finally, we might make an effort to define the lemporal object oriented NIAM
conceptual data model which has been partially introduced in chapter 7 for conceptual
temporal data representation. This is because the NIAM conceptual schema model has
a strong theoretical foundation with predicate logic and linguistics as compared to the
ER and UML models. This topic is associated with the previous one for the querying of a
temporal database with temporal logic at the high level by means of a TOONIAM
conceptual schema. The temporal logic employed might be the temporal predicate logic
that needs to be formally defined. Also, attention should be given to the support for
temporal integrity constraints, especially temporal explicit integrity constraints, along
with a TOONIAM conceptual schema. As of this moment, the specification of temporal
integrity constraints at the conceptual data leve! is limited. Moreover, the transformation
of these constraints into the ones at the logical data level needs more consideration as

such temporal explicit integrity constraints are normally left on the application's side.

14.2 On the Application’s Side

At this moment, our system is constructed along with the case study in chapter 6 for
functionality illustration purposes. As realized previously, the case study is small and
simple enough to be used for an illustration of conceptual and logical data
representations, of data population, and of data manipulations on the graphical data
and metadata parts of 3D objects and their scenes over the time. Since this research
does not concentrate on performance issues, the case study has no impact on the
currently achieved system. However, practical applications are certainly of interest to be
investigated with the system:.

Therefore, some further research on the application’s side should be taken into
account. This subsection points out several potential applications that can be developed
.on top of the proposed system. Others can be added up to whether the users can take

advantage of the system for their own benefits. Here are only a few potential

applications listed.
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() The handling of 2D/3D medical images

In [113), spatial and temporal aspects are realized for feature and content-based
medical image retrieval. Medical images handled by their system are of two dimensions.
Nowadays, 3D medical images are of growing interest with advances in medical
technology [114]. Thus, our proposed system is potentially utilized for the handling of 3D

medical images with temporal/3D spatial data supports.
(i) Video content management

Developed as a general-purpose temporal object relational database system, the
proposed system is able to be used for video content management like the one
introduced in [115]. Each 3D scene true for some period of time in the modeled world is
now replaced by a video keyframe at some moment. Objects of interest in that keyframe
are recognized and then typified in order to be populated into a temporal object
relational database managed by our system. With the support for temporal/3D data
along with 3D spatial functions, it is believed that spatio-temporal queries illustrated in
[115] can be answered by our system. In other words, the proposed system can take

care of video contents.
(iii) Robotic assistants

In the future, robotic assistants will get popular. Different from human-beings,
robotic assistants need to be instructed at least at the beginning. In order to understand
the surrounding environment, robotic assistants must be enabled to analyze their
captured real 3D scene. If expected to answer any question, they must be enabled to
make queries over the information in hand. In [116], the first ability is achieved with a 3D
object recognition algorithm on 3D cluttered scenes for autonomous household robots.
That would be nice if such a robot can answer the questions related to spatial, temporal,
and/or spatio-temporal aspects such as what have been here for five days, when the
last guest came to the house, who stood near the window yesterday, etc. Those robots

can take advantage of the capability of temporal/3D spatial data querying in our system.

(iv) Virtual environment exploration
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Among the related works on the handling of 3D objects in a virtual environment, we
pay attention to some of their applications for virtual environment exploration. [9] intends
to support navigation by query. [10] allows virtual exhibition. [11] aims at web search
engines that process requests formulated in the natural language referring to high-level
features; extraction of semantic objects from huge files for easier examination: and
automatic creation of high-level libraries used to create different 3D environments, high-
level textual descriptions of paths to a given location that are generated on the basis of
static paths or dynamically generated paths. As already bewared in [117], the proposed
system can play a role of the underlying platform for so-called information-rich virtual

environments.
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Appendix A
User’s Manual of the Extension to an Employed

ORDBMS for Temporal and 3D Data Supports

In this section, the user's manual of the extension to an employed ORDBMS, Oracle

10g/11g in this work, for temporal and 3D data supports is briefly presented.

A.l System Requirements

- The operating system (Microsoft Windows): Windows 2000 Advanced Server or
Windows XP Professional or Windows 2003
- The Oracle ORDBMS: 10g or 11g

A.2  The Deployment of the Extension

The extension is developed as an Oracle 10g/11g data cartridge that can be
directly and easily integrated as part of the employed ORDBMS. The cartridge name is
“TSQL Data Cartridge”, the cartridge ID is “T3D", the schema/owner under which the

extension is defined is “T3D".

The procedure for deploying the extension for temporal and 3D data supports is

step by step executed as follows.
A21 Create the Cartridge Schema

- Connect as SYSTEM AS SYSDBA;

- Create user T3D identified by T3D;

- Grant appropriate privileges to T3D;

- Modify the Network Configuration file: ./network/admin/listener.ora in order that external

routines in the proposed dynamic link libraries (DLL) can be invoked.

A22  For Temporal Data Support

- Connect as SYS as SYSDBA for the installation of the temporal data cartridge;

- Execute dbms_registry.loading in order to load all components of the cartridge:

- Define types;
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- Define meta tables;

- Define the functions GetXXX() to extract data of some data type from an instance of the
SYS.ANYDATA opaque type;

- Define the main package ‘tsql’ that contains all functions related to temporal upward
compatibility and temporal data manipulation supports;

- Define the temporal aggregate functions;

- Define the dynamic link libraries and external methods for statement translations:

- Define the translation store-procedures;

- Grant privileges on these components so that other users can benefit them;

- Create the validate procedure in order to check the validity of the cartridge after the
deployment;

- Execute dbms_registry.loaded to finish loading the components of the cartridge;

- Execute dbms_registry.valid to set the status of the cartridge to ‘valid" so that it can be
used by other users;

- Execute the validate procedure for a final validity check of the cartridge deployment.
A23  For 3D Data Support

- Connect as T3D;

- Create user-defined types corresponding to VRML field and node types for graphical
databases; '
- Create meta and graphical tables;

- Create the functions GetXXX() to extract data of a graphical data type from an instance
of the SYS.ANYDATA opaque type;

- Create the equality check functions on the user-defined types corresponding to the
VRML node types;

- Create the type bodies of the user-defined types corresponding to the VRML node
types each of which contains the constructor functions and member functions (toVRMLY()
and compBBox());

- Create 3D spatial functions;

- Grant proper privileges on these types and functions to other users.
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CREATE TABLE system.Region1Scene OF system.Region1Scene: t;

CREATE TABLE system.AREAMODEL OF system.AREAMODEL_t;

CREATE TABLE system.AREA OF system.AREA _t;

CREATE TABLE system.BUILDINGMODEL OF system.BUILDINGMODEL _t;
CREATE TABLE system.BUILDING OF system.BUILDING _t;

INSERT INTO system.RegionlScene(has_SceneID, is_created_by Owner, LIFESPAN) VALUES
(Regionl', NULL, T3D.VTPERIODS(T3D.VTPERIOD(TO DATE('1-1-1955', ‘mm-dd-yyyy",
TO_DATE('12-31-9998', 'mm-dd-yyyy")))

INSERT INTO system.AREAMODEL(has_PatternID, has_LandSort) SELECT
'AAAQSZAAEAAAAb/AAA', NULL FROM DUAL WHERE NOT EXISTS (SELECT * FROM
AREAMODEL WHERE has_PatternID ='AAAQ5ZAAEAAAAb/AAA");

INSERT INTO system.AREA(has_ObjectID, has_3DObject, has_BoundingBox, has_AreaCode,
belongs_to_AreaOwner, belongs_to_Region1Scene, has AREAMODEL) VALUES (Pareal’,
'AAAQ4+AAEAAAAQQAAB' VALIDTIME PERIOD('1-1-1955', *12-31-9998"),
MDSYS.SDO_GEOMETRY(3005, NULL, NULL, SDO_ELEM_INFO _ARRAY(I, 1, 2),
SDO_ORDINATE_ARRAY(12.110025, 0, 31.620624, 42.942775, 0, 68.286374)) VALIDTIME
PERIOD('1-1-1955", '12-31-9998') , NULL, NULL, (SELECT ROWID FROM system.RegionlScene
WHERE has_ScenelD = 'Regionl') VALIDTIME PERIOD(1-1-1955', '12-31-9998", (SELECT
ROWID FROM system.AREAMODEL WHERE has_PattemID = 'AAAQSZAAEAAAAD/AAA")
VALIDTIME PERIOD('1-1-1955', '12-31-9998");

INSERT INTO system.AREAMODEL(has_PatternID, has_LandSort) SELECT
'‘AAAQSZAAEAAAAB/AAA', NULL FROM DUAL WHERE NOT EXISTS (SELECT * FROM
AREAMODEL WHERE has_PatternID ='AAAQSZAAEAAAAb/AAA');

INSERT INTO system.AREA(has_ObjectID, has_3DObject, has BoundingBox, has_AreaCode,
belongs_to_AreaOwner, belongs_to_RegionlScene, has AREAMODEL) VALUES (‘Parea2’,
'AAAQ4+AAEAAAAQNAAB' VALIDTIME PERIOD('1-1-1955", '12-31-9998"),
MDSYS.SDO_GEOMETRY(3005, NULL, NULL, SDO_ELEM_INFO _ARRAY(l, 1, 2),
SDO_ORDINATE_ARRAY(42.440748, 0, 31.620624, 78.523248, 0, 68.286374)) VALIDTIME
PERIOD('1-1-1955", '12-31-9998") , NULL, NULL, (SELECT ROWID FROM system.Region]Scene
WHERE has_SceneID = 'Regionl) VALIDTIME PERIOD('1-1-1955', '12-31-9998", (SELECT
ROWID FROM system.AREAMODEL WHERE has_PattenID = 'AAAQSZAAEAAAAD/AAA')
VALIDTIME PERIOD('1-1-1955", '12-31-9998");

INSERT INTO system.AREAMODEL(has_PatternID, has_LandSort) SELECT
'‘AAAQSZAAEAAAACAAAA', NULL FROM DUAL WHERE NOT EXISTS (SELECT * FROM
AREAMODEL WHERE has_PattemID ='AAAQ5ZAAEAAAACAAAA");

INSERT INTO system.AREA(has_ObjectID, has_3DObject, has_BoundingBox, has_AreaCode,
belongs_to_AreaOwner, belongs_to Region1Scene, has AREAMODEL) VALUES (Parea3’,
'AAAQ4+AAEAAAAQPAAC VALIDTIME PERIOD('1-1-1955", '12-31-9998"),
MDSYS.SDO_GEOMETRY(3005, NULL, NULL, SDO_ELEM_INFO_ARRAY(l, 1, 2),
SDO_ORDINATE_ARRAY(78.021073, 0, 31.620624, 103.604323, 0, 68.286374)) VALIDTIME
PERIOD('1-1-1955", '12-31-9998") , NULL, NULL, (SELECT ROWID FROM system.Region!Scene
WHERE has_ScenelD = 'Regionl’) VALIDTIME PERIOD('1-1-1955', '12-31-9998"), (SELECT
ROWID FROM system. AREAMODEL WHERE has_PatternID = 'AAAQSZAAEAAAACAAAA)
VALIDTIME PERIOD('1-1-1955", *12-31-9998");

INSERT INTO system.AREAMODEL(has_PatternID, has_LandSort) SELECT
'AAAQ5ZAAEAAAAL/AAA’, NULL FROM DUAL WHERE NOT EXISTS (SELECT * FROM
AREAMODEL WHERE has_PatternID ='AAAQ5ZAAEAAAAb/AAA');
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INSERT INTO system.AREA(has_ObjectID, has_3DObject, has_BoundingBox, has_AreaCode,
belongs_to_AreaOwner, belongs to_RegionlScene, has_ AREAMODEL) VALUES (Parca4’,
'AAAQ4+AAEAAAAQMAAB' VALIDTIME PERIOD('1-1-1955", '12-31-9998"),
MDSYS.SDO_GEOMETRY(3005, NULL, NULL, SDO_ELEM_INFO ARRAY(l, 1, 2),
SDO_ORDINATE_ARRAY(12.109951, 0, 67.784302, 103.604451, 0, 92.784302)) VALIDTIME
PERIOD('1-1-1955", '12-31-9998") , NULL, NULL, (SELECT ROWID FROM system.Region1Scene
WHERE has_SceneID = Regionl’) VALIDTIME PERIOD('1-1-1955", '12-31-9998", (SELECT
ROWID FROM system.AREAMODEL WHERE has_PatternID = 'AAAQ5ZAAEAAAADbL/AAA’)
VALIDTIME PERIOD('1-1-1955', '12-31-9998");

INSERT INTO  system.BUILDINGMODEL(has_PatternID, is_for UsePurpose) SELECT
'AAAQSZAAEAAAAb+AAA', NULL FROM DUAL WHERE NOT EXISTS (SELECT * FROM
BUILDINGMODEL WHERE has_PatternID = 'AAAQ5ZAAEAAAAb+AAAY);

INSERT INTO  system.BUILDING(has_ObjectID, has_3DObject,  has_BoundingBox,
has_BuildingName, belongs_to_BuildingOwner, belongs_to_Region1Scene,
has BUILDINGMODEL) VALUES ('Pbuildingl', 'AAAQ4+AAEAAAAQPAAD' VALIDTIME
PERIOD('1-1-1955',  '12-31-9998"), MDSYS.SDO_GEOMETRY(3005, NULL, NULL,
SDO_ELEM_INFO_ARRAY(l, 1, 2), SDO_ORDINATE ARRAY(19.54722, 0, 38.2631,
39.5539774432, 16.5003, 48.2631)) VALIDTIME PERIOD('1-1-1955", '12-31-9998") , NULL, NULL,
(SELECT ROWID FROM system.Region1Scene WHERE has_ScenelD = 'Regionl’) VALIDTIME
PERIOD(1-1-1955', '12-31-9998"), (SELECT ROWID FROM system. BUILDINGMODEL WHERE
has_PatternID ='AAAQSZAAEAAAAb+AAA") VALIDTIME PERIOD('1-1-1955', '12-31-9998");

INSERT INTO  system.BUILDINGMODEL(has_PatternID, is_for_UsePurpose) SELECT
'AAAQSZAAEAAAADLIAAA', NULL FROM DUAL WHERE NOT EXISTS (SELECT * FROM
BUILDINGMODEL WHERE has_PatternID ='AAAQSZAAEAAAAbLIAAAY;

INSERT INTO system.BUILDING(has_ObjectID, has_3DObject, has_BoundingBox,
has_BuildingName, belongs_to_BuildingOwner, belongs_to_RegionlScene,
has BUILDINGMODEL) VALUES (Pbuilding2', ‘AAAQ4+AAEAAAAQNAAC' VALIDTIME
PERIOD('1-1-1955',  '12-31-9998"), MDSYS.SDO_GEOMETRY(3005, NULL, NULL,
SDO_ELEM_INFO_ARRAY(1, 1, 2), SDO_ORDINATE_ARRAY(58.523478, 0, 37.954102,
71.189718, 13.00058, 56. 120102)) VALIDTIME | PERIOD('1-1-1955", '12-31-9998") , NULL, NULL,
(SELECT ROWID FROM system.Region1Scenc WHERE has_SceneID = 'Regionl”) VALIDTIME
PERIOD('1-1-1955', '12-31-9998"), (SELECT ROWID FROM system.BUILDINGMODEL WHERE
has_PatternID ='AAAQSZAAEAAAADIAAA'") VALIDTIME PERIOD('1-1-1955", '12-31-9998");

B4.2 For the Source File on 01/01/1965

UPDATE Region1Scene SET LIFESPAN = T3D.TSQL.tUNION(LIFESPAN,
T3D.VTPERIODS(t3D.VTPERIOD(TO_DATE('1-1-1965', 'mm-dd-yyyy'), TO_DATE(12-31-9998,
‘mm-dd-yyyy")))) WHERE has_ScenelD = 'Region]’

UPDATE AREA SET LIFESPAN = T3D.TSQLtUNION(LIFESPAN,
T3D.VTPERIODS(t3D.VTPERIOD(TO_DATE('1-1-1965', 'mm-dd-yyyy'), TO_DATE('12-31-9998',
'mm-dd-yyyy')))) WHERE has_ObjectID = 'Pareal’

UPDATE systtm.AREA SET has AREAMODEL = (SELECT ROWID FROM
systtm.AREAMODEL WHERE has PattenID = 'AAAQSZAAEAAAAb/AAA") VALIDTIME
PERIOD('1-1-1965', '12-31-9998') WHERE has_ObjectID = 'Pareal’;

UPDATE system.AREA SET has 3DObject = 'AAAQ4+AAEAAAAQQAAB' VALIDTIME
PERIOD('1-1-1965", '12-31-9998') WHERE has_ObjectID = 'Pareal’;

UPDATE system.AREA SET has_BoundingBox = MDSYS.SDO_GEOMETRY (3005, NULL, NULL,
SDO_ELEM_INFO_ARRAY(1, 1, 2), SDO_ORDINATE _ARRAY(12.110025, 0, 31.620624,
42.942775, 0, 68.286374)) VALIDTIME PERIOD('l 1-1965', '12-31-9998") WHERE has_ObjectID =
Pareal’;
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UPDATE AREA SET LIFESPAN = T3D.TSQL.tUNION(LIFESPAN,
T3D.VTPERIODS(t3D.VTPERIOD(TO_DATE('1-1-1965', 'mm-dd-yyyy'), TO_DATE(12-31-9998',
'mm-dd-yyyy")))) WHERE has_ObjectID = 'Parea4'

UPDATE  system.AREA SET has AREAMODEL = (SELECT ROWID FROM
systtm.AREAMODEL WHERE has_PatternID = 'AAAQSZAAEAAAAb/AAA") VALIDTIME
PERIOD('1-1-1965', '12-31-9998") WHERE has_ObjectID = 'Parea4’;

UPDATE system.AREA SET has 3DObject = 'AAAQ4+AAEAAAAQMAAB’' VALIDTIME
PERIOD('1-1-1965', '12-31-9998") WHERE has_ObjectID = 'Parea4";

UPDATE system.AREA SET has_BoundingBox = MDSYS.SDO_GEOMETRY (3005, NULL, NULL,
SDO_ELEM_INFO_ARRAY(l, 1, 2), SDO_ORDINATE ARRAY(12.109951, 0, 67.784302,
103. 604451 0 92.784302)) VALIDTIME PERIOD('1-1-1965', '12-31-9998') WHERE has ,_ObjectID =
'Paread’;

INSERT INTO system.AREAMODEL (HAS_PATTERNID, HAS_LANDSORT) SELECT
'AAAQSZAAEAAAACAAAA', NULL FROM DUAL WHERE NOT EXISTS (SELECT * FROM
system.AREAMODEL WHERE HAS_PATTERNID ='AAAQS5ZAAEAAAACAAAA")

INSERT INTO system.AREA(has_ObjectID, has_3DObject, has_BoundingBox, HAS_AREACODE,
BELONGS_TO_AREAOWNER, belongs to_RegionlScene, has AREAMODEL) VALUES
(‘Pareas’, 'AAAQ4+AAEAAAAQNAAD' VALIDTIME PERIOD('1-1-1965', '12-31-9998"),
MDSYS.SDO_GEOMETRY(3005, NULL, NULL, SDO_ELEM_INFO _ARRAY(l, 1, 2),
SDO_ORDINATE_ARRAY(42.440848, 0, 31.620624, 103.604348, 0, 68.286374)) VALIDTIME
PERIOD('I 1-1965', '12-31-9998") , NULL, NULL, (SELECT ROWID FROM system.Region1Scene
WHERE has_SceneID = Regionl) VALIDTIME PERIOD(1-1-1965', '12-31-9998"), (SELECT
ROWID FROM system.AREAMODEL WHERE has_PatternID = 'AAAQS5ZAAEAAAACAAAA’)
VALIDTIME PERIOD('1-1-1965', '12-31-9998"));

UPDATE AREA SET LIFESPAN = T3D.VTPERIODS(t3D.VTPERIOD(TO_DATE('1-1-1965', 'mm-
dd-yyyy"), TO_DATE('12-31-9998', 'mm-dd-yyyy'))) WHERE has_ObjectID = 'Parea$'

UPDATE BUILDING SET LIFESPAN = T3D.TSQL.tUNION(LIFESPAN,
T3D.VTPERIODS(t3D.VTPERIOD(TO_DATE('1-1-1965', ‘mm-dd-yyyy'), TO_DATE('12-31-9998',
‘mm-dd-yyyy")))) WHERE has_ObjectID = 'Pbuildingl’

UPDATE system.BUILDING SET has BUILDINGMODEL = (SELECT ROWID FROM
system.BUILDINGMODEL WHERE has_PatternID = 'AAAQSZAAEAAAAbL+AAA’) VALIDTIME
PERIOD('1-1-1965', '12-31-9998') WHERE has_ObjectID = Pbuilding1’;

UPDATE system.BUILDING SET has_3DObject = 'AAAQ4+AAEAAAAQPAAD' VALIDTIME
PERIOD('1-1-1965", '12-31-9998") WHERE has_ObjectID = "Pbuilding1";

UPDATE system.BUILDING SET has_BoundingBox = MDSYS.SDO_GEOMETRY (3005, NULL,
NULL, SDO_ELEM_INFO_ARRAY(l, 1, 2), SDO_ORDINATE_ARRAY(19.54722, 0, 38.2631,
39.5539774432, 16.5003, 48.2631)) VALIDTIME PERIOD('1-1-1965', '12-31-9998") WHERE
has_ObjectID = 'Pbuilding1";

UPDATE BUILDING SET LIFESPAN = T3D.TSQL.tUNION(LIFESPAN,
T3D VTPERIODS(t3D.VTPERIOD(TO_DATE('1-1-1965', 'mm-dd-yyyy'), TO_DATE('12-31-9998',
'mm-dd-yyyy')))) WHERE has_ObjectID = 'Pbuilding2’

UPDATE system.BUILDING SET has_BUILDINGMODEL = (SELECT ROWID FROM
system.BUILDINGMODEL WHERE has_PatternID = 'AAAQSZAAEAAAAbBYAAA'") VALIDTIME
PERIOD('1-1-1965', '12-31-9998') WHERE has_ObjectID = 'Pbuilding?2';

UPDATE system.BUILDING SET has_3DObject = 'AAAQ4+AAEAAAAQNAAC' VALIDTIME
PERIOD('1-1-1965', '12-31-9998") WHERE has_ObjectID = Pbuilding2";
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UPDATE system.BUILDING SET has_BoundingBox = MDSYS.SDO_GEOMETRY(3005, NULL,
NULL, SDO_ELEM_INFO_ARRAY(l, 1, 2), SDO_ORDINATE_ARRAY(58.523478, 0, 37.954102,
71.189718, 13.00058, 56.120102)) VALIDTIME PERIOD('1-1-1965', '12-31-9998") WHERE
has_ObjectID = Pbuilding2;

CREATE TYPE system.ROADMODEL t AS OBJECT (has_PatternID VARCHAR2(18),
is_for_VehicleKind VARCHAR2(50));

CREATE TYPE system.ROAD_t WITH LIFE SPAN AS OBJECT (has_ObjectID VARCHAR2(50),
has_3DObject UROWID VALIDTIME(DAY), has_BoundingBox MDSYS.SDO_GEOMETRY
VALIDTIME(DAY), has_RoadName VARCHAR2(50), belongs_to_Region1Scene
REF(system.Region1Scene_t) VALIDTIME(DAY), has ROADMODEL
REF(system.ROADMODEL _t) VALIDTIME(DAY));

CREATE TABLE system.ROADMODEL OF system.ROADMODEL _t;
CREATE TABLE system.ROAD OF system.ROAD _t;

INSERT INTO system.ROADMODEL(has_PatternID, is_for_VehicleKind) SELECT
'"AAAQSZAAEAAAADBSAAA', NULL FROM DUAL WHERE NOT EXISTS (SELECT * FROM
systtm.ROADMODEL WHERE has_PatternID = 'AAAQSZAAEAAAAbBSAAAY);

INSERT INTO system.ROAD(has_ObjectID, has_3DObject, has_BoundingBox, has_RoadName,
belongs_to_Region1Scene, has ROADMODEL) VALUES (‘Pstreet!’, 'AAAQ4+AAEAAAAQQAAC
VALIDTIME PERIOD('1-1-1965', '12-31-9998), MDSYS.SDO_GEOMETRY(3005, NULL, NULL,
SDO_ELEM_INFO_ARRAY(1, 1, 2), SDO_ORDINATE_ARRAY(12.1973014272, 0, 28.208861,
103.5171005728, 0, 32.034941)) VALIDTIME PERIOD('1-1-1965", '12-31-9998") , NULL, (SELECT
ROWID FROM system.Region1Scene WHERE has_ScenelD = 'Region1') VALIDTIME PERIOD('1-
1-1965', '12-31-9998"), (SELECT ROWID FROM system.ROADMODEL WHERE has_PatternID =
'‘AAAQSZAAEAAAAbBSAAA') VALIDTIME PERIOD('1-1-1965', '12-31-9998");

UPDATE system.ROAD SET LIFESPAN = T3D.VTPERIODS(t3D.VTPERIOD(T O_DATE(1-1-
1965', 'mm-dd-yyyy'), TO_DATE('12-31-9998', 'mm-dd-yyyy'))) WHERE has_ObjectID = Pstreet1";

B4.3 For the Source File on 01/01/1985

UPDATE Region1Scene SET LIFESPAN = T3D.TSQL.tUNION(LIFESPAN,
T3D.VTPERIODS(t3D.VTPERIOD(TO_DATE('1-1-1985', ‘mm-dd-yyyy"), TO_DATE(12-31-9998",
'mm-dd-yyyy')))) WHERE has_ScenelD = 'Region]'

UPDATE AREA SET LIFESPAN = T3D.TSQL.tUNION(LIFESPAN,
T3D.VTPERIODS(t3D.VTPERIOD(TO_DATE('1-1-1985', ‘mm-dd-yyyy"), TO_DATE('12-31-9998',
‘'mm-dd-yyyy")))) WHERE has_ObjectID = 'Pareal’

UPDATE  systtm.AREA SET has AREAMODEL = (SELECT ROWID FROM
systtm.AREAMODEL WHERE has_PatternID = 'AAAQSZAAEAAAAB/AAA") VALIDTIME
PERIOD('1-1-1985", '12-31-9998") WHERE has_ObjectID = Pareal’;

UPDATE system.AREA SET has 3DObject = 'AAAQ4+AAEAAAAQQAAB' VALIDTIME
PERIOD('1-1-1985", '12-31-9998") WHERE has_ObjectID = "Pareal’;

UPDATE system.AREA SET has_BoundingBox = MDSYS.SDO_GEOMETRY(3005, NULL, NULL,
SDO_ELEM_INFO_ARRAY(l, 1, 2), SDO_ORDINATE_ARRAY(12.110025, 0, 31.620624,
42.942775, 0, 68.286374)) VALIDTIME PERIOD('1-1-1985', '12-31-9998") WHERE has_ObjectID =
‘Pareal';

UPDATE AREA SET LIFESPAN = T3D.TSQL.tUNION(LIFESPAN,
T3D.VTPERIODS(t3D.VTPERIOD(TO_DATE('1-1-1985', 'mm-dd-yyyy'), TO_DATE('12-31-9998",
'mm-dd-yyyy")))) WHERE has_ObjectID = 'Paread’
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UPDATE = system.AREA SET has AREAMODEL = (SELECT ROWID FROM
systtm. AREAMODEL WHERE has_PatternID = 'AAAQSZAAEAAAADB/AAA") VALIDTIME
PERIOD('1-1-1985', '12-31-9998") WHERE has_ObjectID = ‘Paread";

UPDATE system.AREA SET has_3DObject = 'AAAQ4+AAEAAAAQMAAC' VALIDTIME
PERIOD('1-1-1985', '12-31-9998") WHERE has_ObjectID = ‘Parea4";

UPDATE system.AREA SET has_BoundingBox = MDSYS.SDO_GEOMETRY (3005, NULL, NULL,
SDO_ELEM_INFO_ARRAY(1, 1, 2), SDO_ORDINATE_ARRAY(12.109925, 0, 67.784302,
108.270675, 0, 92.784302)) VALIDTIME PERIOD('1-1-1985', '12-3 1-9998') WHERE has_ObjectID =
‘Paread’;

UPDATE AREA SET LIFESPAN = T3D.TSQL.tUNION(LIFESPAN,
T3D.VTPERIODS(t3D.VTPERIOD(TO_DATE('1-1-1985', 'mm-dd-yyyy'), TO_DATE('12-31-9998',
‘'mm-dd-yyyy')))) WHERE has_ObjectID = 'Parea5'

UPDATE = systtm.AREA SET has AREAMODEL = (SELECT ROWID FROM
systtm.AREAMODEL WHERE has_PattenID = 'AAAQSZAAEAAAACAAAA') VALIDTIME
PERIOD('1-1-1985', '12-31-9998') WHERE has_ObjectID = 'Pareas";

UPDATE systtm.AREA SET has_3DObject = 'AAAQ4+AAEAAAAQQAAD' VALIDTIME
PERIOD('I-1-1985", '12-31-9998") WHERE has_ObjectID = 'Pareas";

UPDATE system.AREA SET has_BoundingBox = MDSYS.SDO_GEOMETRY (3005, NULL, NULL,
SDO_ELEM_INFO_ARRAY(1, 1, 2), SDO_ORDINATE ARRAY(42.440698, 0, 31.620624,
108.270698, 0, 68.286374)) VALIDTIME PERIOD('1-1-1985', '12-31-9998") WHERE has_ObjectID =
'Pareas’;

UPDATE ROAD SET LIFESPAN = T3D.TSQL.tUNION(LIFESPAN,
T3D.VTPERIODS(t3D.VTPERIOD(TO_DATE('1-1-1985', 'mm-dd-yyyy'), TO_DATE(12-31-9998',
'mm-dd-yyyy')))) WHERE has_ObjectID = 'Pstreet!’

UPDATE  system.ROAD SET has_ ROADMODEL = (SELECT ROWID FROM
systtm.ROADMODEL WHERE has_PattemID = 'AAAQSZAAEAAAAbBSAAA') VALIDTIME
PERIOD('1-1-1985", '12-31-9998') WHERE has_ObjectID = 'Pstreet1";

UPDATE system.ROAD SET has_3DObject = 'AAAQ4+AAEAAAAQQAAC' VALIDTIME
PERIOD('1-1-1985", '12-31-9998') WHERE has_ObjectID = 'Pstreet1";

UPDATE system.ROAD SET has_BoundingBox = MDSYS.SDO_GEOMETRY(3005, NULL, NULL,
SDO_ELEM_INFO_ARRAY(1, 1, 2), SDO_ORDINATE_ARRAY(12.1973014272, 0, 28.208361,
103.5171005728, 0, 32.034941)) VALIDTIME PERIOD('1-1-1985', '12-31-9998") WHERE
has_ObjectID = 'Pstreetl";

INSERT INTO system. BUILDINGMODEL (HAS_PATTERNID, IS_FOR_USEPURPOSE) SELECT
'AAAQSZAAEAAAADYAAA', NULL FROM DUAL WHERE NOT EXISTS (SELECT * FROM
system.BUILDINGMODEL WHERE HAS_PATTERNID ='AAAQSZAAEAAAAbSAAA’)

INSERT INTO system.BUILDING(has_ObjectID, has_3DObject,  has_BoundingBox,
HAS_BUILDINGNAME, BELONGS_TO_BUILDINGOWNER, belongs_to_Region1Scene,
has_BUILDINGMODEL) VALUES (Pbuilding3', 'AAAQ4+AAEAAAAQNAAE’ VALIDTIME
PERIOD('1-1-1985',  '12-31-9998),  MDSYS.SDO_GEOMETRY(3005, NULL, NULL,
SDO_ELEM_INFO_ARRAY(1, 1, 2), SDO_ORDINATE_ARRAY(32.275639, 0, 76.450897,
61.857159, 10.08416, 86.450897)) VALIDTIME PERIOD('1-1-1985', '12-31-9998") , NULL, NULL,
(SELECT ROWID FROM system.Region1Scene WHERE has_ScenelD = 'Regionl’) VALIDTIME
PERIOD('1-1-1985'", '12-31-9998"), (SELECT ROWID FROM system.BUILDINGMODEL WHERE
has_PatternID ='AAAQSZAAEAAAAbYAAA') VALIDTIME PERIOD('1-1-1985', '12-31-9998"));

UPDATE BUILDING SET LIFESPAN = T3D.VTPERIODS(t3D.VTPERIOD(TO_DATE('1-1-1985",
'mm-dd-yyyy"), TO_DATE('12-31-9998', 'mm-dd-yyyy'))) WHERE has_ObjectID = 'Pbuilding3’
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UPDATE BUILDING SET LIFESPAN = T3D.TSQL.tUNION(LIFESPAN,
T3D.VTPERIODS(t3D.VTPERIOD(TO_DATE(1-1-1985', ‘'mm-dd-yyyy'), TO_DATE(12-31-9998',
‘'mm-dd-yyyy')))) WHERE has_ObjectID = Pbuilding]’

UPDATE system.BUILDING SET has BUILDINGMODEL = (SELECT ROWID FROM
system.BUILDINGMODEL WHERE has_PatternID = 'AAAQSZAAEAAAAb+AAA") VALIDTIME
PERIOD('1-1-1985", '12-31-9998') WHERE has_ObjectID = 'Pbuilding1";

UPDATE system.BUILDING SET has 3DObject = 'AAAQ4+AAEAAAAQPAAD' VALIDTIME
PERIOD('1-1-1985", '12-31-9998") WHERE has_ObjectID = 'Pbuilding1";

UPDATE system.BUILDING SET has_BoundingBox = MDSYS.SDO_GEOMETRY(3005, NULL,
NULL, SDO_ELEM_INFO_ARRAY(l, 1, 2), SDO_ORDINATE_ARRAY(19.54722, 0, 38.2631,
39.5539774432, 16.5003, 48.2631)) VALIDTIME PERIOD('1-1-1985', '12-31-9998') WHERE
has_ObjectID = 'Pbuildingl";
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