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Abstract

Conceptual data modeling for complex applications, such as multimedia and spatiotemporal applications,
often results in large, complicated and difficult-to-comprehend diagrams. One reason for this is that these
diagrams frequently involve repetition of autonomous, semantically meaningful parts that capture similar
situations and characteristics. By recognizing such parts and treating them as units, it is possible to simplify
the diagrams, as well as the conceptual modeling process. We propose to capture autonomous and
semantically meaningful excerpts of diagrams that occur frequently as modeling patterns. Specifically, the
paper concerns modeling patterns for conceptual design of spatiotemporal databases. Based on
requirements drawn from real applications, it presents a set of modeling patterns that capture spatial,
temporal, and spatiotemporal aspects. To facilitate the conceptual design process, these patterns are
abbreviated by corresponding spatial, temporal, and spatiotemporal pattern abstractions, termed
components. The result is more elegant and less-detailed diagrams that are easier to comprehend, but yet
semantically rich. The Entity-Relationship model serves as the context for this study. An extensive example
from areal cadastral application illustrates the benefits of using a component-based conceptual model.

Keywords. conceptual modeling, spatial and temporal aspects, spatiotemporal applications, data modeling
patterns, components, CASE tool.

1. Introduction

Conceptua data modeling is an indispensable part of information systems design and development.
It is also a mature field with broadly accepted notions, methods, models, and tools. Its main
objective is to represent an application domain in a manner not requiring any computer metaphors
and that is understandable to the user and is complete, so that this representation can be translated
into a corresponding logical schema without any further user input. Conceptual modeling is done
using one of severa variants of the Entity-Relationship (ER) model (Chen, 1976), or one of the
more versatile semantic models such as IFO (Abiteboul and Hull, 1987) and SDM (Hull and King,
1987). Alternatively, object-oriented software design tools, like OMT (Rumbaugh, et. al., 1991),
provide similar functionality.

The result of conceptual data modeling is a semantic (or conceptual) schema, i.e., a diagram
using the notation of the chosen conceptual data model, that captures the desired aspects of the
reality modeled at a high level of abstraction. In complex and semantically rich application
domains, these schemas are often large and complicated. Some of this complexity is unnecessary: a
closer look reveals that considerable parts of the schemas are often repeated to address
semanticaly similar situations and characteristics. For example, in multimedia applications, the
characteristics of audio and video are attached to any of the object-actors in a multimedia scene. In
a banking system, similar temporal aspects of many different types of objects, such as accounts and
loans, are captured.

' This research was supported in part by the Danish Technical Research Council through grant 9700780, the Danish
Natural Science Research Council through grant 9400911, and the CHOROCHRONOS project, funded by the
European Commission DG Xl Science, Research and Development, as a Network Activity of the Training and
Mobility of Researchers Program, contract no. FMRX-CT96-0056.



Although considerable research on extensions of conceptual models to capture semantics of
specialized and complicated environments does exist, the issue of recognizing repeated
diagrammatic parts and handling them in a more elegant way in order to facilitate the design
process for non-standard application areas has not yet been addressed satisfactorily.

This paper focuses on modeling patterns for spatiotemporal applications, applications
involving time-varying, geo-referenced information. A modeling pattern is a part of the conceptual
schema, which appears repeatedly in a schema and describes semantically similar situations and
characteristics. When designing a spatiotemporal conceptual schema, it is often necessary to repeat
parts of the schema in order to capture the spatial, temporal, and spatiotemporal aspects of the
modeled concepts. For example, all geographic objects have positions in space, or geometry, and
spatiotemporal objects have combined spatial and temporal aspects.

The main objective of thiswork is, based on explicit spatiotemporal requirements, to detect the
modeling patterns in a conceptual spatiotemporal schema and to propose an elegant way to handle
them, in order to facilitate the conceptual design process. We propose the replacement of patterns
with a small set of spatial, temporal and spatiotemporal pattern abstractions, which we call
components, resulting into a less-detailed, but equally semantically rich, conceptual schema. These
components can be built out of the constructs of any conceptua model based on the approach
presented in this paper, and can serve as "plug-in’s” to that model. We describe the patterns and
components in the following way.

a. First, we present fundamental requirements posed by spatiotemporal applications.

b. Then, for each requirement, a corresponding conceptual schema, or pattern, is developed that
addresses the requirement.

c. Next, for each pattern, we present the component that abbreviates the pattern.
This way, we obtain two levels in conceptual diagrams:

one detailed enough for the designer to explain all the information that is needed to describe an
application and to be considered for the translation to the logical schema, and

an abstract one, using components, that is easier for the user to follow, free of details, and less
complicated, but which still captures the desired spatiotemporal aspects of the modeled reality.

The result is a component-based conceptual model with an associated library of spatiotemporal
components, which is tailored to the needs of time-varying, geo-referenced applications. This is
part of a larger effort to design a spatiotemporal, computer-aided software engineering (CASE)
tool that supports the transition of conceptual schemas to the logical and the implementation levels.
The library of components helps the designer (and, finally, the end-user) to, concisely and cleanly,
capture the desired spatiotemporal aspects of the modeled reality. The ER model is used as a
prototypical context for the study. Any other conceptual model would also do for this purpose.

We should point out that we do not extend the ER model to capture spatiotemporal
requirements; several works exist in this area (Claramunt, et. al., 1997) (Story and Worboys, 1995)
(Tryfona and Jensen, 1998). Here, we use the ER model only as a vehicle to capture and formulate
spatial, temporal, and spatiotemporal patterns.

We are not aware of any other work in this direction. (Hay, 1996) proposes generic conceptual
(sub-) diagrams for specific application areas (e.g., accounting) which are to be “instantiated”
when applied in specific diagrams (e.g., concerning bank accounting). There also are some works
in classification and reusability of conceptual schemas. (Teory et al., 1989) present a set of
operators for clustering of ER schemas, leading to layers of abstraction that support different user
views. (Castano et al., 1992), (Castano and DeAntonellis, 1994), and (Delcambre and Lanngston,



1996) address the issue of recognizing patterns in conceptual schemas in order to facilitate the
design process. These patterns refer to the structual part of the schema (e.g., entities with the same
number of attributes represented in the same diagram) as well as the textua part (e.g., entities with
the same name). Finaly, in (Claramunt et a., 1997) the main focus is on the analysis of
spatiotemporal processes as patterns, rather that on the design of modeling patterns from model
constructs.

The rest of the paper is organized as follows. Section 2 gives a general overview of modeling
patterns and the benefits of using them. A comparison between the design patterns approach, which
very often on used in object-oriented modeling and our modeling patterns-and-components
approach is given in Section 2.2, in order to clarify the relation between the two. Section 3 presents
spatial, temporal, and spatiotemporal requirements. Then, in Section 4, modeling patterns and
corresponding components are given, that addresse each requirement, resulting in a library of ER
spatiotemporal components. Two approaches for their use are offered: a top-down and a bottom-
up. Section 5 gives a detailed example from a cadastral application modeled in the component-
based ER and in the conventional ER model. Finally, Section 6 summarizes and offers directions
for further research.

2. Modeling Patterns
2.1 Modeling Pattern and Componentsin Conceptual Diagrams

A specific notion of pattern that originally stems from architecture has found use in software
engineering (e.g., see (Gamma et a., 1994)). In object-oriented software design, programmers
adapt parts of aready developed program code to create new code; this way, solutions to new
problems are devel oped cost-efficiently (Pree, 1994). Stated briefly, these reusable code fragments
are termed design patterns. Design patterns have also been studied in the context of geographic
information systems (Gordillo, et. a., 1997).

In the same way that code fragments may form reusable patterns, fragments of conceptua
diagrams are often used repeatedly to express the semantically same situation. We term such
recurring fragments instantiations of modeling patterns.

Modeling patterns are generic, autonomous, and semantically meaningful excerpts of
conceptual database schemas that capture similar semantic aspects of the application domain.
When specific names are given to the modeling constructs in a pattern, the pattern is instantiated.
For example, it is fundamental in spatiotemporal applications for entities to have spatial extents. In
the ER model, a set of entities with spatia extents may be captured using a combination of
modeling constructs; and different entity sets with spatial extents may be captured using the same
combinations of constructs—it is only the names used with the constructs that differ. As aresult, we
form a pattern for entities with spatial extents and perceive different sets of entities with spatial
extents as instantiations of this pattern.

Modeling patterns have two characteristics: (a) they are generic sub-diagrams, with multiple
instantiations in a single conceptual schema or across schemas, and (b) they are composite
diagrams, meaning they are built from atomic modeling constructs of a conceptual model (such as
entity sets, relationship sets, or attributes). Design patterns differ from modeling patterns in that,
the latter address only structural aspects at the conceptual level, while the former concern aso
behavior and dynamic properties of program code.

Figure 1 illustrates the idea of the use of modeling patterns: the shaded areas show repeated
pattern instantiations in an ER diagram. At the next, less detailed level (level 2), these patterns are
replaced by pattern abstractions, which we term simply components.



In the same way, components at level 2, together with other components and atomic modeling
constructs, may form higher-level components. In this work, we consider only one level of
components, i.e., those built from atomic modeling constructs of the underlying conceptual model.
Components (at a coarser level) are connected to the rest of the conceptual diagram in the same
way as regular ER modeling constructs such as entity types and relationship types are connected.

COMPONENt L .uuessmsmmssms " N\ ssssssssssssss component
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Figure 1: Modeling patterns forming components in a conceptual schema.

It is important to emphasize that patterns capture semantically similar aspects of the modeled
reality. Thisiswhy we take our outset in spatiotemporal requirements to conceptual data modeling.
Syntactic similarities in diagrams, such as occurrences in a diagram of different entity types having
the same specific number of attributes, are outside the interest of this work. Furthermore, we do not
use guidelines to cluster parts of a conceptua schema, or operators to replace patterns with
components.

The anticipated advantages of using modeling patterns are as follows.

Organization of the conceptual database schema into levels of abstractions, with user-oriented
representations at the higher (less detailed) levels and a database designer-oriented representation
at the detailed bottom level.

Diagrams using components are easier to comprehend. The user becomes familiar with
components, rather than large, difficult-to-follow diagrams, which aso facilitates the
communication among users and designers.

The designers are given support for reusing their design knowledge and experience to represent
similar situations. This contributes to speeding up the modeling phase.

« Inamultidimensiona environment, like the spatiotemporal, which is characterized by frequent
spatial, temporal, and spatiotemporal aspects, it is often desirable to focus on one aspect at a time.
Using patterns facilitates this, asit is possible to concentrate on one aspect—for example, the spatial
—temporarily ignoring the temporal aspect, which is captured using temporal patterns.

2.2 Modeling Patter ns ver sus Object-Oriented Design Patterns

The use of the term "pattern” in this paper is inspired by the design patterns that are very popular in
object-oriented software development (Pree, 1994) (Gamma, 1992) (Fowler, 1997). Here, we
contrast our data modeling patterns with design patterns, pointing out differences and similarities.

Although there exists no standard definition of the term "design pattern” in object-oriented
software development (Pree, 1994), it should be clear that both design patterns and our modeling
patterns are generic abstractions that have as purpose to reduce the complexity of software
development. However, a fundamental difference between the traditional design patterns and ours



is that the former concern software development in a broad sense, while our patters concern only
the aspect of (conceptual) data modeling, where the aim is limited to capturing the structural
aspects of the modeled reality with the purpose of capturing these in a database.

Design patterns include sets of rules describing how to accomplish identified tasks in the realm
of software development. The closest parallel to our modeling patterns and their corresponding
components is the rules in Section 4.2, Table 2, that describe their use in the conceptual data
modeling task.

Design patterns are characterized by their purpose and the used notation. In the object-oriented
software development area the purpose of creating patterns is to produce reusable single
components in program codes. For this, the purpose stresses the framework aspect and is related to
the programming language used. The notation of a pattern can be (a) informal textual (i.e., using
natural language), (b) formal textual (i.e., using a formal language or a programming language) or
(c) graphical. In our approach the purpose is similar: we want to produce reusable parts of
conceptual schemas. The framework of our modeling patterns is the ER model, i.e, this is the
language we chose use, and the notation is both informal textual (see the natural language
description of patternsin Section 4) and graphical notation (using the ER model).

Finally, Gamma et al. (Gamma, 1992) have proposed a catalog-like presentation of more than
20 design patterns and view these as a common vocabulary for software design. We view the
proposed 45 modeling components (i.e., the abbreviation of modeling patterns) in a similar way:
once the designer identifies the spatial, temporal, or spatiotempora aspect of a construct, it is
possible to apply the appropriate pattern, following the rules of Table 2.

Note that, putting aside differences and similarities with the design patterns, the set of proposed
modeling patterns and components have the goal of reducing the complexity of the conceptual
modeling phase for spatiotemporal applications for the designer, as well as ssmplifying the resulted
conceptual schema, in favor of the user. There is no code accompanying the description of each
pattern (as is usual for object-oriented design patterns) as their role is restricted to semantic level,
with no connection to implementation details.

3. Requirementsto Spatiotemporal Applications

This section formulates spatiotemporal requirements to the ER model. We include them here
because they drive the derivation of the patterns. In Section 4, we propose corresponding patterns.

The requirements are based on theoretical studies (Tryfona and Hadzilacos, 1995) (Tryfona and
Jensen, 1998) as well as on practical experience from two rea-world applications: one concerning
the design and development of a network utility management system (Utilnets, 1994), and one
dealing with the design of a cadastral database (Cadastral, 1997). The objective underlying the
requirements is that patterns should exist to allow the designer to capture meaningful
spatiotemporal aspects relevant to the application.

The ER model, like other conventional conceptual data models, encompasses three fundamental
modeling constructs, namely entity sets, attributes, and relationship sets. Entity sets are used for
modeling objects, which have independent existence; attributes describe properties of objects and
relationships; and relationship sets capture relationships between objects. The spatiotemporal
aspects we consider are spatial extents (where something is), existence time (when something
exists), valid time (when something is true), and transaction time (when something is recorded as
current in the database) (Snodgrass and Ahn, 1985) (Jensen et al., 1998). These aspects include
those covered by the vast mgority of works.

Table 1 states which spatiotemporal aspects are meaningful to capture for each modeling



construct. A "-" indicates that the combination is not meaningful. The letters refer to the discussion
that follows.

Spatial Extent Temporal Extent Spatiotemporal
existencetime valid time transaction time Extent
Object a b - b c
Attribute d - e e f
Relationship g - h h i

Table 1: Objects, attributes, and relationships in a spatiotemporal environment.

a. Associations of objects with space are meaningful and important in many applications. For
example, in a cadastral system, we want to capture the spatial extent, or position, of a"landparcel.”

b. Two temporal extents of objects are meaningful.

« The existence time, describing when an object exists in the real world. For example, a
"landparcel" LP may exist from 1890 to 1980.

The transaction time, giving the time an object is recorded as current in the database. For
example, athough "landparcel” LP started to exist in 1890, it was recorded in the cadastra
database as an entity in 1930.

Objects do not have a truth value, as they are not logical statements. And so, valid time is not a
meaningful aspect of an object.

c. Note also that these three spatiotemporal aspects of an object may be combined freely. For
example, the existence of "landparcel” LP is recorded in time, together with its various positions
(in time).

d. Itisaso meaningful to record the spatial extent of an attribute of an object or relationship (i.e.,
the spatial extent of the association of an attribute value with an object or arelationship).

Attributes such as "soil type" or "erosion” belong to space itself, rather than to specific objects.
We therefore call them spatial properties or spatial attributes. Spatial attributes indirectly become
properties of spatial objects via their position in space, i.e., the spatial objects inherit them from
space. For example, although one application may view the "soil type" of "landparcel" LP as an
atribute of the landparcel, it is clear that: (a) the "soil type" is defined whether or not the
landparcel exists at that position in space, and (b) when the landparcel moves (or changes shape),
the landparcel’s "soil type" will not remain unchanged; rather the "soil type" attribute inherits new
values from the new position. For spatial attributes, we need to describe the minimum unit in space
in which the value of the attribute remains constant. For example, "soil type" changes per region,
while "elevation" changes per point in space.

This paper focuses on the spatial extents of attributes of space and will not consider spatia
extents of other attributes, these appear somewhat artificial. For example, the name of some
specific country may vary over space; in German speaking regions, one name is used, while other
names may be used in English or Portuguese speaking regions. We do not provide patterns for
capturing the variation of such attributes over space. Finaly, the discussion for object attributes
also appliesto relationship attributes.

e. Itismeaningful and of fundamental importance to be able to record when an attribute value is
associated with an object or arelationship. Again, there are two types of time in which we want to
record these properties.

The valid time, showing the time the property (attribute) of the object (or relationship) istruein
time. For example, the "use" of "landparcel” LP from 1890 to 1940 was agricultural.



The transaction time, showing the time the property is part of the current state of the database.
For example, the "use" of LP was recorded as agricultural in 1930 (when the cadastral database
was created).

f. Asbefore, the spatiotemporal aspects may be combined freely. For example, we need to record
the changes of spatia attributes (of objects or of space) over time, such as the way the "soil type"
of an area changed in the last ten years.

g. In the same way as for attributes, it is aso meaningful to record the spatia extent of a
relationship. Certain relationships among objects may only be considered true in certain parts of
space. The spatial extent of a relationship is not necessarily dependent on the spatial extents of the
objects that the relationship is among, or even dependent on the objects having spatial extent. An
example of the latter is a "has" relationship between car models (with no spatial extent) and car
ratings (with no spatial extent). The spatial extent of relationship "has' between object "Model 1"
and object "approved" isthat of the European Union.

We will focus on the relationships that are similar to the spatial attributes discussed in Item d
above. These spatial relationships are determined in terms of the spatial extents of the objects
being related. For example, river R "traverses' landparcel LP is a spatial relationship. The spatial
relationships are subdivided into three subsets: topologica (e.g., "inside," "outside"), directional
(e.g., "North of," "North-East of") and metric (e.g., "5 km away from") relationships. A conceptua
design model should provide built-in support for representing such spatial relationships.

h. Asfor attributes, it is meaningful and important to be able to associate temporal aspects with
relationships. For example, the relationship between "landparcel” LP and its "owner" may have
times associated with it. Again, there are two types of time in which we want to record these
properties.

« Thevalid time, showing the time the relationship is true in the real world. For example, Jim is
the owner of "landparcel" LP since 1900.

The transaction time, showing the time the relationship is part of the current state of the
database. For example, the information that Jim is the owner of "landparcel” LP since 1900, was
recorded in 1940.

I. Again, these spatiotemporal aspects of relationships may be combined freely. Consider the
example of two "neighboring landparcels' in time.

Note that spatial attributes and relationships are determined by the objects’ spatial extents. The
similar temporal (existence time and transaction time) attributes and relationships of objects do not
appear to play a significant role in spatiotemporal applications. Finally, it should be observed that
the spatial extent of an object represents a property of the object, just like an attribute value does,
and thus has avalid time and a transaction time, just like an attribute value does.

4. Modeling Patternsat the Conceptual L evel

This section offers conceptual modeling patterns and corresponding components that address the
requirements from the previous section. In Section 4.1, for each requirement (a to i) described in
Section 3, a corresponding pattern is given, and the ER modeling constructs that make up each
pattern is explained. So, by combining objects (or, entity sets), attributes and relationships (or,
relationship sets) with spatial, temporal, and spatiotemporal extents, spatial, tempora, and
spatiotemporal entity sets, attributes, and relationship sets, respectively?, result. Then, we represent

? For the rest of the paper, for reasons of simplicity and readability, terms "object", "entity set" and "entity" are used
interchangeably.



the component, which can be used at a less detailed level, to capture this pattern. Section 4.2
discusses how to use patterns and components to capture spatiotemporal aspects.

4.1 Spatiotemporal M odeling Patterns and Components

For each discussed pattern, we present the corresponding component. A component that has built-
in support only for a spatial aspect, is termed spatial; if it captures a temporal aspect is called
temporal; and if it captures both, it is spatiotemporal. The lower right corner of the component, in
the circle, indicates the spatia dimension, the upper right the temporal one, and both, the
Spatiotemporal.

a. Spatial Entity Set
Modeling Pattern.

Objects in spatiotemporal applications have positions in space (i.e., spatial objects), and it is
frequently necessary to capture this position in the database. The first step to support this is to
provide means for representing the space in which the objects are embedded. The next isto provide
means for indicating that the objects positions in this space are to be captured. For these purposes,
we use the following special entity and relationship sets.

(i) The specid entity sets SPACE, GEOMETRY, POINT (or "P"), LINE (or "L"), REGION (or
"R"). Entity set GEOMETRY captures the geometrical position of the entity set and can be
POINT, LINE, REGION, or any other geometric type (or geometry). For simplicity we use
only POINT, LINE, REGION, and their combinations. POINT, LINE and REGION may occur
simultaneously and represent then different views of the same entity set.

(if) The special relationship set "is _located at” that associates a spatia entity set with its geometry.
The cardinality of this set is 1:M because a spatia entity may have more than one geometry
when multiple granularities are employed. The relationship set "belongs to" between
GEOMETRY and SPACE with cardinality constraint M:1 is also included.

Figure 2 illustrates the pattern representing objectsin space.

) 1 M M 1
entity set \/ GEOM ETRY SPACE
is located_at belongs_to
POINT LINE REGION

Figure 2: A conceptual modeling pattern representing objects in space.

Component.

The corresponding component is illustrated in Figure 3(a), while 3(b) shows a "landparcel” as
REGION and/or as POINT in space. To capture the spatial aspect of the entity set, a circle with an
"s" is used in the lower right corner; when this becomes specific, like in the case of "landparcel,”
then it shows the real geometry (e.g., "P"' or "R").

entity set (‘\ landparcel GX)‘\
° y

(@) (b)
Figure 3: (a) acomponent showing spatial entity sets, (b) alandparcel as REGION and/or POINT.




b. Temporal Entity Set
Modeling Pattern.

Entity sets can be assigned existence and transaction time. Since the existence time of an entity
captures the time the corresponding real-world object exists in the miniworld, the existence time
must be associated with the "id" of the entity, because the "id" identifies existence. Attributes
connected to each other denote composite attributes (Elmasri and Navathe, 1994). Thus (Figure
4(a)) "id/time™ values consist of pairs of "id" values and "existence time" (or "et") where “existence
time” is a pair of “start” and “end” values. Transaction time captures the time during which the
entity is current in the database. The transaction time of the entity must, as before, be associated
with the "id" of the entity. That is, this case is modeled by using the same pattern as before where
"existence time" is replaced by "transaction time™ (or "tt"). If there is a need to record both the
existence and transaction time for an entity the "id/time" values consist of "existence time",
“transaction time”, and "id" values (Figure 4(b)).

entity set id/itime

entity set

Figure 4(b): a conceptual modeling pattern for capturing objects’ existence and transaction time.

Component.

In the corresponding component, the temporal dimension is captured with an "et”, or "tt" or both in
the upper right corner of the entity set. The corresponding component of Figure 4(b) is illustrated
in Figure 5(a), while 5(b) shows a temporal "landparcel.”

) 0
entity set% landparcel N

@) (b)
Figure5: (a) acomponent showing temporal entity sets, (b) landparcels astemporal entity sets.

c. Spatiotemporal Entity Sets
There are two cases one should distinguish here.

Pattern (i).

Spatial objects with temporal support which refers to their existence and recording (i.e.,
transaction) in time. In this case, "id/time" is connected to the entity set, as previousy. The
detailed ER is depicted in Figure 6.
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1 M
entity set GEOM ETRY SPACE

Gy — i . oo
timefid Cid )
C existence time D 0 0

transaction time
Cstart ) (Cend )

POINT LINE REGION
( start )( end )

Figure 6: A conceptual modeling pattern for capturing spatial objects’ existence and transaction time.

Component (i).
Figure 7(a) gives the corresponding component and Figure 7(b) an example.

entity set I 8 landparcd

Figure 7: (a) acomponent showing entity set with temporal support, (b) spatial lanndparcels and their transaction time.

Pattern (ii).

Spatial objects with temporal support which refers to their position in time. When an object
changes its position over time, it is the geometry that changes rather than the object itself, that is,
the relationship between the object and its geometry. To capture a tempora aspect of the positions
of the objects in an entity set, the entity set itself is not annotated but the relationtionship
"Is_located_at" is annotated. The consequence of this is that existence time is not used to capture
the change since it is not possible to associate existence time with relationship instances.
Therefore, a"valid time" (or "vt"), or "transaction time" (or "tt") or both attributes are connected to
the relationship "is_located_at". The first notation ("valid time") indicates valid-time support: the
objects’ current positions as well as their past and future positions are to be captured. The second
annotation ("transaction time") indicates transaction time support: the current positions as well as
al positions previously recorded as current in the database are to be captured. Figure 8 illustrates
both valid time and transaction for spatial objects.

1

entity set GEOMETRY SPACE
belon S to
ﬂ is_located_at o
transactl ontime
POINT LINE REGION

Figure 8: A conceptual modeling pattern representing objects with temporal support of their position.

Component (ii).

The corresponding component of Figure 8 is illustrated in Figure 9(a), while 9(b) shows a
"waterpipe" and its recording position in time.
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entity set waterpipe

@) (b)

Figure 9: (a) a component showing spatial entity set with temporal support of its position, (b) recording waterpipe's
position in time.

Finally, when the combination of (i) and (ii) exists, it shows spatial objects with temporal support
for their existence and transaction in time as well as tempora support for their positions.

d. Spatial Attribute
Pattern.

Attributes may also have associated locations in space (spatial attributes), which are described as
sets of geometric figures (Section 3.1). In terms of the ER model, a spatia attribute is modeled as
an entity set with a composite attribute "attribute/spatial_unit", consisting of the "attribute value”,
and the "spatial unit" which represents the geometry in which the "attribute value" is constant. So,
the spatial unit can be "POINT" (or "P), "LINE" (or "L") and "REGION" (or "R") geometric type.
The spatia attribute is further connected to SPACE via the relationship set "has spatial_attribute.”
In this way, each part of space is assigned a specific value of the attribute. By connecting a spatial
entity set to GEOMETRY (via the special relationship "is located at,” see previous figures) and
GEOMETRY to SPACE (via "belongs to"), an object inherits spatial attributes. In other words,
gpatia attributes of entities are derived properties from space (indicated as shaded). Figure 10
depicts the modeling pattern.

is_located_at . . .
- - 1 ( attrib value ) C spatial unit )

| M belongs_to has_spatial_attribute

attrib/spatial
GEOM ETRY N~ — 1 SPACE T _“~ spat_attrib < _unit )

Figure 10: A conceptual modeling pattern to represent spatial attributes.

Component.

The corresponding component isillustrated in Figure 11(a), while 11(b) shows that the "soil type"
value of alandparcel is associated with a set of spatial regions.

entity set 4< spat_attribute@ landparcel soil type e
(@

(b)
Figure 11: (a) a component showing a spatial attribute, (b) "soil type" asa spatial attribute.

e. Temporal Attribute
Pattern.

Values of attributes of entities denote facts about the entities and thus have both valid and
transaction time aspects. The captured valid and transaction time of an attribute has to be
associated directly to the attribute value. Thus a temporal attribute is modeled, in terms of the ER
model, as a composite attribute consisting of two components; the attribute capturing the atrribute
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values and the time capturing the needed temporal aspects of that specific attribute value. Figure
12 illustrates the modeling pattern for this purpose.

o start
valid time
entity set —< attribute/time
- - start m
attribute transaction time

Figure 12: A conceptual modeling pattern to represent attributesin time.

Component.

The corresponding component isillustrated in Figure 13(a), while 13(b) shows "color" as temporal
attribute.

entity s (" atite (w% ) waepipe
(@ (b)

Figure 13: (a) a component showing a temporal attribute, (b) "color" as atemporal attribute.

f. Spatiotemporal Attribute
Again, here, likein case (c), two cases should be distinguished.

Pattern (i).

Spatial attributes with temporal support which refers to attributes' valid and transaction periods in
time (i.e, the spatid attribute is treated as a normal attribute in time). The detailed ER is depicted
in Figure 14.

entity set spat_attrib

is_located_at 1

<> belongs_to has_spatial_attribute

| M
GEOM ETRY Wl SPACE 1\/ M spal||al_attr|bute

( attrib_value )} ( aItrib/spatial_unit/time)
( spatial_unit ) C valid time )Cexistencetime)

(start )( end )(start )( end )
Figure 14: A conceptual modeling pattern spatial attributesin time.

Component (i)
Figure 15(a) gives the corresponding component and Figure 15(b) an example.

- -
atity s¢ atity set sal type
¢,
(@ (b)

a

Figure 15: (&) a component showing a spatial attribute with temporal support, (b) "soil type" as a spatial attribute with
temporal support.
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Pattern (ii).

Spatial attributes with temporal support which refers to attributes position valid and transaction
periods in time. In this case, the temporal aspects (valid and transaction time) of spatia attributes
are recorded by placing "valid time" or "transaction time", or both in the relationship
"has_spatial_attribute” (Figure 16).

is locaed & | 1

| M beongs to has_spatid_attribute

GEOM ETRY 1\/M SPACE 1 < = M spatid_attribute

|
C vdid time D C trmsactiontime) Cattrib/spatid_unit )
Camt Yot ) (o ) Cona ) Cavaie ) Copmiaant )

Figure 16: A conceptual modeling pattern representing spatial attributes with valid time support.

Component (ii).

The corresponding component is illustrated in Figure 17(a), while 17(b) shows "soil type" as a
spatiotemporal attribute with valid time support.

el g D O Il G T D)

(@ (b)
Figure 17: (a) a component showing spatial attribute with temporal support for its spatial part, (b) "soil type" as a
spatiotemporal attribute.
Finally, the combination of (i) and (ii) cases captures spatia attributes with temporal support for
the attributes themselves, as well astheir spatial dimension.

Attributes can be associated to entity sets, as well as to relationship sets. Here, we described only
attributes associated to entity sets; the ones connected to relationship sets are modeled in a similar

way.

g. Spatial Relationship Set

Pattern.

Spatial relationships are specia kinds of relationships. In particular, they are associations among
the geometries of the spatial entities which, for reasons of simplicity and ease of understanding, are
described as relationships among the spatial entity sets themselves. Figure 18 shows the way
geometries are related under spatial relationships.
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is_located_at spatia relationship is_located_at

spatial <> GEOMETRY <> GEOM ETRY <> spatial

G’]tity s 1l 1 M M 1 G’]tity set 2

Figure 18: A conceptual modeling pattern to represent spatial relationships.

Component.

Figure 19(a) shows the design pattern of the general case and 19 (b) an example of, the relationship
"traverses' between cities and rivers relating the geometries of entities of these two spatial entity

types.
spatid rdaionship traverses

spatial spetid . .
antity set 1 antity st 2 aty rver

Figure 19: (a) a component showing spatial relationships, (b) "traverses' as a spatial relationship.

h. Temporal Relationship Set

Pattern.

By annotating a relationship with a tempora aspect (valid time, transaction time, or both), we
capture the changes of that temporal aspect for the set’s relationships. Figure 20 depicts a tempora
relationship.

relationship

entity set 1 <_= entity set 2

( vaid time ) ( transactiontime)
G CaD) G ()

Figure 20: A conceptual modeling pattern represent to represent temporal relationships.

Component.
Figure 21 shows the corresponding component and an example.

rdaionship hes_owner
atity st 1 g Z atity s 2 landparcd ‘ ovner

@) (b)

Figure 21: (a) a component showing temporal relationships, (b) "ownership” as atemporal relationship.
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i. Spatiotemporal Relationship set
Pattern.

A spatiotemporal relationship is a spatial relationship with time support. In particular, by
annotating a spatial relationship with a temporal aspect we capture the changes of the spatia
relationship over time. Figure 22 shows the general representation of a spatiotemporal relationship.

spaid relationship

entslitjfls:tl \/ mﬁ?fgz
( vaid time ) C transactiontime)
<start>< end ><start>< end >

Figure 22: A conceptual modeling pattern to represent spatiotemporal relationships.

Component.
Figure 23 depicts changes of the relationship "traverses' between cities and rivers are recorded in

time.
traverses

’
spatid ‘@@ said . % .
artity st 1 &) artity st 2 aty Ve

(@ (b)
Figure 23: (a) a component showing spatiotemporal relationships, (b) "traverses' as a spatiotemporal relationship
(valid time support).
In the next section we discuss how patterns and components can be used by the designer, and how
they operate in atool supporting ER functionality.

4.2 A Library of Modeling Components and Rules of Usage

The main objective behind the approach of recognizing patterns and replacing them by components
isto aid the designer capture the appropriate spatiotemporal information in a detailed diagram, and
help the user understand semantically rich diagrams. The outcome of using components is
diagrams with reduced complexity. Modeling patterns and components can be used in two ways:

« bottom-up: the designer captures all the information of a specific application in a detailed
diagram and then, by marking (i.e., recognizing) the appropriate constructs (i.e., forming a pattern,
as shown in Section 4.1), replaces them by the corresponding component;

top-down: the designer and/or the user adds the spatial, temporal, or spatiotemporal aspectsto a
schema by plugging in the appropriate components.

In order to support patterns and components, an ER design tool should be accompanied by the
library of components. In this way, both the designer and the user can follow the bottom-up or top-
down approach to capturing their application. Each row in Table 2 represents the component and
the number of possible combinations based on the number of symbols each component contains.
For example, for the temporal entity set with "et" and "tt", either one (e.g., "et") or the other (e.g.,
"tt") or both can be present. When both dimensions are present then symbols from both have to
participate in the component. For example, for the spatiotemporal entity set with "et”, "tt", and "'s"
theresult is, either "et" and "s"; "tt" and "s"; or "et", "tt", and "s". The total number of components
is45.
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Component # of combinations Rule of Usage
Spatial
Entity
Set entity set @ 1 Entity set with spatial extent.
Temporal
entity , 3 Entity set for which existence time and
Set ety st transaction time are recorded.

Spatio
Temporal _ eo 3 Entity set, for which existence time

Entity ety st and transaction time are recorded, with

Set e spatial extent

Spatio
Temporal entity set 3 Entity set, with spatial extent for

Entity which valid time and transaction time

Set are recorded.

Spatio-
temporal entity set Entity set, with spatial extent for

Entity 9 which valid time and transaction time

set are recorded. Existence time and
transaction time of the entity set
are also recorded.

wiY —
Attribute 1 Attribute with spatial extent.
Temporal Y
Attribute m 3 Attribute for which valid time and

transaction time are recorded.

Spatio \"2
Temporal 0@ Attribute for which valid time and
Attribute e’ 3 transaction time are recorded. The

attribute has also spatial extent.

Spatio
Temporal m 3 Attribute, with spatial extent for which
Attribute 2 valid time and transaction time are

recorded.

Spatio e . ) . ,
Temporal il Attribute, with spatial extent for which
Attribute Svt fstt 9 valid time and transaction time are

recorded. Valid time and transaction
time of the attribute are also recorded.

Spatial

Relationship
Set 1 Relationship set with spatial extent.
Temporal
Relationship 3 Relationship set for which valid time
Set and transaction time are recorded.

Spatio <

Temporal ‘@@ Relationship set with spatial extent.
Relationship 9 3 Valid time and transaction time of the
Set relationship set are also recorded.

Table 2: A library of spatial, temporal and spatiotemporal components, and the rules of their usage.
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5. Example of Use

In this section we give, an example from areal cadastral system (Cadastral, 1997). First, we model
(Figure 24) the application requirements at the conceptual level by using the proposed spatial,
temporal, and spatiotemporal components and not using them (Figure 25).

"Parts of land (i.e., landparcels) or rivers are typical cadastral units. For each unit
the system keeps track of the time of existence as well as its tinme of recording in
dat abase. Landparcel s can have agricultural use, or be buildings. Buildings have owners,
who may change in time. If a l|landparcel has an agricultural use, then vegetation and
soil type is recorded in the database and in real world respectively, together with
their geonetries in space. For |andparcels, soil type, vegetation, and elevation are
recorded; the first two in terms of regions, while the last one in terms of points.
Landparcel s can be crossed by rivers at different periods in time. Finally, |andparcels

ownerships are recorded in time; for owners, SSN and nanme is known."

owner vegetation e

M
<> solity pe e
ownershl
:

@ landparcel W
use
| M has use
Crosses g

N
‘ agmulturd@ building
@ river
ownershlp
(vegaalon g%) (sontype g%)

Figure 24: A conceptual schema of a cadastral example, by using components.

The representation of Figure 24 is easy for the user to follow, free of details, and less complex,
but it still captures the intended semantics. Also, for the designer, it is easier to capture the
spatiotemporal aspects by plugging in the appropriate component. For example, since elevation is
recorded in points, thereis aspatia attribute with the ("P") indicator in the lower right corner. On
the contrary, Figure 25, which describes al the above information in the detailed ER, is difficult
to follow.
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6. Conclusions and Research Directions

This paper considers the use of modeling patterns (i.e., autonomous, semantically meaningful
conceptual diagrammatic parts) and their corresponding components for conceptual design for
spatiotemporal applications. Based on a well-defined set of spatiotemporal requirements, the paper
offers a set of modeling patterns that appear multiple times in conceptual diagram, capturing the
spatial, temporal, and spatiotemporal aspects relevant to of the particular application. We propose
the replacement of them by corresponding components. The result is more elegant diagrams that
are easy to follow, less complicated, but yet semantically rich. As a prototypical model for this
approach, we use the Entity-Relationship, and the paper includes a library of spatiotemporal
components. An example from area cadastral system shows the benefits of the component-based
approach.

We are currently implementing (Andersen et a., 1998) a design tool that supports the approach,
in which the users can draw diagrams using components, and then, semi-automaticaly, trandate
the component-based diagram into alogical schema.

This research may be extended in several directions. We are considering rules for combining
components at the same level of abstraction: for example, what are the governing rules in
connecting a spatial entity set to a spatiotemporal entity set component? What spatiotemporal
semantics are involved? Furthermore, how can one combine patterns (or components) to produce
complex patterns (or complex components), to further facilitate the design process for complicated
spatiotemporal applications. This also depends on the represented semantics. Finally, another
important issue is how large a complex pattern can be, and how abstract, but still semantically rich,
components should be provided.
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