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ABSTRACT

The application of business rules as a means of ensuring data quality is an accepted
approach in information systems development. Rules, defined by the user, are stored
and manipulated by a repository or data dictionary. The repository stores the system
design, including rules which result from constraints in the user’s environment, and
enforces these rules at runtime. The work presented here represents the application
of this approach to spatial information system design using an integrated spatial
software engineering tool (ISSET) with a repository at its core.
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1.0 INTRODUCTION

The specification of user defined rules, commonly known as ‘business rules’, is part of the database design
process. Most database applications have certain integrity constraints that must hold with respect to the data. The
simplest example of this is specifying that a data item must be of a certain data type. There are more complex
integrity constraints that, for example, govern the relationships between database records. Some constraints can
be specified within the database schema and automatically enforced. Others have to be checked by update
programs or at data entry. These functions are expressed in a constraint language in the application.

The major challenges for data quality management in spatial databases fall into two categories: first, ensuring
positional and attribute error are minimised; and second, ensuring the logical completeness of the data. The issue
of quality is thoroughly covered in (Cockcroft, 1998) thus a full discussion is considered beyond the scope of this
paper. However, it is known that adopting a more rigorous approach to integrity constraint management can
reduce the errors described above.

This paper presents a case study of a pipe network information system developed using ISSET. It illustrates how
user defined spatial rules can be built into a spatial information system and enforced at run time.

In section 2.0 the problem that this research seeks to address is elucidated. In section 3.0, as a background to the
case study, a theoretical foundation of spatial integrity constraints is developed. In section 4.0 the design and
development of the integrated spatial software engineering tool is briefly discussed. In section 5.0 the pipe
network case study is described. This case study is based on a real pipe development project (Frey Water
Engineering, 1996) with technical detail from a number of other sources (Collins, 1997; Inddex, 1998; JJValve,
1998; Ventomat, 1997). In section 6.0 the objectives of the study are re-visited, and the extent to which they are
addressed is assessed.



2.0 PROBLEM DEFINITION

For a review of database integrity and consistency with respect to spatial data the reader is directed to (Cockcroft,
1996a; Cockcroft, 1996b; Cockcroft, 1996¢; Cockeroft, 1997). The research presented here addresses four
specific problems identified in the literature. They are as follows:

e  Database schemas currently used to define spatial databases are deficient in that they do not incorporate
facilities to specify business rules (Egenhofer & Al-Taha, 1992; Kim, Garza & Keskin, 1993)

e  Current Spatial Information Systems/GIS do not provide a means of storing and applying spatial
relationship constraints (Giinther & Lamberts, 1994),

e Current Spatial Information Systems are unsatisfactory because they do not provide the facility to
specify constraints on spatial relationships on the basis of attribute values (Chadwick, 1995),
e There is no means of assessing the integrity of data either in terms of attribute accuracy or spatial
accuracy (Marble, 1990).
It should be noted that one of the major causes of these shortcomings is that most SIS/GIS are not part of an

integrated software environment; that is, they do not have a database management system with centralised
repository or CASE tool front end. From these shortcomings arise a number of objectives for the research these

are as follows

e To address the problem of spatial data consistency by enforcing constraints on data entry,

e To develop a repository as the vehicle for storing and managing business rules in a spatial context and
demonstrate that its deployment results in an improvement in data quality,

e To provide the facility for specifying spatial relationships on the basis of attribute data and enforcing
constraints relating to this attribute data,

e To allow for semantic information to be attached to topological relationships.

3.0 TAXONOMY OF SPATIAL INTEGRITY CONSTRAINTS

For a full discussion of integrity constraints as they relate to spatial data see (Cockcroft, 1997). Figure 1 presents
one view of integrity constraints in traditional DBMS. It shows how they relate to the data model, the data
definition language and the application that uses the database. The constraints applicable at each of these levels
of spatial information systems development are inherent constraints, implicit constraints and explicit constraints

respectively.
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Figure 1 Classes of integrity constraint in terms of where they are applied
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Figure 2 Traditional Integrity Constraints adapted from Date (Date, 1990)
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Figure 3 Spatial Integrity Constraints

Topological integrity constraints

Topology is the mathematical procedure for defining spatial relationships between points lines and polygons.
There has been some theoretical research into the principles of formally defining these relationships (Egenhofer
& Franzosa, 1991). The issue of defining topological integrity constraints in databases according to these
principles has also been investigated (Hadzilacos & Tryfona, 1992),

Semantic integrity constraints

These differ from topological integrity constraints in that they are concerned with the meaning of geographical
features. An often-quoted (and encountered) data quality problem is that of road centrelines not meeting. The
concern is the ropological consistency of the line object road centre line, which has implications for analysis.
This could be addressed regardless of the semantic information that this is a road. Semantic integrity constraints
apply to database states that are valid by virtue of properties of objects that need to be stored.

User defined integrity constraints

These differ from semantic integrity constraints that are more esoteric in nature and not necessarily based on
semantics. User defined integrity constraints allow database consistency to be maintained according to user
defined constraints analogous to business rules in non-spatial DBMS

Examples

1. Static semantic: The height of mountain may not be negative.

2. Static topological: All polygons must close

3. Static user: All streets wider than seven metres must be classified as highways.

4. Transition semantic: The height of a mountain may not decrease.

5. Transition topological: If a new line or lines are added making a new polygon the polygon and line tables

must be updated to reflect this.
6. Transition user: A road of any type may not be extended into body of water of any type



4.0 DESIGN OF REPOSITORY SYSTEM

The repository stores metadata on entities and their relationships. Every entity may have one or more attibutes.
There are rules that apply to attributes and also to relationships. Metadata is also stored about the geometry of
entities and their graphical representation. It is suggested that assigning a graphical representation to an object at
this level also helps to preserve integrity since it is easier for the user to see when they have entered an object
wrongly. Finally, every object belongs to a project which means it is possible to restrict the objects a user is
working on to those in the domain of interest. In terms of metadata relating to format and lineage the name of the
person who entered the data and its origin is also stored, with the name of the coordinate system, coordinate
units, the area units used, bounding coordinates, scale and date input.

The repository is implemented in Borland Delphi and interfaces with MSAccess and Maplnfo. It should be noted
that the repository is independent of the spatial information system software used and could potentially be
coupled with any other SIS software. Thus it will be appreciated that the system developed is designed to
illustrate a principle rather than to solve a particular problem e.g. that of pipe network design.

5.0 PIPE NETWORK CASE STUDY

This section illustrates how the repository system developed addresses the objectives outlined in section 2.0. The
pipe network case study is based on a real water supply development project (Frey Water Engineering, 1996)
with technical detail from a number of other sources (Collins, 1997; Inddex, 1998; IJValve, 1998; Ventomat,
1997). In order to illustrate all the types of rules discussed in section 3.0 that are of relevance to this project,
strict adherence to the network plan described in project (Frey Water Engineering, 1996) has been sacrificed in
places.

Referring to the work of Chadwick (Chadwick, 1995) it is desirable that constraints on spatial relationships based
on attribute data should be defined and applied in a seamless fashion although both spatial and attribute data are
involved. This is not a trivial process since topological relationships depend on spatial coincidence and must
therefore be administered by a system which is spatially capable. Attribute information on the other hand does
not require such processing and is often not stored with topology, it is stored separately and linked to spatial data
through a unique identifier. The process for achieving this is becoming increasingly sophisticated thus whilst the
currency of linkages between spatial and non spatial data was once a key issue in spatial data integrity it is now
less so. In order to illustrate the capabilities of the repository system three sample constraints have been selected:

1. Pipe material must be ductile iron, steel, concrete or cement
2. Butterfly valves can only be connected to water pipes > 14" in diameter
3. Pipes can only be connected to valves, fittings, pumps and reservoirs

The first constraint according to the taxonomy given in section 3.0 is a static semantic constraint, it is also an
implicit rule and is implemented using domains. In the repository system developed here, the user specifies the
domain from which attribute values can come and this is then included in the database schema which is
automatically generated. The second constraint is a spatial constraint based on attribute data it is a semantic rule
according to the taxonomy in section 3.0. If the spatial and attribute data were stored under the same architecture
it would also be of the implicit type because it could be specified in the data definition language (see for example
the spatially extended entity relationship schemas described in (Firns, 1994)). In fact, although the process is
seamless to the user, the topological aspect of this rule is managed in the repository and passed to the SIS, In the
repository the user can specify that certain spatial features

e may not be topologically related or
e may be topologically related according to certain conditions including conditions on attribute data

The third constraint can only be implemented where semantic information is attached to a spatial feature. It is
again a static semantic constraint, but this time it is explicit because it is beyond the scope of the Data Definition
Language (DDL). That is, code would need to be written to enforce this constraint which would take the form of
triggers. In the system developed here it is possible to specify how a spatial object relates to all other spatial
object within the domain of interest this will be illustrated below. In the following section it will be shown how
the repository addresses these particular rules, cach will be taken in turn.



In all cases the user selects the pipe network project at the opening screen as shown in Figure 4.
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Figure 4 Opening screen of repository system
5.1 Pipe material must be ductile iron, steel, concrete or cement
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Figure 5 Repository Main Menu

The user selects define database and code as shown in Figure 5. The database can then be defined using
Enter/Edit metadata as shown in Figure 6. Details of specifying allowed values for an attribute are given in
Figure 7.
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Figure 6 Metadata Entry
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Figure 7 Specification of Domains

The spatial information system is then run and, once the user has entered the object, in this case a pipe, dialog
boxes prompt the user for data entry. If the data entered was not from the range specified in Figure 7, the error
message shown in Figure 8 displays.



Figure 8 Domain error illustrated in pipe network case study

5.2 Butterfly valves can only be connected to water pipes > 14" in diameter

The following screen shots illustrate the process of specifying this constraint. Initially the user selects Enter
Topological Business Rule from the screen illustrated in Figure 5.

The user is then prompted with the screen illustrated in

Figure /0. The relationship between two entities may have one or more conditions attached as shown in Figure 9
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Figure 9 A single relationship between two entities can have many conditions attached to it
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Figure 10 Entering topological constraints based on attribute values



Figure 10 shows the detail of entering a condition on the relationship. The user selects the build expression
button to take them to the condition builder shown in and Figure 11.
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Figure 11 Attribute condition data entry screen

Turning to Figure 12 the user is then prompted to accept the converse rule. If they accept, all its conditions are
also copied across, but they can be edited later.

Conlinn the opposite rulé is alse biue
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Figure 12 The system prompting foracceptane of opposite rule

S

It will be appreciated that there are some topological rules which are true on one side but not necessarily on the
other for example a valve must intersect a pipe, but a pipe does not have to intersect a valve.
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Figure 13 Error message resulting from violation of constraint 2

5.3 Pipes can only be connected to valves, fittings, pumps and reservoirs

In order to specify the third rule outlined in 5.0 the relationship between the pipe and all other objects in the
project would be defined as illustrated in Figure 14. It will be observed that there is an option to override and log
violations of semantic constraints that have a spatial component. In the following section, the reports generated
from such a log are illustrated in section 5.4.

Enter Topological Business Rule

S

Figure 14 Storing information on illegal relationships in the repository



Figure 15 Violation of spatial domain error

5.4 Reporting

A number of reports are produced by the repository, including a report corresponding to the FGDC standards for
quality metadata (FGDC, 1994), and a full report of entities and attributes. IHlustrated here is the Error Log report
described in section 5.3.

Error Log
MAPINFO_ID Rule ObjectName DateAdded Keyvalue MinX Max X MinY Max ¥

124 ButterflyWalve should ButterflyValve 6/20/08 2 186005 -2.7e0056 1.8¢008 -2.7e-008
not intersect Pipe if
Pipe.Diameter>14

125 ButterflyValve should ButterfiyValve 6/20/88 4 -8.6e-005 1.3e005 -8.6e-005 1.3e.005
not inteisect Pipe if
Pipe.Diameter>14

128 A Pipe shouid not Pipe 6/268/08 5 -7.4e-008 -5e-006 <7005 2.4e-005
intersect a
ButterfiyValve if
Pipe.Diameter»14

127 Reservoli should not Reservoir 872008 [&] -8.2e-005  1e-008 -8.4¢-0056  1.8e-006
intersect ButterflyValve

128 Reservoirshould not Reservoir 6/20/08 7 1.2e-005 -3.2e-005 23005 -2e-005

intersect ButterflyVaive

Figure 16 Error log report



7.0 RESULTS

Referring to the objectives outlined in section 2.0, the majority of them have been addressed by building the
system. In order to satisfy the objective of demonstrating that deployment of the repository results in an
improvement in data quality, three approaches are put forward.
[.  Proof of concept; the system demonstrably does not allow incorrect data to be entered, so the data quality
must be improved. In this case all that is needed to prove this is to show the system restricting data entry

2. Where over-rides are allowed a measure of data quality can be obtained by calculating the following
automatically in the repository

Total number of Errors

Total number of Relationships
and

Total number of Attribute Errors

Total number of Attributes

It is desirable to allow a user to override constraints to allow for exceptional cases. By producing a count of
overrides a percentage quality measure can be automatically generated. The production of these figures in
itself is an improvement in quality because many spatial data sets are digitised without recourse to any error
counting system, so the resultant quality is unknown.

3. A case study can be conducted with and without the imposition of constraints and allow a human user can
then be allowed to peruse the resultant map.

This is not illustrated here because it is the most subjective measure, in that it depends on the opinion of a
human expert, and is considered to be of limited value in this context.

8.0 CONCLUSION

This paper has illustrated the use of a repository to enforce integrity constraints in a spatial information system.
These are enforced both on the attribute data and on spatial relationships between entities. The research
presented here addresses a need, identified in the literature, for semantic information to be attached to spatial
relationships, and for a rules system to be put into place based on these semantics.
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