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PREFACE

This Standard was prepared by the Joint Standards Australia/Standards New Zealand Committee
IT-004, Geographical Information.

This Standard is identical with, and has been reproduced from, ISO 19125-2:2004, Geographic
information—Simple feature access, Part 2: SQL option.

The objective of this Standard is to provide an SQL schema that supports storage, retrieval,
query and update of simple geospatial feature collections via the SQL Call Level Interface
(SQL/CLI) (ISO/IEC 9075-3:1999).

This Standard is Part 2 of AS/NZS ISO 19125, Geographic information—Simple feature access,
which is published in parts as follows:

Part 1: Common architecture
Part 2: SQL option (this Standard)

The terms ‘normative’ and ‘informative’ are used to define the application of the annex to
which they apply. A normative annex is an integral part of a standard, whereas an informative
annex is only for information and guidance.

As this Standard is reproduced from an international standard, the following applies:

(a) Its number appears on the cover and title page while the international standard number
appears only on the cover

(b) In the source text ‘this International Standard’ should read ‘this Australia/New Zealand
Standard’.

(c) A full point substitutes for a comma when referring to a decimal marker.

(d) None of the normative references in the source document have been adopted as Australian
or Australian/New Zealand Standards.
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INTRODUCTION

The purpose of this part of ISO 19125 is to define a standard Structured Query Language (SQL) schema that
supports storage, retrieval, query and update of feature collections via the SQL Call-Level Interface (SQL/CLI)
(ISO/IEC 9075-3:2003). A feature has both spatial and non-spatial attributes. Spatial attributes are geometry
valued, and simple features are based on 2D geometry with linear interpolation between vertices. This part of
ISO 19125 is dependent on the common architectural components defined in ISO 19125-1.

Feature collections are stored as tables with geometry valued columns in a SQL-implementation; each feature
is a row in the table. The non-spatial attributes of features are mapped onto columns whose types are drawn
from the set of standard SQL data types. The spatial attributes of features are mapped onto columns whose
SQL data types are based on the underlying concept of additional geometric data types for SQL. A table
whose rows represent these features is referred to as a feature table. Such a table contains one or more
geometry valued columns. Feature-table schemas are described for two SQL-implementations:
implementations based on predefined data types and SQL with Geometry Types.

In an implementation based on predefined data types, a geometry-valued column is implemented as a Foreign
Key reference into a geometry table. A geometry value is stored using one or more rows in the geometry table.
The geometry table may be implemented using either standard SQL numeric types or SQL binary types;
schemas for both are described.

The term SQL with Geometry Types is used to refer to a SQL-implementation that has been extended with a
set of Geometry Types. In this environment, a geometry-valued column is implemented as a column whose
SQL type is drawn from this set of Geometry Types. The mechanism for extending the type system of
an SQL-implementation is through the definition of user defined User Defined Types. Commercial
SQL-implementations with user defined type support have been available since mid-1997.
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AUSTRALIA/NEW ZEALAND STANDARD

Geographic information — Simple feature access —

Part 2:
SQL option

1 Scope

This part of ISO 19125 specifies an SQL schema that supports storage, retrieval, query and update of simple
geospatial feature collections via the SQL Call Level Interface (SQL/CLI) (ISO/IEC 9075-3:2003).

This part of ISO 19125 establishes an architecture for the implementation of feature tables.
This part of ISO 19125 defines terms to use within the architecture.
This part of ISO 19125 defines a simple feature profile of ISO 19107.

This part of ISO 19125 describes a set of SQL Geometry Types together with SQL functions on those types.
The Geometry Types and Functions described in this part of ISO 19125 represent a profile of ISO 13249-3.

This part of ISO 19125 does not attempt to standardize and does not depend upon any part of the mechanism
by which Types are added and maintained in the SQL environment including the following:

a) the syntax and functionality provided for defining types;

b) the syntax and functionality provided for defining SQL functions;

c) the physical storage of type instances in the database;

d) specific terminology used to refer to User Defined Types, for example, UDT.

This part of ISO 19125 does standardize:

— names and geometric definitions of the SQL Types for Geometry;

— names, signatures and geometric definitions of the SQL Functions for Geometry.

This part of ISO 19125 describes a feature access implementation in SQL based on a profile of ISO 19107.
ISO 19107 does not place any requirements on how to define the Geometry Types in the internal schema.
ISO 19107 does not place any requirements on when or how or who defines the Geometry Types. In
particular, a compliant system may be shipped to the database user with the set of Geometry Types and
Functions already built into the SQL-implementation, or with the set of Geometry Types and Functions

supplied to the database user as a dynamically loaded extension to the SQL-implementation or in any other
manner not mentioned in this part of ISO 19125.
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2 Conformance

In order to conform to this part of ISO 19125, an implementation shall satisfy the requirements of one of the
following three conformance classes, as well as the appropriate components of ISO 19125-1:

a) SQL implementation of feature tables based on predefined data types:
1) using numeric SQL types for geometry storage and SQL/CLI access,
2) using binary SQL types for geometry storage and SQL/CLI access;

b) SQL with Geometry Types implementation of feature tables supporting both textual and binary SQL/CLI
access to geometry.

Annex B provides conformance tests for each implementation of this part of ISO 19125.

3 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO/IEC 9075-1:2003, Information technology — Database languages — SQL — Part 1: Framework
(SQL/Framework)

ISO/IEC 9075-2:2003, Information technology — Database languages — SQL — Part 2: Foundation
(SQL/Foundation)

ISO/IEC 9075-3:2003, Information technology — Database languages — SQL — Part 3: Call-Level Interface
(SQL/CLI)

ISO/IEC 9075-4:2003, Information technology — Database languages — SQL — Part 4: Persistent Stored
Modules (SQL/PSM)

ISO/IEC 9075-5:1999, Information technology — Database languages — SQL — Part 5: Host Language
Bindings (SQL/Bindings)

ISO/IEC 13249-3:2003, Information technology — Database languages — SQL multimedia and application
packages — Part 3: Spatial

ISO 19107:2003, Geographic information — Spatial schema
ISO 19109:—1), Geographic information — Rules for application schema
ISO 19119:2004, Geographic information — Services

ISO 19125-1:2004, Geographic information — Simple feature access — Part 1: Common architecture

4 Terms and definitions
For the purposes of this part of ISO 19125, the following terms and definitions apply.
4.1

feature table
table where the columns represent feature attributes, and the rows represent features
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4.2
geographic feature
representation of real world phenomenon associated with a location relative to the Earth

5 Symbols and abbreviated terms

FID Feature ID column in the implementation of feature tables based on predefined data types
GID Geometry ID column in the implementation of feature tables based on predefined data types
MM Multimedia

SQL Structured Query Language

SRID Spatial Reference System Identifier

SRTEXT Spatial Reference System Well Known Text

WKB Well-Known Binary (representation for example, geometry)
WKTR Well-Known Text Representation

2D 2-Dimensional

R 1-Dimensional space

R2 2-Dimensional space

%) empty set

N intersection

) union

— difference

€ is a member of

2 is not a member of

c is a proper subset of

c is a subset of

= if and only if

= implies

v for all

{X]...} set of X such that...

A and

v or

- not

= equal

# not equal

< less than

> greater than
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6 Architecture

6.1 Architecture — SQL implementation of feature tables based on predefined data types

6.1.1 Overview

This part of ISO 19125 defines a schema for the management of feature table, Geometry, and Spatial
Reference System information in an SQL-implementation based on predefined data types. This part
of 1ISO 19125 does not define SQL functions for access, maintenance, or indexing of Geometry in an
SQL-implementation based on predefined data types.

Figure 1 illustrates the schema to support feature tables, Geometry, and Spatial Reference Information in an
SQL-implementation based on predefined data types.

a) The GEOMETRY_COLUMNS table describes the available feature tables and their Geometry properties.

b) The SPATIAL_REF_SYS table describes the coordinate system and transformations for Geometry.

c) The feature table stores a collection of features. A feature table’s columns represent feature attributes,
while rows represent individual features. The Geometry of a feature is one of its feature attributes; while
logically a geometric data type, a Geometry Column is implemented as a foreign key to a geometry table.

d) The geometry table stores geometric objects, and may be implemented using either standard SQL

numeric types

or SQL binary types.

IGeometry Column Information|
(GEOMETRY_COLUMNS)

Spatial Reference Systems
(SPATIAL_REF_SYS)

1

- F_TABLE_CATALOG

- F_TABLE_SCHEMA

L F_TABLE_NAME

L F_GEOMETRY_COLUMN
G_TABLE_CATALOG

G_TABLE_SCHEMA

SRID
AUTH_NAME
AUTH_SRID
SRTEXT

G_TABLE_NAME

STORAGE_TYPE
GEOMETRY_TYPE
COORD_DIMENSION
MAX_PPR

SRID

v

Feature Table

<Attributes>

- <Geometry Column (GID)> ——

<Attributes>

Figure 1 — Schema for feature tables using predefined data types

Geometry Table
(Normalized Schema)

Geometry Table
(Binary Schema)

- GID
ESEQ
ETYPE
SEQ
X1
Y1

X<MAX PP R>
Y<MAX PP R>

or

GID

YMIN

YMAX

XMIN

XMAX
WKB_GEOMETRY

Depending upon the storage type specified by the GEOMETRY_COLUMNS table, a geometric object is
stored either as an array of coordinate values or as a single binary value. In the former case, predefined SQL
numeric types are used for the coordinates and these numeric values are obtained from the geometry table
until the geometric object has been fully reconstructed. In the latter case, the complete geometric object is

obtained in the Well-known Binary Representation as a single value.
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6.1.2 Identification of feature tables and geometry columns

Feature tables and Geometry columns are identified through the GEOMETRY_COLUMNS table. Each
Geometry Column in the database has an entry in the GEOMETRY_COLUMNS table. The data stored for
each geometry column consists of the following:

a) the identity of the feature table of which this Geometry Column is a member;

b) the name of the Geometry Column;

c) the spatial reference system ID (SRID) for the Geometry Column;

d) the type of Geometry for the Geometry column;

e) the coordinate dimension for the Geometry Column;

f)  the identity of the geometry table that stores geometric objects for this Geometry Column;

g) the information necessary to navigate the geometry table in the case of normalized geometry storage.

6.1.3 Identification of Spatial Reference Systems

Every Geometry Column is associated with a Spatial Reference System. The Spatial Reference System
identifies the coordinate system for all geometric objects stored in the column, and gives meaning to the
numeric coordinate values for any geometric object stored in the column. Examples of commonly used Spatial
Reference Systems include “Latitude Longitude” and “UTM Zone 10”.

The SPATIAL_REF_SYS table stores information on each Spatial Reference System in the database. The
columns of this table are the Spatial Reference System Identifier (SRID), the Spatial Reference System
Authority Name (AUTH_NAME), the Authority Specific Spatial Reference System Identifier (AUTH_SRID) and
the Well-known Text description of the Spatial Reference System (SRTEXT). The Spatial Reference System
Identifier (SRID) constitutes a unique integer key for a Spatial Reference System within a database.

Interoperability between clients is achieved via the SRTEXT column which stores the Well-known Text
representation for a Spatial Reference System.

6.1.4 Feature tables

A feature is an abstraction of a real-world object. Feature attributes are columns in a feature table. Features
are rows in a feature table. The Geometry of a feature is one of its feature attributes; while logically a
geometric data type, a geometry column is implemented as a foreign key to a geometry table.

Relationships between features may be defined as foreign key references between feature tables.
6.1.5 Geometry tables

6.1.5.1 Normalized geometry schema

The normalized geometry schema stores the coordinates of geometric objects as predefined SQL numeric
types. One or more coordinates (X and Y ordinate values) will be represented by pairs of numeric types in the
geometry table, as shown in Figure 2. Each geometric object is identified by a key (GID) and consists of one
or more primitive elements ordered by an element sequence (ESEQ). Each primitive element in the geometric
object is distributed over one or more rows in the geometry table, identified by a primitive type (ETYPE), and
ordered by a sequence number (SEQ).
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The rules for geometric object representation in the normalized schema are defined as follows.

a)
b)

c)

d)

e)

g)

h)
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ETYPE designates the Geometry Type.
Geometric objects may have multiple elements. The ESEQ value identifies the individual elements.

An element may be built up from multiple parts (rows). The rows and their proper sequence are identified
by the SEQ value.

Polygons may contain holes, as described in the Geometry object model.

PolygonRings shall close when assembled from an ordered list of parts. The SEQ value designates the
part order.

Coordinate pairs that are not used shall be set to Nil in complete sets (both X and Y). This is the only way
to identify the end of the list of coordinates.

For geometric objects that continue onto an additional row (as defined by a constant element sequence
number or ESEQ), the last Point of one row is equal to the first Point of the next.

There is no limit on the number of elements in the geometric object, or the number of rows in an element.

(0,60) (30,60) (60,60) SEQ1
(40,20) 45,20)
(50,15)
GID 3 GID 4
(0,30) (60,30) (45,5)
ESEQ1 ESEQ 2
/ / SEQ 2
GID 1 GID 2 (40,5) (50,5)
(0,0) (30,0) (60,0)

GID1 | ESEQ ETYPE SEQ X0 | YO [ X1 | Y1 | X2 [Y2 | X3 [Y3 | X4 | Y4
1 1 3 1 0 0 0|30 (30 |30 |30 0 0 0
1 2 3 1 10 | 10 | 10 | 20 | 20 | 20 |20 |10 |10 | 10
2 1 3 1 30 0| 30| 30 | 60 |30 | 60 0 |30 0
2 2 3 1 40 5 )40 | 20 | 45 | 20 | 45 |15 | 50 | 15
2 2 3 1 50 | 15 | 50 5 | 40 § | Nil | Nil | Nil | Nil
3 1 3 1 0] 30 0|60 | 30 | 60 | 30 | 30 0] 30
4 1 3 1 30 | 30 | 30 | 60 [ 60 | 60 |60 |30 |30 | 30

Figure 2 — Example of geometry table for Polygon Geometry using SQL

6.1.5.2 Binary geometry schema

The binary Geometry schema is illustrated in Table 1, uses GID as a key and stores the geometric object
using the Well-known Binary Representation for Geometry (WKBGeometry). The geometry table includes the
minimum bounding rectangle for the geometric object as well as the WKBGeometry for the geometric object.
This permits construction of spatial indexes without accessing the actual geometric object structure, if desired.

Documents

Document Sharing Hub

Full document details: AS NZS ISO 19125.2-2004


http://www.avadocuments.com/doc/as-nzs-iso-19125-2-2004
http://www.avadocuments.com/doc/as-nzs-iso-19125-2-2004

Accessed by MONASH UNIVERSITY LIBRARY on 16 Jun 2015 (Document currency not guaranteed when printed)

Table 1 — Example of geometry table for the above Polygon Geometry using the Well-known Binary

Representation for Geometry

GID XMIN YMIN XMAX YMAX Geometry
1 0 0 30 30 < WKBGeometry >
2 30 0 60 30 < WKBGeometry >
3 0 30 30 60 < WKBGeometry >
4 30 30 60 60 < WKBGeometry >

6.1.6 Use of numeric data types
SQL-implementations usually provide several numeric data types. In this part of ISO 19125, the use of a
numeric data type in examples is not meant to be binding. The data type of any particular column can be

determined, and casting operators between similar data types are available. Any particular implementation
may use alternative data types as long as casting operations shall not lead to difficulties.

6.1.7 Notes on SQL/CLI access to Geometry values stored in binary form
SQL/CLI provides standard mechanisms to bind character, numeric and binary data values.

This subclause describes the process of retrieving geometric object values for the case where the binary
storage alternative is chosen.

The WKB_GEOMETRY column in the geometry table is accessed in SQL/CLI as one of the binary SQL data
types (SQL_BINARY, SQL_VARBINARY, or SQL_LONGVARBINARY).

EXAMPLE The application would use the SQL_C_BINARY value for the fCType parameter of SQLBindCol (or
SQLGetData) in order to describe the application data buffer that shall receive the fetched Geometry data value. Similarly,
a dynamic parameter whose value is a Geometry would be described using the SQL_C_BINARY value for the fCType
parameter of SQLBindParameter.

This allows binary values to be both retrieved from and inserted into the geometry tables.
6.2 Architecture — SQL with Geometry Types implementation of feature tables

6.2.1 Overview

This part of 1ISO 19125 defines a schema for the management of feature table, Geometry, and Spatial
Reference System information in an SQL-implementation with a Geometry Type extension.

Figure 3 illustrates the schema to support feature tables, Geometry, and Spatial Reference Information in an
SQL-implementation with a Geometry Type extension.

a) The GEOMETRY_COLUMNS table describes the available feature tables and their Geometry properties.
b) The SPATIAL_REF_SYS table describes the coordinate system and transformations for Geometry.
c) The feature table stores a collection of features. A feature table’s columns represent feature attributes,

while rows represent individual features. The Geometry of a feature is one of the feature attributes, and is
an SQL Geometry Type.
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(GEOMETRY_COLUMNS)

Geometry Column Information

Spatial Reference Systems
(SPATIAL_REF_SYS)

| F_TABLE_CATALOG
| F_TABLE_SCHEMA

L F_TABLE_NAME

I F_GEOMETRY_COLUMN

SRID
AUTH_NAME
AUTH_SRID
SRTEXT

COORD_DIMENSION
SRID

v

Feature Table

<Attributes>
- <Geometry_Column (GID)>
<Attributes>

Figure 3 — Schema for feature tables using SQL with Geometry Types

6.2.2 Identification of feature tables and geometry columns

Feature tables and Geometry columns are identified through the GEOMETRY_COLUMNS table. Each
Geometry Column in the database has an entry in the GEOMETRY_COLUMNS table. The data stored for
each geometry column consists of the following:

a) the identity of the feature table of which this Geometry Column is a member;
b) the name of the Geometry Column;

c) the spatial reference system ID for the Geometry Column;

d) the coordinate dimension for the Geometry column;

The columns in the GEOMETRY_COLUMNS table for the SQL with Geometry Types environment are a
subset of the columns in the GEOMETRY_COLUMNS table defined for the SQL-implementation based on
predefined data types.

An alternative method for identification of feature tables and Geometry Columns may be available for
SQL-implementations with Geometry Types. In the SQL-implementation with Geometry Types, the Geometry
Column may be represented as a row in the COLUMNS metadata view of the SQL INFORMATION_SCHEMA.
Spatial Reference System Identity and coordinate dimension is, however, not a standard part of the
SQL INFORMATION_SCHEMA. To access this information, the GEOMETRY_COLUMNS table would still
need to be referenced.

6.2.3 Identification of Spatial Reference Systems

Every Geometry Column is associated with a Spatial Reference System. The Spatial Reference System
identifies the coordinate system for all geometric objects stored in the column, and gives meaning to the
numeric coordinate values for any geometric object stored in the column. Examples of commonly used Spatial
Reference Systems include “Latitude Longitude” and “UTM Zone 10”.

The SPATIAL_REF_SYS table stores information on each Spatial Reference System in the database. The
columns of this table are the Spatial Reference System lIdentifier (SRID), the Spatial Reference System
Authority Name (AUTH_NAME), the Authority Specific Spatial Reference System Identifier (AUTH_SRID) and
the Well-known Text description of the Spatial Reference System (SRTEXT). The Spatial Reference System
Identifier (SRID) constitutes a unique integer key for a Spatial Reference System within a database.

Interoperability between clients is achieved via the SRTEXT column which stores the Well-known Text
representation for a Spatial Reference System.
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6.2.4 Feature tables

A feature is an abstraction of a real-world object. Feature attributes are columns in a feature table. Features
are rows in a feature table. The Geometry of a feature is stored in a Geometry Column whose type is drawn
from a set of SQL Geometry Types.

Relationships between features may be defined as foreign key references between feature tables.

6.2.5 Background information on SQL User Defined Types
The term User Defined Type (UDT) refers to a data type that extends the SQL type system.

UDT types can be used to define the column types for tables, this allows values stored in the columns of a
table to be instances of UDT.

SQL functions may be declared to take UDT values as arguments, and return UDT values as results.

An UDT may be defined as a subtype of another UDT, referred to as its supertype. This allows an instance of
the subtype to be stored in any column where an instance of the supertype is expected and allows an instance
of the subtype to be used as an argument or return value in any SQL function that is declared to use the
supertype as an argument or return value.

The above definition of UDT is value based.

SQL implementations that support User Defined Types may also support the concept of References to User
Defined Types instances that are stored as rows in a table whose type corresponds to the type of the User
Defined Type. The terms RowType and Reference to RowType are also used to describe such types.

This specification allows Geometry Types to be implemented as either pure value based Types or as Types
that support persistent References.

The Types for Geometry are defined in black-box terms, i.e. all access to information about a Geometry Type
instance is through SQL functions. No attempt is made to distinguish functions that may access Type instance
attributes (such as the dimension of a geometric object) from functions that may compute values given a Type
instance (such as the centroid of a Polygon). In particular, an implementation of this part of ISO 19125 would
be free to nominate any set of functions as observer methods on attributes of a User Defined Type, as long as
the signatures of the SQL functions described in this part of ISO 19125 are preserved.

6.2.6 SQL Geometry Type hierarchy

The SQL Geometry Types are organized into a type hierarchy shown in Figure 4.
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Figure 4 — SQL Geometry Type hierarchy

The root type, named Geometry, has subtypes for Point, Curve, Surface and GeometryCollection. A
GeometryCollection is a Geometry that is a collection of possibly heterogeneous geometric objects. MultiPoint,
MultiCurve and MultiSurface are specific subtypes of GeometryCollection used to manage homogenous
collections of Points, Curves and Surfaces. The 0 dimensional Geometry Types are Point and MultiPoint.
The one-dimensional Geometry Types are Curve and MultiCurve together with their subclasses. The
two-dimensional Geometry Types are Surface and MultiSurface together with their subclasses.

SQL functions are defined to construct instances of the above Types given Well-known Text or Binary
representations of the types. SQL functions defined on the types implement the methods described in the
Geometry Object Model.

6.2.7 Geometry values and spatial reference systems

In order to model Spatial Reference System information, each geometric object in the SQL with Geometry
Types implementation is associated with a Spatial Reference System. Capturing this association at the level
of the individual geometric object allows literal Geometry values that are not yet part of a column in the
database to be associated with a Spatial Reference System. Examples of such a geometric object, Geometry
values is a geometric object that is used as a parameter to a spatial query or a geometric object that is part of
an insert statement. Capturing this association at the level of the individual geometric object also allows
functions that take two geometric objects to check for compatible Spatial Reference Systems.

A Geometry value is associated with a Spatial Reference System by storing the Spatial Reference System
Identity (SRID) for the Spatial Reference System as a part of the geometric object. Each Spatial Reference
System in the database is identified by a unique value of SRID.

The SRID for a geometric object is assigned to it at construction time. This allows the SQL with Geometry
Types implementation to ensure that

a) the geometric object being inserted into a geometry column matches the Spatial Reference System
declared for the geometry column;

b) queries that spatially join columns from different tables operate on geometry columns with consistent
Spatial Reference Systems.

If either of these conditions is violated, a run-time SQL error is generated. These Spatial Reference System
consistency checks are not possible in implementations based on predefined data types.
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The SRID function, defined on the Geometry Type, returns the integer SRID of a geometric object.

In all operations on the Geometry Type, geometric calculations shall be done in the Spatial Reference System
of the first geometric object. Returned objects shall be in the Spatial Reference System of the first geometric
object unless explicitly stated otherwise.

Before a geometric object can be constructed and inserted into a table, the corresponding row for its SRID
shall exist in the SPATIAL_REF_SYS table, else construction of the geometric object shall fail. When defining
a table, a SQL check constraint can be used to enforce the rule that all geometric objects in a geometry
column have the same SRID as that defined for the column in the GEOMETRY_COLUMNS table. The
following example shows the definition of a table, named Countries, with two columns named Name and
Geometry of type CHARACTER VARYING and POLYGON, respectively.

CREATE TABLE Countries (
Name CHARACTER VARYING (200) NOT NULL PRIMARY KEY,
Geometry Polygon NOT NULL,
CONSTRAINT spatial reference

CHECK (SRID(Geometry) in (SELECT SRID from GEOMETRY_ COLUMNS where F_TABLE CATALOG =
<catalog> and F_TABLE SCHEMA = <schema> and F TABLE NAME = ‘Countries’ and F_GEOMETRY COLUMN =

‘Geometry) )

)

It is expected that most implementations shall use stored procedures similar to those shown below for the
purpose of adding and dropping geometry columns to and from a feature table.

The AddGeometryColumn(FEATURE_TABLE_CATALOG, FEATURE_TABLE_SCHEMA,
FEATURE_TABLE_NAME, GEOMETRY_COLUMN_NAME, SRID) procedure shall

a) ensure that an entry for the SRID exists in the SPATIAL_REF_SYS table;

b) add an entry to the GEOMETRY_COLUMNS table that stores the SRID for the Geometry Column;
c) add the Geometry column to the feature table using a SQL ALTER TABLE statement;

d) add the Spatial Reference Check Constraint to the feature table.

The DropGeometryColumn(FEATURE_TABLE_CATALOG, FEATURE_TABLE_SCHEMA,
FEATURE_TABLE_NAME, GEOMETRY_COLUMN_NAME) stored procedure shall

a) drop the Spatial Reference Check Constraint on the feature table;
b) drop the entry from the GEOMETRY_COLUMNS table;

c) drop the Geometry Column from the feature table.

6.2.8 SQL/CLI access to Geometry values in the SQL with Geometry Type case

Spatial data are accessed using the SQL query language extended with SQL functions on Geometry Types.
The SQL pass-through capabilities of SQL/CLI allow a client to pass these or any extended SQL statements
containing SQL-implementation-specific SQL extensions to a server. (Applications are free to send any SQL
statement to an SQL-implementation, even if the statement is not described within the SQL/CLI conformance
levels.)

Geometry Columns are implemented using the Geometry Types described above.
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GIS applications shall be able to determine the existence of a Geometry Column based on the Geometry Type
or one of its subtypes using one or more of the following SQL/CLI programming techniques.

a) The SQLTypelnfo function can be used to determine both the TYPE_NAME and the underlying
SQL_DATA_TYPE of an SQL Type.

b) The SQLColumns catalog function can be used to determine the TYPE_NAME and the underlying
SQL_DATA_TYPE of a column in a table.

c) The SQLDescribeCol and SQLColAttributes functions can be used to determine a column’s data type and
description.

An SQL/CLI client application uses either one of two SQL functions:

— GeomFromText ([in] String, [in] Integer) : Geometry, or

— GeomFromWKB([in] Binary, [ in] Integer) : Geometry,

or their type-specific versions (for example, PolygonFromText and PolygonFromWKB) to pass geometric
objects into the database from a client application that represents them using either the Well-known Text or
the Wellknown Binary representations.

The input arguments to the above functions are SQL/CLI standard character, binary and integer data types
(SQL_C_CHAR, SQL_C_BINARY, SQL_C_INTEGER) and clients bind to these parameters using standard
SQL/CLI binding methods.

An SQL/CLI client application uses either one of two SQL functions:

— AsText([in]Geometry) : String, or

— AsBinary([in]Geometry) : Binary

to extract geometry values from the database as either Well-known Text or Binary values.

The output arguments to the above functions are SQL/CLI standard character and binary data types

(SQL_C_CHAR, SQL_C_BINARY) and clients bind to these parameters using standard SQL/CLI binding
methods.

7 Clause component specifications
7.1 Components — Implementation of feature tables based on predefined data types

7.1.1 Conventions

Table components are described in the context of a CREATE TABLE statement. Implementations may use base
tables with different names and properties, exposing these components as updateable views, provided that
the base tables defined by the implementation enforce the same constraints.

Table names and column names have been restricted to 18 characters in length to allow for the widest
possible implementation.

7.1.2 Spatial reference system information

71.21 Component overview

The Spatial Reference Systems table, which is named spaTIAL REF svs, stores information on each spatial
reference system used in the database.
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71.2.2 Table constructs

The following cCrREATE TABLE statement creates an appropriately structured spATIAL REF SYs table.

CREATE TABLE SPATIAL REF SYS
(

SRID INTEGER NOT NULL PRIMARY KEY,
AUTH NAME CHARACTER VARYING (256),
AUTH_SRID INTEGER,

SRTEXT CHARACTER VARYING (2048)

)

7.1.2.3 Field description

These fields are described as follows:
a) SRID — an integer value that uniquely identifies each Spatial Reference System within a database;

b) aurs naMeE — the name of the standard or standards body that is being cited for this reference system.
EPSG would be an example of a valid AUTH NAME;

c) autH sriD — the ID of the Spatial Reference System as defined by the Authority cited in AuTH NAME;
d) srTExT — The Well-known Text Representation of the Spatial Reference System.
7.1.2.4 Exceptions, errors and error codes

Error handling shall be accomplished by using the standard SQL status returns.
7.1.3 Geometry columns information

7.1.31 Component overview

The GEOMETRY cOLUMNS table provides information on the feature table, spatial reference, geometry type, and
coordinate dimension for each Geometry column in the database.

7.1.3.2 Table or view constructs

CREATE TABLE GEOMETRY COLUMNS (

F TABLE CATALOG CHARACTER VARYING (256) NOT NULL,
F_TABLE_ SCHEMA CHARACTER VARYING (256) NOT NULL,
F TABLE NAME CHARACTER VARYING (256) NOT NULL,
F GEOMETRY COLUMN CHARACTER VARYING (256) NOT NULL,
G_TABLE CATALOG CHARACTER VARYING (256) NOT NULL,
G TABLE SCHEMA CHARACTER VARYING (256) NOT NULL,
G_TABLE_ NAME CHARACTER VARYING (256) NOT NULL,
STORAGE TYPE INTEGER,

GEOMETRY_TYPE INTEGER,

COORD_DIMENSION INTEGER,

MAX PPR INTEGER,

SRID INTEGER REFERENCES SPATIAL REF SYS,

CONSTRAINT GC PK PRIMARY KEY
(F_TABLE CATALOG, F TABLE SCHEMA, F TABLE NAME, F GEOMETRY COLUMN)
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7.1.3.3 Field description
These fields are described as follows:

a) F _TABLE CATALOG, F _TABLE SCHEMA, F TABLE NAME — the fully qualified name of the feature table
containing the geometry column;

b) F GEOMETRY coLuMN — the name of the column in the feature table that is the Geometry Column. This
column shall contain a foreign key reference into the geometry table for an implementation based on
predefined data types;

C) G TABLE CATALOG, G TABLE SCHEMA, G TABLE NAME — the name of the geometry table and its schema
and catalog. The geometry table implements the geometry column;

d) sTorace TYPE — the type of storage being used for this geometry column:

0 = normalized geometry implementation,
1 = binary geometry implementation (Well-known Binary Representation for Geometry);

e) GEOMETRY TYPE — the type of geometry values stored in this column. The use of a non-leaf Geometry
class name from the Geometry Object Model for a geometry column implies that domain of the column
corresponds to instances of the class and all of its subclasses;

= GEOMETRY1 = POINT
= CURVE

= LINESTRING

= SURFACE

= POLYGON
COLLECTION

= MULTIPOINT

= MULTICURVE

= MULTILINESTRING
0 = MULTISURFACE

1 = MULTIPOLYGON

R = 0o Jdo U W o
I

f) coorD_ DIMENSION — the number of ordinates used in the complex, usually corresponds to the number of
dimensions in the spatial reference system;

g) Max pprR— (This value contains data for the normalized geometry implementation only) Points per row,
the number of Points stored as ordinate columns in the geometry table;

h) srip— the ID of the Spatial Reference System used for the coordinate geometry in this table. It is a
foreign key reference to the spATIAL REF sSYs table.

71.3.4 Exceptions, errors and error codes

Error handling shall be accomplished by using the standard SQL status returns for SQL/CLI.

7.1.4 Feature tables

The columns in a feature table are defined by feature attributes; one or more of the feature attributes will be a
geometric attribute. The basic restriction in this specification for feature tables is that for each geometric
attribute, they include geometry via a FOREIGN KEY to a geometry table. Features may have a feature attribute
that is unique, serving as a PRIMARY KEY for the feature table. Feature-to-feature relations may similarly be
defined as FOREIGN KEY references where appropriate.
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The general format of a feature table shall be as follows:

CREATE TABLE <feature table name> (
<primary key column name> <primary key column type>,
(other attributes for this feature table)
<geometry column name> <geometry column type>,
(other geometry columns for this feature table)
PRIMARY KEY <primary key column name>,
FOREIGN KEY <geometry column name> REFERENCES <geometry table name>,

(other geometry column constraints for this feature table)

The geometric attribute foreign key reference applies only for the case where the geometry table stores
geometry in binary form. In the case where geometry is stored in normalized form, there may be multiple rows
in the geometry table corresponding to a single geometry value. In this case, the geometry attribute reference
may be captured by a check constraint that ensures that the Geometry Column value in the feature table
corresponds to the geometry-ID value for one or more rows in the geometry table.

7.1.5 Geometry tables

71.51 Component overview

Each Geometry table stores geometric objects corresponding to a Geometry column in a feature table.
Geometric objects may be stored as individual ordinate values, using SQL numeric types, or as binary objects,
using the Well-known Binary Representation for Geometry. Table schemas for both implementations are
provided.

7.1.5.2 Geometry stored using SQL numeric types

7.1.5.2.1 Table constructs

The following CREATE TABLE statement creates an appropriately structured table for Geometry stored as
individual ordinate values using SQL numeric types. Implementations shall either use this table format or
provide stored procedures to create, populate and maintain this table.

CREATE TABLE <table name> (

GID NUMERIC NOT NULL,
ESEQ INTEGER NOT NULL,
ETYPE INTEGER NOT NULL,
SEQ INTEGER NOT NULL,
X1 <ordinate type>,
Y1l <ordinate type>,

. <repeated for each ordinate, repeated for each point>

X<MAX PPR> <ordinate type>,
Y<MAX PPR> <ordinate type>,
<attribute> <attribute type>

CONSTRAINT GID PK PRIMARY KEY (GID, ESEQ, SEQ)

)
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7.1.5.2.2 Field descriptions

These field descriptions are follows:

a) GIp — identity of this geometric object;

b) EsEgQ — identifies multiple components within a geometric object;

c) ETYPE — element type of this primitive element for the geometric object. The following values are defined

for ETYPE:

— 1 =Point,

— 2 =LineString,
— 3 =Polygon;

d) seQ — identifies the sequence of rows to define a geometric object;
e) x1 — first ordinate of first Point;

f) Y1 — second ordinate of first Point;

g) ...— (repeated for each ordinate, for this Point);

h) ...— (repeated for each coordinate, for this row);

i) x<Max ppr>— first ordinate of last Point. The maximum number of Points per row ‘MAX PPR' is
consistent with the information in the GEOMETRY coLUMNS table;

i) y<Max_ ppr>— second ordinate of last Point;
k) ...— (repeated for each ordinate, for this last Point);

I) <attribute> — other attributes can be carried in the Geometry table for specific feature schema.

7.1.5.2.3 Exceptions, errors and error codes

Error handling shall use the standard SQL status returns for SQL/CLI.
7.1.5.3 Geometry stored using SQL binary types

7.1.5.3.1 Table constructs

The following cREATE TABLE statement creates an appropriately defined table for Geometry stored using the
Well-known Binary Representation for Geometry. The size of the wks GEOMETRY column is defined by the
implementation. Implementations shall either use this table format or provide stored procedures to create,
populate and maintain this table.

CREATE TABLE <table name> (

GID NUMERIC NOT NULL PRIMARY KEY,

XMIN <ordinate type>,

YMIN <ordinate type>,

XMAX <ordinate type>,

YMAX <ordinate type>,

WKB GEOMETRY BIT VARYING (implementation size limit),
<attribute> <attribute type>

)
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