
39.4 S G M L

Electronic documents (such as invoices and delivery notes) are made up of two
forms of data: data which represents content, and data which describes to
applications how the document is to be presented on such media as the printed
page and the PC screen–structure. In terms of electronic documents, content
normally comprises text and graphics. Structure is represented by a set of
embedded tags that indicate how the content is to be presented. This process
of tagging text with extra structural information is known as marking-up and
the set of tags for doing this a markup language. In the 1960s work began on
developing a generalised markup language for describing the formatting of
electronic documents. This work became established in a standard known as
the standard generalised markup language or SGML.

SGML in fact constitutes a meta-language – a language for defining other
languages. Hence, SGML can be used to define a large set of markup languages.
Tim Berners-Lee used SGML to define a specific language for hypertext docu-
ments known as hypertext markup language (HTML). HTML (Chapter 43) is a
standard for marking-up or tagging documents that can be published on the
Web, and can be made up of text, graphics, images, audio-clips and video-clips.
Documents also include links to other documents either stored on the local
HTML server or on remote HTML servers. HTML documents are also referred to
as ‘pages’.
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Example In a supermarket chain an example of an order would be for a quantity of potatoes
from some agricultural producer. The delivery note would detail the actual number
of sacks of potatoes delivered to the distribution warehouse of the supermarket
chain.
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Example Below we include a very simple document expressed in HTML

<HTML>
<TITLE>Database Systems</TITLE>
<H1>Database Systems</H1>
<H2>Paul Beynon-Davies</H2>
</HTML>

The text between angled brackets constitutes tags. Each piece of text is preceded
by a start-tag and succeeded by an end-tag. A forward slash precedes an end-tag.
The HTML tags indicate the start and end of the document. The tag Title provides a
name for the page. The tags H1 and H2 indicate that a first-level and second-level
heading should be displayed respectively.
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39.5 X M L

One of the main advantages of HTML is its simplicity. This enables it to be
used effectively by a wide user community. However, this simplicity is also
one of its disadvantages. Sophisticated users want to define their own tags,
particularly for functionality involved with the exchange of data. Extensible
markup language or XML (W3C, 2000) was developed by the World-Wide-
Web Consortium in 1998. The key feature of XML is that it is extensible.
This means that new markup tags can be created by users for the exchange
of data.

Like HTML, XML is another restricted descendant of SGML. Whereas HTML
is used to define how the data in a document is to be displayed, XML can be
used to define the structure of a document. XML allows system developers to
define a common format for standard business documents such as invoices and
receipts. Systems can then be developed to enable the transmitting and receiv-
ing of standard electronic documents.

39.5.1 A D V A N T A G E S  O F  X M L

XML is important for the following reasons:

• XML is reasonably simple; the definition of the language comprises fewer
than 50 pages

• XML is not limited to text markup; its extensibility means that it can be
applied to marking-up other complex data such as sound, images and video

• Since XML describes the structure of data, it could potentially be used to
define the schema of diverse databases. Hence, it could become a useful
mechanism for defining the structure of data in heterogeneous database
systems (Chapter 37)

• XML is platform and vendor-independent; this makes it easier to develop
interoperable systems using the standard

• XML encourages reuse; the extensible nature ot XML means that libraries of
definitions can be constructed and reused by other applications

• XML makes data self-describing; this enables more efficient processing of
data by front-end and back-end ICT systems

39.5.2 O V E R V I E W  O F  X M L

An XML consists of a set of elements and attributes.
Elements or tags are the most common form of markup. The first element

in an XML document must be a root element. The document must have
only one root element but this element may contain a number of other
elements.
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An element begins with a start-tag and ends with an end-tag.

Elements can be empty, in which case they can be abbreviated to
<EmptyElement/>.

Elements must be properly nested as subelements within a superior element.

Attributes are name–value pairs that contain descriptive information about
an element. The attribute is placed inside the start-tag for the element and
consists of an attribute name, an equality ‘=’ sign and the value for the
attribute placed within quotes.
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Example Suppose your company is a coffee wholesaler. You might wish to create XML docu-
ments for the exchange of shipping information to your customers. An appropriate
root element might therefore be the tag <PRODUCTDETAILSLIST>.

➠

Example The start-tag in our document for the root element would be <ProductDetailsList>.
The corresponding end-tag would be </ ProductDetailsList>. Note that tags are
case-sensitive in XML. Hence <PRODUCTDETAILSLIST> is a different tag from
<ProductDetailsList>.

➠

Example The following XML element might be used to define a particular coffee product:

<ProductDetails ID=‘1234’>
<ItemName>Kenya Special</ItemName>
<CountryOfOrigin>Kenya Special</CountryOfOrigin>
<WholeSaleCost>20.00</WholeSaleCost>
<Stock>4000</Stock>

</ProductDetails>

Here we have a ProductDetails element with a number of subelements.
Subelements such as ItemName, CountryOf Origin, WholeSaleCost and Stock are
properly nested within ProductDetails.

In traditional database terms this would constitute a record in a products file. This
record is made up of a number of data-items including an identifier for the product,
the name of the item, the country of origin of the product, the cost of the product
and the number of product items in stock.
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Example In our coffee producer example the tag <ProductDetails ID= ‘1234’> contains the
attribute ID and the value ‘1234’.

➠



Within XML the ordering of elements is significant. However, the ordering
of attributes is not significant.

Two other mechanisms are important for an XML document:

• A document type definition (DTD). This defines the valid syntax for an
XML document. It lists the names of all elements, which elements can
appear in combination and what attributes are available for each type of
element

• An extensible style sheet (XSL). A stylesheet is a definition which is used by
a browser for the rendering of a document. An XSL allows the developer to
specify the appropriate rendering for a given XML document

39.6 S P A T I A L  D A T A

A geographical information system (GIS) is a special case of an information
system. It is special in the sense that the key feature which distinguishes a GIS
is its focus on spatial data and the modelling and analysis of such data.
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Example The two orders for the product information below would be regarded as different
elements:

<ProductDetails ID=‘1234’>
<ItemName>Kenya Special</ItemName>
<CountryOfOrigin>Kenya Special</CountryOfOrigin>
<WholeSaleCost>20.00</WholeSaleCost>
<Stock>4000</Stock>

</ProductDetails>

<ProductDetails ID=‘1234’>
<ItemName>Kenya Special</ItemName>
<WholeSaleCost>20.00</WholeSaleCost>
<Stock>4000</Stock>
<CountryOfOrigin>Kenya Special</CountryOfOrigin>

</ProductDetails>

However, we might have represented this information as attributes of the element
Product:

<Product ID=“1234” ItemName=“Kenya Special” CountryOfOrigin=“Kenya” Stock =“400”
WholeSaleCost=“20.00”/>

In this case the following element is regarded as being identical:

<Product ID=“1234” ItemName=“Kenya Special” WholeSaleCost=“20.00” Stock =“400”
CountryOfOrigin=“Kenya”/>

➠



39.7 S P A T I A L  D A T A  A N D  Q U E R I E S

The concept of space might be defined as a set of objects to which may be
attached associated attributes, together with a relation, or relations, defined on
that set. A brief, and incomplete, typology of spatial objects might be:

• Points – objects represented by a single pair of locational coordinates

• Lines – sets of ordered or connected points

• Areas (also called zones or polygons) – collections of line segments that close
to form discrete units

In terms of relations, the most common type of relation stored in a GIS is some
form of metric spatial relation. A classic example of a metric spatial relation is
the Euclidean distance between two points. Another example is the line–area
relation, such as intersects. This might be of relevance to an application
concerned with determining which areas a given rail route carrying hazardous
cargoes should go through.

The ideas of spatial representation and querying spatial data are clearly inter-
related.
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Examples Consider a large supermarket chain. It maintains a decision support system (DSS)
which is used to decide on the siting of new stores. Since the chain opens one new
store every two weeks, this is a significant activity for the company. The DSS has
two component parts: a digitised version of a small-scale map of the British Isles
(spatial data); a database of demographic and customer data (attribute data). The
DSS integrates the attribute data with the spatial data. Planners can then run ‘what-
if?’ analyses against the GIS. A typical what-if? analysis might be: if we site the store
at this point on the map, how many people of these characteristics will be in
commuting distance of the store?

A number of the UK utility companies (gas, electricity, water and telecommunica-
tions) also use GIS. An electricity company, for instance, might use a GIS to store
information about the physical location of its overground cables, power stations
and substations. Associated with this spatial data might be some service history.
Hence the GIS can be used to proactively produce a maintenance schedule for an
electricity grid.

Finally, local government is beginning to exploit GIS technology in areas such as
land registry. Here, the problem is to maintain precise data on which person owns
what parcel of land. Also the system must be able to precisely record the exact
boundaries of land-parcels for activities such as conveyancing.
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Clearly many of these types of query will need to integrate attribute with
spatial information to provide results to the user of the GIS. Hence, a query
such as list me all the landowners whose subsoil has ore will need to connect issues
of landownership to the mineral characteristics of land-parcels.

The queries in the example above are all descriptive GIS queries. These are
all questions of the what? and where? type. There is however another important
type of GIS query – the analytical query. Here the user asks questions such as
why? or what-if? For example, why does this part of the river flood at periodic inter-
vals? These are questions which demand of a GIS the capability for spatial
analysis.

Because of the complexity of the underlying data, standard query languages
such as SQL do not have sufficient functionality to support many GIS opera-
tions. A number of systems have therefore extended the query language to
incorporate spatial operators.

39.8 D A T A B A S E D  G I S

There are two contemporary approaches for implementing GIS in database
technology: hybrid and integrated approaches.

In the hybrid approach, spatial information is stored separately from
attribute information. Usually, digital cartographic data is stored in a set of
direct access operating system files while attribute data is stored in a standard
commercial RDBMS. GIS software manages linkages between the cartographic
files and the DBMS data. The advantage of this approach is that spatial data can
be stored in a form optimised for standard spatial analysis tasks. An example of
this approach is the ARC/INFO system. In this system the spatial model is
implemented in the ARC program and the attribute data model is imple-
mented in INFO – a DBMS. Users of the system can access each component
separately by means of the ARC macrolanguage and INFO commands respec-
tively.

In the integrated approach, both map data and attribute data are stored in a
database running under a DBMS. The GIS software then acts primarily as a
query processor sitting on top of the database. One of the main problems of
this approach is that although spatial data can, for instance, be represented in
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Examples Examples of spatial queries include:

• What do we have at this point in a polygon?

• What do we have in this region?

• What do we have at this vacant place delimited by this polygon?

• What do we have within this distance from this object?

• What is the shortest path between these two points?
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a relational database, the standard relational operations are not highly effective
for spatial analysis tasks. However, a number of advantages arise out of effec-
tive exploitation of standard DBMS functions, such as concurrency control,
data security and data integrity. Some existing commercial RDBMS have begun
to address the issue of handling non-standard data by introducing the idea of
a binary large object or BLOB. BLOBs consist of large-volume data-items
(images, audio, text etc.) that do not fit neatly into the standard RDBMS frame-
work. Usually, BLOBs are stored separately from the conventional database but
can be handled via the standard DBMS functions such as insert, update and
selection. Querying on BLOB data on the basis of content is however usually
not allowed using conventional mechanisms such as SQL.

39.9 O B J E C T - O R I E N T E D  D A T A B A S E S  A N D  G I S

Because of some of the inherent problems in building contemporary integrated
approaches to GIS databases, many people have proposed that an object-
oriented (OO) data model is better suited to the problems of managing spatial
data than classic data models such as the relational data model. This is because
in an OO database, process information can be stored alongside attribute infor-
mation. Potentially, then, spatial processing can be stored alongside spatial
data.

Figure 39.2 represents a simple object model for a GIS application using the
notation discussed in Chapter 17. Here a landParcel class has been declared as
a subclass of the superClass polygon. This means that all the attributes and
methods of the polygon class are inherited by the landParcel class. Hence it
becomes possible to run a query against this database, which causes the land-
parcel to be drawn or the area of the land-parcel to be displayed.
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Figure 39.2 An object model for a simple GIS application.



39.10 D E D U C T I V E  D A T A B A S E S  A N D  G I S

Deductive databases have also been described as having considerable potential
for the future development of GIS. Much of the potential value of deductive
databases to GIS derives from being able to represent spatial and non-spatial
relations explicitly in a database and therefore to facilitate the idea of intelli-
gent processing of GIS information. In this section we briefly illustrate the
application of deductive database concepts to a simple GIS application.

Spatial hierarchies appear frequently in GIS applications. An example of a
spatial hierarchy is the UK administrative subdivisions of provinces, counties,
districts and wards. In terms of the abstraction relations defined in Chapter 17,
such hierarchies may be modelled using the partOf relation and its converse
aggregationOf.

We should note, however, that the partOf and aggregateOf relations as
defined assume a strict spatial hierarchy. In practice, many spatial hierarchies
contain overlapping regions. This means that the partOf and aggregateOf rela-
tions are not directly equivalent to their spatial brethren contains and inside.

39.11 C A S E  S T U D I E S

Leeds city council have introduced a spatial information system to simplify access
to its street services and information. Council applications such as environmental
health and planning are integrated with this system to enable the following:
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Examples Hence we might declare a spatial schema in the following way:

partOf(‘Mid-Glamorgan’,‘Wales’).
partOf(‘Rhondda’,‘Mid-Glamorgan’).
partOf(‘Ystrad’,‘Rhondda’).
ako(‘Wales’,‘Province’).
ako(‘Mid-Glamorgan’,‘County’).
ako(‘Ystrad’,‘District’).

The relation aggregateOf could then be defined in the following way:

aggregateOf(A,B): – partOf(B,A).
aggregateOf(A,B): – partOf(C,A),
aggregateOf(C,B).

This inherently defines the transitive nature of the aggregation relation and can be
implicitly used as a generator for a spatial hierarchy. For instance suppose we asso-
ciate demographic data such as the number of people unemployed at the lowest
level in our hierarchy. Then a simple rule can easily aggregate such statistics
together at any level in the hierarchy.
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• Reporting faulty street lamps

• Requesting land searches

• Searching for council access points

Securicor Cash Services have adopted XML technology to improve integration
between two key information systems – the Contracts and Administration
System and the Operational Management System. Such integration means that
crucial changes from customers can be handled more speedily. The integration
uses Microsoft’s XML-based application integration software BizTalk. This
converts data from an ORACLE database into a form acceptable to a Progress
database.

39.12 S U M M A R Y

• Database systems have achieved a prominent place in the development of informa-
tion systems. Database work is extending ever outwards to attempt to handle more
and more complex application areas

• Semi-structured data lies between the poles of structured and unstructured data. In
structured data, the structure is provided by some schema. Unstructured data lacks
any schema and the structure is not apparent from any repetition of instances of
such data

• Electronic documentation is the most significant example of semi-structured data.
Databases need to adapt to handle semi-structured data through the development
of standards using a formal language known as XML – extensible markup language

• There are two contemporary approaches for implementing GIS in database tech-
nology: hybrid and integrated approaches

• Integrated approaches demand a common representation for spatial and attribute
relations

39.13 A C T I V I T I E S

1. Investigate some of the other common tags used in a HTML document.

2. In some trading relationship known to you, identify some common transactions/
information flows.

3. Suppose we wanted to store data about the location of the Cyfartha Canal on a map
of Mid Glamorgan. How might we do this in a deductive database?

4. Consider in what ways an amalgam of hypermedia, database and GIS technology
is desirable.
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