


36.3 C L I E N T – S E R V E R  A R C H I T E C T U R E

The parts of a conventional ICT or database application are normally distrib-
uted in terms of some form of client–server architecture. Client–server is a soft-
ware architecture in which two processes interact as superior and subordinate.
The client process always initiates requests, and the server process always
responds to requests. Theoretically, client and server can reside on the same
machine. Typically however they run on separate machines linked by some
form of communications network, usually a local area network.

Many different types of server exist, for example:

• Mail servers

• Print servers

• File servers

• Database (SQL) server

Most people tend to equate the term client–server with a network of PCs or
workstations connected by a network to a remote machine running a database
server.

In practice, a client–server database system generally refers to a local area
network of personal computers (PCs). At least one of these PCs is dedicated to
serve the database needs of the others, which act in a client capacity. The data-
base is held on the server. The user interface and application development
tools are held on the client machines.

The server in this configuration is either set up as a file server or SQL server.
In a file server situation, an SQL query expressed by a client will issue a request
to the server for the appropriate files needed by the query. The client will
perform the query and extract the relevant data. In an SQL server situation, the
SQL statement will travel down the communication line from client to server.
The server then executes the query and sends back only the extracted data.
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Example Consider an ICT system for storing research publications in a university:

• One part of the interface will be a data entry form to enter details of a journal
publication

• One of the rules or constraints used to validate data may be that the date entered
for the publication must be less than or equal to today’s date

• A key transaction will be the update function involved in the entry of new publi-
cation data into the system

• Part of the data management layer will have data structures for the storage of
publication data
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Clearly, because of the reduced communication traffic, most DBMS now
offer SQL server facilities.

36.4 D I S T R I B U T I O N  P A T T E R N S

In Figure 36.3 the diagram is divided vertically into client computers and server
computers. Clients request services from server computers. The figure illus-
trates a number of different distribution patterns for ICT systems.

36.4.1 T I M E - S H A R I N G

In the first phase of information technology systems, each of the component
layers of such a system was located on one machine. Large mainframe systems
ran the data management, transaction management, rules management and
much of the interface management functions of an application. Connection to
such systems was via so-called ‘dumb’ terminals. They were referred to as
‘dumb’ because they contained very little inherent functionality and primarily
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enabled operators to control systems via character-based interfaces – interfaces
demanding users to type in commands. Most of the processing on such
systems was conducted in batch mode, i.e. the processing of vast amounts of
transactions in sequence with very little direct user input. Specialist data entry
staff conducted data entry. Retrieval of information was available through
paper reports produced from the system.

36.4.2 F A T  C L I E N T S

Over time, more and more functionality has been placed on the clients.
Technological developments enabled the user interface layer and some of the
rules management layer to be located on so-called ‘intelligent’ terminals. They
were referred to as ‘intelligent’ because they were able to take some of the
processing off the centralised mainframe or minicomputer. This advance
enabled the development of on-line systems. Such systems enabled users in the
workplace to enter data directly into the information system and in certain
respects to query the data in the system. The rise of on-line systems enabled
the development of management information system (MIS) and decision
support system (DSS) applications.

With the rise of personal computers, much more of the functionality of the
information technology system began to be placed on desktop machines. The
sophistication of graphical user interfaces meant that more power needed to be
available on the desktop to run such interfaces effectively. With the rise of soft-
ware for the desktop, slices from the total functionality of an information tech-
nology system could be built using application development tools available for
the desktop.

36.4.3 T H R E E - T I E R

Many current applications run on three-tier client–server architectures. The
first tier runs the user-interface layer, the second tier runs the application logic
and the third tier runs the transacton and data management functions. In a
Web-based approach (Chapter 43) the client will run a browser, and the middle
tier will comprise a Web server that will interact with a database server. Modern
systems may extend this three-tier architecture to an N-tier architecture –
meaning that more than three layers may be involved in the distribution of
processing.

36.4.4 T H I N  C L I E N T S

Some discussion has recently occurred within the computing fraternity over
the way in which Internet technology may cause a profound change from ‘fat’
clients to ‘thin’ clients. The corporate PC is currently a fat client. It requests
information from a server and then processes and presents it at the client end
using software resident on the PC. The network computer or NC is a thin
client. In its extreme form, only a minimum of software (usually a Web
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browser) will be resident on the client. Applications will be resident on and
accessed from the server. This means that each user will have a desktop system
that looks like a PC but which has no secondary storage devices. Consequently,
NCs, or so the argument goes, are likely to be considerably less expensive than
a PC. Also, the network administrator will only need to buy and maintain one
copy of each software application on the server.

36.5 M I D D L E W A R E

Figure 36.4 illustrates the fact that another collection of software will normally
need to exist in a client–server database system. This class of software has come
to be known as middleware. Middleware software provides ‘transparent’ link-
age between client application and server data. It makes server data appear
local to the application on the client. Middleware will use communications
software to exchange messages between client and server.

Middleware may be offered by third-party vendors, be part of some vendor
attempts at standardisation such as ODBC, or be specific to a DBMS vendor
such as ORACLE’s SQL*NET.
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Figure 36.4 Middleware.

Example Application programming interfaces, such as embedded SQL or ODBC (Chapter 25),
are key examples of important middleware products in the database systems area.
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36.6 B U I L D I N G  A  S I M P L E  C L I E N T – S E R V E R  D A T A B A S E  S Y S T E M

Because of the physical separation of client and server, such a system is subject
to a number of constraints arising from the marriage of processing with
communication. In designing an effective client–server database system one
should seek to:

• Offload as much logic, particularly presentation logic, as possible at the
client end. This serves to accelerate feedback to the user and reduce the load
on the server

• Place some business rules enforcement, particularly that involved in type
checking of input, at the client

• Minimise traffic on the communication line by constraining the number
and size of requests from the client

• Implement important business rules on the server, particularly those rele-
vant to the entire business or business area

36.7 C A S E  S T U D Y :  A N  A T M  S Y S T E M

Consider, for example, a simple application that emulates many of the features
of an ATM (automatic telling machine) for a bank.

At the client end we would implement a number of screens with associated
dialogue. This would first check that a number entered by the customer
matched an identifier on record. This would enable the customer to select one
of two options off a menu: retrieve account balance or withdraw funds. If the
customer chose to withdraw funds then the program would check to see if the
amount entered was a valid number.

At the server end we will have implemented tables such as a customer and
account table. We will have also specified rules such as a customer should
not be able to overdraw to a degree greater than his or her overdraft limit.
We would also need to have specified two transactions: one to check an
entered ID against a recorded ID (T1), the other to update the account
balance (T2).

This would mean that the type of messages that would travel between client
and server would be:

• From client: Run transaction T1 to check this ID

• From server: Result of T1 – true or false

• From client: Run transaction T2 to update balance

• From server: Result of T2 – success or error due to constraint
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37.4 F O U N D A T I O N  R U L E

The three types of transparency described above are designed to fulfil the over-
all objective of a distributed database system, which is to look exactly like a
centralised database system to the user (Date, 1987). This is known as the foun-
dation rule for distributed database systems. A number of characteristics of a
distributed database system arise from the need to fulfil these three types of
transparency:

• Local autonomy. The sites in a distributed database system are autonomous
to the maximum extent possible

• No reliance on a central site. No reliance on a central site is a corollary of the
foundation rule. Also, it is desirable because reliance on a central site could
prove a performance bottleneck and the entire system is vulnerable to fail-
ure at the central site

37.5 R E L A T I O N A L  D A T A B A S E  S Y S T E M S  A N D  D I S T R I B U T I O N

In many senses, the push towards distribution in the database arena would not
have been possible if it were not for the rise of the relational database
approach. Relations or tables are particularly easy to fragment and replicate.
The process of fragmenting and replicating relations merely involves using the
operators of the relational algebra or relational calculus.

Vertical fragmentation is performed by projecting out columns from a table
with primary keys. Reconstituting vertical fragments involves performing joins
using the original keys. Horizontal fragmentation is performed by restricts.
Reconstituting horizontal fragments involves performing unions.

In practice, some combination of horizontal and vertical fragmentation will
be performed using the SQL Select command (see Figure 37.4).
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• Location transparency. A manager wishing to find the total number of employ-
ees at the Scottish subsidiary need not be aware that he is querying a remote
database

• Fragmentation transparency. In terms of our human resources example, there is
one logical personnel database but three physical fragments. Therefore, a
manager running a query in London should not need to be aware that to produce
the aggregate salary bill for the company all three sites – London, Cardiff and
Edinburgh – need to be interrogated

• Replication transparency. In our human resources database, information about
the departmental structure of the company is held as a copy at each site. When
periodically this data needs to be updated, the user need not directly know that
three sites are effectively updated



37.6 A D V A N T A G E S  O F  D I S T R I B U T E D  D A T A

Distributed database systems are much more complex than centralised systems
because of the added factor of communication lines. In general terms, central
processor activity is much faster than input/output (I/O) activity and I/O activ-
ity in turn is much faster than communications activity. Managing the traffic
along communication lines effectively is therefore a major objective of the
distributed DBMS.

Because of these added complications, distributing data is not easy. Why
then do organisations consider the construction of distributed database
systems? Some reasons are given below:

• Emulating organisational structure. It may be important to emulate the
geographical distribution of an organisation in terms of its data systems. If
the organisation is national or multi-national, the computing systems will
have to emulate the distribution of departments, subsidiaries etc.

• Greater control. Greater control over data may occur if data is devolved to
the places where it is needed

• Greater reliability. Keeping replicates of data may increase the reliability of
systems. Siting data where it is needed increases a system’s availability

• Better performance. Performance can actually increase if distribution is judi-
ciously applied. If most queries go to a local small database, rather than a
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large central one, then both update and retrieval access are likely to be
improved

• Easier growth. A distributed environment may enhance the organisation’s
ability to expand its data infrastructure

37.7 T Y P E S  O F  D I S T R I B U T E D  D A T A B A S E  S Y S T E M

We shall distinguish between three major types of distributed database system
(Ceri and Peligatti, 1984): :

• A homogeneous distributed database system

• A heterogeneous database system

• A federated (multi-database) database system

37.7.1 H O M O G E N E O U S  S Y S T E M S

A homogeneous distributed database system is one in which data is distributed
across two or more systems, each system running the same DBMS (e.g.
ORACLE). Frequently, this type of distributed database system will be running
on the same types of hardware under the same operating system with the same
DBMS. This is illustrated in Figure 37.5.
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Example • Organisational structure. In our personnel example it may be important to
provide three database systems in each of England, Scotland and Wales because
of the way in which the organisation is structured in terms of these three UK
regions

• Greater control. If we devolve responsibility for Scottish data to Scottish
employees, only these staff in the organisation can be given update access to
operational data

• Greater reliability. In major high street banks, large database systems handling
customer transactions have to run 24 hours a day, seven days a week. In such
situations, the business cannot afford the system to go down. It is therefore
commonplace to effectively run two database systems – one in the foreground
doing the work, the other in the background emulating all the activity. The data
in these systems is therefore effectively replicated

• Better performance. In terms of our personnel example we can ensure fast
retrieval performance to Scottish data if the Scottish database is sited locally

• Easier growth. Databases are likely to grow astronomically in size in the modern
commercial world. Increased storage capacity can be added to the organisation
network to cope with these growing demands

➠



37.7.2 H E T E R O G E N E O U S  S Y S T E M S

A heterogeneous distributed database system is one in which the hardware and
software configuration is diverse. One site might be running ORACLE under
Windows NT, another site Informix under UNIX, and yet another site Ingres
under Windows NT. Currently the major way in which heterogeneity is
achieved is via the concept of a gateway. A gateway is an interface from one
DBMS to another, usually supplied by a specific DBMS vendor.

37.7.3 F E D E R A T E D  S Y S T E M S

The idea of a federated, sometimes referred to as a multi-database, distributed
database system is similar to the political model of a federation. A country such
as Switzerland is made up of a number of autonomous political units.
Occasionally such units will come together to make decisions at the national
level.

A federated database system is made up of a number of relatively indepen-
dent, autonomous databases. Occasionally we may wish to bring some or all of
these separate databases together to give us a more global picture.

Although some aspects of federation are beginning to emerge with the push
towards open systems interconnection and the idea of a standard for remote
database access, multi-database systems are still very much an ideal to which a
number of vendors are working towards. Developments in areas such as XML
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(Chapter 39) may encourage open transmission of data between diverse data-
base systems.

37.8 D I S T R I B U T E D  D B M S

To support the objectives of distributed DBMS as discussed in section 37.3, a
distributed DBMS has to be a much more sophisticated piece of software than
has a centralised DBMS. For instance:

• The system catalog of a distributed database has to be more complex. For
instance, it has to store details about the location of fragments and repli-
cates

• Concurrency problems are multiplied in distributed systems. The problems
of propagating updates to a series of different sites are very involved

• A query optimiser in a true distributed system should be able to utilise infor-
mation about the structure of the network in deciding how best to satisfy a
given query

• To ensure a robust system, the distributed DBMS should not be located
solely at one site. Software as well as data need to be distributed

It is useful to talk of two phases of implementing distributed databases. In
the first phase we distribute queries between sites but update only to a single
site. In the second phase we not only distribute queries, we also distribute
transactions between sites. The latter scenario is clearly the more technically
challenging of the two. Most existing distributed database systems are in phase
1. Very few organisations seem to have solved all of the problems associated
with phase 2 applications (Özsu and Valduriez, 1992).

37.9 D I S T R I B U T E D  D A T A B A S E  D E S I G N

The ability to distribute data and processing among different nodes in a
network is now a commonplace feature of modern DBMS. The design for
distributed database systems is therefore an important aspect of modern phys-
ical database design (Chapter 19).

Distributed database design can be seen as a variant of physical database
design. The first stage in distributed database design is to develop a data model
in the same way as for a centralised system. The requirements of distribution
may then mean that some changes need to be made to the data model. The
second stage is to decide how to fragment and replicate the logical schema. A
data fragment represents a horizontal and/or vertical fragment of tables in the
database. The main aim of distributed database design is to reduce communi-
cations traffic. We wish to locate data close to its point of use. Hence a consid-
eration of the topology of the communications network will influence the
distributed design. This process is illustrated in Figure 37.6.
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37.10 C A S E  S T U D Y :  D I S T R I B U T I N G  T H E  U S C  S C H E M A

To provide an example of distributed database design, suppose the USC
company (Chapter 19) is doing so well that it decides to offer its courses at four
sites within the UK: Cardiff, Edinburgh, London and Belfast. Eventually it aims
to offer its courses in mainland Europe, and perhaps the USA. At each site that
runs its courses, USC intends to locate a database system. Each database system
will form a part of the global USC database.

To help us decide on an appropriate distribution strategy we can use the idea
of volatility as discussed in Chapter 19. We have already determined the
volatility of each table in the USC schema using volume and usage informa-
tion. In general, we would wish to fragment large, volatile tables and replicate
small, non-volatile tables. In the USC case, for instance, we would fragment
students, presentations and attendance, probably on the basis of location. If a
location attribute is not currently part of the schema then this clearly needs to
be added. In other words, Edinburgh would store Scottish student information,
London English student information and so on.

As far as replication is concerned, we would wish to replicate lecturers,
courses and qualifications. Such information is relatively static in the sense
that it will only be changed relatively infrequently. It therefore makes sense to
update each site’s copy of this information on a periodic basis.

37.11 S U M M A R Y

• A distributed database system is a database system in which data is fragmented or
replicated on the various configurations of hardware and software located usually
at different geographical sites within an organisation
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• Distribution is normally discussed solely in terms of the fragmentation and replica-
tion of data. A data fragment constitutes some subset of the original database. A
data replicate constitutes some copy of the whole or part of the original database

• Distribution can also be discussed in terms of distribution of functions or process-
ing

• The overall objective of a distributed database system is to look exactly like a
centralised database system to the user: location, fragmentation and replication
transparency

• Relations or tables are particularly easy to fragment and replicate

• There are three major types of distributed database system: homogeneous distrib-
uted database system, heterogeneous database system and federated (multi-data-
base) database system

• A homogeneous distributed database system is one in which data is distributed
across two or more systems, each system running the same DBMS

• A heterogeneous distributed database system is one in which the hardware and
software configuration is diverse

• A federated database system is made up of a number of relatively independent,
autonomous databases

• A distributed database design will determine any requirements for distributing the
data or processing in the database application

• Some issues arising in DDBMS: the system catalog of a distributed database has to
be more complex; concurrency problems are multiplied in distributed systems; a
query optimiser in a true distributed system should be able to utilise topological
information in deciding how best to satisfy a given query; to ensure a robust system
the distributed DBMS should not be located solely at one site; and software as well
as data need to be distributed

37.12 A C T I V I T I E S

1. Assume that a university runs over a number of campuses, some outside the UK.
Determine a suitable distribution strategy for the academic database discussed in
the Case Study of Chapter 7.

2. XML is being proposed as a vehicle for federated database systems. Investigate.

3. Compile a list of the disadvantages of distributing data.
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At the end of this chapter the reader will be able to:

• Discuss the distinction between conventional computer architectures and parallel

computer architectures

• Describe a number of alternative parallel computer architectures

• Indicate the importance of parallel computers to database systems

➠C H A P T E R

PA R A L L E L  D ATA B A S E S
I am into parallel monogamy.

Seen on a button

L E A R N I N G  O U T C O M E S
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38.1 H I S T O R I C A L  B A C K G R O U N D

A computer can conveniently be considered to be made up of three parts,
excluding any man–machine interfaces such as keyboard, screen, printers etc.
These three parts are the central processor, the main memory and the backing
store. A simple representation of such a system is shown in Figure 38.1.

In the forty or so years since the first commercially produced computers
became available the central processor has increased steadily in performance
and since the development of very-large-scale integration (VLSI) technology it
has also decreased dramatically in both size and cost. The first processors could
obey instructions at the rate of approximately one every millisecond while the
fastest of today’s computers can attain a rate that is a million times greater than
this.

The main memory and backing store have also developed in a dramatic fash-
ion, both in speed and capacity. However, of more importance is the change
in the capability of the processor to address these two levels of memory and the
speed at which it can move data between them.

Early computers addressed words in the main store, and the number of bits
in the address of the instruction generally reflected the maximum number of
words that could be sensibly built or afforded. In the first computer in 1951
there were only 10 address bits, permitting a maximum of 1024 words. The
number of address bits had steadily increased to about 20 by the 1960s as
memory technology advanced. The backing store was addressable as blocks of
either fixed or variable size and the computer obeyed instructions which
permitted these blocks to be transferred between the two levels of the store.
The need for a backing store is self-evident, with the limited size of the main
store, but the major difference, by a factor of 1000, is the access times of the
two levels.

In 1960 the concept of virtual memory was developed in which the main
store and some or all of the backing store were each divided into fixed-sized
blocks called pages. The address length permitted the addressing of at least as
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many locations as were physically available, and pages were automatically
moved on demand between the two levels of the store. Although this devel-
opment greatly simplified the task of the programmer, it did not remove the
long delays that occurred when the data required had to be moved from the
backing store to the main store.

Today, almost all computers use virtual addressing, with the addressing of
bytes rather than words and an address length typically of 64 to 128 bits. As an
address length of 32 bits permits a program to have up to four gigabytes of
addressable data, it might be thought that this would be more than sufficient;
however this is not the case and, as will be discussed later, the development of
multi-computer systems has led to the implementation of 64-bit address
computers.

38.2 T H E  S P E C I A L  P R O B L E M S  O F  C O M M E R C I A L  D A T A  P R O C E S S I N G

Early computers were developed for scientific or engineering applications and
it has been these areas which have driven the demand for ever more powerful
computers. The large disparity between access time to the main store and the
disk backing store has always been a problem and is generally referred to as the
input/output (I/O) bottleneck. While the difference in access times was a diffi-
culty for scientific computation, it was not critical, as there is generally a large
amount of computation performed on the data transferred to the main store
before it has to be replaced by more data from backing store. This is not the
case in commercial data processing where generally the situation is totally
reversed, with relatively little computation performed on data brought from
backing store but with large amounts of data having to be transferred.
Commercial data processing did not, therefore, benefit to anything like the
same extent as scientific computing from the rapid increase in computing
power. In fact, as the decrease in disk access times was only a fraction of the
increase in computing power, the effect of the I/O bottleneck steadily became
more severe.

In an attempt to overcome this difficulty, there has been considerable
research into the development of high-capacity data stores with low access
times to replace the conventional moving head disk. This research resulted in
magnetic bubble memories, charge coupled device memories and head per
track disks. None of these developments proved to be commercially viable as a
replacement to the standard disk and it was finally accepted by the mid-1980s
that special-purpose database computers were not the way forward for data
processing.

38.3 T O D A Y ’ S  C O M P U T E R S

Developments in computing technology have led to high-performance PCs
and workstations with computing power in excess of most of the previous
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generation of mainframes. Even though the I/O gap on these systems is rela-
tively worse than that on the mainframes that they have replaced, the enor-
mous improvement in the price/performance ratio means that these systems
have been widely used for database applications and have resulted in a large
increase in the use of database software by individuals and small-to-medium
organisations. They are not, however, capable of supporting the number of
users or the massive amounts of data that large organisations require, and until
recently such organisations have been restricted to using larger and larger
mainframes.

In the mid-1980s relational database systems were just beginning to appear
in the data processing marketplace; today they dominate. The CPU and I/O
demands of relational database management systems serving large numbers of
simultaneous users or searching terabyte databases have made it difficult, if not
impossible, for the manufacturers of conventional mainframes to produce
systems capable of satisfying the needs of these users.

Relational databases are ideally suited to client–server configurations
(DeWitt and Grey, 1992). A typical computer configuration could consist of
PCs or small workstations as clients communicating via a high bandwidth local
area network to a server system which supports the database. While this
approach overcomes the computational requirements, it does nothing to solve
the I/O bottleneck, which is still present in the server.

38.4 M U L T I - P R O C E S S O R  S Y S T E M S  ( P A R A L L E L  C O M P U T I N G )

The technology which has resulted in the widespread availability of PCs and
workstations has also made it economically sensible to build parallel comput-
ers of the type classified as multiple instruction multiple data, or MIMD,
systems. Two types of MIMD systems can be identified: tightly coupled and
loosely coupled. These are illustrated in Figure 38.2.

Tightly coupled systems are also called shared memory systems and, more
recently, symmetric multi-processors (SMP). In these systems each processor
has to be capable of addressing the whole of the shared memory, the maxi-
mum size of which is therefore limited by the number of address bits in the
CPU. As CPUs typically have 64 address bits this limitation has not, until
recently, inhibited the design and production of shared memory systems.

Loosely coupled systems are arrays of nodes where each node is a computer
capable of running a program to process the data from its own store. The array
also possesses an interconnect network which permits the sending or receiving
of data to or from other nodes in the array.

In both configurations there are a large number of I/O channels connected
to the shared memory or the distributed memories, each channel capable of
supporting several small computer system interface (SCSI) disks. It is this aspect
of the design that provides the potential to overcome the bottleneck.

Parallel computers provide a path to the required levels of performance for
commercial applications, and an important reason for this is the widespread

P A R A L L E L  D A T A B A S E S 501



adoption of relational databases. As stated by DeWitt and Grey (1992), rela-
tional queries are ideally suited to parallel execution, as they consist of uniform
operations applied to uniform streams of data. Each operator produces a new
relation, so the operators can be composed into highly parallel data flow
graphs. By streaming the output of one operator into the input of another
operator, the two operators can work in series, giving pipeline parallelism. By
partitioning the input data among multiple processors and memories, an oper-
ator can often split into many independent operators, each working on part of
the data. This partitioned data and execution give partitioned parallelism
(Figure 38.3).

Experience over the past few years strongly suggests that parallel computing
is the only way forward for relational databases serving large numbers of simul-
taneous users and/or searching terabyte databases.

If the multiple disks are to remove the I/O bottleneck, then the data will
have to be partitioned across the disks to permit the concurrent transfer of
multiple data streams to the multiple processors and thus permit parallel
computing. Four data partitioning schemes have been identified by Ferguson
(1993), as shown in Figures 38.4 and 38.5. The first, schema partitioning,
makes a simple division of data. In Figure 38.4, the schema approach shows
four typical areas: Employees, Departments, Customers and Products. Another
simple approach is to implement tuples along the fragments in a round-robin
fashion (Figure 38.4). This is the partitioned version of the classic entry
sequence file. Round-robin partitioning is excellent if all the partitions want
to access the relation by sequentially scanning all of it on each query. The
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problem with round-robin partitioning is that applications frequently want to
associatively access tuples, meaning that the application wants to find all the
tuples having a particular attribute value.
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Figure 38.3 Pipeline and partitioned parallelism.

Figure 38.4 Schema and round-robin partitioning.
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The remaining two approaches in Figure 38.5 are the ones most frequently
used in modern systems. Hash partitioning is ideally suited for applications
that want only sequential and associative access to data. Tuples are placed by
applying a hashing function to an attribute in each tuple. The function speci-
fies the placement of the tuple on a particular disk. Associative access to the
tuples with the specific attribute values can be directed to a single disk, avoid-
ing the overhead of starting queries on multiple disks. The final method, range
partitioning, clusters tuples with similar attributes together in the same parti-
tion. It is suitable for sequential and associative access and also for clustering
data. Range partitioning can be based on lexicographic order, but any other
clustering algorithm is possible. The problem with range partitioning is that it
risks data skew, where the data is placed in one partition, and execution skew,
where all the execution occurs in one partition. Hashing and round-robin are
less susceptible to these skew problems. Range partitioning can minimise skew
by using non-uniformly partitioning criteria.

38.5 S Y M M E T R I C  M U L T I - P R O C E S S O R S  ( S M P )

These have many processors attached to a shared memory which is in turn
attached via multiple channels to a large number of disks (Figure 38.6). As in
any multi-processor system, the computing power can be increased by the addi-
tion of more processors. In an SMP this increases the load on the interconnec-
tion bus to the shared memory, and the capacity of this bus is the limitation on
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Figure 38.5 Hash and range partitioning.
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the maximum number of processors in the system. By putting large cache
memories between each processor and the interconnect bus, the number of
accesses to main memory can be significantly reduced and it is this reduction
which has made larger SMP systems viable.

Shared memory is a considerable advantage from a programming point of
view and, provided that the application is not one which results in low hit
rates in the cache memories, SMP systems can be very effective. The most suit-
able applications are generally accepted to be:

• Parallel transactions where many SQL queries are each running on different
processors at the same time

• Departmentalised, easily partitioned applications that access by key

• Random access applications that have minimal contention for the same
blocks

• Applications that update disjoint data or update the same data at different
times

Applications for which they are not particularly suited are:

• High-volume update from different instances affecting the same blocks

• Ad-hoc or decision support applications requiring full table scans

They are considered to work best for on-line transaction processing workloads,
although some of the most recent SMP systems have very large capacities and
considerable power and claim to be appropriate platforms for both data ware-
housing (Chapter 40) and data mining (Chapter 42).

The present and anticipated bandwidth of the CPU/memory connect bus
will permit SMP architectures to scale to larger numbers of CPUs. The I/O
bottleneck has been more or less completely removed by the use of many high
bandwith channels to hundreds of disks.
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Figure 38.6 Shared memory system.



38.6 S H A R E D  N O T H I N G  S Y S T E M S

The most widely used version of this type of system has been produced by
Teradata since 1978, based on commodity microprocessors, disks and memo-
ries, Teradata systems act as SQL servers to client programs operating on
conventional computers. Teradata systems may have over 1,000 processors and
many thousands of disks. Many systems have been installed with over 100
processors and hundreds of disks. These systems demonstrate near linear
speed-up and scale-up on relational queries. They far exceed the speed of tradi-
tional mainframes in their ability to process terabyte databases.

The advantage of the shared nothing architecture is that there is no
contention for resources and no interference. This leads to highly linear scale-
up to hundreds of processors. Larger tasks can be tackled by a divide and
conquer approach. There is little traffic through the interconnect and the
design is a perfect match for relational operators. Every operator results in
another table and several operators in one query can be done in parallel. The
shared nothing architecture is well suited to parallel query.
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Example Figure 38.7 illustrates the design of the NCP 3600 Teradata database management
system. In this system, SQL messages from the clients are connected via applica-
tions processors to the Y-net which is a dual redundant tree-shaped interconnec-
tion. The processors below the Y-net can be either Intel 486 or Intel 586 models.

➠

Figure 38.7 Teradata DBMS.



The principal feature of the Teradata system is the full exploitation of shared
nothing architecture by the DBMS optimiser. There are three levels of paral-
lelism in the Teradata DBMS:

• Multi-statement request executed in parallel

• Multiple steps within each SQL statement executed in parallel

• Parallel processing within each step of an SQL statement

The system also ensures automatic even distribution of rows across all disks,
with the following benefits:

• Part of a table on each disk

• Each part can be worked on in parallel

• No reorganisation and high availability, which is critical to managing large
data volumes

This organisation ensures efficient use of the hardware as each processor joins,
sorts, scans projects, updates, deletes, inserts etc. at the same time as all the
other processors.

Shared nothing architectures are most suitable for the following:

• Parallel queries – complex SQL queries are broken up into smaller steps and
each run on different processors in parallel

• Information warehouse applications scan millions or billions of detailed
data rows

• Ad-hoc GUI generated SQL and DSS applications

• Complex analytical queries and applications that are time-series oriented

• High-volume set level updates across whole tables

• Applications with very large data volumes

• Applications that require linear scalability and speed-up as the database
grows

38.7 I N T E R C O N N E C T E D  A R R A Y S

In the development of parallel computers for scientific applications there has
been a concentration on interconnected arrays of microcomputers with this
array connected via a large number of channels to SCSI disks. Some of these
systems have been applied to commercial data processing including the Meiko
Computing surface.

This system can have a large number of nodes. In the first version, each node
was a T800 transputer with four megabytes of memory. Each node is connected
to the four adjacent (north, south, east and west) nodes in the array. When
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data needs to be transferred, this is done by means of messages which go
between the two nodes concerned via the shortest route through the network.
The process of receiving and passing on a message at any intermediate node
does not affect the computational activity of that node, as the message-passing
is performed by the message-passing hardware associated with that node. This
system has been used for several database applications with a high level of
success. In a more recent version, the transputers have been replaced by Sun
processors with 64 megabytes of memory.

38.8 G L O B A L L Y  D I S T R I B U T E D  S H A R E D  V I R T U A L  M E M O R Y

A variation of the array of computers approach with message-passing is an
array of computers with data movement between nodes achieved by a varia-
tion of demand paging. The whole system has a single virtual address space
and, when an address is requested by a processor, it first checks to see whether
it is currently resident in a page of its own memory. If the addresss is not in its
own memory then it is sent to the other nodes in turn, and when the location
of the address is found the page containing it is transferred to the node which
generated the request. Obviously, the success of such a design is determined by
the frequency with which the address requests result in page movements from
the remote nodes. Too many of these page movements is the equivalent of
‘page thrashing’ in a conventional computer, caused when the fast memory is
too small to hold the current working set. The effect is also the same; the
system spends most of its time waiting for pages to be moved and does very
little effective computation.

The principle of locality which made conventional virtual memory systems
efficient also applies in this case and the pages of data migrate to the store of
the node using them. The traffic on the interconnect highway is low and these
systems have linear scale-up comparable with that of other shared nothing
architectures.

The KSR system was highly successful in a range of commercial data process-
ing activities. A specific advance was the development of a technique of query
decomposition to be used with ORACLE to speed up the processing of complex
queries to large databases.
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Example Two systems using this approach have been produced commercially. The KSR1
made by Kendal Square Research of Boston was designed to have up to 1024 nodes,
although the biggest system ever produced only had 256. As each node has 32
megabytes of memory, the total real store of the system was 8 gigabytes. The system
therefore needs more than 32 address bits and the early versions used 48 bits of the
ultimate maximum of 64. A more recent system has been produced by Convex. This
uses Hewlett Packard PA RISC chips, which have a 64-bit address, as the nodes.

➠



The query decomposer works in conjunction with the underlying ORACLE
RDBMS to greatly speed the execution of decision support queries. Such queries
are often expensive to execute, requiring minutes or even hours of processing
time to sweep through relatively large portions of the database. The query
decomposer leverages the parallelism of the KSR1 computer to reduce query
execution time to seconds.

In order to maximise parallel reads from disk for decision support queries,
all large database tables are partitioned physically over multiple disks by the
database administrator, using ORACLE DDL commands. There may be tens or
even hundreds of partitions for a given table, which can be populated
randomly or via a hash function that scatters tuples into small clusters. These
partitioning techniques were originally developed to spread out on-line trans-
action processing (OLTP) ‘hotspots’, or frequently accessed portions of tables,
but they are well suited to supporting the query decomposer.

When an application tool or user first submits a query to ORACLE, it is inter-
cepted by the query decomposer at a common processing point, as shown in
Figure 38.8. Queries that will not benefit from decomposition are simply
passed through to ORACLE unchanged; those that will are transformed. Based
primarily on the data access strategy selected by the ORACLE query optimiser,
the query decomposer generates a number of subqueries to match the under-
lying physical data partitions of one of the partioned tables, called the ‘driving’
table. Decisions made automatically include the number of subqueries, the
choice of the driving table, the minor query transformations to handle aggre-
gate functions and the method of combining query results. Each subquery
looks very much like the original query, with minor transformations that
include an additional condition to restrict it to just one partition.
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Figure 38.8 Query decomposition.



The subqueries are submitted in parallel to ORACLE over multiple, coordi-
nated connections established by the query decomposer so that they see a
consistent view of the database. Each subquery is executed either by a dedicated
or shared server process. All of the subqueries are executed in parallel, each
accessing its own part of the driving table, and doing further joins as required.
Since partitions are approximately equal in size, initial partition scans are unaf-
fected by data skew. Common lookup tables and index pages are only brought
in once from disk, and are shared among subsequent subqueries when needed.

Subquery results are combined inside the query decomposer, and returned
to the application, tool or user which submitted the original query. If the orig-
inal query called for grouped or sorted data, so will the subqueries, and the
query decomposer will correctly combine their results. This effectively gives
the user a parallel sorting capability for decision support queries. Aggregate
functions such as maximum, count and average are also correctly computed
when subquery results are combined.

From the viewpoint of an application developer or end-user, the query
decomposition process is transparent, other than the substantial speed-up in
performance. The query decomposer is applied automatically to appropriate
queries (although it can be turned off if desired). Queries do not need to be
modified, and existing ORACLE applications do not need to be rewritten to use
this powerful facility.

38.9 S U M M A R Y

• Conventionally a computer can be said to be made up of three parts: CPU, memory
and backing store. Improvements in the performance of each of these elements
have increased computational power and storage capacity

• Business computing, as compared to scientific computing, is more subject to the I/O
bottleneck. This is particularly critical in the area of querying and maintaining
terabyte databases. Parallel computing is one way of addressing this bottleneck

• PC technology makes it possible to build reasonably priced parallel machines of the
multiple instruction multiple data (MIMD) type. Tightly-coupled, shared memory or
symmetric multi-processing (SMP) machines are the most commonplace. Here, a
number of separate processors share a memory (normally 2–30 CPUs)

• Relational queries are ideally suited to parallel execution

• To facilitate parallel processing, data must be partitioned across disks. Four main
techniques exist: schema, round-robin, hash and range partitioning

• Shared memory systems tend to suit applications in which large-volume, concen-
trated querying is occurring. They tend not to be effective for mass, concentrated
update from multiple users

• Closely-coupled or shared nothing systems (sometimes referred to as massively
parallel processors or MPP) are less commonplace. Here, each processor has its
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own memory. Processors communicate via message-passing. These systems are
particularly good at handling mass update and mass querying of data, as in data
warehousing applications running against terabyte databases

• Most current, large-scale DBMS have versions for SMP architectures; some have
been adapted to MPP. Query decomposition becomes an issue. A number of DBMS
will run against shared nothing machines in the background

• Many DBMS are looking to parallel processing to support large multi-media servers
for the WWW

38.10 A C T I V I T I E S

1. In terms of a DBMS known to you, determine which approach to parallelism is
taken, if any.

2. Determine the types of commercial database activities most suitable for parallel
execution.
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At the end of this chapter the reader will be able to:

• Define what is meant by complex data

• Describe the concept of semi-structured data and the significance of XML

• Describe the concept of spatial data and the importance of database systems to GIS

➠C H A P T E R

C O M P L E X  D ATA
It is a very sad thing that nowadays there is so little useless information.

Oscar Wilde (1854–1900)

L E A R N I N G  O U T C O M E S
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39.1 I N T R O D U C T I O N

In previous chapters we have discussed how modern database systems have
been extremely effective at providing efficient solutions for handling standard
commercial data. By standard commercial data we mean data subject to a
limited range of data types such as integer, character etc. Such data is said to
be structured in the sense that a defined format embedded in the data type can
be assigned to data-items and data-elements. However, as the realms of infor-
mation systems impinge on more and more areas of human activity, so the
idea of applying database technology to the problems of handling more
complex data has become significant. Such complex data types include:

• Images – graphics and photographic images

• Audio – various forms of sound data

• Video – various forms of moving image

Information systems are now also required to handle complex data structures
as well as complex data-items or elements. In this chapter we consider two
examples of such complex data structures: spatial data and semi-structured
data.

Organisations want to be able to define the structure of documentation that
they use for communication. A document such as an invoice or a contract is a
complex data structure in that it may be made up of text, numeric data and
images. Also different organisations may use different formats for such docu-
ments.

The most significant challenge for business has been to define standards for
the storage and transmission of electronic documentation such as invoices.
Hence databases need to adapt to handle this semi-structured data. There is
pressure on organisations in the same industrial sector to develop standards for
such documentation. These standards are being specified using a formal
language known as XML – extensible markup language.

A type of information system known as geographical information systems
(GIS) is now a significant part of the infrastructure of many public-sector and
private-sector organisations. GIS need to store and manipulate spatial data, and
databases have been used as significant technologies in this respect.

39.2 S E M I - S T R U C T U R E D  D A T A

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. Semi-structured data also lacks a schema
but structure is apparent from the way in which data is presented. Hence, the
meaning of any data in a set of such data is determined by its position.

Semi-structured data is important because of the following reasons:
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• Web sources tend to be composed of semi-structured data

• On many occasions it may be appropriate to treat such sources as databases

• Much documentation is semi-structured

39.3 E L E C T R O N I C  D O C U M E N T A T I O N

In any regular trading relationship, four main packages of information flow
between buyer and seller (Figure 39.1):

• The buyer sends an order to the seller

• The seller sends the goods and a delivery note at some later time to the
buyer

• The seller follows up the delivery note with an invoice which is sent to the
buyer

• The buyer makes payment against the invoice to the seller and sends a
payment advice to the seller

Order, delivery note, invoice, payment and payment advice are all transactions
flowing between buyer and seller. Traditionally, such transactions would be
structured as paper documents that would be sent between companies. In more
recent years, such transactions are likely to be electronic, involving data flow
between companies.
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Figure 39.1 Major transactions between buyer and seller.



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.

➠

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.

➠

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.

518 D A T A B A S E  S Y S T E M S

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?

➠



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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