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Definitions

• Database Schema
– The description of a database.

• Database Instance
– The data in the database.

• Data Item (Schema Construct)
– An element in a schema.

A database consists of two parts: (1) the database schema describes the
structure of the database and (2) the database instance is the actual content of
one particular database.

A database schema is the same irrespective of the contents of the database.
There is only one schema for a database.

A database instance changes depending on the data in the database.  For
example, a database instance changes as new data is added to the database.

In designing a database, the database designer constructs a database schema
by selecting the data items to be stored in the database.

Complex databases can consist of thousands of data items and be accessed by
thousands of users.  To manage this structure database designers divide the
users into user groups and provide each user group with access to their own
part of the database.

The way the database designer choses to organise the data into user groups
and then convert these groups into a database management system is called
the database architecture.

The most common database architecture is the three-level model.
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Overview

• Three-Schema Architecture
– External
– Conceptual

– Internal

• Data Independence
– Physical independence

– Logical independence

The architecture of a database management system refers to the design of the
major components of the system and how they are related to each other.

The commonest database architecture is the three-schema architecture, often
called the ANSI-SPARC model.

The three main components of the three-schema architecture describe three
levels of abstraction within the database system: (1) external, (2)
conceptual and (3) internal.

The purpose of these abstraction levels is to provide data independence.
That is, each level is separated from the level above it and the level below
it.

There are two types of data independence provided by the three-schema
architecture: (1) physical independence and (2) logical independence.
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Three Schema Architecture
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The three levels within the database architecture represent different views of
the data.

The data is not held in three different locations; it is held in only one place,
that is, the database.  The three levels (external, conceptual and internal) are
only descriptions of data.

When a user requests data by writing a database query, they use the
structures contained in their view of the database (their external schema).

The user’s request must be converted from one of the external views to the
conceptual view of the database and then to the internal view of the database.
Therefore, it must be possible to convert between the different levels in the
architecture.

Each level is defined in terms of the level below it.  For example, the
contents of the external level are described using the information contained
in the conceptual schema.

This process of expressing one level in terms of another is called a mapping.
A mapping converts the contents of one level into another, for example, a
mapping between the conceptual level and the external level converts the
contents of the conceptual level into one or more external level views.

When the user requests data from the database using an external schema
description it is mapped to the conceptual schema and then to the internal
schema.
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Purpose

• Separate the user’s application
from the implementation of the
database.
– Example

• In SQL we write a query to retrieve
data from a database.

• A query states the tables which
contain the data.

• A query does not state the names or
locations of the files in which the
tables are stored.
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The main purpose of the three schema architecture is to separate each user’s
view of the database from other users.

Connelly et al give the following reasons why separating the user views is
desirable:

1. Users should be able to view the data in the form that best suits
their needs.  The same information may be viewed in more than
one way.

2. Users are not concerned with how the database has been
physically implemented but instead are interested only in the
content of the database.

3. The physical implementation of the database can be changed by
the database administrator without affecting how the users view
the data.

4. Changing the physical structures used to implement the database
should not affect the logical structures in the database, for
example, the tables or relations.

5. The global view of the database can be changed without affecting
the users.  Hence, new data may be added to the database without
affecting existing users.
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External Schema

• Describes a subset of the data
– Focuses on user groups

– Could be many external schema

• Example
– Payroll managers may see salary and

timesheet data but not job data.

– Project managers may see job  and
timesheet data but not salary data.
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Elmasri et al defines the external schema as “ the part of the database that a
particular user group is interested in” .  The external schema also “ hides the
rest of the database from that user group” .

Connolly et al defines the external schema as “ the user’s view of the
database” .  The external level describes the part of the database that is
relevant to particular groups of users.

In an external view, a user will only see the entities, relationships and
attributes that are of particular interest to them.  For example, they may see
an employee’s address but not an employee’s salary.

External views may represent the same data in different formats.  For
example, in a multi-national company dates may be represented differently
depending on the conventions of the country using the external schemas.

The external schema may also contain data that is calculated from the
database but not actually stored in the database.
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Conceptual Schema

• Describes all the data
– Describes the data

• Not how its stored

• Example
– All the data for a company may

be described in a single entity-
relationships model.
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The conceptual schema is a description of what is in the database.

Elmasri et al defines the conceptual schema as “ the structure of the whole
database for a community of users” .

Connolly et al defines the conceptual schema as “ the community view of the
database” .

The conceptual schema describes the content of the whole database.  Its
purpose is to hide the details of how the database has been implemented in a
particular database management system.

The conceptual schema presents a high level view of the database using
entities, relationships and attributes.  It will also describe the security and
integrity constraints of the whole database.

The external schemas are extracted from the conceptual schema by selecting
which entities will be visible in an external schema.
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Internal Schema

• Physical details of database
– Describes the implementation

• Example
– How the data will be

represented in the computer as a
set of files and indexes.

– Describes the access paths that
must be used to retrieve data.
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The internal schema describes how the database is implemented.

Elmasri et al defines the internal schema as “ describing the physical storage
structure of the database” .

Connolly et al defines the internal schema as “ the physical representation of
the database on the computer” .

The internal schema will describe the set of operating files and index
structures that are used to store the data.

The purpose of the internal schema is to allow the database administrator to
achieve the optimal implementation of the database, for example, the
maximum query performance or the minimum storage space usage.

The internal schema will describe the mapping between database relations
and files, the types of indexes used, the allocation of disc blocks to the
database, the method of record placement for each relation and any data
compression or encryption techniques to be used.

There must be a mapping between the internal schema and the conceptual
schema.  This mapping will describe the relationship between operating
system file structures and the entities and relationships in the conceptual
schema.
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Overview

• Three-Schema Architecture
– External

– Conceptual

– Internal

• Data Independence
– Physical independence
– Logical independence

The architecture of a database management system refers to the design of the
major components of the system and how they are related to each other.

The commonest database architecture is the three-schema architecture, often
called the ANSI-SPARC model.

The three main components of the three-schema architecture describe three
levels of abstraction within the database system: (1) external, (2)
conceptual and (3) internal.

The purpose of these abstraction levels is to provide data independence.
That is, each level is separated from the level above it and the level below
it.

There are two types of data independence provided by the three-schema
architecture: (1) physical independence and (2) logical independence.
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Data Independence

• The three schema architecture provides data
independence.

• Data independence
– Upper levels are unaffected by changes in the lower

levels

• Achieved because
– Only the mappings between levels need to change.

The three level architecture is important because it helps to provide data
independence.

Elmasri et al define data independence as “ the capacity to change the schema
at one level of a database system without having to change the schema at the
next higher level” .

For example, when the internal schema of the database is changed (by adding
a new index, for instance) it is not necessary to change the entity-relationship
description of the conceptual model.

Sometimes it is necessary to change the mapping between the internal
schema and the conceptual schema.  For example, when a file is split in two
and an entity is split between two files.  However, in this example it is not
necessary to change the definition of an entity only the mapping between the
internal level and the conceptual level.

When the internal schema changes it is not necessary to change application
programs that only access the external schemas.

In the Oracle database management system, the SQL query language
provides data independence between the relational schema and the file
structures of the Oracle database.

There are two types of data independence: (1) logical independence and (2)
physical independence.
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Logical Data Independence

• Changes in the conceptual schema do not require changes
to the external schema

• Example
– Adding a new entity should not affect existing external schemas.
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Logical data independence is provided by the mapping between the
conceptual schema and the external schema.

Elmasri et al defines logical data independence as “ the capacity to change the
conceptual schema without having to change the external schema or
application programs” .

Connolly et al defines logical data independence as “ the immunity of the
external schema to changes in the conceptual schema” .

When new data item is added to the conceptual schema it is not necessary to
change the external schema or application programs because the data they
use is unaffected by the new data.

For example, adding a new attribute salary to the entity employee will not
affect existing external schemas.  However, the external schemas will not
know that the salary attribute exists.  If the external schema is to show the
new data, or the application programs are to use the new data, then they must
be changed.

When a data item is deleted from the conceptual schema then the external
schemas and application programs that use the data item must be changed.
This is because the data item is no longer available.
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Physical Data Independence
• Changes to the internal schema do not require changes to

the conceptual schema
– Example

• Adding a new index should not affect the entities and relationships.

• Changes to the internal schema may affect the speed of the
database.
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Physical data independence is provided by the mapping between the internal
schema and the conceptual schema.

Elmasri et al defines physical data independence as “ the capacity to change
the internal schema without having to change the conceptual (or external)
schema” .

Connolly et al defines physical data independence as “ the immunity of the
conceptual schema to changes in the internal schema” .

When the internal schema changes it is not necessary to change the
conceptual schema.  For example, adding a new index should have no effect
on the structure of the entities and relationships in the conceptual schema.

Changing the internal schema will frequently affect the performance of the
database.  For example, removing an index may slow down the speed of
some queries.

If information is actually removed from the internal schema, for example, a
file is deleted, then this will affect the conceptual schema because the data
belonging to an entity will be missing.
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3 Schema Architecture & Oracle

The three schema architecture is a reference architecture.  That is, it is a
guide to how best to structure a large multi-user database.

Although the Oracle Database Management System does not explicitly
implement the three schema architecture, it does have a number of features
that can be used to achieve a similar structre.

Features:

Internal Schema  Tablespaces, indexes and clusters are available to
control and manage the way that data is physically stored on disc.
For example, indexes can be used to improve the performance of
queries without affecting the conceptual schema of the database.
Clusters can be used to store related data close together to
improve performance.  Clusters do not affect the conceptual
schema.

Conceptual Schema   The conceptual schema is the most visible part
of Oracle and consists of sets of tables.

External Schema  The external schema can be created by creating
views of the database and controlling the access and security
permissions of each user.
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Oracle Concepts Manual

Oracle - Conceptual Schema

Tables
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Oracle Concepts Manual

Oracle - External Schema

Views
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Oracle Concepts Manual

Oracle - Internal Schema
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Oracle Concepts Manual

Oracle - Internal Schema


