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What is a Database?

A database is a structured collection of long-lived and related data which
represents a body of information

These may be held in paper, on a set of punched cards for instance, but are
usually held by computers

The structure helps in the task of locating information for retrieval and for
change

Most databases held on a computer are managed by a Database Management
System (DBMS)
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What is a Database Management System?

A DBMS is a complex program which manages databases arising from
different applications

It does this by reducing all data to a common structure
— For instance tables

There are two broad classes of DBMS
— Personal DBMS - used on PCs/Macs - single user/ few users -
moderate data capacity
» Examples — Ms Access, IBM Cloudscape, etc.

— Enterprise DBMS - require powerful hardware - many users -
distributed - massive data capacity
« Examples — MS SQL Server, IBM DB2, Oracle, MySQL, Postgres
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What does a DBMS Provide?
The ability to describe data from a range of different applications
A range of relatively simple ways of accessing the data
Efficient access to large amounts of data
Maintenance of the integrity (i.e. correctness) of the data

Reliable data storage - i.e. the data will be preserved even after the
system crashes

Security against data misuse
Concurrent access by multiple users without conflict

Distribution of data and/or users across a network of computers
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Why Do We Need Database Systems?
All data processing needs could be met by programming.

For instance, the following is the structure of a typical DP task:
1. Define and possibly modify the structure of the data.
2. Enter, modify and remove data.
3. Retrieve the data in various ways.

Consider the data contained in a set of student records.

1. We define the structure, e.g. each student has a matriculation number and
some exam results.

Later we add some new exams.
2. Putin aset of students, change any errors, delete drop-outs.
3. Retrieve: the data for student X
those with < 30% overall
those with > 70% overall, etc
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The Traditional Approach

Write programs for each purpose in some high-level programming
language (e.g. Java).
The program contains:
— adescription of the data structure;
— code to read data from files

— the implementation of any editing or querying operations that will be
allowed

— if the data may change, code to write data back to files

The data is held in files, which may be edited by a text editor.

Program
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Simple Database Application in Java

public class Student public class Database
{ String name; { Student[] theStudents = new Student[100];
int matric; int Nstuds, i;
int examl;
int examz; public void main(String[] args )
{ Fileln studFile = new Fileln( "stud.in™);
public Student( Fileln theFile ) Nstuds = 0;
{ name = theFile.readString(); try {for (;;)
matric = theFile.readint(); { Student[Nstuds++] = new Student(studFile); }
etc. } catch (EofX e) {3
public void change() for (i=0; i<Nstudents; i++)
{ exam1l = ... get new exam from user Student[i].change();
public void printlf() for (i=0; i<Nstudents; i++)
{ if (examl+examp2 > 69) Student[i].printIf();
write statements } ... code to get an output file
public void save( FileOut F) for (i=0; i<Nstudents; i++)
{ code to write the variables Student[i].save();
} }
} }
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Weaknesses of this Approach
1. Extending the data structure means modifying the program.
2. Italso means editing the data file or having a second file.

3. The operations provided are a fixed set. Extending that set means
modifying the program.

4. The program is specific to the application - changing to another
application means a new program to do essentially the same job.

5. What emerges is a spaghetti of files and programs:

|prog1| |prog2| |prog3‘
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More Weaknesses of this Approach

6. New facilities, such as duplicating data for security, must be
individually added to all programs.

7. Files can be tampered with by others using an editor.

8. Programming is DIFFICULT!
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Examples of Changing a Data Processing Program

Adding More Records (Students)
OK until we get to 100 - then we must edit the program.

Adding More Fields (say a Lab mark)
1. Add another variable to Student class - LAB say + read statements.
2. Edit the data file or create a second file.
3. Change program to use the amended file or two files.

Programming a New Application with the Same Operations
Change the variable names.
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Simple Database Application in Java

public i public class Database
{ Data { fS.hip[] theShips = new Ship[100];
Definition int Nships, f

int length;
int draught; public void main(String[] args )

{ Fileln shipFile = new Fileln( "ship.in™);

public Ship( Fileln theFile) Nships= 0;
{ name = theFile.readString(); try {for (;;)
reg = theFile.readlnt(); { Ship[Nships++] = new Ship(shipFile ); }
etc. } catch (EofX e) {3
public void change() for (i=0; i<Nships; i++)
@ get new Iengt@ Shipl[i].change();
public void print() for (i=0; i<Nships; i++)

Ship].printlf();
.\.code to get an output file

< {if (length+draught >69)

write statements  }

public void save( FileOut F) for\i=0; i<Nships; i++)
{ code to\write the variables Shipli].save();
} Querying } Data
} } Manipulation
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Some More Things a DBMS Provides

The DBMS holds not only the data, but a description of that data - the meta-
data (a.k.a. the schema of the database) - there will be interfaces to define
the schema

Programs and data are independent of each other:

— e.g.ifa LAB mark is added, the program which retrieves matriculation
numbers continues to work unchanged

The ability to define multiple views of the same data, e.g. just exam marks

The description of the data is at a higher-level than in a programming
language

The details of the underlying file organisation may be hidden from the user

MSc/Dip IT - ISD L11 - Intro to Databases 252 27/10/2009




Yet More Things a DBMS Provides Even More Things a DBMS Provides

The DBMS is the only method of accessing the data - no backdoor The DBMS will provide simple ways (such as query languages) of specifying the
tampering simple aspects of Task 3

The DBMS limits of redundancy:; saves file space: prevents — but Stl!l allow the user access to a programming language if there are more
. . complicated computations to express
inconsistency

— Even in the latter case, however, the DBMS will control how the user coded
The enforcement of integrity constraints, such as the matriculation program accesses the data

number is six digits or 20 is the maximum number of a tutorial group

The DBMS will support the facilities such as efficiency, security and so on, for
The DBMS will carry out file access automatically without the need to any database that it manages.

program it at all — These facilities, by being programmed as part of the DBMS implementation need

only to be coded once to be available to all DBMS users

The DBMS describes all of the schemata using a single descriptive device
called the logical data model

— Thus the DBMS reduces all data from all databases to a common form
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Constructing a Database Application | Constructing a Database Application 11

Follow these steps (perhaps cyclically) 2. Conceptual or Data Modelling

1 Datal tigati Fact Findi — Generalise the facts into concepts, e.g. notions of course, student, etc.
- Daa r_lves '0d an (Rl IrTg)_ — From these produce a model of the data which is independent of the
What kind of data is there and how is it to be used? DBMS.
() The Basic Facts )
A student has a name, a matric number, a faculty, etc. 3. Database Design
A student sits a set of marked exams — Map the Conceptual Model onto the specific style of the DBMS
A course is given by one or more lecturers. —  Define which external views will be available

(b) Constraints

A tutorial group is at most 20

Those getting > 70% on a class exam are exempt from the final exam.
(c) Rules

When a set of requirements for a course are met, a student becomes
eligible for that course.

4. Database Physical Design and Implementation

— Specify the internal model using the DDL of the DBMS
— Select storage structures if known
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Constructing a Database Application 111

5. Database Application Construction

— Building the application program which makes the database usable to end-
users:

e may use a programming language (COBOL, Visual Basic, Java)

« may only need to use the in-built DBMS tools - e.g. Form Builders,
Switchboard Manager

6. Database Monitoring and Tuning
— Improve implementation in the light of experience

Database Interfaces/Languages

Divides into three parts for the three tasks:

1. Data Definition
Specifying and modifying the schema
This is a privileged task usually done by a Database Administrator (DBA)
It is carried out using a Data Definition Language (DDL)

2. Adding, Deleting and Changing Data
Uses a Data Manipulation Language (DML)

3. Retrieving Data
Specified using a Query Language (QL)

Notes
The 'Languages' may be graphical
They should be well-matched, particularly the DML & QL
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DBMS Users DBMS Components and Users Key Slide
L. . Application Programmers
A DBMS is intended to be usable by a wide range of users:
— A database administrator (DBA) is a database expert who will be responsible Database Administrators Application  parametric
for setting up databases as well as monitoring and tuning performance * Casual programs Users
« needs a powerful interface to change DBMS settings DDL D (Privilege USfI’S Precompiler JS
Statements/ \Cpmmand
A licati ing | interf h High-LeveD ProgLang anne
— An application programmer uses a programming language interface to the Oueries Compiler | \Queries
DBMS to create applications for others to use ¥
« cannot change the settings of the DBMS, but can construct complex Query DML )
software on top of the DBMS. D‘DL Processor| \Statements
. . . Compiler DML
— A casual user uses SQL or a form interface to carry out simple querying tasks. Compiler
* does not have programming skills, but should know a bit about the logical ~ Database
database model and the metadata. Processor
— A parametric or naive user uses a pre-prepared or “canned" interface to invoke Storage \ Concurrency control
regularly performed tasks. Manager and Backup Subsystems

» A canned interface requires the user only to invoke an operation and to
provide parameters - e.g. cash point, library checkout.
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STORED DATABASE
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The Layering Approach to Manage the Complexity

The consequence of the wide range of users and potential database
applications is complexity

Controlling the complexity is managed by layering the data

— At the lowest level, efficient storage of data is vital to achieve speed

« This might imply complicated and hard to understand storage
structures

— Atamiddle level, all data must be reduced to the same form
 or we would have to write a different program for each application

— At the user level, the interface must be able to provide a number of
sufficient and manageable interfaces:

« one for the DBA to determine the storage structures
« another for programmers to construct programs
« and several for end users appropriate to their skills and needs
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The 3-Level Architecture 'ANSI-SPARC' [ €Y Slide

This is designed to separate out the major issues of database maintenance
so that they can be handled separately.

A variety of interfaces to each application

THE C?\ ?iF)
EXTERNAL
o Fo

LAYER O

A varisty of Conceptual Models for gifferent
applisations with associated schemas

THE \ ‘ /

inal cal Single Schema
CONCEPTUAL single Logical | (" Describing all
LAYER Model of all the Data of the data

N\

A « -
THE Shipping D University Data
PHYSICAL Data ordered by
SIC Unordered matriculation
LAYER number

A variety of possible storage structures.
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ANSI-SPARC - The External Level

is a collection of external views

includes facilities for the three tasks (data definition, data manipulation,
querying)

each view may use a different interface/language and be at a different
level of abstraction

requires a mapping process to the Conceptual level

the end user doesn't need to know what is happening underneath

MSc/Dip IT - 1SD L11 - Intro to Databases 263 27/10/2009

ANSI-SPARC - The Conceptual Level

describes all data in a single uniform manner -
— the logical model of the data;

holds all data communally;

deals principally with the logical structure;
— thus provides independence from the actual manner of storage;

the major facilities (security, concurrency, etc.) are programmed against
the logical model

— thus making them available to all databases

the language/model with which this level describes all data is the
distinguishing feature between various kinds of DBMS.
— network, hierarchical, relational, object-oriented, object-relational
» we will use relational DBMS
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ANSI-SPARC - The Internal Level
is concerned with physical storage
controls which data is in which files
controls how data is structured in files (e.g. indexes, hashing, etc.)

allows storage to be chosen for efficiency rather than simplicity or
intelligibility

must support a mapping from the logical model into files
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Data Models

A data model is a language or a set of concepts that can be used to
describe the structure of a database
— i.e. the data types relationships and constraints in the DB.

There are models at each of the three levels :

— Lowe-level or Physical Data Models describe how data is stored in the
computer - files, storage structures, etc.

— Implementation Data Models describe data at the Conceptual Level - as
relations and records,for instance

— High-level or Conceptual or Semantic Data Models describe data in a
way closer to their real world meaning - as entity types, attributes and
relationships

So it is possible to talk of several different schemata for the same
relational database:
— the ER schema - a semantic view of the database
— the Relational schema - this describes the set of tables
— the Physical schema - this describes the file structure
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Key Slide

Some Easily Confused Terms

A schema (plural schemata) is the description of a database in terms of
the constructs provided by the data model

A data model is the language with which schemata are described.

— Note - the language could be graphical or textual

Meta-data is the information contained in the schemata - literally data
about data

The catalogue or data dictionary is the set of files which hold the meta-
data
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Informal Introduction to Relational Databases

A relational database consists of a set of tables such as: Key Slide
Person Company
name | address age | worksFor number name business
Jim 19, Jill St. | 23 1 1 X&Y Medical
Jill 19,JimSt. |27 |1 2 A&B Trucking

The tables are rectangular
The columns have names and types (integer or string in this case)

The rows are records and are identified and connected by their content (keys).
For instance, the 1 in worksFor tells us that the two people work for "X&Y*
No two records in a table can have exactly the same data

The cells are atomic - i.e. all cells hold single values, no records or sets
There are no other data structures!
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Examples of Keys

Numbersl : relation (number : integer; word : string)
Numbgrsl
e ers2 number | word
word number integer | string
string integer 0 "zero”
“dozen" 12 The keys 1 "one"
"five" 2 "two"
"halfdozen" 3 "three"
"one" 1 " "
B o 4 four
six 6 No 5 “five"
“twelve” |12 duplication 6 "Six"
"two" of names
"zero"
Numbers2 : relation (word : string ; number : integer))
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No duplication of numbers:

Designing and Creating Relational Databases
Getting the right set of tables is quite difficult for complex applications

Therefore, design is usually done using a higher level model
the Entity Relationship model is the most important

UML is of growing importance

these model the things we want to store data about

and can then be transformed into a set of tables

Tables are then created by specifying their names and the names and types
of their columns

— this can be done using a GUI — e.g. Microsoft Access Design View
— orusing SQL, e.g.

create table Person( name Text Primary Key,
address Text,
age Number)

MSc/Dip IT - 1SD L11 - Intro to Databases 270 27/10/2009

Microsoft Access 2007

- A fu 5 Microsoft Access ot - 8 X
_ Table Taols
— inme Create Exterpal Data Datab Tools Datasheet 7]
6 P
ibri - - = £ Tz gn 4
Le;f B Calibri 1 = = ';l LF 'z ] ::jj }} b
— 2 | ||B I U|E=EZ= = zl - =~
View e ab, Recards Filter Size to Switch Find
= A ||| B (|- - s Fit F ndows ~ T
Views || Clipboard "= Font [} Rich Text Sort & Filter Window Find
Q Security Warning Certain content in the database has been disabled Options..,
Tables )| « r
= Account
1 customer B Account
1 owner AccountNo - Type ~ Balance - DateOpene - | Add New Field
* 23501 current 23350 12-Jan-98
& 23502 current 150 12-Jul-99
List of Tables [+ 23503 current -30 15-Mar-98
£ 23504 current 55 12-Jan-99
= 23505 current 78 22-5ep-96
= 23506 current 134 21-Mar-95
Account Table in Datasheet View
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Design View — Editing the Schema

D'J =1 s Microsoft Access Table Tools - = X
-
— Home Create External Data Database Tools Design (7]
l]j 55 =, S Insert Rows sl =
e =
ht = — =" Delete Rows J =7
View ||| [Primary|Builder Test Validation Praperty Indexes
_ Key w 20l Lookup Column || Shaet
Views Tools Show/Hide

(@ Security Waming Certain content in the database has been disabled | Options...

Tables )| « ~
B Account
= customer EH Account

B owner Field Name Data Type
Number

Type Text

Balance Number
DateQpened Date/Time

General | Lookup)

Field Size Integer

Format

Decimal Places Auto

Input Mask

Caption b
>

Design view. F6 = Switch panes. F1 = Help. Wum Lock | o i 5 =]
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The Objects Found in Access

Microsoft Access is a personal database which is to be used for the next
lab

It manages the following kinds of object:
— Tables
— Queries — ways of generating tables as a response to a question
— Forms — mechanisms for displaying and entering data
— Reports
— Macros
— Modules

For each kind of object it supplies a number of views

— e.g. atable can be displayed as one row for each record (datasheet view)
or as one row for each field description (design view)

— aquery can be displayed as its resulting data, in SQL, or in a graphical
form
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Table Name Table Creation in Access
IDisa key EE Customer : Table =1
Field Mame Data Type Description [a
% |1d Tumber
| |Forename Text
| [Surname Text H
e o Address is a
[ | Address Text
| [Dccupation Texk TEXt Val ue
Current [ (chosen by
column [ combo box)
Field Properties
Address has a
A |
maximum of =l Lodkue |
Field size 30
30 characters  Format
Input Mask.
Caption A field name can be
Default Yalue up to 64 characters
Validation Rule long, including
Walidation Text spaces. Press Fl
Required Mo Far help on Figld
Allow Zero Length Mo names.
Indexed Mo
Unicode Compression Mo
IME Mode Mo Control
IME Sentence Mode None
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Managing Data

There are several ways that the data gets entered and updated in a relational database:
— importing from a file
entry through an application interface
entry through the use of SQL
insert into Person values ( “John”, “15, The Buildings”, 23)
entry through a database facility — e.g. Access Datasheet View:

e

Id Farename Surname Sex |  Address | Occupation | =
3 i illiam Aboubakr Il 23 Lamand St. | Accountant

: & 186/ Robert Angelou ] 45 Bank St Student

1+ 187 Heng Bakhtiar il 77 Byres Rd. | Lawyer

1+ 188 Sawvas Bakhtiar Il 12 Dowanhill St Lecturer

1+ 189 Linda Barr F 18 Clouston St Turf Accountant

||+ 190/ Margaret Bhatti F 45 Great Geory Student

1+ 191 James Bryce il 17 Percy 5t. |Window Dresse

L1+ 192 Anne Cairns F 191 Sauchiehal Librarian
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Relating Data in a Relational Database

Two records are related by a foreign key
— e.g. the primary key of one record is copied into a field of the other
» example the key of Company is number

« therefore company numbers are put into a column (worksFor) in the
Person table

To specify a foreign key we again have a variety of mechanisms:
— in SQL this can be done in create table as in:

create table Person( name Text Primary Key,
address Text,
age Number
worksFor Number references Company(number) )

- in Access the Relationship View can be used - this button calls it o8
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Relationship View in Access

Choosing Foreign Keys

== Relationships Primary keys _|Ol x| Where to put foreign keys depends on how many records are related
(ml If a record is related to only one other record (e.g. worksFor in Person)
. you create a column as shown
If a record is related to more than one other record, you create a link in the
other record, (e.g. you don’t put a link for worksFor in Customer)
Foreign Key x| If there are many records related in both directions, you must create a
One Company to Many Persons = = "~ P separate table (This is called a many-to-many relationship)
«| created by dragging from [Carmpany =]persen = p
ancel -
worksFor to number runher = worksFor = == | Example (from exercise)
= _zonTee. | — bank accounts may have many owners
Stops qukSFOr hOIdIng Valueg = | Enforce Referential Integrity: ueate Bew.. — each owner may own many accounts
not also in number [ Cascads Updete Related Fields — so create a separate table Owner with
[" Cascade Delete Related Records o A
Would cause a change in number/ . one fo_relgn key (.:olumn for each _re.lated table
to also change worksFor Pt T | GresTerliary « the primary key is both columns jointly
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Many-to-many Relationships in Access Other Things Access Provides
-:2Relationshi -|o - - 8
LB —I—% In addition to setting up a database with tables, Access allows you to
j create and store:
— Queries — ad hoc queries which retrieve sections of the database
— Forms — for data entry and display
Dateopened — Reports — for presenting summary data
InEranch
| Comver s Table B =inlxl .
EH Eebgbie 't,,i‘;““' ”ﬁ] — Pages — web pages automatically generated for you
= ! . . . . .
- kit I o — the Switchboard — which provides a start point for calling up forms,
Gernral | Lockup oo U - N !
ol e 23517 201 reports and so on and allows you to create a whole application
s " 23518 200
e e 23519 199 i . . .
G . 35 16 — macros — the use of Visual Basic to add functionality
wisbdation Fuks 23520 198
Voldaton o w821 167
o e 23522 196
23522 207
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