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Program

This half-term’s program

I Data.
I Requirements of a Database Management System.
I Using Database Management Systems.
I Using Database Management Systems from Java.
I Designing Databases.
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What and why ?

Towards Database Management Systems

Big Scheme of Things

Computer Science (Informatics) is all about
I information (data)
I logic (doing things with data)
I control (determining when it is possible to do things with data)
I interfaces (receiving or presenting data).
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Brainstorming

What is information ?
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About information

Information is. . .

I dates
I names
I prices
I documents

I colors
I images
I mp3s
I high-scores
I save-games

⇒ basically, anything you can write down as 0s and 1s.
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Brainstorming

What’s missing ?
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What and why ?

About information

Information is also. . .

I knowing that this name is the title of a mp3
I knowing that this price is the amoung of money received by the

artist when you pay for that song
I knowing that this document contains the lyrics
I oh, and knowing that that name is the name of the author
I . . .

⇒ information without meaning and structure is useless.
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What and why ?

About information

Information is also. . .

I knowing that this name is the title of a mp3
I knowing that this price is the amoung of money received by the

artist when you pay for that song (basically nothing)
I knowing that this document contains the lyrics
I oh, and knowing that that name is the name of the author
I . . .

⇒ information without meaning and structure is useless.
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About information

Brainstorming

What about characteristics of information ?
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What and why ?

About information

Oh, yeah, and information is. . .

I changing
I fragile (change a 0 into a 1, lose the meaning)
I possibly very heavy
I possibly interesting for many people
I possibly quite confidential.

What problems does all this entail ?
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What and why ?

About information

Oh, yeah, and information is. . .

I changing
I fragile (change a 0 into a 1, lose the meaning)
I possibly very heavy
I possibly interesting for many people – at once !
I possibly quite confidential.

What problems does all this entail ?
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Working with information

Big Enough Scheme of Things

Database Management Systems are all about

I storing information
I giving structure to information
I giving meaning to information
I updating information
I finding information
I extracting information
I protecting consistency

. . .safely, robustly, cheaply etc.
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Working with information

Where are databases used ?

A few applications using databases

desktop I Music collection applications (iTunes, amaroK. . .)
I Web browsers (Firefox, Torpark)
I Search applications (Google Desktop, Spotlight, Beatle. . .).

web I Content management systems (just about every single blog,
forum, Wiki. . .– including Université d’Orléans).

I Online stores (Amazon, eBay. . .)
I Online directories (Google, PagesJaunes.fr. . .)

behind closed doors I Insurances & health (sécu. . .)
I Official business (taxes, customs, police. . .)
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Now that we know the problem

How would you build a database ?

Really, go ahead.
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What and why ?

Rolling your own

A few ideas

Storage Flat files, XML documents, Lisp S-Expressions, Prolog
facts, Linda tuples, serialized Java objects. . .

Structure Object-Oriented hierarchies, XML Trees, Tables, Relations
between two pieces of data. . .

Meaning Documentation, Labels, Standard vocabulary, Static type
system. . .

Finding Memory pointers, References keys, Paths. . .
Accessing Client-server model, Thin client-web server model,

Terminal model, In-process server, Out-of-process
runtime. . .

Consistency Static type system, Dynamic type system, General
programmable constraints, Limited combinable
constraints, Global constraint checker. . .

What do you think ?
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Rolling your own

You know what ?

Most of these things are possible.



Database management systems
What and why ?

Rolling your own

Storage

XML Overly complex, quite fragile and quite heavy, accessing it
is slow and memory-consuming, so probably not a good
idea.

Custom format Usually a custom format supporting replication, multiple
checks, etc.

Anyway, the DBMS will hide these details from the programmer.
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Storage

XML Overly complex, quite fragile and quite heavy, accessing it
is slow and memory-consuming, so probably not a good
idea.

Custom format Usually a custom format supporting replication, multiple
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What and why ?

Rolling your own

Structure

OO hierarchies Often useless but it doesn’t hurt.
XML-style trees Too much emphasis on where the information is, rather

than on what it is, hence making extension and
maintainence difficult and code hard to read.

Tables/Relations That’s what modern DBMSes use.
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Rolling your own

Meaning

Documentation Necessary.
Labels Necessary.

Standard Vocabulary Important when you’re trying to communicate
between entities (say, between companies), but often not
available.

Static Type Systems Would be nice but almost never available.



Database management systems
What and why ?

Rolling your own

Finding

Paths Evil, as they require you to change your application
completely if you make some small changes to your
database.

References Somewhat dangerous but sometimes useful.
Keys Usually the best solution.
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What and why ?

Rolling your own

Accessing

Client-server model Useful.
Thin client-web server model Useful although less safe.
Terminal model Useful.
In-process server Useful but restricted.
Out-of-process runtime Useful.



Database management systems
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Rolling your own

Consistency

Static type systems Unfortunately, quite hard to design.
General programming constraints Dangerous, as it can freeze the whole

DBMS.
Dynamic type system Useful.
Limited combinable constraints Useful.
Global constraint checker Useful.



Database management systems
What and why ?

Rolling your own

From the point of view of the application

I the application doesn’t need to know how things are stored
I the DBMS must be separate from the application – if your

application freezes, the DBMS should continue working for everyone
else

I the DBMS must reject inconsistent entries without corruption
I the DBMS must always maintain a consistent storage
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From the point of view of the DBMS

I The DBMS must always maintain a consistent storage – even in
case of input failure.

Input consistency check.

I The DBMS must always maintain a consistent storage – even in
case of system failure.

Transactions.

I The DBMS must always maintain a consistent storage – even in
case of hardware failure.

Transactions + replications.

I The DBMS must always maintain a consistent storage – even in
case of concurrent access.

Transactions again.
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I The DBMS must always maintain a consistent storage – even in
case of input failure.
Input consistency check.

I The DBMS must always maintain a consistent storage – even in
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Common DBMS

Small/Medium TinySQL, MySQL, Microsoft Access. . .
Large/Huge Oracle, IBM DB2. . .
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DBMS trivia

History lesson

1960s Hierarchical DBMSes (IMS).
1970s Network model DBMSes (IDS, IDMS, CODASYL).
1970s Experimental Relational DBMSes (INGRES, System R).
1980s Corrupted Relational DBMSes (Sybase, Oracle).
1990s Object-Oriented DBMSes (OQL).
2000s Relational+Object-Orienteded DBMSes (SQL3, ODBMS).
2000s Hierarchical DBMSes, with new clothes (XML).
2000s Network model DBMSEs, with new clothes (RDF).
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DBMS trivia

DBMSes and you
End User Uses a DBMS without knowing it, through a custom

application or a web interface.
Database application developper Builds the custom applications or web

interfaces, from SQL + a traditional programming
language, a simplified programming language or a web
programming language.

I Java, C#
I Delphi, Visual Basic
I PHP, JSP, ASP
I + SQL

Database administrator Maintains the database running, grants rights to
users and applications, backs up the storage, migrates it
as needed . . .

I Operating Systems
I SQL

Database designer Designs and creates the database.
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Entity-Relations

Relations
Characters

ID Last Name First Name Age Size Alignment
1 Dalton Joe 30 1m40 Chaotic Evil
2 Dalton William 28 1m60 Lawful Evil
3 Dalton Jack 26 1m80 Lawful Evil
4 Dalton Averell 24 2m Chaotic Good
5 Dalton Emma 60 1m65 Evil
6 Luke Lucky 30 1m75 Lawful Good

relation a two-dimensional table – this structure is used to describe
(almost) everything

entry exactly one line in the table, describing exactly one
“physical” object

label the name of a column in the table, describing the meaning
of the contents of that column

attribute the intersection of a line and a column
key a column whose values are guaranteed to be always

distinct
Relations are usually not sorted !
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Entity-Relations

Operations

restriction extracts entries from a table
projection extracts columns from a table

junction combines two tables based on identical attributes
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Entity-Relations

Restriction

RESTRICT Cha r a c t e r s
WHERE Cha r a c t e r s . Age >= 30

ID Last Name First Name Age Size Alignment
1 Dalton Joe 30 1m40 Chaotic Evil
5 Dalton Emma 60 1m65 Evil
6 Luke Lucky 30 1m75 Lawful Good
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Entity-Relations

Restriction

RESTRICT Cha r a c t e r s
WHERE Cha r a c t e r s . Age >= 30

ID Last Name First Name Age Size Alignment
1 Dalton Joe 30 1m40 Chaotic Evil
5 Dalton Emma 60 1m65 Evil
6 Luke Lucky 30 1m75 Lawful Good
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Entity-Relations

Projection

PROJECT Cha r a c t e r s
ALONG Cha r a c t e r s . ID , Cha r a c t e r s . Age , Cha r a c t e r s . S i z e

ID Age Size
1 30 1m40
2 28 1m60
3 26 1m80
4 24 2m
5 60 1m65
6 30 1m75
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Entity-Relations

Junction

Wanted
ID First_Name Last_Name Reward
1 Joe Dalton 10.000$
2 Jack Dalton 5.000 $
3 William Dalon 5.000 $
4 Averell Dalton 5 $

JOIN Cha rac t e r s , Wanted
ALONG { Cha r a c t e r s . F i r s t \_Name, Cha r a c t e r s . La s t \_Name} ,

{Wanted . F i r s t \_Name, Wanted . Las t \_Name}



Database management systems
What and why ?

Entity-Relations

Junction (2)

ID Last Name First Name Age Size Alignment Reward
1 Dalton Joe 30 1m40 Chaotic Evil 10.000$
2 Dalton William 28 1m60 Lawful Evil 5.000$
3 Dalton Jack 26 1m80 Lawful Evil 5.000$
4 Dalton Averell 24 2m Chaotic Good 5$
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What we have seen

I what DBMSes are all about
I some of the properties a DBMS must have
I some ideas on how to create a DBMS with these properties
I relations
I base operations on relations
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Wrapping it up

What’s next ?

I more details
I SQL !
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