9. Databases

Motivation:

Computers are often used
e for dealing with large amounts of data

e and in situations where data integrity is important for the
survival of an organization.

Examples:

e Banking

e e-commerce (commercial transactions via WWW - e.g.,
amazon. com or ebay. com)

meteorological measurements

booking systems (trains, airlines...)

ERP systems (Enterprise resource planning)
telecommunication (phone numbers, fax numbers, mobile
phone data...)

Main problems:

e How can large amounts of data be organized so that they can
be accessed quickly?

+ How can data be organized so that hardware and software fai-
lures do not lead to a desaster?

e How can data be changed by several agents in parallel without
interference?

Today these problems are being dealt with on the conceptual basis
of relational database management systems (RDBMS), typically
using some dialect of SQL (structured query language) as notation
for definition and manipulation of data.

In these slides: Only very basic concepts are discussed.



Introduction using an example

Simplistic example: public library. Data organized in tables.

e table “Users” with columns UserID, Name, Address,
BirthDate

e table “Books”™ with columns BookID, Title, Zuthor,

Keywords

e table "BorrowedBooks™ with columns UserID, BookID,

EorrowedSince, BorrowedUntil

Principles of database tables

+ Relational databases hold the data in (typically several) tables.

e Each row represents one record.

e The number and meanings of the columns of a table is (more
or less) fixed.

¢ [he number of rows of a table is variable.

"Entity relationship model":

e Each table describes one kind of entities or a relation
(typically between several entities)

e a model of a certain part of reality based on the concepts of
entities and their relationships is called an entity-relationship

model.
In our example: tables "Books", "Users" represent entities,
table "BorrowedBooks" represents a relation between these entities.



Attributes, key candidates and keys

Columns in a table are called attributes. Some attributes or attri-
bute combinations characterize entities. Such attributes or attribute
combinations are key candidates. One of the key candidates is de-
signated as primary key. The primary key of an entity is used in
order to refer to it from other entities or from relations.

In our example, UserID is used as primary key in the “Users” table,
and BookID is used as primary key in the “Books™ table. These at-

tributes are used in “BorrowedBooks” in order to refer to the related
entities.

Data definition and data manipulation with SQL

Two kinds of languages for working with relational data bases are
distinguished:

data definition language (DDL)
data manipulation language (DML)

DDL and DML are today typically combined in dialects of SQL (struc-
tured query language) and supported by producers of database ma-
nagement systems. The different dialects are based on similar prin-
ciples. We will give examples.



Data definition consisis in the definition of the structure or tables
and their interrelations.

During data definition, it must be defined for each table:

which attributes it contains,

how each attribute is to be represented (a data type must be
chosen),

which attributes form the primary key of the table, and

which attributes refer as keys to other tables.

A notation which allows to define tables in this way is called a data
definition language (DDL).

Data manipulation consists in adding, changing and deleting table
rows and in the selection of data from the data base.

A DDL only alows to describe the structure of a data base, not to
change its content in any way.

A notation which allows to manipulate tables is called a data mani-
pulation language (DML).



Data definition

The “Users” table from the public library example could be defined
like this:

CREATE TABLE Users |

UserlD INT(10) NOT NULL,
Mame CHAR(100),
Lddress CHAR{100),

Birthdate DATE,
PRIMARY KEY (UserID)

This instruction creates a table names “Users” with the four alrea-
dy described columns. UserID is represented a ten-digit decimal
number, Name and Address are represented as 100 characters,
Birthdate as a date, and Uzser 1D is the primary key of the table.

For UserID, a value must be given for each row in the table — for
the other three columns, a standard value (NULL) might be used in
order to designate that the value of the attribute is not known.

The table “Books™ might be defined similarly, only the attribute
Keywords presents problems. Which amount of memory should we
reserve for the keywords of a book if we do not want to restrict the
number of keywords beforehand?

One solution consists in the definition of an extra table “Keywords™:

CREATE TABLE Keywords (
BookID INT (10},
Keyword CHAR(100)

Key words have a maximal length of 100 characters, but the number
of key words which can be given for a book is not restricted, since
the same book can occur any number of times in the table.



The “Books™ table could be declared like this:

CREATE TABLE Bocks |
BookID INT(10) NOT NULL,
Title CHAR(100),

Ruthor CHAR (100]),
PRIMARY KEY (BookID)

The table representing currently borrowed books might be declared
like this:

CREATE TAELE EBorrowedBooks |
UserlID INT(10),
BookID INT(10),
BEorrowedSince DATE,
BorrowedUntil DATE

Data manipulation

The following operations can be used to manipulate the data in
the tables:

The SELECT command selects information from the data base.

The INSERT command inserts rows into a table.

+ The UPDATE command changes the content of existing rows in
a table.

e The DELETE command removes rows from a table.



SELECT
The list of overdue books can be determined as follows:

SELECT b.BookID, b.futhor, b.Title, 1.BorrowedSince
FROM Books AS b, BorrowedBooks AS 1
WHERE b.BoockID = 1.BockID

AND 1.BorrowedlUntil = TODAY

This statement is also called a query (the data base system is que-
ried for some data).

This query returns a table with four columns. Each row represents
an overdue book; the first column contains the book id, the second
the author, the third the book title, and the last column the date when
the book was borrowed.

A query has the following form:

o After the keyword FROM, the tables are listed from which data is
to be collected. We use all combinations of rows from “Books”
and “BorrowedBooks”, and we abbreviate “Books” as “b” and
“BorrowedBooks” as “I” elsewhere in the query.

o The WHERE keyword defines a filter: only those combination of
rows from the FROM clause are kept which fulfill the condition
given behind the WHERE: The book ids of the two entries must
match, and the date until which the book must be given back
must lie in the past.

e The SELECT keyword introduces a list of expressions which are
evaluated for each row combination filtered out by the WHERE.
In the example, these are simply some of the attributes.



Tasks: (a) Change the query so that in addition to the overdue book,
the result also contains the person who has borrowed the book?
(b) Which query determines which books have to be given back in
the next two weeks? Assume that from addition of a date and a
number, a date results which lies the given number of days after the
given date.

INSERT

When a book is borrowed, a row has to be added to table
BorrowedBooke. The following instruction adds a row with UgserID
1053465, 43565 as BookID, TCDAY as BorrowedSince and
TODAY+14 as BorrowedUntil. The order of the arguments is the
same as the order of the columns in the table declaration.

INSERT INTO BorrowedBooks
VALUES (1053465, 43565, TODAY, TODAY+14)

The general form is the following: After the keywords INSERT INTC
and the name of the table, the keyword VALUES starts a list of values
representing the row to be inserted.

UPDATE

In order to lengthen the borrowing time of the book with id 43565 by
a week, the following command could be executed:

UPDATE BorrowedBooks
SET Borrowedlntil = BorrowedUntil + 7
WHEREE EBEookID = 43565

After UPDATE, the name of the table to be changed is given. The
WHERE predicate defines which rows are affected by the change,
and after SET it is defined which columns in the rows to be changed
are updated, and to which value.



DELETE

When a book is brough back by a used, its entry has to be taken out
of the “BorrowedBooks™ table:

DELETE FEOM BorrowedBooks
WHEEE EBoolkID = 43585

Further elements of the SQL language

Above we have only seen the most elementary SQL language
elements. Many SQL dialects present many more features.
Examples:

¢ Integrity constraints can be used in order to define
conditions on the content of a database which shall never
be violated during manipulations.

e Foreign key relations are used in order to make explicit
that values in a column are keys of some other table. They
are a special case of integrity constraints.

¢ Index declarations are used in order to accelerate
searching in tables.

e Stored procedures are used in order to store instructions
which are to be executed by the database.

e Further table operations: set union, set difference, set
intersection, grouping of results, sorting of results.

e Views allow to shield the users of a database from the
internal representation of the data.

o Database administration consists in deciding how tables
etc. are represented and which users get which kind of
access to the database.

¢ Invariants and triggers are language elements which
ensure the fulfillment of integrity constraints independently
of the application programme.

e Transactions are language elements which ensure that a
sequence of changes is either executed completely or not at
all, even in the case of hardware or software failures.



Conceptual database design

The conceptual design of a relational database often proceeds ac-
cording to the following steps:

e First the entities relevant in the application area are collected
and their types are determined. (Example: books, users)

+ Then the relevant relationships between entities are determi-
ned. (Example: BorrowedBooks)

e For each entity type and each relationship type, the attributes
and their data types are determined.

o Finally, integrity conditions for the database are specified.
(Example: BorrowedUntil must not be earlier than Borrowed-
Since)

On the basis of this design it is decided how entities, relationships,
attributes are represented in a specific database management system.

Normalization:

Redundant data in a data base might lead to inefficiencies and
inconsistencies: Updates of redundantly held information have to
be performed at several locations instead of at only one, and if this
is forgotten, an inconsistency results.

Normalisation of a database consists in the reduction of redundan-
cies, typically via splitting tables.



Architecture of database applications

Database applications often use a three-layer architecture:

o A DBMS operates as the kernel of the system. It ensures data
persistency, data integrity etc.

+ An application layer provides application-specific functionality.
In our example, it would provide the functions “borrow a book™,
“lengthen borrowing time”, “register new user” etc.

e A presentation layer defines the user interface, which today
is often graphical, and not seldom with an alternative using the
WWW.

These three components might run as three different programs on
different computers: A web-browser runs the presentation layer, the
web-server dispatches the user input to an application program,
and the application program accesses a relational database on a
dedicated database server.



Geographical Information Systems

What is a Geographical Information System (GIS)?

e Software, hardware and data to help manipulate,
analyse and present information that is tied to spatial
locations (usually geographical locations).

Estimates are that 80 % of all data stored worldwide has
a Spatial Component (Source: www.gis.com).

A GIS contains a classical database, but extends its
functionality by methods adapted to spatial information.

Particularly, a GIS provides...

e A method to

visualize, manipulate
analyze, and display
spatial data

e "Smart Maps”

linking a database to
the map

e special forms of query, designed to extract
information with spatial properties from a database
(e.g., taking neighbourhoods into account)

e special forms of data analysis (e.g., geostatistics)

e special forms of integrity checking adapted to spatial
data.



What can a GIS do?

Query and search

-..LCLINE Map

HORFRIM : Hammersmith Road' 4215
GLINE :Hammersmith Road 315

[Z objects in 2 tables.

AN S

“lgﬁ"“"

2 e s s W
- 0 e
-

W Wi
BEW LN

| AW i
R ICH

t L i {:—Y £ AN i
1 o Tt N » [
wire] mssion e i ocem o |RERE et T

T beximity anélysis

Database
“Not Easy to Interpret”

_MENTAR Minoeta T WL W i 2L R

AL/ Dragon HACATY | | 11121 7 (T AS2A

TEMIA AEHE
TRDET, T

ATBMBS | SIEIL e 17 2T
| 1EIME;
5215

GO Noih Cackes (3 i TTAZEE i) MU BAAEED. B14ET]




Visualization
“Worth a Thousand Words”

One of the main advantages of GIS over classical
geographical maps:

Combining Data From
Many Sources
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e Digitized and Scanned Maps
— purchased, donated, free (Internet)
— created by user

Data Bases — Tables of data

GPS - Global Positioning System
— accurate locations

et Field Sampling of Attributes

Remote Sensing &
Aerial Photography

Further advantage: Easy interaction, visualization,
manipulation of maps
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Two Ways to Input and Visualize Data
The World in GIS

e Raster — Grid
— “pixels”
— a location and value
— Satellite images and aerial
photos are already in this
format

e Vector — Linear

— Points, lines & polygons
— “Features” (house, lake, etc.)
— Attributes
—size, type, length, etc.

The vector representation is more appropriate for
senseful queries (and is more exact)

— basis for relational database representation of
geographical data

Typical entities of a GIS:

e Points

e Tics (= special points for which the exact real-world
coordinates are known, used to fit a digital map into a
global coordinate system)

e Lines, also called arcs (more precisely: Multilines, i.e.
consisting of several linear segments)

w

e Polygons (closed multilines, possibly with additional
attributes)
e Annotations (text objects associated with points).



The endpoints of a line (and possible branching points) are
called nodes.
Intermediate points (without branching) are called vertices.
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Tables in the underlying relational database:

e Tic table

e boundary table (represents the spatial extent of the
map — a surrounding rectangle)

e arc attribute table (AAT)

e polygon attribute table (PAT).

E.g., a polygon is represented as a line in the PAT, with
attributes: polygon ID, nodes, arcs, a label point (in the
interior), further attributes (e.g., area, slope, population
density...). Details differ between different GIS.

Usually, a GIS does not only contain information for a
single map of a region, but several sorts of information
for the same region:

each sort of information is represented in an extra
coverage (also called layer, cover or theme).

Example: Different coverages of a town area:
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How to combine several coverages?

e Overlay operation

From two geometries, the GIS calculates the coarsest
common geometry:
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a b overléy ofaand b

Attention: The following geometry ,P\( would also

be a common geometry of a and b, but not the coarsest
one!

Using overlay, a GIS can give answer to questions like:

"What forest areas of district x are within 100 m distance
to a road, are stocked with conifers and have a slope < 5
degrees?" (e.g., for a chalking action)

Layers used for this task:

landuse map (— forests)

political district map (— district x)

road map (— 100 m neighbourhood to a road)
forest type map (— stocked with conifers)
digital elevation model (— slope < 5 degrees)

Selection of polygons of the overlay using an "and"
operation



Further functionality of GIS: 3D visualization
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Representing Attribute Data in 3-D: Population Density in Small Census
Areas in the London Borough of Hackney

Widely used GIS products:

e ESRI ArcView, ArcGIS (licenced commercial
software)

o FreeGIS (open source, wwv. f r eegi s. or g)
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