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Random Access

- When you can randomly
access data...

- How can you layout data
to be most efficient?

« Sorting might not be the
best idea

https.//en.wikipedia.org/wiki/Hard_disk_drive_platter



Relational Databases

Relational databases model data by storing rows
and columns in tables. The power of the relational
database lies in its ability to efficiently retrieve data
from those tables and in particular where there are

multiple tables and the relationships between
those tables involved in the query.


http://en.wikipedia.org/wiki/Relational_database

Terminology

Database - contains many tables
Relation (or table) - contains tuples and attributes

Tuple (or row) - a set of fields that generally represents an “object”
like a person or a music track

- one of possibly many elements of
data corresponding to the object represented by the row



Attribute

A relation is defined as a set of tuples that have the same . Atuple usually represents
an object and information about that object. Objects are typically physical objects or concepts.
A relation is usually described as a table, which is organized into rows and . All the
data referenced by an are in the same domain and
(Wikipedia)


http://en.wikipedia.org/wiki/Row_(database)
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SOL

Structured Query Language is the language we use to issue
commands to the database

Create data (a.k.a Insert)

Retrieve data

Update data

Delete data


http://en.wikipedia.org/wiki/SQL




Web Applications w/ Databases

- Builds the logic for the application, the look
and feel of the application - monitors the application for problems

- Database Administrator - Monitors and adjusts the database as the
program runs in production

« Often both people participate in the building of the “Data model”
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Database Administrator

A database administrator (DBA) is a person responsible for the
design, implementation, maintenance, and repair of an
organization’s database. The role includes the development and
design of database strategies, monitoring and improving
database performance and capacity, and planning for future
expansion requirements. They may also plan, coordinate, and
Implement security measures to safeguard the database.

http://en.wikipedia.org/wiki/Database_administrator



http://en.wikipedia.org/wiki/Database_administrator

Database Model

A database model or database schema is the
, described in a formal language
supported by the database management system. In
other words, a “database model” is the application of a
data model when used in conjunction with a database
management system.


http://en.wikipedia.org/wiki/Database_model

Common Database Systems

« Three major Database Management Systems in wide use
- Oracle - Large, commercial, enterprise-scale, very very tweakable
- MySql - Simpler but very fast and scalable - commercial open source
- SglServer - Very nice - from Microsoft (also Access)
« Many other smaller projects, free and open source
- HSQL, SQLite, Postgres, ...



SQLite Is In Lots of Software

McAfee’


http://www.sqlite.org/famous.html

SQLite Browser

« SQLite is a very popular database - it is free and fast and small
« SQLite Browser allows us to directly manipulate SQLite files
« http://sqlitebrowser.org/
« SQLite is embedded in Python and a number of other languages
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Lets Make a Database

https://www.py4e.com/lectures3/Pythonlearn-15-Database-Handout.txt



Start Simple - A Single Table

Edit Pragmas Execute SQL Q6

CREATE TABLE Users(
name VARCHAR(128),
email VARCHAR(128)

)




¢ New Database 3 Open Database | Write Changes = Revert Changes

Database Structure Browse Data Edit Pragmas Execute SQL DB Schema

Create Tabl Modify Tabl: Delete Tabl Schema
. Create |able lodl able elete lable
o Y Tables (1)

CREATE TABLE Users(
name VARCHAR(128),

Name Type Schema Users email VARCHAR(128)

Tables (1) )

CREATE TABLE Users( ‘
U name VARCHAR(128), Indices (0)
- email VARCHAR(128) Views (0)

) L' Triggers (0)

Indices (0)

Views (0)

Triggers (0)

SQL Log Plot DB Schema




¢ New Database 3 Open Database | Write Changes i Revert Changes
Database Structure Browse Data Edit Pragmas Execute SQL DB Schema

Table: Users 2 g New Record Delete Record Schema

Tables (1)

CREATE TABLE Users(
0 name VARCHAR(128),
SCIS email VARCHAR(128)

)

Indices (0)
Chuck csev@umich... Views (0)
Triggers (0)
Colleen cvi@umich.edu )
Ted ted@umich....

Sally al@umich.edu

Our table with four rows

SQL Log Plot DB Schema




SOL

Structured Query Language is the language we use to issue
commands to the database

Create data (a.k.a Insert)

Retrieve data

Update data

Delete data


http://en.wikipedia.org/wiki/SQL

SQL: Insert

The Insert statement inserts a row into a table

INSERT INTO Users (name, email) VALUES ('Kristin', '’kf@umich.edu')



8 New Database 3 Open Database =] Write Changes 2 Revert Changes

Database Structure Browse Data Edit Pragmas Execute SQL 006 DB Schema

. Name Schema
B @ ’ 7 Tables (1)
CREATE TABLE Users(

name VARCHAR(128),
SaLd Users email VARCHAR(128)
)

INSERT INTO Users (nams, email) VALUES (‘«ristin, %!@umich.ecu Indices (0)
Views (0)
LI Triggers (0)

Query executed successfully: CREATE TABLE Users (
name VARCHAR(128),
email VARCHAR(128)

) (took Oms)

SQL Log Plot DB Schema




8 New Database Y Open Database =] Write Changes

Database Structure Browse Data Edit Pragmas

B

SQL 1

INSERT INTO Users (name, email) VALUES ( ‘®nstin' i

i Revert Changes

Executs
(4 New Database

Database Structure

Table:

Chuck
Colleen
Ted
Sally

Kristin

Query executed successfully: CREATE TABLE Users (
name VARCHAR(128),
email VARCHAR (128)

) (took Oms)

Y Open Database

j‘Write Changes < Revert Changes

Browse Data Edit Pragmas Execute SQL

New Record Delete Record

csev@umich...
cvi@umich.edu
ted@umich....

al@umich.edu

kf@umich.edu

Tables (1)
Users
Indices (0)

Views (0)
Triggers (0)

SQL Log

DB Schema

Schema

CREATE TABLE Users(
name VARCHAR(128),
email VARCHAR(128)

Plot DB Schema




SQL: Delete

Deletes a row in a table based on selection criteria

DELETE FROM Users WHERE email=ted@umich.edu’



DB Browser for SQLite - /Users/csev/sql1

¢, New Database 3 Open Database i ) Write Changes < Revert Changes

Database Structure Browse Data Edit Pragmas (x5 ] DB Schema

Schema
A Tables (1)
CREATE TABLE Users(
name VARCHAR(128),

: Users email VARCHAR(128)
ST )

DELETE FROM Users WHERE email= ted@umich.ccu| Indices (0)
Views (0)
Triggers (0)

Query executed successfully: DELETE FROM Users WHERE email='ted@umich.edu'
(took Oms)




DB Browser for SQLite - /Users/csev/sql1
{ New Database 2 Open Database : | Write Changes = Revert Changes

‘ DB Browser for SQLite - /Users/csev/sql1
Database Structure Browse Data Edit Pragmas ecut

, New Database 2 Open Database 1 Write Changes 2 Revert Changes

Database Structure Edit Pragmas Execute SQL 006 DB Schema

Name Schema
Tables (1)
DELETE FROM Users WHERE email="ted@umich.sc CREATE TABLE Users(

name VARCHAR(128),
Users email VARCHAR(128)
)

Table: Users [T = 3 New Record Delete Record

Indices (0)
Chuck csev@umich... Views (0)
Triggers (0)
Colleen cvi@umich.edu
Sally al@umich.edu

Kristin kf@umich.edu

Query executed successfully: DELETE FROM Users WHERE email='ted@umich.edu'
(took Oms)

SQL Log Plot DB Schem




SQL: Update

Allows the updating of a field with a where clause

UPDATE Users SET name='Charles' WHERE
email='csev@umich.edu'



DB Browser for SQLite - /Users/csev/sql1

¢, New Database 2 Open Database 2 1 Write Changes 2 Revert Changes

Database Structure Browse Data Edit Pragmas 006

w Tables (1)

XS Users

UPDATE Users SET name='Cnaries’ WHERE email='csev @umich.edu Indices (0)
Views (0)
Triggers (0)

Query executed successfully: UPDATE Users SET name='Charles' WHERE
email='csev@umich.edu' (took Oms)

SQL Log

DB Schema

Schema

CREATE TABLE Users(
name VARCHAR(128),
email VARCHAR(128)

)




DB Browser for SQLite - /Users/csev/sql1

¢, New Database 2 Open Database | JWrite Changes = Revert Changes

Database Structure Browse Data Edit Pragmas X¢ e SQL 006 DB Schema
) DB Browser for SQLite - /Users/csev/sql1

¢ New Database % Open Database (1 Write Changes 2 Revert Changes
Database Structure FOWS ata Edit Pragmas Execute SQL Q06 DB Schema

5 Name Schema
UPDATE Users SET name= Charies’ WHERE emal= nich.edu Tl Lisers [~ = fewRecord pelets ecord Tables (1)

CREATE TABLE Users(
U name VARCHAR(128),
Seis email VARCHAR(128)

)

Indices (0)
Charles csev@umich... Views (0)
Triggers (0)
Colleen cvi@umich.edu
Sally a1@umich.edu

Kristin kf@umich.edu

Query executed s fully: UPDATE Users SET name='Charles' WHERE
email="'csev@umic! (took Oms)

SQL Log Plot




Retrieving Records: Select

The select statement retrieves a group of records - you can either
retrieve all the records or a subset of the records with a WHERE
clause

SELECT * FROM Users

SELECT * FROM Users WHERE email='csev@umich.edu'



DB Browser for SQLite - /Users/csev/sql1

¢, New Database 3 Open Database ¥ ) Write Changes = Revert Changes

Database Structure Browse Data Edit Pragmas 006 DB Schema

Schema

Tables (1)
CREATE TABLE Users(
U name VARCHAR(128),
SIS email VARCHAR(128)
)
SELECT * FROM Users Indices (0)
Views (0)
Triggers (0)

name email
Charles | csev@umich.edu
Colleen | cvi@umich.edu
Sally al @umich.edu

Kristin | kf@umich.edu

4 Rows returned from: SELECT * FROM Users (took Oms)




DB Browser for SQLite - /Users/csev/sql1

¢, New Database s Open Database 2 | Write Changes 2 Revert Changes

Database Structure Browse Data Edit Pragmas 006 DB Schema

Schema
A Tables (1)
CREATE TABLE Users(
name VARCHAR(128),

’ Users email VARCHAR(128)
~x SQL1 ] )

Indices (0)

Views (0)

Triggers (0)

name email

1 Charles | csev@umich.edu

1 Rows returned from: SELECT * FROM Users WHERE email='csev@umich.edu' {(took
Oms)




Sorting with ORDER BY

You can add an ORDER BY clause to SELECT statements to get
the results sorted in ascending or descending order

SELECT * FROM Users ORDER BY emaill

SELECT * FROM Users ORDER BY name DESC



DB Browser for SQLite - /Users/csev/sql1

, New Database 2 Open Database ¥ 1 Write Changes L Revert Changes

Database Structure Browse Data Edit Pragmas [x} DB Schema

Name Schema
Tables (1)

CREATE TABLE Users(
U name VARCHAR(128),
BSOS email VARCHAR(128)

)

SELECT * FROM Users ORDER BY ema Indices (0)
Views (0)
Triggers (0)

name email
Sally al@umich.edu
Charles | csev@umich.edu
Colleen | cvi@umich.edu

Kristin | kf@umich.edu

4 Rows returned from: SELECT * FROM Users ORDER BY email (took Oms)




SQL Summary

INSERT INTO Users (name, email) VALUES ('Kristin', 'kf@umich.edu')

DELETE FROM Users WHERE email='ted@umich.edu'

UPDATE Users SET name="Charles" WHERE email='csev@umich.edu'

SELECT * FROM Users

SELECT * FROM Users WHERE email='csev@umich.edu'

SELECT * FROM Users ORDER BY email



This Is not too exciting (so far)

« Tables pretty much look like big fast programmable spreadsheets
with rows, columns, and commands

« The power comes when we have more than one table and we can
exploit the relationships between the tables



Complex Data Models and
Relationships

http://en.wikipedia.org/wiki/Relational model



http://en.wikipedia.org/wiki/Relational_model

Database Design

- Database design is an art form of its own with particular skills and
experience

Our goal is to avoid the really bad mistakes and design clean and
easily understood databases

- Others may performance tune things later

- Database design starts with a picture...
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Building a Data Model

- Drawing a picture of the data objects for our application and then
figuring out how to represent the objects and their relationships

- Basic Rule: Don’t put the same string data in twice - use a
relationship instead

- When there is one thing in the “real world” there should be one
copy of that thing in the database
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For each “plece of Info”...

« |s the column an object or an attribute of

another object?

« Once we define objects, we need to define
the relationships between objects
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Representing Relationships
In a Database



Database Normalization (3NF)

There is *tons* of database theory - way too much to understand
without excessive predicate calculus

Do not replicate data - reference data - point at data
Use integers for keys and for references

Add a special “key” column to each table which we will make
references to. By convention, many programmers call this
column “id”


http://en.wikipedia.org/wiki/Database_normalization
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We want to keep track of which band is the “ " of each music track...
does this song “belong to”??

Which album is this song related to?



Integer Reference Pattern

We use integers to
reference rows in Led Zepplin
another table AC/DC

artist_id



Three Kinds of Keys

« Primary key - generally an integer auto-
increment field

« Logical key - What the outside world uses
for lookup

- generally an integer key
pointing to a row in another table

Album
Id
title




Key Rules

Best practices

« Never use your logical key as the primary
key

- Logical keys can and do change, albeit
slowly

that are based on matching
string fields are less efficient than integers

User

id

login
password
name

email
created_at
modified_at
login_at




Foreign Keys

« A IS when a table has a

column that contains a key which
points to the primary key of another
table.

« When all primary keys are integers,
then all foreign keys are integers - this
IS good - very good

Artist
id
name

Album
id
title




Relationship Building (in tables)
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Artist

_id___

Table
Primary key
Logical key




Edit table definition
Table

Artist

vy Advance

Fields

| Add field - Remove field ~ Move field up Move field down

Type No PK Al U Default
INTEGER g

Name

1 CREATE TABLE (

2 T d’ INTEGER NOT NULL PRIMARY KEY Al ENT UNIQUE,
3

i

Cancel

OK




DB Browser for SQLite - /Users/csev/Desktop/Music
& New Database 2 Open Database | Write Changes 2, Revert Changes
Database Structure Browse Data Edit Pragmas = Colicislel by 006 DB Schema

Name Type Schema

A v [@ Tables (2)
X Artist

Tcnznrs TABLE Genve ( =2 id INTEGER “id" INTEGER NOT NULL ...

CREATE TABLE “Artist’ (
fidi

d INTEGER NOT NULL PRIMARY KEY AU MEN name TEXT “name’ TEXT
name TEXT sqlite_seq... CREATE TABLE sqlite_sequ...
) Indices (1)
sqlite_auto...
Views (0)
_| Triggers (0)

CREATE TABLE Genre (
id INTEGER NOT NULL PRIMARY KEY AUTOINCREMENT UNIQUE,
name TEXT



CREATE TABLE Album (

id INTEGER NOT NULL PRIMARY KEY AUTOINCREMENT UNIQUE,
INTEGER,
title TEXT

CREATE TABLE Track (

id INTEGER NOT NULL PRIMARY KEY AUTOINCREMENT UNIQUE,
title TEXT,

INTEGER,

INTEGER,

len INTEGER, rating INTEGER, count INTEGER



DB Browser for SQLite - /Users/csev/Desktop/Music

8 New Database 2 Open Database ] Write Changes 2 Revert Changes
Browse Data Edit Pragmas Execute SQL 006 DB Schema

Ci Tabl Modify Tabl Delete Tabl: e =L
o reate Table F lodify Table d elete Table | Tables (5)
Name Type Schema b CREATE TABLE "Album" (

ia

Tables (5) INTEGER NOT NULLP...

(

o Imgggg NOT NULL PRIMARY KEY AUTQ [ id id" INTEGER NOT NULL PRIMARY KEY AUTOINC...
“title' ™= [0 artistid “artistid' INTEGER

) [ title “title” TEXT
2 INTEGER “id” INTEGER NOT NULL PRIMARY KEY AUTOINCREMENT UNIQUE
=) artist_id INTEGER “artist_id' INTEGER Artist
2 title TEXT “title’ TEXT
CREATE TABLE ‘Artist (

CREATE TABLE "Artist" (
tid* INTEGER NOT NULLP...

Bid *id" INTEGER NOT NULL PRIMARY KEY AUTOINC...

|| name ‘name’ TEXT

Artist INTEGER NOT NULL PRIMARY KEY AUTC
TEXT

‘name’

)
INTEGER ‘id” INTEGER NOT NULL PRIMARY KEY AUTOINCREMENT UNIQUE
TEXT ‘name’ TEXT

CREATE TABLE Genre ( 2 e
d INTEGER NOT NULL PRIMARY KEY AUTC ‘ld INTEGER NOT NULL PRIMARY KEY AUTOINC...
TEXT name’ TEXT

CREATE TABLE Genre (
id INTEGER NOT NULLP...

name

)
INTEGER “id" INTEGER NOT NULL PRIMARY KEY AUTOINCREMENT UNIQUE

TEXT ‘name’ TEXT
CREATE TABLE Track (
id

CREATE TABLE Track (
id INTEGER NOT NULLP...

INTEGER NOT NULL PRIMARY KEY
AUTOINCREMENT UNIQUE,
title TEXT, i “id
album_id INTEGER, } Ifi ~Ifi I‘NTEGEF{ NOT NULL PRIMARY KEY AUTOINC...
genre_id INTEGER, itio (I =
len INTEGER, rating INTEGER, count INTEGER ) album_id “album_id" INTEGER
) id INTEGER ‘id” INTEGER NOT NULL PRIMARY KEY AUTOINCREMENT UNIQUE genre_id ‘genre_id" INTEGER
title TEXT “title” TEXT |=) len ‘len’ INTEGER
album_id INTEGER “album_id" INTEGER rating ‘rating’ INTEGER
genre_id INTEGER ‘genre_id" INTEGER - count “count’ INTEGER
len INTEGER “len” INTEGER sqlite_seq... ~ CREATE TABLE sqlite_sequence(name,seq)
- rating INTEGER “rating” INTEGER Indices (4)
| count INTEGER “count’ INTEGER sqlite_auto...
sqlite_auto...




DB Browser for SQLite - /Users/csev/Desktop/Music
¢ New Database , Open Database | Write Changes 2 Revert Changes

Database Structure Browse Data Edit Pragmas > Q06 DB Schema

Name Schema
Tables (5)

Album CREATE TABIiaE Album (

INTEGER NOT NULLP...

INTEGER NOT NULL P...

CREATE TABLE "Artist (

" INTEGER NOT NULL PRIMARY KEY AUTOINC...
name’ TEXT

CREATE TABLE Genre (
id INTEGER NOT NULLP...

CREATE TABLE Track (
id INTEGER NOT NULLP...

sqlite_seq... = CREATE TABLE sqlite_sequence(name,seq)
Indices (4)

sqlite_auto...

sqlite_auto

sqlite_auto...

sqlite_auto...
Views (0)
Triggers (0)

Insert into Artist (name) values ('Led Zepplin')
Insert into Artist (name) values ('AC/DC")



DB Browser for SQLite - /Users/csev/Desktop/Music

) New Database @ Open Database | Write Changes 2 Revert Changes
DB Browser for SQLite - /Users/csev/Desktop/Music

Database Structure Browse Data Edit Pragmas ite S 006
e s New Database 5 Open Database | Write Changes 2 Revert Changes

Name

Database Structure a Edit Pragmas Execute SQL 006 DB Schema
Tables (5)

Name Schema

Table: Artist [T = 4 New Record Delete Record
= = Tables (5)

Album

CREATE TABLE Album (
Album id INTEGER NOT NULL PAI...

Led Zepplin CREATE TABLE "Artist’ (
id INTEGER NOT NULL PRI...
AC/DC

CREATE TABLE Genre (
id INTEGER NOT NULL PRI...

CREATE TABLE Track (
id INTEGER NOT NULL PRI...

sqlite_seq... CREATE TABLE sqlite_sequence(name,seq)
Indices (4)
” sqlite_auto...
Query executed successfully: insert into Artist (name) values ('AC/DC') sqlite_aut =
(took Oms) . sqlite_auto...
sqlite_aut ”
lite_aut sqlite_auto...
sq‘ = sqlite_auto...
> sqlite_aut Views (0)
Vs?ws 0) _| Triggers (0)
Triggers (0)

sqlite_sec
Indices (4)

Insert into Artist (name) values (‘Led Zepplin')
Insert into Artist (name) values ('AC/DC")




¢ New Database

Database Structure r at

Table:

DB Browser for SQLite - /Users/csev/Desktop/Music
% Open Database ) Write Changes i Revert Changes
Edit Pragmas Execute SQL [x 5]

Genre 2| | B New Record Delete Record Narme)

Tables (5)

Album

sqlite_seq...

Indices (4)

sqlite_auto...
sqlite_auto...
sqlite_auto...
sqlite_auto...

Views (0)
_| Triggers (0)

DB Schema

Schema

CREATE TABLE Album (
id

CREATE TABLE "Artist™ (
“id* INTEGER NOT NULL PRI...

CREATE TABLE Genre (
id INTEGER NOT NULL PRI...

CREATE TABLE Track (
id

CREATE TABLE sqlite_sequence(name,seq)

Insert into Genre (name) values ('Rock’)
Insert into Genre (hame) values ('Metal’)

GER NOT NULL PRI...

INTEGER NOT NULL PRI...



DB Browser for SQLite - /Users/csev/Desktop/Music

¢, New Database 4, Open Database i ) Write Changes i Revert Changes

Database Structure \ Edit Pragmas Execute SQL

Table: Album 1 2 8 New Record Delete Record

Insert into Album (title, artist_id) values ("Who Made Who', 2)
iInsert into Album (title, artist_id) values ('IV', 1)



insert into Track (title,
('Black Dog’',
insert into Track (title,
('Stairway’,
insert into Track (title,
('About to Rock'’,
rating,
5, 207,

values

values

values

insert into Track (title,

values

rating,
5, 297, O,
rating,
5, 482, O,
rating,

('Who Made Who',

Black Dog

Stairway

About to Rock

Who Made
Who

album_id

len, count, album_id,

2, 1)

len, count, album_id,

2, 1)

len, count, album_id,

5, 313, 0, 1, 2)

genre_id

len, count, album_id,

0, 1, 2)

rating

genre_id)
genre_id)
genre_id)

genre_id)



album_id genre_id

Black Dog
Stairway

About to Rock

Who Made
Who

artist_id

Led Zepplin

AC/DC

rating




Using Join Across Tables

http://en.wikipedia.org/wiki/Join_(SQL)



http://en.wikipedia.org/wiki/Join_(SQL)

Relational Power

« By removing the replicated data and replacing it with references to
a single copy of each bit of data we build a “ ” of information
that the relational database can read through very quickly - even
for very large amounts of data

- Often when you want some data it comes from a number of tables
linked by these



The JOIN Operation

« The JOIN operation as part of a select
operation

« You must tell the JOIN how to use the keys that make the
connection between the tables using an ON clause



artist_id

title name

1 Who Made Who | AC/DC )
Led Zepplin

v Led Zepplin AC/DC

select Album.title, Artist.name from Album join Artist on

What we want The tables that
to see hold the data



artist_id i name

Led Zepplin

AC/DC

title artist_id i name

1 Who Made Who | 2 AC/DC

Led Zepplin

select Album.title, Aloum.artist_id, Artist.id,Artist.name
from Album join Artist on



title genre_id id

Black Dog

Black Dog
Stairway
Stairway

About to Rock
About to Rock
Who Made Who

Who Made Who

name

Rock

Metal

Rock

Metal

Rock

Metal

Rock

Metal

SELECT Track.title,
Track.genre id,
Genre.id, Genre.name

FROM Track JOIN Genre

Joining two tables without an
ON clause gives all possible
combinations of rows.



title album_id genre_id rating

title name

Black Dog

Black Dog Rock Stairway

About to Rock

Stairway Rock Who o

About to Rock | Metal

Who Made

Who Metal

select Track.title, Genre.name from Track join Genre on

What we want The tables that
to see hold the data



select Track.title, Artist.name, Album.title, Genre.name
from Track join Genre join Album join Artist on

title name T What we want to see

Black Dog Led Zepplin | IV Rock The tables which hold
Stairway Led Zepplin | IV Rock the data

About to Rock AC/DC Who Made Who | Metal

Who Made Who | AC/DC Who Made Who | Metal




¥ Helis Bells
¥ Shake Your Foundations
¥ Chase the Ace

=

Dalaman

Rode Across the Desert
MNow You Are Gone
Tin Man

Sister Golden Hair
Track OL

Track 02

Track 03

Track 04

Track 05

‘War Pigs/Luke's Wall
Paranoid

E R

Planet Caravan
Iren Man
Electric Funeral
Hand of Doom
Rat Salad

A
=4
]

E =

Bomb Squad (TECH)
clay techno

Heawy

Hi metal man

Mistro

For Those About To Rock (We ...

Jack the Stripper/Fairies Wear ...

AC/DC
ACIDC
AC/DC
AC/DC

Altan
America
America
America
America

Billy Price
Billy Price
Billy Price
Billy Price
Billy Price
Black Sabbath
Black Sabbath
Black Sabbath
Black Sabbath
Black 5abbath
Black 5abbath
Black 5abbath
Black Sabbath
Brent

Brent

Brent

Brent

Brent

Who Made Who
Who Made Who
Who Made Who
Who Made Who
Matural Wonders M...
Createst Hits
Createst Hits
Createst Hits
Createst Hits
Danger Zone
[
5

[h

[

Rock
Rock
Rock
Rock
New Age

Easy Listen...
Easy Listen._.
Easy Listen...
Easy Listen...

Blues /R&B

LT E—— Y

title

Pa Black Dog

Pa
Pa

Pa Stairway

Pa
Pa
Pa
Pa

Br Who Made Who | AC/DC

Br
Br
Brent’'s Album
Brent's Album

About to Rock

i ¥ e W
TN
+ir 7 e e

i
name
Led Zepplin
Led Zepplin | IV
AC/DC Who Made Who

Who Made Who

name

Rock

Rock

Metal

Metal




Many-To-Many Relationships

https://en.wikipedia.org/wiki/Many-to-many (data_model)



http://en.wikipedia.org/wiki/Join_(SQL)

belongs-to Track gtre]\éii\;v:
Album < Title \YEWNY
One Many Rating
Len Track
comt |l
Table .
Primary key Album

Logical key “ One

https://en.wikipedia.org/wiki/One-to-many_(data_model)



Biological e :
S Children

Mother

One One Many

album_id genre_id rating

Black Dog

Stairway

About to Rock

Who Made
Who

https://en.wikipedia.org/wiki/One-to-many_(data_model)



Many to Many

N\ |
I r ‘
« Sometimes we need to model a

relationship that is many-to-many

Author-Book

- We need to add a "connection” Junction Table
table with two foreign keys Authors
- There is usually no separate Books =53

primary key


http://en.wikipedia.org/wiki/Join_(SQL)
http://en.wikipedia.org/wiki/Join_(SQL)

Course
title

Course

_id__
One

member-of

N BE—

Y ERY Many

Many
Many

https://en.wikipedia.org/wiki/Many-to-many_(data_model)

User
name

emaill

One




CREATE TABLE User (
id INTEGER PRIMARY KEY,
name TEXT UNIQUE,
email TEXT

CREATE TABLE Course (
id INTEGER PRIMARY KEY,
title TEXT UNIQUE

CREATE TABLE Member ( Start with a Fresh
user_id INTEGER, Database
course_id INTEGER,
role INTEGER,

PRIMARY KEY (user_id, course_id)



(y New Database 4, Open Database : ] Write Changes i Revert Changes

Database Structure Browse Data Edit Pragmas Execute SQL

¢4 Create Table

Name ype Schema
Tables (4)
CREATE TABLE Course
Course id INTEGER NOT NULL PRIMARY KEY AUTOINCREMENT UNIQUE,
Sl title TEXT
)
CREATE TABLE Member (
user_id INTEGER,
Member course_id INTEGER,
PRIMARY KEY (user_id, co
)

CREATE TABLE User (
id INTEGER NOT NULL PRIMARY KEY AUTOINCREMENT UNIQUE,
name TEXT,
email TEXT

)

CREATE TABLE sqglite_sequence(name,seq)




INSERT
INSERT
INSERT

INSERT
INSERT
INSERT

INTO
INTO
INTO

INTO
INTO
INTO

Insert Users and Courses

User (name, email) VALUES ('Jane'
User (name, email) VALUES ('Ed',
User (name, email) VALUES ('Sue',

Course (title) VALUES ('Python');
Course (title) VALUES ('SQL');
Course (title) VALUES ('PHP');

, 'jane@tsugi.org');

'ed@tsugi.org');
'sue@tsugi.org');



i Revert Changes

A New Database 2 Open Database I JWritc Changes

Database Structure Browse Data  Edit Pragma

& MNew Database =Y Open Database | JWritc Changes i Revert Changes
Table: Course = e :
Database Structure Browse Data  Edit Pragmas  Execute SQL
id title
Table: User =% New Record Delete Record
11 Pythan
id name email
2|2 saL
33 RHF 11 Jane jane@tsugi.org
2 2 Ed ed@tsugi.org

sue@tsugi.org



INSERT
INSERT
INSERT

INSERT
INSERT

INSERT
INSERT

INTO
INTO
INTO

INTO
INTO

INTO
INTO

Member
Member
Member

Member
Member

Member
Member

email

jane @tsugi.org
ed @tsugi.org

sue@tsugi.org

(user_id,
(user_id,
(user_id,

(user_id,
(user_id,

(user_id,
(user_id,

course_id,
course_id,
course_id,

course_id,
course_id,

course_id,
course_id,

role)
role)
role)

role)
role)

role)
role)

Python

SQL

PHP

VALUES
VALUES
VALUES

VALUES
VALUES

VALUES
VALUES

(1,
(2,
(3,

(1,
(2,

(2,
(3,

1);
0),;
0),;

0),;
1),

1),
0),;



& MNew Database 2 Open Database i JWritc Changes i Revert Changes

Database Structure Browse Data  Edit Pragmas  Execute SQL

Member = % New Record Delete Record

usar_id course_id




SELECT User.name, Member.role, Course.title
FROM User JOIN Member JOIN Course

ON

ORDER BY Course.title,

AND

Member.role DESC, User.name

title:

Python
saL

PHP

title

PHP

Python

Python

Python

SO



] Iti_nonce ] Hi_user
i user_id INT(11)
id INT(11) 2
ated_at TIMESTAMP
> » key_id INT(11)
2_id INT(11)

"] ti_context
context_id INT(11)
sha256 CHAR(E4)
igs TEXT key TEXT

sattings_url T| id INT{11)

ated_at TIMESTAMP
updated_at TIMESTAMP

title TEXT
nTEXT
TEXT
sattings_url TEXT
ated_at TIMESTAMP
updated_at TIM MP

created_at TIME:
updated_at TIME!

m ti_membenship
membership_id INT(11)
, context_id INT(11)
user_id INT(11)

updated_at TIMESTAMP
"o m
"] Hti_link
link_id INT(11)
link_sha?! AR(B4)
link_kay TEXT
id INT(11)

title TEX
json TEXT
settings TEXT
settings_url TEX
created_at TIMES
updated_at TIMES

result_id INT[11)
» link _id INT{1
@ user_id INT(11)
sult_url TEXT
cedid TEXT
sanvice_id INT[11)

] Hi_result l?
|
|
|
|
|
|
|
|
|

grade FLOAT

TEXT
server_grade FLOAT

T
created_at TIM MP
updated_at TIMESTAMP
retrieved_at DATETIME

>




Complexity Enables Speed

- Complexity makes speed possible and allows you to get very fast
results as the data size grows

« By normalizing the data and linking it with integer keys, the overall
amount of data which the relational database must scan is far
lower than if the data were simply flattened out

« It might seem like a - spend some time designing your
database so it continues to be fast when your application is a
success



Additional SQL Topics

Improve access performance for things like string fields

« Constraints on data - (cannot be NULL, etc..)

« Transactions - allow SQL operations to be grouped and done as a

unit



Summary

Relational databases allow us to scale to very large amounts of
data

The key is to have element and use relations
and joins to link the data to multiple places

This greatly reduces the amount of data which much be scanned
when doing complex operations across large amounts of data

Database and SQL design is a bit of an art form
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