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PREFACE

Databases are a crucial part of nearly all computer-based business systems. Some read-
ers of this book may be considering introducing databases into their routine work. Others
may have to actually develop real database-based business systems. The database is the
technology that supports these systems behind the scenes, and its true nature is difficult to
understand.

This book is designed so that readers will be able to learn the basics about databases
through a manga story. At the end of each chapter, practice exercises are provided for con-
firmation and expanding the knowledge you've obtained. Each chapter is designed so that
readers can gain an understanding of database technology while confirming how much they
understand the contents.

The structure of this book is as follows.

Chapter 1 describes why we use databases. Why is a database necessary? What kind of
difficulties will you have if you do not use a database? You will learn the background infor-
mation that using a database requires.

Chapter 2 provides basic terminology. You'll learn about various database models and
other terms relating to databases.

Chapter 3 explains how to design a database, specifically, a relational database, the
most common kind.

Chapter 4 covers SQL, a language used to manage relational databases. Using SQL
allows you to easily manage your data.

Chapter 5 explains the structure of the database system. Since a database is a system
through which many people share data, you will learn how it can do so safely.

Chapter 6 provides descriptions of database applications. You'll learn how Web-based
and other types of database systems are used.

This book was published thanks to the joint efforts of many people: Shoko Azuma for
cartoons, TREND-PRO for production, and Ohmsha for planning, editing, and marketing. |
extend my deep gratitude to all those concerned.

| hope that this book is helpful to all readers.

MANA TAKAHASHI






What /5 a PataBasE?




D aCaBaéeé? : X :f“CLAﬁEz'

DON'T LOOK SO
CROS5,

PRINCESS RURUNA!




THE KINGDOM

OF KOD—
BUT, I JUST HAVE "THE COUNTRY
S0 MUCH TO DO! OF FRUIT"

THIS YEAR'S
HARVEST
SHOULD BE
BOUNTIFUL!

N

YOU SHOULD BE
PLEASED ABOUT
THIS BUSY SEASON.

YOU KNOW THAT OUR
FRUIT RECORDS ARE
MANAGED BY FILES
CREATED BY...

THE
MERCHANDISE DEPART-
MENT, THE OVERSEAS
BUSINESS DEPARTMENT,
AND THE EXPORT
DEPARTMENT,
DON'T YOU?

EXPORT
DEPARTMEN

I WISH I COULD
HANDLE THINGS
MUCH MORE
EFFECTIVELY.

LA DEE DA LA
LA DEE DUM!

I'M SURE IT IS
AN EXTREMELY NO\%\&/%&
EFFICIENT !

SYSTEM.




.

I WONDER IF IT 15 PRGN
INEFFECTIVE TO MANAGE P | TEneess
ALL THE DATA ON A - Y
DEPARTMENTAL BASIS,

IT WAS SUCH A N
HEADACHE WHEN THE il
PRICE OF APPLES ' ,
WENT UP THE OTHER
DAY.

OH, IT'S YOU,
CAIN. WHAT'S UP?

vvvvvvv

IF MY PARENTS WERE STILL
IN THE CASTLE, THIS WOULD
NOT BE HAPPENING...!




)

IT IS ONE OF MY
IMPORTANT OFFICIAL
DUTIES TO TRAVEL

ABROAD! ___
',n'l

HO::j_%-HO~H0 !

CAIN, TAKE
CARE OF
RURUNA
DURING OUR
ABSENCE.

YOU FORCED
WORK ON ME, J¢
"y

AND YOU'RE GOING ON A
TRIP WITHOUT ME. I CAN'T
BELIEVE IT!

o Nao>
N amoxeo:

THE KING DECIDED
TO TAKE THAT TRIP
BECAUSE HE TRUSTS

YOU, PRINCESS
RURUNA.

THEN, WHAT DID
HE SEND ME?

WELL,
A PACKAGE...

AND A LETTER.

WHAT IS5 A DATABASE? 5



"WE FOUND A BOOK
ABOUT GROUNDBREAKING
TECHNOLOGY IN A
FARAWAY LAND WE
VISITED.

THE PERSON WHO GAVE
US THIS BOOK TOLD US
THAT THE BOOK DESCRIBES
A SECRET TECHNOLOGY
CALLED A DATABASE.

WE HEAR THAT THE
DATABASE IS A SYSTEM
THAT ALLOWS EVERYONE
TO SHARE, MANAGE, AND
USE DATA.

BUT, HOW IT 1S USED
DEPENDS ON WHO READS
THIS BOOK.

THE PERSON GAVE THIS
BOOK TO US BELIEVING
THAT THE KINGDOM OF
KOD WOULD USE IT IN A
PEACEFUL MANNER.

RURUNA...



Al 257 KNOW ANYTHING ABOUT &
= 7o HOW STRESSED OUT I AM
gy LA FEELING!

i

g L OH, PLEASE! YOU DON'T

OPEN THIS BOOK,
AND USE IT FOR
THE BETTERMENT

OF OUR COUNTRY.

WHAT IN THE HECK??

I CAN'T OPEN IT.

IT'S LOCKED. PP

15 THIS THE
KEY FOR IT?




You?

AND WHO ARE

YOU ARE
IN THE K...
K...KOD

I'M CAIN!-THE
CLOSE AIDE
OF PRINCESS

RURUNA OF KOD. ot

WHO ARE
youzs

A GHOST?!




HUFFY/

HOW RUDE!
I'M TICO.

BUT ONLY THE
PEOPLE WHO
OPENED THE BOOK
CAN SEE ME.

YOU CAME
OUT OF THE

THIS BOOK HAS
SUPERNATURAL
POWERS TO HELP
THE PEOPLE WHO
OPENED IT USE THE

KNOWLEDGE...

IN A PROPER
MANNER.

50..YOU'RE
GOING TO
HELP US?

THAT'S
RIGHT.

WHAT IS A DATABASE? 9



WELL, SHE SEEMS
HARMLESS SO
FAR...

DATABASES...

ENOUGH ABOUT
ME! YOU TWO
OPENED THE BOOK
TO LEARN ABOUT

DIDN'T YOU?

OKAY THEN, R
LET'S
START,

TO CREATE A
| | DpATABASE...

WAIT A
MINUTEY

THIS 1S A VERY
ELEMENTARY
QUESTION...

BUT WHAT 1S A
DATABASE?

Oy I AM MANAGING
WHAT IT 15 VALUES AND
. NUMBERS CUSTOMERS,
YOU ARE HANDLING RELATED TO AND SALES
VARIOUS VALUES PRODUCTS, BY CREATING
AND NUMBERS, FILES ON A
AREN'T YOU?
.. < DEPARTMENTAL

/. ,

YES, AND 1
HAVE MANY
PROBLEMS...

OH, 5O YOU'RE

MANAGING DATA IN AN
UNCOORPDINATED FASHION,
BY DEPARTMENT.




THAT MEANS DATA 1S
DUPLICATED IN EACH
DEPARTMENT, RIGHT?

MERCHANDISE
DEPT.

OVERSEAS
BUSINESS DEPT.

EXPORT DEPT.

OLD (G) 1S THE CURRENCY UNIT
USED IN THE KINGDOM OF KOD,
RIGHT?

THAT'S RIGHT.

AND EACH
DEPARTMENT HAS
SEPARATE DATA.

b1
bt
¥

KOLONE 5AYS, | 'y

“IT 1S5 AN
EFFICIENT

SOMETIMES IT
CAN CREATE
PROBLEMS.

JUST LIKE THAT
CRISIS THE OTHER
DAY!!

WHAT IS A DATABASE? 11



YES, WHEN THE
PRICE OF APPLES
WENT UP.

THE PRICE OF APPLES,
WHICH HAD BEEN 1006,
WENT UP TO 1206, AS 1
REMEMBER.

[

SUDDEN RISE IN COMMOPDITY PRICE

I SENT A
MESSAGE TO EACH
DEPARTMENT TO
CHANGE THE PRICE
TO 1206,
BUT...

RAISE THE PRICE

TO 1206! ONE DEPARTMENT

FORGOT TO CHANGE
THE PRICE.

I DIDN'T
GET YOUR
MESSAGE...

PRICE REMAINS THE SAME!

12 CHAPTER 1



NOT ONLY THAT...

ANOTHER DEPARTMENT éﬁﬂ;’@gj

CHANGED THE PRICE TO
3006 BY MISTAKE.

APPLE: 1206 APPLE: 100G APPLE 3006

SOMETHING'S
WRONG!

EXPORT

OVERSEAS DEPT,

BUSINESS DEPT.

MERCHANDISE
DEPT.

THE DATA IN
RESPECTIVE
DEPARTMENTS
CONFLICTS,
DOESN'T IT?

IT WAS PARTICULARLY
HARD FOR CAIN! HE
HAD TO RUN AROUND

THE KINGDOM...

AND CORRECT
ALL THE
ERRORS.

“THE PRICE OF
" APPLES IS NOT
g CORRECT...

THAT'S RIGHT.
TIRED...

WHAT 15 A DATABASE? 13



MY FATHER SAID, “LET'S
START A FRUIT-PICKING TOUR
SOMETIME IN THE FUTURE!"”

BUT I FEEL WE ARE
FAR FROM READY.

HE IS
FREE AND
EASYGOING.

LET'S START A NEW
BUSINESS USING THE
EXISTING SYSTEM.

HA-HA-HA!

EVEN IF WE DO START
A NEW BUSINESS, IT
SEEMS LIKE IT WILL BE
IMPOSSIBLE TO USE THE
DATA STORED IN THE

CURRENT SYSTEM.

IF YOU START A NEW
BUSINESS, YOU WILL
HAVE TO CREATE NEW
FILES FOR THE NEW
DEPARTMENT.

14 CHAPTER 1

50...MY OFFICIAL
DUTIES WILL NOT
BE REDUCED IN

THE SLIGHTEST! 4 s

T

BN 4y

WELL, IT SOUNDS
LIKE YOU HAVE TO
MAKE ENTRIES AND

CONFIRMATIONS EACH
TIME ANYTHING CHANGES,
AND IT SEEMS TO BE A
TOUGH JoB.

YOU WILL BE
TORMENTED BY DATA
MANAGEMENT EVEN IF
YOU DO YOUR BEST,

WON'T YOU?




A SYSTEM IN WHICH
DATA 1S SHARED
BY EVERYONE
IS CALLED A

PATABASE.

IF YOU USED ONE,
YOU WOULD NOT
HAVE TO KEEP
USELESS DATA.

YOU MEAN WE CAN HAVE
A MUCH MORE EFFICIENT
SYSTEM THAN THE CURRENT

ONE?

IT SOUNDS
LIKE IT I15
WORTH
STUDYING,
DOESN'T IT?

CAN'T YOU JUST

I DO NOT HAVE A
PHYSICAL BODY,
SO I CAN'T USE
COMPUTERS IN THE
REAL WORLD.

BUT IN GRATITUDE %
FOR BRINGING ME
OUT OF THE BOOK...

I WILL TEACH YOU
EVERYTHING. BUT
YOU MUST PO YOUR

FOR ME AND
MY COUNTRY...

OH,

[ PRINCESS!



WhaT'S UP IN THE KINGDOMZ

16 CHAPTER1

The Kingdom of Kod currently uses a file-based system to manage its data. But it seems
that the current system has a few problems. What are they, in particular? Let’s look at the
system in detail.

The Kingdom currently has three departments: the Merchandise Department, the
Overseas Business Department, and the Export Department. The Merchandise Department
keeps track of all fruit produced in the country, the Overseas Business Department manages
the foreign countries that are the Kingdom'’s business partners, and the Export Department
keeps records of the amount of fruit the Kingdom exports.

PRINCESS
RURUNA

OVERSEAS
BUSINESS
DEPARTMENT

MERCHANDISE EXPORT

DEPARTMENT DEPARTMENT

4@»

DATA 15 DUPLICATED

Princess Ruruna isn't satisfied with the current system. But why not? Each department

in the Kingdom manages data independently. For example, the Merchandise Department
and the Export Department each create files to manage fruit data. Therefore, data is dupli-
cated needlessly across the departments. Each department must enter the data, store the
data, then print receipts for confirmation, all of which is a waste. In addition, data trapped in
one particular department is never shared effectively with the other departments.

PRINCESS

Data is duplicated.
RURUNA

OVERSEAS
BUSINESS
DEPT.

MERCHANDISE EXPORT
DEPT. DEPT.



But that's not all. The system also creates problems when someone needs to change
the data. For example, let's assume that the price of apples changes. To deal with this, Prin-
cess Ruruna must notify every department individually that the price of apples has changed.
Isn't that inconvenient?

PRINCESS
RURUNA

The Princess must
send a message to
each department.

OVERSEAS
BUSINESS
DEPT.

MERCHANDISE
DEPT.

DATA CAN CONFLICT

It may seem easy enough to notify each department that the price of apples has changed,
but it can create a new set of problems. Let’s say that Princess Ruruna does notify the three
departments that the price of apples has changed. However, the Overseas Business Depart-
ment may forget to change the price, or the Export Department might change the price to
300G instead of 120G. These kinds of errors result in conflicting data between departments,
which causes the content of the file systems to differ from the conditions of the real world.
What a pain!

CHANGE THE PRICE
OF APPLES FROM
1006 TO 1206.

PRINCESS
RURUNA

This may cause

conflicting data.
MERCHANDISE DEPARTMENT OVERSEAS BUSINESS DEPARTMENT EXPORT DEPARTMENT
Product name |Unit price Product name [Unit price Product name |Unit price
Melon 800G i [Melon 800G i [Melon 8006 ;
Strawberry 1506 ! | Strawberry 1506 i |Strawberry 1506
Apple 1206 i |Apple 1006 i |Apple 3006
Lemon 2006 :|Lemon 2006 i |Lemon 2006

WHAT 15 A DATABASE? 17



18 CHAPTER1

DATA 15 DIFFICULT TO UPDATE

The current system not only creates conflicting data, but it also makes it difficult to respond
to changes in business. For example, let's say that the King wants to launch a new Tourism
Department. When a tour guide conducts a tour of the orchards and discusses the King-
dom’s fruit sales, the guide will want to use the most up-to-date sales figures.

But, unfortunately, the current system does not necessarily allow the departments to
access each other’s data, since the files are kept independently. To manage a new tourism
business, Princess Ruruna will have to make copies of all the relevant files for the Tourism
Department!

(L] (L] (L]

MERCHANDISE TOURISM EXPORT
DEPARTMENT DEPARTMENT DEPARTMENT
=
t Dj New files must
be created.
FILE FOR MERCHANDISE DEPT. FILE FOR TOURISM DEPT.
Product name [Unit price Product name [Unit price :
Melon 8006 Melon 8006
Strawberry 1506 Strawberry 1506
Apple 1206 : Apple 1206 :
Lemon 2006 Lemon 2006 :

This, in turn, increases the amount of duplicated data created when a new department
starts. Considering these weaknesses, the current system is not efficient. It makes it difficult
to start new projects and respond to environmental changes.



4 PataBase—Zhat’s OUR S0LUTION/

Well, why is this system so inefficient? The problems all stem from separate and indepen-
dent data management. What should Ruruna and Cain do? That's right—they should create
a database! They must unify the management of data for the entire Kingdom. | will show
you how to do this in the next chapter.

PRINCESS
RURUNA

-

DATABASE ‘,

ﬂ MERCHANDISE OB\L/JZ’IZT‘ISEESA:
DEPT.
DEPT

Uniform data management ensures that each department has the correct information,
because each department sends a query to a single source of data. What an efficient system
itis! It prevents data conflicts, and it also eliminates duplicated data, allowing for easy intro-
duction and integration of new departments.

Data is accessible
to everyone.

EXPORT

N
3

HOW TO USE A DATABASE

To introduce and operate a database, you must understand its unique challenges. First, the
database will be used by many people, so you'll need a way for them to easily input and
extract data. It needs to be a method that is easy for everybody to use.

PRINCESS
RURUNA

WHAT 15
THE PRICE OF
APPLES IN G?

ﬂ MERCHANDISE %Y;T:&?:
DEPT.
DEPT

The new system also presents some risks—for example, it may make it possible for
users to steal or overwrite important information like salary data, which is confidential
and should be protected by an access restriction. Or, for example, only the Export Depart-
ment should have access to sales data. Setting up database security and permissions is
important when designing a system.

-

WHAT WAS THE
SALES VOLUME
ON MARCH 57

DATABASE v
~

WHAT 15 A DATABASE? 19



20 CHAPTER 1

PRINCESS

I CANT ) RURUNA
ACCESS SALES DATABASE v ICAN
DATA. b ACCESS SALES

The new system can have other problems, too. The database can be used by many
people at one time. Assume that someone in the Overseas Business Department and some-
one in the Export Department both try to change the name of a fruit at the same time—the
former, from Apple to AP, and the latter, from Apple to APL. If they do this, what will happen
to the product name? For a database that will be used by many people, this kind of problem
must be considered.

ﬂ MERCHANDISE OBY)ZTNQEESA:
DEPT.
DEPT.
L.ob

PRINCESS
RURUNA

’ DATABASE v
~
OVERSEAS
MERCHANDISE
BUSINESS
(78] NE
L %)

[

You also need to be careful not to lose any data. Furthermore, the system may go down
or a hard disk could fail, causing data to be corrupted. The database must have mechanisms
to recover from these common kinds of failures.

§ We must prepare
for failures.

/i




In addition, since the database will hold a large amount of data, you must be able to
perform searches at high speeds. The new system must have the power to handle that.

Let's start studying databases together with Princess Ruruna and Cain to learn how to
solve these problems. Onward to Chapter 2!

sUummary

*  File-based management can create conflicting data and data duplication.
* A database allows you to share data easily and prevents conflicting and
duplicated data.

USING SOFTWARE TO MANAGE DATABASES

The database we are going to study is managed by software called a database
management system (DBMS). A DBMS has many useful functions—it allows you to

do things like input data into a database, prevent conflicting data, and retrieve a large
amount of data at high speed. Thanks to our DBMS, the database can be used by many
people simultaneously. In addition, a DBMS can protect the security of the database—
for example, it allows the database to operate properly even if a failure occurs. In
addition, the DBMS provides an easy-to-use interface between the database and its
users. We'll study databases and the functions of a DBMS in the next chapter.

WHAT 15 A DATABASE? 21
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AWhat /5 a RELATIONaL PataBasE?

&




|

DataBasSE TERMS

1R

BEAUTIFUL PRINCESS.

TAKE THESE
FLOWERS...

DARLING.

URUNA, MY

BOTH MY FATHER AND
MOTHER ARE AWAY
FROM THE CASTLE,
SO I'M VERY BUSY! T~

I THOUGHT YOU'D BE
LONELY. THAT'S WHY 1
AM HERE.

IS HERE
WITH ME.

YOU CAN'T PRINCE
MEAN YOUR RAMINESS!
AIDE IS MORE
DEPENDABLE

THAN A PRINCE!




TRARZEZ/4

YOU PROMISED
=\Y TO @O oUT ON
= '\ A DATE WITH ME

THIS 1S5
FOR YOU.

WHAT
ABOUT My ¥
H_FLOWERS?

BUT RAMINESS IS
THE PRINCE OF
THE NEIGHBORING

COUNTRY.

YOU SHOULDN'T
TREAT HIM SO
LIGHTLY.

HE 1S SO
ANNOYING.

&

DON'T 1
KNOW IT...

GOOD MORNING!




IT'S NOT A GOOD
MORNING AT ALL.

GEE! HOW LONG
HAVE YOU BEEN

YOU SURPRISE

YOU ARE 50 CAREFREE. WE BVERY
TIME.

SINCE YOU
OPENED THE
BOOK A LITTLE
WHILE AGO.

BUT THAT'S
OKAY. ANYWAY,
RAMINESS LEFT.

LET'S START TO DESIGN
A DATABASE.

. SQUEEZE
— SQUEEZE

——

WAIT A MINUTE.

YOU CAN'T DESIGN A
DATABASE WITHOUT A GOOD

FOUNDATION
ANY KNOWLEDGE. IS IMPORTANT.

i

LET'S DO
AWWW... /  OUR BEST.

A

N

FIRST OF ALL, LET'S
LEARN DATABASE
TERMS.,

26 CHAPTER 2



WRIGGLE WRIGGL

THIS 1S ONE OF
THE FILES YOU
ARE USING.

£

N..NO, :

WHAT PID NOTHING... b

YOU SAY?

SHE WENT INTO 3
q THE LAPTORP..!

A PIECE OF DATA IN
THE FILE IS CALLED A
RECORPD.

AND EACH ITEM IN THE
RECORD IS CALLED A FIELD.

ONE PRODUCT 1S ONE
RECORD, RIGHT?

THEN THE PRODUCT
COPE, PRODPUCT
NAME, UNIT PRICE, AND
REMARKS ARE FIELDS,

CORRECT?

WHAT IS5 A RELATIONAL DATABASE? 27



EACH RECORD CONTAINS
FIELDS OF THE SAME TYPE.

ﬁj‘/

PRODUCT cODE | | PRODUCT NaME | | UNIT PRICE REMARKS
jol MELON 8006 WITH SEEDS
{02 STRAWBERRY 1506

o e

103 APPLE 1206 ]
104 LEMON 2006 SOUR

Loy CHESTNUT 1006 WITH BUR

0 PERSIMMON 1606

30} PEACH 1306

30% KIWI 2006 VALUABLE

FIELD

PRODUCT
CODE

[o

FOR EXAMPLE,

/ THEN, NEXT, LET'S THINK
PRODUCT CODE AND PRODUCT NAME

ABOUT THE PRODUCT
5 A THREE-DIGIT |7 TER CHARACTERS e CODE IN A LITTLE MORE
VALUE... : o3 DETAIL. e
i‘ 5 l.{. \

PRODUCT 2ol
CODE j PRODUCT NA‘MEI _) —

{0 '

% 3of
3ol

L

i
02.
6.3

1oty
=
01

2
7

P! E zsx MMO!NE
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NO TWO
PRODUCT
CODES ARE
THE SAME.

00 &

AND THERE ARE NO
DUPLICATED RECORDS.
50, IF YOU KNOW THE
PRODUCT COPDE 15 101,

YOU CAN IDENTIFY IT
AS MELON.

UNIT PRICE?

NUMBER.

EVEN IF YOU
KNOW A FRUIT'S

PRICE 15 2006... @

- \SOFL 7 WHAT WILL HAPPEN?
CASE OF UNIT {204
PRICE... A
OH, I FOUN YOU WILL NOT
THE SAME KNOW WHETHER IT

INDICATES LEMON
OR KIWI.
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50 WE CAN IDENTIFY
DATA WITH ITS PRODUCT
CODE, BUT NOT WITH
ITS UNIT PRICE.

IN THE DATABASE
WORLD, SUCH A
FIELD...

IS CALLED UNIQUE.

UNIQUE?

OTHER PEOPLE
OFTEN SAY THAT
ABOUT MY FATHER...

IT MEANS THE
ONE AND ONLY.

ITHAS A
YOU KNOW.

b/ SPECIFIC MEANING,

THEN, NEXT, LET'S
THINK ABOUT
REMARKS.

REMARKS ARE
REMARKS, AREN'T

e
P e
oico V¥
é)\ '(‘(\\6 o

PERSON | REMARKS

BLONDE
ACTIVE

BRUNET { /
RELAXED | [i 1A%

TAKE A LOOK FROM
THE POINT OF VIEW
OF A DATABASE.

SOME VALUES UNDER
REMARKS HAVE NO
ENTRIES, RIGHT?

I SEE YOUR
POINT...




THIS DOES NOT IF THAT'S 50, YOU

MEAN THAT A SPACE CAN'T IDENTIFY THE

REMARKS IS ENTERED... PRODUCT EVEN IF
YOU LOOK AT THE
WITH SEEDS REMARKS.
IT IS TRULY EMPTY.

SOUR
WITH BUR
VALUABLE ...

CANNOT BE NULL.

THE ABSENCE OF A VALUE

PRODUCT | PROVLCT | UNITPRICE | REMARKS I %AA\[:I';EBIZ SAENVZ\/I%IZIEDTHE

101 MELON 8006 WITH SEEDS

1ol STRAWBERRY 1506

i3 iapPLE 1206

(o4 {LEMON 2006 50OUR

291 CHESTNUT 1006 WITH BUR A Ngl;kAIS gcgﬁP‘LAgLi CF;OIZ

R T T R

Lot |FERSMMON| 1606 r%ZODUKCT' CODE, WHICH
301 ipPeAcH 1306 IDENTIFIES DATA.

3oL kw 2006

>
NULL? EMPTY?

THAT'S ALL FOR UNIQUE?

DATABASE TERMS.

DO YOoU T B
UNDERSTAND? MUTTER...

VAGUELY...
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BUT, IF YOU CONTINUE
USING THE CURRENT
INDEPENDENT FILES,

THERE ARE ALL KINDS
OF PROBLEMS YOU
CAN'T SOLVE.

THAT'S WHY I WANT TO
CREATE A DATABASE.

50, TELL ME, TELL
HOLD ON!

WHEN YOU SAY
PATABASE, YOU MUST
UNDERSTAND THAT THERE
ARE MANY KINDS OF
DATABASES.

<\ JusT Like
-\

15 THAT 50?7

32 CHAPTER 2

) snazam
S R e,

7 y
THIS 15 A (f

HIERARCHICAL DATA 77
MODEL, IN WHICH

THERE IS A TREE-LIKE
RELATIONSHIP BETWEEN




NEXT 1S THE NETWORK PATA
MODEL, IN WHICH PIECES
OF DATA HAVE OVERLAPPING
RELATIONSHIPS WITH EACH
OTHER.

ARE YOU NOT q |
I'M READY FOR
ASTONISHED AT ANYTHING!

ALL, CAIN?

THEN, ARE WE GOING
TO USE ONE OF THEM?

AS A MATTER OF

FACT, ANOTHER KIND

IS MUCH EASIER TO

USE THAN THESE %
TWO. -

YOU WERE
SCARED,

WEREN'T NO, NOT i ’

You? AT ALL,

A RELATIONAL DATA MODEL.
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RELATIONAL PataBasES

vy

i Y
HEADING| HEADING } HEADING | HEADING %/
pata | DATA | patA | pATA |0

THE RELATIONAL PATA
MOPDEL 15 BASED ON A
TWO-DIMENSIONAL TABLE.

DATA DATA DATA DATA

DATA | DATA DATA DATA

SOMETHING H
APPEARED AGAIN.

IN THE RELATIONAL iyl
DATA MODEL, A TABLE
IS ALSO CALLED A
RELATION.

IT SEEMS THAT DATA
SUCH AS PRODUCTS 15
EASY TO TABULATE....

ONE PIECE OF DATA OR
RECORD IS CALLED A
ROW...

AND EACH DATA ITEM
OR FIELD 1S CALLED A
COLUMN.

ANOTHER
NEW WORD!
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IN ADDITION,

A FIELD IS
SOMETIMES GIVEN
AN IMPORTANT
ROLE IN THE
DATABASE.

THIS SPECIAL FIELD
IS CALLED A KEY.

THE FIELD SERVES AN
IMPORTANT ROLE: TO
IDENTIFY DATA.

THIS CODE
IS CALLED A
PRIMARY KEY.

I DIDN'T KNOW
THERE WERE SO
MANY TERMS,

IMPORTANT

YES. FOR
EXAMPLE,

THE PRODUCT
CODE IN THE FILE
YOU SAW A LITTLE
WHILE AGO.

WELL, I'M FAMILIAR
WITH TABLES.

IT 15 EASY TO
UNDERSTAND IF YOU
CAN PROCESS DATA
USING A TABLE. ., .

L -

THIS 1S ONE MERIT
OF THE RELATIONAL
DATA MODEL.

EVEN PEOPLE WHO
DO NOT KNOW MUCH
ABOUT DATABASES
CAN PROCESS DATA.
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IN ADDITION, THE
RELATIONAL DATA
MOPDEL IS DESIGNED
SO THAT YOU CAN
PROCESS DATA
WITH MATHEMATICAL
OPERATIONS.

ER...MATH?

AS 1 SUSPECTED,
THIS IS
DIFFICULT...

NOT AT ALL.

PRODUCT | PROBUCT | uNIT PRICE | REMARKS PRODUCT
1ol |meLon 8006 |wiTH seEDS MELON
102 |straweerry] 1506 STRAWBERRY
103 |apre 1206 APPLE
10% Jiemon 2006 |{sour LEMON
201 [cHESTNUT 1006 WITH BUR CHESTNUT
207 {PERSIMMON 1606 PERSIMMON
301 |PeAcH 1306 PEACH
o2 |kw 2006 |VALUABLE KIWI

FOR INSTANCE, LET'S
LOOK BACK AT THE
PRODUCT TABLE.

maagiC/

YOU CAN
EXTRACT THE
PRODUCT NAME?

Wzﬁ“"g

7

?

.
/ﬁy_

P

AN OPERATION
TO EXTRACT A
COLUMN LIKE
THIS 1S CALLED
PROJECTION.
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50 EXTRACTING THE
PRODUCT NAME IS AN
OPERATION?

THERE ARE MANY
OTHER OPERATIONS.
IN FACT, THERE ARE

50 MANY!

ANOTHER MERIT OF THE

RELATIONAL DATA MODEL

IS THAT YOU CAN PROCESS |
DATA BY...

OPERATIONS.

COMBINING THESE
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50 THEN, WE WILL CREATE
A RELATIONAL DATABASE
FOR THE KINGDOM OF
KOD, WON'T WE?

PRINCE RAMINESS
LEFT A LITTLE WHILE
AGO....

——

*¥TEE-HEEEEE
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DARN IT...!

HOW MANY
WOMEN

DOES HE...7! §#




ZYPES OfF pata MODELS

When you use the term database, what kind of database do you mean? There are many
types available for data management. The data association and operation methods that a
database uses is called its data model. There are three commonly used data models.

As | described to Ruruna and Cain, the first type is the hierarchical data model. In the
hierarchical data model, child data has only one piece of parent data. The second type is the
network data model. Unlike the hierarchical data model, in the network data model, child
data can have multiple pieces of parent data.

[ _]
III\IIII/% | I%I%ﬁl L

Hierarchical data model Network data model

To use either of these models, you must manage data by keeping the physical location
and the order of data in mind. Therefore, it is difficult to perform a flexible and high-speed
search of your data if you use a hierarchical or network data model.

The third type of model is the relational data model. A relational database processes
data using the easy-to-understand concept of a table. Let’s discuss this model in more
detail.

Relational data model

pata EXTRACTION OPERATIONS

How is data extracted in a relational database? You can process and extract data in a rela-
tional database by performing stringently defined mathematical operations. There are eight
main operations that you can use, and they fall into two categories—set operations and rela-
tional operations.

SET OPERATIONS

The union, difference, intersection, and Cartesian product operations are called set
operations. These operations work upon one or more sets of rows to produce a new set of
rows. In short, they determine which rows from the input appear in the output. Let’s look at
some examples using Product Table 1 and Product Table 2.
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PRODUCT TABLE 1 PRODUCT TABLE 2

Product name Unit price Product name Unit price

Melon 8006 Melon 8006

Strawberry 1506 Strawberry 150G

Apple 120G Chestnut 100G

Lemon 2006 Persimmon 3506
UNION

Carrying out the union operation allows you to extract all products included in Product
Table 1 and Product Table 2. The result is below.

Product name Unit price
Melon 800G
Strawberry 1506
Apple 1206
Lemon 2006
Chestnut 1006
Persimmon 3506

Performing a union operation extracts all rows in the two tables and combines them.
The following figure shows what the data from the two tables looks like once a union
operation has been performed. All rows in Product Table 1 and Product Table 2 have been
extracted.

PRODUCT PRODUCT
TABLE 1 TABLE 2




DIFFERENCE

Difference is an operation that extracts rows from just one of the tables. For example, a dif-
ference operation can extract all of the products from the first table that are not included in

the second. The results depend on which table contains rows to extract, and which table has
rows to exclude.

Product name Unit price Product name Unit price

Apple 120G Chestnut 1006

Lemon 200G Persimmon 350G
PRODUCT PRODUCT PRODUCT PRODUCT
TABLE 1 TABLE 2 TABLE 1 TABLE 2

Chestnut

INTERSECTION

You can also extract products that are included in both Product Table 1 and Product Table 2.

This operation is called an intersection operation. Here is the result of the intersection of
Product Tables 1 and 2.

Product name Unit price

Melon 8006

Strawberry 1506
PRODUCT PRODUCT
TABLE 1 TABLE 2
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CARTESIAN FRODUCT

The Cartesian product operation is a method that combines all rows in the two tables. Let’s

look at the Product and Export Destination Tables below.
The Cartesian product operation combines all rows in the two tables. In this example, it

resulted in 3 x 3 = 9 rows. Notice that the column names (or fields) in these two tables are

not the same—unlike our previous examples.

PRODUCT TABLE EXPORT DESTINATION TABLE

Product code | Product name | Unit price Export dest. code | Export dest. name

101 Melon 800G 12 The Kingdom of Minanmi

102 Strawberry 1506 23 Alpha Empire ro?/vs

103 Apple 1206 25 The Kingdom of Ritol
CARTESIAN PRODUCT l

Product code | Product name | Unit price | Export dest. code | Export dest. name

101 Melon 800G 12 The Kingdom of Minanmi

101 Melon 8006 23 Alpha Empire

101 Melon 800G 25 The Kingdom of Ritol

102 Strawberry 1506 12 The Kingdom of Minanmi

102 Strawberry 1506 23 Alpha Empire ?9?03\/\/:

102 Strawberry 1506 25 The Kingdom of Ritol

103 Apple 1206 12 The Kingdom of Minanmi

103 Apple 1206 23 Alpha Empire

103 Apple 1206 25 The Kingdom of Ritol
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RELATIONAL OPERATIONS

A relational database is designed so that data can be extracted by set operations and rela-
tional operations. Let’s look at the other four operations specific to a relational database,
called relational operations—projection, selection, join, and division.

FPROJECTION

Projection is an operation that extracts columns from a table. In the example shown here,
this operation is used to extract only product names included in the Product Table.

Product name

Melon

Strawberry

Apple

Lemon

Think of projection as extracting “vertically,” as shown below.

SELECTION

The selection operation extracts two rows from a table.

Product name Unit price
Melon 800G
Strawberry 1506

Selection is like projection, but it extracts rows instead of columns. Selection extracts
data “horizontally.”
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JOIN

The join operation is a very powerful one. This operation literally refers to the work of join-
ing tables. Let’s look at the tables below as an example.

PRODUCT TABLE SALES TABLE
Product code | Product name | Unit price Date Product code | Quantity
101 Melon 8006 11/1 102 1,100
102 Strawberry 1506 11/1 101 300
103 Apple 1206 11/5 103 1,700
104 Lemon 2006 11/8 101 500

The Product Code columns in these two tables represent the same information. On
November 1st, 1,100 strawberries (product code 102) were sold. The Sales Table does not
include the product name, but it does include the product code. In other words, the Sales
Table allows you to understand which product was sold by making reference to the product
code, which is the primary key in the Product Table. The product code in the Sales Table is a
foreign key. Joining the two tables so that the foreign key refers to the primary key results in
the following table.

Date Product code Product name Unit price | Quantity
111 102 Strawberry 1506 1,100
111 101 Melon 8006 300
11/5 103 Apple 1206 1,700
11/8 101 Melon 800G 500

This creates a new dynamic table of sales data, including date, product code, product
name, unit price, and quantity. The figure below shows a join—the shaded area represents a
column that appears in both original tables.




SALES TABLE

DIVISION

Finally, let's look at division. Division is an operation that extracts the rows whose column
values match those in the second table, but only returns columns that don't exist in the sec-
ond table. Let’s look at an example.

EXPORT DESTINATION TABLE

Export dest. code | Export dest. name Date Export dest. code | Export dest. name

12 The Kingdom of Minanmi | 3/5 12 The Kingdom of Minanmi
12 The Kingdom of Minanmi | 3/10 23 Alpha Empire

23 Alpha Empire 3/5

25 The Kingdom of Ritol 3/21

30 The Kingdom of Sazanna | 3/25

Dividing the Sales Table by the Export Destination Table results in the following table.
This allows you to find the dates when fruit was exported to both the Alpha Empire and the
Kingdom of Minanmi.

Date
3/5

QRUESTIONS

Now, let's answer some questions to see how well you understand relational databases. The
answers are on page 48.

Q1
What do you call the key referring to a column in a different table in a relational
database?

Q2
The following table displays information about books. Which item can you use as a
primary key? The ISBN is the International Standard Book Number, a unique identifying
number given to every published book. Some books may have the same title.

| ISBN | Book name Author name Publication date | Price |
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Q3

What do you call the operation used here to extract data?

Export dest. code | Export dest. name _’ Export dest. code | Export dest. name
12 The Kingdom of Minanmi 25 The Kingdom of Ritol
23 Alpha Empire

25 The Kingdom of Ritol

30 The Kingdom of Sazanna

Q4

What do you call the operation used here to extract data?

Export dest. code | Export dest. name Export dest. code | Export dest. name

12 The Kingdom of Minanmi 15 The Kingdom of Paronu
23 Alpha Empire 22 The Kingdom of Tokanta
25 The Kingdom of Ritol 31 The Kingdom of Taharu

30 The Kingdom of Sazanna 33 The Kingdom of Mariyon

46 CHAPTER 2
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Export dest. code | Export dest. name

12 The Kingdom of Minanmi
15 The Kingdom of Paronu
22 The Kingdom of Tokanta
23 Alpha Empire

25 The Kingdom of Ritol

30 The Kingdom of Sazanna
31 The Kingdom of Taharu
33 The Kingdom of Mariyon




Qs

What do you call the operation used here to extract data?

Export dest. code | Export dest. name Export dest. code | Date
12 The Kingdom of Minanmi 12 3/1
23 Alpha Empire 23 3/1
25 The Kingdom of Ritol 12 3/3
30 The Kingdom of Sazanna 30 3/5
12 3/6
25 3/10

!

Export dest. code | Date Export dest. name

12 3/1 The Kingdom of Minanmi
23 3/1 Alpha Empire

12 3/3 The Kingdom of Minanmi
30 3/5 The Kingdom of Sazanna
12 3/6 The Kingdom of Minanmi
25 3/10 The Kingdom of Ritol

In a relational database, you can use eight different operations to extract data. The extracted

ChE RELAaTIONaL pPataBasE PREVaILS/

results are tabulated. If you combine the operations explained in this section, you can

extract data for any purpose. For example, you can use the name and price of a product to

create gross sales aggregate data for it. Relational databases are popular because they're
easy to understand and provide flexible data processing.
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SUmary

ANSWERS
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Q1
Q2
Q3
Q4
Q5

One row of data is called a record, and each column is called a field.

A column that can be used to identify data is called a primary key.

In a relational database, you can process data using the concept of a table.

In a relational database, you can process data based on mathematical operations.

Foreign key
ISBN
Selection
Union

Join



LET'S DESIGN a PataBasE/




WHAT'S WRONG
WITH CAIN?

CAIN? WHERE
ARE YOU?

HE IS MUMBLING
TO HIMSELF....

GO0D

...DPATABASE OR MORNING,

SOMETHING... OH, CAIN...

PRINCESS -
RURUNA! MORNING!

CAIN!!

OH, I'VE GOT IT. }

e
I




TAKES A
LONG LOOK...

PRINCESS
RURUNA.

GOOD MORNING,
RURUNA!!

GOOD
MORNING,
TICO.

CAIN, YOU NEED TO
BE CAREFUL!

YOU LOOK WEIRD
IF YOU TALK TO
HER IN FRONT OF
OTHER PEOPLE.

NOBODY CAN SEE
TICO BUT YOU

i ,r'

\1 .
SORRY...YOU |
ARE RIGHT.

50 WHAT WERE
YOU TALKING
ABOUT?

I HARDLY KNOW WHERE
TO BEGIN WHEN CREATING
A DATABASE.

50 1 WAS ASKING
TICO'S ADVICE.

NICE
, YOU MUST HAVE
WORK ,ﬁ\» BEEN WORKING
AUOA ALL MORNING.

AND?
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FIRST OF ALL, WE
CONSIDERED THAT WE
COULD EASILY CREATE
A DATABASE...

/ IF WE COULD JUST

FIGURE OUT THE ACTUAL
CONDITION OF THE
KINGDOM OF KOPD....

WELL, THAT'S ALL.

IT'S RATHER
A LONG
LESSON...

TICO SAYS IT'S
APPROPRIATE TO CREATE
A MODEL AND ANALYZE

THE CURRENT EXPORT
MANAGEMENT
BASED ON IT.

WE HAVE TO STUDY
SOMETHING NEW.

WELL, ARE YOU
READY?

§

WE'LL USE A
) MODEL FOR
4 ’ ANALYSIS CALLED..
‘..
AN £-R MODELI

£ REFERS TO ENTITY AND
R TO RELATIONSHIP.

ENTITY AND
| RELATIONSHIP...

I DON'T KNOW
THESE TERMS....
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IN THE E-R MODEL, YOU
CONSIDER THE ACTUAL
WORLD USING THE
CONCEPTS OF ENTITY
AND RELATIONSHIP.

TLL CLARIFY
THAT A BIT...

ENTITY REFERS TO
A RECOGNIZABLE
OBJECT IN THE
ACTUAL WORLD.

FOR EXAMPLE, WHEN
EXPORTING FRUIT TO OTHER
COUNTRIES, FRUIT AND
EXPORT PESTINATION CAN BE

CONSIDERED ENTITIES.

= i
SQUEEEAK <4

AND ASSOCIATING
AN ENTITY WITH
ITS PROPERTIES

RESULTS IN...

EXPORT

DESTINATION

Q
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YOU HAVE ANALYZED
FRUIT AND EXPORT
DESTINATIONS.

THEN, WHAT 1S A
RELATIONSHIP?

IT REFERS TO HOW
ENTITIES RELATE TO
EACH OTHER.

FRUIT AND EXPORT
DESTINATION ARE
ASSOCIATED WITH EACH
OTHER BECAUSE YOU
SELL FRUIT TO EXPORT
DESTINATIONS.

DESTINATION

FRUIT IS EXPORTED
TO MANY COUNTRIES,
AND EACH EXPORT

DESTINATION ’§2‘2‘|’§>L f’“
PURCHASES MANY Ol @}
KINDS OF FRUIT. e emepom

OF Mnanmi

MANY EXPORT
DESTINATIONS (M) ARE
ASSOCIATED WITH MANY
FRUIT (0.
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OO B

S CRE MHGDOM OF KOI;@ 9

50O WE CAN
CONSIDER
SALES TO

BE THE
RELATIONSHIP.

4aLpna
EMPIRE

__

FRUIT FROM EXPORT
THE KINGDOM Wimssum [ESTINATION

IF YOU THINK
ABOUT THIS...




THE RELATIONSHIP 1S
CALLED MANY-TO-MANY.

1237%4 CODE ;1IN THE E-R MODEL, THE
DESTINATION 1 NUMBER OF ASSOCIATIONS
NAME BETWEEN ENTITIES IS
CONSIDERED.

THEN THE
CAN-BRAND RELATIONSHIP 1S
APPLES 8 ONE-TO-MANY? p
WELL THEN, IF CAIN . & i e P
SELLS JUST ONE o : O AREI s Y 1
KIND OF FRUIT TO e
VARIOUS FAMILIES,

THAT'S
RIGHT!

AND THEREFORE,
THIS IS THE ACTUAL
CONDITION OF THE .

THE E-R MODEL
SHOWS US THE
ACTUAL CONDITION,
DOESN'T IT?

THIS 1S HOW THE
KINGDOM OF KOD'S

EXPORT BUSINESS @
WORKS! (1)




NORMALIZING a TaBLE

” ’ NOW THAT YOU KNOW
oare MCAT THE 1 | ABOUT THE ACTUAL
15 TO ANALYZE THE CONDITION OF THE
ACTUAL CONDITION. KINGDOM OF KOPD...

THAT 1S VERY
IMPORTANT.

IT IS DIFFICULT TO
START TO CREATE A
DATABASE.

...... LET'S CONSIDER THE
DESIGN OF AN ACTUAL
DATABASE.

I FOUND IT.



THIS REPORT
SHOWS THE
CURRENT STATUS

OF EXPORT MOST

CORRECTLY.

THIS 15...A SALES
REPORT WE CREATE
WHEN EXPORTING
FRUIT TO A FOREIGN

COUNTRY.

YES, INDEED! 5O, WE
TAKE ALL THE DATA
FROM THE REPORT...

TO CREATE A
DATABASE TABLE.

HERE YOU ARE.

EXPORT EXPORT PRODUCT | PRODUCT
REPORT CODE | DATE | peor cope | pesT.name | copE NAME  |UNIT PRICE| QUANTITY
101 MELON 8006 1,100
THE KINGDOM
not 3/5 12 OF MINANMI
102 STRAWBERRY| 1506 300
102 3/7 23 ALPHA EMPIRE 103 APPLE 1206 1,700
THE KINGDOM
103 3/8 25 OF RIOL 104  |LEMON 2006 500
THE KINGDOM
104 3/10 12 OF MINANMI 101 |MELON 8006 2500
THE KINGDOM 103 APPLE 1206 2,000
105 3/12 25 OF RITOL
104 LEMON 2006 700

CABLE CREATED FROM SaLES BREPORT .’
57




THAT'S GREAT!!
THIS CAN BE OUR
DATABASE.

I'M SORRY, BUT YOU CAN'T
USE IT AS IT IS.

PRINCESS!

FOR A RELATIONAL

DATABASE, YOU HAVE
TO MAKE THE TABLE
AS EASY TO USE AS
POSSIBLE.

NOT YET...

DO YOU MEAN
THIS TABLE 15
NOT EASY TO
UNDERSTAND?

YOU SEE, THERE
ARE TWO ROWS
OF PRODUCT ITEMS

IN ONE ROW OF £

THAT'S BECAUSE
WE SOMETIMES
PROCESS TWO OR
MORE PRODUCTS
USING ONE SALES

THAT'S
RIGHT.

IT WOULD BE EASIER
FOR YOU TO UNDERSTAND
IF EACH ROW OF THE
TABLE HAD JUST ONE
VALUE.




NOT BY CREATING ONE
TABLE USING THE DATA
ASIT IS,

BUT BY DIVIDING IT INTO
MULTIPLE TABLES!

BUT THIS 1S MUCH
MORE DIFFICULT
THAN THE SINGLE
TABLE....

WHAT?! 1
IT MAY LOOK BUT IT 15 IMPORTANT WHATA 1
COMPLICATED TO MANAGE DATA THINKING..
' CORRECTLY AND
COMPATIBLY.

AND IT'S
MUMBLE

a8 MUMBLE
FIGURE OUT _

THE ACTUAL
CONDITION... }

——

USING
AN E-R
MOPDEL....
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ASSUME WE WANT
TO RAISE THE UNIT
PRICE OF MELON

YOU HAVE TO

PRICE.

IF YOU USE THIS
TABLE AS IT 15,

FIND ALL ROWS
FOR MELON AND
CORRECT THE UNIT

BUT, IF YOU HAVE
A TABLE RELATING

ONLY TO PRODUCTS, /i MELON

-] STRAWBERRY

YOU CAN CORRECT
THE PRICE IN JUST ONE

PLACE—ONE ROW IN
THE PRODUCT TABLE.

NO CONFLICT WILL OCCUR,
EVEN IF YOU FORGET TO
CORRECT ANY OTHER
ROWS!! ISN'T THAT GREAT?

YOU KNOW, USING
AsINGLE TABLE | I 9EE. VIEWED IN

MAKES IT EASY THIS LIGHT, IT 1S

TO FORGET TO INCONVENIENT.
CORRECT DATA.

DIVIDING THE TABLE
TO PREVENT DATA
CONFLICTS LIKE THIS 22,

FROM OCCURRING... T
ré

60 CHAPTER 3

IS CALLED
NORMALIZATION.

NORMALIZATION,
NORMALIZATION /55

MUMBLING,

YES, THIS IS
IMPORTANT!

50, WHAT AM 1
SUPPOSED TO
po?




LET'S TRY
CHANGING IT SO
THAT ONE ROW
HAS ONE VALUE.

REPEATED DATA IS A CLUE
THAT ROWS HAVE TO BE
DIVIDED.

50, TLL DIVIDE IT INTO...

SALES TABLE (FIRST NORMAL FORM (1)) g

ONE TABLE WITH DATE,
EXPORT DESTINATION
CODE, AND EXPORT
DESTINATION NAME...

EXPORT

EXPORT

REPORT CODE; DATE DEST. CODE DEST. NAME
1101 3/5 12 T R
110z 3/7 23 ALPHA EMPIRE
103 3/8 25 THE KINGDOM
104 3/10 12 THE KINGROM
105 3/12 25 THE KiNoDoM

SALES TABLE (FIRST NORMAL FORM (2)) g

AND ANOTHER TABLE WITH
PRODUCT CODE, PRODUCT
NAME, UNIT PRICE, AND
QUANTITY.

BUT THE REPORT
CODE IS PROVIDED
IN BOTH TABLES,
ISN'T IT?

PRODUCT | PRODUCT UNIT
REPORT CODE| ""So0E NAME PRICE | QUANTITY

1101 101 MELON 8006 1,00

1101 102 STRAWBERRY| 1506 300

1102 103 APPLE 1206 1,700

103 104 LEMON 2006 500 YES, THAT WAY

YOU CAN IDENTIFY

104 101 MELON 8006 2,500 IF THERE 1S AN

1105 103 APPLE 1206 2,000 ASSOCIATION
’ BETWEEN THE

1105 104 LEMON 2006 700 TWO TABLES.

LET'S DESIGN A DATABASE! &1



THE TABLE THAT RESULTS
FROM A DIVISION LIKE
THIS IS CALLED THE
FIRST NORMAL FORM.

THE TABLE THAT

HAS ROWS WITH

TWO OR MORE
VALUES BEFORE IT
IS DIVIDED IS CALLED

THE UNNORMALIZED
FORM.

FIRST NORMAL
FORM, FIRST

i NORMAL FORM
L\\: b4 %

IT MEANS THAT
THE FIRST NORMAL
FORM 1S CREATED

BY DIVIDING THE

UNNORMALIZED FORM.

R sTOP i
A @@‘ \ MUMBLING!
B | i,

FIRST NORMAL

FORM
LET'S SEE... THESE ARE THE "FIRST
NORMAL FORMS.” DOES
THAT MEAN THERE ARE THE BINGO!

WAIT A
MINUTE.

"SECOND” AND "THIRD”
NORMAL FORMS, TOO?

’

HANG IN
THERE!

THE FIRST NORMAL FORM
CANNOT BE USED AS A
RELATIONAL DATABASE

TABLE AS IT 1S,
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: REPORT ODUCT |PRODUCT UNIT
WELL THEN, LOOK | _—— Cone | eome | xame | PRice | QuaNTITY

AT THE FIRST
NORMAL FORM (2) o1 o1 |MmeLoN | 8oos | 1100
1ot 10z |ZEAN" | 1506 | 300

SALES STATEMENT TABLE
(FIRST NORMAL FORM (1)

Here you °,

YOU CAN'T MANAGE ’
PRODUCTS WITH THIS
TABLE YET.

IT'S THE SALES
STATEMENT TABLE.

AIEE!! WHY?

WHAT DO YOU

IF YOU RECEIVE
MANDARIN ORANGES,

YOU CAN'T ADD
THEM TO THIS
TABLE IF THEY
HAVE NOT BEEN
SOLD YET.

BECAUSE NO SALES
HAVE BEEN REPORTED,
THE REPORT CODE AND
QUANTITY ARE UNKNOWN.

IN TABLE (2), DATA
RELATING TO
PRODUCTS AND
SALES 1S MIXED.

RAN@ES WITHOUT saLES :

o .
f SN <1 S
ACK op N "
R 3

TN, -
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YOU CAN'T MANAGE
PRODUCTS
INDEPENDENTLY USING
TABLE (2.

INTO TWO!!

THESE ARE THE TABLES THAT
NORMAL FORM (2) INTO TWO.

PRODUCT TABLE
(5ECOND NORMAL FORM (1)
PROCUCT | PROBUCT [ uNiT PrICE

101 MELON 8006
102 STRAWBERRY 1506
103 APPLE 1206
104 LEMON 2006

SALES STATEMENT TABLE
(5ECOND NORMAL FORM (20

RESULT FROM DIVIDING THE FIRST

E

' l onkua
REPORT CODE| "S00E QUANTITY

101 101 1100

1o1 102 300
10z 103 1,700
103 104 500
104 101 2,500
105 103 2,000
105 104 700

64 CHAPTER 3

TABLE (1) CONTAINS
DATA RELATING TO THE
PRODUCTS.

IF A VALUE IN THE PRODUCT
CODE COLUMN 1S DETERMINED,
WE CAN FIND THE VALUES IN THE
PRODUCT NAME AND UNIT PRICE
COLUMNS,

50O THAT MEANS THE
PRODUCT CODE, AS
THE PRIMARY KEY,
DETERMINES VALUES IN
OTHER COLUMNS.

EXACTLY.




FOR DATA
RELATING TO
SALES STATEMENT
ITEMS IN TABLE (2),

FOR TABLE (2), CONSIDER THE
COMBINATION OF REPORT
CODE AND PRODUCT CODE AS
A PRIMARY KEY.

AND IN THIS TABLE, S

THE PRIMARY
KEY DETERMINES PRIMARY KEY
VALUES IN OTHER
COLUMNS. REPORT CODE PRODUCT CODE
BUT...

IN SOME CASES, TWO
KINDS OF PRODUCTS
SELL AT THE SAME
TIME...

IN OTHER CASES, ONE KIND
OF PRODUCT SELLS IN
DIFFERENT QUANTITIES.

THIS MEANS...

@ PRODUCT copg | PRODUCT | UNIT

NAME PRICE
PRIMARY
KEY :‘"-x...

PRODUCT
@ REPORT CODE CODE QUANTITY

PRIMARY
KEY

YOU DVIDE THE TABLE SO
THAT WHEN A PRIMARY KEY 1S
DETERMINED, VALUES IN OTHER

COLUMNS ARE DETERMINED.

UNDERSTAND?
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THE TABLE THAT
RESULTS FROM
DIVISION ACCORDING
TO THIS RULE 15
CALLED

MANDARIN

THE SECONDP
NORMAL FORM.

WE CAN ADD THE

WERE TALKING ABOUT
EARLIER TO THE SECOND
NORMAL FORM (D.

WE CAN ALSO ADD
KIWIS A}_ll? GRAPES,

EVEN IF THE PRICE OF
MELON CHANGES, WE
JUST CORRECT THE
DATA ON ONE ROW,
RIGHT?

ORANGES WE

WHICH HAVE NOT
@, BEEN SOLD YET!

..BY THE WAY, YOU
DIVIDED THE FIRST
NORMAL FORM (2),

SALES TABLE
(FIRST NORMAL FORM (1))

$

M

50 ISN'T IT NECES9ARY TO | O 7oV
DIVIDE THE FIRST NORMAL | weariNG
FORM SALES TABLE (D7 [ Glhsses

FLOOMP

GOOD POINT!

/. FOR THIS TABLE, IF ~

REPORT CODE| DATE | piot 2ol LEXPORT
T R I
1oz 3/7 23 ALPHA EMPIRE
1103 3/8 25 e RO
T N I
105 3/12 25 THE K ReoM

ONE VALUE IN REPORT CODE 19
DETERMINED, ALL OTHER VALUES IN
DATE, EXPORT DESTINATION CODE,

AND EXPORT DESTINATION NAME ARE
DETERMINED.
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DETERMINED?

WHAT DO YOU CALL A TABLE
IN WHICH VALUES IN OTHER
COLUMNS ARE DETERMINED
WHEN THE PRIMARY KEY 1S

RIGHT?

THE SECOND NORMAL FORM!!

50, THIS TABLE 1S A
SECOND NORMAL FORM,

WE HAVE COMPLETED
THE FIRST AND
SECOND NORMAL
FORMS!

NOW, OUR
RELATIONAL
DATABASE 1S
COMPLETED!?

HOLD ON A
SECOND...

THERE! NOT YET...

SALES TABLE % SALES TABLE gff’ff
(FIRST NORMAL FORM (1)) (5ECOND NORMAL FORM (3)) & .. —

| [reroerccoe] oive | B0 | 20, ||l e | BroT, | B0,
T o T o

THAT'S RIGHT. YOU CAN

CONSIDER THE FIRST | _|wracwpre| A9 THE SECOND = X ™ aipma cupce
NORMAL FORM (1 THE KINGDOM NORMAL FORM (3)! THE KINGDOM

/ OF RITOL OF RITOL

HANG IN gb

YOU CAN
. FLY, TICO.

THAT'S NOT
FAIR!
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LOOK AT THE SECOND NORMAL YOU CAN'T MANAGE
FORM (3) AGAIN. EXPORT DESTINATIONS

WITH THIS TABLE.

SALES TABLE

(5ECOND NORMAL FORM (30 k

i

EXPORT EXPORT
REPORT CODE | DATE DEST. CODE DEST. NAME
101 3/5 12 T R
g?/;' 3/7 23 ALPHA EMPIRE
S P THE KINGDOM
3/8 25 OF RITOL

THE KINGDOM OF SAZANNA,
TO WHICH NO FRUIT HAS
BEEN EXPORTED, CANNOT BE
MANAGED BY ADDING IT TO
THIS TABLE.

EXPORT
DEST. NAME

IN TABLE (3), DATA
RELATING TO EXPORT
DESTINATIONS AND
SALES 1S MIXED.

EXPORT
DEST.
cope

EXPORT
DEST,
NAME

THE KINGDOM
OF SAZANNA

EXPORT
DEST.

CODE _
AGAIN, DVIDE IT!
HOW CAN WE
MANAGE EXPORT
IN%\‘EE??E:[@QS—FS/? SALES TABLE EXPORT DESTINATION TAB
: (THIRD NORMAL FORM (1)) (THIRD NORMAL FORM cz)>
EXPORT EXPORT -
REPORT CODE| DATE 2T R e EXPORT ExPoRT
U A - I
102 3/7 23 23 ALPHA EMPIRE e T
THE KINGDOM
103 3/8 25 25 OF RITOL T
104 3/10 12
THAT'S
RIGHT... 1105 3/12 25




BUT IN FACT,

IN THE SECOND NORMAL YES. DETERMINATION

FORM (3), EXPORT
DESTINATION NAME 15
DETERMINED ACCORDING
TO REPORT COPDE.

DETERMINES A
VALUE IN EXPORT

THEREBY

INDIRECTLY.

OF REPORT CODE

DESTINATION CODE,

DETERMINING EXPORT
DESTINATION NAME

REPORT
cobe

EXPORT
DESTINATION
cove

EXPORT
DESTINATION
NAME

TO DEAL WITH
SUCH CONCERNS,

EXPORT EXPORT

EXPORT
REPORT CODE | DATE DEST. CODE DEST. CODE DEST. NAME

YOU DIVIDE THE TABLE SO
THAT NO PART IS DETERMINED

INDIRECTLY.

FINALLY, WE'VE

GOTTEN TO THE

THIRD NORMAL
FORM!!

THAT'S RIGHT. A TABLE THAT
DOES NOT ALLOW ANY NON-
PRIMARY KEY TO DETERMINE
VALUES IN OTHER COLUMNS... /Ry

IS CALLED THE
THIRD NORMAL FORM!!

NOW, YOU CAN Iy,
MANAGE EVEN -
THE KINGDOM._#ma |
OF SAZANNA. Al
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] EXPORT DESTINATION
i SALES TABLE ( TABLE

REPORT CODE | DATE | 228N et O8Te | EXPORT DESTINATION NAME
1o1 3/5 12 74 THE KINGDOM OF MINANMI
102 3/7 23 23 ALPHA EMPIRE
1no3 3/8 25 25 THE KINGDOM OF RITOL
104 3/10 12
105 3/12 25
PRODUCT TABLE
5ALES STATEMENT PRODUCT PROGUCT 1 uNIT PRICE
TABLE
101 MELON 8006
REPORT cODE | PRODICT | QUANTITY 102 STRAWBERRY | 1506
101 101 1,100 103 APPLE 1206
1ot 102 300 104 LEMON 2006
102 103 1,700
o3 104 500 THESE ARE THE
TABLES THAT RESULT
104 101 2,500
WHEN YOU DIVIDE
105 103 2,000 A TABLE UP TO THE
THIRD NORMAL FORM.
105 104 700

A RELATIONAL DATABASE

NORMALLY USES TABLES

DIVIDED UP TO THE THIRD
NORMAL FORM.

UP HIGH! 9 HRTLED

e

NOW, OUR
DATABASE TABLE
IS COMPLETE!




NOW, YOU CAN MANAGE
PRODUCTS, EXPORT
DESTINATIONS, AND SALES
ON A TABLE-BY-TABLE

BASIS,

50 YOU CAN MANAGE [
THEM WITHOUT ANY
PROBLEM.

NO CONFLICT WILL
OCCUR EVEN IF YOU
ADD DATA.

THOUGH WE DIVIDED THE
ADDITIONAL TABLES,

ORIGINAL TABLE INTO MANY

THE ORIGINAL DATA 1S
INCLUDED IN ALL OF THE

TABLES.

k\%&% ;é%:\%( ......................... -

THIS TABLE SHOWS
RELATIONSHIPS
BETWEEN DATA.

SALES i
i\éTATEMENT :
3

TABLE

%
2

S

%?éx a

9

] —
3 % )
i g‘% Q&%ﬁi&%‘f<

IR

2

EXACTLY! IT 15
RELATIONAL.

A ?{\g\%{%\g\

i
Gy

SR
SR

5

==

-
7

b

b
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EXPORT ™ EXPORT
REPORT CODE DEST. CODE DEST. CODE

THE EXPORT DESTINATION
CODE IN THE SALES TABLE
REFERS TO THE EXPORT
DESTINATION CODE IN THE

EXPORT DESTINATION TABLE. IN THE SAME MANNER, THE
PRODUCT CODE IN THE SALES
STATEMENT TABLE REFERS TO
THE PRODUCT CODE IN THE
PRODUCT TABLE,

PRODUCT
REPORT cope | PROTIL

PRODUCT
Ccope

AND THE REPORT CODE IN THE
SALES STATEMENT TABLE REFERS
TO THE REPORT CODE IN THE
SALES TABLE.

THEY SEEM LIKE
SEPARATE AND
INDEPENDENT TABLES,
BUT THEY ARE DEEPLY
LINKED BY FOREIGN

£o4| geLational
A paTaBast

THE REFERRING
COLUMN IS CALLED A
FOREIGN KEY.

THE FOREIGN KEY
REFERS TO THE
PRIMARY KEY IN

OTHER TABLES.
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I CAN HARDLY WAIT
TO MAKE EXPORT
MANAGEMENT RUN MORE
SMOOTHLY USING OUR
DATABASE.

PRINCESS...
MR. CAIN...

s

15 SOMETHING
WRONG?

9

YOU TWO HAVE BEEN
ACTING WEIRD.

OH, LISTEN...

WHAT'S THE I CAN EXPLAIN.

) MATTER WITH

PRINCESS
SOMETHING
STRANGE,
DID YOU,
MR. CAIN?

DN

ME? OF
COURSE




WhaT /5 THE E-B MODEL?Z

Princess Ruruna and Cain have figured out the actual condition of the Kingdom of Kod using
an E-R (entity-relationship) model. When you try to create a database yourself, the first step
is to determine the conditions of the data you are trying to model.

Using the E-R model, try to define an entity in your data. An entity is a real-world
object or “thing,” such as fruit or export destination.

In addition, an E-R model shows the relationship between entities. Princess Ruruna
and Cain performed their analysis on the assumption that there was a relationship called
sales between fruit and export destination. Fruit is exported to multiple export destina-
tions, while each export destination also imports multiple kinds of fruit. For this reason, an
analysis was made for the E-R model assuming that there was a relationship called many-
to-many between fruit and export destinations. M fruit have a relationship with N export
destinations. The number of associations between entities is called cardinality.

/( PRODUCT CODE )
FRUIT i(( PRODUCT NAME

M UNIT PRICE j
QUANTITY )
N
/(EXPORT DESTINATION cooej
EXPORT
DESTINATION

\(EXPORT DESTINATION NAME]

AOW TO anaLYyzZe The E-B MODEL

How would you perform analyses in the cases below? Think about it.

CASE 1: ONE-TO-ONE RELATIONSHIP

One export destination manages one piece of export history information. This kind of rela-
tionship is called a one-to-one relationship.

NATION
PRINCE EXPORT DESTINATION
RAMINESS :
EXPORT d @
DESTINATION
INFORMATION 1

EXPORT HISTORY ]
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CASE 2: ONE-TO-MANY RELATIONSHIP

Multiple servants serve one princess. The servants do not serve any other princess or even
the king.

PRINCESS PRINCESS

RURUNA

1

SERVANTS |

This kind of relationship is called a one-to-many relationship.

CASE 3: MANY-TO-MANY RELATIONSHIP

Fruit is exported to multiple export destinations. The export destinations import multiple
kinds of fruit.

FRUIT
THE KINGDOM THE KINGDOM
OF MINANMI EMPIRE OF RITOL EXPORT DESTIN ATIO

This kind of relationship is called a many-to-many relationship.
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QUESTIONS

How well do you understand the E-R model? Analyze and draw an E-R model for each of
the cases below. The answers are on page 82.

Q1
One staff member manages multiple customers. One customer will never be contacted
by more than one staff member.

THE KINGDOM THE KINGDOM
OF MINANMI EMPIRE OF RITOL

Q2
One person can check out multiple books. Books can be checked out to multiple
students at different times.




Q3
Each student attends multiple lectures. Each lecture is attended by multiple students.
One teacher gives multiple lectures. Each lecture is given by one teacher.

PRINCESS
RURUNA
I.-h" A

Q4

Each customer can open multiple deposit accounts. Each deposit account is opened by
one customer. Each bank manages multiple deposit accounts. Each deposit account is
managed by one bank.

Keep in mind that E-R model-based analysis does not necessarily produce one “correct”
result. There can be many ways to logically organize data to reflect real-world conditions.
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PNORMALIZING & ZaBLE

Princess Ruruna and Cain learned about normalization, the process of tabulating data from
the real world for a relational database. It is necessary to normalize data in order to prop-
erly manage a relational database. Normalization is summarized here (the shaded fields are

78 CHAPTER 3

primary keys).

UNNORMALIZED FORM

Report | Date | Export Export Product | Product | Unit | Quantity
code destination | destination | code name price
code name

FIRST NORMAL FORM

Report code

Date

Export destination code

Export destination name

Report code

Product code

Product name

Unit price

Quantity

SECOND NORMAL FORM

Report code

Date

Export destination code

Export destination name

Report code

Product code

Quantity

Product code

Product name

Unit price

THIRD NORMAL FORM

Report code

Date

Export destination code

Export destination code

Export destination name

Report code

Product code

Quantity

Product code

Product name

Unit price




The unnormalized form is a table in which items that appear more than once have not
been removed. We've seen that you cannot manage data well using this kind of table for a
relational database. Consequently, you need to divide the table.

The first normal form refers to a simple, two-dimensional table resulting from division
of the original, unnormalized table. You can consider it to be a table with one item in each
cell. The table is divided so that no items will appear more than once.

The second normal form refers to a table in which a key that can identify data deter-
mines values in other columns. Here, it is the primary key that determines values in other
columns.

In a relational database, a value is called functionally dependent if that value deter-
mines values in other columns. In the second normal form, the table is divided so that
values in other columns are functionally dependent on the primary key.

In the third normal form, a table is divided so that a value is not determined by any
non-primary key. In a relational database, a value is called transitively dependent if that
value determines values in other columns indirectly, which is part of functionally dependent
operation. In the third normal form, the table is divided so that transitively dependent values
are removed.

QUESTIONS

It is important to be able to design a relational database table for various situations, so let's
look at some examples of normalizing tables. Determine how the table was normalized in
each of the cases below. The answers are on page 82.

Q5
The following table manages book lending like the example in Q2. To what stage is it
normalized?

Lending Date Student | Student | Student | Department | Entrance
code code name address year

ISBN Book name | Author name | Publication date | Total page count

Lending code ISBN Quantity
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Qé
The following table also shows a book lending situation. To what stage is it normalized?

Lending code Date | Student code

Student code | Student name | Student address | Department | Entrance year

ISBN Book name | Author name | Publication date | Total page count

Lending code ISBN Quantity

Q7
The following table shows monthly sales for each staff member. Each department has
multiple staff members. A staff member can only be part of one department. Normalize
this table to the third normal form.
Staff Staff Month Member’s Department Department
member member sales code name
code name
OVERSEAS
B A
() Lop |
o@ o’@ o’@ o’@ @
Q8

The following table represents an order-receiving system. Normalize it to the third
normal form. However, process one customer per order-taking code. You can process
multiple products based on one order-taking code. In addition, one order-taking code
should correspond to only one representative.

Order- | Date | Customer | Customer | Product | Product | Unit | Represen- [ Represen- | Quantity
taking code name code name price | tative code | tative name
code

80 CHAPTER 3



Q9
The following table represents an order-receiving system. Normalize it to the third
normal form. Assume that products are classified by product code.

Order- | Date | Customer | Customer | Product | Product | Unit | Product Product Quantity
taking code name code name price | classification | classification
code code name

STEPS FOR PESIGNING a PataBasSE

You have learned how to design a database! However, you have to do more than just

that. You need to design a detailed file structure inside the database and devise methods
for importing and exporting data. In general, you can divide the whole database design into
three parts: conceptual schema, internal schema, and external schema.

The conceptual schema refers to a method that models the actual world. Namely, it is
a way to determine the logical structure of a database. The conceptual schema is designed
taking into consideration an E-R model-based understanding of the actual world and nor-
malization of a table.

The internal schema refers to a database viewed from the inside of a computer.
Namely, it is a way to determine the physical structure of a database. The internal schema is
designed after creating a method to search the database at high speed.

The external schema refers to a database as viewed by users or applications. The
external schema is designed after creating data required for application programs.

—]

INTERNAL SCHEMA CONCEPTUAL SCHEMA EXTERNAL SCHEMA

Princess Ruruna and Cain have designed a database with a focus on the conceptual
schema in this chapter. They are in the midst of improving the database.

Now that you've completed the hasic design of a database, we'll go straight to using the
database in the next chapter.

sUummary

* An E-R model is used to analyze entities and relationships.

*  Relationships between entities can be one-to-one, one-to-many, and many-to-many.

*  The data in a table must be normalized before you can use it to create a relational
database.

*  The design of a database can be divided into three types: conceptual schema, internal
schema, and external schema.
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answWerS

a1 STAFF Q2 a3 Q4
MEMBER BOOK STUDENTS CUSTOMER
1 M M 1
ATTENDING OPENING
N N N N
CUSTOMERS STUDENTS LECTURES ACCOUNT
M M
TEACHING MANAGEMENT
1 1
TEACHER BANK

Q5 Second normal form

Q6 Third normal form

Q7
Staff member code Month Member’s sales
Staff member code Staff member name Department code
Department code Department name
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Q8

Order-taking code

Date

Customer code

Representative code

Customer code

Customer name

Order-taking code

Product code

Quantity

Product code

Product name

Unit price

Representative code

Representative name

Q9

Order-taking code

Date

Customer code

Customer code

Customer name

Order-taking code

Product code

Quantity

Product code

Product classification code

Product name

Unit price

Product classification code

Product classification name
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83



84 CHAPTER 3

DESIGNING A DATABASE

In this chapter, you learned how to design a relational database. However, there are
other database design methods. Usability and efficiency of a database depend on an
analysis and design method. Therefore, it is important to create an appropriate data-
base in the design stage.

In the database design stage, you need to perform various tasks in addition to
table design. For example, you need to consider a datatype to use in the table. You
may also need to specify columns indicating numerical values, currencies, and charac-
ter strings. In addition, you need to devise a search method so you can carry out fast
searches. Sometimes, you must create a design while keeping physical file organization
in mind. And you have to control which users can access the database to ensure secu-
rity. There are many factors you need to think about when designing a database. We'll
look at some of these factors in the following chapters.







YOU OFTEN SKIPPED
CLASS AND SNUCK OUT
OF THE CASTLE.

WALKING
THROUGH TOWN
MAKES ME
REMEMBER MY
CHILDHOOD.

PRINCESS!!

PRINCESS
RURUNA!!

YOU CAN'T JUST
LEAVE THE CASTLE
WHENEVER YOU WANT!




YOU SHOULD JUST STAY
IN THE CASTLE IF ALL

IS YELL AT ME!

YOU'RE GOING TO PO | :

IT IS THE
ATTENDANT'S JOB
TO FOLLOW THE

PRINCESS!

SENSE OF RESPONSIBILITY!

YOU FOLLOW ME
BECAUSE IT'S YOUR
puTY?

I THOUGHT You
FOLLOWED ME
BECAUSE YOU
ARE MY FRIEND.

OH, NO, I DIDN'T
MEAN THAT...!

I FOUND YOU,
PRINCESS RURUNA!!
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RURUNA, YOU
HAVE GONE
TOO FAR.

NO, YOU DON'T
UNDERSTAND...!!

IT'S MY FAULT...
I CONVINCED
PRINCESS RURUNA
TO LEAVE THE

OH, REALLY?

LET'S GO
HOME,
PRINCESS.

88 CHAPTER 4

CAIN HAS TAKEN
CARE OF ME...

SINCE I WAS
A CHILD.



WHAT'S THE
MATTER WITH

OH' NO, NO...

WHAT'S THE
MATTER WITH

RAMNESS! &

- \\

OH NO, HE 15
HOW ARE
YyOU LOVELY COMwA@% THIS

LADIES?

CAIN!! LET'S GO IN

THIS CAFE.

LET'S STUDY
DATABASES HERE
FOR A WHILE.




HERE I AM!

ARE!!

IT'S REFRESHING
OUTSIDE.
-~

N

THERE YOU

50, WE'VE GOTTEN
TO THE POINT WHERE
WE CAN DESIGN A

DATABASE.

YOU COULD
SAY THAT.

. 5

]

1

THE NEXT THING TO
DO 1S TO STUDY HOW
TO USE THE DATABASE
WE CREATED.

FINALLY...

HIP, HIP,
HURRAY! 4‘?

WHEN YOU USE THE
DATABASE, YOU HAVE
TO INPUT DATA OR
RETRIEVE DATA, AS
YOU ALREADY KNOW.

TO DO THAT,

WE'LL USE SQL.

SQRUEALZ?

IT SOUNDS
DIFFICULT..,
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FOR EXAMPLE,
WHEN YOU HAVE A
CONVERSATION IN

THE SWIMMY REGION
ACROSS THE SEA,

YOU NEED TO
SPEAK SWIMMY
LANGUAGE.

%} IN THE SAME
z MANNER, YOU USE A

LANGUAGE CALLED

PUR( STRUCTURED QUERY
SWIMMY LANGUAGE (5QL)

LANGUAGE. £

SPLISH,
§?@ CONVERSATION REALLY?
N Vs WITH A

B gl DATABASE.

THE DATABASE DOES
NOT REALLY SPEAK,

OF COURSE, 1
KNOW THAT!

pb

SALES TABLE

L —
EXPORT DESTINATION
TABLE

REPORT CODE

EXPORT EXPORT
DATE Flpesmramion cov&WJ=Dl' DESTIRATON CODE || EXPORT DESTINATION NAME

101 3/5 12 12 THE KINGDOM OF MINANMI
1oz 3/7 23 23 ALPHA EMPIRE
103 3/8 25 25 THE KINGDOM OF RITOL
1104 3/10 12
PRODUCT TABLE.
105 3/12 25

PRODUCT PRODUCT
SALES STATEMENT cope NAME UNIT PRICE
o 101 MELON 8006

.

RePORT cope | PROVUCT | ey 102 sTRAWBERRY| 150G
101 101 1,100 103 APPLE 1206
101 102 300 104 LEMON 2006
102 103 1,700
1o 104 500 YOU DESIGNED THESE 5
104 101 2,500 KINDS OF TABLES ;
T EEMEMBER?
105 104 700
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BUT NOW, YOU NEED TO
USE S5QL TO PUT THESE
TABLES AND DATA INTO THE
DATABASE.

FEATURES OF SQlL

® CREATION OF TABLES
&« INPUT AND RETRIEVAL OF DATA
*+  MANAGEMENT OF USERS

BY USING 5QL, YOU CAN

HAVE A CONVERSATION

WITH THE DATABASE TO DO |}
TASKS LIKE THESE...

IT SOUNDS LIKE WE
CAN DO ALL SORTS
OF THINGS!!

BUT...IT SEEMS
LIKE IT WOULD BE
A LOT OF WORK.

WELL...THAT'S TRUE...
AND I WANT TO USE A
DATABASE AS SOON
AS POSSIBLE.

WE HAVE LEARNED
SO MUCH
ALREADY!

EXACTLY.

I HAVE INPUT THE TABLES
AND DATA WE DESIGNED
EARLIER.

LET'S RETRIEVE SOME
DATA.
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SEARCAING FOR Pata USING a SELECT STATEWENT

JUST ASK THE
DATABASE TO RETRIEVE
THE PRODUCT NAME

COLUMN...

PLEASE,

WE NEED TO RETRIEVE
ONLY PRODUCT NAMES TO
CREATE A PRODUCT NAME
LIST USING sQl.

FROM THE
PRODUCT TABLE.

MR. DATABASE...

HOW DO YOU PO /i, ™
THAT?

PLEASE RETRIEVE THE
PRODUCT NAME COLUMN...

YOU DON'T NEED TO
PRAY! JUST USE SQ@l...

YOU'D WRITE
THIS:

SELECT product_name

FROM product;

THIS SQL STATEMENT
CONSISTS OF TWO

IN 5QL, ONE GROUPS OF WORDS:
CONVERSATION IS CALLED  SELECT PRODUCT._NAME AND
A STATEMENT. FROM PRODPUCT.
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THESE GROUPS OF WORDS ARE
CALLED PHRASES.

PRODUCT TABLE

PRODUCT CODE| IPRODUCT NAME; UNIT PRICE

FROM = 101 MELON 8006

IN SQL, YOU SPECIFY A COLUMN 102 STRAWBERRY|L 1506
NAME YOU WANT TO RETRIEVE

WITH THE SELECT PHRASE AND THE 103 | APFLE 1206

TABLE NAME FROM WHICH YOU 104 ||LEMON 2006
WANT TO RETRIEVE IT WITH THE

FROM PHRASE. PR

HERE IS THE RETRIEVED
DATA.

THIS ALLOWS YOU TO
RETRIEVE ALL PRODUCT
NAMES FROM THE

MELON

STRAWBERRY

THAT'S RIGHT.
YOU CAN RETRIEVE
NECESSARY
DATA BY USING
VARIOUS KINDS
OF PHRASES.

a4 CHAPTER 4

PRODUCT TABLE.
£ APPLE
7’Here YOU § __
_________ ARE! = [ /™ LEMON
VORIV WHAT ABOUT ASKING

WE ARE HAVING A KINDS...
CONVERSATION WITH A _HMM. FOR A LIST OF
DATABASE USING SQL. PRODUCTS WHOSE

UNIT PRICE IS

GREATER THAN OR
EQUAL TO 20067

WELL
THEN, FOR
EXAMPLE,

ot

e & T
_FREATER Lo

1 THAN OR
1 EQUAL TO
#2006

E RS

S

B

o

g i

F e B
i

G




IN THAT CASE, YOU
DON'T WANT ALL THE
PRODUCT DATA.

YOU ONLY NEED
TO RETRIEVE
PRODUCTS WHOSE
UNIT PRICE 1S
GREATER THAN OR
EQUAL TO 2006.

YES, OF
COURSE.

IN SUCH CASES, YOU
SPECIFY CONDITIONS
WITH THE WHERE

FOR EXAMPLE,

PHRASE.

YOU WRITE IT
LIKE THIS.

IT IS INCONVENIENT
TO SPECIFY A

COLUMN NAME EACH
TIME, ISN'T IT?

NO PROBLEM!
TO SPECIFY ALL
COLUMNS,

YOU CAN UsE #!
IT CAN BE SUMMARIZED
AS FOLLOWS.

SELECT *
FROM product

WHERE unit price>=200

THIS STATEMENT
RETRIEVES ALL THE DATA

FROM THE PRODUCT
TABLE...

HERE YOU
ARE!

PRODUCTS THAT COST
200G OR MORE

§

PRODPUCT PRODUCT
101 MELON 8006
104 LEMON 2006

THAT HAS A
UNIT PRICE OF
GREATER THAN OR | U~

EQUAL TO 2006. /. "




50, IF YOU CHANGE
THE CONDITIONS,
YOU CAN RETRIEVE
PRODUCTS WHOSE
UNIT PRICE IS BELOW
200¢6.

NOW WE NEED TO
LEARN HOW TO MAKE
CONDITIONS.

THAT'S RIGHT—
LIKE THIS!

WRITE IT LIKE THIS. WHEN
USING CHARACTERS AS
A CONDITION, ENCLOSE
THEM WITHIN QUOTATION

MARKS (.

THEN, WHAT DO YOU DO
TO RETRIEVE APFLE,
FOR EXAMPLE?

SELECT * PRODUCT | PRODUCT UNIT

cope NAME PRICE

I 103 APPLE 1206

FROM product

WHERE product_name="apple';

IF YOU DO THIS,
YOU CAN RETRIEVE
AFFLE.

EXACTLY.
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WHAT ABOUT WHEN
YOU AREN'T SURE
ABOUT THE PRODUCT

WHAT DO YOU
DO IN THAT 1
CASE?

YOU COMBINE THE
WORD LIKE WITH A
SYMBOL.

EXPRESS THE UNKNOWN
PART USING %, LIKE THIS...

SELECT *

FROM product

i g7

Y

WHERE product_name LIKE '%n';

THIS WILL RETRIEVE
PRODUCT NAMES THAT
END WITH A.

PRODUCT

pPrODUCT | UNIT
CODE NAME PRICE
* 101 MELON 8006

104

LEMON

2006

MELON AND LEMON
ARE RETRIEVED LIKE
THAT!

ISNT IT?

THAT'S CONVENIENT!
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UsInGg agGreGatE FUNCTIONS

TO SORT PRODUCTS IN \

YOU CAN FIND OUT
ORDER OF ASCENDING }

INFORMATION ABOUT
PRODUCTS BY DOING
THIS.

YOU CAN ALSO SORT
RETRIEVED RESULTS
WITH AN ORDER BY

PHRASE.

PRICE, ADD A STATEMENT
LIKE ORDER BY UNIT
PRICE.

THAT'S |1
_ GREAT!!

SELECT * T o b
FROM product CODE NAME PRICE
WHERE unit_price<200 * 103 APPLE 1206
ORDER BY unit_price;

102 STRAWBERRY 1506

I WANT TO OH, REALLY?
KNOW MORE

ABOUT sQl,

I'M GLAD.

HOW ABOUT
THIS ONE?

IN THE SELECT PHRASE, USE ) / ////
AVG (COLUMN NAME) TO IT'S AMAZING.

OBTAIN THE AVERAGE OF
EACH ROW. 7 {/

AVERAGE UNIT PRICE

3175

. SELECT AVG(unit price)

FROM product;

WE NOW HAVE THE x
AVERAGE UNIT PRICE OF =

PRODUCTS. N
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I DIDN'T KNOW THE
AVERAGE FRUIT
PRICE WAS AT THIS

THERE ARE MANY THINGS
I DON'T KNOW ABOLUT,
EVEN THOUGH THEY

ARE HAPPENING IN MY

COUNTRY.

SQL ALSO HAS A
FUNCTION THAT
AGGREGATES THE
RETRIEVED DATA

VALUES.

ISNTIT ;
CONVENIENT? *

DATA OTHER THAN THE
AVERAGE VALUE?

THE NUMBER OF ITEMS,
SUM, AVERAGE, MAXIMUM
VALUE, AND MINIMUM
VALUE CAN BE OBTAINED
BY SPECIFYING AN
AGGREGATE FUNCTION.

AGGREGATE FUNCTIONS IN 5@l

Function

Description

COUNT (*)

COUNT (column_name)
COUNT(DISTINCT column_name)
SUM(column_name)
AVG(column_name)
MAX(column_name)

MIN(column_name)

Obtains the number of rows

Obtains the number of times the column is not null
Obtains the number of distinct values in the column
Obtains the sum of the column’s values in all rows
Obtains the average of the column’s values in all rows
Obtains the maximum value of the column

Obtains the minimum value of the column

LIKE THIS...
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CAN I FIND HOW
MANY KINDS OF
FRUIT WE SELL?

USE COUNT!

WHAT DO YoU
DO TO FIND THE
PRODUCT WITH THE

HIGHEST PRICE?

USE MAX!

SHOVE,
SHOVE...

5QL ALLOWS You
TO AGGREGATE
DATA, SO YOU CAN
FIND OUT LOTS OF
INFORMATION.

ANALYSIS.

YOU CAN ALSO GROUP
DATA FOR FURTHER
MANIPULATION OR

I UNDERSTAND.
THE AGGREGATE
FUNCTIONS ARE

WHAT ABOUT OUR
SALES REPORT?

THE STRANGE
GLASSES AGAIN!

LET'S CREATE A SALES
REPORT USING sQ@l.
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JONING ZaBLES

TO CREATE A SALES REPORT,
YOU HAVE TO RETRIEVE DATA
BY JOINING THE PRODUCT
TABLE AND THE EXPORT
DESTINATION, SALES, AND
SALES STATEMENT TABLES.

RIGHT. THERE
WAS JUST ONE
TABLE BEFORE
NORMALIZATION.

IN ORDER TO JOIN THE PRIMARY KEY IS EQUAL

TO THE FOREIGN KEY
TABLES, 5QL REQUIRES
A CONDITION THAT... WHICH REFERS TO THE

PRIMARY KEY.

HOW CAN YOU
SPECIFY THAT?

EXPORT
. W 5| pESTINATION

/ IF THE SAME COLUMN \

JOIN TABLES BY NAME APPEARS IN MULTIPLE ;
PLACING A COMMA TABLES, JUST SPECIFY IT
BETWEEN THEM. AS TABLE_NAME.COLUMN._
NAME.

SELECT sales.report_code, date, sales.export_destination_code,
export_destination_name, sales_statement.product_code,
product_name, unit_price, quantity

FROM sales, sales_statement, product, export destination

WHERE  sales.report_code = sales_statement.report_code

AND - - HAVING JOINED
THESE FOUR TABLES,
sales_statement.product_code = product.product_code WE THEN RESTRICT
AND OUR RESULTS USING
export_destination.export_destination code = WHERE.

sales.export_destination_code
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THIS WAY, YOU CAN RETRIEVE
SALES REPORT DATA FROM
TABLES, EVEN IF THEY ARE

DIVIDED.

L

weror cove | owe [ | G | PO | P | B | aomerr
1ot 3/5 12 T ot | 101 | meLon 8006 1100
o1 3/5 12 THEKINGPOM | 10z |s1rAweerRY| 1506 300
10z 3/7 23 ALPHA EMPIRE 103 APPLE 1206 1,700
1103 3/8 25 THE KNEDOM | 104 | Lemon 2006 500
104 3/10 12 THEKINGROM| 101 | meLon 8006 | 2,500
1105 3/12 25 THEKNODOM | 103 |aprLe 1206 | 2,000
105 3/12 25 THEKINGDOM | 104 [Lemon 2006 700

YOU CAN RETRIEVE DATA RELATING
TO THE SALES REPORT EVEN IF
YOU MANAGE PRODUCTS, EXPORT
DESTINATIONS, AND SALES
INDEPENDENTLY.

THIS 1S THE SAME AS THE
TABLE WE HAVE BEEN USING.

WE RECREATED IT!

THAT'S S
GREAT!! . =

Wow!




CREATING a TaBLE

50 YOU HAvE
ALREADY INPUT A
TABLE AND DATA,

RIGHT?

NOW 1 REMEMBER.
YOU MADE THIS
TABLE USING SQL,
RIGHT TICO?

HOW DID YOU
MAKE IT?

YOU USE A CREATE TABLE
STATEMENT TO MAKE A

)5

YOU MUST SPECIFY THE
PRIMARY KEY, AS WELL.

I USED THE PRODUCT CODE
AS A PRIMARY KEY.

WE'VE ALSO SET THE
DATATYPE OF EACH
COLUMN. YOU CAN SEE
THAT PRODUCT AND UNIT_
PRICE ARE INTEGERS (INTD.
VARCHAR MEANS THAT THE
DATABASE EXPECTS TEXT,
AND (Z52) LIMITS THE
PRODUCT_NAME TO 255
CHARACTERS.

LIKE THIS...

A
-

TABLE.
PRODUCT PRODUCT UNIT
cope NAME PRICE
CREATE TABLE product
i ] 1 i
( IS B R
product code int NOT NULL, | Y ! i
product name varchar(255), #;_______--'; ______ i_______;
unit price int, ; ! ! ;
PRIMARY KEY(product code) coTrer T b =
i

|
1
1
'
1
1
1
1
1
T
1
|
1
1
1
1
1
|
|
1
1
1
L}

THIS PREVENTS YOU
FROM ENTERING
INCORRECT

VALUES.

" SEE PAGE 115 FOR A COMPLETE EXPLANATION OF CREATE TABLE STATEMENTS.
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YOU USE AN INSERT
STATEMENT TO ADD
DATA.

NOW WE CAN INPUT
DATA IN THE TABLE WE
CREATED, RIGHT?

PRODUCT PRODUCT UNIT
cope NAME PRICE

[ I i B

THAT'S RIGHT.

YOU CAN ALSO DELETE
(DELETE STATEMENT)
AND UPDATE (UPDATE

STATEMENT) THE DATA.

INSERT INTO product (product code,product name,unit price)

VALUES (101, 'melon',800);

PRODUCT CODE

PRODUCT NAME| UNIT PRICE

101 MELON 8006

AND THE UNIT PRICE
OF A PRODUCT CAN
BE CORRECTED

USING SQl.

MELON WAS INSERTED
IN THE PRODUCT TABLE
LIKE THIS.
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SELECT STATEMENTS
ARE THE MOST
IMPORTANT PART OF
5QL. 5O STUDY HARD.

YOU MAY BE ABLE
TO MANAGE FRUIT
EXPORTS USING A
DATABASE.

IF YOU CAN FULLY
UTILIZE 5QL, YOU
MAY BE ABLE
TO MANAGE
DATABASES...

OH DEAR, LOOK
AT THE TIME!

LET'S GO BACK
TO THE CASTLE
BEFORE IT GETS
DARK,

OR ELSE T'LL GET
YELLED AT BY GUARD

CAPTAIN IGOR AGAIN. THAT OLD

BULLY...

CAIN!!

HURRY UP, IM
LEAVING.




5@l OVERVIEW

In this chapter, Princess Ruruna and Cain learned about SQL, or Structured Query Lan-
guage, a language used to operate a relational database. SQL's commands can be broken
down into three distinct types:

Data Definition Language (DDL) Creates a table

Data Manipulation Language (DML) Inputs and retrieves data
Data Control Language (DCL) Manages user access

SQAL has commands that create the framework of a database, and a command that
creates a table within a database. You can use this language to change and delete a table
as well. The database language that has these functions is called the Data Definition Lan-
guage (DDL).

SQAL also has commands that manipulate data in a database, such as inserting,
deleting, and updating data. It also has a command that allows you to search for data. The
database language with these functions is called the Data Manipulation Language (DML).

In addition, SQL offers the capability to control a database, so that data conflicts will not
occur even if multiple people use the database at the same time. The database language
associated with these functions is called the Data Control Language (DCL).

SEARLCAHING FOR Pata UsING a SELECT STATEMENT

Princess Ruruna and Cain started learning SQL by using a basic data search function. SQL
searches for data when one statement (a combination of phrases) is input. To search for a
certain product with a unit price of 200G, for example, you would use the following SQL
statement.

SELECT *
FROM product
WHERE unit_price=200

Create an SQL statement
by combining phrases.

A SELECT statement is the most basic SQL statement. It specifies which column, from
which table (FROM), and matching which conditions (WHERE). You can combine these
phrases to make intuitive, query-type statements in SQL—even a user unfamiliar with
databases can use them to search for data.
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CREATING conpItiIonNs

Cain said earlier; “Now we need to learn how to make conditions.” Let’s look at some ways to
create conditions using SQL.

COMPARISON OPERATORS

One way to express conditions is by using comparison operators like >= and =. For example,
the condition “A is greater than or equal to B” is expressed using >=, and the condition “A'is
equal to B” is expressed using =. More examples of comparison operators are shown in the
table below.

COMPARISON OPERATORS

Comparison Description Example Description of example

operator

A=B A'is equal to B. unit_price=200 Unit price is 200G.

A>B A'is greater than B. unit_price>200 Unit price is greater than 2000G.

A>=B Ais greater than or equal ~ unit_price>=200 Unit price is greater than or equal to
to B. 200G.

A<B Ais less than B. unit_price<200 Unit price is less than 200G.

A<=B A'is less than or equal unit_price<=200 Unit price is less than or equal to 2006G.
to B.

Ao B A'is not equal to B. unit_price<>200 Unit