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Introduction

I would like to design a database for education system. Nowadays the educational institutions
have to store a lot of data. So, databases will be inescapable for all school in the near future. |
would like to set an example how the schools could build their own databases. With this
database, the employees could find every data easily (for example: personal data). For the
teachers, it can be useful too, they could store information about the courses, or homeworks in
a retrievable way.

Description

I’d like to store the following data:

School

School stores the essential data of an institution. It could be more premises in one school. The
basic data are the following: name of the school, education-1D, contact data like telephone
number, email, address, webpage.

Person
Person stores the basic data, which have all the people. It is a superclass. It’s in IS-A relation
with Teachers, Students and Parents.

Teachers

It is a subclass of Person, and has the basic data from there. So teachers have these data: name,
place and date of birth, Social Security Number, gender, address, email, telephone number, age,
date of start to work, work-length, education-1D.

Students

It is a subclass of Person. | will store the following data about a student: name, place and date
of birth, Social Security Number, gender, address, email, telephone number, age, education-ID,
date of start to learn, study-length.

Parents
It is also a subclass of Person. It doesn’t have any specific data: name, place and date of birth,
Social Security Number, gender, address, email, telephone number, age, ID.

Gabor Csaba Attila 3

DU4POE



| Database for a School Management System

Classes
The students are divided into classes. A class have some basic data: date of start, class ID.

Subjects
A subject could be taught in more level, so we need to know the level of the subject to
distinguish the subjects. These data will be stored: name, level, course information.

Homeworks

For each subject, could be given some homework. It has no identifying data, so it will be a weak
entity of Subjects. The following data will be stored: class 1D, number, date of publish, date of
term, description.

Gabor Csaba Attila 4
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E/R Diagram
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Relationships and ISA-s
e teacher, student and parent ISA with person
e teacher has relationship with class — one-to-one
e teacher, student have relationships with school — many-to-one
e student has relationship with class — many-to-one
e parent has a relationship with student — many-to-many
e teacher has a relationship with subject — many-to-many
e subject has a relationship with class — many-to-many

Relational model
SCHOOL (education_id, schoolname, address, email, web)

SCHOOL_TELEPHONE (school_id, telephone)

TEACHER (ssn, teacher_name, sex, address, birth_place, birth_date, email, education_id,
date_of start, manager_ssn, school_id)

PARENT (ssn, parent_name, sex, address, birth_place, birth_date, email, parent_id)

STUDENT (ssn, student_name, sex, address, birth_place, birth_date, email, education_id,
date_of start, scool_id, class_id)

TELEPHONE (telephone number, user ssn)

TEACH (teacher_id, subject_name, subject_level)
CLASSES (class_id, date_of start, head_teacher)

SUBJECT (subject_name, subject_level, description)

HOMEWORK (subject_name, subject level, number_of homeworks, class id, date from,
date_to, title, description)

CHILDREN (parent id, child id)

LESSON (class_id, subject _name, subject_level, teacher_id)

Gabor Csaba Attila 6
DU4POE



| Database for a School Management System

SQL statements

DROP

2. Figure: Drop statements

With the DROP SQL statement, | can move a table or object table to the recycle bin or remove
the table and all its data from the database entirely.

With CASCADE CONSTRAINTS, I can drop all referential integrity constraints that refer to
primary and unique keys in the dropped table, otherwise the database returns an error and does
not drop the table.!

! https://docs.oracle.com/cd/B19306_01/server.102/b14200/statements_9003.htm (visited: 31. October 2016)
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CREATE
With CREATE TABLE statement, | can create relational tables, which are the basic structures
to hold user data.?

DEFAULT

While creating the tables | used the DEFAULT expression to specify a value to be assigned to
the column if an INSERT statement omits a value for the column. The data type of the
expression must match the data type specified for the column. The column must also be large
enough to hold this expression.®

DATA TYPES
| used the following data types:

e VARCHAR2(n) — stores variable-length character strings, n specify the maximum
length in bytes (characters).

e SMALLINT - stores numbers in 2 bytes.

e DATE — stores year, month and day in this standard form DD-MMM-YY

NOT NULL

If it’s important to store a column, | used the NOT NULL expression. It is default by the primary
keys. For example, in the teacher table I store the education-ID, it isn’t primary key, but each
and every teacher must have an education-ID.

FOREIGN KEY
A foreign key in one table points to a primary key in another table.

PRIMARY KEY
The primary key constraint uniquely identifies each record in a database table. Primary keys
must contain unique values. A primary key column cannot contain NULL values.

2 https://docs.oracle.com/cd/B19306_01/server.102/b14200/statements_7002.htm (visited: 31. October 2016)
3 https://docs.oracle.com/database/121/SQLRF/statements_7002.htm (visited: 31. October 2016)
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The CREATE TABLE statements to this database are listed below.

Gabor Csaba Attila
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3. Figure: Create table statements

CONSTRAINT
While creating the tables | used SQL constraints to specify rules for the data in tables.

The constraints, what | used:

e NUT NULL

e DEFAULT

e FOREIGN KEY

e PRIMARY KEY — what is NOT NULL and UNIQUE

INSERT
The list of insert statements is at the attachments, on the 32. page.

VIEWS
A view is a virtual table based on the result-set of an SQL statement. I created a view for a class
to demonstrate, how we can use it.

Gabor Csaba Attila 11
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4. Figure: Create view statement

ALTER TABLE
This statement is used to add, delete, or modify columns in an existing table.

5. Figure: Alter table statements

UPDATE
With the update statement, we can update existing records in a table.

6. Figure: Update statements
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RA and SQL queries
Simple queries

Find all students and give their names, whose head teacher is Eordogh Krisztina!
Add meg az dsszes hallgato nevét, akinek az osztalyfonoke Eordogh Krisztina!

Tstudent name (5 tudent x4 Mejass id ( classes » Tssn ( Oteacher name="Eordogh Krisztina" (t eacher, ) ) ))

SELECT student_name

FROM student, classes, teacher

WHERE teacher.teacher name = ‘Eordogh Krisztina’
AND teacher.ssn = classes.head_teacher

AND classes.class_id = student.class_id;

STUDENT NAME

7. Figure: Result of the SQL statement above

Find all teachers, who teach History in the level 8!

Keresd meg az osszes tanart, aki torténelmet tanit a 8. évfolyamon!

ﬂteacher_ name ( teachered Tlssp ( o-subject_ name="History" and level = 5'( tea Cb) ))

SELECT teacher_name

FROM teacher, teach

WHERE teach.subject name = ‘History’
AND teach.level =8

AND teach.teacher_id = teacher.ssn;

Gabor Csaba Attila 13
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8. Figure: Result of the SQL statement above

Find teachers, who can retire in 10 years (We supposed, that the retirement age is 65)! Sort they
decreasing order.

Keresd meg azokat a tandarokat, akik 10 éven beliil nyugdijba mehetnek (Tegyiik fel, hogy 65
évesen mehetnek nyugdijba)! Rendezd oket életkoruk alapjan csékkend sorrendbe.

T teacher name, age (0_65 -age<10 ( tea C]]er))

SELECT teacher_name, CAST( (TO DATE(CURRENT DATE,’YYYY-MM-DD’)
—TO_DATE(birth_date,”YYYY-MM-DD’) ) / 365 AS INT) as age

FROM teacher

WHERE 65 - CAST( (TO DATE(CURRENT DATE,’YYYY-MM-DD’) -
TO_DATE(birth_date,”YYYY-MM-DD’) ) /365 AS INT) < 10

ORDER BY age desc;

TEACHER NAME

9. Figure: Result of the SQL statement above

Gabor Csaba Attila 14
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Find the full names and telephone numbers of all students, whose first name is Viktoria!

Keresd meg azoknak a tanuldknak a teljes nevét és telefonszamat, akiket Viktorianak hivnak!
Tstudent name, telephone number ( tel epb one X Ogydent name LIKE "Viktoria" (S tuden t))

SELECT student_name, telephone_number

FROM student, telephone
WHERE student.ssn = telephone.user_ssn

AND student.student name LIKE “%Viktoria%/;

TELEFHONE WU

STUDENT HAME

10. Figure: Result of the SQL statement above

Find the manager of Kopjar Mate!

Add meg Kopjar Maté felettesét!

M manager. teacher name (pmanager(teaCher) X Oteacher name="Kopjar Mate" (te acher ))

SELECT manager.teacher_name
FROM teacher, teacher AS manager
WHERE teacher.teacher name = ‘Kopjar Mate’

AND teacher.manager_ssn = manager.ssn;

11. Figure: Result of the SQL statement above

Gabor Csaba Attila 15
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Give the number of teachers in every school!

Add meg a tanarok szamat tagozatonként / iskolanként!

school id8. count(ssn )( teacher, )

SELECT school_id, COUNT(ssn) as number_of teachers
FROM teachers

GROUP BY school_id

ORDER BY number_of teachers desc;

SCHOOL I NUMBER OF TEACHERS

12. Figure: Result of the SQL statement above

Give the number of students in each class from the school with 032466/0 education 1D, where
are at least 3 students! Put them in descending order.

Add meg azon osztalyok létszamat a 032466/0 OM kodu iskolabol, amelyikben legalabb harom
tanulo van! Tedd az eredményt csékkend sorrendbe.

class._ id8 count(ssn) ( Oschool id="032466/0" (S tuden t) )

SELECT class_id, COUNT(*) as number_of students
FROM student

WHERE school_id = ‘032466/0’

GROUP BY class_id

HAVING COUNT(*) >= 3

ORDER BY number_of students desc;

Gabor Csaba Attila 16
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13. Figure: Result of the SQL statement above

Find the names of the students and teachers, who doesn’t live in Dunaharaszti!

Add meg azoknak a tanuldknak és tanaroknak a nevét, akik nem Dunaharasztin élnek!

Tstudent. name( Oaddress NOT LIKE "Dunaharaszti "( studen t)) v ”teacber_name( Oaddress NOT LIKE "Dunaharaszti ”( teacher, ) )

SELECT student_name names

FROM student

WHERE address NOT LIKE ‘%Dunaharaszti%’
UNION

SELECT teacher_name

FROM teacher

WHERE address NOT LIKE ‘%Dunaharaszti%’;

HAMES

2 Bacso Monika

14. Figure: Result of the SQL statement above

Gabor Csaba Attila 17
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Give the name of the subjects in level 1, what Drahosne Akocsi Ancilla doesn’t teach in level
1!

Add meg azoknak az elsds tantdrgyaknak a nevét, melyeket nem tanit az elsé évfolyamon
Drahosné Akocsi Ancilla!

ﬂsub/’ect_ name (o-sub/'ect_ level=1 (5 lij e Ct)) - ﬂsubject_ name ( o-teacller,, ame="Drahosne Akocsi Ancilla "( teacher, ) X o-subject_ level=1 ( teach ))

SELECT subject_name
FROM subject
WHERE subject_level = 1
AND subject_name NOT IN (SELECT subject_name
FROM teacher, teach
WHERE teacher.ssn = teach.teacher _id
AND subject_level = 1
AND teacher name = ‘Drahosne

Akocsi Ancilla’);

SUBJECT NAME

15. Figure: Result of the SQL statement above

Gabor Csaba Attila 18
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Find the director of Hunyadi Janos Ground School! Give the name and telephone number of
the director.

Add meg a Hunyadi Janos Altalanos Iskola igazgatdjat, jelenitsd meg a nevét, és telefonszamat.
Mteacher name, telephone_number ( telephone 9 Omgr.ssn=teacher.manager ssn ( teacher x pmgr( teacher) ))

SELECT teacher.teacher_name, telephone_number

FROM teacher, telephone
WHERE teacher.ssn IN (SELECT mgr.manager_ssn
FROM teacher, teacher mgr

WHERE mgr.ssh = teacher.manager_ssn)

AND telephone.user_ssn = teacher.ssn;

TELEPHONE NO

TEACHER NAME

16. Figure: Result of the SQL statement above

Gabor Csaba Attila 19
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More complex queries

Find the name of the teacher, who gave the homework to class 8/B, what they should hand in
last!

Add meg annak a tandarnak a nevét, aki a 8/B osztalynak a legkésobb beadando hazi feladatat
adta!

Tteacher name ( teachersd lessonsd date_to8, max(date_to) ( Oclass id="8/B ”(b omewor, k) ))

SELECT teacher_name
FROM homework, lesson, teacher
WHERE homework.class_id = lesson.class_id
AND homework.subject_name = lesson.subject_name
AND homework.subject_level = lesson.subject_level
AND teacher.ssn = lesson.teacher _id
AND date_to = SOME (SELECT MAX(HW.date_to)
FROM homework HW
WHERE HW .class_id = ‘8/B’);

TEACHER HAME

17. Figure: Result of the SQL statement above

Gabor Csaba Attila 20
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Give the name of the teachers, who teach every subject in level 1.

Add meg az osszes olyan tanar nevét, aki minden tantargyat tanit az elsé évfolyamon.

Mteacher name ( teacher » ( Mteacher id, subject name ( Osubject level=1 ( tea Ch) ) = Tsubject name ( Osubject level=1 (S u b/ ec t) ) ))

SELECT teacher_name
FROM teach, teacher
WHERE subject_level =1
AND teacher.ssn = teach.teacher_id
AND subject_name IN
(SELECT subject_name
FROM subject
WHERE subject_level =1)
GROUP BY teacher_name
HAVING COUNT(*) = (SELECT COUNT(*)
FROM subject
WHERE subject_level =1);

TEACHER HAME

Kaltenecker Antalne

18. Figure: Result of the SQL statement above

Gabor Csaba Attila 21
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Give the telephone numbers of parents in the class of Gaborne Szilagyi Erzsebet!

Add meg a Gaborné Szilagyi Erzsébet osztalyaba jaro gyerekek sziileinek a telefonszamat!

Ttelephone number| t€lephone &4 My, ons i (c]]i]dren X Moy <Student B4 Tppnss ,-d(c]asses N

Tssn ( Oteacher name="Gaborne Szilagyi Erzsebet"( teacher ) ) ) ) )

SELECT telephone_number
FROM telephone
WHERE user_ssn IN (SELECT children.parent_id
FROM children, teacher, classes, student
WHERE teacher.teacher name = ’Gaborne Szilagyi Erzsebet’
AND teacher.ssn = classes.head_teacher
AND student.class_id = class.class_id

AND children.child_id = student.ssn);

TELEFHONE HU

19. Figure: Result of the SQL statement above

Gabor Csaba Attila 22
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Give the names of all teachers, who gave exactly 3 homework in 1 subject!

Add meg azoknak a tandroknak a nevét, akik egy tantdrgybol pontosan hdarom hazi feladatot
adtak fel!

Mteacher name (t eacher & lesson v Tsybject name, subject level ( subject name, subject le vel8. count(’ *)(b omewor. k) ))

SELECT teacher_name
FROM teacher, lesson
WHERE teacher.ssn = lesson.teacher_id
AND lesson.subject_name IN (SELECT homework.subject_name
WHERE lesson.class_id = homework.class_id
FROM homework
GROUP BY subject_name, subject_level
HAVING COUNT(*) = 3)
AND lesson.subject_level IN (SELECT homework.subject_level
FROM homework
WHERE lesson.class_id = homework.class_id
GROUP BY subject_name, subject_level
HAVING COUNT(*) =3);

TEACHEER HAME

20. Figure: Result of the SQL statement above

Gabor Csaba Attila 23
DU4POE



| Database for a School Management System

Give the names of teachers, who teach what Karlne Pruczeld Erika!

Add meg azoknak a tandroknak a nevét, akik tanitidk azokat a targyakat, melyet Karlné
Purczeld Erika tanit!

teach + Tsubject name /tea ch Tssn ( Oteacher name="Karine Purczeld Erika ”( teacher ) ) }

SELECT teacher_name
FROM teach, teacher
WHERE teacher.ssn = teach.teacher _id
AND teacher name != ‘Karlne Purczeld Erika’
AND subject_name IN (SELECT subject_name
FROM teach, teacher
WHERE teacher.ssn = teach.teacher _id
AND teacher.teacher name = *Karlne

Purczeld Erika’ )
GROUP BY teacher_name

HAVING COUNT(*) = (SELECT COUNT(*)
FROM teach, teacher
WHERE teacher.ssn = teach.teacher _id
AND teacher.teacher name = ‘Karlne Purczeld

Erika’ );

TEACHER NAME

Bagdi Edina

21. Figure: Result of the SQL statement above
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Normal forms

The database should be normalized to avoid anomalies. Below | summarize the main normal
forms. I will check my tables and decide in which normal form they are.

First Normal Form (INF)*
In First Normal Form, any row must not have a column in which more than one value is saved,
like separated with commas. Rather than that, we must separate such data into multiple rows.

Second Normal Form (2NF)
A database is in 2NF if it is in First Normal Form and all non-key attributes are fully functional
dependent on any candidate key.

Third Normal Form (3NF)
A database is in Third Normal Form if it is in 2NF and there is no transitive functional
dependency.

Boyce-Codd Normal Form (BCNF)®
A database is in Boyce-Codd Normal Form if it is in 3NF and attributes depend only on any
super key.

BCNF is one of the most important normal form, because there is always a lossless
decomposition in BCNF.

Other normal forms
A list about other normal forms, which are not discussed in this project.

Elementary Key Normal Form (EKNF)

EKNF tables are also in Third Normal Form. This happens when there is more than one
unique composite key and they overlap. Such cases can cause redundant information in the
overlapping column(s).

Fourth Normal Form (4NF)
ANF is the next level of normalization after Boyce-Codd Normal Form. Whereas
the Second, Third, and Boyce-Codd Normal Forms are concerned with functional

4 http://www.oracle.com/technetwork/issue-archive/2011/11-sep/051sql-453459.html (visited: 10. December
2016)
5> https://www.ischool.utexas.edu/~wyllys/DMPAMaterials/normstep.html (visited: 10. December 2016)
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dependencies, 4NF is concerned with a more general type of dependency known as
a multivalued dependency.

Fifth Normal Form (5NF)
Atable is in the 5NF if and only if every non-trivial join dependency in it is implied by
the candidate keys.

Sixth Normal Form (6NF)

A table is in Sixth Normal Form if and only if it satisfies no nontrivial join dependencies at all
- where, as before, a join dependency is trivial if and only if at least one of the projections
involved is taken over the set of all attributes of the table concerned.

Domain-Key Normal Form (DKNF)

The domain/key normal form is achieved when every constraint on the relation is a logical
consequence of the definition of keys and domains, and enforcing key and domain restraints
and conditions causes all constraints to be met.

The Third Normal Form, Boyce-Codd Normal Form, Fourth Normal Form and Fifth Normal
Form are special cases of the domain/key normal form.

Normalization

I will check the normal forms of all the tables. First, | write down the Functional Dependencies
on the given table. After it, | can define in what normal form is the table. If it is necessary, |
will decompose the table to reach the BCNF normal form.

SCHOOL (education_id, schoolname, address, email, web)

FscHooL = {education_id — schoolname, education id — address, education id — email,
education_id — web}

Normal Forms Fulfilled \

INF YES
2NF YES
3NF YES
BCNF YES
Gabor Csaba Attila 26
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SCHOOL_TELEPHONE (school_id, telephone)

FscrooL_teLerHonE = {school_id — telephone}

Normal Forms Fulfilled |
INF YES
2NF YES
3NF YES
BCNF YES

TEACHER (ssn, teacher_name, sex, address, birth_place, birth_date, email, education_id,
date_of start, manager_ssn, school_id)

FreacHer = {ssn — teacher name, ssn — sex, ssn — address, ssn — birth_place,
ssn — birth_date, ssn — email, ssn — education_id, ssn — date of start, ssn — manager ssn,
ssn — school id, education_id — ssn, education_id — teacher name, education id — sex,
education id — address, education id — birth place, education id — birth date,
education_id — email, education id — date of start, education id — manager ssn,
education_id — school id}

Normal Forms Fulfilled |
INF YES
2NF YES
3NF YES
BCNF YES

PARENT (ssn, parent_name, sex, address, birth_place, birth_date, email, id)

FparenT = {SSN — parent_name, ssn — sex, ssn — birth_place, ssn — birth_date, ssn — email,
ssn — id, id — ssn, id — parent_name, id — sex, id — address, id — birth_place, id — email}

Normal Forms Fulfilled |
INF YES
2NF YES
3NF YES
BCNF YES
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STUDENT (ssn, student_name, sex, address, birth_place, birth_date, email, education_id,
date_of start, school_id, class_id)

Fstupent = {ssn — parent name, ssn — sex, ssn — address, ssn — birth place,
ssn — birth_date, ssn — email, ssn — education_id, ssn — date of start, ssn — school id,
ssn — class id, education id — ssn, education id — name, education id — sex,
education_id — address, education id — birth place, education id — birth date,
education id — email, education id — date of start, education id — school_id,
education_id — class_id}

Normal Forms Fulfilled |
INF YES
2NF YES
3NF YES
BCNF YES

TELEPHONE (telephone-number, user ssn)

FreLerHONE = O

Normal Forms Fulfilled |
INF YES
2NF YES
3NF YES
BCNF YES

TEACH (teacher id, subject name, subject level)

Freach =0
Normal Forms Fulfilled |
INF YES
2NF YES
3NF YES
BCNF YES

CLASS (class_id, date_of_start, head_teacher)

Fciass = {class id — date of start, class id — head teacher, head teacher — class id,
head teacher — date of start}

Normal Forms Fulfilled |
INF YES
2NF YES
3NF YES
BCNF YES
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SUBJECT (subject_name, subject_level, description)

Fsussect = {subject_name & subject_level — description}

Normal Forms Fulfilled |
INF YES
2NF YES
3NF YES
BCNF YES

HOMEWORK (subject_name, subject level, number_of homeworks, class id, date from,
date_to, title, description)

Fromework = {subject_name & subject_level & number of homeworks — class id,
subject name &  subject_level &  number of homeworks @ —  date from,

subject_name & subject_level & number_of homeworks — date to,
subject_name & subject_level & number_of _homeworks — title,
subject_name & subject_level & number_of _homeworks — description}
Normal Forms Fulfilled |
INF YES
2NF YES
3NF YES
BCNF YES

CHILDREN (parent id, child id)

FcHiLbren = O

Normal Forms Fulfilled |
INF YES
2NF YES
3NF YES
BCNF YES

LESSON (class_id, subject _name, subject_level, teacher_id)

FLesson = {class_id & subject name & subject level — teacher id}

Normal Forms Fulfilled |
INF YES
2NF YES
3NF YES
BCNF YES

All tables, so the database is in Boyce-Codd Normal Form.
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Triggers

The triggers are special proceedings in a database. A trigger can include SQL an PL/SQL
(Procedural Language / Standard Query Language) statements. This procedural code is
automatically executed after /before instead of insert, update, delete.®

The trigger can allow or reject the changes on a table, logging, or can make other changes on
the table, too.

In my sample database, | created a logging trigger. It means that, when I insert a row in the
given table, update, or delete a row, the trigger will add a new row into my special logging table
with some information about the action. You can see the code of the trigger below.

First, | created the logging table.

DROP TABLE classes_log CASCADE CONSTRAINTS;
CREATE TABLE classes_log
(
log_timestamp TIMESTAMP,
action VARCHAR2(20),
class_id VARCHAR2(3),
FOREIGN KEY(class_id) REFERENCES classes(class_id),
PRIMARY KEY(log_timestamp)

22. Figure: Create table statement of the logging statement

6 https://docs.oracle.com/cd/A57673 01/DOC/server/doc/SCN73/ch15.htm (visited: 10. December 2016)
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23. Figure: The code of my logging trigger
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Attachments

INSERT statements
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24. Figure: Insert statements
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Digital Attachments

The SQL statements are also attached in .sql files to the project, with this files you are able to create
my sample database.

The attached files:

e GABOR_CSABA_ATTILA_SQL.ZIP
e GABOR_CSABA_ATTILA_FULL.SQL
e GABOR_CSABA_ATTILA_DROP.SQL
e GABOR_CSABA_ATTILA_CREATE.SQL
e GABOR_CSABA_ATTILA_INSERT.SQL
e GABOR_CSABA_ATTILA_SELECT.SQL
e GABOR_CSABA_ATTILA_TRIGGER.SQL

To the project show, | made a Prezi, what you can watch here:
https://goo.gl/Pi75X0.
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