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Chapter 3: Relational Database Model

CONCEPTS:

Attribute: Each column in a Table. Attributes are the properties which define a relation.

e.g., Student_Rollno, NAME etc.

Tables — In the Relational model the, relations are saved in the table format. It is stored along with its entities.
table has two properties rows and columns. Rows represent records and columns represent attributes.

Tuple — It is nothing but a single row of a table, which contains a single record.

Relation Schema: A relation schema represents the name of the relation with its attributes.

Degree: The total number of attributes which in the relation is called the degree of the relation.

Cardinality: Total number of rows present in the Table.

Column: The column represents the set of values for a specific attribute.

Relation instance — Relation instance is a finite set of tuples in the RDBMS system. Relation instances never
have duplicate tuples.

Relation key - Every row has one, two or multiple attributes, which is called relation key.

Attribute domain — Every attribute has some pre-defined value and scope which is known as attribute domain

Table also called Relation

Domain
ri v Kevy L %
Primary Kay .

® guru99.com

CustomerlD CustomerName  Status

1 Google Active
2 Amazon Active Tuple OR Row
3 Apple Inactive Total # of rows is Cardinalit

Column OR Attributes

Total # of column is Degree

Source: https://www.guru99.com/relational-data-model-dbms.html

INTEGRITY CONSTRAINTS

Constraints on the Relational database management system is mostly divided into three main categories are:

- Domain constraints
- Key constraints
- Referential integrity constraints

(1) Database Systems: Design, Implementation, and Management, 13th Edition.
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(1) Database Systems: Design, Implementation, and Management, 13th Edition.
(2) https://www.guru99.com/relational-data-model-dbms.html
1. Domain Constraints
Include standard data types integers, real numbers, characters, Booleans, variable length strings, etc.

Example:

Create DOMAIN CustomerName
CHECK (value not NULL)

The example shown demonstrates creating a domain constraint such that CustomerName is not NULL
2. Key constraints
To identify unique attribute.
Example:

In the given table, CustomerlD is a key attribute of Customer Table. It is most likely to have a single key for one
customer, CustomerlID =1 is only for the CustomerName =" Google".

CustomerID  CustomerName  Status

1 Google Active
2 Amazon Active
3 Apple Inactive

(1) Database Systems: Design, Implementation, and Management, 13th Edition.
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3. Referential integrity constraints

Such as Foreign Keys.

A foreign key is a Primary key in another table, but become a “Foreign”
in your current table.

Example:

In the above example, there’re 2 relations, Customer and Billing.

Tuple for CustomerID =1 is referenced twice in the relation Billing.
-> CustomerName=Google has billing amount $300

COMMANDS/OPERATIONS IN RELATIONAL DB

Insert = used to insert data into the relation
Delete - used to delete tuples from the table.

Select = choose a specific range of data.

(1) Database Systems: Design, Implementation, and Management, 13th Edition.

CustomerlD CustomerName Status

1 Google Active

% 2 Amazon Active

“3 Apple Inactive

.'. Customer

." Billing
InvoiceNo ‘(qgtomerlo Amount

1 "*re,. | 1B100

L N @
2 1 5200
3 2 $150

Modify = change the values of some attributes in existing tuples.


https://www.guru99.com/images/1/091318_0803_RelationalD2.png
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Chapter 4: Entity Relationship Diagrams

** The notations used in this prep work is only Crow’s Foot/Martin/Information Engineering style

** Students might be required to use other alternative notations: Chen notation style, Barker style, IDEF1X

style

Definition of an ER diagram

Is a type of flowchart that illustrates how “entities” such as people, objects or concepts relate to each

other within a system.

ER Diagrams are most often used to design or debug relational databases in the fields of software

engineering, business information systems, education and research.

Also known as ERDs or ER Models, they use a defined set of symbols such as rectangles, diamonds,

ovals and connecting lines to depict the interconnectedness of entities, relationships and their attributes.

ER diagrams mirror grammatical structure, with entities as nouns and relationships as verbs.

Example:

ER diagrams are related to data structure diagrams (DSDs)

=>» Focus on the relationships of elements within entities instead of relationships between entities
themselves.

ER diagrams also are often used in conjunction with data flow diagrams (DFDs)

= Map out the flow of information for processes or systems.

(1) Database Systems: Design, Implementation, and Management, 13th Edition.
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Source: https://www.researchgate.net/figure/The-entity-relationship-ER-diagram-developed-with-the-Microsoft-VISIO-
CASE-tool_fig2_261061910

Components and features of an ER diagram

ER Diagrams are composed of entities, relationships and attributes.

1- Entity

A definable thing—such as a person, object, concept or event—that can have data stored about it.

(1) Database Systems: Design, Implementation, and Management, 13th Edition.
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Think of entities as nouns.

Examples: a customer, student, car or product

a- Entity keys:

Primary key: A candidate key chosen by the database designer to uniquely identify the entity set

Foreign key: ldentifies the relationship between entities.

2- Attribute

A property or characteristic of an entity

3- Relationship

How entities act upon each other or are associated with each other.

Think of relationships as verbs.

For example, the named student might register for a course. The two entities would be the student and the course,
and the relationship depicted is the act of enrolling, connecting the two entities in that way

Types of relationships in ERD
a- Recursive

The same entity participates more than once in the
relationship.

Ex:

Employee

Supervises‘H"

b- Cardinal (Defining numbers in the relationship between 2 entities)

(1) Database Systems: Design, Implementation, and Management, 13th Edition.

Employee Id
Employee Name
Manager |d
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Conceptual, logical and physical data models

ER models and data models are typically drawn at up to three levels of detail:

Conceptual data model:

- The highest-level view = contains the least detail.
- Showing overall scope of the model and portraying the system architecture.

- For a system of smaller scope, it may not be necessary to draw. Instead, start with the logical model.

Logical data model:

- Contains more detail than a conceptual model.
- More detailed operational and transactional entities are now defined.
- The logical model is independent of the technology in which it will be implemented.

Physical data model:

- One or more physical model may be developed from each logical model.
- Must show enough technology detail to produce and implement the actual database.

(1) Database Systems: Design, Implementation, and Management, 13th Edition.
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Chapter 5: Complex relationship diagrams and Physical Design of

Relational model

ERD EERD
- Entity Relationship Diagram - Extended Entity Relationship Diagram
- Base on ERD concepts but have adds on:
1- Supertypes and Subtypes (Relationships)
2- Clustering (Virtual presentation of
interrelated entities)
Example of ERD: PROFESSOR
PROF_SPECIALTY |{j —1S.0830 Of _ oy ™ | SCHOOL CODE
PROF_RANK
PROF_LNAME i :c",o,'oa':_":.u
PROF_FNAME _
PROF_INITIAL #
PROF_EMAIL
ope?a' tes
X
PK | DEPT CODE
FK1 | SCHOOL_CODE
DEPT_NAME

Source: Database Systems: Design, Implementation, and Management, 13th Edition. Chapter 4

(1) Database Systems: Design, Implementation, and Management, 13th Edition.
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Example of EERD:
M—w
PK |P_ID
P_LNAME
— - P_FNAME
ol | PLIS_EMP
PK |QFFICE NUM P_IS_STU
OFFICE_PHONE
PK,FK1 |PID
§TU_MAJOR
STU_TYPE
A) STU_TYPE
EMP_IS_ADM EMP_IS_PROF
IS ==
[ L . =i B =
PKFK1 |P_ID PKFK1 |P_ID PKFK1 |P_ID PKFK1 |P_ID
ADM_TITLE PROF_RANK GRAD_THESIS UND_HOURS

Source: Database Systems: Design, Implementation, and Management, 13th Edition. Chapter 4

ADD ON FEATURES OF EERD:
1- Example of EERD with add on features

(1) Database Systems: Design, Implementation, and Management, 13th Edition.
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SUPERTYPE =i EMPLOYER DEPEW‘
o PK.FK1 |EMP Num
EMP_NUM PK DPNT NuM
 —D85 0%
ared EMP_LNAME DPNT
aﬂbmes EMP_FNAME DPNT{:::E
EMP_INITIAL DPNT-R
(Atributes inherited EW_H'RE_D*TE 2 ELATION
by all subtypes) EMP TYPE lnhomeq
= relationship

Category symbol

DisjoinUOverlapping constraint {dfo)
H«Q EMP_TYPE <= Subtype discriminator

PartialComplete constraint ———2"

upn “M" “A"
PILOT MECHANIC ACCOUNTANT
PKFK1 |EMP NUM PKFK1 |EMP NUM PK.FK1 |EMP NUM
PIL_LICENSE MEC_TITLE ACT_TITLE .::-.il)qul:'u
::_:gugi 1 MEC_CERT ACT_CPA_DATE | (Atiributes unique
_MED_ to subtypes)
SUBTYPES

Source: Database Systems: Design, Implementation, and Management, 13th Edition. Chapter 4

1- Supertypes and Subtypes
- For presenting relationships between entities

Specialization hierarchy

- Top-down process of identifying lower-level.
- Entity subtypes = More specific
- Specialization is based on grouping unique characteristics of the subtypes

Entity supertype
- Generic entity type
Entity subtype

(1) Database Systems: Design, Implementation, and Management, 13th Edition.
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- Asubset of an Entity supertype
- Contain the unique characteristics of each entity

Inheritance

- Relationship between Subtype and Supertype
- Subtype inherits Supertype

Subtype Discriminator

- An attribute between Subtype and Supertype
- Determines which Entity Subtype relates/belongs to an Entity Supertype

Disjoint and Overlap - For Entity Subtypes

STORY
PK | Mem Num " |Story Num
Men_mu-' Nam Story_Name
omaag Story_Series_Name
Mem_AreaCode o Veliine
Mem_Phone Story..
Mem_Type Story_lIs_Movie
Story_Is_Book
‘@E‘“‘“"" Story_is_Movie _( 5 Story_Is_Book
—1 =3 =a
VOLUNTEER STAFF MOVIE 800K
PECFK1 | Mem Num PEFK1 | Mem Num PEFK1 | Story Num e
Vol_SirthDate Statf_HireDate Movie_Rating
Vol_Entail Staff_SSN Move_Runtime :::."Gﬂ
Vol_Preference Statf_Wage Movie_Sound Chapters
disjoint overlapping
A MEMBER can be in VOLUNTEER or STAFF, but not both A STORY can be in MOVIE, BOOK, or both

Source: Database Systems: Design, Implementation, and Management, 13th Edition. Chapter 4

(1) Database Systems: Design, Implementation, and Management, 13th Edition.
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Completeness Constraint Partial Source: Database Systems: Design,
- Ppartial Implementation, and Management, 13th
_ Total S 2 Edition. Chapter 4

2-

Total

P

Entity Clustering

Used to represent multiple entities and relationships in ERD.

Is formed by combining multiple interrelated entities into a single entity object
Not an actual entity in the final ERD - virtual or abstract

(1) Database Systems: Design, Implementation, and Management, 13th Edition.
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is dean of
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es
PROFESSOR
DEPARTMENT
" m employs
”
b HO- Shee " Source: Database Systems: Design,
Implementation, and Management, 13th
h Edition. Chapter 4
STUDENT
advises
olfprs  is wrigenin
ENROLL
3 DEFINING KEYS FOR AN ENTITY
Natural key (Natural identifier)
- Is familiar to end users and forms part
is used for of their day to day business vocabulary
0 et Guidelines for identifying Primary Key

1- Uniquely identify an entity instance or row within a table
2- Choosing primary keys > Identify foreign keys from the relationships between entities

Surrogate key

- Asystem-assigned primary key, generally numeric and auto-incremented

(1) Database Systems: Design, Implementation, and Management, 13th Edition.
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Chapter 7: Subqueries

=> Queries inside queries
=> Nested queries
=> To select attributes from other tables (Which we can do by using JOIN)

Example

SELECT column-names

FROM table-namel

WHERE value IN (SELECT column-name FROM table-name2 WHERE condition)

SAMPLE DBM:
CUSTOMER INVOICE LINE
PK |CUS_CODE enerates PK |INV_NUMBER contains PK,FK1 |INV_NUMBER
i LI o4 PK LINE_NUMBER
CUS_LNAME FK1 |CUS_CODE
CUS_FNAME INV_DATE FK2 P_CODE
CUS_INITIAL LINE_UNITS
CUS_AREACODE LINE_PRICE
CUS_PHONE
CUS_BALANCE
is foynd in
I
+
: 1
VENDOR PRODUCT
PK |v_CODE PK |P_CODE
V_NAME supplies P_DESCRIPT
v_contact [HO-— =RPEs -Oﬁ P_INDATE
V_AREACODE P_QOH
V_PHONE P_MIN
V_STATE P_PRICE
V_ORDER P_DISCOUNT
FK1 |V_CODE

Source: Database Systems: Design, Implementation, and Management, 13th Edition. Chapter 7

(1) Database Systems: Design, Implementation, and Management, 13th Edition.
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USING SUBQUERY INSTEAD OF JOIN

JOIN

SUBQUERY

SELECT v_code, v_name

FROM product RIGHT JOIN vendor ON
product.v_code = vendor.v_code

WHERE p_code IS NULL;

SELECT v_code, v_name

FROM vendor

WHERE v_code NOT IN
(SELECT v_code FROM product
WHERE v_code IS NOT NULL);

SUBQUERY = SELECT

SELECT p_code, p_price,

(SELECT AVG(p_price) FROM product AS avg_price,
p_price — (SELECT AVG(p_price) FROM product) AS diff

FROM product;
Result:

avg_price

diff

p_code p_price

SUBQUERY - FROM

SELECT DISTINCT customer.cus_code, customer.cus_Iname

FROM customer JOIN

(SELECT invoice.cus_code FROM invoice

JOIN line ON invoice.inv_number = line.inv_number

WHERE p_code LIKE “%3%)

(1) Database Systems: Design, Implementation, and Management, 13th Edition.
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SUBQUERY - WHERE

SELECT p_code, p_price
FROM product
WHERE p_price >= (SELECT AVG (p_price) FROM product);

SUBQUERY - WHERE > IN

SELECT DISTINCT customer.cus_code, cus_Iname, cus_fname
FROM customer JOIN invoice ON customer.cus_code = invoice.cus_code
JOIN line ON invoice.inv_number = line.inv_number
JOIN product ON line.p_code = product.p_code
WHERE p_code IN (SELECT p_code FROM product
WHERE p_description LIKE ‘%hammer%’ OR p_description LIKE ‘%saw%’);

SUBQUERY -=> HAVING
SELECT p_code, sum(line_units) AS total_units
FROM line

GROUP BY p_code
HAVING sum(line_units) > (SELECT AVG (ine_units) FROM line);

(1) Database Systems: Design, Implementation, and Management, 13th Edition.



