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D ATA B A S E  M O D E L  
• Collection of logical constructs used to represent data 

structure and relationships within the database 
• Conceptual models: logical nature of data 

representation 
• Implementation models: emphasis on how the data 

are represented in the database



E N T I T I E S  A N D  AT T R I B U T E S  ( 1 )

• The basic object that the ER Model represents is an 
entity, which is a thing in the real world with an 
independent existence. 

• Each entity has attributes — the particular properties 
that describe it.



E N T I T I E S  A N D  AT T R I B U T E S  ( 2 )

• Example: Two entities, employee e1 and company c1, 
and their attributes.



E N T I T I E S  A N D  AT T R I B U T E S  ( 3 )

• Composite and Simple (Atomic) Attributes.



E N T I T Y  T Y P E S  A N D  E N T I T Y  S E T S  ( 1 )

• A database usually contains groups of entities that are 
similar. 
• For example, a company employing hundreds of 

employees may want to store similar information 
concerning each of the employees. These employee 
entities share the same attributes, but each entity has its 
own value(s) for each attribute. 

• An entity type defines a collection (or set) of entities 
that have the same attributes.  

• The entity set is usually referred to using the same 
name as the entity type.



E N T I T Y  T Y P E S  A N D  E N T I T Y  S E T S  ( 2 )

• Two entity types, employee and company.



E N T I T Y  T Y P E S  A N D  E N T I T Y  S E T S  ( 3 )

• Example of entity type and entity set



E N T I T Y  T Y P E S  A N D  E N T I T Y  S E T S  ( 4 )

• Value Sets (Domains) of Attributes. 
• Each simple attribute of an entity type is associated 

with a value set (or domain of values) 
• In previous figure (previous page), if the range of ages 

allowed for employees is between 16 to 70, we can 
specify the value set of the “Age” attribute of 
EMPLOYEE to be the set of integer number between 16 
to 70.   

• Value sets are typically specified using the basic data 
types available in most programming languages, such 
as integer, string, or boolean.



R E L AT I O N A L  D ATA  S T R U C T U R E  ( 1 )

• Relation: A relation is a table with columns and rows.  
• Attribute: An attribute is a named column of a relation.  
• Domain: A domain is the set of allowable values for one 

or more attributes.  
• Tuple: A tuple is a row of a relation.  
• Cardinality: The cardinality of a relation is the number 

of tuples it contains.  
• Relational Database: A collection of normalized 

relations with distinct relation names. 



R E L AT I O N A L  D ATA  S T R U C T U R E  ( 2 )



R E L AT I O N A L  D ATA  S T R U C T U R E  ( 3 )



A LT E R N AT I V E  T E R M I N O L O G Y



D ATA B A S E  R E L AT I O N S
• Relational Schema: A named relation defined by a set 

of attribute and domain name pairs schema  
• Relational Database Schema: A set of relational 

schemas, each with a distinct name. 



P R O P E R T I E S  O F  R E L AT I O N S  ( 1 )

• The relation has a name that is distinct from all other 
relation names in the relational schema. 

• Each cell of the relation contains exactly one atomic 
(single) value; n each attribute has a distinct name. 

• The values of an attribute are all from the same domain. 
• Each tuple is distinct; there are no duplicate tuples.  
• The order of attributes has no significance. 
• The order of tuples has no significance, theoretically. 

(However, in practice, the order may affect the efficiency 
of accessing tuples.) 



P R O P E R T I E S  O F  R E L AT I O N S  ( 2 )



R E L AT I O N A L  K E Y S  ( 1 )
• Candidate Key: a minimal super key. A super key is 

minimal if removing any column makes it no longer 
unique. 

• Super Key: a column or combination of columns 
containing unique value for each row. 

• Primary Key: a specially designated candidate key. The 
primary key for a table cannot contain null value. 

• Alternate Key: An alternate key is the secondary 
candidate key that contains all the property of a 
candidate key but is an alternate option (did not 
become a primary key)



R E L AT I O N A L  K E Y S  ( 2 )
• Composite Key: A set of multiple attributes that help us 

uniquely identify every tuple present in a table. 
• Unique Key: A column/a set of columns that identify 

every record uniquely in a table.  
• Note: A unique key is different from a primary key. It is because it 

is only capable of having one null value. A primary key, on the 
other hand, cannot have a null value. 

• Foreign Key: a foreign key to establish relationships 
between two available tables. A foreign key must have 
the same data type as its associated candidate key



I N T E G R I T Y  R U L E S  ( 1 )
• Entity Integrity means that each table must have a 

column or combination of columns with unique values. 
Unique means that no two rows of a table have the 
same value. 

• Referential Integrity means that the column values in 
one table must match column values in a related table.



I N T E G R I T Y  R U L E S  ( 2 )
• Entity Integrity Rule: No two rows of a table can 

contain the same value for the primary key. In addition, 
no row can contain a null value for any column of a 
primary key. 

• Referential Integrity Rule: Only two kinds of values 
can be stored in a foreign key: 
• A value matching a candidate key value in some row of the 

table containing the associated candidate key. 
• A null value.



R E L AT I O N S H I P  ( 1 )

• Design of the COMPANY database



R E L AT I O N S H I P  ( 2 )
• Relationship Types and Relationship Sets.

Some instances in the WORKS_FOR relationship sets, which represents a relationship type 
WORKS_FOR between EMPLOYEE and DEPARTMENT



R E L AT I O N S H I P  ( 3 )
• Relationship Degree, Role Names, and Recursive Relationships

Some relationship instances in the SUPPLY ternary relationship set.



R E L AT I O N S H I P  ( 4 )
• Constrains on Relationship Types 

• Relationship types usually have certain constraints 
that limit the possible combinations of entities that 
may participate in the corresponding relationship 
set. 

• We can distinguish two main types of relationship 
constraints:  
• Cardinality Ratio 
• Participation 



R E L AT I O N S H I P  ( 5 )
• Cardinality Ratio for Binary Relationships 

• One-to-one (1:1) 
• One-to-many (1:M) 
• Many-to-many (M:N)



R E L AT I O N S H I P  ( 6 )

A 1:1 relationship, MANAGES

A M:N relationship, WORKS_ON



R E L AT I O N S H I P  ( 7 )

• Participation Constraints (Connectivity) specifies 
whether the existence of an entity depends on its 
being related to another entity via the relationship 
type. 

• This constraint specifies the minimum number of 
relationship instances that each entity can participate 
in, sometime called the minimum cardinality 
constraint.



R E L AT I O N S H I P  ( 8 )

• Attributes of Relationship Types 
• Relationship types can also have attributes, similar 

to those of entity types. 
• For 1:1 or 1:N relationship types can be migrated to 

one of the participating entity types. 
• For M:N relationship types, some attributes may be 

determined by the combination of participating 
entities in a relationship instance, not by any single 
entity. Such attributes must be specified as 
relationship attributes.



R E L AT I O N A L  A L G E B R A  ( 1 )



R E L AT I O N A L  A L G E B R A  ( 2 )



R E L AT I O N A L  A L G E B R A  ( 3 )



R E L AT I O N A L  A L G E B R A  ( 4 )



S A M P L E  D ATA  ( 1 )



S A M P L E  D ATA  ( 2 )



S A M P L E  D ATA  ( 3 )



• List all staff with a salary grater than 10,000

E X A M P L E  1  ( S E L E C T I O N )



E X A M P L E  2  ( P R O J E C T I O N )
• Produce a list of salary for all staff, showing only the staffNo, 

fName, lName, and salary detail.



E X A M P L E  3 :  P R O D U C T  ( 1 )



E X A M P L E  3 :  P R O D U C T  ( 2 )



J O I N  O P E R AT I O N S
• Typically, we want only combinations of the Cartesian 

product that satisfy certain conditions and so we 
would normally use a Join operation instead of the 
Cartesian product operation.  

• There are mainly two types of joins 
• Inner join (Theta, Natural, EQUI) 
• Outer join (Left, Right, Full)



I N N E R  J O I N
• Inner Join is used to return rows from both tables which 

satisfy the given condition.  
• It is the most widely used join operation and can be 

considered as a default join-type 
• An Inner join or equijoin is a comparator-based join which 

uses equality comparisons in the join-predicate. However, 
if you use other comparison operators like “>” it can’t be 
called equijoin. 

• Inner Join further divided into three subtypes: 
• Theta join 
• Natural join 
• EQUI join



T H E TA  J O I N  ( 1 )
• Theta Join allows you to merge two tables based on 

the condition represented by theta.  
• Theta joins work for all comparison operators. It is 

denoted by symbol θ. The general case of JOIN 
operation is called a Theta join. 

• Syntax:



T H E TA  J O I N  ( 2 )
• Theta join can use any conditions in the selection criteria. 
• Consider the following tables. 

• สินค้า ⋈ สินค้า.ชื่อ = “ปากกา” การสั่งซื้อ



E Q U I  J O I N
• EQUI Join is done when a Theta join uses only the 

equivalence condition.  

• สินค้า ⋈ สินค้า.รหัสสินค้า = การสั่งซื้อ.รหัสสินค้า การสั่งซื้อ



N AT U R A L  J O I N  ( 1 )
• Natural Join does not utilize any of the comparison 

operators. In this type of join, the attributes should have 
the same name and domain. In Natural Join, there should 
be at least one common attribute between two relations.



N AT U R A L  J O I N  ( 2 )
• Example 

• Cartesian Product



N AT U R A L  J O I N  ( 3 )
• Cartesian Product 

• EQUI Join: สินค้า ⋈ สินค้า.รหัสสินค้า = การสั่งซื้อ.รหัสสินค้า การสั่งซื้อ



N AT U R A L  J O I N  ( 4 )

• EQUI Join: สินค้า ⋈ สินค้า.รหัสสินค้า = การสั่งซื้อ.รหัสสินค้า การสั่งซื้อ 

• Natural Join:



O U T E R  J O I N  ( 1 )
• An Outer Join doesn’t require each record in the two 

join tables to have a matching record. In this type of 
join, the table retains each record even if no other 
matching record exists. 

• Three types of Outer Joins are: 
• Left Outer Join 
• Right Outer Join 
• Full Outer Join



O U T E R  J O I N  ( 2 )



E X A M P L E  4 :  L E F T  O U T E R  J O I N



E X A M P L E  4 :  R I G H T  O U T E R  J O I N



S E M I - J O I N  &  A N T I - J O I N  ( 1 )
• Semi-join matches the rows of two relations and then 

show the matching rows of the relation whose name is 
mentioned to the left side of ⋉ Semi Join operator. 

• While a semi-join returns one copy of each row in the 
first table for which at least one match is found, an 
anti-join returns one copy of each row in the first table 
for which no match is found.



S E M I - J O I N  &  A N T I - J O I N  ( 2 )



A G G R E G AT I O N  A N D  G R O U P I N G  
O P E R AT I O N S  
• As well as simply retrieving certain tuples and attributes of 

one or more relations, we often want to perform some 
form of summation or aggregation of data, similar to the 
totals at the bottom of a report, or some form of 
grouping of data, similar to subtotals in a report.  

• The main aggregation function are: 
• COUNT 
• SUM 
• AVG 
• MIN 
• MAX



• How many properties cost more than £350 per month to rent?  
• Find the minimum, maximum, and average staff salary. 

E X A M P L E  5 :  A G G R E G AT I O N  



• Find the number of staff working in each branch and 
the sum of their salaries. 

E X A M P L E  6 :  G R O U P I N G



• In the tuple relational calculus we are interested in 
finding tuples for which a predicate is true.  

• The calculus is based on the use of tuple variables.  
• A tuple variable is a variable that ‘ranges over’ a 

named relation: that is, a variable whose only 
permitted values are tuples of the relation.  

• For example: 
• List the names of all managers who earn more than £25,000.  
• List the staff who manage properties for rent in Glasgow. 

T U P L E  R E L AT I O N A L  C A L C U L U S



E X A M P L E  7  ( 1 )
• Use the database 

show in this figure to 
answer problem. 



E X A M P L E  7  ( 2 )
• For each table, identify the primary key and the foreign key(s). 

If a table does not have a foreign key, write “None” in the 
assigned space.



E X A M P L E  7  ( 3 )

• Do the tables exhibit entity integrity? Answer “Yes” or “No”, 
the explain your answer.



E X A M P L E  7  ( 4 )

• Do the tables exhibit referential integrity? Answer “Yes” or 
“No”, the explain your answer. Write “N/A” (Not Applicable) 
if the table does not have a foreign key. 



C A S E  S T U D Y
• Design a table to collect data on students in the 

Faculty of Engineering. 
• The table must indicate the department and year of 

study. 
• The table may include other attributes as appropriate. 
• The designed table must comply with database 

integrity rules. 
• Write the table's metadata and at least four rows of 

sample data into an Excel file.


