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Computer Science 202Computer Science 202
Database Systems:Database Systems:

Relational Database ModelRelational Database Model
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ObjectivesObjectives

To learn the basic relational database To learn the basic relational database 
components and concepts. components and concepts. 
To become familiar with the relational table's To become familiar with the relational table's 
components and characteristics. components and characteristics. 
To learn how keys are used in the relational To learn how keys are used in the relational 
database environment. database environment. 
To introduce the relational database operators. To introduce the relational database operators. 
To develop a simple data dictionary. To develop a simple data dictionary. 
To examine basic entity relationships.To examine basic entity relationships.
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Relational Database ModelRelational Database Model

Relational model was a change over File Relational model was a change over File 
based systemsbased systems
Focus on logical designFocus on logical design
A logical representation of dataA logical representation of data
Not so tightly tied to physical storage and Not so tightly tied to physical storage and 
implementationimplementation

44Barry Irwin August 2003Barry Irwin August 2003 Rhodes University: CS202: DatabasesRhodes University: CS202: Databases

Entities and AttributesEntities and Attributes

EntityEntity –– something about which data is to be something about which data is to be 
storedstored
Attribute Attribute –– what information about an Entity is what information about an Entity is 
to be storedto be stored

First nameFirst name
Last nameLast name

Date of BirthDate of Birth
Student NumberStudent Number

STUDENTSTUDENT

55Barry Irwin August 2003Barry Irwin August 2003 Rhodes University: CS202: DatabasesRhodes University: CS202: Databases

RelationshipsRelationships

Relations with in a RDBMS are represented as a Relations with in a RDBMS are represented as a 
TABLETABLE
A Database table consists of:A Database table consists of:
nn Rows ( Entity Instances) ( also known as Rows ( Entity Instances) ( also known as tuplestuples))
nn Columns (Entity Attributes)Columns (Entity Attributes)

JoeJoeBloggsBloggsg01b0023g01b0023

WilburWilburMcginnisMcginnisg98m5639g98m5639

First NameFirst NameLast NameLast NameStudent NumberStudent Number
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Relational TablesRelational Tables

Two Dimensional structure (Rows  & Columns)Two Dimensional structure (Rows  & Columns)
Each tuple represents a single instance of an entityEach tuple represents a single instance of an entity
Each column represents an attribute with a distinct Each column represents an attribute with a distinct 
namename
Each row/column intersection represents a Each row/column intersection represents a singlesingle
data valuedata value
All values in a column must confirm to the same All values in a column must confirm to the same 
data typedata type
Each column has a range of values known as the Each column has a range of values known as the 
attribute attribute domaindomain
The order of tuples and columns is immaterial to The order of tuples and columns is immaterial to 
the DBMSthe DBMS

See R&C p59
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Tables Tables -- Naming ConstraintsNaming Constraints

Table names restricted to 8 charactersTable names restricted to 8 characters
Column names limited to 10 charactersColumn names limited to 10 characters
Column names may not begin with a digitColumn names may not begin with a digit
Avoid the use of a Avoid the use of a –– (dash) rather use an (dash) rather use an 
underscore ( _ ) underscore ( _ ) 

These are generic limitations.  Each RDBMS These are generic limitations.  Each RDBMS 
system will have its own limitations and system will have its own limitations and 
constraints.constraints.
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Tables Tables –– Attribute data typesAttribute data types

There are 4 primary data types used in There are 4 primary data types used in 
RDBM systemsRDBM systems
Numeric  Numeric  -- 1 , 1880, 34.5  , 1 , 1880, 34.5  , -- 145.29145.29
Character Character –– alphanumeric and other  alphanumeric and other  
characters characters 
Date Date –– Specialised data formatSpecialised data format
Logical Logical –– Boolean values: True/FalseBoolean values: True/False
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KeysKeys

A A keykey consists of one or more attributes consists of one or more attributes 
that determines other attributesthat determines other attributes
Key Key ––DETERMINESDETERMINESàà Attribute(s)Attribute(s)

If  A If  A àà B thenB then
B is functionally Dependant on AB is functionally Dependant on A

Composite keyComposite key
nn Key consisting of more than one attributeKey consisting of more than one attribute

R&C p 63
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More on dependencyMore on dependency

Full Functional DependencyFull Functional Dependency
nn If B is dependant on a composite key A, but If B is dependant on a composite key A, but 

not on any subset of A.not on any subset of A.
nn Key(A,A`) Key(A,A`) àà BB
nn Key(A) !Key(A) !àà B && Key(A`) !B && Key(A`) !àà BB
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NULLNULL

A A NULLNULL value can be stored in an attribute in the value can be stored in an attribute in the 
following cases:following cases:
Unknown attribute valueUnknown attribute value
Missing valueMissing value
“Not Applicable” condition“Not Applicable” condition

An attribute that has Null cannot be part of a keyAn attribute that has Null cannot be part of a key

A A NULLNULL is a special case and is an empty value, is a special case and is an empty value, 
is is NOTNOT equivalent to a space, although they may equivalent to a space, although they may 
look the same on screenlook the same on screen
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Key TypesKey Types

Primary KeyPrimary Key
nn Key used for identification of entity instancesKey used for identification of entity instances

Secondary KeySecondary Key
nn Usually used for indexing for data retrievalUsually used for indexing for data retrieval

Foreign KeyForeign Key
nn A Key with values must match the primary key in A Key with values must match the primary key in 

another table, or be NULLanother table, or be NULL
SuperkeySuperkey
nn Any key that defines a attribute uniquelyAny key that defines a attribute uniquely

Candidate KeyCandidate Key
nn Superkey without redundanciesSuperkey without redundancies
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Key SelectionKey Selection

Choosing the right keyChoosing the right key
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Database integrity in the RDBMSDatabase integrity in the RDBMS
Entity IntegrityEntity Integrity

Ensures that each entity can be Ensures that each entity can be 
uniquely defined and that foreign uniquely defined and that foreign 
keys can correctly reference tableskeys can correctly reference tables

PurposePurpose

All primary keys are unique, and no All primary keys are unique, and no 
part may be NULLpart may be NULL

RequirementRequirement

After R&C p68
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Database integrity in the RDBMSDatabase integrity in the RDBMS
Referential IntegrityReferential Integrity

Enforcement prevents deletion of an Enforcement prevents deletion of an 
entity from a table while the primary entity from a table while the primary 
key has mandatory matching foreign key has mandatory matching foreign 
keys.keys.

PurposePurpose

A foreign key may have a null  entry A foreign key may have a null  entry 
or an entry matching the primary key or an entry matching the primary key 
in the table to which it is relatedin the table to which it is related

RequirementRequirement

After R&C p68
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Use of Flags in Referential IntegrityUse of Flags in Referential Integrity

A flag can be used instead of a NULL A flag can be used instead of a NULL 
value, when foreign keys are in usevalue, when foreign keys are in use
Help ensure referential integrityHelp ensure referential integrity
Generally only useful with attributes that Generally only useful with attributes that 
will not have any kind of operation will not have any kind of operation 
performed on them.performed on them.
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Relational Database OperatorsRelational Database Operators

A fully relational database is expected to support A fully relational database is expected to support 
the following  8 operations on tablesthe following  8 operations on tables
nn SELECTSELECT
nn PROJECTPROJECT
nn JOINJOIN
nn INTERSECTINTERSECT
nn UNIONUNION
nn DIFFERENCEDIFFERENCE
nn PRODUCTPRODUCT
nn DIVIDEDIVIDE
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Relational Database OperatorsRelational Database Operators
SELECTSELECT

SELECT performs horizontal Cuts across SELECT performs horizontal Cuts across 
a tablea table
Can be used to select ALL rows or rows Can be used to select ALL rows or rows 
matching certain criteriamatching certain criteria
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Relational Database OperatorsRelational Database Operators
SELECTSELECT

R&C p 72 Figure 2.9
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Relational Database OperatorsRelational Database Operators
PROJECTPROJECT

Project yields all rows for an attribute( or Project yields all rows for an attribute( or 
group of attributes)group of attributes)
Performs a Vertical cut of the tablePerforms a Vertical cut of the table
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Relational Database OperatorsRelational Database Operators
PROJECTPROJECT

R&C p 72 Figure 2.10
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Relational Database OperatorsRelational Database Operators
JOINJOIN

Join allows information from two or more Join allows information from two or more 
tables to be combinedtables to be combined
Performs joins on independent tables Performs joins on independent tables 
using common attributesusing common attributes
Used with foreign and primary keysUsed with foreign and primary keys
One of the more powerful operations in the One of the more powerful operations in the 
Relational databaseRelational database
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Relational Database OperatorsRelational Database Operators
JOINJOIN

R&C p 73 Figure 2.11

Two Tables to be Joined
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Relational Database OperatorsRelational Database Operators
JOINJOIN

R&C p 71 Figure 2.6

Two Tables to be Joined
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Relational Database OperatorsRelational Database Operators
JOINJOIN

R&C p 74 Figure 2.13, 2.14

Joined tables before and after the removal of duplicate values
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Relational Database OperatorsRelational Database Operators
JOIN AdvancedJOIN Advanced

Previous example illustrated a NATURAL Previous example illustrated a NATURAL 
joinjoin
EquiJoin EquiJoin –– Join based on comparison of Join based on comparison of 
column values. Duplicates are not column values. Duplicates are not 
removed.  Only applicable to the use of an removed.  Only applicable to the use of an 
equals (=) signequals (=) sign
Theta Join Theta Join –– Same as Equijoin, but for Same as Equijoin, but for 
other operatorsother operators
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Relational Database OperatorsRelational Database Operators
JOIN JOIN –– Outer JoinsOuter Joins

An outer join joins two tables with the following An outer join joins two tables with the following 
resultresult
nn Matched pairs are retainedMatched pairs are retained
nn Unmatched values are filled with a NULLUnmatched values are filled with a NULL
LEFT OUTER JoinLEFT OUTER Join
nn Includes all the rows in the table on the left of the Includes all the rows in the table on the left of the 

join statement, including those with no matches in join statement, including those with no matches in 
the right tablethe right table

RIGHT OUTER JoinRIGHT OUTER Join
nn Includes all the rows in the table on the RIGHT of Includes all the rows in the table on the RIGHT of 

the join statement, including those with no matches the join statement, including those with no matches 
in the LEFT tablein the LEFT table
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LEFT OUTER JoinLEFT OUTER Join

LEFT OUTER JoinLEFT OUTER Join
nn Includes all the rows in the table on the left of the join Includes all the rows in the table on the left of the join 

statement, including those with no matches in the statement, including those with no matches in the 
right tableright table
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RIGHT OUTER JOINRIGHT OUTER JOIN

RIGHT OUTER JoinRIGHT OUTER Join
nn Includes all the rows in the table on the RIGHT of the Includes all the rows in the table on the RIGHT of the 

join statement, including those with no matches in the join statement, including those with no matches in the 
LEFT tableLEFT table
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Relational Database OperatorsRelational Database Operators
INTERSECTINTERSECT

INTERSECT outputs only those rows INTERSECT outputs only those rows 
common to both tablescommon to both tables
Tables must be compatible, with the Tables must be compatible, with the 
attributes the same data types in bothattributes the same data types in both
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Relational Database OperatorsRelational Database Operators
INTERSECTINTERSECT

R&C p 71 Figure 2.16

3232Barry Irwin August 2003Barry Irwin August 2003 Rhodes University: CS202: DatabasesRhodes University: CS202: Databases

Relational Database OperatorsRelational Database Operators
UNIONUNION

UNION combines all rows from two tablesUNION combines all rows from two tables
Tables must be compatibleTables must be compatible
Attributes must have the same data typeAttributes must have the same data type
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Relational Database OperatorsRelational Database Operators
UNIONUNION

R&C p 70 Figure 2.5
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Relational Database OperatorsRelational Database Operators
DIFFERENCEDIFFERENCE

Difference outputs all the rows in Table A Difference outputs all the rows in Table A 
not  in table Bnot  in table B
Subtraction of table B from table ASubtraction of table B from table A
Tables must be compatibleTables must be compatible
Attribute data types must be the same Attribute data types must be the same 
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Relational Database OperatorsRelational Database Operators
DIFFERENCEDIFFERENCE

R&C p 71 Figure 2.7
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Relational Database OperatorsRelational Database Operators
PRODUCTPRODUCT

Product produces all possible Product produces all possible 
combinations of the rows from Table A combinations of the rows from Table A 
and Band B
Also known as the Cartesian ProductAlso known as the Cartesian Product
Table A is multiplied by Table BTable A is multiplied by Table B
AA (5 Rows) (5 Rows) PRODUCTPRODUCT BB (3 Rows)(3 Rows)
àà Table Table CC (15 Rows)(15 Rows)
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Relational Database OperatorsRelational Database Operators
PRODUCTPRODUCT

R&C p 71 Figure 2.8 3838Barry Irwin August 2003Barry Irwin August 2003 Rhodes University: CS202: DatabasesRhodes University: CS202: Databases

Relational Database OperatorsRelational Database Operators
DIVIDEDIVIDE

Specific operationSpecific operation
Requires a two column table which is Requires a two column table which is 
divided by a single column tabledivided by a single column table
Table A and B must have a column of the Table A and B must have a column of the 
same typesame type
Result contains values from table A which Result contains values from table A which 
appear for all values in table Bappear for all values in table B
Not commonly usedNot commonly used
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Relational Database OperatorsRelational Database Operators
DIVIDEDIVIDE

R&C p 76 Figure 2.17 4040Barry Irwin August 2003Barry Irwin August 2003 Rhodes University: CS202: DatabasesRhodes University: CS202: Databases

The Data DictionaryThe Data Dictionary

Provides information about the data stored Provides information about the data stored 
in the database in the database –– MetaDataMetaData
Holds information about table structures, Holds information about table structures, 
attribute data types, relationshipsattribute data types, relationships
Usually used by the DB designer as part of Usually used by the DB designer as part of 
the design process to provide a plan for the design process to provide a plan for 
implementation.implementation.
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The Data DictionaryThe Data Dictionary

R&C p 77 Table2.6 4242Barry Irwin August 2003Barry Irwin August 2003 Rhodes University: CS202: DatabasesRhodes University: CS202: Databases

System CatalogSystem Catalog

Closely related to a data dictionaryClosely related to a data dictionary
Holds detailed information about all Holds detailed information about all 
objects in a databaseobjects in a database
nn Creation timeCreation time
nn OwnerOwner
nn Access ControlAccess Control
nn Index dataIndex data

Most modern systems only have a  Most modern systems only have a  
System catalogSystem catalog
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RelationshipsRelationships

Three Classes of relationship within an Three Classes of relationship within an 
RDBMSRDBMS
nn 1:11:1 àà one to oneone to one
nn 1:M   1:M   àà one to manyone to many
nn M:M or M:N  M:M or M:N  àà many to manymany to many
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Entity Relation Diagrams (ERD)Entity Relation Diagrams (ERD)

The Entity Relation Diagram is used to The Entity Relation Diagram is used to 
graphically represent the Relational model graphically represent the Relational model 
of the data.of the data.
Two Models are usedTwo Models are used
nn CHENCHEN
nn Crow’s FeetCrow’s Feet
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Entity Relation Diagrams (ERD)Entity Relation Diagrams (ERD)

Entity names are nounsEntity names are nouns
Entity name is usually Entity name is usually capitalisedcapitalised
Relationships are described by passive Relationships are described by passive 
verbsverbs
Relationships written in lower caseRelationships written in lower case
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ERD ERD –– CHEN ModelCHEN Model

Entities contained in a Entities contained in a 
rectanglerectangle
Relationships are Relationships are 
contained in a contained in a 
diamonddiamond
‘1’ side of a ‘1’ side of a 
relationship uses a 1relationship uses a 1
Many side uses M or Many side uses M or 
NN
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ERD ERD –– Crow’s Foot ModelCrow’s Foot Model

Entities contained in a Entities contained in a 
rectanglerectangle
Relationships are Relationships are 
written on the written on the 
connecting lineconnecting line
‘1’ side of a ‘1’ side of a 
relationship uses a relationship uses a 
barbar
Many side uses a Many side uses a 
Crows Foot Crows Foot ßß
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ERD Many to Many (M:N) relationERD Many to Many (M:N) relation
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Problems with M:N relationsProblems with M:N relations

M:N tables contain many redundanciesM:N tables contain many redundancies
Difficult to work with Difficult to work with 
Difficult to implementDifficult to implement

See Rob and Cornel p 83See Rob and Cornel p 83--87 for a full 87 for a full 
worked exampleworked example
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Simplifying M:N relationsSimplifying M:N relations

M:N problem can be resolved by the M:N problem can be resolved by the 
introduction of an artificial entity known as introduction of an artificial entity known as 
a a compositecomposite oror bridgingbridging entityentity
Linking table holds the primary keys of the Linking table holds the primary keys of the 
two tables to be linked, as foreign keystwo tables to be linked, as foreign keys
Reduces the M:N relation to two 1:M Reduces the M:N relation to two 1:M 
relationshipsrelationships
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Simplified M:N modelSimplified M:N model
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Data RedundancyData Redundancy

Use of Foreign Keys can reduce Use of Foreign Keys can reduce 
redundancyredundancy
Limited controlled redundancy can be Limited controlled redundancy can be 
desirabledesirable
nn For speed in lookupsFor speed in lookups
nn For holding further information without the For holding further information without the 

need for a joinneed for a join
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IndexingIndexing

Indexes are used for improved Indexes are used for improved 
performanceperformance
Index is a set of pointers in a lookup table, Index is a set of pointers in a lookup table, 
which allows rapid referencing of table which allows rapid referencing of table 
rowsrows
Allows the DBMS to go directly to relevant Allows the DBMS to go directly to relevant 
rows, rather than having to do a linear rows, rather than having to do a linear 
searchsearch
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Indexing ExampleIndexing Example

789789

231231
451451

456456

123123

44789789

66456456

11123123

PosPosValueValue


