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Relational Model Concepts

A relational database management system (RDBMS) is a

database management system (DBMS) that is based on the

relational model as introduced by E. F. Codd.

The relational Model of Data is based on the concept of a Relation.

A short definition of an RDBMS may be a DBMS in which data

is stored in the form of tables and the relationship among the

data is also stored in the form of tables.

 A Relation is a mathematical concept based on the ideas of sets.

 The model was first proposed by Dr. E.F. Codd of IBM Research in
1970 in the following paper:

 "A Relational Model for Large Shared Data Banks," Communications
of the ACM, June 1970



RDBMS Terminology
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The relations we have been dealing with are known as base relations.

 Base relation

A named relation corresponding to an entity in the conceptual schema,
whose tuples are physically stored in the database.

We can define a view in terms of base relations.

 View

The dynamic result of one or more relational operations operating on the
base relations to produce another relation.

A view is a virtual relation that does not necessarily exist in the database
but can be produced upon request by a particular user, at the time of
request.



Relational Data Structure
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Relation:
- Informally,A relation is a table with columns and rows.
-Relation name is distinct from all other relation names in relational schema.
-Each cell of the relation contains exactly one atomic (single) value;

Attribute:

- Informally, An attribute is a named column of a relation.

- Each attribute has a distinct name.

- the order of attributes has no significance

Domain:

- is the set of allowable values for  an attribute.

- Examples of Attribute Domains:



Relational Data Structure…..Cont
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Degree:
- The degree of a relation is the number of attributes of its

schema.(unary, binary, ternary, and after that the term n-ary is
usually used)

- ex.: Car(Licence#, EngineSerial#, Make, Model,Year) is of degree 5.
- The degree of a relation is a property of the intension of the relation.

Tuple:
- A tuple is a row of a relation.
- Each tuple is distinct; there are no duplicate tuples;

Cardinality:

- The cardinality of a relation is the number of tuples it contains.

- The cardinality is a property of the extension of the relation and is
determined from the particular instance of the relation at any given

moment (changes as tuples are added or deleted).



Relational Data Structure…..Cont
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Relational database:

- A collection of normalized relations with
distinct relation names.

Relational Database Schema:

 A set S of relation schemas that belong to
the same database.

 S is the name of the whole database
schema

 S = {R1, R2, ..., Rn}

 R1, R2, …, Rn are the names of the
individual relation schemas within the
database S

A COMPANY database schema with 6
relation schemas is shown in figer 5.5
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Informal Terms Formal Terms Alternative

Table Relation File

Column Header Attribute Field

All possible Column Values Domain

Row Tuple Record

Example –A relation STUDENT

AlternativeTerminology for Relational Model:
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 Constraints are conditions that must hold on all valid relation
states.

 There are three main types of constraints in the relational model:

 Key constraints

 Entity integrity constraints

 Referential integrity constraints

 Another implicit constraint is the domain constraint

 Every value in a tuple must be from the domain of its attribute (or
it could be null, if allowed for that attribute



Relational Integrity Constraints….Cont.
Key Constraints
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Superkey:

An attribute, or set of attributes, that uniquely identifies a tuple

within a relation.

 Key of R:

A "minimal" superkey

That is, a key is a superkey K such that removal of any attribute
from K results in a set of attributes that is not a superkey .



Relational Integrity Constraints….Cont.
Key Constraints
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Example: Consider the CAR relation schema:

 CAR(State, Reg#, SerialNo, Make, Model,Year)

 CAR has two keys:

 Key1 = {State, Reg#}

 Key2 = {SerialNo}

 Both are also superkeys of CAR

 {SerialNo, Make} is a superkey but not a key.

In general:

 Any key is a superkey (but not vice versa)

 Any set of attributes that includes a key is a superkey



Relational Integrity Constraints….Cont.
Key Constraints
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Candidate key:

 A superkey such that no proper subset is a superkey within the relation.

Primary key

 The candidate key that is selected to identify tuples uniquely within the
relation.

 It cannot contain null values.

 The primary key attributes are underlined.

Example: CAR table with 
two candidate keys

– LicenseNumber chosen as
Primary Key



Relational Integrity Constraints….Cont.
Key Constraints
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Simple Key
A candidate key

that consists of one

attribute.

Composite Key
A key that consists

of two or more

attributes.

Simple Key & Composite Key 

Student_nameaddressAcademic_no

SaraBisha3131144

AmiraBisha3156643

RubaAl-Aleya3156432

 Simple Key example:

 Composite Key example:

NameaddressUniversityAcademic_no

SaraBisha43131144

AmiraBisha73156643

RubaAl-Aleya23156432



Relational Integrity Constraints….Cont.
Key Constraints
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Foreign Key
is a attribute ,or set of
attributes used to link two
tables together (To
preserve relationships).

 A foreign key is a
primary key from one
table placed into another
table

 The key is called a
foreign key in the table
that received the key.

Instances of  Branch and Staff Relations



Relational Integrity Constraints….Cont.
Entity Integrity constraints
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 The primary key attributes PK of each relation schema R in S
cannot have null values in any tuple of r(R).

 This is because primary key values are used to identify the
individual tuples.

 If PK has several attributes, null is not allowed in any of these
attributes

 Note: Other attributes of R may be constrained to disallow null
values, even though they are not members of the primary key.



Relational Integrity Constraints….Cont.
Referential Integrity Constraints
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 A constraint involving two relations.(The previous constraints
involve a single relation).

 Used to specify a relationship among tuples in two relations:
 The referencing relation and the referenced relation.

 Referential integrity ensure that every value of a foreign key
column must match a value of an existing primary key

 Example: If a 5 was entered as a Mgr_ID in the PROJECT
table (a foreign key), a Manager having a MgrID value of 5 must
exist in the Manager table.

 The primary key value must exist before the foreign key value is
entered



Relational Integrity Constraints….Cont.
Displaying a relational database schema and its constraints

3/3/202017

 Each relation schema can be displayed as a row of attribute names

 The name of the relation is written above the attribute names

 The primary key attribute (or attributes) will be underlined

 A foreign key (referential integrity) constraints is displayed as a
directed arc (arrow) from the foreign key attributes to the
referenced table
 Can also point the the primary key of the referenced relation for clarity

 Next slide shows the COMPANY relational schema diagram



Relational Integrity Constraints….Cont.
Referential Integrity Constraints for COMPANY database 

3/3/202018



Relational Data Manipulation
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 Each relation will have many tuples in its current relation state

 The relational database state is a union of all the individual
relation states

 Whenever the database is changed, a new state arises

 Basic operations for changing the database:
 INSERT a new tuple in a relation

 DELETE an existing tuple from a relation

 MODIFY an attribute of an existing tuple



Relational Data Manipulation

Update Operations on Relations
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Integrity constraints should not be violated by the update
operations.

 In case of integrity violation, several actions can be taken:

 Cancel the operation that causes the violation (RESTRICT or
REJECT option)

 Perform the operation but inform the user of the violation

 Trigger additional updates so the violation is corrected
(CASCADE option, SET NULL option)



Relational Data Manipulation

Possible violations for each operation
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INSERT may violate any of the constraints:

 Domain constraint:

 if one of the attribute values provided for the new tuple is not of
the specified attribute domain

 Key constraint:

 if the value of a key attribute in the new tuple already exists in
another tuple in the relation

 Referential integrity:

 if a foreign key value in the new tuple references a primary key
value that does not exist in the referenced relation

 Entity integrity:

ifthe primary key value is null in the new tuple   
 



Relational Data Manipulation

Possible violations for each operation
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DELETE may violate only referential integrity:

 If the primary key value of the tuple being deleted is referenced
from other tuples in the database

 Can be remedied by several actions: RESTRICT, CASCADE, SET
NULL:

 RESTRICT option: reject the deletion

 CASCADE option: propagate the new primary key value into the
foreign keys of the referencing tuples

 SET NULL option: set the foreign keys of the referencing tuples to
NULL

 One of the above options must be specified during database design
for each foreign key constraint



Relational Data Manipulation

Possible violations for each operation
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 UPDATE may violate domain constraint and NOT NULL
constraint on an attribute being modified

 Any of the other constraints may also be violated, depending on
the attribute being updated:
 Updating the primary key (PK):

 Similar to a DELETE followed by an INSERT

 Need to specify similar options to DELETE

 Updating a foreign key (FK):

 May violate referential integrity

 Updating an ordinary attribute (neither PK nor FK):

 Can only violate domain constraints



Codd’s Rules
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Codd proposed 13 rules popularly known as Codd's 12 rules
to test DBMS's concept against his relational model. Codd's rule
actualy define what quality a DBMS requires in order to become
a Relational Database Management System(RDBMS).



Codd’s Rules…..Cont.
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 Rule zero

This rule states that for a system to qualify as an RDBMS, it must use
it’s relational facilities exclusively to manage the database.

 Rule 1: Information rule

- All information in an RDB is represented as values in the tables.

- This is achieved by values in column and rows of tables.

- All information including table names, column names and column data
types should be available in same table within the database.

 Rule 2: Guaranteed Access

Each unique piece of data should be accesible by : Table Name +
Primary Key(Row) + Attribute(column).



Codd’s Rules…..Cont.
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 Rule 3: Systematic treatment of NULL

-Null has several meanings, it can mean missing data, not applicable
or no value.

- Should be handled consistently - Not Zero or Blank

-Primary key must not be null, ever.

-Expression on NULL must give null.

 Rule 4: Location independence

-The user should be able to access the database from any site.

-The user should be able to access all data as if it were stored at the
user’s site, no matter where it is physically stored.



Codd’s Rules…..Cont.

3/3/202027

 Rule 5: Powerful andWell-Structured Language

One well structured language must be there to provide all manners of access to
the data stored in the database. Example: SQL, etc.

 Rule 6:View Updating Rule

-View = ”Virtual table”, temporarily derived from base tables.

-Example: If a view is formed as join of 3 tables, changes to view should be
reflected in base tables.

 Rule 7: Relational Level Operation

-This rule states that insert, update, and delete operations should be supported
for any retrievable set rather than just for a single row in a single table.

-Set operation like Union, Intersection and minus should also be supported.

- Example: Suppose if we need to change ID then it will reflect everywhere
automatically.



Codd’s Rules…..Cont.
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 Rule 8: Physical Data Independence

-The physical storage of data should not matter to the system.

- A change to the internal schema, such as using different file organization
or storage structures, storage devices, or indexing strategy, should be
possible without having to change the conceptual or external schemas.

 Rule 9: Logical Data Independence

-If there is change in the logical structure(table structures) of the database
the user view of data should not change.

-The addition or removal of new entities, attributes, or relationships to
the conceptual schema should be possible without having to change
existing external schemas or having to rewrite existing application

programs.



Codd’s Rules…..Cont.
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 Rule 10: Integrity Independence (Catalog)

-The database should be able to enforce its own integrity rather than using other
programs.

Key and Check constraints, trigger etc, should be stored in Data Dictionary.

 Rule 11: Distribution Independence
-A database should work properly regardless of its distribution across a network.
-it should be possible to run the DB on a variety of different communication
networks.
-Application program will work even if the programs and data are moved on
different site.

 Rule 12: Nonsubversion Rule
-It should not be able to subvert integrity rules to change the data. This can be

achieved by some sort of encryption.
 -In other words, the system should support heterogeneity
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