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Relation

• Mathematical concept based on concept of sets

• E F Codd
,

"
A Relational Model of Data for Large Shared Data

Banks "
,
1970

Flat File

• Any file stored on local file system

. stored sequentially without metadata C indexes
, keys ,

relationships)

• Common formats: XML
,
CSV

• Disadvantage : need to know delimiter

csv

Relation

- Table of values

• Set of rows (entities)
,
called tuples

• Column headers called attributes or fields

• Domain : type of field
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STUDENT(Name: string, Ssn: string, Home_phone: string, Address: string,
Office_phone: string, Age: integer, Gpa: real)

DOMAIN

•

Datatype or format defined for it
• Eg : phone numbers (+91 ddddd ddddd )

,
dates

Cdd -mm -yyyy)

Schema

•

Description of a Relation R with attributes Ai
,
Az , - .

.

>
An

• Represented as RCA , > Az , . - . > An)

• Each attribute has a domain ; no . of fields
-

- degree

• Eg : CUSTOMER( lustld , lastName, Addr, PhoneNo

• Relational schema used to describe relation
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Relation state

• set of n- tuples r={ t , > tz , - . . ,tm} ; snapshot of table at a

given time of m rows and n columns

• Relation extension of Relation R= rlr)

• Relation intension = schema R

Tuple

. Ordered set of values enclosed in angle brackets < >

• Each value derived from its appropriate domain

•

Eg: Customer relation with 4 fields

(62341
,

" Brent
"

,

"
# 1 ABC Street

"

,

"

+91 86212 12121
"
>

• Relation : set of valid tuples (set ⇒ unique rows)

key * Relation
•

Unique identifying value of a data item

• A column / field that uniquely identifies every row of a

relation

• Mandatory for every relation

• Eg: SRN for student

• Artificial / surrogate keys : row # artificially generated
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Cartesian Product q state

• Given RCA , , Az , . . -

,
An)

,

r CR) C dom CA
,
) ✗ dom CAD ✗ . . . ✗ domc An)

• Eg : RCA
, , Az)

Let dom CA ,) = {0 , I}

Let dom CAz) = { a
,
b
,
c }

dom / A ,) ✗ doml Az)

= { < 0
, a> , (o , b > , CO , c> ,

< 1
,
a>
,
(Iib> , CI , c> }

- HR) could be { < I >a>, Cbc> } Cone possible extension)

CHARACTERISTICS of RELATION

1. Ordering of tuples in RCR)

• Tuples are not considered to be order (set)

2. Ordering of attributes in schema R and of values within

each tuple
• Order of attributes in schema does not matter

• values in tuple must be ordered corresponding to the

order of attributes

eg: RCname ,
ID) and t - < " Bob"

,
1237

• General : t= { <name,
"Bob

"
>
,
CID

,
123> }

- called self - describing
- order does not matter
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3- Values in a tuple
• All values considered atomic (indivisible)

• Flat relational model

• How to represent composite 4 multivalued attributes?
• Each value of an attribute must be from domain of

the attribute

eg: t=
<Y > V2, - . . .vn > in the relation state RCR)

of RCA, , Az , . . -

,
An>

each value vi C- dom CA;) ( + NULL if allowed)

° Special NULL value to represent unknown values/ inapplicable
data

• Should be avoided as much as possible
• can make fields mandatory to prevent NULL entries

• Interpretations of NULL

- value unknown - missing
- exists but unavailable - height
- does not apply - office address

• Should not consider NULL while aggregating or comparing

constraints

• Which values are permissible

1. Inherent model based or Implicit constraints
2. Schema Based or Explicit constraints

3. Application Based or semantic constraints
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1- Inherent model based or Implicit constraints

• Based on data model itself
° Relational data model example :
- set of rows Cno repetition)
- Order does not matter

2. Schema Based Constraints

Referential
Domain

Key Null Entity IntegrityIntegrity
(a) Domain constraints

• Value Vi in column Ai must belong to the domain
of Ai

Vi C- dom CA ;)

• Domain may or may not contain NULL

• Atomic value in doml Ai)

•

Datatypes or subrange of values from a datatype

• Eg : Us phone numbers : (ddd) ddd - dddd

(b) key constraints

•

superkey : set of attributes that can uniquely identify a

tuple in a relation R is called the superkey of R

• No two tuples in any valid relation state RCR) will have

the same value for Sk

if t
, =/ tz , Sklt,) =/ Skctz)

where t
, Eetz are tuples
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•

key or minimal superbly : a superkey K such that

removal of any attribute from K results in a set of

attributes K
'

that is not a superkey

• Both Sk and K must be time invariant

• Default Sk : set of all attributes

• Eg : { Ssn} is a key

{ Ssn
,
name

, age} is superhey , not key

candidate key : each key in a relational schema is a candidate

key

Primary key : chosen candidate key to uniquely identify the

tuples and reference tuples from other relations

-

typically candidate key with least no . of attributes

(C) Constraints on NULL

• Whether an attribute can have NULL values Cmandatory
values)

•

Eg : in a STUDENT relation
,
the Name attribute is specified

as NOT NULL
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(d) Entity Integrity constraints

•

Primary key of any relation cannot be NULL

• PK attributes of each relation schema R in s cannot

have NULL values in any tuple in RCR)

(e) Referential Integrity constraints

• Foreign key : attribute that refers to another relation by
utilising the primary key of the foreign attribute

• DOMCFK) = Dom(referencing attribute) U NULL

• Used to specify relationship between two relation

• Tuples in referencing relation RI have attributes Fk that

reference Pk attributes of the referenced relation R2

tl [ FK] = t2[Pk]
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• FK can refer to its own relation

- Eg : Super- ssh in EMPLOYEE refers to supervisor

3. Application Based or semantic constraints

• semantic constraints: defined in DB

DATABASE OPERATIONS

1- Update
2. Retrieval

Update Operations

° INSERT

• DELETE

• MODIFY

•

Languages : Relation algebra and relational calculus

- no commercial DB uses anymore
- only SQL used (underlying : RA and Rl)

• If operation violates constraints

(a) Cancel operation LREJECT or RESTRICT)

(b) Execute but inform user

(c) Trigger additional updates to correct violation (CASCADE
or SET NULL)

(d) Execute user - specified error - correction routine

INSERT OPERATION

ChrC3o) NOTNUVL Int
,

[20-40]

pint y f P

Sid Shame add phno age

STUDENT
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Insert <‘Cecilia’, ‘F’, ‘Kolonsky’, NULL, ‘1960-04-05’, ‘6357 Windy Lane, 
Katy, TX’, F, 28000, NULL, 4> into EMPLOYEE.

Insert <‘Alicia’, ‘J’, ‘Zelaya’, ‘999887777’, ‘1960-04-05’, ‘6357 Windy Lane, 
Katy, TX’, F, 28000, ‘987654321’, 4> into EMPLOYEE.

Insert <‘Cecilia’, ‘F’, ‘Kolonsky’, ‘677678989’, ‘1960-04-05’, ‘6357 Windswept, 
Katy, TX’, F, 28000, ‘987654321’, 7> into EMPLOYEE.

Insert <‘Cecilia’, ‘F’, ‘Kolonsky’, ‘677678989’, ‘1960-04-05’, ‘6357 Windy Lane, 
Katy, TX’, F, 28000, NULL, 4> into EMPLOYEE.

insert < 10 A ✗ . . .
912 22 > ✓

insert ④ A ✗ . . .
912 21 > ✗

violates entity integrity

• Default behaviour of INSERT during constraint violation is

to reject

• violation of referential integrity : can choose to either

prompt user to enter into the foreign relation or

reject the insert

• can violate the following constraints [default : reject)
- Domain constraint

-

key constraint

- Referential Integrity constraint
-

Entity Integrity constraint

•

Eg (EMPLOYEE DB on next page)

I.

violates entity integrity CNULL)

2.

violates key constraint (SSN)

3.

violates referential integrity (Dept)
4.

satisfies all
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Delete the WORKS_ON tuple with Essn = ‘999887777’ and Pno = 10.

Delete the EMPLOYEE tuple with Ssn = ‘999887777’.

Delete the EMPLOYE'E tuple with Ssn = ‘333445555’.

DELETE OPERATION

• can violate referential integrity constraint if PK of tuple
is being referenced

• Solutions

- RESTRICT

- CASCADE

- SET NULL

• Eg :

1 .

no violations
,
I deleted

2.

violates referential integrity , rejected

3-

violates many referential constraints , rejected

UPDATE OPERATION

•

Updating Pk
- like DELETE followed by INSERT

- same problems / solutions

.

Updating FK
- violation of referential integrity

•

Updating any other hey
- Domain

- Null
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Update the salary of the EMPLOYEE tuple with Ssn = ‘999887777’ 
to 28000.

Update the Dno of the EMPLOYEE tuple with Ssn = ‘999887777’ 
to 7.

Update the Ssn of the EMPLOYEE tuple with Ssn = ‘999887777’ 
to ‘987654321’.

•

Eg:

1.

acceptable

2.

violates referential integrity , rejected

3.

violates PU
,
referential integrity , rejected

ER to Relational Mapping

☐ Step 1 : mapping of Regular Entity Types
•

step 2 : Mapping of weak Entity types
• step 3 : mapping of Binary I :L Relationship Types
• step 4 : Mapping of Binary 1 : N Relationship Types
• Step 5: mapping of Binary m :N Relationship Types
•

step 6 : mapping of multivalued Attributes

• step 7 : mapping of N-ary Relationships

• Constraints must be enforced
• Nulls should be minimised
• All information must be retained
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step 1 : Mapping of Regular Entity Types

• For each strong entity type E in the ER schema
,
create a

relation R that includes all the simple attributes of E

• choose PK

• If chosen key is composite, set of keys forms Pu

• Create EMPLOYEE
,
PROJECT

, DEPARTMENT
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Step 2 : Mapping of weak Entity types

• For each weak entity W in ER schema with owner entity
E
,
create relation R and include all simple attributes or

simple components of composite attributes of was attributes

of R

• Fk attributes of R should be the Pll attributes of E

• Pk of Ris combination of PR of E and partial keys of W

• Hierarchically resolve weak entities : W , before wz

E
, W , Wz

step 3 : mapping of Binary I :L Relation types

1. Foreign key Approach

• Choose one of the relations (s) and include the PU of T

as FK of s

• Choose S such that it is a total participator in the

relationship R

A

El R Ez

T S

• Include all simple Chot multivalued) attributes or simple

components of composite attributes of the 1 :L relationship

type R as attributes of s
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2. Merged Relation Approach

• Merge the two entity types and the relationship into a

single relation

• Both entities must have total participation in the

relationship R Ctables will have same no . of tuples)

El R Ez

T S

3. Cross - Reference / Relationship Relation Approach

• set up relation R that contains Pks of S and T as FKS

in R

• R is called a relationship relation or lookup table where

each tuple is a relationship instance

• Pk will be any one of the FKS

Step 4 : mapping of Binary 1 : N Relationship Types

1. Foreign key Approach

• Choose N side relation as S and the 1 side relation

as T

• Include Pk of T as FK in S Leach instance on N

side related to at most one instance on 1 side)
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2. Cross - Reference / Relationship Relation Approach

• set up relation R that contains Pks of S and T as FKS

in R

• R is called a relationship relation or lookup table where

each tuple is a relationship instance

• Pk of R will be PK of S

DEPT
1

MANAGES
N

FACULTY

step 5: mapping of Binary M :N Relationships

• cross-reference model

• Combination of Pks of S and T is Pk of R

• Include all simple Cnot multivalued) attributes or simple components

of composite attributes of the M : N relationship type R as

attributes of s

step 6 : Mapping of multivalued Attributes

° For each multivalued attribute
,
create relation R with PK as

combination of E's PK and an attribute corresponding the
multivalued attribute A

STUDENT COURSES
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Step 7 : mapping of N-ary Relationships

• Relationship Relation
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RELATIONAL ALGEBRA Eg RELATIONAL CALCULUS

Relational Algebra
• Procedural

•

Optimise queries

Relational calculus

• Implemented in SQL

• Next unit

•

Higher level declarative language
• RC - no order of operations

Relational Algebra

• Closed operations ; input a relation and produce a new relation

°

Unary operations
• set theory operations
°

Binary operations
• Additional operations
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Schema

(1) UNARY OPERATIONS

1. 1 SELECT OPERATION

°

Unary (R) : recondition> (R) Sigma

• Input : relation, Output : relation with same schema (attributes)

• Choose a subset of tuples in the relation R based on a

condition

• Eg : Tsaiary > 25000
(EMPLOYEE)

• Can use combination of logical operators ( AND , OR > NOT)
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(EMPLOYEE)•

Eg : Ino = 2 AND salary > 30000

• commutative operation

• Cascade of o operations can be replaced with a single
0 operation with conditions combined with ANDS

1.2 PROJECT OPERATION

• Tlcattribntes> (R) pi

• Display subset of all attributes with all unique tuples CE

tuples in original)

°

Eg: Tllname , salary, sex
(EMPLOYEE)

• If one of attributes is a superkey , no . of tuples will be the

same

• Not commutative
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Relational Algebra Expressions

• can either store intermediate results or write a single
statement

•

Eg: R
'
c- 0

Dno = 5

Result ← Tlfname
, t.name

(R)

• Single line :
Result ← Tlfname

,
t.name

( Ino --5
(R))
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https://towardsdatascience.com/a-quick-guide-to-relational-algebra-operators-in-dbms-1ff2ddecaad7

1. 3 RENAME OPERATION

° % CBI
> 132,133 , . . . ,

Bn) (R) to rename R to S and the attributes

to 131,132 , . . . , Bn rho

•

ACR) changes only relation name

•

FCBI
,
132, . . . ,Bn)

(R) changes only all column names

•

fca, , B ,)
(R) changes column name Al to B1

@

°

Can use with set theory operations to make more meaningful

(2) SET THEORY OPERATIONS

2. 1 UNION OPERATION

• R V S

• conditions : union compatible
- degree is same (same no . of attributes)
- domain is same

• Eg: SSN of all employees who either work in department
5 or directly supervise an employee who works in department
5

• Resultant relation attributes of R by default (first relation)
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R ∩ S = ((R ∪ S) − (R − S)) − (S − R)

DEP5- EMP c- 0,5.no=s [EMPLOYEE)

RESULT I ← Tlssw CDEP5-EMPS)

RESULTZcssn,
← Tlsuperssw (DEP5-EMPS)

RESULT ← RESULT 1 U RESULT 2

2-2 INTERSECTION OPERATION

• R n s

' Union and intersection are commutative

• Same dimensions ; resultant relation attributes of R by default

(first relation)

2-3 SET DIFFERENCE OPERATION

• R- S
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2.4 CARTESIAN PRODUCT

° Combine tuples from two relations together

• RCAI
,
A2
, . . . >

An) ✗ SCBI , B2 , . . - , Bm)

. Result is Q (Al
,
A2
,
. . -

,
An

, 131,132 , . . -

,
13m)

• One tuple for each combination of tuples

• No . of tuples in Q = no
.
Of tuples in R * no . Of tuples in S

• Not a very meaningful operation

• Tuples may not always have meaning

• PK is combination of Pks from each participating relation
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STUDENT DEPARTMENT

Sid Name Dno dno dname

1 A di di CS

2 B di dz IS

3 C dz dz EC

4 D dz

STUDENT ✗ DEPARTMENT

Sid Name Dno dno dname

1 A di di CS

1 A di dz IS

1 A di dz Ec spurious
2 B di di CS tuples
2 B di dz IS

2 B di dz EC

3 C dz di CS

3 C dz dz IS

3 C dz dz EC

4 D dz di CS

4 D dz dz IS

4 D dz dz EC
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Q : consider the following relational DB schema consisting of the
four relation schemas :

passenger Cpid , pname , pgender , pcity)

agency laid , aname , acity)

flight (fid , folate , time , Src , dest)

bookingCpid , aid , fid , f-date>

Answer the following questions

d) Get complete details of all flights to New Delhi

Test-- New Delhi
(flight)

di) Get complete details of all flights from Chennai to New Delhi

Fest -- New Delhi and Chennai (flight)

Ciii) Get complete details of all flights scheduled on both dates

01/12/2020 and 02/12/2020 at 16:00

date -- 0111212020 AND time = 16:00
(flight)) A@folate -- 0211212020 AND time = 16 : light

))

Ciii) Get complete details of all flights scheduled on either of the

dates or both dates 01/12/2020 and 02/12/2020 at 16:00

Co
folate -- 0111212020 AND time = 16:00

(flight))U@f-date -- 0211212020 AND time = 16 : light
))

[ folate -_ 01/12/2020 OR f-date -_ 02/12/2020) AND time =/6:00
(flight)
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(3) BINARY RELATIONAL OPERATIONS

3. 1 JOIN OPERATION

• Performs Cartesian product followed by select in a single
step

° Theta join R N S
AiOBIC- from S

ti
from R operator (= , >= , <= , c > etc)

or expression with AND
,
OR

,
NOT

•

Equijoin R N S

Ai=Bi

• Tuples for which join attributes are NULL do not appear in

the result

3.2 NATURAL JOIN

• One attribute name must be common to both relations

•

Equi join followed by project ( remove redundant columns Ai
and Bi)

•

R * S

• can join / natural join as many times © vibha’s notes 2021



Complete set of Relational Operations

• 0
,
Tl
,
U
,
-

, f , ✗

• Any operation can be expressed as a combination of these 6

• Natural join * using this set :p→ ✗ → or → IT

3.3 DIVISION OPERATION

• For special queries jeg:
" Fetch names of employees who work

on all the projects that Rohan Swamy works on
"

• RCZ) ÷ SCX) where ✗ C-2
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Retrieve the names of employees who work on all the projects 
that ‘John Smith’ works on.

• 4=2- ✗ ⇒ z= ✗ UY

• Result = TCY) that includes a tuple t if tuples tr appear
in R with TREY ] =t and with tR[✗]=ts for every
tuple ts is s

• Values in t must appear in R in combination with every

tuple in s

• Sequence of Tl
,
✗
,

-

Q :
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Q: Return dept details that control the project

←

←

PROJECT * f CDEPARTMENT)
Dnumber→Drum

I
specify all column
names for test

Join selectivity

• Expected size of join result =
[0
, nr*ns]

maximum size nr*ns

• Ratio C- I
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For every project located in ‘Stafford’, list the project number, the 
controlling department number, and the department manager’s 
last name, address, and birth date.

QUERY TREE

• Representation of relational algebraic structure

• Input relations : leaf nodes

D:

create query tree for the above query © vibha’s notes 2021



Query:

DEPTS← f (DEPARTMENT)* Otpiocatim = Stafford (PROJECT)
Dnumber__ Dnum

All ← fssn --mgr - ssn (
EMPLOYEE) * DEPTS

RESULT← IT
Pnumber

,
Dnum

,
Lname

,
Address

,
Bdate

(AU)
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(4) ADDITIONAL RELATIONAL OPERATIONS

4. 1 FINALIZED PROJECT

• Requirement is to generate a report on a relation

i
TIF

, , Fz , Fz
(R) function IT operator

4. 2 AGGREGATE FUNCTIONS AND GROUPING

• F : script F symbol

o

cgroup attributes > Fcaggregate function list > (R)

4.1.1 Aggregate

° IMAX salary
(EMPLOYEE)

• Max
,
min
, average , sum , count

4- 1.2 Grouping

• List of attributes
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0

• Duplicates are not eliminated when aggregated

• NULL values are not considered

• Result of aggregation is a relation

• In SQL
, we can eliminate duplicates while applying aggregate

functions

Q: consider the following schema

sailors (Sid : integer , shame : string , rating: integer , age : real)
Boats ( bid : integer, b.name : string , color : string)
Reserves ( Sid : integer , bid : integer , day: date)

1. Retrieve rows corresponding to expert crating> s) sailors

orating> s CSailors)
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2. Retrieve rating of each sailor

Tl
rating , sid

csailors)

3. Retrieve age of sailor

Tlsname
, age

bailor)

4. Retrieve name and ratings of highly rated sailors

T1 (orating> s Csailors))
shame, rating

5. Find names of sailors who have reserved boat 103

Tlsname ( sailors * 0bid.io} ( Reserves))

6- Find names of sailors who have reserved a red boat

1T ( %lor=red (Boats) ☒ Reserves * Sailors)
shame

7 . Find colors of boats reserved by lubber

Tl
color
(%name= Lubber (Salins) * Reserves * Boats)

8. Find names of sailors who have reserved at least one boat

(sailors * Reserves)Tlsname

9. Find the names of sailors who have reserved a red or a green
boat

Tlgname (sailors * Reserves * %1w=red OR color, green
lBoats))
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10. Find the names of sailors who have reserved a red and a green
boat only sids

Tlsname (sailors * ftp.deserves#w..redBoatsDnTlsid(
Reserves * Town. green

(Boats))))

NOTE : →É
Tlsname(sailors * Reserves * (%,w=red (Boats) A %1our=green

[Boats)) )

IS WRONG !
#

will give empty set

11 . Find Sids of sailors with age over 20 Who have not reserved

a red boat

Tlsidcoage 720 (sailors)) - Tlsid ( (%wr= realBoats> * Reserves * Sailors)

NOTE :

Tlsid (Gage> 20 (sailors) * Reserves * Your red
LBoats))

IS WRONG !
Sailors who have not reserved

any boats at all will be excluded

12 . Find the names of sailors who have reserved all the boats

Tlsname ((Abid
,
sid
( Reserves) ÷ Abid CBoats)) * Sailors)
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13
. Find the names of sailors who have reserved all boats called

Interlake

Tlsnameltbid
,
sidlReserves) ÷ Tlbid ( 5bname= Interlake (Boats)) * Sailors)

4.3 RECURSIVE CLOSURE

• Eg : employees supervising other employees

• Self -join where there is a recursive relationship

Q : Return all the ssns of people directly supervised by John

Smith and supervised by Smith's subordinates

JOHN -SSN ← Tlssn ( 0ssn= John Smith'
(Employee))

SUBS ← IT (JOHN - SSN N
ssh ssn= superssn

Employee)

SUBSUBS ← Tlssn (SUBS ssn guperssn
Employee)

RESULT← SUBS U SUBSUBS

Q : Return all the ssns of people directly supervised by James

Borg and supervised by Smith's subordinates
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4-4 OUTER JOIN

• So far
,
all joins have been inner joins

• Excludes tuples that do not match the condition and tuples
that have NULL values in the joining attribute

• Eg : details of all employees and their dependents , if there
are dependents
- Cannot use inner join as those with NULL are excluded
- Must show all employees and show NULL for dependents
(padding with NULL values)

• E IN D left outer join
Ssn = essn

• R NIS right outer join
4
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• R INI S full outer join
C
,

Q: List of all employees and if they manage a department ,
the name of the department

Q :

T, Tz

P Q R A B C

10 a 5 10 b 6

15 b 8 25 C 3

25 A 6 10 b 5

(a) T , IN Tz
P = A

P Q R A B C

10 a 5 10 b 6

10 a 5 10 b 5

25 a 6 25 C 3

15 b 8 NULL NULL NULL
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(b) T
,
XE Tz
Q -- B

P Q R A B C

15 b 8 10 b 6

15 b 8 10 b 5

NULL NULL NULL 25 c 3

(c) T
,
If Tz
Q=B

P Q R A B C

15 b 8 10 b 6

15 b 8 10 b 5

NULL NULL NULL 25 c 3

10 a 5 NULL NULL NULL

25 a 6 NULL NULL NULL

(d) T, N Tz
P = A

P Q R A B C

10 a 5 10 b 6

10 a 5 10 b 5

25 a 6 25 C 3

(e) T
,
V Tz

P Q R

10 a 5

15 b 8

25 a 6

10 b 6

25 C 3

10 b 5
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STUDENT(Name, Ssn, Department, Advisor)

INSTRUCTOR(Name, Ssn, Department, Rank)

STUDENT_OR_INSTRUCTOR(Name, Ssn, Department, Advisor, Rank)

4.5 OUTER UNION

• If tables are partially compatible

• Two relations RCX , Y) and SCX
,
2)

- Result TCX>4,2)

•

Eg:

a. Find the names of the employees who work on

projects controlled by dept 5

I
-

[
-

tfname ( employee ✗ IT (works - on A
Ssn -- essnessn

>
dnum pno =pnumber

project))
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