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sets are unordered collections of objects
- if a set is finite , we can represent it by
listing all its elements in curly braces :

A = { 42 , 9 ,
22
,
78 }

- we can also specify a set by establishinga pattern
and using ellipsis :

B = { I
,
3
,
5
,
7
,

. .
. }

-but this can be ambiguous ,so we prefer
setbuilder notation : elementhood

c = { x / x is a prime number } test .
I



we use
'

E
'
to express set membership .

Michael E { x / x is faculty at IIT }
W Cf {a Ic is a letter in the English alphabet }

we can also me this in at binder notation :

C = { i t i is a positive integer }
D= { j E C l too E j s zoo }

given predicate PG) , we define its truth set over domain D :

Tp -

- { x ED l P(x) }



10 or { } denote the empty set .

important : { of } is not the empty set !

(it is a set containing one element
,

which happens to be the empty at
- also : { E3 } )



Tff ?

AE { a ,b,c}T { a}E{a ,b,c}F

a E F $ C- { a } F

C- { 3F 0=2 3T

ZE { w/6¢{ xlx is divisible by w } } F



Some fixed names we use for sik of numbers :

IN : natural numbers { o , I , 2 , 3, . . . }

Z : integers { . .
.

,

- z
,
- I
,
o
,
i
,
2
,

. . .
}

R : real numbers

CQ : rational numbers = {I l p E I , ofE2 , qto}of

It/2-/KYR
- last/Oh- are the site of positivenegative

integers , reals , rationals

e.g. ,
{ x E IR / x- < 9 }



we can restrict the domain of a quaintfir using sets :

e.g. , universal quantification t x PCx) for domain D :

t xED (PG))
= tx ( X ED → pCx))

e.g .
existential quantification f x PK) for domain D :

F x ED(PG))
= F x (x ED n PG))



sets are equal if they contain the same distinctelements .
( order doesn't matter , duplicates don't matter ! )

equal or not ?
{ I

,
2
, 3 ,

4 } = { 4,3 , 2, I }

{ I , I , 2 , 3,2 , 2,4 } = { 1,2 , 3 , 4 }

{ x EIN 1×54 } = {KEI ) 0 Ex <43
{ x C- 74×4×3 = { KERI XK o }



the cardinality of a finite set A , denoted (Al , is the
number of distinct elements in A .

I { o , I , 2 , s } I = 4
I 0 I = o

\ { 2, 2 , 3 , I , 2 , 3 } / = 3

I {x / x is prime and xdo } I = 4



a finite set is countable .

an infinite set is countable if we can find a
one - to - one correspondence between its elements andthe natural numbers

(Cs intuition : countable if we can " index " its elements)



is the set of even numbers { o, 2,4 , . . . } countable ?

IN = 0 I 2 3 4 5 6 .
. .

I t t # mapping function :fCn)=2n
evens = O z 4 6 8 10 12 .

- -

there is a one-to-one correspondence between Wanderers .
Ans . Yes !



is 7L (wtegus { . . .
-3
,
-2
,-1,0 , 42,3 , . . . } countable ?

N = { o , I ,
2
, 3,415,6 , - -

- }
- he

L L L L LLmapping function :f↳={ a
ifn is even

rewrite 2 as { o
,
I
,-1,2 , -2,3 , -3 , .

. . }
(n if n is odd

Ans . Yes !



is = { JP IpEI , ofEI , qto} countable ?

Ps I 2 3 4 5
.

. .

Gs
,
o

y
'

4, 51, 641, 5h

2242442742 4/2 Ans. Yes !

3 343 843 3/3 4/3
4944

"
2/4 3/4

545 45
I

-

I



is R (real numbers) countable ?

- let's assume yes
- consider all reals between O and I :

o →

o.a@qaga.zT
let's pick digits on diagonal and

i → o . a. a.tansy YagibaaingfrFLITE?
2 → 0

. azo Az , an 923# E.g. , bij =(aijt 1) % to3 → O
. Azo As , 932 933

^ . this new real is net wi our list ?
-

,

-

.

N→ I . oooo . . -

-
i. IR is NIT countable .



set operations , given sets A and B :

Vma thagrams

- union : AUB AUB

AUB = { XIXEAVXEB }
-

infused?;Ef¥an×e . } µ"- difference : A - B or AIB A -B

A - B -- { XIXEARXAB}
'

am:7ff×¢a } *

⑤← "universal
' '

set



prone AUT
-

- I n5 :

ant
: I : K¥41:''m,
= {x h ( x E A V x EB) }
= { x / x ¢ A r x Cf B }
= {x / X EE n x EE }
= { x / x c- CA nTs)}
= A nTs



AUAZUAZU . - - UAK =

,
Ai f⑧

Ail Azn Azn . .
- have =

.

Ai



we say A
is a subset of B ( A E B) ,

and B is a superset of A ( B Z A) , if

every element
in A is also in B .

I . e. ,

tfx (xE A → xEB)

we say
A is a proper subset of B (A CB) if

A- is a subset of B but A FB .

i.e.
,

th (x E A→x EB) n Fx (x E B n xA A)



the power set of S ,Pls) , is the set of
all subsets of S

P ( { a , b , c } ) = { 0 ,

{a 3
, { b } , {c} ,

{ a
,
b }
,
{ a
,
c }
,
{ b
,
c 3
,

{a
,
b
,
c } }

P ( {a3) = { 01 , { a 3 }

in
:c::::c:. . .... .. .÷÷÷÷



sets are unordered
,
but sometimes order matters !

an n-tuple is an ordered collection of n elements

( I , 2) , G , I) , ( l , l , 2) , (
2
,
2
,
l
,
2
,
l ) are all distinct!

--
" ordered pairs

"



the Cartesian product of two sets A- and B is :

A X B = { Ca ,b) Ia EA r b EB }

e.g. , { I
, 2,3 }x{ } = { Clip) , ( liq) ,P' 8

qz.pl , G.g) .
{x. y , z } x = of 34%(3/8) }

{ x. g. z}x{ 0 }
-

- { 6,017 , ly, ,
Lz
,
0) }



the Cartesian product of sets Ai , Az , . . . An is defined as :

A ,
X AzX . . .

XAn = { (a
, ,
az
,
. . .

,
an) / ai EAi for i = I , z , . . . ,

n}

e.g.
{ a

,
b } x {c ,d} X {e,f } = { (a , c , e ) , Ca ,

c
,
f )
,

(a
,
d

,
e)
,
La
,
d
,f ),

(b
,
C ,
e ) , Lb , c, f) ,

(b
,
d

,
e)

,
Cb , d ,f) }

we also write AZ for AXA
,
As for AtAXA

,
i.e.
,

An = { Ca . ,
az

.
. .

.

,
au) / ai E A for i = I , 2 , . . .

,
n }

e.g .
{a
,
b
,
a}
-

= {(a , a) , Ca, b) , Ca ,c) ,
(b ,a) , Cb ,b ), Cbc) ,

( c,a) , Cc, b) , Cc, c) }



Note : A X B f- BXA (unless A or B is 0) ,
and AXBXC =/ (AxB)XC !

e.g . @a.b3xEc.d }) x {e , f }
--

= {Ca , c) , Ca,d) , Cb ,4,6 ,d) } x { e.f }

= {(Ca ,c) e) , Ka , c ),f ), (Ca,d) ,e) , (Ca,d),f ) ,
(( bio) ,e) , Abid,f) ,Kb ,d) ,e) ,Kb ,d) ,f ) }



← technically : a binary
relation

A relation from at A to setB is a subset of AXB

e.g. , given A = { I , 2,3 } and B
= { a

,
b
,
c }
,
graphically :

write down a relation from A to B :

A B

G = Ell , b) , G , c) , G ,
a)

,
G
,
c) } !¥y!①

- 3 is related to c through G : 3 R c

- 3 is not related to b through G :3Rfb §/ab×c_x x

x



A relation on a set A is a relation from A to A

(ie, a subset of A x A)

e.g. , given A
= { ' i 43,4} , write down a relation onA

A A

* " """"""" ""

.



Matrix representation
we can represent a relation from A = {a , ,

as
,
. . .

,
am }

to B = { b , .bz, . . . . bn } as thematrix ME [mij ] ,
where

mij = {
1 if Cai

, bj ) E R
O

'

if Cai , bi) EIR
l Z

e.g. , given A = { a , b , c} , B -- { I , 23
l l

Yan EE 'main:: 'flak? .on ,can} ,
ma :( o f

c
l O



Digraph representation
we can representa relation on aset as adirected graph (digraph) ,
where vertices correspond to elements and edges are drawn
between vertices forall ordered pairs in the relation .

e.g. , given A = {
I
,
2
,
3
,
4 } and ⑥→ • a

relation R-- {( l , 1) , 4 ,
2)

,
G ,3) ,

iii.is:*:i:*:*
.

.ok.!
draw the digraph for R



Relation R on a set A is .
. . (where a, b , c EA)

- reflexive if ta (La ,a) ER)
- symmetric if ta f b (Ca ,b)ER→ Lb

,a) ER)

- antisymmetric if fatb ((Ca,b)Err (b ,a)ER)→ (a--b))
- transitiveif ta tb t c ((Ca,Herr Cb , c) ER)→ (a ,c) ER)



what do matrix & digraph representations of reflexive ,
symmetric, antisymmetric, and transitive relations look like ?

reflexive : symmetric :

""s :÷.A REs
antisymmetric : transitive :

I .÷÷ .



A relation on a set is an equivalence relation
'

if it is

simultaneously reflexive , symmetric, and transitive .

Two elements a and b related by an equivalence
relation are called equivalent ( an b)



e.g. , consider the relation :

R = { la, b) / a , b are strings of English letters , and
a R b iff length (a) = length (b) }

is R an equivalence relation ? Yes !
- reflexivity : length(a) = length (a) V

- symmetry : dental = ten (b))→(bulb) -- tenLa)) V

- transitivity : Glen La) -- ten (b)) n (ten (b) = tenKD) ✓
→ ( lenca) = tenG))



"

congruence
mod N

"
: a = b (mod N) , which is

e.g. , consider the
relation : true if a-b is evenly divisible byN
--

R -

- { La, b) / a mod N = b mod N } for a, b EZ

is R an quivalence
relation ? Yes !

and constant N E It

- reflexivity : a = a cured N) , o = kN
✓

- symmetry : a = b (mod N)
→ a-b = kN

b-a = - kN r : b =a mod N V

- transitivity : a Eb (mod N) and bE c (mod N)
→ a - b = kN and b - c = IN

a-b t b - c -

-
kN t LN

,
a- c =CktL)N
:
. a =c (mod N) ✓



If R is an equivalence relation on set A , the equivalence class
of a EA

, denoted [a] r , is the set { e / Ca , e) , E R }

t b (b E [a]r) , b is a representative of [a]r

e .g. ,
what are the equivalence classes of o , I , 2 for the
relation R= {Ca , b) I a E b (mod 3) } , a , b E I ?
[o )
r
= {..

.

.

- 9
,

- 6
,

-3
,
O
,
3
, 6 , 9 , . - - }

[l J R = {
. .

.

,

- 8
,

- 5
,

- 2
,
I
,
4
,
7
,
I0
,

- - - }

[T
R = { . . .

,

- 7
,
-4
,

- l
,
2
,
5
,
8
,
l l
,

. . . }



An equivalence relation R on set A partitions setA
"" - the

,

I:L:Imi;:.IT:37#7ty-LaJrfEb3rH-LaJrn-LbJr=/O
-
the union ofall equivalence classes of R isA :

t
UaeAta] r = A AA¥ As disjoint

subsets

T -
i -



A function f from set A to setB is a relation from AtoB
that assigns exactly one element of B to each element of A .

- we wink f : A→B Cf maps set A to sit B)
and fta) = b (f assigns bEB to aEA)
- A is the domain of f, and B is the codomain

- The set of all elements of B assigned by f
is called the range



types of functions

one-to-oneT correspondence ( bijection
"

Tiffin.ie/mdemeutofLbthandne-t0to-omJL.÷÷¥÷:÷Ya pariah
notall values of:÷÷4:;T÷÷i÷



e.g. , functions from A to B :

"

: i

⇒ E ⇒



If a function f is a bijection , we can define its unwise , f-
'

,

where f- '(b) = a for every f(a) = b
e.g. draw the

union of

t ;D:*:3: a :D:$;
e.g. ,

is the function fCx) = 2x , xER invertible ? Yes

e.g., is
the function fcx) =Rt l , ×Ek invertible? No



The composition of f : A→B and
g

: B→C
,
is defined

as the function (g.f) : A →c where
, for all a EA ,

(g.f) (a)
= gCf Ca))

e.g. , given A = { a , b , c 3 , B
= { I , 2, 3 } , C

-
- { h ,
i
, j } ,

f- = {(a, l ) , ( b ,3) ,Kp)} , g = { ( l , h ) ,k , it ,big) },
write down the function goof
A

#
g.f- Hans ,cb.js.cc.is }

→→



e.
g., given functions f.IR→R and g :R→IR ,where

f-G) = 2x t l
, gCx)

= 4×2
,

find f. g and g. x

Cf. g)CH -- flg (x)) = 2 (4x4H = 8×71

(g
. f)G)= GCHA)

= 4 (2xH)
-

=
4(4×74×+1)
= 16×2t 16x t4



Relationships between morethan 2 sets can be expressed
using n- any relations (aka. relations of degree n)

given sets A. ,Aa, . -
-

,
Au

,
an n-any

relation on these sets

is a subset of Aix Az x . . .
XAu (which , recall , is a

set of n-tuples (ai , az, . . . ,au ) where ai E Ai )
e.

g. , give a
relation of degree 4 on the set IN .

i.e .

.
R E IN XIN XIN XIN

R= { (o , o, o, o) , Co, l , 3, too) , (2, I ,4 , 3) }



e.g. , give a relation R on Z XK x I , where each

triple Ca , b,c)ER if a e b t c

R = {(o , I , 2) ,
Goo , so, Go) , ( so ,

- so
,
50) }

e.g., describe an n-any
relation that can be used to

represent airport flight information
A : airport codes = {

ORD
, MDW , JFK ,

LAX
, .
. . }

B : airline codes = { AA , DL , SW i . . - 3

c : flight numbers = IN

D : time = { o : o o
,
O : o l . . - .

,
23 : 59 }

E : remark = { landed , departed , boarding , . . . }

relation R E A X BxCxBXCX D XE



Relational databases are conceptually bint on top of
storing all data as tuples grouped by relation , managed
by operations defined using predicate logic.



A relational database organises data into relations over

groups of attributes , and supports operations defined
using predicate logic to query and manage that data .

E.g , contact database :
REFXLXE

L E { (John, Doe, idoe@a.comF first name last name email

ji (may.Jangmiane@b.conlI.i
. }

Ma.?y
Jan

;e Ham,@
boom ''

table
"
= relation

"

attribute Kommer
"
- domain

" rowlrecord " e- tuple



A domain of a relation is called theprimary key when
the value from this domain is unique across all tuples .

e.g.si#m: : : :
when the valve from a combination of multiple domains is
unique across tuples , these domains are collectively a
composite key .

e. . .
n

Cs 33 1 Data Aru .



Database operations :
- selection : Jo(R) - selects all tuples from R forwhich

predicate C is true

- projection :Tla
. ,as,

. . , an
(R) - evaluates to the tuples from R ,

M only values from the attributes
a c,as . .

- . an included

- join : A (R , s) - evaluates to combined tuples from R and S ,
based on common attributes

.



Database t SQLDemo


