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Introduction to sets

A set is an unordered collection of unique objects, called elements or
members of the set.

A set is said to contain its elements. We write a € A to dencte
that o is an element of the set A. The notation « ¢ A denotes that
a is not an element of the set A.

Set af girls in a class Set of even numbers A random set
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e
Sets

Emp‘tt/ setid set with no element is an e_mp‘tt/ set and dencted Bl/ o .

Null setiThe empty set is also referred to as the null set and can
be denoted Bt/ {}.

SM::,le'ton: A set with a s?ngle e_lemen‘t.
Finite set: 4 Pinte set has a Pinite number of elements.
Infinite set: An inPinite set has an infinite number of elements.

Cardinal?ty: The comd?nali‘ty of a Finite set A, dencted &/ |A|, is the
number of elements in A.

o
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"""« L
OPten Used Sets

These sets, each denoted using a boldface letter plo«/ an important
role in diserete mathematics:

N =1{0,1,2,3,...}, the set of natural numbers

Z={.,-2,-1,0,1,2,..}, the set of integers

Zt ={1,2,3,...}, the set of positive integers

Q=1{p/q pEZ,qcZ, and q+#0}, the set of rational numbers

R:, the set of real numbers

R*: the set of positive real numbers

C: the set of complex number ITU
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Universal Set

Universal Set U is the set of all elements from which given any set
is drawn.

@ For the set {—2,04,3}, U would be the set of real numbers, R.
o For the set of vowels in alphabets, U would be the set of all
the letters of alphabets.
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Venn D?agrams

Sets can be represen‘ted 3raphica||y using Venn J?agrams

u
b ¢
fagh y N
] / S
k1 m
nop aei
qrs
t v . °u
woxy -
z

@ The box represents the Universal set.
@ The circle represent sets(s).
Example,

Write a Vean diagram representing sets of numbers: N,Z,Q,R.

) = — — Ty
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Subse:ts

We say that set Ais o subset of B, dencted A C B, if every
element of A is an element of B.

o If S =1{2.4,6} , T=1{1,2,3,4,5,6,7} ,S is o subset of T.
Dencted By SCT.

o For any set 5, SCS
o For any set S, ¢CS

Exomple

Let A={x€Zjz=06r+12A1 €Z}, and
B={yeZly=3rAnreZ}
Prove A C B, and BgA.

o
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Proper Subsets

If Set A is o subset of a set B but that A # B, we write “A C B"
and say that A is a “proper subset of B.

For A C B to be true, it must be the case that A C B and there
must exist an elemen‘t z of B that is not an ele_me_n‘t of A. Thoat is,
Ais o proper subset of B if and onlt/ A

Ve(re A= e B)AJz(x € BAx ¢ A)

" (7]

o
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R R R R R R,
Set of Sets or Family of Sets

Sets can contain other sets

V has onll/ three elements

ifu
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__________________________________________________________
Equah'tt/ of Sets

Two sets are equal i they have the same elements.

{1,2,3,4,5} = {5,1,3,2,4}
{1,2,3,4,5} # {1,2,3}

We can say set 4 is equal to set B (i.e., A= B) i and onlc/ W ACB
and BC A

Example,

let A={x€Zlz=2rAr€Z}, and B={y€Zly=2s—2Ns €L}
A= B?.

ifu
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Set Card?nali’tt/

The cardinah‘tt/ of o set is the number of ele_me_n‘t in & set, written
as |4]

R=1{1,2,3,4,5,6} , Then |R| =6
|| =0
S ={¢,2,3,4,6} Then |S| =5

What is the card%nah‘ty of the set {¢}?

o
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Power Set

The Power Set of S, written as P(9) or 25 is the set of all the
subsets of S

S={0,1} ,

All possible subsets of S

¢ Cas it is the subset of all the sets), {0}, {1}, {0,1}
P(S) ={¢,{0},{1},{0,1}}

Note : |S| =2 and |P(S)| =4

If a set has 1 elements, then the power set has 2" elements

|P(S)] = 2"

o
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Set Ope_r‘oct?ons : Union

The union of two sets, 4 and B, denoted AU B is the set of all
elements that are elements of 4 or B.

AUB={z| v € A or v € B}

A B

o

Mudassir Discrete Structures



Set Ope_r‘octions : Intersection

The intersection of two sets 4 and B, dencted AN B is the set of
all elements that are elements of both 4 and B.

ANB={zlx € A and zB}

o
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e
Do it t/ow‘se_lP/

Let A =1%0,2 4, 6, ¢+ B=2%012 3 492 and ¢ = £0, 3, 6, a2,
What are 4 UB UC and 4 NB NC?

ifu
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e
Do it t/ourse_lP/

Let 4 =1%0,2 4 6, ¢+ B=2%012 3 492 and ¢ = €0, 3, 6, a2,
What are 4 UB UC and 4 NB NC?

Solution:

The set 4 UB UC contains those elements in at least one of 4, B,
and C. Hence, AUBUC = £0,1, 2, 3, 4, 6, ¥, A%

The set 4 NB NC contains those elements in all three of 4, B, and
C. Thus,4 NBNC = £0%.

o

Mudassir Discrete Structures



Set Operations : Difference

The difference between two sets 4 and B, denoted as 4 — B, is the
set of elements that are in 4 but not in B.

{z|r € A and z ¢ B}
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Set Operations : Difference

The difference of €1, 3, 5% and 1, 2, 3} is the set {53 that is,
8, 3, 5:-01, 2, 3= {52,

This is different from the difference of £1, 2, 3% and 1, 3, 5% which
is the set €2t

ifu
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Set Ope_r‘octions ] Symme,'tr‘ic Difference

The symmetric difference between two sets, 4 and B, dencted A @ B,

is the set of elements that are o member of e)(ac‘tly one of 4 and
B, but not both

{z|]xr € A or © € B but not botht

Whot is 4 GA? What is 4 G4 ©A? ITU
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Set OPe_r‘oCtionS: COMPleme_n'tS

The Comple_me_n‘t of a Set 4 is o set of all those elements of the
universal set which do not l:e_long to A4 and is dencted by A€ or A/

A=U-A={z:2€U and x ¢ A} = {z:2 ¢ A}

Example

A=(=1,0]={r eR|-1<z2<0},B=[0,1)={z e R0 <z <1}. Fnd
AUB,ANB,B=A, and A'.
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Set Opera‘t3on$: Notations

JAi=A4104,U...UA, Union of n Sets

i=1

A, =A1NAsN...NA, Intersection of n Sets:
1

n

K2

U A;= A UAU... Union of Infinite Sets

=1

ﬂ A, =A1NAsN ... Intersection of Infinite Sets:

i=1

iu
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e
Set Operations: Notations

Example_
For each positive integer i let
1 1 11
Ai={$€R|—7<$<T}: (--,,-,)
i i i1

Find A UAs U Ag, ond A1 NAsN As.
Find Ufil Aip and ﬂfil Ai

ifu
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Dis\‘\o?n‘t Sets

Two sets are d?s\‘\oin‘t iR there intersection is empty set.

¢ and ¢ are disjoint set, their intersection is empty set.

iu
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e
Set identities

Low Nome Identities

Idempo’tey\‘t AUA=A ANA=A

Associative | (AUB)UC =AU (BUC) (ANB)NC = An(BNC)
Commuta | 1 uB-BUA ANB=BNA

‘tuve_

Distributive | AU(BNC) = (AUB)N(AUC) ?Amﬂ(g)u ¢)=AnB)Y
Iden‘ti‘tt/ AUugp=A Anu=A

Domination ANg=¢ AuU=U

Double ne_

Comple_me_n’t (A7) =4

Complement | ANA =6, and U' =¢ AUA =U | and ¢/ =T
DeMorgan’s | (AUB) =A'ND (AnB) =A"UB
Absorption | AU(ANB)=A AN(AUB)=A

[JU
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"""« L
Set 3den’t?‘t?e$-2xample_

(ANB) ={z|lr ¢ ANB} | by definition of complement
={z|—(z€ (AN B))} by definition of does not Belong
={z|-(zr€ ANz € B)} by definition of intersection
={z|-(z€ A)V—(z € B)} | by the st De Morgan low for 1033cal
equivalences

={zlz ¢ AVz ¢ B} by definition of does not Belor\s, stlaol
={z|lre A'vVze B} bt/ definition of comple,w\e,n‘t
= {z|lz € AAUB'} Bl/ definition of union
=A"UB’ bc/ meaning of set builder notation

o
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Tuple_s

In o 2A-dimensional spaceit is o (x,t/) pair of numbers to $pe,ch°t/ o
location.

In o 3-dimensional spaceit is a (x,c/,z) 'tﬁple_ of numbers to specipc/ a
location.

A n-dimensiona\l space, uses n—‘tuple_ of numbers.
@ 2-D space uses pairs, or l-tuple

@ 3-D space uses ‘triples, or S-tuple

Note that these 'tuples are ordered, unlke sets.

o
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Cartesion Product

Let 4 and B be sets. The Cartesian product of 4 and B, denoted Bt/
A x B, is the set of all ordered pairs (&, b), where o €4 and b €B.

AxB = {(a,b)la € ANb € B}

Note that the Cartesian Produc‘ts A x B and B x 4 are not equal,
unless A =0 or B=0¢

o
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Inclugon-Exclusion rule_s- Two Sets

Inclusion—Exclusion for sets:

The number of elements in the union of two sets is the sum of the
number of elements in these sets minus the number of elements in
their intersection.

[SUT| =S|+ |T|—-|SNT|

iu
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Inclusjon-Exclusion rule_s- Three Sets

Consider three sets S51,52,5; , For coun’ting the total elements in the

union of three sets |, we will need to know the number of items n set
51, the number of items in set S, the number of items in set 53 and
then we need to know the number of items common in all the three
sets 51, S2 and Ss. (overlapping of all the three sets).

|S1US2USs| = |S1]+[S2| +|S3] — [S1 N Sa| —[S2 N S5| — |S3NS1 |+ [S1NS2N Sy

o

Mudassir Discrete Structures



Inclusion-Exclusion rule_s- Three Sets

n(U)

n(C) n(AUBUC)
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S
Inclusion-Exclusion r‘ule_s- Example_

Consider a group of students out of which 15 studt/ Potions, 11 studt/
DADA and 13 s‘tudt/ Charms. The number of students who s‘tudt/ all
three are 4. The number of students who s‘tudt/ both Potions and
DADA are 6, The number of students who s‘tudy both Charms and
Potions are € and The number of students who s‘tudt/ both Charms
and DADA are F. What is the size of the group?

Consider‘ing the above scenario we need to find out how many
students s‘tudy either (Potions or DADA or Charms) or all.

o
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"""« L
Inclusion-Exclusion rule_s- Example_

Lets us use P for Potions and C for DADA and E for Charms, we
3&13 the 'Po“owing Pormula:

|[PUCUE|=|P|+|C|+|E|—|PNC|—|CNE|-|[ENP|+|PNCNE|
IPUCUE|=15+11+13—-6—-7—-8+4
|[PUCUE| =22

ifu
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Compu‘te_r‘ Repr‘e,Se_n‘toCtion of Sets

There are various woys to repre_Se_n‘t sets using o compu'te_r. One
wmethod is to store the e_le_me_n’ts of the set in an unordered Fashion.
However, R this is done, the operoctions of compu‘ting the union,
intersection, or difference of two sets would be time-consuming,
because each of these oper‘o:tions would require o lo«‘ge_ omount of
searching for elements.

We will present o wmethod for storing elements using an arlaitrary
or\deﬁng of the elements of the universal set. This method of
r‘e,pre,se,m’ting sets wmoakes co»npu't?ng combinations of sets easy.

o

Mudassir Discrete Structures



e
Co»«pu‘tej‘ Repre_Se_n‘toCtion of Sets

Let U= 91,2 3 4,5 6, 7 % 9, 10} and the ordering of elements
of U has the e_le_me_n'ts in increasing order.

What bit strings represent the subset of all odel integers in U, the
subset of all even integers in U, and the subset of integers not
e,xcee,dins 5 i U?

iu
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Compu‘te_r‘ Repr‘e,Se_n'ta‘tion of Sets

The set of odd integers n U, nowne_ly, €, 3, 5, % A% has a one bit in
the first, third, fifth, seventh, and ninth positions, and a zero
elsewhere. It is 10 1010 1010.

Sim}larlt/, we represent the subset of all even ‘m‘tegers in U, namell/,
€2, 4, 6, %, 10}, by the string 01 0101 0101,

The set of all integers in U that do not exceed 5, namelc/,f1, 2, 3, 4,
53, is represented by the string 11 1110 0000.

o
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