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Course Outline :
- -

Module 1 : counting-

Modi: Logic

Nl0duk3 Graph theory
Module 41
- Regular expressions



LECTURE I
-

Reference :
Plan : Basics of counting

sections 6.1 and 6.2 of
- I . Product rule

book:
- 2 . Sum rule

DISCRETE MATHEMATICS

-3 . Subtraction rule AND ITS APPLICATIONS

( 7th edition)
-4 . Division rule

- 5- Pigeon hole Principle
by Kenneth Rosen



Part 1 : Product rule
-

IT 1 I a 2 I a 3 la

1¥ I b lb l b

{ I , 2,33 { a, b , c, d }
I c le I c

l d Id Id

=
4 t 4 + 4

= 3 X 4 = 12

- Suppose a procedure can be broken down into a sequence of two tasks .

- suppose there are n, ways of doing the first task .

- Suppose there are Nz ways of doing the second task .

- Then there are M, x Nz ways of
'doing the procedure



Example 1: Two new employees A and B . There are 3 offices
.
In

- -

how many ways can offices be assigned to the
2 employees ? Both the employees can be allotted the same

office .

Please pause and try the problem before seeing the solution .



Example 1: Two new employees A and B . There are 3 offices
.
In

- -

how many ways can offices be assigned to the

2emp ? Both the employees can be placed in the same office .
A B

solution :
. IT- Procedure -

{ 112,3
.
) El , 2,33

Task In. Write a letter from { 1143) in cell # }Task 2 : write a number from { I , 2,33 in Cell B

Task A : 2 ways Task z : 3 ways>

'

Total : - 3 x 3 = 9 ways

✓



Exampte: count the number of bit strings of length 7 .

bit string : a string containing
only O 's and I 's

000 010

PAUSE



Exampte: count the number of bit strings of length 7 .

Solution : 1¥77
e-

{0113 9%13 - - -

[
{ 0,13

Nz = 2 X Nb

= 2 X 2 X Ns

÷

= 27



txampe : How many functions are there from a set of
'

m
' elements ' '

to a set of
'
n
'
elements ?

i#÷
PAUSE



txampe : How many functions are there from a set of
'

m
' elements ' '

to a set of
'
n
'
elements ?

""

f - f
I 2 M

I

{ I , . . . n } { I , . . . ,n }

N X n x . . .
X N

M
= N



Example_4 : How many one - to -one functions are there from a set of
'

m
' elements ' '

to a set of
'
n
'
elements ? In >m)

PAUSE



Example_4 : How many one - to -one functions are there from a set of
'

m
' elements ' '

to a set of
'
n
'
elements ? In >m)

solution : I 2 m
-

11=-71
n options ) n - Im -i)

n- I options

= N X (m - l ) x . . - - X Ch -Mtl)

{ I , 2 , . . - n
n }

mm
.

"" mi



EX5 : Suppose T = { I , 2,3 }

Subsets of T are { 3

{ 13
,
{ 23 , {33

{ I , 23 , { 1,33 , { 2,33

{ I , 2 , 3 }

Given a set S = { 1,2 . . . . ,n3 . What is the total number of
subsets of

S ? How do we use product rule ?

PAUSE



txampe :

Given a set S = { 1,2 . . . . ,n3 . What is the total number of
subsets of

S ? How do we use product rule ?
S

Solution :
-

FI .
Each subset of S is a function from S to { Yes , No}

There are 21st such functions
.
Hence 2

'S'
subsets

S= {112133

i:*. .
I
,?5¥¥.11127 2h33 (431 1h33)



Example 6 : Gene sequencing
-

{ A. c. i. a }
DNA molecule : -

iig
a link

Gene : a segment of a DNA molecule

Genome : a set of genes

Insect : N 108 links in a DNA molecule

By product rule, ~ 4108 possible DNA molecules

Explains the variation in behaviour



Part sum rule

Tile IIT Either filled with { I , 2, 3 } or { A , B . c.D }

How many different tiles are present ? 4 -13 = 7

- Suppose there is a task that can be done either in n, or Nz ways
- There is no intersection I overlap between the n , and nz ways
- Then the task can be done in n, + Nz ways



Example 7 : A student can choose a project from either
-

CS / Math / DS
.

CS has 4 Options
Math has 3 options
Ds has 7 options

How many project options does the student have ?

Solution : 4 t 3 + 7 = 14
-



Example 8 : How many bit strings of length between 1 and 4
-

are present ?

PAUSE



Example 8 : How many bit strings of length between 1 and 4
-

are present ?

Solution : # bit strings of length I = 2
-

2
2 = 2

3
3 = 2

4 = 24

Total = 2 + It 23+24

Solution uses a combination of product and sum rules



Example 9 : A password can have between 6 to 8 characters .
-

Each character can be a letter EA - - . . - 23 or a digit { o . . - 93 .

What is the total number of passwords ?

PAUSE



Example 9 : A password can have between 6 to 8 characters .
-

Each character can be a letter EA - - . . - 23 or a digit { o . . - 93 .

What is the total number of passwords ?

Solution :
- # passwords of length 6 = 126+1076

7- = (261-1077

8 = ( 26+1078

Total = 366 t 367+368



Exampteo: A password should be exactly 6 characters . Atleast

one of the characters should be a digit . How many passwords
are available ?

PAUSE



Exampteo: A password should be exactly 6 characters . Atleast

one of the characters should be a digit . How many passwords
are available ?

d uhh .io
.us

An_incorrect appeals: # §
# passwords with digit in first cell = to- 365

, 10.26

in 2nd cell = to . 365 µt
,

d
q -

" (

in 6th cell = 10.36 ' .

s

Total = 6 x 10x 365

Problem : double counting b- a 3 bed is counted in first as well
-

as third category .



Exampteo: A password should be exactly 6 characters . Atleast

one of the characters should be a digit . How many passwords
are available ?

Solution :
- Total no .

of 6 letter words = 366

# words containing no digits = 266

=. # words containing at least} = 366
- 266

-

I digit
h

/*aui::Y::÷÷/ fatal :3 .
.

h

(/ (H f, contains nodogit : 266
u-



Part: subtraction rule

In the sum rule , we consider tasks that can be

done either in n , ways or ha ways
where there is no overlap between the

n , and nz ways

⇒ n .

#n,

Total = hi tho

-

What if there are overlaps ?



Example Il : A company receives 350 applications
-

- 220 majored in CS

- 147 - in business

- 51 in both

How many applicants majored neither in es nor in business ?

PAUSE



Examp A company receives 350 applications
- 220 majored in CS

- 147 - in business

- 51 in both

How many applicants majored neither in es nor in business ?

350⇒in:

I
-

350 - ( 220 t 147 - 51)
-

#green part



Subtraction rule : ( Inclusion . exclusion for two sets)
-
-

( Ai U Az I = IA , I t I Aal - I Ain Az )



Example 12: Among bit strings of length 4 ,
-

how many start with 1 or end with o ?

PAUSE



Example 12: Among bit strings of length 4 ,
-

how many start with 1 or end with o ?

Solution:
- Ai : bit strings starting with 1

Az : bit strings ending with o

2
IA , I = 23 11721 = 23 IA , n Azl = 2

(Al V Az ) =
23 + 23

- 22



Party: Division rule

- A task can be done using a procedure that can be

implemented in n ways .

- For each way
'w '

,
there are

'

d
'

ways ( including w)

that are considered equivalent .

- There are totally in

d

Id ways to perform the task
.

Id
ng-

d d

-
d

↳ d



Example 13: There is a circular table (
TH

- El

¥
- Two seating are considered same

left and right
if
n neighbours are identical

- How many different seating, are possible ?

For eg .
A c

D B =
B

D

c A

¥ A

B C

D



Example 13: There is a circular table (
T

- El
- A

- Two seating are considered same ¥1
left and right

if neighbours are identical .

- How many different seating, are possible ?

Solution Total no . of arrangements = 4×3×2×1 = 24

Cyclic shifts of an arrangement are considered same

o÷÷
.

.

.

'.it?E.7a.iI:'.oa.i:.#-.iseaiing .

24 arrangements can be divided into 24/4 = 6 ways
I



Examplekli f is a function from A to B

- where A and B are finite sets

- for every y E B there are d elements of A

mapped toy
- A has n elements

How many elements are present in B ?

:*:*.



Examine f is a function from A to B

- where A and B are finite sets

- for every y E B there are d elements of A

mapped toy
- A has n elements

How many elements are present in B ?

solution :
%

"d⑧!a. OF
"

n . d =
n n - Yd



Part s : Pigeon - hole Principle
-

ht ' objects are to be placed in
k boxes

atleast
- at least one box contains

,
2 objects .

\

• O • 0 (objects

II II II lboxu
'

:

at least A- box should contain # 2 Objects
-



Exampte : Some examples using PHP

• In any group of 27 English words , there must

be two that start with the same letter .

• ft function from a set of ht , elements to}
k elements cannot be one- to -one .

Eti k
✓

1) IWork # D-

ward 2
26 letters )

"

p;)^

. 9

i r
.

-
&

y

\

Word 27 De



Liam : for every integer n 31 ,

every n consecutive numbers has a multiple of N -

NI
106 107

1 2 0

122 123 124
"

÷
'

o
.

t

← filmed 3
PAUSE



Example 16 : For every integer n 31 ,
-

every n consecutive numbers has a multiple of n -

solution : Consider no - s a
,
Atl

,
Atz , - . .

, at@ - l)
-

suppose
' a' gives remainder

'
r
'
when divided by

'
n
'

.

ie . , a = k - n t r

Note that O E r Sh- I

Then att gives remainder Htt) mod n

At 2 . - - - (rt27 mod n

i

atn - -
- -

- lrtn) mod n

The no- s r mod n, (rti ) modn
,

- . . lrtn) mod n are all

different and between 0 and n -I . Hence at least one of them is O .

Hence there is at least one multiple of
'n

'
.



Example 17 : show that for every integer '
n
' there

-

is a multiple of n that contains only O's and I 's

in its decimal expansion .

n -- 2 I 2 , 91 bit , I!??
he 3 I 3

,
6
, 9 , 12 , 15 , If, 21, 24 , 27130 , 33 - - - - 9.91

.

a- a = 1h00 -

-

See textbook for an answer



LECTURE 1 : Summary
-

Reference :
Plan : Basics of counting

sections 6.1 and 6.2 of
- I . Product rule

book:
- 2 . Sum rule

DISCRETE MATHEMATICS

-3 . Subtraction rule AND ITS APPLICATIONS

( 7th edition)
-4 . Division rule

- 5- Pigeon hole Principle
by Kenneth Rosen


