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you will get a chocolate for asking 
questions.



Problem 1

Suppose there are 29 students in a 
classroom and each of them shakes hand 
with exactly 5 others. In how many ways 
can this happen?
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Will come back to it later.
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sequence?
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(ii) 2, 8, 28, 92, ???



Problem 2

Fibonacci series: Fn = Fn-1 + Fn-2

(i) 1, 1, 2, 3, 5, 8, 13, ??



Problem 2

Fibonacci series: Fn = Fn-1 + Fn-2

(i) 1, 1, 2, 3, 5, 8, 13, 21



Problem 2

Fibonacci series: Fn = Fn-1 + Fn-2

(i) 1, 1, 2, 3, 5, 8, 13, 21

 homogeneous linear 
recurrence relation 



Homogeneous linear recurrence 
relation



Homogeneous linear recurrence 
relation

A sequence governed by the following 
type of rule: 

xn = cn-1xn-1 + cn-2xn-2 + . . . + cn-dxn-d



Homogeneous linear recurrence 
relation

A sequence governed by the following 
type of rule: 

xn = cn-1xn-1 + cn-2xn-2 + . . . + cn-dxn-d



Homogeneous linear recurrence 
relation

A sequence governed by the following 
type of rule: 

xn = cn-1xn-1 + cn-2xn-2 + . . . + cn-dxn-d

 homogeneous linear recurrence relation 
of order d



Problem 2

What is the next element of the 
sequence?

(i) 1, 1, 2, 3, 5, 8, 13, 21

(ii) 2, 8, 28, 92, ???



Problem 2

Given by: An = 3.An-1 + 2n

(ii) 2, 8, 28, 92, ???



Problem 2

Given by: An = 3.An-1 + 2n

(ii) 2, 8, 28, 92, ???



Problem 2

Given by: An = 3.An-1 + 2n

(ii) 2, 8, 28, 92, 292



Problem 2

Given by: An = 3.An-1 + 2n

(ii) 2, 8, 28, 92, 292

non-homogeneous linear 
recurrence relation 



Homogeneous linear recurrence 
relation



Homogeneous linear recurrence 
relation

A sequence governed by the following type 
of rule: 

xn= cn-1xn-1+cn-2xn-2+. . .+cn-dxn-d + f(n)



Problem 2

What is the next element of the 
sequence?

(i) 1, 1, 2, 3, 5, 8, 13, 21

(ii) 2, 8, 28, 92, 292



Homogeneous linear recurrence 
relation

A sequence governed by the following type 
of rule: 

xn= cn-1xn-1+cn-2xn-2+. . .+cn-dxn-d + f(n)

 non-homogeneous linear recurrence 
relation of order d
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Sort the sequence in ascending order:

 (21, 5, 8, 1, 3, 1, 2, 13)



 (21, 5, 8, 1, 3, 1, 2, 13)



 (21, 5, 8, 1, 3, 1, 2, 13)



 (21, 5, 8, 1, 3, 1, 2, 13)

 (21, 5, 8, 1)



 (21, 5, 8, 1, 3, 1, 2, 13)

 (21, 5, 8, 1)  (3, 1, 2, 13)



 (21, 5, 8, 1, 3, 1, 2, 13)

 (21, 5, 8, 1)  (3, 1, 2, 13)

 (21, 5)  (8, 1)  (3, 1)  (2, 13)



 (21, 5, 8, 1, 3, 1, 2, 13)

 (21, 5, 8, 1)  (3, 1, 2, 13)

 (21, 5)  (8, 1)  (3, 1)  (2, 13)

divide



Three steps

(i) Divide: break the problem into sub-  
                             problems
(ii) Conquer: solve each sub-problem 

(iii) Combine: combine the local solutions



 (21, 5, 8, 1, 3, 1, 2, 13)

 (21, 5, 8, 1)  (3, 1, 2, 13)

 (21, 5)  (8, 1)  (3, 1)  (2, 13)



 (21, 5, 8, 1, 3, 1, 2, 13)

 (21, 5, 8, 1)  (3, 1, 2, 13)

 (5, 21)  (8, 1)  (3, 1)  (2, 13)



 (21, 5, 8, 1, 3, 1, 2, 13)

 (21, 5, 8, 1)  (3, 1, 2, 13)

 (5, 21)  (1,8)  (3, 1)  (2, 13)



 (21, 5, 8, 1, 3, 1, 2, 13)

 (21, 5, 8, 1)  (3, 1, 2, 13)

 (5, 21)  (1,8)  (1,3)  (2, 13)



 (21, 5, 8, 1, 3, 1, 2, 13)

 (21, 5, 8, 1)  (3, 1, 2, 13)

 (5, 21)  (1,8)  (1,3)  (2, 13)



 (21, 5, 8, 1, 3, 1, 2, 13)

 (21, 5, 8, 1)  (3, 1, 2, 13)

 (5, 21)  (1,8)  (1,3)  (2, 13)

conquer



Divide and conquer algorithm

Three steps

(i) Divide: break the problem into sub-  
                             problems
(ii) Conquer: solve each sub-problem 

(iii) Combine: combine the local solutions



 (21, 5, 8, 1, 3, 1, 2, 13)

 (21, 5, 8, 1)  (3, 1, 2, 13)

 (5, 21)  (1,8)  (1,3)  (2, 13)



 (21, 5, 8, 1, 3, 1, 2, 13)

 (1,5)  (3, 1, 2, 13)

 (5, 21)  (1,8)  (1,3)  (2, 13)



 (21, 5, 8, 1, 3, 1, 2, 13)

 (1,5,8,21)  (3, 1, 2, 13)

 (5, 21)  (1,8)  (1,3)  (2, 13)



 (21, 5, 8, 1, 3, 1, 2, 13)

 (1, 5, 8, 21)  (1, 2, 3, 13)

 (5, 21)  (1,8)  (1,3)  (2, 13)



 (1, 1, 2, 3, 5, 8, 13, 21)

 (1, 5, 8, 21)  (1, 2, 3, 13)

 (5, 21)  (1,8)  (1,3)  (2, 13)



 (1, 1, 2, 3, 5, 8, 13, 21)

 (1, 5, 8, 21)  (1, 2, 3, 13)

 (5, 21)  (1,8)  (1,3)  (2, 13)



 (1, 1, 2, 3, 5, 8, 13, 21)

 (1, 5, 8, 21)  (1, 2, 3, 13)

 (5, 21)  (1,8)  (1,3)  (2, 13)



 (1, 1, 2, 3, 5, 8, 13, 21)

 (1, 5, 8, 21)  (1, 2, 3, 13)

 (5, 21)  (1,8)  (1,3)  (2, 13)



 (1, 1, 2, 3, 5, 8, 13, 21)

 (1, 5, 8, 21)  (1, 2, 3, 13)

 (5, 21)  (1,8)  (1,3)  (2, 13)

combine



 (1, 1, 2, 3, 5, 8, 13, 21)

 (1, 5, 8, 21)  (1, 2, 3, 13)

 (5, 21)  (1,8)  (1,3)  (2, 13)

combine
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Our example: Quick sort

In the worst case scenario:  O(n2)  
                           comparisons
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                           comparisons 



Divide and conquer algorithm

Our example: Quick sort

In the worst case scenario:  O(n2)  
                           comparisons

On an average:    O(n.logn)  
                           comparisons 

??
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Order notations

 Let f and g be real functions:

(i) f(x)=O(g(x)): there exists M and x0 such that
                  |f(x)|  M.g(x) for all x  x0
(ii) f(x)=(g(x)): there exists m and x0 such that
                  m.g(x) |f(x)| for all x  x0

(iii) f(x)=(g(x)): there exists M,m and x0 such that
          m.g(x) |f(x)|  M.g(x) for all x  x0



but what is a function?

 Let f and g be real functions:.g(x) for all x  x0

Order notations
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Function

A Bf

Assignment of elements of B to each 
element of A



 

Function

A Bf

Assignment of elements of B to each 
element of A

domain

co-domain

range



Function

Types

(i) Injective (1-1): f(x)=f(y) implies x=y
(ii) Surjective (onto): f(A)=B
(iii) Bijective (onto): 1-1 and onto 
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Let |A|=n and |B|=m. Count the # of

(i) Functions:  mn 

(ii) 1-1 functions:  m!/(m-n+1)! [mn]
(ii) onto functions: difficult [mn]
(iii) Bijective functions: n! [m=n]
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Suppose there are 29 students in a 
classroom and each of them shakes hand 
with exactly 5 others. In how many ways 
can this happen?

Ans. 0

Link with graph theory?
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Graph

Letction 

-coloring: assign colors to vertices such 
that adjacent vertices get different colors 
-chromatic number (G): minimum number 
of colors needed to color a graph

- vertices V(G)
- edges E(G)

(G)=3



Graph

Letction 

- clique
- clique number (G)=max|C|   
            such that |C| is a clique

- independent set
- independence number (G)=max|I|   
   such that |I| is an independent set



Ramsey number

Letction 

-R(s,t) = the minimum k such that any graph on k 
vertices either have a clique of size s or has a 
independent set of size t.
-R(3,3) = 6
-R(s,t) R(s,t-1) + R(s-1,t)
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Letction 
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Ramsey number

Letction 

-R(s,t) = the minimum k such that any graph on k 
vertices either have a clique of size s or has a 
independent set of size t.
-R(3,3) = 6
-R(s,t) R(s,t-1) + R(s-1,t)

Multivariate recurrence 



Letction 

Thank you
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