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The Big Question

Which sorting algorithm is the most efficient when thinking about
time and space from:

Y Bubble sort

Y Insertion sort

Y Merge sort

Y Quicksort
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Asymptotic Notations

f �n� > O�g�n�� if §n0 C 0 and c A 0 s.t. f �n� B c g�n�, ¦ n C n0

f �n� > Ω�g�n�� if §n0 C 0 and c A 0 s.t. f �n� C c g�n�, ¦ n C n0

f �n� > Θ�g�n�� if §n0 C 0 and c1, c2 A 0 s.t. c1 g�n� B f �n� B c2 g�n�,

¦ n C n0
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Master Theorem

Theorem

If T �n� = a T �
n

b
� + O�nd� for constants a A 0, b A 1, d C 0, then

T �n� �

¢̈
¨̈̈
¦̈
¨̈̈
¤

O�nd� if d A logba

O�nd logn� if d � logba

O�nlogba� if d @ logba
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Why we care for the asymptotic bound of an algorithm?
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Definition

An algorithm is efficient if it has a polynomial running time.

Definition

When the input size doubles, the algorithm should only slow down
by some constant factor C . An algorithm with this property has
polynomial running time.
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Bubble sort
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Bubble sort

Time

O�n2�

Y Nested loops

Y P
n
i�1P

n
j�i�1 1 = �n

2
�

Space

O�1�

Y Operates in place

Y (no extra data structure)

Maria-Eirini Pegia Computational Complexity II



Section 1: Computational Complexity
Section 2: Algorithms

Section 6: Synopsis

Bubble sort

Time

O�n2�

Y Nested loops

Y P
n
i�1P

n
j�i�1 1 = �n

2
�

Space

O�1�

Y Operates in place

Y (no extra data structure)

Maria-Eirini Pegia Computational Complexity II



Section 1: Computational Complexity
Section 2: Algorithms

Section 6: Synopsis

Insertion sort
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Insertion sort

Time: O�n2�

Space: O�1�
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Merge sort
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Merge sort

Time: O�nlogn�

Space: O�n�
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Merge sort

Time: O�nlogn�

Space: O�n�
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Quicksort

Figure: Quicksort dance
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https://www.youtube.com/watch?v=3San3uKKHgg
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Quicksort

Time: O�nlogn� (best case),
O�n2� (worst case)

Space: O�logn�
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Symmary
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The Big Question

Which sorting algorithm is the most efficient when thinking about
time and space from:

Y Bubble sort

Y Insertion sort

Y Merge sort

Y Quicksort
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Lower Bound

Theorem

Any comparison based sorting algorithm must make at least
Θ�nlog�n�� comparisons to sort the input array.
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Synopsis

Y Asymptotic Notations

Y Computational Complexity

Y Algorithms
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Thank you!
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