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Admin

Text Calculator assignment
Next assignment due Friday 5/16 at 5pm
Schedule is updated for the rest of the semester

No quiz in lab tomorrow

SORTING

David Kauchak
CS 62 - Fall 2026

1 2
Sorting Sorting algorithms
B B
What sorting algorithms have you seen before? Adaptive heapsort Comb sort Pancake sort
Bitonic sorter Flashsort Quicksort
If | gave you a deck of cards and asked you to Block sort Gnome sort Radix sort
sort it, how would you do it? Bubble sort Heapsort Selection sort
Bucket sort Insertion sort  Shell sort
Cascade mergsort  Library sort Spaghetti sort
Cocktail sort Mergesort Treesort
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Selection sort
Divide the data into two parts: sorted and unsorted

Repeat:

Selection sort

Divide the array into two parts: a sorted part on the
left and an unsorted part on the right

Repeat:
Find the smallest element in the unsorted part

Swap it with the leftmost element of the unsorted
array

The sorted array is now one element larger

Selection sort

34438 547 136 26

sorted unsorted

Divide the array into two parts: a sorted part on the left and an
unsorted part on the right

Repeat:
Find the smallest element in the unsorted part
Swap it with the leftmost element of the unsorted array
The sorted array is now one element larger

Selection sort

34438 547 13626

sorted unsorted

Smallest?

Divide the array into two parts: a sorted part on the left and an
unsorted part on the right

Repeat:
Find the smallest element in the unsorted part
Swap it with the leftmost element of the unsorted array
The sorted array is now one element larger
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Selection sort

34438 547 13626

sorted unsorted

Divide the array into two parts: a sorted part on the left and an
unsorted part on the right

Repeat:
Find the smallest element in the unsorted part
Swap it with the leftmost element of the unsorted array
The sorted array is now one element larger

Selection sort

14438 547 33626

sorted unsorted

Divide the array into two parts: a sorted part on the left and an
unsorted part on the right

Repeat:
Find the smallest element in the unsorted part
Swap it with the leftmost element of the unsorted array
The sorted array is now one element larger

10

Selection sort

14438 547 336 26

sorted unsorted

Smallest?

Divide the array into two parts: a sorted part on the left and an
unsorted part on the right

Repeat:
Find the smallest element in the unsorted part
Swap it with the leftmost element of the unsorted array
The sorted array is now one element larger

Selection sort

14438 547 336 26

sorted unsorted

Smallest?

Divide the array into two parts: a sorted part on the left and an
unsorted part on the right

Repeat:
Find the smallest element in the unsorted part
Swap it with the leftmost element of the unsorted array
The sorted array is now one element larger
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Selection sort

1 3 38 547 4436 26

sorted unsorted

Divide the array into two parts: a sorted part on the left and an
unsorted part on the right

Repeat:
Find the smallest element in the unsorted part
Swap it with the leftmost element of the unsorted array
The sorted array is now one element larger

Selection sort

1 3 5 3847 4436 26

sorted unsorted

Divide the array into two parts: a sorted part on the left and an
unsorted part on the right

Repeat:
Find the smallest element in the unsorted part
Swap it with the leftmost element of the unsorted array
The sorted array is now one element larger

13
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Selection sort

1 3 5 2647 4436 38

sorted unsorted

Divide the array into two parts: a sorted part on the left and an
unsorted part on the right

Repeat:
Find the smallest element in the unsorted part
Swap it with the leftmost element of the unsorted array
The sorted array is now one element larger

Selection sort

1 3 5 26364447 38

sorted unsorted

Divide the array into two parts: a sorted part on the left and an
unsorted part on the right

Repeat:
Find the smallest element in the unsorted part
Swap it with the leftmost element of the unsorted array
The sorted array is now one element larger

15
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Running time to find the smallest element
|
Best case?

Worst case?

Average case?

Divide the array into two parts: a sorted part on the left and an
unsorted part on the right

Repeat:
Find the smallest element in the unsorted part
Swap it with the leftmost element of the unsorted array
The sorted array is now one element larger

Running time to find the smallest element
|

All cases: size_of_unsorted_array — we have to search
through the entire unsorted array to find it

Divide the array into two parts: a sorted part on the left and an
unsorted part on the right

Repeat:
Find the smallest element in the unsorted part
Swap it with the leftmost element of the unsorted array
The sorted array is now one element larger

17
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Overall runtime
=

34438 547 136 26

sorted unsorted

size_of_unsorted_array

How big is this for the first iteration?

Overall runtime
=

34438 547 13626

sorted unsorted

size_of_unsorted_array

How big is this for the first iteration? n

19
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Overall runtime
o

14438 547 33626

sorted unsorted

size_of_unsorted_array

How big is this for the second iteration?

Overall runtime
o

14438 547 33626

sorted unsorted

size_of_unsorted_array

How big is this for the second iteration2 n-1

21

22

Overall runtime
=

1 3 5 3847 4436 26

sorted unsorted

size_of_unsorted_array

How big is this for the second iteration?

Overall runtime
=

1 3 5 3847 4436 26

sorted unsorted

size_of_unsorted_array

How big is this for the second iteration2 n-2

23
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Overall runtime
o

1 3 5 3847 4436 26

sorted unsorted

size_of_unsorted_array

How big is this for the last iteration?

Overall runtime
o

1 3 5 26363844 47

sorted unsorted

size_of_unsorted_array

How big is this for the last iteration? 1

25

26

Overall runtime
=

runtime:1+2+3+n—2+n—1+n221
i=1

Divide the array into two parts: a sorted part on the left and an
unsorted part on the right

Repeat:

o Find the smallest element in the unsorted part

o Swap it with the leftmost element of the unsorted array
o The sorted array is now one element larger

Overall runtime
=

n

runtime = Z i 2

i=1

Divide the array into two parts: a sorted part on the left and an
unsorted part on the right

Repeat:

o Find the smallest element in the unsorted part

o Swap it with the leftmost element of the unsorted array
o The sorted array is now one element larger

27
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Overall runtime

. z . nn+1)
runtime = Zl = —

Divide the array into two parts: a sorted part on the left and an
unsorted part on the right

Repeat:
Find the smallest element in the unsorted part
Swap it with the leftmost element of the unsorted array
The sorted array is now one element larger

Overall runtime

runtime = Zi = n(nz;l) O(?)

Divide the array into two parts: a sorted part on the left and an
unsorted part on the right

Repeat:
Find the smallest element in the unsorted part
Swap it with the leftmost element of the unsorted array
The sorted array is now one element larger

29
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Selection sort: overall runtime

runtime = Zi = n(n2+ 2 O(n2)

i=1

Divide the array into two parts: a sorted part on the left and an
unsorted part on the right

Repeat:
Find the smallest element in the unsorted part
Swap it with the leftmost element of the unsorted array
The sorted array is now one element larger

Insertion sort

34438 547 13626

Divide the array into two parts:
left part: left elements in sorted order

right part: right elements in unsorted order

Repeat:

Look at the next element in the unsorted part
Find the correct location in the sorted part (by sliding each item right one at a time)

The sorted array is now one element larger

31
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Insertion sort
[

34438 547 13626

sorted unsorted

Divide the array into two parts:
left part: left elements in sorted order
right part: right elements in unsorted order

Repeat:
Look at the next element in the unsorted part
Find the correct location in the sorted part (by sliding each item right one at a time)
The sorted array is now one element larger

Insertion sort
[

34438 547 13626

sorted unsorted

Divide the array into two parts:
left part: left elements in sorted order
right part: right elements in unsorted order

Repeat:
Look at the next element in the unsorted part
Find the correct location in the sorted part (by sliding each item right one at a time)
The sorted array is now one element larger

33
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Insertion sort
[

33844 547 136 26

sorted unsorted

Divide the array into two parts:
left part: left elements in sorted order

right part: right elements in unsorted order

Repeat:
0 Look at the next element in the unsorted part
Find the correct location in the sorted part (by sliding each item right one at a time)

The sorted array is now one element larger

Insertion sort
[

33844 547 1 36 26

sorted unsorted

Divide the array into two parts:
left part: left elements in sorted order

right part: right elements in unsorted order

Repeat:
Look at the next element in the unsorted part
Find the correct location in the sorted part (by sliding each item right one at a time)

The sorted array is now one element larger

35
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Insertion sort
[

33844 547 136 26

sorted unsorted

Is 5 in the correct spot?

Divide the array into two parts:
left part: left elements in sorted order
right part: right elements in unsorted order

Repeat:
Look at the next element in the unsorted part
Find the correct location in the sorted part (by sliding each item right one at a time)
The sorted array is now one element larger

Insertion sort
[

338 5 44 47 1 36 26

sorted unsorted

Divide the array into two parts:
left part: left elements in sorted order
right part: right elements in unsorted order

Repeat:
Look at the next element in the unsorted part
Find the correct location in the sorted part (by sliding each item right one at a time)
The sorted array is now one element larger

37
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Insertion sort
[

338 5 4447 1 36 26

sorted unsorted

Is 5 in the correct spot?

Divide the array into two parts:
left part: left elements in sorted order

right part: right elements in unsorted order

Repeat:
0 Look at the next element in the unsorted part
Find the correct location in the sorted part (by sliding each item right one at a time)

The sorted array is now one element larger

Insertion sort
[

3 5 384447 1 36 26

sorted unsorted

Divide the array into two parts:
left part: left elements in sorted order

right part: right elements in unsorted order

Repeat:
Look at the next element in the unsorted part
Find the correct location in the sorted part (by sliding each item right one at a time)

The sorted array is now one element larger

39

40
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Insertion sort
[

3 5 384447 136 26

sorted unsorted

Is 5 in the correct spot?

Divide the array into two parts:
left part: left elements in sorted order
right part: right elements in unsorted order

Repeat:
Look at the next element in the unsorted part
Find the correct location in the sorted part (by sliding each item right one at a time)
The sorted array is now one element larger

Insertion sort
[

3 5 384447 136 26

sorted unsorted

Divide the array into two parts:
left part: left elements in sorted order
right part: right elements in unsorted order

Repeat:
Look at the next element in the unsorted part
Find the correct location in the sorted part (by sliding each item right one at a time)
The sorted array is now one element larger

41
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Insertion sort
[

3 5 384447 1 36 26

sorted unsorted

Divide the array into two parts:
left part: left elements in sorted order

right part: right elements in unsorted order

Repeat:
0 Look at the next element in the unsorted part
Find the correct location in the sorted part (by sliding each item right one at a time)

The sorted array is now one element larger

Insertion sort
[

3 5 384447 1 36 26

sorted unsorted

Was that fast or slow?

Divide the array into two parts:
left part: left elements in sorted order

right part: right elements in unsorted order

Repeat:
Look at the next element in the unsorted part
Find the correct location in the sorted part (by sliding each item right one at a time)

The sorted array is now one element larger

43
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Insertion sort
[

1 3 5 3844 4736 26

sorted unsorted

Divide the array into two parts:
left part: left elements in sorted order
right part: right elements in unsorted order

Repeat:
Look at the next element in the unsorted part
Find the correct location in the sorted part (by sliding each item right one at a time)
The sorted array is now one element larger

Insertion sort
[

1 3 5 3844 4736 26

sorted unsorted

Was that fast or slow?

Divide the array into two parts:
left part: left elements in sorted order
right part: right elements in unsorted order

Repeat:
Look at the next element in the unsorted part
Find the correct location in the sorted part (by sliding each item right one at a time)
The sorted array is now one element larger

45
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Running time to find the correct spot
[

Best case?
Worst case?

Average case?

Divide the array into two parts:
left part: left elements in sorted order

right part: right elements in unsorted order

Repeat:
0 Look at the next element in the unsorted part
Find the correct location in the sorted part (by sliding each item right one at a time)

The sorted array is now one element larger

Running time to find the correct spot
[

Best case: O(1), it's larger than any element to the left
Worst case: size_sorted_part, it's smaller than any element to the left

Average case: size_sorted_part/2

Divide the array into two parts:
left part: left elements in sorted order

right part: right elements in unsorted order

Repeat:
Look at the next element in the unsorted part
Find the correct location in the sorted part (by sliding each item right one at a time)

The sorted array is now one element larger

47

48
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Insertion sort: overall runtime
[

Best case? When does this happen?
Worst case? When does this happen?

Average case?

Divide the array into two parts:
left part: left elements in sorted order
right part: right elements in unsorted order

Repeat:
Look at the next element in the unsorted part
Find the correct location in the sorted part (by sliding each item right one at a time)
The sorted array is now one element larger

Overall runtime
o

Best case: O(n), the array is already sorted
Worst case: O(n?), the array is reverse sorted (same sum as before)

Average case: O(n?), n iterations and still have to move n/2 entries on average

Divide the array into two parts:
left part: left elements in sorted order
right part: right elements in unsorted order

Repeat:
Look at the next element in the unsorted part
Find the correct location in the sorted part (by sliding each item right one at a time)
The sorted array is now one element larger

49
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Sorting algorithm properties
[

Stable sorting algorithms

If there are ties, the elements occur in their original
order

Selection sort

Divide the array into two parts: a sorted part on the left and an
unsorted part on the right

Repeat:
0 Find the smallest element in the unsorted part
0 Swap it with the leftmost element of the unsorted array

0 The sorted array is now one element larger

Insertion sort

Are these stable?
Divide the array into two parts:

left part: left elements in sorted order

right part: right elements in unsorted order

Repeat:
Look at the next element in the unsorted part

Find the correct location in the sorted part (by sliding each item right
one at a time)

The sorted array is now one element larger
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Selection sort

Divide the array into two parts: a sorted part on the left and an
unsorted part on the right

Repeat:
Find the smallest element in the unsorted part
Swap it with the leftmost element of the unsorted array

The sorted array is now one element larger

Insertion sort is stable

Divide the array into two parts:
left part: left elements in sorted order
right part: right elements in unsorted order

Repeat:
Look at the next element in the unsorted part

Find the correct location in the sorted part (by sliding each item right
one at a time)

The sorted array is now one element larger

Sorting algorithm properties

In-place sorting

Can be done without additional memory, i.e., another

array

53
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Selection sort

Divide the array into two parts: a sorted part on the left and an
unsorted part on the right

Repeat:
Find the smallest element in the unsorted part
Swap it with the leftmost element of the unsorted array

The sorted array is now one element larger

Insertion sort

. . Are these in-place?
Divide the array into two parts:

left part: left elements in sorted order

right part: right elements in unsorted order

Repeat:
Look at the next element in the unsorted part

Find the correct location in the sorted part (by sliding each item right
one at a time)

The sorted array is now one element larger

Selection sort is in-place

Divide the array into two parts: a sorted part on the left and an
unsorted part on the right

Repeat:
Find the smallest element in the unsorted part
Swap it with the leftmost element of the unsorted array

The sorted array is now one element larger

Insertion sort is in-place

Divide the array into two parts:
left part: left elements in sorted order

right part: right elements in unsorted order

Repeat:
Look at the next element in the unsorted part

Find the correct location in the sorted part (by sliding each item right
one at a time)

The sorted array is now one element larger

55
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Selection sort

Divide the array into two parts: a sorted part on the left and an
unsorted part on the right

Repeat:
1 Find the smallest element in the unsorted part
1 Swap it with the leftmost element of the unsorted array

1 The sorted array is now one element larger

Insertion sort .
What questions do we
Divide the array into two parts: ask about the data?
left part: left elements in sorted order

right part: right elements in unsorted order

Repeat:
Look at the next element in the unsorted part

Find the correct location in the sorted part (by sliding each item right
one at a time)

The sorted array is now one element larger

Selection sort

1 Find the smallest element in the unsorted part
]

Insertion sort .
What questions do we

ask about the data?

Compare to other elements

Find the correct location in the sorted part (by sliding each item right

one at a time;
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Comparable interface
[

Interface Comparable<T>

int compareTo(T other)
o -1: this object is less than other (technically, any negative number)

o O: this object is equal to other
o 1: this object is greater than other (technically, any positive number)

Which algorithm is this¢
[

public static void sort(Comparable[] a) {
for( int i = 0; i < a.length; i++ ) {
int smallestIndex = ij

for( int j = i+1; j < a.length; j++ ) {
if( aljl.compareTo(alsmallestIndex]) < @ ) {
smallestIndex = j;
¥

}
Comparable temp = alil;

a[i]l = alsmallestIndex];
a[smallestIndex] = temp;

59

60
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https://docs.oracle.com/javase/8/docs/api/java/lang/Comparable.html
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Which algorithm is this? Which algorithm is this?
[ [

public static void sort(Comparable(] a) { public static void sort(Comparable(] a) {
for( int i = @; i < a.length; i++ ) { for(_int i = @; i < a.length; i++ ) {
int smallestIndex = i; int smallestIndex = i;
for( dnt § = 1+1; § < a.length; j++ ) { find the smallest value in the
if( aljl.compareTo(alsmallestIndex]) < @ ) { | unsorted part (i+1... end)
smallestIndex = j;

for( int i = i+l: i < a.length: j++ )
if([alj].compareTo(alsmallestIndex
Smattestindex—=—7

{
1) <o) { isa[j] < a[smallestindex]

b +
Comparable temp = alil; Comparable temp = alil;
a[i] = a[smallestIndex]; alil = alsmallestIndex];
alsmallestIndex] = temp; alsmallestIndex] = temp;
} }
b

61 62

Which algorithm is this¢ A better way
[ [

We can constrain the type variable to only allow for classes that implement Comparable<E>.

public static void sort(Comparablel] a) { public static |<E extends Comparable<E>>| void sortBetter(E[] a) {
for( int i 7 1 < a.length; 1i++ ) {

for( int i = 0; i < a.length; i++ ) { 3 H
int smallestIndex = i; int smallestIndex

for( int j = i+1; j < a.length; j++ ) {
if( aljl.compareTo(a[smallestIndex]) < @ ) {
smallestIndex = j;

for( int j = i+1; j < a.length; j++ ) {
if( aljl.compareTo(alsmallestIndex]) < @ ) {
smallestIndex = j;

)

! )

Comparable temp = a[il; swap i and the smallest value .

ali] = al[smallestIndex]; E temp = alil;

a[smallestIndex] = temp; alil = alsmallestIndex];
" 3 alsmallestIndex] = temp;

}
}

63 64
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