CSCI 241

Lecture 6
Quicksort
Stability, In-Place Sorts



Announcements

e A1 due In one week.

* Quiz 1 scores will be increased 1 pt due to vague
wording in question 1(a).

* Happenings around the department:

e Monday, 10/8 — CSCI Resume Workshop presented by Filip
Jagodzinski! — 5 pm in CF 110

e Tuesday, 10/9 — ACM Ice Cream Social — 5 pmin CF 316

 Tuesday, 10/9 — First Whiteboard Coders Meeting — 5 pm in CF 420

e Wednesday, 10/10 — The Game of Cybersecurity, presented by Shay
Colson— 5 pm in CF 125

e Wednesday and Thursday, 10/10 & 10/11 — Google is on Campus! Check
their agenda here!



https://na01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fcse.wwu.edu%2Fcomputer-science%2Fevent%2Fcsci-resume-workshop&data=02%7C01%7C%7C5a86119ace7846b8301b08d62b0c7582%7Cdc46140ce26f43efb0ae00f257f478ff%7C0%7C0%7C636743729881574574&sdata=kCjKwnYrpY0qVuEtLOyw7mE%2Bsaz2I%2FA3NI%2FSPw6E5hs%3D&reserved=0
https://na01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fcse.wwu.edu%2Fcomputer-science%2Fevent%2Fcsci-resume-workshop&data=02%7C01%7C%7C5a86119ace7846b8301b08d62b0c7582%7Cdc46140ce26f43efb0ae00f257f478ff%7C0%7C0%7C636743729881574574&sdata=kCjKwnYrpY0qVuEtLOyw7mE%2Bsaz2I%2FA3NI%2FSPw6E5hs%3D&reserved=0
https://na01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fcse.wwu.edu%2Fevent%2Facm-ice-cream-social&data=02%7C01%7C%7C5a86119ace7846b8301b08d62b0c7582%7Cdc46140ce26f43efb0ae00f257f478ff%7C0%7C0%7C636743729881584571&sdata=zXQzdY6SjCuTAZK4Keq1QW5HKReOiWAiAnn3mNv8IcE%3D&reserved=0
https://na01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fcse.wwu.edu%2Fcomputer-science%2Fevent%2Fwhiteboard-coders-meeting&data=02%7C01%7C%7C5a86119ace7846b8301b08d62b0c7582%7Cdc46140ce26f43efb0ae00f257f478ff%7C0%7C0%7C636743729881594585&sdata=9LFqupD%2BA28t8ep2hdl1cAUqJZ7KE0L%2Bfv9Bwl8FWgY%3D&reserved=0
https://na01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fcse.wwu.edu%2Fcomputer-science%2Fevent%2Fcybersecurity-lecture-series-game-cybersecurity&data=02%7C01%7C%7C5a86119ace7846b8301b08d62b0c7582%7Cdc46140ce26f43efb0ae00f257f478ff%7C0%7C0%7C636743729881604599&sdata=wOUZnCcE%2FoFc6Atsm1nStL1cLxBsym1Kl3p6wb4TaRQ%3D&reserved=0
https://na01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fcse.wwu.edu%2Fcomputer-science%2Fevent%2Fcybersecurity-lecture-series-game-cybersecurity&data=02%7C01%7C%7C5a86119ace7846b8301b08d62b0c7582%7Cdc46140ce26f43efb0ae00f257f478ff%7C0%7C0%7C636743729881604599&sdata=wOUZnCcE%2FoFc6Atsm1nStL1cLxBsym1Kl3p6wb4TaRQ%3D&reserved=0
https://na01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fcse.wwu.edu%2Fcomputer-science%2Fevent%2Fgoogle-campus&data=02%7C01%7C%7C5a86119ace7846b8301b08d62b0c7582%7Cdc46140ce26f43efb0ae00f257f478ff%7C0%7C0%7C636743729881614607&sdata=SrWhftcHK6Dw7gWZuxvuKMLFbMAK9N%2FQ8R7zYQKop%2FE%3D&reserved=0
https://na01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fcse.wwu.edu%2Fcomputer-science%2Fevent%2Fgoogle-campus&data=02%7C01%7C%7C5a86119ace7846b8301b08d62b0c7582%7Cdc46140ce26f43efb0ae00f257f478ff%7C0%7C0%7C636743729881614607&sdata=SrWhftcHK6Dw7gWZuxvuKMLFbMAK9N%2FQ8R7zYQKop%2FE%3D&reserved=0

Goals:

 Thoroughly understand the mechanism of
mergesort and quicksort.

e Be prepared to implement merge and
partition helper methods.

e Know how to determine whether a sort is
In-place and stable.



/** sort A[start..end] using mergesort */
mergeSort (A, start, end): mid
if (end-start < 2):
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Quicksort Mergesort

Divide

Conquer (left)

Conquer (right)

(done!) Combine




Quicksort

/** guicksort A[st..end]*/
quickSort (A, st, end):
if (small):
return

Unsorted:

Smaller things left

bigger things right «<——mid = partition(A,st,end)

Sort left things: «—quickSort(A,st,mid)

Sort right things:

«—quickSort(A,mid, end)




Quicksort

/** quicksort A[st..end]*/

: _ quickSort (A, st, end):
Key Issues: if (small):

return

1. Implementing partition

mid = partition(A,st,end)
quickSort (A,st,mid)

quickSort(A,mid, end)



/** rearrange A so all negative values are to
* the left of all non-negative values */
public void separateSign(int[] A) {
h t

Precondition: 2 ?

Invariant: 2| <0 ? =0

t h
Postcondition: 2 <0 =0




partition A around the pivot A[pivIndex].
return the pivot's new index.
precondition: start <= pivIndex < end
postcondition: A[start..i] <= A[1] <= A[i+l..end]
where i is the return value */
public int partition(int[] A, int start, int end, int pivIndex) {

Pre: Alp ?

Four concerns:

1. Initialization

Inv: 2| <= p |p 2 >= p 2. Termination
3. Progress
4. Maintenance
i3

Post: 2 <= p P >= p




Quicksort

/** quicksort A[st..end]*/

: _ quickSort (A, st, end):
Key Issues: if (small):

return

1. Implementing partition

mid = partition(A,st,end)

2. Runtime?
A <=p P >= p
quickSort(A,st,mid)

quickSort(A,mid, end)



Quicksort

/** quicksort A[st..end]*/

: _ quickSort (A, st, end):
Key Issues: if (small):

return

1. Implementing partition

mid = partition(A,st,end)

2. Runtime?

quickSort(A,st,mid)

quickSort(A,mid, end)



Quicksort

/** quicksort A[st..end]*/

: _ quickSort (A, st, end):
Key Issues: if (small):

return

O(1)
1. Implementing partition

mid = partition(A,st,end)

2. Runtime? O(hmm)

quickSort(A,st,mid)
O(huh?)

quickSort(A,mid, end)
O(huh?)



Quicksort

/** quicksort A[st..end]*/

: _ quickSort (A, st, end):
Key Issues: if (small):

return

O(1)
1. Implementing partition

mid = partition(A,st,end)

2. Runtime? O(hmm)

A <=p P >= P

quickSort(A,st,mid)
O(huh?)

quickSort(A,mid, end)
O(huh?)



Quicksort

/** quicksort A[st..end]*/

: _ quickSort (A, st, end):
Key Issues: if (small):

return

1. Implementing partition

mid = partition(A,st,end)

2. Runtime?

3.Picking the pivot

quickSort(A,st,mid)
* First, middle, or last

* Median of first, middle, or last
quickSort(A,mid, end)



https://upload.wikimedia.org/wikipedia/commons/6/6a/
Sorting quicksort anim.qgif



https://upload.wikimedia.org/wikipedia/commons/6/6a/Sorting_quicksort_anim.gif
https://upload.wikimedia.org/wikipedia/commons/6/6a/Sorting_quicksort_anim.gif

In-Place

 Time complexity: how many operations?

e Space complexity: how much (extra) memory?

e Usually don’t count the size of the input, because we have no
choice but to store it.



In-Place

 Time complexity: how many operations?

e Space complexity: how much (extra) memory?

e Usually don’t count the size of the input, because we have no
choice but to store it.

ABCD: insertionSort(A):
How much extra space vlqhzl?i B
does insertion sort use? P - Lengtis
A 0(1) while j > (0 and A[j] > A[j—l]:
log 1) swap(A[J], A[J-1])

Of
O(n) j--
O(

n2) i++



In-Place

A sort is considered in-place if it requires O(1)
storage space in addition to the input.

ABCD: insertionSort(A):
How much extra space vlqhzlf:’i B
does insertion sort use? R - Hengths
A O() while j > 0 and A[]] > A[j—l]:
log 1) swap(A[J], A[J-1])

O
o(n) .
O

n) i++



Stability

Objects can be sorted on keys - different objects
may have the same value.

e e.g., sorting on first name only.

A stable sort maintains the order of distinct
elements with the same key.



Stability

A stable sort maintains the order of elements with
the same value.

[6 2 6" 2° 3 4]

Stably sorted: [ 2* 2+ 3 4 6* 6+]

Unstably sorted: [ 2+ 2* 3 4 6* 6+]



Stability

A stable sort maintains the order of elements with
the same value.

In groups: determine stability of insertionSort and selectionSort

[6 2 6" 2° 3 4]



Stability

A stable sort maintains the order of elements with
the same value.

Homework: Sort this list using insertion and selection sort. For
each sort, write the state of the list after each iteration of the
outer loop. For each sort, write whether it is stable or not.

[6 2 6 2" 3 4]
insertionSort(A):
1 = 0; .
while i < A.length: 1~ 07.
// push A[i] to while i1 < A.length:
// its sorted position // find min of A[i..A.length]
// in A[O0..i] // swap it with A[i]

// increment i

selectionSort(A):

// increment 1



