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Why study sorting

« Sorting (and common)
. strengths and w algorithms for
sorting
« Many p L will help you
solve ather problems
highly optimized (we !

about asymptotic performance guarantees)
« In some (rare) cases, implementing your own sorting algorithm may be
beneficial

Bubble sort

« We start with an ‘educational” sorting algorithm
. to
g o

in practice.

 The idea s simple:

Bubble sort

demonstration
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Bubble sort Insertion sort
+ Worstcase: O(n? suapped = True Insertion sort i one of the simpler sortng algorith
e e I, + Insertion sortis o of the simpler sortng algorithms
O(r?) comparisons, O(n) swap = e ey A
+ Average case: O . on dvanced algorithms, Ik
Ofn?) comparisons, Ofn?) swaps « o than T
Sl merge sort or quicksort (we will tudy those lter)
oleer + The general idea simple:
O(n) comparisons, O(1) swaps =0 2 -
+ Space complexity: O/(1) = insert the clement to the corrct poston
+ There are more concerns than performance ents g tha te e o the right
. + Notpractical - it s o used plac the ew lement i i correc plce
 Bubble sort i nplace in practice
+ The repetitive algorithm pattern is common
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Insertion sort Insertion sort

+ Worst case: O(n?) for i in range(1, len(seq))
for 1 i s, 2enaen o[ulymmpamns,oml: swaps. cur = seals] *
s e + e o O
; O ompanione () saps
bty pen < Bee O
o 1 i O cumparons 011 saps i
;aaua e < « Seccompionty, o) S
than the bubble sort (and also
selection sort)
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Insertion sort Merge sort
summary Introduction

« Insertion sort i simple « Merge sortis a divide-

d-conquer algorithm for sorting
OUEE e T ) « Itis relatively easy to understand (once you get your head around recursion)

gorithms lik « Ithas good asymptotic performance

Coe X DR )  There are many practca cases where merge sort s used
 Itisiplace - e s didesni <o
« Iis ontie: it can sort ems as they arrve e e
« s stabls 1t coes ot swap elements with equal keys . SEr thesubsequences

- e thesored s
« s adaptoesfaste € orer of lements s close o the sorted sequence

Merge sort Merge sort

demansrston - divide

demonstation - combine

30 + Keep two indices on both sequences,
+ len(s! P T "
;”:; (f’” L starting from the beginning : )
1y o deaan) or \ « Pick the smallest, place it in the e
< len(a1) and s105) < s2031:  target sequence
CIEsER o cEy « The algorithm requires O(n) steps S merges, a2
PR 1o comple
s3] = s203]
B Ofnlogn)
Mer, Merge sort: summary
the mplementation
+ Straightforward application of divide-and-conquer
ot songe st o) . o) complesty s v o
Qo) + Once we have mexge (), the restis trivial N in-place: requires
itn <l e s « s artclry ol for etigs i low random acess memory o
e - Recursively sort both sides sequential

= Stop when the input i length 1

morgo(st, 52, 5)

« Merge sortis e

« Ttis a well studicd algorithm, there are many variants (in-place,
non-recursive)

A short divergence ® complexity A short divergence to complexity
the difeence beten O(n) and n og the diference et O(n) and g
n nlon n B
2 2 4 el
8 2 & : v
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Quicksort Quicksort
intoducton demonsiaton - diide
+ Quick
pop: a 3 (5 3 ) A 2 G Ateach divide step
is that big the p: s + Picka pivot

done before spliting
ts

o2

merge sort on average
+ General dea: pick a pivot p, and divide the sequence into three parts as

G larger than the pivot p
+ sort Land G recursively
+ combination s simple concatenation

« Recursively call quicksort twice
L for items less than the pivot
G for tems greater than the pivot

+ O(n) operations

Quicksort

Ateach combine step:
+ Simply concatente.
L

Quicksort

Python threelner implementation

aef qsort(seq)
it len(seg) <- 1: rotumm saq
ez qsnzt([x for x o seq it x <

sl sy
if x == seql-1)\ # —p
" qsore( for & i sea it x5 sedldD ¥ b

P
E items equal to p
G the sorid temegreater than p

« Noneed for O(n) merging

« Practical implementations are not very different
+ Common m\pm\'emzms include
~ in-plac
 slteimg the pvot more careflly

Quicksort Quicksort
analyss average-case complexity and presening the worst case
ABCDEF
* Similr o the merge ot qicksort perorms O(n) + Worst case of the quicksort is when the input sequence is sorted
operations at each level in recursior ABCDE « If the input sequence is (approximately) random, the expected number of
+ The overall complexity is pmpumuml tonxt clements in each divide is n/2
where U depth of the & ABCD + To reduce the probabilty of worst case, randomized quicksort picks the pivot
« The recursion tree of merge sort i balanced, so depth randomly.
islogn. ABC the medin of th pivo, but
+ For quicksort,we do not have a balanced-tree A\ " finding medin sheady requires O{n ) (o (), bt ot sery practcal)
guarantee AB + A common approach s picking three values (typically first, middle and last)
+ In the worst case, the depth of the tree can be n, A from the sequence, and selecting the ‘median of thre as the pivot
resulting in O(n?) complexity K

Quicksort

+ Complexity: O(n log ) average, O(n?) worst
« Despite its worst-case O{n) complexiy, quicksort is fastr than merge sort on
average (in practice)

. Pl #l ol
common)

« Quicksort is not stable

+ Quicksortis one of the most-studied algorithms: there are many variants, its
properties are well known

Sorting algorithms so far, and the lower bound

Algorithm _ worst_average_best_memory _in-place _stable
e n T ves  yes
non? n 1 yes  yes
nlogn nlogn nlogn n o yes

nlogn  nlogn logn  yes  no
+ Can we dobetter than O{nlogn)?
the answer

turns out to be o’
« Lower bound of worst-case sorting is Q(nlogn)
+ In some special cases, linear-time complexity is possible

Bucket sor

introduction

« Bucket sort puts elements of the input into a pre-defined number of ordered
buckets’

« Elements i each bucket s sorted (typically using insertion sort)

« We can than retrieve the sorted elements by visiting each bucket

s to each other

bucket to place them in
« In special cases, this results in O[n) worst-case complexity

Bucket sort

demonstration

+ While placing the elements into the buckets, no
omparisons between the keys

« Inside the buckets worst-case O(n?] (insertion sort)

+ What if we had as many buckets as the keys?

2 Otn)sonimgame

Radix sort

« Ina large number of cases, we want to sort objects with multiple keys
« In such cases, we define the order of key pairs as
(ki 1) < (K2, L2) iy < Ky, orky = Ky and Ly < 1
« This definition can be generalized to key tuples of any length
« This ordering is known as lexicographic or dictionary order

. he name =
for this purpose

Summary
* Sorting s anmportant and welltudisd omputationl poblns
5 inp optimized,
R ‘multiple basic algorithms
« Naive sorting algorithms run in O(n?) time
+ Lower bound on time is Q(nlogn), a

algorithms achieve this
+ Reading: Goodrich, Tamassia, and Goldwasser (2013, chapter 12)
+ And a fun way to see sorting in action:
https://uus. youtube. con/user/AlgoRythaics
Next:
« Trees

+ Reading: Goodrich, Tamassia, and Goldwasser (2013, chapter )



https://www.youtube.com/user/AlgoRythmics
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