Python Programming

Lecture 15 Sorting Algorithms, Greedy
Algorithm




15.1 Sorting Algorithms




e Sorting is the process of placing elements from a collection in some kind of
order. There are many, many sorting algorithms that have been developed and
analyzed. This suggests that sorting is an important area of study in computer
science.

= Bubble Sort
Selection Sort

Insertion Sort

Merge Sort
Quick Sort



1. Bubble sort (5;8HF)

e The bubble sort makes multiple passes through a list. It compares adjacent items
and exchanges those that are out of order. Each pass through the list places the
next largest value in its proper place. In essence, each item “bubbles” up to the
location where it belongs.

o If there are n items in the list, then there are n — 1 pairs of items that need to be
compared on the first pass. It is important to note that once the largest value in
the list is part of a pair, it will continually be moved along until the pass is
complete.

e At the start of the second pass, the largest value is now in place. There are n - 1
items left to sort, meaning that there will be n - 2 pairs. Since each pass places
the next largest value in place, the total number of passes necessary will be n -
1. After completing the n — 1 passes, the smallest item must be in the correct
position with no further processing required.
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def bubble sort(a list):
for pass_num in range(len(a_list) - 1, 0, -1):
for i in range(pass_num):
if a list[i] > a_list[i+1]:
a_list[i+1], a_list[i] = a_list[i], a_list[i+1]

a_list = [54, 26, 93, 17, 77, 31, 44, 55, 20]
bubble sort(a_list)
print(a_list)



2. Selection sort ((EIFHERR)

e The selection sort improves on the bubble sort by making only one exchange for
every pass through the list.

e As with a bubble sort, after the first pass, the largest item is in the correct place.
After the second pass, the next largest is in place. This process continues and
requires n — 1 passes to sort n items, since the final item must be in place after
the (n — 1)st pass.



e Suppose you have a bunch of music on your computer. For each artist, you have a play
count.

;; —- PLAY
~ couNT
RADIOHEAD ’Eé__
Kiswope kuMAR | 141
THE BLACK KEYS 35
NEUTRAL MILK. HOTEL 94
B BECK 22

THE STROKES 61
wiLco 111




e One way is to go through the list and find the most-played artist. Add that artist to a new

list.
PLAY
- n o g;tlf S 50RTED &0 COUNT
RADIOHEAD | 156 RADIOHEAD | 156
T KISHORE KUMAR | {41 -
THE BLACK KEYS 35 é
NEUTRAL MILK HoTEL 94
BECK | 23
THE STROKES | 41
witeo | 111




e To find the artist with the highest play count, you have to check each item in the list. This

takes O(n) time, as you just saw. So you have an operation that takes O(n) time, and you
have to do that n times:

\. RADIGHEAD ). KISHORE komA
: e S
2. ksHoRe komAL 2. THE BLACK KEYs T e
3. THE BLACK KeVS 3. NeuTZAL miLk HoTEL q
4. NEUTRAL MiLk HOTEL -) 4. geck T
5. Beck 5, THE STRokKES
&. THE STRoOkES & WLeo
3. wiLco
O () Q (Y Q™
N TIMES

o This takes O(n x n) time or O(n?) time.
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1 def selection_sort(a_list):

2 for fill in range(len(a_list) - 1, 0, -1):

3 pos max = 0

4 for location in range(1, fill + 1):

5 if a_list[location] > a_list[pos_max]:

6 pos_max = location

7 a_list[pos max], a list[fill] = a list[fill], a_ list[pos_max]



3. Insertion Sort ({ilEANHEE)

Assume 54 is a sorted

% & list of 1 item

55 | 20 inserted 26

55 | 20 inserted 93

44 | 55 | 20 inserted 17

44 55 | 20 inserted 77

TEEELE] [ (2] s
TEEEE L[] e
TEEEEE ) s
i1 £ 3 63 20 2 0 O




Need o insert 31

17 § 26 § 54 § 77 § 93 } 31 | 44 | 55 | 20 back into the sorted s
17 | 26 | 54 | 77 93 | 44 | 55 | 20 93:f:h2°ﬁ;hr;'t“ it
17 | 26 | 54 77 | 93 | 44 | 55 | 20 ”:;3: :ﬁ:h$ it
17 | 26 54 | 77 | 93 | 44 | 55 | 20 “fﬂr:ﬂﬁ:“h't"“

26<31 50 insert 31
S 2 K N K £ N 1
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def insertion_sort(a list):
for index in range(1, len(a_list)):

current_value = a_list[index]

position = index

while position > © and a_list[position - 1] > current_value:
a_list[position] = a list[position - 1]
position = position - 1

a_list[position] = current_value




15.2 Sorting with Recursion




4. Merge Sort (&3HEF)

e Splitting the List in a Merge Sort
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e Merge Together
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e Splitting the List in a Merge Sort

def merge_sort(a_list):
print("Splitting ", a_list)
if len(a_list) > 1:
mid = len(a_list) // 2
left half = a_list[:mid]
right_half = a_list[mid:]

merge_sort(left_half)
merge_sort(right_half)
i=29
j =0
k =0



e Merge Together

1 #continue

2 while i < len(left_half) and j < len(right_half):
3 if left_half[i] < right_half[j]:
4 a_list[k] = left_half[i]

5 i=1+1

6 else:

7 a_list[k] = right_half[j]

8 j = j + 1

9 k = k +
10
11 while i < len(left _half):
12 a_list[k] = left half[i]
13 i=1+1
14 k =k + 1
15
16 while j < len(right_half):
17 a_list[k] = right_half[j]
18 j=9+1
19 k =k + 1

20 print("Merging ", a_list)



e In order to analyze the merge sort function, we need to consider the two distinct
processes that make up its implementation.

e The result of this analysis is that log n splits, each of which costs n for a total of n
log n operations. A merge sort is an O(nlogn) algorithm.



5. Quick Sort (RiEHEF)

e Base case

[ ] <— EMPTY ARRAY

No NEED

T SOoRkT

Hgﬂﬂ:‘s 26‘ < ARRAY WITH oNE ELEMENT
LAKE

e An array with two elements is pretty easy to sort, too.

1 '.}4\ < CHECK \¢ FIRsT
ELEMENT IS gMaLLER

THAN THE SEConD.
\F AT ISNT, SWAP THEM,




e What about an array of three elements?

33 (15 |19

o We use D&C to solve this problem. Let's pick a pivot at first, say, 33.

MBERS NUMPERS GREATCR
s o RS 37 (MPTV ARRAY)

15 16 @[J]

POt

e This is called partitioning. Now you have:
A sub-array of all the numbers less than the pivot
The pivot

A sub-array of all the numbers greater than the pivot



e If the sub-arrays are sorted, then you can combine the whole thing like this—left array +
pivot + right array—and you get a sorted array.

e Suppose you have this array of five elements.

|3]5|2]1]4

e For example, suppose you pick 3 as the pivot. You call quicksort on the sub-arrays.

C[/So\:t (F?- 1 ><3> a[/so‘:t(E < >
\/

EZ\<'1’> [as]

EEEAE




e Quicksort is unique because its speed depends on the pivot you choose.

EXAMILE BIN ARY SWMPLE
AL&OR ITHM: SeARTH SEARCH QuICkSoRT Siﬁ:::m
ARRAY S\ZE O (Leg n) L o , O L“j, n) . O .
j_Qj B.3sec 1sec 3.3sec 1¥sec
1®¢ ﬂ.é!pcc. Iw Sec 66 A“Seg 16-6hin |

10 BP 1sec 19 sec 196sec  2FFhows



o Actually, the big O of the quick sort algorithm depends on the pivot you pick.

e In the best case, the big O of quick sort is O(nlogn). However, in the worst case, the big O
of it turns to be O(n?).

o Why?



e Worst Case
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e Best Case
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e The average case is the best case, if you pick pivot randomly.



e A variant of the Insertion Sort: Shell Sort

e The sorting algorithm in Python: Timsort

e Timsort is a hybrid stable sorting algorithm, derived from merge sort and
insertion sort, designed to perform well on many kinds of real-world data.



15.3 Greedy Algorithm




Greedy Algorithm (FUGEZE)

e A simple and intuitive problem-solving strategy.

e Greedy algorithms are often described as short-sighted because they make each decision
based only on the information available at that moment, aiming for immediate benefit. (&2
LEREERIZEA "B R, BAEle—S&ERETImd NAEEMEERE, BinE
RIS 1S ERIFRIZER., )

e While greedy algorithms can sometimes serve as heuristics , they are a distinct class with
well-defined properties and correctness criteria. (BAROEAER LGSR LSRN A—TE
&I\Ai% (Heuristic) , BE(BT—EABHE NAEREHAIEIVE SiE3E5. )

e Example: Classroom Scheduling Problem



e Suppose you have a classroom and want to hold as many classes here as possible. You get a
list of classes.

CLASS START END

ART [ Q am |l0 AM

ENG | 9.30am |0.30,,

MATH | |JOAM [ 11 AMm

CS |10:.30411:30M

MUsiC i1l am| 12¢em

9 9:30 10 10:30 21 11:30 12
) ) ) ) ) ) )
ART
s T e T |
ENG
- - - —
rARTH
EEE———
cs
T
MOSIC
e o= =~ =]

e You want to hold as many classes as possible in this classroom. How do you pick what set
of classes to hold, so that you get the biggest set of classes possible?



e Here's how the greedy algorithm works

e Pick the class that ends the soonest. This is the first class you'll hold in this classroom.

e Now, you have to pick a class that starts after the first class. Again, pick the class that ends
the soonest. This is the second class you'll hold.

ART | G am 10 am

EnG |4 30am| 10:30ax

MAH 10AM 11am

¢S 10730m/11: 30,4

X A X K

mosic | 11am |12 pm
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Python Solution by Greedy Algorithm

# JFIGIREEEE, BN cHEE . (BREL, JTMERR, 25 )

courses = [("#%", 9, 10), ("¥H", 9.5, 10.5), ("{L&", 10, 11),
("AY", 10.5, 11.5),("Zig", 11, 12),("/L", 8, 9),
("HEET, 12, 13), ("BUA", 13, 14),("iEX", 12.5, 13.5)]

# 54 R 8] R

sorted_courses = sorted(courses, key=lambda x: x[2]) # x[2] J&45AINf[A]

FARIRFEA PR B IR
selected = []
earliest end = ©
for name, start, end in sorted courses:
if start >= earliest end:
selected.append((name, start, end))
earliest end = end

# B Ak A R AR
for course in selected:
print(course)
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KEN#: AREEERR
SE—EEPESN— 2, RN RBNEDREHZEN,

def greedy coin_change(coins, amount):

coins.sort(reverse=True) # MKZNEF

result = []

for coin in coins:

while amount >= coin:

amount -= coin
result.append(coin)

return result if amount == @ else None

# o~ FRAERR T R4

coins = [1, 5, 10, 25] # &4

amount = 63
print(greedy_coin_change(coins, amount))
# %it. [25, 25, 10, 1, 1, 1]

# Bl ARUETE T RS

coins = [1, 5, 10, 21, 25] # G F21E5XNIEIT
amount = 63

print(greedy_coin_change(coins, amount))

# #Wil: [25, 25, 10, 1, 1, 1] #5AEERN, HAICE21%*3



Summary

e Sorting Algorithms

e Greedy Algorithm







