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Session 1 Algorithms Ill: Sorting
11.00-11.30 Tea/Coffee

Session 2 Testing and evaluation
13.00-14.00 Lunch

Session 3 Digital portfolios and CWA video




Key Messages for NW6

There are many ways to use
the LCCS specification.
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ALTs provide an opportunity to
teach theoretical aspects
of LCCS.

Critical reflection will be a central
component of the student
experience and the LCCS teacher's
PD journey.

Digital technologies can be used to
enhance collaboration, learning and
reflection.
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Session 1

Algorithms Il - Sorting



Overview of the Session

Introduction to algorithms (revisited)

Movement Break

Sorting algorithms: Selection Sort, Insertion Sort and Bubble Sort

Movement Break

Quicksort



By the end of this session participants will have:

reflected on the definition and characteristics of algorithms, as well as the ubiquitous
nature of algorithms in today’s society.

developed their conceptual understanding of a variety of sorting algorithms.

participated in activities to facilitate the effective learning of algorithms in their own
classrooms.
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Introduction to Algorithms (revisited)



Algorithms and the Specification PDSTO

||||||||||||||||||||||||||||||||||||

“Computer science is the study of computers and algorithmic processes.
Leaving Certificate Computer Science includes how programming and
computational thinking can be applied to the solution of problems, and how
computing technology impacts the world around us. *

NCCA Curriculum specification, Page 1

Strand 1: Practices Strand 2: Core Strand 3: Computer science
and principles concepts in practice

NCCA Curriculum specification, Page 11



LCCS Learning Outcomes

ence

2.5 use pseudo code to outline the functionality of an algorithm o s

Curriculum Specification

2.6 construct algorithms using appropriate sequences, selections/conditionals,
loops and operators to solve a range of problems, to fulfil a specific requirement

2.7 implement algorithms using a programming language to solve a range of s2: Algorithms
p ro b | ems Programming concepts

Sorting: Simple sort, Insert sort,

2.8 apply basic search and sorting algorithms and describe the limitations and e

advantages of each algorithm
Search: Linear search, Binary
2.9 assemble existing algorithms or create new ones that use functions (including | ="

recursive), procedures, and modules

Algorithmic complexity

2.10 explain the common measures of algorithmic efficiency using any algorithms
studied

See also learning outcomes 1.6, 1.7 1.14, 1.22, 2.3, 3.4 and 3.7 ... plus others



Activity: Features of algorithms

“What features of an algorithm
are demonstrated in the video?”

In what other contexts do you think
the Gale-Shapley algorithm could be
used?
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http://www.youtube.com/watch?v=kiFfp-HAu64&t=1424

Reflection: Features of algorithms

Mentimeter

What features of an algorithm are demonstrated in
the video?

Go to menti.com and enter the code:
7317 4422

OR

Scan the QR code on the right.




What is an algorithm?

“An algorithm is a set of rules for getting a specific output from a specific input.
Each step must be so precisely defined that it can be translated into computer

language and executed by machine”

Source: Knuth, D The Art of Computer Programming (Vol. 1, Fundamental Algorithms, 3rd ed.)

According to Knuth, an algorithm has five important features:

An algorithm must always terminate after a finite number of steps.

Donald Knuth

Definiteness Each step must be precisely defined.

An algorithm has zero or more inputs.

An algorithm has one or more outputs, which have a specified relation to the inputs.

All operations to be performed must be sufficiently basic that they can in principle be

Eifectiveness done exactly and in finite length of time by someone using pencil and paper.




What is an algorithm? PDSTO

A step-by-step procedure for solving a problem or accomplishing some end especially by a computer

Merriam-Webster

A sequence of instructions
A way of capturing intelligence and sharing it with others

Provide general solutions to problems

Some problems are so hard that they cannot be solved by algorithms
(Computability)

Can be expressed in a variety of different ways
Common elements include input, processing, output

Close relationship between algorithms and data structures
Essential features are correctness and effectiveness

SSNSNS R S

Rule-based algorithms vs. Machine learning algorithms (Al)
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@ 2 minute movement break
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Sorting algorithms: Selection Sort, Insertion
Sort and Bubble Sort



Sorting and LCCS

2.8 apply basic search and sorting algorithms and
describe the limitations and advantages of each algorithm

S2: Algorithms

Programming concepts

Sorting: Simple sort, Insert sort,

Bubble sort, Quicksort

Search: Linear search, Binary
search

Algorithmic complexity




Sorting algorithms

An algorithm that maps the following input/output pair is
called a sorting algorithm:

Input: A list (or array), L, that contains n orderable elements: L[0,1, ... ,n— 1].

Output: A sorted permutation of L, called S, such that S[0] < S[1] < --- < S[n—1].

Simple

(selection) LS Bubble

Sort Sort Sort




Simple Sort Demonstration

Input

Required Output:
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Simple Sort Demonstration

41

95

13

59

69

50

72
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https://www.101computing.net/card-sort/

[JSearch the value 69 using a linear search.

[JSearch the value 95 using a binary search.
(Make sure to sort the list first!)

[JSort this list using an insertion sort.
[(JSort this list using a bubble sort.
[JSort this list using a merge sort.

[JSort this list using a quick sort.

New Cards

Align Cards

Computing
.net




Group Activity/Breakout oy
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Group Activity / Breakout

Selection

Instructions : Sort

1. Individuals read the algorithm provided and develop their own understanding
(5 mins)

2. Each group then discusses and agrees a common understanding of their Insertion
assigned algorithm (5 mins) Sort

3. Groups prepare a demonstration/explanation which they will use to teach
others after the breakout (5 mins)

(https://www.101computing.net/card-sort/) Bubble
https://deck.of.cards/ Sort



https://www.101computing.net/card-sort/
https://deck.of.cards/
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Group Activity/Breakout

Groups 1,4,7 |Selection Sort Pages 20-24

Groups 3,6,9 |Bubble Sort Pages 32-39

Appoint a chair, a timekeeper, a notetaker and a spokesperson




Feedback




Sorting ... key skills

L N N N N N N

Lists

For loops

Find min/makx (if statements/comparison operators)
Swap operation (assignment)

Functions

sorted (built in function) vs sort (list method)



T h e Swa p O p e ra t i 0 n Mo tortescrs | Ghaiidt do Whiinteont
Let’s say we wanted to exchange L[2]

>
Q.
-
g |
=
e

0 1 Z 3 t

L = [18, 27, 15, 13, 22]

temp
temp = L[2] 1p
L[2] = L[1] L 18 | 27 | 27 | 13 | 22 15
L[1] = temp I 15

L[2], L[1] = L[1l], L[2] L
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@ 2 minute movement break
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Quicksort



Quicksort
An algorithm that maps the following input/output pair is called a sorting 4|3151211
algorithm:
Input: A list or array, A, that contains n orderable elements: A[0,1, ... ,n—1]. IGO0
Output: A sorted permutation of A, called B, such that B[0] < B[1] < - < B[n — 1]. 1|2[3]4]5
Dadd

A general sorting algorithm devised by Tony Hoare in the late 1950s.




Quicksort: the basic idea

DIVIDE
1. Pick some number p from the list — called the pivot

2. Partition all the data into:

A. The values less than the pivot (call this the left list)
B. The pivot (call this the middle list)
C. The values greater than the pivot (call this the right list)

CONQUER
3. Quicksort the left list (A)
4. Quicksort the right list (B)

5. The answer is left list + middle list + right list




Partitioning

. Initial
Unsorted List Pivot

/

Left sub-list

ol | P Right sub-list

Pivot

STEP 1. Choose the rightmost element in the list as the pivot

STEP 2. Create three empty lists called 1eft 1list,middle 1ist and right list

STEP 3. for each key (item) in the list

- ifkeyis<pivotadditto left list

- ifkeyis==pivot addittomiddle list

- ifkeyis>pivotadditto right list



def gquick sort(L):

left list = []

middle list = []

right_list [] What features of recursion
é\ can you can see in this code?

# Base case
if len(L) <=1:
return (L)

# Set pivot to the last element in the list
pivot = L[len(L)-1]

# Iterate through all elements (keys) in L
for key in L:
if key < pivot:
left list.append(key)
elif key == pivot:
middle list.append(key)
else:
right list.append(key)

# Repeat the quicksort on the sub-lists and combine the results
return quick sort(left list) + middle list + quick sort(right 1list)



Example 88 46 25 11 18 12 22 | <@ 22isthe pivot
pivot = L[len(L)-1]




INPUT (unsorted list) 88 46 25 11 18 12 22

./ T~

llllll

11 18 12 £ 22 - 88 46 25

------

1eft_1ist middle list right_list



INPUT (unsorted list) 88 46 25 11 18 12 22

/ T~

llllll

11 18 12 VIR 88 46 25

------

Now quicksort left list



INPUT (unsorted list) 88 46 25 11 18 12 22

./ .

llllll

11 18 12 £ 22 - 88 46 25

a—

12 is the pivot



INPUT (unsorted list) 88 46 25 11 18 12 22

llllll

11 18 12 £ 22 - 88 46 25

------

llllll

11| P12 |18

------




INPUT (unsorted list) 88 46 25 11 18 12 22

/ T~

llllll

11 18 12 VIR 88 46 25

------

llllll

11 §125

------

Now quicksort left list



INPUT (unsorted list) 88 46 25 11 18 12 22

llllll

11 18 12 VIR 88 46

25

------

llllll

------

Now quicksort left list

Base case: len (L) <= 1 soreturnll




INPUT (unsorted list) 88 46 25 11 18 12 22

llllll

11 18 12 £ 22 - 88 46 25

------

llllll

------

Now quicksort right list



INPUT (unsorted list) 18 12 22
\
11 88 46 25
11
|
11

------

Now quicksort right list

Base case: len (L) <= 1 soreturn 18




INPUT (unsorted list) 88 46 25 11 18 12 22

llllll

VIR 88 46 25

------

Resultis left + middle + right soreturn1l 12 18



INPUT (unsorted list)

4« =&

18

12 22

llllllllllllllll

llllllllllllllll

88 46

25




INPUT (unsorted list)

4« =&

18

12 22

llllllllllllllll

llllllllllllllll

88 46 25

Now quicksort right list



INPUT (unsorted list) 18 12 22
\
11 88 46 25
\
11 25 is the pivot
|

4« =&

llllllllllllllll

llllllllllllllll

Now quicksort right list



INPUT (unsorted list)

4 n

18

12 22

llllllllllllllll

llllllllllllllll

- 25 1| 88 46

------

Partition around 25



INPUT (unsorted list)

4« =&

18

12 22

llllllllllllllll

llllllllllllllll

- 25 1| 88 46

------

Now quicksort left list



INPUT (unsorted list)

4« =&

18

12 22

llllllllllllllll

llllllllllllllll

- 25 1| 88 46

------

Now quicksort left list



INPUT (unsorted list) 18 12 22
\
11 88 46 25
N
| |
\ ......
ORI

llllllllllllllll

Now quicksort left list

Base case: len (L) <= 1 soreturn|]



INPUT (unsorted list) 18 12 22
\
11 88 46 25
N
| |
Nl

llllllllllllllll

Now quicksort right list



INPUT (unsorted list) 18 12 22

------

llllllllllllllll

llllllllllllllll

Now quicksort right list

Partition around 46



INPUT (unsorted list) 18 12 22

llllllllllllllll

llllllllllllllll

Now quicksort right list
Partition around 46

Now quicksort left list



INPUT (unsorted list) 18 12 22

llllllllllllllll

------

Now quicksort right list

llllllllllllllll

Partition around 46
Now quicksort left list

Base case: len (L) <= 1 soreturn|]



INPUT (unsorted list)

4« =&

18

12 22

llllllllllllllll

llllllllllllllll

------

Now quicksort right list



INPUT (unsorted list) 18 12 22

------

llllllllllllllll

llllllllllllllll

Now quicksort right list

Base case: len (L) <= 1 soreturn 88



INPUT (unsorted list) 18 12 22

------

llllllllllllllll

llllllllllllllll

Resultis left + middle + right soreturn 46 88



18 12 22

Resultis left + middle + right soreturn 25 46 88



INPUT (unsorted list) 18 12 22

------

llllllllllllllll

llllllllllllllll

OUTPUT (sorted list)




Perform a quicksort on the following:

85

24 63 45 17 31

96

50

Ieftlist/Partition around 50 \:ight list



Sample Solution

24 45

85 24 63 45 17 50
y Partition around 50 \
17 31 63 96

left list
Partition around 31
right list
Partition around 1

24

left list

right list

left list

85

Partition around 6

right list

left list right list
Partition around 96

_

17 24 63 85
17 24 31 45 63 85
17 24 31 45 50 63 85 96

denotes empty list

LCCS Sample Paper Q15 (d)



Exercise
Investigate why this scenario leads to the worst case performance for the quicksort

1 2 3 24 5 6 7 8

left list / \:ight list
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