WORKSHEET

@ A5.5 Merge sort BugBotLab

Algorithms and complexity - A level - OCR H446 2.3.1, AQA 7517 4.3.5.2,
Edugas A500QS 1.3 - about 25 min

Name Class Date

What this lesson is about
Divide and conquer, a recursive merge sort, why it is O(n log n) in every case, and its O(n) memory cost.

¢ Divide and conquer ¢ In pseudocode
e Atrace ¢ Why it is O(n log n)

e The cost: memory

QUESﬁOhS 5 marks in all
1. What is the worst-case time complexity of merge sort? [1 mark]
1A O(nlogn)
1B 0O(n?
[1C O(n)
1D Of(logn)
2. Why is merge sort O(n log n) even on a list that is already sorted? [1 mark]
[ 1A It still splits down to single items and merges every level back up
1B It checks whether the list is sorted first
[1C Sorted lists need no comparisons when merging
[ 1D Itisnot: on asorted list it is O(n)
3. What is the main disadvantage of merge sort compared with bubble sort? [1 mark]

1A It needs O(n) extra memory for the merged lists
[1B Itisslower on large lists
[1C Itisnotstable

1D It only works on numbers



4. What does this print? It merges two sorted lists and counts the comparisons.

left = [3, 8, 20]
right = [5, 6, 30]
result, i, j, count = [], ©, @, ©
while i < len(left) and j < len(right):
count = count + 1
if left[i] <= right[j]:
result.append(left[i])

i=1i+1

else:
result.append(right[j])
j=3j+1

result = result + left[i:] + right[j:]
print(result, count)

[1 mark]

5. Merge sort splits a list of 32 items in half repeatedly until every piece has one item. How many levels of [1 mark]

splitting are there?

The task: merge sort the readings



Write merge_sort(items) recursively (it must call itself; do not use sort or sorted). It takes a list of
numbers and returns a tuple (sorted_list, comparisons) :a new list in ascending order, and the number
of times two items were compared while merging. Compare with <= so the sort is stable; copying the
leftovers at the end of a merge is not a comparison. Print exactly three lines: - sorted: followed by the
readings in ascending order - readings: <n> comparisons, for sorting readings - ordered: <n>
comparisons, for sorting ordered, which is already in order

# the two lines every program starts with: the commands, then the robot
from bugbot import *
connect()

readings = [57, 16, 34, 26, 51, 15, 31, 35, 26, 34, 16, 31, 48, 22, 40, 9]
ordered = list(range(1, 17))

def merge_sort(items):
return items, ©

Plan your program here, then type it in and press Run.

Do it on the robot
www.bugbotlab.com/learn/a5-5-merge-sort/

The simulator checks it and tells you when it passes. Nothing to install, no account.

Challenges

1. What is the largest number of comparisons merge sort can make on 16 items? Build a list that needs exactly
that many.
2. Write merge sort without recursion: merge pieces of size 1 into 2, then 2 into 4, and so on.

3. Sort alist of (name, time) records by time with your merge sort. Check that two runs with equal times
stay in their original order.

BugBotLab - free Python lessons that drive a robot - www.bugbotlab.com/learn/a5-5-merge-sort/ - You may copy this for your class.



