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Comic Relief * (and reminder)

אני מזמין אתכם לשלוח לי הצעות לתמונות שיופיעו על שקפים אלו לאורך הסמסטר* 

https://youtu.be/BqVqJgsLFqo

שי ומאיה, תודה לדנה

https://youtu.be/BqVqJgsLFqo


Reminder (the search problem)

Search complexity in a list of size 𝑛:
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Number of iterations best case worst case

Sequential search 1 𝑛

Binary search
(list must be sorted)

1 log2 𝑛 + 1



Sorting



The Sorting Problem

 The computational problem:

 Input: a sequence of elements

 Output: a sequence with the same elements, ordered by “size”

 Possible algorithms?
We will see at least 3 in this course, one today

These algorithms employ different strategies, which naturally have 
consequences in terms of efficiency, as we will see
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def selection_sort(lst):

''' Sort lst (in-place) '''

n = len(lst)

for i in range(n):

min_indx = i #index of minimum

for j in range(i+1,n):

if lst[min_indx] > lst[j]:

min_indx = j

swap(lst, i, min_indx)

return None #no need to return lst??

Selection-Sort
• The algorithm in pseudo-code:

Selection-Sort (input: lst of size n)
1. for i=0 to n-1:

1.1 find minimum of lst[i … n-1]
1.2 swap it with lst[i]

2. end

• Implementation in Python code:

def swap(lst, i, j):

''' in place swap '''

tmp = lst[i]

lst[i] = lst[j]

lst[j] = tmp
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Source:
https://www.toptal.com/developers/sorting-algorithms

• Animation

https://www.toptal.com/developers/sorting-algorithms


Selection-Sort: Efficiency
• We will analyze in class the total number of iterations

as a function of the input list size, 𝑛. 

• Then we will measure actual running time and see if it 
fits the formal analysis.

• So, how many iterations are needed, as a function of 
the input size 𝑛?

• Does the result depend on the content of the list, or on 
its length only (in other words, is there a best and 
worst case here?)

Answers: in class and on board
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Selection-Sort: Actual Running Time

• Output:

n= 1000    0.06043896640494811

n= 2000    0.27381915858021066

n= 4000    1.0055912134084082

• How does running time seem to change with input size?

import time

import random

for n in [1000,2000,4000]:

lst = list(range(n))  # [0,1,2,…,n-1]

random.shuffle(lst)   # balagan

t0 = time.perf_counter()  # go!

selection_sort(lst)

t1= time.perf_counter()   # stop.

print("n=", n, t1-t0)
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Selection Sort - Efficiency

𝒏𝟐

 Logarithmic: input × 2  time + constant

 Linear: input × 2  time × 2 (approximately)

 Quadratic: input × 2  time × 22 (approximately)9

𝒏 𝒏 − 𝟏

𝟐

𝒏

𝐥𝐨𝐠 𝒏
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Comic Relief *

אני מזמין אתכם לשלוח לי הצעות לתמונות שיופיעו על שקפים אלו לאורך הסמסטר* 

https://www.youtube.com/user/AlgoRythmics/videos
(Select-sort with Gypsy folk dance)

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


Merging Sorted Lists

 The computational problem:
 Input: two sorted sequences of elements

 Output: one sorted sequence containing all elements from both 
sequences 

 Possible algorithms?
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Possible Algorithms?

 Naïve solution: simply concatenate both lists and sort them all

 However, this solution does not take advantage of the input lists being 
sorted already.

 More efficient: 
 3 “running” indices, for input lists (A, B) and the output (C).

 At each iteration, select the minimal element from A or B and copy it to C.

What happens when one of the lists is completed?

def merge_naive(A,B):

""" merging two lists """    

C = A+B

selection_sort(C)

return C
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Example

A

B

C

2523201512752

22211661
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A

B

C

2523201512752

22211661

1
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A

B

C

2523201512752

22211661

21
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A

B

C

2523201512752

22211661

521
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A

B

C

2523201512752

22211661

6521
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A

B

C

2523201512752

22211661

76521
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A

B

C

2523201512752

22211661

1276521
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A

B

C

2523201512752

22211661

151276521
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A

B

C

2523201512752

22211661

16151276521
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A

B

C

2523201512752

22211661

2016151276521
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A

B

C

2523201512752

22211661

212016151276521
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A

B

C

2523201512752

22211661

22212016151276521
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A

B

C

2523201512752

22211661

2322212016151276521
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A

B

C

2523201512752

22211661

252322212016151276521
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def merge(A, B):

''' Merge sorted lists A, B '''

n = len(A)

m = len(B)

C = 

a = b = c = 0

while a<n  and b<m: # more element in both A and B

if A[a] < B[b]:

C[c] = 

a+=1

else:

C[c] = B[b]

c+=1

if :# A was completed

while :

C[c] = B[b]

b+=1

c+=1

else: # B was completed

:

return

Code

[None for i in range(n+m)]

A[a]

b+=1

a==n

b<m

while a<n:

C[c] = A[a]

a+=1

c+=1

C

Alternatively, use slicing to append remaining elements:
C[c:] = A[a:] + B[b:]

Note: at this stage exactly one of the lists A or B is non-empty
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Merge - Analysis
 Again, we will look at the number of iterations.

 So, how many iterations are needed, as a function of the input size?
 Denote: |A|=𝑛, |B|=𝑚

 Does the answer depend on the content of the lists, or on their length only?

 Compare to merge_naive we saw earlier
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Merge – Actual Running Times

merge_naive

n= 1000 0.23752907143226304

n= 2000 1.019045996069333

n= 4000 3.790595452774026

merge

n= 1000 0.0009043048767365391

n= 2000 0.0017817907024495483

n= 4000 0.0037136004715678794

for merge_func in [merge_naive, merge]:

print(merge_func.__name__)

for n in [1000,2000,4000]:

lst1 = [random.choice(range(10000)) for i in range(n)]

lst1 = sorted(lst1)

lst2 = [random.choice(range(10000)) for i in range(n)]

lst2 = sorted(lst2)

t0 = time.perf_counter()   #Stopper go!

merge_func(lst1,lst2)

t1 = time.perf_counter()   #Stopper end

print("n=", n, t1-t0)

Consistent with the theoretical analysis:

- merge_naive is quadratic

- merge is linear

Note: we chose 𝑛 = 𝑚 for simplicity.
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Comic Relief *

אני מזמין אתכם לשלוח לי הצעות לתמונות שיופיעו על שקפים אלו לאורך הסמסטר* 


