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Example: Euclid's algorithm



Example: Euclid's algorithm

In [1]: def gcd(a, b):
    while b != 0:
        t = b
        b = a % b
        a = t
    return a

gcd(10, 20) # 10

Out[1]: 10



Example: Euclid's algorithm

In [1]: def gcd(a, b):
    while b != 0:
        t = b
        b = a % b
        a = t
    return a

gcd(10, 20) # 10

Out[1]: 10

In [2]: assert gcd(12, 18) == 6  # GCD of 12 and 18 is 6
assert gcd(1071, 462) == 21  # GCD of 1071 and 462 is 21
assert gcd(0, 8) == 8  # GCD of 0 and 8 is 8
assert gcd(25, 0) == 25  # GCD of 25 and 0 is 25
assert gcd(-12, 18) == 6  # GCD of -12 and 18 is 6



How do you check an algorithm is correct?

assert
True

False AssertionError



How do you check an algorithm is correct? (cont.)
In [3]: def add(a, b): # function to test

    return a + b

assert add(2, 3) == 5, "Test Case 1 Failed" 
assert add(-1, 1) == 0, "Test Case 2 Failed" 
assert add(0, 0) == 0, "Test Case 3 Failed"  
assert add(10, -5) == 5, "Test Case 4 Failed"

print("All test cases passed!")

All test cases passed!



Exercice: x power n



Exercice: x power n

In [4]: def puissance(x, n):
    if n == 0:
        return 1
    elif n % 2 == 0:
        temp = puissance(x, n // 2)
        return temp * temp
    elif n < 0:
        temp = puissance(x, -(n + 1) // 2)
        return 1 / (temp * temp * x)
    else:
        temp = puissance(x, (n - 1) // 2)
        return temp * temp * x



Exercice: x power n

In [4]: def puissance(x, n):
    if n == 0:
        return 1
    elif n % 2 == 0:
        temp = puissance(x, n // 2)
        return temp * temp
    elif n < 0:
        temp = puissance(x, -(n + 1) // 2)
        return 1 / (temp * temp * x)
    else:
        temp = puissance(x, (n - 1) // 2)
        return temp * temp * x

In [5]: assert puissance(2, 3) == 8
assert puissance(5, 0) == 1
assert puissance(3, -2) == 1/9
assert puissance(2, 10) == 1024
assert puissance(2, -3) == 1/8
assert puissance(2, 1) == 2



Exercice: The sum of the �rst n integers



Exercice: The sum of the �rst n integers

In [6]: def sum_n(n):
    return n*(n+1)/2

assert sum_n(1) == 1  # 1
assert sum_n(2) == 3  # 1 + 2
assert sum_n(3) == 6  # 1 + 2 + 3
assert sum_n(4) == 10 # 1 + 2 + 3 + 4
assert sum_n(5) == 15 # 1 + 2 + 3 + 4 + 5
assert sum_n(1000) == 500500 # ..



Exercice: Leap year
is_leap_year True

False



Exercice: Leap year (cont.)



Exercice: Leap year (cont.)
In [7]: def is_leap_year(year):

    if (year % 4 == 0 and year % 100 != 0) or (year % 400 == 0):
        return True
    else:
        return False

test_years = [2020, 2100, 2400]

for year in test_years:
    if is_leap_year(year):
        print(f"{year} is a leap year.")
    else:
        print(f"{year} is not a leap year.")

2020 is a leap year.
2100 is not a leap year.
2400 is a leap year.



Exercice: Leap year (cont.)
In [7]: def is_leap_year(year):

    if (year % 4 == 0 and year % 100 != 0) or (year % 400 == 0):
        return True
    else:
        return False

test_years = [2020, 2100, 2400]

for year in test_years:
    if is_leap_year(year):
        print(f"{year} is a leap year.")
    else:
        print(f"{year} is not a leap year.")

2020 is a leap year.
2100 is not a leap year.
2400 is a leap year.

calendar

https://github.com/python/cpython/blob/607f18c89456cdc9064e27f86a7505e011209757/Lib/calendar.py#L141


Exercice: Leap year (cont.)
In [7]: def is_leap_year(year):

    if (year % 4 == 0 and year % 100 != 0) or (year % 400 == 0):
        return True
    else:
        return False

test_years = [2020, 2100, 2400]

for year in test_years:
    if is_leap_year(year):
        print(f"{year} is a leap year.")
    else:
        print(f"{year} is not a leap year.")

2020 is a leap year.
2100 is not a leap year.
2400 is a leap year.

calendar

In [8]: import calendar

def is_leap_year(year):
    return calendar.isleap(year)

https://github.com/python/cpython/blob/607f18c89456cdc9064e27f86a7505e011209757/Lib/calendar.py#L141


Exercice: Find a number in a list



Exercice: Find a number in a list

In [9]: def search_element_in_list(element, list):

    for i in list:
        if i == element:
            return True
    return False

element_list = [1, 2, 3, 4, 5]
element_to_find = 3
result = search_element_in_list(element_to_find, element_list)
assert result == True, f"Expected True, but got {result}"



Exercice: Find a number in a list

In [9]: def search_element_in_list(element, list):

    for i in list:
        if i == element:
            return True
    return False

element_list = [1, 2, 3, 4, 5]
element_to_find = 3
result = search_element_in_list(element_to_find, element_list)
assert result == True, f"Expected True, but got {result}"

In [10]: def search_element_in_list_python(element, lst):
    return element in lst

assert search_element_in_list(element_to_find, element_list) == search_



Algorithms properties



Properties



Communicate algorithms



Plain language (pseudo-code)

function gcd(a, b)
    while b ≠ 0
       t := b; 
       b := a mod b; 
       a := t; 
    return a;



Equation



Graphics

https://commons.wikimedia.org/wiki/File:Euclid_flowchart.svg


Code (Python)

def gcd(a, b):
    while b != 0:
        t = b
        b = a % b
        a = t
    return a

public class GCD {
    public static int gcd(int a, int b) {
        while (b != 0) {
            int t = b;
            b = a % b;
            a = t;
        }
        return a;
    }
}



Discussion on the type of representation



E�ciency



Example:

https://en.wikipedia.org/wiki/BLAST


Other properties



Algorithms patterns



Complexity



What is complexity?





Exercice: �nd the complexity
def maximum(L):
    m=L[0]
    for i in range(1,len(L)):
      if L[i]>m:
        m=L[i]
  return m



Exercice: �nd the complexity
def maximum(L):
    m=L[0]
    for i in range(1,len(L)):
      if L[i]>m:
        m=L[i]
  return m



Intuition behind the complexity calculation



Exercice: �nd the complexity
In [11]: def nocc(x,L):

    n=0
    for y in L:
        if x==y:
            n=n+1
    return n



Exercice: �nd the complexity
In [11]: def nocc(x,L):

    n=0
    for y in L:
        if x==y:
            n=n+1
    return n



Exercice: �nd the complexity
In [12]: def maj(L):

  xmaj=L[0]
  nmaj=nocc(xmaj,L)
  for i in range(1,len(L)):
    if nocc(L[i],L)>nmaj:
      xmaj=L[i]
      nmaj=nocc(L[i],L)
  return xmaj



Exercice: �nd the complexity
In [12]: def maj(L):

  xmaj=L[0]
  nmaj=nocc(xmaj,L)
  for i in range(1,len(L)):
    if nocc(L[i],L)>nmaj:
      xmaj=L[i]
      nmaj=nocc(L[i],L)
  return xmaj



Exercice: �nd the complexity
is_even(n) n

True False



Exercice: �nd the complexity
is_even(n) n

True False

In [13]: def is_even(n):
    return n % 2 == 0



Exercice: �nd the complexity
is_even(n) n

True False

In [13]: def is_even(n):
    return n % 2 == 0



Exercice: �nd the complexity
In [14]: def somcubes(n):

    s = 0
    while n>0:
        s = s+(n%10)**3
        n = n//10
    return s

def eq_somcubes(N):
  L = []
  for n in range(0, N+1):
    if n==somcubes(n):
      L.append(n)
    return L



Exercice: �nd the complexity
In [14]: def somcubes(n):

    s = 0
    while n>0:
        s = s+(n%10)**3
        n = n//10
    return s

def eq_somcubes(N):
  L = []
  for n in range(0, N+1):
    if n==somcubes(n):
      L.append(n)
    return L



Exercice: �nd the complexity
[1, 3, 8, 10]



Exercice: �nd the complexity
[1, 3, 8, 10]



In [15]: def merge_sorted_lists(list1, list2):
    merged_list = []
    i = j = 0

    while i < len(list1) and j < len(list2):
        if list1[i] < list2[j]:
            merged_list.append(list1[i])
            i += 1
        else:
            merged_list.append(list2[j])
            j += 1

    while i < len(list1):
        merged_list.append(list1[i])
        i += 1

    while j < len(list2):
        merged_list.append(list2[j])
        j += 1

    return merged_list

In [16]: list1 = [1, 3, 8, 10]
list2 = [2, 3, 9]
merge_sorted_lists(list1, list2)

Out[16]: [1, 2, 3, 3, 8, 9, 10]



Example: Selection sort



Example: Selection sort (cont.)



Example: Selection sort (cont.)
In [17]: def selectionSort(l):

    for i in range(0, len(l)):
      min = i
      for j in range(i+1, len(l)):
          if(l[j] < l[min]):
              min = j
      tmp = l[i]
      l[i] = l[min]
      l[min] = tmp
    return l  

if __name__=="__main__": 
    liste = [54,26,93,17,77,31,44,55,20]
    selectionSort(liste)
    print(liste) # [17, 20, 26, 31, 44, 54, 55, 77, 93]

[17, 20, 26, 31, 44, 54, 55, 77, 93]



Example: Selection sort (cont.)
In [17]: def selectionSort(l):

    for i in range(0, len(l)):
      min = i
      for j in range(i+1, len(l)):
          if(l[j] < l[min]):
              min = j
      tmp = l[i]
      l[i] = l[min]
      l[min] = tmp
    return l  

if __name__=="__main__": 
    liste = [54,26,93,17,77,31,44,55,20]
    selectionSort(liste)
    print(liste) # [17, 20, 26, 31, 44, 54, 55, 77, 93]

[17, 20, 26, 31, 44, 54, 55, 77, 93]



Complexity Calculation



Data structures



Standard data structures

int
long
float
str
bool
tuple (1, 2, "ECL", 3.14)
list
set
dict {'small': 1, 'large': 
2}

print(int)
print(type(int))
assert isinstance(3, int)

https://docs.python.org/3/tutorial/datastructures.html


Standard data structures (cont.)
range
complex 1j
file
None void
exception
function
module
object



Advanced data structures



Advanced data structures (cont.)



Data structures complexity



Dictionnaries



Example: Creating a Dictionary in Python

KeyError: 'missing'
.get("attr", "")

>>> phonebook = {'bob': 7387, 'alice': 3719, 'jack': 7052}
>>> phonebook['alice']
3719



Example: Creating a Dictionary in Python

person

# Create a dictionary to store information about a person
person = {
    "name": "John Doe",
    "age": 30,
    "city": "New York"
}

# Access values using keys
print("Name:", person["name"])
print("Age:", person["age"])
print("City:", person["city"])

Name: John Doe
Age: 30
City: New York



Question: Count words in a list (using a dictionnary)

stri
n

n



Question: Count words in a list (using a dictionnary)



Question: Count words in a list (using a dictionnary)
In [18]: def countWords(stri, n): 

    
    m = dict() 
    for w in stri: # m {'hate': 2, 'love': 4, 'peace': 4}
        m[w] = m.get(w, 0) + 1

    res = 0
    for i in m.values(): 
        if i == n: 
            res += 1

    return res 

In [19]: s = [ "hate", "love", "peace", "love", 
    "peace", "hate", "love", "peace", "love", "peace" ] 

print(countWords(s, 4)) # 2

2



Exercice: detect duplicates from a list (using dicts)

assert duplicatas([1,2]) == False
assert duplicatas([1,2,1]) == True



Exercice: detect duplicates from a list (using dicts)

assert duplicatas([1,2]) == False
assert duplicatas([1,2,1]) == True

In [20]: def duplicatas(L):
    d = {}
    for x in L:
        if x in d:
            return True
        d[x] = True
    return False

assert duplicatas([1,2]) == False
assert duplicatas([1,2,1]) == True



Exercice: algorithm optimization (using dicts)

n = 1000
for a in range(1, n+1):
    for b in range(1, n+1):
        for c in range(1, n+1):
            for d in range(1, n+1):
                if a**2 + b**2 == c**2 + d**2:
                    print(a, b, c, d)



Exercice: algorithm optimization (using dicts) (cont.)

result_map

result_map

n = 1000
result_map = {}

for c in range(1, n+1):
    for d in range(1, n+1):
        result = c**2 + d**2
        if result in result_map:
            result_map[result].append((c, d))
        else:
            result_map[result] = [(c, d)]

for a in range(1, n+1):
    for b in range(1, n+1):
        result = a**2 + b**2
        if result in result_map:
            matching_pairs = result_map[result]
            for pair in matching_pairs:
                print(a, b, pair)



Sets



Sets (cont.)

add()

remove()
discard()

| &
-

in

for

# Creating a set
my_set = {1, 2, 3, 4, 5}

# Creating an empty set
empty_set = set()



Set Operations in Python

add()
clear()
copy()
difference()
intersection()
pop()

union()
isdisjoint() True
issubset() True
issuperset() True

frozenset

https://docs.python.org/3/library/stdtypes.html#set-types-set-frozenset


Exercice: remove duplicatas from a list (using sets)

assert duplicatas_sets([1,2]) == False
assert duplicatas_sets([1,2,1]) == True



Exercice: remove duplicatas from a list (using sets)

assert duplicatas_sets([1,2]) == False
assert duplicatas_sets([1,2,1]) == True

In [21]: def duplicatas_sets(L):
    s = set()
    for x in L:
        if x in s:
            return True
        s.add(x)
    return False



Exercice: remove duplicatas from a list (using sets)

assert duplicatas_sets([1,2]) == False
assert duplicatas_sets([1,2,1]) == True

In [21]: def duplicatas_sets(L):
    s = set()
    for x in L:
        if x in s:
            return True
        s.add(x)
    return False

In [22]: def duplicatas_sets2(nums):
    return True if len(set(nums)) < len(nums) else False
  
assert duplicatas_sets2([1,2]) == False
assert duplicatas_sets2([1,2,1]) == True



Exercice: �nd pairs duplicates (using sets)



Exercice: �nd pairs duplicates (using sets)

In [23]: def find_duplicate_pairs_optimized(lst):
    seen = set()
    duplicate_pairs = []

    for num in lst:
        if num in seen:
            duplicate_pairs.append((num, num))
        seen.add(num)

    return duplicate_pairs

In [24]: input_list = [2, 3, 5, 2, 7, 3, 8, 5]
find_duplicate_pairs_optimized(input_list)

Out[24]: [(2, 2), (3, 3), (5, 5)]



Exercice: �nd words typed with a single row on a keyboard (using
sets)

In [25]: words = ['Velo', 'Ecole', 'Informatique', 'Etroit']

In [26]: not {"q"}.difference("qsdfghjklm") # check if a letter is in the set

Out[26]: True





Exercice: �nd words typed with a single row on a keyboard (using
sets)

In [25]: words = ['Velo', 'Ecole', 'Informatique', 'Etroit']

In [26]: not {"q"}.difference("qsdfghjklm") # check if a letter is in the set

Out[26]: True

In [27]: def check_keyboard(words):
    result = []
    for w in words:
        ws = set([c.lower() for c in w])
        if not ws.difference("azertyuiop") \
            or not ws.difference("qsdfghjklm") \
            or not ws.difference("wxcvbn"):
            result.append(w)
    return result

In [28]: check_keyboard(words) == ['Etroit'] # for a French keyboard

Out[28]: True



In [29]: check_keyboard(["data"]) == []

Out[29]: True






