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 JOVIAN COURSE  ,  LESSON ONE  :  Binary Search, Linked Lists  and Complexity 
 https://youtu.be/Jh4t9o2y_pw 

 NOTEBOOK  : 
 https://jovian.ai/evanmarie/python-binary-search 
 ASSIGNMENT 1: 
 https://jovian.ai/learn/data-structures-and-algorithms-in-python 
 /assignment/assignment-1-binary-search-practice 

 Why You Should Learn Data Structures and Algorithms  -  Whether you're 
 pursuing a career in software development or data science, it's almost 
 certain that you'll be asked to solve programming problems like reversing 
 a linked list or balancing a binary tree in a technical interview or 
 coding assessment. 

 It's well known, however, that you will almost never face these problems 
 in your job as a software developer. So it's reasonable to wonder why such 
 problems are asked in interviews and coding assessments. Solving 
 programming problems demonstrates the following 
 traits: 

 ●  Think about a problem systematically and solve it systematically 
 step-by-step. 

 ●  Envision different inputs, outputs, and edge cases for programs you 
 write. 

 ●  Communicate your ideas clearly to co-workers and incorporate their 
 suggestions. 

 ●  Convert your thoughts and ideas into working code that's also 
 readable. 

 It's not your knowledge of specific data structures or algorithms that's 
 tested in an interview, but  your approach towards  the problem  . You may 
 fail to solve the problem and still clear the interview or vice versa. In 
 this course, you will learn the skills to both solve problems and clear 
 interviews successfully. 

 Here's a systematic strategy we'll apply for solving problems  : 

 1.  State the problem  clearly. Identify the input & output  formats  . 
 2.  Come up with some example inputs & outputs. Try to cover all edge 

 cases. 
 3.  Come up with a  correct solution and state it in plain  English  . 
 4.  Implement solution and test using example inputs  ,  fixing any bugs. 
 5.  Analyze the algorithm's complexity and identify any inefficiencies  . 

https://youtu.be/Jh4t9o2y_pw
https://jovian.ai/evanmarie/python-binary-search
https://jovian.ai/learn/data-structures-and-algorithms-in-python/assignment/assignment-1-binary-search-practice
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 6.  Apply the right technique to overcome the inefficiency  . Repeat steps 
 3 to 6. 

 "  Applying the right technique  " is where the knowledge  of common data 
 structures and algorithms comes in handy. 

 Use this template for solving problems by applying this method: 
 https://jovian.ai/aakashns/python-problem-solving-template 

 For the card problem: Two inputs, which will be our two parameters for our 
 function cards: 
 A list of numbers sorted in decreasing order. 
 E.g. [13, 11, 10, 7, 4, 3, 1, 0] 
 query: A number, whose position in the array is to be determined. E.g. 7 

 Tips  : 
 ●  Name your function appropriately and think carefully about the 

 signature 
 ●  Discuss the problem with the interviewer if you are unsure how to 

 frame it in abstract terms 
 ●  Use descriptive variable names, otherwise you may forget what a 

 variable represents 

 Start writing sample inputs and outputs out as code 
 We'll represent our test cases as dictionaries to make it easier to test 
 them once we write / implement our function. 

 For example, the above test case can be represented as follows: 

 def  locate_card(cards, query): 
 pass 

 test = { 
 'input': { 

 'cards': [13, 11, 10, 7, 4, 3, 1, 0], 
 'query': 7 

 }, 
 'output': 3 

 } 

 The function can now be tested as follows. 
 locate_card(**test['input']) == test['output'] 

 The above is the same as typing out: 

https://jovian.ai/aakashns/python-problem-solving-template


 locate_card(test['input']['cards']) test['input']['cards']== 
 test['output'] 
 We have a dict with two keys we want to pass as two arguments to the 
 function. 

 Remember: def locate_cards(cards, query): 
 When you have a dictionary you can put ** and Python will take the keys of 
 the dict and values are used as arguments / parameters with their given 
 names. 

 Our function should be able to handle any set of valid inputs we pass into 
 it. 
 Here's a list of some possible variations we might encounter: 

 1.  "Gentle case" (i.e. what you would expect: The number query occurs 
 somewhere in the middle of the list cards. 

 2.  query is the first element in cards. 
 3.  query is the last element in cards. 
 4.  The list cards contains just one element, which is query. 
 5.  The list cards does not contain number query. 
 6.  The list cards is empty. 
 7.  The list cards contains repeating numbers. 
 8.  The number query occurs at more than one position in cards. 

 Edge Cases  : It's likely that you didn't think of all  of the above cases 
 when you read the problem for the first time. Some of these (like the 
 empty array or query not occurring in cards) are called edge cases, as 
 they represent rare or extreme examples. 

 While edge cases may not occur frequently, your programs should be able to 
 handle all edge cases  , otherwise they may fail in  unexpected ways. 

 AS SHOWN IN THE NOTEBOOK  : Make test cases in code  for each of the possible 
 edge cases. 
 ##################################################################### 
 # The problem statement does not specify what to do if the list     # 
 # cards does not contain the number query.                          # 
 #                                                                   # 
 # 1) Read the problem statement again, carefully.                  # 
 # 2) Look through the examples provided with the problem.           # 
 # 3) Ask the interviewer/platform for a clarification.              # 
 # 4) Make a reasonable assumption, state it and move forward.  # 
 ##################################################################### 

 FIRST  = Aim for correctness 
 SECOND  = Aim for efficiency 



 BRUTE FORCE SOLUTION  :  the simplest or most obvious  solution to a problem, 
 which generally involves checking all possible answers 

 LINEAR SEARCH ALGORITHM  : 
 1.  Create a variable position with the value 0. 
 2.  Check whether the number at index position in card equals query. 
 3.  If it does, position is the answer and can be returned from the 

 function 
 4.  If not, increment the value of position by 1, and repeat steps 2 to 5 

 till we reach the last position. 
 5.  If the number was not found, return -1. 

 Tip:  Always try to express  (speak or write) the algorithm  in your own 
 words before you start coding  . It can be as brief  or detailed as you 
 require it to be. Writing is a great tool for thinking clearly.The more 
 clearly you are able to express your thoughts, the easier it will be for 
 you to turn into code. 

 ●  To help you test your functions  easily the  jovian  Python library 
 provides a helper function  evalute_test_case  . Apart  from checking 
 whether the function produces the expected result, it also displays 
 the input, expected output, actual output from the function, and the 
 execution time of the function. 

 ●  After going through the test cases, if you have issues like the index 
 error due to an empty list of cards, and you change the code to work 
 in spite of such a situation, this could affect other test cases. 
 Always rerun tests to make sure all the test still work. 

 ●  The field of study concerned with  finding the amount  of time, space 
 or other resources required to complete the execution of computer 
 programs is called the  analysis of algorithms  . And  the process of 
 figuring out the best algorithm to solve a given problem is called 
 algorithm design and optimization  . 

 ●  Complexity  of an algorithm is a measure of the amount  of time and/or 
 space  (MEMORY, RAM)  required by an algorithm for an  input of a given 
 size e.g. N  . Unless otherwise stated, the term  complexity  always 
 refers to the  worst-case complexity  (i.e. the highest  possible 
 time/space taken by the program/algorithm to process an input). 

 In the case of  linear  search  : 



 1.  The  time complexity  of the algorithm is  cN  (  N is size of input  ) for 
 some fixed constant  c  that depends on the number of operations we 
 perform in each iteration  and the time taken to execute  a statement. 
 Time complexity is sometimes also called the  running  time  of the 
 algorithm. 

 2.  The  space complexity  is some constant  c'  (independent  of  N  ), since we 
 just need a single variable  position  to iterate through  the array  , 
 and it occupies a constant space in the computer's memory (RAM). 

 Big O Notation  :  Worst-case complexity  is often expressed  using 
 the Big O notation. In the Big O,  we drop fixed constants  and 
 lower powers of variables  to capture the trend of  relationship 
 between the size of the input and the complexity of the 
 algorithm  i.e. if the complexity of the algorithm  is  cN^3 + 
 dN^2 + eN + f  , in the Big O notation it is expressed  as  O(N^3) 

 Thus, the time complexity of linear search is  O(N)  and its space 
 complexity is  O(1)  . 

 ●  Better ideas  than Linear Search (going one by one  through cards) 
 ○  A better solution would be to pick a card at random, thus 

 eliminating either all cards to the left or all cards to the 
 right of the random card, since we know the cards are organized 
 in descending order. 

 ○  An even better solution is to start in the very middle -> 

 BINARY SEARCH - repeatedly start in the middle of section we know contains 
 goal 

 1.  Find the middle element of the list. 
 2.  If it matches the queried number, return the middle position as the answer. 
 3.  If it is less than the queried number, then search the first half of the list 
 4.  If it is greater than the queried number, then search the second half of the list 
 5.  If no more elements remain, return -1. 

 BINARY SEARCH IN CODE  : 
 def locate_card(cards, query): 

 lo, hi = 0, len(cards) - 1 

 while lo <= hi:  # lo = list beginning index , hi = list end index 
 mid = (lo + hi) // 2  # mid = the point in middle of lo and hi (//) 
 mid_number = cards[mid]  # labeling mid_number as index [mid] 

 # print statements to make sure things are working 
 print("lo:", lo, ", hi:", hi, ", mid:", mid, ", mid_number:", mid_number) 

 if mid_number == query:  # If lucky and chose correct first time, return 
 return mid 

 elif mid_number < query:  # else, redefine lo, hi, mid 
 hi = mid - 1 

 elif mid_number > query: 



 lo = mid + 1 

 return -1 

 ●  Binary search worked perfectly except for the case  when the array 
 contains the query number more than once  and we are  to return the 
 first occurrence of the number. 

 ●  When we find our query number, before returning, must check if the 
 number before it is the same. 

 ●  Functions that are 7 - 8 lines of code are capable of easily being 
 comprehended  , so he makes a separate function called  test_location to 
 check the previous number once query goal is found,  breaking code up 
 into more digestible information  . 

 ●  Great programmers write baby code - very small blocks, pieces of 
 code, to build with. 

 ●  Baby function to check if query found is first occurence: 
 def test_location(cards, query, mid): 

 mid_number = cards[mid] 
 print("mid:", mid, ", mid_number:", mid_number)  # mid is passed inside locate_cards 
 if mid_number == query: 

 if mid-1 >= 0 and cards[mid-1] == query:  # check mid >= 0 so no IndexError 
 return 'left'  # left and right are explained in 

 Else:  locate_number function 
 return 'found'  # Using descriptive strings is an asset in 

 elif mid_number < query:  Python and make code readable and 
 return 'left'  easy to follow (i.e. “left”, “right”) 

 else: 
 return 'right' 

 ●  Be able to verbally and mathematically explain what your algorithm does  , for 
 example, a binary search’s iterations are described in the following way (Remember 
 not to overestimate the efficiency of your algorithm  but a bit of vice verse is ok: 

 ○  Initial length -  N  #  Probably more like n/2 - 1.  So we are 
 ○  Iteration 1 -  N/2  #  understating the efficiency  of the 

 Iteration 2 -  N/4  i.e.  N/2^2  #  algorithm possibly 
 ○  Iteration 3 -  N/8  i.e.  N/2^3  #  Finding the WORST  possible scenario. 
 ○  Iteration k -  N/2^k  #  If we find the query, we may  exit any 
 ○  Since the final length of the array is 1, we can find the 
 ○  N/2^k = 1  #  one of these iterations. 
 ○  Rearranging the terms, we get 
 ○  N = 2^k 
 ○  Taking the logarithm 
 ○  k = log N 

 ○  Where  log  refers to log to the base 2. Therefore,  our algorithm 
 has the time complexity  O(log N)  .  This fact is often  stated as: 
 binary search  runs  in logarithmic time. You can verify  that the 
 space complexity of binary search is  O(1)  . 

 ●  O(log N)  MEANS: as the input (N) grows, the amount  of time it takes 
 for the binary search, it is proportional to the logarithm of the 
 number of elements in the list passed to it. 



 ●  The  binary search version is over 55,000 times faster than the linear 
 search  version.  as the size of the input grows larger,  the difference 
 only gets bigger.  For a list 10 times, the size, linear  search would 
 run for 10 times longer, whereas binary search would only require 3 
 additional operations! (can you verify this?) That's the real 
 difference between the complexities  O(N)  and  O(log  N)  . 

 ● 
 ●  O(1) - accessing a single 

 specified element from an array. 
 ●  O(log n) = binary search 
 ●  O(n) = linear search 
 ●  LOOK UP N(log n) - a lot of 

 assessment and technical 
 interviews tend to be taking 
 algorithms which tend to be very 
 long and optimizing them. For 
 example, taking one that is 
 O(n^2) and optimizing it to O(n) 
 or O(log n). 

 Generic Binary Search 

 Here is the general strategy 
 behind binary search, which is applicable to a variety of problems: 

 1.  Come up with a condition to determine whether the answer lies before, 
 after or at a given position 

 2.  Retrieve the midpoint and the middle element of the list. 
 3.  If it is the answer, return the middle position as the answer. 
 4.  If answer lies before it, repeat the search with the first half of 

 the list 
 5.  If the answer lies after it, repeat the search with the second half 

 of the list. 
 ●  ̂^^  This can be applied to much more than just arrays,  as in the 

 cards problem 

 def  binary_search  (lo, hi, condition): 
 """TODO - add docs""" 
 while lo <= hi: 

 mid = (lo + hi) // 2 
 result = condition(mid) 
 if result == 'found': 

 return mid 
 elif result == 'left': 

 hi = mid - 1 
 else: 

 lo = mid + 1 
 return -1 

 def  condition  (mid): 
 if cards[mid] == query: 

 if mid > 0 and cards[mid-1] == query: 
 return 'left' 

 else: 
 return 'found' 

 elif cards[mid] < query: 
 return 'left' 

 else: 
 return 'right' 

 return binary_search(0, len(cards) - 1, 
 condition) 



 # Submitted along with the generic binary search above on Leetcodes: 
 https://leetcode.com/problems/find-first-and-last-position-of-element-in-s 
 orted-array/ 
 # Project Template: 
 https://jovian.ai/evanmarie/python-problem-solving-template 

 Problems for Practice 

 Here are some resources to learn more and find problems to practice. 

 ●  Assignment on Binary Search: 
 https://jovian.ai/aakashns/python-binary-search-assignment 

 ●  Binary Search Problems on LeetCode: 
 https://leetcode.com/problems/binary-search/ 

 ●  Binary Search Problems on GeeksForGeeks: 
 https://www.geeksforgeeks.org/binary-search/ 

 ●  Binary Search Problems on Codeforces: 
 https://codeforces.com/problemset?tags=binary+search 

 Use this template for solving problems: 
 https://jovian.ai/aakashns/python-problem-solving-template 

 ASSIGNMENT 1: 
 https://jovian.ai/evanmarie/python-binary-search-assignment 

 Assignment 1, NOTES from Walkthrough Video: 

https://leetcode.com/problems/find-first-and-last-position-of-element-in-sorted-array/
https://leetcode.com/problems/find-first-and-last-position-of-element-in-sorted-array/
https://jovian.ai/evanmarie/python-problem-solving-template
https://jovian.ai/aakashns/python-binary-search-assignment
https://leetcode.com/problems/binary-search/
https://www.geeksforgeeks.org/binary-search/
https://codeforces.com/problemset?tags=binary+search
https://jovian.ai/aakashns/python-problem-solving-template
https://jovian.ai/evanmarie/python-binary-search-assignment


 08-24-22 
 JOVIAN COURSE  ,  LESSON TWO  :  Binary Search Trees, Traversals,  and Recursion 
 https://youtu.be/HRhGDc6Qe9k 

 NOTEBOOK  : 
 Jovian Website:  https://jovian.ai/evanmarie/python-binary-search-trees 
 PDF:  https://drive.google.com/drive/folders/1_b6ebF8ItyYKAhdeoZgBQrQ82-9nKjhV 

 COMMON INTERVIEW QUESTION 1  : As a senior backend engineer  at Jovian, you 
 are tasked with developing a fast in-memory data structure to manage 
 profile information (username, name and email) for 100 million users. It 
 should allow the following operations to be performed efficiently: 

 1.  Insert the profile information for a new user. 
 2.  Find the profile information of a user, given their username 
 3.  Update the profile information of a user, given their username 
 4.  List all the users of the platform, sorted by username 

 * You can assume that usernames are unique. 

 Problem:  We need to create a data structure which  can store 100 million 

 records and perform insertion, search, update and list operations 

 efficiently. 

 Input:  The key inputs to our data structure are user  profiles, which 

 contain the username, name and email of a user. 

 A Python  class  would be a great way to represent the  information for a 
 user. A class is a blueprint for creating  objects  .  Everything in Python is 
 an  object  belonging to some  class  . Here's the simplest  possible class in 
 Python, with nothing in it: 
 (See notebook for all code and explanations for creating class and objects 
 of User.) 

 Two special methods for the class User: repr and str: 
 def __repr__(self)  : 

 return "User(username='{}', name='{}', 
 email='{}')".format(self.username, self.name, self.email) 

 def __str__(self)  : 
 return self.__repr__() 

 SECTION FIVE: The  current linear search algorithm  would take 8 seconds to 
 run a search of the database if there were 100,000,000 users. So we have 
 to find a better search solution 

https://youtu.be/HRhGDc6Qe9k
https://jovian.ai/evanmarie/python-binary-search-trees
https://drive.google.com/drive/folders/1_b6ebF8ItyYKAhdeoZgBQrQ82-9nKjhV


 BINARY TREE  : 

 It's called a tree because it vaguely looks like an inverted tree trunk 
 with branches. 

 ●  The word "binary" indicates that  each "node" in the  tree can have at 
 most 2 children  (left or right). 

 ●  Nodes can have 0, 1 or 2 children  . Nodes that  do not  have any 
 children  are sometimes also called "  leaves  ". 

 ●  The single node at the top is called the "root" node  ,  and it’s 
 typically where operations like search, insertion etc. begin. 

 For our use case, we require the binary tree to have some additional 
 properties: 

 1.  Keys and Values  : Each node of the tree stores a  key  (a username)  and 
 a  value  (a User object  ). Only keys are shown in the  picture above for 
 brevity. A binary tree where nodes have both a key and a value is 
 often referred to as a  map  or  treemap  (because it  maps keys to 
 values  ). 

 2.  Binary Search Tree  : The  left subtree  of any node only  contains nodes 
 with keys that are lexicographically  smaller than  the node's key  , and 
 the  right subtree  of any node only contains nodes  with keys that 
 lexicographically larger than the node's key. This is called a  binary 
 search trees  , and it's  easy to locate a specific key  by traversing a 
 single path down from the root node  . 

 3.  Balanced Tree  : The tree is  balanced  i.e. it does not  skew too heavily 
 to one side or the other  . The left and right subtrees  of any node 
 shouldn't differ in height/depth by more than 1 level. 

 Starts in the middle, as is the binary search way, and at each node checks 
 if the value it is searching for is to the left or right, higher or lower. 
 Each time, the size of the search is reduced by half. O(log n)  . 

 Each consecutive level has twice as 
 many nodes as its parent node. 

 Determining relationship between height 
 of tree and the total number of nodes 
 in the tree. 

 N = 1 + 2^1 + 2^2 + 2^3 +...+ 2^(k-1)  =>  O(log n)  =>  (height of tree) k = log(N + 1) 

 For a tree of height k, here's a list of the number of nodes at each 
 Level 0: 1 
 Level 1: 2  Level k-1:  2^(k-1) 
 Level 2: 4 i.e. 2^2 
 Level 3: 8 i.e. 2^3 



 ●  To store N records we require a  balanced binary search tree (BST)  of 
 height no larger than log(N) + 1, a very useful property. 

 ●  nodes arranged  to find a specific key by following  a  single path down 
 from the root  . 

 ➔  Some  programming languages  (Java and C++) have the  concept of a map, 
 which is based on a binary tree structure. 

 ➔  File systems  are also binary tree structures to store  indexes of 
 files - binary tree looks up location of a file. 

 COMMON INTERVIEW QUESTION 2  : Implement a binary tree  using Python, and 
 show its usage with some examples. 
 To begin, we'll create a simple binary tree (without any of the additional 
 properties) containing numbers as keys within nodes. Here's an example 

 Here's a simple class representing a node within a 
 binary tree. 
 class TreeNode  :  # Each exists independent of others 

 def __init__(  self, key  ): 
 self.key = key 
 self.left = None 
 self.right = None 

 node0 = TreeNode(3)  # Root Node 
 node1 = TreeNode(4)  # Left Child  # node0.left = node1 (connected) 
 node2 = TreeNode(5)  # Right Child  # node0.right = node2 (connected) 
 * can create a  new variable tree  which simply  points  to the root node  , and 
 use it to  access all the nodes within  the tree. 
 tree = node0 
 Tree.key  # <- PRINTS: 3 
 Tree.right.key  # <- PRINTS: 4 
 Tree.left.key  # <- PRINTS: 5 
 ̂^ THAT IS THE ANSWER TO QUESTION 2 - IMPLEMENT A BINARY TREE IN PYTHON ^^ 

 ●  Building a more complex binary tree search = very complex to make all 
 the connections between nodes one at a time, so a function to do: 

 Tuple connections for tree =>. 
 tree_tuple = ((1,3,None), 2, ((None, 3, 4), 5, (6, 7, 8))) 
 def parse_tuple  (data):  # tuple items (0, 1, 2) being  set 

 if  isinstance  (data, tuple) and len(data) == 3: 
 node = TreeNode(data[1]) 
 node.left =  parse_tuple  (data[0])  #  RECURSION 
 node.right =  parse_tuple  (data[2])  #  RECURSION 

 elif data is None:  # Print statements to help  understand 
 node = None 

 else: 
 node = TreeNode(data)  #  Terminating condition  of the recursive function 

 return node  # When it reaches a  single leaf (no  child)  or value  None  ,  recursion  ends 
 ●  The  isinstance() function  returns True if the specified  object is of the specified 

 type, otherwise False. 



 Parse_tuple takes a line like the one above it and assigns the node connections between 
 data. 

 Let's create another  helper function  to display  all  the keys  in a 
 tree-like structure for easier visualization. 

 def  display_keys  (node, space='\t', level=0):     => 
 # print(node.key if node else None, level) 

 # If the node is empty 
 if node is None: 

 print(space*level + '∅') 
 return 

 # If the node is a leaf 
 if node.left is None and node.right is None: 

 print(space*level + str(node.key)) 
 return 

 # If the node has children 
 display_keys(node.right, space, level+1) 
 print(space*level + str(node.key)) 
 display_keys(node.left,space, level+1) 

 Rotate 90 degrees right 
 mentally: 
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 7 
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 4 
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 2 
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 3 
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 MAKING MY OWN TREE: 

 DO ALL THIS IN PYCHARM!!! 

 MORE INTERVIEW QUESTIONS  (concerning  traversing  binary  trees and searches  : 

 QUESTION 3  : Write a function to perform the  inorder  traversal of a 
 binary tree. 



 QUESTION 4  : Write a function to perform the  preorder  traversal of a 
 binary tree. 

 QUESTION 5  : Write a function to perform the  postorder  traversal of a 
 binary tree.  LOOK UP POSTORDER TRAVERSAL. 

 A  traversal  refers to the process of visiting each  node of a tree exactly 
 once  .  Visiting a node  generally refers to  adding the  node's key to a list  . 
 There are  three ways  to traverse a binary tree and  return the list of 
 visited keys:  VERY IMPORTANT! Notice differences AND  similarities! 

 Inorder traversal 

 1.  Traverse the left subtree recursively inorder (checking for left 
 subtrees along the way. Do not visit parent node until lefts have 
 been covered.) 

 2.  Traverse the current node. 
 3.  Traverse the right subtree recursively inorder. 

 def  traverse_in_order  (node): 
 if node is None: 

 return [] 
 return(traverse_in_order(node.left) + 

 [node.key]+ traverse_in_order(node.right)) 

 ●  Function creates a list of the nodes 
 according to the image and search => 

 Preorder traversal 

 1.  Traverse the current node. 
 2.  Traverse the left subtree recursively preorder. 
 3.  Traverse the right subtree recursively preorder. 

 MORE INTERVIEW QUESTIONS:  Height and Size of a Binary  Tree 

 QUESTION 6  : Write a function to calculate the height/depth  of a binary 
 tree 
 QUESTION 7  : Write a function to count the number of  nodes in a binary tree 

 ●  The  height/depth  of a binary tree is defined as the  length of the 
 longest path from its root node to a leaf  . It can  be computed 
 recursively, as follows: 

 def  tree_height  (node): 
 if node is None: 

 return 0 
 return 1 + max(tree_height(node.left), tree_height(node.right)) 



 Counting number of nodes in a binary tree  : 

 def  tree_size(node)  : 
 if node is None: 

 return 0 
 return 1 + tree_size(node.left) + tree_size(node.right) 

 Binary Search Tree (BST) 

 A binary search tree or BST is a binary tree that satisfies the following 
 conditions: 

 1.  The left subtree of any node only contains nodes with keys less than 
 the node's key 

 2.  The right subtree of any node only contains nodes with keys greater 
 than the node's key 

 It follows from the above conditions that every subtree of a binary search 
 tree must also be a binary search tree. 

 ●  QUESTION 8  : Write a function to check if a binary  tree is a 
 binary search tree (BST). 

 ●  QUESTION 9  : Write a function to find the maximum key  in a binary 
 tree. 

 ●  QUESTION 10  : Write a function to find the minimum  key in a 
 binary tree. 

 Here's a function that covers all of the above: 

 def  remove_none(  nums): 
 return [x for x in nums if x is not None] 

 def  is_bst  (node): 
 if node is None: 

 return True, None, None 

 is_bst_l, min_l, max_l = is_bst(node.left) 
 is_bst_r, min_r, max_r = is_bst(node.right) 

 is_bst_node = (is_bst_l and is_bst_r and 
 (max_l is None or node.key > max_l) and 
 (min_r is None or node.key < min_r)) 

 min_key = min(remove_none([min_l, node.key, min_r])) 
 max_key = max(remove_none([max_l, node.key, max_r])) 

 # print(node.key, min_key, max_key, is_bst_node) 

 return is_bst_node, min_key, max_key 

 <=  Check if there is even 
 anything in the node, return 

 <=  Check left side of tree 
 <=  Check right side of tree 
 (recursively checking subs and 
 assigning mins and maxs) 
 <=  Use left and right checks 
 to check if whole overnode is 
 (no wrong maxs on wrong sides 
 and if L < parent > R . 



 Storing Key-Value Pairs using BSTs 

 class  BSTNode  (): 
 def __init__(self, key, 

 value=None): 
 self.key = key 
 self.value = value 
 self.left = None 
 self.right = None 
 self.parent = None 

 Must also store user objects with each key 
 in our BST. New class = BSTNode to represent 
 nodes of tree. Stores key, left and right, 
 and a value and pointer to the parent node 
 (for easier upward traversal). 
 KEY  = username 
 Value  = UserObject, saved also as the 
 username (the User Class Object) 

 EX:  ('jadhesh', User(username='jadhesh', name='Jadhesh  Verma', 
 email='  jadhesh@example.com  ')) 

 Creating the tree structure  : 
 # Level 0 
 tree = BSTNode(jadhesh.username, jadhesh) 
 # Level 1 
 tree.left = BSTNode(biraj.username, biraj) 
 tree.left.parent = tree 
 tree.right = BSTNode(sonaksh.username, sonaksh) 
 tree.right.parent = tree 
 # Level 2 
 biraj.left = BSTNode(aakash.username, aakash) 
 biraj.left.parent = biraj 
 biraj.right = BSTNode(hemanth.username, hemanth) 
 biraj.right.parent = biraj 
 sonaksh.left = BSTNode(siddhant.username, siddhant) 
 sonaksh.left.parent = sonaksh 
 sonaksh.right = BSTNode(vishal.username, vishal) 
 sonaksh.left.parent = sonaksh 

 Insertion into BST 
 QUESTION 11: Write a function to insert a new node into a BST. 

 Here's a  recursive  implementation of insert. 

 def  insert  (node, key, value): 
 if node is None: 

 node = BSTNode(key, value) 

 elif key < node.key: 
 node.left = insert(node.left, key, value) 
 node.left.parent = node 

 elif key > node.key: 
 node.right = insert(node.right, key, value) 
 node.right.parent = node 

 return node 

 <=  Starting from the root node, we 
 compare the key to be inserted 
 with the current node's key 
 <=  If the key is smaller, we 
 recursively insert it in the left 
 subtree (if it exists) or attach 
 it as the left child if no left 
 subtree exists (redefining parent) 
 <=  If the key is larger, we 
 recursively insert it in the right 
 subtree (if it exists) or attach 
 it as as the right child if no 
 right subtree exists( redefining 
 parent) 

mailto:jadhesh@example.com


 BUILDING TREE FROM SCRATCH with INSERT: 

 tree = insert(None, jadhesh.username, jadhesh) 

 insert(tree, biraj.username, biraj) 
 insert(tree, sonaksh.username, sonaksh) 
 insert(tree, aakash.username, aakash) 
 insert(tree, hemanth.username, hemanth) 
 insert(tree, siddhant.username, siddhant) 
 insert(tree, vishal.username, siddhant) 

 <=  No tree to begin with, calling the 
 insert with None, since there is 
 nothing to insert into, and create tree 

 <=  Use insert function to add rest of 
 the users. 

 NOTE: The order of the insertion of nodes changes the structure of the 
 tree. 

 ●  When we start the tree with Aakash, we end up with a one-line, all 
 right children tree all the way down the line, not improving search 
 at all. It has an O(n) search time. Height = no longer logarithmic 

 Finding a Node in BST 
 QUESTION 11: Find the value associated with a given key in a BST. 
 We can follow a recursive strategy similar to insertion to find the node 
 with a given key within a BST. 

 def find(node, key): 
 if node is None: 

 return None 
 if key == node.key: 

 return node 
 if key < node.key: 

 return find(node.left, key) 
 if key > node.key: 

 return find(node.right, key) 

 <=  Start from the top, compare to root node 

 <=  If it matches, cool 

 <=  Check if we go left or right, and go 
 whichever way is correct. 

 <=  Return None if no node is found 

 Updating a value in a BST 
 QUESTION 12: Write a function to update the value associated with a given 
 key within a BST 

 We can use find to locate the node to be updated, and simply update its 
 value. 

 def update(node, key, value): 
 target = find(node, key) 
 if target is not None: 

 target.value = value 

 <=  Find the node we want to change using the find 
 function, which follows  DRY  principle: “  Do not repeat 
 yourself  ”. Rather than writing it all out again here. 
 <=  If it is not None, then make the changes. 

 List the nodes 
 QUESTION 13: Write a function to retrieve all the key-values pairs stored 
 in a BST in the sorted order of keys. 
 The nodes can be listed in  sorted  order by performing  an  inorder  traversal 
 of the BST. 



 ●  Why does an inordered traversal of a binary search tree produce a 
 sorted list of keys? 

 def  list_all  (node): 
 if node is None: 

 return [] 
 return list_all(node.left) + [(node.key, node.value)] + list_all(node.right) 

 ●  recursively call list_all on both sides (subtrees) of the tree and get the sorted 
 left side and the sorted right side and add them together with the current node. 

 Balanced Binary Trees 
 QUESTION 14: Write a function to determine if a binary tree is balanced. 

 Here's a recursive strategy: 
 1.  Ensure that the  left subtree is balanced  . 
 2.  Ensure that the  right subtree is balanced  . 
 3.  Ensure that the  difference  between heights of left  subtree and right 

 subtree is  not more than 1  . 

 *  Start with end condition, if node is None, seems  to be a trend in this lecture 

 def  is_balanced  (node): 
 if node is None: 

 return True, 0 
 balanced_l, height_l = is_balanced(node.left) 
 balanced_r, height_r = is_balanced(node.right) 
 balanced = balanced_l and balanced_r and 

 abs(height_l - height_r) <=1 
 height = 1 + max(height_l, height_r) 
 return balanced, height 

 <=  Will return the height and 
 whether or not it is balanced. 
 <=  recursively searches the left and 
 right sides of the tree returning at 
 each level the balance True or False 
 and the height. 
 <=  The entire tree is balanced if 
 both sides are balanced and the 
 absolute value of difference in 
 their heights is 1. 

 Balanced Binary Search Trees 
 QUESTION 15: Write a function to create a balanced BST from a sorted 
 list/array of key-value pairs. 
 We can use a recursive strategy here, turning the middle element of the 
 list into the root, and recursively creating left and right subtrees. 

 def  make_balanced_bst  (data, lo=0, hi=None, parent=None): 
 if hi is None: 

 hi = len(data) - 1 
 if lo > hi: 

 return None 

 mid = (lo + hi) // 2 
 key, value = data[mid] 

 root = BSTNode(key, value) 
 root.parent = parent 
 root.left = make_balanced_bst(data, lo, mid-1, root) 
 root.right = make_balanced_bst(data, mid+1, hi, root) 

 return root 

 <=  similar to regular binary 
 search 

 <=  stop when no more nodes, 
 i.e. lo > hi 

 <=  find the mid, lo and hi 
 <=  Make the middle element 
 the root node. 
 <=  take the left half and 
 recursively use this function 
 to make it balanced and then 
 make it the left child of the 
 root node. 
 <=  Repeat on right side. 



 Balancing an Unbalanced BST 
 QUESTION 16: Write a function to balance an unbalanced binary search tree. 
 We first perform an inorder traversal, then create a balanced BST using 
 the function defined earlier. 

 ●  Since we have talked about how to make a balanced tree from a sorted 
 list/array, and we know how to get a sorted list of nodes from a 
 binary search tree, we can balance an unbalanced tree by getting its 
 ordered nodes and running that result through the function to create 
 a balanced binary search tree: 

 def balance_bst(node)  : 
 return make_balanced_bst(list_all(node)) 

 ●  The tree can now be rebalanced after every insertion of a new node 

 Complexity of the various operations in a balanced BST  : 
 ●  Insert -  O(log N) + O(N) = O(N) <= due to rebalancing 
 ●  Find -  O(log N) 
 ●  Update -  O(log N) 
 ●  List all - O(N) 

 What's the real improvement between O(N) and O(log N)? 
 Thus, find and update from a balanced binary search tree is  300,000 times faster  than our 
 original solution. To speed up insertions, we may choose to perform the balancing 
 periodically (e.g. once every 1000 insertions). This way, most insertions will be O (log 
 N), but every 1000th insertion will take a few seconds. Another options is to rebalance 
 the tree periodically at the end of every hour. 

 Now, to reimplement the original problem with all the info we have 
 discussed: 

 class  TreeMap  (): 
 def  __init__  (self): 

 self.root = None 

 def  __setitem__  (self, key, value): 
 node = find(self.root, key) 
 if not node: 

 self.root = insert(self.root, key, value) 
 self.root = balance_bst(self.root) 

 else: 
 update(self.root, key, value) 

 def  __getitem__  (self, key): 
 node = find(self.root, key) 
 return node.value if node else None 

 def  __iter__  (self): 
 return (x for x in list_all(self.root)) 

 def  __len__  (self): 
 return tree_size(self.root) 

 def  display  (self): 
 return display_keys(self.root) 

 <=  Root is none, no tree yet. 

 <=  setitem  = a Python is a combo 
 of update and insert 

 <=  if key exists, update, and if 
 not, insert. 

 <=  getitem  = find operation, uses 
 our find inside it. 

 <= iter  is a replacement for 
 list_all. Creates a generator to 
 use with a for-loop. Allows our 
 class to be used with a for. 

 <=  returns the size of the tree 

 <=  returns the keys 



 Self-Balancing Binary Trees and AVL Trees 
 A self-balancing binary tree remains balanced after every insertion or 
 deletion, and many approaches have been devised e.g. B-trees, Red Black 
 Trees and AVL (Adelson-Velsky Landis) trees. 

 We'll take a brief look at AVL trees. 
 Self-balancing in AVL trees is achieved by 
 tracking the  balance factor (difference 
 between the height of the left subtree and 
 the right subtree) for each node and 
 rotating unbalanced subtrees along the path 
 of insertion/deletion to balance them. 

 In a balanced BST, the balance factor of 
 each node is either 0, -1, or 1. When we 
 perform an insertion, then the balance 
 factor of certain nodes along the path of 
 insertion may change to 2 or -2. Those 
 nodes can be "rotated" one-by-one to bring 
 the balance factor back to 1, 0 or -1. 

 There are 4 different scenarios for 
 balancing, two of which require a single 
 rotation, while the others require 2 
 rotations. 

 Since each rotation takes constant time, 
 and at most log N rotations may be 

 required, this operation is far more efficient than creating a balanced 
 binary tree from scratch, allowing insertion and deletion to be performed 
 in O (log N) time. Here are some references for AVL Trees: 

 ●  Explanation of the various cases:  https://youtu.be/jDM6_TnYIqE?t=482 
 ●  Implementation:  https://www.geeksforgeeks.org/avl-tree-set-1-insertion/ 

https://youtu.be/jDM6_TnYIqE?t=482
https://www.geeksforgeeks.org/avl-tree-set-1-insertion/


 08-28-22 
 JOVIAN COURSE  ,  LESSON THREE  :  Sorting Algorithms -  Divide and Conquer 
 https://youtu.be/M6NJUfT14aY 

 NOTEBOOK  : 
 Jovian Website:  https://jovian.ai/evanmarie/python-sorting-divide-and-conquer 

 Write a program to sort a list of numbers. "Sorting" usually refers to  "sorting 
 in ascending order"  , unless specified otherwise. 

 Input: nums: A list of numbers e.g. [4, 2, 6, 3, 4, 6, 2, 1] 
 Output: sorted_nums: The sorted version of nums e.g. [1, 2, 2, 3, 4, 4, 6, 6] 

 TESTING: Come up with cases to test 
 1.  Some lists of numbers in random order. 
 2.  A list that's already sorted. 
 3.  A list that's sorted in descending order. 
 4.  A list containing repeating elements. 
 5.  An empty list. 
 6.  A list containing just one element. 
 7.  A list containing one element repeated many times. 
 8.  A really long list. 

 Test Case Format: 
 # List of numbers in random order 

 test0 = { 
 'input': { 

 'nums': [4, 2, 6, 3, 4, 6, 2, 1] 
 }, 
 'output': [1, 2, 2, 3, 4, 4, 6, 6] 

 } 

 To create the final test case (a really long list), we can start with a sorted 
 list created using range and shuffle it to create the input. 

 import random  <=  so we can shuffle the list to be  random order 
 in_list = list(range(10000))  <=  creates a list to  input, range 0 - 9,999 
 out_list = list(range(10000))  <=  creates the resulting  list of sorted 0 - 9,999 

 random.shuffle(in_list)  <=  randomizes the previously  created list of 0 - 9,999 
 test8 = { 

 'input': { 
 'nums': in_list 

 }, 
 'output': out_list 

 } 
 RANGE  : 

 ➔  range(0,11)  <= Creates a counter, a generator object,  from 0-10 (end value 
 minus 1) but not a list 

 ➔  list(range(0,11))  <= Creates an actual list of the  values created from the 
 generator object produced by range. 

https://youtu.be/M6NJUfT14aY
https://jovian.ai/evanmarie/python-sorting-divide-and-conquer


 # ---------------------------------------------------------------------------- # 
 BUBBLE SORT:  it causes smaller elements to bubble  to the top and larger to sink 
 to the bottom. We need to repeat steps 1 to 3 at most n-1 times to ensure that 
 the array is sorted. 

 ➔  Iterate over the list of numbers, starting from the left 
 ➔  Compare each number with the number that follows it 
 ➔  If the number is greater than the one that follows it, swap the two elements 
 ➔  Repeat steps 1 to 3 till the list is sorted. 

 def  bubble_sort  (nums): 

 # Create a copy of the list, to avoid changing  it 

 nums = list(nums) 

 # 4. Repeat the process n-1 times 

 for _ in range(len(nums) - 1): 

 # 1. Iterate over the array (except last element) 

 for i in range(len(nums) - 1): 

 # 2. Compare the number with 

 if nums[i] > nums[i+1]: 

 # 3. Swap the two elements 

 nums[i], nums[i+1] = nums[i+1], nums[i] 

 # Return the sorted list 

 return nums 

 <=  NOTE  : In interviews, ask if 
 they want the list or array to 
 be sorted in place or if they 
 want a copy of the original 
 input to be made and changed. 
 <=  end of iteration range is 
 second to last element, since 
 we need to be able to compare. 
 (range(len(nums - 1)) means 
 nums[-2] is last checked. 
 <=  compare i to the num after 
 <=  if out of order, swap 
 <=  Notice  how there is a tuple 
 assignment to swap two 
 elements in a single line of 
 code. 

 Let's test it with an example. 
 nums0, output0 = test0['input']['nums'], 
 test0['output'] 
 print('Input:', nums0) 
 print('Expected output:', output0) 
 result0 = bubble_sort(nums0) 
 print('Actual output:', result0) 
 print('Match:', result0 == output0) 

 PRINTS: 
 Input: [4, 2, 6, 3, 4, 6, 
 2, 1] 
 Expected output: [1, 2, 2, 
 3, 4, 4, 6, 6] 
 Actual output: [1, 2, 2, 3, 
 4, 4, 6, 6] 
 Match: True 

 5.  Analyze the algorithm's complexity and identify  inefficiencies 
 The core operations in bubble sort are "compare" and "swap". To analyze the time 
 complexity, count the total number of comparisons being made, since the total 
 number of swaps will be less than or equal to the total number of comparisons 

 for _ in range(len(nums) - 1): 
 for i in range(len(nums) - 1): 

 if nums[i] > nums[i+1]: 
 nums[i], nums[i+1] = nums[i+1], nums[i] 

 There are two loops, each of length n-1, where n is the number of elements in 
 nums; total number of comparisons is (𝑛−1)∗(𝑛−1) i.e. (𝑛−1)^2 i.e. 𝑛^2 −2𝑛+1 
 Big O notation  : we can conclude that the time complexity  of bubble sort is  𝑂(𝑛^2) 
 (also known as quadratic complexity)  . 

 Exercise  : Verify that the bubble sort requires 𝑂(1)  additional space. The space 
 complexity of bubble sort is 𝑂(𝑛), even though it requires only constant/zero 
 additional space, because the space required to store the inputs is also 
 considered while calculating space complexity. 



 A list of 10,000 numbers takes about 12 seconds to be sorted using bubble sort. A 
 list of ten times the size will be 100 times longer i.e. about 20 minutes to be 
 sorted, which is quite inefficient. A list of a million elements would take close 
 to 2 days to be sorted.  The inefficiency in bubble  sort comes from shifting 
 elements by at most one position at a time  . 

 # ---------------------------------------------------------------------------- # 
 INSERTION SORT  :  keeps the initial portion of the array  sorted and insert the 
 remaining elements one by one at the right position - similar to arranging cards 
 in your hand. 

 >  first element is assumed to already be sorted. (will  be taken care of) 

 def  insertion_sort  (nums): 
 nums = list(nums) 
 for i in range(len(nums)): 

 cur = nums.pop(i) 
 j = i-1 
 while j >=0 and nums[j] > cur: 

 j -= 1 
 nums.insert(j+1, cur) 

 return nums 

 <=  take a list of numbers 
 <=  make a copy of the list nums 
 <=  loop through list nums 
 <=  cursor = pop the element you’re on 
 <=  j is the item before i 
 <=  while j > 0 and the value of j in list nums 
 > previous elements, move j down an index 
 position, insert j into the lower index 
 position when no longer < a number. 

 >  Another version: 
 def insertionSort(array)  : 

 for step in range(1, len(array)): 
 key = array[step] 
 j = step - 1 
 # Compare key with each element on the left of it 
 until an element smaller than it is found 

 # For descending order, change key<array[j] to key>array[j]. 
 while j >= 0 and key < array[j]: 

 array[j + 1] = array[j] 
 j = j - 1 

 # Place key after the element just smaller  than it. 
 array[j + 1] = key 

 Insertion sort complexity  : worst time complexity =  O(n), space = O(1) 

 # ---------------------------------------------------------------------------- # 
 MERGE SORT:  Divide, conquer, combine 

 1.  Divide the inputs into two roughly equal 
 parts. 

 2.  Recursively solve the problem individually for 
 each of the two parts. 

 3.  Combine the results to solve the problem for 
 the original inputs. 

 4.  Include terminating conditions for small or 
 indivisible inputs. 

 Here's a step-by-step description for  merge sort  : 
 1.  Start with terminating condition  ! - If the 

 input list is empty or contains just one 
 element, it is already sorted. Return it. 



 2.  If not, divide the list of numbers into two roughly equal parts. 
 3.  Sort each part recursively using the merge sort algorithm. You'll get back 

 two sorted lists. 
 4.  Merge the two sorted lists to get a single sorted list 

 def merge_sort(nums): 
 # Terminating condition (list of 0 or 1 elements) 
 if len(nums) <= 1: 

 return nums 
 # Get the midpoint 
 mid = len(nums) // 2 
 # Split the list into two halves 
 left = nums[:mid] 
 right = nums[mid:] 
 # Solve the problem for each half recursively 
 left_sorted, right_sorted = \ 
 merge_sort(left), merge_sort(right) 
 # Combine the results of the two halves 
 sorted_nums =  merge(left_sorted, right_sorted) 
 return sorted_nums 

 <=  Start with terminating 
 condition, if the sublist is 
 empty or has only 1 element, 
 consider sorted. 
 <=  Otherwise, divide the sublist 
 in half 
 <=  designate the two halves 
 left, right = x[:mid], x[mid:] 
 <=  recursively sort the sublists 
 <=  another tuple assignment to 
 implement 
 <=  combine the halves back 
 together. 

 def merge(nums1, nums2): 
 # List to store the results 
 merged = [] 
 # Indices for iteration 
 i, j = 0, 0 
 # Loop over the two lists 
 while i < len(nums1) and j < len(nums2): 
 # Include the smaller element in the result 
 and move to next element 
 if nums1[i] <= nums2[j]: 

 merged.append(nums1[i]) 
 i += 1 

 else: 
 merged.append(nums2[j]) 
 j += 1 

 # Get the remaining parts 
 nums1_tail = nums1[i:] 
 nums2_tail = nums2[j:] 
 # Return the final merged array 
 return merged + nums1_tail + nums2_tail 

 <=  two sublists as arguments 
 <=  create new merged list 
 <=  i,j = equal indices of sublists 

 <=  while lists are not empty, loop 
 and compare indices, adding them in 
 sorted order to the new merged list. 
 <=  increment the index for next, 
 i.e. move cursor to next position 
 <=  Get the remaining items in the 
 two lists. (1 will be empty.) 
 <=  create the sub-sublists that are 
 left to loop through. 
 <=  attach new list and ends of subs 

 >  To debug any issues, add print statements throughout  the function, especially 
 in loops, where you want to print out the parameters that are changing. 

 >  Notice the last test case, the  merge 
 sort function took just 50 milliseconds 
 to sort 10,000 numbers, which took 
 bubble sort about 12 seconds.Notice the 
 last test case, the merge sort function 
 took just 50 milliseconds to sort 10,000 
 numbers, which took  bubble sort about 12 
 seconds  . 

 Analyzing the complexity  of recursive 
 algorithms can be tricky. It helps to 
 track and follow the chain of recursive 



 calls. We'll  add some print statements to our merge_sort  and merge_functions to 
 display the tree of recursive function calls  . 
 >  Comparing and appending  are the two key operations  where the time is spent. 
 >  each  merge_sort  calls itself and invokes  merge_sort  twice  (but with an array 
 half the size). The division continues till we reach a list of size 1 or 0. It 
 also invokes the  merge  function once to merge the  two resulting arrays. 

 >  To find the overall complexity of  merge_sort  , we  simply need to  count how many 
 times the  merge  function was invoked and the size  of the input list for each 
 invocation  . Here's how all the subproblems can be  visualized 

 >  If the  height of the tree is  ℎ  , the  total number  of comparisons is  𝑛∗ℎ  . Since 
 there are 𝑛 sublists of size 1 at the lowest level, it follows that  2^(ℎ−1) = 𝑛 
 i.e. ℎ=log𝑛+1  . Thus the time  complexity of the merge  sort algorithms is  𝑂(𝑛log𝑛) 

 > SPACE COMPLEXITY OF MERGE SORT:  merge sort requires  O(n) additional space i.e. 
 the space complexity is 𝑂(𝑛) 

 >  There are several extensions and variations and  extensions of merge sort  : 
 ●  K-way merge sort:  https://en.wikipedia.org/wiki/K-way_merge_algorithm 
 ●  Counting inversions in an array:  https://www.geeksforgeeks.org/counting-inversions/ 
 ●  Merge sort and insertion sort hybrids:  https://en.wikipedia.org/wiki/Timsort  - use 

 insertion sort for smaller data and merge sort for larger 

 >  Python’s sort algorithm is called  TIMSORT  , which  combines merge sort and 
 insertion sort as well as additional optimizations. 

 >  merge sort requires allocating additional space  as large as the input itself  - 
 makes it somewhat slow in practice because memory allocation is far more 
 expensive than comparisons or swapping 
 # ---------------------------------------------------------------------------- # 

 >  Quicksort  - sorts a list  in place 
 1.  If the list is empty or has one element, return 

 it. It's already sorted. 
 2.  Pick a random element from the list. This element 

 is called a  pivot  . 
 3.  Reorder the list so that all elements with values 

 less than or equal to the pivot come before the pivot, 
 while all elements with values greater than the pivot 
 come after it. This  operation is called  partitioning  . 

 4.  The pivot element divides the array into two 
 parts which can be sorted independently by making a 
 recursive call to quicksort. 

 def quicksort(nums, start=0, end=None): 
 if end is None: 

 nums = list(nums) 

 <= 
 Creating 

 a copy at the very beginning to make 
 sure we do not affect our original 
 <=  Set end to final usable position 

https://en.wikipedia.org/wiki/K-way_merge_algorithm
https://www.geeksforgeeks.org/counting-inversions/
https://en.wikipedia.org/wiki/Timsort


 end = len(nums) - 1 

 if start < end: 
 pivot = partition(nums, start, end) 
 quicksort(nums, start, pivot-1) 
 quicksort(nums, pivot+1, end) 

 return nums 

 def partition(nums, start=0, end=None): 
 if end is None: 

 end = len(nums) - 1 
 # Initialize right and left pointers 
 l, r = start, end-1 
 # Iterate while they're apart 
 while r > l: 

 # Increment left pointer if number is less or 
 equal to pivot 

 if nums[l] <= nums[end]: 
 l += 1 

 # Decrement right pointer if number is greater 
 than pivot 

 elif nums[r] > nums[end]: 
 r -= 1 

 # Two out-of-place elements found, swap them 
 else: 

 nums[l], nums[r] = nums[r], nums[l] 
 # Place the pivot between the two parts 

 if nums[l] > nums[end]: 
 nums[l], nums[end] = nums[end], nums[l] 
 return l 

 else: 
 return end 

 <=  if start < end, there are at least 
 two elements to work with 
 <=  partition on chosen pivot 
 <=  left < pivot < right 
 <=  quicksort the two sides 

 <=  choose last element or random 
 element to be partition (move to end) 

 <=  keeping track of L and R pointers 
 (starting at opposite ends) 
 <=  compare R and L pointers, when a 
 number is on an inappropriate side, 
 then swapping when both sides need to 

 <=  moving pointers inward 

 <=  element swap 

 >  Quick sort is marginally faster than merge sort  for larger lists, because there 
 is no allocation of extra space. 

 >  If we partition the list into two nearly equal parts,  then the complexity 
 analysis is similar to that of merge sort and  quicksort  has the complexity 
 𝑂(𝑛log𝑛)  . This is called the  average-case complexity  .  Total of n comparisons. 

 >  Partition is a n order n function. Height of tree  is again log n. 

 >  Worst case partition -  In this case, the partition  is called  n  times with lists of 
 sizes  n  ,  n-1  ... so that total comparisons are  𝑛+(𝑛−1)+(𝑛−2)+...+2+1=  𝑛∗(𝑛−1)/2 
 So the worst-case complexity of quicksort is  𝑂(𝑛^  2  )-  Can be as bad as bubble 

 # ---------------------------------------------------------------------------- # 
 >  You're working on a new feature on Jovian called  "Top Notebooks of the Week". 
 Write a function to  sort a list of notebooks in  decreasing  order of likes  - your 
 function needs to be as efficient as possible to handle millions of notebooks. 

 ●  This section is primarily in  lecture03.py 



 Assignment 3: Comprehending it 
 Notebook:  https://jovian.ai/evanmarie/python-divide-and-conquer-assignment 

 Here's the simplest solution: If you have lists `poly1` and `poly2` representing 
 polynomials of length m and n respectively, the highest degree of the exponents 
 are m-1 and n-1 respectively. Their product has the degree (m - 1) + (n - 1) i.e 
 m + n - 2. The list representing the product has the length m + n - 1. So, we can 
 create a list `result` of length m + n - 1, and set 

 result[k]` = Sum of all the pairs `poly1[i] * poly2[j]` where `i+j = k 
 * This is looping through the polynomials, and result[k] is each item in the 
 resulting list. 

 Example: 
 (2 + 5x^2 + 7x^3) \times (3 + 4x + 2x^2) 
 =  (2 \times 3) + (2 \times 4 + 0 \times 3)x + (2 \times  2 + 3 \times 5 + 4 \times 
 0)x^2 + (7 \times 3 + 5 \times 4 + 0 \times 2)x^3 + (7 \times 4 + 5 \times 2)x^4 
 + (7 \times 2)x^5 
 =  6 + 8x + 19x^2 + 41x^3 + 38x^4 + 14x^5 

https://jovian.ai/evanmarie/python-divide-and-conquer-assignment


 DIVIDE AND CONQUER:  https://youtu.be/yWI2K4jOjFQ  @ 4:40 explains how to code 

https://youtu.be/yWI2K4jOjFQ
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 JOVIAN COURSE  ,  LESSON FOUR  :  DYNAMIC PROGRAMMING LONGEST COMMON SUBSEQUENCE 
 https://youtu.be/bCPsBxEyQgc 
 NOTEBOOK  : 
 Jovian Website:  https://jovian.ai/evanmarie/dynamic-programming-problems 

 QUESTION 1:  Write a function to find the length of  the  longest common subsequence 
 between two sequences. I.e. strings "serendipitous" and "precipitation", the 
 longest common subsequence is "reipito",  length 7. 

 >  A  "sequence"  is a group of items 
 with a deterministic ordering. Lists, 
 tuples and ranges are some common 
 sequence types in Python. 

 Test cases: 
 >  General case (string) 
 >  General case (list) 
 >  No common subsequence 
 >  One is a subsequence of the other 
 >  One sequence is empty 
 >  Both sequences are empty 
 >  Multiple subsequences with same 
 length 

 *  “abcdef” and “badcfe” 

 >  A  "subsequence"  is a sequence obtained 
 by deleting zero or more elements from 
 another sequence. For example, "edpt" is a 
 subsequence of "serendipitous". This is an 
 example of a  common subsequence  , not 
 necessarily the longest. 

 *  The elements making up the 
 subsequence  can occur anywhere in the 
 sequence, but the order must remain 
 the same 

 Input:  two sequences of letters or numbers in the  form of a list, tuple, or other 
 iterable (i.e. “serendipitous” and “precipitation”) 
 Output:  The length as an integer of the longest common  subsequence from within 
 both words. 

 PLAN:  (explained thoroughly in the video, starting  at 23:00) 
 1.  Create two counters idx1 and idx2 starting at 0. Our recursive function will 

 compute the LCS of seq1[idx1:] and seq2[idx2:] 

 2.  If seq1[idx1] and 
 seq2[idx2] are equal, then 
 this character belongs to the 
 LCS of seq1[idx1:] and 
 seq2[idx2:] (why?). Further 
 the length this is LCS is one 
 more than LCS of seq1[idx1+1:] 
 and seq2[idx2+1:] 

 3.  If not, then the LCS of 
 seq1[idx1:] and seq2[idx2:] is 
 the longer one among the LCS 
 of seq1[idx1+1:], seq2[idx2:] 
 and the LCS of seq1[idx1:], 
 seq2[idx2+1:] 

https://youtu.be/bCPsBxEyQgc
https://jovian.ai/evanmarie/dynamic-programming-problems


 4.  If either  seq1[idx1:]  or  seq2[idx2:]  is empty, then  their LCS is empty 

 Complexity Analysis  - w  orst case occurs when each time  we have to try 2 
 subproblems i.e. when the sequences have no common elements. 

 MY CODE: 
 # Defining function to find length of the longest subsequence between two sequences. 
 # Arguments = two sequences and two pointers to keep track of the search for common 
 # characters in the sequences 

 def  longest_subsequence_recursive  (sequence1, sequence2,  index1=0, index2=0)  : 
 # if the index pointers reach the the end of the sequences they are tracking 
 if index1 == len(sequence1) or index2 == len(sequence2): 

 # Reached the end 
 return 0 

 # if location of index1 matches that of index2, we have a match 
 if sequence1[index1] == sequence2[index2]: 

 # return recursively calling the function on the sequences and moving 
 # the index pointers up by 1. 
 return 1 + longest_subsequence_recursive(sequence1,  sequence2, 

 index1+1, index2+1) 
 else: 

 # this is where we split and choose one "child node" or the other, referred 
 # to as path1 or path2 
 # move index1 forward, leave index2 where it is 
 path1 = longest_subsequence_recursive(sequence1, sequence2, 

 index1+1, index2) 
 path2 = longest_subsequence_recursive(sequence1, sequence2, 

 index1, index2+1) 
 # return whichever had the better result, path1 or path2, which is the longest 
 # subsequence once we have made our way all the way through the two sequences. 
 return max(path1, path2) 

 COMPLEXITY ANALYSIS  : if we have two completely distinct  sequences where no elements 
 match, we have two subproblems, which is the worst case. When elements match, there 
 is only 1 recursive call, but when they do not match, there are 2 recursive calls. 
 This also causes a lot of repeated calls of elements. 

 The length of each path to the leaves at the bottom of the tree is m+n, the 
 lengths of the two inputs added together, and at each level there are 2 choices, 
 so  you infer that the time complexity is 𝑂(2^𝑚+𝑛). 

 MEMOIZATION  : can be used to fix the issue of the many  repetitions of element 
 calls in the function, leading to a high time complexity. 

 >  We will create a  dictionary called MEMO  to keep  track of intermediate 
 solutions so we do not need to call elements repeatedly. 

 >  memoization simply keeps up with results in the  middle of a function so we 
 do not have to repeatedly compute them but rather just look for them in the memo 
 MEMOIZATION VERSION CODE  : 

 # Now for the version using memoization to save on time complexity and to 
 # create more efficiency. 



 def longest_subsequence_memoized(sequence1, sequence2): 
 # dictionary to save us from so many element calls and cut down on 
 # time complexity 
 memo = {} 

 # recursive function, which will have the index trackers 
 def recurse(index1=0, index2=0): 

 # Create key for keeping track of elements in sequences 
 key = (index1, index2) 
 # if the key already exists in memo, return it 
 if key in memo: 

 return memo[key] 
 # else if we are at the end of a sequence, return 0, because there 
 # is nothing left to cycle through 
 elif index1 == len(sequence1) or index2 == len(sequence2): 

 memo[key] = 0 
 # else if we have a match between sequences, we recurse over the 
 # the next two index numbers. 
 elif sequence1[index1] == sequence2[index2]: 

 memo[key] = 1 + recurse(index1+1, index2+1) 
 # if the two are not equal, we make our path choice 
 else: 

 memo[key] = max(recurse(index1+1, index2), recurse(index1, index2+1)) 
 # return the memo entry for the key, ending the unnecessary recursion 
 return memo[key] 
 # (0,0) = the whole string, over which we will recurse 

 return recurse(0,0) 

 TIME COMPLEXITY:  Now, the maximum number of computations  we must do is equal to 
 the number of elements that can go into the memo dictionary, which is the 
 equivalent of the lengths of the two sequences multiplied. 

 >  O(m*n)  <= lengths of two sequences multiplied,  true for most memoization 
 functions, in this one, we went from over a billion operations to 225. 

 >  computations goes down to how many you have to  do to get each key once 
 >  downside of memoization is the number of recursive  calls  , which is ok with 

 a moderate amount of data, but when the data is large, the number of computations 
 waiting for other computations to complete so that they can also complete becomes 
 to large.  This takes up much more space in memory  .  This can cause slowing down. 

 DYNAMIC PROGRAMMING and ITERATION can fix the 
 memoization issue: 
 >  Instead of saving intermediate results in a 
 dictionary, we will  use a matrix  . 
 >  Create a  table of size (n1+1) * (n2+1) 
 initialized with 0s, where  n1 and n2 are the 
 lengths of the sequences  . table[i][j] 
 represents the longest common subsequence of 
 seq1[:i] and seq2[:j]. 
 >  If seq1[i] and seq2[j] are equal, then 
 table[i+1][j+1] = 1 + table[i][j] 



 >  If seq1[i] and seq2[j] are equal, then table[i+1][j+1]  = max(table[i][j+1], 
 table[i+1][j]) 
 >  Time Complexity = O(n1*n2) 

 # Creating a table for our function 
 # We will create an extra row and column so that we get rid of the zero index to make 
 computations easier. 
 len1, len2 = 5, 7 
 [[0 for x in range(len2)] for x in range(len1)] 
 # …………………………………………………………………………………………………………………………………………………………………………………………………… # 

 def longest_subsequence_dynamic(sequence1, sequence2): 
 # Creating the length variables for our table 
 len1, len2 = len(sequence1), len(sequence2) 
 # Create table, populating with zeros, adding  1 for our unused row, column 
 table = [[0 for x in range(len2+1)] for x in range(len1+1)] 
 # Iterate over rows 
 for index1 in range(len1): 

 #Iterate over our columns 
 for index2 in range(len2): 

 if sequence1[index1] == sequence2[index2]: 
 # Go to the value diagonally right,  which will be 1 + the current 
 table[index1+1][index2+1] = 1 + table[index1][index2] 

 else: 
 # go to whichever is larger, back  one row or back one column 

 table[index1+1][index2+1] = (max(table[index1][index2+1], 
 table[index1+1][index2])) 

 # Return the bottom right cell, which will have the count of the longest 
 # common subsequence. 
 return table[-1][-1] 

 >  complexity of the dynamic programming approach is  𝑂(𝑁1∗𝑁2) 
 >  2 for-loops in which we are doing one comparison  and one addition and taking a 
 max 

 >  For  DYNAMIC PROGRAMMING PROBLEMS  = come up with  brute force, recursive 
 solution, and then identify via the recursion tree which sub problems are being 
 called repeatedly. Sometimes the memoized version is good enough. But sometimes 
 you will be asked to remove recursion and write in an iterated fashion to further 
 save on time and space. 

 >  Usually the time complexity will be O(n1*n2), i.e.  the size of the table, but 
 sometimes, depending on what you must do inside of the loops requires more steps. 

 0-1 KNAPSACK PROBLEM:  Given n elements, each of which  has a weight and a profit, 
 determine the  maximum profit  that can be obtained  by selecting a subset of the 
 elements weighing no more than w  . 
 >  input  =  weights  (or can be viewed as cost), represented  as a list of numbers 
 >  input  =  profit  (can be viewed as benefit), represented  as a list of numbers 
 >  input  =  capacity  , the max weight you are allowed 
 >  output  =  max profit  , the maximum profit that can  be obtained from selecting of 
 total weight no more than capacity. 

 def max_profit(weights, profit, capacity): 
 Pass 



 RECURSIVE SOLUTION  : 
 >  We'll write a recursive function that  computes max_profit  (weights[idx:], 
 profits[idx:], capacity),  with idx starting from idx  and going onwards  . 
 >  If weights[idx] > capacity, the current element  cannot be selected, so the 
 maximum profit is the same as max_profit(weights[idx+1:], profits[idx+1:], 
 capacity). 
 >  Otherwise, there are two possibilities: we either  pick weights[idx] or don't. 
 We can recursively compute the maximum 

 >  A. If we don't pick 
 weights[idx], once again 
 the maximum profit for this 
 case is 
 max_profit(weights[idx+1:], 
 profits[idx+1:], capacity) 
 >  B. If we pick 
 weights[idx], the maximum 
 profit for this case is 
 profits[idx] + 
 max_profit(weights[idx+1:], 
 profits[idx+1:], capacity - 
 weights[idx] 
 >  If weights[idx:] is 
 empty, the maximum profit 
 for this case is 0. 

 >  Time Capacity  =  O(2  n  ) -  exponential in complexity  because we MIGHT have to 
 compute repeatedly  , since there are so many subproblems 

 def max_profits_recursive(weights, profits, capacity, index = 0): 
 # If our index = weights, we are at the end of our options 
 if index == len(weights): 

 return 0 
 # If the weight of the current index is too great, more than the capacity 
 # available, then we recursively consider the next option in line. 
 elif weights[index] > capacity: 

 return max_profits_recursive(weights, profits, capacity, index+1) 
 # 2 choices: 

 else: 
 # Although it can within capacity, we do not take it, because it is not 
 # a part of the optimal solution, so perform same operation as above 
 path1 = max_profits_recursive(weights, profits, capacity, index+1) 
 # Add the element to our "bag", take profit  of the index item, call 
 # function again with weights, profits, and lowered capacity, and 
 # index moves forward one spot. 
 path2 = profits[index] + max_profits_recursive(weights, profits, 

 capacity - weights[index], 
 index + 1) 

 return max(path1, path2) 

 DYNAMIC PROGRAMMING SOLUTION  :  use the capacity, index  as the key in the 
 memoization dictionary, and store as the value the result for that combination 



 >  Create a  table of size (n+1) * 
 (capacity+1) consisting of all 0s  , 
 where n is the number of elements. 
 table[i][c] represents the maximum 
 profit that can be obtained using 
 the first i elements if the max 
 capacity is c. 
 >  Fill the table row by row and 
 column by column. table[i][c] can 
 be filled using values in the row above it. 
 >  If  weights[i] > c  i.e. if the current element is  larger than capacity, then 
 table[i+1][c] == table[i][c]  (since there's no way  we can pick this element). 
 >  If  weights[i] <= c  then we have two choices: to  either pick the current element 
 or not to get the value of table[i+1][c]. We can compare the maximum profit for 
 both these options and pick the better one as the value of table[i][c]. 

 >  A. If we don't pick the element with weight weights[i],  then once again 
 the maximum profit is table[i][c] 

 >  If we pick the element with weight weights[i],  then the maximum profit is 
 profits[i] + table[i][c-weights[i]], since we have used up some capacity. 
 Time complexity  =  𝑂(𝑁∗𝑊) 

 def max_profits_dynamic(weights, profits, capacity): 
 length = len(weights) 
 # Create a table of size (n+1) * (capacity+1) consisting of all 0s, where 
 # is n is the number of elements. table[i][c] represents the maximum profit 
 # that can be obtained using the first i elements if the maximum capacity is c. 
 table = [[0 for x in range(capacity+1)] for x  in range(length+1)] 
 # Loop through the rows of weights 
 for index1 in range(length): 

 # Loop through the columns considering capacity,  from col-1, since first is 
 # zeroed out column 
 for index2 in range(1, capacity+1): 

 # if the weight of the current index is greater than the capacity left 
 if weights[index1] > index2: 

 # the current index is copied from  the item directly above it 
 table[index1+1][index2] = table[index1][index2] 

 # if the weight is NOT too much, then  we have two options 
 else: 

 # we choose the higher of the two, either do not use the current element, 
 # or we do and we also take the profits of index and subtract from our 
 # capacity 
 table[index1+1][index2] = max(table[index1][index2],  profits[index1] + 

 table[index1][index2 - weights[index1]]) 
 # return the bottom right element of the table, which will be the highest profit 
 return table[-1][-1] 



 08-31-22 
 JOVIAN COURSE  ,  LESSON FOUR  :  Graph Algorithms(BFS, DFS, Shortest Path) 
 https://youtu.be/SmOrBW22R2k 
 NOTEBOOK  :  https://jovian.ai/evanmarie/python-graph-algorithms 

 number_nodes  = 5 
 edges  = [(0,1), (0,4), (1,4), (1,2), (2,3), 
 (1,3), (3,4)] 
 # Represented using a list of bi-directional 
 pairs 
 # Simplest way to represent the above node/edge 
 relationships 
 # But not very efficient. Must loop through all 
 to get info 
 # Will be more efficient to store information 
 within  nodes  ,  edges  and  neighbor  relationships 

 >  Map cities are like  nodes  and railway 
 lines are the  edges  . 

 >  Number nodes from 0 to n - 1 
 >  A  pair like (1,2)  tells you there is an edge between those  two nodes. 
 > Weight of an edge  is the information stored within the edge 
 > Directed edges  will give us directed graphs. 

 > Adjacency List =  contains a list of neighbors 
 for each node 
 >  MAKING A LIST OF EMPTY LISTS  (for adjacency 
 list) use this method: 
 list2 = [[] for x in range(10)] 

 >  To work with our lists, we’ll use  enumerate  : 

 enumerate([4, 5, 6, 7, 8])  # Creates an iterable object 
 >> <enumerate at 0x7f04cf34be40> 

 # So we can iterate over it and get the index and the value: 
 for x in enumerate([4, 5, 6, 7, 8]): 

 print(x) 

 __repr__ function settings to print adjacency list: 
 "\n".join(["{}:{}".format(node1, neighbors) for node1, 

 neighbors in enumerate(graph1.data)]) 

 >>  (0, 4) 
 (1, 5) 
 (2, 6) 
 (3, 7) 
 (4, 8) 

 # nodes & 
 neighbors, 
 __repr__ and 
 __str__ 
 0: [1, 4] 
 1: [0, 4, 2, 3] 
 2: [1, 3] 
 3: [2, 1, 4] 
 4: [0, 1, 3] 

https://youtu.be/SmOrBW22R2k
https://jovian.ai/evanmarie/python-graph-algorithms


 class Graph: 
 def __init__(self, number_nodes, edges): 

 self.number_nodes = number_nodes 
 self.data = [[] for x in range(number_nodes)] 
 for node1, node2 in edges: 

 # Set up the graph: 
 self.data[node1].append(node2) 
 self.data[node2].append(node1) 

 # S0 we can make pretty printings of our data 
 # outputs an object rather than the string form 
 d  ef __repr__(self): 

 # See what enumerate on a list does below 
 # for each node and neighbor in the data, creates a string with placeholders 
 # set for node and neighbors belonging to it, separated by a colon (as a list) 
 return "\n".join(["{}: {}".format(node1, neighbors) for node1, 

 neighbors in enumerate(graph1.data)]) 

 # This is called when we print(), str(), insert() for graph1, etc. 
 def __str__(self): 

 return self.__repr__() 

 # Write a function to add an edge to a graph represented as an adjacency list. 
 def add_edge(self, node1, node2): 

 self.data[node1].append(node2) 
 self.data[node2].append(node1) 

 # Write a function to remove an edge from a graph represented as an adjacency list. 
 def remove_edge(self, node1, node2): 

 self.data[node1].remove(node2) 
 self.data[node2].remove(node1) 

 # ---------------------------------------------------------------------------- # 
 ADJACENCY MATRIX:  This matrix represents the same 
 graph as above. The  zeros  are where there is no 
 edge between nodes, and the  ones  are where there 
 are edges connecting them. 
 >  Since these are  undirected edges  , this cuts our 
 data in half to represent the exact same thing. 
 >  nodes = 5 
 graph2 = [[[0] for x in range(number_nodes)] for x 

 in range(number_nodes)]  <= creates this => 

 >  GRAPH TRAVERSAL  :  BREADTH-FIRST SEARCH 
 >  By checking which nodes 
 are 1 edge away from source, 
 then 2, and so on, you can 
 find the  shortest path 
 between any two nodes. 
 >  Breadth first  will always 
 find the shortest path 
 >  Possible Interview 
 Question  = Implement 
 breadth-first search given a 
 source node in a graph. 



 # ---------------------------------------------------------------------------- # 
 BREADTH FIRST SEARCH  - PSEUDO-CODE 

 procedure BFS(G, root) is  # a list, first in first out, use enqueue 
 let Q be a queue  # always access first available value 
 label root as discovered  # need a list to keep track of discoveries 
 Q.enqueue(root)  # enqueue when discovered 
 while Q is not empty do 

 v := Q.dequeue()  # dequeue the first element 
 if v is the goal then  # if searching and found goal, return it 

 return v 
 for all edges from v to w in G.adjacentEdges(v) do  # for all neighbors w of node 

 if w is not labeled as discovered then  # if not already discovered 
 label w as discovered  # mark new w nodes discovered 

 Q.enqueue(w)  # add to queue 

 IN PYTHON: 

 def  breadth_first  (graph, root): 
 # create queue list 
 queue = [] 
 # start with all nodes as a list marked undiscovered for the entirety 
 # of the graph 
 discovered = [False] * len(graph.data) 
 # track distance (number of edges) for each node back to root 
 distance = [None] * len(graph.data) 
 # dictionary, parent, keeps track of which nodes caused others to 
 # be discovered (allows for easy backtracking as well) 
 parent = [None] * len(graph.data) 
 # mark the root node as discovered and add to queue 
 discovered[root] = True 
 queue.append = (root) 
 # in the beginning, starting with root, no edges are known 
 distance[root] = 0 
 # Set up index to track the first available item in the queue, FIFO 
 index = 0 
 while index < len(queue): 

 # acquire the first-in element, which we will call current, dequeue 
 current = queue[index] 
 # update the index 
 index += 1 
 # check edges of current node (contained in self.data for current) 
 for node in graph.data[current]: 
 # if this node has not yet been discovered (is False in discovered list) 

 if not discovered[node]: 
 # the distance for this node is 1 more than that of the current 
 # node which caused it to be discovered 
 distance = 1 + distance[current] 
 # setting parent as node which cased this one to be discovered 
 parent[node] = current 
 # mark as discovered and add to the queue 
 discovered[node] = True 
 queue.append(node) 

 return queue 



 POSSIBLE BFS INTERVIEW QUESTIONS  : 
 ●  Program to check if all nodes are connected (if any node is edgeless, no) 
 ●  Find the number of connected components 
 ●  List all connected components in a graph 

 *  NOTE!  For  shortest path searches  , use BFS, not DFS 

 # ---------------------------------------------------------------------------- # 
 DEPTH FIRST SEARCH  : (the way you search a maze, can be recursive or not (stack) 
 (DFS pseudocode) 
 procedure DFS_iterative(G, v) is  # non-recursive DPS 

 let S be a stack  # stack is like queue but is last-in-first-out 
 S.push(v)  # put the current node into the stack 
 while S is not empty do  # if the stack is not empty 

 v = S.pop()  # get the last-in node from the stack 
 if v is not labeled as discovered then  # if node has not been marked discovered 

 label v as discovered  # label as discovered 
 for all edges from v to w in G.adjacentEdges(v) do 

 S.push(w)  # push all unvisited neighbors into the stack 

 >  Path is exhausted once the stack is empty, then backtrack to next path 

 def depth_first(graph, root)  : 
 # create stack 
 stack = [] 
 # the entirety of the graph starts out undiscovered 
 discovered = [False] * len(graph.data) 
 # track parents of nodes 
 parent = [None] * len(graph.data) 
 # result list =  store of the results of nodes that have been popped 
 results = [] 
 # add root to the stack 
 stack.append(root) 
 # do not mark discovered until removing from stack 
 # if there is anything in the stack 
 while len(stack) > 0: 

 # the current node is the last node of the stack 
 # which we pop out 
 current = stack.pop() 
 # will get duplicate values in result if we do not 
 # check now whether or not the current has been discovered 
 if not discovered[current]: 

 # mark current as discovered 
 discovered[current] = True 
 # add current to the result list 
 results.append(current) 
 # loop adding all nodes to stack if they have not been discovered 
 for node in graph.data[current]: 

 if not discovered[node]: 
     # setting parent as node which cased this one to be discovered 

 parent[node] = current 

 stack.append(node) 
 return results 



 Question  : Write a function to detect a cycle in a graph as well as the number of 
 cycles in a graph. 

 ●  Cycle  = a sequence of edges that lead a node back to itself 
 ● 

 # ---------------------------------------------------------------------------- # 

 WEIGHTED GRAPHS  : edges have  weights  , which can represent 
 distances or any valuable info 
 >  Can be represented for an edge with  3 integers instead 
 of two => (1,2,3)  the first two being the two nodes that 
 are connected, the third is the weight of the edge. 

 DIRECTED GRAPHS  : edges have a 
 certain direction  that they can be traveled, akin to 
 hyperlinks on the internet, where most of the time a page 
 links to another which does not necessarily link back. 
 >  The adjacency list must not have the reciprocal path added 
 (unless it is a bidirectional edge), but otherwise it is the 
 same. 
 Question:  Define a class to represent weighted and directed graphs in Python. 

 class Graph2  : 
 def __init__(self, number_nodes, edges, directed=False, weighted=False): 

 self.number_nodes = number_nodes 
 self.directed = directed 
 self.weighted = weighted 
 self.data = [[] for x in range(number_edges)] 
 # for each corresponding element in the adjacency list 
 # the following will store the weight for the edges. 
 self.weight = [[] for x in range(number_edges)] 
 for edge in edges: 

 if self.weighted: 
 # include weights 
 node1, node2, weight = edge 
 self.data[node1].append(node2) 
 # The following stores the weight of the edge from node1 
 # to node2 
 self.weight[node1].append(weight) 
 # We may want to store the other direction, if bi-directional 
 # so we will store the reciprocal direction data 
 if not directed: 

 self.data[node2].append(node1) 
 self.weight[node2].append(weight) 

 else: 
 # work without weights 
 node1, node2 = edge 
 self.data[node1].append(node2) 
 if not directed: 

 self.data[node2].append(node1) 



 Running a graph with weights: 
 num_nodes2 = 9 
 edges2 = [(0, 1, 3), (0, 3, 2), (0, 8, 4), (1, 7, 4), (2, 7, 2), (2, 3, 6), 

 (2, 5, 1), (3, 4, 1), (4, 8, 8), (5, 6, 8)] 

 graph3 = Graph2(num_nodes2, edges2, weighted = True) 
 graph3 

 RESULT: 
 Node: (neighbor, weight)... 
 0: [(1, 3), (3, 2), (8, 4)] 
 1: [(0, 3), (7, 4)] 
 2: [(7, 2), (3, 6), (5, 1)] 
 3: [(0, 2), (2, 6), (4, 1)] 
 4: [(3, 1), (8, 8)] 
 5: [(2, 1), (6, 8)] 
 6: [(5, 8)] 
 7: [(1, 4), (2, 2)] 
 8: [(0, 4), (4, 8)] 

 # ---------------------------------------------------------------------------- # 
 SHORTEST PATHS  : does not require a directed 
 graph, can be undirected, but does require 
 weights, however.  If there are no weights, the 
 shortest path is best implemented with  BFS  . 

 Implement an algorithm to give the shortest 
 path from a starting node to an ending node  in 
 terms of weight  . 

 Dijkstra's algorithm  :  (distance = weight) at every point, maintain a group of 
 visited nodes. Find the first node that is the closest within the visited group. 
 Each time a node gets visited, update the distances for all neighboring nodes, 
 then mark that node as visited. Find the next node with the smallest distance. 
 Continue the loop. 

 EXPLANATION: 
 1.  Mark all unvisited. Create set of all unvisited nodes called unvisited. 
 2.  Assign each node a tentative distance value: zero for initial node and 

 infinity  for all other nodes. Set initial node as current. 
 3.  For current node, consider all unvisited neighbors and calculate their 

 tentative distances through current node. 
 4.  Compare newly calculated tentative distance to current assigned value and 

 assign the smaller one. For example, if current node A is marked with a 
 distance of 6, and the edge connecting it with neighbor B has length 2, then 
 the distance to B through A will be 6 + 2 = 8. If B was previously marked 
 with a distance greater than 8 then change distance for that node to 8. 
 Otherwise, the current value will be kept. (This distance is current stance 
 total from root to goal.) 



 5.  After considering all of the unvisited neighbors, mark current as visited 
 and remove from the unvisited set. Visited nodes will not be checked again. 

 6.  If goal node marked visited (when planning a route between two specific 
 nodes) or if the smallest distance among the nodes in the unvisited set is 
 infinity (when planning a complete traversal; occurs when there is no 
 connection between the initial node and remaining unvisited nodes), then 
 stop. The algorithm has finished. 

 7.  Else, select unvisited node tmarked with the smallest distance, set as the 
 new "current node", and go back to step 3. 

 def shortest_path(graph, start, goal): 

 visited = [False] * len(graph.data) 
 parent = [None] * len(graph.data) 
 distance = [float('inf')] * \ 

 len(graph.data) 
 queue = [] 

 distance[start] = 0 
 queue.append(start) 
 index = 0 

 while index < len(queue) \ 
 and not visited[goal]: 

 current = queue[index] 
 visited[current] = True 
 index += 1 

 update_distances(graph, 
 current, distance, parent) 

 next_node = pick_next_node(distance, 
 visited) 

 if next_node: 
 queue.append(next_node) 

 visited[current] = True 

 return distance[goal], parent 

 <  Set all nodes as unvisited to start 
 <  Keep track of parents for tracking 
 <  Set all distances to infinity to start 

 <  Create list of all nodes in the order 
 of their distance from start/root 

 <  Start w/ distance start to itself as 0 
 <  Add the root/start node to our queue 
 <  the next element we need to dequeue 

 <  While the index < queue and we have not 
 found and marked our target as visited 
 <  Get item to serve as "current" from queue 
 <  Mark current as visited 
 <  Increment our index counter 

 <  Update distances of all neighbors 
 (using helper function below) 

 <  Find the first unvisited node with the 
 smallest distance (helper) 

 <  If next node and have not visited all, 
 append the best next node to the queue 
 <  Mark this node as visited 

 HELPERS  : 

 def update_distances(graph, current, 
 distance, parent=None): 

 neighbors = graph.data[current] 
 weights = graph.weight[current] 
 for i, node in enumerate(neighbors): 

 weight = weights[i] 
 if distance[current] + weight < 

 distance[node]: 
 distance[node] = 

 distance[current] + weight 
 if parent: 

 parent[node] = current 

 <  Get neighbors of current node 
 <  Get weights of the edges to neighbors 
 <  Get neighbor weight 
 <  Distance check for shortest 
 <  If distance start to current + distance 
 current to next < distance of a neighbor 
 <  Update distance between node and start 
 (no updating if already shorter distance 
 <  By which node did we arrive here and 
 why are we updating? 



 def pick_next_node(distance, visited): 

 min_distance = float('inf') 
 min_node = None 

 for node in range(len(distance)): 

 if not visited[node] and 
 distance[node] < min_distance: 
 min_node = node 
 min_distance = distance[node] 

 return min_node 

 <  Tracking the minimum distance 
 <  Node with the minimum is set to none 

 <  Loop through nodes and check: 

 <  If unvisited and distance back to start 
 < current min, update minimum to this 
 node 
 <  and update the minimum distance 
 currently. 

 Breadth first and Depth first  Time complexity  : O(n+m)  (Nodes plus edges) 

 For  shortest path,  time complexity  is  O(n  2  +m)  - Can be improved by using a 
 min-heap to keep next node possibilities 

   Binary Heap  -  A data structure to 
 maintain the running minimum/maximum of a 
 set of numbers, supporting efficient 
 addition/removal 

 Heap operations: 
 ●  Insertion  - 𝑂(𝑙𝑜𝑔𝑁) 
 ●  Getting Min/Max  - 𝑂(1) (depending on type of heap) 
 ●  Deletion  - 𝑂(𝑙𝑜𝑔𝑁) 
 ●  Convert  a list to a heap - 𝑂(𝑛) 



 09-02-22 
 JOVIAN COURSE  ,  PYTHON INTERVIEW QUESTIONS - TIPS and ADVICE 
 https://youtu.be/ahMRFwphi3s 
 NOTEBOOKS  :  https://jovian.ai/evanmarie/python-subarray-with-given-sum 

 https://jovian.ai/evanmarie/python-minimum-edit-distance-41118 

 TIPS  : 
 Ask questions, show an example, follow the method, don’t panic, if stuck 
 give it time, state the brute for solution, and then optimize. 

 To continue to study  : Binary search (look for order, i.e. “sorted” 
 indicates binary search, binary search trees, hash tables and hashing and 
 collision, bubble sort, insertion sort, merge sort, quick sort, divide and 
 conquer, dynamic programming, recursion, subsequence, graphs,  depth and 
 breadth  first searches, and also check out backpacking and pruning 

 Remember the method for tech interviews  : 
 1.  State the problem clearly. Identify the input & output formats. 
 2.  Come up with some example inputs & outputs. Try to cover all edge cases. 
 3.  Come up with a correct solution for the problem. State it in plain English. 
 4.  Implement the solution and test it using example inputs. Fix bugs, if any. 
 5.  Analyze the algorithm's complexity and identify inefficiencies, if any. 
 6.  Apply the right technique to overcome the inefficiency. Repeat steps 3 to 6. 

 SUB ARRAY GIVEN SUM  (problem, from Amazon interview) 
 You are given an array of numbers (non-negative). Find a continuous subarray of the 
 list which adds up to a given sum. 

 # Working with lists / arrays of numbers 
 list_01 = [1, 7, 4, 2, 1, 3] 
 i, j = 2, 6 
 print(list_01[2:6]) 
 print(sum(list_01)) 

 # Sample input and outputs: 
 array = [1, 7, 4, 2, 1, 3] 
 target = 10 
 output = [2, 6] 

 # Always do brute force first, and optimize after. 
 # I have a tendency to jump to optimized and get in over my head. 
 # In time, I will learn to swim. Not bad for only 2 months 11 days of coding. 
 # These comments are my self-pep-talk. Enjoy! 

 def sum_subarray_brute(array, target): 
 n = len(array)  # start_index goes 0 - len(array) 
 for start_index in range(0, n):  # Adds n time comp 

 for end_index in range(start_index, n+1):  # end_index goes from start_index to n 
 # Mult by approx. n time comp 

 if sum(array[start_index:  # if the sum of the numbers from end_index to 

https://youtu.be/ahMRFwphi3s
https://jovian.ai/evanmarie/python-subarray-with-given-sum
https://jovian.ai/evanmarie/python-minimum-edit-distance-41118


 end_index]) == target:  # one number index just before end_index 
 return [start_index, end_index]  # check if the sum of numbers == target 

 # Complexity- at most mult times n again 
 # Time Comp of brute force: n^3 

 return None 

 #.............................................................................. # 
 # Optimizing the brute force: Keep a running sum while incrementing 
 # Discontinue summing once sum is more than target or equal to target 
 # I tried to do this all first, and I got confused with my calculations. 
 # Brute force first all the way! 

 def sum_subarray_optimized(array, target): 
 n = len(array) 

 # start_index goes 0 - len(array) 
 for start_index in range(0, n):  # Adds n time comp 

 running_sum = 0  # Keeps running sum of subarray 
 for end_index in range(start_index, n+1):  # end_index goes from start_index to n 

 if running_sum == target:  # If our sum has hit the target 
 return [start_index, end_index]  # running_sum brings time complexity 

 # down from n^3 to n^2 
 elif running_sum > target:  # If sum has exceeded target, start over 

 break 
 if end_index < n: 

 running_sum += array[end_index]  # Add the current number to running sum 
 return None 

 #.............................................................................. # 
 # One more optimization is possible, again the one I tried from 
 # the beginning and had my little epic fail. 
 # Slide the window closed more from the left by moving start_index 
 # up one spot, then trying the next number after end_index for target. 

 def sum_subarray_mega_optimized(array, target): 
 start_index, end_index, running_sum = 0, 0, 0 
 n = len(array) 
 while i < n and end_index < n+1:  # Total number of iterations = 2n+1 

 if running_sum == target: 
 return [start_index, end_index]  # O(n) Time Complexity 

 elif running_sum < target:  # Works quickly for up to 1 billion 
 if end_index < n:  # elements 

 running_sum += array[end_index]  #  Greedy approach  - where you know ahead 
 end_index += 1  # of time some trick to optimize greatly 

 elif running_sum > target:  # Look for more of these types of problems 
 running_sum -= array[start_index] 
 start_index += 1 

 return None 
 #.............................................................................. # 
 MINIMUM EDIT DISTANCE  (problem, from Google interview) 
 The following interview was asked during a coding interview at Google: 
 Given two strings A and B, find the minimum number of steps required to convert A 
 to B. (each operation is counted as 1 step.) You have the following 3 operations 
 permitted on a word: 

 ●  Insert a character 
 ●  Delete a character 



 ●  Replace a character 

 Own words  : given two strings, we need to perform a series of operations to the 
 first string to convert it to the second string. The operations possible are 
 insert, delete, and replace. 

 Inputs  : two strings, such as string_1 = “intention”, string_2 = “execution” 
 Output  : the number of operations it takes to convert string_1 to string_2, i.e. 5 

 Function signature  : def minimum_steps(string_1, string_2): 
 Test Cases  : 

 1.  test00 - General case 
 2.  test01 - No change is required 
 3.  test03 - All characters need to be changed 
 4.  test04 - Both strings are equal length 
 5.  test05 - Strings are unequal length 
 6.  test06 - One or both strings are empty 
 7.  test07 - Words only require one of the operations repeated 

 STEPS  : 
 * if string_1 becomes empty first, add all of string_2 to it, done 
 * if string_2 becomes empty first, delete all characters from string_1, done 
 * if the characters are equal, ignore both, move on 
 * if the characters are not equal, it must be deleted, swapped, or shifted down 
 * if deleted, recursively solve after ignoring first character of string_1 
 * if swapped, move both cursors forward, recursively solve after ignoring the 

 current character of each 
 * if shifting, shift string_1 right a spot, and recursively solve the problem 

 with the new version of string_1 and normal string_2 
 #.............................................................................. # 
 BRUTE FORCE SOLUTION  : 
 *  When in doubt, question if it is possible to solve the problem recursively 
 *  Can you find one or more subproblems that can be repeated to solve the overall 

 def minimum_steps(string_1, string_2, index_1 = 0, index_2 = 0): 
 if index_1 == len(string_1): 

 return len(string_2) - index_2 
 elif index_2 == len(string_1): 

 return len(string_1) - index_1 
 elif string_1[index_1] == string_2[index_2]: 

 return minimum_steps(string_1, string_2, index_1+1, index_2+1) 
 else:  # performing 1) delete 2) swap 3) shift/insert 

 return 1 + min(minimum_steps(string_1, string_2, index_1+1, index_2), 
 minimum_steps(string_1, string_2, index_1+1, index_2+1), 
 minimum_steps(string_1, string_2, index_1, index_2+1)) 

 * Total number of recursions = lengths of the two strings combined. 
 * After that, complexity should be calculated on adding the total length of the 
 two strings combined minus 1 for each additional substring comparison and 
 computation. Thus reaching the time complexity below. 
 Time Complexity: 3  (n1+n2) 



 #.............................................................................. # 

 MEMOIZATION  :  There are many repetitions that can be reduced by using a cache 
 *  before doing any computations, check the memo dictionary for solutions for the 
 changing variables, if so, return it, if not, compute it and add it, and return 
 the value from the memo. 

 def minimum_steps_memo(string_1, string_2): 
 memo = dict() 

 def recursive_memo(index_1, index_2): 
 key = index_1, index_2 

 if key in memo:  # if the index 1 to 2 comparison is in memo 
 return memo[key] 

 elif index_1 == len(string_1):  # if string_1 becomes empty first 
 memo[key] = len(string_2) - index_2 

 elif index_2 == len(string_2):  # if string_2 becomes empty first 
 memo[key] = len(string_1) - index_1 

 elif string_1[index_1] == string_2[index_2]:  # if strings are identical 
 memo[key] = recursive_memo(index_1 + 1, index_2 + 1)  # continue recursion 

 else:  # performing 1) delete 2) swap 3) shift/insert 
 memo[key] = 1 + min(recursive_memo(index_1 + 1, index_2), 

 recursive_memo(index_1 + 1, index_2 + 1), 
 recursive_memo(index_1, index_2 + 1)) 

 return memo[key] 
 return recursive_memo(0, 0) 

 print("intention and execution: ", minimum_steps_memo('intention', 'execution')) 
 print("chicken and kitchen: ", minimum_steps_memo('chicken', 'kitchen')) 
 print("kitten and sitting: ", minimum_steps_memo('kitten', 'sitting')) 
 print("sunday and saturday: ", minimum_steps_memo('sunday', 'saturday')) 

 MEMOIZATION TIME COMPLEXITY: 
 * Memoization method only needs to compute the solution for a key once, a fixed 
 number of comparisons and an addition. 
 * The time required is constant, and the upper bound is some constant multiple of 
 total number of memoizations necessary. 
 * The time complexity is therefore equal to the sum of the lengths of the two 
 strings.  Time Complexity: O(n1+n2) 

 #.............................................................................. # 
 DYNAMIC PROGRAMMING SOLUTION: 
 * This solution will involve a grid 
 *  values are same  on the i and j axis - that cell copies the score from the cell 
 to the left and up one from it. 
 *  swapping  - cell’s value be comes 1 + the value of the up left diagonal cell 
 …And then he basically said dynamic programming gets too complicated for 
 interviews and stopped. 
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