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Recursion

Array and Multi-dimensional List
Binary Search *

Tree and DFS/BFS *
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Zrm1. Recursion 1513 ® HD EDU

Definition: A function that calls itself.

« Recur (v.), Recursive (adj.)

A workable recursion must include:
« Base case(s): to terminate

« Recursive case(s): to expand/continue

%%&?E’J%E%E, recursionFi,2EE— P EREIEN B X BE 71X ERELE

fx) =fx - 1) +x



#r11. Recursion — Fibonacci Series ® HDEDU

In mathematics, the Fibonacci sequence is a sequence in which each number is the sum of the two
preceding ones.

o, 1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89, 144,

fibonacci(n + 2) = fibonacci(n) + fibonacci(n + 1)
fibonacci(0) =0 (1)
fibonacci(1) = 1

Examples:
Write a program fibonacci.py that receives a number n from the user and print the n-th term of g

fibonacci sequence to the screen. (Assume the user will always enter an non-negative number). . :
$ python3 fibonacci.py

n = #0

fibonacci(0) = 0

$ python3 fibonacci.py
n = #l1

fibonacci(0) = 1

$ python3 fibonacci.py
n = #6

fibonacci(0) = 8



#r11. Recursion — Fibonacci Series ® HDEDU

Fibonacci Sequence =0, 1,1, 2, 3,5, 8, 13, 21, 34, ...

Write a recursive function fibonacci() that returns the nth fibonacci
number.

f(0) =0 fay =1 fn) =fn—1) + f(n—2)
def fibonacci(n def fibonacci_while(n
if n == 0 zzg
return 0 m
it n==1 while i < n
return 1 "f‘b:b a+b
return fibonacci(n - 1) + fibonacci(n - 2 e

return a






#ra11. Recursion — Pros and Cons ® HDEDU

H— 1 \8eHRecursionffRIVOIfR, ZP—iERIterative (&3F) BIFEE.

Pros:
« Elegant (Clean and more readable)

« A unique way of implementing a variable number of nested
loops

Cons:
« Slower

« More memory used



def f(n):
if n < 0:
return "n cannot be less than 0"
elif n ==
return 0
elif n ==
return 1
else:
return f(n = 1) + f(n - 2)

print(f(10))



def f(n):
if n < 0:

return "n cannot be less than 0"

elif n ==
return 0
elif n ==
return 1
else:
return f(n - 1) + f(n - 2)

print(f(10))

def

f(n, memo={}):
if n < 0:
return "n cannot be less than to 0"
elif n ==
return @
elif n ==
return 1
elif n in memo:
return memo/[n]
else:
memo[n] = f2(n-1) + f2(n-2)
return memo/[n]

print(f(10))



Z 2. Array vs. List
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™ HDEDU

RIEEEIER, numpyflarray A S AERNER. ¢ Cheatsheet
Array:

« An array is a fixed-size, contiguous

memory block that stores elements of
the same data type.

Elements in an array are accessed using
an index or a subscript that represents
their position in the array. The index
typically starts at 0.

Arrays have a fixed size and type,
meaning you need to know the number
of elements you want to store in
advance, and that size cannot be
changed during runtime.

List:

A list is a dynamic data structure that
can grow or shrink in size during
runtime.

Also use index operator to access
Lists are more flexible than arrays

because you can easily add or remove
elements of different datatypes.



Z /2. Numpy Array ® HDEDU

< Array is the most primitive collection on 2 = npaarray(([1, 21, 13, 4
data type in most programming e

array 1, 2],

language (but not Python®) 5, 4
>>> a.append(12
Traceback (most recent call last):

. File "<stdin>", line 1, in <module>

0:0 'meo r't numpy aS np AttributeError: 'numpy.ndarray' object has no attribute 'append’

>>> a0
array(l1l, 2
>>> al0][1

<« np.array() FLUE—"collectionZZp :

>>> ale, 1
array 2

>>> al@, 1] = 3
>>> a

% np.ones() and np.zeros() T
>>> a.shape

An 2

“ array.shape/array.dtype/array.ndi = =.due

dtype('int64"’

m/array.size s> a.ndin

2
>>> a.size
4



32, Multi-dimensional Traversal ® HDEDU

! <

+ B VEMER/LEnestedfEiL
:]-1 221 531 Z1’1 55:1
1, 2,3, 4,5],
wh%li ; < len(matrix

[1, 2, 3, 4, 5], ihilt? j < ler? mc’fltr]j_x

print(matrix[i] [j

j +=1
[]-’ 221 :31 Zl; 5] Lo

matrix



Z#32. Vector, Matrix and Tensor ® HDEDU

& Vector -> 1D - % Tensor -> nD
vy Notation: Tensors are often
M represented with multi-index notation.
v For example, a third-order tensor T

might be written as:
< Matrix -> 2D

Tk
‘a1 @iz - Q] where |, j, k are dimensions of the tensor.
az1 Q2 -+ Q2p
A= |
Am1 Qm2 Amn

TensorFlow
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2 2. Image M HDEDU

P

87

R=87 G=55

<+ SRGB -> Standard RGB [0, 255]

% Three Channels -> Red, Green, Blue



2 3. Binary Search * ® HDEDU

o

< NRF—PNELFAYArray, J&BEATNE, Bl udnielements
< BINRE—sorteddYArray, [BERFFEIFAR T :

find(3)

v
1 3 | 5 | 7 | 9 | 11| 13 ] 15 | 17 | 19



def rsearch(li, n, start, end):
index = (start + end) // 2
if li[index] == n:
return index

elif li[index] = n:
return rsearch(1li, n, start, index)

elif li[index] =< n:
return rsearch(1li, n, index, end)

li=1[1, 3, 5, 7, 9, 11, 13, 15, 17, 19]
print(rsearch(1i, 13, @, len(1i}))



Tree v/s Graph

Tree Graph

N i

Ref. : https://www.geeksforgeeks.org/difference-between-graph-and-tree/
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Find the Capital (BYmiR) ® HDEDU

Write a program that accepts a string and print the index of the first
capital letter in the string or -1 if not exists. You are not allowed to use
while and for loops.



Matrix Multiplication (BYmiR) ® HDEDU

Write a function that accepts two matrices and perform matrix
multiplication based on the definition.

Given two matrices A and B: The element C;; in the resulting matrix C' at position (%, 7) is calculated as:
e Aisanm X n matrix. ij = D=1 Aik X B
e Bisann X p matrix. Where:
_ _ o A, isthe elementin the i-th row and k-th column of matrix A.
The product C' = A x B willbe anm X p matrix. i

e By, isthe element in the k-th row and j-th column of matrix B.



Find the Subsets * (BYmiR) ® HDEDU

Given an array of integers, print sums of all subsets in it without using a
loop. Output sums can be printed in any order.

Input: [2, 3]
Output: 023 5

Input: [2, 4, 5]
Output: 024567911
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n-dimension needs n nested loops to traverse

Vector, Matrix and Tensor

— Mutli-dimensional Data Structure
Matrix Multiplication

Application: Image

n == value , return the index

n < value , recursively search the right part of the collection Read the middle value n

Binary Search *

n > value , recursively search the left part of the collection J

No loops

Node Data Structures
can contain loops Graph

REMS Depth First Search

FEf% Breadth First Search J— DFS/BFS

Recursion —

Array

Basic Structure

Base Case

Call Stack
J——

Pros and Cons

1 Recursive Case

Elegant readability

Unigue way to implement a loop-like execution

Slow

More memory usage
-

Example: Fibonacci Series

Fixed Size

Fixed Datatype

Array vs List
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