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Unit Overview  

This unit builds the mathematical foundation for deep learning by explaining how data is represented using 

vectors, matrices, and tensors, how uncertainty is handled through probability and statistics, and how models 

are optimized using calculus. It also introduces important concepts such as eigenvalues, probability 

distributions, and derivatives, which are essential for understanding how neural networks learn and improve. 

These mathematical tools are widely used in designing, training, and optimizing deep learning algorithms, 

making this unit crucial for developing a strong base in artificial intelligence and machine learning. 

Objectives of the Unit 

After studying this unit, students will be able to: 

➢ To understand how data is represented mathematically using vectors and tensors.  

➢ To learn how linear algebra supports neural network computations.  

➢ To understand uncertainty and randomness using probability theory.  

➢ To study how calculus helps in model optimization.  

➢ To apply mathematical concepts in real-world deep learning problems. 

Learning Outcomes 

After completing this unit, students will be able to: 

➢ To perform matrix operations such as addition, multiplication, and transpose.  

➢ To represent real-world data as vectors and tensors.  

➢ To compute determinant, rank, norm, and solve linear equations.  

➢ To analyze data using mean, variance, and probability distributions.  

➢ To apply Central Limit Theorem in data analysis.  

➢ To calculate gradients using derivatives and partial derivatives.  

➢ To relate mathematical concepts to training neural networks. 

Importance of studying this Unit:  

➢ Provides the foundation for all machine learning and deep learning models.  

➢ Helps in understanding how weights and biases are updated in neural networks.  

➢ Essential for implementing optimization algorithms like gradient descent.  

➢ Used in feature extraction, dimensionality reduction (SVD), and data preprocessing.  

➢ Improves analytical and problem-solving skills required in AI and Data Science. 

 

 



Key Concepts: 

1. Linear Algebra 

➢ Vector: A list of numbers representing data (e.g., features of an image).  

➢ Matrix: A 2D array used to store datasets.  

➢ Tensor: Multi-dimensional array (used in deep learning frameworks).  

➢ Transpose: Flipping rows into columns.  

➢ Determinant: Value that shows if a matrix is invertible.  

➢ Rank: Number of independent rows/columns.  

➢ Eigenvalues & Eigenvectors: Help in understanding transformations.  

➢ SVD: Decomposes matrix into simpler components (used in compression).  

2. Statistics & Probability 

➢ Probability: Measure of likelihood of an event.  

➢ Random Variable: Variable with random values.  

➢ Binomial Distribution: Used for binary outcomes.  

➢ Poisson Distribution: Used for counting events.  

➢ Normal Distribution: Bell-shaped curve (most important).  

➢ Sampling: Selecting subset from population.  

➢ Central Limit Theorem: Sample mean tends to normal distribution.  

3. Calculus 

➢ Derivative: Rate of change of a function.  

➢ Rules of Derivatives: Product, quotient, chain rules.  

➢ Partial Derivative: Derivative with respect to one variable.  

➢ Used in gradient descent and backpropagation. 



Linear Algebra                                           

❖ The understanding of Linear Algebra is a must for better 

comprehension and effective implementation of Neural Networks. 

❖ Scalars, Vectors, Matrices and Tensors are the most important mathematical 
concepts of Linear Algebra. 

❖ Scalars are single numbers and are an example of a 0th-order tensor. 

❖ Vectors are single dimensional arrays and are an example of 1st-order tensor. 

❖ Matrices are Two Dimensional Arrays are an example of 2nd-order tensors 

❖ Tensors are n-dimensional Arrays with n greater than 2 and are an example of n-
order tensors. 

 

 

 



       

VECTOR 
❖ Vectors are fundamental objects in linear algebra and are used to represent 

various physical quantities such as force, velocity, displacement, etc. 

❖ Example :  

❖ They can be 

1) added together, 

1) multiplied by scalars (real numbers) 

2) Perform dot product, and more 

 

VECTOR ADDITION 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Scalars are single 

numbers and are 

an example of a 

0th-order tensor. 

Vectors are single 

dimensional 

arrays and are an 

example of 1st-

order tensor. 

Matrices are Two 

Dimensional 

Arrays are an 

example of 2nd- 

order tensors. 

Tensors are n- 

dimensional 

Arrays with n 

greater than 2 

and are an 

example of n-

order tensors. 



VECTOR MULTIPLIED BY SCALAR 
 
 

Vector Properties 

 

 
 
 
 



MATRIX 

❖ A matrix is a way of representing the numbers in the form of rows and 

columns and all the numbers are represented in the cells of this matrix. 

❖ We represent the matrix as [A] m×n and m represents the number of rows and n 

represents the number 
                 of columns. 
 

Types of Matrix 

a) Singleton Matrix 

b) Null Matrix 

c) Row Matrix 

d) Column Matrix 

e) Horizontal Matrix 

f) Vertical Matrix 

g) Rectangular Matrix 

h) Square Matrix 

i) Diagonal Matrix 

j) Scalar Matrix 

k) Identity Matrix 

l) Triangular Matrix  

a. Upper Triangular Matrix  

b. Lower Triangular Matrix 

m) Singular Matrix 

n) Non Singular Matrix 

o) Symmetric Matrix 

p) Skew Symmetric Matrix 

q) Orthogonal Matrix 

r) Idempotent Matrix 

https://www.geeksforgeeks.org/matrices/


 

 

1) Singleton Matrix 

❖ A matrix that has only one element is called a singleton matrix. 

❖ In this type of matrix number of columns and the number of rows is equal to 1. 

❖ A singleton matrix is represented as [a]1⨯1. 

❖ Example of Singleton Matrix 

2) Null Matrix 

❖ A matrix whose all elements are zero is called a Null Matrix. 

❖ A null matrix is also called a Zero Matrix because its all elements are zero. 

❖ Example of Null Matrix.  
 
 

3) Row Matrix 

❖ A matrix that contains only one row and any number of columns is known as a 
row matrix. 

❖ A row matrix is represented as [a]1⨯n where 1 is 

the number of row and n is the number of columns 

present in a row matrix. 

❖ Example of Row Matrix. 

             

4) Column Matrix 

❖ A matrix that contains only one Column and any number of Rows is known as a 
row matrix. 

❖ A row matrix is represented as [a]n*1 where n is the number of rows and 1 is the 

number of column. 

❖ Example of Column Matrix. 
 
 

5) Horizontal Matrix 

❖ A matrix in which the number of rows is lower than the number of columns 
is called a Horizontal Matrix. 

❖ Example of Horizontal Matrix. 



 

6) Vertical Matrix 

❖ A matrix in which the number of rows exceeds the number of columns is called a 
Vertical Matrix 

❖ Example of Vertical Matrix. 

 
 

7) Rectangular Matrix 

❖ A matrix that does not have an equal number of rows and columns is known as a 
Rectangular Matrix. 

❖ Example of Rectangular Matrix. 
 

8) Square Matrix 

❖ A matrix that has an equal number of rows and an equal number of columns is 
called a Square Matrix. 

❖ Example of Square Matrix. 
 

9) Diagonal Matrix 

❖ A matrix that has all elements as 0 except diagonal elements is known as a 
diagonal matrix. 

❖ Example of Diagonal Matrix. 
 
 

10) Scalar Matrix 

❖ A diagonal matrix whose all diagonal elements are non-zero and the same is 
called a Scalar Matrix. 

❖ Scalar Matrix is a kind of diagonal matrix where all diagonal elements are the 
same. 

❖ Example of Scalar Matrix. 

 
 

11) Identity Matrix 

❖ A diagonal matrix where all the diagonal elements are 1 

and all non-diagonal elements are 0 is called an Identity 

Matrix. 



❖ The Identity Matrix is called Unit Matrix. 

❖ The identity matrix or unit matrix always has an equal number of rows and 
columns. 

❖ Example of Rectangular. 
12) Triangular Matrix 

❖ A square matrix in which the non-zero elements 

form a triangular below and above the diagonal 

is called a Triangular Matrix. 

❖ Based on the triangle formed below or above the diagonal, the triangular matrix 
is classified as: 

o Upper Triangular Matrix 

o Lower Triangular Matrix 

a. Upper Triangular Matrix 

➢ A square matrix in which all the elements below the 

diagonal are zero and the elements from the diagonal 

and above are non-zero elements is called an Upper 

Triangular Matrix. 

➢ In an Upper Triangular Matrix, the non-zero elements 

form a triangular-like shape. 

b. Lower Triangular Matrix 

➢ A square matrix in which all the elements above the diagonal are zero 

and the elements from the diagonal and below are non-zero elements 

is called a Lower Triangular Matrix 

➢ In a Lower Triangular Matrix, the non-zero elements form a triangular-like shape 
from the diagonal and below... 

13) Symmetric Matrix 

❖ A square matrix “A” of any order is defined as a symmetric matrix if the transpose 

of the matrix is equal to the original matrix itself, i.e., AT = A. 
 
 
 



14) Symmetric Matrix 

❖ A square matrix “A” of any order is defined as a skew-

symmetric matrix if the transpose of the matrix is 

equal to the negative of the original matrix itself, i.e., 

AT = -A. 

15) Orthogonal Matrix 

❖ A square matrix whose transpose is equal to its inverse is called Orthogonal 

Matrix in an Orthogonal Matrix. AT = A then AAT = I where I is the Identity 
Matrix. 

 
Matrix Operations 

❖ Matrix operations are the operations that are used to combine various matrices to 
form a single matrix. 

❖ The operations such as addition, subtraction, and multiplication are easily 
performed on the matrix. 

❖ These matrix operations are very useful to solve matrix problems and to 

find the transpose and the inverse of the matrix. 

❖ Various matrix operations that are used to solve matrix problems are 

o Addition of Matrix 

o Subtraction of Matrix 

o Scaler Multiplication of Matrix 

o Multiplication of Matrix 

➢ Addition of Matrix: 

 

  

 

 

 

https://www.geeksforgeeks.org/matrices/


 

 

 

 

Properties of Matrix Addition: 

There are various properties associated with matrix addition that are, for 

matrices A, B, and C of the same order, then 

1) Commutative Law: A + B = B + A 

2) Associative Law: (A + B) + C = A + (B + C) 

3) Identity of Matrix: A + O = O + A = A, where O is a zero matrix which is 
the Additive Identity of Matrix. 

4) Additive Inverse: A + (-A) = O = (-A) + A, where (-A) is obtained by 
changing the sign of every element of A, which is the additive inverse of 
the matrix. 

 



 
 
 

 
 



Subtraction of Matrix: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Properties of Subtration Matrix: 

There are various properties associated with matrix Subtraction that are, for 

matrices A, B, and C of the same order, then 

1) The number of rows and columns should be the same for the matrix 
subtraction. 

2) The subtraction of matrices is not commutative, that is, A - B ≠ B – A 

3) The subtraction of matrices is not associative, that is, (A - B) - C ≠ A - (B - C) 

4) The subtraction of a matrix from itself results in a null matrix, that is, A - A = O. 

5) Subtraction of matrices is the addition of the negative of a matrix to 

another matrix, that is, A - B = A + (-B). 

Scalar Multiplication of a Matrix 
 

 
 



 
 

Properties of Scalar Multiplication of a Matrix 

 

Associative property of multiplication: (cd)A = c(dA) 



Distributive property of Scalar multiplication: c(A+B) = cA+cB 

 

 
 

 
 
 
 

Matrix Multiplication 

❖ Matrix Multiplication is a binary operation performed on two matrices to get a new 
matrix called the product matrix. 

❖ For matrix multiplication , the number of columns in the first matrix must be equal 
to the number of rows in the second matrix. 



❖ The resulting matrix, known as the matrix product, has the number of rows of the 
first and the number of columns of the second matrix. The product of matrices A 
and B is denoted as AB. 
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Transpose of a Matrix: 

A Matrix which is formed by turning all the rows of a given matrix into columns and 
vice-versa.” 

 
Properties of Transpose Matrix 

1) A square matrix “A” of order “n × n” is said to be an orthogonal 

matrix, if AAT = ATA = I, where “I” is an identity matrix of order 

“n × n.” 

2) A square matrix “A” of order “n × n” is said to be a symmetric matrix if its transpose is 

the same as the original matrix, i.e., AT = A. 

3) A square matrix “A” of order “n × n” is said to be a skew-

symmetric matrix if its transpose is equal to the negative of the 

original matrix, i.e., AT = –A. 

4) Transpose of the transpose matrix is the original matrix itself i.e., (AT )T= A 

5) A Transpose of Product of Matrices: This property says that (AB )T = AT BT 

6) Multiplication by Constant, i.e (KA)T= KAT. 

7) Transpose of Addition of Matrices: This property says that. (A+B) T = AT 

 



Trace of Matrix 

❖ The sum of diagonal elements of a matrix is known as the trace of a matrix. 

❖ The Trace of a matrix A can be represented as tr(A). 

❖ The Trace of a matrix can be calculated for a square matrix only. 

 

Properties of Trace Matrix 

Property 1: Trace of the sum of two matrices is equal to the sum of a trace of an individual 

matrix 

 

  



Property 2: Trace of a matrix that is multiplied by some scalar is equal to the 

multiplication of the trace of the matrix and scalar. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

Cofactor of the Matrix 

❖ A cofactor matrix is a matrix that comprises the cofactors of each element in a 

matrix. 

❖ A cofactor is a number obtained when the minor Mij of the 

element aij is multiplied by the (-1)i+j. i and j represent the row 

and column of the particular element whose cofactor is being 

determined. 

❖ Minor of an element is obtained by eliminating the row and column of 

that particular element i.e. eliminating row i and column j and then taking the 

remaining part of the matrix. 

❖ Then we calculate the determinant of the remaining part which 

gives us the value of the minor of that particular element. 

 

 

https://www.geeksforgeeks.org/matrices/
https://www.geeksforgeeks.org/what-is-determinant-of-a-matrix/


❖ If we denote the Cofactor using Cij, then the cofactor of any element for Cij = Mij 

× (-1)i+j 

Where, 

i is the number of rows for the element under consideration, 

j is the number of columns for the element under consideration, and 

Mij is the minor of the element in the ith row and jth column. 

 

 

 

How to Find Cofactor of a Matrix? 

In order to find a cofactor matrix we need to perform the following steps: 

Step 1: Find the minor of each element of the matrix and make a minor matrix. 

Step 2: Multiply each element in the minor matrix by (-1)i+j
. 

Thus, we obtain the cofactor matrix. 

 

 

 

 

 

 



 

  



 

 

 

 



  



Adjoint of a Matrix 

❖ It is the transpose of the cofactor of the given matrix. 

❖ To calculate the adjoint of a matrix, you need to find the cofactor 

matrix of the given matrix and then transpose it. 

❖ The key application or use of the adjoint of a matrix is to find the inverse of 

invertible matrices. 

 

 

 

  



  



  



Inverse of a Matrix 

Finding the inverse is one of the important applications of the Adjoint of the Matrix. To find 

the inverse of a 

Matrix using Adjoint we can use the following steps: 

Step 1: Find the determinant of the matrix. 

Step 2: If the determinant is zero, then the matrix is not invertible, and there is no inverse. 

Step 3: If the determinant is non-zero, then find the adjoint of the matrix. 

Step 4: Divide the adjoint of the matrix by the determinant of a matrix. 

Step 5: The result of Step 4 is the Inverse of given Matrix. 

    

  

The inverse of a matrix is obtained by dividing its adjoint by its determinant. That is, if A is a square 

matrix and det(A) is non-zero, then 

                                                A
-1 

= adj(A)/det(A) 

https://www.geeksforgeeks.org/what-is-determinant-of-a-matrix/


Matrix Norm 

 

The Norm of a matrix is a real number which is a measure of the magnitude of the Matrix. 

  



Infinity -Norm ( The Infinity-Norm of a Square Matrix is the maximum of the absolute Row 

Sums) 

 

 

 

Euclidean Norm ( The Euclidean Norm of a Square Matrix is the square root of the sum of all 

the squares of the elements  

Matrix Norm 

 

 

 



 

Vector

 
 

Eigen Values and Eigen Vectors 

 

  

❖ Scalar will have only magnitude . 

Eg : An Airplane moves 300 miles per hourn 

❖ Whereas Vector has both Magnitude and direction . 

Eg : An Airplane Moves 300 miles per hour in the direction 
45 degree North of east 

❖ The vector value changes when a 

linear transformation is applied on 

the vector Eg : if the airplane 

changes its direction or speed 

An eigenvector is a non-zero vector that remains unchanged in direction when a linear 

transformation is applied to it, though it may be scaled by a scalar factor, known as its 

corresponding eigenvalue. 



 

 

  

❖ We know that the vectors change its magnitude and direction when some 
linear transformation is applied to it. 

❖ But some vectors do not change much (or in other words they change at 

most by its scale factor) even after the application of transformations on 

them. 

❖ Such vectors are called eigenvectors. 

❖ We have to find eigenvalues always before finding the eigenvectors. 



  



  



  



Singular Value Decomposition 

 

  



SVD has numerous applications, including: 

1. Dimensionality Reduction: SVD can be used to reduce the dimensionality of data while 

preserving important information. 

2. Matrix Approximation: By truncating the singular values and corresponding singular 

vectors, you can approximate the original matrix. 

3. Pseudoinverse: SVD can be used to compute the pseudoinverse of a matrix, which is useful 

in solving linear least squares problems. 

4. Principal Component Analysis (PCA): SVD is closely related to PCA, where the singular 

vectors represent the principal components of the data. 

5. Image Compression: SVD can be used for compressing images by representing them in 

terms of their singular vectors and values. 

 

 

 

 

 

 

  



 

    STATISTICS 

 

 
 

Introduction to Random Variable 

 

Experiment:  Is any Physical action or process that is observed and the result is noted 

Experiment: An Experiment in which all possible outcomes are known and the exact 

outcomes cannot be predicted in advance is called “Random Experiment”. 

• Eg1 : Tossing a coin is an example of Random experiment because in this experiment all 

possible outcomes {H,T} are known but exact outcome cannot be predicted. 

• Eg2: Boiling Water – Outcome is Predicted i.e it gets Evaporated . So its not an Random 

experiment 

 

 

 

 
  



Sample Space 

▪ Set of all Possible outcomes of an Experiment is called “Sample Space”. 

▪ Examples : 

✓ Sample Space of “Tossing a Coin experiment is           S = {H,T} 

✓ Sample Space of “Tossing 2 Coins Experiment is       S = {HH,HT,TH,TT} 

✓ Sample Space of “ Rolling a Dice Experiment is        S = {1,2,3,4,5,6} 

Random Variable 

✓ Sample Space of “Tossing a Coin experiment is           S = {H,T} 

✓ A Radom Variable is a function that assigns a numerical value to each sample point in 

the sample space. 

✓ Random Variables are denoted by capital Letters. Eg : X, Y etc. 

✓ Example : 

✓ Experiment : “Tossing 2 Coins “ 

o Sample Space : S = {HH,HT,TH,TT} 

o Random Variable : X { no. of Heads } 

o So, X = {2,1,1,0} (Numerical Values assigned to HH ,HT, TH and TT) 

 

Types of Random Variable 

Random variable are classified into 2 Types 

1) Discrete Random variable 

2) Continuous Random variable 

 

1) Discrete Random Variable : 

✓ If a Random variable takes only a finite or a countable number of values , it is called 

Discrete Random Variable. 

✓ Example : when 2 coins are tossed , the sample space S = {HH,HT,TH,TT} and 

if the function is No.of Heads, then the variable can take finite or countable values 

like 2,1,0 and such variable is called Discrete Random variable. 

 

 



Random variable and f(X) is called 

2) Continuous Random Variable : 

✓ A Random Variable X which can take any Value between certain 

Interval is called Continuous Random Variable. 

✓ Example : The Height of students in a particular class lies between 4 to 6 feet. We write 

this as 

 

 
 

1) Probability Distribution 

✓ Distribution of Probabilities of each Outcome of the random variable is called 

Probability Distribution 

✓ Example : Experiment : 2 coins are tossed , Sample Space S ={HH,HT,TH,TT} 

function : No.of Heads, then the Discrete Random variable X = {2,1,0} 

Outcome of the Variable Corresponding Probabilities 

 

Propabilitity Distribution of the Discrete Probability Mass Function 

 

Probability Distribution of the Discrete  

 
 Probability Mass Function 
 

 

 

 

 

 

 

 

 

 



 

Types of Probability Distribution 

 

 

Discrete Probability Distribution Function or Probability Mass Function: 

 

➢ Probability Distribution of a Discrete Random Variable is called Discrete Probability 

Distribution. 

➢ The Discrete Probability Distribution Function P(X = x) or Pi is called the Probability 

Mass Function (PMF). 

➢ The Properties of Probability Mass Function are 

 

 

 

 

 

 

 

 



 

 



 



 



  

 

 
  



 

 



 

 



 
 

 
 
 

  

 



 
 
 

 

  

 



 
 

 
  

 



 
 
 
 
 

 

 
 

  

 



 
 
 

 

  



 

 
 

 

 

 



 

 
 
 

  

 



 
 

 

 

 
 
 

  

 

 



 

 

 

 

 



SAMPLING: 

 
1.Population 

➢ In statistics, a population refers to the entire group that you want to draw conclusions 

about. 

➢ For instance, if you're conducting a survey about favorite ice cream flavors among all 

adults in a city, the population would be all adults in that city. 

              

 

 

 

 

 

 

 

 

 

 

2. Sampling Frame 

➢ The sampling frame is a list or an operational definition of the target population from 

which a sample is drawn. 

➢ It is essentially a subset of the population from which you will actually select your 

sample. 

➢ In the ice cream example, the sampling frame might be a list of all adult residents in the 

city obtained from a census or voter registration database. 

 

3. Sample 

➢ A sample is a subset of the population that is selected for study. 

➢ Ideally, a sample should be chosen in such a way that it is representative of the 

population, meaning that the characteristics of the sample closely match those of the 

population. 

➢ In the ice cream survey, the sample might consist of a randomly selected group of 500 

adults from the sampling frame. 

 

 

 

 

 

 

 

 

  



 
 

 
 
 

  



 
 

PROBABILISTIC SAMPLING TECHNIQUES 
Simple Random Sampling 

➢ In a simple random sample, every member of the population has an equal chance of 

being selected. 

➢ It is the most basic and unbiased sampling method. 

Example: Simple Random Sampling 

➢ You want to select a simple random sample of 100 employees from a social media 

marketing company. 

➢ Assign a number to every employee in the company database (e.g., 1 to 1000). 

➢ Use a random number generator to select 100 numbers. 

➢ The employees corresponding to those numbers form the sample. 

 

 

 

 

 

 

 

 

 

 

 

  

 



Stratified Sampling 

➢ In stratified sampling, the population is divided into distinct subgroups called strata 

based on characteristics such as age, gender, income level, etc. 

➢ Then, samples are randomly selected from each stratum in proportion to their size in 

the population. 

➢ This method ensures representation from all subgroups. 

Example: Stratified Sampling 

➢ A company has 800 female employees and 200 male employees. 

➢ To maintain gender balance, the population is divided into two strata based on gender. 

➢ Random sampling is applied to each group: 

  • Select 80 females 

  • Select 20 males 

➢ This results in a representative sample of 100 employees. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

Systematic Sampling:  

➢ Systematic sampling involves selecting every nth individual from the population after a 

random start.  

➢ For example, if you have a population of 1000 and you want a sample of 100, you 

could select every 10th individual after choosing a random starting point between 1 and 

10. 

 

 

 



 

 

 

 

 

 

 

 

 

 

  

Cluster Sampling:  

➢ Cluster sampling involves dividing the population into clusters or groups (e.g., 

neighborhoods, schools), and then randomly selecting clusters to include in the sample.  

➢ All individuals within the selected clusters are then included in the sample 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



PROBABILISTIC SAMPLING TECHNIQUES: 

 

1.Simple Random Sampling:  

➢ In simple random sampling, every individual in the population has an equal chance of 

being selected, and each selection is independent of the others.  

➢ This can be done by randomly selecting individuals from a sampling frame using 

methods like random number generators or random sampling software.  

 

2. Systematic Sampling:  

➢ Systematic sampling involves selecting every nth individual from the population after a 

random start.  

➢ For example, if you have a population of 1000 and you want a sample of 100, you could 

select every 10th individual after choosing a random starting point between 1 and 10.  

 

3. Stratified Sampling:  

➢ In stratified sampling, the population is divided into distinct subgroups or strata based 

on certain characteristics (e.g., age, gender, income level), and then samples are 

randomly selected from each stratum in proportion to their size in the population.  

➢ This ensures representation from all subgroups.  

 

4. Cluster Sampling:  

➢ Cluster sampling involves dividing the population into clusters or groups (e.g., 

neighborhoods, schools), and then randomly selecting clusters to include in the sample.  

➢ All individuals within the selected clusters are then included in the sample. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



NON  PROBABILISTIC SAMPLING TECHNIQUES: 

 

 

1. Judgement Sampling  

➢ Depends exclusively on the Judgement of Investigator .  

➢ Sample selected which investigator thinks to be most typical of the Universe. 

 

 

 

 

 

 

 

 

 

 

  

2. Convenience Sampling  

➢ selecting individuals who are conveniently available or easily accessible to the 

researcher.  

➢ This method is quick and inexpensive but may introduce bias as it doesn't ensure that 

the sample is representative of the population  

 

 

 

 

 

 

 

 

 

 

 

  

3. Quota Sampling  

➢ This involves dividing the population into subgroups or strata based on certain 

characteristics (e.g., age, gender, socioeconomic status) and then setting quotas for each 

subgroup.  

➢ Researchers then purposively sample individuals to meet these quotas 

 

 



 

 

 

 

 

 

 

 

 

 

 

  

4. Snow Ball Sampling  

➢ This technique is used when members of the population are difficult to identify or locate.  

➢ The researcher starts with a small number of initial participants who are known to 

belong to the population of interest and then asks them to refer other potential 

participants.  

➢ This process continues iteratively, with new participants referring additional 

participants. Snowball sampling can be useful for studying hard-to-reach populations 

but may result in a biased sample if the initial participants are not representative of the 

population. 

 

 

 

 

 

 

 

 

 

  

NORMAL DISTRIBUTION: 
➢ In a normal distribution, data is symmetrically distributed with no skew. 

➢ When plotted on a graph, the data follows a bell shape, with most values clustering 

around a central region 

➢ Normal distributions are also called Gaussian distributions or bell curves because 

of their shape. 

 

 

 

https://www.scribbr.com/statistics/skewness/
https://www.scribbr.com/statistics/central-tendency/


 

PROPERTIES OF NORMAL DISTRIBUTION 

Normal distributions have key characteristics that are easy to spot in graphs: 

➢ The mean, median and mode are exactly the same. 

➢ The distribution is symmetric about the mean—half the values fall below 

the mean and half above the mean. 

The distribution can be described by two values: the mean and the standard deviation 

 

EMPIRICAL RULE OF NORMAL DISTRIBUTION 

 

Empirical rule  

The empirical rule, or the 68-95-99.7 rule, tells you where most of your values lie in a normal 

distribution:  

➢ Around 68% of values are within 1 standard deviation from the mean.  

➢ Around 95% of values are within 2 standard deviations from the mean.  

➢ Around 99.7% of values are within 3 standard deviations from the mean. 

 

https://www.scribbr.com/statistics/mean/
https://www.scribbr.com/statistics/median/
https://www.scribbr.com/statistics/mode/
https://www.scribbr.com/statistics/standard-deviation/


 

 

 

 

 

 

 

 

 

 

  

 

PROPERTIES OF NORMAL DISTRIBUTION 

 

Problem 1: X is a normally distributed variable with mean μ = 30 and standard deviation σ = 

4. Find the probabilities 

a) P(X < 40) 

b) P(X > 21) 

c) P(30 < X < 35) 

 

Formula : Z = (X- μ )/ σ 

a) For x = 40, the z-value z = (40 - 30) / 4 = 2.5 

Hence P(x < 40) = P(z < 2.5) = [area to the left of 2.5] = 0.9938 

b) For x = 21, z = (21 - 30) / 4 = -2.25 

Hence P(x > 21) = P(z > -2.25) = [total area] - [area to the left of -2.25] = 1 - 0.0122 = 

0.9878. 

c) For x = 30 , z = (30 - 30) / 4 = 0 and for x = 35, z = (35 - 30) / 4 = 1.25 

Hence P(30 < x < 35) = P(0 < z < 1.25) = [area to the left of z = 1.25] - [area to the 

left of 0]== 0.8944 - 0.5 = 0.3944 

 



CENTRAL LIMIT THEOREM 

 

 

 

➢ The Central Limit Theorem is a powerful tool that enables researchers to draw 

conclusions about populations based on samples.  

➢ The Central Limit Theorem (CLT) is a fundamental concept in statistics that states that 

the sampling distribution of the sample mean approaches a normal distribution as the 

sample size increases, regardless of the shape of the population distribution.  

➢ This theorem is crucial because it allows us to make inferences about population 

parameters using sample statistics. 

 

 

 

 

 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

Covariance 

➢ Covariance is a measure of the relationship between two random variables and 

to what extent, they change together. 

➢ Or in other words, it defines the changes between the two variables, such that 

change in one variable is equal to change in another variable. 

➢ Mathematically, the covariance between two random variables X and Y, denoted as 

cov(X,Y). 

➢ Types of Covariance 

Covariance can have both positive and negative values. Based on this, it has two types: 

1. Positive Covariance 

2.Negative Covariance 

Positive Covariance 

If cov(X,Y)>0, it indicates a positive relationship, meaning that as the value of 

one variable increases, the other variable tends to increase as well. 

Negative Covariance 

If cov(X,Y)<0, it indicates a negative relationship, meaning that as the value of one 

variable increases, the other variable tends to decrease. 

 



 

Suppose we want to evaluate the relationship between the number of 

hours studied (X) and the test scores (Y) obtained by a group of five students. 

The data are below. 

 

 

 

 

 

 

 

 

 

 

 

 

The positive covariance (21.25) suggests a positive association between the number of 

hours studied and exam scores. This result implies that as the number of study hours increases, 

the scores tend to increase. 

 

 

 

 



 

Dereviatives 

 

 

Unit Highlights 

• Linear algebra provides the language of vectors, matrices, eigenvalues, and SVD.  

• Probability and statistics help model randomness, data variation, and uncertainty.  

• Common distributions include binomial, Poisson, and normal.  

• The central limit theorem explains why sample means often behave approximately 

normally.  

• Calculus provides derivatives and partial derivatives for optimization.  

• These mathematical ideas are fundamental to machine learning and A 
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Question Bank: 

 
UNIT I - MATHEMATICAL TOOLS FOR DEEP LEARNING 

PART –A 

1. Define Matrix and Vector. L1 
2. What is the transpose of a matrix?  L2 

3. Define Tensor. L1 
4. What is the rank of a matrix?  L2 

5. Define determinant of a matrix. L1 
6. What is trace of a matrix? L1 

7. Define Eigen values and Eigen vectors.  L2 
8. What is Singular Value Decomposition (SVD)? L1 
9. Define probability.  L2 

10. What is a random variable?  L1 
11. State Binomial distribution formula.  L1 

12. Define Poisson distribution.  L2 
13. What is Normal distribution?  L1 
14. State Central Limit Theorem.  L2 

15. Define derivative.  L2 
16. State product rule of derivatives.  L2 

17. What is partial derivative?  L1 

PART –A 

1. Explain Eigen values and Eigen vectors with example and discuss their applications 
in Deep Learning. 

L3 

2. Explain Singular Value Decomposition (SVD) with mathematical formulation and 
applications in dimensionality reduction. 

L4 

3. Solve a system of linear equations using matrix method and explain the significance 
of rank. 

L3 

4. Explain determinant and its properties. Discuss its role in matrix invertibility. L4 

5. Describe Normal distribution and explain the Central Limit Theorem with suitable 
example. 

L3 

6. Derive and explain Binomial and Poisson distributions with properties and examples. L4 

7. Explain probability and random variables with real-time applications in Machine 
Learning. 

L3 

8. Discuss matrix norms and tensors and explain their importance in Deep Learning 
models. 

L4 

9. Explain derivatives and rules of differentiation with examples related to 
optimization. 

L5 

10. Explain partial derivatives and their role in gradient-based learning algorithms. L5 

 

 



 

 

 


