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Logistic Regression in Machine Learning 

 

Logistic Regression is a supervised machine learning algorithm used for 

classification problems. Unlike linear regression which predicts continuous values 

it predicts the probability that an input belongs to a specific class.  

• It is used for binary classification where the output can be one of two 

possible categories such as Yes/No, True/False or 0/1.  

• It uses sigmoid function to convert inputs into a probability value between 0 

and 1. 
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Types of Logistic Regression 

Logistic regression can be classified into three main types based on the nature of 

the dependent variable: 

1. Binomial Logistic Regression: This type is used when the dependent 

variable has only two possible categories. Examples include Yes/No, 

Pass/Fail or 0/1. It is the most common form of logistic regression and is 

used for binary classification problems. 

2. Multinomial Logistic Regression: This is used when the dependent 

variable has three or more possible categories that are not ordered. For 

example, classifying animals into categories like "cat," "dog" or "sheep." It 

extends the binary logistic regression to handle multiple classes. 

3. Ordinal Logistic Regression: This type applies when the dependent 

variable has three or more categories with a natural order or ranking. 

Examples include ratings like "low," "medium" and "high." It takes the order 

of the categories into account when modeling. 

 

Assumptions of Logistic Regression  

Understanding the assumptions behind logistic regression is important to ensure 

the model is applied correctly, main assumptions are: 

1. Independent observations: Each data point is assumed to be independent of 

the others means there should be no correlation or dependence between the 

input samples. 

2. Binary dependent variables: It takes the assumption that the dependent 

variable must be binary, means it can take only two values. For more than 

two categories SoftMax functions are used. 

3. Linearity relationship between independent variables and log odds: The 

model assumes a linear relationship between the independent variables and 
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the log odds of the dependent variable which means the predictors affect the 

log odds in a linear way. 

4. No outliers: The dataset should not contain extreme outliers as they can 

distort the estimation of the logistic regression coefficients. 

5. Large sample size: It requires a sufficiently large sample size to produce 

reliable and stable results. 

Understanding Sigmoid Function 

1. The sigmoid function is a important part of logistic regression which is used to 

convert the raw output of the model into a probability value between 0 and 1.  

2. This function takes any real number and maps it into the range 0 to 1 forming an 

"S" shaped curve called the sigmoid curve or logistic curve. Because probabilities 

must lie between 0 and 1, the sigmoid function is perfect for this purpose. 

3. In logistic regression, we use a threshold value usually 0.5 to decide the class 

label. 

• If the sigmoid output is same or above the threshold, the input is classified as 

Class 1. 

• If it is below the threshold, the input is classified as Class 0. 

This approach helps to transform continuous input values into meaningful class 

predictions. 
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How does Logistic Regression work? 

Logistic regression model transforms the linear regression function continuous 

value output into categorical value output using a sigmoid function which maps 

any real-valued set of independent variables input into a value between 0 and 1. 

This function is known as the logistic function. 

Suppose we have input features represented as a matrix: 

 

 
 

At this stage, z is a continuous value from the linear regression. Logistic regression 

then applies the sigmoid function to z to convert it into a probability between 0 and 

1 which can be used to predict the class. 

Now we use the sigmoid function where the input will be z and we find the 

probability between 0 and 1. i.e. predicted y. 
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As shown above the sigmoid function converts the continuous variable data into the probability 

i.e between 0 and 1.  

• σ(z)   tends towards 1 as z→∞ 

• σ(z)   tends towards 0 as z→−∞ 

• σ(z)    is always bounded between 0 and 1 

where the probability of being a class can be measured as: 
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Logistic Regression Equation and Odds: 

It models the odds of the dependent event occurring which is the ratio of the 

probability of the event to the probability of it not occurring: 
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Terminologies involved in Logistic Regression 

Here are some common terms involved in logistic regression: 

1. Independent Variables: These are the input features or predictor variables 

used to make predictions about the dependent variable. 

2. Dependent Variable: This is the target variable that we aim to predict. In 

logistic regression, the dependent variable is categorical. 

3. Logistic Function: This function transforms the independent variables into a 

probability between 0 and 1 which represents the likelihood that the 

dependent variable is either 0 or 1. 

4. Odds: This is the ratio of the probability of an event happening to the 

probability of it not happening. It differs from probability because 

probability is the ratio of occurrences to total possibilities. 

5. Log-Odds (Logit): The natural logarithm of the odds. In logistic regression, 

the log-odds are modeled as a linear combination of the independent 

variables and the intercept. 

6. Coefficient: These are the parameters estimated by the logistic regression 

model which shows how strongly the independent variables affect the 

dependent variable. 

7. Intercept: The constant term in the logistic regression model which 

represents the log-odds when all independent variables are equal to zero. 

8. Maximum Likelihood Estimation (MLE): This method is used to estimate 

the coefficients of the logistic regression model by maximizing the 

likelihood of observing the given data. 
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Implementation for Logistic Regression 

Now, let's see the implementation of logistic regression in Python. Here we will be 

implementing two main types of Logistic Regression: 

1. Binomial Logistic regression:  

In binomial logistic regression, the target variable can only have two possible 

values such as "0" or "1", "pass" or "fail". The sigmoid function is used for 

prediction.  

We will be using sckit-learn library for this and shows how to use the breast 

cancer dataset to implement a Logistic Regression model for classification. 

from sklearn.datasets import load_breast_cancer 

from sklearn.linear_model import LogisticRegression 

from sklearn.model_selection import train_test_split 

from sklearn.metrics import accuracy_score 

 

X, y = load_breast_cancer(return_X_y=True) 

 

X_train, X_test, y_train, y_test = train_test_split(X, y, test_size=0.20, 

random_state=23) 

 

clf = LogisticRegression(max_iter=10000, random_state=0) 

clf.fit(X_train, y_train) 

 

acc = accuracy_score(y_test, clf.predict(X_test)) * 100 

print(f"Logistic Regression model accuracy: {acc:.2f}%") 

 

Output: 

Logistic Regression model accuracy (in %): 96.49% 

This code uses logistic regression to classify whether a sample from the breast cancer dataset is 

malignant or benign. 
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2. Multinomial Logistic Regression: 

Target variable can have 3 or more possible types which are not ordered i.e types 

have no quantitative significance like “disease A” vs “disease B” vs “disease C”. 

In this case, the softmax function is used in place of the sigmoid function. Softmax 

function for K classes will be: 

 
 
from sklearn.model_selection import train_test_split 

from sklearn import datasets, linear_model, metrics 

 

digits = datasets.load_digits() 

 

X = digits.data 

y = digits.target 

 

X_train, X_test, y_train, y_test = train_test_split(X, y, test_size=0.4, 

random_state=1) 

 

reg = linear_model.LogisticRegression(max_iter=10000, random_state=0) 

reg.fit(X_train, y_train) 

 

y_pred = reg.predict(X_test) 

 

print(f"Logistic Regression model accuracy: {metrics.accuracy_score(y_test, 

y_pred) * 100:.2f}%") 

 

Output: 

Logistic Regression model accuracy: 96.66% 
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Differences Between Linear and Logistic Regression 

Logistic regression and linear regression differ in their application and output. 

Here's a comparison: 

Aspect Linear Regression Logistic Regression 

Definition 

Linear regression is used to 

predict the continuous 

dependent variable using a 

given set of independent 

variables. 

Logistic regression is used to 

predict the categorical dependent 

variable using a given set of 

independent variables. 

Problem Type 
It is used for solving regression 

problem. 

It is used for solving 

classification problems. 

Output Type 
In this we predict the value of 

continuous variables. 

In this we predict values of 

categorical variables. 

Curve/Model 

Fitting 
In this we find best fit line. In this we find S-Curve. 

Estimation 

Method 

Least square estimation method 

is used for estimation of 

accuracy. 

Maximum likelihood estimation 

method is used for estimation of 

accuracy. 

Output 

Example 

The output must be continuous 

value such as price, age etc. 

Output must be categorical value 

such as 0 or 1, Yes or No, etc. 

Relationship 

Requirement 

It required linear relationship 

between dependent and 

independent variables. 

It not required linear 

relationship. 

Collinearity 

There may be collinearity 

between the independent 

variables. 

There should be little to no 

collinearity between 

independent variables. 
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