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                                                    ABSTRACT 

 
 
Subjects receiving the same vaccine often show different levels of immune responses and some may 

even present adverse side effects to the vaccine. Systems vaccinology can combine omics data and 

machine learning techniques to obtain highly predictive signatures of vaccine immunogenicity and 

reactogenicity. Currently, several machine learning methods are already available to researchers with 

no background in bioinformatics. We propose a data-driven machine learning model to predict the 

likelihood of a person being vaccinated against H1N1 and seasonal flu. In 2009, a pandemic that was 

caused by the H1N1 influenza virus, named "swine flu", spread like wildfire across the world. 

Researchers and Healthcare specialists estimated that in the initial year, it was responsible for between 

150,000 to 600,000 deaths in the whole world. A vaccine against the H1N1 (swine flu) virus was made 

available in October 2009. I have mainly used Logistic Regression Algorithm. 
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                                        CHAPTER-1 

 

                                                  INTRODUCTION 

                                                                         

What is Machine Learning? 

 Machine learning (ML) is a type of artificial intelligence (AI) that allows software applications to become 

more accurate at predicting outcomes without being explicitly programmed to do so. Machine learning 
algorithms use historical data as input to predict new output values. Recommendation are a common 
use case for machine learning. Other popular uses include fraud detection, spam filtering, malware 
threat detection, business automation (BPA) and predictive maintenance. 

 

 
Why is machine learning important? 
   
Machine learning is important because it gives enterprises a view of trends in customer behavior and 
business operational patterns, as well as supports the development of new products. Many of today's 
leading companies, such as Facebook, Google and Uber, make machine learning a central part of their 
operations. Machine learning has become a significant competitive differentiator for many companies. 

 

 
Machine Learning History 

 
➢ A machine that is intellectually capable as much as humans has always fired the imagination 

of writers and also the early computer scientist who were excited about artificial intelligence 
and machine learning, but the first machine learning system was developed in the 1950s. 

➢ In 1952, Arthur Samuel was at IBM. He developed a program for playing Checkers. The 
program was able to observe positions at the game and learn a model that gives better 
moves for the machine player. The system played many games with the program and 
observed that the program was able to play better in the course of time with getting more 
experience of board games. Samuel coined the term machine learning and he defined 
learning as a field of study that gives computers the ability without being explicitly 
programmed. 

➢ In 1957, Rosenblatt proposed the perceptron. Perceptron is the simple neural network unit; 
it was a very exciting discovery at that time. Rosenblatt made the following statement; the 
perceptron is designed to illustrate some of the fundamental properties of intelligent systems 
in general without becoming too deeply immersed in the special and frequently unknown 
conditions, which hold force particular biological organisms. 

➢ But after 3 years, came up with the delta learning rule that is used for learning perceptron. 
It was used as a procedure for training perceptron. It is also known as the least square 
problem. The combination of these ideas created a good linear classifier. However, the work 
along these lines suffered a setback when Minsky in 1969 came up with the limitations of 
perceptron. He showed, that the problem could not be represented by perceptron and such 
inseparable data distributions cannot be handled and following  
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What are the different types of ML? 
 
 Classical machine learning is often categorized by how an algorithm learns to become more accurate 
in its predictions. There are four basic approaches:supervised learning, unsupervised learning, semi-
supervised learning and reinforcement learning. The type of algorithm data scientists choose to use 
depends on what type of data they want to predict. 

 
• Supervised learning: In this type of machine learning, data scientists supply algorithms with 

labeled training data and define the variables they want the algorithm to assess for correlations. 
Both the input and the output of the algorithm is specified. 

• Unsupervised learning: This type of machine learning involves algorithms that train on 

unlabeled data. The algorithm scans through data sets looking for any meaningful connection. 
The data that algorithms train on as well as the predictions or recommendations they output are 

predetermined. 
• Semi-supervised learning: This approach to machine learning involves a mix of the two 

preceding types. Data scientists may feed an algorithm mostly labeled training data, but the 
model is free to explore the data on its own and develop its own understanding of the data set. 

• Reinforcement learning: Data scientists typically use reinforcement learning to teach a 
machine to complete a multi-step process for which there are clearly defined rules. Data 
scientists program an algorithm to complete a task and give it positive or negative cues as it 
works out how to complete a task. But for the most part, the algorithm decides on its own what 
steps to take along the way. 
 

 

 
 
                                                   Fig 1.1: Types of Learning 
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https://searchenterpriseai.techtarget.com/definition/data-scientist
https://searchenterpriseai.techtarget.com/feature/Using-small-data-sets-for-machine-learning-models-sees-growth
https://searchenterpriseai.techtarget.com/definition/reinforcement-learning
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SUPERVISED MACHINE LEARNING: 

      In supervised learning, models are trained using labelled dataset, where the model learns about 

each type of data. Once the training process is completed, the model is tested on the basis of test data 

(a subset of the training set), and then it predicts the output. 

 

Types of Supervised Machine Learning Algorithm: 

 
       Supervised learning can be further divided into two types of problems: 

 

 

 
                 

         

 
                                                         
                                                             FIG 1.2: Supervised 

 

 Classification 

 The Classification algorithm is a Supervised Learning technique that is used to identify the category of 
new observations on the basis of training data. In Classification, a program learns from the given 
dataset or observations and then classifies new observation into a number of classes or groups. Such  

as, Yes or No, 0 or 1, Spam or Not Spam, cat or dog, etc. Classes can be called as targets/labels or 
categories. 

In classification algorithm, a discrete output function(y) is mapped to input variable(x). 

The best example of an ML classification algorithm is Email Spam Detector. 

The main goal of the Classification algorithm is to identify the category of a given dataset, and these 
algorithms are mainly used to predict the output for the categorical data. 

 

In the below diagram, there are two classes, class A and Class B. These classes have features that 
are similar to each other and dissimilar to other classes. 

                                                                             3 
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                                         FIG 1.3: CLASSIFICATION     

 

 

 

 

 

Logistic Regression 

   Logistic Regression is a Machine Learning algorithm which is used for the 
classification problems, it is a predictive analysis algorithm and based on the 

concept of probability.                    

 

 

 

 

 

 

                                                                         4 



rdddd 

 

 

                                                                      

 

                                                                           

 
                                        FIG 1.4: LOGISTIC 

  Logistic regression is a classification algorithm used to assign observations to a discrete set of classes. 

Some of the examples of classification problems are Email spam or not spam, Online transactions Fraud 

or not Fraud, Tumour Malignant or Benign. Logistic regression transforms its output using the logistic 

sigmoid function to return a probability value. 

 

What are the types of logistic regression? 

 

1. Binary (e.g. Tumor: Malignant or Benign) 

2. Multi-linear functions fails Class (e.g. Cats, dogs or Sheep's) 

                                                                           5 
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                                                        CHAPTER-2 

                            AIM AND SCOPE OF THE PRESENT INVESTIGATION: 

     AIM: 
 
           The aim of the project is to predict how likely it is that the people will take an H1N1 flu      
vaccine using Logistic Regression. Training logistic regression model with MLE and SGD for 

prediction and finding out which model get the highest accuracy is the scope of the project. 
 
     SCOPE: 
 

➢ Training logistic regression model with Maximum likelihood estimation and Stochastic 
gradient descent for prediction 

➢ Finding out which model gets the highest accuracy is the scope of the project. 
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                                                    CHAPTER-3 
 
                    EXPERIMENTAL OR MATERIALS AND METHODS, ALGORITHMS USED 

 
                                         VACCINE  USAGE  PREDICTION  
 
Overview: 

 

• The aim of the project is to predict how likely it is that the people will take an H1N1 flu vaccine 
using Logistic Regression.  

• Training logistic regression model with MLE and SGD for prediction is the scope of the 
project. 

• Supervised Machine learning has been used to predict the accuracy rate. 

Requirements:  
 
           To build the machine learning model, the main thing needed is the datasets .The dataset that 
are used for the prediction are listed below:  
 
 

DATASET INFORMATION: 
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Column Description 

unique_id Unique identifier for each respondent 

h1n1_worry 
Worry about the h1n1 flu(0,1,2,3) 0=Not worried at all, 1=Not very 

worried, 2=Somewhat worried, 3=Very worried 

h1n1_awareness 
Signifies the amount of knowledge or understanding the respondent 

has about h1n1 flu - (0,1,2) - 0=No knowledge, 1=little knowledge, 

2=good knowledge 

antiviral_medication Has the respondent taken antiviral vaccination - (0,1) 

contact_avoidance 
Has avoided any close contact with people who have flu-like 

symptoms - (0,1) 



 

bought_face_mask Has the respondent bought mask or not - (0,1) 

wash_hands_frequently 
Washes hands frequently or uses hand sanitizer - 

(0,1) 

avoid_large_gatherings 
Has the respondent reduced time spent at large 

gatherings - (0,1) 

reduced_outside_home_cont 
Has the respondent reduced contact with people 

outside their own house - (0,1) 

avoid_touch_face 
Avoids touching nose, eyes, mouth - (0,1) 

dr_recc_h1n1_vacc 
Doctor has recommended h1n1 vaccine - (0,1) 

dr_recc_seasonal_vacc 
The doctor has recommended seasonalflu vaccine 

- (0,1) 

chronic_medic_condition 
Has any chronic medical condition - (0,1) 

cont_child_undr_6_mnth 
Has regular contact with child the age of 6 months - 

(0,1) 

is_health_worker 
Is respondent a health worker - (0,1) 

has_health_insur 
Does respondent have health insurance - (0,1) 

is_h1n1_vacc_effective 
Does respondent think that the h1n1 vaccine is 

effective - (1,2,3,4,5)- (1=Thinks not effective at all, 

2=Thinks it is not very effective, 3=Doesn't know if 

it is effective or not, 4=Thinks it is somewhat 

effective, 5=Thinks it is highly effective) 

is_h1n1_risky 
What respondents think about the risk of getting ill 

with h1n1 in the absence of the vaccine- 

(1,2,3,4,5)- (1=Thinks it is not very low risk, 

2=Thinks it is 

somewhat low risk, 3=don’t know if it is risky or not, 

4=Thinks it is a somewhat high risk, 5=Thinks it is 

very highly risky) 
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sick_from_h1n1_vacc 
Does respondent worry about getting sick by taking the 

h1n1 vaccine - (1,2,3,4,5)- (1=Respondent not worried at 

all, 2=Respondent is not very worried, 3=Doesn't know, 

4=Respondent is somewhat worried, 5Respondent is very 

worried) - 

is_seas_vacc_effective 
Does respondent think that the seasonal vaccine is 

effective- (1,2,3,4,5)- (1=Thinks not effective at all, 

2=Thinks it is not very effective, 3=Doesn't know if it 

 
is effective or not, 4=Thinks it is somewhat effective, 

5=Thinks it is highly effective) 

is_seas_flu_risky 
What respondenst think about the risk of getting ill with 

seasonal flu in the absence of the vaccine- (1,2,3,4,5)- 

(1=Thinks it is not very low risk, 2=Thinks it is somewhat 

low risk, 3=Doesn't know if it is risky or not, 4=Thinks it is 

somewhat high risk, 5=Thinks it is very highly risky) 

sick_from_seas_vacc 
Does respondent worry about getting sick by taking the 

seasonal flu vaccine - (1,2,3,4,5)- (1=Respondent not 

worried at all, 2=Respondent is not very worried, 

3=Doesn't know, 4=Respondent is somewhat worried, 

5Respondent is very worried) 

age_bracket 
Age bracket of the respondent - (18 - 34 Years, 35 - 44 

Years, 45 - 54 Years, 55 - 64 Years, 64+ Years) 

qualification 
Qualification/education level of the respondent as per 

their response -(<12 Years, 12 Years, College Graduate, 

Some College) 

race 
Respondent's race - (White, Black, Other or Multiple 

,Hispanic) 

sex 
Respondent's sex - (Female, Male) 

income_level 
Annual income of the respondent as per the 2008 poverty 

Census - (<= 

75000−AbovePoverty,> 

75000−AbovePoverty,>75000, Below Poverty) 

marital_status 
Respondent's marital status - (Not Married, Married) 
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housing_status 
Respondent's housing status - (Own, Rent) 

employment 
Respondent's employment status - (Not in Labor Force, 

Employed, Unemployed) 

census_msa 
Residence of the respondent with the MSA(metropolitan 

statistical area)(Non-MSA, MSA- Not Principle, CityMSA-

Principle city) - (Yes, no) 

no_of_adults 
Number of adults in the respondent's house (0,1,2,3) - 

(Yes, no) 

no_of_children 
Number of children in the respondent's house(0,1,2,3) 

- (Yes, No) 

h1n1_vaccine 
Dependent variable)Did the respondent received the h1n1 

vaccine or not(1,0) - (Yes, No) 

 
                                                   TABLE 1.5: DATASET 

 
 

METHODOLOGY: 
 

• IMPORTING ALL THE NECESSARY LIBRARIES: 
 

1. NUMPY 
2. MATPLOTLIB 
3. SEABORN 
4. PANDAS 

5. SKLEARN 
 

• DATA ANALYSIS: 
 

   Data analysis is the first step to do the project because data exploration is very important to 
know the inputs.  Data Analysis is the process of inspecting, cleansing, transforming, and 
modelling data with the goal of discovering useful information by informing conclusions and 
supporting decision making.  
 

1. GRAPHS: 
   They are used to represent, find, analyse, and optimize connections between elements. 

Ex: Bar graph, Heat map 
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                                                 Fig 1.6: BAR GRAPH   
 
 
 
 

                                
                                                       FIG 1.7: BAR GRAPH 2  
                        
 
         

▪ Bar graphs are used to compare things between different groups or to track 
changes over time. 
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                                              FIG 1.8: HEAT MAP 
  

  
▪ Heatmap is defined as a graphical representation of data using colors to visualize 

the value of the matrix 

 
2. DATA CLEANING: 

 
             Removing null records, dropping unnecessary columns, treating missing values, 
rectifying junk values or otherwise called outliers, restructuring the data to modify it to a more 
readable format, etc is known as data cleaning. 
 
 

• DATA PREPROCESSING: 
 

         Data pre-processing is a process of preparing the raw data and making it suitable for a 
machine learning model. It is the first and crucial step while creating a machine learning model. 

 
 When creating a machine learning project, it is not always a case that we come across the 
clean and formatted data. And while doing any operation with data, it is mandatory to clean it 
and put in a formatted way. So for this, we use data pre-processing task. 
 
A real-world data generally contains noises, missing values, and maybe in an unusable format 
which cannot be directly used for machine learning models. Data pre-processing is required 
tasks for cleaning the data and making it suitable for a machine learning model which also 
increases the accuracy and efficiency of a machine learning model. 
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1. Changing the datatype: 
 
Dividing the data into categorical and numerical data subsets and then converting it into         
categorical data and then into numerical data. so as to convert them into the machine-readable 
form. Machine learning algorithms can then decide in a better way how those labels must be 
operated. It is an important pre-processing step for the structured dataset in supervised learning. 
Then merge the data subsets into one dataset. 

 

2. Extracting dependent and independent variables: 

  In machine learning, it is important to distinguish the matrix of features (independent variables) 
and dependent variables from dataset. In our dataset, there are independent variables that 
are no of adults, no of children and one is a dependent variable which is h1n1 vaccine. 

• Extracting independent variable: 

    To extract an independent variable, we will use iloc[ ] method of Pandas library. It 
is   used to extract the required rows and columns from the dataset.  

 X= data_set.iloc[:,:-1].values  

In the above code, the first colon(:) is used to take all the rows, and the second 
colon(:) is for all the columns. Here we have used :-1, because we don't want to take 
the last column as it contains the dependent variable. So by doing this, we will get 
the matrix of features. 

• Extracting dependent variable: 

                             To extract dependent variables, again, we will use Pandas .iloc[] method 

y= data_set.iloc[:,3].values   

Here we have taken all the rows with the last column only. It will give the array of 

dependent variables. 

3. Dummy Variables: 

Dummy variables are those variables which have values 0 or 1. The 1 value gives the presence 
of that variable in a particular column, and rest variables become 0. With dummy encoding, we 
will have a number of columns equal to the number of categories. 

In our dataset, we have 3 categories so it will produce three columns having 0 and 1 values. 
For Dummy Encoding, we will use OneHotEncoder class of pre-processing library. 
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Splitting the Dataset into the Training set and Test set 

In machine learning data preprocessing, we divide our dataset into a training set and test set. This is 
one of the crucial steps of data preprocessing as by doing this, we can enhance the performance of our 
machine learning model.                                                                                                                                                           

 

Suppose, if we have given training to our machine learning model by a dataset and 

we test it by a completely different dataset. Then, it will create difficulties for our model 

to understand the correlations between the models. 

If we train our model very well and its training accuracy is also very high, but we 

provide a new dataset to it, then it will decrease the performance. So we always try 

to make a machine learning model which performs well with the training set and also 

with the test dataset. Here, we can define these datasets as: 

       

 

                                FIG 1.9: DATASET        

  Training Set: A subset of dataset to train the machine learning model, and we already know the 
output. 

    Test set: A subset of dataset to test the machine learning model, and by using the test set, model 
predicts the output. 

         For splitting the dataset, we will use the below lines of code: 

1. from sklearn.model_selection import train_test_split   

2. Xtrain, Xtest, ytrain, ytest= train_test_split(X, y, test_size= 0.2)   

Explanation: 

        In the above code, the first line is used for splitting arrays of the dataset into random  train and 
test subsets. 

➢ Xtrain: features for the training data 

➢ Xtest: features for testing data 

➢ ytrain: Dependent variables for training data 

➢ ytest: Independent variable for testing data 

➢ In train_test_split() function, we have passed four parameters. 
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which first two are for arrays of data, and test_size is for specifying the size of the test set. The test_size 

maybe .5, .3, or .2, which tells the dividing ratio of training and testing sets 

4. Analyzing Several Models on the Dataset: 

❖ Import logistic regression from sklearn library and train the model and predicted the class 

labels for Xtest and ytest. 

❖ Then from sklearn.metrics we have to import: 

▪ CLASSIFICATION_REPORT: It gives the precision, recall, f1 score and support from 

the ytest and ypred. 

EX. 

   

                                                   FIG 2.1: REPORT 

▪ CONFUSION_MATRIX: to evaluate the accuracy of a classification. 

▪ ACCURACY_SCORE: In multilabel classification, this function computes subset 

accuracy: the set of labels predicted for a sample must exactly match the 

corresponding set of labels in y_test. 

▪ Then find the default logistic regression accuracy score of the train and test 

set. 

▪ Then by logistic regression using: 

▪ Maximum likelihood Estimation (MLE): is a frequentist approach for 
estimating the parameters of a model given some observed data.  

▪ Stochastic gradient descent (SGD): is an optimization algorithm often used in 
machine learning applications to find the model parameters that correspond to the 
best fit between predicted and actual outputs.  
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5. COMPARE THE VARIOUS MODELS:                            

▪ Build the models. 
▪ Spot check the algorithms. 
▪ Evaluate each model in turn. 
▪ Make predictions on the validation set. 
▪ At last find out which model has the highest accuracy rate in prediction.  
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                                                          CHAPTER- 4 
                  
            RESULTS AND DISCUSSION, PERFORMANCE ANALYSIS 
 
 
 
Result: 
       I have predicted by logistic regression that 4651 people have not vaccinated and 691 people 
have got vaccinated. 
           

        
                                                      FIG 2.2: RESULT 
 
 
ANALYSIS: 
         
         By comparing various other models, I have found out that logistic regression and support vector 
machine gave the highest accuracy rate during the prediction. 
        
 
 
 
             
                 

 
 
                                                    FIG 2.3: ANALYSIS 
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                                                CHAPTER- 5 
 
                                      SUMMARY AND CONCLUSION 
 
 
So, by using logistic regression and various other machine learning models we can predict how likely 
the person will take an H1N1 flu vaccine. Training logistic regression model with MLE and SGD for the 
prediction. Various datasets have been taken as the inputs to get the most accuracy rate. I got the 
highest accuracy rate in logistic regression and random forest models.  

 
           

                                             REFERENCES:  

  Panda, N.; Majhi, S.K. How effective is the salp swarm algorithm in data   classification. In 
Computational Intelligence in Pattern Recognition; Springer: Singapore, 2020; pp. 579–588. 
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A. SOURCE CODE 

     
IMPORTING ALL THE NECESSARY LIBRARIES FOR VACCINE PREDICTION: 

 
import pandas as pd 

import numpy as np 

import matplotlib.pyplot as plt 

import seaborn as sns 

import sklearn 

data = pd.read_csv('/content/h1n1_vaccine_prediction.csv') 

data.dtypes 

data = data.drop(columns=['unique_id']) 

data.columns 

data_category_column = data.columns[data.dtypes=='object'] #which of the columns are category type 

data_numeric_column = data.columns[data.dtypes!='object'] #which of the columns are of numeric type 

print(data_category_column) #Names of category columns 

print(data_numeric_column) #Names of numeric columns 

Create data subsets 

data_category = data[data_category_column] #Category data 

data_numeric = data[data_numeric_column] #Numeric data 

data_category.shape 

data_numeric.shape 

data_category.head() 

data_numeric.head() 

 

Check for missing data 

data_category.isna().sum().sort_values(ascending=False) 

data_numeric.isna().sum().sort_values(ascending=False) 

 

Categorical imputation using lambda x:x.fillna(x.value_counts().index[0]) 

data_clean_category = data_category.apply(lambda x: x.fillna(x.value_counts().index[0])) 

data_clean_category.isna().sum().sort_values(ascending=False) 

data_clean_category.dtypes 

 

use a loop to convert all object columns to category 

for column in data_clean_category.columns: 

  data_clean_category[column] = data_clean_category[column].astype('category') 

data_clean_category.dtypes 

data_clean_category.head() 

 

Numeric columns missing value imputation 

data_numeric.head() 
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data_numeric.dtypes 

data_clean_numeric = data_numeric.apply(lambda x: x.fillna(x.value_counts().index[0])) 

data_clean_numeric.head() 

data_clean_numeric.isna().sum() 

data_clean_numeric.dtypes 

data_clean_numeric = data_clean_numeric.astype('category') 

data_clean_numeric.head() 

data_clean_numeric['h1n1_worry'].value_counts() 

category_count = data_clean_category.columns.value_counts() 

sns.barplot(category_count.index,category_count.values,alpha=0.9) 

plt.show() 

numeric_count = data_clean_numeric.columns.value_counts() 

sns.barplot(numeric_count.index,numeric_count.values,alpha=0.9) 

plt.show() 

data_clean_category.columns 

data_clean_numeric.columns 

data_clean_category.dtypes 

data_clean_numeric.dtypes 

data_clean_category 

data_clean_category['age_bracket'] = data_clean_category['age_bracket'].cat.codes 

 

data_clean_category['qualification'] =data_clean_category['qualification'].cat.codes 

 

data_clean_category['race']=data_clean_category['race'].cat.codes 

 

data_clean_category['sex']=data_clean_category['sex'].cat.codes 

 

data_clean_category['income_level']=data_clean_category['income_level'].cat.codes 

 

data_clean_category['marital_status']=data_clean_category['marital_status'].cat.codes 

 

data_clean_category['housing_status']=data_clean_category['housing_status'].cat.codes 

 

data_clean_category['employment']=data_clean_category['employment'].cat.codes 

 

data_clean_category['census_msa'] = data_clean_category['census_msa'].cat.codes 

data_clean_category.head() 

data_clean_numeric.isna().sum() 

data_clean_numeric = data_clean_numeric.apply(lambda x: x.fillna(x.value_counts().index[0])) 

data_clean_numeric.isna().sum() 

print(type(data_clean_category)) 

print(type(data_clean_numeric)) 

Merging all data 

Integrating category data with numeric data 
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covid_data = pd.concat([data_clean_category,data_clean_numeric], 

join='outer', 

                       axis=1) 

covid_data.head() 

X = covid_data.iloc[:,:-1] 

y = covid_data.iloc[:,-1] 

X.shape,y.shape 

X = pd.get_dummies(X)  

X.shape 

X.head() 

sns.heatmap(X) 

covid = pd.concat([X,y],axis=1) 

covid.head() 

type(covid) 

X = covid.iloc[:,:-1].values #features 

y = covid.iloc[:,-1].values #target 

X,y,X.shape,y.shape 

 

Splitting the data 

from sklearn.model_selection import train_test_split 

Xtrain,Xtest,ytrain,ytest = train_test_split(X,y,test_size=0.2) 

Xtrain.shape,Xtest.shape,ytrain.shape,ytest.shape 

from sklearn.linear_model import LogisticRegression 

model = LogisticRegression() 

model 

model.fit(Xtrain,ytrain) 

ypred = model.predict(Xtest) 

ypred 

ytest 

from sklearn import model_selection  

 from sklearn.metrics import classification_report  

from sklearn.metrics import confusion_matrix  

from sklearn.metrics import accuracy_score 

print(sklearn.metrics.classification_report(ytest,ypred)) 

print(sklearn.metrics.confusion_matrix(ytest,ypred)) 

print(sklearn.metrics.accuracy_score(ytest,ypred)) 

accuracy = (4041+444)/(4041+226+631+444) 

accuracy 

model.coef_ #Weights or coefficient 

model.intercept_ 

Vaccinators = pd.DataFrame(ypred) 

Vaccinators.value_counts() 

print('Default Logistic Regression Accuracy Training Score',model.score(Xtrain,ytrain)) 

print('Default Logistic Regression Accuracy Test Score',model.score(Xtest,ytest)) 
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Logistic Regression using MLE 

covid.shape #Checking records and variables 

import statsmodels.api as sm 

from statsmodels.formula.api import logit #We want to use Logistic Regression in StatsModels 

covid_float = covid.astype('float') #statsmodels require dataset to have float values 

X =covid_float.iloc[:,:-1] 

 

y = covid_float.iloc[:,-1] 

mle_model = logit("y~X",covid_float,).fit() 

print(mle_model.summary()) 

print(mle_model.summary2()) 

mle_model.pred_table() #Build confusion Matrix 

mle_model.aic 

accuracy = (19942+2398)/(19942+1091+3276+2398) 

accuracy 

Logistic Regression using SGD Model 

from sklearn.linear_model import SGDClassifier 

sgd_classifier = SGDClassifier() 

sgd_classifier 

sgd_clf = SGDClassifier(loss='hinge', 

                        penalty='l2', 

                        max_iter=1000) 

sgd_clf 

sgd_clf.fit(Xtrain,ytrain) 

print('Training Accuracy Score',sgd_clf.score(Xtrain,ytrain)) 

print('Validation Accuracy Score',sgd_clf.score(Xtest,ytest)) 

sgd_clf.predict(Xtest) 

sgd_clf.coef_ 

sgd_clf.intercept_ 

sgd_clf.decision_function(Xtest) 

sgd_clf = SGDClassifier(alpha=0.0001, average=False, class_weight=None, 

              early_stopping=False, epsilon=0.1, eta0=0.0, fit_intercept=True, 

              l1_ratio=0.15, learning_rate='optimal', loss='log', 

              max_iter=5, n_iter_no_change=5, n_jobs=None, penalty='l2', 

              power_t=0.5, random_state=None, shuffle=True, tol=0.001, 

              validation_fraction=0.1, verbose=0, warm_start=False).fit(Xtrain,ytrain) 

sgd_clf.predict_proba(Xtest) 

print(sgd_clf.predict_proba(Xtest)) 

sgd_ypred = sgd_clf.predict(Xtest) 

sklearn.metrics.accuracy_score(ytest,sgd_ypred) 

Compare Various Models 

#Step 5: Build models  

from sklearn.linear_model import LogisticRegression  
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from sklearn.tree import DecisionTreeClassifier  

from sklearn.neighbors import KNeighborsClassifier  

from sklearn.discriminant_analysis import LinearDiscriminantAnalysis  

from sklearn.naive_bayes import GaussianNB  

from sklearn.svm import SVC   

from sklearn.ensemble import RandomForestClassifier 

 

# Spot Check Algorithms  

models = []  

models.append(('LR', LogisticRegression()))  

models.append(('LDA', LinearDiscriminantAnalysis()))  

models.append(('KNN', KNeighborsClassifier()))  

models.append(('CART', DecisionTreeClassifier()))  

models.append(('NB', GaussianNB()))  

models.append(('SVM', SVC())) 

models.append(('DecisionTree',DecisionTreeClassifier())) 

models.append(('Random Forest',RandomForestClassifier())) 

# evaluate each model in turn  

results = []  

names = []  

for name, model in models:  

 kfold = model_selection.KFold(n_splits=10, random_state=None)  

 cv_results = model_selection.cross_val_score(model, Xtrain, ytrain, cv=kfold, scoring='accuracy')  

 results.append(cv_results)  

 names.append(name)  

 msg = "%s: %f (%f)" % (name, cv_results.mean(), cv_results.std())  

 print(msg) 

#Now we can make prediction on most accurate model  

# Make predictions on validation dataset  

rf = RandomForestClassifier()  

rf.fit(Xtrain, ytrain)  

predictions = rf.predict(Xtest)  

print(accuracy_score(ytest, predictions))  

 

print(confusion_matrix(ytest, predictions))  

 

print(classification_report(ytest, predictions))  
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