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[bookmark: _Toc56788121]Abstract 
Polynomial and Linear regression was used in investigating the outbreaks of Covid-19 in India and different states using the data presented in Kaggle and hawkleraning data. The polynomial regression model of different states in India was estimated up to 23rd October 2020. The model is used in predicting the number of patients in different states of India. Based on the analysis conducted, Maharashtra, Gujrat, Delhi and Tamil Nadu will remain the most states affected in India. 
[bookmark: _Toc56788122]1.0 Introduction	
Covid-19 was transmitted to humans after originating from bats.  Since the outbreak of the virus, there have been above o.5 deaths across the globe and above 2 million confirmed cases. In India, there have been 34 968 deaths and 1583792 confirmed cases by 23rd October 2020. Machine learning helps to learn without programming them. Machine learning is based on unsupervised and supervised learning. In supervised learning, the data is analyzed by input and output relationship (Chaurasia & Pal, 2020). Techniques of autoregression, the model of SEIR, and the seasoned periodic regression model are applied in predicting the outbreak of the virus. Suspected-infected-recovered-dead (SIRD) model is used to estimate the parameters of the virus such as morality, recovery and infection rates. Important tools for analyzing real-time data involve statistical models. The paper aims at using liner and polynomial regression models using recovered, confirmed and death cases in India, helping to predict the expected number of deaths and cases in the future. Polynomial regression is used in estimating the time and cases of Covid1-19 in India. The prediction made in the paper are of high-quality deviating from the tends of the coming days due to changes in the pattern of the virus. 
[bookmark: _Toc56788123]2.0 Data Set
The data were obtained from official websites provided by the lecturer on Covid-19 cases. The linear regression model was applied in estimating the case fatality rate and recovery rate using the data up to 23rd October 2020. The cumulative number of confirmed cases were considered as predictable variables such as deaths and recovery were used to measure the outcomes. The day the first case was spotted in India was used as the beginning point in the linear regression model reducing the influence of case fatality rate and recovery rate. The coefficient determination of R2 was used in evaluating and determining the best analysis model. In India, initially, covid-19 was controlled through the lockdown. The analysis has involved cases in different states of India in terms of recovered, death and confirmed cases. To estimate the case fatality rate and recovery rate, the slope of the fitted line was put into use. A confidence interval of 95% was used in calculating the standard error of the slop as the polynomial regression model was used in forecasting the number of patients expected in future days. The least-square polynomial was determined for each state in India and the results presented using statistical analysis. 
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Figure 1: Recovered and Confirmed Cases of Covid-19 in India.
The Data Set of different states of India were obtained from Kaggle Websites (Arora, Kumar & Panigrahi, 2020). The numbers of cases in Kerala are less as compared to other states like Tamil Nadu. 
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Analysis of linear regression and polynomial regression was modeled using software of MATLAB. The effects of the virus were also analyzed. A link between the variable was modeled using the analysis of the regression. The variables that were considered were mortality and confirmed cases. 
[bookmark: _Toc56788124]3.0 Methodology
The method used in collecting data was a review of already online existing data presented by the professor. The data was obtained from different platforms. After accessing the data, linear regression was used to analyze the data because the study aims to predict the future spread of the virus in India (Pandey, et al., 2020). The variables used included case fatal rates, recovery rate and confirmed cases in India. 
[bookmark: _Toc56788125]4.0 Analysis
The effects of Covi-19 in different states of India were analyzed using regression analysis such as polynomial and linear. The results were different due to the different sets of data considered. The analysis was done while considering recovered and confirmed cases. The analysis of the data showed that mortality and confirmed cases will increase in the future as the speared in the community has commenced. Maharashtra state was confirmed to have the highest confirmed cases, 441228 and 15576 deaths. 158764 cases and 1474 deaths were confirmed in Andhra Pradesh. Uttar Pradesh has 92921 cases and deaths of 1730. 75516 cases and 1678 were recorded in West Bengal (Raji & GR, 2020). Madhya Pradesh confirmed 886 deaths and 33535 cases. Mizoram and Lakshadweep were unique by recording a zero mortality rate as of the 3rd of August. Almost all the states of India were affected by the virus and provided with access to quality healthcare. 
[bookmark: _Toc56788126]5.0 Results
The results from the data showed that the rate of increase of covid-19 cases in India is increasing. The results for linear regression are presented in the figures below. From the linear results, it clear that Karnata almost matched the set of expected data as other states had a slight deviation (CKER & GAIHA, 2020). In the initial stages of the virus, the states made efforts of controlling the virus by taking people to quarantine. But the numbers of cases were still increasing. The mortality rate of states of Kerala was less as compared to other states based on the presented data. This was due to the tracing contacts mechanism that was initiated by the state.  
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Figure 4: Linear regression Fit for Kerala and Delhi
For the above 12 000 cases in Karnataka, 2000 deaths were confirmed. More cases were confirmed in Tamil Nadu as compared to other states. Delhi and Tamil Nadu have almost the same mortality rate though the number of cases is different. The number of covid-19 cases was 134818 and 2496 deaths in Karnataka as of 3rd August 2020. In Delhi, there were 4000 deaths and 137676 cases. Tamil Nadu registered 257613 cases and 4133 deaths as Kerala had only 82 deaths and 25911 cases. The hugest number of cases and the mortality rate were registered in Maharashtra. The results obtained were important in keeping track of the future of the spread of the virus in India. The analysis of polynomial regression was done by considering the first case which was reported on 30th Jan 202. The rise in cases was considered as from March as in February only three cases had been reported. As a function of the number of days, the number of confirmed cases was considered helping in coming up with the polynomial regression graphs. The best fit of the data of India was estimated considering the least square third-degree polynomial with R2 being 0.999. The model was then tested and validated using root mean square error. This helped in predicting the number of Covid-19 cases in the future. Since the polynomial analysis was also done, the results were as shown below for different states in India:
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Polynomial regression was done while making use of the Kaggle dataset. The results obtained almost matched the polynomial graphs for different states in India. This showed the results were accurate and can be used in determining the nature of the virus in India. 
The regression table for the results is:
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Table 1: Regression table for Covid-19 Cases in the Indian States

The number of recovered or death cases as a function of total cases for different states of India are as shown in table 2. R2 showed the confirmed cases against recovered cases for different states. Varying from 0.897 to 0.994. 
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[bookmark: _Toc56788127]6.0 Conclusion
Regression analysis was performed to investigate the outbreak of covid-19 in India and its states. A linear regression model was applied to help in estimating recovery and case fatality rates in India and its different states using data up to 23rd October 2020. The case fatality rate was estimated to be 3.24% having a confidence interval of 95% The reconvey rate was 43.1% with a confidence of 95%. The case fatality rate of West Bengal was higher than the national rate whereas the recovery rate of Telangana was the highest (Srivastava, et al., 2020). The polynomial regression model was applied in predicting the numbers of cases in the future which was validated with the test of calculating statical and percentage error. The predicted number of patients in India is to increase. Based on the analysis of the polynomial regression, Maharashtra, Gujrat, Delhi and Tamil Nadu will continue to be the most affected states in India.
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Tables and Graphics
a) Tables
Table 1: Regression table for Covid-19 Cases in the Indian States
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b) Figures
Figure 1: Recovered and Confirmed Cases of Covid-19 in India.
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Figure 4: Linear regression Fit for Kerala and Delhi
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Figure 7: Polynomial Regression fit for state
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Figure 8: Polynomial Regression fit for state of Kerala and Polynomial learning Curve
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States Case Fatality Rate Recovery Rate
CFR(%) | 95%CI | R® | RR(%) | 95%CI | R
Tnd 304 | 312316 | 0997 | 430 | 414447 | 0984
Jammu & Kashmir | 114 | 1.09-118 | 0965 | 581 |36.01-60.1| 0988
Haryana 44 137-15 | 0973 | 666 | 612-719 | 0943
Uttar Pradesh 260 | 248271 | 0977 | 649 | 398699 | 0.951
Delhi 150 | 144163 | 0945 | 494 | 463524 | 0968
Rajasthan 281 | 264297 | 0963 | 661 | 621-700 | 0.968
Bihar 050 | 047-052 | 0959 | 299 | 23.6-36.1 | 0913
Madhya Pradesh 182 | 439505 | 0973 | 630 | 384677 | 0959
‘Andhra Pradesh 207 | 091218 | 0964 | 732 | 664-799 | 0929
Odisha 048 | 045-0.50 | 0956 | 339 | 31.1-36.6 | 0.944
Telangana 254 2426 | 0967 | 886 | 793978 | 0911
West Bengal 870 | 821908 | 0964 | 368 | 344391 | 0960
Maharashtra 340 [ 337350 | 0992 | 277 | 263-29.1 | 0974
Kamataka 260 | 243288 | 0897 | 383 | 33.9427 | 0.89%
Tamil Nadu 064 | 0.61-0.66 | 0983 | 430 | 383476 | 0.908
Gujrat 605 | 490719 | 0994 | 450 | 426473 | 0942
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Table 2: Results of polynomial regression model with predicted number of infected
peoples in India and its various states. Statistical parameters (R, root mean square error
and % error) are also given.

State Degrecof | R? % | RMSE | Predicted number
polynomial Error of patients till 16
June 2020

India 3 0.999 2 2199 306666
Andhra Pradesh 3 0997 2 70 3373
Bihar 3 0986 | 24 545 4822
Delhi 3 0.998 2 198 32473
Gujrat 2 0.998 3 435 29305
Haryana 2 0977 2 20 2085
Jammu & Kashmir 3 0995 [ 2520
Kamataka 3 0994 | 23 464 2980
Kerala 3 0991 14 128 1127
Madhya Pradesh 2 0991 3 385 10865
Maharashtra 3 0999 1 1856 119091
Odisha 3 0970 5 8 4408
Punjab 2 0936 | 35 705 6088
Rajasthan 2 0997 8 524 11354
‘Tamil Nadu 3 0.988 9 1405 55233
Telangana 2 0973 10 183 2075
Uttar Pradesh 2 0.99 8 83 9978
West Bengal 2 0995 3 105 7174
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Fig 2. Covid-19 confirmed and cured cases in different states of India.
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Figure 3: Linear Regression for Karnataka and Tamil Nadu
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Figure 5: Polynomial Regression fit for state of Tamil Nadu and Polynomial Regression Learning
Curve
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Figure 6: Polynomial Regression fit for state of Karnataka and Polynomial Regression Learning Curve




