Nikhil_17_SMR-Assignment-1.R
Nikhil Angane
2021-09-30
#  R Assignment 1
#  Roll No. 17
#  CLASSIFICATION AND REGRESSION TREES

marks <- read.csv(file.choose())
marks
##     ï..Exam1 Exam2 Exam3 Exam4 Final_score Grade Pass.fail
## 1         60    10    16   7.0       40.79    C          P
## 2         90     0     0   0.0       69.23    B          P
## 3        130    20    24   1.0       76.75    B          P
## 4        130    10    24   8.5       75.66    B          P
## 5         90     5    22   9.5       55.48    C          P
## 6        100    30    20   3.0       67.11    B          P
## 7        105    20    22   8.0       67.98    B          P
## 8        120    40    18  16.0       85.09    A          P
## 9        120    20    30  18.0       82.46    A          P
## 10       130    45    22  10.5       91.01    A          P
## 11        90    40    20   7.0       68.86    B          P
## 12       130    30    28  10.5       87.06    A          P
## 13       100    30    22   6.5       69.52    B          P
## 14         0    30    18   0.0       60.00    B          P
## 15         0    30    18   0.0       60.00    B          P
## 16        80     0    24   3.0       60.11    B          P
## 17       105    40    22   6.5       76.10    B          P
## 18        10     0     0   8.0       12.16    D          F
## 19       130    35    24   0.0       90.00    A          P
## 20         0    15    20   7.0       42.86    C          P
## 21        40    10    14   6.0       30.70    D          F
## 22        90    15    28   8.5       62.06    B          P
## 23       110     0    24   9.5       80.62    A          P
## 24        65     5    24   1.0       41.67    C          P
## 25        55    15    18   0.0       41.90    C          P
## 26       100    50    30  11.5       83.99    A          P
## 27        95    40    24   8.0       73.25    B          P
## 28         0    10    24   0.0       42.50    C          P
## 29         0     0    18   0.0       60.00    B          P
## 30        65    20    20   0.0       50.00    C          P
## 31       110    25    18   6.0       69.74    B          P
## 32       130    45    24   8.0       90.79    A          P
## 33       120    40    30   9.0       87.28    A          P
## 34        70    20    24   1.0       50.44    C          P
## 35       130    45    10  16.5       88.38    A          P
## 36         0     0    18  10.0       58.33    C          P
## 37         0    25    24   0.0       61.25    B          P
## 38        50    30    12   4.0       42.11    C          P
## 39         0    25    16   0.0       51.25    C          P
## 40        95    20    20   6.0       61.84    B          P
## 41        40    15    10   2.5       29.61    D          F
## 42        70     0    18   0.0       55.00    C          P
## 43         0     0    26   0.0       86.67    A          P
## 44       100    25    14   9.5       65.13    B          P
## 45        95    30    30  12.0       73.25    B          P
## 46         0    25    18   0.0       53.75    C          P
## 47       100    40    24   0.0       78.10    B          P
## 48         0     0    16   2.0       37.50    D          F
## 49         0     0     0   2.0       11.11    D          F
## 50       130    40    28  16.5       94.08    A          P
## 51         0     0     0  15.5       86.11    A          P
## 52         0     0     0   8.0       44.44    C          P
## 53       105    40    28   9.5       80.04    A          P
## 54         0     0    16   0.0       53.33    C          P
## 55       110    25    20   3.0       69.30    B          P
## 56        60    20    28  10.5       51.97    C          P
## 57       120    40    30   9.5       87.50    A          P
## 58       110    35    26  10.0       79.39    B          P
## 59       110    35    24   8.0       77.63    B          P
## 60       125    25    24   0.0       82.86    A          P
## 61       100     0    28   0.0       60.95    B          P
## 62         0     0     0   2.0       11.11    D          F
## 63        60     0    24   4.0       38.60    D          F
## 64       125    30    30  11.5       86.18    A          P
## 65         0     0    24   0.0       80.00    A          P
## 66        75    15    16   0.0       50.48    C          P
## 67         0     0     0   5.0       27.78    D          F
## 68         0     0     0  10.0       55.56    C          P
## 69         0    30    16   8.0       55.10    C          P
## 70        65    15    14  10.5       45.83    C          P
## 71         0     0     0   2.0       11.11    D          F
## 72       100    15    28   9.5       66.89    B          P
## 73        90    35    12   1.0       60.53    B          P
## 74        60    15    12   5.0       40.35    C          P
## 75        40    20    16  10.5       37.94    D          F
## 76       100    35    24   0.0       75.71    B          P
## 77         0    15    24   0.0       48.75    C          P
## 78       100    15    20   0.0       64.29    B          P
## 79       120     0    14   2.0       59.65    C          P
## 80       110    35    26   8.0       78.51    B          P
## 81        50    20    20   1.0       39.91    D          F
## 82         0    25     0   0.0       50.00    C          P
## 83       120    20    28  10.0       78.07    B          P
## 84       100    35    24  10.5       74.34    B          P
## 85         0     0     0   1.0        5.56    D          F
## 86       115    20    22   0.0       74.76    B          P
## 87       110    25    18   0.0       72.86    B          P
## 88         0    20    18   0.0       47.50    C          P
## 89         0     0     0   2.0       11.11    D          F
## 90         0    30    24   0.0       67.50    B          P
## 91       110    25    24   4.0       71.49    B          P
## 92         0     0     0   6.5       36.11    D          F
## 93        85    30    20   2.5       60.31    B          P
## 94         0    30    20  12.5       63.78    B          P
## 95         0    25    16   0.0       51.25    C          P
## 96       100    35    20   0.0       73.81    B          P
## 97         0     0    26   0.0       86.67    A          P
## 98       100     0     0   4.0       58.43    C          P
## 99         0    15    28   0.0       18.86    D          F
## 100       65    25    30  14.5       58.99    C          P
## 101      105    30    16  11.5       71.27    B          P
## 102       95    20    20   9.5       63.38    B          P
## 103      110    10    16   7.5       62.94    B          P
## 104       90    35    20   5.5       66.01    B          P
dim(marks)
## [1] 104   7
head(marks)
##   ï..Exam1 Exam2 Exam3 Exam4 Final_score Grade Pass.fail
## 1       60    10    16   7.0       40.79    C          P
## 2       90     0     0   0.0       69.23    B          P
## 3      130    20    24   1.0       76.75    B          P
## 4      130    10    24   8.5       75.66    B          P
## 5       90     5    22   9.5       55.48    C          P
## 6      100    30    20   3.0       67.11    B          P
str(marks)
## 'data.frame':    104 obs. of  7 variables:
##  $ ï..Exam1   : int  60 90 130 130 90 100 105 120 120 130 ...
##  $ Exam2      : int  10 0 20 10 5 30 20 40 20 45 ...
##  $ Exam3      : int  16 0 24 24 22 20 22 18 30 22 ...
##  $ Exam4      : num  7 0 1 8.5 9.5 3 8 16 18 10.5 ...
##  $ Final_score: num  40.8 69.2 76.8 75.7 55.5 ...
##  $ Grade      : chr  "C " "B " "B " "B " ...
##  $ Pass.fail  : chr  "P" "P" "P" "P" ...
nrow(marks)
## [1] 104
ncol(marks)
## [1] 7
s <- sample(nrow(marks),0.7*nrow(marks))
s
##  [1]  38  82  27  90  51  41  93  17  48  49  40   1  77  22  29  13 103  10  83
## [20]  95  43  59  68  92  56  20  97  84  57  52  60 100  73   2  76  71  45   5
## [39]  39  18  47  78 101  81  34  70  31  62  19  37  42  88  36  87  50  63  74
## [58]  72  25  54  58  64  26  89  80  35   4  44  85   7  15  67
marks_tr <- marks[s,]
marks
##     ï..Exam1 Exam2 Exam3 Exam4 Final_score Grade Pass.fail
## 1         60    10    16   7.0       40.79    C          P
## 2         90     0     0   0.0       69.23    B          P
## 3        130    20    24   1.0       76.75    B          P
## 4        130    10    24   8.5       75.66    B          P
## 5         90     5    22   9.5       55.48    C          P
## 6        100    30    20   3.0       67.11    B          P
## 7        105    20    22   8.0       67.98    B          P
## 8        120    40    18  16.0       85.09    A          P
## 9        120    20    30  18.0       82.46    A          P
## 10       130    45    22  10.5       91.01    A          P
## 11        90    40    20   7.0       68.86    B          P
## 12       130    30    28  10.5       87.06    A          P
## 13       100    30    22   6.5       69.52    B          P
## 14         0    30    18   0.0       60.00    B          P
## 15         0    30    18   0.0       60.00    B          P
## 16        80     0    24   3.0       60.11    B          P
## 17       105    40    22   6.5       76.10    B          P
## 18        10     0     0   8.0       12.16    D          F
## 19       130    35    24   0.0       90.00    A          P
## 20         0    15    20   7.0       42.86    C          P
## 21        40    10    14   6.0       30.70    D          F
## 22        90    15    28   8.5       62.06    B          P
## 23       110     0    24   9.5       80.62    A          P
## 24        65     5    24   1.0       41.67    C          P
## 25        55    15    18   0.0       41.90    C          P
## 26       100    50    30  11.5       83.99    A          P
## 27        95    40    24   8.0       73.25    B          P
## 28         0    10    24   0.0       42.50    C          P
## 29         0     0    18   0.0       60.00    B          P
## 30        65    20    20   0.0       50.00    C          P
## 31       110    25    18   6.0       69.74    B          P
## 32       130    45    24   8.0       90.79    A          P
## 33       120    40    30   9.0       87.28    A          P
## 34        70    20    24   1.0       50.44    C          P
## 35       130    45    10  16.5       88.38    A          P
## 36         0     0    18  10.0       58.33    C          P
## 37         0    25    24   0.0       61.25    B          P
## 38        50    30    12   4.0       42.11    C          P
## 39         0    25    16   0.0       51.25    C          P
## 40        95    20    20   6.0       61.84    B          P
## 41        40    15    10   2.5       29.61    D          F
## 42        70     0    18   0.0       55.00    C          P
## 43         0     0    26   0.0       86.67    A          P
## 44       100    25    14   9.5       65.13    B          P
## 45        95    30    30  12.0       73.25    B          P
## 46         0    25    18   0.0       53.75    C          P
## 47       100    40    24   0.0       78.10    B          P
## 48         0     0    16   2.0       37.50    D          F
## 49         0     0     0   2.0       11.11    D          F
## 50       130    40    28  16.5       94.08    A          P
## 51         0     0     0  15.5       86.11    A          P
## 52         0     0     0   8.0       44.44    C          P
## 53       105    40    28   9.5       80.04    A          P
## 54         0     0    16   0.0       53.33    C          P
## 55       110    25    20   3.0       69.30    B          P
## 56        60    20    28  10.5       51.97    C          P
## 57       120    40    30   9.5       87.50    A          P
## 58       110    35    26  10.0       79.39    B          P
## 59       110    35    24   8.0       77.63    B          P
## 60       125    25    24   0.0       82.86    A          P
## 61       100     0    28   0.0       60.95    B          P
## 62         0     0     0   2.0       11.11    D          F
## 63        60     0    24   4.0       38.60    D          F
## 64       125    30    30  11.5       86.18    A          P
## 65         0     0    24   0.0       80.00    A          P
## 66        75    15    16   0.0       50.48    C          P
## 67         0     0     0   5.0       27.78    D          F
## 68         0     0     0  10.0       55.56    C          P
## 69         0    30    16   8.0       55.10    C          P
## 70        65    15    14  10.5       45.83    C          P
## 71         0     0     0   2.0       11.11    D          F
## 72       100    15    28   9.5       66.89    B          P
## 73        90    35    12   1.0       60.53    B          P
## 74        60    15    12   5.0       40.35    C          P
## 75        40    20    16  10.5       37.94    D          F
## 76       100    35    24   0.0       75.71    B          P
## 77         0    15    24   0.0       48.75    C          P
## 78       100    15    20   0.0       64.29    B          P
## 79       120     0    14   2.0       59.65    C          P
## 80       110    35    26   8.0       78.51    B          P
## 81        50    20    20   1.0       39.91    D          F
## 82         0    25     0   0.0       50.00    C          P
## 83       120    20    28  10.0       78.07    B          P
## 84       100    35    24  10.5       74.34    B          P
## 85         0     0     0   1.0        5.56    D          F
## 86       115    20    22   0.0       74.76    B          P
## 87       110    25    18   0.0       72.86    B          P
## 88         0    20    18   0.0       47.50    C          P
## 89         0     0     0   2.0       11.11    D          F
## 90         0    30    24   0.0       67.50    B          P
## 91       110    25    24   4.0       71.49    B          P
## 92         0     0     0   6.5       36.11    D          F
## 93        85    30    20   2.5       60.31    B          P
## 94         0    30    20  12.5       63.78    B          P
## 95         0    25    16   0.0       51.25    C          P
## 96       100    35    20   0.0       73.81    B          P
## 97         0     0    26   0.0       86.67    A          P
## 98       100     0     0   4.0       58.43    C          P
## 99         0    15    28   0.0       18.86    D          F
## 100       65    25    30  14.5       58.99    C          P
## 101      105    30    16  11.5       71.27    B          P
## 102       95    20    20   9.5       63.38    B          P
## 103      110    10    16   7.5       62.94    B          P
## 104       90    35    20   5.5       66.01    B          P
marks_test <- marks[-s,]
marks_test
##     ï..Exam1 Exam2 Exam3 Exam4 Final_score Grade Pass.fail
## 3        130    20    24   1.0       76.75    B          P
## 6        100    30    20   3.0       67.11    B          P
## 8        120    40    18  16.0       85.09    A          P
## 9        120    20    30  18.0       82.46    A          P
## 11        90    40    20   7.0       68.86    B          P
## 12       130    30    28  10.5       87.06    A          P
## 14         0    30    18   0.0       60.00    B          P
## 16        80     0    24   3.0       60.11    B          P
## 21        40    10    14   6.0       30.70    D          F
## 23       110     0    24   9.5       80.62    A          P
## 24        65     5    24   1.0       41.67    C          P
## 28         0    10    24   0.0       42.50    C          P
## 30        65    20    20   0.0       50.00    C          P
## 32       130    45    24   8.0       90.79    A          P
## 33       120    40    30   9.0       87.28    A          P
## 46         0    25    18   0.0       53.75    C          P
## 53       105    40    28   9.5       80.04    A          P
## 55       110    25    20   3.0       69.30    B          P
## 61       100     0    28   0.0       60.95    B          P
## 65         0     0    24   0.0       80.00    A          P
## 66        75    15    16   0.0       50.48    C          P
## 69         0    30    16   8.0       55.10    C          P
## 75        40    20    16  10.5       37.94    D          F
## 79       120     0    14   2.0       59.65    C          P
## 86       115    20    22   0.0       74.76    B          P
## 91       110    25    24   4.0       71.49    B          P
## 94         0    30    20  12.5       63.78    B          P
## 96       100    35    20   0.0       73.81    B          P
## 98       100     0     0   4.0       58.43    C          P
## 99         0    15    28   0.0       18.86    D          F
## 102       95    20    20   9.5       63.38    B          P
## 104       90    35    20   5.5       66.01    B          P
library(rpart)
## Warning: package 'rpart' was built under R version 4.0.5
marks_tree <- rpart(Grade~.,data=marks_tr,method="class")
marks_tree
## n= 72 
## 
## node), split, n, loss, yval, (yprob)
##       * denotes terminal node
## 
## 1) root 72 43 B  (0.1527778 0.4027778 0.2777778 0.1666667)  
##   2) Final_score>=59.495 40 11 B  (0.2750000 0.7250000 0.0000000 0.0000000)  
##     4) Final_score>=81.125 11  0 A  (1.0000000 0.0000000 0.0000000 0.0000000) *
##     5) Final_score< 81.125 29  0 B  (0.0000000 1.0000000 0.0000000 0.0000000) *
##   3) Final_score< 59.495 32 12 C  (0.0000000 0.0000000 0.6250000 0.3750000)  
##     6) Final_score>=40.13 20  0 C  (0.0000000 0.0000000 1.0000000 0.0000000) *
##     7) Final_score< 40.13 12  0 D  (0.0000000 0.0000000 0.0000000 1.0000000) *
library(rattle)
## Warning: package 'rattle' was built under R version 4.0.5
## Loading required package: tibble
## Warning: package 'tibble' was built under R version 4.0.5
## Loading required package: bitops
## Warning: package 'bitops' was built under R version 4.0.5
## Rattle: A free graphical interface for data science with R.
## Version 5.4.0 Copyright (c) 2006-2020 Togaware Pty Ltd.
## Type 'rattle()' to shake, rattle, and roll your data.
fancyRpartPlot(marks_tree)
[image: Nikhil_17_SMR-Assignment-1_files/figure-docx/unnamed-chunk-1-1.png]
#pruning the tree
rtree1 <- rpart(Grade~.,data=marks_tr,method="class",control=rpart.control(maxdepth=1))
fancyRpartPlot(rtree1)
[image: Nikhil_17_SMR-Assignment-1_files/figure-docx/unnamed-chunk-1-2.png]
#complexity parameter
printcp(marks_tree)
## 
## Classification tree:
## rpart(formula = Grade ~ ., data = marks_tr, method = "class")
## 
## Variables actually used in tree construction:
## [1] Final_score
## 
## Root node error: 43/72 = 0.59722
## 
## n= 72 
## 
##        CP nsplit rel error  xerror     xstd
## 1 0.46512      0   1.00000 1.00000 0.096783
## 2 0.27907      1   0.53488 0.53488 0.092008
## 3 0.25581      2   0.25581 0.39535 0.083805
## 4 0.01000      3   0.00000 0.00000 0.000000
#low complexity parameter = low error
plotcp(marks_tree)
[image: Nikhil_17_SMR-Assignment-1_files/figure-docx/unnamed-chunk-1-3.png]
#prediction
p <- predict(marks_tree,marks_test,type="class")
p
##   3   6   8   9  11  12  14  16  21  23  24  28  30  32  33  46  53  55  61  65 
##  B   B   A   A   B   A   B   B   D   B   C   C   C   A   A   C   B   B   B   B  
##  66  69  75  79  86  91  94  96  98  99 102 104 
##  C   C   D   B   B   B   B   B   C   D   B   B  
## Levels: A  B  C  D
#confusion matrix 
t <- table(marks_test$Grade,p)
t
##     p
##      A  B  C  D 
##   A   5  3  0  0
##   B   0 13  0  0
##   C   0  1  7  0
##   D   0  0  0  3
accuracy <- sum(diag(t))/sum(t)
accuracy 
## [1] 0.875
#model to determine marks

msc_marks <- lm(Final_score~., data = marks_tr)
summary(msc_marks)
## 
## Call:
## lm(formula = Final_score ~ ., data = marks_tr)
## 
## Residuals:
##      Min       1Q   Median       3Q      Max 
## -14.0574  -5.5414   0.8772   5.4949  15.0257 
## 
## Coefficients: (1 not defined because of singularities)
##              Estimate Std. Error t value Pr(>|t|)    
## (Intercept)  74.73104    3.66235  20.405  < 2e-16 ***
## ï..Exam1      0.02482    0.02626   0.945  0.34811    
## Exam2         0.01013    0.07848   0.129  0.89766    
## Exam3         0.35715    0.11504   3.105  0.00284 ** 
## Exam4         0.26672    0.19026   1.402  0.16579    
## GradeB      -16.77247    2.50193  -6.704 6.14e-09 ***
## GradeC      -33.41062    2.92154 -11.436  < 2e-16 ***
## GradeD      -55.38037    3.71058 -14.925  < 2e-16 ***
## Pass.failP         NA         NA      NA       NA    
## ---
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
## 
## Residual standard error: 6.859 on 64 degrees of freedom
## Multiple R-squared:  0.9109, Adjusted R-squared:  0.9012 
## F-statistic: 93.52 on 7 and 64 DF,  p-value: < 2.2e-16
p2 <- predict(msc_marks, marks_test)
## Warning in predict.lm(msc_marks, marks_test): prediction from a rank-deficient
## fit may be misleading
p2
##        3        6        8        9       11       12       14       16 
## 70.22663 68.68808 88.81140 93.42792 69.60804 91.06283 64.69119 69.31617 
##       21       23       24       28       30       32       33       46 
## 27.04532 88.56703 51.82289 49.99325 50.27959 89.11945 91.23013 48.00238 
##       53       55       61       65       66       69       75       79 
## 90.27683 68.88566 70.44109 83.30253 49.04859 49.47249 29.06117 49.83283 
##       86       91       94       96       98       99      102      104 
## 68.87325 70.58096 68.73945 67.93860 44.86973 29.50275 70.19629 69.15730
cor(marks_test$Final_score,p2)^2
## [1] 0.8750047
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