Assignment 1: Introduction to R

Problem 1: 

(a) 27(38-17)

> 27*(38-17)
[1] 567


(b) 
ln(147)

> log(14^7)
[1] 18.4734


(c) 


            > sqrt(436/12)
      [1] 6.027714	



Problem 2: Create the following vectors in R.
	a = (5, 10, 15, 20, ..., 160)
	b = (87, 86, 85, ..., 56)

> a <- seq(5, 160, by=5)
> a	
[1] 5  10  15  20  25  30  35  40  45  50  55  60  65  70  75  80  85  90  95
[20] 100 105 110 115 120 125 130 135 140 145 150 155 160


> b <- 87:56
> b	
[1]87 86 85 84 83 82 81 80 79 78 77 76 75 74 73 72 71 70 69 68 67 66 65 64 63
[26]62 61 60 59 58 57 56












Problem 3: Assign 10:50 to d, use R to compute the following statistics of d:
(a) sum

> d <- 10:50
> sum(d)
[1] 1230

(b) median

> median(d)
[1] 30


(c) standard deviation

      > sd(d)
      [1] 11.97915   

(d) variance

           > var(d)
     [1] 143.5



Problem 4: Use R to create the following two matrices and do the indicated matrix multiplication.      


What is the resulting matrix?


> a <- c(7,9,12)
> a
[1] 7 9 12
> b <- c(2, 4, 13)
> b
[1] 2 4 13
> c <- c(1, 7, 12, 19)
> c
[1] 1 7 12 19
> d <- c(2, 8, 13, 20)
> d
[1] 2  8 13 20
> e <- c(3, 9, 14, 21)
> e
[1] 3 9 14 21




> A <- rbind(a, b)
> A
  [,1] [,2] [,3]
a    7    9   12
b    2    4   13

> B <- rbind(c, d, e)
> B
  [,1] [,2] [,3] [,4]
c    1    7   12   19
d    2    8   13   20
e    3    9   14   21

> A%*%B

  [,1] [,2] [,3] [,4]
a   61  229  369  565
b   49  163  258  391
	


The resulting matrix is .


Problem 5: Run the following kNN classifier for the iris data. Can you interpret the output?  



> data(iris)
> str(iris)
'data.frame':   150 obs. of  5 variables:
 $ Sepal.Length: num  5.1 4.9 4.7 4.6 5 5.4 4.6 5 4.4 4.9 ...
 $ Sepal.Width : num  3.5 3 3.2 3.1 3.6 3.9 3.4 3.4 2.9 3.1 ...
 $ Petal.Length: num  1.4 1.4 1.3 1.5 1.4 1.7 1.4 1.5 1.4 1.5 ...
 $ Petal.Width : num  0.2 0.2 0.2 0.2 0.2 0.4 0.3 0.2 0.2 0.1 ...
 $ Species     : Factor w/ 3 levels "setosa","versicolor",..: 1 1 1 1 1 1 1 1 1 1 ...
> summary(iris)
  Sepal.Length    Sepal.Width     Petal.Length    Petal.Width   
 Min.   :4.300   Min.   :2.000   Min.   :1.000   Min.   :0.100  
 1st Qu.:5.100   1st Qu.:2.800   1st Qu.:1.600   1st Qu.:0.300  
 Median :5.800   Median :3.000   Median :4.350   Median :1.300  
 Mean   :5.843   Mean   :3.057   Mean   :3.758   Mean   :1.199  
 3rd Qu.:6.400   3rd Qu.:3.300   3rd Qu.:5.100   3rd Qu.:1.800  
 Max.   :7.900   Max.   :4.400   Max.   :6.900   Max.   :2.500  
       Species  
 setosa    :50  
 versicolor:50  
 virginica :50  
                
> set.seed(1234)
> head(iris)
  Sepal.Length Sepal.Width Petal.Length Petal.Width Species
1          5.1         3.5          1.4         0.2  setosa
2          4.9         3.0          1.4         0.2  setosa
3          4.7         3.2          1.3         0.2  setosa
4          4.6         3.1          1.5         0.2  setosa
5          5.0         3.6          1.4         0.2  setosa
6          5.4         3.9          1.7         0.4  setosa
> random <- runif(150)
> iris_random <- iris[order(random),]
> head(iris_random)
    Sepal.Length Sepal.Width Petal.Length Petal.Width    Species
7            4.6         3.4          1.4         0.3     setosa
64           6.1         2.9          4.7         1.4 versicolor
73           6.3         2.5          4.9         1.5 versicolor
98           6.2         2.9          4.3         1.3 versicolor
101          6.3         3.3          6.0         2.5  virginica
110          7.2         3.6          6.1         2.5  virginica
 
> normal <- function(x) (
+   return( ((x - min(x)) /(max(x)-min(x))) )
+ )
> normal(1:5)
[1] 0.00 0.25 0.50 0.75 1.00
> iris_new <- as.data.frame(lapply(iris_random[,-5], normal))
> summary(iris_new)
  Sepal.Length     Sepal.Width      Petal.Length     Petal.Width     
 Min.   :0.0000   Min.   :0.0000   Min.   :0.0000   Min.   :0.00000  
 1st Qu.:0.2222   1st Qu.:0.3333   1st Qu.:0.1017   1st Qu.:0.08333  
 Median :0.4167   Median :0.4167   Median :0.5678   Median :0.50000  
 Mean   :0.4287   Mean   :0.4406   Mean   :0.4675   Mean   :0.45806  
 3rd Qu.:0.5833   3rd Qu.:0.5417   3rd Qu.:0.6949   3rd Qu.:0.70833  
 Max.   :1.0000   Max.   :1.0000   Max.   :1.0000   Max.   :1.00000  
> 
> train <- iris_new[1:130,]
> test <- iris_new[131:150,]
> train_sp <- iris_random[1:130,5]
> test_sp <- iris_random[131:150,5]
> 
> require(class)
Loading required package: class
> model <- knn(train= train,test=test, ,cl= train_sp,k=13)
> table(factor(model))

    setosa versicolor  virginica 
         3          6         11 
> table(test_sp,model)
            model
test_sp      setosa versicolor virginica
  setosa          3          0         0
  versicolor      0          5         0
  virginica       0          1        11
> 
> library(ggplot2)
> ggplot(aes(iris_random$Sepal.Length, iris_random$Petal.Width), data = iris_random)+ geom_point(aes(color= factor(iris_random$Species)))



Interpretation:

> table(test_sp,model)
            model
test_sp      setosa versicolor virginica
  setosa          3          0         0
  versicolor      0          5         0
  virginica       0          1        11


The resulting confusion matrix indicates that the kNN algorithm with k = 13 was good at making predictions because there were only 1 error out of 20 predictions. Specifically, the number of correctly classified flowers is 19 out of 20 or 95% accuracy with validation data. The kNN algorithm with k=13 predicted 3 of those 20 flowers in the test data to be setosa species and all 3 of those were in fact setosa. It predicted 6 of those flowers in the test data to be versicolor and in fact 5 of those were versicolor and the remaining 1 was actually virginica. Finally, it predicted 11 of those flowers in the test data to be virginica and all 11 of them were actually virginica. 


[bookmark: _GoBack]The plot below indicates that both virginica and versicolor species tend to have much wider petals and somewhat longer sepals than setosa.
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