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Chapter 1

Introduction To Statistics And
Data Analysis

R code Exa 1.2 Dotplot

1 # Chapter 1
2 # Example 1 . 2 page no , 4 from the Pdf . .
3 # To p l o t the Dotp lo t f o r the above data . .
4 # package used ” g g p l o t 2 ” i f not i n s t a l l e d can be

done u s i n g i n s t a l l . package s (” g g p l o t 2 ”)
5

6 library(ggplot2)

7

8 obs <- c

(0.32 ,0.53 ,0.28 ,0.37 ,0.47 ,0.43 ,0.36 ,0.42 ,0.38 ,0.43 ,0.26 ,0.43 ,0.47 ,0.49 ,0.52 ,0.75 ,0.79 ,0.86 ,0.62 ,0.46)

9

10 cat <- c(rep(”no_ n i t ” ,10),rep(” n i t ” ,10))
11

12 data1 <- data.frame(obs ,cat) # making i t a data
frame .

13

14 data1$f <- factor(data1$obs) # adding anothe r
v a r i a b l e to the data frame .

12



15

16 # Plo t . .
17 ggplot(data1 ,aes(x = f, y = obs , fill = cat)) + geom

_dotplot(binaxis = ’ y ’ ,stackdir = ’ c e n t e r ’ )

R code Exa 1.3 Plot for Corrosion Data

1 # Chapter 1
2 # Example 1 . 3 page no . 9 from the pdf . .
3 #To f i n d the p l o t f o r the C o r r o s i o n data i n example

1 . 3
4 # package used ” g g p l o t 2 ” i f not i n s t a l l e d can be

done u s i n g i n s t a l l . package s (” g g p l o t 2 ”)
5

6

7 library(ggplot2) # l i b r a r y f o r making v i s u a l s
8

9 humidity <- c(20 ,80 ,20 ,80)

10

11 average_corrosion <- c(975 ,350 ,1750 ,1550)

12

13 coating <- c(” Uncoated ”,” Uncoated ”,” Chemical
c o r r o s i o n ”,” Chemical c o r r o s i o n ”)

14

15 a <- data.frame(coating ,humidity ,average_corrosion)

#making i t a data f rame
16

17 # f i n a l PLOT . .
18 ggplot(data= a, aes(x= humidity ,y= average_corrosion

,colour= coating))+geom_line() + geom_point () +

xlab(” Humidity ( i n %)”)+ ggtitle(” C o r r o s i o n
R e s u l t s f o r Example 1 . 3 ”)
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R code Exa 1.4 Mean Variance and Standard Deviation

1 # Chapter 1
2 # Example 1 . 4 page no . 15 from the pdf . .
3 # To f i n d the mean , sample v a r i a n c e , and s tandard

d e v i a t i o n .
4

5

6 a <- c(7.00,

7.07 ,7.10 ,6.97 ,7.00 ,7.03 ,7.01 ,7.01 ,6.98 ,7.08)

7

8 cat(”The sample mean i s ”,mean(a))
9

10 cat(”The sample v a r i a n c e i s ”,var(a))
11

12 cat(”The sample s tandard d e v i a t i o n i s ”, sd(a))

R code Exa 1.5 Box and Whisker Plot

1

2 # Example 1 . 5
3 # To make Boxplot o f N i c o t i n e Data . .
4 # package used ggp lo t2 , i f not i n s t a l l e d you can

i n s t a l l i t u s i n g i n s t a l l . package s (” g g p l o t 2 ”)
5

6

7 library(ggplot2)

8

9 nicotine <- c(1.09 ,1.92 ,2.31 ,1.79 ,

2.28 ,1.74 ,1.47 ,1.97 ,0.85 ,1.24 ,1.58 ,2.03 ,1.70 ,2.17 ,2.55 ,2.11 ,1.86 ,1.90 ,1.68 ,1.51 ,1.64 ,0.72 ,1.69 ,1.85 ,1.82 ,1.79 ,2.46 ,1.88 ,2.08 ,1.67 ,1.37 ,1.93 ,1.40 ,1.64 ,2.09 ,1.75 ,1.63 ,2.37 ,1.75 ,1.69)

10

11 content <- data.frame(nicotine) #making i t data f rame
f o r making p l o t s

12

14



13 colnames(content) <- c(” c o n t e n t 1 ”) #chang ing the
column name o f the data f rame

14

15 # F i n a l P lo t . .
16 ggplot(data = content ,aes(x=1,y= content1))+ geom_

boxplot(fill = ” whi te ”, colour = ”#3366FF”)+
coord_flip()+ylab(” N i c o t i n e Content ”)+ ggtitle(”
N i c o t i n e Content i n C i g a r e t t e s ”)

15



Chapter 2

Probability

R code Exa 2.2 Sample Space

1

2 # Chapter 2
3 # Example 2 . 2 page no . 36 from the pdf . .
4 # To Find the Sample Space . .
5

6 a <- c(rep(”H” ,2),rep(”T” ,6))
7

8 b <- c(”H”,”T”,seq(1,6))
9

10 paste(a,b) #c o n c a t e n i n g both v e c t o r e s to make a
sample space

R code Exa 2.3 Find Sample Space example 2

1 # Chapter 2
2 # Example 2 . 3 page no . 37 from the pdf . .
3 # to f i n d the sample space .
4
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5 a <- c(rep(”D” ,2),rep(”N” ,2))
6

7 b<- c(”D”, ”N”)
8

9 c <- c(rep(”D” ,4),rep(”N” ,4))
10

11 # f i n a l answer
12 print(”The sample space i s : ”)
13 paste(c,rep(paste(a,rep(b)))) #merging i n

s p e c i f i c o r d e r to f i n d the sample space .

R code Exa 2.8 To find Intersection

1 # Chapter 2
2 # Example 2 . 8 page no . 40 from the Pdf . .
3 # To f i n d the I n t e r s e c t i o n o f the two s e t s
4

5 a <- c(”a”,” e ”,” i ”,”o”,”u”)
6

7 b <- c(” l ”,” r ”,” s ”,” t ”)
8

9 intersect(a,b) #d i s p l a y s the common e l e m e n t s i n a
and b . I f t h e r e i s no e l ement common then d e n o t e s

a v e c t o r o f 0 l e n g t h

R code Exa 2.10 To find Union

1

2 # Chapter 2
3 # Example 2 . 1 0 page no . 40 from the pdf . .
4 # To f i n d the Union o f the g i v e n two s e t s
5

6 a <- c(”a”,”b”,” c ”)
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7

8 b <- c(”b”,” c ”,”d”,” e ”)
9

10 union(a,b) #D i s p l a y s the union o f two s e t s . .

R code Exa 2.15 Generalized Multiplication Rule

1

2 # Chapter 2
3 # Example 2 . 1 5 page no . 46 from the pdf . .
4 # G e n e r a l i z e d M u l t i p l i c a t i o n r u l e . .
5

6 # answer . .
7 cat(”We can e l e c t the c h a i r and t r e a s u r e r i n ” ,22*

21, ” ways ”) #Using m u l t i p l i c a t i o n r u l e

R code Exa 2.18 Permutation Problem

1 # Chapter 2
2 # Example 2 . 1 8 page no . 48 , from the pdf . .
3 # Permutat ion Problem . .
4

5

6 # F i n a l answer . .
7 cat(”The t o t a l number o f sample p o i n t s i s ”,factorial

(25)/factorial (22))

R code Exa 2.19.a Permutation Problem Example 19a

1

18



2 # Chapter 2
3 # Example 2 . 1 9 a page no . 4 8 from the pdf . .
4 # Permuation Problem
5 # number o f ways to s e l e c t p r e s i d e n t and t r e a s u r e r

from 50 s t u d e n t s w i thout r e s t r i c t i o n
6

7

8 cat(”The number o f c h o i c e s o f o f f i c e r s w i thout
r e s t r i c t i o n a r e ”,factorial (50)/factorial (48))

9

10

11 # I t i s s imp ly permutat i on o f 50 with 2

R code Exa 2.19.b Permutation Problem Example 19b

1 # Chapter 2
2 # example 2 . 1 9 b page no . 48 from the pdf . .
3 # Permuation Problem . .
4

5

6 # to s e l e c t the number o f ways to e l e c t p r e s i d e n t
and t r e a s u r e r from 50 p e o p l e i f A( a p a r t i c u l a r
s t u d e n t ) w i l l s e r v e , i f he i s p r e s i d e n t

7 # 2 c a s e s f i r s t A becomes p r e s i d e n t and i n tha t c a s e
8

9 cat(” I f A becomes p r e s i d e n t number o f ways to s e l e c t
t r e a s u r e r a r e ”, 49)

10

11 a <- 49

12

13 # Second c a s e i f o f f i c e r s e l e c t e d wi thout A
14

15 cat(”The number o f p o s s i b l e ways to s e l e c t w i thout A
a r e ” ,factorial (49)/factorial (47))

16
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17 b <- factorial (49)/factorial (47)

18

19 cat(”The t o t a l number o f ways to s e l e c t the o f f i c e r s
i n t h i s c a s e a r e ”, a+b)

R code Exa 2.19.c Permutation Problem Example 19c

1

2 # Chapter 2
3 # Example 2 . 1 9 c page no . 48 from the pdf . .
4 # Permutat ion Problem . .
5

6 # NUmber o f ways to e l e c t two o f f i c e r s from 50
p e o p l e i f B and C (2 i n d i v i d u a l s from 50 ) w i l l
on ly work t o g e t h e r

7 # 2 c a s e s . F i r s t , i f B and C a r e e l e c t e d
8

9 cat(”The number o f ways to s e l e c t B and C both from
50 a r e ” ,2) # i f B t r e a s u r e r and C p r e s i d e n t and
v i c e v e r s a . .

10

11 a <- 2

12

13 # Second c a s e : i f B and C a r e not chosen so e l e c t i o n
done from r e s t 48 p e o p l e .

14

15 cat(”The number o f s e l e c t i o n s when B and C ar e not
chosen a r e ”,factorial (48)/factorial (46)) #48P2

16

17 b <- factorial (48)/factorial (46)

18

19 cat(”The t o t a l number o f c h o i c e s i n t h i s c a s e i s ”,a+
b)
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R code Exa 2.19.d Permutation Problem Example 19d

1

2 # Chapter 2 .
3 # Example 2 . 1 9 d page no . 48 from the pdf . .
4 # Permutat ion Problem . .
5

6 # Number o f ways to s e l e c t o f f i c e r s from 50 s t u d e n t s
i f D and E(2 i n d i v i d u a l s from 50 s t u d e n t s ) w i l l

not work t o g e t h e r
7 cat(”The number o f c h o i c e s o f o f f i c e r s w i thout

r e s t r i c t i o n a r e ”,factorial (50)/factorial (48))
8

9 a <- factorial (50)/factorial (48)

10

11 cat(”Number o f ways i n which D and E a r e s e l e c t e d
a r e ” ,2) # i f D i s p r e s i d e n t and E i s t r e a s u r e r
and v i c e v e r s a

12

13 b <- 2

14

15 cat(”Number o f ways i n which we can choos e o f f i c e r s
i n t h i s c a s e a r e ”,a-b)

R code Exa 2.21 Partition Problem

1 # Chapter 2
2 # Example 2 . 2 1 page no . 50 from the pdf . .
3 # P a r t i t i o n Problem . .
4

5
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6 # number o f ways , 7 s t u d e n t s a r e a s s i g n e d 1 t r i p l e
and 2 doub le rooms . .

7

8 # answer . .
9 cat(”The number o f ways i n which t h i s p a r t i t i o n can

be done a r e ” ,(factorial (7)/(factorial (3)*
factorial (2)*factorial (2))))

R code Exa 2.22 Combination Problem

1

2 # Chapter 2
3 # Example 2 . 2 2 page no . 50 from the pdf . .
4 # Combination Problem . .
5

6 # number o f ways to s e l e c t 3 a r cade and 2 s p o r t s
games from 10 ar cade and 5 s p o r t s game

7 cat(”The number o f ways to s e l e c t 3 a r cade from 10
i s ”,choose (10 ,3))

8

9 a <- choose (10 ,3)

10

11 cat(”The number o f ways o f s e l e c t i n g 2 c a t r i d g e s
from 5 i s ”,choose (5,2))

12

13 b <- choose (5,2)

14

15 #u s i n g m u l t i p l i c a t i o n r u l e . .
16 cat(”The t o t a l number o f ways o f s e l e c t i n g 3 a r cade

and 2 s p o r t s games i s ”,a*b)
17

18 # example 2 . 2 3 same as the above 2 q u e s t i o n s 2 . 2 2
and 2 . 2 1 . .
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R code Exa 2.24 Probability Calculation Using Formula And Law of Large
Numbers

1 # Chapter 2
2 # Example 2 . 2 4 page no . 5 3 from the pdf . .
3 # P r o b a b i l i t y Using Normal Method and Law o f Large

numbers . .
4

5 # to f i n d p r o b a b i l i t y f o r a t l e a s t one head i f a c o i n
i s t o s s e d t w i c e . .

6

7 # ” d p l y r ” package i s used , i f not i n s t a l l e d can be
i n s t a l l e d u s i n g

8 # i n s t a l l . package s (” d p l y r ”) , remove comment i f you
a l r e a d y have . .

9 library(dplyr) # t h i s package i s f o r data
man ipu l a t i on

10

11 a <- c(”H”,”H”,”T”,”T”)
12

13 b <- c(”H”,”T”,”H”,”T”)
14

15 a <- data.frame(a,b) # making data frame which
c o n s i s t s o f 2 columns i . e f i r s t column and 2nd
column

16

17 c <- a %>% filter(a==”H”| b==”H”)
18

19 cat(”The p r o b a b i l i t y tha t we g e t a t l e a s t one head i n
the t o s s e s i s ”,nrow(c)/nrow(a))

20

21 # anothe r method to s o l v e the same problem , by u s i n g
law o f l a r g e numbers

22
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23

24 d <- c(”HH”,”TT”,”TH”,”HT”)
25

26 e <- sample(d,10000 , replace = T)

27

28 cat(”The approx imate p r o b a b i l i t y o f g e t t i n g a t l e a s t
one head i n the two t o s s e s i s ”,sum(e==”HH”|e==”HT
”|e==”TH”)/10000)

29

30 # the answer he r e i s near to 0 . 7 5 but not e x a c t l y
0 . 7 5 , i f we i n c r e a s e the number o f t r i a l s say
200000 i t w i l l be more c l o s e to 0 . 7 5 .

31 # i f we make t h i s say t e n d i n g to i n f i n i t y then i t
w i l l be e x a c t l y 0 . 7 5 . .

R code Exa 2.25 Probability Calculation Using Law of Large Numbers

1 # Chapter 2
2 # Example 2 . 2 5 page no . 53 from the pdf . .
3 # P r o b a b i l i t y Using Law o f Large Numbers . .
4

5 # P r o b a b i l i t y can a l s o be c a l c u l a t e d u s i n g d i r e c t
f o rmu la ( r a t i o ) but the code w i l l be very s t r a i g h t

f o rward . .
6 # Let ’ s l o o k at ano the r way to a c h i e v e the same

r e s u l t .
7 # To f i n d the p r o b a b i l i t y o f g e t t i n g l e s s than 4 i n

r o l l i n g a d ie , i f even number has t w i c e the
p r o b a b i l i t y than odd number . .

8

9 a <- c(1,2,2,3,4,4,5,6,6)

10

11 b <- sample(a,10000 , replace=T) # u s i n g law o f
l a r g e numbers

12
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13 cat(”The p r o b a b i l i t y o f g e t t i n g a number l e s s than 4
i s approx imate l y ”,sum(b < 4)/10000)

14

15 #t h i s answer i s s l i g h t y d i f f e r e n t than the answer i n
t ex tbook which i s 0 . 4 4 4 . I f we i n c r e a s e the

number o f t r i a l s then the p r o b a b i l i t y w i l l be
more c l o s e to the answer i n t ex tbook

R code Exa 2.30 Probability Calculation Using Law of Large Numbers
And Union Property

1 # Chapter 2
2 # Example 2 . 3 0 page no . 57 from the pdf . .
3 # P r o b a b i l i t y Using Law o f Large Numbers and u s i n g

union p r o p e r t y . .
4

5

6 #to f i n d the p r o b a b i l i t y the sum o f d i e r o l l (ROLLED
TWICE) i s 7 or 11

7 #Using law o f l a r g e numbers . .
8

9 a <- c(1:6)

10

11 b <- sample(a,200000 , replace=T) + sample(a,200000 ,

replace=T) # b i s a sample o f sum o f 2 d i e
r o l l s , with 10ˆ6 t imes t r i a l s

12

13

14 cat(”The approx imate v a l u e o f p r o b a b i l i t y o f g e t t i n g
the sum as e i t h e r 7 or 11 i s ”,sum(b==7|b==11)/

200000)

15

16

17

18 # This i s approx imate as the t ex tbook and s tandard
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answer i s 2/ 9 , i f we i n c r e a s e the number o f
t r i a l s then we would g e t very c l o s e to the f i n a l
answer . .

19 # A word o f note− I have sk ipped some prob lems as
you may have seen , as many prob lems a r e o f same
type j u s t the numbers a r e changed , the concep t i s

same , so I s o l v e d the r e l e v a n t q u e s t i o n s .

R code Exa 2.34 Conditional Probability Problem

1

2 # Chapter 2 .
3 # Example 2 . 3 4 page no . 6 3 from the pdf . .
4 # C o n d i t i o n a l P r o b a b i l i t y Problem . .
5

6

7 p_departs_ontime <- 0.83

8 P_arrives_ontime <- 0.82

9 p_departs_arrives_ontime <- 0.78

10

11 # to f i n d p r o b a b i l i t y tha t i t a r r i v e s on t ime g i v e n
i t d e p a r t s i n t ime

12 # Using c o n d i t i o n a l p r o b a b i l i t y . .
13

14 cat(”The p r o b a b i l i t y tha t the p l ane a r r i v e s on t ime
g i v e n tha t i t d e p a r t s on t ime i s ”,p_departs_
arrives_ontime/p_departs_ontime)

15

16 # to f i n d p r o b a b i l i t y tha t i t d e p a r t s on t ime g i v e n
tha t i t a r r i v e s on t ime . .

17

18 cat(”The p r o b a b i l i t y tha t the p l ane d e p a r t s on t ime
g i v e n tha t i t a r r i v e s on t ime i s ”,p_departs_
arrives_ontime/P_arrives_ontime)

19
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20

21

22 #The answer i n the t ex tbook i s approx imated to 0 . 9 4
and 0 . 9 5 r e s p e c t i v e l y . .

R code Exa 2.37 Independence and Multiplicative Rule

1

2 # Chapter 2
3 # Example 2 . 3 7 page no . 66 from the pdf . .
4 # Independence and M u l t i p l i c a t i o n Rule . .
5

6

7 # bag1 = 4 whi te and 3 b l a c k b a l l s
8 #bag2= 3 whi te and 5 b l a c k b a l l s
9 # to dind p r o b a b i l i t y o f b a l l drawn from 2nd bag i s

b l a c k ? g i v e n a b a l l drawn from f i r s t i s unseen
and dropped i n second bag

10

11 p_b1 <- 3/7

12 p_w1 <- 4/7

13

14 p_b2_b1 <- 6/9 # i f f i r s t b l a c k b a l l dropped i n
second bag

15 p_b2_w1 <- 5/9 # i f f i r s t wh i t e b a l l drawn i s
dropped i n t o second bag . .

16

17 # Using independence and m u l t i p l i c a t i v e r u l e
18

19 cat(”The p r o b a b i l i t y tha t the second b a l l drawn i s
b l a c k i n t h i s c a s e i s ”,p_b1*p_b2_b1+p_w1*p_b2_w1)

R code Exa 2.43 Bayes Rule
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1 # Chapter 2 .
2 # Example 2 . 4 3 from the pdf . .
3 # Bayes Rule . .
4

5 # g i v e n d i f f e r e n t paramete r s to f i n d which p lan was
most l i k e l y used and thus r e s p o n s i b l e . .

6 # to f i n d P( Pj\D) f o r j = 1 , 2 , 3 . .
7

8 # a v e c t o r o f P( Pj ) f o r j = 1 , 2 , 3 . .
9 a <- c(0.30 ,0.20 ,0.50)

10

11 # a v e c t o r o f P(D | Pj ) f o r j = 1 , 2 , 3 . .
12 b <- c(0.01 ,0.03 ,0.02)

13

14 # Bayes Rule Formula . .
15 f <- function(x){

16

17 a[x]*b[x]/sum(a*b)

18

19 }

20

21 cat(”The v a l u e o f P( Pj |D) f o r j = 1 , 2 , 3 i s ”,f(1:3))
22

23 cat(”We can s e e tha t f o r p lan 3 has the h i g h e s t
c o n d i t i o n a l p r o b a b i l i t y , hence a d e f e c t i v e f o r a
random product i s most l i k e l y the r e s u l t o f the
use o f p lan 3”)

24

25

26 # Some Problems a r e not s o l v e d because they a r e one
and the same o f what I have s o l v e d j u s t numbers
a r e changed and they a r e ea sy too . .
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Chapter 3

Random Variables And
Probability Distributions

R code Exa 3.8 Discrete Probability Distribution Problem

1

2 # Chapter 3
3 # Example 3 . 8 page no . 84 from the pdf . .
4 # D i s c r e t e P r o b a b i l i t y Problem . .
5

6 # From 3 . 1 to 3 . 8 the prob lems a r e too ea sy and
t h e o r e t i c a l . .

7 # to f i n d the p r o b a b i l i t y d i s t r i b u t i o n o f number i f
d e f e c t i v e l a p t o p s i f 2 a r e drawn at a t ime from
2 0 .

8

9 #making a g e n e r a l f u n c t i o n f o r the above
d i s t r i b u t i o n . .

10 a <- function(x){

11

12 choose(3,x)*choose (17,2-x)/choose (20 ,2)

13

14 }

15
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16 # The D i s t r i b u t i o n . .
17 cat(”The p r o b a b i l i t y d i s t r i b u t i o n f o r x=0 i s ”,a(0))
18

19 cat(”The p r o b a b i l i t y d i s t r i b u t i o n v a l u e f o r x=1 i s ”,
a(1))

20

21 cat(”The p r o b a b i l i t y d i s t r i b u t i o n f o r x=2 i s ”,a(2))

R code Exa 3.9 Discrete Probability Distribution Problem 9

1 # Chapter 3
2 # Example 3 . 9 page no . 85 from the pdf . .
3 # D i s c r e t e P r o b a b i l i t y D i s t r i b u t i o n Problem . .
4

5 # to f i n d p r o b a b i l i t y d i s t r i b u t i o n o f no . o f c a r s
with s i d e a i r b a g s among next 4 ca r s , g i v e n prob .
o f s e l l i n g i s 0 . 5

6 # f o r ex . to s e l l 3 c a r s with a i r s i d e b a g s ,
p a r t i t i o n 4 i n t o two − with 3 bags and with 1 bag

7 # done i n 4 choo s e 3 ways
8

9 # g e n e r a l i s e
10 cat(”The p r o b a b i l i t y d i s t r i b u t i o n i n t h i s problem i s

: ”,” ”)
11

12 for(i in 0:4){

13

14 cat(” ”,choose(4,i)/16)
15

16 }

R code Exa 3.10 Cumulative Distribution Function Problem
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1

2 # Chapter 3
3 # Example 3 . 1 0 page no . 86 from the pdf . .
4 # Cumulat ive D i s t r i b u t i o n f u n c t i o n . .
5

6 # to f i n d cummulat ive d i s t r i b u t i o n o f the example
3 . 9

7 # r e f e r Example 3 . 9 page no . 85 from the pdf .
8 # the p r o b a b i l i t y d i s t r i b u t i o n o f the example i s

choo s e ( 4 , x ) /16 where x i s from 0 to 4
9 a <- function(x){

10

11 choose(4,x)/16

12 }

13

14

15 cat(”The cummulat ive p r o b a b i l i t y d i s t r i b u t i o n o f the
above problem i s ”,” ”)

16

17 # ANswer . .
18 for(i in 0:4){

19

20 cat(” ”, sum(a(0:i)))

21 }

R code Exa 3.11 Probability Density Function Problem 11

1

2 # Chapter 3
3 # Example 3 . 1 1 Page no . 89 from the pdf . .
4 # P r o b a b i l i t y Dens i ty FUnction Problem . .
5

6 # A par t o f the Problem . .
7 # to check the p r o b a b i l i t y d e n s i t y f u n c t i o n
8
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9 a <- function(x){

10

11 x*x/3

12 }

13

14 # to check the c o n d i t i o n s o f p r o b a b i l i t y d e n s i t y
f u n c t i o n

15

16

17 cat(” the I n t e g r a t i o n i s ”,integrate(a,-1,2)$value ,”
n e a r l y 1 with very s m a l l margin o f e r r o r we can
say tha t i t i s a prob . d e n s i t y f u n c t i o n ”)

18

19 # B Part o f the Problem . .
20 # to f i n d P(0<x<=1)
21

22 cat(”The v a l u e o f P(0<x<=1) i s ”,integrate(a,0,1)$
value)

23

24 #t h i s answer matches with the answer i n the
t ex tbook .

R code Exa 3.12 Cumulative Distribution Function of Continuous Ran-
dom Variable

1

2 # Chapter 3
3 # Example 3 . 1 2 Page no . 90 from the pdf . .
4 # Cumulat ive D i s t r i b u t i o n Funct ion o f Cont inuous

Random V a r i a b l e
5

6 # g i v e n a d e n s i t y f u n c t i o n f i n d the v a l u e o f P(0<X
<=1)

7

8 # the Dens i ty Funct ion . .
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9 f <- function(t){

10

11 t*t/3

12

13 }

14

15 cat(”The v a l u e o f P(0<X<=1) i s ”,integrate(f,0,1)$
value)

R code Exa 3.14 Joint Probability Distribution of Discrete Random Vari-
able

1

2 # Chapter 3
3 # Example 3 . 1 4 Page no . 95 from the pdf . .
4 # J o i n t P r o b a b i l i t y D i s t r i b u t i o n o f D i s c r e t e Random

V a r i a b l e . .
5

6 # Note − Example 3 . 1 3 i s t h e o r e t i c a l . .
7

8 # the fo rmu la f o r j o i n t Prob . d i s t r i b u t i o n . .
9 a <- function(x,y){

10

11 choose(3,x)*choose(2,y)*choose(3,2-x-y)/choose

(8,2)

12

13 }

14

15 # to f i n d p r o b a b i l i t y tha t i t w i l l f a l l i n x+y<=1
16

17

18 cat(”The p r o b a b i l i t y tha t x , y f a l l i n r e g i o n x+y<=1
i s ”,a(0,0)+a(0,1)+a(1,0))
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R code Exa 3.15 Joint Density Function of Continuous Random Variable

1

2 # Chapter 3
3 # Example 3 . 1 5 page no . 9 6 from the pdf . .
4 # J o i n t Dens i ty Funct ion o f Cont inuous Random

V a r i a b l e . .
5

6 # A par t o f the Problem 3 . 1 5
7 # to v e r i f y the c o n d i t i o n s o f j o i n t d e n s i t y f u n c t i o n

and f i n d the p r o b a b i l i t i e s o f any i n t e r v a l s
8

9 # the j o i n t d e n s i t y f u n c t i o n . .
10 a <- function(x,y){

11

12 (2*(2*x+3*y))/5

13

14

15 }

16

17 print(”The v a l u e o f the i n t e g r a l ove r whole r e g i o n
i s : ”)

18

19 integrate(function(y){

20

21 sapply(y,function(y){

22

23 integrate(function(x)a(x,y) ,0,1)$value

24 })

25 },0,1)

26

27 # the i n t e g r a l i s 1 then i t i s a j o i n t d e n s i t y
f u n c t i o n

28
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29 # Part B o f the Problem 3 . 1 5
30 # to f i n d the p r o b a b i l i t y o f a r e g i o n A: { ( x , y ) | 0<x

<0 .5 , 0.25<y<0.5}
31

32 cat(”The p r o b a b i l i t y i s ”,” ”)
33

34 integrate(function(y){

35

36 sapply(y,function(y){

37

38 integrate(function(x)a(x,y) ,0,0.5)$value

39

40 })

41

42 } ,0.25 ,0.5)

R code Exa 3.16 Marginal Distribution Problem

1

2 # Chapter 3
3 # Example 3 . 1 6 page no . 98 from the pdf . .
4 # Marg ina l D i s t r i b u t i o n Problem
5

6 # to f i n d mar i gna l D i s t r i b u t i o n Of X a l o n e and Y
a l o n e . .

7

8 c <- as.data.frame(matrix(c(3/28,3/14,1/28,9/28,3/

14,0,3/28,0,0),ncol = 3))

9

10 colnames(c) <- c(” x0 ”,” x1 ”,” x2 ”)
11

12 rownames(c) <- c(” y1 ”,” y2 ”,” y3 ”)
13

14 cat(”The marg ina l d i s t r i b u t i o n o f X a l o n e i s ”,apply(
as.matrix(c),2,sum),”and the marg ina l
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d i s t r i b u t i o n s o f Y a l o n e i s ”,apply(as.matrix(c)
,1,sum))

15

16 # Example 3 . 1 7 i s t h e o r e t i c a l . .

R code Exa 3.18 Conditional Distribution Of a Random Variable

1

2 # Chapter 3
3 # Example 3 . 1 8 Page no . 9 9 from the pdf . .
4 # C o n d i t i o n a l D i s t r i b u t i o n Of a Random V a r i a b l e .
5

6 # to f i n d the c o n d i t i o n a l j o i n t p r o b a b i l i t y
d i s t r i b u t i o n o f the g i v e n f u n c t i o n g i v e n the
s p e c i f i c c o n d i t i o n s

7 # Re f e r Example 3 . 1 4 from the pdf . .
8 a <- function(x,y){

9

10 choose(3,x)*choose(2,y)*choose(3,2-x-y)/choose

(8,2)

11

12 }

13

14 # g i v e n y=1 to f i n d P( x=0|y=1)
15

16 # P( x=0|y=1)= a ( x , y ) /h ( y ) , h ( y )>0
17

18 h1 <- sum(a(0:2 ,1))

19

20 # to f i n d a ( x , 1 )= a ( x , 1 ) /h1
21

22 b <- function(x){

23

24 a(x,1)/h1

25
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26 }

27

28 cat(”The c o n d i t i o n a l p r o b a b i l i t y f u n c t i o n under the
c o n d i t i o n y=1 i s ”,” ”)

29

30 c <- c(b(0),b(1),b(2))

31

32 d <- t(data.frame (0:2,c))

33

34 rownames(d) <- c(”X”,” f ( x | 1 ) ”)
35

36 d

R code Exa 3.20 Marginal and Conditional Densities Evaluation

1 # c h a p t e r 3
2 # Example 3 . 1 9 and 3 . 2 0 both a r e same i n concept ,

j u s t the f u n c t i o n i s changed , I am s o l v i n g 3 . 2 0 ,
so you can do the same f o r 3 . 1 9 . .

3 # Chapter 3 . 2 0 page no 100 from the pdf . .
4 # M a r i g i n a l and C o n d i t i o n a l D e n s i t i e s E v a l u a t i o n . .
5

6 # g i v e n the j o i n t d i s t r i b u t i o n f u n c t i o n
7 a <- function(x,y){

8

9 x*(1+3*y*y)/4

10

11 }

12

13 # with l i m i t s 0<x<2 , 0<y<1
14

15 # g i v e n marg ina l d e n s i t y
16 b <- function(x){

17

18 x/2
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19

20 }

21

22 c <- function(y){

23

24 (1+3*y*y)/2

25

26 }

27

28 # to f i n d a ( x | y )
29 # to f i n d P(0.25 <x <0 . 5 | y=1/ 3)
30

31 d <- function(x){

32

33 a(x,1/3)/c(1/3)

34

35 }

36

37 cat(”The v a l u e o f c o n d i t i o n a l P r o b a b i l i t y P(0.25 <X
<0 . 5 |Y = 1/ 3) i s ”,integrate(d,0.25 ,0.5)$value)

R code Exa 3.22 Statistical Independent Problem

1

2 # Chapter 3
3 # Example 3 . 2 2 page 103 from the pdf . .
4 # S t a t i s t i c a l Independent Problem . .
5

6 # Note− Example 3 . 2 0 i s t h e o r e t i c a l , we need to j u s t
prove the v a r i a b l e i s not s t a t i s t i c a l

Independent , code i n v o l v e s j u s t b a s i c
m u l t i p l i c a t i o n . .

7

8 # package i n s t a l l e d pracma j u s t f o r s i m p l i c i t y f o r
e v a l u a t i n g i n t e g r a l s n u m e r i c a l l y . .
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9 # g i v e n a d e n s i t y f u n c t i o n and x1 , x2 , x3 r e p r e s e n t
3 o f t h e s e c o n t a i n e r s s e l e c t e d i n d e p e n d e n t l y . .

10 # to f i n d P( x1<2,1<x2<3 ,x3>2)
11 # i f the package i s a l r e a d y i n s t a l l e d remove the

i n s t a l l e d . package s (” pracma ”) from your code . .
12

13 install.packages(” pracma ”)
14 library(” pracma ”)
15

16 f <- function(x,y,z){

17

18 exp(-x-y-z)

19

20 }

21

22

23 # Answer . .
24 cat(”The v a l u e o f P( x1<2,1<x2<3 ,x3>2) i s ”,integral3(

f,0,2,1,3,2,22))
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Chapter 4

Mathematical Expectation

R code Exa 4.1 Expected Value Evaluation Problem 1

1

2 # Chapter 4
3 # Example 4 . 1 Page no . 113 from the pdf . .
4 # Expected Value E v a l u a t i o n Problem
5

6 # to f i n d the e x p e c t a t i o n v a l u e
7 # out o f 7 , 4 good and 3 d e f e c t i v e components , and

sample o f 3 i s taken , f i n d the e x p e c t a t i o n v a l u e
8

9 a <- function(x){

10

11 choose(4,x)*choose(3,3-x)/choose (7,3)

12

13 }

14

15

16 b <- a(0:3) # to c r e a t e a s e r i e s o f v e c t o r f o r X . .
17

18 cat(”The e x p e c t a t i o n v a l u e o f t h i s problem i s ”,
weighted.mean (0:3,b))
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R code Exa 4.2 Expected Value Evaluation Problem 2

1

2 # Chapter 4
3 # Example 4 . 2 Page no . 113 from the pdf . .
4 # Expected Value E v a l u a t i o n Problem
5

6 # To f i n d the Expected commiss ion . .
7

8 p <- 0.7

9

10 q <- 0.4

11

12 dat <- c(0 ,1000 ,1500 ,2500)

13

14 # D i s t r i b u t i o n . .
15 weights <- c((1-p)*(1-q),p*(1 -0.4) ,(1-p)*q,p*q)

16

17 cat(”The expec t ed commiss ion i s ”,weighted.mean(dat ,
weights))

R code Exa 4.3 Expected Value of probability density function

1

2 # Chapter 4
3 # Example 4 . 3 page no . 114 from the pdf . .
4 # Expected Value o f p r o b a b i l i t y d e n s i t y f u n c t i o n
5

6 # g i v e n tha t a ( x ) i f x>100 e l s e 0
7

8 a <- function(x){

9
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10 20000/(x*x*x)

11

12 }

13

14 a1 <- function(x){

15

16 x*a(x)

17

18 }

19

20 cat(”The Expected l i f e o f t h i s type o f d e v i c e i s : ”,
integrate(a1 ,lower = 100,upper = Inf)$value)

R code Exa 4.4 Expected Value of a new Random Variable

1

2 # Chapter 4
3 # Example 4 . 4 Page no . 115 from the pdf . .
4 # Expected Value o f a new Random V a r i a b l e . .
5

6 # g i v e n a p r o b a b i l i t y d i s t r i b u t i o n f i n d a expec t ed
v a l u e o f a new random v a r i a b l e

7 # new random v a r i a b l e 2x−1
8

9 # P(X=x )
10 px <- c(1/12,1/12,1/4,1/4,1/6,1/6)

11

12 # x
13 x <- 4:9

14

15 # g ( x )=2x−1
16

17 cat(”The Attendant can e x p e c t to r e c e i v e : ”,weighted
.mean(2*x-1,px))
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R code Exa 4.5 Expected Value of a new Random Variable

1 # Chapter 4
2 # example 4 . 5 page no . 115 from the pdf .
3 # Expected Value o f New Random V a r i a b l e
4

5 # to f i n d expec t ed v a l u e g i v e n a random v a r i a b l e f ( x
)= xˆ2/3 o f g (X)= 4X +3

6

7 f <- function(x){

8

9 (4*x+3)*x*x/3

10

11 }

12

13 cat(”The expec t ed v a l u e i s ”,integrate(f,-1,2)$value)

R code Exa 4.6 Expected value of Discrete Joint Probability Distribution

1 # Chapter 4
2 # Example 4 . 6 , page no . 116 from the pdf . .
3 # Expected v a l u e o f D i s c r e t e J o i n t P r o b a b i l i t y

D i s t r i b u t i o n
4

5

6 # g i v e n 2 random v a r i a b l e s with j o i n t prob .
d i s t r i b u t i o n ,

7 # f i n d the expec t ed v a l u e g (X,Y) = XY.
8

9 f <- matrix(c(3/28,3/14,1/28,9/28,3/14,0,3/28,0,0),

ncol = 3)

10
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11

12 ans <- 0

13

14 for(x in 0:2){

15

16 for(y in 0:2){

17

18 ans <- ans + x*y*f[x+1,y+1]

19

20 }

21 }

22

23 cat(”The expec t ed v a l u e o f g (X,Y)= XY i s ”,ans)

R code Exa 4.7 Expected value of Joint Density Function

1

2 # Chapter 4
3 # Example 4 . 7 page no . 116 from the pdf . .
4 # Expected Value o f J o i n t Dens i ty Funct ion
5

6

7 # to f i n d the expec t ed v a l u e o f d e n s i t y f u n c t i o n
8

9 # g i v e n f u n c t i o n
10

11 a <- function(x,y){

12

13 (x*(1+3*y*y))/4

14

15 }

16

17 # making a e x p e c t a t i o n v a l u e f u n c t i o n
18

19 b <- function(x,y){
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20 a(x,y)*y

21

22 }

23

24 # u s i n g the e x p r e s s i o n to f i n d the e x p e c t a t i o n v a l u e
25

26 print(”The Value o f E(Y/X) i s ”)
27

28 integrate(function(y){

29

30 sapply(y,function(y){

31

32 integrate(function(x)b(x,y) ,0,2)$value

33 })

34 },0,1)

R code Exa 4.8 Variance Of Discrete Distribution

1

2 # Chapter 4
3 # Example 4 . 8 page no . 120 from the pdf . .
4 # Var iance Of D i s c r e t e D i s t r i b u t i o n . .
5

6 # g i v e n two d i s t r i b u t i o n f i n d i n g out which s e t has
h i g h e r v a r i a n c e

7

8 # f i r s t d i s t r i b u t i o n
9 a <- c(0.3 ,0.4 ,0.3)

10

11 b <- weighted.mean (1:3,a)

12

13 c1 <- function(x){

14

15 (x-b)*(x-b)

16
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17 }

18

19 d <- sum(c1(1:3)*a)

20

21 # second D i s t r i b u t i o n . .
22 a1 <- c(0.2 ,0.1 ,0.3 ,0.3 ,0.1)

23

24 b1 <- weighted.mean (0:4,a1) # s i n c e b and b1 a r e
same . .

25

26

27 d1 <- sum(c1(0:4)*a1)

28

29 cat(” S i n c e Var i ance o f B i s ”,d1 ,”and Var iance o f A
i s ”,d,” Var i ance o f B i s g r e a t e r than A”)

R code Exa 4.9 Variance using Expectation Formula

1

2 # Chapter 4
3 # Example 4 . 9 page no . 121 from the pdf . .
4 # Var iance u s i n g E xp ec ta t i on fo rmu la . .
5

6

7 # c a l c u l a t e v a r i a n c e u s i n g e x p e c t a t i o n fo rmu la
8

9

10 # g i v e n data
11

12 a <- c(0.51 ,0.38 ,0.10 ,0.01)

13

14 # u s i n g E [ x ˆ2]−(E [X ] ) ˆ2
15

16 varia <- weighted.mean (0:3*0:3,a)- (weighted.mean

(0:3,a))^2
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17

18 cat(”The v a l u e o f Var i ance i s : ”,varia)

R code Exa 4.10 Mean And Variance of Continuous Random Variable

1 # Chapter 4
2 # example 4 . 1 0 page no . 121 from the pdf . .
3 # Mean And Var iance o f Cont inuous Random V a r i a b l e . .
4

5 # g i v e n a random v a r i a b l e X hav ing the prob . d e n s i t y
6 # f i n d the mean and v a r i a n c e o f X . .
7

8 f <- function(x){

9

10 2*(x-1)

11

12 }

13

14 cat(”The mean i s mu = E(X) =”,integrate(function(x){
x*f(x)},1,2)$value)

15

16 cat(”And the Var i ance i s E(Xˆ2)−[E( x ) ] ˆ 2 = ”,
integrate(function(x){x*x*f(x)},1,2)$value - (

integrate(function(x){x*f(x)},1,2)$value)^2)

R code Exa 4.11 Variance of a new Random variable

1

2 # Chapter 4
3 # Example 4 . 1 1 page no . 122 from the pdf . .
4 # Var iance o f a new Random v a r i a b l e
5

6

47



7 # g i v e n a random v a r i a b l e f i n d the v a r i a n c e o f
ano the r random v a r i a b l e

8

9 #pdf f o r X
10 a <- c(1/4,1/8,1/2,1/8)

11

12 # f i n d i n g v a r i a n c e f o r 2x+3
13

14 # E [ ( 2 x+3−6) ˆ 2 ]
15

16 varia <- weighted.mean(4*0:3*0:3 -12*0:3+9,a)

17

18 cat(”The v a r i a n c e o f g (X)=2X+3 i s ”,varia)

R code Exa 4.12 Variance of a new Random variable given the Density
Function

1

2 # Chapter 4
3 #example 4 . 1 2 page no . 123 from the pdf . .
4 # Var iance o f a new Random v a r i a b l e g i v e n the

Dens i ty Funct ion . .
5

6 # g i v e n a random v a r i a b l e f i n d the v a r i a n c e o f g (X)
=4X+3

7

8 f <- function(x){

9

10 x*x/3

11

12 }

13

14 # u s i n g theorem 4 . 3 as g i v e n on page no . 122
15

16 cat(”The v a r i a n c e o f random v a r i a b l e g (4X+3) i s ”,
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integrate(function(x){f(x)*((4*x+3-8)^2)},-1,2)$

value)

R code Exa 4.13 Covariance of 2 Random Variables

1

2 # Chapter 4
3 # Example 4 . 1 3 page no . 124
4 # Covar i ance o f 2 Random V a r i a b l e s . .
5

6

7 # to f i n d the c o v a r i a n c e between two v a r i a b l e s X and
Y

8

9 a <- matrix(c(3/28,3/14,1/28,9/28,3/14,0,3/28,0,0),

nrow = 3)

10

11 # i n d i v i d u a l column sum
12 ax <- apply(a,2,sum)

13

14 # i n d i v d u a l row sum
15 ay <- apply(a,1,sum)

16

17 # E [X ] . .
18

19 ex <- sum (0:2*ax)

20

21 # E [Y ] . .
22

23 ey <- sum (0:2*ay)

24

25 # g i v e n E [XY]=3/14
26

27 # u s i n g c o v a r i a n c e fo rmu la
28 # E [XY]−E [X] *E [Y]
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29

30 covar <- 3/14-ex*ey

31

32 cat(”The c o v a r i a n c e between the random v a r i a b l e X
and Y i s ”,covar)

R code Exa 4.14 Covariance Of Two Random Variables given Joint Den-
sity Function

1

2 # Chapter 4
3 # Example 4 . 1 4 page no . 125 from the pdf . .
4 # Covar i ance Of Two Random V a r i a b l e s g i v e n J o i n t

Dens i ty Funct ion . .
5

6

7 # g i v e n a j o i n t d e n s i t y f u n c t i o n o f 2 random
v a r i a b l e s X and Y

8 # f i n d the c o v a r i a n c e o f X and Y . .
9

10 f <- function(x,y){

11

12 8*x*y

13

14 }

15

16 g <- function(x){

17

18 4*(x^3)

19

20 }

21

22 h <- function(y){

23

24 4*y*(1-y*y)
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25

26 }

27

28 # f i n d i n g E(X) and E(Y) from marg ina l d e n s i t i e s . .
29

30 mu_x <- integrate(function(x){x*g(x)},0,1)$value

31

32 mu_y <- integrate(function(y){y*h(y)},0,1)$value

33

34 # E(XY) from j o i n t p r o b a b i l i t y d i s t r i b u t o n . .
35 E_XY <- integrate(function(y){

36

37 sapply(y,function(y){

38

39 integrate(function(x){f(x,y)*x*y},y,1)$value

40 })},0,1)

41

42 cat(”The c o v a r i a n c e o f X and Y i s ”,E_XY$value -mu_x*
mu_y)

R code Exa 4.15 Correlation Coefficient Evaluation

1

2 # Chapter 4
3 # Example 4 . 1 5 page no . 126 from the pdf . .
4 # C o r r e l a t i o n C o e f f i c i e n t E v a l u a t i o n
5

6 # to f i n d the c o r r e l a t i o n c o e f f i c i e n t between two
v a r i a b l e s x and y . .

7 # Re f e r Example 4 . 1 3 page 124 from the pdf . .
8

9 a <- matrix(c(3/28,3/14,1/28,9/28,3/14,0,3/28,0,0),

nrow = 3)

10

11 # i n d i v i d u a l column sum
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12 ax <- apply(a,2,sum)

13

14 # i n d i v d u a l row sum
15 ay <- apply(a,1,sum)

16

17 # E [X ] . .
18

19 ex <- sum (0:2*ax)

20

21 # E [Y ] . .
22

23 ey <- sum (0:2*ay)

24

25 # v a r i a n c e ( x ) . .
26

27 variax <- sum (0:2*0:2*ax)-ex^2

28

29 # v a r i a n c e ( y ) . .
30

31 variay <- sum (0:2*0:2*ay)-ey^2

32

33 # c o v a r i a n c e . .
34

35 covaria <- 3/14-ex*ey

36 # c o r r e l a t i o n c o e f f i c i e n t
37

38 corr <- covaria/(sqrt(variax)*sqrt(variay))

39

40 cat(”The c o r r e l a t i o n c o e f f i c i e n t i n t h i s c a s e i s ”,
corr)

R code Exa 4.16 Correlation Coefficient Of 2 Random Variables Given
Joint Density Function

1 # Chapter 4

52



2 # Example 4 . 1 6 page no . 126 from the pdf . .
3 # C o r r e l a t i o n C o e f f i c i e n t Of 2 Random V a r i a b l e s

Given J o i n t Dens i ty Funct ion . .
4

5

6 # g i v e n a j o i n t d e n s i t y f u n c t i o n o f 2 random
v a r i a b l e s X and Y

7 # f i n d the c o r r e l a t i o n c o e f f i c i e n t o f X and Y . .
8

9 f <- function(x,y){

10

11 8*x*y

12

13 }

14

15 g <- function(x){

16

17 4*(x^3)

18

19 }

20

21 h <- function(y){

22

23 4*y*(1-y*y)

24

25 }

26

27 # f i n d i n g E(X) and E(Y) from marg ina l d e n s i t i e s . .
28 mu_x <- integrate(function(x){x*g(x)},0,1)$value

29

30 mu_y <- integrate(function(y){y*h(y)},0,1)$value

31

32 # f i n d i n g s igma _x and sigma _y from marg ina l
d e n s i t i e s . .

33 sig_x <- integrate(function(x){x*x*g(x)},0,1)$value

- mu_x^2

34

35 sig_y <- integrate(function(y){y*y*h(y)},0,1)$value
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- mu_y^2

36

37 # E(XY) from j o i n t p r o b a b i l i t y d i s t r i b u t o n . .
38 E_XY <- integrate(function(y){

39

40 sapply(y,function(y){

41

42 integrate(function(x){f(x,y)*x*y},y,1)$value

43 })},0,1)

44

45 # f i n d i n g s igma _xy
46 sig_xy <- E_XY$value -mu_x*mu_y

47

48 cat(”The c o r r e l a t i o n c o e f f i c i e n t o f X and Y i s ”,sig_
xy/sqrt(sig_x*sig_y))

R code Exa 4.17 Expectation Value of Linear Combination Of Random
Variables

1

2 # Chapter 4
3 # Example 4 . 1 7 page no . 128 as g i v e n i n the pdf . .
4 # Ex pe c t a t i on Value o f L i n e a r Combination Of Random

V a r i a b l e s . .
5

6 # g i v e n a random v a r i a b l e and i t s d i s t r i b u t i o n f i n d
the v a l u e o f E(2X−1)

7 # Re f e r example 4 . 4 on page 115 from the pdf . .
8

9 px <- c(1/12,1/12,1/4,1/4,1/6,1/6)

10

11 x <- 4:9

12

13 cat(”The v a l u e o f E(2X−1) i s ”,weighted.mean(2*x-1,px
))
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R code Exa 4.18 Expectation Value of Linear Combination Of Continuous
Random Variables

1

2 # Chapter 4
3 # Example 4_18 page no . 129 from the pdf . .
4 # Ex pe c t a t i on Value o f L i n e a r Combination Of Random

V a r i a b l e s
5

6 # g i v e n X a random v a r i a b l e f i n d the expec t ed v a l u e
o f ano the r random v a r i a b l e 4X+3

7

8 f <- function(x){

9

10 x*x/3

11

12 }

13

14 # u s i n g p r o p e r t y E(aX+b )= aE (X)+b
15

16

17 cat(”The v a l u e o f E(4X+3) i s ” ,4*integrate(function(x
){x*f(x)},-1,2)$value + 3)

R code Exa 4.19 Expectation Value of Linear Combination Of Random
Variables Using Properties

1

2 # Chapter 4
3 # Example 4 . 1 9 page no . 129 from the pdf . .
4 # Ex pe c t a t i on Value o f L i n e a r Combination Of Random

V a r i a b l e s . .
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5

6

7 # f i n d i n g expec t ed v a l u e u s i n g p r o p e r t i e s . .
8

9

10 a <- c(1/3,1/2,0,1/6)

11

12 # f i n d E [ ( X−1) ˆ 2 ]
13

14 # E [Xˆ2−2X+1]
15

16 #E [X]
17 ex <- weighted.mean (0:3,a)

18

19 #E [Xˆ 2 ]
20 ex2 <- weighted.mean (0:3*0:3,a)

21

22 # u s i n g p r o p e r t i e s
23

24 cat(”The Expected Value o f Y =(X−1)ˆ2 i s : ” ,1*ex2 -2*

ex +1)

R code Exa 4.20 Expectation Value Evaluation Using Properties Given a
Density Function

1

2 # Chapter 4
3 # example 4 . 2 0 page no . 130 from the pdf . .
4 # Ex pe c t a t i on Value E v a l u a t i o n Using P r o p e r t i e s

Given a Dens i ty Funct ion . .
5

6

7 # g i v e n a d e n s i t y f u n c t i o n o f a random v a r i a b l e f i n d
the v a l u e o f E(Xˆ2+X−2) u s i n g p r o p e r t i e s . .

8
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9 f <- function(x){

10

11 2*(x-1)

12

13 }

14

15 # u s i n g p r o p e r t i e s . .
16

17 cat(”The v a l u e o f E(Xˆ2+X−2) i s ”,integrate(function(
x){x*x*f(x)},1,2)$value + integrate(function(x){x

*f(x)},1,2)$value - integrate(function(x){2*f(x)

},1,2)$value)

R code Exa 4.21 Expectation Value of 2 Independent Random Variable

1

2 # Chapter 4
3 # example 4 . 2 1 on page no . 131 from the pdf . .
4 # Expected Value o f 2 Independent Random V a r i a b l e . .
5

6 # to prove with example f o r 2 independent random
v a r i a b l e s E(XY) = E( x ) *E(Y)

7

8 # XY f u n c t i o n
9 f <- function(x,y){

10

11 x*(1+3*y*y)/4

12

13 }

14

15 E_XY <- integrate(function(y){

16

17 sapply(y,function(y){

18

19 integrate(function(x){f(x,y)*x*y},0,2)$value
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20 })},0,1)

21

22 # f i n d i n g E(X) and E(Y) v a l u e
23 E_X <- integrate(function(x){x*x/2},0,2)$value

24

25 E_Y <- integrate(function(y){y*(1+3*y*y)/2},0,1)$

value

26

27 cat(”The v a l u e o f E(XY) i s ”,E_XY$value ,”and the
v a l u e o f E(X) *E(Y) i s ”,E_X*E_Y,” Hence proved . ”)
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Chapter 5

Some Discrete Probability
Distribution

R code Exa 5.1 Binomial Distribution Problem

1

2 # Chapter 5
3 # Example 5 . 1 Page no . 145 from the pdf . .
4 # Binomia l D i s t r i b u t i o n Problem . .
5

6 # to f i n d the prob . tha t e x a c t l y 2 i n 4 components
t e s t s u r v i v e . .

7

8 # g i v e n prob . o f component s u r v i v i n g t e s t 0 . 7 5
9

10 cat(”The p r o b a b i l i t y tha t e x a c t l y 2 w i l l s u r i v i e i n
t h i s t e s t out o f 4 i s ”,dbinom(2,4,prob = 0.75))

R code Exa 5.2.a Binomial Distribution Problem

1
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2 # Chapter 5
3 # Example 5 . 2 a page no . 146 from the pdf . .
4 # Binomia l D i s t r i b u t i o n Problem . .
5

6 # to f i n d p r o b a b i l i t y tha t a t l e a s t 10 s u r v i v e i n a
sample o f 15 p e o p l e from a r a r e b lood d i s e a s e
which have the p r o b a b i l i t y o f r e c o v e r i n g from i t
0 . 4 .

7

8 cat(”The p r o b a b i l i t y o f a t l e a s t 10 w i l l s u r v i v e from
a sample o f 15 p e o p l e i s ”, 1-pbinom(9,size =

15,prob= 0.4))

9

10 #t h i s problem can a l s o be s o l v e d by dbinom f u n c t i o n
but we need to do i t from 0 to 9 so pbinom
f u n c t i o n i s s i m p l e to use i n t h i s example . .

11

12 #The answer i n the book i s approx imated to 0 . 0 3 3 8 .

R code Exa 5.2.b.c Binomial Distribution Problem

1

2 # Chapter 5
3 # Example 5 . 2 b and 5 . 2 c page no . 146 from the pdf . .
4 # Binomia l D i s t r i b u t i o n Problem . .
5

6 # to f i n d p r o b a b i l i t y tha t from 3 to 8 s u r v i v e i n a
sample o f 15 p e o p l e from a r a r e b lood d i s e a s e
which have the p r o b a b i l i t y o f r e c o v e r i n g from i t
0 . 4 .

7

8 cat(”The p r o b a b i l i t y tha t from 3 to 8 s u r v i v e i s ”,
pbinom (8 ,15 ,0.4)-pbinom (2 ,15 ,0.4))

9

10 # the answer i n the t ex tbook i s 0 . 8 7 7 9 which i s
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rounded o f f to the answer I got he r e . .
11

12 #to f i n d p r o b a b i l i t y tha t e x a c t l y 5 s u r v i v e i n a
sample o f 15 p e o p l e from a r a r e b lood d i s e a s e
which have the p r o b a b i l i t y o f r e c o v e r i n g from i t
0 . 4 .

13

14 cat(”The p r o b a b i l t y tha t e x a c t l y 5 s u r v i v e i s ”,
dbinom (5 ,15 ,0.4))

15

16 # the answer i n the t ex tbook i s rounded o f f to
0 . 1 8 5 9 and the d e v i a t i o n from the answer i n both
c a s e s i s l e s s than 2%. .

R code Exa 5.3 Binomial Distribution Problem 3

1

2 # Chapter 5
3 # problem 5 . 3 on page 146 o f pdf . .
4 # Binomia l D i s t r i b u t i o n Problem . .
5

6 # g i v e n − p = 0 . 0 3 , n = 20
7

8 cat(”The p r o b a b i l i t y tha t t h e r e w i l l be at l e a s t one
d e f e c t i v e i tem among t h e s e 20 i s ” ,1- dbinom

(0 ,20 ,0.03))

9

10 # problem 5 . 3 b pa r t . .
11 # t e s t i n g o f each shipment viewed as a b e r n o u l l i

t r i a l with p = 0 . 4 5 6 2 from p r e v i o u s pa r t . .
12

13 cat(”The p r o b a b i l i t y tha t t h e r e w i l l be e x a c t l y 3
sh ipments each c o n t a i n i n g at l e a s t one d e f e c t i v e
d e v i c e among the 20 tha t a r e s e l e c t e d and t e s t e d
from the shipment i s ”,dbinom (3 ,10 ,0.4562))
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R code Exa 5.4 Binomial Distribution Problem 4

1

2 # Chapter 5
3 # example 5 . 4 page no . 148 from pdf . .
4 # Binomia l D i s t r i b u t i o n problem
5

6 # g i v e n p = 0 . 3 , n = 10 , b i n o m i a l d i s t r i b u t i o n
7

8 cat(”The p r o b a b i l i t y tha t e x a c t l y 3 w e l l s have the
impur i t y assuming tha t the c o n j e c t u r e i s c o r r e c t
i s ”,dbinom (3 ,10 ,0.3))

9

10 # example 5 . 4 b pa r t . .
11

12 cat(”The p r o b a b i l i t y tha t more than 3 w e l l s a r e
impure i s ”,pbinom (3,10,0.3, lower.tail = F))

13 # the answer i n the T.B i s approx . to 0 . 3 5 0 4 . .

R code Exa 5.6 Binomial Distribution Problem 6

1

2 # Chapter 5
3 # example 5 . 6 , page no . 148 from the pdf . .
4 # Binomia l D i s t r i b u t i o n Problem . .
5

6 # Note− Example 5 . 5 not s o l v e d as the s o l u t i o n
i n v o l v e s on ly the m u l t i p l i c a t i o n o f 2 numbers . .

7

8 # g i v e n − p = 0 . 3 , n = 10 , b i n o m i a l d i s t r i b u t i o n
9
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10

11 cat(”The p r o b a b i l i t y tha t more than 6 a r e found to
c o n t a i n the impur i t y from 10 w e l l s i s ” ,1-pbinom
(5 ,10 ,0.3))

12

13 print(”As the prob . i s 0 . 0 4 7 3 approx . , t h i s c a s t s
c o n s i d e r a b l e doubt on c o n j e c t u r e and s u g g e s t s
tha t the impur i t y problem i s more s e v e r e . ”)

R code Exa 5.7 Multinomial Distribution Problem

1

2 # Chapter 5
3 # Example 5 . 7 page no . 150 from the pdf . .
4 # Mult inomia l D i s t r i b u t i o n . .
5

6 # to f i n d the prob . o f 6 randomly a r r i v i n g p l a n e s
which a r e d i s t r i b u t e d i n 3 runways and each have
a i d e a l a r r i v i n g prob .

7

8 p_runways <- c(2/9,1/6,11/18)

9

10 # prob . o f runway 1 : 2
11 # runway 2 : 1
12 # runway 3 : 3
13

14 x <- c(2,1,3) # a p a r t i c u l a r c a s e o f the
d i s t r b u t i o n o f 6 randomly a r r i v i n g , w r i t t e n i n a
v a c t o r

15

16 # t h i s i s the c a s e o f mu l t i nomia l d i s t r i b u t i o n
17

18 cat(”The p r o b a b i l i t y o f t h i s type o f d i s t r i b u t i o n o f
6 randomly a r r i v i n g a i r p l a n e s i s ”,dmultinom(x,6,

p_runways))
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R code Exa 5.8 Hypergeometric Distribution In Acceptance Sampling

1

2 # Chapter 5
3 # example 5 . 8 page no . 153 from pdf . .
4 # Hypergeomet r i c D i s t r i b u t i o n In Acceptance Sampl ing

. .
5

6 # radom sampl ing , t e s t i n g 3 o f the p a r t s out o f 10
7 # c o n d i t i o n − i f none o f the 3 i s d e f e c t i v e then the

l o t i s a c c e p t e d
8

9 # assume l o t i s t r u l y u n a c c e p t a b l e . .
10 cat(”The p r o b a b i l i t y tha t the sampl ing p lan f i n d s

the l o t a c c e p t a b l e i s ”,dhyper(0,m = 2,n = 8,k =

3))

11

12 cat(”Thus i f the l o t i s t r u l y u n a c c e p t a b l e with 2
d e f e c t i v e par t s , t h i s sampl ing p lan w i l l a l l o w
a c c e p t a n c e r ough ly ”,dhyper (0,2,8,3)*100,”% o f the

time , so t h i s p lan shou ld be c o n s i d e r e d f a u l t y . ”
)

R code Exa 5.9 Hypergeometric Distribution In Acceptance Sampling

1

2 # Chapter 5
3 # Example 5 . 9 Page no . 154 from the pdf . .
4 # Hypergeomet r i c D i s t r i b u t i o n Problem . .
5
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6 # to f i n d prob . tha t e x a c t l y 1 d e f e c t i v e i f t h e r e
a r e 3 i n the e n t i r e l o t o f 40 and 5 a r e s e l e c t e d
randomly

7

8 # t h i s i s the problem o f h y p e r g e o m e t r i c d i s t r i b u t i o n
. .

9

10 cat(”The p r o b a b i l i t y tha t e x a c t l y 1 i s found
d e f e c t i v e from 5 randomly s e l e c t e d components i s ”
,dhyper (1,3,37,5))

R code Exa 5.10 Hypergeometric Probability Distribution Problem

1

2 # Chapter 5
3 # example 5 . 1 0 , page no . 154 from the pdf . .
4 # Hypergeomet r i c P r o b a b i l i t y f u n c t i o n . .
5

6 # g i v e n − l o t o f 100 i t ems i n which 12 a r e d e f e c t i v e
. .

7 # to f i n d the prob . tha t i n a sample o f 10 , 3 a r e
d e f e c t i v e . .

8 # answer can be found u s i n g h y p e r g e o m e t r i c
p r o b a b i l i t y f u n c t i o n

9

10 cat(”The p r o b a b i l i t y tha t i n a sample o f 10 =, 3 a r e
found to be d e f e c t i v e i s ”,dhyper(3,m = 12,n =

88,k = 10))

R code Exa 5.11 Mean And Variance Of Hypergeometric Experiment

1

2 # Chapter 5
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3 # Example 5 . 1 1 page no . 155 from the pdf . .
4 # Mean And Var iance Of Hypergeomet r i c Exper iment . .
5

6 # to f i n d the mean and v a r i a n c e o f the random
v a r i a b l e which has h y p e r g e o m e t r i c d i s t r i b u t i o n . .

7

8 # mean . .
9 me <- sum (0:3*dhyper (0:3 ,3,37,5))

10

11 # v a r i a n c e . .
12 v <- sum (0:3*0:3*dhyper (0:3 ,3,37 ,5))-me*me

13

14 cat(”The mean o f t h i s expe r iment i s ”,me ,”And
Var iance i s ”,v)

R code Exa 5.12 Relation Between Hypergeometric and Binomial Distri-
bution

1

2 # Chapter 5
3 # example 5 . 1 2 , page no . 155 from the pdf . .
4 # R e l a t i o n Between Hypergeomet r i c and Binomia l

D i s t r i b u t i o n . .
5

6 # g i v e n − out o f 5000 , 1000 a r e s l i g h t l y b l emi shed . .
7 # to f i n d the prob . tha t e x a c t l y 3 a r e b l emi shed i f

one p u r c h a s e s 10 t i r e s at random
8

9 # s i n c e the N i s l a r g e ( 5 0 0 0 ) r e l a t i v e to sample
s i z e 10 we can do approx . to b i n o m i a l
d i s t r i b u t i o n . .

10

11

12 cat(”The p r o b a b i l i t y o f o b t a i n i n g e x a c t l y 3
b l emi shed t i r e s from 10 randomly purchased
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sample s i s ”,dbinom (3 ,10 ,0.2))

R code Exa 5.13 Multivariate Hypergeometric Distribution Problem

1

2 # Chapter 5
3 # Example 5 . 1 3 page no . 156 from the pdf . .
4 # M u l t i v a r i a t e Hypergeomet r i c D i s t r i b u t i o n . .
5

6 # to f i n d the mu l t i nomia l h y p e r g e o m e t r i c
d i s t r i b u t i o n o f the f o l l o w i n g problem . .

7 # Package Used − ” e x t r a D i s t r ” , r e f e r a n c e− I n t e r n e t
. .

8

9 # I f you have a l r e a d y i n s t a l l e d i t remove the
command below . .

10 install.packages(” e x t r a D i s t r ”) # t h i s package
c o n t a i n f u n c t i o n s f o r v a r i o u s t y p e s o f prob .
d i s t r i b u t i o n

11

12 library(” e x t r a D i s t r ”) # to use t h i s package . .
13

14 #to f i n d the prob . o f 1 out 3 , 2 out 0 f 4 and 1 out
o f 3 , i f 5 p e o p l e a r e randomly s e l e c t e d from 10

p e o p l e
15

16 cat(”The p r o b a b i l i t y tha t the 5 randomly s e l e c t e d
from 10 has the above d i s t r i b u t i o n i s ”,dmvhyper(
matrix(c(1,2,2),ncol = 3),c(3,4,3) ,5))

R code Exa 5.14 Negative Binomial Distribution Problem

1
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2 # Chapter 5
3 # example 5 . 1 4 page no . 159 from the pdf . .
4 # Negat i v e Binomia l D i s t r i b u t i o n Problem . .
5

6 # g i v e n A has 0 . 5 5 prob . o f winn ing ove r B
7

8 # prob . tha t A w i l l win i n 6 games g i v e n tha t i f any
team win 4 out 7 wins then tha t team winner

9

10 # u s i n g n e g a t i v e b i n o m i a l d i s t r i b u t i o n we g e t . .
11

12 cat(”The p r o b a b i l i t y tha t A w i l l win the s e r i e s i n 6
games i s ”,dnbinom (2 ,4 ,0.55))

13

14 cat(”The p r o b a b i l i t y tha t team A w i l l win the s e r i e s
i s ”,pnbinom (3 ,4 ,0.55))

15 # f o r t h i s a t l e a s t 4 matches to be won I can a l s o
use dnbinom but I have to sum a l l from s i z e 4 to
7

16

17

18 # now A and B a r e p l a y i n g and winn ing s e r i e s d e c i d e d
by 3 wins out o f 5 games

19

20 cat(”The p r o b a b i l i t y tha t A w i l l win the p l a y o f f i s ”
,pnbinom (2 ,3 ,0.55))

21

22 #The answer i n the t ex tbook i s approx imated to 4
dec ima l p l a c e s . .

R code Exa 5.15 Geometric Distribution Problem

1

2 # Chapter 5
3 # example 5 . 1 5 page no . 160 from the pdf . .
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4 # Geometr ic D i s t r i b u t i o n Problem . .
5

6 # f i n d prob . tha t 5 th i tem i n s p e c t e d i s f i r s t
d e f e c t i v e found g i v e n 1 i n eve ry 100 i t ems i s
d e f e c t i v e . .

7

8 # u s i n g g e o m e t r i c d i s t r i b u t i o n . .
9

10 cat(”The p r o b a b i l i t y tha t 5 th item i n s p e c t e d i s
found to be d e f e c t i v e i s ”,dgeom (4 ,0.01))

11

12 # the answer i n t ex tbook i s approximated , 4 d i g i t s
to the dec ima l . .

R code Exa 5.16 Geometric Distribution Problem

1

2 # Chapter 5
3 # example 5 . 1 6 , page no . 160 from the pdf . .
4 # Geometic D i s t r i b u t i o n Problem . .
5

6 # p = 0 . 0 5 o f a c o n n e c t i o n dur ing busy t ime . .
7 # to f i n d the prob . tha t 5 at tempts a r e n e c e s s a r y

f o r a s u c c e s s f u l c a l l .
8

9 cat(”The p r o b a b i l i t y tha t 5 at tempts a r e n e c e s s a r y
f o r a s u c c e s s f u l c a l l i s ”,dgeom (4 ,0.05))

R code Exa 5.17 Poisson Distribution Problem

1

2 # Chapter 5
3 # Example 5 . 1 7 page no . 162 from the pdf . .
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4 # Po i s s on D i s t r i b u t i o n Problem . .
5

6 # g i v e n − avg no . o f r a d i o a c t i v e p a r t i c l e e n t e r i n g
i n 1 msec i s 4 ,

7

8 # to f i nd− prob . o f 6 p a r t i c l e s e n t e r i n g i n a g i v e n
msec . .

9

10 # u s i n g p o i s s o n d i s t r i b u t i o n . .
11

12 cat(”The p r o b a b i l i t y o f 6 p a r t i c l e s e n t e r i n g i n a
g i v e n m i l l i s e c o n d i s ”,dpois (6,4))

13

14 # the answer i n the t ex tbook i s 0 . 1 0 4 2 approx . to 4
dec ima l p l a c e s . .

R code Exa 5.18 Poisson Distribution Problem

1

2 # Chapter 5
3 # example 5 . 1 8 , page no . 162 from the pdf . .
4 # Po i s s on D i s t r i b u t i o n Problem . .
5

6 # avg no . o f o i l t a k e r s a r r i v i n g each day = 10 ,
7 # f a c i l i t i e s at po r t can hand le 15 t a n k e r s per day .
8 # to f i n d the prob . tha t on a g i v e n day t a n k e r s have

to be turned away . .
9

10

11 cat(”The p r o b a b i l i t y tha t on a g i v e n day t a n k e r s
have to be turned away i s ”,ppois (15,10, lower.tail
= F))

70



R code Exa 5.19 Approximation of Binomial By a Poisson Distribution

1

2 # Chapter 5
3 # ex . 5 . 1 9 page no . 164 from the pdf . .
4 # Approximat ion o f Binomia l By a Po i s s on

D i s t r i b u t i o n . .
5

6 # g i v e n P( a c c i d e n t on g i v e n day ) =0.005 and
independent o f each o t h e r . .

7

8 # to f i n d a . prob . o f a c c i d e n t on 1 day from 400
days . .

9

10 # t h i s i s the c a s e o f b i n o m i a l d i s t r i b u t i o n but i n
t h i s c a s e we can use p o i s s o n approx .

11

12 # lambda= np=2 i n t h i s c a s e . .
13

14 # answer u s i n g b i n o m i a l . .
15 cat(”The p r o b a b i l i t y tha t t h e r e w i l l be a c c i d e n t on

1 day i n a g i v e n p e r i o d o f 400 days i s ”,dbinom
(1 ,400 ,0.005))

16

17 # answer u s i n g p o i s s o n . .
18 cat(” Using p o i s s o n d i s t r i b u t i o n the above answer

becomes ”,dpois (1,2))
19 # so when n i s ve ry l a r g e and p i s ve ry s m a l l we can

c o n v e r t b i n o m i a l to p o i s s o n . .
20 # the margin o f e r r o r i s 1 . 2 e−06 which n e g l i g i b l e so

we can use t h i s c o n v e r s i o n
21

22 # to f i n d prob . o f a c c i d e n t f o r atmost 3 days from
400 days . .

23

24 # aga in we can use p o i s s o n he r e . .
25

26 cat(”The p r o b a b i l i t y tha t t h e r e a r e atmost 3 days
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with an a c c i d e n t i s ”,ppois (3,2))
27

28 # the answer i n the T.B i s approx . to 3 dec ima l
p l a c e s 0 . 8 5 7 .

R code Exa 5.20 Approximation of Binomial By a Poisson Distribution

1

2 # Chapter 5
3 # example 5 . 2 0 page no . 164 from the pdf . .
4 # Approximat ion o f Binomia l By a Po i s s on

D i s t r i b u t i o n . .
5

6 # 1 i n eve ry 100 i t ems produced has one or more
bubb l e s means p = 0 . 0 0 1 . .

7 # to f i n d the prob . tha t a random sample o f 8000
w i l l y i e l d f e w e r than 7 i t ems p r o c e s s i n g bubbles ,

8 # i n s h o r t f i n d P(X < 7)
9

10 # s i n c e p i s ve ry c l o s e to 0 and n i s ve ry l a r g e we
can approx . i t with Po i s s on d i s t r i b u t i o n . .

11

12 cat(”The prob . tha t the random sample o f 8000 w i l l
y i e l d f e w e r than 7 i t ems p o s s e s s i n g bubb l e s i s ”,
ppois (6,8))
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Chapter 6

Some Continuous Probability
Distributions

R code Exa 6.1 Uniform Distribution Problem

1

2 # Chapter 6
3 # Example 6 . 1 page no . 171 from the pdf . .
4 # Uniform D i s t r i b u t i o n Problem . .
5

6 # to f i n d the prob . d e n s i t y f u n c t i o n o f un i fo rm
d i s t r i b u t i o n ove r 0 to 4

7

8 a <- function(x){

9

10 if(x>=0 & x<=4){

11

12 dunif(x,0,4)

13

14 }

15

16 }

17

18 # P(X>=3)

73



19

20 cat(”The p r o b a b i l i t y tha t any c o n f e r e n c e l a s t at
l e a s t 3 hours i s ” ,1-punif (3,0,4))

R code Exa 6.2 Normal Distribution Problem

1

2 # Chapter 6
3 # Example 6 . 2 page no . 1 7 8 from the pdf . .
4 # NOrmal D i s t r i b u t i o n Problem . .
5

6 # g i v e n s tandard normal d i s t r i b u t i o n . .
7

8

9 cat(”The a r ea under the curve to the r i g h t o f 1 . 8 4
i s ”,pnorm (1.84, lower.tail = F))

10

11

12 cat(”The a r ea under the curve tha t l i e s between z
=−1.97 to z =0.86 i s ”,pnorm (0.86) -pnorm ( -1.97))

13

14

15 # the answer i n the t ex tbook i s approx . to 4 dec ima l
p l a c e s . .

R code Exa 6.3 Find The Value of k given Normal Distribution

1

2 # Chapter 6
3 # Example 6 . 3 page no . 179 from the pdf . .
4 # Normal D i s t r i b u t i o n . .
5

6 # to f i n d the k such tha t . .
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7

8 cat(”The v a l u e o f k such tha t P(Z>k )= 0 . 3 0 1 5 i s ”,
qnorm (0.3015 , lower.tail = F))

9

10 cat(”The v a l u e o f k such tha t P( k<z <- 0 . 1 8 ) =0.4197 i s
”,qnorm(pnorm ( -0.18) -0.4197))

R code Exa 6.4 Find area under the Normal Distribution curve

1

2 # Chapter 6
3 # Example 6 . 4 page no . 179 from the pdf . .
4 # Find a r ea under the Normal D i s t r i b u t i o n . .
5

6 # g i v e n popukat ion mean= 50 , sd= 10
7

8 cat(”The p r o b a b i l i t y tha t random v a r i a b l e X assumes
a v a l u e between 45 and 62 i s ”,pnorm (62 ,50 ,10)-
pnorm (45 ,50 ,10))

R code Exa 6.5 Find the Probability given Normal Distribution

1

2 # Chapter 6
3 # Example 6 . 5 page no . 180 from the pdf . .
4 # Find the P r o b a b i l i t y g i v e n Normal D i s t r i b u t i o n . .
5

6 # X normal d i s t r i b u t i o n ,
7 # mu= 300 , s igma= 50
8 # f i n d P(X > 362)
9
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10 cat(”The p r o b a b i l i t y tha t X assumes a v a l u e g r e a t e r
than 362 i s ”,pnorm (362, mean = 300,sd = 50,lower.

tail = F))

R code Exa 6.6 Using Normal Curve In Reverse

1

2 # Chapter 6
3 # Example 6 . 6 page no . 181 from the pdf . .
4 # Using Normal Curve In Rever se . .
5

6

7 # g i v e n p o p u l a t i o n mean= 40 , sd= 6
8

9 cat(”The v a l u e o f x tha t has 45% o f the a r ea to the
l e f t i s ”,qnorm (0.45 ,40 ,6))

10

11 # the d e v i a t i o n o f t h i s v a l u e from the T.B i s l e s s
than 2%.

12

13 cat(”The v a l u e o f x tha t has 14% o f the a r ea to the
r i g h t i s ”,qnorm (0.14,40,6, lower.tail = F))

14

15 #The answer i n T.B i s approx imated to 2 dec ima l
p l a c e s . .

R code Exa 6.7 Applications of Normal Distribution

1

2 # CHapter 6
3 # Example 6 . 7 page no . 182 from the pdf . .
4 # A p p l i c a t i o n s o f Normal D i s t r i b u t i o n . .
5
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6 # g i v e n − ave rage b a t t e r y l i f e − 3 y e a r s
7 # s t a n d a r s d e v i a t i o n − 0 . 5
8 # to f i n d P(X<2 .3)
9

10 cat(”The p r o b a b i l i t y tha t a g i v e n b a t t e r y w i l l l a s t
l e s s than 2 . 3 y e a r s i s ”,pnorm (2.3, mean = 3,sd=

0.5))

R code Exa 6.8 Applications of Normal Distribution

1

2 # Chapter 6
3 # example 6 . 8 page no . 182 from the pdf . .
4 # A p p l i c a t i o n s o f Normal D i s t r i b u t i o n . .
5

6

7 # g i v e n d i s t r i b u t i o n o f l i f e o f bulb − normal , mean=
800 , sd=40 hr s

8

9 cat(”The p r o b a b i l i t y tha t a bulb burns between 778
and 834 hours i s ”,pnorm (834 ,800 ,40)-pnorm
(778 ,800 ,40))

10

11

12 # making a v i s u a l o f d i s t r i b u t i o n
13 # Opt iona l not compulsory . .
14 x <- seq(680,920, length =200)

15 y <- dnorm(x,800 ,40)

16 plot(x,y,type=” l ”)
17 abline(v = c(778 ,834))

R code Exa 6.9 Applications of Normal Distribution

77



1

2 # Chapter 6
3 # Example 6 . 9 page no . 182 from the pdf . .
4 # A p p l i c a t i o n s o f Normal D i s t r i b u t i o n . .
5

6

7 # g i v e n normal , mean= 3 , sd= 0 . 0 0 5
8

9 # s p e c i f i c a t i o n on d iamete r o f b a l l b e a r i n g 3+0.01
and 3−.01

10

11 cat(”On ave rage ” ,2*pnorm (2.99 ,3 ,0.005)*100,”% o f
b a l l b e a r i n g s w i l l be s c rapped ”)

R code Exa 6.11 Applications of Normal Distribution

1

2 # Chapter 6
3 # Example 6 . 1 1 page no . 184 from the pdf . .
4 # A p p l i c a t i o n s o f Normal D i s t r i b u t i o n . .
5

6 # Note − We j u s t have to c a l c u l a t e d i n example
6 . 1 0 , a l s o many q u e s t i o n s o f same type have been
s o l v e d p r e v i o u s l y . .

7

8 # g i v e n mean r e s i s t a n c e= 40 and sd= 2 , normal
d i s t r i b u t i o n

9

10

11 # to f i n d %age o f r e s i s t o r s e x c e e d i n g 43 ohms
12

13 cat(”The %age o f r e s i s t o r s hav ing r e s i s t a n c e
e x c e e d i n g 43ohms i s ” ,100*pnorm (43,40,2, lower.tail
= F),”%”)
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R code Exa 6.12 Applications of Normal Distribution

1

2 # Chapter 6
3 # Example 6 . 1 2 page no . 1 8 4 from the pdf . .
4 # A p p l i c a t i o n s o f Normal D i s t r i b u t i o n . .
5

6 # to f i n d the % o f r e s i s t a n c e e x c e e d i n g 43 ohms from
example 6 . 1 1 , i f r e s i s t a n c e i s measured to the

n e a r e s t ohm .
7

8 # mean r e s i s t a n c e = 40 , sd= 2 , normal d i s t r i b u t i o n . .
9

10 # here we w i l l a s s i g n measurement o f 43 ohms to a l l
r e s i s t o r s whose v a l u e a r e g r e a t e r than 43 and
l e s s e r than 4 3 . 5

11

12

13 cat(”The d i f f e r e n c e between r e s i s t a n c e tha t exceed
43 ohms and tha t e x c e e d s beyond 43 i s ”,-pnorm
(43.5, mean = 40,sd=2,lower.tail = F)+pnorm (43,

mean = 40,sd=2,lower.tail = F),” so t h i s v a l u e i n
%age r e p r e s e n t s a l l r e s i s t a n c e g r a t e r than 43 and

l e s s than 4 3 . 5 tha t a r e now be ing r e c o r d e d as 43
ohms”)

R code Exa 6.13 Applications of Normal Distribution

1

2 # Chapter 6
3 # Example 6 . 1 3 page no . 185 from the pdf . .
4 # A p p l i c a t i o n s o f Normal D i s t r i b u t i o n . .
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5

6 # g i v e n − avg s c o r e o f the c l a s s − 74 , sd =7 . .
7 # g i v e n − 12% s c o r e ”A” s and g r a d e s f o l l o w s a normal

d i s t r i b u t i o n
8

9 # to f i n d the l o w e s t p o s s i b l e s c o r e f o r A and
h i g h e s t f o r B . .

10

11

12 cat(”The p e r c e n t i l e f o r 0 . 1 2 i n t h i s d i s t r i b u t i o n i s
”,qnorm (0.12,74,7, lower.tail = F),” marks ”)

13

14 cat(”The l o w e s t s c o r e f o r A i s 83 ”,”and The h i g h e s t
s c o r e f o r B i s 82 ”)

R code Exa 6.14 Applications of Normal Distribution

1

2 # Chapter 6
3 # example 6 . 1 4 page no . 1 8 5 from the pdf . .
4 # A p p l i c a t i o n s o f Normal D i s t r i b u t i o n . .
5

6 # g i v e n − mean 74 , sd − 7
7 # to f i n d the s i x t h d e c i l e . .
8

9 cat(”The s i x t h d e c i l e i s ”,qnorm (0.6, mean = 74,sd =

7))

10

11

12 # the answer v a r i e s s l i g h t l y due to approx imat i on
used i n the T.B

R code Exa 6.15 Normal Approximation To the Binomial
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1

2 # Chapter 6
3 # Example 6 . 1 5 Page no . 191 from the pdf . .
4 # Normal Approximat ion To the Binomia l . .
5

6 # given− P( p a t i e n t r e c o v e r s from d i s e a s e ) =0.4
7 # to f i n d prob . tha t l e s s than 30 s u r v i v e i f 100

have prone to t h i s d i e s e a s e
8

9 # s i n c e n=100 , t h i s b i n o m i a l v a r i a b l e can be approx .
to normal model

10 p_survive =0.4

11

12 mu <- 100*p_survive

13

14 sig <- sqrt (100*p_survive*(1-p_survive))

15

16 # no . o f p e o p l e a r e i n t e g e r s , so we need to use
approx , and so to o b t a i n prob , we need to f i n d
a r ea to the l e f t o f 2 9 . 5

17

18 cat(”The p r o b a b i l i t y tha t f e w e r than 30 o f the 100
p a t i e n t s s u r v i v e i s g i v e n by”,pnorm (29.5,mu ,sig))

R code Exa 6.16 Normal Approximation To the Binomial

1

2 # Chapter 6
3 # Example 6 . 1 6 page no . 192 from the pdf . .
4 # Normal Approximat ion To the Binomia l . .
5

6 # to f i n d the prob . tha t s h e e r gues swork y i e l d s from
25 to 30 c o r r e c t answer f o r 80 o f the 200

7 # problem about which s t u d e n t has no knowledge . .
8
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9 # s i n c e the sample s i z e i s l a r g e we can do normal
approx .

10

11 p <- 0.25 # prob . o f g u e s s i n g a c o r r e c t answer .
12

13 n <- 80

14

15 # now u s i n g normal approx . mu = p*n and sd <- s q r t ( n
*p*(1−p ) )

16

17 mu = p*n

18

19 sd <- sqrt(n*p*(1-p))

20

21

22 cat(”The prob . o f c o r r e c t l y g u e s s i n g from 25 to 30
q u e s t i o n s i s ”,pnorm (30.5,mu ,sd)-pnorm (24.5,mu ,sd)
)

R code Exa 6.17 Exponential Distribution Problem

1

2 # Chapter 6
3 # Example 6 . 1 7 page no . 197 from the pdf . .
4 # Ex po ne n t i a l D i s t r i b u t i o n Problem . .
5

6 # g i v e n − T− t ime o f f a i l u r e
7 # T i s e x p o n e n t i a l d i s t r i b u t i o n beta=5
8 # f i n d prob . tha t a t l e a s t 2 a r e f u n c t i o n i n g at the

end o f 8 year s , i f 5 o f t h e s e components a r e
taken . .

9

10

11 bet <- 5

12
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13 # f i r s t to f i n d p r o b a b i l i t y o f a component
f u n c t i o n i n g a f t e r 8 y e a r s

14

15

16 a <- pexp(8,rate=1/bet ,lower.tail = F)

17

18 # f i n d i n g t o t a l p r o b a b i l i t y . .
19

20 cat(”The p r o b a b i l i t y tha t a t l e a s t 2 a r e s t i l l
f u n c t i o n i n g from 5 components a f t e r 8 y e a r s i s ”
,1-pbinom(1,5,a))

21

22 # the answer i n the t ex tbook i s approx imated to 0 . 2 (
P(T>8) ) so t h e r e i s a l s o s m a l l e r r o r i n the f i n a l

probab .
23

24 # u s i n g computat ion we can r educe such e r r o r by a
l a r g e e x t e n t . .

R code Exa 6.18 Gamma Distribution Problem

1

2 # Chapter 6
3 # Example 6 . 1 8 page no . 1 7 8 .
4 # Gamma D i s t r i b u t i o n Problem . .
5

6 # g i v e n − beta− 1/ 5 , a lpha− 2
7

8 # to f i n d the p r o b a b i l i t y up to a minute w i l l e l a p s e
by the t ime 2 c a l l s have come i n to the

sw i t chboa rd . .
9

10 cat(”The p r o b a b i l i t y tha t up to a minute w i l l e l a p s e
by the t ime 2 c a l l s have come i n to the

sw i t chboa rd i s ”,pgamma(1,shape = 2,scale = 1/5))
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11

12

13 # the answer i n T .B i s approx . to 0 . 9 6

R code Exa 6.19 Application of Gamma Distribution

1

2 # Chapter 6
3 # Example 6 . 1 9 page no . 1 9 8 from the pdf . .
4 # A p p l i c a t i o n o f Gamma D i s t r i b u t i o n . .
5

6 # g i v e n − X i s s u r v i v a l t ime . . has gamma d i s t r i b u t i o n
with

7 # alpha = 5 , beta =10
8

9 # f i n d P( r a t s u r v i v e s <=60) or P(X<=60)
10

11 # u s i n g gamma d i s t r i b u t i o n . .
12

13

14 cat(”The p r o b a b i l i t y tha t the r a t s u r v i v e s no l o n g e r
than 60 days i s ”,pgamma (60,shape=5,scale= 10))

15

16 # The answer i n the T.B i s approx . to 3 dec ima l
p l a c e s . .

R code Exa 6.20 Application of Gamma Distribution

1

2 # Chapter 6
3 # ex . 6 . 2 0 page no . 199 from the pdf . .
4 # A p p l i c a t i o n o f Gamma D i s t r i b u t i o n . .
5
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6

7 # g i v e n − beta= 4 , a lpha= 2 ,
8 # changes were made to t i g h t e n q u a l i t y c o n t r o l

r equ i r ement ,
9 # a f t e r t h e s e 20 months were passed , so we a r e asked

to f i n d tha t i f the q u a l i t y c o n t r o l t i g h t e n i n g
was e f f e c t i v e . .

10

11

12 cat(”The p−v a l u e f o r such t ime i s ”,pgamma (20,shape =

2,scale = 4,lower.tail = F))

13

14 print(” S i n c e the p− v a l u e i s l e s s so c o n d i t i o n s o f
gamma d i s t r i b u t i o n s with a lpha =2 , beta=4 a r e not
suppor t ed by data , hence we can c o n c l u d e tha t
q u a l i t y c o n t r o l work was e f f e c t i v e . ”)

R code Exa 6.21 Cumulative Distribution For Exponential Distribution
Problem

1

2 # Chapter 6
3 # Example 6 . 2 1 page 199 from the pdf . .
4 # Funct ion Which r e s e m b l e s Ex po ne n t i a l D i s t r i b u t i o n

. .
5

6 # g i v e n a d e n s i t y f u n c t i o n which r e s e m b l e s
e x p o n e n t i a l f u n c t i o n

7 # with beta= 4
8 # to f i n d P(Y > 6)
9

10

11 cat(”The v a l u e o f P(Y > 6) i s ”,pexp(6,rate = 1/4,

lower.tail = F))

12
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13 cat(” the above s ta t ement can i n t e r p r e t as the prob .
tha t the washing machine w i l r e q u i r e major r e p a i r

a f t e r yea r 6 i s ”,pexp(6,rate = 1/4,lower.tail =

F))

14

15 cat(”The prob . tha t a major r e p a i r i s n e c e s s a r y i n
the f i r s t yea r i s ”,pexp(1,rate = 1/4))

R code Exa 6.22 Lognormal Distribution Problem

1

2 # Chapter 6
3 # Example 6 . 2 2 page no . 202 from the pdf . .
4 # Lognormal D i s t r i b u t i o n Problem . .
5

6 # g i v e n X= p o l l u t a n t c o n c e n t r a t i o n , f o l l o w s l o g
normal d i s t r i b u t i o n

7 # paramete r s o f X− mu= 3 . 2 and sd = 1
8

9 # to f i n d P(X>8) . . ?
10

11 #Using l ogno rma l d i s t r i b u t i o n
12

13 cat(”The p r o b a b i l i t y tha t the c o n c e n t r a t i o n e x c e e d s
8 p a r t s per m i l l i o n i s ”,plnorm(8,meanlog = 3.2,

sdlog = 1))

14

15 # the e r r o r i n the T.B and computed answer i s
0 . 0 0 01 6 2 1 which i s ve ry s m a l l and can be
n e g l e c t e d . .

R code Exa 6.23 Find Percentile From Lognormal DIstribution
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1

2 # Chapter 6
3 # example 6 . 2 3 page number − 203 from pdf . .
4 # Lognormal D i s t r i b u t i o n Problem . .
5

6 # g i v e n a logno rma l d i s t r i b u t i o n with mu = 5 . 1 4 9 and
sigma = 0 . 7 3 7

7 # to f i n d the 5 th p e r c e n t i l e o f the l i f e o f
e l e c t r o n i c c o n t r o l . . .

8

9

10 cat(”The 5 th p e r c e n t i l e o f such an d i s t r i b u t i o n i s ”,
qlnorm (0.05, meanlog = 5.149, sdlog = 0.737))

R code Exa 6.24 Weibull Distribution Problem

1

2 # Chapter 6
3 # Example 6 . 2 4 on page no . 204 o f pdf . .
4 # Weibu l l D i s t r i b u t i o n Problem . .
5

6 # g i v e n X i s w e i b u l l d i s t r i b u t i o n with a lpha = 0 . 0 1
and beta = 2

7 # to f i n d P(X < 8)
8

9 cat(”The p r o b a b i l i t y tha t l i f e o f X f a l l s b e f o r e 8
hours o f usge i s ”,pweibull(8,shape = 2,scale =

sqrt (100)))

10

11 # Note − Chapter 7 c o n t a i n s on ly t h e o r e t i c a l
problems , so I am not s o l v i n g tha t chapte r , the
c h a p t e r c o n t a i n s 7 prob lems t o t a l and a l l a r e
t h e o r e t i c a l with no th ing or very l e s s to compute
anyth ing . .

12 # I w i l l s t a r t with 8 th Chapter . .
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Chapter 8

Fundamental Sampling
Distributions And Data
Descriptions

R code Exa 8.1 Sample Mode Evaluation

1

2 # Chapter 8
3 # Example 8 . 1 page no . 228 from the pdf . .
4 # Sample Mode E v a l u a t i o n . .
5

6 # to f i n d the mode o f the g i v e n data
7 mod <- function(v){

8

9 a <- unique(v)

10 a[which.max(tabulate(match(v,a)))]

11

12

13 }

14 set <- c

(0.32 ,0.53 ,0.28 ,0.37 ,0.47 ,0.43 ,0.36 ,0.42 ,0.38 ,0.43)

15
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16 cat(”The sample mode i s ”,mod(set))

R code Exa 8.2 Sample mean and Sample Variance

1

2 # Chapter 8
3 # Example 8 . 2 page no . 229 from the pdf . .
4 # Sample mean and Sample Var i ance . .
5

6 # to f i n d mean and v a r i a n c e . .
7

8 set <- c(12 ,15 ,17 ,20)

9

10 cat(”The mean and v a r i a n c e a r e ”,mean(set),”and”,var(
set),” r e s p e c t i v e l y ”)

R code Exa 8.4 Central Limit Theorem

1

2 # Chapter 8
3 # Example 8 . 4 page no . 234 from the pdf . .
4 # C e n t r a l L imit Theorem . .
5

6 # g i v e n − bulb l i f e no rma l l y d i s t r i b u t e d , mean= 800
, , sd= 40

7

8 # prob . tha t ave rage l i f e i s l e s s than 775 h r s f o r a
random sample o f 16 bu lb s . .

9

10 sd <- 40

11

12 n <- 16

13
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14 # Using c e n t r a l l i m i t theorem . .
15

16 # sampl ing d i s t r i b u t i o n . .
17

18 sam_mean <- 800

19

20 sam_sd <- sd/sqrt(n)

21

22 cat(”The p r o b a b i l i t y tha t the random sample o f 16
have ave rage l i f e t i m e l e s s than 775 h r s i s ”,pnorm
(775,sam_mean ,sam_sd))

R code Exa 8.5 Central limit theorem

1

2 # Chapter 8
3 # Example 8 . 5 page no . 237 from the pdf . .
4 # C e n t r a l l i m i t theorem . .
5

6 # mu= 28 , sd= 5 , n= 40 , to f i n d prob . tha t
a v e r a g e t r a n s p o r t t ime g r e a t e r than 30 min . .

7

8 # P( Xbar > 30)
9

10

11 cat(”The p r o b a b i l i t y tha t the ave rage t r a n s p o r t t ime
was more than 30 min . i s ”,pnorm (30+0.5 , mean =

28,sd= 5/sqrt (40),lower.tail = F))

R code Exa 8.6 Sampling Distribution of the difference of 2 means

1

2 # Chapter 8
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3 # Example 8 . 6 page no . 240 from the pdf . .
4 # Sampl ing D i s t r i b u t i o n o f the d i f f e r e n c e o f 2 means

. .
5

6 # g i v e n i n f o r m a t i o n about 2 manu fa c tu r e r s
7

8

9 A <- c(6.5 ,0.9 ,36)

10

11

12 B <- c(6 ,0.8 ,49)

13

14

15 # prob . 36 tube s from A have mean l i f e t i m e at l e a s t
1 more than mean o f sample o f 49 from B??

16

17 diff_mean <- A[1]-B[1]

18

19 diff_sd <- sqrt((A[2]*A[2]/A[3])+ (B[2]*B[2]/B[3]))

20

21 cat(”The p r o b a b i l i t y tha t the mean l i f e t i m e f o r 36
tube s from A w i l l be at l e a s t 1 yea r l o n g e r than
the mean l i f e t i m e f o r 49 tube s from B i s ”,pnorm
(1,diff_mean ,diff_sd ,lower.tail = F))

R code Exa 8.7 The Chi squared Distribution Problem

1

2 # Chapter 8
3 # Example 8 . 7 page no . 245 from the pdf . .
4 # The Chi−squared D i s t r i b u t i o n Problem . .
5

6 # g i v e n mu=3 , sd =1 , data o f 5 b a t t e r i e s ,
7 # to show whether manu fac tu re r shou ld be conv inc ed

tha t b a t t e r i e s have a sd o f 1 . .
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8

9 sd = 1

10

11 obs <- c(1.9 ,2.4 ,3.0 ,3.5 ,4.2)

12

13 chi.sq <- var(obs)*(length(obs) -1)/(sd^2)

14

15 cat(”The v a l u e o f c h i ˆ2 i s ”,chi.sq,” with 4 d e g r e e s
o f f reedom ”)

16

17 cat(” S i n c e 95% o f the c h i s q v a l u e s with 4 d e g r e e s o f
f reedom f a l l between ”,qchisq (0.025 ,df=4),”and”,

qchisq (0.975 ,df= 4),” the computed v a l u e with s i g
ˆ2= 1 i s r e a s o n a b l e and t h e r e f o r e manu fac ture r
has no r e a s o n to s u s p e c t tha t the sd i s o t h e r
than 1”)

R code Exa 8.8 The t distribution Problem

1

2 # Chapter 8
3 # Example 8 . 8 page no . 249 from the pdf . .
4 # The t−d i s t r i b u t i o n Problem . .
5

6 # to f i n d the t v a l u e with l e f t t a i l a r ea 0 . 0 2 5 and
d e g r e e s o f f reedom =14

7

8 cat(”The t v a l u e with d e g r e e s o f f reedom 14 and
l e a v e s an a r ea o f 0 . 0 2 5 to the l e f t i s ”,qt(0.025 ,
df= 14))

9

10 # Note− In example 8 . 9 the d e g r e e s o f f reedom i s not
ment ioned so I am not s o l v i n g example 8 . 9 , I

t h i n k the s o l u t i o n i s wrong . .
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R code Exa 8.10 The t distribution Problem

1

2 # Chapter 8
3 # Example 8 . 9 page no . 249 from the pdf . .
4 # The t− d i s t r i b u t i o n Problem
5

6

7 # f i n d k such tha t P( k<T<- 1 . 7 6 1 )= 0 . 0 4 5 , sample s i z e
= 15 , normal d i s t r i b u t i o n

8

9 n <- 15

10

11 cat(”The v a l u e o f k such tha t P( k<T<- 1 . 7 6 1 )= 0 . 0 4 5
i s ”,qt(pt(-1.761,n-1) -0.045,n-1))

R code Exa 8.11 Applications of t distribution

1

2 # Chapter 8
3 # Example 8 . 1 1 page no . 250 from the pdf . .
4 # A p p l i c a t i o n s o f t−d i s t r i b u t i o n . .
5

6 # mu 500 , xbar= 518 , sample sd = 40 ,
7 # i f t v a l u e between t (−0 .05) and t ( 0 . 0 5 ) then the

e n g i n e e r i s s a t i s f i e d .
8

9 xbar <- 518

10

11 mu <- 500

12

13 sd <- 40
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14

15 n <- 25

16

17 t_value = (xbar -mu)/(sd/sqrt(n))

18

19 cat(”The e n g i n e e r i s s a t i s f i e d i f a sample o f 25
b a t c h e s y i e l d s a t v a l u e between ”,qt(0.05,df=24),
”and”,-qt(0.05 ,df=24))

20

21 cat(”The t v a l u e i s ”,t_value ,” which i s above the
l e v e l s mentioned above so the p v a l u e i s ”,pt(t_
value ,df=24,lower.tail = F),” so we c o n c l d e tha t
the p r o c e s s p roduce s a b e t t e r product than the
e n g i n e e r thought . ”)

22

23

24 # the answer v a r i e s s l i g h t l y due to approx imat i on i n
book .

R code Exa 8.12 To Construct a Normal quantile quantile plot

1

2 # Chapter 8
3 # Example 8 . 1 2 page no . 258 from the pdf . .
4 # To Cons t ruc t a Normal q u a n t i l e−q u a n t i l e p l o t . .
5

6 # to p l o t the normal q u a n t i l e−q u a n t i l e p l o t o f two
data sample s and draw c o n c l u s i o n whether they a r e

from same normal d i s t r i b u t i o n .
7

8 y <-c

(5030 ,13700 ,10730 ,11400 ,860 ,2200 ,4250 ,15040 ,4980 ,11910 ,8130 ,26850 ,17660 ,22800 ,1130 ,1690)

9

10 b <- c
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(2800 ,4670 ,6890 ,7720 ,7030 ,7330 ,2810 ,1330 ,3320 ,1230 ,2130 ,2190)

11

12

13 qqnorm(y,ylim = range(y,b),col = ” b lue ”)
14 par(new= TRUE)

15 qqnorm(b,ylim=range(y,b),col = ” red ”)
16

17

18 # The c l u s t e r i n g o f o b s e r v a t i o n would make i t seem
u n l i k e l y tha t two sample came from common normal
d i s t r i b u t i o n .
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Chapter 9

One And Two Sample
Estimation Problems

R code Exa 9.2 Confidence Interval Evaluation

1

2 # Chapter 9
3 # Example 9 . 2 page no . 271 from the pdf . .
4 # COnfidence I n t e r v a l E v a l u a t i o n . .
5

6 # to f i n d the c o n f i d e n c e i n t e r v a l g i v e n mu, s igma
7

8 n <- 36

9

10 mu <- 2.6

11

12 sig <- 0.3

13

14 a <- qnorm (0.975)*sig/sqrt(n)

15

16 b <- qnorm (0.995)*sig/sqrt(n)

17

18 cat(”The 95% c o n f i d e n c e i n t e r v a l f o r the above
paramete r s i s ”,mu -a,mu+a,” m i l l i l i t e r ”)
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19

20 cat(”The 99% c o n f i d e n c e i n t e r v a l f o r the above
paramete r s i s ”,mu -b,mu+b,” m i l l i l i t e r ”)

21

22

23 # the s i m i l a r q u e s t i o n can be a d d r e s s e d as shown
below

24 set.seed (100)

25 v <- rnorm (36 ,2.6 ,0.3)

26 t.test(v,conf.level = 0.95)$conf.int

27

28 # but as we can s e e each t ime d i f f e r e n t c i a r e the r e
, i f n becomes very l a r g e then i t w i l l be very
c l o s e to the s tandard answer . .

R code Exa 9.3 To Find the sample size

1

2 # Chapter 9
3 # Example 9 . 3 page no . 273 from the pdf . .
4 # To Find the sample s i z e . .
5

6

7 # to f i n d the samaple s i z e i f we want to be 95%
c o n f i d e n t tha t our e s t i m a t e o f mu i n ex . 9 . 2 i s
o f f by l e s s than 0 . 0 5

8

9 sd <- 0.3

10

11 n <- (( qnorm (0.975)*sd)/0.05) ^2

12

13 cat(”We can be 95% c o n f i d e n t tha t a random sample o f
s i z e ”,as.integer(n)+1,” w i l l p r o v i d e an e s t i m a t e

xbar d i f f e r i n g from mu by an amount l e s s than
0 . 0 5 ”)
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R code Exa 9.4 To find 95 Percent bound for mean

1

2 # Chapter 9
3 # example 9 . 4 page no . 274
4 # To f i n d 95% bound f o r mean . .
5

6 # to f i n d the 95% bound f o r the mean r e a c t i o n t ime
7

8 avg_t <- 6.2

9

10 n <- 25

11

12 s_d <- 2

13

14 cat(”The 95% bound i s g i v e n by”,avg_t+qnorm (0.95)*s_
d/sqrt(n))

R code Exa 9.5 To Find 95 Percent Confidence Interval for mean

1

2 # Chapter 9
3 # Example 9 . 5 page no . 275 from the pdf . .
4 # To Find 95% Con f id ence I n t e r v a l f o r mean . .
5

6

7 # to c a l c u l a t e the 95% c o n f i d e n c e i n t e r v a l f o r the
c o n t e n t s o f 7 c o n t a i n e r s o f s u l p h u r i c a c i d

8

9

10 a <- c(9.8 ,10.2 ,10.4 ,9.8 ,10.0 ,10.2 ,9.6)
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11

12

13 cat(”The c o n f i d e n c e i n t e r v a l f o r the above data
sample i s ”,” ”)

14

15 t.test(a,conf.level = 0.95)$conf.int

R code Exa 9.6 To Find 99 Percent Confidence Interval

1

2 # Chapter 9
3 # Example 9 . 6 page no . 276 from the pdf . .
4 # To Find 99% Con f id ence I n t e r v a l . .
5

6 # to f i n d 99% c o n f i d e n c e i n t e r v a l on the mean SAT
maths s c o r e .

7 # S i n c e random sample i s l a r g e 500 we can use normal
approx imat ion . .

8

9 mu <- 501

10

11 sd <- 112

12

13 n <- 500

14

15 sd1 <- sd/sqrt(n)

16

17 cat(”The 99% c o n f i d e n c e i n t e r v a l f o r the above
example i s ”,mu+qnorm (0.005)*sd1 , mu-qnorm (0.005)*

sd1)

R code Exa 9.7 To find 95 Percent Prediction Interval
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1

2 # Chapter 9
3 # Example 9 . 7 page no . 278 from the pdf . .
4 # To f i n d 95% P r e d i c t i o n I n t e r v a l . .
5

6 # to f i n d the 95% p r e d i c t i o n i n t e r v a l f o r the l oan
amount .

7 # g i v e n . .
8 mu <- 257300

9

10 sd <- 25000

11

12 n <- 50

13

14 c <- sqrt (1+1/n)

15

16 cat(”The 95% p r e d i c t i o n i n t e r v a l f o r the f u t u r e l oan
amount i s ”,mu -qnorm (0.9750 , lower.tail = T)*sd*c,

mu+qnorm (0.9750 , lower.tail = T)*sd*c)

R code Exa 9.8 To find 99 Percent prediction interval

1

2 # Chapter 9
3 # Example 9 . 8 page no . 279 from the pdf . .
4 # to f i n d 99% p r e d i c t i o n i n t e r v a l . .
5

6 # sample s i z e = 30 , mean = 96.2% , sd = 0 . 8
7

8 mu <- 96.2

9

10 sd <- 0.8

11

12 n <- 30

13
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14 c <- sqrt (1+1/n)

15

16 t_val <- abs(qt(0.005 ,df= 29))

17

18 cat(”The p r e d i c t i o n i n t e r v a l f o r a new o b s e r v a t i o n
i s ”,mu -t_val*sd*c,”and”,mu+t_val*sd*c)

R code Exa 9.10 Confidence Interval for the difference between 2 means

1

2 # Chapter 9
3 # Example 9 . 1 0 page no . 286 from the pdf . .
4 # Con f id ence I n t e r v a l f o r the d i f f e r e n c e between 2

means . .
5

6 # to f i n d 96% c o n f i d e n c e i n t e r v a l f o r the g i v e n
i n f o r m a t i o n

7 # g i v e n . .
8 a_mu <- 36

9

10 b_mu <- 42

11

12 n_a <- 50

13

14 n_b <- 75

15

16 sd_a <- 6

17

18 sd_b <- 8

19

20 c <- qnorm (0.98)*sqrt((sd_a*sd_a/n_a)+(sd_b*sd_b/n_b

))

21

22 d <- b_mu - a_mu

23

102



24 cat(”The 96% c o n f i d e n c e i n t e r v a l o f the d i f f e r e n c e
i n ave rage gas m i l e a g e i s ”,d-c,d+c)

R code Exa 9.11 Confidence Interval Evaluation Using Pooled Estimate
of Variance

1

2 # Chapter 9
3 # Example 9 . 1 1 page no . 288 from the pdf . .
4 # COnfidence I n t e r v a l E v a l u a t i o n Using Pooled

Est imate o f Var i ance . .
5

6 # to f i n d the 90% c o n f i d e n c e i n t e r v a l o f the g i v e n
data

7

8 # the v a r i a n c e o f both sampl ing s t a t i o n s a r e e q u a l
and and independent

9 n1 <- 12

10

11 x1 <- 3.11

12

13 s1 <- 0.771

14

15 n2 <- 10

16

17 x2 <- 2.04

18

19 s2 <- 0.448

20

21 # WE NEED to f i n d poo l ed e s t i m a t e f o r e q u a l
v a r i a n c e s . .

22

23 sp <- sqrt (((n1 -1)*s1*s1+(n2 -1)*s2*s2)/(n1+n2 -2))

24

25 dfs <- n1+n2 -2
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26

27 c <- qt(0.95, dfs)*sp*sqrt ((1/n1)+(1/n2))

28

29 cat(”The 90% c o n f i d e n c e i n t e r v a l f o r mu1−mu2 i s ”,x1 -
x2 -c,x1-x2+c)

30

31 # the answer i n the t ex tbook i s approx imated to 3
dec ima l p l a c e s . .

R code Exa 9.12 Confidence Interval Evaluation For difference of 2 means
when their variance is not equal and Unknown

1

2 # Chapter 9
3 # Example 9 . 1 2 page no . 290 from the pdf . .
4 # Con f id ence I n t e r v a l E v a l u a t i o n For d i f f e r e n c e o f 2

means when t h e i r v a r i a n c e i s not e q u a l and
Unknown . .

5

6 # g i v e n unequa l v a r i a n c e s , i ndependent samples , approx
. normal

7

8 a <- c(3.84 ,3.07 ,15) # paramete r s f o r 1 s t s t a t i o n
9

10 b <- c(1.49 ,0.80 ,12) #paramete r s f o r second s t a t i o n
11

12 # to f i n d the 95% c i f o r mu1−mu2
13

14 v <- (((a[2]*a[2]/a[3] + b[2]*b[2]/b[3]) ^2)/((((a[2]

*a[2]/a[3]) ^2)/(a[3] -1))+(((b[2]*b[2]/b[3]) ^2)/(b

[3] -1))))

15

16 c <- qt(0.975 ,v)*sqrt((a[2]*a[2]/a[3]) + (b[2]*b[2]/

b[3]))

17
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18 cat(”The 95% c o n f i d e n c e i n t e r v a l f o r mu1−mu2 i s ”,a
[1]-b[1]-c,a[1]-b[1]+c,” m i l l i g r a m ”)

19

20

21 # The answer i n T .B i s rounded to 2 dec ima l p l a c e s .

R code Exa 9.13 To find Confidence Intervals for Paired Observations

1

2 # Chapter 9
3 # Example 9 . 1 3 page no . 293 from the pdf . .
4 # to f i n d Con f id ence I n t e r v a l s f o r Pa i r ed

O b s e r v a t i o n s . .
5

6 levels_plasma <- c

(2.5 ,3.1 ,2.1 ,3.5 ,3.1 ,1.8 ,6.0 ,3.0 ,36.0 ,4.7 ,6.9 ,3.3 ,4.6 ,1.6 ,7.2 ,1.8 ,20.0 ,2.0 ,2.5 ,4.1)

7

8 levels_fat <- c

(4.9 ,5.9 ,4.4 ,6.9 ,7.0 ,4.2 ,10.0 ,5.5 ,41.0 ,4.4 ,7.0 ,2.9 ,4.6 ,1.4 ,7.7 ,1.1 ,11.0 ,2.5 ,2.3 ,2.5)

9

10

11 cat(”The 95% c o n f i d e n c e i n t e r v a l f o r p a i r e d
o b s e r v a t i o n i s ”, ” ”)

12

13 t.test(x= levels_plasma ,y= levels_fat ,paired=TRUE ,

aternative=” two . s i d e d ”)$conf.int

R code Exa 9.14 Estimating a Proportion for Single Sample

1

2 # Chapter 9
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3 # Example 9 . 1 4 page no . 297 from the pdf . .
4 # Est imat ing a P r o p o r t i o n f o r S i n g l e Sample . .
5

6

7 # to c a l c u l a t e the 95% c o n f i d e n c e i n t e r v a l
8 # g i v e n
9 n <- 500 # s i z e o f random sample
10

11 x <- 340 # number s u b s c r i b e d to HBO from t e s i z e
o f random sample

12

13 cat(”The c o n f i d e n c e i n t e r v a l f o r the a c t u a l
p r o p o r t i o n o f f a m i l i e s with TV s e t s i n the c i t y
s u b s c r i b e d to HBO i s ”,” ”)

14

15 prop.test (340 ,500 ,0.68)$conf.int

R code Exa 9.15 Evaluate sample size for estimating a Proportion for Sin-
gle Sample

1

2 # Chapter 9
3 # Example 9 . 1 5 page no . 299 from the pdf . .
4 # Eva luate sample s i z e f o r e s t i m a t i n g a P r o p o r t i o n

f o r S i n g l e Sample . .
5

6 # to f i n d the sample s i z e r e q u i r e d to be 95%
c o n f i d e n t tha t our e s t i m a t e o f p i n ex9 . 1 4 i s
w i t h i n 0 . 0 2 o f the t r u e v a l u e . .

7 # Re f e r example 9 . 1 4 page no . 297 from the pdf . .
8

9 n <- 500

10

11 x <- 340

12
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13 p_hat <- x/n

14

15 e <- 0.02

16

17 sample_size <- qnorm (0.975) ^2*p_hat*(1-p_hat)/(e^2)

18

19 cat(” I f we base our e s t i m a t e o f p on a random sample
o f s i z e ”,as.integer(sample_size)+1,”we can be

95% c o n f i d e n t tha t our sample p r o p o r t i o n w i l l not
d i f f e r from the t r u e p r o p o r t i o n by more than

0 . 0 2 ”)

R code Exa 9.16 Evaluate sample size for estimating a Proportion for Sin-
gle Sample

1

2 # CHapter 9
3 # Example 9 . 1 6 page no . 299 from the pdf . .
4 # Eva luate sample s i z e f o r e s t i m a t i n g a P r o p o r t i o n

f o r S i n g l e Sample . .
5

6 # to f i n d a sample s i z e i f we want a t l e a s t 95%
c o n f i d e n c e i n t e r v a l

7

8

9 e <- 0.02 # e r r o r not e x c e e d i n g t h i s v a l u e
10

11 cat(”The sample s i z e i f we want a t l e a s t 95%
c o n f i d e n c e i n t e r v a l tha t our e s t i m a t e o f p i s
w i t h i n 0 . 0 2 o f the t r u e v a l u e i s ”,round(qnorm
(0.025)*qnorm (0.025)/(4*e*e)))

12

13

14 # In Example 9 . 1 7 a l l we have to do i s put the
v a l u e s i n the fo rmu la ment ioned i n the pdf and
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g e t the answer , I have s o l v e d some q u e s t i o n s based
on t h i s but I am not go ing to s o l v e , that ’ s

unde r s tood from the q u e s t i o n s i t s e l f and w i l l be
a very s t r a i g h t f o rward code . .

R code Exa 9.18 To obtain Confidence Interval of Variance

1

2 # Chapter 9
3 # Example 9 . 1 8 page no . 304 from the pdf . .
4 # to o b t a i n c o n f i d e n c e i n t e r v a l o f v a r i a n c e
5

6 a <- c

(46.4 ,46.1 ,45.8 ,47.0 ,46.1 ,45.9 ,45.8 ,46.9 ,45.2 ,46.0)

7

8

9 c <- qchisq (0.025 ,df = length(a) -1)

10 b <- qchisq (0.975 ,df= 9)

11

12 cat(”The 95% c o n f i d e n c e i n t e r v a l f o r v a r i a n c e i s ”,
var(a)*(length(a) -1)/b,var(a)*(length(a) -1)/c)

R code Exa 9.19 To find Confidence Interval For the Ratio of 2 Variances

1

2 # Chapter 9
3 # Example 9 . 1 9 page no . 306 from the pdf . .
4 # To f i n d Con f i d ence I n t e r v a l For the Rat io o f 2

V a r i a n c e s . .
5

6 # to f i n d 98% c o n f i d e n c e i n t e r v a l o f 2 independent
sample v a r i a n c e s . .
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7 n1 <- 15

8

9 n2 <- 12

10

11 s1 <- 3.07

12

13 s2 <- 0.80

14

15 f1 <- qf(0.99 ,14 ,11)

16

17 f2 <- qf(0.99 ,11 ,14)

18

19 cat(”The 98% c o n f i d e n c e i n t e r v a l f o r the r a t i o
s igma1 / s igma2 i s ”,sqrt(s1*s1/(s2*s2*f1)),sqrt(s1*
s1*f2/(s2*s2)))

R code Exa 9.22 Maximum Likelihood Estimation Problem

1

2 # Chapter 9
3 # example 9 . 2 2 page no . 311 from the pdf . .
4 # Maximum L i k e l i h o o d Es t imat i on Problem . .
5

6 # Note − Example 9 . 2 0 and 9 . 2 1 a r e t h e o r e t i c a l with
no th ing to Compute . .

7

8 # g i v e n s u r v i v a l t ime i n months f o r 10 r a t s , to f i n d
the maximum e s t i m a t e o f the mean s u r v i v a l t ime . .

9 # package used ” s t a t s 4 ” , i f i t i s not i n s t a l l e d on
your s t u d i o then you need to e x e c u t e the
f o l l o w i n g i n s t r u c t i o n − i n s t a l l . package s (” s t a t s 4
”)

10

11 library(stats4)

12
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13 y <- c(14,17 ,27,18,12,8,22,13 ,19 ,12)

14

15 f <- function(lambda){ -sum(dpois(y, lambda , log =

TRUE))}

16

17 ans <- mle(f, start = list(lambda = 1), nobs = NROW(

y))

18

19 print(”The maximum l i k e l i h o o d e s t i m a t e o f the mean
s u r v i v a l t ime i s ”)

20

21 coef(ans)

22

23 # same i s the concep t f o r example 9 . 2 3 j u s t we have
to change the f u n c t i o n and v e c t o r o f o b s e r v a t i o n s
. .
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Chapter 10

One And Two Sample Tests Of
Hypothesis

R code Exa 10.3 Test Concerning a Single Mean for Single Sample

1

2 # Chapter 10
3 # Example 1 0 . 3 page no . 338 from the pdf . .
4 # Test Concern ing a S i n g l e Mean f o r S i n g l e Sample . .
5

6 # Note − 1 0 . 1 and 1 0 . 2 a r e t h e o r e t i c a l with no th ing
to Compute . .

7

8 # g i v e n
9 m <- 71.8

10

11 n <- 100

12

13 sd <- 8.9

14

15 alpha <- 0.05

16

17 # Nul l h y p o t h e s i s , mean = 70 y e a r s
18 # a l t e r n a t i v e mean > 70 y e a r s
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19

20 sd1 <- sd/sqrt(n)

21

22 p_value <- 1 - pnorm ((m-70)/sd1 ,0,1)

23

24 cat(”The p−v a l u e i s ”,p_value ,” , which i s l e s s than
0 . 0 5 l e v e l o f s i g n i f i c a n c e hence we c o n c l u d e the
e v i d e n c e f a v o u r a l t e r n a t i v e h y p o t h e s i s more than
n u l l ”)

R code Exa 10.4 Test Concerning a Single Mean for Single Sample

1

2 # Chapter 10
3 # Example 1 0 . 4 page no . 338 from the pdf . .
4 # Test Concern ing a S i n g l e Mean f o r S i n g l e Sample . .
5

6 # g i v e n
7 # H0 = 8 kg
8 # H1 != 8 kg
9

10 alpha <- 0.01

11

12

13 n <- 50

14

15 sd <- 0.5

16

17 m <- 7.8

18

19 sd1 <- sd/sqrt(n)

20

21 # two s i d e d h y p o t h e s i s t e s t . .
22

23 p_value <- 2*pnorm ((m-8)/sd1)
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24

25 if(p_value < 0.01){

26

27 print(” S i n c e the p_ v a l u e i s l e s s than 0 . 0 1 we
r e j e c t the n u l l h y p o t h e s i s tha t mu= 8 kg ”)

28

29 }else{

30

31 print(” S i n c e the p_ v a l u e i s more than 0 . 0 1 t h e r e
i s not enough e v i d e n c e to c l a im the a l t e r n a t i v e

h y p o t h e s i s , so e v i d e n c e s u p p o r t s mu can be 8”)
32

33 }

R code Exa 10.5 The t statistic for a test on a single mean when Variance
is Unknown

1

2 # Chapter 10
3 # Example 1 0 . 5 page no . 340 from the pdf . .
4 # The t− s t a t i s t i c f o r a t e s t on a s i n g l e mean when

Var iance i s Unknown . .
5

6 # g i v e n H0− mean = 46kWh
7 # H1 − mean < 46kWh
8

9 alpha <- 0.05

10

11 n <- 12

12

13 # u s i n g t− s t a i s t i c
14

15 m <- 42

16

17 sd <- 11.9
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18

19 sd1 <- sd/sqrt(n)

20

21 # one s i d e d t e s t i n g
22 p_value <- pt((m-46)/sd1 ,n-1)

23

24

25 if(p_value < 0.05){

26

27 print(” S i n c e the p_ v a l u e i s l e s s than 0 . 0 5 we
r e j e c t the n u l l h y p o t h e s i s tha t mu= 46kWh”)

28

29 }else{

30

31 print(” S i n c e the p_ v a l u e i s more than 0 . 0 5 , we
cannot r e j e c t H0 and c o n c l u d e tha t the ave rage
no . o f kWh used i s not s i g n i f i c a n t l y l e s s than
46 ”)

32

33 }

R code Exa 10.6 The 2 Sample Pooled t test

1

2 # Chapter 10
3 # Example 1 0 . 6 page no . 344 from the pdf . .
4 # The 2 Sample Pooled t−t e s t . .
5

6 # 2 sample t− t e s t
7 n1 <- 12

8

9 n2 <- 10

10

11 x1 <- 85

12
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13 x2 <- 81

14

15 s1 <- 4

16

17 s2 <- 5

18

19 # Nul l H0− mu1−mu2= 2
20 # a l t e r n a t e H1 mu1−mu2 >2
21 # u s i n g 2 sample poo l ed t−t e s t . .
22

23 deg_f <- n1+n2 -2

24

25 sp <- sqrt((s1*s1*(n1 -1)+s2*s2*(n2 -1))/deg_f)

26

27 p_value <- 1-pt(((x1-x2 -2)/(sp*sqrt(1/n1+1/n2))),deg

_f)

28

29 if(p_value < 0.05){

30

31 print(” S i n c e the p_ v a l u e i s l e s s than 0 . 0 5 we
r e j e c t the n u l l h y p o t h e s i s tha t mu1−mu2=2”)

32

33 }else{

34

35 print(” S i n c e the p_ v a l u e i s more than 0 . 0 5 , we
cannot r e j e c t H0 and c o n c l u d e tha t m a t e r i a l 1
wear e x c e e d s tha t o f 2 by more than 2 u n i t s ”)

36

37 }

R code Exa 10.7 Choice of Sample Size for Testing Mean

1

2 # Chapter 10
3 # Example 1 0 . 7 page no . 351 from the pdf . .
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4 # Choice o f Sample S i z e f o r T e s t i n g Mean . .
5

6 # g i v e n the h y p o t h e s i s t e s t , u s i n g a lpha= 0 . 0 5 ,
7 # to f i n d the sample s i z e i f power o f our t e s t i s to

be 0 . 9 5 when t r u e mean i s 69 kg .
8 # Nul l − mu = 68 kg .
9 # a l t e r n a t i v e − mu > 68 kg .
10

11 mu = 68

12

13 mu1 = 69

14

15 alpha = 0.05

16

17 sig <- 5

18

19 delta <- mu1 -mu

20

21 z_alpha <- abs(qnorm (0.05))

22

23 n <- ((z_alpha+z_alpha)^2)*(sig*sig)/(delta*delta)

24

25 cat(”The sample s i z e r e q u i r e d i f the t e s t i s to
r e j e c t the n u l l h y p o t h e s i s 95% o f the t ime when
i n f a c t , mu i s as l a r g e as 69 kg i s ”,n)

26

27 # example 1 0 . 8 i s b i t absurd a l l they have done i s
mere d i v i s i o n and making c o n c l u s i o n s based on
tha t so I an not cod ing example 1 0 . 8

R code Exa 10.9 One Sample Test on a Single Proportion

1

2 # Chapter 10
3 # Example 1 0 . 9 page no . 362 from the pdf . .

116



4 # One Sample Test on a S i n g l e P r o p o r t i o n . .
5

6 # g i v e n H0 − p=0.7
7 # H1 a l t e r n a t i v e − p!= 0 . 7
8

9 # t e s t s t a i s t i c − b i n o m i a l
10

11 x <- 8 # no . o f heat pumps i n s t a l l e d i n sample
12

13 n <- 15 # no . o f randomly s e l e c t e d homes . .
14

15 # i t i s a b i n o m i a l v a r i a b l e and 2 s i d e d h y p o t h e s i s
t e s t . .

16 p_value <- pbinom(x,n,0.7)*2

17

18 if(p_value > 0.10){

19

20 cat(”As the p v a l u e i s ”,p_value ,” t h e r e i s
i n s u f f i c i e n t r e a s o n to doubt the b u i l d e r ’ s
c l a im so cannot r e j e c t n u l l h y p o t h e s i s ”)

21

22 }else{

23

24 print(”The e v i d e n c e s u p p o r t s a l t e r n a t i v e
h y p o t h e s i s and b u i l d e r c l a im shou ld be r e j e c t e d
”)

25

26 }

R code Exa 10.10 One Sample Test on a Single Proportion

1

2 # Chapter 10
3 # Example 1 0 . 1 0 page no . 362 from the pdf . .
4 # One Sample Test on a S i n g l e P r o p o r t i o n . .
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5

6 # Nul l − p = 0 . 6
7 # a l t e r n a t i v e − p > 0 . 6
8 # alpha = 0 . 0 5 .
9 # c r i t i c a l r e g i o n − z >1.645
10

11 # u s i n g b i n o m i a l approx imat i on . .
12

13

14 ans <- pnorm (0.7, mean = 0.6,sd=sqrt (0.6*0.4/100),

lower.tail = F)

15

16 cat(”The p_ v a l u e i s ”,ans ,”we r e j e c t n u l l h y p o t h e s i s
and c o n c l u d e tha t the new drug i s s u p e r i o r ”)

R code Exa 10.11 Two Sample Tests On 2 Proportions

1

2 # Chapter 10
3 # Example 1 0 . 1 1 page 364 from the pdf . .
4 # Two Sample Tes t s On 2 P r o p o r t i o n s . .
5

6 # h y p o t h e s i s t e s t i n g on 2 p r o p o r t i o n . . u s i n g z t e s t
7 # Null− H0 p1=p2
8 # a l t e r n a t e − H1 = p1>p2
9

10 # i n f o r m a t i o n −
11 x1 <- 120

12

13 x2 <- 240

14

15 n1 <- 200

16

17 n2 <- 500

18
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19 # to f i n d the e s t i m a t e . .
20 p_hat <- c(x1/n1 ,x2/n2)

21

22 pooled_p <- (x1+x2)/(n1+n2)

23

24 p_value <- 1-pnorm ((p_hat[1]-p_hat [2])/(sqrt(( pooled

_p*0.49)*(1/n1+1/n2))))

25

26 cat(” S i n c e the p_ v a l u e i s ”,p_value ,”we r e j e c t the
n u l l h y p o t h e s i s and c o n c l u d e tha t town v o t e r s
f a v o u r i n g the p r o p o r s a l a r e h i g h e r than county
v o t e r s ”)

27

28 # t h i s problem can a l s o be s o l v e d d i r e c t l y u s i n g
prop . t e s t ( c ( 1 2 0 , 2 4 0 ) , c ( 2 0 0 , 5 0 0 ) , a l t e r n a t i v e =”
g r e a t e r ”) , but t h i s t e s t u s e s c h i s qua r e t e s t
method and the T.B s o l v e d i t with z−t e s t . .

29 # I f you want to e x p l o r e i t w r i t e t h i s code i n t o
your c o n s o l e −

30 # prop . t e s t ( c ( 1 2 0 , 2 4 0 ) , c ( 2 0 0 , 5 0 0 ) , a l t e r n a t i v e = ”
g r e a t e r ”)

R code Exa 10.12 One and Two Sample Tests Concerning Variance

1

2 # Chapter 10
3 # Example 1 0 . 1 2 page no . 366 from the pdf . .
4 # One and Two Sample Tes t s Concern ing Var i ance . .
5

6 # n u l l − s i g ˆ2 = 0 . 8 1
7 # a l t e r n a i t v e − s i g ˆ2 > 0 . 8 1
8 # alpha = 0 . 0 5
9

10 n <- 10

11
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12 sig <- 0.9

13

14 s <- 1.2

15

16 chi.sq <- (n-1)*s*s/(sig*sig)

17

18 p_value <- pchisq(chi.sq,df=9 ,lower.tail = F)

19

20 cat(”The p v a l u e i s ”,p_value ,” t h e r e i s e v i d e n c e tha t
s i g >0.9 ”)

R code Exa 10.13 To do Hypothesis Testing for 2 variances

1

2 # Chapter 10
3 # example 1 0 . 1 3 page no . 368 from the pdf . .
4 # To do Hypothe s i s T e s t i n g f o r 2 v a r i a n c e s . .
5

6 # r e f e r example 1 0 . 6 f o r v a l u e o f 2 v a r i a n c e s
7 # Nul l − s i g 1 ˆ2 = s i g 2 ˆ2
8 #a l t e r n a i t i v e − s i g 1 ˆ2 != s i g 2 ˆ2
9

10 s1_sq <- 16

11

12 s2_sq <- 25

13

14

15 # n u l l r e j e c t i f f <0.34 or f > 3 . 1 1 . .
16 ifelse(s1_sq/s2_sq < qf(0.05 ,11 ,9) | s1_sq/s2_sq >

qf(0.95 ,11 ,9),print(”The n u l l h y p o t h e s i s i s
r e j e c t e d and c o n c l u d e t h e r e i s s u f f i c i e n t
e v i d e n c e tha t v a r i a n c e d i f f e r ”),print(”Do not
r e j e c t n u l l h y p o t h e s i s and c o n c l u d e tha t t h e r e i s

i n s u f f i c i e n t e v i d e n c e tha t the v a r i a n c e s d i f f e r .
”))
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R code Exa 10.14 Test For Homogeneity

1

2 # Chapter 10
3 # Example 1 0 . 1 4 page no . 377 from the pdf . .
4 # Test For Homogeneity . .
5

6 # g i v e n data t e s t the h y p o t h e s i s
7

8 # H0 − p r o p o r t i o n o f a l l p o l i t i c a l a f f i l i a t i o n a r e
same f o r each o p i n i o n

9

10 # H1 − f o r at l e a s t 1 o p i n i o n the p r o p o r t i o n i s not
same

11

12 # u s i n g ch i−sq s t a t i s t i c . .
13

14 for1 <- c(82 ,70 ,62)

15

16 against <- c(93 ,62 ,67)

17

18

19 undecided <- c(25 ,18 ,21)

20

21 pol_affi <- as.data.frame(rbind(for1 ,against ,

undecided))

22

23 names(pol_affi) <- c( ’ Democrat ’ , ’ Repub l i can ’ , ’
Independent ’ )

24

25 chisq.test(pol_affi)

26

27 cat(”The p−v a l u e i s ”,chisq.test(pol_affi)$p.value ,”
so we cannot r e j e c t n u l l h y p o t h e s i s ”)
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28

29 # the answer to the c h i ˆ2 i s apr rox imated to 1 . 5 3 as
computed 1 . 5 2 7 4 by R . .

R code Exa 10.15 Testing for several proportion

1

2 # Chapter 10
3 # Example 1 0 . 1 5 page no . 378 from the pdf . .
4 # t e s t i n g f o r s e v e r a l p r o p o r t i o n . .
5

6 defectives <- c(45 ,55 ,70)

7

8 nondefectives <- c(905 ,890 ,870)

9

10 # making a data frame o f V a r i a b l e s . .
11 shifts <- as.data.frame(rbind(defectives ,

nondefectives))

12

13 # Giv ing names to the columns . .
14 names(shifts) <- c( ’ Day ’ , ’ Evening ’ , ’ Night ’ )
15

16 chisq.test(shifts)

17

18 cat(” S i n c e the p−v a l u e i s ”,chisq.test(shifts)$p.
value ,” g r a t e r than the s i g n i f i c a n t v a l u e 0 . 0 2 5
we cannot r e j e c t n u l l h y p o t h e s i s but from the p−
v a l u e c a l c u l a t e d we a l s o cannot say tha t the
p r o p o r t i o n o f d e f e c t i v e s i s same ”)
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Chapter 11

Simple Linear Regression And
Correlation

R code Exa 11.1 To Estimate the Regression Line

1

2 # Chapter 11
3 # Example 1 1 . 1 page no . 396 from the pdf . .
4 # To Est imate the R e g r e s s i o n Line . .
5

6

7 # to e s t i m a t e the r e g r e s s i o n l i n e from the g i v e n
data . .

8 x <- c

(3,7,11,15,18,27,29,30,30,31,31,32,33,33,34,36,36,36,37,38,39,39,39,40,41,42,42,43,44,45,46,47,50)

9

10 y <- c

(5 ,11,21,16 ,16,28,27 ,25 ,35,30,40 ,32,34,32 ,34 ,37,38,34 ,36,38,37,36 ,45,39,41 ,40,44,37,44 ,46,46,49 ,51)

11

12 pol <- data.frame(x,y)

13

14 line_eq <- lm(y~x,data=pol)
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15

16 b <-coefficients(line_eq)

17

18 cat(”The e s t i m a t e o f r e g r e s s i o n l i n e i s y =”,b[1],”+
”,b[2],”*x”)

R code Exa 11.2 Confidence Interval for Slope of Regression Line

1

2 # Chapter 11
3 # Example 1 1 . 2 page no . 403 from the pdf . .
4 # Con f id ence I n t e r v a l f o r S l o p e s o f R e g r e s s i o n Line

. .
5

6 # to f i n d the c o n f i d e n c e i n t e r v a l o f the g i v e n data
. .

7

8 x <- c

(3,7,11,15,18,27,29,30,30,31,31,32,33,33,34,36,36,36,37,38,39,39,39,40,41,42,42,43,44,45,46,47,50)

9

10 y <- c

(5 ,11,21,16 ,16,28,27 ,25 ,35,30,40 ,32,34,32 ,34 ,37,38,34 ,36,38,37 ,36 ,45,39,41 ,40,44,37,44 ,46,46,49 ,51)

11

12 pol <- data.frame(x,y)

13

14 line <- lm(y~x,data = pol)

15

16 cat(”The 95% c o n f i d e n c e i n t e r v a l f o r beta1 ( i . e s l o p e
) i n the r e g r e s s i o n l i n e i s ”,confint(line , ’ x ’ ,
level =0.95))

17

18 # The answer matches with the answer i n the T.B upto
3 dec ima l p l a c e s , as T .B answer i s approx imated
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. .

R code Exa 11.3 Hypothesis Testing On Slope Of Regression Line

1

2 # Chapter 11
3 # Example 1 1 . 3 page no . 404 from the pdf . .
4 # Hypothe s i s T e s t i n g On S lope Of R e g r e s s i o n Line . .
5

6 # to t e s t the h y p o t h e s i s o f be ta1 s l o p e o f
r e g r e s s i o n l i n e . .

7 # Nul l − beta1 = 1 . 0 , a l t e r n a t i v e < 1 . 0
8

9 x <- c

(3,7,11,15,18,27,29,30,30,31,31,32,33,33,34,36,36,36,37,38,39,39,39,40,41,42,42,43,44,45,46,47,50)

10

11 y <- c

(5 ,11,21,16 ,16,28,27 ,25 ,35,30,40 ,32,34,32,34 ,37,38,34 ,36,38,37,36 ,45,39,41 ,40,44,37,44 ,46,46,49 ,51)

12

13 pol <- data.frame(x,y)

14

15 l <- lm(y~x,data = pol)

16

17 coefficients(l)

18

19 p_value <- function(reg_m,conum ,val){

20

21 coefi <- coef(summary(reg_m))

22 t <- (coefi[conum ,1]-val)/coefi[conum ,2]

23 pt(abs(t),reg_m$df.residual ,lower.tail= F)

24

25 }

26 cat(” S i n c e the p v a l u e i s ”,p_value(l,2,1),” l e s s
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than 0 . 0 5 s u g g e s t i n g s t r o n g e v i d e n c e tha t beta1 <
1 . 0 ”)

27

28

29 # an a l t e r n a t e method i s to use the l i b r a r y c a r and
the use l i n e a r H y p o t h e s i s f u n c t i o n , s i n c e t h i s i s
one s i d e d h y p o t h e s i s

30 # we need to d i v i d e the r e s u l t by 2 as the f u n c t i o n
does 2 s i d e d h y p o t h e s i s . .

31 # I f ” c a r ” package not i n s t a l l e d can be i n s t a l l e d by
i n s t a l l . package s (” c a r ”)

32

33 library(car)

34 linearHypothesis(l,hypothesis.matrix = c(0,1),rhs =

1)/2

35 print(” Using l i n e a r H y p o t h e s i s f u n c t i o n a l s o we g e t
the same r e s u l t and we can d e r i v e the same
i n f e r e n c e as b e f o r e . ”)

R code Exa 11.4 Confidence Interval For Intercept Of Regression Line

1

2 # Chapter 11
3 # Example 1 1 . 4 page no . 406 from the pdf . .
4 # Con f id ence I n t e r v a l For I n t e r c e p t Of R e g r e s s i o n

Line . .
5

6 # to f i n d the c o n f i d e n c e i n t e r v a l o f the g i v e n data
. .

7

8 x <- c

(3,7,11,15,18,27,29,30,30,31,31,32,33,33,34,36,36,36,37,38,39,39,39,40,41,42,42,43,44,45,46,47,50)

9

10 y <- c
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(5 ,11,21,16 ,16,28,27 ,25 ,35,30,40 ,32,34,32,34 ,37,38,34 ,36,38,37,36 ,45,39,41 ,40,44,37,44 ,46,46,49 ,51)

11

12 pol <- data.frame(x,y)

13

14 line <- lm(y~x,data = pol)

15

16 cat(”The 95% c o n f i d e n c e i n t e r v a l f o r beta0 ( i . e
i n t e r c e p t ) i n the r e g r e s s i o n l i n e i s ”,confint(
line , ’ ( I n t e r c e p t ) ’ ,level =0.95))

17

18 # The answer matches with the answer i n the T.B upto
2 dec ima l p l a c e s , as T .B answer i s approx imated

. .

R code Exa 11.5 Hypothesis Testing on Intercept of Regression line

1

2 # Chapter 11
3 # Example 1 1 . 5 page no . 407 from the pdf . .
4 # Hypothe s i s T e s t i n g on I n t e r c e p t o f R e g r e s s i o n l i n e

. .
5

6 # Nul l − beta0 =0
7 # a l t e r n a t e − beta0 != 0
8

9 x <- c

(3,7,11,15,18,27,29,30,30,31,31,32,33,33,34,36,36,36,37,38,39,39,39,40,41,42,42,43,44,45,46,47,50)

10

11 y <- c

(5 ,11,21,16 ,16,28,27 ,25 ,35,30,40 ,32,34,32 ,34 ,37,38,34 ,36,38,37,36 ,45,39,41 ,40,44,37,44 ,46,46,49 ,51)

12

13 pol <- data.frame(x,y) # making data frame o f
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o b s e r v a t i o n s . .
14

15 line <- lm(y~x,data = pol) # r e g r e s s i o n model . .
16

17 a <- summary(line) # summary o f the r e g r e s s i o n l i n e
18

19 cat(”The p−v a l u e i s ”,a$coef[1,”Pr (> | t | ) ”],” which i s
l e s s than 0 . 0 5 hence we c o n c l u d e tha t beta0 != 0”
)

R code Exa 11.6 To find the confidence interval of the mean response

1

2 # Chapter 11
3 # Example 1 1 . 6 page no . 409 from the pdf . .
4 # To f i n d the c o n f i d e n c e i n t e r v a l o f the mean

r e s p o n s e . .
5

6 x <- c

(3,7,11,15,18,27,29,30,30,31,31,32,33,33,34,36,36,36,37,38,39,39,39,40,41,42,42,43,44,45,46,47,50)

7

8 y <- c

(5 ,11,21,16 ,16,28,27 ,25 ,35,30,40 ,32,34,32 ,34 ,37,38,34 ,36,38,37,36 ,45,39,41 ,40,44,37,44 ,46,46,49 ,51)

9

10 pol <- data.frame(x,y)

11

12 line <- lm(y~x,data = pol)

13

14 # here x0 <- 20%
15 data <- data.frame(x=20)

16

17 c <- predict(line ,data , interval = ” c o n f i d e n c e ”)
18
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19 cat(”When s o l i d r e d u c t i o n i s 20%, the c o n f i d e n c e
i n t e r v a l o f c h e m i c a l oxygen demand i s ”,c[2],c[3])

20

21 # the may vary s l i g h t l y due to approx imat i on s i n T .B
.

R code Exa 11.7 To Find Prediction Interval

1

2 # Chapter 11
3 # Example 1 1 . 7 page no . 411 from the pdf . .
4 # To Find P r e d i c t i o n I n t e r v a l . .
5

6 # To f i n d the 95% p r e d i c t i o n i n t e r v a l f o r y0 when x0
i s 20%

7

8 x <- c

(3,7,11,15,18,27,29,30,30,31,31,32,33,33,34,36,36,36,37,38,39,39,39,40,41,42,42,43,44,45,46,47,50)

9

10 y <- c

(5 ,11,21,16 ,16,28,27 ,25 ,35,30,40 ,32,34,32 ,34 ,37,38,34 ,36,38,37,36 ,45,39,41 ,40,44,37,44 ,46,46,49 ,51)

11

12 pol <- data.frame(x,y)

13

14 line <- lm(y~x,data = pol)

15

16

17 # making a new data frame to p r e d i c t . .
18

19 data <- data.frame(x=20)

20

21 d <- predict(line ,data , interval = ” p r e d i c t i o n ”)
22
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23 cat(”The 95% p r e d i c t i o n i n t e r v a l f o r y0 when x0=20%
i s ”,d[2],d[3])

24

25

26 # the answer may vary s l i g h t l y due to approx imat i on
. .

R code Exa 11.8 Computation of Lack of Fit Sum of Squares

1

2 # Chapter 11
3 # Example 1 1 . 8 page no . 420 from the pdf . .
4 # Computation o f Lack o f F i t Sum o f Square s . .
5

6 # to do l a c k o f f i t t e s t
7

8 # to do l a c k o f f i t t e s t I used the package ” a l r 3 ” ,
r e f e r a n c e − I n t e r n e t

9 # u s i n g on ly anova shows the r e g r e s s i o n and e r r o r ,
not l a c k o f f i t and pure e r r o r so I used t h i s
package

10

11 install.packages(” a l r 3 ”) # Remove i t i f you have
a l r e a d y I n s t a l l e d the package . .

12

13 library(” a l r 3 ”)
14

15 y <- c

(77.4 ,76.7 ,78.2 ,84.1 ,84.5 ,83.7 ,88.9 ,89.2 ,89.7 ,94.8 ,94.7 ,95.9)

16

17 x <- c

(150 ,150 ,150 ,200 ,200 ,200 ,250 ,250 ,250 ,300 ,300 ,300)

18

19 dat <- data.frame(y,x)
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20

21 c <- lm(y~x,data=dat)

22

23 cat(”The f o l l o w i n g t a b l e shows a n a l y s i s o f v a r i a n c e
on tempera tu r e f i e l d data ”)

24

25 pureErrorAnova(c)

R code Exa 11.9 Transformation To Linear Regression Model

1

2 # Chapter 11
3 # Example 1 1 . 9 page no . 426 from the pdf . .
4 # Trans f o rmat i on To L i n e a r R e g r e s s i o n Model . .
5

6 # g i v e n data on P and V f i n d the c o n s t a n t s o f the
e q u a t i o n PVˆgamma = C

7

8 v <- c(50 ,60 ,70 ,90 ,100) #volume
9

10 p <- c(64.7 ,51.3 ,40.5 ,25.9 ,7.8) # p r e s s u r e
11

12 # the model
13 l <- lm(log(p)~log(v))

14

15 # c o e f f i c i e n t s o f the model . .
16 co <- coefficients(l)

17

18 # we mode l l ed the data as lnP = lnC − gamma* lnV +
a d d i t i v e e r r o r .

19

20 cat(”The v a l u e o f C i s ”,exp(co[1]),”and the v l a u e o f
gamma i s ”,-co[2])
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R code Exa 11.10 To find Correlation Coefficient

1

2 # Chapter 11
3 # Example 1 1 . 1 0 page no . 433 from the pdf . .
4 # To f i n d C o r r e l a t i o n C o e f f i c i e n t . .
5

6 # to f i n d the c o r r e l a t i o n c o e f f i c i e n t between the 2
v a r i a b l e s

7

8 spec_gra <- c

(0.414 ,0.383 ,0.399 ,0.402 ,0.442 ,0.422 ,0.466 ,0.500 ,0.514 ,0.530 ,0.569 ,0.558 ,0.577 ,0.572 ,0.548 ,0.581 ,0.557 ,0.550 ,0.531 ,0.550 ,0.556 ,0.523 ,0.602 ,0.569 ,0.544 ,0.557 ,0.530 ,0.547 ,0.585)

9

10 mod_of_rup <- c

(29186 ,29266 ,26215 ,30162 ,38867 ,37831 ,44576 ,46097 ,59698 ,67705 ,66088 ,78486 ,89869 ,77369 ,67095 ,85156 ,69571 ,84160 ,73466 ,78610 ,67657 ,74017 ,87291 ,86836 ,82540 ,81699 ,82096 ,75657 ,80490)

11

12 cat(”The sample c o r r e l a t i o n c o e f f i c i e n t i s ”,cor(spec
_gra ,mod_of_rup))

R code Exa 11.11 To do Hypothesis Testing of linear association between
two variables

1

2 # Chapter 11
3 # Example 1 1 . 1 1 page no . 434 from the pdf . .
4 # To do Hypothe s i s T e s t i n g o f l i n e a r a s s o c i a t i o n

between two v a r i a b l e s
5

6 # Nul l H0 : po =0
7 # a l t e r n a t e H1 : p1 !=0
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8 # alpha = 0 . 0 5
9

10 spec_gra <- c

(0.414 ,0.383 ,0.399 ,0.402 ,0.442 ,0.422 ,0.466 ,0.500 ,0.514 ,0.530 ,0.569 ,0.558 ,0.577 ,0.572 ,0.548 ,0.581 ,0.557 ,0.550 ,0.531 ,0.550 ,0.556 ,0.523 ,0.602 ,0.569 ,0.544 ,0.557 ,0.530 ,0.547 ,0.585)

11

12 mod_of_rup <- c

(29186 ,29266 ,26215 ,30162 ,38867 ,37831 ,44576 ,46097 ,59698 ,67705 ,66088 ,78486 ,89869 ,77369 ,67095 ,85156 ,69571 ,84160 ,73466 ,78610 ,67657 ,74017 ,87291 ,86836 ,82540 ,81699 ,82096 ,75657 ,80490)

13

14 print(”The t e s t i s shown below as f o l l o w s : ”)
15

16 cor.test(spec_gra ,mod_of_rup)

17

18 cat(”The p−v a l u e i s ve ry l e s s then 0 . 0 5 , we r e j e c t
the n u l l h y p o t h e s i s o f no l i n e a r a s s o c i a t i o n ”)

19

20 # example 1 1 . 1 2 i s same as example 1 1 . 1 1 e x c e p t now
we have to do h y p o t h e s i s as p0 = 0 . 9 , j u s t
changed the v a l u e f o r t e s t i n g , so I t i s same
concept j u s t numbers a r e changed , so I have not
s o l v e d . .
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Chapter 12

Multiple Linear Regression
And Certain Non Linear
Regression Models

R code Exa 12.1 Estimation Of Equation Of Regression Line and predict
values

1

2 # Chapter 12
3 # Example 1 2 . 1 page no . 445 from the pdf . .
4 # Est imat i on Of Equat ion Of R e g r e s s i o n Line . .
5

6 y <- c

(0.90 ,0.91 ,0.96 ,0.89 ,1.00 ,1.10 ,1.15 ,1.03 ,0.77 ,1.07 ,1.07 ,0.94 ,1.10 ,1.10 ,1.10 ,0.91 ,0.87 ,0.78 ,0.82 ,0.95)

7

8 x1 <- c

(72.4 ,41.6 ,34.3 ,35.1 ,10.7 ,12.9 ,8.3 ,20.1 ,72.2 ,24.0 ,23.2 ,47.4 ,31.5 ,10.6 ,11.2 ,73.3 ,75.4 ,96.6 ,107.4 ,54.9)

9

10 x2 <- c

(76.3 ,70.3 ,77.1 ,68.0 ,79.0 ,67.4 ,66.8 ,76.9 ,77.7 ,67.7 ,76.8 ,86.6 ,76.9 ,86.3 ,86.0 ,76.3 ,77.9 ,78.7 ,86.8 ,70.9)
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11

12 x3 <- c

(29.18 ,29.35 ,29.24 ,29.27 ,29.78 ,29.39 ,29.69 ,29.48 ,29.09 ,29.60 ,29.38 ,29.35 ,29.63 ,29.56 ,29.48 ,29.40 ,29.28 ,29.29 ,29.03 ,29.37)

13

14 dat <- data.frame(y,x1,x2,x3)

15

16 line <- lm(y~x1+x2+x3,data=dat)

17

18 c <- coefficients(line)

19

20 cat(”The r e g r e s s i o n e s t i m a t e o f the above data i s ”,c
[1],”+”,c[2],”*x1 +”,c[3],”*x2 +”,c[4],”*x3 ”)

21

22 pre <- data.frame(x1 = 50,x2 = 76.0,x3 = 29.30)

23

24 # P r e d i c t i o n o f v a l u e s . .
25 cat(”The p r e d i c t i o n o f the l i n e f o r t h i s v a l u e s i s ”)
26

27 predict(line ,pre)

R code Exa 12.2 To find the estimate of polynomial regression

1

2 # Chapter 12
3 # Example 1 2 . 2 page no . 446 from the pdf . .
4 # to f i n d the e s t i m a t e o f po lynomia l r e g r e s s i o n . .
5

6 x <- c(0,1,2,3,4,5,6,7,8,9)

7

8 y <- c(9.1 ,7.3 ,3.2 ,4.6 ,4.8 ,2.9 ,5.7 ,7.1 ,8.8 ,10.2)

9

10 pol <- lm(y~x+I(x^2))

11

12 c <- coefficients(pol)
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13

14 dat <- data.frame(x=2)

15

16

17 cat(”The f i t t e d po lynomia l i s ”,c[1],c[2],”*x +”,c
[3],”*xˆ2 ”)

18

19 cat(”When x=2 , the e s t i m a t e i s ”,predict(pol ,dat))

R code Exa 12.3 Estimate the regression coefficients in polynomial model

1

2 # Chapter 12
3 # Example 1 2 . 3 page no . 447 from the pdf . .
4 # Est imate the r e g r e s s i o n c o e f f i c i e n t s i n po lynomia l

model .
5

6 m1 <- c(14.05 ,14.93 ,16.56 ,15.85 ,22.41 ,21.66)

7

8 m2 <- c(10.55 ,9.48 ,13.63 ,11.75 ,18.55 ,17.98)

9

10 m3 <- c(7.55 ,6.59 ,9.23 ,8.78 ,15.93 ,16.44)

11

12 observation <- c(m1 ,m2,m3)

13

14 temp <- c(rep (75,6),rep (100 ,6),rep (125 ,6))

15

16 m <- c(rep(15 ,2),rep(20 ,2),rep(25 ,2))

17

18 ster_time <- rep(m,3)

19

20 dat <- data.frame(observation ,temp ,ster_time)

21

22 pol <- lm(observation ~ temp + ster_time + I(temp ^2)

+ I(ster_time ^2) + temp*ster_time ,data = dat)
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23

24 c <- coefficients(pol)

25

26

27 cat(”The f i t t e d po lynomia l i s ”,c[1],c[2],”*x1 ”,c[3],
”*x2 +”,c[4],”*x1 ˆ2 +”,c[5],”*x2 ˆ2 +”,c[6],”*x1*
x2 ”)

R code Exa 12.4 Linear regression model using matrices

1

2 # Chapter 12
3 # Example 1 2 . 3 page no . 449 from the pdf . .
4 # L i n e a r r e g r e s s i o n model u s i n g m a t r i c e s . .
5

6 # g i v e n − % s u r v i v a l ( y ) o f c e r t a i n type o f an imal
semen a f t e r s t o r a g e . .

7 # comb ina t i on s o f c o n c e n t r a t i o n o f 3 m a t e r i a l s used
to i n c r e a s e the chance o f s u r v i v a l . .

8 # e s t i m a t e the l i n e a r r e g r e s s i o n model u s i n g the
data by m a t r i c e s form .

9

10 y <- c

(25.5 ,31.2 ,25.9 ,38.4 ,18.4 ,26.7 ,26.4 ,25.9 ,32.0 ,25.2 ,39.7 ,35.7 ,26.5)

11

12 x1 <- c

(1.74 ,6.32 ,6.22 ,10.52 ,1.19 ,1.22 ,4.10 ,6.32 ,4.08 ,4.15 ,10.15 ,1.72 ,1.70)

13

14 x2 <- c

(5.30 ,5.42 ,8.41 ,4.63 ,11.60 ,5.85 ,6.62 ,8.72 ,4.42 ,7.60 ,4.83 ,3.12 ,5.30)

15

16 x3 <- c
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(10.80 ,9.40 ,7.20 ,8.50 ,9.40 ,9.90 ,8.00 ,9.10 ,8.70 ,9.20 ,9.40 ,7.60 ,8.20)

17

18 # now forming the matr ix ,
19

20

21 xxdash <- matrix(c(length(x1),sum(x1),sum(x2),sum(x3

),sum(x1),

22 sum(x1*x1),sum(x1*x2),sum(x1*x3),

23 sum(x2),sum(x2*x1),sum(x2*x2),sum

(x2*x3),

24 sum(x3),sum(x3*x1),sum(x3*x2),sum

(x3*x3)),byrow = T,nrow = 4)

25

26 # now forming the matr ix xdash_y
27

28

29 xdash_y <- matrix(c(sum(y),sum(x1*y),sum(x2*y),sum(

x3*y)),byrow = T,nrow = 4)

30

31 # now s o l v i n g the matr ix e q u a t i o n xxdash*b = xdash_y
u s i n g s o l v e f u n c t i o n i n R

32

33 sol <- solve(xxdash ,xdash_y)

34

35 # f i n a l answer . .
36 cat(”The r e g r e s s i o n l i n e i s ”,sol[1,1],”+”,sol[2,1],”

*x1 ”,
37 sol[3,1],”*x2 ”,sol[4,1],”*x3 ”)

R code Exa 12.5 To test the hypothesis on the slope of the regression
model

1

2 # Chapter 12
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3 # example 1 2 . 5 page no . 456 from the pdf . .
4 # to t e s t the h y p o t h e s i s on the s l o p e o f the

r e g r e s s i o n model . .
5

6 # Nul l − beta2 = −2.5
7 # a l t e r n a t e > −2.5
8

9 # s o l v i n g example 1 2 . 4 aga in . .
10 # l i n e a r r e g r e s s i o n model u s i n g m a t r i c e s . .
11 # g i v e n − % s u r v i v a l ( y ) o f c e r t a i n type o f an imal

semen a f t e r s t o r a g e . .
12 # comb ina t i on s o f c o n c e n t r a t i o n o f 3 m a t e r i a l s used

to i n c r e a s e the chance o f s u r v i v a l . .
13 # e s t i m a t e the l i n e a r r e g r e s s i o n model u s i n g the

data by m a t r i c e s form .
14

15 y <- c

(25.5 ,31.2 ,25.9 ,38.4 ,18.4 ,26.7 ,26.4 ,25.9 ,32.0 ,25.2 ,39.7 ,35.7 ,26.5)

16

17 x1 <- c

(1.74 ,6.32 ,6.22 ,10.52 ,1.19 ,1.22 ,4.10 ,6.32 ,4.08 ,4.15 ,10.15 ,1.72 ,1.70)

18

19 x2 <- c

(5.30 ,5.42 ,8.41 ,4.63 ,11.60 ,5.85 ,6.62 ,8.72 ,4.42 ,7.60 ,4.83 ,3.12 ,5.30)

20

21 x3 <- c

(10.80 ,9.40 ,7.20 ,8.50 ,9.40 ,9.90 ,8.00 ,9.10 ,8.70 ,9.20 ,9.40 ,7.60 ,8.20)

22

23 # now forming the matr ix ,
24

25

26 xxdash <- matrix(c(length(x1),sum(x1),sum(x2),sum(x3

),sum(x1),

27 sum(x1*x1),sum(x1*x2),sum(x1*x3),
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28 sum(x2),sum(x2*x1),sum(x2*x2),sum

(x2*x3),

29 sum(x3),sum(x3*x1),sum(x3*x2),sum

(x3*x3)),byrow = T,nrow = 4)

30

31 # now forming the matr ix xdash_y
32

33

34 xdash_y <- matrix(c(sum(y),sum(x1*y),sum(x2*y),sum(

x3*y)),byrow = T,nrow = 4)

35

36 # now s o l v i n g the matr ix e q u a t i o n xxdash*b = xdash_y
u s i n g s o l v e f u n c t i o n i n R

37

38 sol <- solve(xxdash ,xdash_y)

39

40 unit <- matrix(c(c(1,0,0,0),c(0,1,0,0),c(0,0,1,0),c

(0,0,0,1)),ncol = 4)

41

42

43 # f i n d i n g i n v e r s e o f the matr ix xxdash . .
44 inv_xxdash <- solve(xxdash ,unit)

45

46 # f i n a l answer . .
47 cat(”The r e g r e s s i o n l i n e i s ”,sol[1,1],”+”,sol[2,1],”

*x1 ”,
48 sol[3,1],”*x2 ”,sol[4,1],”*x3 ”)
49

50 # the c o e f f i c i e n t o f x2 ( i . e be ta2 ) i s −1.861649 as
we can s e e from the s o l u t i o n . .

51 # now t e s t i n g our h y p o t h e s i s . .
52

53 t.score <- (sol [3 ,1]+2.5)/(2.073*sqrt(inv_xxdash

[3 ,3]))

54

55 cat(”The p−v a l u e i s ”,pt(t.score ,9,lower.tail = F),”
we r e j e c t the n u l l h y p o t h e s i s and c o n c l u d e beta2
> −2.5 ”)
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56

57 # the answer i n the T.B i s doub le the v a l u e o b t a i n e d
by computat ion ,

58 #I t h i n k they took both s i d e d a l t e r n a t i v e , but we
have to take on ly one s i d e d a l t e r n a t i v e as our
a l t e r n a t i v e i s be ta2 > −2.5 ,

59 #hence i t i s one s i d e d and so T.B answer i s wrong . .

R code Exa 12.6 To Construct Confidence Interval for Mean Response

1

2 # Chapter 12
3 # Example 1 2 . 6 page no . 457 from the pdf . .
4 # To Cons t ruc t Con f i d ence I n t e r v a l f o r Mean Response

. .
5

6 y <-c

(25.5 ,31.2 ,25.9 ,38.4 ,18.4 ,26.7 ,26.4 ,25.9 ,32.0 ,25.2 ,39.7 ,35.7 ,26.5)

7

8 x1 <- c

(1.74 ,6.32 ,6.22 ,10.52 ,1.19 ,1.22 ,4.10 ,6.32 ,4.08 ,4.15 ,10.15 ,1.72 ,1.70)

9

10 x2 <- c

(5.30 ,5.42 ,8.41 ,4.63 ,11.60 ,5.85 ,6.62 ,8.72 ,4.42 ,7.60 ,4.83 ,3.12 ,5.30)

11

12 x3 <- c

(10.80 ,9.40 ,7.20 ,8.50 ,9.40 ,9.90 ,8.00 ,9.10 ,8.70 ,9.20 ,9.40 ,9.60 ,8.20)

13

14 dat <- data.frame(y,x1,x2,x3)

15

16 c <- lm(y~x1+x2+x3 ,data= dat)
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17

18 newdat <- data.frame(x1=3,x2=8,x3=9)

19

20 d <- predict(c,newdat ,interval = ” c o n f i d e n c e ”,level
= 0.95, type = ” r e s p o n s e ”)

21

22 cat(”The 95% c o n f i d e n c e i n t e r v a l f o r the mean
r e s p o n s e when x1=3%,x2=8% and x3=9% i s ”,d[2],d
[3])

23

24 # the answer may vary s l i g h t l y from the T.B

R code Exa 12.7 Prediction interval Evaluation

1

2 # Chapter 12
3 # Example 1 2 . 7 Page no . 458 from the pdf . .
4 # P r e d i c t i o n i n t e r v a l E v a l u a t i o n . .
5

6 y <-c

(25.5 ,31.2 ,25.9 ,38.4 ,18.4 ,26.7 ,26.4 ,25.9 ,32.0 ,25.2 ,39.7 ,35.7 ,26.5)

7

8 x1 <- c

(1.74 ,6.32 ,6.22 ,10.52 ,1.19 ,1.22 ,4.10 ,6.32 ,4.08 ,4.15 ,10.15 ,1.72 ,1.70)

9

10

11 x2 <- c

(5.30 ,5.42 ,8.41 ,4.63 ,11.60 ,5.85 ,6.62 ,8.72 ,4.42 ,7.60 ,4.83 ,3.12 ,5.30)

12

13 x3 <- c

(10.80 ,9.40 ,7.20 ,8.50 ,9.40 ,9.90 ,8.00 ,9.10 ,8.70 ,9.20 ,9.40 ,9.60 ,8.20)
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14

15 dat <- data.frame(y,x1,x2,x3)

16

17 c <- lm(y~x1+x2+x3,data= dat) #m o d e l l i n g the
v a r i a b l e s o f d a t a s a e t . .

18

19

20 newdat <- data.frame(x1=3,x2=8,x3=9)

21

22 d <- predict(c,newdat ,interval = ” p r e d i c t i o n ”)
23

24 cat(”The 95% p r e d i c t i o n i n t e r v a l f o r the i n d i v i d u a l
r e s p o n s e when x1=3%,x2=8% and x3=9% i s ”,d[2],d
[3])

R code Exa 12.8 To show Analysis of Variance Table for Grain Radius
Data

1

2 # Chapter 12
3 # Example 1 2 . 8 page no . 470 from the pdf . .
4 # To show A n a l y s i s o f Var i ance Table f o r Grain

Radius Data
5

6 pow_temp <- c(150 ,190 ,150 ,150 ,190 ,190 ,150 ,190)

7 ext_rate <- c(12 ,12 ,24 ,12 ,24 ,12 ,24 ,24)

8 die_temp <- c(220 ,220 ,220 ,250 ,220 ,250 ,250 ,250)

9

10

11

12 gra_radius <- c(82 ,93 ,114 ,124 ,111 ,129 ,157 ,164)

13

14 dat <- data.frame(pow_temp ,ext_rate ,die_temp ,gra_

radius)

15
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16 # c o n v e r t i n g i n t o f a c t o r s . .
17 dat$pow_temp <- factor(dat$pow_temp)

18 dat$ext_rate <- factor(dat$ext_rate)

19 dat$die_temp <- factor(dat$die_temp)

20

21

22 l <- lm(gra_radius~pow_temp+ext_rate+die_temp ,data =

dat)

23

24 # a n a l y s i s o f v a r i a n c e t a b l e f o r g r a i n r a d i u s data . .
25 print(”The a n a l y s i s o f v a r i a n c e t a b l e f o r t h i s data

i s : ”)
26 summary(aov(l,data= dat))

R code Exa 12.9 To find the model for data which have 3 levels in a vari-
able

1

2 # Chapter 12
3 # Example 1 2 . 9 page no . 474 from the pdf . .
4 # to f i n d the model f o r data which have 3 l e v e l s i n

a v a r i a b l e . .
5

6 y <- c

(292 ,329 ,352 ,378 ,392 ,410 ,198 ,227 ,277 ,297 ,364 ,375 ,167 ,225 ,247 ,268 ,288 ,342)

7

8 x <- c

(6.5 ,6.9 ,7.8 ,8.4 ,8.8 ,9.2 ,6.7 ,6.9 ,7.5 ,7.9 ,8.7 ,9.2 ,6.5 ,7.0 ,7.2 ,7.6 ,8.7 ,9.2)

9

10 p <- c(1,1,1,1,1,1,2,2,2,2,2,2,3,3,3,3,3,3)

11

12 dat <- data.frame(y,x,factor(p))

13
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14 dat$factor.p. <- relevel(dat$factor.p.,ref=3)

15

16 c <- lm(y ~ x +factor.p.,data= dat)

17

18 cat(”The model s u g g e s t s ”)
19

20 coefficients(c) # C o e f f i c i e n t s o f the model . .
21

22 summary(c) # Summary o f the r e g r e s s i o n model . .

R code Exa 12.10 To predict all possible regression lines

1

2 # Chapter 12
3 # Example 1 2 . 1 0 page no . 477 from the pdf . .
4 # to p r e d i c t a l l p o s s i b l e r e g r e s s i o n l i n e s
5

6 # r e f e r ex10 page no . 478 on pdf .
7

8 # u s i n g l e a p s l i b r a r y i f not i n s t a l l e d can be done
by

9 # i n s t a l l . package s (” l e a p s ”)
10

11 # u s i n g s e q u e n t i a l r ep l a c ement method . .
12

13 library(leaps)

14

15 y <- c(57.5 ,52.8 ,61.3 ,67.0 ,53.5 ,62.7 ,56.2 ,68.5 ,69.2)

16

17 x1 <- c(78 ,69 ,77 ,88 ,67 ,80 ,74 ,94 ,102)

18

19 x2 <- c

(48.2 ,45.5 ,46.3 ,49.0 ,43.0 ,48.0 ,48.0 ,53.0 ,58.0)

20

21 x3 <- c
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(2.75 ,2.15 ,4.41 ,5.52 ,3.21 ,4.32 ,2.31 ,4.30 ,3.71)

22

23

24 x4 <- c

(29.5 ,26.3 ,32.2 ,36.5 ,27.2 ,27.7 ,28.3 ,30.3 ,28.7)

25

26

27 dat <- data.frame(y,x1,x2,x3 ,x4)

28

29 s <- regsubsets(y~.,data = dat ,method = ” s e q r e p ”)
30

31 print(” A l l p o s s i b l e r e g r e s s i o n l i n e e q u a t i o n
c o e f f i c i e n t s a r e ”)

32

33 coef(s ,1:4)

34

35 # f o r f i n a l model we need to s e e ad j r squared v a l u e
. . t h i s i s j u s t the c o e f f i c i e n t s f o r v a r i o u s
v a r i a b l e s i n the model . .

36

37 # as noth ing s p e c i f i c i s asked he r e so I have shown
what would be the model f o r a l l combinat ion o f
v a r i a b l e s . .

R code Exa 12.11 To model the data set using forward selection

1

2 # Chapter 12
3 # Example 1 2 . 1 1 page no . 480 from the pdf . .
4 # to model the data s e t u s i n g fo rward s e l e c t i o n . .
5

6 # the data s e t from example 10 i s used f o r m o d e l l i n g
. .

7 y <- c(57.5 ,52.8 ,61.3 ,67.0 ,53.5 ,62.7 ,56.2 ,68.5 ,69.2)

8
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9 x1 <- c(78 ,69 ,77 ,88 ,67 ,80 ,74 ,94 ,102)

10

11 x2 <- c

(48.2 ,45.5 ,46.3 ,49.0 ,43.0 ,48.0 ,48.0 ,53.0 ,58.0)

12

13 x3 <- c

(2.75 ,2.15 ,4.41 ,5.52 ,3.21 ,4.32 ,2.31 ,4.30 ,3.71)

14

15

16 x4 <- c

(29.5 ,26.3 ,32.2 ,36.5 ,27.2 ,27.7 ,28.3 ,30.3 ,28.7)

17

18

19 dat <- data.frame(y,x1,x2,x3 ,x4)

20

21 # model . . u s i n g fo rward s e l e c t i o n
22

23 line <- lm(y~x1,data=dat)

24 summary(line)$adj.r.sq

25

26 line1 <- lm(y~x2,data=dat)

27 summary(line1)$adj.r.sq

28

29 line2 <- lm(y~x3,data=dat)

30 summary(line2)$adj.r.sq

31

32 line3 <- lm(y~x4,data=dat)

33 summary(line3)$adj.r.sq

34 # by l o o k i n g at 4 ad j r sq . v a l u e s x1 has max .
i n c r e a s e so x1 i n the model

35 line4 <- lm(y~x1 +x2 ,data=dat)

36 summary(line4)$adj.r.sq

37

38 line5 <- lm(y~x1 +x3 ,data=dat)

39 summary(line5)$adj.r.sq

40

41 line6 <- lm(y~x1 +x4 ,data=dat)

42 summary(line6)$adj.r.sq
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43 # by l o o k i n g at the ad j . r . sq . x1 +x3 combinat ion
has the max . v a l u e so x1+x3 i n the model .

44

45 line7 <- lm(y~x1+x3+x4 ,data = dat)

46 summary(line7)$adj.r.sq

47 # by l o o k i n g at t h i s e s t imat e , ad j . r . sq . i s
d e c r e a s e s so x4 i s ex c luded from the f i n a l model
. .

48

49 line8 <- lm(y~x1+x2+x3 ,data = dat)

50 summary(line8)$adj.r.sq

51 cat(”The c o r r e l a t i o n c o e f f i c i e n t between x1 and x3
i s ”,cor(x1,x2))

52 #al though the ad j . r . squared i s max . f o r t h i s model
, but i t i s h igh from x1+x3 by s m a l l amount , we
w i l l not i n c l u d e x2 as the c o r r e l a t i o n
c o e f f i c i e n t between x1 and x2 i s h igh meaning
they a r e dependent . .

53

54 #f i n a l model . .
55 cat(”The f i n a l model i s ”)
56 lm(y~x1+x3,data = dat)

57 summary(lm(y~x1+x3 ,data = dat))

58 cat(”The c o e f f i c i e n t s o f the f i n a l model i s ”,
coefficients(lm(y~x1+x3,data = dat)))

59 # we can a l s o s o l v e the same by backward e l i m i n a t i o n
. .

60 #So both answers a r e c o r r e c t . .

R code Exa 12.12 Cp Statistic

1 # Chapter 12
2 # Example 1 2 . 1 2 page no . 4 9 2 from the pdf . .
3 # Cp S t a t i s t i c . .
4
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5 # to f i n d the r e l a t i o n s h i p between s a l e s f o r a
p a r t i c u l a r yea r and f a c t o r tha t a f f e c t s a l e s . .

6

7 # Package ” l e a p s ” i s used i f not i n s t a l l e d can be
done u s i n g i n s t a l l . package s (” l e a p s ”)

8

9 library(leaps)

10

11 x1 <- c

(5.5 ,2.5 ,8.0 ,3.0 ,3.0 ,2.9 ,8.0 ,9.0 ,4.0 ,6.5 ,5.5 ,5.0 ,6.0 ,5.0 ,3.5)

12

13 x2 <- c

(31 ,55 ,67 ,50 ,38 ,71 ,30 ,56 ,42 ,73 ,60 ,44 ,50 ,39 ,55)

14

15 x3 <- c(10,8,12,7,8,12,12,5,8,5,11,12,6,10,10)

16

17 x4 <- c(8,6,9,16,15,17,8,10,4,16,7,12,6,4,4)

18

19 y <- c

(79.3 ,200.1 ,163.2 ,200.1 ,146.0 ,177.7 ,30.9 ,291.9 ,160.0 ,339.4 ,159.6 ,86.3 ,237.5 ,107.2 ,155.0)

20

21 dat <- data.frame(x1 ,x2,x3,x4 ,y)

22

23 # I am comparing on b a s i s o f Cp v a l u e s . .
24

25 print(”The Cp v a l u e s f o r a l l s u b s e t s i s ”)
26

27 leaps(dat[,1:4],y= dat[,5],names = names(dat)[1:4],

method =”Cp”)
28

29 # i f you want to c a l c u l a t e a d j u s t e d r −squared or r−
squared the code w i l l be same as above j u s t we
have to change method = ” r2 ” or method = ” a d j r 2 ”

30

31 print(”From Cp v a l u e s i t seems tha t x1x2x3 model
appea r s q u i t e good and had l o w e s t Cp v a l u e ”)
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32

33 print(” Also You can s e e Cp f o r f u l l model = 5 . 0 from
the t a b l e i n output ”)

34

35 # to o b a t a i n PRESS s t a t i s t i c f o r each model , we can
do someth ing l i k e t h i s . .

36

37 # t h i s i s on ly PRESS f o r f u l l model . .
38 print(”The PRESS f o r f u l l model x1x2x3x4 i s ”)
39

40 model <- lm(y~.,data = dat)

41

42 sum((model$residuals/(1-hatvalues(model)))^2)

43 # l i k e t h i s we can take any model and c a l c u l a t e i t s
PRESS s t a t i s t i c . .

44 # to compare answers from T.B l o o k f o r Cp s t a t s
t a b l e and PRESS v a l u e s i n the t a b l e s and match i t ,
The answer i s c o r r e c t .

R code Exa 12.13 Logistic regression model

1

2 # Chapter 12
3 # Example 1 2 . 1 3 page no . 4 9 9 from the pdf . .
4 # L o g i s t i c r e g r e s s i o n model . .
5

6 x <- c(0.10 ,0.15 ,0.20 ,0.30 ,0.50 ,0.70 ,0.95)

7

8 n <- c(47 ,53 ,55 ,52 ,46 ,54 ,52)

9

10 y <- c(8 ,14 ,24,32,38 ,50,50)

11

12 p <- c(17.0 ,26.4 ,43.6 ,61.5 ,82.6 ,92.6 ,96.2)/100

13

14 dat <- data.frame(x,n,y,p)
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15

16 # making a l o g i s t i c r e g r e s s i o n . .
17

18 model1 <- glm(p~x,data = dat ,family = binomial(link

= ” l o g i t ”))
19 summary(aov(model1))

20 c <- coefficients(model1)

21 cat(”The beta0 and beta1 f o r the l o g i s t i c r e g r e s s i o n
f u n c t i o n i s ”,c[1],c[2])

22

23 # the answer may vary s l i g h t l y . .
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Chapter 13

One Factor Experiment
General

R code Exa 13.1 One way ANOVA

1

2 # Chapter 13
3 # Example 1 3 . 1 page no . 513 from the pdf . .
4 # One way ANOVA. .
5

6 # H0 : mu1=mu2=mu3=mu4=mu5
7 # H1 : a t l e a s t two o f means not e q u a l . .
8

9 a <- c

(551 ,457 ,450 ,731 ,499 ,632 ,595 ,580 ,508 ,583 ,633 ,517 ,639 ,615 ,511 ,573 ,648 ,677 ,417 ,449 ,517 ,438 ,415 ,555 ,563 ,631 ,522 ,613 ,656 ,679)

10

11 b <- c(rep(1,6),rep(2,6),rep(3,6),rep(4,6),rep(5,6))

12

13 dat <- data.frame(a,b)

14

15 c <- aov(a~factor(b),data = dat)

16

17 summary(c)
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18

19 cat(” S i n c e the p−v a l u e i s 0 . 0 0 8 7 5 we r e j e c t n u l l
h y p o t h e s i s and and c o n c l u d e a g g r e g a t e s don ’ t have
same mean a b s o r p t i o n ”)

R code Exa 13.2 One way ANOVA

1

2 # Chapter 13
3 # Example 1 3 . 2 page no . 514 from the pdf . .
4 # One way ANOVA. .
5

6 # NULL : H0 : mu1=mu2=mu3=mu4
7 # a l t e r n a t e : H1 : at l e a s t two a r e not e q u a l
8

9

10 a <- c

(49.20 ,44.54 ,45.80 ,95.84 ,30.10 ,36.50 ,82.30 ,87.85 ,105.00 ,95.22 ,97.50 ,105.00 ,58.05 ,86.60 ,58.35 ,72.80 ,116.70 ,45.15 ,70.35 ,77.40 ,97.07 ,73.40 ,68.50 ,91.85 ,106.60 ,0.57 ,0.79 ,0.77 ,0.81 ,62.10 ,94.95 ,142.50 ,53.00 ,175.00 ,79.50 ,29.50 ,78.40 ,127.50 ,110.60 ,57.10 ,117.60 ,77.71 ,150.00 ,82.90 ,111.50)

11

12 b <- c(rep(1,20),rep(2,9),rep(3,9),rep(4,7))

13

14 dat <- data.frame(a,b)

15

16 c <- aov(a~factor(b),data = dat) # anova
17

18 summary(c) # A n a l y s i s o f Var i ance t a b l e
19

20 cat(” S i n c e the p−v a l u e i s 0 . 0 2 2 , we r e j e c t the n u l l
h y p o t h e s i s a n d c o n c l u d e a l k a l i n e l e v e l s f o r the
f o u r drug groups a r e not the same”)

R code Exa 13.3 Bartlett Test
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1

2 # Chapter 13
3 # Example 1 3 . 3 page no . 517 from the pdf . .
4 # B a r t l e t t Test . .
5

6 # to t e s t the f o l l o w i n g h y p o t h e s i s
7 # NULL : H0 : s i g 1 ˆ2= s i g 2 ˆ2= s i g 3 ˆ2= s i g 4 ˆ2
8 # a l t e r n a t e : H1 : at l e a s t two a r e not e q u a l
9

10 # u s i n g b a r t l e t t t e s t . .
11 a <- c

(49.20 ,44.54 ,45.80 ,95.84 ,30.10 ,36.50 ,82.30 ,87.85 ,105.00 ,95.22 ,97.50 ,105.00 ,58.05 ,86.60 ,58.35 ,72.80 ,116.70 ,45.15 ,70.35 ,77.40 ,97.07 ,73.40 ,68.50 ,91.85 ,106.60 ,0.57 ,0.79 ,0.77 ,0.81 ,62.10 ,94.95 ,142.50 ,53.00 ,175.00 ,79.50 ,29.50 ,78.40 ,127.50 ,110.60 ,57.10 ,117.60 ,77.71 ,150.00 ,82.90 ,111.50)

12

13 b <- c(rep(” I ” ,20),rep(”J” ,9),rep(”K” ,9),rep(”L” ,7))
14

15 dat <- data.frame(a,b)

16

17 bartlett.test(a~b,data = dat) # d i s p l a y o f B a r t l e t t
t e s t . .

18

19 cat(”The p−v a l u e i s ”,bartlett.test(a~b,data = dat)$p

.value ,”we do not r e j e c t the n u l l h y p o t h e s i s and
c o n c l u d e popn . v a r i a n c e s a r e not s i g n i f i c a n t l y
d i f f e r e n t ”)

20

21 # the T.B has done t h i s by comparing the a r e a s i n
the l e f t t a i l o f b a r t l e t t d i s t r i b u t i o n , u s i n g
b a r t l e t t t e s t f u n c t i o n d i r e c t l y g i v e s p−v a l u e i n
R, so i t i s more handy . .

R code Exa 13.4 Contrasts Sum Of Squares Corresponding to Orthogonal
Contrasts

1
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2 # Chapter 13
3 # Example 1 3 . 4 page no . 522 from the pdf . .
4 # C o n t r a s t s Sum Of Square s Cor r e spond ing to

o r t h o g o n a l C o n t r a s t s . .
5

6 # from ex 1 3 . 1 . .
7 # w1 = mu1+mu2−mu3−mu5 , w2 = mu1+mu2+mu3−4mu4+ mu5 .
8 # w3 = mu1 −mu2 , w4 = mu3−mu5 .
9

10 a <- c

(551 ,457 ,450 ,731 ,499 ,632 ,595 ,580 ,508 ,583 ,633 ,517 ,639 ,615 ,511 ,573 ,648 ,677 ,417 ,449 ,517 ,438 ,415 ,555 ,563 ,631 ,522 ,613 ,656 ,679)

11

12 b <- c(rep(1,6),rep(2,6),rep(3,6),rep(4,6),rep(5,6))

13

14 # making a data frame and re−c l a s s i f y i n g the data .
15 dat <- data.frame(a,b)

16 dat$b <- as.factor(dat$b)

17

18 # the ANOVA. .
19 l <- lm(a~b,data = dat)

20 anova(l)

21

22 # c o n t r a s t s c o e f f i c i e n t s . .
23 contrastmatrix <- cbind(c(1,1,-1,0,-1),c(1,1,1,-4,1)

,c(1,-1,0,0,0),

24 c(0,0,1,0,-1))

25 contrasts(dat$b) <- contrastmatrix

26

27

28 l_contrast <- aov(a~b,data = dat)

29

30

31 print(”The A n a l y s i s o f Var i ance Table Using
o r t o g o n a l c o n t r a t s i s : ”)

32 summary(l_contrast , split = list(b = list(” ( 1 , 2 ) vs
( 3 , 5 ) ”=1,” 1 , 2 , 3 , 5 vs 4”=2)))

155



R code Exa 13.5 Dunnett Test

1

2 # Chapter 13
3 # Example 1 3 . 5 page no . 529 from the pdf . .
4 # Dunnett Test . .
5

6 # To compare each c a t a l y s t with c o n t r o l u s i n g 2
s i d e d h y p o t h e s i s . .

7 # Package used ” DescToo l s ” , i f a l r e a d y i n s t a l l e d
d e l e t e the below l i n e from the code . .

8 install.packages(” DescToo l s ”)
9

10 library(DescTools)

11

12 co <- c(50.7 ,51.5 ,49.2 ,53.1 ,52.7)

13

14 cat1 <- c(54.1 ,53.8 ,53.1 ,52.5 ,54.0)

15

16 cat2 <- c(52.7 ,53.9 ,57.0 ,54.1 ,52.5)

17

18 cat3 <- c(51.2 ,50.8 ,49.7 ,48.0 ,47.2)

19

20 DunnettTest(list(co,cat1 ,cat2 ,cat3))

21

22 # The v a l u e o f D i f f column i n the t a b l e v a r i e s
s l i g h t l y from the T. B, due to approx imatons . .

23 # Like d1 and d3 i n T.B a r e 2 . 1 4 and −2.14 , and
from computat ion coming out to be 2 . 0 6 and −2.06
so that ’ s due to approx imat i on s or d i f f e r e n t
method to approach the same problem but f i n a l
i n f e r e n c e s a r e same . .

24

25 print(”From the Table l o o k i n g at p−v a l u e we c o n c l u d e
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tha t c a t a l y s t 2 i s s i g n i f i c a n t l y d i f f e r e n t from
the mean y i e l d o f the r e a c t i o n u s i n g the c o n t r o l
. . ”)

R code Exa 13.6 Randomized Complete Block Diagram

1

2 # Chapter 13
3 # Example 1 3 . 8 page no . 537 from the pdf . .
4 # Randomized Complete Block Diagram . .
5

6 # to to t e s t h y p o t h e s i s ( 0 . 0 5 l e v e l ) tha t machines
per fo rm at the same mean r a t e o f speed

7 # 6 d i f f e r e n t o p e r a t o r s used i n randomized b l o c k
expe r iment to compare 4 machines . .

8

9 m1 <- c(42.5 ,39.3 ,39.6 ,39.9 ,42.9 ,43.6)

10

11 m2 <- c(39.8 ,40.1 ,40.5 ,42.3 ,42.5 ,43.1)

12

13 m3 <- c(40.2 ,40.5 ,41.3 ,43.4 ,44.9 ,45.1)

14

15 m4 <- c(41.3 ,42.2 ,43.5 ,44.2 ,45.9 ,42.3)

16

17 dat <- rbind(m1,m2 ,m3,m4) # combin ing rows to make
matr ix . .

18

19 a <- c(t(as.matrix(dat))) # c o n c a t e n a t e d i f f e r e n t
rows i n t o a v e c t o r . .

20

21 b <- c(” o1 ”,” o2 ”,” o3 ”,” o4 ”,” o5 ”,” o6 ”) # trea tment
l e v e l s

22

23 n_tr <- 6 # no . o f t r ea tment l e v e l s
24
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25 n_cont <- 4 # no . o f c o n t r o l b l o c k s . .
26

27 operator <- gl(n_tr ,1,n_cont*n_tr,factor(b)) #
v e c t o r o f t r ea tment f a c t o r s c o r r e s p o n d i n g to each

e l ement o f v e c t o r a . .
28

29 machines <- gl(n_cont ,n_tr ,n_tr*n_cont) # v e c t o r o f
b l o c k i n g f a c t o r s c o r r e s p o n d i n g to each e l ement i n

v e c t o r a . .
30

31 print(”The A n a l y s i s o f Var i ance t a b l e i s : ”)
32

33 summary(aov(a~operator+machines)) # anova t a b l e
d i s p l a y . .

R code Exa 13.7 Random Effects Model

1

2 # Chapter 13
3 # Example 1 3 . 7 page no . 549 from the pdf . .
4 # Random E f f e c t s Model . .
5 # to f i n d the batch v a r i a n c e component from the data

. .
6

7 m1 <- c(9.7 ,5.6 ,8.4 ,7.9 ,8.2 ,7.7 ,8.1)

8

9 m2 <- c(10.4 ,9.6 ,7.3 ,6.8 ,8.8 ,9.2 ,7.6)

10

11 m3 <- c(15.9 ,14.4 ,8.3 ,12.8 ,7.9 ,11.6 ,9.8)

12

13 m4 <- c(8.6 ,11.1 ,10.7 ,7.6 ,6.4 ,5.9 ,8.1)

14

15 m5 <- c(9.7 ,12.8 ,8.7 ,13.4 ,8.3 ,11.7 ,10.7)

16

17 dat <- cbind(m1,m2 ,m3,m4,m5)
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18

19 b <- c(t(as.matrix(dat)))

20

21 a <- c(”b1”,”b2”,”b3”,”b4”,”b5”)
22

23 n_batch <- 5 # n . o f t r ea tment groups
24

25 n_row <- 7 # no . o f rows . .
26

27 batch <- gl(n_batch ,1,n_row*n_batch ,factor(a)) #
v e c t o r o f t r ea tment f a c t o r s c o r r e s p o n d i n g to each

e l ement o f v e c t o r b . .
28

29 summary(c <- aov(b~batch))

30

31 cat(”From the t a b l e we can c a l c u l a t e the e s t i m a t e d
v a r i a n c e from the mean sq . v a l u e s which comes out

to be ” ,(18.149 -4.068)/n_row)
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Chapter 14

Factorial Experiments Two Or
More Factors

R code Exa 14.1 Two Factor Analysis of Variance

1

2 # Chapter 14
3 # Example 1 4 . 1 page no . 571 from the pdf . .
4 # Two Facto r A n a l y s i s o f Var i ance . .
5

6 # H0 ‘ : a lpha1=a lpha2=a lpha3=0
7 #H0 ‘ ‘ : be ta1=beta2=beta3=beta4=0
8 #H0 ‘ ‘ ‘ : ( a lpha * beta ) 11=( a lpha * beta ) 1 2 . . . = ( a lpha * beta )

34=0
9 # H1 ‘ : a t l e a s t one o f a lpha non z e r o

10 # H1 ‘ ‘ : a t l e a s t one o f the beta non z e r o
11 #H1 ‘ ‘ ‘ : a t l e a s t one o f the ( a lpha * beta ) non z e r o . .
12

13 v1 <- c(34.0 ,32.7 ,32.0 ,33.2 ,28.4 ,29.3)

14

15 v2 <- c(30.1 ,32.8 ,30.2 ,29.8 ,27.3 ,28.9)

16

17 v3 <- c(29.8 ,26.7 ,28.7 ,28.1 ,29.7 ,27.3)

18
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19 v4 <- c(29.0 ,28.9 ,27.6 ,27.8 ,28.8 ,29.1)

20

21 observations <- c(v1 ,v2,v3,v4)

22

23 prop_type <- c(rep(1,6),rep(2,6),rep(3,6),rep(4,6))

24

25 a <- c(rep(1,2),rep(2,2),rep(3,2))

26

27 missile_sys <- c(rep(a,4))

28

29 dat <- data.frame(observations ,prop_type ,missile_sys

)

30

31 d <- aov(observations~factor(missile_sys)*factor(

prop_type),data = dat)

32

33 summary(d) # a n a l y s i s o f v a r i a n c e t a b l e . .
34

35 cat(”We r e j e c t H0 ‘ and c o n c l u d e tha t d i f f e r e n t
m i s s i l e have d i f f e r e n t p r o p e l l e n t r a t e s as p−
v a l u e i s 0 . 0 1 6 9 ”)

36

37 cat(”We r e j e c t H0 ‘ ‘ and c o n c l u d e tha t mean p r o p e l l e n t
r a t e s a r e not same f o r 4 p r o p e l l e n t t y p e s as p−

v a l u e i s 0 . 0 0 1 0 ”)
38

39 cat(”p−v a l u e i s approx . 0 . 0 5 1 3 , so i n t e r a c t i o n i s
b a r e l y s i g n i f i c a n t . ”)

R code Exa 14.2 Single Degree Of Freedom Sum Of Squares

1

2 # Chapter 14
3 # Example 1 4 . 2 page no . 571 from the pdf . .
4 # S i n g l e Degree Of Freedom Sum Of Square s . .
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5

6 # to choos e 2 o r t h o g o n a l c o n t r a s t s to p a r t i t i o n the
sum o f s q a u r e s f o r m i s s i l e sy s t ems i n t o

7 # s i n g l e −degree−of−f reedom components to be used i n
compar ing sys t ems 1 and 2 v e r s u s 3 and system 1
with system 2 .

8

9

10 v1 <- c(34.0 ,32.7 ,32.0 ,33.2 ,28.4 ,29.3)

11

12 v2 <- c(30.1 ,32.8 ,30.2 ,29.8 ,27.3 ,28.9)

13

14 v3 <- c(29.8 ,26.7 ,28.7 ,28.1 ,29.7 ,27.3)

15

16 v4 <- c(29.0 ,28.9 ,27.6 ,27.8 ,28.8 ,29.1)

17

18 observations <- c(v1 ,v2,v3,v4)

19

20 prop_type <- c(rep(1,6),rep(2,6),rep(3,6),rep(4,6))

21

22 a <- c(rep(1,2),rep(2,2),rep(3,2))

23

24 missile_sys <- c(rep(a,4))

25

26 dat <- data.frame(observations ,prop_type ,missile_sys

)

27

28 dat$missile_sys <- as.factor(dat$missile_sys)

29

30 contrastmatrix <- cbind(c(1,1,-2),c(1,-1,0))

31

32 contrasts(dat$missile_sys) <- contrastmatrix

33

34 missile_contrast <- aov(observations~missile_sys ,

data = dat)

35

36

37 print(”The Sum o f Square s f o r m i s s i l e s sy s t ems to be
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used i n compar ing sys t ems 1 and 2 v e r s u s 3 and
system 1 v e r s u s 2 can be s e en from the a n a l y s i s
o f v a r i a n c e t a b l e below . ”)

38 summary(missile_contrast , split = list(missile_sys =

39 list(” ( 1 , 2 ) vs 3”
=1,”1 vs 2”=2)
))

R code Exa 14.3 Evaluate Analysis of Variance table and derive conclu-
sion also test on main effects

1

2 # Chapter 14
3 # Example 1 4 . 3 page no . 574 from th r pdf . .
4 # Eva luate A n a l y s i s o f Var i ance t a b l e and d e r i v e

c o n c l u s i o n , a l s o t e s t on main e f f e c t s . .
5

6 m1 <- c(288 ,488 ,670 ,360 ,465 ,720)

7

8 m2 <- c(385 ,482 ,692 ,411 ,521 ,724)

9

10 m3 <- c(488 ,595 ,761 ,462 ,612 ,801)

11

12 obs <- c(m1,m2,m3)

13

14 power_supp <- c(rep (1:3 ,6))

15

16

17 flow_rate <- c(rep(1,6),rep(2,6),rep(3,6))

18

19 dat <- data.frame(obs ,power_supp ,flow_rate)

20

21 d <- aov(obs~factor(flow_rate)*factor(power_supp),

data = dat)

22
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23 summary(d)

24

25 cat(”p−v a l u e f o r t e s t o f i n t e r a c t i o n i s 0 . 4 4 8 4 so we
c o n c l u d e t h e r e i s no s i g n i f i c a n t i n t e r a c t i o n ”)

26

27 # duncan t e s t can be done by duncan . t e s t , i n
a g r i c o l a e l i b r a r y , I am hav ing some prob lems with

the package i t i s not i n s t a l l i n g the package and
showing some e r r o r , so I cannot use duncan . t e s t

f u n c t i o n . .

R code Exa 14.4 Anova for 3 factor experiment

1

2 # Chapter 14
3 # Example 1 4 . 4 page no . 581 from the pdf . .
4 # Anova f o r 3 f a c t o r expe r iment . .
5

6 m1 <- c

(10.7 ,10.3 ,11.2 ,10.9 ,10.5 ,12.2 ,10.8 ,10.2 ,11.6 ,12.1 ,11.1 ,11.7 ,11.3 ,10.5 ,12.0 ,11.5 ,10.3 ,11.0)

7

8 m2 <- c

(11.4 ,10.2 ,10.7 ,9.8 ,12.6 ,10.8 ,11.8 ,10.9 ,10.5 ,11.3 ,7.5 ,10.2 ,11.5 ,10.5 ,10.2 ,10.9 ,9.9 ,11.5)

9

10 m3 <- c

(13.6 ,12.0 ,11.1 ,10.7 ,10.2 ,11.9 ,14.1 ,11.6 ,11.0 ,11.7 ,11.5 ,11.6 ,14.5 ,11.5 ,11.5 ,12.7 ,10.9 ,12.2)

11

12

13 obs <- c(m1,m2,m3)

14

15 operator <- c(rep(1 ,18),rep(2,18),rep(3,18))

16
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17 catalyst <- c(rep (1:3 ,18))

18

19 a <- c(rep(” 15 min” ,3),rep(” 20 min” ,3))
20

21 washing_time <- c(rep(a,9))

22

23 dat <- data.frame(obs ,operator ,catalyst ,washing_time

)

24

25 d <- aov(obs~(factor(operator)*factor(catalyst)*

factor(washing_time)),data = dat)

26

27 print(”The A n a l y s i s o f Var i ance Table i s shown as
f o l l o w s : ”)

28

29 summary(d)

R code Exa 14.5 Pooling in Multi factor Model

1

2 # Chapter 14
3 # Example 1 4 . 5 page no . 584 from the pdf . .
4 # P o o l i n g i n M u l t i f a c t o r Model . .
5

6 # to f i n d the anova t a b l e from the f o l l o w i n g data
s e t by removing some i n t e r a c t i o n s and then l o o k
at the e f f e c t . .

7

8 m1 <- c(43 ,49 ,44 ,47)

9

10 m2 <- c(64 ,68 ,97 ,102)

11

12 m3 <- c(49 ,57 ,51 ,55)

13

14 m4 <- c(70 ,76 ,103 ,106)
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15

16 obs <- c(m1,m2,m3 ,m4)

17

18 a <- c(rep(”L” ,4),rep(”H” ,4))
19 temp <- c(rep(a,2))

20

21 batch <- c(rep(1,8),rep(2,8))

22

23 b <- c(rep(”Low” ,2),rep(” h igh ” ,2))
24 string_rate <- c(rep(b,4))

25

26 pressure <- c(rep(c(”Low”,” High ”) ,8))
27

28 dat <- data.frame(obs ,batch ,temp ,string_rate ,

pressure) # making data frame
29

30 cat(”The anova t a b l e a f t e r removing p a r t i c u l a r
i n t e r a c t i o n s i s ”)

31

32 summary(aov(obs~factor(batch)+factor(temp)*factor(

pressure)*factor(string_rate),data = dat)) #
t a k i n g the e l e m e n t s o f i n t e r e s t f o r i n t e r a c t i o n . .

33

34 # we can a l s o use ” update ” f u n c t i o n by w r i t i t n g the
f u l l model o f 4 v a r i a b l e s and s u b t r a c t i n g the
u n d e s i r e d i n t e r a c t i o n s , but i t w i l l be very
t e d i o u s . .

35

36 # the answer may vary s l i g h t l y . .

R code Exa 14.6 Factorial Experiments for Random Effects

1

2 # Chapter 14
3 # Example 1 4 . 6 page no . 589 from the pdf . .
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4 # F a c t o r i a l Exper iments f o r Random E f f e c t s . .
5

6 # to de t e rmine which a r e the impor tant s o u r c e s o f
v a r i a t i o n i n an i n d u s t r i a l p r o c e s s

7

8 op1 <- c

(66.9 ,68.3 ,69.0 ,69.3 ,68.1 ,67.4 ,69.8 ,70.9 ,67.2 ,67.7 ,67.5 ,71.4)

9

10 op2 <- c

(66.3 ,68.1 ,69.7 ,69.4 ,65.4 ,66.9 ,68.8 ,69.6 ,65.8 ,67.6 ,69.2 ,70.0)

11

12 op3 <- c

(65.6 ,66.0 ,67.1 ,67.9 ,66.3 ,66.9 ,66.2 ,68.4 ,65.2 ,67.3 ,67.4 ,68.7)

13

14

15 obs <- c(op1 ,op2 ,op3)

16

17 operator <- c(rep(1 ,12),rep(2,12),rep(3,12))

18

19 batch <- c(rep (1:4 ,9))

20

21

22 dat <- data.frame(obs ,operator , batch)

23

24 print(”The a n a l y s i s o f v a r i a n c e t a b l e f o r t h i s
example i s : ”)

25

26 summary(aov(obs~factor(operator)+ factor(batch) +

factor(batch)*factor(operator)),data = dat)

27 # i n t e r a c t i o n i n t h i s c a s e i s the product o f
o p e r a t o r and batch components .
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Chapter 15

2 to the power k Factorial
Experiments and Fractions

R code Exa 15.1 2 squared Factorial Experiment

1

2 # Chapter 15
3 # Example 1 5 . 1 page no . 601 from the pdf . .
4 # 2ˆ2 f a c t o r i a l Exper iment . .
5

6 # 2ˆ2 f a c t o r i a l with no i n t e r a c t i o n
7 obs <- c(50 ,70 ,80 ,100)

8

9 a_no <- c(rep(1,2),rep(-1,2))

10

11 b_no <- c(rep(c(-1,1) ,2))

12

13 cat(”The main e f f e c t s a r e A =” ,(sum(obs [1:2]) -sum(
obs [3:4]))/2)

14

15 cat(”B = ” ,(obs [4]+ obs [2])/2-(obs [1]+ obs [3])/2)
16

17 cat(”The i n t e r a c i t o n e f f e c t i s ” ,(obs [1]+ obs [4])/2-(
obs [2]+ obs [3])/2)
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18

19 obs1 <- c(50 ,70 ,80 ,40)

20

21 cat(”The i n t e r a c t i o n e f f e c t i n t h i s c a s e i s ” ,(obs1
[2]+ obs1 [3])/2-(obs1 [1]+ obs1 [4])/2)

R code Exa 15.2 Factorial Experiment in a Regression Setting

1

2 # Chapter 15
3 # example 1 5 . 2 page no . 613 from the pdf
4 # F a c t o r i a l Exper iment i n a R e g r e s s i o n S e t t i n g . .
5

6 hold_tim <- c(0.5 ,0.8 ,0.5 ,0.8)

7

8 flex_time <- c(0.10 ,0.10 ,0.20 ,0.20)

9

10 yield <- c(28 ,39 ,32 ,46)

11

12 dat <- data.frame(hold_tim ,flex_time ,yield)

13

14 dat$hold_tim <- factor(dat$hold_tim)

15 dat$flex_time <- factor(dat$flex_time)

16

17

18 f <- function(x){

19

20 dat$yield[x]

21

22 }

23

24 levels(dat$hold_tim) <- c(-1,1)

25 levels(dat$flex_time) <- c(-1,1)

26

27 cat(”The r e g r e s s i o n e q u a t i o n i s ” ,(f(1)+f(2)+f(3)+f
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(4))/4,”+” ,(f(2)+f(4)-f(1)-f(3))/4,”*x1 +” ,(f(3)+
f(4)-f(1)-f(2))/4,”*x2 ”)

R code Exa 15.4 Standard Errors of the least Squares Regression Coeffi-
cients

1

2 # Chapter 15
3 # example 1 5 . 4 page no . 619
4 # Standard E r r o r s o f the l e a s t Sqaure s R e g r e s s i o n

C o e f f i c i e n t s
5

6 # g i v e n data and anova t a b l e , to f i n d the s tandard
e r r o r s o f the l e a s t s q u a r e s r e g r e s s i o n
c o e f f i c i e n t s . .

7

8 # Note 1 5 . 3 − T h e o r e t i c a l with no th ing to compute . .
9

10 # standard e r r o r s o f a l l c o e f f i c i e n t s f o r the 2ˆk
f a c t o r i a l a r e e q u a l so . .

11 # from anova t a b l e g i v e n s ˆ2 = 2 . 4 6
12

13 cat(”The s tandard e r r o r o f the l e a s t s q u a r e s
r e g r e s s i o n c o e f f i c i e n t s a r e ”,sqrt (2.46/(2^4*2)))

R code Exa 15.6 Use a half replicate to study the effects of five factors
each at 2 levels on some response

1

2 # Chapter 15
3 # example 1 5 . 6 page no . 6 3 3 from the pdf . .
4 # use a h a l f r e p l i c a t e to study the e f f e c t s o f f i v e

f a c t o r s each at 2 l e v e l s on some r e s p o n s e . .

170



5 # to per fo rm a n a l y s i s o f v a r i a n c e on the data below
t e s t i n g a l l main e f f e c t s f o r the s i g n i f i c a n c e at
the 0 . 0 5 l e v e l . .

6

7 response <- c

(11.3 ,15.6 ,12.7 ,10.4 ,9.2 ,11.0 ,8.9 ,9.6 ,14.1 ,14.2 ,11.7 ,9.4 ,16.2 ,13.9 ,14.7 ,13.2)

8 treatment <- c(”a”,”b”,” c ”,”d”,” e ”,” abc ”,”abd”,” acd ”
,” bcd ”,” abe ”,” ace ”,” ade ”,” bce ”,” bde ”,” cde ”,” abcde
”)

9 cat(”The sum o f s q u a r e s and e f f e c t s f o r the main
e f f e c t s a r e ”)

10

11 a <- sum(response)-2*sum(response[which(treatment %

in% c(”b”,” c ”,”d”,” e ”,” bcd ”,” bce ”,” bde ”,” cde ”))])
12

13 b <- sum(response)-2*sum(response[which(treatment %

in% c(”a”,” c ”,”d”,” e ”,” acd ”,” ace ”,” ade ”,” cde ”))])
14

15 c <- sum(response)-2*sum(response[which(treatment %

in% c(”b”,”a”,”d”,” e ”,”abd”,” abe ”,” ade ”,” bde ”))])
16

17 d <- sum(response)-2*sum(response[which(treatment %

in% c(”b”,” c ”,”a”,” e ”,” abc ”,” abe ”,” ace ”,” bce ”))])
18

19 e <- sum(response)-2*sum(response[which(treatment %

in% c(”b”,” c ”,”d”,”a”,” abc ”,”abd”,” acd ”,” bcd ”))])
20

21 cat(”The sum o f s q u a r e s and e f f e c t s f o r the main
e f f e c t s a r e ”)

22

23 cat(”SSA=”,a^2/16,”and A=”,a/8)
24

25 cat(”SSB=”,b^2/16,”and B=”,b/8)
26

27 cat(”SSC=”,c^2/16,”and C=”,c/8)
28

29 cat(”SSD=”,d^2/16,”and D=”,d/8)
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30

31 cat(”SSE=”,e^2/16,”and E=”,e/8)

R code Exa 15.7 To construct a 2 level screening design with 6 variables
containing 12 design points

1

2 # Chapter 15
3 # example 1 5 . 7 page no . 639
4 # to c o n s t r u c t a 2 l e v e l s c r e e n i n g d e s i g n with 6

v a r i a b l e s c o n t a i n i n g 12 d e s i g n p o i n t s . .
5 # used package FrF2 , i f not i n s t a l l e d can be

i n s t a l l e d u s i n g i n s t a l l . package s (” FrF2 ”)
6

7 library(FrF2)

8

9 print(”The 2 l e v e l s c r r e n i n g d e s i g n with 6 v a r i a b l e s
c o n t a i n i n g 12 d e s i g n p o i n t s i s ”)

10

11 pb(12,6, randomize = F,default.levels = c(”−”,”+”))
12

13 # the answer may d i f f e r but the concep t i s same , the
T .B as w e l l a s the s o f t w a r e answers a r e c o r r e c t ,
R has s e l e c t e d randomly the de s i gn ,

14 #i f we s e t randomize= T, then eve ry t ime the
i n s t r u c t i o n i s ex e cu t ed then eve ry t ime a
d i f e r e n t d e s i g n w i l l appear , so that ’ s why the
d e s i g n i s c o r r e c t .

R code Exa 15.8 Response Surface Analysis

1

2 # Chapter 15
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3 # example 1 5 . 8 page no . 640 from the pdf . .
4 # Response S u r f a c e A n a l y s i s . .
5

6 # a c e n t r a l compos i t e d e s i g n i s g i v e n on page no . 6 4 1
o f the pdf , to de t e rmine the impact tha t x1 and

x2 have on % c o n v e r s i o n p r o c e s s . .
7 #Package used − rsm i f not i n s t a l l e d can be done

u s i n g i n s t a l l . packaged (” rsm ”)
8 library(rsm)

9

10 x1 <- c(-1,1,-1,1,-1.414,1.414,0,0,0,0,0,0)

11

12 x2 <- c(-1,-1,1,1,0,0,-1.414,1.414,0,0,0,0)

13

14 y <- c(43 ,78 ,69 ,73 ,48 ,78 ,65 ,74 ,76 ,79 ,83 ,81)

15

16 dat <- data.frame(x1 ,x2,y)

17

18 res_model <- rsm(y~FO(x1,x2,x1^2,x2^2,x1*x2),data =

dat)

19

20 print(”The c o e f f i c i e n t s o f the r e s u l t i n g second
o r d e r r e s p o n s e model i s g i v e n i n coded v a r i a b l e s
as ”)

21

22 coefficients(res_model)

23

24 print(”The d e t a i l e d r e s p o n s e s u r f a c e model i s g i v e n
below ”)

25

26 summary(res_model)

27

28

29 # the n a t u r a l model . .
30 e1 <- c

(200 ,250 ,200 ,250 ,189.65 ,260.35 ,225 ,225 ,225 ,225 ,225 ,225)

31
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32 e2 <- c(15 ,15 ,25 ,25 ,20 ,20 ,12.93 ,27.07 ,20 ,20 ,20 ,20)

33

34 dat1 <- data.frame(e1,e2,y)

35

36 print(”The n a t u r a l s u r f a c e model i s shown below : ”)
37

38 nat_model <- lm(y~e1+e2+I(e1^2)+I(e2^2)+I(e1*e2),

data = dat1)

39

40 summary(nat_model)

41

42 print(”The c o e f f i c i e n t s o f the n a t u r a l s u r f a c e model
i s g i v e n as f o l l o w s : ”)

43

44 coefficients(nat_model)

174



Chapter 16

Non Parametric Statistics

R code Exa 16.1 Use sign test to test the hypothesis

1

2 # Chapter 16
3 # Example 1 6 . 1 page no . 658 from the pdf . .
4 # use s i g n t e s t to t e s t the h y p o t h e s i s . .
5

6 # Package used ”BSDA” , r e f e r a n c e− I n t e r n e t . .
7

8 install.packages(”BSDA”) # package f o r s i g n t e s t i n g
9

10 library(”BSDA”)
11

12 #NULL H0 :mu=1.8
13 #a l t e r n a t e : mu!= 8
14

15 dat <- c

(1.5 ,2.2 ,0.9 ,1.3 ,2.0 ,1.6 ,1.8 ,1.5 ,2.0 ,1.2 ,1.7)

16

17

18 SIGN.test(dat ,md=1.8)

19

20 cat(” S i n c e The p−v a l u e i s ”,SIGN.test(dat ,md=1.8)$p.
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value ,”we do not r e j e c t the n u l l h y p o t h e s i s . ”)

R code Exa 16.2 Use Sign test to test the hypothesis

1

2 # Chapter 16
3 # Example 1 6 . 2 page no . 659 from the pdf . .
4 # Hypothe s i s T e s t i n g Using S ign Test . .
5 # to t e s t the h y p o t h e s i s with 0 . 0 5 l e v e l o f

s i g n i f i c a n c e
6

7 # Nul l : mu1−mu2 =0
8 #a l t e r n a t e : mu1−mu2 !=0
9

10

11 install.packages(”BSDA”) # package f o r s i g n t e s t i n g
12 #i f a l r e a d y i n s t a l l e d comment i t . .
13

14

15 library(”BSDA”)
16

17 rad_tires <- c

(4.2 ,4.7 ,6.6 ,7.0 ,6.7 ,4.5 ,5.7 ,6.0 ,7.4 ,4.9 ,6.1 ,5.2 ,5.7 ,6.9 ,6.8 ,4.9)

18

19 bel_tires <- c

(4.1 ,4.9 ,6.2 ,6.9 ,6.8 ,4.4 ,5.7 ,5.8 ,6.9 ,4.9 ,6.0 ,4.9 ,5.3 ,6.5 ,7.1 ,4.8)

20

21 diff <- data.frame(rad_tires ,bel_tires)

22

23 SIGN.test(rad_tires ,bel_tires ,alternative = ” g r e a t e r
”,paired =T)

24

25 cat(” S i n c e the p−v a l u e i s ”,SIGN.test(rad_tires ,bel_
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tires ,alternative = ” g r e a t e r ”,paired =T)$p.value ,

”we r e j e c t n u l l , so on ave rage r a d i a l t i r e s do
improve f u e l economy ”)

26

27

28 #the answer i s s l i g h t l y d i f f e r e n t than i n the T.B as
i n T .B normal approx imat i on i s used . .

R code Exa 16.3 Use signed rank test to test the hypothesis

1

2 # Chapter 16
3 # Example 16 page no . 661 from the pdf . .
4 #use s i g n e d rank t e s t to t e s t the h y p o t h e s i s . .
5

6 #NULL H0 :mu=1.8
7 #a l t e r n a t e : mu!= 8
8

9 dat <- c

(1.5 ,2.2 ,0.9 ,1.3 ,2.0 ,1.6 ,1.8 ,1.5 ,2.0 ,1.2 ,1.7)

10

11 wilcox.test(dat ,alternative = ” two . s i d e d ”,mu=1.8)
12

13

14 cat(”The p−vaue i s more than 0 . 0 5 , we don ’ t r e j e c t
n u l l and c o n c l u d e median o p e r a t i n g t ime not
s i g n i f i c a n t l y d i f f e r e n t from 1 . 8 h r s ”)

R code Exa 16.4 Use signed rank test to test the hypothesis

1

2 # Chapter 16
3 # Example 1 6 . 4 page no . 662 from the pdf . .
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4 #use s i g n e d rank t e s t to t e s t the h y p o t h e s i s . .
5

6 # to do h y p o t h e s i s t e s t i n g on e f f e c t o f sample
q u e s t i o n s on one ’ s g r e s c o r e . .

7

8 # NUll H0 : mu1−mu2=50
9 #a l t e r n a t e : mu1−mu2 <50
10

11 with_sample <- c

(531 ,621 ,663 ,579 ,451 ,660 ,591 ,719 ,543 ,575)

12

13 without_sample <- c

(509 ,540 ,688 ,502 ,424 ,683 ,568 ,748 ,530 ,524)

14

15 wilcox.test(with_sample ,without_sample ,mu=50, paired

= T,alternative = ” l e s s ”)
16

17 cat(” s i n c e the p−v a l u e i s ”,wilcox.test(with_sample ,
without_sample ,mu=50, paired = T,alternative = ”
l e s s ”)$p.value ,”we r e j e c t n u l l and c o n c l u d e tha t
sample prob lems don ’ t i n c r e a s e g raduat e r e c o r d
s c o r e by as much as 50 p o i n t s on ave rage . . ”)

R code Exa 16.5 To perform Wilcoxin rank sum test

1

2 # Chapter 16
3 # Example 1 6 . 5 page no . 666 from the pdf . .
4 # to per fo rm w i l c o x i n rank sum t e s t . . .
5

6 # Nul l H0 : mu1=mu2
7 #a l t e r n a t e : mu1!=mu2
8

9 brand_a <- c(2.1 ,4.0 ,6.3 ,5.4 ,4.8 ,3.7 ,6.1 ,3.3)

10
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11 brand_b <- c

(4.1 ,0.6 ,3.1 ,2.5 ,4.0 ,6.2 ,1.6 ,2.2 ,1.9 ,5.4)

12

13 wilcox.test(brand_a,brand_b,alternative = ” two . s i d e d
”)

14

15 cat(” S i n c e the p−v a l u e i s ”,wilcox.test(brand_a,brand
_b,alternative = ” two . s i d e d ”)$p.value ,”we do not
r e j e c t n u l l and c o n c l u d e tha t t h e r e i s no
s i g n i f i c a n t d i f f e r e n c e i n median n i c o t i n e
c o n t e n t s o f the above two brand o f c i g a r e t t e s ”)

R code Exa 16.6 Kruskal Wallis Test

1

2 # Chapter 16
3 # Example 1 6 . 6 page no . 668 from the pdf . .
4 # Kruskal−W a l l i s Test . .
5

6 # to do h y p o t h e s i s t e s t i n g o f p r o p e l l e n t burn ing
r a t e s f o r 3 m i s s i l e system u s i n g k r u s k a l w a l l i s
t e s t . .

7

8 #Nul l : H0 : mu1=mu2=mu3
9 #a l t e r n a t e : the means a r e not e q u a l .
10 #alpha = 0 . 0 5
11

12 m1 <- c(24.0 ,16.7 ,22.8 ,19.8 ,18.9)

13

14 m2 <- c(23.2 ,19.8 ,18.1 ,17.6 ,20.2 ,17.8)

15

16 m3 <- c(18.4 ,19.1 ,17.3 ,17.3 ,19.7 ,18.9 ,18.8 ,19.3)

17

18 obs <- c(m1,m2,m3)

19
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20 miss_sys <- c(rep(1,5),rep(2,6),rep(3,8))

21

22 kruskal.test(obs ,factor(miss_sys))

23

24 cat(” S i n c e the p−v a l u e i s ”,kruskal.test(obs ,factor(
miss_sys))$p.value ,”we f a i l e d to r e j e c t n u l l t ha t

p r o p e l l e n t burn ing r a t e s a r e same f o r the 3
m i s s i l e system ”)

R code Exa 16.7 Runs Test

1

2 # Chapter 16
3 # Example 1 6 . 7 page no . 672 from the pdf . .
4 # Runs Test . .
5

6 # to do h y p o t h e s i s t e s t i n g o f randomness o f the
s equence . .

7

8 # Nul l : H0= sequence i s random
9 # a l t e r n a t e : H1= sequence i s i s not random . .
10

11 # package used − ” r a n d t e s t s ” , r e f e r a n c e − i n t e r n e t . .
12 install.packages(” r a n d t e s t s ”) # package f o r runs .

t e s t
13 # comment i t i f a l r e a d y i n s t a l l e d . .
14

15 library(” r a n d t e s t s ”)
16

17 content <- c

(3.6 ,3.9 ,4.1 ,3.6 ,3.8 ,3.7 ,3.4 ,4.0 ,3.8 ,4.1 ,3.9 ,4.0 ,3.8 ,4.2 ,4.1)

18

19 runs.test(content ,alternative = ” two . s i d e d ”)
20

180



21

22 cat(”The p−v a l u e i s more than 0 . 1 we don ’ t r e j e c t
the n u l l and c o n c l u d e tha t s equence o f measured
v a l u e s v a r i e s randomly ”)

R code Exa 16.8.9 Rank Correlation Coefficient

1

2 # Chapter 16
3 # Example 1 6 . 8 page no . 675 and example 1 6 . 9 page

no . 6 7 7 from the pdf . .
4 # Rank C o r r e l a t i o n C o e f f i c i e n t . .
5

6 # to f i n d the rank c o r r e l a t i o n c o e f f i c i e n t between
t a r and n i c o t i n e c o n t e n t i n c i g a r e t t e s . .

7 # I am s o l v i n g ex 8 and 9 i n t h i s code on ly as i n 8
c o r r e l a t i o n c o e f f i c i e n t i s asked and i n 9 th
h y p o t h e s i s t e s t i n g o f the sam eproblem i s done

8

9 # to do h y p o t h e s i s t e s t i n g o f c o r r e l a t i o n between
t a r and n i c o t i n e c o n t e n t i n c i g a r e t t e s

10 # n u l l H0 : rho=0
11 # a l t e r n a t e H1 : rho>0
12 # alpha =0.01
13

14 tar <- c(14 ,17 ,28 ,17 ,16 ,13 ,24 ,25 ,18 ,31)

15

16 nicotine_cont <- c

(0.9 ,1.1 ,1.6 ,1.3 ,1.0 ,0.8 ,1.5 ,1.4 ,1.2 ,2.0)

17

18 cor.test(tar ,nicotine_cont ,method = ” spearman ”,
alternative = ” g r e a t e r ”)

19

20 cat(”From the t e s t we can s e e the v a l u e o f rank
c o r r e l a t i o n c o e f f i c i n t ( rho ) i s 0 . 9 6 65 6 9 8
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i n d i c a t i n g h igh p o s i t i v e c o r r e l a t i o n between the
two v a r i a b l e s . . ”)

21

22 cat(” S i n c e the p−v a l u e i s ve ry smal l , ”,cor.test(tar ,
nicotine_cont ,method = ” spearman ”,alternative = ”
g r e a t e r ”)$p.value ,”we r e j e c t n u l l h y p o t h e s i s and
c o n c l u d e tha t t h e r e i s s i g n i f i c a n t c o r r e l a t i o n
between the two v a r i a b l e s . . ”)

23

24 # i g n o r e the warning i n each c a s e . .
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Chapter 17

Statistical Quality Control

R code Exa 17.1 Expected Value of samples required to detect the shift

1

2 # Chapter 17
3 # Example 1 7 . 1 page no . 694 from the pdf . .
4 # Expected Number o f sample s r e q u i r e d . .
5

6 # g i v e n n = 4 , r = 1
7 # By graph we can s e e beta = 0 . 8 4
8

9 beta <- 0.84

10

11 cat(”The mean o f sample s r e q u i r e s to d e t e c t the
s h i f t i s ” ,1/(1-beta))

R code Exa 17.2 Xbar and S chart

1

2 # Chapter 17
3 # Example 1 7 . 2 page no . 697 from the pdf . .

183



4 # Plo t Xbar and S c h a r t . .
5

6 # a l s o the q u e s t i o n s a s k s UCL and LCL c a c u l a t i o n but
t h e i r computat ion i s ea sy r e l a t i v e l y , i n v o v l e s

on ly m u l t i p l i c a t i o n and d i v i s i o n . .
7 # So I am p l o t t i n g the S and Xbar Charts . .
8

9 # 25 sample s o f s i z e 5 each used to e s t a b l i s h the
q u a l i t y c o n t r o l pa ramete r s . To p l o t the xbar and S

c o n t r o l c h a r t s .
10 # l i b r a r y used − q i c h a r t s 2 .
11

12 install.packages(” q i c h a r t s 2 ”)
13

14 library(qicharts2)

15

16 m1 <- c

(62.255 ,62.187 ,62.421 ,62.301 ,62.400 ,62.372 ,62.297 ,62.325 ,62.327 ,62.297 ,62.315 ,62.297 ,62.375 ,62.317 ,62.299 ,62.308 ,62.319 ,62.333 ,62.313 ,62.375 ,62.399 ,62.309 ,62.293 ,62.388 ,62.324)

17

18 m2 <- c

(62.301 ,62.225 ,62.377 ,62.315 ,62.375 ,62.275 ,62.303 ,62.362 ,62.297 ,62.325 ,62.366 ,62.322 ,62.287 ,62.321 ,62.307 ,62.319 ,62.357 ,62.362 ,62.387 ,62.321 ,62.308 ,62.403 ,62.293 ,62.308 ,62.318)

19

20 m3 <- c

(62.289 ,62.337 ,62.257 ,62.293 ,62.295 ,62.315 ,62.337 ,62.351 ,62.318 ,62.303 ,62.308 ,62.344 ,62.362 ,62.297 ,62.383 ,62.344 ,62.277 ,62.292 ,62.315 ,62.354 ,62.292 ,62.318 ,62.342 ,62.315 ,62.315)

21

22 m4 <- c

(62.189 ,62.297 ,62.295 ,62.317 ,62.272 ,62.372 ,62.392 ,62.371 ,62.342 ,62.307 ,62.318 ,62.342 ,62.319 ,62.372 ,62.341 ,62.319 ,62.315 ,62.327 ,62.318 ,62.342 ,62.372 ,62.295 ,62.315 ,62.392 ,62.295)

23

24 m5 <- c

(62.311 ,62.307 ,62.222 ,62.409 ,62.372 ,62.302 ,62.344 ,62.397 ,62.318 ,62.333 ,62.319 ,62.313 ,62.382 ,62.319 ,62.394 ,62.378 ,62.295 ,62.314 ,62.341 ,62.375 ,62.299 ,62.317 ,62.349 ,62.303 ,62.319)

25

26 obseravation <- c(m1 ,m2,m3,m4,m5)

27
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28 samples <- c(rep (1:25 ,5))

29

30

31 dat <- data.frame(obseravation ,samples)

32

33

34 print(”The xbar and S c h a r t f o r the above data i s : ”)
35

36

37 # Run the below two code i n d i v i d u a l l y . .
38 #xbar c h a r t
39 qic(obseravation ,

40 x= samples ,

41 data = dat ,

42 chart = ’ xbar ’ ,
43 xlab = ’ Sample Number ’ )
44

45 # S c h a r t
46 qic(obseravation ,

47 x = samples ,

48 chart = ’ s ’ ,
49 xlab = ’ Sample Number ’ ,
50 data = dat)

R code Exa 17.3 UCL and LCL for preliminary control chart value

1 # Chapter 17
2 # Example 1 7 . 3 page no . 700 from the pdf . .
3 # UCL and LCL f o r p r e l i m i n a r y c o n t r o l c h a r t v a l u e s .
4

5 # g i v e n data on no . o f d e f e c t i v e components i n
sample s i z e s o f 5 0 .

6

7 def_comp <- c

(8,6,5,7,2,5,3,8,4,4,3,1,5,4,4,2,3,5,6,3)
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8

9 samples <- c(1:20)

10

11 dat <- data.frame(samples ,def_comp)

12

13 m <- mean(dat$def_comp/50)

14

15 u <- m + 3*sqrt(m*(1-m)/50)

16

17 l <- m- 3*sqrt(m*(1-m)/50)

18

19 cat(”The LCL and UCL a re ”,l,”and”, u,” r e s p e c t i v e l y ”)

R code Exa 17.4 Find Sample Size per subgroup

1

2 # Chapter 17
3 # Example 1 7 . 4 page no . 701 from the pdf . .
4 # Find Sample S i z e per subgroup . .
5

6 # to f i n d the sample s i z e per subgroup produc ing a
prob . o f 0 . 5 tha t a p r o c e s s s h i f t to p=p1= 0 . 0 5
w i l l be d e t e c t e d .

7 #g i v e n i n c o n t r o l prob . o f a d e f e c t i v e= 0 . 0 1
8

9 p = 0.01

10

11 p1 = 0.05

12

13 cat(”The a p p r o p r i a t e sample s i z e i s ” ,(9/(p1-p)^2)*p*
(1-p))

R code Exa 17.5 Control Charts for Defects C chart
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1

2 # Chapter 17
3 # Examples 1 7 . 5 page no . 7 0 2 from the pdf . .
4 # Cont ro l Charts f o r D e f e c t s C c h a r t . .
5

6 # g i v e n − no . o f d e f e c t s i n 20 s u c c e s s i v e sample s o f
s h e e t meta l r o l l s each 100 f e e t l ong .

7 # to deve l op a c o n t r o l c h a r t .
8

9 # package used − q i c h a r t s 2
10 # i f not i n s t a l l e d can be i n s t a l l e d by i n s t a l l .

package s (” q i c h a r t s 2 ”)
11

12 library(qicharts2)

13

14 lambd <- 5.95

15

16 num_def <- c

(8,7,5,4,4,7,6,4,5,6,3,7,5,9,7,7,8,6,7,4)

17

18 samples <- c(1:20)

19

20 dat <- data.frame(samples , num_def)

21

22 # C c o n t r o l c h a r t f o r the above p r e l i m i n a r y data .
23 qic(num_def ,

24 x = samples ,

25 chart = ’ c ’ ,
26 xlab = ’ Sample ’ ,
27 ylab = ’ Number o f d e f e c t s ’ ,
28 data = dat)

29

30 cat(”The UCL and LCL f o r the above p r e l i m i n a r y data
a r e ”,lambd+3*sqrt(lambd),”and”,lambd -3*sqrt(lambd
),” r e s p e c t i v e l y . ”)
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Chapter 18

Bayesian Statistics

R code Exa 18.1 To find the Posterior probability distribution

1

2 # Chapter 18
3 # Example 1 8 . 1 page no . 711 from the pdf . .
4 # To f i n d the p o s t e r i o r p r o b a b i l i t y d i s t r i b u t i o n . .
5

6 b <- function(p,x){

7

8 choose(2,x)*p^x*(1-p)^(2-x)

9

10 }

11

12 p1 <- c(0.1 ,0.2)

13

14 pi <- c(0.6 ,0.4)

15

16 m <- c(b(0.1 ,0)*pi[1]+b(0.2 ,0)*pi[2],b(0.1 ,1)*pi[1]+

b(0.2 ,1)*pi[2],b(0.1 ,2)*pi[1]+b(0.2 ,2)*pi[2])

17

18 post_p1 <- c(b(0.1 ,0)*pi[1]/m[1],b(0.1 ,1)*pi[1]/m

[2],b(0.1 ,2)*pi[1]/m[3])

19

188



20 post_p2 <- c(1,1,1)-post_p1

21

22 cat(”The p o s t e r i o r f o r p=0.1 g i v e n x i s ”,post_p1,”x
r a n g e s from 0 to 2”)

23

24 cat(”The p o s t e r i o r f o r p=0.2 g i v e n x i s ”,post_p2,”x
r a n g e s from 0 to 2”)

R code Exa 18.4 Posterior Mean and Posterior Mode

1

2 # Chapter 18
3 # Example 1 8 . 4 page no . 713 from the pdf . .
4 # P o s t e r i o r Mean and P o s t e r i o r Mode . .
5

6 # Note − Example 1 8 . 2 and 1 8 . 3 a r e t h e o r e t i c a l with
no th ing to compute . .

7

8 # g i v e n a d i s t r i b u t i o n as on example 1 8 . 2 on page no
. 712 o f pdf

9 # to f i n d the p o s t e r i o r mean and mode when x=1
10

11 # the p o s t e r i o r d i s t r i b u t i o n f u n c t i o n f o r 0<p<1
12 # package used ” polynom ”
13

14 install.packages(” polynom ”)
15 library(polynom)

16

17 a <- function(x,p){

18

19 3*choose(2,x)*(p^x)*((1-p)^(2-x))

20

21 }

22

23 cat(”The p o s t e r i o r mean when x=1 i s ”,integrate(
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function(b){b*a(1,b)},0,1)$value)

24

25 a <- polynomial(coef = c(0,6,-6))

26

27 b <- deriv(a)

28

29 cat(”The p o s t e r i o r mode at x=1 o c c u r s at p e q u a l to ”
,Re(polyroot(b)))

R code Exa 18.6 To find 95 percent Bayesian interval

1

2 # Chapter 18
3 # example 1 8 . 6 page no . 715 from the pdf . .
4 # to f i n d 95% b a y e s i a n i n t e r v a l
5

6 # Note − Example 1 8 . 5 i s t h e o r e t i c a l with no th ing to
compute . .

7

8 # g i v e n p r i o r d i s t r i b u t i o n un i fo rm , f o r 0<p<1
9 # r e f e r example 1 8 . 2 on page no . 7 1 2
10

11 # from example 1 8 . 2 we can s e e tha t at x=0 the
p o s t e r i o r d i s t r i b u t i o n i s 3(1−p ) ˆ2

12 # package ” polynom ” i s used , i f not i n s t a l l e d can be
done u s i n g i n s t a l l . package s (” polynom ”)

13

14 library(polynom)

15

16 a <- polynomial(coef = c(3,-6,3))

17

18 b <- polynomial(c(1,-3,3,-1)) - 0.025

19

20 c <- integral(a) -0.025

21
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22 cat(”The 95% b a y e s i a n i n t e r v a l i s ”,polyroot(c)[1],”
and”,polyroot(b)[1])

R code Exa 18.7 To find the 95 percent Bayesian interval for mu given the
various parameter

1

2 # Chapter 18
3 # example 1 8 . 7 page no . 716 , from the pdf . .
4 # to f i n d the 95% b a y e s i a n i n t e r v a l f o r mu . . g i v e n

the v a r i o u s pa ramete r s .
5

6 mu_o <- 800

7

8 sig_o <- 10

9

10 n <- 25

11

12 sig <- 100

13

14 x <- 780

15

16 mu <- (n*x*sig_o^2 + mu_o*sig^2)/(n*sig_o^2+ sig ^2)

17

18 sd <- sig_o*sig/sqrt(n*sig_o^2+sig ^2)

19

20 cat(”The 95% Bayes ian i n t e r v a l f o r mu i s g i v e n by”,
mu+qnorm (0.025)*sd,” to ”,mu -qnorm (0.025)*sd)

R code Exa 18.8 To find Bayes estimates of p

1

2 # Chapter 18
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3 # example 1 8 . 8 page no . 7 1 7 from the pdf . .
4 # to f i n d bayes e s t i m a t e s o f p , f o r a l l v a l u e s o f x

i n example 1 8 . 1
5

6 # r e f e r example 1 8 . 1 . .
7

8 b <- function(p,x){

9

10 choose(2,x)*p^x*(1-p)^(2-x)

11

12 }

13

14 p1 <- c(0.1 ,0.2)

15

16 pi <- c(0.6 ,0.4)

17

18 m <- c(b(0.1 ,0)*pi[1]+b(0.2 ,0)*pi[2],b(0.1 ,1)*pi[1]+

b(0.2 ,1)*pi[2],b(0.1 ,2)*pi[1]+b(0.2 ,2)*pi[2])

19

20 post_p1 <- c(b(0.1 ,0)*pi[1]/m[1],b(0.1 ,1)*pi[1]/m

[2],b(0.1 ,2)*pi[1]/m[3])

21

22 post_p2 <- c(1,1,1)-post_p1

23

24 cat(”The bayes e s t i m a t e o f p f o r x = 0 i s ”,p1[1]*
post_p1[1]+p1[2]*post_p2[1])

25

26 cat(”The bayes e s t i m a t e o f p f o r x = 1 i s ”,p1[1]*
post_p1[2]+p1[2]*post_p2[2])

27

28 cat(”The bayes e s t i m a t e o f p f o r x = 2 i s ”,p1[1]*
post_p1[3]+p1[2]*post_p2[3])

R code Exa 18.9 To find Bayes estimates of p
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1

2 # Chapter 18
3 # example 1 8 . 9 page no . 717 from the pdf . .
4 # to f i n d the bayes e s t i m a t e o f p f o r a l l v a l u e s o f

x , f o r example 1 8 . 2 . .
5

6 # r e f e r example 1 8 . 2
7 # r e f e r s e c t i o n 6 . 8 on page 2 0 1 . . .
8 # the p o s t e r i o r can a l s o be w r i t t e n as B( x+1,3−x )
9

10 f <- function(x){

11

12 3*choose(2,x)

13

14 }

15

16 g <- function(p,a){

17

18 (p^(a+1))*((1-p)^(2-a))

19

20 }

21 cat(”The bayes e s t i m a t e f o r the above d i s t r i b u t i o n
f o r d i f f e r e n t v a l u e s o f x i s ”)

22

23 for(x in 0:2){

24

25 cat(” f o r x =”,x,”p s t a r i s ”,f(x)*integrate(
function(d){g(d,x)},0,1)$value ,”\n”)

26

27 }

R code Exa 18.11 To find Bayes estimates of p under Absolute Error loss

1

2 # Chapter 18
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3 # Example 1 8 . 1 1 page no . 718 from the pdf . .
4 # to f i n d the bayes e s t i m a t e f o r example 1 8 . 9 , under

a b s o l u t e e r r o r l o s s , when x = 1 i s ob s e rved . .
5

6 # Note − Example 1 8 . 1 0 i s t h e o r e t i c a l with no th ing
to compute . .

7

8 # r e f e r example 1 8 . 9 . .
9 # package used ” polynom ” i f not i n s t a l l e d can be

i n s t a l l e d by e x e c u t i n g i n s t a l l . package s (” polynom
”) on c o n s o l e . .

10

11 library(polynom)

12

13 # we s e e tha t f o r f o r x = 1 the d i s t r i b u t i o n becomes
,

14 # 6x(1−x )
15

16 p <- polynomial(coef = c(0,6,-6))

17

18 eq <- integral(p)- 0.5

19

20 cat(”The bayes e s t i m a t e under a b s o l u t e e r r o r l o s s
f o r x = 1 i s ”,Re(polyroot(eq)[1]))
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