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Chapter 1

sample space and probability

R code Exa 1.2 Discrete Models

1 # EX1_2
2 #page 10
3 number_flips <- 100

4 # c r e a t e d c o i n o b j e c t with head and t a i l
5 coin <- c(” heads ”,” t a i l s ”)
6 #s i m u l a t i n g the f l i p o f the o b j e c t c o i n
7 flips <- sample(coin , size=number_flips , replace=

TRUE)

8 #c o u n t i n g the number o f heads and t a i l s i n the f l i p s
9 freq <- table(flips)

10 #ty p i n g the f r e q u e n c y o f heads and t a i l s
11 freq

12 #p r o b a b i l i t y o f g e t t i n g head i f we s p e c i f y tha t head
and t a i l i s e q u a l l y l i k e l y

13 dbinom(1, size=1, prob =0.5)

14 #t o t a l p r o b a b i l i t y o f head and t a i l
15 dbinom(1, size=1, prob =0.5)+

16 dbinom(1, size=1, prob =0.5)
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R code Exa 1.3 Probabilistic Models

1 #EX_1_3
2 #page 11
3 Dice <- seq (1:4)

4 d<-0

5 c<-0

6 a<- numeric (2)#c r e a t i n g an a r r a y
7 Sample_Space <-expand.grid(Dice ,Dice)#c r e a t i n g the

sample space
8 Sum_Matrix <- matrix(nrow=4,ncol =4) #c r e a t i n g a

sample matr ix
9 #s t o r i n g the sum o f sample space o f r o l l i n g 2 d i c e

10 for (i in 1:4)

11 {

12 for (j in 1:4)

13 {

14 a[1] <-i

15 a[2] <-j

16 Sum_Matrix[i,j]=sum(a)#s t o r e s the sum o f the
sample i n the matr ix b

17 if((Sum_Matrix[i,j]%%2)== 0)#to check
whether the sum i s even

18 {

19 print(Sum_Matrix[i,j])

20 d <-d+1#count the even sums
21 }else

22 {

23 c<-c+1#count odd sums
24 }

25 }

26 }

27 total_sample_space <- nrow(Sample_Space)#f i n d i n g the
number o f sample space

28 n<-total_sample_space#p r i n t i n g the sample space
count

29 Even_Sum <- d/n

30 Even_Sum #p r i n t i n g the p r o b a b i l i t y o f g e t t i n g even
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numbers
31 Odd_Sum <-c/n

32 Odd_Sum #p r i n t i n g the p r o b a b i l i t y o f g e t t i n g odd
numbers

R code Exa 1.6 Conditional probability

1 #EX1_ 6 .R
2 #page 19
3 coins <- c(”H”,”T”,”H”,”T”,”H”,”T”)
4 for(i in 1:8){

5 flips <- sample(coins , size=3, replace=FALSE)

6 print(flips)

7 }

8 A<-dbinom(2, size=3, prob =0.5)

9 dbinom(3, size=3, prob =0.5)

10 #p r o b a b i l i t y o f g e t t i n g more heads than t a i l s
11 p<-dbinom(3, size=3, prob =0.5)+

12 dbinom(2, size=3, prob =0.5)

13 print(p)

14 #p r o b a b i l i t y o f f i r s t t o s s i s a head
15 q<- 1-p

16 #p r o b a b i l i t y o f (A and B)
17 s<- 3/8

18 #c o n d i t i o n a l p r o b a b i l t y p (A |B)
19 r<- s/q

20 print(r)

R code Exa 1.8 Conditional probability

1 #EX_1_8
2 #page 19
3 p1<- 2/3
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4 #p r o b a b i l t y o f team n s u c c e s
5 #p ( SS )+P(FS)=1/2
6 p2<- 1/2

7 #p r o b a b i l t y a t l e a s t one got s e l e c t e d =p ( SS )+p (SF)+p (
FS)

8 p3<-3/4

9 #D i f f e r e n c e o f p3 and p1= p (FS)
10 FS<-sum(p3 ,-p1)

11 FS

12 SF<-sum(p3,-p2)

13 SF

14 p4<-sum(p1,p2)

15 SS<-sum(p4,-p3)

16 SS

17 #the p r o b a b i l i t y tha t i t was d e s i g n e d by team N
18 #c o n d i t i o n a l p r o b a b i l t y
19 #P({FS } | {SF , FS} )
20 PN<- FS/sum(FS,SF)

21 PN#p r i n t s the p r o b a b i l i t y tha t i t i s d e s i g n e d by N

R code Exa 1.9 Conditional probability

1 #EX_1_9
2 #page 21
3 Rate <-100000# s p e c i f y i n g the number o f t r i a l s
4 Aircraft <- sample(c(”no”,” ye s ”),size=Rate ,replace=

TRUE ,prob=c(0.95 ,0.05)) #c r e a t e d the sample space
o f p r e s e n c e o f a i r c r a f t

5 Radar <- rep(NA,Rate)#c r e a t i n g the rada r sample a r r a y
6 #c r e a t i n g the sample space i n which rada r d e t e c t s

the a i r c r a f t eventhough t h e r e i s not an a i r c r a f t
7 Radar[Aircraft ==”no”]<-sample(c(” d e t e c t s ”,” n o t d e t e c t

”),size=sum(Aircraft ==”no”),replace=TRUE ,prob=c
(0.10 ,0.90))

8 #C r e a t i n g the sample space i n which rada r d e t e c t s
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a i r c r a f t with the p r e s e n c e o f a i r c r a f t
9 Radar[Aircraft ==” ye s ”]<-sample(c(” d e t e c t s ”,”

n o t d e t e c t ”),size=sum(Aircraft ==” ye s ”),replace=
TRUE ,prob=c(0.99 ,0.01))

10 p1<-mean(Radar[Aircraft ==” ye s ”]==” d e t e c t s ”)#
p r o b a b i l i t y rada r d e t e c t s a i r c r a f t g i v e n a i r c r a f t

p r e s e n t
11 p2<-mean(Radar[Aircraft ==” ye s ”]==” n o t d e t e c t ”)#

p r o b a b i l i t y rada r not d e t e c t s g i v e n a i r c r a f t i s
p r e s e n t

12 p3<- mean(Radar[Aircraft ==”no”]==” d e t e c t s ”)#
p r o b a b i l i t y rada r d e t e c t s g i v e n a i r c r a f t i s not
p r e s e n t

13 p4<-mean(Radar[Aircraft ==”no”]==” n o t d e t e c t ”)#
p r o b a b i l i t y r a d a r not d e t e c t s g i v e n a i r c r a f t i s
not p r e s e n t

14 p5<-mean(Aircraft ==” ye s ”)#p r o b a b i l i t y o f p r e s e n c e o f
a i r c r a f t

15 p6<-mean(Aircraft ==”no”)#p r o b a b i l i t y a i r c r a f t i s not
p r e s e n t

16 #A = {an a i r c r a f t i s p r e s e n t } , B = { the rada r
r e g i s t e r s an a i r c r a f t p r e s e n c e }

17 #A! = {an a i r c r a f t i s not p r e s e n t } , B! = { the rada r
does not r e g i s t e r an a i r c r a f t p r e s e n c e } .

18 probability <- matrix(c(p1,p2 ,p3,p4,p5 ,p6), nrow=6,

byrow=TRUE , dimnames =list(c(”P(B |A) ”,”P(B! |A) ”,”
P(B |A! ) ”,”P(B! |A! ) ”,”P(A) ”,”P(A! ) ”),c(”
p r o b a b i l i t y ”)))

19 probability

20 Con_prob <- function(a,b)

21 {

22 return(a*b)

23

24 }

25 #P( f a l s e alarm ) = P(A!B)=P(A! )P(B |A! )
26 p7<- Con_prob(p6,p3)#P(A!B)
27 p7

28 #P( mis sed d e t e c t i o n ) = P(AB! )=P(A)P(B! |A)
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29 p8<- Con_prob(p5,p2)# P(AB! )
30 p8

R code Exa 1.10 Conditional probability

1 #Example 1 . 1 0 .
2 #page 10
3 #s i m u l a t i o n o f a deck o f c a r d s
4 deck <- c(rep(”Diamonds ” ,13), rep(” Clubs ” ,13), rep(”

Hear t s ” ,13), rep(” Spades ” ,13))
5 deck

6 #s i m u l a t i o n o f p i c k i n g 3 c a r d s from a deck o f 52
c a r d s

7 picks <- sample(deck , size=3, replace= FALSE)

8 picks

9 #c o u n t i n g number o f e l e m e n t s i n a p i c k
10 count <-table(picks)

11 #i n i t i a l i z i n g a l i s t ” a lpha ” to s t o r e the
p r o b a b i l i t y o f not g e t t i n g a h e a r t f o r each 3
p i c k s

12 alpha <-numeric (3)

13 #f u n c t i o n to c a l c u l a t e p r o b a b i l i t y
14 eventProbability <- function(cardnumber ,decknumber)

15 {

16 notHeartprobability <- (cardnumber/decknumber)

17 return (notHeartprobability)

18 }

19 #loop to s t o r e p r o b a b i l i t y i n l i s t a lpha
20 for (i in 1:3){

21 # number o f c a r d s i n deck b e f o r e p i c k i n g a card
22 deckNumber <- 52

23 # number o f c a r d s o t h e r than h e a r t b e f o r e p i c k i n g a
card

24 notHeartNumber <- 39

25 #a f t e r p i c k i n g c a r d s wi thout r ep l a c ement
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26 cardsDrawn <- (i-1)

27 deckNumber <- deckNumber - cardsDrawn

28 print(deckNumber)

29 HeartDrawn <- (i-1)

30 notHeartNumber <- notHeartNumber - HeartDrawn

31 print(notHeartNumber)

32 #f i n d i n g p r o b a b i l i t y f o r each p i c k i n g
33 heartprobability <- eventProbability (notHeartNumber

,deckNumber)

34 #s t o r i n g the p r o b a b i l i t y to l i s t
35 alpha [i]<- heartprobability

36 print(alpha)

37 print (heartprobability)

38 }

39

40 print(alpha)

41 #f i n d i n g the t o t a l p r o b a b i l t y o f not g e t t i n g a h e a r t
when p i k i n g 3 c a r d s from 52 c a r d s

42 probabilityNotHeart <- (alpha [1]*alpha [2]*alpha [3])

43 print(probabilityNotHeart)

44 print(heartprobability)

R code Exa 1.11 Total Probabilty Theorem and Bayes Rule

1 #EX_1_11
2 #page25
3 #i n i t i a l i z e v a r i a b l e s
4 decreaseInGroups <- 4

5 studentDecrease <- 1

6 studentSlotInGroups <-12

7 studentSlot <- 15

8 #i n i t i a l i z e the a r r a y o f p r o b a b i l i t y
9 alpha <-numeric (3)

10 #f u n c t i o n to c a l c u l a t e p r o b a b i l i t y
11 probability <- function(students ,studSlot)
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12 {prob <- (students/studSlot)

13 return (prob)

14 }

15 for(i in 1:3){

16 probs <- probability(studentSlotInGroups ,studentSlot

)

17 print(probs)

18 alpha[i]<- probs

19 print(alpha)

20 studentSlotInGroups <- studentSlotInGroups -

decreaseInGroups

21 print (studentSlotInGroups)

22 studentSlot <- studentSlot - studentDecrease

23 print(studentSlot)

24 }#loop to c a l c u l a t e p r o b a b i l i t y
25 #c a l c u l a t i n g p r o b a b i l i t y o f hav ing gaduate s t u d e n t

i n each group
26 totalProbability <- alpha [1]*alpha [2]*alpha [3]

27 print (totalProbability)

R code Exa 1.12 Total Probabilty Theorem and Bayes Rule

1 #EX_1_12
2 #page26
3 mat <-numeric (3)

4 win <- matrix(c(0.3, 0.4, 0.5),nrow=3,byrow=TRUE ,

dimnames=list(c(”p (B |A1) ”,”P(B |A2) ”,”P(B |A3) ”),c(
” p r o b a b i l i t y ”))) #the p r o b a b i l i t y o f winn ing
g i v e n p l a y i n g with i ’ th opponent

5 win

6 playing <- matrix(c(0.5, 0.25, 0.25) ,nrow=3,byrow=

TRUE ,dimnames=list(c(”p (A1) ”,”P(A2) ”,”P(A3) ”),c(”
p r o b a b i l i t y ”))) #the p r o b a b i l i t y o f p l a y i n g with
i ’ th opponent

7 playing
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8 for(i in 1:3){mat[i]<-playing[i]*win[i]} #to do the
t o t a l m u l t i p l i c a t i o n theorem

9 mat#p r i n t i n g the product
10 totalprobability <-sum(mat) #t o t a l p r o b a b i l i t y o f

winning , P(B)
11 totalprobability#p r i n t s the t o t a l p r o b a b i l t y o f

winn ing p (B)

R code Exa 1.18 Independence

1 #EX_1_18
2 #page34
3 number_flips <- 100

4 # c r e a t e d c o i n o b j e c t with head and t a i l
5 coin <- c(” heads ”,” t a i l s ”)
6 #s i m u l a t i n g the f l i p o f the o b j e c t c o i n
7 flips <- sample(coin , size=number_flips , replace=

TRUE)

8 #p r o b a b i l i t y o f g e t t i n g head i f we s p e c i f y tha t head
and t a i l i s e q u a l l y l i k e l y

9 dbinom(1, size=1, prob =0.5)

10 #t o t a l p r o b a b i l i t y o f head and t a i l
11 dbinom(1, size=1, prob =0.5)#p (H1 |D)
12 dbinom(1, size=1, prob =0.5)#p (H2 |D)

R code Exa 1.28 Counting

1 #EX_1_28
2 #page45
3 install.packages(” prob ”)
4 library(prob)

5 permsn (4,2)#permutat ion o f 4 l e t t e r s out o f which 2
i s taken
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6 combn (4,2)#combinat ion o f 4 l e t t e r s out o f which 2
i s p i ck e d up

7 ncol(combn (4,2))#number o f comb ina t i on s when 4
l e t t e r s from which 2 i s p i c k e d out

R code Exa 1.29 Counting

1 #EX_1_29
2 #page46
3 TATTOO <- list(”T”,”A”,”T”,”T”,”O”,”O”)# l i s t i n g the

l e t t e r s o f Tattoo
4 L<-length(TATTOO)

5 M<-0

6 N<-0

7 R<-0

8 for(i in 1:L)#loop to count the number o f same type
o f l e t t e r s i n t a t t o o

9 {

10 if(as.character(TATTOO[i])==”T”)
11 {

12 M<-(M+1)

13 }

14

15 else if(as.character(TATTOO[i])==”A”)
16 {

17 N<- (N+1)

18 }

19 else if(as.character(TATTOO[i])==”O”)
20 {

21 R<- (R+1)

22 }

23 }

24 #the c o u n t e r s i n the l oop w i l l count the number o f
same l e t t e r s

25 repetition <- matrix(c(M,N,R),nrow=3,byrow=T,dimnames

15



= list(c(”T”,”A”,”O”),c(” r e p e t i t i o n ”)))
26 repetition#matr ix g i v e the number o f r e p e a t e d

l e t t e r s
27 Per <- function(p,q,s,t)

28 {

29 X<-prod(factorial(p))/(factorial(q)*factorial(s)*

factorial(t))

30 return(X)

31

32 }#f u n c t i o n to c a l c u l a t e the permutat ion
33 p<-Per(L,M,N,R)

34 p

R code Exa 1.30 Counting

1 #EX_1_30
2 #page47
3 install.packages(” prob ”)
4 library(prob)

5 total_sample_space <- prod(factorial (16))/(factorial

(4)*factorial (4)*factorial (4)*factorial (4))

6 graduate <-letters [1:4]#c r e a t i n g sample s p a c e o f 4
g raduat e

7 permsn(graduate ,4)# sample space combinat i on o f 4
g raduat e i n 4 groups

8 f1<-ncol(permsn(graduate ,4))# number o f combinat i on
o f 4 g raduat e i n 4 groups

9 #Take the r ema in ing 12 unde rg raduate s t u d e n t s and
d i s t r i b u t e them to the f o u r groups (3 s t u d e n t s i n

each ) .
10 c<-prod(factorial (12))/(factorial (3)*factorial (3)*

factorial (3)*factorial (3))

11 c

12 f2<-f1*c#t o t a l p o s s i b i l i t y o f d i v i d i n g the 4
g raduat e and 12 underg raduate s t u d e n t s i s
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randomly d i v i d e d i n t o f o u r groups o f 4 .
13 f2

14 p<-f2/total_sample_space

15 p#t o t a l p r o b a b i l i t y o f the sample space
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Chapter 2

Discrete Random Variable

R code Exa 2.1 functions and random variables

1 #EX_2_1
2 #page 10
3 x<-numeric (9)#c r e a t i n g the sample a r r a y
4 y<-numeric (4)

5 X<-c( -4:4)#c r e a t i n g the sample space o f x and y
6 y<-c(1:4)

7 #f u n c t i o n to c a c u l a t e sample space o f p ( x )
8 px<-function(x)

9 {

10 if(-4<=x&&x<=4)

11 {

12 return (1/9)

13 }else{

14 return (0)

15 }

16 }

17 #c r e a t i n g the p r o b a b i l i t y f u n c t i o n o f y
18 py<-function(y)

19 {

20 if(1<=y&&y<=4)

21 {
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22 return (2/9)

23 }else if(y==0)

24 {

25 return (1/9)

26 }else{

27 return (0)

28 }

29 }

30 #p r i n t i n g the sample space o f p ( x )
31 for(i in 1:9)

32 {

33 print(px(i-5))

34 }

35 #p r i n t i n g the sample space o f p ( y )
36 for(i in 1:5)

37 {

38 print(py(i-1))

39

40 }

R code Exa 2.2 Expectation Mean and Variance

1 #EX_2_2
2 #page12
3 install.packages(” prob ”)
4 library(prob)

5 fx<-numeric (3)#i n i t i a l i z i n g the p r o b a b i l i t y mass
f u n c t i o n

6 x<-numeric (3)#i n i t i a l i z i n g the x v a l u e
7 M<-numeric (3)#i n i t i a l i z i n g the a r r a y to have the

l oop v a l u e to c a l c u l a t e mean
8 V<- numeric (3)#i n i t i a l i z i n g the a r r a y to have the

l oop v a l u e o f s t andard d e v i a t i o n
9 fx <-c(((1/4)^2) ,(2*1/4*3/4) ,(3/4)^2)#i n i t i a l i z i n g

the a r r a y o f PMF
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10 x<- c(0,1,2)#i n i t i a l i z i n g the x v a r i a b l e
11 coin <- c(”H”,”T”)# i n i t i a l i z i n g o b j e c t c o i n
12 iidspace(coin ,ntrials=2,probs=(c(0.75 ,0.25)))#sample

space o f t o s s i n g 2 c o i n with p r o b a b i l i t y . 7 5 o f
g e t t i n g head

13 #f o r l oop to c a l c u l a t e the product o f PMF and x
14 for(i in 1:3)

15 {

16 M[i]<-prod(fx[i],x[i])

17 }

18 mean <-sum(M)#c a l c u l a t e d the mean
19 mean# p r i n t the mean
20 #loop to c a l c u l a t e the v a r i a n c e
21 for(i in 1:3)

22 {

23 V[i]<-(x[i]-mean)^2

24 }

25 variance <-V#c a l c u a l t e d the v a r i a n c e
26 variance# p r i n t the v a r i a n c e
27 standard_deviation <-sqrt(variance)#standard

d e v i a t i o n i s the squa r e r o o t o f v a r i a n c e
28 standard_deviation# p r i n t the s tandard d e v i a t i o n

R code Exa 2.3 Expectation Mean and Variance

1 #EX_2_3
2 #page 14
3 M<- numeric (9)#c r e a t e d the sample a r r a y
4 x<-numeric (9)

5 z<- numeric (9)

6 Z<-numeric (5)

7 V<- numeric (5)

8 PMFZ <-numeric (5)

9 x<-c( -4:4)

10 #f u n c t i o n to c r e a t e the sample space o f PX( x )
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11 PMF <-function(x)

12 {

13 if(1<=x&&x<=9)

14 {

15 return (1/9)

16 }else{

17 return (0)

18 }

19 }

20 for(i in 1:9)

21 {

22 M[i]<-x[i]*PMF(i)

23 }

24 Ex<-sum(M)

25 Ex#the expec t ed v a l u r o f Px ( x )
26 #loop to c a l c u l a t e the Z
27 for(i in 1:9)

28 {

29 z[i]<-(x[i]-mean)^2

30 }

31 Z<-z[5:9]

32 Z#c a l c u l a t i n g the sample space o f Z
33 PMFz <-function(z)

34 {

35 if((z==1||z==4||z==9||z==16)&&z!=0)

36 {

37 return (2/9)

38 }else if(z==0){

39 return (1/9)

40 }else{

41 return (0)

42 }

43 }

44 #loop to p r i n t the PMF( z )
45 for(i in 1:5)

46 {

47 print(”PMF( z ) ”)
48 print(PMFz(Z[i]))
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49 }

50 #loop to c a l c u l a t e the m u l t i p l i c a t i o n o f each
e l ement

51 for(i in 2:5)

52 {

53 V[i]<- Z[i]*PMFz (1)

54 }

55 V

56 variance <-sum(V)

57 variance#c a l c u a l t e d t o t a l v a r i a n c e

R code Exa 2.4 Expectation Mean and Variance

1 #EX_2_4
2 #page 17
3 #l e t p=0.15
4 #(1−p ) =0.85
5 X<-numeric (2)#i n i t i a l i z i n g the a r r a y o f s i z e 2 to

s t o r e the v a r a i b l e
6 px<-numeric (2)#i n i t i a l i z i n g the a r r a y PX to s t o r e

the p r o b a b i l i t y o f o c c u r i n g the event
7 px1 <-numeric (2)#i n i t i a l i z i n g the a r r a y to s t o r e mean

o f X
8 px2 <-numeric (2)#i n i t i a l i z i n g the a r r a y to s t o r e mean

o f Xˆ2
9 X<-c(1,0)#the e v e n t s

10 PX<-c(0.15 ,0.85)#p r o b a b i l i t y o f e v e n t s
11 for(i in 1:2)#loop to c l c u l a t e the product o f e v e n t s

and the p r o b a b i l i t y o f o c c u r i n g the e v e n t s
12 {

13 px1[i]<-X[i]*PX[i]

14 }

15 px1 <-sum(px1)#c a l c u a l t e d the mean
16 for(i in 1:2)#; l oop to c a l c u l a t e the product o f

s qua r e o f event and the p r o b a b i l t y o f o c c u r i n g
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the e v e n t s
17 {

18 px2[i]<-X[i]^2*PX[i]

19 }

20 px2 <-sum(px2)#c a l c u a l t e d the mean o f squa r e o f the
e v e n t s

21 variance <-px2 -px1^2#c a c u a l t e d the v a r i a n c e
22 variance

23 prod(PX)

R code Exa 2.5 Expectation Mean and Variance

1 #EX_2_5
2 #page 18
3 x<-numeric (6)#i n i t i a l i z e the a r r a y o f s i z e 6 to

s t o r e the e v e n t s
4 px<-numeric (6)#i n i t i a l i z e the a r r a y to s t o r e the

p r o b a i l i t y o f e v e n t s
5 ex<-numeric (6)#i n i t i a l i z e the a r r a y to s t o r e the

product o f p r o b a b i l t y and the e v e n t s
6 ex1 <-numeric (6)# i n i t i a l i z e the a r r a y to s t o r e the

product between the p r o b a i l i t y and the e v e n t s
7 x<-c(1:6)#the e v e n t s
8 px<-1/6#the p r o b a b i l t y o f e v e n t s
9 for(i in 1:6)#loop to c a l c u a l t e the product between

the p r o b a b i l t y o f e v e n t s and between the squa r e
o f e v e n t s

10 {

11 ex[i]<-prod(x[i],px)

12 ex1[i]<-prod(x[i]^2,px)

13 }

14 EX<-sum(ex)#c a l c u a l t e d the sum o f E(X)
15 EX1 <-sum(ex1)#c a l c u a l t e d the sum o f E(Xˆ2)
16 EX

17 EX1
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18 variance <-EX1 -EX^2#c a l c u a l t e d the v a r i a n c e
19 variance# p r i n t the c a l c u a l t e d v a r i a n c e

R code Exa 2.7 Expectation Mean and Variance

1 #EX_2_7
2 #page 20
3 #Quiz problem
4 x1<-numeric (3)#c r e a t i n g the sample l i s t
5 x2<-numeric (3)

6 p1<-numeric (3)

7 p2<-numeric (3)

8 ex1 <-numeric (3)

9 ex2 <-numeric (3)

10 x1<-c(0 ,100 ,300)#c r e a t i n g the sample space o f the x1
and x2

11 x2<-c(0 ,200 ,300)

12 p1<-c(0.2 ,0.8*0.5 ,0.5*0.8)#c r e a t i n g the sample space
o f the p r o b a b i l t y o f both x1 and x2

13 p2<-c(0.5 ,0.5*0.2 ,0.5*0.8)

14 #loop to c a l c u l a t e the m u l t i p l i c a t i o n o f both
p r o b a b i l i t i e s

15 for(i in 1:3)

16 {

17 ex1[i]<-prod(x1[i],p1[i])

18 ex2[i]<-prod(x2[i],p2[i])

19 }

20 sum(ex1)#the expec t ed v a l u e s o f the both x1 and x2
21 sum(ex2)

R code Exa 2.8 Expectation Mean and Variance

1 #EX_2_8
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2 #page 21
3 # Average Speed Versus Average Time
4 t<-numeric (2)#i n i t i a l i z e the a r r a y to s t o r e the t ime
5 p<-numeric (2)#i n i t i a l i z e the a r r a y to s t o r e the

p r o b a b i l i t y
6 et<-numeric (2)#a r r a y to s t o r e the product
7 t<-c(2/5,2/30)#t imre a r r a y
8 p<-c(0.6 ,0.4)#p r o b a b i l i t y a r r a y
9 for(i in 1:2)#loop to c a l c u l a t e the product o f

p r o b a b i l i t y and the t ime
10 {

11 et[i]<-prod(t[i],p[i])

12 }

13 sum(et)#c a l c u a l t e d the mean

R code Exa 2.9 Joint PMFs of Multiple Random Variable

1 #EX_2_9
2 #page 25
3 # Mean o f the Binomia l
4 x<-300#each 300 s t u d e n t g e t 1 PMF
5 p<-1/3#p r o b a i l i t y o f each g e t t i n g A
6 e<-prod(x,p)#the mean E [X]=Sum ( ( i =1to 300) *1/ 3)
7 e#p r i n t i n g the mean

R code Exa 2.11 Conditioning

1 #EX_2_11
2 #page 29
3 sum <-0

4 mat <-matrix(c(16/48,12/48,9/48,0,4/48,6/48,0,0,1/48)

, nrow=3,ncol=3,byrow=T,dimnames= list(c(x=0:2) ,c

(y=0:2)))
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5 mat#the matr ix o f the j o i n t PMF
6 x[2]

7 mat[1,1]

8

9 for(i in 2:3)

10 {

11 for(j in 2:3)

12 {

13 sum <-sum+mat[i,j]

14 }

15 }

16 sum# p r o b a b i l t y o f a t l e a s t one wrong

R code Exa 2.13 conditioning

1 #EX_2_13
2 #page 31
3 #x t r a v e l t ime o f g i v e n message
4 #y the l e n g t h o f the g i v e n message
5 py<-function(y)

6 {

7 if(y==100)

8 {

9 return (5/6)

10 }else if(y==10^4){

11 return (1/6)

12 }

13 }#f u n c t i o n to c a l c u l a t e the PMF ( y )
14 pxy<<-function(x)

15 {

16 if(x==0.01)

17 {

18 return (1/2)

19 }else if(x==0.1){

20 return (1/3)
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21 }else if(x==1){

22 return (1/6)

23 }

24 }#f u n c t i o n to c a l c u l a t e the PMF( x , 1 0 ˆ 2 )
25 PXY <-function(x)

26 {

27 if(x==1)

28 {

29 return (1/2)

30 }else if(x==10){

31 return (1/3)

32 }else if(x==100){

33 return (1/6)

34 }

35 }#f u n c t i o n to c a l c u a l t e the PMF( x , 1 0 ˆ 4 )
36 #u s i n g the p r o b a b i l i t y f o rmu la c a l c u l a t e d each

p r o b a b i l i t y
37 px0 .01 <-py (100)*pxy (0.01)

38 px0 .01

39 px0.1<-py (100)*pxy (0.1)

40 px0.1

41 px1 <-(py (100)*pxy(1))+py (10^4)*PXY (1)

42 px1

R code Exa 2.14 Conditioning

1 #EX_2_14
2 #page 34
3 #E [X] i s e a s i l y c a l c u l a t e d u s i n g the t o t a l e x p e c t a t i o n

theorem as
4 p<-numeric (3)

5 t<-numeric (3)

6 ex<-numeric (3)

7 p<-c(0.5 ,0.3 ,0.2)

8 t<-c(0.05 ,0.1 ,0.3)
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9 for(i in 1:3)

10 {

11 ex[i]<-prod(p[i],t[i])

12 }

13 sum(ex)#E( x ) i s s imp l ey c a l c u l a t e d u s i n g t o t a l
e x p e c t a t i o n theorem

R code Exa 2.16 Independence

1 #EX_2_16
2 #page 34
3 install.packages(” prob ”)
4 library(prob)

5 PXx <-numeric (3)

6 PXAx <-numeric (3)

7 toss <-matrix(nrow=4,ncol =4)

8 p<-numeric (4)

9 mat <-matrix(nrow=3,ncol =3)

10 coin <-c(”H”,”T”)
11 toss <-expand.grid(coin ,coin)

12 toss#g i v e s the sample space o f a l l combinat i on o f 2
independent t o s s

13 table(toss)

14 nrow(toss)#g i v e s number o f rows
15 ncol(toss)

16 probspace(toss)#g i v e s the p r o b a b i l i t y o f each sample
i n sample space

17 mat <-noorder(probspace(toss))#t a b l e the r e p e a t i n g
p r o b a b i l t y

18

19 mat [3]#t a k e s the p r o b a b i l t y
20 #Let X be the number o f heads and
21 #f u n c t i o n to c a l c u l a t e the PMF o f x
22 pxx <-function(x)

23 {
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24 if(x==0)

25 {

26 return (1/4)

27 }else if(x==1){

28 return (0)

29 }else if(x==2){

30 return (1/2)

31 }

32 }

33 #f u n c t i o n to c a l c u l a t e the c o n d i t i o n a l PMF
34 pxax <-function(x)

35 {

36 if(x==0)

37 {

38 return (1/2)

39 }else if(x==1){

40 return (0)

41 }else if(x==2){

42 return (1/2)

43 }

44 }

45 #loop to p r i n t the PMF( x )
46 for(i in 1:3)

47 {

48 PXx[i]<-pxx(i-1)

49 PXAx[i]<-pxax(i-1)

50 }

51 PXx#p r i n t the PMF( x )
52 PXAx#p r i n t the c o n d i t o n a l PMF(X |A)

R code Exa 2.18 Independence

1 #EX_2_18
2 #page 40
3 n<-100000
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4 binomial <-numeric (2)

5 #Xi be a random v a r i a b l e tha t encode s the r e s p o n s e
o f the i th pe r son :

6 Xi<-c(1,0)#1 i f i th pe r son approve s C’ s pe r f o rmnce
7 #0 i f the i t h pe r son d i s s a p p r o v e s C’ s pe r f o rmance
8 binomial <-rbinom(Xi,n,0.5)#c r e a t i n g a random

v a r i a b l e o f the approva l o f c ’ s pe r f o rmance
9 binomial#p r i n t i n g the random v a r i a b l e
10 p<-1/2#the common mean o f appprova l
11 q<-1-p#the common mean o f d i s s a p p r o v a l
12 sn<-binomial [1]/n#sn i s the mean from the sample

random v a r i a b l e
13 sn

14 Esn <-p#p r i n t i n g the e x p e c t a t i o n o f the mean o f
sample space i s the common mean

15 varsn <-prod(p,q)/n

16 varsn#v a r i a n c e o f the mean
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Chapter 3

General Random Variable

R code Exa 3.2 Continuous Random Variables And PDFs

1 #EX_3_2
2 #page 5
3 #P i e c e w i s e Constant PDF
4 Fx<-numeric (11)

5 f <- function(c1)c1#r e p r e s e n t i n g the f u n c t i o n o f
c o n s t a n t v a r i a b l e to i n t e g r a t e

6 f2<-function(c2)c2

7 cum <-integrate(f,15 ,20)

8 p_sunnyday <-cum$value/17.5#to c a l c u l a t e the
p r o b a b i l t y o f sunny day

9 p_sunnyday

10 cum2 <-integrate(f2 ,20 ,25)

11 p_rainyday <-(cum2$value/22.5)#to c a l c u a l t e the
p r o b a b i l i t y o f r a i n y day

12 p_rainyday

13 c1<-(2/3)/p_sunnyday#c a l c u L t i n g the c1
14 c2<-(1/3)/p_rainyday#c a l c u l a t i n g the c2
15 fx<-c(c1,c2)#sample space o f f x ( x )
16 c1

17 c2

18 fx

31



R code Exa 3.3 Continuous Random Variables And PDFs

1 #EX_3_3
2 #page 6
3 #f u n c t i o n to p r i n t the sample space o f fX ( x )
4 fx<-function(x)

5 {

6 if(0<x&&x<=1)

7 {

8 return (1/(sqrt(x)*2))

9 }

10 else

11 {

12 return (0)

13 }

14 }

15 FX<-c(fx(0),fx(1))

16 FX #PDF o f random v a r i a b l e x
17 int <-integrate(fx ,0,1)

18 int$value#PDF o f fX ( x )

R code Exa 3.4 Continuous Random Variables And PDFs

1 #EX_3_4
2 #page 8
3 #f u n c t i o n to c a l c u l a t e the gx
4 gx<-function(x)

5 {

6 if(x<=1/3)

7 {

8 return (1)
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9 }else if(x>1/3){

10 return (2)

11 }

12 }

13 #f u n c t i o n to c a l c u a l t e the PMF Py
14 pY<-function(gx)

15 {

16 if(gx==1)

17 {

18 return (1/3)

19 }else if(gx==2){

20 return (2/3)

21 }

22 }

23 #to c a l c u a l t e the E(Y)
24 EY<-sum(pY(1)*gx(1/3),pY(2)*gx(2/3))

25 EY

R code Exa 3.5 Continuous Random Variables And PDFs

1 #EX_3_5
2 #page 10
3 lamda <-1/10

4 px<-function(a,lamda)

5 {

6 return(exp(1)^(-lamda*a))

7 }

8 #f u n c t i o n to c a l c u l a t e the p r o b a b i l i t y
9 PX<-function(x)

10 {

11 if(1/4<=x||x<=3/4)

12 {

13 return(px(1/4,1/10)-px(3/4,1/10))

14 }

15 }
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16 PX(1/4)#p r o b a b i l t y o f m e t e o r i t e l a n d s between 6 am
and 6 pm on the f i r s t day

R code Exa 3.7 cumulative distribution Function

1 #EX_3_7
2 #page 15
3 px<-numeric (10)

4 #we compute the FX( k ) f i r s t and then the PMF
5 #func ton to c a l c u l a t e the FX( k )
6 fx<-function(k)

7 {

8 return ((k/10) ^3)

9 }

10 #f u n c t i o n to c a l c u l a t e the FX( k−1)
11 fx1 <-function(k)

12 {

13 return (((k-1)/10)^3)

14 }

15 #to p r i n t the PMF
16 for(i in 1:10)

17 {

18 px[i]<-fx(i)-fx1(i)

19 }

20 px#PMF c a l c u l a t e d

R code Exa 3.8 Normal Random Variable

1 #EX_3_8
2 #page 19
3 #Using the Normal Table
4 # I t s CDF i s denoted by phi ,
5 pi<-3.14
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6 #f u n c t i o n to c a l c u l a t e the CDF normal random
v a r i a b l e

7 f<-function(t)

8 {

9 return ((1/sqrt(2*pi))*exp (1)^(-(t^2)/2))

10 }

11 #to c a l c u l a t e the CDF o f Y<=0.5
12 f_0.5 <-integrate(f,-Inf ,0.5)

13 f_0.5$val

14 #to c a l c u l a t e the CDF o f Y<=−0.5
15 f_negative_0.5 <-(1-f_0.5$val)

16 f_negative_0.5

17 sd<-20#standard d e v i a t i o n
18 mean <-60#mean
19 y<-(80-mean)/20#c a l c u a l t i n g the Y
20 y#Y i s 1
21 #c a l c u l a t e the CDF o f Y<=80−60/20 i s ph i ( 1 )
22 f_1<-integrate(f,-Inf ,1)

23 f_1$val

24 #to c a l c u l a t e the CDF o f Y>=80−60/20
25 p_x_greater_80<-(1-f_1$val)

26 p_x_greater_80

R code Exa 3.9 Normal Random Variable

1 #EX_3_9
2 binary_message <-c(-1,1)#the message send may be −1 ,1
3 mean <-0#mean and s tandard d e v i a t i o n i s g i v e n
4 sd<-1

5 pi<-3.14

6 variance <-sd^2

7 #f u n c t i o n to c a l c u l a t e the normal t a b l e
8 f<-function(y)

9 {

10 return ((1/sqrt(2*pi))*e^((-y^2)/2))
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11 }

12 #to c a l c u l a t e the CDF o f s e n d i n g s e n d i n g message i s
−1 i s normal t a b l e ph i ( 1 )

13 f1<-integrate(f,0,1)

14 f1$val

15 #p r o b a b i l t y o f e r r o r
16 p_N_greater_1<-1-f1$val

17 p_N_greater_1

R code Exa 3.11 conditioning on an event

1 #EX_3_11
2 #page 24
3 # Mean and Var iance o f a P i e c e w i s e Constant PDF
4 x<-readline(prompt=”x : ”)#e n t e r the random v a r i a b l e

x i n the c o n s o l e
5 #t h i s e n t e r s the c o n s t a n t PDF o f x
6 if(0<=x&&x<=1)

7 {

8 pA1 <-1/3

9 print(”pA1 : ”)
10 return(pA1)

11 }else if(1<x&&x<=2){

12 pA2 <-2/3

13 print(”pA2 : ”)
14 return(pA2)

15 }else {

16 return (0)

17 }

18 # the mean o f a un i fo rm random v a r i a b l e on an
i n t e r v a l [ a , b ] i s ( a+b ) /2 and i t s s econd moment
i s ( a2 +ab+b2 ) / 3 .

19 ex<-function(a,b)#f u n c t i o n to r e t u r n the mean
20 {

21 return(sum(a,b)/2)
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22 }

23 ex2 <-function(a,b)#f u n c t i o n to r e t u r n the v a r i a n c e
24 {

25 return(sum(a^2,prod(a,b),b^2)/3)

26 }

27 ex(0,1)#mean when x i n between 0&1
28 ex2(0,1)#v a r i a n c e when x i n 0&1
29 ex(1,2)#mean o f x i n 1&2
30 ex2(1,2)#v a r i a n c e o f x i n 1&2

R code Exa 3.12 conditioning on an event

1 #EX_3_12
2 #page 25
3 #metro t r a i n problem
4 A1<-numeric (5)

5 A2<-numeric (15)

6 A1<-sample(c(1:5),replace = FALSE)

7 A2<-sample(c(1:15) ,replace = FALSE)

8 pA1 <-1/4

9 fyA1 <-1/length(A1)

10 fyA2 <-1/length(A2)

11 for(i in 1:15)

12 {

13 if(A2[i]<5)

14 {

15 print(sum(prod(pA1 ,fyA1),prod((1-pA1),fyA2)))

16 }else{

17 print(prod((1-pA1),fyA2))

18 }

19 }

R code Exa 3.22 Derived Distributions
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1 #EX_3_22
2 #page 40
3 x<-numeric (30)

4 gx<-numeric (30)

5 x<-runif (30 ,30 ,60)

6 x#to p r i n t the un i fo rm d i s t r i b u t i o n o f t ime between
30 ,60

7 #to p r i n t the g ( x ) ,PDF,CDF o f X
8 for(i in 1:30)

9 {

10 print(”x : ”)
11 print(x[i])

12 gx[i]<-180/x[i]

13 print(” gx ”)
14 print(gx[i])

15 if(30<=x[i]||x[i]<=60){

16 print(” f x ”)
17 print(1/30)

18 print(”FX”)
19 print((x[i]-30)/30)

20 }else if(60<=x[i]){

21 print(”FX”)
22 print (1)

23 }else if(30>=x[i]){

24 print(”FX”)
25 print (0)

26 }else{

27 print(” f x ”)
28 print (0)

29 }

30 }
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Chapter 4

Further Topics on Random
Variables and Expectations

R code Exa 4.1 Transforms

1 #EX_4_1
2 #page 2
3 #Transform
4 x<-c(2,3,5)#c r e a t i n g the un i fo rm random v a r i a b l e o f

x
5 px<-c(1/2,1/6,1/3)#c r e a t i n g the pdf f u n c t i o n o f x
6 Ms<-sum(1/2*exp(1)^2,1/6*exp(1)^3,1/3*exp (1)^5)#

c a l c u l a t i n g the t r a n s f o r m
7 Ms

8 par(mfrow=c(2,2))#c r e a t i n g the space f o r the p l o t s
to be p l o t t e d

9 curve ((1/2*exp(1) ^(2*x)) ,-10,10,col=” red ”)#curve o f
the Ms f u n c t i o n o f x=2

10 curve(1/3*exp(1)^(3*x) ,-10,10,col=” v i o l e t ”)#curve o f
the Ms f u n c t i o n o f x=3

11 curve(1/5*exp(1)^(3*x) ,-10,10,col=” b l a c k ”)#curve o f
the Ms f u n c t i o n o f x=5

12 plot(x,px,type=”h”,col=” red ”)#p l o t the x vs px graph
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R code Exa 4.4 Transforms

1 #EX_4_4
2 #page 4
3 #f u n c t i o n to c a l c u l a t e the e x p o n e n t i a l randm

v a r i a b l e o f x
4 exponential_transform <-function(l,s){

5 return(l/l-s)

6 }

7 #f u n c t i o n to c a l c u l a t e the e x p o n e n t i a l t r a n s f o r m o f
y

8 y<-function(a,b,l,s)

9 {

10 (exp(1)^b*s)*l/l-a*s

11 }

12 print(” l / l−s ”)
13 exponential_transform (1,0)#p r i n t i n g the both

t r a n s f o r m by g i v i n g c e r t a i n v a l u e s
14 y(2,3,1,1)

R code Exa 4.5 Transforms

1 #EX_4_5
2 #page 5
3 x<-numeric (3)

4 px<-numeric (3)

5 derrivative <-numeric (3)

6 x<-c(2,3,5)#c r e a t i n g the un i fo rm random v a r i a b l e o f
x

7 px<-c(1/2,1/6,1/3)#c r e a t i n g the pdf f u n c t i o n o f x
8 Ms<-sum(1/2*exp(1)^2,1/6*exp(1)^3,1/3*exp (1)^5)#

c a l c u l a t i n g the t r a n s f o r m
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9 ex<-expression(px*x*exp(1)^x*s)

10 derrivative <-D(ex ,” s ”)
11 derrivative

12 mx<-expression ((1/2*exp(1)^(2*s))+(1/6*exp (1)^(3*s))

+(1/3*exp(1)^(5*s)))#to p r i n t the mx
13 ex<-D(mx,” s ”)#i t g i v e s the d e r r i v a t i v e o f mx
14 ex

15 ex2 <-D(ex,” s ”)#i t g i v e s the second d e r r i v a t i v e
16 ex2

R code Exa 4.6 Transforms

1 #EX_4_6
2 #page 6
3 x<-numeric (3)

4 px<-numeric (3)

5 derrivative <-numeric (3)

6 x<-c(2,3,5)#c r e a t i n g the un i fo rm random v a r i a b l e o f
x

7 px<-c(1/2,1/6,1/3)#c r e a t i n g the pdf f u n c t i o n o f x
8 Ms<-sum(1/2*exp(1)^2,1/6*exp(1)^3,1/3*exp (1)^5)#

c a l c u l a t i n g the t r a n s f o r m
9 Ms

10 mx<-expression ((1/2*exp(1)^(2*s))+(1/6*exp (1)^(3*s))

+(1/3*exp(1)^(5*s)))#g i v i n g the e x p r e s s i o n
11 ex<-D(mx,” s ”)#f i n d i n g the f i r s t d e r r i v a t i v e o f

e x p r e s s i o n
12 ex

13 ex2 <-D(ex,” s ”)#f i n d i n g the second d e r r i v a t i v e o f the
e x p r e s s i o n

14 ex2

15 #f i n d i n g the v a l u e s o f t r a n s f o r m s with s=1 and s=0
16 Mx<-((1/2*exp(1) ^(2))+(1/6*exp (1) ^(3))+(1/3*exp(1)

^(5)))#s=1
17 Mx
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18 dMx <-(1/2*2+(1/6*3)+(1/3*5))#s=0
19 dMx

20 d2Mx <-(1/2*4)+(1/6*9)+(1/3*25)#s=0
21 d2Mx

R code Exa 4.7 Transforms

1 #EX_4_7
2 #page 8
3 x<-c(-1,0,4,5)

4 px<-c(1/4,1/2,1/8,1/8)

5 Ms<-expression ((1/4)*exp(1)^(-1*s)+(1/2)*exp(1)^(0*s

)+(1/8)*exp (1)^(4*s)+(1/8)*exp (1)*(5*s))#
e x p r e s s i n g the t r a n s f o r m f u n c t i o n

6 s<-1#g i v i n g f r e e v a r i a b l e s as 1
7 Ms1 <-function(a,b){

8 return ((1/a)*exp(1)^b)

9 }#f u n c t i o n f o r c a l c u l a t i n g the t r a n s f o r m at s=1
10 Ms<-sum(Ms1(1/4,-1),Ms1(1/2,0),Ms1(1/8,4),Ms1(1/8,5)

)#the v a l u e o f t r a n s f o r m at f r e e v a r i a b l e =1
11 Ms

R code Exa 4.9 Transforms

1 #EX_4_9
2 #page 9
3 lamda <-c(6,4)#e x p r e s s i n g lamda
4 p<-1/3#i n i t i a t i n g p r o b a b i l t y o f s e l e c t i n g one t e l l e r
5 s<-1#e x p r e s s e d the f r e e v a r i a b l e as 1
6 fx<-function(x)

7 {

8 return ((exp(1)^x)*((2/3)*6*exp(1)^(-6*x)+(1/3)*4*

exp (1)^(-4*x)))
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9 }#f u n c t i o n f o r c a l c u l a t i n g the M( s )
10 Ms<-integrate(fx ,0,Inf) #i n t e g r a t e to g e t the M( s )
11 Ms$val#g i v i n g the v a l u e o f M( s )

R code Exa 4.13 Transforms

1 #EX_4_13
2 #page 14
3 x<-numeric (3)#i n i t i a l i z i n g the v a r i a b l e s x , y ,w
4 y<-numeric (3)

5 py<-numeric (3)#i n i t i a l i z i n g the p r o b a b i l i t y o f each
v a r i a b l e

6 w<-numeric (5)

7 py1 <-numeric (3)

8 pw1 <-numeric (5)

9 x<-c(1:3)#r e p r e s e n t i n g the sample space o f each
v a r i a b l e

10 y<-c(0:2)

11 w<-c(1:5)

12 px<-function(x)#f u n c t i o n to p r i n t the p r o b a b i l t y o f
x

13 {

14 if(1<=x&&x<=3)

15 {

16 return (1/3)

17 }

18 else

19 {

20 return (0)

21 }

22 }

23 py<-function(y)#f u n c t i o n to p r i n t the sample space
o f p r o b a b i l i t y o f y

24 {

25 if(y==0){
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26 return (1/2)

27 }else if(y==1){

28 return (1/3)

29 }else if(y==2){

30 return (1/6)

31 }else{

32 return (0)

33 }

34 }

35 for(i in 1:3)#loop to p r i n t the p r o b a b i l t y o f y
36 {

37 py1[i]<-py(i-1)

38 }

39 py1#p r i n t i n g the p r o b a b i l i t y
40 pw<-function(w)#f u n c t i o n to p r i n t the sample space

o f p r o b a b i l t y o f w
41 {

42 if(w==1)

43 {

44 return(px(1)*py(0))

45 }else if(w==2){

46 return(sum(prod(px(1),py(1)),prod(px(2),py(0))))

47 }else if(w==3){

48 return(sum(prod(px(1),py(2)),prod(px(2),py(1)),

prod(px(3),py(0))))

49 }else if(w==4){

50 return(sum(prod(px(2),py(2)),prod(px(3),py(1))))

51 }else if(w==5){

52 return(prod(px(3),py(2)))

53 }else{

54 return (0)

55 }

56 }

57 for(i in 1:5)#loop to p r i n t the p r o b a b i l t y o f w
58 {

59 pw1[i]<-pw(i)

60 }

61 pw1#p r i n t i n g the p r o b a b i l t y
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R code Exa 4.16 conditional expectation as random variable

1 #EX_4_16
2 #page 23
3 l<-8#d e f i n e l e n g t h o f s t i c k as 8
4 vary <-function(l)

5 {

6 return ((l^2)/12)

7 }#f u n c t i o n to c a l c u l a t e var ( y )
8 f<-function(y)

9 {

10 return ((y^2)/(12*8))

11 }

12 varxy <-1/4*vary(l)

13 varxy#to p r i n t var ( x | y )
14 integral <-integrate(f,0,l)#to c a l c u l a t e E( var ( x | y ) )
15 Evarxy <-integral$val

16 Evarxy

17 varx <-sum(Evarxy ,varxy)

18 varx#to f i n a l c a l c u a l t i o n o f var ( x )

R code Exa 4.20 conditional expectation as random variable

1 #EX_4_20
2 #page 24
3 x<-numeric (3)#i n i t i a l i z i n g the v a r i a b l e s
4 x1<-numeric (3)

5 Y<-numeric (3)

6 x<-c(0:2)#sample space o f x
7 fx<-c(1/3,1/3,2/3)#sample space o f f x
8 #f u n c t i o n to c a l c u l a t e the sample space o f y
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9 y<-function(x)

10 {

11 if(x<1){

12 return (1)

13 }else if(x>=1){

14 return (2)

15 }

16 }

17 #loop to p r i n t the y sample space
18 for(i in 1:3)

19 {

20 print(y(i-1))

21 }

22 Exy <-c(1/2,3/2)#sample space o f Exy
23 #f u n c t i o n to c a l c u l a t e the p r o b a b i l i t y o f Exy
24 pExy <-function(Exy)

25 {

26 if(Exy==1/2){

27 return (1/3)

28 }else if(Exy==3/2){

29 return (2/3)

30 }

31 }

32 MeanExy <-7/6#mean o f E( x | y )
33 varExy <-sum(prod(pExy(1/2) ,((1/2-MeanExy)^2)),prod(

pExy(3/2) ,((3/2-MeanExy)^2)))#c a l c u l a t i n g the
v a r i a n c e o f E( x | y )

34 varExy

35 varxy <-1/12

36 Evarxy <-1/12

37 varx <-sum(Evarxy ,varExy)#c a l c u l a t i n g the v a r i a n c e o f
x

38 varx
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R code Exa 4.21 Sum of a Random Number of Independent Random Vari-
able

1 #EX−4_21
2 #page 27
3 gas <-runif (1000 ,0 ,1000)

4 p<-1/2

5 s<-1

6 MNs <-1/8*(1+ exp (1)^3)#the t r a n s f o r m o f b i n o m i a l
random v a r i a b l e o f N open gas s t a t i o n

7 MNs

8 Mxs <-(((exp(1) ^(1000*s)) -1)/(1000*s))#t r a n s f o r m o f
amount o f gas a v a i l a b l e

9 Mxs

10 Mys <-(1/8)*(1+ Mxs)^3

11 Mys#t r a n s f o r m a s s o s i a t e d with y
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Chapter 5

Stochastic Processes

R code Exa 5.5 Bernolli process

1 #EX_5_5
2 #page 13
3 p<-0.01

4 q<-1-p

5 pz1 <-numeric (4)#r e p r e s e n t i n g a sample l i s t
6 px1 <-numeric (4)

7 #f u n c t i o n to c a l c u l a t e PX( x )
8 px<-function(x)

9 {

10 if(x==0)

11 {

12 return ((1 -0.01) ^100)

13 }else if(x==2||x==5||x==10){

14 return(prod(factorial(n),(p^x),q^(n-x))/prod(

factorial(n-x),factorial(x)))

15 }

16 }

17 #p r i n t i n g the PX( x )
18 px1 <-c(px(0),px(2),px(5),px(10))

19 #f u n c t i o n to c a l c u l a t e PZ( x )
20 pz<-function(x)
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21 {

22 (exp(1)^-1)/factorial(x)

23 }

24 #p r i n t i n g the PZ( x )
25 pz1 <-c(pz(0),pz(2),pz(5),pz(10))

26 px1

27 pz1

R code Exa 5.6 The Poisson Process

1 #EX_5_6
2 #page 14
3 p<-0.0001#i n i t i a l i z i n g the v a r i a b l e s p , n , n1
4 n<-(log (0.999 , base=exp (1)))/(log (0.9999 , base=exp(1))

)

5 n1<-(-log (0.999 , base=exp(1)))/p

6 Ps<-1-(1-p)^n#c a l c u a l a t i n g the p r o b a b i l i t y o f f r e e
v a r i a b l e S

7 Ps

8 poisS <-1-exp(1)^-(p*n1)#c a l c u a t i n g the p r o b a b i l i t y
o f f r e e v a r i a b l e u s i n g the p o i s s o n approx imat ion

9 poisS

R code Exa 5.7 The Poisson Process

1 #EX_5_7
2 #page 19
3 lamda <-0.2# i n i t i a l i z i n g the v a r i a b l e s lamda
4 #f u n c t i o n to c a l c u l a t e the p r o b a b i l i t y usung the

p o i s s o n PMF
5 PMF <-function(lamda ,T,k)

6 {
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7 return(prod((lamda*T)^k,(exp(1)^-(lamda*T)))/

factorial(k))

8 }

9 PMF (0.2 ,1,0)#PMF o f d i f f e r e n t lamda , Time , and k v a l u e
i s be ing c a l c u l a t e d

10 PMF (0.2 ,1,1)

11 PMF (0.2 ,24 ,0)

12 PMF24 <-(PMF(0.2,1 ,0))^24#use p o i s s o n PMF
13 PMF24

R code Exa 5.9 The Poisson Process

1 #EX_5_9
2 #page 19
3 mue1 <-5

4 mue2 <-3

5 # the PMF o f the t o t a l number o f a c c i d e n t s between
8 am and 11 am?

6 PMF <-sum(5,(3*2))

7 PMF# sum o f indepemdent p o i s s o n random v a r i a b l e with
parmete r s 5& 3*2

R code Exa 5.12 The Poisson Process

1 #EX_5_12
2 #page 24
3 n<-56

4 lamda <-2#c a l l e r s depa r t with p o i s s o n p r o c e s s a r a t e
o f lamda

5 #the w a i t i n g t ime Y
6 EY<-n/lamda

7 #the f u n c t i o n to c a l c u l a t e the p r o b a b i l t y you have
to wa i t f o r more than an hour
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8 PY60 <-function(y)

9 {

10 return (( lamda^n)*(y^(n-1))*(exp(1)^(-lamda*y))/

factorial(n-1))

11 }

12 probability <-integrate(PY60 , 60, Inf)#the i n t e g r a l
f u n c t i o n to c a l c u l a t e the p r o b a b i l i t y o f w a i t i n g
more than an hour

13 probability$val

R code Exa 5.17 The Poisson Process

1 #EX_5_17
2 #page 30
3 # Random i n c i d e n c e i n a non−Po i s s o n a r r i v a l p r o c e s s
4 T1<-15

5 T2<-45

6 #per son a r r i v e s at i n t e r a r r i v a l t ime o f 15 minute
with p r o b a b i l t y 1/4

7 p1<-1/4

8 #per son a r r i v e s at i n t e r a r r i v a l t ime o f 45 i s o f
p r o b a b i l i t y 3/4

9 p2<-3/4

10 #the expec t ed v a l u e o f chosen i n t e r a r r i v a l t ime i s
11 T<-sum((T1*p1),(T2*p2))

12 T
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Chapter 6

Markov Chains

R code Exa 6.1 the discrete time markov chains

1 #EX_6_1
2 #page 2
3 library(markovchain)#l o a d i n g l i b r a r i e s
4 library(diagram)

5 p<-c(0.8 ,0.2 ,0.6 ,0.4)

6 probability <-matrix(p,nrow=2,ncol=2,byrow=T)

7 probability#p r o b a b i l t y matr ix
8 plotmat(probability)

R code Exa 6.2 Discrete Time Markov Chains

1 #EX_6_2
2 #page 4
3 library(markovchain)#l o a d i n g l i b r a r i e s
4 library(diagram)

5 matrix <-matrix(NA ,nrow=4,ncol=4,byrow=T)#c r e a t i n g
the sample matr ix

6 #loop to e n t e r the p r o b a b i l t y i n the matr ix
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7 for(i in 1:4)

8 {

9 for(j in 1:4)

10 {

11 if(i==1&&j==1)

12 {

13 matrix[i,j]<-1

14 }else if(i==4&&j==4){

15 matrix[i,j]<-1

16 }else if(i==j&&i>1){

17 matrix[i,j]<-0.4

18 }else if(i>=2&&(j==(i-1)||j==(i+1))){

19 matrix[i,j]<-0.3

20 }else{

21 matrix[i,j]<-0

22 }

23 }

24 }

25 matrix#p r i n t i n g the matr ix
26 plotmat(matrix)#markov cha in r e p r e s e n t a t i o n o f the

matr ix

R code Exa 6.4 Steady State Behavior

1 #EX_6_4
2 #page 15
3 p<-c(0.8 ,0.6 ,0.2 ,0.4)

4 prob <-matrix(p,nrow=2,ncol=2,byrow=T)#matr ix o f
m u l t i p l e s o f p i

5 prob

6 pi<-c(0.75 ,0.25)

7 mat <-matrix(pi,nrow=2,ncol=1,byrow=T)#c r e a t e d matr ix
o f p i g i v i n g v a l u e o f p i

8 mat

9 solve(prob ,mat)#g e n e r a t e the s o l u t i o n o f the p i
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R code Exa 6.11 Absorption Probabilities and Expected Time to Absorp-
tion

1 #EX_6_11
2 #page 26
3 library(markovchain)#l o a d i n g l i b r a r i e s
4 library(diagram)

5 par(mfrow=c(2,2))#to c r e a t e matr ix i n the p l o t to
accomodate the p l o t

6 x<-c

(1,0,0,0,0,0.2,0.3,0.4,0.1,0,0,0.2,0,0.3,0.5,0,0,0,0.3,0.7,0,0,0,1,0)

#t r a n s i t i o n e l e m e n t s o f f i r s t t r a n s i t i o n
7 x2<-c(1,0,0,0,0.2,0.3,0.4,0.1,0,0.2,0,0.8,0,0,0,1)#

elemennt s i n the second t r a n s i t i o n
8 p<-matrix(x,nrow=5,ncol=5,byrow=T)

9 p#to c r e a t e the e l ement matr ix
10 transition <-c(1:5)#nsmes o f the t r a n s i t i o n matr ix
11 row.names(p)<-transition

12 colnames(p)<-transition

13 p

14 plotmat(p)#to p l o t the markov cha in o f t r a n s i t i o n
matr ix

15 new_transition <-matrix(x2,nrow=4,ncol=4,byrow=T)#new
t r a n s i t i o n matr ix

16 name <-c(1,2,3,6)

17 row.names(new_transition)<-name

18 colnames(new_transition)<-name

19 new_transition

20 plotmat(new_transition)#p l o t t i n g the markov cha in o f
the new t r a n s i t i o n matr ix

21 #s i n c e i t i s a s i n g u l a r matr ix can ’ t s o l v e i n r
22 a2<-21/31

23 a3<-29/31
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R code Exa 6.13 Absorption Probabilities and Expected Time to Absorp-
tion

1 #EX_6_13
2 #page 30
3 m<-4

4 i<-c(2,3)

5 mue <-c(0.6 , -0.3 ,0.7 , -0.4)#r e p r e s e n t i n g the
m u l t i p l i c a t i o n v a c t o r s with mu

6 mat <-matrix(mue ,nrow=2,ncol=2,byrow=T)#r e p r e s e n t i n g
to matr ix

7 mat

8 b<-matrix(c(1,1),nrow=2,ncol=1,byrow=T)#the s o l u t i o n
matr ix

9 b

10 m<-solve(mat ,b)#t h i s s o l v e the both matr ix to g i v e
the v a l u e o f mu

11 mu<-matrix(m,nrow=2,ncol=1,byrow=T)#r e p r e s e n t i n g
t t h e v a l u r o f mu i n a matr ix

12 row.names(mu)<-c(”mu1”,”mu2”)
13 mu#r e p r e s e n t the v a l u e s o f mu1 , mu2 i n the matr ix ”

mu”
14 #l e t m=5
15 transition <-c(1 ,0 ,0 ,0.3 ,0.4 ,0.3 ,0 ,0.3 ,0.4)

16 transition_mat <-matrix(transition ,nrow=3,ncol=3,

byrow=T)

17 plotmat(transition_mat)#markov cha in r e p r e s e n t a t i o n
o f the t r a n s i t i o n matr ix

R code Exa 6.14 more general markov chains

1 #EX_6_14
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2 #page 32
3 p<-c(0.8 ,0.2 ,0.6 ,0.4)

4 mat <-matrix(p,nrow=2,ncol=2,byrow=T)#p r o b a b i l t y
matr ix

5 mat

6 t<-c(0 ,0.6 ,1 ,0.2)

7 T<-matrix(t,nrow=2,ncol=2,byrow=T)#matr ix to
r e p r e s e n t the t matr ix

8 T

9 b<-matrix(c(1,1),nrow=2,ncol=1,byrow=T)

10 b

11 t1<-solve(T,b)#c a l c u l a t e the f i r s t p a s s a g e t ime to
s t a t e 1 from s t a t e 2

12 b1<-matrix(c(0,1),nrow=2,ncol=1,byrow=T)

13 t2<-solve(T,b1)#c a l c u l a t e the mean r e c u r r e n c e t ime
14 t1[1,1]#mean f i r s t p a s s a g e t ime to s t a t e 1 s t a r t i n g

from s a t e 2
15 t2[1,1]#mean r e c u r r e n c e t ime to s t a t e 1
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Chapter 7

Limit Theorems

R code Exa 7.1 Some Useful Inequalities

1 #EX_7_1
2 #page 3
3 EX<-2#expec t ed mean
4 #MArkov i n e q u a l i t y a s s e r t s tha t
5 #f u n c t i o n to c a l c u l a t e m t h e Msrkov I n e q u a l i t y
6 PX<-function(x)

7 {

8 if(x>=2&&x<3)

9 {

10 return (1)

11 }else if(x>=3&&x<4){

12 return (2/3)

13 }else if(x>=4){

14 return (2/4)

15 }

16 }

17 #f u n c t i o n to c a l c u a l t e the normal p r o b a b i l i t y
18 px<-function(x)

19 {

20 if(x>=2&&x<3)

21 {

57



22 return (0.5)

23 }else if(x>=3&&x<4){

24 return (0.25)

25 }else if(x>=4){

26 return (0)

27 }

28 }

29

30 c<-c(PX(2),PX(3),PX(4),px(2),px(3),px(4))

31 compare <-matrix(c,nrow=3,ncol=2,byrow=T)

32 compare#matr ix to compare both Markov I n e q u a l i t y and
normal p r o a b a b i l i t y

R code Exa 7.4 convergence in probability

1 #EX_7_4
2 #page 6
3 #p o l l i n g
4 PMnp <-function(n,e)

5 {

6 return (1/(4*n*e^2))

7 }#f u n c t i o n to c a l c u l a t e the chebyshev i n e q u a l i t y
8 PMnp (100 ,0.1)

9 PMnp (1000000 ,0.01)# c a l c u l a t e d the chebyshev
i n e q u a l i t y

R code Exa 7.8 The central Limit Theorem

1 #EX_7_8
2 #page 11
3 n<-100#number o f package s l oaded
4 p1<-5#w e i g h t s a r e u n i f o r m l y d i s t r i b u t e d between 5and

50

58



5 p2<-50

6 pi<-3.14

7 #mean and v a r i a n c e o f s i n g l e package
8 mue <-sum(p1,p2)/2

9 mue

10 var <-sum(50,-5)^2/12

11 var

12 z<-(3000- prod (100,mue))/sqrt(var*100)#norma l i z ed
v a l u e o f the mean and v a r i a n c e

13 z

14 #f u n c t i o n to c a l c u l a t e the CDF normal random
v a r i a b l e

15 f<-function(t)

16 {

17 return ((1/sqrt(2*pi))*exp (1)^(-(t^2)/2))

18 }

19 phi1 .92 <-integrate(f,-Inf ,1.92)#c a l c u l a t e the CDF o f
normal random v a r i a b l e from the normal t a b l e

20 phi1 .92$val

21 p_greater_3000 <-1-phi1 .92$val#the d e s i r e d
p r o b a b i l i t y tha t the t o t a l we ight e x c e e d s 3000
pounds

22 p_greater_3000

R code Exa 7.9 The central Limit Theorem

1 #EX_7_9
2 #page 12
3 #p r o c e s s i n g t ime i s independent random v a r i a b l e

between 1and 5
4 mue <-3#the v a r i a n c e and the mean
5 var <-16/12

6 var

7 n<-100#the number o f p a r t s
8 z<-(320-(n*mue))/sqrt(var*n)
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9 z#c a l c u l a t e d the no rma l i z ed v a l u e
10 f<-function(t)

11 {

12 return ((1/sqrt(2*pi))*exp (1)^(-(t^2)/2))

13 }#f u n c t i o n to c a l c u l a t e the CDF normal random
v a r i a b l e

14 phi1 .73 <-integrate(f,-Inf ,1.73)#the d e s i r e d
approx imat ion g i v e s p ( S100 >320) i t i s t from the
normal t a b l e

15 phi1 .73$val

R code Exa 7.10 The central Limit Theorem

1 #EX_7_10
2 #page 12
3 n<-100#c o n s i d e r the c a s e n=100 and e =0.1
4 e<-0.1

5 z<-function(e,n)

6 {

7 return (2*e*sqrt(n))

8 }#f u n c t i o n to c a l c u l a t e the s t a n d a r d i z e d v a l u e
9 Z<-z(e,n)

10 Z#2* 0 . 0 1 * s q r t ( n )>= 1 . 9 6
11 f<-function(t)

12 {

13 return ((1/sqrt(2*pi))*exp (1)^(-(t^2)/2))

14 }#f u n c t i o n to c a l c u l a t e the CDF normal random
v a r i a b l e

15 phi <-integrate(f,-Inf ,Z)#the normal CDF o f 2 from
normal t a b l e

16 phi$val#phi ( 2 )
17 p<-2-(2*phi$val)

18 p#2−2 ph i (2 * 0 . 0 1 s q r t ( n ) )<= 0 . 0 5
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R code Exa 7.11 The central Limit Theorem

1 #EX_7_11
2 #page 15
3 n<-36

4 p<-0.5

5 P21 <-numeric (22)

6 comb <-function(n,x)

7 {

8 return(factorial(n)/factorial(n-x)/factorial(x))

9 }#f u n c t i o n to c a l c u l a t e the combinat ion
10 for(i in 1:22)

11 {

12 P21[i]<-comb(n,(i-1))

13 }

14 P21#e x a c t va luep ( Sn<=21)
15 p<-sum(P21*(0.5^36))

16 f<-function(t)

17 {

18 return ((1/sqrt(2*pi))*exp (1)^(-(t^2)/2))

19 }#f u n c t i o n to c a l c u l a t e the CDF normal random
v a r i a b l e

20 p21 <-integrate(f,-Inf ,1)

21 p21$val#the c e n t r a l l i m i t approx imat ion
22 P21 <-integrate(f,Inf ,1.17)#Using the proposed r e ???

nement
23 P21$val#which i s much c l o s e r to the e x a c t v a l u e
24 z1<-(19.5 -18)/3

25 z2<-(18.5 -18)/3

26 p1<-integrate(f,-Inf ,z1)

27 p2<-integrate(f,-Inf ,z2)

28 p19 <-p1$val -p2$val

29 p19# de Moivre − Lap lace f o rmu la a l s o a l l o w s us to
approx imate the p r o b a b i l i t y o f a s i n g l e v a l u e
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30 P19 <-comb(n,19)*(0.5^36)

31 P19#e x a c t v a l u e P( Sn=19)
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