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Chapter 2

Probability

R code Exa 2.1 Camera Flash

1 #Camera f l a s h ( Pg no . 18)
2 foo <-function (){

3 min_recycle_time = 1.5

4 max_recycle_time = 5

5 x<-readline(prompt=” Enter 1 : ” )

6 if(min_recycle_time <x && x<max_recycle_time)

7 {

8 print(”Outcome o f Set S={low , medium , h igh } i s
medium”)

9 print(”Outcome o f Set S={yes , no} i s ye s ”)
10 } else if(min_recycle_time >= x)

11 {

12 print(”Outcome o f Set S={low , medium , h igh } i s
low ”)

13 print(”Outcome o f Set S={yes , no} i s no”)
14 } else if(max_recycle_time <= x)

15 {

16 print(”Outcome o f Set S={low , medium , h igh } i s
h igh ”)

17 print(”Outcome o f Set S={yes , no} i s no”)
18 }
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19 }

20

21 foo()

R code Exa 2.4 Automobile Options

1 #Automobi le o p t i o n s ( Pg no . 19)
2 foo <-function (){

3 number_of_possible_outcomes_of_automatic_

transmission = 2

4 #Set S = {With an automat i c t r a n s m i s s i o n , Without
an automat i c t r a n s m i s s i o n }

5

6 number_of_possible_outcomes_of_sunroof = 2

7 #Set S = {With a sunroo f , Without a s u n r o o f }
8

9 number_of_possible_outcomes_of_sterio_system = 3

10 #Set S = { S t e r i o system 1 , S t e r i o system 2 , S t e r i o
system 3}

11

12 number_of_possible_outcomes_of_exterior_color = 4

13 #Set S = { E x t e r i o r c o l o r 1 , E x t e r i o r c o l o r 2 ,
E x t e r i o r c o l o r 3 , E x t e r i o r c o l o r 4}

14

15 total_no_of_outcome = number_of_possible_outcomes_

of_automatic_transmission*

16 number_of_possible_outcomes_of_sunroof*

17 number_of_possible_outcomes_of_sterio_system*

18 number_of_possible_outcomes_of_exterior_color

19

20 cat(”The sample space c o n t a i n s ”,total_no_of_
outcome ,” outcomes ”)

21 }

22

23 foo()
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R code Exa 2.5 Automobile Colors

1 #Automobi le C o l o r s ( Pg no . 20)
2 foo <-function (){

3 vehicle_types = 12

4

5 exterior_color_black = 2

6 #Set S = { black , r ed }
7

8 exterior_color_white = 4

9 #Set S = { black , white , b lue , brown}
10

11 exterior_color_blue = 3

12 #Set S = { black , red , b lu e }
13

14 exterior_color_brown = 1

15 #Set S = {brown}
16

17 total_no_of_outcome = vehicle_types*exterior_color

_black+

18 vehicle_types*exterior_color_white+

19 vehicle_types*exterior_color_blue+

20 vehicle_types*exterior_color_brown

21

22 cat(”The sample space c o n t a i n s ”,total_no_of_
outcome ,” v e h i c l e t y p e s ”)

23 }

24

25 foo()

R code Exa 2.8 Hospital Emergency Visits
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1 #H o s p i t a l Emergency V i s i t s ( Pg no . 21)
2

3 total = c(5292 ,6991 ,5640 ,4329)

4 lwbs = c(195 ,270 ,246 ,242)

5 admitted = c(1277 ,1558 ,666 ,984)

6 not_admitted = c(3820 ,5163 ,4728 ,3103)

7 df = data.frame(” t o t a l ” = total , ” lwbs ” = lwbs , ”
admitted ” = admitted , ” not _ admitted ” = not_

admitted)

8 # A i s the event tha t a v i s i t i s to h o s p i t a l 1
9 # B i s the event tha t the r e s u l t o f the v i s i t i s

LWBS
10 A_intersection_B = df$lwbs [1]

11 Abar = sum(df$total [2:4])

12 A_union_B = df$total [1] + sum(df$lwbs [2:4])

13

14 cat(”A union B =”,A_union_B)
15 cat(”A i n t e r s e c t i o n B =”,A_intersection_B)
16 cat(”Abar =”,Abar)
17

18 # The answer g i v e n i n t ex tbook f o r A i n t e r s e c t i o n B
i s wrong

R code Exa 2.9 Web site design

1 #Web s i t e d e s i g n ( Pg no . 23)
2 colors = 4

3 fonts = 3

4 image_positions = 3

5

6 designs = colors*fonts*image_positions

7

8 cat(designs ,” d i f f e r e n t d e s i g n s a r e p o s s i b l e ”)
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R code Exa 2.10 Printed circuit board

1 #P r i n t e d c i r c u i t board ( Pg no . 24)
2

3 locations = 8

4 components = 4

5 designs = factorial(locations)/factorial(components)

6

7 cat(designs ,” d i f f e r e n t d e s i g n s a r e p o s s i b l e ”)

R code Exa 2.11 Hospital schedule

1 #H o s p i t a l s c h e d u l e ( Pg no . 24)
2

3 knee_surgery = 3

4 hip_surgery = 2

5 sequences = factorial(knee_surgery+hip_surgery)/(

factorial(knee_surgery)*factorial(hip_surgery))

6

7 cat(sequences ,” s e q u e n c e s a r e p o s s i b l e ”)

R code Exa 2.12 Bar code 39

1 #Bar code 39( Pg no . 24)
2

3 black_bars = 5

4 narrow_bars = 3

5 wide_bars = 2

6 bars = factorial(black_bars)/(factorial(narrow_bars)

*factorial(wide_bars))
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7

8 narrow_spaces = 3

9 wide_spaces = 1

10 codes = bars*(narrow_spaces+wide_spaces)

11

12 cat(”The number o f p o s s i b l e code s i s ”,codes)

R code Exa 2.13 Printed circuit board layout

1 #P r i n t e d c i r c u i t board l a y o u t ( Pg no . 25)
2

3 locations = 8

4 identical_components = 5

5 designs = factorial(locations)/(factorial(identical_

components)*factorial(locations -identical_

components))

6

7 cat(”Number o f p o s s i b l e d e s i g n s i s ”,designs)

R code Exa 2.14 Sampling without replacement

1 #Sampl ing wi thout r ep l a c ement ( Pg no . 25)
2

3 size = 6

4 total_parts = 50

5 defective_parts = 3

6 non_defective_parts = 47

7

8 step_1 = choose(defective_parts ,2)

9

10 remaining_parts = size - 2

11
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12 step_2 = choose(non_defective_parts , remaining_parts

)

13

14 num_of_subsets = step_1*step_2

15

16 cat(” the number o f s u b s e t s o f s i z e 6 tha t c o n t a i n
e x a c t l y 2 d e f e c t i v e p a r t s i s ”,num_of_subsets)

17

18 diff_subsets = choose(total_parts , size)

19

20 cat(” t o t a l number o f d i f f e r e n t s u b s e t s o f s i z e 6 i s ”
,diff_subsets)

R code Exa 2.15 Laser diodes

1 #Lase r d i o d e s ( Pg no . 30)
2

3 num_of_diodes = 30

4 individual_probability = 0.01

5

6 total_probability = num_of_diodes*individual_

probability

7

8 cat(” P r o b a b i l i t y o f E i s ”, total_probability)

R code Exa 2.16 Probabilities of Events

1 #P r o b a b i l i t i e s o f Events ( Pg no . 31)
2

3 a = 0.1

4 b = 0.3

5 c = 0.5

6 d = 0.1
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7

8 A = a + b

9 B = b + c + d

10 C = d

11

12 cat(”P(A) =”,A)
13 cat(”P(B) =”,B)
14 cat(”P(C) =”,C)
15

16 cat(”P(A_bar ) =” ,1-A)
17 cat(”P(B_bar ) =” ,1-B)
18 cat(”P(C_bar ) =” ,1-C)
19

20 cat(”P(A_ i n t e r s e c t i o n _B) =”,b)
21 cat(”P(A_ union _B) =”,a+b+c+d)
22 cat(”P(A_ i n t e r s e c t i o n _ c ) =” ,0)

R code Exa 2.17 Contamination particles

1 #Contaminat ion p a r t i c l e s ( Pg no . 31)
2

3 zero_contaminant = 0.4

4 three_contaminants = 0.10

5 four_contaminants = 0.05

6 five_and_above_contaminants = 0.10

7

8 E = three_contaminants+four_contaminants+five_and_

above_contaminants

9

10 cat(”P(E) = ”,E,” i s the p r o b a b i l i t y tha t a wa f e r
c o n t a i n s t h r e e or more p a r t i c l e s i n the i n s p e c t e d

l o c a t i o n ”)
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R code Exa 2.18 Manufacturing Inspection

1 #Re f e r to code EX2_ 14( Sampl ing wi thout r ep l a c ement )
2

3 #Manufactur ing I n s p e c t i o n ( Pg no . 32)
4

5 size = 6

6 non_defective_parts = 47

7 num_of_subsets = 535095

8 diff_subsets = 15890700

9

10 P1 = num_of_subsets/diff_subsets

11

12 #s u b s e t with no d e f e c t i v e p a r t s
13 subset2 = choose(non_defective_parts ,size)

14

15 P2 = subset2/diff_subsets

16

17 cat(” P r o b a b i l i t y tha t a sample c o n t a i n s e x a c t l y 2
d e f e c t i v e p a r t s i s ”,P1)

18 cat(” P r o b a b i l i t y tha t no d e f e c t i v e p a r t s a r e
s e l e c t e d i s ”,P2)

19 #The answer might s l i g h t l y vary due to round ing o f f
v a l u e s

R code Exa 2.19 Semiconductor Wafers

1 #i n s t a l l . package s (”MASS”)
2 library(MASS)

3

4 #Semiconductor Wafers ( Pg no . 35)
5

6 total = 940

7 high = 358

8 center = 626

19



9 high_and_center = 112

10 high_or_center = (high+center -high_and_center)

11 ans = high_or_center/total

12 ans = fractions(ans)

13 print(ans)

14

15 #The answer might s l i g h t l y vary due to r e d u c i n g o f
v a l u e s

R code Exa 2.20 Semiconductor wafers and location

1 #Semiconductor w a f e r s and l o c a t i o n ( Pg no . 36)
2

3 E1 = 0.15 #p r o b a b i l i t y tha t a wa f e r c o n t a i n s f o u r or
more p a r t i c l e s

4 E2 = 0.28 #p r o b a b i l i t y tha t a wa f e r was at the edge
5 E1_and_E2 = 0.04

6 E1_or_E2 = E1+E2-E1_and_E2

7

8 E3 = 0.60 #p r o b a b i l i t y tha t a wa f e r c o n t a i n s l e s s
than two p a r t i c l e s

9 E4 = 0.03 #p r o b a b i l i t y tha t a wa f e r i s both at the
edge and c o n t a i n s more than f o u r p a r t i c l e s

10 E3_and_E4 = 0 #mutua l ly e x c l u s i v e
11 E3_or_E4 = E3+E4-E3_and_E4

12

13 cat(” p r o b a b i l i t y o f E1 union E2 i s ”,E1_or_E2)
14 cat(” p r o b a b i l i t y o f E3 union E4 i s ”,E3_or_E4)

R code Exa 2.22 Surface flaws and defectives

1 #S u r f a c e f l a w s and d e f e c t i v e s ( Pg no . 40)
2
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3 f1 = 40 #t o t a l _ s u r f a c e f l a w s
4 d1 = 10 #d e f e c t i v and s u r f a c e f l aw e d
5 P1 = d1/f1

6

7 d2 = 18 #d e f e c t i v e but not s u r f a c e f l a w e d
8 f2 = 400 - f1 #without s u r f a c e f l a we d
9 P2 = d2/f2

10

11 cat(” c o n d i t i o n a l p r o b a b i l i t y P( d1 | f 1 ) i s ”,P1)
12 cat(” c o n d i t i o n a l p r o b a b i l i t y P( d2 | f 2 ) i s ”,P2)

R code Exa 2.23 Tree Diagram

1 #i n s t a l l . package s (”MASS”)
2 library(MASS)

3

4 #Tree Diagram ( Pg no . 41)
5

6 D_and_F = 10/400

7 F = 40/400

8 D = 28/400

9 Dbar_and_F = 30/400

10 D_and_Fbar = 18/400

11 Dbar_and_Fbar = 342/400

12 Fbar = 1-F

13

14 D_given_F = D_and_F/F

15 D_given_F = fractions(D_given_F)

16 print(”P(D |F) i s ”)
17 print(D_given_F)

18

19 F_given_D = D_and_F/D

20 F_given_D = fractions(F_given_D)

21 print(”P(F |D) i s ”)
22 print(F_given_D)
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23

24 Dbar_given_F = Dbar_and_F/F

25 Dbar_given_F = fractions(Dbar_given_F)

26 print(”P( Dbar |F) i s ”)
27 print(Dbar_given_F)

28

29 D_given_Fbar = D_and_Fbar/Fbar

30 D_given_Fbar = fractions(D_given_Fbar)

31 print(”P(D | Fbar ) i s ”)
32 print(D_given_Fbar)

33

34 Dbar_given_Fbar = Dbar_and_Fbar/Fbar

35 Dbar_given_Fbar = fractions(Dbar_given_Fbar)

36 print(”P( Dbar | Fbar ) i s ”)
37 print(Dbar_given_Fbar)

38

39 #The answer might s l i g h t l y vary due to r e d u c i n g o f
v a l u e s

R code Exa 2.24 Random inspection

1 #i n s t a l l . package s (”MASS”)
2 library(MASS)

3

4 #Random i n s p e c t i o n ( Pg no . 42)
5

6 remaining_parts = 49 #t o t a l r ema in ing p a r t s
7 defective_parts = 2 #t o t a l d e f e c t i v e p a r t s r ema in ing
8

9 P = defective_parts/remaining_parts

10 P = fractions(P)

11 print(P)

12 cat(” c o n d i t i o n a l p r o b a b i l i t y P(B |A) i s ”,P)
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R code Exa 2.25 Continuation of Chapter 2 Example 24

1 #Cont inue to EX2_24
2

3 #( Pg no . 43)
4

5 total = 50

6 defective_parts = 3

7 non_defective_parts = 47

8

9 p = (defective_parts/total)*(( defective_parts -1)/(

total -1))*(non_defective_parts/(total -2))

10

11 cat(p,” i s the p r o b a b i l i t y tha t the f i r s t two p a r t s
s e l e c t e d a r e d e f e c t i v e and the t h i r d i s not
d e f e c t i v e ”)

12

13 #The answer may s l i g h t l y vary due to round ing o f f
v a l u e s

R code Exa 2.26 Machine stages

1 #Machine s t a g e s ( Pg no . 45)
2

3 A = 0.90 #p r o b a b i l i t y o f tha t f i r s t s t a g e o f
machin ing meets s p e c i f i c a t i o n s

4 B_given_A = 0.95 #Given A, p r o b a b i l i t y tha t a second
s t a g e o f machin ing meets s p e c i f i c a t i o n s

5 A_and_B = B_given_A*A

6

7 cat(A_and_B,” i s the p r o b a b i l i t y tha t both s t a g e s
meet s p e c i f i c a t i o n s ”)
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R code Exa 2.27 Semiconductor contamination

1 #Semiconductor con tamina t i on ( Pg no . 46)
2

3 high = 0.20 #p r o b a b i l i t y o f h igh l e v e l o f
c on tamina t i on

4 not_high = 1 - high #p r o b a b i l i t y o f not h igh l e v e l
o f c on tamina t i on

5 product_fail_given_high = 0.10

6 product_fail_given__not_high = 0.005

7

8 product_fail = (product_fail_given_high*high)+(

product_fail_given__not_high*not_high)

9

10 cat(product_fail ,” i s p r o b a b i l i t y tha t the product
f a i l s ”)

R code Exa 2.28 Semiconductor failures

1 #Semiconductor f a i l u r e s ( Pg no . 47)
2

3 high = 0.20 #p r o b a b i l i t y o f h igh l e v e l o f
c on tamina t i on

4 medium = 0.30 #p r o b a b i l i t y o f medium l e v e l o f
c on tamina t i on

5 low = 0.50 #p r o b a b i l i t y o f low l e v e l o f
c on tamina t i on

6 product_fail_given_high = 0.10

7 product_fail_given_medium = 0.01

8 product_fail_given_low = 0.001

9
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10 product_fail = (product_fail_given_high*high)+(

product_fail_given_medium*medium)+( product_fail_

given_low*low)

11

12 cat(product_fail ,” i s p r o b a b i l i t y tha t the product
f a i l s ”)

R code Exa 2.29 Sampling with replacement

1 #i n s t a l l . package s (”MASS”)
2 library(MASS)

3

4 #Sampl ing with r ep l a c ement ( Pg no . 49)
5

6 # A : event tha t f i r s t pa r t i s d e f e c t i v e
7 # B : event tha t second pa r t i s d e f e c t i v e
8

9 B_given_A = 3

10 A = 3

11 total = 50

12 P = fractions ((B_given_A*A)/(total*total))

13 print(P)

14 cat(” p r o b a b i l i t y tha t both p a r t s a r e d e f e c t i v e i s ”,P
)

R code Exa 2.30 Flaws and functions

1 #i n s t a l l . package s (”MASS”)
2 library(MASS)

3

4 #Flaws and f u n c t i o n s ( Pg no . 49)
5

6 defective_and_surface_flawed = 2
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7 total_defective_parts = 20

8 total_surface_flawed = 40

9 P = fractions (( defective_and_surface_flawed*

defective_and_surface_flawed)/(total_defective_

parts*total_surface_flawed))

10 print(P)

11 cat(” p r o b a b i l i t y o f s u r f a c e f l a w e d and d e f e v t i v e i s ”
,P)

12

13 #The answer may s l i g h t l y vary due to round ing o f f
v a l u e s

R code Exa 2.31 Unconditional Probability

1 #Cont inua t i on o f Ex2_14
2

3 #( Pg no . 50)
4

5 B_given_A = 2/49

6 A = 3/50

7 B_given_Abar = 3/49

8 Abar = 1-A

9

10 B = (B_given_A*A)+(B_given_Abar*Abar)

11 cat(”P(B) =”,B)

R code Exa 2.32 Series circuit

1 #S e r i e s c i r c u i t ( Pg no . 51)
2

3 l = 0.80 #p r o b a b i l i t y tha t l e f t d e v i c e o p e r a t e
4 r = 0.90 #p r o b a b i l i t y tha t r i g h t d e v i c e o p e r a t e
5
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6 l_and_r = l*r

7

8 cat(”The p r o b a b i l i t y tha t the c i r c u i t o p e r a t e s i s ”,l
_and_r)

R code Exa 2.33 Semiconductor wafers

1 #Semiconductor w a f e r s ( Pg no . 51)
2

3 contamination = 0.01

4 no_contamination = 1- contamination

5 wafers = 15

6

7 total_probability = no_contamination^wafers

8

9 cat(”The p r o b a b i l i t y tha t no l a r g e p a r t i c l e s a r e
found i s ”,total_probability)

10

11 #The answer may s l i g h t l y vary due round ing o f f
v a l u e s

R code Exa 2.34 Parallel circuit

1 #P a r a l l e l c i r c u i t ( Pg no . 51)
2

3 top = 0.95 #top d e v i c e does o p e r a t e
4 bottom = 0.95 #bottom d e v i c e does o p e r a t e
5

6 t = 1 - top #top d e v i c e does not o p e r a t e
7 b = 1 - bottom #bottom d e v i c e does not o p e r a t e
8

9 t_and_b = t*b

10

27



11 top_or_bottom = 1 - t_and_b

12

13 cat(”The p r o b a b i l i t y tha t the c i r c u i t o p e r a t e s i s ”,
top_or_bottom)

R code Exa 2.35 Advanced circuit

1 #Advanced c i r c u i t ( Pg no . 52)
2

3 left = 1 - 0.1^3

4 middle = 1 - 0.05^2

5 right = 0.99

6

7 operates = left*middle*right

8

9 cat(operates ,” i s the p r o b a b i l i t y tha t the c i r c u i t
o p e r a t e s ”)

10 #The answer may s l i g h t l y vary due to round ing o f f
v a l u e s

R code Exa 2.37 Medical Diagnostic

1 #Medica l D i a g n o s t i c ( Pg no . 55)
2

3 p_given_i = 0.99 #t e s t s i g n a l s p o s i t i v e with i l l n e s s
4 n_given_i = 0.95 #t e s t s i g n a l s n e g a t i v e with i l l n e s s
5 i = 0.0001 #i l l n e s s i n p o p u l a t i o n
6

7 p_given_not_i = 0.05

8

9 i_given_p = (p_given_i*i)/((p_given_i*i)+(p_given_

not_i*(1-i)))

10
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11 cat(i_given_p,” i s the p r o b a b i l i t y tha t you have the
i l l n e s s g i v e n t e s t i s p o s i t i v e ”)

12 #The answer may s l i g h t l y vary due to round ing o f f
v a l u e s
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Chapter 3

Discrete Random Variables and
Probability Distributions

R code Exa 3.2 Camera flash tests

1 #Camera f l a s h t e s t s ( Pg no . 66)
2

3 pass = 0.8

4 fail = 1 - pass

5

6 ppf = pass*pass*fail

7

8 cat(” the p r o b a b i l i t y tha t the f i r s t and second
cameras pa s s the t e s t and t h i r d one f a i l s i s ”,ppf
)

R code Exa 3.5 Wafer contamination

1 #Wafer con tamina t i on ( Pg no . 68)
2 foo = function ()

3 {
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4 p = 0.01 #contaminent p r e s e n t
5 a = 1 - p #contaminent absen t
6 x = readline(prompt = ” Enter x : ”)
7 x = as.integer(x)

8 if (x>=1)

9 {

10 px = (a^(x-1))*p

11 cat(” p r o b a b i l i t y P( X =”,x,” ) i s ”,px)
12 }

13 else

14 {

15 cat(” Er ro r ! i npu t must be >=1”)
16 }

17

18 }

19

20 foo()

R code Exa 3.6 Digital channel

1 #D i g i t a l channe l ( Pg no . 71)
2

3 #p r o b a b i l i t y o f e r r o r i n g i v e n number (X) o f b i t s
4 zero = 0.6561 # P(X=0)
5 one = 0.2916 # P(X=1)
6 two = 0.0486 # P(X=2)
7 three = 0.0036 # P(X=3)
8

9

10 X = zero + one + two + three

11 Y = zero + one + two

12

13 cat(”P(X<=3) =”,X)
14 cat(”P(X=3) =”,X-Y)
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R code Exa 3.7 Cumulative distribution function

1 #Cumulat ive d i s t r i b u t i o n f u n c t i o n ( Pg no . 72)
2

3 ”
4 F( x ) = 0 −− { x < −2}
5 F( x ) = 0 . 2 −− { −2 <= x < 0}
6 F( x ) = 0 . 7 −− { 0<= x < 2}
7 F( x ) = 1 −− { 2 <= x}
8

9 f (−2) = ?
10 f ( 0 ) = ?
11 f ( 2 ) = ?
12 ”
13 P1 = 0.2 - 0.0

14 P2 = 0.7 - 0.2

15 P3 = 1.0 - 0.7

16

17 cat(” f (−2) =”,P1)
18 cat(” f ( 0 ) =”,P2)
19 cat(” f ( 2 ) =”,P3)

R code Exa 3.8 Sampling without replacement

1 #Sampl ing wi thout r ep l a c ement ( Pg no . 72)
2

3 total = 850

4 unconforming = 50

5 conforming = total - unconforming

6

7 X0 = (conforming/total)*(( conforming -1)/(total -1))

8 X1 = 2*(conforming/total)*(unconforming/(total -1))
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9 X2 = (unconforming/total)*(( unconforming -1)/(total

-1))

10

11 F0 = round(X0 , digits = 3)

12 F0

13 F1 = round(X0 + X1 , digits = 3)

14 F1

15 F2 = X0 + X1 + X2

16 F2

17 cat(

18 ”
19 F( x ) = 0 −− { x < 0}
20 F( x ) = ”,F0 ,” −− { 0 <= x < 1}
21 F( x ) = ”,F1 ,” −− { 1 <= x < 2}
22 F( x ) = ”,F2 ,” −− { 2 <= x}
23

24 ”)
25 #The v a l u e s may s l i g h t l y vary due to round ing o f f

v a l u e s

R code Exa 3.9 Digital channel

1 #D i g i t a l channe l ( Pg no . 75)
2

3 error_bits = c(0,1,2,3,4)

4 probability = c(0.656 ,0.2916 ,0.0486 ,0.0036 ,0.0001)

5 df = data.frame( ’ e r r o r _ b i t s ’ = error_bits , ’
p r o b a b i l i t y ’ = probability)

6

7 index = c(1: length(error_bits))

8

9 u = weighted.mean(error_bits , probability) #
e x p e c t a t i o n

10

11 v = weighted.mean(( error_bits -u)^2, probability) #
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v a r i a n c e
12

13

14 cat(” E x pe c t a t i o n E(X) =”,round(u, digits = 1))

15 cat(” Var i ance V(X) =”,v)
16 #The answer may s l i g h t l y vary due to round ing o f f

v a l u e s

R code Exa 3.10 Marketing

1 #Market ing ( Pg no . 75)
2

3 B_revenue1 = 7 # i n m i l l i o n d o l l a r s
4 B_probability1 = 0.3

5

6 B_revenue2 = 2 # i n m i l l i o n d o l l a r s
7 B_probability2 = 0.7

8

9 u = B_revenue1*B_probability1 + B_revenue2*B_

probability2

10 #e x p e c t a t i o n i n m i l l i o n d o l l a r s
11

12 v = ((B_revenue1 -u)^2)*B_probability1 + ((B_revenue2

-u)^2)*B_probability2

13 #v a r i a n c e i n m i l l i o n d o l l a r s squared
14

15 sd = sqrt(v)

16

17 cat(” Ex pe c t a t i o n E(Y) =”,u)
18 cat(” Var i ance V(Y) =”,v)
19 cat(” Standard D e v i a t i o n SD(Y) =”,sd)
20 #The answer may s l i g h t l y vary due to round ing o f f

v a l u e s
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R code Exa 3.11 Messages

1 #Messages ( Pg no . 76)
2

3 x = c(10 ,11 ,12 ,13 ,14 ,15) # number o f messages
4 probability = c(0.08 ,0.15 ,0.30 ,0.20 ,0.20 ,0.07)

5

6 u = weighted.mean(x,probability) #e x p e c t a t i o n
7

8 v = weighted.mean((x-u)^2, probability)#v a r i a n c e
9

10 sd = sqrt(v)

11 cat(” E x pe c t a t i o n E(X) =”,u)
12 cat(” Var i ance V(X) =”,v)
13 cat(” Standard D e v i a t i o n SD(X) =”,sd)
14 #The answer may s l i g h t l y vary due to round ing o f f

v a l u e s

R code Exa 3.12 Digital channel continuation

1 #D i g i t a l channe l c o n t i n u a t i o n ( Pg no . 76)
2

3 error_bits = list(0,1,2,3,4)

4 probability = list

(0.656 ,0.2916 ,0.0486 ,0.0036 ,0.0001)

5

6 index = c(1: length(error_bits))

7 u = 0.00 #e x p e c t a t i o n
8 for (i in index) {

9 u = u + (((as.double(error_bits[i]))^2)*as.double(

probability[i]))

10 }
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11

12 cat(” E x pe c t a t i o n E [ h (X) ] =”,u)

R code Exa 3.14 Number of voice lines

1 #Number o f v o i c e l i n e s ( Pg no . 78)
2

3 max_lines = 48

4 min_lines = 0

5

6 u = (max_lines+min_lines)/2 #e x p e c t a t i o n
7

8 sd = sqrt (((( max_lines -min_lines +1)^2) -1)/12) #
standard d e v i a t i o n

9

10 cat(” Ex pe c t a t i o n E(X) =”,u)
11 cat(” Standard D e v i a t i o n SD(X) =”,sd)
12 #The answer may s l i g h t l y vary due to round ing o f f

v a l u e s

R code Exa 3.15 Proportion of voice lines

1 #Re f e r to EX3_ 14( Number o f v o i c e l i n e s )
2

3 #P r o p o r t i o n o f v o i c e l i n e s ( Pg no . 79)
4

5 u = 24 #e x p e c t a t i o n E(X)
6 v = 199.94 #v a r i a n c e Var (X)
7

8 u1 = u/48 #e x p e c t a t i o n E(Y)
9 v1 = v/(48^2) #v a r i a n c e Var (Y)

10

11 cat(” Ex pe c t a t i o n E(Y) =”,u1)
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12 cat(” Var i ance Var (Y) =”,v1)
13 #The answer may s l i g h t l y vary due to round ing o f f

v a l u e s

R code Exa 3.16 Digital channel

1 #i n s t a l l . package s (” combinat ”)
2 library(combinat)

3

4 #D i g i t a l channe l ( Pg no . 80)
5

6 error = 0.1

7 not_error = 1 - error

8

9 P = error*not_error*error*not_error #p r o b a b i l i t y o f
2 e r r o r s

10

11 outcomes = dim(combn (4,2))[2]

12

13 total_probability = outcomes*P

14

15 cat(” P r o b a b i l i t y P(X=2) =”,total_probability)

R code Exa 3.17 Binomial coefficient

1 #i n s t a l l . package s (” combinat ”)
2 library(combinat)

3

4 #Binomia l c o e f f i c i e n t ( Pg no . 82)
5

6

7 A = dim(combn (10,3))[2]

8 A
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9

10 B = dim(combn (15 ,10))[2]

11 B

12

13 C = dim(combn (100 ,4))[2]

14 C

R code Exa 3.18 Organic pollution

1 #Organic p o l l u t i o n ( Pg no . 83)
2

3 n = 18 #number o f sample s
4 p = 0.1

5

6 # P(X=2)
7 A = dbinom(2,n,p)

8 A

9

10 # P(X>=4) == 1 − P(X<4)
11 B = 1 - pbinom(3,n,p)

12 B

13

14 # P(3<=X && X<7)
15 C = dbinom(3,n,p) + dbinom(4,n,p) + dbinom(5,n,p) +

dbinom(6,n,p)

16 C

R code Exa 3.19 Mean and Variance

1 #Mean and Var iance ( Pg no . 84)
2

3 n = 4

4 p = 0.1
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5

6 u = n*p

7

8 v = n*p*(1-p)

9

10 cat(”E(X) =”,u)
11 cat(”Var (X) =”,v)

R code Exa 3.20 Digital channel

1 #D i g i t a l channe l ( Pg no . 87)
2

3 error = 0.1

4 not_error = 1 - error

5

6 P = (not_error ^4)*error

7

8 cat(”P(X=5) =”,P)
9 #The answer may s l i g h t l y vary due to round ing o f f

v a l u e s

R code Exa 3.21 Wafer contamination

1 #Wafer con tamina t i on ( Pg no . 88)
2

3 contaminated = 0.01

4

5 n = 125 #num o f w a f e r s
6

7 p = dgeom(n,contaminated)

8

9 cat(”P(X=125) =”,p)
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10 #The answer may s l i g h t l y vary due to round ing o f f
v a l u e s

R code Exa 3.22 Mean and standard deviation

1 #Mean and s tandard d e v i a t i o n ( Pg no . 88)
2

3 p = 0.1

4

5 u = 1/p

6

7 sd = sqrt((1-p)/(p^2))

8

9 cat(”The mean u n t i l the f i r s t e r r o r i s ”,u)
10 cat(”The s tandard d e v i a t i o n b e f o r e the f i r s t e r r o r

i s ”,sd)
11 #The answer may s l i g h t l y vary due to round ing o f f

v a l u e s

R code Exa 3.24 Digital Channel

1 #D i g i t a l Channel ( Pg no . 89)
2

3 error_prob = 0.1

4 n = 10

5 n_error = 3

6 ans = dnbinom ((n-n_error -1) ,(n_error +1),error_prob)

7

8 cat(” Answer i s ”,ans)
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R code Exa 3.25 Camera flashes

1 #Camera f l a s h e s ( Pg no . 91)
2

3 p = 0.2

4 r = 3

5 x = 5

6

7 #P(X<=5)
8 B = pnbinom ((x-r),r,p)

9

10 cat(B,” i s the p r o b a b i l i t y tha t the t h i r d f a i l u r e i s
o b t a i n e d i n f i v e or f e w e r t e s t s ”)

11 #The answer may s l i g h t l y vary due to round ing o f f
v a l u e s

R code Exa 3.26 Sampling without replacement

1 #Sampl ing wi thout r ep l a c ement ( Pg no . 93)
2

3 # P(X=0)
4 A = (choose (50 ,0)*choose (800 ,2))/choose (850 ,2)

5 A

6

7

8 # P(X=1)
9 B = (choose (50 ,1)*choose (800 ,1))/choose (850 ,2)

10 B

11

12 # P(X=2)
13 C = (choose (50 ,2)*choose (800 ,0))/choose (850 ,2)

14 C

15

16 #The answer may s l i g h t l y vary due to round ing o f f
v a l u e s
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R code Exa 3.27 Parts from suppliers

1 #Part s from s u p p l i e r s ( Pg no . 94)
2

3 supplier1 = 100 #p a r t s from l o c a l s u p p l i e r
4 supplier2 = 200 #p a r t s from d i s t a n t s u p p l i e r
5

6 #P(X=4)
7 A = (choose(supplier1 ,4)*choose(supplier2 ,0))/choose

(supplier1+supplier2 ,4)

8

9 #P(X>=2)
10 B = 0.0

11 for (i in 2:4)

12 {

13 B = B + (choose(supplier1 ,i)*choose(supplier2 ,4-i)

)/choose(supplier1+supplier2 ,4)

14 }

15

16 #P(X>=1) == 1 − P(X=0)
17 temp = (( choose(supplier1 ,0)*choose(supplier2 ,4))/

choose(supplier1+supplier2 ,4))

18 C = 1 - temp

19

20 cat(A,” i s the p r o b a b i l i t y tha t a l l 4 p a r t s a r e from
the l o c a l s u p p l i e r ”)

21 cat(B,” i s the p r o b a b i l i t y tha t two or more p a r t s i n
the sample a r e from the l o c a l s u p p l i e r ”)

22 cat(C,” i s the p r o b a b i l i t y tha t at l e a s t one pa r t i n
the sample i s from the l o c a l s u p p l i e r ”)

23

24 #The answer may s l i g h t l y vary due to round ing o f f
v a l u e s
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R code Exa 3.28 Mean and variance

1 #Mean and v a r i a n c e ( Pg no . 95)
2

3 size = 4

4 p = 100/300

5

6 u = size*p #e x p e c t a t i o n
7

8 v = size*(1/3)*(2/3)*((300 -4)/299) #v a r i a n c e
9

10 cat(”E(X) =”,u)
11 cat(”Var (X) =”,v)
12

13 #The answer may s l i g h t l y vary due to round ing o f f
v a l u e s

R code Exa 3.29 Customer Sample

1 #Customer Sample ( Pg no . 96)
2

3 p = 0.7 #P(A)
4 n = 50 #no . o f sample suc tomer s
5

6 #P(X>45)
7 B = 1 - pbinom (45,50,p)

8

9 cat(B,” i s the p r o b a b i l i t y tha t X>45 have purchased
from the c o r p o r a t i o n i n the l a s t t h r e e months ”)

10 #The answer may s l i g h t l y vary due to round ing o f f
v a l u e s

43



R code Exa 3.31 Calculations of wire flaws

1 #C a l c u l a t i o n s o f w i r e f l a w s ( Pg no . 99)
2

3 mean = 2.3 #f l a w s per mm( m i l l i m e t e r )
4 t = 1 #mm
5 #P(X=2)
6 A = dpois(2,lambda = mean*t)

7

8 t = 5 #mm
9 #P(X=10)

10 B = dpois (10, lambda = mean*t)

11

12 t = 2 #mm
13 #P(X>−1) == 1 − P(X=0)
14 C = 1 - dpois(0,lambda = mean*t)

15

16 cat(” the p r o b a b i l i t y o f two f l a w s i n 1 m i l l i m e t e r o f
w i r e i s ”,A)

17 cat(” the p r o b a b i l i t y o f 10 f l a w s i n 5 m i l l i m e t e r s o f
w i r e i s ”,B)

18 cat(” the p r o b a b i l i t y o f at l e a s t one f l a w i n 2
m i l l i m e t e r s o f w i r e i s ”,C)

19 #The answer may s l i g h t l y vary due to round ing o f f
v a l u e s

R code Exa 3.32 Magnetic storage and contamination

1 #Magnet ic s t o r a g e and con tamina t i on ( Pg no . 101)
2

3 mean = 0.1 #p a r t i c l e s per cm( c e n t i i m e t e r ) ˆ2
4 t = 100 #cmˆ2
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5

6 #P(X=12)
7 A = dpois(12, lambda = mean*t)

8

9 #P(X=0)
10 B = dpois(0, lambda = mean*t)

11

12 #P(X<=12)
13 C = ppois(12, lambda = mean*t)

14

15 cat(”P(X=12) =”,A)
16 cat(”P(X=0) =”,B)
17 cat(”P(X<=12) =”,C)
18 #The answer may s l i g h t l y vary due to round ing o f f

v a l u e s
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Chapter 4

Continuous Random Variables
and Probability Distributions

R code Exa 4.1 Electric Current

1 #E l e c t r i c Current ( Pg no . 110)
2

3 #P(X<5)
4 integrand <- function(x) {5}

5 q = integrate(Vectorize(integrand), lower = 4.9,

upper = 5)

6 cat(”P(X<5) =”,q$value)
7

8 #P(4.95 <X<5 .1)
9 p = integrate(Vectorize(integrand), lower = 4.95,

upper = 5.1)

10 cat(”P(4.95 <X<5 .1) =”,p$value)

R code Exa 4.2 Hole diameter

1 #Hole d i amete r ( Pg no . 110)
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2

3 # P {X>12.60}
4 integrand <- function(x) {20*(exp(-20*(x -12.5)))}

5 P = integrate(integrand ,lower = 12.6, upper = Inf)

6 P

7

8 # P {12.50<X<12.60}
9 integrand <- function(x) {20*(exp(-20*(x -12.5)))}

10 Q = integrate(integrand ,lower = 12.5, upper = 12.6)

11 Q

12

13 #The answer may s l i g h t l y vary due to round ing o f f
v a l u e s

R code Exa 4.5 Reaction time

1 #i n s t a l l . package s (” Der iv ”)
2 library(Deriv)

3

4 #React i on t ime ( Pg no . 113)
5

6 #P(X<200)
7 f = function(x){1-(exp ( -(0.01*x)))}

8 f(200)

9 #The answer may s l i g h t l y vary due to round ing o f f
v a l u e s

R code Exa 4.6 Electric current

1 #E l e c t r i c c u r r e n t ( Pg no . 115)
2

3 # Ex pe c t a t i on
4 integrand <- function(x) {5*x}
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5 P = integrate(integrand ,lower = 4.9,upper = 5.1)

6 P

7

8 # Var iance
9 integrand <- function(x) {5*(x-10) ^2}

10 Q = integrate(integrand ,lower = 4.9,upper = 5.1)

11 Q

12

13 #The answer p rov id ed i n t ex tbook i s wrong

R code Exa 4.7 Continuation of Chapter 4 Example 1

1 #Cont inua t i on o f EX4_1
2

3 #( Pg no . 115)
4

5 integrand <- function(x) {0.0001*(x^2)}

6 P = integrate(integrand ,lower = 4.9,upper = 5.1)

7 P #watts

R code Exa 4.8 Hole diameter

1 #Hole d i amete r ( Pg no . 115)
2

3 # Ex pe c t a t i on
4 integrand <- function(x) {x*20*(exp(-20*(x -12.5)))}

5 u = integrate(integrand ,lower = 12.5, upper = Inf)

6 u

7

8 # Var iance
9 integrand <- function(x) {((x - 12.55) ^2)*20*(exp

(-20*(x -12.5)))}

10 v = integrate(integrand ,lower = 12.5, upper = Inf)
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11 v

12

13 sd = sqrt(v$value) #Standard d e v i a t i o n
14 sd

15 #The answer may s l i g h t l y vary due to round ing o f f
v a l u e s

R code Exa 4.9 Uniform current

1 #Uniform c u r r e n t ( Pg no . 117)
2

3 # P {4.95<X<5}
4 integrand <- function(x) {5}

5 P = integrate(Vectorize(integrand),lower = 4.95,

upper = 5.0)

6 P

7

8 a=4.9

9 b=5.1

10

11 u = (a+b)/2 # e x p e c t a t i o n i n mA
12 u

13 v = ((0.2) ^2)/12 #v a r i a n c e i n mAˆ2
14 v

15 sd = sqrt(v) #standard d e v i a t i o n i n mA
16 sd

17

18 #The answer may s l i g h t l y vary due to round ing o f f
v a l u e s

R code Exa 4.12 standard normal distribution
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1 options(scipen = 999) #f o r d i s a b l i n g s c i e n t i f i c
n o t a t i o n

2

3 #( Pg no . 121)
4

5 #P(X > 1 . 2 6 )
6 p1 = 1 - pnorm (1.26 ,0 ,1)

7 cat(”P(X>1 .26) =”,p1)
8

9 #P(X < 2 0 . 8 6 )
10 p1 = pnorm (20.86 ,0 ,1)

11 cat(”P(X<20 .86) =”,p1)
12

13 #P(X > −1.37) = P(X < 1 . 3 7 )
14 p1 = pnorm (1.37 ,0 ,1)

15 cat(”P(X>−1.37) =”,p1)
16

17 #P(−1.25 < X < 0 . 3 7 )
18 pmin = pnorm (0.37 ,0 ,1)

19 pmax = pnorm (-1.25,0,1)

20 cat(”P(−1.25 < Z < 0 . 3 7 ) =”,pmin -pmax)
21

22 #P(X <= −4.6)
23 p = pnorm (-3.99,0,1)

24 cat(” S i n c e P(X<=−3.99) =”,round(p, digits = 6),”and
P(X<= 4 . 6 ) < P(X<= 3 . 9 9 ) P(X <= −4.6)
a lmost e q u a l to z e r o ”)

25 #the answer g i v e n i n t ex tbook i s wrong f o r P(X <
2 0 . 8 6 )

R code Exa 4.13 Normally distributed current

1 #Normal ly d i s t r i b u t e d c u r r e n t ( Pg no . 123)
2

3 mean = 10 #mA
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4 v = 4 #mAˆ2
5 x = 13 #mA
6

7 p = 1 - pnorm(x, mean ,sqrt(v))

8 p

9

10 #The answer may s l i g h t l y vary due to round ing o f f
v a l u e s

R code Exa 4.14 Normally distributed current

1 #Normal ly d i s t r i b u t e d c u r r e n t ( Pg no . 124)
2

3 mean = 10 #mA
4 v = 4 #mAˆ2
5

6 #P(9<X<11)
7 p1 = 1 - pnorm(9, mean ,sqrt(v))

8 p1

9

10 p2 = 1 - pnorm(11, mean , sqrt(v))

11 p2

12

13 result = p1- p2

14 result

15

16 z =2.06

17 x = z*sqrt(v) + mean

18 x #mA
19 #The answer may s l i g h t l y vary due to round ing o f f

v a l u e s

R code Exa 4.15 Signal detection
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1 #S i g n a l d e t e c t i o n ( Pg no . 124)
2

3 result = 1 - pnorm (0.9, 0, 0.45)

4 result

5

6 cat(result ,” i s the p r o b a b i l i t y o f d e t e c t i n g a
d i g i t a l 1 when none was s e n t ”)

R code Exa 4.16 Shaft diameter

1 #S h a f t d i amete r ( Pg no . 125)
2

3 mean = 0.2508 #i n c h e s
4 sd = 0.0005 #i n c h e s
5

6 # P(0.2485 <X<0 .2515)
7 p1 = 1 - pnorm (0.2485 , mean ,sd)

8

9 p2 = 1 - pnorm (0.2515 , mean , sd)

10

11 result = p1 - p2

12

13 cat(result ,” p r o p o r t i o n o f s h a f t s con forms to
s p e c i f i c a t i o n s ”)

14

15 new_mean = 0.2500

16

17 p3 = 1 - pnorm (0.2485 , new_mean ,sd)

18

19 p4 = 1 - pnorm (0.2515 , new_mean , sd)

20

21 result1 = p3 - p4

22 cat(result1 ,” p r o p o r t i o n o f s h a f t s con forms to
s p e c i f i c a t i o n s ”)
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R code Exa 4.18 The digital communication

1 #The d i g i t a l communicat ion ( Pg no . 130)
2

3 np = (16*10^6)*(1*10^ -5)

4

5 #P(X <= 1 5 0 . 5 )
6 z = (150.5 -np)/sqrt(np*(1-10^-5))

7 p = pnorm(z,0,1)

8 cat(”P(X <= 1 5 0 . 5 ) =”,p)

R code Exa 4.19 Normal Approximation to Binomial

1 #Normal Approximat ion to Binomia l ( Pg no . 130)
2

3 n = 50

4 p = 0.1

5

6 #P(X<=2)
7 x = pbinom(2,n,p)

8 cat(”P(X<=2) =”,round(x, digits = 3))

9

10 p1 = pnorm (2.5, 5, (sqrt(n*p*(1-p))))

11 cat(” Based on the normal approx imat i on P(X<=2) =”,p1
)

12

13 #P(9<=X)
14 p2 = pnorm (8.5, 5, 2.12, lower.tail = FALSE)

15 cat(”P(9<=X) =”,round(p2, digits = 2))
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R code Exa 4.20 Normal Approximation to Poisson

1 #Normal Approximat ion to Po i s s on ( Pg no . 131)
2

3 #P(X <= 9 5 0 . 5 )
4 z = (950.5 -1000)/sqrt (1000)

5 p = pnorm(z,0,1)

6 cat(”P(X <= 9 5 0 . 5 ) =”,p)

R code Exa 4.21 Computer Usage

1 #Computer Usage ( Pg no . 134)
2

3 mean = 25 #log−on per hour
4 x = 0.1 #6 min = 0 . 1 hr
5

6 #P(X>0 .1)
7 p1 = pexp(x,mean ,lower.tail = FALSE)

8

9 #P(0.033 <X<0 .05)
10 p2 = (pexp (0.033 ,25 , lower.tail = FALSE) + pexp

(0.05,25 , lower.tail = TRUE))-1

11

12 cat(round(p1,digits = 3),” i s the p r o b a b i l i t y tha t
t h e r e a r e no log−ons i n an i n t e r v a l o f s i x
minutes ”)

13 cat(round(p2, digits = 3),” i s the p r o b a b i l i t y tha t
the t ime u n t i l the next log−on i s between two and

t h r e e minutes ”)
14

15 #P(X > x ) = 0 . 9 0
16 x = log (0.90)/(-mean)

17 cat(” the l e n g t h o f t ime x such tha t P ( X > x ) = 0
. 90 i s ”,round(x*60, digits = 2),” minutes ”)

18 cat(” the mean t ime u n t i l the next log−on i s ”, (1/
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mean)*60,” minutes ”)
19 cat(”The s tandard d e v i a t i o n o f the t ime u n t i l the

next log−on i s ” ,(1/mean)*60,” minutes ”)

R code Exa 4.22 Lack of memory property

1 #Lack o f memory p r o p e r t y ( Pg no . 135)
2

3 u = 1.4 #e x p e c t a t i o n i n min
4 #P(X<0.5 min )
5 f = 1 - exp(-(0.5/1.4))

6 cat(” p r o b a b i l i t y tha t we d e t e c t a p a r t i c l e w i t h i n 30
s e c o n d s o f s t a r t i n g the c o u n t e r i s ”,f)

7

8 #P(3< X <3.5)
9 f1 = (1 - exp (-(3.5/1.4))) - (1 - exp(-(3/1.4)))

10

11 #P(X >3)
12 f2 = 1 - (1 - exp(-(3/1.4)))

13

14 #P(X <3.5 | X >3) = P(3< X <3.5) / P(X >3)
15 result = f1/f2

16 round(result ,digits = 2)

R code Exa 4.23 Processor failure

1 #P r o c e s s o r f a i l u r e ( Pg no . 139)
2

3 mean = 0.0001 #f a i l u r e per hr
4 failures = 40000

5

6 u = mean * failures #e x p e c t a t i o n
7
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8 #P(X > 40 , 000 ) = P(N <= 3)
9 p = ppois(3, lambda = u)

10 round(p,digits = 3)

R code Exa 4.24 Poisson process

1

2 #( Pg no . 141)
3

4 #P(X>25)
5 p = ppois(9,lambda = 12.5)

6 round(p, digits = 3)

7

8 r= 10

9 lambda = 0.5

10

11 mean = r/lambda

12 mean

13

14 variance = r/(lambda ^2)

15 variance

16

17 sd = variance ^0.5

18 round(sd, digits = 2)

19

20 #P(X <= x ) = 0 . 9 5
21 x = qgamma(p = 0.95, shape = r, scale = 1/lambda)

22 cat(”A s c h e d u l e tha t a l l ows ’ ”,x,” hours to p r e p a r e
10 s l i d e s shou ld be met 95% o f the t ime ”)

R code Exa 4.25 Bearing Wear

1 #Bear ing Wear ( Pg no . 144)
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2

3 mean = 5000*0.5*sqrt(pi)

4 mean

5

6 #P(X>6000)
7 p = pweibull(q = 6000, shape = 2, scale = 5000, lower.

tail = FALSE)

8

9 cat(” on ly ”,round(p*100, digits = 1),”% o f a l l
b e a r i n g s l a s t at l e a s t 6000 hours ”)

R code Exa 4.26 Semiconductor Laser

1 #Semiconductor Lase r ( Pg no . 147)
2

3 o = 10

4 w = 1.5

5

6 #P(X > 10000)
7 p = 1 - plnorm (10000 , meanlog = o, sdlog = w)

8 cat(”P(X > 10000) =”,p)
9

10 x = qlnorm (0.99,o,w,lower.tail = FALSE)

11 cat(”x =”,round(x,digits = 2),” hours ”)
12

13 E_x = exp(o+(w^2/2))

14 cat(”mean =”,round(E_x,digits = 1),” hours ”)
15

16 V_x = (exp((2*o)+(w^2)))*(exp((w^2)) -1)

17 cat(” s tandard d e v i a t i o n =”,sqrt(V_x),” hours ”)
18

19 #The answer may s l i g h t l y vary due to round ing o f f
v a l u e s
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R code Exa 4.27 Commercial development

1

2 #( Pg no . 149)
3

4 alpha = 2.5

5 beta = 1

6

7

8 #P(X > 0 . 7 )
9 p = pbeta(q = 0.7, shape1 = alpha , shape2 = beta ,

lower.tail = FALSE)

10 cat(”P(X > 0 . 7 ) =”,round(p,digits = 2))

R code Exa 4.28 Generalized beta distribution

1

2 #( Pg no . 150)
3

4 a = 8

5 b = 20

6 m = 16

7

8 mean = (a+(4*m)+b)/6

9 cat(”mean =”,round(mean ,digits = 3))

10 alpha = ((mean -a)*((2*m)-a-b))/((m-mean)*(b-a))

11 cat(” a lpha =”,round(alpha ,digits = 3))

12 beta = (alpha*(b-mean))/(mean -a)

13 cat(” beta =”,round(beta ,digits = 3))
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Chapter 5

Joint Probability Distributions

R code Exa 5.2 Server Access Time

1 #S e r v e r Acce s s Time ( Pg no . 158)
2

3 fnc = function(x) {(exp (( -(0.002*x) -(0.001*x))))/

(0.002)}

4

5 an1 = integrate(fnc , 0, Inf)$value

6 an1 = an1*6*10^( -6)

7 an1

R code Exa 5.3 Marginal Distribution

1 #Marg ina l D i s t r i b u t i o n ( Pg no . 159)
2

3 P3_1 = 0.25

4 P3_2 = 0.2

5 P3_3 = 0.05

6 P3_4 = 0.05

7
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8 f3 = P3_1 + P3_2 + P3_3 + P3_4

9 f3

R code Exa 5.4 Server Access Time

1 #S e r v e r Acce s s Time ( Pg no . 160)
2

3 #P(Y>2000)
4 f <- function(y)

5 {

6 (exp (( -(0.002*y))))*(1-exp ( -(0.001*y)))

7 }

8 v = integrate(f, lower = 2000, upper = Inf)

9 ans = (6*10^-3)*(v$value)

10 cat(”P(Y>2000) =”,round(ans ,digits = 2))

R code Exa 5.5 Conditional Probabilities for Mobile Response Time

1 #C o n d i t i o n a l P r o b a b i l i t i e s f o r Mobi le Response Time (
Pg no . 162)

2

3 P3_1 = 0.25

4 P3_2 = 0.2

5 P3_3 = 0.05

6 P3_4 = 0.05

7

8 f3 = P3_1 + P3_2 + P3_3 + P3_4

9

10 cat(”P(Y=1|X=3) =”,round((P3_1/f3),digits = 3))

11 cat(”P(Y=2|X=3) =”,round((P3_2/f3),digits = 3))

12 cat(”P(Y=3|X=3) =”,round((P3_3/f3),digits = 3))

13 cat(”P(Y=4|X=3) =”,round((P3_4/f3),digits = 3))

14
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15 #The answer may s l i g h t l y vary due to round ing o f f
v a l u e s

R code Exa 5.6 Conditional Probability

1 #C o n d i t i o n a l P r o b a b i l i t y ( Pg no . 163)
2

3 #P(Y>2000 |X=1500)
4 f <- function(y)

5 {

6 0.002*(exp ((0.002*1500) -(0.002*y)))

7 }

8 v = integrate(f, lower = 2000, upper = Inf)

9 ans = v$value

10 cat(”P(Y>2000 |X=1500) =”,round(ans ,digits = 3))

R code Exa 5.8 Conditional Mean And Variance

1 #C o n d i t i o n a l Mean And Var iance ( Pg no . 164)
2

3 #E(Y |X=1500)
4 f <- function(y)

5 {

6 y*(0.002*(exp ((0.002*1500) -(0.002*y))))

7 }

8 v = integrate(f, lower = 1500, upper = Inf)

9 ans = v$value #ms
10 cat(”E(Y |X=1500) =”,ans)

R code Exa 5.9 Conditional Mean And Variance
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1 #( Pg no . 164)
2 y = c(1,2,3,4)

3 prob = c(0.05 ,0.1 ,0.1 ,0.75)

4 u = weighted.mean(y,prob)

5 cat(”E(Y | 1 ) =”,u)
6

7 v = weighted.mean((y-u)^2, prob)

8 cat(”V(Y | 1 ) =”,round(v, digits = 3))

R code Exa 5.12 Machined Dimensions

1 #Machined Dimens ions ( Pg no . 166)
2

3 xmean = 10.5

4 xvar = 0.0025

5 xstd_dev = sqrt(xvar)

6 ymean = 3.2

7 yvar = 0.0036

8 ystd_dev = sqrt(yvar)

9

10 #P(10.4 <X<10.6 ,3 .15 <Y<3 .25)
11 zx_min = pnorm (10.4,xmean ,xstd_dev ,lower.tail =

FALSE)

12 zx_max = pnorm (10.6,xmean ,xstd_dev)

13

14 zy_min = pnorm (3.15,ymean ,ystd_dev , lower.tail =

FALSE)

15 zy_max = pnorm (3.25,ymean ,ystd_dev)

16

17 p = zx_min*zx_max*zy_min*zy_max

18 cat(”P(10.4 <X<10.6 ,3 .15 <Y<3 .25) =”,round(p,digits =

1))

19

20 # The answer may s l i g h t l y vary due to round ing o f f
v a l u e s
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R code Exa 5.14 Component Lifetimes

1 #Component L i f e t i m e s ( Pg no . 167)
2

3 f = function(x1 ,x2 ,x3,x4)

4 {

5 (exp ( -(0.001*x1) -(0.002*x2) -(0.0015*x3) -(0.003*x4)

))

6 }

7

8 #P(X1>1000 ,X2>1000 ,X3>1000 ,X4>1000)
9

10 p = f(1000 ,1000 ,1000 ,1000)

11 cat(”P(X1>1000 ,X2>1000 ,X3>1000 ,X4>1000)=”,round(p,
digits = 5))

R code Exa 5.15 Probability as a Ratio of Volumes

1 #i n s t a l l . package s (”MASS”)
2 library(MASS)

3

4 #P r o b a b i l i t y as a Rat io o f Volumes ( Pg no . 168)
5

6 area1 = 4*pi

7 area2 = pi

8

9 p = area2/area1

10 cat(” P r a b a b i l i t y i s ”,fractions(p))
11 ans = fractions(p)

12 ans
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R code Exa 5.16 Marginal probability distribution

1 #( Pg no . 168)
2

3 #P(X2 = 0)
4 P_0 = 0.4

5

6 #P(X2 = 1)
7 P_1 = 0.3

8

9 #P(X2 = 2)
10 P_2 = 0.2

11

12 #P(X2 = 3)
13 P_3 = 0.1

14

15 x = c(0,1,2,3)

16

17 E = weighted.mean(x,c(P_0,P_1,P_2,P_3))

18 cat(”E(X2) =”,E)

R code Exa 5.18 Layer Thickness

1 #Layer Th i ckne s s ( Pg no . 170)
2

3 mean1 = 10000

4 std_dev1 = 250

5 mean2 = 1000

6 std_dev2 = 20

7 mean3 = 80

8 std_dev3 = 4

9
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10 #P(9200<X1<10800 ,950<X2<1050 ,75<X3<85)
11 zx1_min = pnorm (9200 ,mean1 ,std_dev1 ,lower.tail =

FALSE)

12 zx1_max = pnorm (10800 ,mean1 ,std_dev1 ,lower.tail =

FALSE)

13

14 zx2_min = pnorm (950,mean2 ,std_dev2 ,lower.tail =

FALSE)

15 zx2_max = pnorm (1050 ,mean2 ,std_dev2 , lower.tail =

FALSE)

16

17 zx3_min = pnorm(75,mean3 ,std_dev3 ,lower.tail = FALSE

)

18 zx3_max = pnorm(85,mean3 ,std_dev3 , lower.tail =

FALSE)

19

20 p = (zx1_min -zx1_max)*(zx2_min -zx2_max)*(zx3_min -zx3

_max)

21 cat(” the r e q u e s t e d p r o b a b i l i t y i s P(9200<X1
<10800 ,950<X2<1050 ,75<X3<85) =”,round(p,digits =

4))

R code Exa 5.19 Expected Value of a Function of Two Random Variables

1 #Expected Value o f a Funct ion o f Two Random
V a r i a b l e s ( Pg no . 174)

2

3 y1 = c(0.01 ,0.02 ,0.25)

4 y2 = c(0.02 ,0.03 ,0.2)

5 y3 = c(0.02 ,0.1 ,0.05)

6 y4 = c(0.15 ,0.1 ,0.05)

7

8 #j o i n t p r o b a b i l i t y matr ix
9 M = matrix(c(y1 ,y2 ,y3,y4), nrow = 4, ncol = 3, byrow

= TRUE)
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10 ux = 2.35

11 uy = 2.49

12 M

13 sum_total= 0.0

14 for(i in 1:4)

15 {

16 for(j in 1:3)

17 {

18 sum_total = sum_total + ((j-ux)*(i-uy)*M[i,j])

19 }

20 }

21

22 cat(”E [ ( X−ux ) (Y−uy ) ] =”,sum_total)

R code Exa 5.21 Covariance

1 #Covar iance ( Pg no . 176)
2 x = c(0,1,1,2,2,3)

3 y = c(0,1,2,1,2,3)

4 w = c(0.2 ,0.1 ,0.1 ,0.1 ,0.1 ,0.4)

5

6 E_xy = 0.0

7 for(i in 1: length(x))

8 {

9 E_xy = E_xy + (x[i]*y[i]*w[i])

10 }

11

12 E_x = 0*0.2+1*0.2+2*0.2+3*0.4

13 E_x

14 V_x = ((0-E_x)^2*0.2) +((1-E_x)^2*0.2) +((2-E_x)^2*

0.2) +((3-E_x)^2*0.4)

15 E_y = E_x

16 V_y = V_x

17 V_x

18
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19 sigma_xy = E_xy - E_x*E_y

20 sigma_xy

21

22 p_xy = sigma_xy/(sqrt(V_x)*sqrt(V_y))

23 round(p_xy ,digits = 3)

R code Exa 5.23 Independence Implies Zero Covariance

1 #i n s t a l l . package s (” pracma ”)
2 #i n s t a l l . package s (”MASS”)
3 library(pracma)

4 library(MASS)

5

6 #Independence I m p l i e s Zero Covar i ance ( Pg no . 177)
7

8 fun_xy <- function(x, y) (1/16)*(x^2)*(y^2)

9

10 E_xy = integral2(fun_xy, 0, 2, 0, 4, reltol = 1e-10)

11 E_xy = E_xy$Q

12 cat(”E(XY) =”,E_xy)
13 fractions(E_xy)

14

15 fun_x <- function(x, y) (1/16)*(x^2)*(y)

16

17 E_x = integral2(fun_x, 0, 2, 0, 4, reltol = 1e-10)

18 E_x = E_x$Q

19 cat(”E(X) =”,E_x)
20 fractions(E_x)

21

22 fun_y <- function(x, y) (1/16)*(x)*(y^2)

23

24 E_y = integral2(fun_y, 0, 2, 0, 4, reltol = 1e-10)

25 E_y = E_y$Q

26 cat(”E(Y) =”,E_y)
27 fractions(E_y)
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28

29 if(ceiling(E_xy -(E_x*E_y)) == 0)

30 {

31 print(”The two random v a r i a b l e s a r e independent ”)
32 }

R code Exa 5.24 Digital Channel

1 #D i g i t a l Channel ( Pg no . 179)
2

3 e = 0.6

4 g = 0.3

5 f = 0.08

6 p = 0.02

7

8 prob = (e^14)*(g^3)*(f^2)*(p^1)

9 prob

10

11 no_seq = factorial (20)/(factorial (14)*factorial (3)*

factorial (2)*factorial (1))

12 no_seq

13

14 P = no_seq*prob

15 cat(”P(14E ’ s , 3 G’ s , 2 F ’ s , and 1 P) =”,round(P,
digits = 4))

R code Exa 5.25 Digital Channel

1 #D i g i t a l Channel ( Pg no . 1 8 0 )
2

3 x = c(0.6 ,0.3 ,0.08 ,0.02)

4 P = dmultinom(c(12,6,2,0), prob = x)
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5 cat(”P(12E ’ s , 6 G’ s , 2 F ’ s , and 0 P) =”,round(P,
digits = 4))

R code Exa 5.31 Error Propagation

1 #Erro r Propagat i on ( Pg no . 185)
2

3 var_x = 25+40+30

4 cat(”V(X) =”,var_x,”nmˆ2 ”)
5 cat(” s tandard d e v i a t i o n =”,round(sqrt(var_x),digits

= 2),”nm”)

R code Exa 5.32 Linear Function of Independent Normal Random Vari-
ables

1 #L i n e a r Funct ion o f Independent Normal Random
V a r i a b l e s ( Pg no . 186)

2

3 E_X1 = 2

4 E_X2 = 5

5 std_dev1 = 0.1

6 std_dev2 = 0.2

7 Y = 14.5

8 E_Y = 14

9

10 var_Y = (4*(0.1) ^2)+(4*(0.2) ^2)

11 z = (Y-E_Y)/sqrt(var_Y)

12

13 p = pnorm(z,0,1,lower.tail = FALSE)

14 cat(” the p r o b a b i l i t y tha t the p e r i m e t e r e x c e e d s 1 4 . 5
cm i s ”,round(p,digits = 2))
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R code Exa 5.33 Beverage Volume

1 #Beverage Volume ( Pg no . 187)
2

3 E_Xbar = 12.1

4 V_Xbar = 0.1^2/10

5 Xbar = 12

6

7 z = (Xbar - E_Xbar)/sqrt(V_Xbar)

8

9 p = pnorm(z,0,1,lower.tail = TRUE)

10 cat(” the p r o b a b i l i t y tha t the ave rage volume o f 10
cans s e l e c t e d from t h i s p r o c e s s i s l e s s than 12
oz i s ”,round(p,digits = 5))

11

12 #The answer may s l i g h t l y vary due to round ing o f f
v a l u e s
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Chapter 6

Descriptive Statistics

R code Exa 6.1 Sample mean

1 #Sample mean ( Pg no . 200)
2

3 obs = c(12.6 ,12.9 ,13.4 ,12.3 ,13.6 ,13.5 ,12.6 ,13.1)

4 x = mean(obs)

5

6 cat(” sample mean i s ”,x,” pounds ”)

R code Exa 6.2 Sample variance

1 #Sample v a r i a n c e ( Pg no . 202)
2

3 obs = c(12.6 ,12.9 ,13.4 ,12.3 ,13.6 ,13.5 ,12.6 ,13.1)

4

5 v = var(obs)

6 sd = sd(obs)

7

8 cat(” sample v a r i a n c e i s ”,round(v,digits = 4)) #
pounds ˆ2
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9 cat(” sample s tandard d e v i a t i o n i s ”,round(sd,digits =

2)) #pounds

R code Exa 6.3 Sample variance shortcut

1 #Sample v a r i a n c e s h o r t c u t ( Pg no . 203)
2

3 samples = c(12.6 ,12.9 ,13.4 ,12.3 ,13.6 ,13.5 ,12.6 ,13.1)

4 n = length(samples) #number o f sample s
5 x = sum(samples) # sum o f i n d i v i d u a l sample s
6 y = sum(samples ^2) # sum o f squa r e o f i n d i v i d u a l

sample s
7

8 v = (y - ((x)^2/n))/(n-1)

9

10 cat(” sample v a r i a n c e i s ”,v) #pounds ˆ2
11 cat(” sample s tandard d e v i a t i o n i s ”,round(sqrt(v),

digits = 2)) #pounds

72



Chapter 7

Point Estimation of Parameters
and Sampling Distributions

R code Exa 7.1 Resistors

1 #R e s i s t o r s ( Pg no . 175)
2

3 n = 25

4 mean = 100 #ohms
5 x = 95 #ohms
6

7 sd = mean/(sqrt(n)) #standard d e v i a t i o n
8 z = (x - mean)/sd

9

10 #P( x<95) = P(Z<- 2 . 5 )
11 p = pnorm (-2.5)

12 round(p, digits = 4)

R code Exa 7.3 Aircraft engine life

1 #A i r c r a f t e n g i n e l i f e ( Pg no . 147)
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2

3 mean1 = 5000

4 mean2 = 5050

5

6 variance1 = 10

7 variance2 = 6

8

9 mean = mean2 - mean1

10 varianve = (variance2)^2 + (variance1)^2

11

12 x = 25

13

14 z = (x-mean)/sqrt(varianve)

15

16 #P(X2 − X1 >=25) = P(Z >= z )
17 p = 1 - pnorm(z)

18 p

19

20 cat(round(p,digits = 4),” i s the p r o b a b i l i t y tha t the
d i f f e r e n c e i n sample means between the new and

the o l d p r o c e s s w i l l be at l e a s t 25 hours ”)
21

22 # The answer may s l i g h t l y vary due to round ing o f f
o f v a l u e s

R code Exa 7.5 Thermal conductivity

1 #Thermal c o n d u c t i v i t y ( Pg no . 252)
2

3 n = 10

4 obs = c(41.60 , 41.48 , 42.34 , 41.95 , 41.86 ,

42.18 , 41.72 , 42.26 , 41.81 , 42.04)

5 sd = sd(obs) #standard d e v i a t i o n
6

7 se = sd/sqrt(n) #standard e r r o r
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8

9 cat(” s tandard e r r o r i s ”,round(se,digits = 4))

R code Exa 7.9 Gamma Distribution Moment Estimators

1 #Gamma D i s t r i b u t i o n Moment E s t i m a t o r s ( Pg no . 258)
2

3 n = 8

4 x = 21.65

5 y = 6639.40 #sum o f sq ua r e o f i n d i v i d u a l sample s
6

7 r = x^2/(((1/n)*y)-(x)^2)

8 r

9

10 lamda = x/(((1/n)*y)-(x)^2)

11 round(lamda ,digits = 4)

12

13 # The answer may s l i g h t l y vary due to round ing o f f
o f v a l u e s

R code Exa 7.17 Bayes Estimator for the Mean of a Normal Distribution

1 #Bayes Es t imato r f o r the Mean o f a Normal
D i s t r i b u t i o n ( Pg no . 265)

2

3 n = 10

4 variance = 4

5 mean0 = 0

6 variance0 = 1

7 sample_mean = 0.75

8

9 estimated_mean = (( variance/n)*mean0 + (variance0)*

sample_mean)/(1 + (variance/n))
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10 cat(” Est imated mean i s ”,round(estimated_mean ,digits
= 3))
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Chapter 8

Statistical intervals for a single
sample

R code Exa 8.1 Metallic Material Transition

1 #M e t a l l i c M a t e r i a l T r a n s i t i o n ( Pg no . 274)
2

3 n = 10

4 sd = 1

5 z = qnorm (0.025 , lower.tail = FALSE)

6 mean = 64.46

7

8 min = mean - z*(sd/sqrt(n))

9 max = mean + z*(sd/sqrt(n))

10

11 cat(”The r e s u l t i n g 95% CI i s ”,round(min ,digits = 2),

”<= u <= ”,round(max ,digits = 2))

R code Exa 8.2 Metallic Material Transition

1 #M e t a l l i c M a t e r i a l T r a n s i t i o n ( Pg no . 276)
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2

3 e = 0.5 #e r r o r i n e s t i m a t i o n
4 z = qnorm (0.025 , lower.tail = FALSE)

5 sd = 1

6

7 n = ((z*sd)/e)^2

8 n = ceiling(n)

9

10 cat(” the r e q u i r e d sample s i z e i s ”,n)

R code Exa 8.3 One Sided Confidence Bound

1 #One−S ided Con f i d ence Bound ( Pg no . 277)
2

3 n = 10

4 sd = 1

5 z = qnorm (0.05, lower.tail = FALSE)

6 mean = 64.46

7

8 min = mean - z*(sd/sqrt(n))

9

10 cat(” the i n t e r v a l i s ”,round(min ,digits = 2),”<= u”)

R code Exa 8.4 The Exponential Distribution

1 #The Ex po n en t i a l D i s t r i b u t i o n ( Pg no . 278)
2

3 x = c

(2.84 ,2.37 ,7.52 ,2.76 ,3.83 ,1.32 ,8.43 ,2.25 ,1.63 ,0.27)

4 n = length(x)

5 df = 2*n #d e g r e e s o f f reedom
6 Cl = qchisq (0.025 ,20 , lower.tail = TRUE)
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7 Cu = qchisq (0.025 ,20 , lower.tail = FALSE)

8 x_sum = sum(x)

9

10 upper_bound = Cu/(2*x_sum)

11 lower_bound = Cl/(2*x_sum)

12

13 cat(”The 95% two−s i d e d CI on lambda i s ”,round(lower_
bound ,digits = 4),”<= lambda <=”,round(upper_
bound ,digits = 4))

14

15 # The v a l u e s may s l i g h t l y vary due to round ing o f f
o f v a l u e s

R code Exa 8.5 Mercury Contamination

1 #Mercury Contaminat ion ( Pg no . 279)
2

3 n = 53

4 sd = 0.3486

5 z = qnorm (0.025 , lower.tail = FALSE)

6 mean = 0.5250

7

8 min = mean - z*(sd/sqrt(n))

9 max = mean + z*(sd/sqrt(n))

10

11 cat(”The approx imate 95% CI i s ”,round(min ,digits =

4),”<= u <= ”,round(max ,digits = 4))

R code Exa 8.6 Alloy Adhesion

1 #Al l oy Adhes ion ( Pg no . 285)
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2 obs = c

(19.8 ,15.4 ,11.4 ,19.5 ,10.1 ,18.5 ,14.1 ,8.8 ,14.9 ,7.9 ,17.6 ,13.6 ,7.5 ,12.7 ,16.7 ,11.9 ,15.4 ,11.9 ,15.8 ,11.4 ,15.4 ,11.4)

3 ans = t.test(obs)

4

5 min = ans$conf.int[1]

6 max = ans$conf.int[2]

7 cat(”The r e s u l t i n g 95% CI i s ”,round(min ,digits = 2),

”<= u <= ”,round(max ,digits = 3))

R code Exa 8.7 Detergent Filling

1 #Dete rgen t F i l l i n g ( Pg no . 289)
2

3 sample_variance = 0.0153 #f l u i d o u n c e
4 n = 20 #b o t t l e s
5 x = qchisq (0.95,19 , lower.tail = FALSE)

6 variance = ((n-1)*sample_variance)/x

7 sd = sqrt(variance)

8

9 cat(”A 95% upper c o n f i d e n c e bound on v a r i a n c e i s ”,
round(variance ,digits = 4))

10 cat(”A 95% upper c o n f i d e n c e bound on s tandard
d e v i a t i o n i s ”,round(sd, digits = 2))

R code Exa 8.8 Crankshaft Bearings

1 #Cranksha f t B e a r i n g s ( Pg no . 292)
2

3 n = 85

4 x = 10

5 p = round(x/n, digits = 2)

6 p
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7 z = round(qnorm (0.025 , lower.tail = FALSE),digits =

2)

8 z

9

10 p_min = p - (z*sqrt((p*(1-p))/n))

11 p_max = p + (z*sqrt((p*(1-p))/n))

12

13 cat(”A 95% two−s i d e d c o n f i dence i n t e r v a l f o r p i s ”,
round(p_min ,digits = 4),”<= p <=”,round(p_max ,
digits = 4))

14

15 # The answer g i v e n i n the t ex tbook i s wrong f o r the
upper bound

R code Exa 8.9 Crankshaft Bearings

1 #Cranksha f t B e a r i n g s ( Pg no . 293)
2

3 p = 0.12

4 e = 0.05

5 z = qnorm (0.025 , lower.tail = FALSE)

6

7 n = (z/e)^2 * p * (1-p)

8 n = ceiling(n)

9

10 cat(” sample s i z e i s ”,n)
11

12 n = (z/e)^2 * 0.25

13 n = ceiling(n)

14 n

R code Exa 8.10 The Agresti Coull CI on a Proportion
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1 #The A g r e s t i−Cou l l CI on a P r o p o r t i o n ( Pg no . 294)
2

3 p = 0.12

4 n = 85

5 z = qnorm (0.025 , lower.tail = FALSE)

6

7 ucl = (p+((z^2)/(2*n))+(z*sqrt (((p*(1-p))/n)+((z^2)/

(4*(n^2))))))/(1+((z^2)/n))

8 lcl = (p+((z^2)/(2*n)) -(z*sqrt (((p*(1-p))/n)+((z^2)/

(4*(n^2))))))/(1+((z^2)/n))

9

10 cat(”UCL =”,round(ucl ,digits = 4))

11 cat(”LCL =”,round(lcl ,digits = 4))

12 #The answer may s l i g h t l y vary due to round ing o f f
v a l u e s

R code Exa 8.11 Alloy Adhesion

1 #Al l oy Adhes ion ( Pg no . 298)
2

3 n = 22

4 sd = 3.55

5 df = n - 1

6 t = qt(0.025 ,df ,lower.tail = FALSE)

7 mean = 13.71

8

9 min = mean - t*sd*sqrt (1+(1/n))

10 max = mean + t*sd*sqrt (1+(1/n))

11

12 cat(”A 95% p r e d i c t i o n i n t e r v a l on the l oad at
f a i l u r e f o r t h i s spec imen i s ”,round(min ,digits =

2),”<= X <= ”,round(max ,digits = 2))
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R code Exa 8.12 Alloy Adhesion

1 #i n s t a l l . package s (” t o l e r a n c e ”)
2 library(tolerance)

3

4 #Al l oy Adhes ion ( Pg no . 299)
5

6 n = 22

7 sd = 3.55

8 mean = 13.71

9 k = K.factor(n, f = NULL , 0.05, 0.90, side = 2)

10

11 min = mean - k*sd

12 max = mean + k*sd

13

14 cat(”The d e s i r e d t o l e r a n c e i n t e r v a l i s [ ”,round(min ,
digits = 2),” , ”,round(max ,digits = 2),” ] ”)

15

16 # The answer may s l i g h t l y vary due to roud ing o f f
v a l u e s
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Chapter 9

Tests of Hypotheses for a
Single Sample

R code Exa 9.2 Propellant Burning Rate

1 #P r o p e l l a n t Burning Rate ( Pg no . 324)
2

3 foo = function ()

4 {

5 n = 25

6 mean = 50

7 std_dev = 2

8 Xbar = 51.3

9 alpha = 0.05

10 statistic = (Xbar -mean)/(std_dev/sqrt(n))

11 z = qnorm(alpha/2,0,1,lower.tail = FALSE)

12 p_value = 2*(1-pnorm(statistic ,0,1))

13 if(p_value < alpha)

14 {

15 print(” Nu l l h y p o t h e s i s i s r e j e c t e d ”)
16 }

17 else

18 {

19 print(” Unable to r e j e c t the n u l l h y p o t h e s i s ”)
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20 }

21 }

22 foo()

R code Exa 9.3 Propellant Burning Rate Type II Error

1 #P r o p e l l a n t Burning Rate Type I I Er ro r ( Pg no . 326)
2

3 n = 25

4 std_dev = 2

5 alpha = 0.05

6 z = qnorm(alpha/2,0,1,lower.tail = FALSE)

7 lim1 = z - (sqrt(n)/std_dev)

8 lim2 = -z - (sqrt(n)/std_dev)

9 beta = pnorm(lim1 ,0,1) - pnorm(lim2 ,0,1)

10 beta

11

12 beta2 = 0.10

13 z1 = qnorm(alpha/2,0,1,lower.tail = FALSE)

14 z2 = qnorm(beta2 ,0,1,lower.tail = FALSE)

15 new_sample_size = (((z1+z2)^2)*(std_dev^2))/1^2

16 new_sample_size = round(new_sample_size)

17 cat(”new n =”,new_sample_size)

R code Exa 9.4 Propellant Burning Rate Type II Error From OC Curve

1 #i n s t a l l . package s (”MASS”)
2 library(MASS)

3

4 #P r o p e l l a n t Burning Rate Type I I Er ro r From OC Curve
( Pg no . 327)

5

6 u =51
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7 u0 = 50

8 std_dev = 2

9

10 d = (u-u0)/std_dev

11 fractions(d)

R code Exa 9.6 Golf Club Design

1 #Gol f Club Des ign ( Pg no . 334)
2

3 foo = function ()

4 {

5 obs = c

(0.8411 ,0.8580 ,0.8042 ,0.8191 ,0.8532 ,0.8730 ,0.8182 ,0.8483 ,0.8282 ,0.8125 ,0.8276 ,0.8359 ,0.8750 ,0.7983 ,0.8660)

6 ans = t.test(obs , mu = 0.82, alternative = ”
g r e a t e r ”)

7 p_value = ans$p.value

8

9 if(0.005 <p_value && p_value <0.01)

10 {

11 print(” Nu l l h y p o t h e s i s r e j e c t e d and hence the
mean c o e f f i c i e n t o f r e s t i t u t i o n e x c e e d s 0 . 8 2 ”
)

12 }

13 else

14 {

15 print(” Unable to r e j e c t the n u l l h y p o t h e s i s ”)
16 }

17 }

18 foo()

R code Exa 9.7 Golf Club Design Sample Size
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1 #i n s t a l l . package s (” pwr ”)
2 library(pwr)

3

4 #Gol f Club Des ign Sample S i z e ( Pg no . 337)
5 s = 0.02456

6 diff = 0.02

7 sample_size = 15

8 d = diff/s

9 d

10 alpha = 0.05

11 ans = pwr.t.test(n = sample_size , d = d, sig.level =

alpha , type = ” one . sample ”, alternative = ”
g r e a t e r ”)$power

12 cat(” S i n c e the p r o b a b i l i t y o f r e j e c t i n g n u l l
h y p o t h e s i s i s appox . ”,round(ans , digits = 1),”we
c o n c l u d e tha t a sample s i z e o f n = 15 i s adequate

to p r o v i d e the d e s i r e d s e n s i t i v i t y ”)

R code Exa 9.8 Automated Filling

1 #Automated F i l l i n g ( Pg no . 342)
2 foo = function ()

3 {

4 n = 20

5 sample_var = 0.0153

6 var = 0.01

7 alpha = 0.05

8

9 statistic = ((n-1)*sample_var)/var

10

11 compare = qchisq ((1-alpha) ,(n-1))

12

13 if(statistic >compare)

14 {

15 print(” R e j e c t n u l l h y p o t h e s i s ”)
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16 }

17 else

18 {

19 print(” t h e r e i s no s t r o n g e v i d e n c e o f a problem
with i n c o r r e c t l y f i l l e d b o t t l e s ”)

20 }

21 }

22 foo()

R code Exa 9.9 Automated Filling Sample Size

1 #Automated F i l l i n g Sample S i z e ( Pg no . 343)
2

3 sd = 0.125

4 sd0 = 0.10

5 n1 = 20

6 alpha = 0.05

7

8 lambda = sd/sd0

9

10 cat(”With n =”,n1 ,”and lambda =”,lambda ,” t h e r e i s
on ly 40% chance tha t the n u l l h y p o t h e s i s w i l l be
r e j e c t e d ”)

R code Exa 9.10 Automobile Engine Controller

1 #Automobi le Engine C o n t r o l l e r ( Pg no . 346)
2

3 foo= function ()

4 {

5 x = 4

6 n = 200

7 p0 = 0.05
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8

9 statistic = (x - (n*p0))/sqrt(n*p0*(1-p0))

10 statistic

11

12 p_value = pnorm(statistic ,0,1)

13 p_value

14

15 if(p_value < p0)

16 {

17 print(” Nu l l h y p o t h e s i s i s r e j e c t e d ”)
18 }

19 else

20 {

21 print(” Unable to r e j e c t the n u l l h y p o t h e s i s ”)
22 }

23 }

24 foo()

R code Exa 9.11 Automobile Engine Controller Type II Error

1 #Automobi le Engine C o n t r o l l e r Type I I Er ro r ( Pg no .
347)

2

3 p0 = 0.05

4 n = 200

5 p = 0.03

6 z_alpha = qnorm(p0 ,0,1,lower.tail = FALSE)

7

8 x = (p0 - p - (z*sqrt((p0*(1-p0))/n)))/sqrt((p*(1-p)

)/n)

9

10 beta = 1 - pnorm(x,0,1)

11

12 z_beta = qnorm (0.10,0,1, lower.tail = FALSE)

13 z_beta
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14

15 n = (((z_alpha*sqrt(p0*(1-p0))) + (z_beta*sqrt(p*(1-

p))))/(p-p0))^2

16 n = floor(n)

17 n

R code Exa 9.12 Printed Circuit Board Defects Poisson Distribution

1 #P r i n t e d C i r c u i t Board De f e c t s−Po i s s o n D i s t r i b u t i o n (
Pg no . 351)

2

3 foo = function ()

4 {

5 n = 60

6 defects = c(0,1,2,3)

7 obsv_freq = c(32,15,9,4)

8 observed_mean = weighted.mean(defects ,obsv_freq)

9

10 p1 = dpois(0,lambda = observed_mean)

11 p2 = dpois(1,lambda = observed_mean)

12 p3 = dpois(2,lambda = observed_mean)

13 p4 = 1 - (p1+p2+p3)

14

15 obsv_freq = c(obsv_freq[1],obsv_freq [2],( obsv_freq

[3]+ obsv_freq [4]))

16

17 expected_freq = c(n*p1,n*p2 ,(n*p3+n*p4))

18

19 statistic = 0.0

20

21 for(i in 1:3)

22 {

23 statistic = statistic + ((( obsv_freq[i] -

expected_freq[i])^2)/expected_freq[i])

24 }
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25 statistic

26

27 x1 = qchisq (0.9 ,1)

28 x2 = qchisq (0.95 ,1)

29

30 if(x1<statistic && statistic <x2)

31 {

32 print(” Unable to r e j e c t the n u l l h y p o t h e s i s ”)
33 }

34 else

35 {

36 print(” Nu l l h y p o t h e s i s i s r e j e c t e d ”)
37 }

38 }

39 foo()

R code Exa 9.13 Power Supply Distribution Continuous Distribution

1 #Power Supply D i s t r i b u t i o n −Cont inuous D i s t r i b u t i o n (
Pg no . 352)

2

3 foo = function ()

4 {

5 alpha = 0.05

6 obsv_freq = c(12 ,14 ,12 ,13 ,12 ,11 ,12 ,14)

7 ans = chisq.test(obsv_freq)

8 statistic = ans$statistic

9

10 x = qchisq ((1-alpha) ,5)

11

12 if(statistic <x)

13 {

14 print(” Unable to r e j e c t the n u l l h y p o t h e s i s ”)
15 }

16 else
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17 {

18 print(” Nu l l h y p o t h e s i s i s r e j e c t e d ”)
19 }

20 }

21 foo()

R code Exa 9.14 Health Insurance Plan Preference

1 #Heal th I n s u r a n c e Plan P r e f e r e n c e ( Pg no . 355)
2

3 foo = function ()

4 {

5 alpha = 0.05

6 n = 500

7 u1 = (340/n)

8 u2 = (160/n)

9 v1 = (200/n)

10 v2 = (200/n)

11 v3 = (100/n)

12

13 O11 = 160

14 O12 = 140

15 O13 = 40

16 O21 = 40

17 O22 = 60

18 O23 = 60

19

20 observed = c(O11 ,O12 ,O13 ,O21 ,O22 ,O23)

21 observed

22

23 E11 = n*u1*v1

24 E12 = n*u1*v2

25 E13 = n*u1*v3

26 E21 = n*u2*v1

27 E22 = n*u2*v2
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28 E23 = n*u2*v3

29

30 expected = c(E11 ,E12 ,E13 ,E21 ,E22 ,E23)

31 expected

32

33 r=2

34 c=3

35

36 df = (r-1)*(c-1) #d e g r e e s o f f reedom
37

38 statistic = 0.0

39 for(i in 1:6)

40 {

41 statistic = statistic + (( observed[i]-expected[i

])^2)/expected[i]

42 }

43 statistic

44

45 x = qchisq (0.95,df)

46 x

47

48 if(statistic <x)

49 {

50 print(” Unable to r e j e c t the n u l l h y p o t h e s i s ”)
51 }

52 else

53 {

54 print(” Nu l l h y p o t h e s i s i s r e j e c t e d ”)
55 }

56 }

57 foo()

R code Exa 9.15 Propellant Shear Strength Sign Test

1 #i n s t a l l . package s (”BSDA”)
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2 library(BSDA)

3 #P r o p e l l a n t Shear S t r e n g t h S ign Test ( Pg no . 359)
4

5 foo = function ()

6 {

7 x = c

(2158.7 ,1678.15 ,2316.00 ,2061.30 ,2207.50 ,1708.30 ,1784.70 ,2575.10 ,2357.90 ,2256.70 ,2156.70 ,2399.55 ,1779.80 ,2336.75 ,1765.30 ,2053.50 ,2414.40 ,2200.50 ,2654.20 ,1753.70)

8 ans = SIGN.test(x -2000)

9 p_value = ans$p.value

10 print(p_value)

11 alpha = 0.05

12

13 if(p_value <alpha)

14 {

15 print(” Nu l l h y p o t h e s i s i s r e j e c t e d ”)
16 }

17 else

18 {

19 print(” Unable to r e j e c t the n u l l h y p o t h e s i s ”)
20 }

21 }

22 foo()

R code Exa 9.16 Propellant Shear Strength Wilcoxon Signed Rank Test

1 #P r o p e l l a n t Shear St rength−Wilcoxon Signed−Rank Test
( Pg no . 363)

2 foo = function ()

3 {

4 obs = c

(2158.7 ,1678.15 ,2316.00 ,2061.30 ,2207.50 ,1708.30 ,1784.70 ,2575.10 ,2357.90 ,2256.70 ,2156.70 ,2399.55 ,1779.80 ,2336.75 ,1765.30 ,2053.50 ,2414.40 ,2200.50 ,2654.20 ,1753.70)

5 alpha = 0.05

6 ans = wilcox.test(obs ,mu = 2000)
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7 p_value = ans$p.value

8

9 if(p_value <alpha)

10 {

11 print(” Nu l l h y p o t h e s i s r e j e c t e d ”)
12 }

13 else

14 {

15 print(” Unable to r e j e c t the n u l l h y p o t h e s i s ”)
16 }

17 }

18 foo()

R code Exa 9.17 Two one sided tests

1 options(scipen =999)#For d i s a b l i n g s c i e n t i f i c
n o t a t i o n

2

3 #( Pg no . 366)
4

5 foo = function ()

6 {

7 n = 50

8 sample_mean = 79.98

9 sample_sd = 0.10

10 x = 80 #ohms
11 u1 = 80.05

12 u2 = 79.95

13 error = 0.01 #ohms
14

15 t_statistic1 = (sample_mean -80.05)/(sample_sd/sqrt

(n))

16 p1 = pnorm(t_statistic1 ,0,1)

17

18 t_statistic2 = (sample_mean -79.95)/(sample_sd/sqrt

95



(n))

19 p2 = pnorm(t_statistic2 ,0,1,lower.tail = FALSE)

20

21 if(p1<error)

22 {

23 print(” the mean r e s i s t a n c e i s l e s s than 8 0 . 0 5 ”)
24 }

25 else

26 {

27 print(” the mean r e s i s t a n c e i s not l e s s than
8 0 . 0 5 ”)

28 }

29

30 if(p2 <0.025)

31 {

32 print(” the mean r e s i s t a n c e i s s i g n i f i c a n t l y
g r e a t e r than 7 9 . 9 5 ”)

33 }

34 else

35 {

36 print(” the mean r e s i s t a n c e i s not g r e a t e r than
7 9 . 9 5 ”)

37 }

38 }

39 foo()
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Chapter 10

Statistical Inference for Two
Samples

R code Exa 10.1 Paint Drying Time

1 #Paint Drying Time ( Pg no . 377)
2

3 foo = function ()

4 {

5 X1bar = 121

6 X2bar = 112

7 std_dev1 = std_dev2 = 8

8 n1 = n2 =10

9 delta0 = 0

10

11 statistic = (X1bar -X2bar -delta0)/sqrt((std_dev1^2/

n1)+(std_dev2^2/n2))

12 statistic

13

14 p = 1 - pnorm(statistic ,0,1,lower.tail = TRUE)

15 p

16

17 if(p <0.05)

18 {
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19 print(” Nu l l h y p o t h e s i s i s r e j e c t e d ”)
20 }

21 else

22 {

23 print(” Nu l l h y p o t h e s i s i s a c c e p t e d ”)
24 }

25 }

26 foo()

R code Exa 10.2 Paint Drying Time Sample Size from OC Curves

1 #Paint Drying Time , Sample S i z e from OC Curves ( Pg no
. 378)

2

3 delta = 10

4 std_dev1 = std_dev2 = 8

5

6 d = (delta)/sqrt(std_dev1^2 + std_dev1 ^2)

7

8 round(d, digits = 2)

R code Exa 10.3 Paint Drying Time Sample Size

1 #Paint Drying Time Sample S i z e ( Pg no . 379)
2

3 alpha = 0.05

4 beta = 0.10

5 delta = 10

6 delta0 = 0

7 std_dev1 = std_dev1 = 8

8

9 z_alpha = qnorm(alpha ,0,1,lower.tail = FALSE)

10 z_alpha
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11 z_beta = qnorm(beta ,0,1,lower.tail = FALSE)

12 z_beta

13

14 n = ((z_alpha+z_beta)^2 * (std_dev1^2 + std_dev2 ^2))

/(delta -delta0)^2

15 n = round(n)

16 n

R code Exa 10.4 Aluminum Tensile Strength

1 #Aluminum T e n s i l e S t r e n g t h ( Pg no . 380)
2

3 X1bar = 87.6

4 X2bar = 74.5

5 std_dev1 = 1.0

6 std_dev2 = 1.5

7 n1 = 10

8 n2 =12

9 alpha = 0.1

10

11 z_alpha = qnorm(alpha/2,0,1,lower.tail = FALSE)

12

13 lim1 = X1bar - X2bar - (z_alpha * sqrt ((( std_dev1 ^2)

/n1)+((std_dev2 ^2)/n2)))

14 lim2 = X1bar - X2bar + (z_alpha * sqrt ((( std_dev1 ^2)

/n1)+((std_dev2 ^2)/n2)))

15

16 cat(”90% CI i s ”,round(lim1 , digits = 2),”<= u − u0
<=”,round(lim2 , digits = 2))

R code Exa 10.5 Yield from a Catalyst

1 #Y i e l d from a C a t a l y s t ( Pg no . 384)
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2

3 foo = function ()

4 {

5 catalyst1 = c

(91.50 ,94.18 ,92.18 ,95.39 ,91.79 ,89.07 ,94.72 ,89.21)

6 catalyst2 = c

(89.19 ,90.95 ,90.46 ,93.21 ,97.19 ,97.04 ,91.07 ,92.75)

7 ans = t.test(catalyst1 ,catalyst2)

8 statistic = ans$statistic

9 cat(” t− s t a t i s t i c =”,round(statistic , digits = 2),”
\n”)

10

11 l1 = qt(0.40, df = 14, lower.tail = FALSE)

12 l2 = qt(0.25, df = 14, lower.tail = FALSE)

13

14 if(l1<abs(statistic) && abs(statistic)<l2)

15 {

16 print(” Unable to r e j e c t the n u l l h y p o t h e s i s ”)
17

18 }

19 else

20 {

21 print(” Nu l l h y p o t h e s i s r e j e c t e d ”)
22 }

23 }

24 foo()

R code Exa 10.6 Arsenic in Drinking Water

1 #A r s e n i c i n Dr ink ing Water ( Pg no . 3 8 7 )
2

3 foo = function ()

4 {
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5 X1bar = 12.5

6 X2bar = 27.5

7 std_dev1 = 7.63

8 std_dev2 = 15.3

9 n1 = 10

10 n2 =10

11

12 v = ((std_dev1^2/n1)+(std_dev2^2/n2))^2 / ((( std_

dev1^2/n1)^2/(n1 -1))+(( std_dev2^2/n2)^2/(n2 -1))

)

13 v = round(v)

14 v

15

16 statistic = (X1bar - X2bar)/sqrt((std_dev1^2/n1)+(

std_dev2^2/n2))

17 cat(” t− s t a t i s t i c = ”,round(statistic , digits = 2),

”\n”)
18 l1 = qt(0.025 , df = 13)

19

20 if(statistic <l1)

21 {

22 print(” Nu l l h y p o t h e s i s r e j e c t e d ”)
23 }

24 else

25 {

26 print(” Unable to r e j e c t the n u l l h y p o t h e s i s ”)
27 }

28 }

29 foo()

R code Exa 10.8 Yield from Catalyst Sample Size

1 #Y i e l d from C a t a l y s t Sample S i z e ( Pg no . 390)
2

3 sp = 2.70
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4 delta = 4.0

5 std_dev = (std_dev1+std_dev2)/2

6

7 d = delta/(2*std_dev)

8 d

9

10 n1 = 20

11

12 n = (n1+1)/2

13 n = ceiling(n)

14 n

R code Exa 10.9 Cement Hydration

1 #Cement Hydrat ion ( Pg no . 391)
2

3 X1bar = 90.0

4 X2bar = 87.0

5

6 s1 = 5.0

7 s2 = 4.0

8

9 n1 = 10

10 n2 = 15

11

12 sp = sqrt ((((n1 -1)*s1^2)+((n2 -1)*s2^2))/(n1+n2 -2))

13 sp

14

15 t = qt(0.025 ,23 , lower.tail = FALSE)

16 t

17 lim1 = X1bar -X2bar -(t*sp*sqrt ((1/n1)+(1/n2)))

18 lim2 = X1bar -X2bar +(t*sp*sqrt ((1/n1)+(1/n2)))

19

20 cat(”The 95% c o n f i dence i n t e r v a l i s found as ”,round
(lim1 , digits = 2),”<= u−u0 <=”,round(lim2 ,
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digits = 2))

21

22 # The answer may s l i g h t l y vary due to round ing o f f
v a l u e s

R code Exa 10.10 Axial Stress

1 #Axia l S t r e s s ( Pg no . 397)
2

3 n1 = n2 = 10

4 rank1 = c(2,3,4,8,9,11,13,15,16,18)

5

6 w1 = sum(rank1)

7

8 w2 = (((n1+n2)*(n1+n2+1))/2) - w1

9 w2

R code Exa 10.11 Shear Strength of Steel Girder

1 #Shear S t r e n g t h o f S t e e l G i rde r ( Pg no . 401)
2

3 foo = function ()

4 {

5 km = c

(1.186 ,1.151 ,1.322 ,1.339 ,1.200 ,1.402 ,1.365 ,1.537 ,1.559)

6 lm = c

(1.061 ,0.992 ,1.063 ,1.062 ,1.065 ,1.178 ,1.037 ,1.086 ,1.052)

7 ans = t.test(km,lm , alternative = ” two . s i d e d ”,
paired = TRUE)

8 statistic = ans$statistic

9 print(statistic)
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10 alpha = 0.05

11 p_value = ans$p.value

12

13 if(p_value <alpha)

14 {

15 print(” the s t r e n g t h p r e d i c t i o n methods y i e l d
d i f f e r e n t r e s u l t s ”)

16 }

17 else

18 {

19 print(” the s t r e n g t h p r e d i c t i o n methods y i e l d
s i m i l a r r e s u l t s ”)

20 }

21 }

22 foo()

R code Exa 10.12 Parallel Park Cars

1 #P a r a l l e l Park Cars ( Pg no . 403)
2

3 x1 = c

(37.0 ,25.8 ,16.2 ,24.2 ,22.0 ,33.4 ,23.8 ,58.2 ,33.6 ,24.4 ,23.4 ,21.2 ,36.2 ,29.8)

4 x2 = c

(17.8 ,20.2 ,16.8 ,41.4 ,21.4 ,38.4 ,16.8 ,32.2 ,27.8 ,23.2 ,29.6 ,20.6 ,32.2 ,53.8)

5 ans = t.test(x1,x2 ,conf.level = 0.9, paired = TRUE)

6 ans

7 l1 = ans$conf.int[1]

8 l2 = ans$conf.int[2]

9

10 cat(l1 ,”<= uD <=”,l2)
11

12 #The answer may s l i g h t l y vary due to round ing o f f o f
v a l u e s
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R code Exa 10.13 Semiconductor Etch Variability

1 #Semiconductor Etch V a r i a b i l i t y ( Pg no . 410)
2

3 s1 = 1.96

4 s2 = 2.13

5 alpha = 0.05

6 n1 = n2 =16

7

8 statistic = s1^2/s2^2

9 statistic

10

11 f_max = qf(0.025 ,n1 -1,n2 -1,lower.tail = FALSE)

12 f_min = qf(0.975 ,15 ,15 , lower.tail = FALSE)

13

14 if(f_min < statistic && statistic < f_max)

15 {

16 cat(”we cannot r e j e c t the n u l l h y p o t h e s i s a t 0 . 0 5
l e v e l o f s i g n i f i c a n c e ”)

17 }

R code Exa 10.15 Surface Finish for Titanium Alloy

1 #S u r f a c e F i n i s h f o r Titanium Al l oy ( Pg no . 412)
2

3 s1 = 5.1

4 s2 = 4.7

5 n1 = 11

6 n2 =16

7

8 statistic = s1^2/s2^2
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9 statistic

10

11 f_max = qf(0.05,n2 -1,n1 -1,lower.tail = FALSE)

12 f_max

13 f_min = qf(0.95,n2 -1,n1 -1,lower.tail = FALSE)

14 f_min

15

16

17 cat(” the i n t e r v a l i s ( ”,round(sqrt(statistic*f_min),
digits = 3),” , ”,round(sqrt(statistic*f_max),

digits = 3),” ) ”)
18

19 #The answer may s l i g h t l y vary due to round ing o f f o f
v a l u e s

R code Exa 10.16 St Johns Wort

1 #St . John ’ s Wort ( Pg no . 415)
2

3 x1 = 19

4 x2 = 27

5 n1 = n2 = 100

6 p1 = x2/n2

7 p2 = x1/n1

8

9 p = (x1+x2)/(n1+n2)

10 cat(”p =”,p)
11

12 statistic = (p1 -p2)/sqrt(p*(1-p)*((1/n1)+(1/n2)))

13 statistic

14

15 p = 2*(1-pnorm(statistic ,0,1,lower.tail = TRUE))

16 cat(”P−v a l u e =”,p)
17

18 if(p >=0.05)
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19 {

20 cat(”we cannot r e j e c t the n u l l h y p o t h e s i s ”)
21 }

R code Exa 10.17 Defective Bearings

1 #D e f e c t i v e B e a r i n g s ( Pg no . 419)
2

3 n1 = n2 = 85

4 p1 = 10/n1

5 p2 = 8/n2

6

7 z = qnorm (0.025,0,1, lower.tail = FALSE)

8

9 lim1 = p1 -p2 - z*sqrt((p1*(1-p1))/n1 + (p2*(1-p2))/

n2)

10 lim2= p1 -p2 + z*sqrt((p1*(1-p1))/n1 + (p2*(1-p2))/

n2)

11

12 cat(” the r e q u i r e d i n t e r v a l i s ( ”,round(lim1 , digits

= 4),” , ”,round(lim2 , digits = 4),” ) ”)
13 # The answer may s l i g h t l y vary duet to round ing o f f

v a l u e s
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Chapter 11

Simple Linear Regression and
Correlation

R code Exa 11.1 Oxygen purity

1 #Oxygen p u r i t y ( Pg no . 433)
2

3 x = c

(0.99 ,1.02 ,1.15 ,1.29 ,1.46 ,1.36 ,0.87 ,1.23 ,1.55 ,1.40 ,1.19 ,1.15 ,0.98 ,1.01 ,1.11 ,1.20 ,1.26 ,1.32 ,1.43 ,0.95)

4 y = c

(90.01 ,89.05 ,91.43 ,93.74 ,96.73 ,94.45 ,87.59 ,91.77 ,99.42 ,93.65 ,93.54 ,92.52 ,90.56 ,89.54 ,89.85 ,90.39 ,93.25 ,93.41 ,94.98 ,87.33)

5 df = data.frame( ’ y ’ = y, ’ x ’ = x)

6 model = lm(y~x, data = df)

7

8 cat(”The f i t t e d s i m p l e l i n e a r r e g r e s s i o n model i s y
= ”,round(model$coefficients [1], digits = 3),”+”,
round(model$coefficients [2], digits = 3),”x”)

R code Exa 11.2 Oxygen Purity Tests of Coefficients
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1 #Oxygen Pur i t y Tes t s o f C o e f f i c i e n t s ( Pg no . 442)
2

3 foo = function ()

4 {

5 alpha = 0.01

6 beta1 = 14.947

7 S_xx = 0.68088

8 sample_var = 1.18

9

10 statistic = beta1/sqrt(sample_var/S_xx)

11 round(statistic , digits = 2)

12

13 t = qt(0.005 ,18 , lower.tail = FALSE)

14 round(t,digits = 2)

15

16 if(t < statistic)

17 {

18 print(” Nu l l h y p o t h e s i s i s r e j e c t e d as the t e s t
s t a t i s t i c i s ve ry f a r i n t o the c r i t i c a l
r e g i o n ”)

19 }

20 else

21 {

22 print(” Unable to r e j e c t the n u l l h y p o t h e s i s ”)
23 }

24 }

25 foo()

R code Exa 11.3 Oxygen Purity ANOVA

1 #Oxygen Pur i t y ANOVA( Pg no . 444)
2

3 x = c

(0.99 ,1.02 ,1.15 ,1.29 ,1.46 ,1.36 ,0.87 ,1.23 ,1.55 ,1.40 ,1.19 ,1.15 ,0.98 ,1.01 ,1.11 ,1.20 ,1.26 ,1.32 ,1.43 ,0.95)
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4 y = c

(90.01 ,89.05 ,91.43 ,93.74 ,96.73 ,94.45 ,87.59 ,91.77 ,99.42 ,93.65 ,93.54 ,92.52 ,90.56 ,89.54 ,89.85 ,90.39 ,93.25 ,93.41 ,94.98 ,87.33)

5 df = data.frame( ’ y ’ = y, ’ x ’ = x)

6 ans = aov(formula = y~x, data = df)

7 ans = summary(ans)

8 ans

9 # The answer may s l i g h t l y vary due to round ing o f f
v a l u e s

R code Exa 11.4 Oxygen Purity Confidence Interval on the Slope

1 #Oxygen Pur i t y Con f i d ence I n t e r v a l on the S l ope ( Pg
no . 4 4 7 )

2

3 x = c

(0.99 ,1.02 ,1.15 ,1.29 ,1.46 ,1.36 ,0.87 ,1.23 ,1.55 ,1.40 ,1.19 ,1.15 ,0.98 ,1.01 ,1.11 ,1.20 ,1.26 ,1.32 ,1.43 ,0.95)

4 y = c

(90.01 ,89.05 ,91.43 ,93.74 ,96.73 ,94.45 ,87.59 ,91.77 ,99.42 ,93.65 ,93.54 ,92.52 ,90.56 ,89.54 ,89.85 ,90.39 ,93.25 ,93.41 ,94.98 ,87.33)

5 df = data.frame( ’ y ’ = y, ’ x ’ = x)

6 model = lm(y~x, data = df)

7 ans = confint(model)

8

9 lim1 = ans[2]

10 lim2 = ans[4]

11

12 cat(round(lim1 , digits = 3),”<= Beta <=”,round(lim2 ,
digits = 3))

R code Exa 11.5 Oxygen Purity Confidence Interval on the Mean Response
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1 #Oxygen Pur i t y Con f i d ence I n t e r v a l on the Mean
Response ( Pg no . 448)

2

3 x = c

(0.99 ,1.02 ,1.15 ,1.29 ,1.46 ,1.36 ,0.87 ,1.23 ,1.55 ,1.40 ,1.19 ,1.15 ,0.98 ,1.01 ,1.11 ,1.20 ,1.26 ,1.32 ,1.43 ,0.95)

4 y = c

(90.01 ,89.05 ,91.43 ,93.74 ,96.73 ,94.45 ,87.59 ,91.77 ,99.42 ,93.65 ,93.54 ,92.52 ,90.56 ,89.54 ,89.85 ,90.39 ,93.25 ,93.41 ,94.98 ,87.33)

5 df = data.frame( ’ y ’ = y, ’ x ’ = x)

6 model = lm(y~x, data = df)

7

8 ans = predict(model ,data.frame(x = 1),interval = ”
c o n f i d e n c e ”)

9 cat(” p r e d i c t i o n o f mean oxygen p u r i t y when x0 =
1.00% i s ”,ans [1])

10

11 min = ans[2]

12 max = ans[3]

13

14 cat(round(min , digits = 2),”<= u <=”,round(max ,
digits = 2))

15

16 # The answer may s l i g h t l y vary due to round ing o f f
v a l u e s

R code Exa 11.6 Oxygen Purity Prediction Interval

1 #Oxygen Pur i t y P r e d i c t i o n I n t e r v a l ( Pg no . 450)
2

3 x = c

(0.99 ,1.02 ,1.15 ,1.29 ,1.46 ,1.36 ,0.87 ,1.23 ,1.55 ,1.40 ,1.19 ,1.15 ,0.98 ,1.01 ,1.11 ,1.20 ,1.26 ,1.32 ,1.43 ,0.95)

4 y = c

(90.01 ,89.05 ,91.43 ,93.74 ,96.73 ,94.45 ,87.59 ,91.77 ,99.42 ,93.65 ,93.54 ,92.52 ,90.56 ,89.54 ,89.85 ,90.39 ,93.25 ,93.41 ,94.98 ,87.33)
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5 df = data.frame( ’ y ’ = y, ’ x ’ = x)

6 model = lm(y~x, data = df)

7

8 ans = predict(model ,data.frame(x = 1),interval = ”
p r e d i c t i o n ”)

9 cat(” p r e d i c t i o n o f mean oxygen p u r i t y when x0 =
1.00% i s ”,ans [1])

10

11 min = ans[2]

12 max = ans[3]

13

14 cat(round(min , digits = 2),”<= y0 <=”,round(max ,
digits = 2))

R code Exa 11.8 Wire Bond Pull Strength

1 #Wire Bond P u l l S t r e n g t h ( Pg no . 460)
2

3 S_xx = 698.56

4 S_xy = 2027.7132

5 SSt = 6105.9

6 n = 25

7

8 r = S_xy/sqrt(S_xx*SSt)

9

10 statistic = (r*sqrt(n-2))/sqrt(1-(r^2))

11 statistic

12

13 compare = qt(0.025 ,n-2,lower.tail = FALSE)

14 compare

15

16 z = qnorm (0.025,0,1, lower.tail = FALSE)

17 z

18
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19

20 lim1 = tanh(atanh(r) - (z/sqrt(n-3)))

21 lim2 = tanh(atanh(r) + (z/sqrt(n-3)))

22

23 cat(round(lim1 , digits = 4),”<= P <= ”,round(lim2 ,
digits = 4))
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Chapter 12

Multiple Linear Regression

R code Exa 12.1 Wire Bond Strength

1 #Wire Bond S t r e n g t h ( Pg no . 482)
2

3 x1 = c

(2,8,11,10,8,4,2,2,9,8,4,11,12,2,4,4,20,1,10,15,15,16,17,6,5)

4 x2 = c

(50 ,110 ,120 ,550 ,295 ,200 ,375 ,52 ,100 ,300 ,412 ,400 ,500 ,360 ,205 ,400 ,600 ,585 ,540 ,250 ,290 ,510 ,590 ,100 ,400)

5 y = c

(9.95 ,24.45 ,31.75 ,35.00 ,25.02 ,16.86 ,14.38 ,9.60 ,24.35 ,27.50 ,17.08 ,37.00 ,41.95 ,11.66 ,21.65 ,17.89 ,69.00 ,10.30 ,34.93 ,46.59 ,44.88 ,54.12 ,56.63 ,22.13 ,21.15)

6 df = data.frame( ’ x1 ’ = x1, ’ x2 ’ = x2, ’ y ’ = y)

7 model = lm(y~x1+x2, data = df)

8

9 cat(” the f i t t e d r e g r e s s i o n e q u a t i o n i s y =”,round(
model$coefficients [1], digits = 5),”+”,round(
model$coefficients [2], digits = 5),” x1 + ”,round(
model$coefficients [3], digits = 5),” x2 ”)
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R code Exa 12.2 Wire Bond Strength With Matrix Notation

1 #i n s t a l l . package s (” mat l i b ”)
2 library(matlib)

3

4 #Wire Bond S t r e n g t h With Matr ix Notat i on ( Pg no . 485)
5

6

7 x1 = c

(2,8,11,10,8,4,2,2,9,8,4,11,12,2,4,4,20,1,10,15,15,16,17,6,5)

8 x2 = c

(50 ,110 ,120 ,550 ,295 ,200 ,375 ,52 ,100 ,300 ,412 ,400 ,500 ,360 ,205 ,400 ,600 ,585 ,540 ,250 ,290 ,510 ,590 ,100 ,400)

9 x3 = c(rep.int(1,25))

10 y = c

(9.95 ,24.45 ,31.75 ,35.00 ,25.02 ,16.86 ,14.38 ,9.60 ,24.35 ,27.50 ,17.08 ,37.00 ,41.95 ,11.66 ,21.65 ,17.89 ,69.00 ,10.30 ,34.93 ,46.59 ,44.88 ,54.12 ,56.63 ,22.13 ,21.15)

11

12 X = matrix(c(x3 ,x1 ,x2),nrow = 25, ncol = 3, byrow =

FALSE)

13 Y = matrix(c(y), nrow = 25, ncol = 1, byrow = FALSE)

14

15 X_t = t(X)

16

17 XX_t = X_t %*% X

18

19 XX_t

20

21 Xt_y = X_t %*% Y

22

23 Xt_y

24

25 beta = inv(XX_t) %*% Xt_y

26

27 cat(” the f i t t e d r e g r e s s i o n model i s y =”,beta[1,1],”
+”,beta[2,1],” x1 +”,beta[3,1],” x2 ”)

28 y0 = beta [1,1] + beta [2,1]*2 + beta [3,1]*50
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29 y0

30 y1 = 9.95

31

32 e = y1 - y0

33 e = round(e, digits = 2)

34 e

35 # The answer may s l i g h t l y vary due to round ing o f f
v a l u e s

R code Exa 12.3 Wire Bond Strength ANOVA

1 #Wire Bond S t r e n g t h ANOVA( Pg no . 498)
2

3 wire_lt = c

(2,8,11,10,8,4,2,2,9,8,4,11,12,2,4,4,20,1,10,15,15,16,17,6,5)

4 die_ht = c

(50 ,110 ,120 ,550 ,295 ,200 ,375 ,52 ,100 ,300 ,412 ,400 ,500 ,360 ,205 ,400 ,600 ,585 ,540 ,250 ,290 ,510 ,590 ,100 ,400)

5 pull_strgth = c

(9.95 ,24.45 ,31.75 ,35.00 ,25.02 ,16.86 ,14.38 ,9.60 ,24.35 ,27.50 ,17.08 ,37.00 ,41.95 ,11.66 ,21.65 ,17.89 ,69.00 ,10.30 ,34.93 ,46.59 ,44.88 ,54.12 ,56.63 ,22.13 ,21.15)

6

7 df = data.frame( ’ p u l l _ s t r e n g t h ’ = pull_strgth , ’ w i r e
_ l e n g t h ’ = wire_lt , ’ d i e _ h e i g h t ’ = die_ht)

8 model = lm(pull_strength~wire_length+die_height ,

data = df)

9 model

10 ans = aov(model)

11 summary(ans)

R code Exa 12.4 Wire Bond Strength Coefficient Test
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1 #i n s t a l l . package s (” mat l i b ”)
2 library(matlib)

3 #Wire Bond S t r e n g t h C o e f f i c i e n t Test ( Pg no . 500)
4

5 foo= function ()

6 {

7 x1 = c

(2,8,11,10,8,4,2,2,9,8,4,11,12,2,4,4,20,1,10,15,15,16,17,6,5)

8 x2 = c

(50 ,110 ,120 ,550 ,295 ,200 ,375 ,52 ,100 ,300 ,412 ,400 ,500 ,360 ,205 ,400 ,600 ,585 ,540 ,250 ,290 ,510 ,590 ,100 ,400)

9 x3 = c(rep.int(1,25))

10 y = c

(9.95 ,24.45 ,31.75 ,35.00 ,25.02 ,16.86 ,14.38 ,9.60 ,24.35 ,27.50 ,17.08 ,37.00 ,41.95 ,11.66 ,21.65 ,17.89 ,69.00 ,10.30 ,34.93 ,46.59 ,44.88 ,54.12 ,56.63 ,22.13 ,21.15)

11

12 X = matrix(c(x3 ,x1 ,x2),nrow = 25, ncol = 3, byrow

= FALSE)

13 Y = matrix(c(y), nrow = 25, ncol = 1, byrow =

FALSE)

14 X_t = t(X)

15 XX_t = X_t %*% X

16 Xt_y = X_t %*% Y

17 beta = inv(XX_t) %*% Xt_y

18

19 sample_var = 5.2352

20 inv_XtX = inv(X_t%*%X)

21 inv_XtX

22

23 C22 = inv_XtX[3,3]

24

25 statistic = beta [3,1]/sqrt(sample_var*C22)

26 statistic

27

28 compare = qt(0.025 ,22 , lower.tail = FALSE)

29 compare

30
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31 if(statistic >compare)

32 {

33 print(”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 the v a r i a b l e x2 ( d i e h e i g h t )
c o n t r i b u t e s s i g n i f i c a n t l y to the model ”)

34 }

35 else

36 {

37 print(” Unable to r e j e c t the n u l l h y p o t h e s i s ”)
38 }

39 }

40 foo()

R code Exa 12.5 Wire Bond Strength One Sided Coefficient Test

1 #Wire Bond S t r e n g t h One−S ided C o e f f i c i e n t Test ( Pg no
. 501)

2

3 foo = function ()

4 {

5 beta2 = 0.012528

6 std_err = 0.002793

7

8 statistic = (beta2 - 0.01)/std_err

9 statistic

10

11 t0 = qt(0.25,22, lower.tail = FALSE)

12 t0

13 t1 = qt(0.10,22, lower.tail = FALSE)

14 t1

15

16 p_max = 1 - pnorm(t0 ,0,1)

17 p_min = 1 -pnorm(t1 ,0,1)

18

19 p = 1 - pnorm(statistic ,0,1)
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20 p

21

22 if(p_min <p && p<p_max)

23 {

24 print(”One cannot c o n c l u d e tha t the c o e f f i c i e n t
e x c e e d s 0 . 0 1 at common l e v e l s o f s i g n i f i c a n c e
”)

25 }

26 else

27 {

28 print(”One can c o n c l u d e tha t the c o e f f i c i e n t
e x c e e d s 0 . 0 1 at common l e v e l s o f s i g n i f i c a n c e
”)

29 }

30 }

31 foo()

R code Exa 12.6 Wire Bond Strength General Regression Test

1 #Wire Bond S t r e n g t h Genera l R e g r e s s i o n Test ( Pg no .
502)

2

3 SSr1 = 6024.0 #4 d e g r e e s o f f reedom
4 SSr2 = SSr1 - 5990.8 #2 d e g r e e s o f f reedom
5 MSe = 4.1

6

7 statistic = (SSr2/2)/MSe

8 statistic = round(statistic , digits = 2)

9 statistic

R code Exa 12.7 Wire Bond Strength Confi dence Interval

1 #i n s t a l l . package s (” mat l i b ”)
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2 library(matlib)

3

4 #Wire Bond S t r e n g t h Con f i dence I n t e r v a l ( Pg no . 507)
5

6 x1 = c

(2,8,11,10,8,4,2,2,9,8,4,11,12,2,4,4,20,1,10,15,15,16,17,6,5)

7 x2 = c

(50 ,110 ,120 ,550 ,295 ,200 ,375 ,52 ,100 ,300 ,412 ,400 ,500 ,360 ,205 ,400 ,600 ,585 ,540 ,250 ,290 ,510 ,590 ,100 ,400)

8 x3 = c(rep.int(1,25))

9 y = c

(9.95 ,24.45 ,31.75 ,35.00 ,25.02 ,16.86 ,14.38 ,9.60 ,24.35 ,27.50 ,17.08 ,37.00 ,41.95 ,11.66 ,21.65 ,17.89 ,69.00 ,10.30 ,34.93 ,46.59 ,44.88 ,54.12 ,56.63 ,22.13 ,21.15)

10

11 X = matrix(c(x3 ,x1 ,x2),nrow = 25, ncol = 3, byrow =

FALSE)

12 Y = matrix(c(y), nrow = 25, ncol = 1, byrow = FALSE)

13

14 X_t = t(X)

15 XX_t = X_t %*% X

16 Xt_y = X_t %*% Y

17 XtX = X_t%*%X

18 inv_XtX = inv(XtX)

19 beta = inv(XX_t) %*% Xt_y

20

21 C11 = inv_XtX[2,2]

22 sample_var = 5.2352

23 t = qt(0.025 ,22 , lower.tail = FALSE)

24

25 min = beta [2,1] - (t*sqrt(sample_var*C11))

26 max = beta [2,1] + (t*sqrt(sample_var*C11))

27

28 cat(” the i n t e r v a l i s ( ”,min ,” , ”,max ,” ) ”)
29

30 # The answer may s l i g h t l y vary due to round ing o f f
v a l u e s
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R code Exa 12.8 Wire Bond Strength Confidence Interval on the Mean
Response

1 #i n s t a l l . package s (” mat l i b ”)
2 library(matlib)

3

4 #Wire Bond S t r e n g t h Con f i d ence I n t e r v a l on the Mean
Response ( Pgno . 508)

5

6 x1 = c

(2,8,11,10,8,4,2,2,9,8,4,11,12,2,4,4,20,1,10,15,15,16,17,6,5)

7 x2 = c

(50 ,110 ,120 ,550 ,295 ,200 ,375 ,52 ,100 ,300 ,412 ,400 ,500 ,360 ,205 ,400 ,600 ,585 ,540 ,250 ,290 ,510 ,590 ,100 ,400)

8 x3 = c(rep.int(1,25))

9 y = c

(9.95 ,24.45 ,31.75 ,35.00 ,25.02 ,16.86 ,14.38 ,9.60 ,24.35 ,27.50 ,17.08 ,37.00 ,41.95 ,11.66 ,21.65 ,17.89 ,69.00 ,10.30 ,34.93 ,46.59 ,44.88 ,54.12 ,56.63 ,22.13 ,21.15)

10

11 X = matrix(c(x3 ,x1 ,x2),nrow = 25, ncol = 3, byrow =

FALSE)

12 Y = matrix(c(y), nrow = 25, ncol = 1, byrow = FALSE)

13

14 X_t = t(X)

15 XX_t = X_t %*% X

16 Xt_y = X_t %*% Y

17 beta = inv(XX_t) %*% Xt_y

18

19 sample_var = 5.2352

20 x0 = matrix(c(1,8 ,275), nrow = 3, ncol = 1, byrow =

FALSE)

21 u = t(x0)%*%beta

22
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23 u_var = sample_var * ((t(x0))%*%inv(X_t%*%X)%*%x0)

24 u_var

25

26 t = qt(0.025 ,22 , lower.tail = FALSE)

27

28 min = u - (t*sqrt(u_var))

29 max = u + (t*sqrt(u_var))

30

31 cat(” the i n t e r v a l i s ( ”,min ,” , ”,max ,” ) ”)
32

33 # The answer may s l i g h t l y vary due to round ing o f f
v a l u e s

R code Exa 12.9 Wire Bond Strength Confidence Interval

1 #i n s t a l l . package s (” mat l i b ”)
2 library(matlib)

3 #Wire Bond S t r e n g t h Con f i d ence I n t e r v a l
4

5 x1 = c

(2,8,11,10,8,4,2,2,9,8,4,11,12,2,4,4,20,1,10,15,15,16,17,6,5)

6 x2 = c

(50 ,110 ,120 ,550 ,295 ,200 ,375 ,52 ,100 ,300 ,412 ,400 ,500 ,360 ,205 ,400 ,600 ,585 ,540 ,250 ,290 ,510 ,590 ,100 ,400)

7 x3 = c(rep.int(1,25))

8 y = c

(9.95 ,24.45 ,31.75 ,35.00 ,25.02 ,16.86 ,14.38 ,9.60 ,24.35 ,27.50 ,17.08 ,37.00 ,41.95 ,11.66 ,21.65 ,17.89 ,69.00 ,10.30 ,34.93 ,46.59 ,44.88 ,54.12 ,56.63 ,22.13 ,21.15)

9

10 X = matrix(c(x3 ,x1 ,x2),nrow = 25, ncol = 3, byrow =

FALSE)

11 Y = matrix(c(y), nrow = 25, ncol = 1, byrow = FALSE)

12

13 X_t = t(X)
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14 XX_t = X_t %*% X

15 Xt_y = X_t %*% Y

16 XtX = X_t%*%X

17 inv_XtX = inv(XtX)

18 beta = inv(XX_t) %*% Xt_y

19

20 sample_var = 5.2352

21 x0 = matrix(c(1,8 ,275), nrow = 3, ncol = 1, byrow =

FALSE)

22 y0 = t(x0)%*%beta

23

24 y0_var = sample_var * (1+((t(x0))%*%inv(X_t%*%X)%*%

x0))

25 y0_var

26

27 t = qt(0.025 ,22 , lower.tail = FALSE)

28

29 min = y0 - (t*sqrt(y0_var))

30 max = y0 + (t*sqrt(y0_var))

31

32 cat(” the i n t e r v a l i s ( ”,min ,” , ”,max ,” ) ”)
33

34 # The answer may s l i g h t l y vary due to round ing o f f
o f be ta v a l u e s

R code Exa 12.11 Wire Bond Strength Confidence Interval

1 #i n s t a l l . package s (” mat l i b ”)
2 library(matlib)

3 #Wire Bond S t r e n g t h Con f i d ence I n t e r v a l ( Pg no . 515)
4

5 x1 = c

(2,8,11,10,8,4,2,2,9,8,4,11,12,2,4,4,20,1,10,15,15,16,17,6,5)

6 x2 = c
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(50 ,110 ,120 ,550 ,295 ,200 ,375 ,52 ,100 ,300 ,412 ,400 ,500 ,360 ,205 ,400 ,600 ,585 ,540 ,250 ,290 ,510 ,590 ,100 ,400)

7 x3 = c(rep.int(1,25))

8 y = c

(9.95 ,24.45 ,31.75 ,35.00 ,25.02 ,16.86 ,14.38 ,9.60 ,24.35 ,27.50 ,17.08 ,37.00 ,41.95 ,11.66 ,21.65 ,17.89 ,69.00 ,10.30 ,34.93 ,46.59 ,44.88 ,54.12 ,56.63 ,22.13 ,21.15)

9

10 X = matrix(c(x3 ,x1,x2),nrow = 25, ncol = 3, byrow =

FALSE)

11 Y = matrix(c(y), nrow = 25, ncol = 1, byrow = FALSE)

12

13 X_t = t(X)

14

15 H = X%*%inv(X_t%*%X)%*%X_t

16 sample_var = 5.2352

17 e1 = 1.57

18 r1 = e1/sqrt(sample_var*(1-H[1 ,1]))

19 p = 3

20 MSe = 5.2352

21

22 D1 = ((r1^2)/p)*(H[1,1]/(1-H[1 ,1]))

23 D1 = round(D1 , digits = 3)

24 D1

R code Exa 12.12 Airplane Sidewall Panels

1 #i n s t a l l . package s (” mat l i b ”)
2 library(matlib)

3

4 #A i r p l a n e S i d e w a l l Pane l s ( Pg no . 518)
5

6 x1 = c(20 ,25 ,30 ,35 ,40 ,50 ,60 ,65 ,70 ,75 ,80 ,90)

7 x2 = c

(400 ,625 ,900 ,1225 ,1600 ,2500 ,3600 ,4225 ,4900 ,5625 ,6400 ,8100)
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8 x3 = c(rep.int(1,12))

9 y = c

(1.81 ,1.70 ,1.65 ,1.55 ,1.48 ,1.40 ,1.30 ,1.26 ,1.24 ,1.21 ,1.20 ,1.18)

10

11 X = matrix(c(x3 ,x1,x2),nrow = 12, ncol = 3, byrow =

FALSE)

12 Y = matrix(c(y), nrow = 12, ncol = 1, byrow = FALSE)

13

14 X_t = t(X)

15

16 XX_t = X_t %*% X

17

18 XX_t

19

20 Xt_y = X_t %*% Y

21

22 Xt_y

23

24 beta = inv(XX_t) %*% Xt_y

25 beta

26

27 cat(” the f i t t e d r e g r e s s i o n model i s y =”,beta[1,1],”
”,beta[2,1],”x +”,-beta[3,1],”xˆ2 ”)

R code Exa 12.13 Surface Finish

1 #S u r f a c e F i n i s h ( Pg no . 520)
2

3 x2 = c

(225 ,200 ,250 ,245 ,235 ,237 ,265 ,259 ,221 ,218 ,224 ,212 ,248 ,260 ,243 ,238 ,224 ,251 ,232 ,216)

4 y = c

(45.44 ,42.03 ,50.10 ,48.75 ,47.92 ,47.79 ,52.26 ,50.52 ,45.58 ,44.78 ,33.50 ,31.23 ,37.52 ,37.13 ,34.70 ,33.92 ,32.13 ,35.47 ,33.49 ,32.29)
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5 tool = c(rep.int (302 ,10),rep.int (416 ,10))

6

7 df = data.frame(” s u r f a c e ” = y, ”rpm” = x2, ” t o o l ” =

tool)

8 df$tool.f = factor(df$tool)

9 is.factor(df$tool.f)

10 df$tool.f[1:20]

11 model = lm(surface ~ rpm+tool.f, data = df)

12

13 cat(” the f i t t e d r e g r e s s i o n model i s y =”,coef(model)
[1],””,coef(model)[2],”x +”,coef(model)[3],”xˆ2 ”)
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Chapter 13

Design and Analysis of Single
Factor Experiments The
Analysis of Variance

R code Exa 13.1 Tensile Strength ANOVA

1 #T e n s i l e S t r e n g t h ANOVA( Pg no . 546)
2

3 foo = function ()

4 {

5 obs1 = c(7 ,12 ,14,19)

6 obs2 = c(8 ,17 ,18,25)

7 obs3 = c(15 ,13 ,19 ,22)

8 obs4 = c(11 ,18 ,17 ,23)

9 obs5 = c(9 ,19 ,16,18)

10 obs6 = c(10 ,15 ,18 ,20)

11

12 N = 24

13 n = 6

14

15 M = matrix(c(obs1 ,obs2 ,obs3 ,obs4 ,obs5 ,obs6), nrow

= 4, ncol = 6, byrow = FALSE)

16 M
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17 y_total = sum(M)

18

19 sum_y_sqr = sum(M^2)

20

21 SSt = sum_y_sqr - y_total^2/N

22 SSt

23

24 sum_row1 = sum(M[1,])

25 sum_row2 = sum(M[2,])

26 sum_row3 = sum(M[3,])

27 sum_row4 = sum(M[4,])

28

29 SStreatments = ((sum_row1 ^2+ sum_row2 ^2+ sum_row3 ^2+

sum_row4 ^2)/n) - y_total^2/N

30 SStreatments

31

32 SSe = SSt - SStreatments

33 SSe

34

35 f = qf(0.01, df1=3, df2=20, lower.tail = FALSE)

36 f0 = (SStreatments/3)/(SSe/20)

37

38 if(f<f0)

39 {

40 print(” Nu 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
tha t hardwood c o n c e n t r a t i o n i n the pulp
s i g n i f i c a n t l y a f f e c t s the mean s t r e n g t h o f
the paper ”)

41 }

42 else

43 {

44 print(” Unable to r e j e c t the n u l l h y p o t h e s i s ”)
45 }

46 }

47 foo()

48

49 concn = c(5,10,15 ,20)

50 obs1 = c(7 ,12 ,14,19)
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51 obs2 = c(8 ,17 ,18,25)

52 obs3 = c(15 ,13 ,19 ,22)

53 obs4 = c(11 ,18 ,17 ,23)

54 obs5 = c(9 ,19 ,16,18)

55 obs6 = c(10 ,15 ,18 ,20)

56

57 df = data.frame(” concn ” = concn , ” obs1 ” = obs1 , ”
obs2 ” = obs2 , ” obs3 ” = obs3 , ” obs4 ” = obs4 , ” obs5
” = obs5 , ” obs6 ” = obs6)

58 df$concn = factor(df$concn)

R code Exa 13.2 Hardwood concentration experiment

1 #( Pg no . 549)
2

3 obs1 = c(7 ,12 ,14,19)

4 obs2 = c(8 ,17 ,18,25)

5 obs3 = c(15 ,13 ,19 ,22)

6 obs4 = c(11 ,18 ,17 ,23)

7 obs5 = c(9 ,19 ,16,18)

8 obs6 = c(10 ,15 ,18 ,20)

9

10 M = matrix(c(obs1 ,obs2 ,obs3 ,obs4 ,obs5 ,obs6), nrow =

4, ncol = 6, byrow = FALSE)

11

12 sum_row1 = sum(M[1,])

13 sum_row2 = sum(M[2,])

14 sum_row3 = sum(M[3,])

15 sum_row4 = sum(M[4,])

16 a = 4

17 n = 6

18 MSe = 6.51

19 t = qt(0.025 ,20 , lower.tail = FALSE)

20 t

21 y1 = sum_row1/n
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22 y2 = sum_row2/n

23 y3 = sum_row3/n

24 y4 = sum_row4/n

25

26 LSD = t*(sqrt ((2*MSe)/n))

27 LSD

28

29 cat(”4 vs 1 =”,y4 -y1,”>”,LSD)
30 cat(”4 vs 2 =”,y4 -y2,”>”,LSD)
31 cat(”4 vs 3 =”,y4 -y3,”>”,LSD)
32 cat(”3 vs 1 =”,y3 -y1,”>”,LSD)
33 cat(”3 vs 2 =”,y3 -y2,”>”,LSD)
34 cat(”2 vs 1 =”,y2 -y1,”>”,LSD)

R code Exa 13.4 Textile Manufacturing

1

2 #T e x t i l e Manufactur ing ( Pg no . 560)
3 obs1 = c(98 ,91 ,96 ,95)

4 obs2 = c(97 ,90 ,95 ,96)

5 obs3 = c(99 ,93 ,97 ,99)

6 obs4 = c(96 ,92 ,95 ,98)

7

8 data = rbind(obs1 ,obs2 ,obs3 ,obs4)

9

10 tag = c(” obs1 ”,” obs2 ”,” obs3 ”,” obs4 ”)
11

12 M = c(t(as.matrix(data)))

13 n_row = 4

14 n_col = 4

15

16 op <- gl(n_row ,1,n_col*n_row ,factor(tag))

17

18 m <- gl(n_col ,n_row ,n_row*n_col)

19
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20 summary(aov(M~op+m))

R code Exa 13.5 Fabric Strength

1 #Fabr i c S t r e n g t h ( Pg no . 565)
2

3 obs1 = c(1.3 ,2.2 ,1.8 ,3.9)

4 obs2 = c(1.6 ,2.4 ,1.7 ,4.4)

5 obs3 = c(0.5 ,0.4 ,0.6 ,2.0)

6 obs4 = c(1.2 ,2.0 ,1.5 ,4.1)

7 obs5 = c(1.1 ,1.8 ,1.3 ,3.4)

8

9 data = rbind(obs1 ,obs2 ,obs3 ,obs4 ,obs5)

10

11 tag = c(” obs1 ”,” obs2 ”,” obs3 ”,” obs4 ”,” obs5 ”)
12

13 M = c(t(as.matrix(data)))

14 n_row <- 4

15 n_col <- 5

16

17 op <- gl(n_row ,1,n_col*n_row ,factor(tag))

18

19 m <- gl(n_col ,n_row ,n_row*n_col)

20

21

22 summary(aov(M~op+m))

23

24 # The answer may s l i g h t l y vary due to round ing o f f
v a l u e s
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Chapter 14

Design of Experiments with
Several Factors

R code Exa 14.1 Aircraft Primer Paint

1 #A i r c r a f t Primer Pa int ( pg no . 586)
2

3 foo = function ()

4 {

5 n = 3

6 a = 3

7 b = 2

8 dripping = matrix(c

(4.0 ,4.5 ,4.3 ,5.6 ,4.9 ,5.4 ,3.8 ,3.7 ,4.0),nrow = 3,

ncol = 3,byrow = TRUE)

9 spraying = matrix(c

(5.4 ,4.9 ,5.6 ,5.8 ,6.1 ,6.3 ,5.5 ,5.0 ,5.0),nrow = 3,

ncol = 3,byrow = TRUE)

10 types = c(28.7 ,34.1 ,27.0)

11 methods = c(40.2 ,49.6)

12 interaction = c(12.8 , 15.9, 15.9, 18.2, 11.5,

15.5)

13

14 total = sum(dripping) + sum(spraying)
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15

16 Yijk = sum(dripping ^2) + sum(spraying ^2)

17 SSt = Yijk - (total^2/(a*b*n))

18 cat(” SSt =”,SSt ,”\n”)
19

20 Yi = sum(types ^2)

21 SStypes = (Yi/(b*n)) - (total^2/(a*b*n))

22 cat(” SStypes =”,SStypes ,”\n”)
23

24 Yj = sum(methods ^2)

25 SSmethods = (Yj/(a*n)) - (total^2/(a*b*n))

26 cat(” SSmethods =”,SSmethods ,”\n”)
27

28 Yij = sum(interaction ^2)

29 SSinteraction = (Yij/n) - (total^2/(a*b*n)) -

SStypes - SSmethods

30 cat(” S S i n t e r a c t i o n =”,SSinteraction ,”\n”)
31

32 SSe = SSt - SStypes - SSmethods -SSinteraction

33 cat(” SSe =”,SSe ,”\n”)
34

35 f2 = qf(0.05, df1=2, df2=12, lower.tail = FALSE)

36 f1 = qf(0.05, df1=1, df2=12, lower.tail = FALSE)

37

38 f0_types = (SStypes/2)/(SSe/12)

39 f0_methods = (SSmethods/1)/(SSe/12)

40 f0_interaction = (SSinteraction/2)/(SSe/12)

41

42 if(f2<f0_types)

43 {

44 print(” the main e f f e c t s o f pr imer type a f f e c t
a d h e s i o n f o r c e ”)

45 }

46 else

47 {

48 print(” the main e f f e c t s o f pr imer type do not
a f f e c t a d h e s i o n f o r c e ”)

49 }
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50

51 if(f1<f0_methods)

52 {

53 print(” the main e f f e c t s o f a p p l i c a t i o n method
a f f e c t a d h e s i o n f o r c e ”)

54 }

55 else

56 {

57 print(” the main e f f e c t s o f a p p l i c a t i o n method do
not a f f e c t a d h e s i o n f o r c e ”)

58 }

59

60 if(f2<f0_interaction)

61 {

62 print(” t h e r e i s i n d i c a t i o n o f i n t e r a c t i o n
between t h e s e f a c t o r s ”)

63 }

64 else

65 {

66 print(” t h e r e i s no i n d i c a t i o n o f i n t e r a c t i o n
between t h e s e f a c t o r s ”)

67 }

68 }

69 foo()

R code Exa 14.3 Epitaxial Process

1 #E p i t a x i a l P r o c e s s ( Pg no . 596)
2

3 obs1 = c(14.037 ,14.165 ,13.972 ,13.907)

4 obs2 = c(14.821 ,14.757 ,14.843 ,14.878)

5 obs3 = c(13.880 ,13.860 ,14.032 ,13.914)

6 obs4 = c(14.888 ,14.921 ,14.415 ,14.932)

7

8 M = matrix(c(obs1 ,obs2 ,obs3 ,obs4), nrow = 4, ncol =
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4, byrow = TRUE)

9

10 sum_y_sqr = sum(M^2)

11

12 init = sum(M[1,])

13 a = sum(M[2,])

14 b = sum(M[3,])

15 ab = sum(M[4,])

16

17 n = 4

18 N = 16

19

20 A = (1/(2*n)) * (a+ab-b-init)

21 B = (1/(2*n)) * (b+ab-a-init)

22 AB = (1/(2*n)) * (ab+init -a-b)

23 SSa = ((a+ab-b-init)^2)/N

24 SSa

25 SSb = ((b+ab-a-init)^2)/N

26 SSb

27 SSab = ((ab+init -a-b)^2)/N

28 SSab

29 SSt = sum_y_sqr - ((init+a+b+ab)^2)/N

30 SSt

R code Exa 14.4 Surface Roughness

1 #S u r f a c e Roughness ( Pg no . 604)
2

3 n=2

4 k=3

5 init =9+7

6 a=10+12

7 b=9+11

8 ab =12+15

9 c=11+10
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10 ac =10+13

11 bc=10+8

12 abc =16+14

13

14 A = (1/(4*n)) * (a+ab+ac+abc -init -b-c-bc)

15 A

16 SSa = ((a+ab+ac+abc -init -b-c-bc)^2)/(n*(2^k))

17 SSa

R code Exa 14.5 Plasma Etch

1 #Plasma Etch ( Pg no . 607)
2

3 A = (1/8) * (669 + 650 + 642 + 635 + 749 + 868 + 860

+ 729 -550 -604 -633 -601 -1037 -1052 - 1075 - 1063)

4 A

5

6 cat(” Because A = ” ,-101.625,” the e f f e c t o f
i n c r e a s i n g the gap between the cathode and anode
i s to d e c r e a s e the e t ch r a t e ”)

R code Exa 14.6 Process Yield

1 #P r o c e s s Y i e l d ( Pg no . 612)
2

3 yc = c(40.3 ,40.5 ,40.7 ,40.2 ,40.6)

4 yf = c(40.0 ,41.5 ,39.3 ,40.9)

5

6 ycbar = sum(yc)/length(yc)

7 yfbar = sum(yf)/length(yf)

8 nf = length(yf)

9 nc = length(yc)

10 SSe = 0.0
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11 for(i in 1:nc)

12 {

13 SSe = SSe + (yc[i] - ycbar)^2

14 }

15 SSe

16 MSe = SSe/(nc -1)

17 MSe

18

19 SScurvature = (nc*nf*((yfbar -ycbar)^2))/(nc+nf)

20 SScurvature

21

22 statistic = ((yfbar -ycbar))/sqrt(MSe*((1/nc)+(1/nf))

)

23 statistic = round(statistic , digits = 2)

24 statistic

R code Exa 14.8 Plasma Etch

1 #Plasma Etch ( Pg no . 629)
2

3 init = 550

4 ad = 749

5 bd = 1052

6 ab = 650

7 cd = 1075

8 ac = 642

9 bc = 601

10 abcd = 729

11

12 lA = (1/4) * (-init+ad-bd+ab -cd+ac-bc+abcd)

13 lA

14 lB = (1/4) * (-init -ad+bd+ab -cd-ac+bc+abcd)

15 lB

16 lC = (1/4) * (-init -ad-bd -ab+cd+ac+bc+abcd)

17 lC
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18 lD = (1/4) * (-init+ad+bd -ab+cd-ac-bc+abcd)

19 lD

20

21 lAB = (1/4) * (init -ad -bd+ab+cd -ac-bc+abcd)

22 lAB

23 lAC = (1/4) * (init -ad+bd-ab-cd+ac-bc+abcd)

24 lAC

25 lAD = (1/4) * (init+ad -bd-ab-cd -ac+bc+abcd)

26 lAD
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Chapter 15

Statistical Quality Control

R code Exa 15.1 Vane Opening

1 #Vane Opening ( Pg no . 677)
2

3 xbar = c

(31.6 ,33.4 ,35.0 ,32.2 ,33.8 ,38.4 ,31.6 ,36.8 ,35.0 ,34.0 ,29.8 ,34.0 ,33.0 ,34.8 ,35.6 ,30.8 ,33.0 ,31.6 ,28.2 ,33.8)

4 r = c(4,6,4,4,2,3,4,10,15,6,4,4,10,4,7,6,5,3,9,6)

5

6 Xbar = sum(xbar)/20

7 rbar = sum(r)/20

8 n = 5

9 A2 = 0.577

10 UCL = Xbar + A2*rbar

11 LCL = Xbar - A2*rbar

12 cat(” the t r i a l c o n t r o l l i m i t s f o r the Xbar c h a r t a r e
UCl = ”,round(UCL ,digits = 2),”LCl = ”,round(LCL

,digits = 2))

13

14 D4 = 2.115

15 D3 = 0

16

17 cat(” the t r i a l c o n t r o l l i m i t s f o r the rba r c h a r t a r e
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UCl = ”,round(D4*rbar , digits = 2),”LCl = ” ,(D3*
rbar))

18

19 s = c

(1.67332 ,2.60768 ,1.58114 ,1.64317 ,0.83666 ,1.14018 ,1.51658 ,4.38178 ,5.43139 ,2.54951 ,1.78885 ,1.73205 ,3.80789 ,1.78885 ,2.60768 ,2.48998 ,2.0 ,1.51658 ,3.42053 ,2.38747)

20 sbar = sum(s)/20

21 c4 = 0.94

22

23 lim = ((3*sbar)/c4)*sqrt(1-(c4^2))

24

25 cat(” the t r i a l c o n t r o l l i m i t s f o r the sba r c h a r t a r e
UCl = ” ,(sbar+lim),”LCl = ” ,(sbar -lim))

26

27 lim4 = Xbar + (3*sbar)/(c4*sqrt(n))

28 lim3 = Xbar - (3*sbar)/(c4*sqrt(n))

29

30 cat(” I f sba r i s used to de t e rmine the c o n t r o l l i m i t s
f o r the Xbar c h a r t then l i m i t s a r e ( ”,lim3 ,” , ”,

lim4 ,” ) ”)
31

32 Xbar = 33.21

33 rbar = 5.0

34 UCL = Xbar + A2*rbar

35 LCL = Xbar - A2*rbar

36 cat(”new r e v i s e d l i m i t s f o r the Xbar c h a r t a r e UCl =
”,round(UCL , digits = 2),”LCl = ”,round(LCL ,

digits = 2))

R code Exa 15.2 Chemical Process Concentration

1 #Chemical P r o c e s s C o n c e n t r a t i o n ( Pg no . 685)
2

3 x = c

(102.0 ,94.8 ,98.3 ,98.4 ,102.0 ,98.5 ,99.0 ,97.7 ,100.0 ,98.1 ,101.3 ,98.7 ,101.1 ,98.4 ,97.0 ,96.7 ,100.3 ,101.4 ,97.2 ,101.0)
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4 mr = c

(7.2 ,3.5 ,0.1 ,3.6 ,3.5 ,0.5 ,1.3 ,2.3 ,1.9 ,3.2 ,2.6 ,2.4 ,2.7 ,1.4 ,0.3 ,3.6 ,1.1 ,4.2 ,3.8)

5

6 xbar = sum(x)/length(x)

7 xbar

8

9 mrbar = sum(mr)/length(mr)

10 mrbar

11

12 d2 = 1.128

13

14 UCL = xbar + (3*(mrbar/d2))

15 cat(”UCL =”,UCL)
16

17 LCL = xbar - (3*(mrbar/d2))

18 cat(”LCL =”,LCL)
19

20 CL = xbar

21 cat(”CL =”,CL)
22

23 # The answer may s l i g h t l y vary due to round ing o f f
v a l u e s

R code Exa 15.3 Electrical Current

1 #E l e c t r i c a l Current ( Pg no . 692)
2

3 x = 110

4 mean = 107.0

5 std_dev = 1.5

6

7 PCR = (x-90)/(6*std_dev)

8 cat(”PCR =”,PCR)
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9 PCRk = (x-mean)/(3*std_dev)

10 cat(”PCRk =”,PCRk)
11

12 LSL = (90-mean)/std_dev

13 USL = (x - mean)/std_dev

14

15 #P(X<LSL )
16 z1 = pnorm(LSL ,0,1)

17 z1 = round(z1)

18 z1

19

20 #P(X>USL)
21 z2 = pnorm(USL ,0,1,lower.tail = FALSE)

22 z2 = round(z2 , digits = 3)

23 z2

R code Exa 15.4 Ceramic Substrate

1 #Ceramic S u b s t r a t e ( Pg no . 696)
2

3 defectives = c

(44 ,48 ,32 ,50 ,29 ,31 ,46 ,52 ,44 ,48 ,36 ,52 ,35 ,41 ,42 ,30 ,46 ,38 ,26 ,30)

4 samples = 20

5 size = 100

6 total_size = samples*size

7

8 pbar = sum(defectives)/total_size

9 pbar

10

11 UCL = pbar + (3*sqrt((pbar*(1-pbar))/size))

12 cat(”UCL =”,UCL)
13

14 LCL = pbar - (3*sqrt((pbar*(1-pbar))/size))

15 cat(”LCL =”,LCL)
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16

17 CL = pbar

18 cat(”CL =”,CL)
19

20 # The answer may s l i g h t l y vary due to round ing o f f
v a l u e s

R code Exa 15.5 Printed Circuit Boards

1 #P r i n t e d C i r c u i t Boards ( Pg no . 697)
2

3 defects = c

(6,4,8,10,9,12,16,2,3,10,9,15,8,10,8,2,7,1,7,13)

4 samples = 20

5 size = 5

6

7 defects_p_unit = defects/size

8 ubar = sum(defects_p_unit)/samples

9 ubar

10

11 UCL = ubar + 3*sqrt(ubar/size)

12 cat(”UCL =”,UCL)
13

14 LCL = ubar - 3*sqrt(ubar/size)

15 cat(”LCL =”,LCL ,”< 0”)

R code Exa 15.6 Chemical Process Concentration CUSUM Tabular Cusum

1 #Chemical P r o c e s s C o n c e n t r a t i o n CUSUM Tabular Cusum(
Pg no . 706)

2
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3 obs = c

(102.0 ,94.8 ,98.3 ,98.4 ,102.0 ,98.5 ,99.0 ,97.7 ,100.0 ,98.1 ,101.3 ,98.7 ,101.1 ,98.4 ,97.0 ,96.7 ,100.3 ,101.4 ,97.2 ,101.0)

4 Sh_0 = 0

5 Sl_0 = 0

6 u0 = 99

7 k = 1

8

9 Sh_1 = max(0, obs[1]-(u0+k)+Sh_0)

10 Sh_1

11 Sl_1 = max(0, (u0-k)-obs [1]+Sh_0)

12 Sl_1

R code Exa 15.7 Chemical Process Concentration EWMA

1 #Chemical P r o c e s s C o n c e n t r a t i o n EWMA( Pg no . 711)
2

3 lambda = 0.2

4 n = 1

5 xbar = 99.1

6 mrbar = 2.59

7 u0 = 99.1

8 sigma = 2.59/1.128

9

10 LCL = u0 - (3*(sigma/sqrt(n))*sqrt(( lambda/(2-lambda

))*(1-(1- lambda)^(2))))

11 UCL = u0 + (3*(sigma/sqrt(n))*sqrt(( lambda/(2-lambda

))*(1-(1- lambda)^(2))))

12 cat(”The c o n t r o l l i m i t s f o r z1 a r e LCL=”,LCL ,”UCL =”
,UCL)

13

14 # The answer may s l i g h t l y vary due to round ing o f f
v a l u e s
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