> # STAT 105: Tolerance interval simulation

> # Purpose:  understand what the confidence level and coverage probability in a tolerance interval

> # 

> # population: normal(mu, sigma^2) 

> mu=10; sigma=2;  #

> n=36;  # sample size n=36

> #  tolerance interval factor k with 95% confidence level and 90%  coverage probability

> k=(2.140+2.052)/2; k  # 

[1] 2.096

> 

> # draw a random sample of n

> x=rnorm(n, mean=mu, sd=sigma) #

> mean(x)  # sample mean

[1] 10.45752

> sd(x) # sample standard deviation

[1] 1.617375

> # 90% tolerance interval with 95% confidence 

> ti = c(mean(x) - k* sd(x), mean(x) + k* sd(x)); ti

[1]  7.067506 13.847541

> # probability that the values of the distribution fall in the tolerance interval

> pnorm( (ti[2]-mu)/sigma ) - pnorm( (ti[1]-mu)/sigma )

[1] 0.9015178

> 

> # do it again, 

> x=rnorm(n, mean=mu, sd=sigma) #

> mean(x)  # sample mean

[1] 10.08395

> sd(x) # sample standard deviation

[1] 2.369726

> ti = c(mean(x) - k* sd(x), mean(x) + k* sd(x)); ti

[1]  5.117002 15.050894

> pnorm( (ti[2]-mu)/sigma ) - pnorm( (ti[1]-mu)/sigma )

[1] 0.9869092

> 

> # repeat the procedure K times, save the K sample means in xbar and sample sd in ss[]

> K=100; xbar = rep(0, K); ss = rep(0, K)

> for(i in 1:K) { x=rnorm(n, mean=mu, sd=sigma); xbar[i] = mean(x); ss[i]= sd(x) }

> ti = cbind(xbar - k *ss, xbar + k * ss) # K tolerance intervals

> pti = pnorm( (ti[,2]-mu)/sigma ) - pnorm( (ti[,1]-mu)/sigma ); round(pti, 3)

  [1] 0.946 0.979 0.952 0.940 0.960 0.945 0.895 0.957 0.943 0.989 0.987 0.956 0.970

 [14] 0.943 0.917 0.976 0.914 0.957 0.936 0.909 0.963 0.975 0.936 0.980 0.934 0.968

 [27] 0.991 0.939 0.973 0.940 0.944 0.917 0.983 0.934 0.970 0.956 0.976 0.940 0.984

 [40] 0.926 0.985 0.978 0.930 0.959 0.934 0.971 0.949 0.969 0.978 0.982 0.928 0.977

 [53] 0.956 0.917 0.961 0.943 0.977 0.936 0.900 0.910 0.940 0.977 0.979 0.983 0.975

 [66] 0.962 0.902 0.963 0.992 0.966 0.936 0.965 0.901 0.966 0.977 0.907 0.957 0.943

 [79] 0.948 0.942 0.983 0.958 0.965 0.952 0.920 0.942 0.925 0.968 0.982 0.937 0.978

 [92] 0.966 0.979 0.982 0.976 0.974 0.989 0.957 0.869 0.962

> 

> # the number of tolerance intervals containing 90% of the values 

> sum(pti > .90)  # in thoery =K(1-alpha)=95

[1] 98

> 

> # do it again with K=1000

> K=1000; xbar = rep(0, K); ss = rep(0, K)

> for(i in 1:K) { x=rnorm(n, mean=mu, sd=sigma); xbar[i] = mean(x); ss[i]= sd(x) }

> ti = cbind(xbar - k *ss, xbar + k * ss) # K tolerance intervals

> pti = pnorm( (ti[,2]-mu)/sigma ) - pnorm( (ti[,1]-mu)/sigma )

> 

> # the number of tolerance intervals containing 90% of the values 

> sum(pti > .90)  # in thoery =K*(1-alpha)=950

[1] 944

