














Sampling from a given distribution

• we can use the sample function.

• takes a sample of the specified size (specified by size) from

the elements of x using either with or without replacement

(specified by replace).

• The optional prob argument can be used to give a vector of

weights for obtaining the elements of the vector being

sampled.

> x = c(1,2,3,4,5,6)

> probx= c(1/6,1/6,1/6,1/6,1/6,1/6)

> Rolls=sample(x, size=1800, replace=T, prob=probx)



Uniform(1,2,3,4,5,6)

> table(Rolls)

Rolls

1 2 3 4 5 6

300 329 285 273 306 307

> hist(Rolls,breaks = seq(1,6, by=0.25))

Histogram of Rolls
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Functions in R: Variance of Uniform

• Let us try to compute the variance of x

> x

[1] 1 2 3 4 5 6

> ourvariance = function(x) {

+ sum((x -ourmean(x))^2)/length(x)

+ }

• Note that this differs from sample variance in the

normalisation.



Uniform(1,2,3,4,5,6)

> var(Rolls)

[1] 2.980381

> ourvariance(x)

[1] 2.916667

• ourvariance gives the variance of the uniform random

variable.



Sums of Rolls

Suppose we wish to simulate in R the experiment that we did in

class of Rolling a die and noting down its sum. We can use the

sample , matrix and apply.

> x = c(1,2,3,4,5,6)

> probx= c(1/6,1/6,1/6,1/6,1/6,1/6)

> Rolls=sample(x, size=1500, replace=T, prob=probx)

> Rollm=matrix(Rolls, 5)

> # above creates a matrix 5 columns and 30 Rows

> Rollsums = apply(Rollm, 2, sum)



Sums of Rolls

> table(Rollsums)

Rollsums

7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

2 2 2 7 15 14 21 24 16 24 25 32 28 21 18 16 9 10 5 6 2 1

> hist(Rollsums,breaks = seq(5,30, by=1))

Histogram of Rollsums
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Class experiment: Sums of Rolls

This was the histogram that we got when we did the experiment of

rolling a die 5times and noting down its sum.



Sampling distribution

Suppose we want to verify the below result via simulations:

Let X1,X2, . . . ,Xn be an i.i.d. sample of random variables whose

distribution has finite expected value µ and finite variance σ2. Let

X̄ represent the sample mean. Then

E [X̄ ] = µ and SD[X̄ ] =
σ√
n
.



Sampling distribution

> x = c(1,2,3,4,5,6)

> probx= c(1/6,1/6,1/6,1/6,1/6,1/6)

Let us generate 3 sets of data:

500,5000,150000 samples from x and probx.

> Rolls=sample(x,size=500,replace=T,prob=probx)

> Rolls5000=sample(x,size=5000,replace=T,prob=probx)

> Rolls150000=sample(x,size=150000,replace=T,prob=probx)



Sampling distribution

We split them up into sets of 5, 50, 5000 rolls.

> Rollm=matrix(Rolls, 5)

> Rollm5000=matrix(Rolls5000, 50)

> Rollm150000=matrix(Rolls150000, 5000)

Thus each gives us sets of 100,100,30 trials respectively fo

5, 50, 5000



Sampling distribution

Let us compute the the mean of each row which are of size

5, 50, 5000

> Rollmeans = apply(Rollm, 2, mean)

> Rollmeans5000 = apply(Rollm5000, 2, mean)

> Rollmeans150000 = apply(Rollm150000, 2, mean)



Mean of Rolls

> table(Rollmeans)

Rollmeans

2 2.2 2.4 2.6 2.8 3 3.2 3.4 3.6 3.8 4 4.2 4.4 4.8 5

3 3 9 10 7 5 10 11 11 8 8 5 3 5 2

> table(Rollmeans5000)

Rollmeans5000

2.88 3 3.02 3.04 3.06 3.08 3.1 3.12 3.14 3.16 3.18 3.2 3.22 3.24 3.26 3.28

1 1 1 1 1 1 1 1 1 1 1 2 3 2 1 2

3.32 3.34 3.36 3.38 3.4 3.42 3.44 3.46 3.48 3.5 3.52 3.54 3.56 3.58 3.6 3.62

3 1 6 3 3 2 3 5 2 2 2 4 3 2 2 5

3.64 3.66 3.68 3.7 3.72 3.74 3.76 3.78 3.8 3.82 3.84 3.86 3.88 3.9 3.92 3.96

1 6 4 4 2 1 2 1 1 2 1 1 1 1 1 1

4.02

1

> table(Rollmeans150000)

Rollmeans150000

3.4326 3.4334 3.4644 3.474 3.477 3.4774 3.4826 3.4828 3.4844 3.4868 3.4902

1 1 1 1 1 1 1 1 1 1 1

3.4912 3.4938 3.5006 3.5016 3.5028 3.503 3.505 3.507 3.508 3.5084 3.5102

1 1 1 1 1 1 1 1 1 1 2

3.511 3.5172 3.5268 3.5316 3.5334 3.5482 3.551

1 1 1 1 1 1 1



Centered around 3.5

> par(mfrow=c(1,3))

> hist(Rollmeans)

> hist(Rollmeans5000)

> hist(Rollmeans150000)

Histogram of Rollmeans
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Histogram of Rollmeans5000

Rollmeans5000

F
re

qu
en

cy

2.8 3.2 3.6 4.0

0
5

10
15

20
25

Histogram of Rollmeans150000

Rollmeans150000

F
re

qu
en

cy

3.42 3.46 3.50 3.54

0
2

4
6

8
10

12



Variance Reduction

Observe that there is real variance reduction in the sample means.

> ourvariance(x) # Variance of Uniform (1,2,3,4,5,6)

[1] 2.916667

> var(Rollmeans) # S^2, 100 Trials, mean of 5 Rolls

[1] 0.5527919

> var(Rollmeans5000)# S^2,100 Trials, mean of 50 Rolls

[1] 0.056544

> var(Rollmeans150000)# S^2, 100 Trials, mean of 5000 Rolls

[1] 0.0007484258


