
STA 247 — Solutions to Assignment #2.

Question 1: [ 35 marks ] Suppose that we roll two six-sided dice, one red and one green, with all
outcomes of these rolls being equally likely. Let R be the random variable equal to the value showing
on the red die, and let G be the random variable equal to the value showing on the green die. Define
the random variable X to be |R − G|.

This question is to be solved using pencil, paper, and perhaps a simple calculator, not by writing
an R program. Include enough details in your answers to make clear how you obtained them. You
must include the actual numerical answers (for example, 15/12 or 1.25) not just formulas that could
be evaluated to give the answers.

a) Give a table of the joint probability mass function of R and X.

X = 0 1 2 3 4 5

1 1/36 1/36 1/36 1/36 1/36 1/36
2 1/36 2/36 1/36 1/36 1/36 0
3 1/36 2/36 2/36 1/36 0 0

R = 4 1/36 2/36 2/36 1/36 0 0
5 1/36 2/36 1/36 1/36 1/36 0
6 1/36 1/36 1/36 1/36 1/36 1/36

b) Find P (X ≥ R).

Summing all entries in the table above where X ≥ R, we get

P (X ≥ R) = 1/36 + 1/36 + 1/36 + 1/36 + 1/36 +

1/36 + 1/36 + 1/36 + 0

1/36 + 0 + 0 +

0 + 0 +

0

= 9/36

c) Give a table of the probability mass function of X, using the table of the joint distribution for
R and X that you found in part (a). Say how you obtained it.

Summing the colums in the table in part (a), we get

x P (x)

0 6/36
1 10/36
2 8/36
3 6/36
4 4/36
5 2/36

d) Find P (X > 1).

Adding together the entries for 2 to 5 in the table for part (c) we get 8/36+6/36+4/36+2/36 =
20/36 = 5/9.

e) Find E(X).

E(X) = 0×6/36 + 1×10/36 + 2×8/36 + 3×6/36 + 4×4/36 + 5×2/36 = 70/36 = 35/18



f) Give a table of the probability mass function for the conditional distribution of R given X = 2.
Say how you obtained it.

We take the column for X = 2 from the table for part (a) and divide by the sum of its entries,
obtaining

r P (R = r|X = 2)

1 1/8
2 1/8
3 2/8
4 2/8
6 1/8
5 1/8

g) Is R conditionally independent of G given X? Show why or why not.

No. We can see this, for example, by calculating that P (R = 1, G = 6 |X = 0) = 0,
but P (R = 1)P (G = 6) = (1/6) (1/6) 6= 0.

Question 2: [ 25 marks ] You roll a fair six-sided die 100 times. Let X be the random variable that
is the number of these rolls that show 1, 2, or 3. You then roll the die another 100 times. Let Y be
the random variable that is the number of these rolls that show 1 or 2. With simple calculations in
R, using the dbinom and pbinom functions, find the following:

a) P (X ≤ 60).

> pbinom (60, 100, 1/2)

[1] 0.9823999

OR ALTERNATIVELY:

> sum (dbinom (0:60, 100, 1/2))

[1] 0.9823999

b) P (Y ≥ 60).

> 1 - pbinom (59, 100, 1/3)

[1] 4.324019e-08

OR ALTERNATIVELY:

> sum (dbinom (60:100, 100, 1/3))

[1] 4.324019e-08

c) P (X = Y ).

> sum( dbinom (0:100, 100, 1/2) * dbinom(0:100, 100, 1/3))

[1] 0.003143515

d) P (X > Y ).

> 1 - sum( pbinom (0:100, 100, 1/2) * dbinom(0:100, 100, 1/3))

[1] 0.9903563

OR ALTERNATIVELY:

> sum( dbinom (1:100, 100, 1/2) * pbinom(0:99, 100, 1/3))

[1] 0.9903563

Hand in your R commands (which should consist of one line for each question) and their numerical
output (which should have at least five digits after the decimal point).



Question 3: [ 40 marks ] A software company with three programmers (who we will identify by
the numbers 1, 2, and 3) specializes in writing fairly small programs for custom database conversion.
The company also employs a program tester, who attempts to find the bugs these programs. We
assume that any bugs found are fixed.

These programs are sufficiently similar that it makes sense to consider how good the three pro-
grammers generally are at writing reliable programs of this sort, with the programmer assigned and
the program that this programmer writes being seen as varying randomly. Let the random variable
A be the programmer assigned to write one of these program (either 1, 2, or 3), let the random
variable B be the number of bugs in the program before testing (assumed to range from from 0 to 5),
and let the random variable R be the number of bugs in the program after testing (ie, the number
of remaining bugs that the tester did not find).

Assume that the three programmers are equally likely to be assigned to write a program, so that
P (A = 1) = P (A = 2) = P (A = 3) = 1/3.

Assume that the number of bugs in a program (before testing) depends on the programmer
assigned to write it according to the following table for P (B = b |A = a):

b: 0 1 2 3 4 5

P (B = b |A = 1): 0.55 0.35 0.04 0.03 0.02 0.01
P (B = b |A = 2): 0.10 0.30 0.35 0.15 0.06 0.04
P (B = b |A = 3): 0.05 0.25 0.35 0.20 0.10 0.05

We assume that R, the number of bugs remaining after testing, is conditionally independent of
A given B — that is, how many bugs the tester finds depends only on how many bugs there are, not
on which programmer was responsible for these bugs. We also assume that whether the tester finds
one bug in the program is independent of whether the tester finds other bugs. Finally, we assume
that the probability that the tester will find any particular bug is 0.6.

Supposed we would like to compute the following three things:

a) The distribution for the number of bugs, R, remaining in a program after testing — that is, a
table of values for P (R = r) for r = 0, . . . , 5.

b) The expected value of R — that is, E(R).

c) The conditional distribution for which of the programmers (A) wrote a program, given that it
has no bugs remaining after testing (R = 0) — that is, a table of values for P (A = a |R = 0)
for a = 1, 2, 3.

Rather than try to compute these quantities exactly, you should write an R program to estimate
them by simulation. You should write an R function called sim that takes as arguments a random
number seed (s) and the number (n) of simulated values for A, B, and R to produce. It should return
a list with an element named R.pr that is a vector of estimated probabilities for R to have the values
0 to 5, an element E.R that is the estimated expected value of R, and an element A.givenR0.pr,
that is a vector of estimated conditional probabilities for A to have the values 1, 2, or 3, given that
R has the value 0.

You should hand a listing of this function, and its output when called with n set to 1000 and s

set to 1, with n set to 1000 and s set to 2, with n set to 1000 and s set to 3, and with n set to 100000
and s set to 4.

You may need to use the sample, rbinom, and sum functions, along with arithmetic on vectors
and the for and if statements.



SIM FUNCTION:

sim <- function (s, n)

{

set.seed(s)

R.cnt <- rep(0,6)

names(R.cnt) <- 0:5

A.givenR0.cnt <- rep(0,3)

names(A.givenR0.cnt) <- 1:3

for (i in 1:n)

{ a <- sample (1:3, 1)

b <- sample (0:5, prob=B.given.A.table[a,])

r <- rbinom (1, b, 0.4)

R.cnt[r+1] <- R.cnt[r+1] + 1

if (r==0)

{ A.givenR0.cnt[a] <- A.givenR0.cnt[a] + 1

}

}

R.pr <- R.cnt/n

E.R <- sum ((0:5)*R.pr)

A.givenR0.pr <- A.givenR0.cnt / R.cnt["0"]

list (R.pr = R.pr, E.R = E.R,

A.givenR0.pr = A.givenR0.pr)

}

SCRIPT TO RUN SIM:

cat("\ns=1, n=1000\n\n")

print (res <- sim(1,1000))

cat("\ns=2, n=1000\n\n")

print (res <- sim(2,1000))

cat("\ns=3, n=1000\n\n")

print (res <- sim(3,1000))

cat("\ns=4, n=100000\n\n")

print (res <- sim(4,100000))

OUTPUT FROM RUNNING SCRIPT:

s=1, n=1000

$R.pr

0 1 2 3 4 5

0.531 0.332 0.103 0.031 0.003 0.000

$E.R

[1] 0.643

$A.givenR0.pr

1 2 3

0.4990584 0.2674200 0.2335217

s=2, n=1000

$R.pr

0 1 2 3 4 5

0.536 0.343 0.096 0.018 0.007 0.000

$E.R

[1] 0.617

$A.givenR0.pr

1 2 3

0.5074627 0.2593284 0.2332090

s=3, n=1000

$R.pr

0 1 2 3 4 5

0.527 0.338 0.099 0.030 0.005 0.001

$E.R

[1] 0.651

$A.givenR0.pr

1 2 3

0.4781784 0.2656546 0.2561670

s=4, n=100000

$R.pr

0 1 2 3 4 5

0.53825 0.32487 0.10708 0.02523 0.00429 0.00028

$E.R

[1] 0.63328

$A.givenR0.pr

1 2 3

0.4854993 0.2771389 0.2373618


