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Reading: Berstsekas & Tsitsiklis, §1.5, §1.6, §2.1

Key Stuff to Remember:

• Bayes’ Rule: Let A and B be events such that P(A) > 0 and P(B) > 0.

P(A | B) =
P(A)P(B | A)

P(B)

• Partitions of n objects into r groups, with the ith group having ni objects:(
n

n1, n2, . . . , nr

)
=

n!
n1!n2! · · ·nr!

• Random Variables are functions, e.g. X : Ω 7→ R. Why?

Problem 3.1
How many 6-word sentences can be made using each of the 26 letters of the alphabet exactly
once? A word is defined as a nonempty (possibly jibberish) sequence of letters.
Hint: Arrange the letters, then insert the spaces.

Problem 3.2
How many distinct ways are there to arrange the letters in the word “Mississippi”?
Hint: Think of labeling the 11 character slots into different groups: one for each of {“M” “i”
“s” “p”}.

Problem 3.3
A computer manufacturer uses chips from three sources: Giganto, Humongo, and Friendly

Bob. We know the following about the chips from these sources:

• Giganto chips are defective with probability 0.01.

• Humongo chips are defective with probability 0.005.

• Friendly Bob chips are defective with probability 0.001.

A randomly selected chip is determined to be defective.

1. Assume that the chips are ordered in equal proportions from each company.

(a) Find the probability that the chip was manufactured by Giganto.

(b) Find the probability that the chip was manufactured by Friendly Bob.

2. Repeat part (a) assuming that 95% of chips are ordered from Friendly Bob, 3% are
ordered from Humongo and 2% are ordered from Giganto.
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Problem 3.4
Communication through a noisy channel

A binary (0 or 1) symbol transmitted through a noisy communication channel is received
incorrectly with probability ε0 and ε1, respectively. Errors in different symbol transmissions
are independent.

(a) Suppose that the channel source transmits 0 with probability p and transmits a 1 with
probability 1 − p. What is the probability that a randomly chosen symbol is received
correctly?

(b) Suppose that the string of symbols 1011 is transmitted. What is the probability that all
symbols in the string are received correctly?

(c) In an effort to improve reliability, each symbol is transmitted three times and decoded by
majority rule. In other words a 0 (or 1) is transmitted as 000 (or 111, respectively), and
it is decoded at the receiveer as a 0 (or 1) if and only if the received three-symbol string
contains at least two 0s (or 1s, respectively). What is the probability that a transmitted
0 is correctly decoded?

(d) Suppose that the channel source transmits a 0 with probability p and transmits a 1 with
probability 1 − p, and that the scheme of part (c) is used. What is the probability that
a 0 was transmitted given that the received string is 101?

Problem 3.5

Suppose we have a weighted coin that comes up heads with probability p and tails with
probability 1 − p. Let Pn denote the probability that after n flips, there have been an even
number of successes.

1. Show that Pn = p(1 − Pn−1) + (1 − p)Pn−1.

2. Show that Pn = 1+(1−2p)n
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Problem 3.6
Balls and Bins: In bin 1, there are two red and one white balls. In bin 2, there are one

red and two white balls.
You reach into bin 1, take a ball at random (so each ball is equally likely to be picked)

and toss it into bin 2. Then, take a ball at random from bin 2, and toss it into bin 1.
After this exchange, you pick a bin at random and take a ball, again at random, out of

it. Given that the ball is red, what is the probability that you picked bin 1?
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