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TUTORIAL I

1 Performance of repetition codes

We consider a Binary Symmetric Channel with parameter f .

1. How many times do I need to repeat to make the error per bit go below some pb?

2. Justify that the majority vote is the optimal decoder for the average error probability (i.e., we take a uniform
prior on the message).

2 Weighing problem

You are given 12 balls, all equals in weight except for one that is either heavier or lighter. You are also given a
classical two-pan balance which allow you only to compare two subset of balls (you are not given any reference
weight). Your task is to design a strategy to determine which is the odd ball and whether it is heavier or lighter, using
as few uses of the balance as possible.

1. What is the amount of uncertainty of a configuration ?

2. How much average information can a single use of the balance give ? What is the minimum number of weighing
one can hope to achieve ?

3. Show that if we start by weighing balls 1-6 against 7-12, we don’t get enough information to achieve the optimal
solution.

4. Describe an optimal strategy.

5. Compute the exact information obtained during the process depending on the result of the second round (3 or 2
remaining situations).

3 Find query

We consider a list of 32 elements and we want to know if a given element belong to this list or not. Our strategy is to
test the first element, then the second element, ... until the wanted element is found.

1. How many bit do we need to describe a position/what is the amount of uncertainty ?

2. What is the probability distribution of the outcome on the nth test ?

3. How much information do we obtain on the first test if we find the element ? And if we don’t find it ?

4. Same question for the second test.

5. Gave a general formula for the total amount of information obtained in the case X0 = X1 = . . . = Xn = 0

6. How much information has been obtained for n = 15. Give an interpretation of this result.

7. How much information is obtained in the case X0 = X1 = . . . = Xn = 0, Xn+1 = 1 ?



4 Introducing typical sets

Let X = X1 . . . Xn be independent and identically distributed bits with X1 ∼ Ber(p), i.e., PX1(0) = p and
PX1(1) = 1 − p (assume wlog that p > 1/2). Your task is to prepare a bag S ⊆ {0, 1}n with papers with each one
having a binary string of length n. You win the game if X ∈ S.

1. Suppose your bag is restricted to have size 1. What would you write on the piece of paper?

2. If I want to win with probability 0.9, how small can I make the bag be? In general, as a function of δ, give an
approximation of the size of the smallest bag Sδ that can win the game with probability ≥ 1− δ.
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