
Problem 1: Another three doors problem

In the original three doors problem, there is one player whose objective is to
win a car that is hidden behind one of three doors. In this exercise we make
a few adjustments to this problem: Instead of one, there are now 2 players,
but there are also 2 items to discover.

There are 3 doors, say doors A, B and C. Behind one of the doors is a car
key, behind another door is the matching car and behind the remaining door
is a goat. Your goal, as a team, is to win the car. The team consists of player
1 and player 2.

In order to win the car player 1 must discover the key AND player 2 must
find the car.

At the start of the game, players 1 and 2 are backstage. Player 1 is called to
enter the stage (the place where the three doors are located). His objective
is to find the key. He selects a door and opens it. If he doesn’t find the key,
then he chooses another door and opens it. If player 1 finds the key, he is
not allowed to actually pick it up; he just leaves it behind the door where he
found it. After this, player 1 leaves the stage and the doors are being closed
again. After leaving the stage player 1 has no possibility to inform player 2
about the items he found.

Now player 2 is called to the stage. He does not know what player 1 has
seen; not even if player 1 has found the key. His goal is to discover the car.
He selects a door and opens it. If he doesn’t find the car, then he chooses a
second door and opens it.

Recall that only if player 1 finds the key AND player 2 finds the car, they
win the car; in all other cases, they lose.

Before the start of the game the players are allowed to discuss a strategy
that maximizes their chances of winning the car. So, for instance, if player
1’s strategy is to open door A first, then player 2 knows before the start of
the game that player 1 will open door A first.

What is the best strategy for both players and what is then the probability
that they win the car?
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