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The following exam contains 4 algorithmic questions. In every question write the most
efficient algorithm you can think of.

Explain the insights that led you to the algorithm, and how and why it works. There is no
need for a formal mathematical proof, just a clear explanation.

You can describe your algorithms by pseudo-code, or by a program language like C#, Java,
C or C++.

We don't care about the formal syntax when you write the pseudo-code (like rows
numbering, or specific choice of words).

We accept pseudo-code to make it easier for you to describe the algorithm without dealing
with the syntax of programming languages!

We can also accept solutions in python, but we don't recommend you use it, because it is
difficult to estimate the efficiency of your code with its complex data structures. If you choose
to write your solutions in python anyway, please write your code with clear and simple
commands, e.g. don't use some crazy one-liners.

The exam tests your problem-solving ability, not your knowledge in known algorithms. There
is no need to explain how you implement known algorithms like swapping variables, sorting

or reversing an array, etc. You can write "swap x and y", "sort the array A in ascending /

descending order"”, "reverse the array A" etc. in your pseudo-code.

Good luck!
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Tasty packages

Gala has a collection of baskets with apples. The baskets are labeled from 1 to n. Each
basket contains a positive number of apples. Gala can make packages out of these baskets.
A package is made of one or more baskets (not necessarily with continues labels). A
package is considered tasty, if the number of apples in the basket with the least (minimum)
number of apples inside this package, multiplied by the number of baskets in the package, is
larger than x (a given integer number). Gala wants to make as many tasty packages as
possible! (and of course, every basket can be in no more than one package)

Help Gala, and write an algorithm for her, that gets x (an integer number), n (the number of
baskets), and an array named apples_arr of length n —where each element contains the
number of apples in the respective basket. Your algorithm should compute the largest
possible number of tasty packages Gala can make!
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Mini apples
Red and Golden play the mini apples game.
In this game there are m baskets with nq, n,, ..., n,, little apples in each of them, respectively
(i.e. the first basket contains n, little apples, the second pile contains n, little apples, etc.).
Both players see the number of apples in each basket.
In each turn, the player chooses one of the baskets and eats k apples from it (k doesn't have
to be a constant, the player chooses it according to the limits in each subtask). The player
who cannot perform a legal move when it's his turn (i.e. cannot eat k apples from any of the
baskets, when the limits on k hold), loses the game. Red makes the first move.
Assuming both players make no mistakes and always play by the correct strategy, write an
algorithm for any of the following subtasks, that gets the number of apples in each basket -
ny, ny, ..., Ny, (an array n_arr of length m), and determines whether Red (who makes the first
move) wins the game:

a. m can be any positive integer number, and k must be odd (i.e. in each turn the player

can take any odd number of apples from one of the baskets).
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b. m=2, and k must be a power of 2 (2 where i > 0), i.e. there are 2 baskets, and in
each turn the player can take 1, 2, 4, 8 or any power of 2 apples from one of the
baskets.

c. m can be any positive integer number, and k must be a power of 2.
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Lady pink's store

Lady Pink runs an apple store. She received n pairs of apples, each consists of one green
apple and one red apple of the same weight. The weights of the pairs are distinct from each
other (i.e. there are n different weights for the apples of each color).

Lady Pink arranged the red apples in a row, and labeled their positions from 1 to n. She
wants to arrange the green apples in a row, just below the red ones, such that below every
red apple there will be a green apple in the same position (not necessarily of the same
weight). When a customer comes to the store, he has to tell her the positions of the apples
he wishes to buy, and then lady Pink sells him the red apple and the green apple from each
of the position he has chosen. The customer always chooses at least one position, and
never buys all the apples in the store.

Help lady Pink to arrange the apple in a way such that no matter which positions the
customer will choose, the total weight (i.e. the sum of the weights) of the green apples he
gets will be different than the total weight of the red apples he gets.

Write an algorithm, that gets the array red_arr — an array of length n that contains the weight
of the red apple in each position in the row lady Pink arranged, and prints a valid
arrangement of the green apples — their weights by their order in the row (or builds the array
green_arr).

For example, if the array red_arr is:

2 20 200 2000

A valid arrangement of the green apples with be:

20 2000 2 200
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The apple shelf

Grandma Smith has a shelf with n apples. On the shelf there are n positions, numbered 1
(the leftmost position) to n (the rightmost position). Each apple has an integer size between
1 to m (some apples might be of the same size). During the lockdown, grandma Smith found
a new hobby of arranging the apples on the shelf. First, she put exactly one apple in every
position. Then, she ordered a special robot that arranges apples on the internet.
Unfortunately, the robot wasn't turned out to be very successful. It can only take an apple
that doesn't share its position on the shelf with another apple and put in on a bigger apple on
the right (but not necessarily adjacent). It cannot move an apple to the left, or put more than
2 apples on one another, it can only create "piles" of 2. It also cannot put an apple in an
empty position. The only action it can do is as described above.
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Grandma Smith wants to rearrange the apples in a beautiful arrangement. A beautiful
arrangement is an arrangement in which on the leftmost side of the shelf there is as much
free space as possible, to the right of the empty positions there are pairs of apples on one
another, and to the right of them there are single apples. In other words, grandma smith
wants to put the K leftmost apples on the K apples immediately to their right in some order,
when K is as large as possible. Grandma Smith insists not to touch the apples without the
robot. Help grandma Smith, and write an efficient algorithm for her that gets n (number of
apples and positions on the shelf), m (the maximum size of an apple), and the sizes of the
apples on the shelf according to their positions (the array apple_arr), and prints the value of
K described above, when (each subtask can have a different algorithm):

a. m is significantly larger than n.

b. n is significantly larger than m.

Inn7xna
Good luck!



