
Algorithms [Compiled on October 6, 2024] Fall 2024

Homework Assignment #5:
Programming Exercise #1

Due Time/Date

2:20PM Tuesday, October 15, 2024. Late submission will be penalized by 20% for each
working day overdue.

Problem Description

Solve Problem B “Bingo for the Win!” of the 2024 World Finals of the International Colle-
giate Programming Contest (see https://scoreboard.icpc.global/2024/problemset.
pdf or the attachment).

Important Notes

This assignment constitutes 4% of your grade. You may discuss the problem with
others, but copying code is strictly forbidden. Some of you may be requested to
demonstrate your program.

Submission Guidelines

• Pack everything, excluding compiler-generated files, in a .zip file, named with the
pattern “b127050xx-hw5.zip”.

• Upload the .zip file to the NTU COOL site for Algorithms 2024.

• If you use a Makefile, make sure that it outputs “hw5”. Otherwise, make sure that
the whole application can be compiled by a single command like “gcc hw5.c”,
“g++ hw5.cpp”, “javac hw5.java”, etc.

Grading

Your work will be graded according to its correctness, efficiency, and presentation. Before
submission, you should have tested your program on several input cases. You should
organize and document your program in such a way that other programmers, for example
your classmates, can understand it. In the documentation of your program (preferably
in the code as comments), you are encouraged to describe how you have applied the
algorithmic techniques, in particular design by induction, learned in class.

Below is a more specific grading policy:
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Criteria Score

incomplete or doesn’t compile ≤ 20
complete, compiles, but with major errors ≤ 40
complete, compiles, but with minor errors ≤ 70
correct (passing all test cases) ≤ 90
correct and reasonably efficient (at least around the class-average) ≤ 100
well-organized and with helpful code comments + ≤ 10
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Problem B

Bingo for the Win!

Time limit: 1 second

Bingo is a game of chance for multiple players. Each player receives a sheet with some numbers, and
a game master then calls out these numbers in a random order. Players cross off the numbers that they
have heard, and the first player to cross off all their numbers wins the game. This basic version of the
game has a reputation for being, well, a bit sedate. No particular action is required of the players except
for not falling asleep.

In this problem we will analyze a more dynamic version of Bingo that requires quick thinking. In our
version, called Speed Bingo, the game master also calls out the numbers from the sheets in a random
order. However, whenever a number is called out, only the first player to signal that he or she has the
number is allowed to cross it off their sheet. If a player has the same number multiple times, only one
copy may be crossed off at a time. When multiple players have the same number(s) on their sheets, who-
ever has the fastest reaction time has an advantage in winning Speed Bingo. But how big an advantage?
That’s what we need your help to find out.

Formally, there are n players, each receiving a (possibly) different sheet of k (not necessarily distinct)
numbers. Player 1 is faster to react than player 2, who in turn is faster than player 3, and so on, with
player n being the slowest. Consider the following example, corresponding to the first sample input,
where three players receive four numbers each:

1 2
3 4

1 2
5 6

3 4
7 8

Player 1 Player 2 Player 3

When number “1” is called for the first time, player 1—being faster—will get to cross it off their sheet.
The second time “1” is called, player 2 will get to cross it off. So on average, we would expect player 1
to do better than players 2 and 3, since both of them will need some numbers that player 1 will get to first.
However, since players 2 and 3 have no numbers in common, their performances will be independent of
each other, even though player 2 is faster than player 3.

Suppose the game is played until all players have crossed off all of their numbers, that is, until all n · k
numbers on all of the sheets (including appropriate repetitions) have been read. Assuming the order of
the numbers is uniformly random, how likely is it for each player to finish last?

Input

The input describes a single game of Speed Bingo. The first line contains two integers n and k, the
number of players and number of numbers on each sheet (1  n  100, 1  k  1 000). This is
followed by n lines containing k integers each, where the ith line gives the numbers on the sheet for the
ith player. All those numbers are between 1 and 109, inclusive.

Output

Output n lines, one for each player. The ith line should contain the probability that player i finishes last.
All values must be accurate to an absolute error of at most 10�6.
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Sample Input 1 Sample Output 1

3 4
1 2 3 4
1 2 5 6
3 4 7 8

0.000000000
0.500000000
0.500000000

Sample Input 2 Sample Output 2

4 2
1 2
3 4
10 5
7 8

0.250000000
0.250000000
0.250000000
0.250000000
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