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Fundamentals of C# Programming – Intermediate Exam – January 2011
Variant 10
Problem 1 – Cyclic Encryption
Write a program that reads from the console an integer number n (1 ≤ n ≤ 100 000) and a sequence b[] of n 8-bit numbers in range [0…255] and an integer number k (1 ≤ k ≤ n). Consider the input sequence b[] as a sequence of bits. Your task is to encrypt b[] as follows: take the first bit of the sequence of bits and the bit at position k and apply bitwise exclusive or (XOR) to obtain the first bit of the result, then take the second bit from the sequence and XOR it with the bit at position k+1 to obtain the second bit of the result, etc. Consider the sequence b[] as cycled, i.e. the next position after n-1 is 0. Print the obtained sequence of bits as decimal bytes.

Note: You are not allowed to convert the input into a sequence of bits (e.g. as string, as list or as array of bits or as other data structure holding the bits, like BigInteger). You should process the input using bitwise operations over sequences of bytes. Otherwise you will lose half of the points for this problem.

The input data will be correct and it is not required to check it explicitly.

	Sample input

n = 3
b[0] = 99
b[1] = 147

b[2] = 7

k = 3

	Sample output

c[0] = 127

c[1] = 11

c[2] = 60




Explanation

The input sequence of 3 numbers b[] is represented as a sequence of 24 bits as follows:

	01100011 10010011 00000111


Rotate left the sequence of bits with k positions:

	00011100 10011000 00111011


And apply the XOR operation:

	01111111 00001011 00111100


Thus the output is as follows:

	c[0] = 127  // 01111111

c[1] = 11   // 00001011

c[2] = 60   // 00111100 


Problem 2 – Couples of Triples

Write a program that reads from the console an integer number n (1 ≤ n ≤ 300) and a sequence a[] of n integer numbers in the range [1…99]. Consider a triple of elements as an ordered subset of three numbers from a[]: a[i], a[j] and a[k] (0 ≤ i < j < k < n). Two different triples can be coupled if when concatenated they have the same value. For example the triple { a[0]=5; a[4]=7; a[5]=33 } could be coupled with another triple { a[1]=57; a[5]=3; a[6]=3 } because the concatenation of their elements is the same value "5733".

Your task is to find how many couples of triples exist in the sequence that can be coupled.

The output should be printed on the console and should consist of several lines. Each line should contain a concatenation of elements of some triple from the sequence a[] and how many couples of such triples exist in a[]. The lines should be ordered in increasing order by their numeral value obtained as concatenation of triples. Print “No triples” on the console if no triples that can be coupled are found.

The input data will be correct and it is not required to check it explicitly.

	Sample input

n = 7

a[0] = 3

a[1] = 2

a[2] = 3

a[3] = 8

a[4] = 38

a[5] = 8

a[6] = 5

	Sample output

238 –> 1

285 -> 1

328 –> 1

338 –> 1

385 -> 6

388 -> 1
3385 -> 1


3388 –> 1

3838 –> 1



Explanation

The triple “238” can be formed two times: a[1] + a[2] + a[3] and a[1] + a[2] + a[5]. This is one couple of triples. The triple “285” can be formed two times: a[1] + a[3] + a[6] and a[1] + a[5] + a[6] so it can be coupled once only. Similarly the triples "328", "338", "3385", "3388", "3838" and "388" can be formed in exactly two different ways so each of them produces exactly one couple. The triple “385” can be formed 4 times: a[0] + a[3] + a[6], a[0] + a[5] + a[6],  a[2] + a[3] + a[6] and a[2] + a[5] + a[6]. Let’s denote these triples as t0, t1, t2 and t3. These four triples can be coupled exactly six times: t0 with t1, t0 with t2, t0 with t3, t1 with t2, t1 with t3, t2 with t3. All other triples can be formed just once and thus cannot be coupled.
Problem 3 – Spiral Search

Write a program that reads from the console a positive integer number n (1 ≤ n ≤ 100) and a square matrix of n x n cells, each holding a value in the range [0…999], and finds in the matrix the longest spiral of increasing numbers.

A spiral of increasing numbers in the matrix is any sequence of at least two or more increasing numbers that starts from a certain cell, continues on the left, up, right or down, and then runs in the form of a spiral around the starting cell in either clockwise or counterclockwise direction.

The input data will be correct and it is not required to check it explicitly. The output should consist of two lines. At the first line print the length of the longest spiral. At the second line print the spiral itself. If multiple spirals have the same longest length, print all of them (regardless of the order).

	Sample input

n = 4

3    7   5   4

20  11   1   2

51 100 127  12

15   7 227 400


	Sample output

8

1-2-4-5-7-11-100-127




Explanation

There are many spirals of increasing numbers in the above matrix. Few examples are: 3-20, 3-7-11, 3-7-11-20, 7-100-127, 7-100-127-227, …

There are many sequences in the matrix that are either not spirals or are not of increasing numbers. Examples: 100, 3-7-11-100, 2-4-5-7-11-100-127, 1-11-20-51-100-127, 20-51-100-11, …

The longest spiral of increasing numbers is 1-2-4-5-7-11-100-127 and has length of 8.

Problem 4 – "Battle Field" Game

Your task is to write an interactive console-based implementation of the game “Battle Field” in which the player tries to clean a matrix of numbers and empty cells by series of explosions which detonate areas of different sizes. At the start of the game, the program should read the size of the battle field n and should generate a random battle field: a matrix of size n x n (1 ≤ n ≤ 10). Each cell of the matrix should be initially filled with a random number in the range [1..5] (donating a mine of some size) or with an empty cell "-". The number mines should be between 15% and 30% of the cells in the battle field.  At each step the player enters two coordinates row and col and depending on the number in the cell at the specified position {row, col} the computer detonates an area of the matrix. The detonated areas depend on the size of the detonated mine and follow the patterns below:

 SHAPE  \* MERGEFORMAT 



Write a program that simulates the “Battle Field” game. The game should print the battle field and sequentially read coordinates and perform detonations at the specified positions. If an empty or already detonated position or invalid cell is specified, print "Invalid move!". Otherwise detonate the specified mine and print the battle field after the explosion. When a mine is detonated it destroys all mines inside its detonated area without causing chained explosions. Visualize the mines as numbers, the empty cells as "-" and the detonated cells as "X". The game finishes when all mines are detonated. After the game is finished, you should print the total number of mines detonated by the player.

Rows are numbered from up to down (starting from 0) and columns are numbered from left to right (starting from 0). Coordinates are given in format row number followed by space followed by column number. Some players could try to cheat by entering illegal moves, so be cautious.
Sample Game Session

The player’s input is shown in italic:

	Welcome to "Battle Field" game.

Enter battle field size: n = 10
  0 1 2 3 4 5 6 7 8 9

  -------------------

0|- 5 - - - - - - - -
1|- - - - - - - - 3 -

2|– 3 - 2 - - 4 - 1 -
3|- - - - – 3 – 5 - 4
4|– 4 - - - - 2 - 2 -

5|- - - - - - - - - -

6| - - - - - - - 3 -
7|- - - - - - 2 - 1 -
8|- - - - - 2 - 4 - -
9|- - - - - - 3 - 2 5
	(
	Please enter coordinates: 2 1
  0 1 2 3 4 5 6 7 8 9

  -------------------

0|- X - - - - - - - -
1|X X X - - - - - 3 -

2|X X X X - - 4 - 1 -
3|X X X - – 3 – 5 - 4
4|– X - - - - 2 - 2 -

5|- - - - - - - - - -

6|- - - - - - - - 3 -
7|- - - - - - 2 - 1 -
8|- - - - - 2 - 4 - -
9|- - - - - - 3 - 2 5
	(

	Please enter coordinates: 0 0
Invalid move!

Please enter coordinates: 2 2

Invalid move!

Please enter coordinates: 8 7
  0 1 2 3 4 5 6 7 8 9

  -------------------

0|- X - - - - - - - -
1|X X X - - - - - 3 -

2|X X X X - - 4 - 1 -
3|X X X - – 3 – 5 - 4
4|– X - - - - 2 - 2 -

5|- - - - - - - - - -

6|- - - - - - X X X -
7|- - - - - X X X X X

8|- - - - - X X X X X

9|- - - - - X X X X X
	(
	Please enter coordinates: 3 7
  0 1 2 3 4 5 6 7 8 9

  -------------------

0|- X - - - - - - - -
1|X X X - - X X X X X
2|X X X X - X X X X X

3|X X X - – X X X X X
4|– X - - - X X X X X
5|- - - - - X X X X X
6|- - - - - - X X X -
7|- - - - - X X X X X

8|- - - - - X X X X X

9|- - - - - X X X X X

Game over. Detonated mines: 3
	


General Notes

Each problem gives up to 10 points, and the entire exam gives up to 40 points.

The execution time limit for all problems is 30 seconds.

Time allowed for the entire exam: 6 hours.
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