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1. The Tumbler

Imagine a square box, size n by n where n is provided by user input. Now picture the box is sitting on one edge and it is filled with sequentially numbered blocks, but the number of blocks b is less than n2 so that the box is not filled. The user provides n values which describes how many blocks are in each stack, for example if n=5 and the user enters 2, 5, 1, 3 and 3 then the box would contain the following.
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Now the user is allowed to rotate the  box either clockwise or counter clockwise as many times as they wish, the result of a rotation is the boxes fall into a new configuration. If the user rotates the above example once clockwise the result would be:
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Notice that the blocks “tumble down” and fill each column so that spaces are eliminated. If the user rotated this grid counter clockwise twice the result would be:
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 And then:
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Your code should display the contents of the original grid and the grid after each rotation. Please note the bottom up display that preserves all the open spaces.
2. The Path Finder
You are to write a code that accepts a file named “nodes.txt”. This file contains information in the following format for 10 nodes:

1 3 8 10
2 3 5

3 2 6

4

5 2 4

6 8

7  1 9 10

8  2

9 6 

10

This represents a graph with the first value is the id of the node. The following integers are nodes that the first node points at! So 1 3 8 10 means node 1 as edges that point at nodes 3, 8 and 10. Please note that on the third line node 3 does NOT point at node 1. The edges are one directional. The user is then allowed to input exactly two integers, these are the ids of a starting node and a final node. The program is to output a path if it exists or not through that mesh. For example for mesh described above if the user input the values of 1 and 5 the program would display: 

Path found. 1 to 3, 3 to 2, 2 to 5

But if the user entered 1 and 7 then it would display:

No path found.

EVEN THOUGH THERE IS A PATH FROM 7 to 1!!!!

3. Resultant force vectors? 
In two dimensions force a force vector is represented by a magnitude M and a directional angle A, for example one might have F1 = 30 Newtons at 1.40 radians. You can break that force into components in the x and y direction by Fx = 30 * cos (1.4) and Fy = 30 * sin(1.4). Please recall that the Newton is the metric unit of force and that 2*pi radians = 360 degrees.
If several forces are applied to an object then we can compute the final resultant for on that object by breaking all the forces into their vector components, summing all the Fx forces and all the Fy forces. For example if we had 3 forces that have been broken into the following:

F1
Fx = 3
Fy = -2.5

F2
Fx = -1
Fy = 5

F3
Fx = 2.4
Fy = 1

Then the resultant force Fx = 4.4 (the sum of 3-1+2.4) and Fy = 3.5 (sum of -2.5, 5, 1)

We can then combine the forces BACK into a magnitude and a direction with the magnitude being M = square root of (4.42 + 3.52) =  5.62 

The angle can be computed as the arctan of Fy/Fx in this case angle A = atan(3.5/4.4) = .672 radians. That is F = 5.62 Newtons at .672 radians.

You are to write a code that allows the user to input from 2 to 5 vectors and then have it compute and display the resultant.

4. Greatest substring problem.

Imagine a series of integers, both positive and negative, they are arranged in a specific order for example input may be
4 5 -8 1 5 2 -1 7 -3 2 .

The period at the end of the string indicates to the program that input has ceased.

You are to allow the user to input a sequence just like this and then you are to compute the greatest Maximal substring. E.g. in this case it would be 1 + 5 + 2 - 1 +  7 = 14. Please note that the -1 is included because including the 7 outweighs the effect of the -1 but -3 is NOT included because it subtracts more than would be gained by including the value 2 on the far right. This is a classic problem and is used in various fields such as facial recognition.
5. Everyone should be familiar with a standard deck of playing cards, 4 suits: Hearts, Clubs, Spades and Diamonds and 13 faces A, 2, 3, 4, 5, 6, 7, 8, 9, 10, J, Q, K in combination such that AH means the Ace of Hearts and 5C means the 5 of clubs. 

There are a number of standard poker hands:

Two of a kind:   
2H & 2C

Three of a kind: 5C, 5S, & 5D

Two pair:
3H, 3D, 8S, 8C

Full house: (three of one, two of another):  5D, 5H, JD, JC & JS

Straight: 5 sequential with the A counting as either a 1 or a 14 as appropriate:


8, 9, 10, J, Q or   A, 2, 3, 4, 5 or 10, J, Q, K, A

Flush: five of any one suit: 5 hearts or 5 clubs
Straight Flush:   Five sequential one suit

Royal Flush: Five sequential one suit but cards 10 through A.

You are to write software that shuffles a standard normal deck and deals four hands form it and then count the number of hands that are DEALT one of the above listed hands. Then you are to reshuffle the deck and deal four more hands again counting the number of each hand found. Do this 99,998 more times, then present the final totals in a table, e.g. out of 400,000 hands dealt we found x instances of two of a kind etc.
N.B.  An easy way to shuffle a deck of cards is to assign each one a random id number then sort the cards by that random id. This works best in a structure or better yet, a class definition.
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