The Great Computer Challenge, 2017
Scientific Programming, Level IV
Background
Scientific programming often model real-world changing conditions, such as weather, airflow around a plane, automobile body distortions in a crash, the motion of stars in a galaxy, an explosive device, etc. Such programs might create a 'logical mesh' in computer memory where each item corresponds to an area in space and contains information about that space relevant to the model. For example, in weather models, each item might be a square kilometer; with land elevation, current wind direction, humidity, temperature, pressure, etc. The program would calculate the likely next state based on the current state, in simulated time steps, solving equations that describe how the system operates; and then repeat the process to calculate the next state.

The term computational scientist is used to describe someone skilled in scientific programming. This person is usually a scientist, an engineer or an applied mathematician who applies high-performance computing in different ways to advance the state-of-the-art in their respective applied disciplines in physics, chemistry or engineering. Scientific computing has increasingly also impacted on other areas including economics, biology and medicine.
Guidelines & Requirements
The guidelines and requirements are listed in each challenge.

Challenge 1                                                         Greatest Sequential Sum
Greatest Sequential Sum: Imagine a grid with 5 rows and 5 columns, now imagine 4 such grids, one directly atop the other. This creates 100 possible locations.  Now place random integers from -10 to 10 on each square, find the largest sum of any three contiguous squares. That is 3 in the same row, 3 in the same column OR 3 vertical squares one directly above the other on different board levels.  Diagonals are not to be considered.  
Display the boards as follows:

Board level 0


 

	2
	3
	-1
	4
	4

	-3
	1
	3
	10
	-1

	2
	-1
	3
	-2
	3

	 4
	-2
	2
	3
	4

	 5
	2
	1
	3
	3


Thus the value 10 in the grid above would have a location: (board_id, row_id, column_id)  = (0,1,3) Display all four boards as above, then display the greatest sum as a sequence of 3 locations. 
Challenge 2                                             QUICK into the cone of silence!
QUICK into the cone of silence! Assume you receiving and sending messages that consist of two parts.   The first part is a 4 digit sequence such as 2184, the second is a sequence of 10 characters (letters, indexed 0 to 9), and if you would then concatenate the 2nd, 1st, 8th, and 4th characters in that order you would reveal a message.  
For example:    2184 MARPSNIFTU would reveal a secret word RATS. Write software to accept from the keyboard the first part a message and then a four-letter word. Pack the four-letter word with random characters in locations that do not have a “word letter”. Display the message to the screen. 
Challenge 3                                                                Maximal Sequences!
Maximal Sequences!  In this problem the user is to provide a series of positive and negative integer values. Your code will then search through the sequence which has NO MAXIMUM LENGTH, but minimally would consist of 1 entry and find the largest sub-sequence of values. If the subsequence sum appears more than once then all maximal subsequences should be listed.
Runtime Samples:

>how many integer values in this sequence? 

>8

>please enter the values now

>6  7  4  -4  2 -15  2  9

>maximal sequence: 6  7  4 at positions 0, 1, 2

>how many integer values in this sequence?

>10

>please enter the values now

>-1  0  5  0  5 -3  2  -11  10  -2

>maximal sequence 5  0  5 at positions 2, 3, 4

>maximal sequence 10 at position 8

>how many integer values in this sequence

>1

>please enter the values now

>-1

>maximal sequence is -1 at position 0

>how many integer values in this sequence

>0

>sorry not allowed

>how many integer values in this sequence

>5

>enter the values now

> 2  4  5 0  2

               >maximal sequence is 2 4 5 0 2 at positions 0, 1, 2 , 3, 4

Challenge 4                                                  Zeros?  I hate stinking zeros!
Zeros? I hate stinking zeros! Everyone loves matrices. Those mathematical representations of systems of equations, but sometimes they can get unwieldy, too big for our current computers to store much less solve. If the matrix is sparse (that is very few nonzeros in any one row) one answer is to not store them as standard matrices, instead to use a “sparse matrix representation” 
For example, if row #100 has 9,997 zeros and only nonzeros at columns 100, 101 and 333 we might just store them as a sequence of triples consisting of a row number, column number and value. Specifically (100, 100, 22), (100, 101, 14), (100, 333, 8). This means the nonzero in column 100 = 22, 101=14 and 333=8. Write software that first prompts a user to enter the dimension N of two matrices. (NxN) Then it should allow the user to enter two matrices in sparse matrix format, displays them accordingly, then computes their sum and displays that in sparse matrix format. You are NOT to create a full matrix and just access those specific locations. That would defeat the purpose!! Credit will only be awarded if you use the specific and required format.
Challenge 5                                                                   OMG!! Watch out!
OMG!! Watch out!!  Imagine two rods of length 5 are pinned at one end. They are located on a Cartesian plane.  Those pins are located 6 apart on the same horizontal line. E.g. 0, 0 and 6, 0. The rods begin at the “12 o’clock” location. A user enters the relative speed of each in radians per second. The rod on the left rotates clockwise, the disk on the right rotates counter clockwise. Determine how many seconds will be required for the rods to impact each other at (3, 4).  If their rotational velocities are equal, then this will happen on their very first rotation at 1.0472 radians. 
Print to the screen how many seconds and how many rotations are required if they are NOT travelling at the same rotational velocity. You should assume that if they do not contact each other at 3, 4 they miss each other completely.






Judging Criteria

Your team will be scored on their accuracy and elegance of your solutions to the following problems.
SOL Correlation
Apply knowledge and skills to generate innovative ideas, products, processes, and solutions.

· Use various creative software, programming environments, or digital tools to convey existing ideas in new and effective ways.

· Use technology to develop innovative and effective solutions for assignments.

Have fun and thank for participating in the Great Computer Challenge, [YEAR]!
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