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Hailstones
Due Friday, 26 September 2008
Background:

The Back-of-Beyond weather club of Coonabarabran, NSW, Australia has never observed frozen precipitation.  Since they can’t afford to travel to Albany County, Wyoming to study the real stuff, they have requested that Code-R-Us produce a simple computer simulation of hail.  Your task is to implement the amazing Hailstone function for them to study.

The Hailstone function imitates (sort of) the travels of a hailstone as it falls downward and is blown upward during its journey to earth.  This function is


Hail(ht)
= ht / 2
if ht is even


= 3 * ht + 1
if ht is odd

where ht is the Hailstone height.  Hailstone heights are always positive integers.  Each application of the Hail function moves the Hailstone one step further in its journey to earth.

To follow the path of a hailstone, select an initial height, say 17, and apply the function to get the next height.


F(17)
= 3 * 17 + 1 = 52
since 17 is odd

Apply the function again to get the next height


F(52)
= 52 / 2 = 26
since 52 is even

Continue to apply the function until the hailstone reaches the ground.  The ground is at height one.

The process followed to imitate a hailstone journey, repeated application of a function to the result of a previous application, is called iterating the function.  Iterated Function Theory is an important component of the mathematical study of chaos.

The Hailstone function appears to have the uncommon property that iteration eventually leads to the value 1 for all possible starting heights.  Although this has never been proven, it has been demonstrated for all starting heights up to several billion!

The age of a Hailstone is the number of steps that brought it to its current height.  At the initial height, the age is zero.

The lifetime of a Hailstone depends on its starting height.  The lifetime is the number of steps needed to bring the Hailstone to the ground.  So the lifetime is the age of the Hailstone when it reaches the ground.  

A Hailstone that starts at height 1 has a lifetime of 0.

Requirements:

Write a program that follows the journeys of several hailstones.  

Read an initial starting height, startHt, and the number of hailstones to be followed, numHail.  For starting heights startHt, startHt+1, startHt+2, …, startHt+numHail-1, step the hailstone until its current height is less than or equal to one.  Save the five hailstones with the longest lifetimes.  For each long lived hailstone, report the starting height, the maximum and minimum height, the final height, and the age of the hailstone.

Your program will use several Hailstone objects to do most of the work.

Design and implement a Hailstone class with:


a constructor with an initial height given as a parameter that creates a Hailstone object with the given initial height and age zero;


a mutator method  that moves the Hailstone object to its next height whenever it is called;


an accessor method that returns the initial height of the Hailstone object;


an accessor method that returns the current height of the Hailstone object;


an accessor method that returns the maximum height attained by the Hailstone object;


an accessor method that returns the minimum height attained by the Hailstone object;


an accessor method that returns the current age of the Hailstone object.

If the hailstone represented by the Hailstone object is on the ground (height less than or equal to one), the mutator method should leave it where it is, on the ground.  The age of the grounded hailstone should not be changed.

After testing your program for several ranges of small starting heights, make two production runs.  The first run should report the three longest lived hailstones with starting heights up to 100000.  The second run should report the three longest lived hailstones with starting heights between 113380 and 113390.
Turn In
Turn in a printed report that includes:

1.
A title page with
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<the due date>


in large font at the top of the page and a statement of help delivered and help received at the bottom of the page.

2.
A printout of the production run produced by your program. 

3.
A one and one-half to two page essay describing and explaining the strange result obtained for a starting height of 113383.  Explain that this result is not due to a bug in your code (how do you know this?), but is inherent in the representation of integers used by your computer.
Please use spell checking and grammar checking, both computer and human, on your report.  

Upload

Upload your source code to one of your class folders.
I will attempt to compile and run your uploaded code.
