Computing and Software Systems 343, Spring 2004
Mathematical Principles of Computing II

Assignment 4. Version 1.0.

Due Wednesday, April 28.  Each problem is worth 5 points.

Scientist Bob on the planet Khitomer recently studied the reproductive life cycle of tribbles, a furry animal creature.  Due to their body chemistry, tribbles live for about 4 years, and reproduce only on one day each year (all tribbles have the same birthday). In the explanations below, the first birthday of a tribble is defined as the birthday when the tribble becomes one year old. Thus the zeroth birthday of a tribble is its day of birth. 

Tribbles reproduce asexually according to the following deterministic scheme. Tribbles are too young to have children on their first birthday. On  a tribble's second birthday,  a tribble has its first child. On its third birthday, a tribble has exactly two more children (its second and third child). On the day before its fourth birthday, it dies of old age.

1. Let t0, t1, t2, t3  be the population of newborn tribbles, one-year old tribbles, two-year old, and three-year old, respectively, on the tribble birthday on some year. What will be the demographics of the tribble population in the next year, in terms of t0, t1, t2, and t3? For each possible age, you need to state the new number of tribbles of that age on the next year.

2. Now let h(n) represent the number of tribbles born on year n, (so h(2000) are the number of tribbles born on year 2000).  Express h(2004) in terms of h(2003), h(2002), h(2001), and h(2000).  [In other words, write a recurrence equation to represent h(n), except that you do not need to write the base case]

3. Write (in pseudocode) a recursive method that computes the total number of newborn tribbles on year n, assuming we start on year 0 with exactly one newborn tribble. 

4. Write (in pseudocode) an iterative method that computes the total number of newborn tribbles on year n, assuming we start on year 0 with exactly one newborn tribble

5. Discuss the run-time of both your implementations. Are they linear time, quadratic time, or something else? Which one is faster? Briefly explain your answer.

Extra Credit. Write both an iterative and recursive algorithm for solving the following problem: The input consists of two positive integers, n and k. Compute and return the total number of ways n can be written as a sum of k positive integers. Here the order of the integers matter, so that 1 + 3 is different than 3 + 1. So for n=4 and k = 2, your program should return 3, since there are three ways of adding two positive integers to get 4: 1+3, 2+2, and 3+1. Discuss the runtime of both your solutions. 

