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

Assignment 5. Version 1.0.

Due Tuesday, Nov. 9. 

1. R-5.4, parts b, c, and d

2. Write pseudocode for the fast divide-and-conquer algorithm that does big-integer multiplication on base-10 numbers which runs in O(n1.585) time on integers of length n. You are required to state exactly where the recursive calls are made in your algorithm, but besides that, your pseudocode may be as high-level as you wish. You should assume that you already have all the building block methods needed to write the big integer multiplication, including: methods for multiplying, adding, and subtracting single-digit numbers; methods for adding and subtracting integers of any length; and methods for multiplying or dividing any integer by any power of 10. 

3. Let S = {a,b,c,d,e,f} be a collection of objects with (weight,benefit) values as follows: a:(7,19); b:(10,30); c:(3,8); d:(5,14); e:(4,12); f:(11,34). Suppose you wish to compute the optimal set for a sack whose maximum capacity is 17 in weight. Illustrate the behavior of a dynamic programming solution to this problem, and compute the optimal answer, including the maximum total benefit and the items needed to get that benefit. You may illustrate any dynamic programming version of the 01Knapsack algorithm, but you must at least show the array of subproblem solutions. 

4.  [from Baase's Computer Algorithms]: Suppose you have inherited the rights to 500 previously unreleased songs recorded by the popular group Raucous Recursive Rockers. You plan to release a set of five compact disks (numbered 1 through 5) with a selection of these songs. Each disk can hold a maximum of 70 minutes of music, and a song can't overlap from one disk to the next. Since you are a classical music fan and have no way of judging the artistic merits of these songs, you decide on the following criteria for making the selection:

1. The songs will be recorded on the set of disks in order by the date they were written. 

2. The number of songs included will be maximized. 

Suppose you have a list of the lengths (in minutes) of the songs, L1, L2, … L500, in order by the date they were written. You should assume the length of each song is exactly an integer number of minutes long, and that no song is more than 70 minutes long.
Give an algorithm (high-level pseudocode is fine) to determine the maximum number of songs that can be included in the set satisfying the given criteria. For full credit, your algorithm must be efficient. Hint: Let T[i][j] be the minimum amount of time needed for any i songs selected from among the first j songs. T should be interpreted to include the blank time, if any, at the end of a completed disk. In other words, if a selection of songs uses one disk plus the first 3 minutes of a second disk, count the time for that selection as 73 minutes even if there are a few blank minutes at the end of the first disk.

Not required extra problems:

[Extra Credit 1]: C-5.7.

[Extra Credit 2]: C-5.13

