COP 3503H Proof Assignment #2 Solution

You are given n bolts and n matching nuts, each of distinct sizes. Unfortunately, all the nuts and bolts have been mixed up in a box. Your job is to match up each bolt with its corresponding nut. Describe an algorithm to solve this problem. With proof, determine the average case running time of your algorithm in terms of n, the number of nuts and bolts. You may count each "comparison" between a nut and a bolt as an O(1) operation. (You can compare a nut and bolt by attempting to place them together. One of three things will occur, the nut will be too big and the bolt will slip through it, the nut will fit perfectly, or the nut will be too small and be unable to fit on the threads of the bolt.) You may use any result proved in class without restating the proof.

Quick-Sort-Adapted (Set of n nuts and n bolts)

---------------------------

1) Pick a nut at random and compare it to all the bolts. If a bolt is too big put it in one pile, A, if it is too small, put it in pile B, otherwise, match it with the nut.

2) Take the bolt that just matched with the nut you chose. Now, try to match all the nuts to it. If a nut is too big, place it in pile A, and if it is too small, place it in pile B. (None of these should match since you've already picked out the match for this particular bolt. After you are done, screw the original nut onto this bolt.

3) Run Quick-Sort-Adapted(A).

4) Run Quik-Sort-Adapted(B).

You'll notice that the algorithm is very, very close to Quick Sort, but that there are two "steps" to complete the partition instead of one. (You partition all the bolts, then you partition all the nuts.) Still, the running time of 1 and 2 is O(n). Thus, our running time can be expressed as:

T(n) = T(k) + T(n-1-k)+O(n), where k is the number of nuts and bolts in pile A.

However, Quick Sort has the identical recurrence relation. Thus, this algorithm's average case running time is the same as Quick Sort. It's O(nlgn) for n nuts and bolts.

