CS560 – Algorithms and their Analysis

Assignment #1

Due: Monday, September 28, 2009
35 points*
1. (8 points)  

Indicate whether each statement is always true (T), always false (F) or non-conclusive (N), that is, in some cases true but false in other cases.  Justify your answer.
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(b) If C1(n) is O(n) and  C2(n) is 
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 then C2(n)/C1(n) is O(n).
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(d) C(n) = n!  implies that   C(n) = 
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2. (7 points) 

You are given an ordered (sorted) array A of sizes n with integer values, and a key K (an integer) which is not in the array.  Write an efficient algorithm to find the array element that is closest to K, and determine the complexity of your algorithm. Implement your algorithm in C++ or Java, and apply it to an array of size 30.  Submit your program and its output.
3. (7 points) 
Suppose you need to generate random a permutation of the first n integers. For example if n=3, a valid random permutations is (2,3,1), but (2,1,2,3) is invalid.  This routine is used in simulation of algorithms. Assume a random number generator, rand(i,j) exists which generates a random number between i and j with equal probability.  Consider the following two algorithms:

(i) Fill the array A from A[1] to A[n] as follows: To fill A[i], generate random numbers until you get one the is not already in A[1], A[2], …, A[i-1].

(ii) Same as (i), but keep an extra array called used. When a random number ran is first out in A, set used[ran] =1. This helps in checking if a random number is already used. 

(a) Does either of the above two algorithms generate a legal permutation? Why?

(b) Determine the average complexity of each of the above two algorithms in O notation.

4. (12 points) 

Suppose you are asked to design an algorithm for the stress test on samples of a product (say glass jars) to determine the highest pressure that can be exerted (or the height that can be dropped) and still not break. The setup for this experiment on a particular type of jars is as follows:  During a trial a robot manipulator holds a jar and takes it to a height h (an integer) specified by the user and drops it from there, where 
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,  and n is an integer denoting the maximum height.  Provide pseudo-code or clearly defined steps for each of the following algorithms.
(a) Design and write an algorithm to perform the minimum number of trials to determine the highest safe height (HSH).

(b) Design and write an algorithm to break the minimum number of jars needed to find HSH.

(c) Suppose that you are given a budget of k = 2 jars (that is you cannot break more than two jars).  Determine an algorithm to find HSH.  The number of trials must be better than linear in n and you must prove that your algorithm complexity meets this requirement.  

* A large portion of the grade will be based on the thoroughness of your solutions, logic and reasoning presented, and neatness of your work.  Please use a word processor, e.g. Word, Latex, or write very clearly by hand.  One point out of 35 is given for attaching the grading sheet (available on the class web page) to your assignment.
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