                      CS4335 Design and Analysis of Algorithms

                                 Tutorial Four/Assignment 1 
(Due Week 6, Friday at 12:00 pm. Drop the HARD copy in mail box 71 or 72 near Lift 9) 
Carefully write your name and student ID number on the first page (10 points) (If anything is wrong, 10 points will be deducted.)

Question 1(60 points)  Find a minimum spanning tree for the following  graph using (1) Kruskal’s  algorithm  and (2)  Prim’s algorithm. (Intermediate steps are required.) (See Lecture 3)
Question 2. (20 points) For Prim’s algorithm, if we use an adaptable heap, please give the analysis of the running time complexity.
Hint: adaptable heap  allows to (1) add an item, (2) delete an item, (3) change the key value of an item  in the heap ALL in O( log n) time, where n is the number of items in the heap. Your answer should contain the number of each of the three operations of the adaptable heap in terms of big-O notation, e.g. O(|E|) or O(|V|), etc. 
Question 3. (20 points) Let us design a keyboard for a mechanical hand. The   keyboard has  26 letters A, B, …,and  Z arranged in one row. The hand is always at the left end of the row and it comes back to the left end after pressing a key. Assume that we know the frequency of every letter. Design the order of the 26 letters in the row such that the average length of movement of the mechanical hand is minimized. Prove that your solution is correct.

(Let f(i) be the frequency of letter i. Letter i is put in the p(i)-th position from left. Then
 the  average length of movement  =
                              { f(a))(p(a)+f(b)(p(b) +…+ f(z)(p(z) }/{f(a)+f(b)+…+f(z)} ).
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