國立臺灣師範大學資訊工程學系

九十八學年度第二學期

博士班資格考

考試科目：演算法

總分一百分

請在答案卷作答，在題目卷上作答不予計分
1. Given an undirected graph G with n vertices and e edges.
(a) (5分) Design an algorithm to find the Connected-Components (CC) of the graph and output an array A such that A[i] = A[j] if and only if vertices i and j are in the same component.

(b) (5分) Analyze the time complexity of your algorithm for the case when the graph is represented by its adjacency list.

(c) (5分) Analyze the time complexity of your algorithm for the case when the graph is represented by its adjacency matrix.
(d) (5分) Given a graph G below. What will be the output (the contents of array A) of your algorithm?
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(e) (5分) Describe and analyze an algorithm that decides whether the given graph G is a tree, where the graph is described using an adjacency list. Your algorithm should be as fast as possible.
2. (10分) The following figure shows a flow network G = (V, E) for the Lucky Puck Company's trucking problem. The Vancouver factory is the source s, and the Winnipeg warehouse is the sink t. Pucks are shipped through intermediate cities, but only capacity c(u, v) crates per day can go from city u to city v. Each edge is labeled with its capacity. Please illustrate the execution of the Ford-Fulkerson algorithm to get the maximum flow f in G.
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3. In the activity scheduling problem, we are given a set of n activities that are to be scheduled to use some resource, where each activity is defined by a start/finish time interval (si, fi), where 0 ( si < fi < (. The objective is to schedule the maximum number of nonoverlapping activities. Consider the following greedy strategies. In both instances, we sort the tasks according to the given criterion. Then, we repeatedly schedule the next task from the order that does not overlap in time with a previously scheduled task.
(a) (5分) Shortest activity first: Sort the activities in increasing order of duration fi−si. Give a counterexample to show that this is not optimal.

(b) (10分) Latest start time first: Sort the activities in decreasing order of start time si. Give a short proof that this is optimal.
4. String Matching Algorithms are getting more important owing to the applications of bioinformatics and web. The problem of String Matching can be defined as following: 

Given a text string T of length n and a pattern string P of length m, and want to find whether P is the substring of T.
Def: matching: T[i..j]=P[0..m-1], that is P=T[i..i+m-1]
Output: index i, or matching does not exist
(a) (10分) Brute Force Algorithm

Please describe a simple string matching algorithm (ie., Brute force approach) which can solve the string matching problems. 

(b) (5分) Please discuss the time and space complexity of your algorithm. 

  You can demonstrate your algorithm by using the following input: 

  T: abacaabaccabacabaabb
  P: abacab 

(c). (10分) There are some other better schemes can be used to improve the brute force algorithm. Please discuss the ideas that can be used to improve the brute force algorithm.

5. Please derive the recurrence equation of the time complexity analysis for the following algorithms and solve the recurrence equations to find the time complexity of the following codes.
(a) (8 分) function T(n:integer): integer;



begin




if n <= 1 then return(1)




else return(n*T(n-1))



end; {T}

(b) (7 分) function W(n:integer): integer;



begin




if n <= 1 then return(1)




else return(W(n-1)+W(n-1))



end; {W}

(c) (10 分) Please solve the following recurrence relations.
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