國立臺灣師範大學資訊工程學系

九十七學年度第一學期

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 a graph G below.
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(a). (6分) Dijkstra's algorithm solves the single-source shortest-paths problem on a weighted, directed graph G = (V, E) for the case in which all edge weights are nonnegative. Please run Dijkstra's algorithm on the above directed graph using vertex S as the source. Please show the results, step by step.
(b). (6分) Dijkstra's algorithm is categorized as a greedy algorithm, why?
(c). (7分) When all edge weights are equal to 1, please suggest a more efficient method to solve the single-source shortest-paths problem.
(d). (6分) Give a simple example of a directed graph with negative-weight edges for which Dijkstra's algorithm produces incorrect answers.
(e). (6分) Consider a directed graph G in which every edge has a positive edge weight. Suppose you create a new graph H by replacing the weight of each edge by the negation of its weight in G. For a given source vertex S, you compute all shortest path from S in H using Dijkstra’s algorithm. Are the resulting paths in H the longest (i.e., highest cost) simple paths from S in G? Please state your reason.

(f). (6分) We can solve the all-pairs shortest-paths problem by using Dijkstra's algorithm, if all edge weights are nonnegative. Please describe how to do it.
(g). (7分) Please suggest a method to solve the all-pairs shortest-paths problem in which edges of a given digraph can have negative weight, but we assume that there are no negative-weight cycles.
(h). (6分) What is the maximum flow that can be carried from vertex S to vertex T in the above graph G?
2. Dictionary 

Many data structures can be classified as a “dictionary”, such as binary search trees, AVL trees, 23-tree, B-trees. These data structures have some common operations and properties. 

(a).(4分) Please define “dictionary” as an ADT(Abstract Data Type). 

(b).(16分) Please define binary search trees, AVL trees, 23-tree, and B-trees and also compare these data structures in terms of the operations provided by them. 

(c).(10分) We can use Hashing to provide the similar operations (such as searching) provided by a dictionary. Please describe how to implement Hashing to provide the similar operations (i.e., three operations) provided by a dictionary. You should also discuss the time complexity and space complexity of your implementation.
3. Spanning Tree 

Given a Connected Graph G=(V,E), there are many methods to derive a spanning tree from a connected graph.

(a).(10分) describe an algorithm (i.e., only outline algorithm is required) to derive a spanning tree from an non-weighted undirected connected graph. Please justify the time and space complexity of our algorithm. Please give a short example (use a graph with about 5 vertexes). 

(b).(10分) describe an algorithm (i.e., only outline algorithm is required) to derive a spanning tree from an weighted undirected connected graph. Please justify the time and space complexity of our algorithm. Please give a short example (use a graph with about 5 vertexes).

