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PART I(50%)
1. (10 points)Find the maximum value of s-¢ flow in G by Ford-Fulkerson Algorithm. Show the

state of each phase.

e
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2. (10 points)An extreme point of a convex set is a point of this set that is not a middle point of any
line segment with endpoints in the set. Design a linear-time algorithm to determine two exireme

points of the convex hull of a given set of #> 1 points in the plane.

3. (15 points)Consider the following recursive algorithm.
ALGORITHM O(n)
/Mput: A positive integer 7
ifn=1 return 1
else return On-H+2*n-1

a. Set up a recurrence relation for this function’s values and solve it to determine
what this algorithm computes.

b. Setup arecurrence relation for the number of multiplications made by this
algorithm and solve it.

¢. Set up arecurrence relation for the number of additions/subiractions made by
this algorithm and solve it.

4. (15 points)Suppose we assign n persons to » jobs. Let Cy be the cost of assigning the ith person
to the jth job. The assignment problem is to find an assignment with the minimum total cost.

a. Design a greedy algorithm for the assignment problem.
b. Prove that your greedy algorithm always yields an optimal solution.
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PART II(50%)

1. (10 points) Show an array representation for complete binary tree 7. In addition, show the
formulas for determining the indices of the parent, the left child, and the ﬁght child of the node
with index # in that array, respectively.(10%) ' 0

A0 T AN [ 421 | 4131 | A[4] | A[5] | A6 | AT71 ] 418]

Parent{u)= o o

LefiChild(w)=
O ®E"

2. (10 points) The node for the linked representation of the binary tree in C is defined as
struct tree_node {

int shortest;
struct tree_node *lefiChild, *rightChild;
Pa
where the field shortest is defined as
0 x is an external node
shortest(x) = {1+ min{shortest(x's lefiChild),
shortest(x's rightChild } }
Aleftist tree is a binary tree. Every internal node x of a height-biased leftist tree should
satisfy shortest(x's lefiChild) > shortest(x's rightChild). Write a function void hblt(struct
tree_node *T) for making a binary tree become a height-biased leftist tree, where T'is a pointer
to the root of the binary tree. '

otherwise

3. (15 points) Define the node for the linked adjacency lists representation of the graph in C as
struct graph_node { o o
int vertex;

struct graph_node*link;

! ()@
(a) (5 points) Show the adjacency lists for undirected graph G;.
(b) (10 points) Write a function void remove_edge(struct graph_node*adjLists[],int u, int v)
for removing the edge connecting vertices u and v from an undirected graph, where
adjLists[u] is a pointer to the first node in the adjacency list for vertex u.

4. (15 points) Select the most appropriate data structure from stacks, selection trees, union-find

data structures, hash tables, min-max heaps, Fibonacci heaps, and red-black trees for each of
the following problems.

(a) Implementing a network buffer.

(b) Implementing an ordered dictionary structure.

(c) Dijkstra’s algorithm for computing shortest paths.

(d) Kruskal’s algorithm for finding a minimum-cost spanning tree.
{e) Merging several sorted sequences into a single sorted sequence. -
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