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1. (10%) The complexity and stability of sorting algorithms. (2% for each sorting algorithm)
Best Case Average Case | Worst Case Stable
Bubble Sort | O(n) o) o) yes

Insertion Sort
Selection Sort
Quick Sort
Merge Sort
Heap Sort

2. Consider a binary tree T whose preorder and inorder traversal sequences are as follows.
Preorder: F,B,A,D,C.E,G,IH.
Inorder: A.B.C.D.E.F.G,H.I.
A. Please show the postorder traversal sequence of T. (5%)
B. Please show the level-order traversal sequence of T. (5%)

3. Consider a sequence of keys: 9,4,8,7,12,15,3,5,14,18 for inserting into a heap.
A. Please draw the result after inserting all these keys into an empty min heap. (5%)
B. Following A, please draw the result after deleting the root. (5%)

4. Consider a sequence of keys 5,19,23,13,7,17,3,2,11. Please draw the result after inserting all these
keys into an empty AVL tree. (8%)

5. A complete binary tree B containing 100 nodes (with indices 1, 2, ..., 100) is stored in an array. Let
node i be in position i of the array (array[0] is empty).

A. What is the height of tree B? (4%)
B. What is the index of the parent of array[71]? (4%)
C. How many nodes are leaf nodes? (4%)

6. (12%) Consider the following recursive program:

Public int fact(int a, int b)

{
If (a%b == 0) return b;
else return fact(b, a%b);

}

(1) What is the output given by fact(17, 3)? (4%)

(2) What is the output given by fact(3, 9) ? (4%)

(3) Explain briefly the purpose of the fact function. (4%)
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7. (15%) For a given graph G = (V, E), arbitrarily partition the nodes ¥ into two disjoint sets, ¥; and V5.
Let E| be all the edges such that both nodes in the edge are in 71, E, be all edges such that both nodes are
in V3, and E3 be all edges (4, v) such that ue 7} and ve V>. If we construct a minimum spanning tree 7} on
graph (V1, E1) and a minimum spanning tree 75 on (¥, E,), then connect 77 and 75 on the lowest-
weighted edge connecting 77 and 7. Will the connected result be a minimum spanning tree of G? Proof
the above method if it is correct, or give a counterexample.

8. (15%)

(a) For a directed graph G=(V, E), V'={1,2,3,4,5,6,7,8,9}, E={(1, 2), (1, 4), (1, 5), (2, 3), (2, 4},
(2,5),(2,6),3,5),(3,6), (4, 7),(4,8),(54),(57), (5, 8), (6,5), (6, 8), (6, 9), (8,7), (9, 5), (9, 8)}, and
each (u, v) indicates an arc from vertex u to vertex v. Assume the adjacency lists are in sorted order: for
example, when iterating through the arcs pointing from 1, consider the arc 1—2 before 1—4, 1—5. Run
Depth-First Search, starting at vertex 1. Complete the list of vertices in the order they are first discovered
byDFS:123__ . (%) ' :

(b) For the same graph G, run Breadth-First Search, starting at vertex 1. Complete the list of vertices in
the order in which they are enqueued: 1245 __ . (5%)

(c) Consider two vertices 7 and » that are simultaneously on the function-call stack at some point during
the execution of depth-first search from vertex s in a digraph. Which of the following must be true? (5%)

(I) There is both a directed path from s to m and a directed path from s to 7.
(IT) If there is no directed path from m to n, then there is a directed path from 7 to m.
(III) There is both a directed path from m to » and a directed path from # to m.

9. (8%) For each of the following scenarios, give the “best” data structure or a combination of data
structures, for example, an unsorted array, linked list, doubly linked list, circular linked list, stack, or

queue. In each case, justify your answer briefly.
(a) Suppose that a shop decided that customers who come first will be served first. (2%)

(b) A Iist must be maintained so that any element can be accessed randomly. (2%)
(¢) A program needs to remember operations it performed in opposite order. (2%)
(d) The size of a file is unknown. The entries need to be entered as they come in. Entries must be deleted

when they are no longer needed. It is important that structure has flexible memory management. (2%)
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