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1) An array of 7 integers is being sorted by the heapsort algorithm. After the initial
phase of the algorithm (constructing the heap), which of the following is a
possible ordering for the array?

A) 85784551 53 47 49

B) 8549 78 45 47 51 53

C) 857849 4547 51 53

D) 45 85 78 53 51 49 47

E) 8551 78 53 49 47 45

2) The binary search tree shown below was constructed by inserting a sequence of
items into an empty tree. Which of the following input sequences will not produce
this binary search tree?

A)53491278620 9

B)5S937684 1220 (3] (9)

C)59786122034 ONOE®
D)59738126420 G) (8) ()

E)59367841220

3) What is the expected number of operations needed to visit all the edges
terminating at a particular vertex given an adjacency matrix representation of the
graph? (Assume # vertices are in the graph and m edges terminate at the desired
node.)

A) O(m)
B) O(n)
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C) O(m?)
D) O(#?)
E) O(mxn)

4) Here is an array of ten integers: 5,3, 8,9, 1,7, 0, 2, 6, 4.

Suppose we partition this array using quicksort's partition function and using 5 for
the pivot. Which shows the array after the partition finishes:

A)5342107968

B)0342157968

C)3102458967

D)3102458976

E) None of the above

5) Consider a hash table with linear probing and a size of 9. Use the hash function
"k%9". Insert the keys: 5, 29, 20, 0, 27 and 18 into your table (in that order). What
18 the result?

A)

S 129120 0 27 18

E) None of the above



LEHREFRAE 109 L5 ERLER AL KR

6) The array 10, 8, 6, 2, 1, 4, 5 is organized into a heap (priority queue). Which array
represents the heap after two deleteMax operations have been performed?
A)6,5,4,2,1
B)6,4,5,2,1
C)6,4,5,1,2
D)6,5,4,1,2
E) None of the above

7) If the binary tree below is printed by a preorder traversal, what will the result be?

A)94171612116 6
B)917641622 12 17/ \22
C)69174162212 N, LN

D)617229416 12
E)61794221612

8) Given the following functions:
fl= 8n?+1, R2=n!+27 f3=100, f4=2"+n+10, f5=2n*+n’+1, f6=10n, f7=3n logn,

f8=7n+log n

Please arrange their big-O time complexities in non-decreasing order.

A)f3, 16, 17, 18, f1, 2, f5, f4

B) 13, fo, 18, {7, f1, f5, f4, f2

C) 13, 18, 16, 17, f1, 15, £2, f4

D) 13, 6, 18, {7, 11, f5, f2, f4
E) None of the above
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9) Which is the result of merging the two leftist heaps below?

G ® @ @ P B9
(=) ) (% & ® ®
E) None of the above

= With an empty AVL tree. (& 6 %-)
(a) Obtain the resulted AVL tree after inserting the following sequence: 61, 23, 92, 33,

54,77,20,11. (3 %)
(b) What is the resulted AVL tree after inserting 31, 47 to the resulted AVL tree of (a)?

3 %)
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=~ Given an infix arithmetic expression: (A-2)*((B+C)-D*E)*A
Please explain the process step by step to convert the infix expression into a

postfix expression by using a stack. (5 4~)

w38
(a) Let @ denote a pointer which points to the first node of a circular linked list,

where the link field of each node points to its next node. Please use pseudo code
to describe how to delete the first node from the circular list. G

(b) Let a denote a pointer which points to the last node of a circular linked list.
Please use pseudo code to describe how to delete the first node from the
circular list. (3 %)

(c) Suppose the number of nodes in the circular list is 7. What is the time

complexity to perform the operations of (a) and (b), respectively? (2 4)

%~ Consider an AOE network G which has 8 vertices and 10 edges. The edge set
consists of

a0=(0, 1, 5), al=(0, 2, 4), a2=(0, 3, 4), a3=(l, 4, 2), a4=(2, 4, 1), a5=(3, 5, 5),
a6=(4, 5, 3), a7=(4, 6, 2), a8=(5, 7, 4), a9=(6, 7, 5), where the triple (Vi, Vj, W)
represents that there is a directed edge with weight W pointed out from vertex Vi

to vertex Vj. (Starting vertex: V0, Destination vertex: V7)

Please find the critical activities. (4 4)

7~ Mergesort uses divide-and-conquer to solve the sorting problem. This algorithm
sorts a given array 4[0..n-1] of » elements by dividing it into two halves, sorting

each of them recursively, and then merging the two smaller sorted arrays into a

-5-
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single sorted one.
(a) The recurrence for the time complexity of mergesort is:
Cn) =2C(n/2)+ Crerge (1),

where Cpege(n) is the number of element comparisons performed during the
merging stage. What is Cpe(n) in the worst case? In other words, how

many element comparisons are required to merge two sorted arrays of the
equal size (n/2)? (5 %)

(b) What computations are eliminated in mergesort, making it performs more
efficiently than a brute-force algorithm (e.g., bubble sort)? (5 4+)

(¢) A sorting algorithm is stable if elements with the same value appear in the

same order in the sorted array as they do in the original array. Is mergesort

stable? Please briefly explain your answer. ¢ o)

t + Please answer the questions regarding Prim’s algorithm.

(a) What is Prim’s algorithm used for? 5 #)

(b) Please apply Prim’s algorithm to the following graph. (5 4+)




TEBERAL 109 245 F AL 4 A RHM
(c) Please explain why the greedy choice used in Prim’s algorithm would yield

an optimal solution. (5 4%)

(d) What happens if the input graph to Prim’s algorithm has negative weights?

(G )

A~ Given the input network G and a flow f below, please answer the following
questions. The numbers (i / ) on each edge denote the flow value (7)) and the

original capacity (5).

(a) Please write down the residual network of G induced by £ (54°)

(b) Does the flow f have maximal value? If your answer is “yes”, prove it by

marking a cut with a capacity equal to the flow value. If your answer is “no”,

show how is it possible to get a flow with a higher value. B59)

(c) Please explain how the maximum-flow problem for a network with several

sources and sinks can be transformed into the same problem for a network

with a single source and a single sink. (54)



