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Multiple-choice questions (50%, 22 points)

1. (1 point) Consider the Java implementation of method operation below.

1 public int operation(int n) {

2 int i, j, k = 0;

3 for (i = n / 2; i <= n; i++)

4 for (j = 2; j <= n; j = j * 2)

5 k = k + n / 2;

6 return k;

7 }

Let n be a positive integer. What is the tightest worst-case time complexity of method operation?

A. O(n)

B. O(n log n)

C. O(n2)

D. O(n2 log n)

2. (1 point) Consider that the space complexity of an algorithm X is O(1). Which of the following statements
about algorithm X is false?

A. The time complexity of algorithm X is guaranteed to be O(1).

B. The time complexity of algorithm X is guaranteed to be Ω(1).

C. The space used by algorithm X does not asymptotically depend on the input size.

D. Algorithm X uses a constant amount of space in addition to the input.

3. (1 point) Consider the insertion of n elements (using push operations) in two different array stacks,
stack1 and stack2. For stack1, the array grows when full from capacity C to d 53Ce. For stack2, the
array grows when full from capacity C to C + d 53e. What are the tightest amortized time complexities
of the set of n push operations in these two stacks?

A. stack1: O(n2) stack2: O(n2)

B. stack1: O(n2) stack2: O(n)

C. stack1: O(n) stack2: O(n2)

D. stack1: O(n) stack2: O(n)

4. (1 point) Which of the following data structures is not suitable to implement breadth-first traversal with
the same tightest big-O time and space complexity than the others?

A. Dynamic array

B. Queue

C. Singly-linked list

D. Stack

5. (1 point) Consider a maximum-oriented array-based heap given by the sequence (25, 14, 16, 13, 10, 8, 12).
What is the sequence of elements in the array after two removeMax operations?

A. (14,8,12,13,10)

B. (14,13,12,8,10)

C. (8,14,12,13,10)

D. (14,10,12,13,8)
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6. (1 point) Consider the partial implementation of class SortedArray below, which maintains a sequence
of integer elements sorted in non-decreasing order.

1 public class SortedArray {

2 private Integer[] array; // array containing the sorted elements

3 private int size; // number of elements in sorted array

4
5 /* ... */

6 public Integer operation(int element) {

7 int a = 0, b = size-1, m = -1;

8
9 while(a <= b) {

10 m = a + (b-a)/2;

11 if (element == array[m]) break;

12 if (element < array[m]) b = m - 1;

13 else a = m + 1;

14 }

15 if (a == size || (b <= a && array[a] != element)) return null;

16
17 int i;

18 if (b > a) i = m;

19 else i = a;

20 int e = array[i];

21
22 for (int k = i+1; k < size; k++)

23 array[k-1] = array[k];

24 size--;

25 return e;

26 }

27 /* ... */

28 }

What operation is performed by method operation in the Java code above?

A. Search element.

B. Search element index.

C. Insert element.

D. Remove element.

7. (1 point) Consider the method operation from question 6. What kind of search does it perform?

A. Linear search.

B. Brute-force search.

C. Binary search.

D. Multiway search.

8. (1 point) Consider the method operation from question 6. What is its tightest time complexity in
Big-O notation, if n denotes the number of elements size?

A. O(n log n)

B. O(n)

C. O(log n)

D. O(1)
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9. (1 point) Which of the following statements on sorting algorithms is false?

A. An algorithm is called stable if it maintains the relative order of identical elements (or elements
with an identical key).

B. Four sorting algorithms ordered by best-case time complexity: insertion sort ≤ quicksort ≤
heap sort ≤ selection sort.

C. The minimum possible time complexity of a comparison-based sorting algorithm is Ω(n log n)
for an input sequence with n elements.

D. Quicksort is the fastest algorithm for sorting 1 million license plate numbers.

10. (1 point) What is the recurrence equation with n > 1 for the worst-case of the quicksort algorithm,
where n denotes the input size and c1 and c2 are positive integer constants?

A. T (n) = T (n− 2) + c1n + c2

B. T (n) = T (n− 1) + c1n + c2

C. T (n) = T (n/2) + c1n + c2

D. T (n) = 2T (n/2) + c1n + c2

11. (1 point) Consider that the selection sort algorithm is applied to sort the sequence (1,7,6,2,8,4,5,3) in
increasing order. What is the state of the sequence after a number of iterations resulting in 3 swaps?

A. (1,2,3,7,8,4,5,6)

B. (1,2,6,7,8,4,5,3)

C. (1,2,3,4,8,7,5,6)

D. (1,2,3,4,5,7,8,6)

12. (1 point) Consider the following fixed size hash table using linear probing (associated values are omitted):

7

0

5

1

0

2 3 4

12

5

6

6

The hash function is h(k) = k mod 7. Which of the following sequences does not denote a valid order
by which the elements could have been inserted into the initially empty hash table?

A. (12,7,6,5,0)

B. (12,6,7,5,0)

C. (6,12,5,7,0)

D. (6,12,7,5,0)

13. (1 point) Consider the following tree:

20

10

5

4

3

6

13

12 14

25

21 26

Which of the following is true?

A. The tree is an AVL tree and can be colored as a red-black tree.

B. The tree is an AVL tree and cannot be colored as a red-black tree.

C. The tree is not an AVL tree and can be colored as a red-black tree.

D. The tree is not an AVL tree and cannot be colored as a red-black tree.
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14. (1 point) Consider the following AVL tree:

10

9

8

28

27 37

31 39

How does the insertion of 30 affect the above AVL tree?

A. The insertion does not affect the AVL property.

B. The insertion violates the AVL property, which needs to be fixed with a single rotation.

C. The insertion violates the AVL property, which needs to be fixed with a double rotation.

D. The insertion violates the AVL property, which needs to be fixed with two double rotations.

15. (1 point) What is the maximum possible number of non-null nodes in an AVL tree of depth 4?

A. 8

B. 14

C. 15

D. 16

16. (1 point) Consider the following (2,4) tree.

10

2

0 3 4 6

20 40

11 14 25 30 45 46 50

What is the number of red-black trees that correspond to the given (2,4) tree?

A. 2

B. 3

C. 4

D. 8

17. (1 point) Consider the following AVL tree:

41

30

20

23

33

65

48

46

41

54

69

99

When deleting 33 from the given AVL tree, how many tri-node restructurings are caused in the tree? If
the node to be deleted has two children, the node will be replaced with the in-order predecessor (i.e. the
maximal node in the left child).

A. No tri-node restructuring.

B. One tri-node restructuring.

C. Two tri-node restructurings.

D. Three tri-node restructurings.



CSE1305 Resit Written Exam page 5 of 7 16 April 2019, 18:30–20:30

18. (1 point) Consider the following weighted graph:

A B C

D E

F

1 2

14

10

10
7

6

When performing Dijkstra’s algorithm starting from vertex A, how many non-infinite distinct labels will
the vertex F have?

A. 1

B. 2

C. 3

D. 4

19. (1 point) Consider the following weighted graph:

A

B

C

D

E

1

2

2

12 10

10

In general, a graph can have multiple minimum spanning trees. How many different minimum spanning
trees does the above graph have?

A. 3

B. 4

C. 5

D. 6

20. (1 point) Consider the following directed acyclic graph (DAG):

A B C

D E

F

In general, DAGs can have multiple topological orders. How many different topological orders does the
above graph have?

A. 2

B. 3

C. 4

D. 5

21. (1 point) Consider an undirected graph with n vertices and m edges that is a forest. Which of the
following properties is true?

A. m ≤ n

B. m ≤ n− 1

C. m ≥ n

D. m ≥ n− 1
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22. (1 point) Assume we need to represent dense graphs, and we are primarily interested in accessing edges,
and removing and inserting vertices. What is the most efficient graph data structure for this purpose?

A. Edge list.

B. Adjacency list.

C. Adjacency map.

D. Adjacency matrix.
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Open questions (50%, 30 points)
23. Consider the following Java implementation of methodX. Assume that the input array a is non-null.

1 public static int methodX(Integer[] a) {

2 int i = 0, n = a.length;

3 while (i < n) {

4 if(a[i] % 2 == 0) {

5 for (int j = i; j < n - 1; j++)

6 a[j] = a[j+1];

7 a[n-1] = null;

8 n--;

9 } else {

10 i++;

11 }

12 }

13 return n;

14 }

(a) (5 points) Write the polynomial expressing the worst-case time complexity of method methodX as
a function of n, where n is the number of elements in array a. Define all variables and constants.
Explain each term of the polynomial by referring to the lines of code.

(b) (4 points) Simplify your polynomial expression as much as possible. State the tightest worst-case
Big-O time complexity of methodX as a function of n. You do not have to give a proof, but you
should clearly justify your answer.

(c) (3 points) Consider that the array a given as input to methodX only contains non-null elements.
Explain what the algorithm methodX computes, i.e. what is the content of array a after calling
methodX(a) and what is the return value? Describe a faster solution to perform the same operation
and state its tightest worst-case time complexity.

24. Consider the following Java implementation of a recursive algorithm.

1 public static int methodY(int n) {

2 if (n == 0)

3 return 0;

4
5 return 1 + methodY(n - 1) + methodY(n - 1);

6 }

(a) (4 points) State the base and recurrence equation for the time complexity of method methodY as
a function of n. Refer to the relevant parts of the code to justify your answer.

(b) (6 points) Derive the closed form of the given recurrence equation. You should either:

• derive the closed form solution by repeatedly unfolding the recurrence equation, or

• guess the closed form and prove correctness of your solution by induction.

(c) (2 points) State the tightest worst-case Big-O time complexity of methodY as a function of n. You
do not have to give a proof, but you should clearly justify your answer.

(d) (2 points) State the tightest worst-case Big-O space complexity of methodY as a function of n.
You do not have to give a proof, but you should clearly justify your answer.

25. Prove that
(
n
2

)2
+ log(2) is O(n4).

(a) (2 points) State in detail the mathematical conditions that should be proven.

(b) (2 points) Prove that these conditions hold. Explain all the steps in your proof.

End of the exam


