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Part A: Multiple Choice Questions

Question 1. [1 mark]

Consider the following class:

class node {
private:
int data;
node * next;
public:
node(int data, node* next){
this->data data;
this->next = next;

}

int get_data() const { return this->data; }

bool p(const int& d) const {

if (data == d) return true;
if (next == nullptr) return false;
return next->p(d);
}
s

and the following code snippet:

node * x = new node(5, nullptr);
node * y = new node(3, x);
y->p(5);

What is the result of the code snippet 7

A. pis executed on both nodes
B. p is executed
C. p is executed
D. p is executed

std::cout << 3%

<< std::endl;

13.

The address of 1.

10.

An unknown value from memory.

OSow»

Question 3. [1 mark]

Which of the following code fragments correctly creates an array called a of ints of size 57

A. int[l a = new int[5];
B. int a(5);

C. int a[5];

D. int a = [5];
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Question 4. [1 mark]

Which of the following code fragments correctly creates a reference to an int called p and points it at an int
called a7

A. int * p = &a;
B. int * p = a;
C. int & p = &a;
D. int & p = a;

Question 5. [1 mark]

Consider the following two methods, "mystery” and "main”:

#include <iostream>
#include <vector>

int mystery(std::vector<int> x1, std::vector<int> x2) {
int 11 = 0; // indicates a position in array x1
int i2 = 0; // indicates a position in array x2

int count = 0;

while ((i1 < x1.length) || (i2 < x2.length)) {

if (i1 == x1.length) {
++count;
++i2;

}

else if (i2 == x2.length) {
++count ;
++il;

}

else if (x1[it] == x2(i2])
++i1;
++i2;

return count;

}

int main() {
std: :vector<int> x1 = {1, 3};
std: :vector<int> x2 = {1, 2, 5};

std::cout << mystery(xl,x2)) << std::endl;
}

If the method ”main ” is executed, what value is outputted?

cCaowy
B> N ke
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Question 6. [1 mark]

Given a stack with the standard push and pop functions, what value is on the top of the stack of the following
sequence of operations: push(6), push(1), push(3), pop(), push(4), pop(), pop(), pop(), push(5),
pop()?

Al

]

B. 1.
C. 6.
D. The stack is empty.

Question 7. [1 mark]
n

Given a standard linked list what is the asymptotic (big-oh) time for finding the item in postion 5 out of n
elements?

A. O(1)
B. O(log,(n))
C. O(n)
D. O(n?)

Questions 8-11 refer to the following tree:

stder traversal of the tree?

A.5,6,1,2 3 16,7,9,4
B. 5,1,6,3,24,16,9, 7
C.56,1,23,16,7,9, 4
D. 4,3,1,5,6,209,16,7

Question 10. [1 mark]

What is is the visiting order of a depth-first post-order traversal of the tree?

4,3,1,5,6,2,9,16, 7

Sawp
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Question 11. [1 mark]

What is is the visiting order of a breadth-first traversal of the tree?

A. 4,3,1,5,6,2,9,16,7
B. 51,63 24,16,9,7
C.56,1,2,316,7,9,4
D. 4,3,9,1,2,16, 7,5, 6

K

Question 12. [1 mark]
Which of the following statements is TRUE?

4n? — 16nlogn + 2 € O(n)
56n + 3n? + nlogn € Q(n)
2n® + 16n? + 2nt € O(n?)
4n —3n+2 € O(4)

oSawx

Question 13. [1 mark]

Consider the following observations of two pieces of code:

.
« Implementation I 4 of an algorithm A solves all problems of size with ruf%ing time

T4 less than 10 seconds. 4

« Implementation I of algorithm B has running tim stances of size at

most 4000.
Which of the following statements can be mathematic%;ly concltd is information?

A. T4 € O(Tg)
B. T5 € O(T4)
C.Tyue @(TB)
D. Nothing can be concluded from this in

Question 14. [1 mark]
Which one of the following state

A. nlogne O(n
B. 2l €O

Question 15

What is the wors
with n vertices?

A. 0(1)

B. O(logn)
C. O(n)

D. O(nlogn)

totic (big-oh) running time of inserting a new element into a Binary Search Tree

Question 16. [1 mark]

What is the worst-case asymptotic (big-oh) running time of inserting a new element at the start of a Linked
List?

A O(1)

B. O(logn)
C. O(n)

D. O{nlogn)
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Question 17. [1 mark]

Assuming there are no collisions, what is the expected asymptotic (big-oh) running time of inserting a new
element into a Hashmap which already has n elements?

A 0Q1)

B. O(logn)
C. O(n)

D. O(nlogn)

Question 18. [1 mark]

Which algorithmic paradigm is Quicksort an example of?

A. Greedy

B. Dynamic Programming
C. Divide and Conquer

D. Complete Enumeration

Question 19. [1 mark]

Which algorithmic paradigm is Prim’s Algorithm an example of?

A. Greedy

B. Dynamic Programming
C. Divide and Conquer

D. Complete Enumeration

Question 20. [1 mark]
Which of the following is true of Open Addressi

A. Tt requires no additional storage.
B. It requires additional storage.

C. It requires auxilliary data struct
D. It handles removal of elements
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Part B: Short Answer Questions

Question 21. [9 marks]

This question concerns heaps, their properties and their implementations.

i. [2 marks] What is the defining property of a min-heap?

ii. [2 marks] What is the tight asymptotic (big-oh) running time of inserting a new element into a heap
with n elements? Justify this running time.

ili. [3 marks] Beginning with an empty max-heap, insert the following elements in the given order: 5, 6, 2,
8,1, 3, 7, 10, 4. Sketch the heap after every insertion is completed (you don’t need to sketch the full
insertion process).

iv. [2 marks] Starting with your answer to part iii of this question, sketch the full process of removing the
largest element from the heap, and re-heapifying. &
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Question 22. [6 marks]

The following questions are short, “explain in plain English” questions. You will be given some code and you
are required to described the purpose of it. For example, given the following code:

if (a < b)

std::cout << a << std::endl;
else

std::cout << b << std::endl;

a good answer would be “It prints out the smaller of the two values held by variables a and b.”
Do not give a line by line description of the code. The code should also not be evaluated on whether it compiles
or not, your task is to determine the intent of the code, not the ability of the “programmer”.

i. [1 mark] Consider the following code:

class node {
private:
int data;
node* next;
public:

node(int data, node* next){
this->data = data;
this->next = next;

¥

int get_data() comst { return this->data; }

bool p(const int & d) const {
if (data == d) return true;
if (next == nullptr) retur
return next->p(d);

}
I
Assume you have a linked uch nodes. What property does calling the function p on
the head of linked list
ii. [1 mark] ##in plain English what the following function does:

int w(const
igy = 0;

erator itr = v.begin(); itr < v.end(); ++itr){

iti. {1 mark] In one sentence, explain in plain English what the following method does:

template <typename T>
std::1ist<T> x(std::1ist<T> v) {
for (auto itr = v.begin(); itr !'= v.end(); ++itr) {
auto z = itr;
for (auto itr2 = itr; itr2 != v.end(); ++itr2) {
if (*itr2 < *z) z = itr2;
}
auto y = *z;
*Z = *itr;
*itr = y;
}
return v;

}
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iv. [1 mark] In one sentence, explain in plain English what the method v does:

struct node {
int data;
node * next;

3

void v(node * x) {
node * y = x;
while (y != nullptr) {
y->datat+;
y = y—->next;
}
+

v. [1 mark] In one sentence, explain in plain English what the method z does:

struct node {
int data;
node * next;

}

int z(node * v, int x){
if (v == nullptr) return 0;
if (x > 0) return v->data + z{(v->next, x *
return z(v->next, x * -1);

3

vi. {1 mark] In one sentence, explain in pla
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Question 23. [6 marks]

The following questions require you to implement a simple algorithm. You should write in C++, however you
will not be marked down for minor syntax errors. The goal is to correctly implement the logic of the algorithm.
Given the following skeleton:

struct node {
int data;
node * next;

}

int unique_count(node * x, node * y) {
if (x == nullptr &% y == nullptr)
return ***line Ox%%x*

if (y == nullptr)
return ***line 1%**

if (x == nullptr)
return ***line 2%*x*

if (x->data == y->data)
return *¥*line 3J%*x*

if (x->data < y->data)
return **xline 4x**

return **x*line b**x*

}

vi.
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Question 24. [9 marks]

ii.

iii.

iv.

[1 mark] In plain English, what is the traversal rule that Binary Search trees use to find where to insert
a new element into the tree, and to find if a value is in the tree?

[5 marks] Starting with an empty Binary Search Tree, insert the following values into the tree in the
order presented: 6, 12, 3, 1, 5, 4, 8, 9. Draw the tree after each insertion.

[2 marks] Starting with the values 6, 12, 3, 1, 5, 4, 8, 9, what insertion order would produce the worst-case
behaviour of the Binary Search Tree?

[1 mark] What tree property to more advanced data structures like an AVL Tree, Red-Black Trees or
2,3-Trees try to maintain to avoid the worst case behaviour of the simple Binary Search Tree?

T 1 ~F£ 1O



