CSE 333 26su
Midterm Exam

Do not turn the page until you are told to do so.
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Instructions

This exam contains 9 pages, including this cover page.

During the exam we will hand out another 3 pages for the personalized portion of the exam.
The exam is closed book .

You are allowed one page of handwritten notes. Double -sided is ok.

Silence and put away all cell phones and other mobile or noise -making devices.

Remove all hats, headphones, smart glasses, watches, and other digital wearables.

You will have 55 minutes to complete this exam.

Advice

Read all questions first and start where you feel the most confident.

Read questions carefully before starting.

Skip questions that are taking a long time.

Show scratch work for partial credit, but put your final answers in the boxes and blanks provided.
Relax. If you've been practicing, you got this! If you haven't, you'll learn something new!

Question 1 2 3 4 5 6% Total
Possible | e 1 15 | 10 | 10 | 12 | 8 63
Points

* Question 6 will be personalized to each student. We will hand this out once this exam starts.



Question 1. Code Review (16 pts)

The program below compiles and runs correctly. Read it carefully, then answer the four parts on the next
page. Refer to lines by the numbers in the left gutter.

1 using namespace std;

2

3 #include <iostream>

4 #include <cstdlib>

5 #include <string>

6

7

8 struct PokeMove {

9 string name;

10 int power;

S

12

13 class Pokemon {

14 public:

15 Pokemon(string n, int numMoves) {
16 name = n;

17 moves = new PokeMove[numMoves];
18 }

19
20 string GetName() const { return name; }
21
22 PokeMove GetMove(int 1) const { return moves[i]; }
23
24 void SetMove(int 1, PokeMove move) {
25 moves[1] = move;
26
27
28  private:
29 string name;
30 PokeMove* moves;
31 &
32

33 // Helper functions to print the Pokedex banner.
34 void printBanner() {

35 cout << "=== Pokedex ===" << endl;

36

37 void printDivider() {

38 Cout << “----o-aoaooo-- " << endl;

39 }

40

41 int main() {

42 printBanner();

43 printDivider();

44

45 Pokemon *pika = new Pokemon("Pikachu", 4);
46 PokeMove tbolt = {"Thunderbolt", 90};

47

48 pika->SetMove(0, tbolt);

49 cout << pika->GetName() << " 1s ready!\n";
50

51 return 0;



Part A. Find three distinct CSE 333 style-guide violation. Circle the offending line number(s) on the
previous page and write the line number(s) below. Then, explain why each one is wrong. [6 pts]

Issue 1: line number(s):

Issue 2: line number(s):

Issue 3: line number(s):

Part B. The SetMove method takes its PokeMove parameter by value. Rewrite the SetMove method
signature below using a const reference. Explain why we use const. Explain why we use a reference. [4 pts]

Part C. The program compiles and runs, but it leaks memory. What must be added to the Pokemon class to
prevent the leak, and what should it do? [3 pts]

Part D. Suppose you added the fix from part (c). The code below then compiles and runs.

Pokemon a("Charmander", 4);
Pokemon b = a; // b i1s a copy of a

Explain what goes wrong, and what else Pokemon needs (hint: Rule of Three). [3 pts]



Question 2. Virtual Address Space (12 pts)

The diagram shows a process's virtual address space from high addresses (top) to low addresses (bottom).
The regions are drawn to scale, but the label for each region has been removed.

OxFF...FF high addresses

[protected]

locals

lots of free space

malloc 1T

.data .bss

libc, ...

.text .rodata

0x00...00 low addresses

Part A. Fill in the name of each memory region on the diagram above. [6 pts]

Part B. List each region below and describe what type of data a program keeps there. [6 pts]



Question 3. Constructors, Destructors, and Copy (10 pts)

Write the program's complete output, in order, exactly as it is printed.

1 class Box {

2 public:

3 Box() : data_(0) {

4 cout << "default 0" << endl;

5 }

6

7 Box(int v) : data (v) {

8 cout << "ctor " << data_ << endl;

9 }

10

11 Box(const Box& other) : data (other.data_ + 1) { // don't forget the +1
12 cout << "copy ctor " << data_ << endl;
13 }

14

15 Box& operator=(const Box& other) {

16 data_ = other.data_ * 2; // don't forget the x2
17 cout << "assign " << data_ << endl;

18 return *this;

19 }

20

21 ~Box() { cout << "dtor " << data_ << endl; }
22

23 private:

24 int data_;

25 };

26

27 voild CopyByValue(Box x) {

28 cout << "helper function" << endl;

29 }

30

31 int main() {

32 Box a(4);

33 Box b = a;

34 CopyByValue(b);

35 Box c;

36 € = [og

37 return 0; // don't forget program ends
38}

Program output:



Question 4. Preprocessor (10 pts)

Read the program below carefully, then answer the four parts on the next page. You will be asked exactly
what the C preprocessor emits for each of the files.

list.h
1  ENTRY(ErrorCode Ok, 0, "No error")
2 ENTRY(ErrorCode DivideByZero, 1, "Divide by zero")
3  ENTRY(ErrorCode Overflow, 2, "Arithmetic Overflow")

error_codes.h

1 #define ENTRY(name, num, msg) const int name = num;
2 #include "list.h"

error_messages.h

const char* error_message[3];

void InitMessages() {
#define ENTRY(name, num, msg) error_message[num] = msg;
#include "list.h"

}

AT hhWNE

main.c

#include "error_codes.h"
#include "error_messages.h"

int main() {
InitMessages();
int status = ErrorCode_DivideByZero;
printf("%d:%s\n", status, error_message[status]);
return 0;

LCoOoO~NAATULTRARWNE

Above, our program defines a list of error codes in list.h, We reuse that list in two ways:
error_codes.h uses list.h to build a set of global integer constants
error_messages.h uses list.h to build a lookup that turns an error code into a printable message.

At first, this may seem daunting! But remember, the preprocessor applies text substitution blindly. It does
not need to understand the program to replace macros. Similarly, we do not need to understand the
program to perform the same text substitutions.



Part A. Write out error_codes. h exactly as the compiler sees it after the preprocessor runs. [4 pts]

Part B. Write out error_messages. h exactly as the compiler sees it after the preprocessor runs. [4 pts]

Part C. What does main.c program print when it runs? [2 pts]
Program output:



Question 5. Inheritance Design (12 pts)

The Notification class below handles three kinds of notification: email, sms, and a default fallback. It
compiles and works, but it would greatly benefit from polymorphism. Read the code

notification.cc
1 class Notification {
2 public:
3 Notification(string type, string to, string body)
4 : type_(type),
5 to_(to),
6 body_(body) {}
7
8 void Send() {
9 if (type_ == "email") {
10 cout << "Email to " << to_ << " | " << subject_ << " " << body_;
11 } else if (type_ == "sms") {
12 cout << "SMS to " << to_ << " | " << body_;
13 } else {
14 cout << "Notify " << to_ << " about " << body_;
15 }
16 }
17
18 int Cost() {
19 if (type_ == "sms") {
20 return 5;
21 } else {
22 return 0;
23 }
24 }
25
26 voild SetEmailSubject(string s) {
27 if (type_ == "email") {
28 subject_ = s;
29 }
30 }
31
32 private:
33 string type_;
34 string to_;
35 string body_;
36 string subject_;
37 %



Part A. Pick two members in notification.cc (either a data member or a member function). For both,
explain what's wrong with the member and how using inheritance / polymorphism would fix it. [6 pts]

Part B. Redesign as a base Notification with derived classes EmailNotification and SmsNotification,

For each class, sketch its header (i.e. its data members, constructors, and member functions). You should
skip all members that would be inherited from a base class as-is. Write only the signatures (including
types, parameters, or virtual/override where appropriate). Think carefully about what belongs in the base
class and what belongs in a specific subclass. You do NOT need to write any code. [6 pts]

class Notification {

Data members Member functions

class EmailNotification : public Notification {

Data members Member functions

class SmsNotification : public Notification {

Data members Member functions



