
 

 

APSC 143 
Midterm 2 Review 

Package 

 

Written by Brent Champion 



Page 2 of 21 
 

Contents 
Introduction ............................................................................................................................................ 4 

Data Types .............................................................................................................................................. 4 

Typecasting ........................................................................................................................................ 4 

Operators ............................................................................................................................................... 5 

Math Operators .................................................................................................................................. 5 

Equality Operators .............................................................................................................................. 5 

Logical Operators ............................................................................................................................... 5 

Arrays ..................................................................................................................................................... 5 

Conditional Statements .......................................................................................................................... 6 

Loops ...................................................................................................................................................... 8 

Pointers .................................................................................................................................................. 9 

Stack and Heap ................................................................................................................................... 9 

Functions .............................................................................................................................................. 10 

Scope ................................................................................................................................................ 11 

Arrays in Functions ............................................................................................................................ 12 

Pointers in Functions ......................................................................................................................... 12 

Sorting Algorithms ............................................................................................................................... 14 

Selection Sort ................................................................................................................................... 14 

Bubble Sort ....................................................................................................................................... 15 

Searching Algorithms ........................................................................................................................... 16 

Linear Search .................................................................................................................................... 16 

Binary Search .................................................................................................................................... 16 

General Tips ...........................................................................................................................................17 

Writing Pseudo-Code ............................................................................................................................ 18 

Practice Problems ................................................................................................................................. 18 

Appendix 1 | Built in Functions .............................................................................................................. 20 

Printf ................................................................................................................................................. 20 

Malloc ............................................................................................................................................... 20 

Fgets ................................................................................................................................................. 21 

Scanf ................................................................................................................................................. 21 

 

 



Page 3 of 21 
 

Disclaimer statement: 

This is a free resource provided by EngLinks for students in Queen’s Engineering and is a supplementary 

resource intended to compliment the course material – not replace it. If there is discrepancy between 

this resource and the course material, the latter supersedes this document. 

Usage rights statement: 

This document and all it contain (including information and images) do not violate usage rights internal 

or external to Queen’s, including but not limited to material created by professors and TA’s, textbook 

authors and publishers, and material sourced elsewhere. Proper rights were acquired where needed 

and cited at the end of this document. EngLinks is a non-profit organization and does not monetarily 

benefit from these resources. 

This document is licensed under Creative Commons Attribution-NonCommercial 4.0 International (CC 

BY-NC 4.0) license. https://creativecommons.org/licenses/by-nc/4.0/ 

  

https://creativecommons.org/licenses/by-nc/4.0/


Page 4 of 21 
 

Introduction 
Welcome to the 143 Exam Review Package! The goal of this exam package is to give you a complete 

overview of the course from the start, and to hopefully make harder concepts like pointers, functions 

and sorting algorithms feel more intuitive. This workbook comes with a folder containing all the code 

used throughout this book and the solutions to the problems. 

If you have any questions or concerns, you can email me at brent.champion@queensu.ca 

Data Types  
• Int: These are integer values, meaning they cannot have decimal places. It can be a positive or 

negative number. Use these when you don’t need decimals!  

• Float: These are numbers with up to 7 decimal places of precision.  

• Double: These are numbers with 15 decimal places (more precise than floats) 

• Char: These are characters on the keyboard. When you initialize chars, remember to put single 

quotes around the letter.  

• String: A string is an array of chars. It can be initialized like a word in double quotes. 

• You can change the data type of a variable (if compatible) with a typecast. 

This is a summary of how you initialize these different data types and print them.  

 

Note: Each of the variables has a distinct data type specifier, so remember this when printing. For 

more information on using the printf function, look at Appendix 1 – Built in functions.  

Typecasting 
Typecasting lets you convert a variable from one data type to another. For example, if you want to 

store a float (with decimals) in an integer, you can do it by casting (float) in front of the int.  
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Operators  
Math Operators 

• +: Adds two values 

• -: Subtracts the second value from the first  

• /: Divides the first value by the second 

• *: Multiples two values 

• %: Modulo divider. This will give you the remainder after dividing the first value by the second. 

For example: 17 % 4 is 1, because 4 goes into 17 four times with a remainder 1.  

 

Equality Operators 
Use these when comparing values inside conditional statements. It returns true or false. 

• < - Less than 

• > - More than 

• <= - Less than or equal to 

• >= - Greater than or equal to 

• != - Not equal to 

• == - Equal to. Only use this operator if you’re checking that two things are equal. 

Logical Operators 
• || - OR: This is like a parallel circuit, if one or the other condition is true it will return true. Think 

of a light with switches wired in parallel. If one switch is closed, the light turns on.  

 

• && - AND: This is like a series circuit. Both conditions have to be true to return true. If a light 

has two switches in series, it will only turn on when both switches are closed! 

 

 

• ! – NOT: This will invert whatever statement goes after it. If the statement would return true, 

the NOT will make it return false.  

Arrays 
• Arrays are basically containers with a certain number of boxes for data 

• The index (location or position in the array) starts at 0 

• There are different ways to declare arrays, here are two examples: 
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Arrays can also be multidimensional. Think of it like an array of arrays. When initializing a two-

dimension array, remember that the order of square brackets is row, then column. 

 

Note: Printing arrays can be tricky. You need to loop through each of the elements by their index to 

print it. Printing multidimensional arrays requires embedded for loops.  

Conditional Statements 
• These are usually seen with if statements and case-switch statements 

• In all of these, you’re giving a set of instructions (code block) based on a situation. 

• If statements are used when you want to check a value against different situations.  

• For example:  
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The output from this program is:  

 
5 is greater than 3 
6 
 

 

Note: In the following code, the computer will process the information in the if statement and 

return either true (1) or false (0). If the statement reads true, it will run the code inside of it. For 

example, since 5 > 3, the program will print 5 is greater than 3. With the logical operators, it will 

process first the statement on the left, x > 4, and if it’s true it’s true it will process the statement on 

the right, x < 8. If both are true, because it’s an AND operation, it will continue and increment x by 1. 

Note that since this statement is true, it will not enter the else if statement below, despite it still 

meeting the condition inside the if statement.  

 

Switch case statements work similarly, it is checking a variable against different cases. The “Default” is 

like an else statement, which accounts for all missing cases. Here’s an example: 
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Loops 
• Loops are used when you need to repeat something multiple times, it saves space. 

• The two main types of loops are while loops and for loops.  

• While loops are used when you want to do something until a condition is met.  

• For example:  

 

 

• For loops are used when you want to repeat something a set number of times 

• In a for loop, you will create 3 parameters. First you set a counter variable (traditionally we use 

the letter i). Then you will set the condition which tells the loop when to stop. The last 

parameter will be what you want the counter to do after each loop. Make sure that these 

parameters are separated by semicolons!! Here is a for loop that runs 10 times:  
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Pointers 
A pointer is a variable used to store an address. When you put an asterisk in front of a variable (ex. int 

*ptr), it becomes a pointer to another integer value somewhere in memory. To access the memory 

space, you use an ampersand, &, in front of the variable (ex. &n) 

Example Code:  

 

The output in this example would be:  

 
Address 62fe44 contains 15.  

Note: This code printed the actual memory address, a hexadecimal number, which is why we use %x! 

The pointer itself stores the address of number. If we were to print &ptr, we would get the memory 

address of the pointer. *ptr prints the value of the integer it points to, 15. Lastly, if we were to write 

*ptr = 10, this would change the value of number to 10. 

Pointers can get really confusing so its important to understand the syntax when working with them. In 

summary: A pointer is a variable that stores the address of another variable, which it points to. The 

actual pointer has its own memory location which is stored in its own address. 

Stack and Heap  
The stack and the heap are the parts of your computers memory where things get stored. The stack is 

where your variables are stored. On the other hand, the heap is where dynamic memory is accessed 

(with malloc). An example of a program and its stack and heap can be found below:  

 

 

 

 

 

 

S
ta

ck
 

Name Address Value 

x 1008 2 

y 1012 5 

ptr1 742h 1008 

ptr2 32j8 1012 

ptr3 48e2 3208 

H
e

a
p

 --- 3208 10 
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Functions 
Functions are useful when you need to perform the same set of operations many times. Many of the 

statements you use in code such as scanf, fgets, sizeof() are functions that are built into the header 

library. Appendix 1 outlines most of these functions and how to use them. 

A function ends when it hits the ending, }, or when it hits a return statement. Functions can have many 

return values based on different conditions, however only returns at most one value.   

The convention for writing a function is this:  

returnType functionName(parameters) { 

 body of the function; 

 return value; 

} 

The returnType is the data type the function will return. If you don’t want to return, use void. 

The functionName is how you call it from other functions.  

The parameters are the values that are being passed into the function. The data types you’re passing in 

must be specified!  

The return value must be the same type as the returnType of the function. 

Example Code:  

 

The output of this program would be: 

 
The sum is: 11 
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Note: The function is called inside the main function. The main function can be declared as void since it 

isn’t returning anything. The function, add, is called with 2 integer values, and is being assigned to int x. 

When the function gets called, it essentially becomes its return value.  

Scope 
The scope of a variable defines where it’s accessible. If a variable is declared within a function, it called a 

local variable, and is only recognized within that function. A global variable is defined outside of any 

function and can be accessed anywhere beneath it. Here’s an example:  

 

 

Note: The global variables are defined at the top. The same variable, x, is called within the 2 functions 

defined. This is the local variable, it is not the same as the global variable! When we call y inside 

changeNum2, which only takes in x, it will change the global variables value.  

The output of this program would be:  
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In main, x – 0 
In changeNum1, x = 5 
In main, x = 5 
 
In changeNum2, x = 5 
In changeNum2, y = 3 
In main, x = 0 
In main, y = 3 
 

Arrays in Functions 
Sometimes arrays are used within functions to do things. When passing an array into a function, you 

need to include the square brackets for the array in your parameter. Here’s an example: 

 

 

The output of this code would be:  

 
Sum of array is: 13 
 

Note: This function only works with 5x5 arrays, limiting its usefulness. Try and modify this program to 

work with any size array by using scanf to fill the array! 

Pointers in Functions 
To wrap up functions, we’re going to talk about using pointers with functions, and passing pointers into 

functions.  

Example Code 1: 
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In this program, the output would be:  

 
x is 7 
 

 

Note: Pointers can be used 

Example code 2:  
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1 2 
1 2 
3 4 
4 3 
 

 

Sorting Algorithms 
Selection Sort 
The selection sort works by finding the smallest element in an array, swaps it with the first element so 

that it’s in the correct location. It then sorts through the rest of the array starting at the next element, 

and so on. Implementing a selection sort can be done with 2 functions.  

Swap Function 

 

Note: This swap function uses pointers as input parameters to swap values. If this function didn’t take 

pointers, it wouldn’t work. This is because it is a void function and doesn’t return anything. We couldn’t 

return both swapped values because functions only return one value! 

 

 

 

Selection Sort Function 
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Note: This function works by using embedded for loops. The first loop is used to iterate through the 

entire array while increasing the lower bound by 1 each time. This is because every time we iterate 

through, we find the lowest value and put it at the NEW first position. The second for loop iterates 

through the rest of the array and compares all values to its current minimum. It will iterate through the 

second loop multiple times until it finds the lowest value in its range. 

 

Bubble Sort 
Bubble sorts work by swapping adjacent elements based on which is larger. If the element on the left is 

larger than the right, they swap. The function transverses through the entire array multiple times until 

no more swaps are needed.  

Bubble Sort Function 

 

Note: This function uses the same swap function as the selection sort. The idea behind a bubble sort is 

that it swaps adjacent elements (seen with calling swap with index j and j+1).  
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Searching Algorithms 
 

Linear Search 
A linear search algorithm iterates through the array and checks every value for its target. 

 

The output of this program would be:  

 
The index of the target is: 43 
 

 

 

Binary Search 
The binary search algorithm takes a sorted array, divides it in half with a midpoint, and then checks first 

the midpoint itself. If the target is lower than mid, it searches the left. If it is greater than mid it searches 

the right. It repeats the process by changing the first and last values and running the program again.  
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General Tips 
• Remember semicolons at the end of every statement 

• Any time you are writing a code block (function, if statement, for loop) where multiple lines of 

code are being done, use curly braces. These do not have semicolons at the end. 

• Use == when comparing values, and = when you’re assigning values to variables 

• Array index starts at 0 

• Assignment always happens from right to left(ex. int x = 5 means 5 is assigned to int x).  

• Code reads line by line, so if you don’t declare something before its used, you get errors. 

• Keep track of your brackets, always double check that all brackets match up.  

• When you’re printing line breaks, it’s a forward slash (\n).  
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Writing Pseudo-Code 
If you really don’t know how to answer a question, writing pseudo code is a good way to earn part 

marks and help guide you to a solution. Instead of writing the code in proper C syntax, write it in plain 

English as a set of instructions. This is an example of a function in pseudo code: 

 

Note: This is a good way to organize your thoughts when writing programs. Before you try to write 

code, write pseudocode first and trying to see if there’s anything you missed. Writing good pseudocode 

will also make writing the real code easier to do!  

 

Practice Problems 
Try to do these own your own! The solutions for the written code can be found in the folder “Practice 

Problems”, and you can check the outputs by running the programs yourself. 

Predict the output 
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Predict the output (Pointers) 

 

 
 
 

 

Writing Functions 1 

Write a function, courseMark, that will return your course mark based on different grades and their 

weighting. The function will return a percentage mark and will take the number of tests as a parameter. 

The function itself will use scanf to ask the user to input the test grades and weightings as percentages. 

Hint: The function itself only has 1 parameter, but multiple values and arrays have to be used alongside 

for loops to do the calculation. Return the total as a float.  

 In the main function, ask the user how many tests they have had, and call the courseMark function 

based on this value. The main function should print the final course grade as a percentage.  

 

Writing Functions 2 

Write a function, integrate, that takes in the bounds of your integral and calculates the area under 

𝑦 = 2𝑥3 + 𝑥. Specify a constant at the top, dx, which is 0.001.  
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Appendix 1 | Built in Functions 
 

Throughout labs you’ve probably seen a variety of built in functions. Here are some examples.  

Printf 
This is a built-in function that is used in almost every code. It has very simple syntax. Inside the function, 

you put what you want to print inside quotes, and you put the variables you want to use outside of the 

quotes. When you want to print for example the value a variable has stored, you must use the variables 

type specifier inside the quotes. Here’s an example:  

 

 

Malloc 
Malloc is a function commonly used to dynamically allocate memory throughout functions. It does this 

by taking the size of something and allocating enough memory for it. For example, let’s say you don’t 

know how long an array is until the user inputs, and you need to allocate enough memory for this 

variable array. This can be done with malloc. Here is an example:  

 

 

Note: In this example malloc is used to allocate memory for a pointer. We first declare the pointer in 

line 4, then use malloc to allocate memory that’s the size of an integer. A typecast is used in front of 

malloc to convert it into a pointer from an integer. After this, if the pointer is 0, that means that there 

wasn’t enough memory in the computer to allocate. We generally ignore this check because modern 

computers rarely run out of memory, but it’s a good practice. Lastly, when we’re done using the pointer 

we want to free the memory that it occupied, with free().  
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Fgets 
Fgets is another way to store data in variables and arrays. It has 3 input parameters. The first input is 

the variable where the information is being stored. Second is the amount of data that can be stored. 

The last parameter is where the function is getting information from. This could be from a file, by using 

a pointer to the file. If you use stdin, it takes user input as its data.  

Note: Fgets doesn’t work with integers…easily. Use scanf when dealing with integers. In this case we 

have initialized an array of characters and asked the user to enter a word. The characters you input will 

be filled in this array, and it can be printed as a string (with %s).  

 

 

Scanf 
Scanf is a function that’s commonly used to ask user input. It has 2 parameters. First you need to 

specify the type of data being entered. The second parameter is the address where the data is being 

stored (use &). Here is an example that asks you to enter a value then prints it. 

 

 

 


