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1.0 Amplitude Modulation And Demodulation 

2.0 Learning Outcomes: 
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1.0 Title  

 

Data and Code in C++ 

 

2.0 Learning outcomes 

 

After completing this lab, students should be able: 

1. Understand how to differentiate number notations in game system 

2. Learn how to write a program using number notations 

 

3.0 Software 
 

1. Visual Studio C++/Any C++ Editor with Compiler 

2. Word Processing software 

 

4.0 Theory 
 

People think most naturally in base ten, also known as decimal notation. In this notation, 

ten distinct digits are used (0 through 9), and each digit from right to left represents the 

next highest power of 10. For example, the number 7803 = (7×103) + (8×102) + (0×101) + 

(3×100) = 7000 + 800 + 0 + 3. 

 

In computer science, mathematical quantities such as integers and real valued numbers 

need to be stored in the computer’s memory. And as we know, computers store numbers 

in binary format, meaning that only the two digits 0 and 1 are available. We call this a 

base-two representation, because each digit from right to left represents the next highest 

power of 2. Computer scientists sometimes use a prefix of “0b” to represent binary 

numbers. For example, the binary number 0b1101 is equivalent to decimal 13, because 

0b1101 = (1×23) + (1×22) + (0×21) + (1×20) = 8 + 4 + 0 + 1 = 13. 

 

Another common notation popular in computing circles is hexadecimal, or base 16. In this 

notation, the 10 digits 0 through 9 and the six letters A through F are used; the letters A 

through F replace the decimal values 10 through 15, respectively. A prefix of “0x” is used 

to denote hex numbers in the C and C++ programming languages. This notation is popular 

because computers generally store data in groups of 8 bits known as bytes, and since a 

single hexadecimal digit represents 4 bits exactly, a pair of hex digits represents a byte. For 

example, the value 0xFF = 0b11111111 = 255 is the largest number that can be stored in 8 

bits (1 byte). Each digit in a hexadecimal number, from right to left, represents the next 

power of 16. So, for example, 0xB052 = (11×163) + (0×162) + (5×161) + (2×160) = (11×4096) 

+ (0×256) + (5×16) + (2×1) = 45,138. 

 

  



   

Fixed-Point Notation 

 
Integers are great for representing whole numbers, but to represent fractions and irrational 

numbers we need a different format that expresses the concept of a decimal point. 

 

One early approach taken by computer scientists was to use fixed-point notation. In this 

notation, one arbitrarily chooses how many bits will be used to represent the whole part of 

the number, and the rest of the bits are used to represent the fractional part. As we move 

from left to right (i.e., from the most significant bit to the least significant bit), the magnitude 

bits represent decreasing powers of two (…, 16, 8, 4, 2, 1), while the fractional bits represent 

decreasing inverse powers of two (1/2, 1/4 , 1/8 , 1/16 , …). For example, to store the 

number –173.25 in 32-bit fixed-point notation, with one sign bit, 16 bits for the magnitude 

and 15 bits for the fraction, we first convert the sign, the whole part and fractional part into 

their binary equivalents individually (negative = 0b1, 173 = 0b0000000010101101, and 0.25 

= 1/4 = 0b010000000000000). Then we pack those values together into a 32-bit integer. The 

final result is 0x8056A000. This is illustrated in Figure 1.  

 

 
Figure 1: Fixed-point notation with 16-bit magnitude and 16-bit fraction. 

 

The problem with fixed-point notation is that it constrains both the range of magnitudes 

that can be represented and the amount of precision we can achieve in the fractional 

part. Consider a 32-bit fixed-point value with 16 bits for the magnitude, 15 bits for the 

fraction, and a sign bit. This format can only represent magnitudes up to ±65,535, which 

isn’t particularly large. To overcome this problem, we employ a floating-point 

representation. 

 

 

Floating-Point Notation 
 

In floating-point notation, the position of the decimal place is arbitrary and is specified with 

the help of an exponent. A floating-point number is broken into three parts: the mantissa, 

which contains the relevant digits of the number on both sides of the decimal point, the 

exponent, which indicates where in that string of digits the decimal point lies, and a sign 

bit, which of course indicates whether the value is positive or negative. There are all sorts 

of different ways to lay out these three components in memory, but the most common 

standard is IEEE-754. It states that a 32-bit floating-point number will be represented with 

the sign in the most significant bit, followed by 8 bits of exponent, and finally 23 bits of 

mantissa. 

 

The value v represented by a sign bit s, an exponent e and a mantissa m is v = s × 2(e – 

127) × (1 + m). 

 

The sign bit s has the value +1 or –1. The exponent e is biased by 127 so that negative 

exponents can be easily represented. The mantissa begins with an implicit 1 that is not 

actually stored in memory, and the rest of the bits are interpreted as inverse powers of two. 

Hence the value represented is really 1 + m, where m is the fractional value stored in the 

mantissa. 

 



   

  



   

5.0 Procedures 
 

1. Write a single C++ program that capable in converting number notations below: 

a. Decimal to Binary 

b. Decimal to Hexadecimal 

c. Binary to Decimal 

d. Binary to Hexadecimal 

e. Hexadecimal to Decimal 

f. Hexadecimal to Binary 

 

Requirement for Question No.1 

 Create a Main Menu system that user can choose which one from a to f 

 Main Menu must also containing Quit function that you are able to quit 

and a Credit function that will display all your team members details 

 After the user has choose from a to f, user can put an input and then when 

the user hit enter, the system automatically convert that input. 

 Then, the system will not quit yet as the user can choose again from a to 

for just to quit. 

 You are free to use either OOP type programming or just an ordinary 

programming (structured programming) 

 

2. Create a C++ program with a Class-Object system based on the requirement 

below: 

a. Converting a IEEE-754 32 bit floating point format into floating number in 

decimal. (Based on Figure 3.5 in textbook) 

b. Converting a floating number of decimal into IEEE-754 32 bit floating point 

format. (Google It how it looks like) 

 

Requirement for Question No.2 

 Class-Object System 

 OOP Programming 

 Must have a main menu system(same as No.1 requirement) 

 Quit and Credit function (same as No.1 requirement ) 

 After the user has choose an option, user can put an input and then when 

the user hit enter, the system automatically convert that input. 

 Then, the system will not quit yet as the user can choose again from the 

main menu for just to quit. 

 

 

 

  



   

6.0 Discussion/Questions/Reports/Exercises 
 

Send all the answers on section 5.0 to my email address. 

a. Put a front cover (any – as long containing your team members name, 

matric ID, and email addresses) 

b. Send all sources code in zipped file if you must together with a front cover 

in WORD processing document. So, in your email must have a single 

zipped file and a .doc/.docx/.pdf file (which is your front cover). Two files. 

c. Send through email at h.a.sulaiman@ieee.org (ONLY TO THIS EMAIL) under 

a Subject: [Game Engine Development] – Lab Module 2. 

d. Deadline is before 12th October 2014 at 11.59.59 pm (SUNDAY) 
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