
Numeral Systems (Part II) 

Subjects: 
-Hexadecimal 
-Converting Binary-to-Hexadecimal or Hexadecimal-to-Binary 
-Converting Binary-to-Octal or Octal-to-Binary 
-Computer Character Sets and Data Representation 



The Hexadecimal Number System 

The hexadecimal (base 16) number system is a positional number system as are the 
decimal number system and the binary number system. Recall that in any positional 
number system, regardless of the base, the highest numerical symbol always has a value 
of one less than the base. Furthermore, one and only one symbol must ever be used to 
represent a value in any position of the number. 
  
For number systems with a base of 10 or less, a combination of Arabic numerals can be 
used to represent any value in that number system. The decimal number system uses the 
Arabic numerals 0 through 9; the binary number system uses the Arabic numerals 0 and 1; 
the octal number system uses the Arabic numerals 0 through 7; and any other number 
system with a base less than 10 would use the Arabic numerals from 0 to one less than the 
base of that number system.  
 
However, if the base of the number system is greater than 10, more than 10 symbols are 
needed to represent all of the possible positional values in that number system. 

The hexadecimal number system uses not 
only the Arabic numerals 0 through 9, but also 
uses the letters A, B, C, D, E, and F to 
represent the equivalent of 1010 through 1510, 
respectively.  

! 



The Hexadecimal Number System 

For reference, the following table shows the decimal numbers 0 through 31 with their 
hexadecimal equivalents:  



The Hexadecimal Number System 

The same principles of positional number systems we applied to the decimal, binary, and 
octal number systems can be applied to the hexadecimal number system. 
 
However, the base of the hexadecimal number system is 16, so each position of the 
hexadecimal number represents a successive power of 16. From right to left, the 
successive positions of the hexadecimal number are weighted 1, 16, 256, 4096, 65536, 
etc.:  



Converting a Hexadecimal Number to a Decimal Number  

We can use the same method that we used to convert binary numbers and octal numbers 
to decimal numbers to convert a hexadecimal number to a decimal number, keeping in 
mind that we are now dealing with base 16. From right to left, we multiply each digit of 
the hexadecimal number by the value of 16 raised to successive powers, starting with 
the zero power, then sum the results of the multiplications. Remember that if one of the 
digits of the hexadecimal number happens to be a letter A through F, then the 
corresponding value of 10 through 15 must be used in the multiplication. 
 
Example 1: Convert the hexadecimal number 20B316 to its decimal equivalent.  



Converting a Hexadecimal Number to a Decimal Number  

Example 2: Convert the hexadecimal number 12AE516 to its decimal equivalent.  



Converting a Decimal Number to a Hexadecimal Number  

To convert a decimal number to its hexadecimal equivalent, the remainder method (the 
same method used in converting a decimal number to its binary equivalent) can be used.  

To review, the remainder method involves the following four steps: 
 

(1) Divide the decimal number by the base (in the case of hexadecimal, divide 
by 16). 

(2) Indicate the remainder to the right. If the remainder is between 10 and 15, 
indicate the corresponding hex digit A through F. 

(3) Continue dividing into each quotient (and indicating the remainder) until 
the divide operation produces a zero quotient. 

(4) The base 16 number is the numeric remainder reading from the last 
division to the first (if you start at the bottom, the answer will read from top 
to bottom). 

! 



Converting a Decimal Number to a Hexadecimal Number 

Example: Convert 926310 to its hexadecimal equivalent: 
1) Divide 16 into 9263. The quotient is 578 with a remainder of 15; so indicate the hex 

equivalent, "F", on the right.   
2) Divide 16 into 578 (the quotient from the previous division). The quotient is 36 with a 

remainder of 2, indicated on the right.   
3) Divide 16 into 36. The quotient is 2 with a remainder of 4, indicated on the right.   
4) Divide 16 into 2. The quotient is 0 with a remainder of 2, as indicated. Since the 

quotient is 0, stop here. 

The answer is 242F, so 926310 = 242F16.  



Hexadecimal Addition 

One consideration is that if the result of an 
addition is between 10 and 15, the 
corresponding letter A through F must be 
written  in the result. In the example 5 + 9 = 14, 
so an "E" was written in that position; 9 + 1 = 10, 
so an "A" was written in that position.  

A second consideration is that if either 
of the addends contains a letter A 
through F, convert the letter to its 
decimal equivalent (either by memory or 
by writing it down) and then proceed 
with the addition. 

A third consideration is that if the result of an 
addition is greater than 15, you must subtract 16 
from the result of that addition, put down the 
difference of that subtraction for that position, and 
carry a 1 over to the next position. In the example 
when B16 (1110) was added to E16 (1410), the result was 
2510. Since 2510 is greater than 1510, we subtracted 
1610 from the 2510 to get 910. We put the 9 down and 
carried the 1 over to the next position.  



Hexadecimal Addition 

Here is another example with carries:  



Hexadecimal Subtraction 

We will use the complement method to perform hexadecimal subtraction.  

The steps for subtracting two hexadecimal numbers are as follows: 
 

(1) Compute the 15's complement of the subtrahend by subtracting each digit 
of the subtrahend by 15. 

(2) Add 1 to the 15's complement of the subtrahend to get the 16's 
complement of the subtrahend. 

(3) Add the 16's complement of the subtrahend to the minuend and drop the 
high-order 1. This is your difference. 

! 
Example: Compute ABED16 ς 1FAD16  
(1) Compute the 15's complement of 1FAD16 by subtracting each digit from 15:  



Hexadecimal Subtraction 

(2) Add 1 to the 15's complement of the subtrahend, giving the 16's complement of the 
subtrahend:  

(3) Add the 16's complement of the subtrahend to the minuend and drop the high-order 
1, giving the difference:  

So ABED16 ς 1FAD16 = 8C4016  
The answer can be checked by making sure that 1FAD16 + 8C4016 = ABED16 . 



Converting Binary-to-Hexadecimal or Hexadecimal-to-Binary 

Converting a binary number to its hexadecimal equivalent or vice-versa is a simple matter. 
Four binary digits are equivalent to one hexadecimal digit, as shown in the table below:  



Converting Binary-to-Hexadecimal or Hexadecimal-to-Binary 

To convert from binary to hexadecimal, divide the binary number into groups of 4 digits 
starting on the right of the binary number. If the leftmost group has less than 4 bits, put 
in the necessary number of leading zeroes on the left. For each group of four bits, write 
the corresponding single hex digit.  

To convert from hexadecimal to binary, write the corresponding group of four binary digits 
for each hex digit.  


