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COMPUTER DATA FORMATS 

NUMBER SYSTEMS 

 The use of the microprocessor requires a working knowledge of binary, decimal, 

and hexadecimal numbering systems and conversions among. 

 

Digits 

Before numbers are converted from one number base to another, the digits of a 

number system must be understood. Early in our education, we learned that a 

decimal (base 10) number is constructed with 10 digits: 0 through 9. The first digit 

in any numbering system is always zero. 

For example, a base 8 (octal) number contains 8 digits: 0 through 7; a base 2 

(binary) number contains 2 digits: 0 and 1.Abase 16 number called Hexadesimal 

does contain a16 digit:0 through 9, followed by A for 10 and B for 11 …. F for 16. 

 

 

The Data Size 

 

1- Bit: binary digit which is one location can contain one  binary digit (either 0 

or 1)   

2- Byte-sized data: Byte (8 bit) is stored as unsigned and signed integers. 

Ilustrates both the unsigned and signed forms of the byte-sized integer. The 

difference in these forms is the weight of the leftmost bit position. Its value 

is 128 for the unsigned integer and minus 128 for the signed integer. In the 

signed integer format, the leftmost bit represents the sign bit of the number, 

as well as a weight of minus 128. For example, 80H represents a value of 
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128 as an unsigned number; as a signed number, it represents a value of 

minus 128. Unsigned integers range in value from 00H to FFH (0–255). 

Signed integers range in value from -128 to 0 to + 127. 

 

 

 

 

 

 

 

 

 

 

 

Note: to convert the sign from positive to negative or negative to positive is found 

by two’s complementing the number. To form a two’s complemented, first 

one’s complement the number. To one’s complement a number, invert each 

bit of a number from zero to one or from one to zero. Once the one’s 

complement is formed, the two’s complement is found by adding a one to 

the one’s complement as show in below. 

 

Complement: Is the change every 1 to 0 and 0 to 1 
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3- Word-Sized Data 

A word (16-bits) is formed with two bytes of data. The least significant byte 

is always stored in the lowest-numbered memory location, and the most 

significant byte is stored in the highest. This method of storing a number is 

called the little endian format. An alternate method, not used with the Intel 

family of microprocessors, is called the big endian format. In the big endian 

format, numbers are stored with the lowest location containing the most 

significant data. The big endian format is used with the Motorola family of 

microprocessors. Figure below (a) shows the weights of each bit position in 

a word of data, and Figure below (b) shows how the number 1234H appears 

when stored in the memory locations 3000H and 3001H. 
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Positional Notation 

Once the digits of a number system are understood, larger numbers are constructed 

by using positional notation. In grade school, we learned that the position to the 

left of the units position is the tens position, the position to the left of the tens 

position is the hundreds position, and so forth. (An example is the decimal number 

132: This number has 1 hundred, 3 tens, and 2 units.) What probably was not 

learned was the exponential value of each position: The units position has a weight 

of 100, or 1; the tens position has weight of 101, or 10; and the hundreds position 

has a weight of 102, or 100. The exponential powers of the positions are critical for 

understanding numbers in other numbering systems. The position to the left of the 

radix (number base) point, called a decimal point only in the decimal system, is 

always the units position in any number system. For example, the position to the 

left of the binary point is always 20, or 1; the position to the left of the octal point 

is 80, or 1. In any case, any number raised to its zero power is always 1, or the 

units position. 

 

BINARY DECIMAL OCTAL AND HEXADECIMAL NUMBER SYSTEMS 

Binary Number System 

•Base or radix 2 number system. 

•1 binary digit is equivalent to 1 bit. 

•Numbers are expressed as powers of 2. 

Octal Number System 

•Base or radix 8 number system. 

•1 octal digit is equivalent to 3 bits. 

•Octal numbers are 0 to7. (See the chart down below) 

•Numbers are expressed as powers of 8. 
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Decimal Number System 

•Base or radix 10 number system. 

•1 decimal digit is equivalent to 4 bits. 

•Decimal numbers are 0 to9.  

•Numbers are expressed as powers of 10. 

 

Hexadecimal Number System 

•Base or radix 16 number system. 

•1 hex digit is equivalent to 4 bits. 

•Numbers are 0, 1, 2…..8, 9, A, B, C, D, E, F. 

B is 11, E is 14 

•Numbers are expressed as powers of 16. 

•16
0
 = 1, 16

1
 = 16, 16

2
 = 256, 16

3
 = 4096, 16

4
 =65536, … 

   

Conversion of binary to decimal (base 2 to base 10) 

Example: convert (1000100)2 to decimal 

= 64 + 0 + 0+ 0 + 4 + 0 + 0 

= (68)10 

 

Conversion of decimal to binary (base 10 to base 2) 

Example: convert (68)10 to binary 

68/ 2 = 34 remainder is 0 

34/ 2 = 17 remainder is 0 

17 / 2 = 8 remainder is 1 

8 / 2 = 4 remainder is 0 
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4 / 2 = 2 remainder is 0 

2 / 2 = 1 remainder is 0 

1 / 2 = 0 remainder is 1 

Answer = 1 0 0 0 1 0 0 

Note: the answer is read from bottom (MSB) to top (LSB) as 10001002 

 

Conversion of decimal fraction to binary fraction 

•Instead of division, multiplication by 2 is carried out and the integer part of the 

result is saved and placed after the decimal point. The fractional part is again 

multiplied by 2 and the process repeated. 

 

Example: convert (0.68)10 to binary fraction. 

0.68 * 2 = 1.36 integer part is 1 

0.36 * 2 = 0.72 integer part is 0 

0.72 * 2 = 1.44 integer part is 1 

0.44 * 2 = 0.88 integer part is 0 

Answer = 0. 1 0 1 0….. 

Example: convert (68.68)10 to binary equivalent. 

Answer = 1 0 0 0 1 0 0. 1 0 1 0…. 

 

Conversion of octal to decimal (base 8 to base 10) 

Example: convert (632)8 to decimal 

= (6 x 8
2
) + (3 x 8

1
) + (2 x 8

0
) 

= (6 x 64) + (3 x 8) + (2 x 1) 

= 384 + 24 + 2 

= (410)10 
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Conversion of decimal to octal (base 10 to base 8) 

Example: convert (177)10 to octal 

177 / 8 = 22 remainder is 1 

22 / 8 = 2 remainder is 6 

2 / 8 = 0 remainder is 2 

Answer = 2 6 1 

Note: the answer is read from bottom to top as (261)8, the same as with the binary  

 

Conversion of decimal fraction to octal fraction 

is carried out in the same manner as decimal to binary except that now the 

multiplication is carried out by 8. 

Decimal, Binary, Octal, and Hex Numbers 00000000 Decimal Binary Octal 

Hexadecimal  

Conversion of hex to decimal (base 16 to base10) 

Example: convert (F4C) 16 to decimal 

= (F x 16
2
) + (4 x 16

1
) + (C x 16

0
) 

= (15 x 256) + (4 x 16) + (12 x 1) 

== 3840 + 64 + 12 + 

= (3916)10 

 

Conversion of decimal to hex (base 10 to base 16) 

Example: convert (4768)10 to hex. 

= 4768 / 16 = 298 remainder 0 

= 298 / 16 = 18 remainder 10 (A) 

= 18 / 16 = 1 remainder 2  
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= 1 / 16 = 0 remainder 1 

Answer: 1 2 A 0 

Note: the answer is read from bottom to top, same as with the binary case. 

= 3840 + 64 + 12 + 0 

= (3916)10 

Conversion of binary to octal and hexadecimal  

•Conversion of binary numbers to octal and hex simply requires grouping bits in 

the binary numbers into groups of three bits for conversion to octal and into groups 

of four bits for conversion to hex. 

•Groups are formed beginning with the LSB and progressing to the MSB. 

•Thus, 11 100 1112 = 3478 

•11 000 010 101 010 010 0012 = 30252218 

•1110 01112 = E716 

•1 1000 1010 1000 01112 = 18A8716 

 

 


