5                                      Digital Electronics

Binary subtraction:
To subtract binary numbers we first need to discuss four simple cases:
0 – 0 = 0

1 – 0 = 1

1 – 1 = 0
10 – 1 = 1
To subtract larger binary numbers, subtract column by column, borrowing from the adjacent column when necessary.  
Example: Subtract (101)2 from (111)2?
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Examples for the students: Subtract:
· (1010)2 from (1101)2

· (100001)2 from (110010)2
Binary numbers can be also negative, just like the decimal numbers.
Example: Subtract (111)2 from (101)2?
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Mani digital computers subtract in this way. However there are other methods that require fewer circuits. Before we describe these other methods we need to define the 1’S and 2’S complements.    The 1’S complement of a binary number is the number that results when we change each (0) to (1) and each (1) to (0).in other words the complement of (1001) is (0110). The 2’S complement is the binary number that results when we add (1) to the 1’S complement:

2’S complement = 1’S complement + 1
Example: find the 1’S and 2’S complements for the following binary numbers:
· (1110) the 1’S complement is (0001), the 2’s complement is (0001+1=0010).

· (0001) the 1’S complement is (1110), the 2’s complement is (1110+1=1111).
How can we use complements to do subtraction? 
· 1’S complement:

The use of the 1’S complement to subtract is popular in digital computers because only adders are needed.
1. When there is an end around carry.

Example: Subtract (01101)2 from (11011)2 using the 1’S complement.
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2. When there is no end around carry.

Example: Subtract (11011)2 from (01101)2 using the 1’S complement.
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· The 2’S complement:

Some digital computer subtract by the 2’S complement method. The disadvantage is a reduction in hardware; instead of having digital circuits that directly add and subtract (only adding –type circuits are needed).

1. When there is a carry.

Example: subtract (101)2 from (111)2 using the 2’S complement.
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2. When there is no carry.

Example: Subtract (111)2 from (101)2 using the 2’S complement.
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Octal numbers:
This system has the base (8), means it has (8) numbers (0,1,2,…,7) after running all the system numbers we get (10,11,…,17,20,21,….27,30,31,….37,40,…).

· How do we convert from octal numbers to decimal numbers??

 The weights of the octal numbers are:
etc , 84, 83, 82, 81, 80 . 8-1 , 8-2, 8-3, etc.

Examples: covert (23)8 to its decimal equivalents numbers.
                                                           2         3                             octal number

                                                           81        80                            octal weights

                                                         2(8) +3(0) =16 + 3 =19    decimal number

 Then (23)8= (19)10

· How do we convert from decimal numbers to octal numbers??
Examples: covert (19)10 to its octal equivalents numbers.
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Then (19)10 = (23)8
To convert fraction (0.23) from decimal to octal numbers:
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So (0.23)10 = (0.1656)8
· How do we convert from octal numbers to binary numbers??
The most important use of octal number system lies in octal-binary conversions; we can represent each octal digit with 3 binary digits:
                                       000     001   010   011    100    101    110    111       

                                         0        1        2       3        4        5       6        7

How do we convert larger octal numbers??
Example: convert (23)8 to its binary equivalent number.

1. Write the binary equivalents                          

                                      000     001   010   011    100    101    110    111       

                                        0         1       2        3        4       5        6        7

2. Convert each number with his equivalent 
                                                            2        3

                                                          010    011

Then (23)8 = (010011)2

Example: find (x) for (3574)8 =(x) 2
                                      000     001   010   011    100    101    110    111       

                                        0         1       2        3        4       5        6        7

                                                           3      5      7       4
                                                         011 101   111   100
Then (3574)8 = (011101111100)2
(HINT): The same equivalents are for the fraction in octal system.

 Example: find (x) for (1.04)8 =(x) 2
                                      000     001   010   011    100    101    110    111       

                                        0         1       2        3        4       5        6        7

                                                          1    .    0      4

                                                       001   .  000  100

Then (1.04)8 = (001.000100)2
· How do we convert from binary numbers to octal numbers??
We can convert from binary to octal by using the same equivalents (each octal digit with 3 binary digits).

Example: find (x) for (011.001101)2 =(x) 8

                                      000     001   010   011    100    101    110    111       

                                        0         1       2        3        4       5        6        7

                                                          011 . 001  101

                                                            3    .  1      5

Then (011.001101)2 =(3.15) 8

(HINT): If necessary to add (0) to the end of the binary numbers to complete the (3digits) that represent the octal number, add to the digits from the left side and to the fraction from the right side.

Example: find (x) for (11.00110110)2 =(x) 8
011. 001  101  100  ( add the red zero to have 3 digits )
                                                3   .  1       5      4
Then (11.00110110)2 = (3.154) 8
The disadvantages of converting from octal to binary and vice versa in digital systems are many.

a)  Getting information into and out of a digital system requires fewer circuits because it is easier to read record and print out octal numbers then binary numbers.
b) Large decimal numbers are easier to convert it first to octal then to binary.
Examples: covert (363)10 to its binary equivalents numbers.
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                                      000     001   010   011    100    101    110    111       

                                        0         1       2        3        4       5        6        7

Then (355)8 = (011101101)2
