
31

2.1  INTRODUCTION

As we have discussed, digital circuits use binary signals but are required to handle 
data which may be alphabetic, numeric, or special characters. Hence the signals 
that are available in some other form other than binary have to be converted into 

suitable binary form before they can be processed further by digital circuits. This means 
that in whatever format the information may be available it must be converted into binary 
format. To achieve this, a process of coding is required where each letter, special character, 
or numeral is coded in a unique combination of 0s and 1s using a coding scheme known 
as code.

In digital systems a variety of codes are used to serve different purposes, such as data 
entry, arithmetic operation, error detection and correction, etc. Selection of a particular code 
depends on the requirement. Even in a single digital system a number of different codes 
may be used for different operations and it may even be necessary to convert data from 
one type of code to another. For conversion of data, code converter circuits are required, 
which will be discussed in due time.

Codes can be broadly classified into five groups, viz. (i) Weighted Binary Codes, 
(ii) Nonweighted Codes, (iii) Error-detection Codes, (iv) Error-correcting Codes, and 
(v) Alphanumeric Codes.

2.2  CODES

Computers and other digital circuits process data in binary format. Various binary codes are 
used to represent data which may be numeric, alphabetic or special characters. Codes are also 
used for error detection and error correction in digital systems. Although, in digital systems 
in every code used, the information is represented in binary form, but the interpretation of 
the data is only possible if the code in which the data is being represented is known. For 
example, the binary number 1000010 represents 66 (decimal) in straight binary, 42 (decimal) 
in BCD, and letter B in ASCII code. Hence, while interpreting the data, one must be very 
careful regarding the code used. Some of the commonly used codes are discussed below.
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2.2.1 Weighted Binary Codes

If each position of a number represents a specifi c weight then the coding scheme is called 
weighted binary code. In such coding the bits are multiplied by their corresponding individual 
weight, and then the sum of these weighted bits gives the equivalent decimal digit.

BCD Code or 8421 Code

The full form of BCD is ‘Binary-Coded Decimal.’ Since this is a coding scheme relating 
decimal and binary numbers, four bits are required to code each decimal number. For 
example, (35)10 is represented as 0011 0101 using BCD code, rather than (100011)2. From 
the example it is clear that it requires more number of bits to code a decimal number using 
BCD code than using the straight binary code. However, inspite of this disadvantage it is 
convenient to use BCD code for input and output operations in digital systems.

The code is also known as 8-4-2-1 code. This is because 8, 4, 2, and 1 are the weights 
of the four bits of the BCD code. The weight of the LSB is 20 or 1, that of the next higher 
order bit is 21 or 2, that of the next higher order bit is 22 or 4, and that of the MSB is 23

or 8. Therefore, this is a weighted code and arithmetic operations can be performed using 
this code, which will be discussed later on. The bit assignment 0101, for example, can be 
interpreted by the weights to represent the decimal digit 5 because 0 × 8 + 1 × 4 + 0 × 2 
+ 1 × 1 = 5. Since four binary bits are used the maximum decimal equivalent that may be 
coded is 1510 (i.e., 11112). But the maximum decimal digit available is 910. Hence the binary 
codes 1010, 1011, 1100, 1101, 1110, 1111, representing 10, 11, 12, 13, 14, and 15 in decimal 
are never being used in BCD code. So these six codes are called forbidden codes and the 
group of these codes is called the forbidden group in BCD code. BCD code for decimal digits 
0 to 9 is shown in Table 2.1.

Example 2.1. Give the BCD equivalent for the decimal number 589.

Solution.  The decimal number is 589

   BCD code is  0101 1000 1001

   Hence, (589)10 = (010110001001)BCD

Example 2.2. Give the BCD equivalent for the decimal number 69.27.

Solution.  The decimal number  6 92 7

   BCD code is  0110 1001 0010 0111

   Hence, (69.27)10 = (01101001.00100111)BCD

84-2-1 Code

It is also possible to assign negative weights to decimal code, as shown by the 84-
2-1 code. In this case the bit combination 0101 is interpreted as the decimal digit 3, as 
obtained from 0 × 8 + 1 × 4 + 0 × (–2) + 1 × (–1) = 3. This is a self-complementary code, 
that is, the 9’s complement of the decimal number is obtained just by changing the 1s to 
0s and 0s to 1s, or in effect by getting the 1’s complement of the corresponding number. 
For example, if we change the 1s to 0s and 0s to 1s in the previous example we have 1010, 
which is interpreted as decimal 6, as obtained from 1 × 8 + 0 × 4 + 1 × (–2) + 0 × (–1) 
= 6. And 6 is the 9’s complement of 3. This property is useful when arithmetic operations 
are done internally with decimal numbers (in a binary code) and subtraction is calculated 
by means of 9’s complement. 
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2421 Code

Another weighted code is 2421 code. The weights assigned to the four digits are 2, 4, 
2, and 1. The 2421 code is the same as that in BCD from 0 to 4; however, it varies from 
5 to 9. For example, in this case the bit combination 0100 represents decimal 4; whereas 
the bit combination 1101 is interpreted as the decimal 7, as obtained from 2 × 1 + 1 × 4 
+ 0 × 2 + 1 × 1 = 7. This is also a self-complementary code, that is, the 9’s complement of 
the decimal number is obtained by changing the 1s to 0s and 0s to 1s. The 2421 codes for 
decimal numbers 0 through 9 are shown in Table 2.1.

2.2.2 Nonweighted Codes

These codes are not positionally weighted. It basically means that each position of 
the binary number is not assigned a fi xed value. Excess-3 codes and Gray codes are such 
non-weighted codes. 

Excess-3 Code

A decimal code that has been used in some old computers is Excess-3 code. This is a 
nonweighted code. This code assignment is obtained from the corresponding value of 4-bit 
binary code after adding 3 to the given decimal digit. Here the maximum value may be 
11002. Since the maximum decimal digit is 9 we have to add 3 to 9 and then get the BCD 
equivalent. Like 84-2-1 and 2421 codes Excess-3 is also a self-complementary code, that is, 
the 9’s complement of the decimal number is obtained by changing the 1s to 0s and 0s to 1s. 
This self-complementary property of the code helps considerably in performing subtraction 
operation in digital systems.

Example 2.3. Convert (367)10 into its Excess-3 code.

Solution. The decimal number is   3   6   7

 Add 3 to each bit  +3 +3 +3

 Sum     6   9 10

  Converting the above sum into 4-bit binary equivalent, we have a

  4-bit binary equivalent of 0110 1001 1010

  Hence, the Excess-3 code for (367)10 = 0110 1001 1010

Example 2.4. Convert (58.43)10 into its Excess-3 code.

Soluton. The decimal number is     5   8   4   3

 Add 3 to each bit  +3 +3 +3 +3

 Sum      8  11   7   6

   Converting the above sum into 4-bit binary equivalent, we have a

   4-bit binary equivalent of 1000 1011 0111 0110

   Hence, the Excess-3 code for (367)10 = 10001011.01110110
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Table 2.1 Binary codes for decimal digits

Decimal (BCD)
 digit 8421 84-2-1 2421 Excess-3

 0  0000 0000 0000 0011
 1 0001 0111 0001 0100
 2 0010 0110 0010 0101
 3 0011 0101 0011 0110
 4 0100 0100 0100 0111
 5 0101 1011 1011 1000
 6 0110 1010 1100 1001
 7 0111 1001 1101 1010
 8 1000 1000 1110 1011
 9 1001 1111 1111 1100

Gray Code

Gray code belongs to a class of code known as minimum change code, in which a number 
changes by only one bit as it proceeds from one number to the next. Hence this code is not 
useful for arithmetic operations. This code fi nds extensive use for shaft encoders, in some types 
of analog-to-digital converters, etc. Gray code is refl ected code and is shown in Table 2.3. The 
Gray code may contain any number of bits. Here we take the example of 4-bit Gray code. The 
code shown in Table 2.3 is only one of many such possible codes. To obtain a different refl ected 
code, one can start with any bit combination and proceed to obtain the next bit combination by 
changing only one bit from 0 to 1 or 1 to 0 in any desired random fashion, as long as two numbers 
do not have identical code assignments. The Gray code is not a weighted code. 

Table 2.2 Four-bit refl ected code

Refl ected Code Decimal Equivalent

 m4 0000 0
 m3 0001 1
 0011 2
 m2 0010 3
 0110 4
 0111 5
 0101 6
 m1 0100 7
 1100 8
 1101 9
 1111 10
 m5 1110 11
 1010 12
 m6 1011 13
 m7 1001 14
 1000 15
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Now we try to analyze the name “Refl ected Code.” If we look at the Table 2.3 we can 
consider seven virtual mirrors m1, m2, m3, m4, m5, m6, and m7 placed. Now, for mirror 
m1, if we consider the MSB as the refractive index of the input and output medium then 
leaving out the MSB we can see that all of the eight combinations of three bits each have 
their corresponding refl ected counterparts. Similarly, for mirrors m2 and m5, if we now leave 
the actual MSB we can consider the combination of three bits where now we consider the 
third bit as the new MSB. And similar arguments follow for mirror m1. Similarly, we may 
analyze the cases for mirrors m3, m4, m6, and m7.

Table 2.3 Binary and Gray codes

Decimal numbers Binary code  Gray code

 0 0000 0000

 1 0001 0001

 2 0010 0011

 3 0011 0010

 4 0100 0110

 5 0101 0111

 6 0110 0101

 7 0111 0100

 8 1000 1100

 9 1001 1101

 10 1010 1111

 11 1011 1110

 12 1100 1010

 13 1101 1011

 14 1110 1001

 15 1111 1000

Conversion of a Binary Number into Gray Code

Any binary number can be converted into equivalent Gray code by the following 
steps:

 (i) the MSB of the Gray code is the same as the MSB of the binary number;

 (ii) the second bit next to the MSB of the Gray code equals the Ex-OR of the MSB and 
second bit of the binary number; it will be 0 if there are same binary bits or it will 
be 1 for different binary bits;

 (iii) the third bit for Gray code equals the exclusive-OR of the second and third bits 
of the binary number, and similarly all the next lower order bits follow the same 
mechanism.
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Example 2.5. Convert (101011)2 into Gray code.

Solution.

Step 1. The MSB of the Gray code is the same as the MSB of the binary number.

    1 0 1 0 1 1 Binary

    

    1      Gray

Step 2.  Perform the ex-OR between the MSB and the second bit of the binary. The 
result is 1, which is the second bit of the Gray code.

    1  0 1 0 1 1 Binary

     

    1 1      Gray 

Step 3. Perform the ex-OR between the second and the third bits of the binary. The 
result is 1, which is the third bit of the Gray code.

    1  0  1 0 1 1 Binary

      

    1  1  1    Gray 

Step 4. Perform the ex-OR between the third and the fourth bits of the binary. The 
result is 1, which is the fourth bit of the Gray code.

    1  0  1  0 1 1 Binary

       

    1  1  1 1   Gray 

Step 5. Perform the ex-OR between the fourth and the fi fth bits of the binary. The 
result is 1, which is the fi fth bit of the Gray code.

    1  0  1  0  1 1 Binary

        

    1  1  1 1 1  Gray

Step 6. Perform the ex-OR between the fi fth and the sixth bits of the binary. The 
result is 0, which is the last bit of the Gray code.

    1  0  1  0  1  1 Binary

         

    1  1  1 1 1 0 Gray 

After completing the conversion the Gray code of binary 101011 is 111110.
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Example 2.6. Convert (564)10 into Gray code.

Solution.

Step 1. Convert the decimal 564 into equivalent binary.

  Decimal number 564

  Binary number 1000110100

Step 2.  Convert the binary number into equivalent Gray code.

 1  0  0  0  1  1  0  1  0  0 Binary

 1  1  0  0  1  0  1  1  1  0 Gray

Conversion of Gray Code into a Binary Number

Any Gray code can be converted into an equivalent binary number by the following 
steps:

 (i) the MSB of the binary number is the same as the MSB of the Gray code;

 (ii) the second bit next to the MSB of the binary number equals the Ex-OR of the MSB 
of the binary number and second bit of the Gray code; it will be 0 if there are same 
binary bits or it will be 1 for different binary bits;

 (iii) the third bit for the binary number equals the exclusive-OR of the second bit of the 
binary number and third bit of the Gray code, and similarly all the next lower order 
bits follow the same mechanism.

Example 2.7. Convert the Gray code 101101 into a binary number.

Solution.

Step 1. The MSB of the binary number is the same as the MSB of the Gray code.

    1 0 1 1 0 1 Gray 

    

    1       Binary 

Step 2. Perform the ex-OR between the MSB of the binary number and the second bit of the 
Gray code. The result is 1, which is the second bit of the binary number.

    1  0 1 1 0 1 Gray 

      

    1  1      Binary 

Step 3. Perform the ex-OR between the second bit of the binary number and the third bit of 
the Gray code. The result is 0, which is the third bit of the binary number.

    1  0  1 1 0 1 Gray

      

    1  1  0    Binary 
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Step 4. Perform the ex-OR between the third bit of the binary number and the fourth bit 
of the Gray code. The result is 1, which is the fourth bit of the binary number.

    1  0  1  1 0 1 Gray

       

    1  1  0  1   Binary 

Step 5. Perform the ex-OR between the fourth bit of the binary number and the fi fth bit 
of the Gray code. The result is 1, which is the fi fth bit of the binary number.

    1  0  1  1  0 1 Gray 

        

    1  1  0 1  1  Binary

Step 6. Perform the ex-OR between the fi fth bit of the binary number and the sixth bit of 
the Gray code. The result is 0, which is the last bit of the binary number.

    1  0  1  1  0  1 Gray 

         

    1  1  0 1 1  0 Binary

After completing the conversion, the binary number of the Gray code 101101 is 
110110.

2.2.3 Error-detection Codes

Parity Bit Coding Technique 

Binary information may be transmitted through some form of communication medium 
such as wires or radio waves or fi ber optic cables, etc. Any external noise introduced into 
a physical communication medium changes bit values from 0 to 1 or vice versa. An error-
detection code can be used to detect errors during transmission. The detected error cannot 
be corrected, but its presence is indicated.

A parity bit is an extra bit included with a message to make the total number of 
1s either odd or even. A message of four bits and a parity bit, P, are shown in Table 2.4. 
In (a), P is chosen so that the sum of all 1s is odd (including the parity bit). In (b), P is 
chosen so that the sum of all 1s is even (including the parity bit). In the sending end, the 
message (in this case the fi rst four bits) is applied to a “parity generation” circuit where 
the required P bit is generated. The message, including the parity bit, is transferred to its 
destination. In the receiving end, all the incoming bits (in this case fi ve) are applied to a 
“parity check” circuit to check the proper parity adopted. An error is detected if the checked 
parity does not correspond to the adopted one. The parity method detects the presence of one, 
three, fi ve, or any odd combination of errors. An even combination of errors is undetectable 
since an even number of errors will not change the parity of the bits. The parity bit may 
be included with the message bits either on the MSB or on the LSB side. Hence, in such 
cases, some other coding scheme is to be adopted. Such a coding technique is Check Sums, 
which will be discussed next.
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Table 2.4 Parity bit

(a) Message  P (odd)  (b) Message  P (even)

 0000 1 0000 0

 0001 0 0001 1

 0010 0 0010 1

 0011 1 0011 0

 0100 0 0100 1

 0101 1 0101 0

 0110 1 0110 0

 0111 0 0111 1

 1000 0 1000 1

 1001 1 1001 0

 1010 1 1010 0

 1011 0 1011 1

 1100 1 1100 0

 1101 0 1101 1

 1110 0 1110 1

 1111 1 1111 0

Check Sums

As we have discussed aboves the parity bit technique fails for double errors, hence we 
use the Check Sums method in such case. Initially any word A 10010011 is transmitted; next 
another word B 01110110 is transmitted. The binary digits in the two words are added and the 
sum obtained is retained in the transmitter. Then any other word C is transmitted and added 
to the previous sum retained in the transmitter and the new sum is now retained. In a similar 
manner, each word is added to the previous sum already retained; after transmitting all the 
words, the fi nal sum, which is called the Check Sum, is also transmitted. The same operation 
is done at the receiving end and the fi nal sum, which has been obtained here, is being checked 
against the transmitted Check Sum. There is no error if the two sums are equal. 

2.2.4 Error-correcting Codes

We have already discussed two coding techniques that may be used in transmission 
to detect errors. But, unfortunately, those discussed above are not capable of correcting the 
errors. For correction of errors we will now discuss a code called the Hamming code.

Hamming Code

This coding had been developed by R. W. Hamming where one or more parity bits are 
added to a data character methodically in order to detect and correct errors. The number 
of bits changed from one code word to another is known as Hamming distance.

Let us consider Ai and Aj to be any two code words in any particular block code. Now 
the Hamming distance dij between the two vectors Ai and Aj is defi ned by the number of 
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components in which they differ. Assuming that dij is determined for each pair of code words, 
the minimum value of dij is called the minimum Hamming distance, dmin.

 For example,

   Ai  1 0 0 1 0 1 1

       

   Aj 0 0 1 1 0 0 1

 Here, these code words differ in the MSB and in the third and sixth bit positions 
from the left. Hence, dij is 3.

 From Hamming’s analysis of code distances, some important properties have been 
derived:

 (i) For detection of a single error dmin should be at least two.

 (ii) For single error correction, dmin should be at least three, since the number of errors, 
E  [(dmin  1)  /  2].

 (iii) Greater values of dmin will provide detection and/or correction of more number of 
errors.

The 7-bit Hamming (7, 4) code word h1 h2 h3 h4 h5 h6 h7 associated with a 4-bit binary 
number b3 b2 b1 b0 is:

   h1 = b3 b2 b0

   h2 = b3 b1 b0

   h4 = b2 b1 b0

   h3 = b3

   h5 = b2

   h6 = b1

   h7 = b0

Bits h1, h2, and h4 produce even parity bits for the bit fi elds b3 b2 b0, b3 b1 b0, and b2

b1 b0 respectively. Generally the parity bits (h1, h2, h4, h8, h16…) are located in the positions 
corresponding to ascending powers of two (i.e., 20, 21, 22, 23, 24… = 1, 2, 4, 8,16…).

The h1 parity bit has a 1 in the LSB position of its binary representation. Therefore 
it can check all the bit positions, including those that have 1s in the LSB position in the 
binary representation (i.e., h1, h3, h5, and h7). The binary representation of h2 has a 1 in the 
middle bit position. Therefore it can check all the bit positions, including those that have 1s 
in the middle bit position in the binary representation (i.e., h2, h3, h6, and h7). The h4 parity 
bit has a 1 in the MSB position of its binary representation. Therefore it can check all the 
bit positions, including those that have 1s in the MSB position in the binary representation 
(i.e., h4, h5, h6, and h7).

To decode a Hamming code, checking needs to be done for odd parity over the bit fi elds 
in which even parity was previously established. For example, a single bit error is indicated 
by a nonzero parity word a4 a2 a1, where

    a1 = h1 h3 h5 h7
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    a2 = h2 h3 h6 h7

    a4 = h4 h5 h6 h7

If a4 a2 a1 = 000, we conclude there is no error in the Hamming code. On the other 
hand, if it has a nonzero value, it indicates the bit position in error. For example, if a4 a2

a1 = 110, then bit 6 is in error. To correct this error, bit 6 has to be complemented.

Example 2.8. Encode data bits 0110 into a 7-bit even parity Hamming code.

Solution. Given    b3 b2 b1 b0 = 0 1 1 0

   Therefore, h1 = b3 b2 b0 = 0  1  0 = 1

     h2 = b3 b1 b0 = 0  1  0 = 1

     h4 = b2 b1 b0 = 1  1  0 = 0

     h3 = b3 = 0

     h5 = b2 = 1

     h6 = b1 = 1

     h7 = b0 = 0

     h1 h2 h3 h4 h5 h6 h7

     1 1 0 0 1 1 0 

Example 2.9. A 7-bit Hamming code is received as 0110110. What is its correct code?

Solution. h1 h2 h3 h4 h5 h6 h7

   0 1 1 0 1 1 0 

Now, to fi nd the error,

   

a h h h h

a h h h h

a h h h h

1 1 3 5 7

2 2 3 6 7

4 4 5 6 7

0 1 1 0 0

1 1 1 0 1

0 1 1 0 0

= ⊕ ⊕ ⊕ = ⊕ ⊕ ⊕ =
= ⊕ ⊕ ⊕ = ⊕ ⊕ ⊕ =
= ⊕ ⊕ ⊕ = ⊕ ⊕ ⊕ =

 Thus, a4 a2 a1 = 010. Therefore, bit 2 is in error and the corrected code can be 
obtained by complementing the second bit in the received as 00 10110.

2.2.5 Alphanumeric Codes 

Many applications of the computer require not only handling of numbers, but also of 
letters. To represent letters it is necessary to have a binary code for the alphabet. In addition, 
the same binary code must represent the decimal numbers and some other special characters. 
An alphanumeric code is a binary code of a group of elements consisting of ten decimal digits, 
the 26 letters of the alphabet (both in uppercase and lowercase), and a certain number of 
special symbols such as #, /, &, %, etc. The total number of elements in an alphanumeric code 
is greater than 36. Therefore it must be coded with a minimum number of 6 bits (26 = 64, 
but 25 = 32 is insuffi cient). One possible 6-bit alphanumeric code is given in Table 2.5. It 
is used in many computers to represent alphanumeric characters and symbols internally and 
therefore can be called “internal code.” Frequently there is a need to represent more than 
64 characters, including the lowercase letters and special control characters. For this reason 
the following two codes are normally used.
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ASCII

The full form of ASCII (pronounced “as-kee”) is “American Standard Code for Information 
Interchange,” used in most microcomputers. It is actually a 7-bit code, where a character 
is represented with seven bits. The character is stored as one byte with one bit remaining 
unused. But often the extra bit is used to extend the ASCII to represent an additional 
128 characters. Some of the codes are shown in Table 2.5.

EBCDIC

The full form of EBCDIC is “Extended Binary Coded Decimal Interchange Code.” It 
is also an alphanumeric code generally used in IBM equipment and in large computers 
for communicating alphanumeric data. For the different alphanumeric characters the code 
grouping in this code is different from the ASCII code. It is actually an 8-bit code and a 
ninth bit is added as the parity bit.

Hollerith Code

Generally this code is used in punched cards. A punched card consists of 12 rows and 
80 columns. An alphanumeric character is represented by each column of 12 bits each by 
punching holes in the appropriate rows. The presence of a hole represents a 1 and its absence 
indicates 0. The 12 rows are marked starting from the top, as 12, 11, 0, 1, 2, 3, 4, 5, 6, 7, 8, 
and 9. The fi rst three rows are called the zone punch and the last nine are called the numeric 
punch. The code used here is called the Hollerith code. The letters are represented as two 
holes in a column, one in zone punch and the other in numeric punch; decimal digits are 
represented as a single hole in a numeric punch. Special characters are represented as one, 
two, or three holes in a column; while the zone is always used, the other two holes, if used, 
are in a numeric punch with the eighth punch being commonly used. The Hollerith code is 
BCD and hence the transition from EBCDIC is simple. The Hollerith code is used in the card 
readers and punches of large computers, while EBCDIC may be used within the computer.

Table 2.5 Partial list of alphanumeric codes

Character 6-bit  7-bit 8-bit 12-bit

  Internal code  ASCII code EBCDIC code Hollerith code

 A 010001 1000001 11000001 12,1

 B 010010 1000010 11000010 12,2

 C 010011 1000011 11000011 12,3

 D 010100 1000100 11000100 12,4

 E 010101 1000101 11000101 12,5

 F 010110 1000110 11000110 12,6

 G 010111 1000111 11000111 12,7

 H 011000 1001000 11001000 12,8

 I 011001 1001001 11001001 12,9

 J 100001 1001010 11010001 11,1

 K 100010 1001011 11010010 11,2

 L 100011 1001100 11010011 11,3

 M 100100 1001101 11010100 11,4
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 N 100101 1001110 11010101 11,5

 O 100110 1001111 11010110 11,6

 P 100111 1010000 11010111 11,7

 Q 101000 1010001 11011000 11,8

 R 101001 1010010 11011001 11,9

 S 110010 1010011 11100010 0,2

 T 110011 1010100 11100011 0,3

 U 110100 1010101 11100100 0,4

 V 110101 1010110 11100101 0,5

 W 110110 1010111 11100110 0,6

 X 110111 1011000 11100111 0,7

 Y 111000 1011001 11101000 0,8

 Z 111001  1011010 11101001 0,9

 0 000000 0110000 11110000 0

 1 000001 0110001 11110001 1

 2 000010 0110010 11110010 2

 3 000011 0110011 11110011 3

 4 000100  0110100 11110100 4

 5 000101 0110101 11110101 5

 6 000110 0110110 11110110 6

 7 000111 0110111 11110111 7

 8 001000 0111000 11111000 8

 9 001001 0111001 11111001 9

 Blank 110000 0100000 01000000 No punch

 . 011011 0101110 01001011 12,3,8

 ( 111100 0101000 01001101 12,5,8

 + 010000 0101011 01001110 12,6,8

 * 101100 0101010 01011100 11,4,8

 $ 101011 0100100 01011011 11,3,8

 ) 011100  0101001 01011101  11,5,8

 / 110001 0101111 01100001 0,1

 , 111011 0111100 01101011 0,3,8

 = 001011 0111101 01111110 6,8

 – 100000 0101101 01100000 11
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2.3 SOLVED PROBLEMS

Example 2.10. Encode the following decimal numbers in BCD code:

    (a) 45  (b) 273.98  (c) 62.905

Solution. (a) Decimal number is  4 5

    BCD code is   0100 0101

    Hence the BCD coded form of 4510 is 0100 0101

  (b) Decimal number is  2 7 3 9 8

    BCD code is   0010 0111 0011 1001 1000

   Hence the BCD coded form of 273.9810 is 0010 0111 0011.1001 1000

  (c) Decimal number is  6 2 9 0 5

    BCD code is   0110 0010 1001 0000 0101

   Hence the BCD coded form of 62.90510 is 0110 0010.1001 0000 0101

Example 2.11. Write down the decimal numbers represented by the following BCD 
codes:

    (a) 100101001  (b) 100010010011  (c) 01110001001.10010010

Solution. (a) BCD code is      1 0010 1001

   By padding up the fi rst number with 3 zeros  0001 0010 1001

   Decimal number is     1   2  9 

  Hence the decimal number is 129.

 (b) BCD code is      1000 1001 0011

   Decimal number is     8   9  3 

  Hence the decimal number is 893.

 (c) BCD code is       011  1000  1001  1001  0010

   By padding up the fi rst number with 1 zero  0011 1000  1001  1001  0010

   Decimal number is      3    8      9       9    2

  Hence the decimal number is 389.92.

Example 2.12. Encode the following decimal numbers to Excess-3 code:

   (a) 38  (b) 471.78   (c) 23.105

Solution. (a) Decimal number is   3       8

   BCD code is  0011 1000

   Now adding 3  +0011 +0011

   Excess-3 code is  0110 1011

   Hence the Excess-3 coded form of 3810 is 0110 1011

(b) Decimal number is  4 7 1 7 8

   BCD code is  0100 0111 0001 0111 1000

   Now adding 3  +0011 +0011 +0011 +0011 +0011

   Excess-3 code is  0111  1010  0100 1010 1011

   Hence the Excess-3 coded form of 471.7810 is 0111 1010 0100.1010 1011
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 (c) Decimal number is  2 3 1 0 5

   BCD code is  0010 0011 0001 0000 0101

   Now adding 3  +0011 +0011 +0011 +0011 +0011

  Excess-3 code is  0101 0110 0100 0011 1000

   Hence the Excess-3 coded form of 23.10510 is 0101 0110.0100 0011 1000

Example 2.13. Express the following Excess-3 codes as decimal numbers:

  (a) 0101 1011 1100 0111  (b) 0011 1000 1010 0100  (c) 0101 1001 0011

Solution. (a) Excess-3 code is    0101  1011  1100  0111

   Subtracting 3 from each digit –0011 –0011 –0011 –0011

   BCD number is   0010  1000  1001  0100

   Decimal number is   2  8  9  4

   Hence the decimal number is 2894.

 (b) Excess-3 code is    0011  1000  1010  0100

   Subtracting 3 from each digit –0011 –0011 –0011 –0011

   BCD number is   0000  0101  0111  0001

   Decimal number is   0  5  7  1

   Hence the decimal number is 571.

 (c) Excess-3 code is    0101   1001   0011

   Subtracting 3 from each digit –0011 –0011 –0011

  BCD number is   0010  0110  0000

   Decimal number is   2  6  0

   Hence the decimal number is 260.

Example 2.14. Encode the following decimal numbers to Gray codes:

  (a) 61   (b) 83     (c) 324      (d) 456

Solution. (a) Decimal number is 61

   Binary code is  111101

   Gray code is  100011

 (b) Decimal number is  83

   Binary code is  1010011

   Gray code is  1111010

 (c) Decimal number is  324

   Binary code is  101000100

   Gray code is  111100110

 (d) Decimal number is  456

   Binary code is  111001000

   Gray code is  100101100
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Example 2.15. Express the following binary numbers as Gray codes:

  (a) 10110         (b) 0110111      (c) 101010011

  (d) 101011100      (e) 110110001      (f ) 10001110110

Solution. (a) Binary number is  10110

   Gray code is  11101

 (b) Binary number is  0110111

   Gray code is  0101100

 (c) Binary number is  101010011

   Gray code is  111111010

 (d) Binary number is  101011100

   Gray code is  111110010

 (e) Binary number is  110110001

   Gray code is  101101001

 (f ) Binary number is  10001110110

   Gray code is   11001001101

Example 2.16. Express the following Gray codes as binary numbers:

   (a) 10111      (b) 0110101      (c) 10100011

   (d) 100111100       (e) 101010001      (f ) 10110010101

Solution. (a) Gray code is  10111

   Binary number is 11010

 (b) Gray code is  0110101

   Binary number is 0100110

 (c) Gray code is  10100011

   Binary number is 11000010

 (d) Gray code is  100111100

   Binary number is 111010111

 (e) Gray code is  101010001

   Binary number is 110011110

 (f ) Gray code is   10110010101

   Binary number is 11011100110

Example 2.17. Encode the following binary numbers as 7-bit even Hamming codes:

   (a) 1000   (b) 0101   (c) 1011

Solution. (a) Binary number is      b3 b2 b1 b0 = 1000

Now    h1 = b3 b2 b0 = 1  0  0 = 1

    h2 = b3 b1 b0 = 1  0  0 = 1
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    h4 = b2 b1 b0 = 0  0  0 = 0

    h3 = b3 = 1

    h5 = b2 = 0

    h6 = b1 = 0

    h7 = b0 = 0

       h1   h2   h3   h4 h5 h6 h7

       1      1      1      0      0      0      0

 (b) Binary number is  b3 b2 b1 b0 = 0101

   Now   h1 = b3 b2 b0 = 0  1  1 = 0

    h2 = b3 b1 b0 = 0  0  1 = 1

    h4 = b2 b1 b0 = 1  0  1 = 0

    h3 = b3 = 0

    h5 = b2 = 1

    h6 = b1 = 0

    h7 = b0 = 1

       h1 h2 h3 h4 h5 h6 h7

       0      1      0      0      1      0      1

 (c) Binary number is  b3 b2 b1 b0 = 1011

   Now   h1 = b3 b2 b0 = 1  0  1 = 0

    h2 = b3 b1 b0 = 1  1 1 = 1

    h4 = b2 b1 b0 = 0  1 1 = 0

    h3 = b3 = 1

    h5 = b2 = 0

    h6 = b1 = 1

    h7 = b0 = 1

       h1 h2 h3 h4 h5 h6 h7

       0      1      1      0      0      1      1

Example 2.18. Use the (a) 6-bit internal code, (b) 7-bit ASCII code, and (c) 8-bit 
EBCDIC code to represent the statement:

    P = 4*Q

Solution.

(a) P is encoded in 6-bit internal code as 100111

   = is encoded in 6-bit internal code as 001011

   4 is encoded in 6-bit internal code as 000100

   * is encoded in 6-bit internal code as 101100

   Q is encoded in 6-bit internal code as 101000

   Hence the encoded form of  P = 4*Q is  100111 001011 000100 101100 101000
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 (b) P is encoded in 7-bit ASCII code as 1010000

   = is encoded in 7-bit ASCII code as 0111101

   4 is encoded in 7-bit ASCII code as 0110100

   * is encoded in 7-bit ASCII code as 0101010

   Q is encoded in 7-bit ASCII code as 1010001

   Hence the encoded form of P = 4*Q is  1010000 0111101 0110100 0101010 1010001

 (c) P is encoded in 8-bit EBCDIC code as 11010111

  = is encoded in 8-bit EBCDIC code as 01111110

   4 is encoded in 8-bit EBCDIC code as 11110100

   * is encoded in 8-bit EBCDIC code as 01011100

   Q is encoded in 8-bit EBCDIC code as 11011000

   Hence the encoded form of P = 4*Q is 11010111 01111110 11110100 01011100 11011000 

Example 2.19. Express the following decimal numbers as 2421 codes:

  (a) 168  (b) 254 (c) 6735 (d) 1973 (e) 9021

Solution. (a) Decimal number given is  1 6 8

   Equivalent 2421 code is 0001 1100 1110

 (b) Decimal number given is  2 5 4

   Equivalent 2421 code is 0010 1011 0100

 (c) Decimal number given is  6 7 3 5

   Equivalent 2421 code is 1100 1101 0011 1011

 (d) Decimal number given is  1 9 7 3

   Equivalent 2421 code is 0001 1111 1101 0011

 (e) Decimal number given is  9 0 2 1

   Equivalent 2421 code is 1111 0000 0010 0001

Example 2.20. Express the following 2421 codes as decimal numbers:

 (a) 1110 1011 1101  (b) 0010 1100 0001 (c) 1011 0100 1111 (d) 1101 1111 1011

Solution. (a) 2421 code given is    1110 1011 1101

   Equivalent decimal number is   8   5   7

 (b) 2421 code given is    0010 1100 0001

   Equivalent decimal number is   2  6   1

 (c) 2421 code given is    1011 0100 1111

   Equivalent decimal number is   5  4   9

 (d) 2421 code given is    1101 1111 1011

   Equivalent decimal number is   7   9   5
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REVIEW QUESTIONS

2.1 Express the following decimal numbers in Excess-3 code form:

   (a) 245, (b) 739, (c) 4567, and (d) 532.

2.2 Express the following Excess-3 codes as decimals:

   (a) 100000110110,  (b) 0111110010010110, and (c) 110010100011.

2.3 Convert the following binary numbers to Gray codes:

   (a) 10110, (b) 1110111, (c) 101010001, and (d) 1001110001110.

2.4 Express the following decimals in Gray code form:

   (a) 5,  (b) 27,  (c) 567, and (d) 89345.

2.5 Write your fi rst name and last name in an 8-bit code made up of the seven ASCII bits and an 
odd parity bit in the most signifi cant position. Include blanks between names.

2.6 Express the following decimals in (1) 2,4,2,1 code and (2) 8, 4, –2, –1 code form:

   (a) 35,  (b) 7,  (c) 566, and (d) 8945.

2.7 What is the difference between ASCII and EBCDIC codes? Why are EBCDIC codes used?

 2.8 Why is Gray code called the refl ected code? Explain. 

 2.9 What is Hamming code and how is it used?

 2.10 Explain with an example how BCD addition is carried out?

❑ ❑ ❑


