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Unit -1 

Number Systems and Codes: Binary Number System – Binary to Decimal Conversion – 

Decimal to Binary Conversion – Binary Addition – Binary Subtraction – Binary 

Multiplication and Division – Octal Numbers – Hexadecimal Numbers – Binary Codes – 

Error Detecting Codes – Error Correcting Codes. 

Digital Systems: 

Digital techniques and systems have the advantages of being relatively much easier to 

design and having higher accuracy, programmability, noise immunity, easier storage of data 

and ease of fabrication in integrated circuit form, leading to availability of more complex 

functions in a smaller size. The real world, however, is analogue. Most physical quantities – 

position, velocity, acceleration, force, pressure, temperature and flow rate, for example – are 

analogue in nature. That is why analogue variables representing these quantities need to be 

digitized or discretized at the input if we want to benefit from the features and facilities that 

come with the use of digital techniques. In a typical system dealing with analogue inputs and 

outputs, analogue variables are digitized at the input with the help of an analogue-to-digital 

converter block and reconverted back to analogue form at the output using a digital-to-

analogue converter block. Analogue-to-digital and digital-to-analogue converter circuits are 

discussed at length in the latter part of the book. In the following sections we will discuss 

various number systems commonly used for digital representation of data. 

 

Introduction to Number Systems 

 

We will begin our discussion on various number systems by briefly describing the 

parameters that are common to all number systems. An understanding of these parameters 

and their relevance to number systems is fundamental to the understanding of how various 

systems operate. Different characteristics that define a number system include the number of 

independent digits used in the number system, the place values of the different digits 

constituting the number and the maximum numbers that can be written with the given number 

of digits. Among the three characteristic parameters, the most fundamental is the number of 



independent digits or symbols used in the number system. It is known as the radix or base of 

the number system. The decimal number system with which we are all so familiar can be said 

to have a radix of 10 as it has 10 independent digits, i.e. 0, 1, 2, 3, 4, 5, 6, 7, 8 and 9. 

Similarly, the binary number system with only two independent digits, 0 and 1, is a radix-2 

number system. The octal and hexadecimal number systems have a radix (or base) of 8 and 

16 respectively. We will see in the following sections that the radix of the number system 

also determines the other two characteristics. The place values of different digits in the 

integer part of the number are given by r0, r1, r2, r3 and so on, starting with the digit adjacent 

to the radix point. For the fractional part, these are r−1, r−2, r −3 and so on, again starting with 

the digit next to the radix point. Here, r is the radix of the number system. Also, maximum 

numbers that can be written with n digits in a given number system are equal to rn. 

Decimal Number System 

The decimal number system is a radix-10 number system and therefore has 10 different digits 

or symbols. These are 0, 1, 2, 3, 4, 5, 6, 7, 8 and 9. All higher numbers after ‘9’ are 

represented in terms of these 10 digits only. The process of writing higher-order numbers 

after ‘9’ consists in writing the second digit (i.e. ‘1’) first, followed by the other digits, one by 

one, to obtain the next 10 numbers from ‘10’ to ‘19’. The next 10 numbers from ‘20’ to ‘29’ 

are obtained by writing the third digit (i.e. ‘2’) first, followed by digits ‘0’ to ‘9’, one by one. 

The process continues until we have exhausted all possible two-digit combinations and 

reached ‘99’. Then we begin with three-digit combinations. The first three-digit number 

consists of the lowest two-digit number followed by ‘0’ (i.e. 100), and the process goes on 

endlessly. 

The place values of different digits in a mixed decimal number, starting from the decimal 

point, are 100, 101, 102 and so on (for the integer part) and 10−1, 10−2, 10−3 and so on (for the 

fractional part). 

The value or magnitude of a given decimal number can be expressed as the sum of the 

various digits multiplied by their place values or weights. 

As an illustration, in the case of the decimal number 3586.265, the integer part (i.e. 3586) can 

be expressed as 

3586 = 6×100 +8×101+5×102 +3×103 = 6+80+500+3000 = 3586 



and the fractional part can be expressed as 

265 = 2×10−1 +6×10−2 +5×10−3 = 0 2+0 06+0 005 = 0 265 

 

We have seen that the place values are a function of the radix of the concerned number 

system and the position of the digits. We will also discover in subsequent sections that the 

concept of each digit having a place value depending upon the position of the digit and the 

radix of the number system is equally valid for the other more relevant number systems. 

Binary Number System 

 

The binary number system is a radix-2 number system with ‘0’ and ‘1’ as the two 

independent digits. All larger binary numbers are represented in terms of ‘0’ and ‘1’. The 

procedure for writing higher-order binary numbers after ‘1’ is similar to the one explained in 

the case of the decimal number system. For example, the first 16 numbers in the binary 

number system would be 0, 1, 10, 11, 100, 101, 110, 111, 1000, 1001, 1010, 1011, 1100, 

1101, 1110 and 1111. The next number after 1111 is 10000, which is the lowest binary 

number with five digits. This also proves the point made earlier that a maximum of only 16 

(= 24 numbers could be written with four digits. Starting from the binary point, the place 

values of different digits in a mixed binary number are 20, 21, 22 and so on (for the integer 

part) and 2−1, 2−2, 2−3 and so on (for the fractional part). 

 

Example 1.1 

Consider an arbitrary number system with the independent digits as 0, 1 and X. What is the 

radix of this number system? List the first 10 numbers in this number system. 

Solution 
 

 The radix of the proposed number system is 3.  

 The first 10 numbers in this number system would be 0, 1, X, 10, 11, 1X, X0, X1, XX and 
100. 
 

Advantages 

 



Logic operations are the backbone of any digital computer, although solving a problem on 

computer could involve an arithmetic operation too. The introduction of the mathematics of 

logic by George Boole laid the foundation for the modern digital computer. He reduced the 

mathematics of logic to a binary notation of ‘0’ and ‘1’. As the mathematics of logic was well 

established and had proved itself to be quite useful in solving all kinds of logical problem, 

and also as the mathematics of logic (also known as Boolean algebra) had been reduced to a 

binary notation, the binary number system had a clear edge over other number systems for 

use in computer systems. 

Yet another significant advantage of this number system was that all kinds of data could be 

conveniently represented in terms of 0s and 1s. Also, basic electronic devices used for 

hardware implementation could be conveniently and efficiently operated in two distinctly 

different modes. For example, a bipolar transistor could be operated either in cut-off or in 

saturation very efficiently. 

Lastly, the circuits required for performing arithmetic operations such as addition, 

subtraction, multiplication, division, etc., become a simple affair when the data involved are 

represented in the form of 0s and 1s. 

 

Octal Number System 

The octal number system has a radix of 8 and therefore has eight distinct digits. All higher-

order numbers are expressed as a combination of these on the same pattern as the one 

followed in the case of the binary and decimal number systems described in Sections 1.3 and 

1.4. The independent digits are 0, 1, 2, 3, 4, 5, 6 and 7. The next 10 numbers that follow ‘7’, 

for example, would be 10, 11, 12, 13, 14, 15, 16, 17, 20 and 21. In fact, if we omit all the 

numbers containing the digits 8 or 9, or both, from the decimal number system, we end up 

with an octal number system. The place values for the different digits in the octal number 

system are 80, 81, 82 and so on (for the integer part) and 8−1, 8−2, 8−3 and so on (for the 

fractional part). 

Hexadecimal Number System 

The hexadecimal number system is a radix-16 number system and its 16 basic digits are 0, 1, 

2, 3, 4, 5, 6, 7, 8, 9, A, B, C, D, E and F. The place values or weights of different digits in a 



mixed hexadecimal number are 160, 161, 162 and so on (for the integer part) and 16−1, 16−2, 

16−3 and so on (for the fractional part). The decimal equivalent of A, B, C, D, E and F are 10, 

11, 12, 13, 14 and 15 respectively, for obvious reasons. 

 

The hexadecimal number system provides a condensed way of representing large binary 

numbers stored and processed inside the computer. One such example is in representing 

addresses of different memory locations. Let us assume that a machine has 64K of memory. 

Such a memory has 64K (= 216 65 536) memory locations and needs 65 536 different 

addresses. These addresses can be designated as 0 to 65 535 in the decimal number system 

and 00000000 00000000 to 11111111 11111111 in the binary number system. The decimal 

number system is not used in computers and the binary notation here appears too 

cumbersome and inconvenient to handle. In the hexadecimal number system, 65 536 different 

addresses can be expressed with four digits from 0000 to FFFF. Similarly, the contents of the 

memory when represented in hexadecimal form are very convenient to handle. 

Number Systems – Some Common Terms 

 

In this section we will describe some commonly used terms with reference to different 

number systems. 

Binary Number System 

Bit is an abbreviation of the term ‘binary digit’ and is the smallest unit of information. It is 

either ‘0’ or ‘1’. A byte is a string of eight bits. The byte is the basic unit of data operated 

upon as a single unit in computers. A computer word is again a string of bits whose size, 

called the ‘word length’ or ‘word size’, is fixed for a specified computer, although it may 

vary from computer to computer. The word length may equal one byte, two bytes, four bytes 

or be even larger. 

The 1’s complement of a binary number is obtained by complementing all its bits, i.e. by 

replacing 

0s with 1s and 1s with 0s. For example, the 1’s complement of (10010110)2 is (01101001)2. 

The 2’s complement of a binary number is obtained by adding ‘1’ to its 1’s complement. The 

2’s complement of (10010110)2 is (01101010)2. 



Decimal Number System 

Corresponding to the 1’s and 2’s complements in the binary system, in the decimal number 

system we have the 9’s and 10’s complements. The 9’s complement of a given decimal 

number is obtained by subtracting each digit from 9. For example, the 9’s complement of 

(2496)10 would be (7503)10. The 10’s complement is obtained by adding ‘1’ to the 9’s 

complement. The 10’s complement of (2496)10 is (7504)10. 

Octal Number System 

In the octal number system, we have the 7’s and 8’s complements. The 7’s complement of a 

given octal number is obtained by subtracting each octal digit from 7. For example, the 7’s 

complement of (562)8 would be (215)8. The 8’s complement is obtained by adding ‘1’ to the 

7’s complement. The 8’s complement of (562)8 would be (216)8. 

Hexadecimal Number System 

The 15’s and 16’s complements are defined with respect to the hexadecimal number system. 

The 15’s complement is obtained by subtracting each hex digit from 15. For example, the 

15’s complement of (3BF)16 would be (C40)16. The 16’s complement is obtained by adding 

‘1’ to the 15’s complement. The 16’s complement of (2AE)16 would be (D52)16. 

Number Representation in Binary 

Different formats used for binary representation of both positive and negative decimal 

numbers include the sign-bit magnitude method, the 1’s complement method and the 2’s 

complement method. 

Sign-Bit Magnitude 

In the sign-bit magnitude representation of positive and negative decimal numbers, the MSB 

represents the ‘sign’, with a ‘0’ denoting a plus sign and a ‘1’ denoting a minus sign. The 

remaining bits represent the magnitude. In eight-bit representation, while MSB represents the 

sign, the remaining seven bits represent the magnitude. For example, the eight-bit 

representation of +9 would be 00001001, and that for −9 would be 10001001. An n−bit 

binary representation can be used to represent decimal numbers in the range of −(2n−1 − 1) to 

+(2n−1 − 1). That is, eight-bit representation can be used to represent decimal numbers in the 

range from −127 to +127 using the sign-bit magnitude format. 



 1’s Complement 

 

In the 1’s complement format, the positive numbers remain unchanged. The negative 

numbers are obtained by taking the 1’s complement of the positive counterparts. For 

example, +9 will be represented as 00001001 in eight-bit notation, and −9 will be represented 

as 11110110, which is the 1’s complement of 00001001. Again, n-bit notation can be used to 

represent numbers in the range from −(2n−1 − 1) to +(2n−1 − 1) using the 1’s complement 

format. The eight-bit representation of the 1’s complement format can be used to represent 

decimal numbers in the range from −127 to +127. 

 

2’s Complement 

In the 2’s complement representation of binary numbers, the MSB represents the sign, with a 

‘0’ used for a plus sign and a ‘1’ used for a minus sign. The remaining bits are used for 

representing magnitude. Positive magnitudes are represented in the same way as in the case 

of sign-bit or 1’s complement representation. Negative magnitudes are represented by the 2’s 

complement of their positive counterparts. For example, +9 would be represented as 

00001001, and −9 would be written as 11110111. Please note that, if the 2’s complement of 

the magnitude of +9 gives a magnitude of −9, then the reverse process will also be true, i.e. 

the 2’s complement of the magnitude of −9 will give a magnitude of +9. The n-bit notation of 

the 2’s complement format can be used to represent all decimal numbers in the range from 

+(2n−1 − 1) to −(2n−1 . The 2’s complement format is very popular as it is very easy to 

generate the 2’s complement of a binary number and also because arithmetic operations are 

relatively easier to perform when the numbers are represented in the 2’s complement format. 

Finding the Decimal Equivalent 

 

The decimal equivalent of a given number in another number system is given by the sum of 

all the digits multiplied by their respective place values. The integer and fractional parts of 

the given number should be treated separately. Binary-to-decimal, octal-to-decimal and 

hexadecimal-to-decimal conversions are illustrated below with the help of examples. 

 



 

 

 



 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 



 

 

 

 

 

 



Hex–Binary and Binary–Hex Conversions 

A hexadecimal number can be converted into its binary equivalent by replacing each hex 

digit with its four-bit binary equivalent. We take the four-bit equivalent because the base of 

the hexadecimal number system is 16 and it is the fourth power of the base of the binary 

number system. All we have then to remember is the four-bit binary equivalents of the basic 

digits of the hexadecimal number system. A given binary number can be converted into an 

equivalent hexadecimal number by splitting the integer and fractional parts into groups of 

four bits, starting from the binary point on both sides. The 0s can be added to complete the 

outside groups if needed. 

Example 1.7 

Let us find the binary equivalent of (17E.F6)16 and the hex equivalent of 

(1011001110.011011101)2. 

Solution 

 The given hex number = (17E.F6)16 

 

 The binary equivalent = (0001 0111 1110.1111 0110)2 

 (000101111110.11110110)2 

 (101111110.1111011)2 

 

 The 0s on the extreme left of the integer part and on the extreme right of the fractional 

part have been omitted. 

 

 The given binary number = (1011001110.011011101)2 

 (10 1100 1110.0110 1110 1)2 

 The hex equivalent = (0010 1100 1110.0110 1110 1000)2 = (2CE.6E8)16 

 

Hex–Octal and Octal–Hex Conversions 

 



For hexadecimal–octal conversion, the given hex number is firstly converted into its binary 

equivalent which is further converted into its octal equivalent. An alternative approach is 

firstly to convert the given hexadecimal number into its decimal equivalent and then convert 

the decimal number into an equivalent octal number. The former method is definitely more 

convenient and straightforward. For octal–hexadecimal conversion, the octal number may 

first be converted into an equivalent binary number and then the binary number transformed 

into its hex equivalent. The other option is firstly to convert the given octal number into its 

decimal equivalent and then convert the decimal number into its hex equivalent. The former 

approach is definitely the preferred one. Two types of conversion are illustrated in the 

following example. 

Example  

Let us find the octal equivalent of (2F.C4)16 and the hex equivalent of (762.013)8 

Solution 

The given hex number = (2F.C4)16. 

The binary equivalent = (0010 1111.1100 0100)2 = (00101111.11000100)2 

(101111.110001)2 = (101 111.110 001)2 = (57.61)8. 

The given octal number = (762.013)8. 

The octal number = (762.013)8 = (111 110 010.000 001 011)2 

(111110010.000001011)2 

(0001 1111 0010.0000 0101 1000)2 = (1F2.058)16. 

Binary Codes 

The binary coding system, called the straight binary code and discussed in the previous 

chapter, becomes very cumbersome to handle when used to represent larger decimal 

numbers. To overcome this shortcoming, and also to perform many other special functions, 

several binary codes have evolved over the years. Some of the better-known binary codes, 

including those used efficiently to represent numeric and alphanumeric data, and the codes 

used to perform special functions, such as detection and correction of errors, will be detailed 

in this chapter. 



Binary Coded Decimal 

The binary coded decimal (BCD) is a type of binary code used to represent a given decimal 

number in an equivalent binary form. BCD-to-decimal and decimal-to-BCD conversions are 

very easy and straightforward. It is also far less cumbersome an exercise to represent a given 

decimal number in an equivalent BCD code than to represent it in the equivalent straight 

binary form discussed in the previous chapter. 

The BCD equivalent of a decimal number is written by replacing each decimal digit in the 

integer and fractional parts with its four-bit binary equivalent. As an example, the BCD 

equivalent of (23.15)10 is written as (0010 0011.0001 0101)BCD. The BCD code described 

above is more precisely known as the 8421 BCD code, with 8, 4, 2 and 1 representing the 

weights of different bits in the four-bit groups, starting from MSB and proceeding towards 

LSB. This feature makes it a weighted code, which means that each bit in the four-bit group 

representing a given decimal digit has an assigned 

 

Table 1.1 BCD Codes 

weight. Other weighted BCD codes include the 4221 BCD and 5421 BCD codes. Again, 4, 2, 

2 and 1 in the 4221 BCD code and 5, 4, 2 and 1 in the 5421 BCD code represent weights of 

the relevant bits. Table 1.1 shows a comparison of 8421, 4221 and 5421 BCD codes. As an 

example, (98.16)10 will be written as 1111 1110.0001 1100 in 4221 BCD code and 1100 

1011.0001 1001 in 5421 BCD code. Since the 8421 code is the most popular of all the BCD 

codes, it is simply referred to as the BCD code. 



8421 code: 

 The 8421 code expresses each decimal digit, 0 through 9, by its 4-bit binary equivalent. For 

Example, the decimal number 439 is changed to its binary equivalent as given below 

 

 4   3   9 

0100 0011 1001 

 

 

BCD-to-Binary Conversion 

A given BCD number can be converted into an equivalent binary number by first writing its 

decimal equivalent and then converting it into its binary equivalent. The first step is 

straightforward, and the second step was explained in the previous chapter. As an example, 

we will find the binary equivalent of the BCD number 0010 1001.0111 0101: 

 BCD number: 0010 1001.0111 0101. 

 Corresponding decimal number: 29.75. 

 The binary equivalent of 29.75 can be determined to be 11101 for the integer part and .11 

for the fractional part. 

 Therefore, (0010 1001.0111 0101)BCD = (11101.11)2. 

Binary-to-BCD Conversion 

The process of binary-to-BCD conversion is the same as the process of BCD-to-binary 

conversion executed in reverse order. A given binary number can be converted into an 

equivalent BCD number by first determining its decimal equivalent and then writing the 

corresponding BCD equivalent. As an example, we will find the BCD equivalent of the 

binary number 10101011.101: 

The decimal equivalent of this binary number can be determined to be 171.625. 

The BCD equivalent can then be written as 0001 0111 0001.0110 0010 0101. 

 



Higher-Density BCD Encoding 

In the regular BCD encoding of decimal numbers, the number of bits needed to represent a 

given decimal number is always greater than the number of bits required for straight binary 

encoding of the same. For example, a three-digit decimal number requires 12 bits for 

representation in conventional BCD format. However, since 210 > 103, if these three decimal 

digits are encoded together, only 10 bits would be needed to do that. Two such encoding 

schemes are Chen-Ho encoding and the densely packed decimal. The latter has the advantage 

that subsets of the encoding encode two digits in the optimal seven bits and one digit in four 

bits like regular BCD. 

 

Packed and Unpacked BCD Numbers 

In the case of unpacked BCD numbers, each four-bit BCD group corresponding to a decimal 

digit is stored in a separate register inside the machine. In such a case, if the registers are 

eight bits or wider, the register space is wasted. 

In the case of packed BCD numbers, two BCD digits are stored in a single eight-bit register. 

The process of combining two BCD digits so that they are stored in one eight-bit register 

involves shifting the number in the upper register to the left 4 times and then adding the 

numbers in the upper and lower registers. The process is illustrated by showing the storage of 

decimal digits ‘5’ and ‘7’: 

Decimal digit 5 is initially stored in the eight-bit register as: 0000 0101. 

Decimal digit 7 is initially stored in the eight-bit register as: 0000 0111. 

After shifting to the left 4 times, the digit 5 register reads: 0101 0000. 

The addition of the contents of the digit 5 and digit 7 registers now reads: 0101 0111. 

Excess-3 Code 

The excess-3 code is another important BCD code. It is particularly significant for arithmetic 

operations as it overcomes the shortcomings encountered while using the 8421 BCD code to 

add two decimal digits whose sum exceeds 9. The excess-3 code has no such limitation, and 



it considerably simplifies arithmetic operations. Table 2.2 lists the excess-3 code for the 

decimal numbers 0–9. 

The excess-3 code for a given decimal number is determined by adding ‘3’ to each decimal 

digit in the given number and then replacing each digit of the newly found decimal number 

by 

 
Table 1.2: Excess-3 Code equivalent in decimal number 

 

 

its four-bit binary equivalent. It may be mentioned here that, if the addition of ‘3’ to a digit 

produces a carry, as is the case with the digits 7, 8 and 9, that carry should not be taken 

forward. The result of addition should be taken as a single entity and subsequently replaced 

with its excess-3 code equivalent. As an example, let us find the excess-3 code for the 

decimal number 597: 

 The addition of ‘3’ to each digit yields the three new digits/numbers ‘8’, ‘12’ and ‘10’. 

 The corresponding four-bit binary equivalents are 1000, 1100 and 1010 respectively. 

 The excess-3 code for 597 is therefore given by: 1000 1100 1010 = 100011001010. 

 

Also, it is normal practice to represent a given decimal digit or number using the maximum 

number of digits that the digital system is capable of handling. For example, in four-digit 

decimal arithmetic, 5 and 37 would be written as 0005 and 0037 respectively. The 

corresponding 8421 BCD equivalents would be 0000000000000101 and 0000000000110111 

and the excess-3 code equivalents would be 0011001100111000 and 0011001101101010. 

Corresponding to a given excess-3 code, the equivalent decimal number can be determined 

by first splitting the number into four-bit groups, starting from the radix point, and then 

subtracting 0011 from each four-bit group. The new number is the 8421 BCD equivalent of 

the given excess-3 code, which can subsequently be converted into the equivalent decimal 



number. As an example, following these steps, the decimal equivalent of excess-3 number 

01010110.10001010 would be 23.57. 

Another significant feature that makes this code attractive for performing arithmetic 

operations is that the complement of the excess-3 code of a given decimal number yields the 

excess-3 code for 9’s complement of the decimal number. As adding 9’s complement of a 

decimal number B to a decimal number A achieves A – B, the excess-3 code can be used 

effectively for both addition and subtraction of decimal numbers. 

Example  

 

Find (a) the excess-3 equivalent of (237.75)10 and (b) the decimal equivalent of the excess-3 

number 110010100011.01110101. 

 

Solution 

 Integer part = 237. The excess-3 code for (237)10 is obtained by replacing 2, 3 and 7 with 

the four-bit binary equivalents of 5, 6 and 10 respectively. This gives the excess-3 code for 

(237)10 as: 0101 0110 1010 = 010101101010. 

  

Fractional part = .75. The excess-3 code for (.75)10 is obtained by replacing 7 and 5 with 

the four-bit binary equivalents of 10 and 8 respectively. That is, the excess-3 code for 

(.75)10 = .10101000. Combining the results of the integral and fractional parts, the excess-

3 code for (237.75)10 = 010101101010.10101000. 

 The excess-3 code = 110010100011.01110101 = 1100 1010 0011.0111 0101. 

Subtracting 0011 from each four-bit group, we obtain the new number as: 1001 0111 

0000.0100 0010. 

Therefore, the decimal equivalent = (970.42)10. 

Gray Code 

The Gray code was designed by Frank Gray at Bell Labs and patented in 1953. It is an 

unweighted binary code in which two successive values differ only by 1 bit. Owing to this 



feature, the maximum error that can creep into a system using the binary Gray code to encode 

data is much less than the worst-case error encountered in the case of straight binary 

encoding. Table 2.3 lists the binary and Gray code equivalents of decimal numbers 0–15. An 

examination of the four-bit Gray code numbers, as listed in Table 2.3, shows that the last 

entry rolls over to the first entry. That is, the last and the first entry also differ by only 1 bit. 

This is known as the cyclic property of the Gray code. Although there can be more than one 

Gray code for a given word length, the term was first applied to a specific binary code for 

non-negative integers and called the binary-reflected Gray code or simply the Gray code. 

 

 

 

Table 1.3: Gray code 

A given binary number can be converted into its Gray code equivalent by going through the 

following steps: 

 

 Begin with the most significant bit (MSB) of the binary number. The MSB of the Gray 

code equivalent is the same as the MSB of the given binary number.  

 The second most significant bit, adjacent to the MSB, in the Gray code number is obtained 

by adding the MSB and the second MSB of the binary number and ignoring the carry, if 

any. That is, if the MSB and the bit adjacent to it are both ‘1’, then the corresponding Gray 

code bit would be a ‘0’.  

 The third most significant bit, adjacent to the second MSB, in the Gray code number is 

obtained by adding the second MSB and the third MSB in the binary number and ignoring 

the carry, if any.  

 The process continues until we obtain the LSB of the Gray code number by the addition of 

the LSB and the next higher adjacent bit of the binary number. 

 

The conversion process is further illustrated with the help of an example showing step-by-
step conversion of (1011)2 into its Gray code equivalent: 



Binary 1011 

Gray code 1--- 

Binary 1011 

Gray code 11- - 

Binary 1011 

Gray code 111- 

Binary 1011 

Gray code 1110 

 

Gray Code–Binary Conversion 

 

A given Gray code number can be converted into its binary equivalent by going through the 

following steps: 

 

 Begin with the most significant bit (MSB). The MSB of the binary number is the same as 

the MSB of the Gray code number.  

 The bit next to the MSB (the second MSB) in the binary number is obtained by adding the 

MSB in the binary number to the second MSB in the Gray code number and disregarding 

the carry, if any.  

 The third MSB in the binary number is obtained by adding the second MSB in the binary 

number to the third MSB in the Gray code number. Again, carry, if any, is to be ignored.  

 The process continues until we obtain the LSB of the binary number. 
 

The conversion process is further illustrated with the help of an example showing step-by-

step conversion of the Gray code number 1110 into its binary equivalent: 

Gray code 1110 

Binary 1--- 

Gray code 1110 

Binary 10-- 

Gray code 1110 

Binary 101 

Gray code 1110 

Binary 1011 

 

n-ary Gray Code 

 

The binary-reflected Gray code described above is invariably referred to as the ‘Gray code’. 

However, over the years, mathematicians have discovered other types of Gray code. One 

such code is the n-ary Gray code, also called the non-Boolean Gray code owing to the use of 

non-Boolean symbols for encoding. The generalized representation of the code is the (n, k -

Gray code, where n is the number of independent digits used and k is the word length. A 

ternary Gray code (n = 3) uses the values 0, 1 and 2, and the sequence of numbers in the two-



digit word length would be (00, 01, 02, 12, 11, 10, 20, 21, 22). In the quaternary (n = 4) code, 

using 0, 1, 2 and 3 as independent digits and a two-digit word length, the sequence of 

numbers would be (00, 01, 02, 03, 13, 12, 11, 10, 20, 21, 22, 23, 33, 32, 31, 30). It is 

important to note here that an (n, k -Gray code with an odd n does not exhibit the cyclic 

property of the binary Gray code, while in case of an even n it does have the cyclic property. 

Applications 

 

 The Gray code is used in the transmission of digital signals as it minimizes the occurrence 

of errors.  

The Gray code is preferred over the straight binary code in angle-measuring devices. Use 

of the Gray code almost eliminates the possibility of an angle misread, which is likely if 

the angle is represented in straight binary. The cyclic property of the Gray code is a plus in 

this application. 

 

 The Gray code is used for labelling the axes of Karnaugh maps, a graphical technique used 

for minimization of Boolean expressions.  

 The use of Gray codes to address program memory in computers minimizes power 

consumption. This is due to fewer address lines changing state with advances in the 

program counter.  

 Gray codes are also very useful in genetic algorithms since mutations in the code allow for 

mostly incremental changes. However, occasionally a one-bit change can result in a big 

leap, thus leading to new properties. 

  

 Alphanumeric Codes 

  

 Alphanumeric codes, also called character codes, are binary codes used to represent 

alphanumeric data. The codes write alphanumeric data, including letters of the alphabet, 

numbers, mathematical symbols and punctuation marks, in a form that is understandable and 

processable by a computer. These codes enable us to interface input–output devices such as 

keyboards, printers, VDUs, etc., with the computer. One of the better-known alphanumeric 

codes in the early days of evolution of computers, when punched cards used to be the 

medium of inputting and outputting data, is the 12-bit Hollerith code. The Hollerith code was 

used in those days to encode alphanumeric data on punched cards. The code has, however, 

been rendered obsolete, with the punched card medium having completely vanished from the 

scene. Two widely used alphanumeric codes include the ASCII and the EBCDIC codes. 

While the former is popular with microcomputers and is used on nearly all personal 

computers and workstations, the latter is mainly used with larger systems. 



ASCII code 

  

The ASCII (American Standard Code for Information Interchange), pronounced ‘ask-ee’, is 

strictly a seven-bit code based on the English alphabet. ASCII codes are used to represent 

alphanumeric data in computers, communications equipment and other related devices. The 

code was first published as a standard in 1967. It was subsequently updated and published as 

ANSI X3.4-1968, then as ANSI X3.4-1977 and finally as ANSI X3.4-1986. Since it is a 

seven-bit code, it can at the most represent 128 characters. It currently defines 95 printable 

characters including 26 upper-case letters (A to Z), 26 lower-case letters (a to z), 10 numerals 

(0 to 9) and 33 special characters including mathematical symbols, punctuation marks and 

space character. In addition, it defines codes for 33 nonprinting, mostly obsolete control 

characters that affect how text is processed. With the exception of ‘carriage return’ and/or 

‘line feed’, all other characters have been rendered obsolete by modern mark-up languages 

and communication protocols, the shift from text-based devices to graphical devices and the 

elimination of tele printers, punch cards and paper tapes. An eight-bit version of the ASCII 

code, known as US ASCII-8 or ASCII-8, has also been developed. The eight-bit version can 

represent a maximum of 256 characters. 

 Table 1.4 lists the ASCII codes for all 128 characters. When the ASCII code was 

introduced, many computers dealt with eight-bit groups (or bytes) as the smallest unit of 

information. The eighth bit was commonly used as a parity bit for error detection on 

communication lines and other device-specific functions. Machines that did not use the parity 

bit typically set the eighth bit to ‘0’. 

  

 Table 1.4: ASCII code 



EBCDIC code 

  

The EBCDIC (Extended Binary Coded Decimal Interchange Code), pronounced ‘eb-si-dik’, 

is another widely used alphanumeric code, mainly popular with larger systems. The code was 

created by IBM to extend the binary coded decimal that existed at that time. All IBM 

mainframe computer peripherals and operating systems use EBCDIC code, and their 

operating systems provide ASCII and Unicode modes to allow translation between different 

encodings. It may be mentioned here that EBCDIC offers no technical advantage over the 

ASCII code and its variant ISO-8859 or Unicode. Its importance in the earlier days lay in the 

fact that it made it relatively easier to enter data into larger machines with punch cards. Since, 

punch cards are not used on mainframes any more, the code is used in contemporary 

mainframe machines solely for backwards compatibility. 

Unicode 

 

As briefly mentioned in the earlier sections, encodings such as ASCII, EBCDIC and their 

variants do not have a sufficient number of characters to be able to encode alphanumeric data 

of all forms, scripts and languages. As a result, these encodings do not permit multilingual 

computer processing. In addition, these encodings suffer from incompatibility. Two different 

encodings may use the same number for two different characters or different numbers for the 

same characters. For example, code 4E (in hex) represents the upper-case letter ‘N’ in ASCII 

code and the plus sign ‘+’ in the EBCDIC code. Unicode, developed jointly by the Unicode 

Consortium and the International Organization for Standardization (ISO), is the most 

complete character encoding scheme that allows text of all forms and languages to be 

encoded for use by computers. It not only enables the users to handle practically any 

language and script but also supports a comprehensive set of mathematical and technical 

symbols, greatly simplifying any scientific information exchange. The Unicode standard has 

been adopted by such industry leaders as HP, IBM, Microsoft, Apple, Oracle, Unisys, Sun, 

Sybase, SAP and many more. 

Error Detection and Correction Codes 

When we talk about digital systems, be it a digital computer or a digital communication set-

up, the issue of error detection and correction is of great practical significance. Errors creep 

into the bit stream owing to noise or other impairments during the course of its transmission 



from the transmitter to the receiver. Any such error, if not detected and subsequently 

corrected, can be disastrous, as digital systems are sensitive to errors and tend to malfunction 

if the bit error rate is more than a certain threshold level. Error detection and correction, as 

we will see below, involves the addition of extra bits, called check bits, to the information-

carrying bit stream to give the resulting bit sequence a unique characteristic that helps in 

detection and localization of errors. These additional bits are also called redundant bits as 

they do not carry any information. While the addition of redundant bits helps in achieving the 

goal of making transmission of information from one place to another error free or reliable, it 

also makes it inefficient. In this section, we will examine some common error detection and 

correction codes. 

 

 

  

  


