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Magnitude comparator 

The comparison of two numbers is an operation that determines whether one number is greater 

than, less than, or equal to the other number. A magnitude comparator is a combinational circuit 

that compares two numbers A and B and determines their relative magnitudes. The outcome of the 

comparison is specified by three binary variables that indicate whether    A > B, A = B,     or     A < B.    

The circuit for comparing two n bit numbers has 22𝑛entries in the truth table and becomes 

cumbersome even with n=3. On the other hand, comparators circuit contains acertain amount of 

regularity. So comparator can be implemented by means of algorithm. 

The algorithm is a direct application of the procedure a person uses to compare the relative 

magnitude of two numbers. Consider two numbers A and B with four digits each. 

𝐴 = 𝐴3𝐴2𝐴1𝐴0 

𝐵 = 𝐵3𝐵2𝐵1𝐵0 

Each subscripted letter represents one of the digits in the number. The two numbers are equal if all 

pairs of significant digits are equal:  A3 = B3, A2 = B2, A1 = B1, and A0 = B0. When the numbers are 

binary, the digits are either 1 or 0, and the equality of each pair of bits can be expressed logically 

with an exclusive-NOR function as 

 
Where 𝑥𝑖 = 1only if the pair of nits in position I are equal. The equality of the two number A and B is 

 
Figure 1 Four bit magnitude comparator 

displayed in a combinational circuit by an output binary variable that we designate by the symbol 

 𝐴 = 𝐵 . This variable is equal to 1 if the input numbers A and B are equal and is equal to 0 

otherwise. For equality to, all 𝑥𝑖  variables must be equal to 1, a condition that dictates an AND 
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operation of all variables. The variable  𝐴 = 𝐵  is equal to 1 only if all the pairs of digits of the two 

numbers are equal. 

 𝐴 = 𝐵 =  𝑥3𝑥2𝑥1𝑥0 

To determine whether A is grater or less than B, we inspect the relative magnitudes of pairs of 

significant digits, starting from the most significant positions. If the two digits of a pair are equal, we 

compare the next lower significant pair of digits. The comparison continues until a pair of unequal 

digits is reached. If the corresponding digit of A is 1 and that of B is 0, we conclude that    A > B.    If 

the corresponding digit of A is 0 and that of B is 1, we have A < B. The sequential comparison can be 

expressed logically by the two Boolean functions 

 
The symbols  𝐴 > 𝐵  and  𝐴 < 𝐵  are binary output variables that are equal to 1 when A> B and     

A< B, respectively. 

The gate implementation of 4 bit magnitude comparator is shown in the figure below 

Decoder 

A decoder is a combinational circuit that converts binary information from n input lines to a 

maximum of 2𝑛unique output lines. If n-bit coded information has unused combinations, the 

decoder can have outputs lower than 2𝑛  outputs.  The decoders explained here are called n-to-m-

line decoders where, 𝑚 ≤ 2𝑛 . Their purpose is to generate the2𝑛  (or fewer) minterms of n input 

variables. Each combination of inputs will assert a unique output. The name decoder  is also used in 

conjunction with other code converters, such as a BCD-to-seven-segment decoder. 

 
Figure 2 three to eight line decoder 

The logic implementation in figure 2 shows the implementation of a three-to-eight-line decoder. 
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Table 1 Truth table for three-to-eight-line decoder 

 
Figure 3 shows the implementation and truth table for 2-to-4-line decoder implemented with NAND 
gates. 

 
Figure 3 2-to-4-line decoder 

A decoder with enable input can function as a demultiplexer— a circuit that receives information 
from a single line and directs it to one of 2n possible output lines.  The selection of a specific output 
is controlled by the bit combination of n selection lines. The  decoder  of   Figure 3 can  function  as  a  
one-to-four-line  demultiplexer  when   E   is taken as a data input line and  A  and  B  are taken as the 
selection inputs. 
Decoders with enable inputs can be connected together to form a larger decoder circuit.  Figure   4. 
Shows two 3-to-8-line decoders with enable inputs connected to form a 4-to-16-line decoder. When  
w  = 0, the top decoder is enabled and the other is disabled. The bottom decoder outputs are all 0’s, 
and the top eight outputs generate minterms 0000 to 0111. When w = 1, the enable conditions are 
reversed: The bottom decoder outputs generate minterms 1000 to 1111, while the outputs of the 
top decoder are all 0’s. This example demonstrates the usefulness of enable inputs in decoders and 
other combinational logic components. In general, enable inputs are a convenient feature for 
interconnecting two or more standard components for the purpose of combining them into a similar 
function with more inputs and outputs.   

 
Figure 4  4 * 16   decoder constructed with two   3 * 8   decoders 
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Combinational circuit using decoder 

A decoder provides 2n minterms of n input variables. The outputs of the decoder in association with 

OR gates can be used to implement any combinational circuit. The figure below shows the 

implementation of a full adder using a decoder. The functions in full adder are  

 

 
Figure 5 Implementation of a full adder with decoder 

Since there are three inputs and a total of eight minterms, we need a three-to-eight-line decoder. 

The implementation is shown in Figure 5   . The decoder generates the eight minterms for x,   y, and 

z. The OR gates for output S forms the logical sum of minterms 1, 2, 4, and 7. The OR gates for 

output C forms the logical sum of minterms 3, 5, 6, and 7. 

Encoders 

An encoder is a digital circuit that performs the inverse operation of a decoder. An encoder has 2𝑛  

(or fewer) input lines and n output lines. The output lines, as an aggregate, generate the binary code 

corresponding to the input value. An example of an encoder is the octal-to-binary encoder whose 

truth table is given in table below. It has eight inputs and 3 outputs that generates corresponding 

binary numbers. 
Table 2 Truth table for Octal-to-binary Encoder 

 
The functions of x,y, and z is as follows. 

 
This function can be easily implemented by using OR gates. The next figure shows the 

implementation of this encoder. 
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Figure 6 Octal to binary encoder 

Priority Encoder 

A priority encoder is an encoder circuit that includes the priority function. The operation of the 

priority encoder is such that if two or more inputs are equal to 1 at the same time, the input having 

the highest priority will take precedence. The truth table of a four-input priority encoder is given in 

Table below. In addition to the two outputs  x  and  y ,  the  circuit has a third output designated by  

V ; this is a  valid  bit indicator that is set to 1 when one or more inputs are equal to 1. If all inputs are 

0, there is no valid input and V is equal to 0. The other two outputs are not inspected when V equals 

0 and are specified as don’t-care conditions. Note that whereas X’s in output columns represent 

don’t-care conditions, the X’s in the input columns are useful for representing a truth table in 

condensed form. Instead of listing all 16 minterms of four variables, the truth table uses an X to 

represent either 1 or 0. For example, X 100 represents the two minterms 0100 and 1100. 

According to the table, the higher the subscript number, the higher the priority of the input. Input    

D3 has the highest priority, so, regardless of the values of the other inputs, when this input is 1, the 

output for  xy  is 11 (binary 3. D2 has the next priority level. The output is 10 if D2 = 1, provided that 

D3 = 0,    regardless of the values of the other two lower priority inputs. The output for    D1 is 

generated only if higher priority inputs are 0, and so on down the priority levels. 
Table 3 Truth table of priority encoder 

 

 
Figure 7 Map of Priority encoder 
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The previous figure shows the map of priority encoder and after map simplification the functions 

looks like  

 
The implementation of 4 input priority encoder is shown in the figure below. 

 
Figure 8 Four input priority encoder 

Multiplexer 

A multiplexer is a combinational circuit that selects binary information from one of many input lines 

and directs it to a single output line. The selection of a particular input line is controlled by a set of 

selection lines. Normally, there are 2n input lines and n selection lines whose bit combinations 

determine which input is selected.  

 A two-to-one-line multiplexer connects one of two 1-bit sources to a common destination, as shown 

in figure below. The circuit has two data input lines, one output line, and one selection line S .  When     

S = 0,    the upper AND gate is enabled and I0 has a path to the output. When    S = 1,    the lower AND 

gate is enabled and I1 has a path to the output. The multiplexer acts like an electronic switch that 

selects one of two sources. The block diagram of a multiplexer is sometimes depicted by a wedge-

shaped symbol, as shown in Figure 9b. It suggests visually how a selected one of multiple data 

sources is directed into a single destination. The multiplexer is often labeled “MUX” in block 

diagrams. 

 
Figure 9  Two-to-one-line multiplexer 

A four-to-one-line multiplexer is shown in Fig.10. Each of the four inputs,    I0 through     I3,    is 

applied to one input of an AND gate. Selection lines S1 and S0 are decoded to select a particular AND 

gate. The outputs of the AND gates are applied to a single OR gate that provides the one-line output. 

The function table lists the input that is passed to the output for each combination of the binary 

selection values. To demonstrate the operation of the circuit, consider the case when   S1S0 = 10.     
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The AND gate associated with input I2 has two of its inputs equal to 1 and the third input connected 

to I2. The other three AND gates have at least one input equal to 0, which makes their outputs equal 

to 0. The output of the OR gate is now equal to the value of I2, providing a path from the selected 

input to the output. A multiplexer is also called a data selector, since it selects one of many inputs 

and steers the binary information to the output line. 

 
Figure 10  Four-to-one-line multiplexer 

BCD-7segment decoder  

You are likely familiar - very familiar - with the idea of a seven-segment indicator for representing 

decimal numbers. Each segment of a seven-segment display is a small light-emitting diode (LED) or 

liquid-crystal display (LCD), and - as is shown below - a decimal number is indicated by lighting a 

particular combination of the LED's or LCD's elements: 

 
Bindary-coded-decimal (BCD) is a common way of encoding decimal numbers with 4 binary bits as 

shown below: 

Decimal digit 0 1 2 3 4 5 6 7 8 9 

BCD code 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 
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Table 4 Truth table for BCD to 7segment decoder with active low 

 
Notice that the truth-table corresponds to a seven-segment device whose display elements are 

active low. That is, each element will be active when its corresponding input is '0'. 

From the above truth table, the Boolean expressions of each output functions can be written as 

a = F1 (A, B, C, D) = ∑m (0, 2, 3, 5, 7, 8, 9) 

b = F2 (A, B, C, D) = ∑m (0, 1, 2, 3, 4, 7, 8, 9) 

c = F3 (A, B, C, D) = ∑m (0, 1, 3, 4, 5, 6, 7, 8, 9) 

d = F4 (A, B, C, D) = ∑m (0, 2, 3, 5, 6, 8) 

e = F5 (A, B, C, D) = ∑m (0, 2, 6, 8) 

f = F6 (A, B, C, D) = ∑m (0, 4, 5, 6, 8, 9) 

g = F7 (A, B, C, D) = ∑m (2, 3, 4, 5, 6, 8, 9) 

The below figures shows the k-map simplification for the common cathode seven-segment decoder 

in order to design the combinational circuit. 
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Figure 11 Map simplification of the functions for BCD to 7segment decoder 

From the above simplification, we get the output values as 

 
The implementation of this circuit is a task for your lab project. So start designing now!!! 

 

http://www.electronicshub.org/wp-content/uploads/2014/03/K-map-1.jpg
http://www.electronicshub.org/wp-content/uploads/2014/03/K-map-2.jpg
http://www.electronicshub.org/wp-content/uploads/2014/03/K-map-3.jpg
http://www.electronicshub.org/wp-content/uploads/2014/03/k-map-simplification.jpg
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ROM (Additional topic) 

A ROM (Read Only Memory) is a device that includes decoder and OR gates in a single IC and so can 

be used to implement any combinational logic circuit. A ROM is essentially a memory (storage) 

device in which permanent binary information is stored. The binary information must be specified by 

the designer and is then embedded in the unit to form the required interconnection pattern. 

ROMs can be of different types 

• MASK ROM 

• PROM (Programmable ROM) 

• EPROM (Erasable Programmable ROM) 

• EEPROM (Electrically Erasable Programmable ROM) 

The figure below shows the block diagram of a ROM. This ROM has n inputs and m output lines. Each 

bit combination of the input variable is called an address. Each bit combination that comes out of 

the output lines is called word. The number of bits per word is equal to the number of output lines 

m. The number of possible address is equal to2𝑛 . An output word is selected by a unique address.  

A ROM is characterized by the number of words 2𝑛  and the number of bits per word. A 32 X 8 ROM 

has 32 words with 8 bits per word. Total number of 32 word means the number of input lines is 

equal to 5. If the input address is 00000, word number 0 is selected and if the input address is 11111 

the word 31 is selected. 

 
Figure 12 ROM block diagram 

Internally the ROM is a combinational circuit with AND gates connected as a decoder and OR gates 

equal to the number of outputs in the unit. The figure below shows the internal structure of a 32 * 8 

ROM. 

 
Figure 13 Logic construction of a 32*8 ROM 
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Combinational logic circuit implementation using ROM 

The figure below shows the truth table and implementation of a logic using ROM 

 

 
Figure 14 Combinational circuit implementation using 4*2 ROM 

Example 
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PLA (Programmable Logic Array) 

In Digital design, we often use a device to perform multiple applications. The device configuration is 

changed (reconfigured) by programming it. Such devices are known as programmable devices. PLA is 

a type of programmable device. Its full form is Programmable Logic Array 

Programmable Logic Array is a programmable device used to implement combinational logic circuits. 

The PLA has a set of programmable AND planes, which link to a set of programmable OR planes, 

which can then be conditionally complemented to produce an output. This layout allows for a large 

number of logic functions to be synthesized in the sum of products canonical forms. 

 
Figure 15 PLA block diagram 

Schematic 

The schematic shows a basic outline of PLA. Here each small circle is programmable, either to be 

connected or not. In this way by connecting the circuit we can make combinational circuits using PLA 

Implementation procedure 

1. Prepare the truth table 

2. Write the Boolean expression in Sum of product form. 
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3. Obtain the minimum SOP form to reduce the number of product terms to a minimum. 

4. Decide the input connection of the AND matrix for generating the required product term. 

5. Then decide the input connections of OR matrix to generate the sum terms. 

6. Decide the connections of invert matrix. 

7. Program the PLA. 

 

 
Figure 16 Schematic of a PLA 

Advantage of PLA over ROM 

A combinational circuit combinational logic may occasionally have don't-care conditions. When 

implemented with a read-only memory, a don't care condition becomes an address input that will 

never occur. The words at the don't care address need not be programmed and may be left in their 

original state (all 0's or all 1's). The result is that not all the bit patterns available in read-only 

memory are used which may be considered a waste of available component. 

 

 

1. Design a 3-bit magnitude comparator 

2. Design a BCD-t0-Decimal decoder 

Self Study 

 Implementation of combinational circuit using multiplexer 

 Design of combinational circuit using PLA 

 


