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Abstract: Reversible or information lossless gates have applications in nano-technology, digital signal processing (DSP) 

and in communication The power consumption is one of the biggest challenging issues for designing of VLSI circuits 

within the advanced technology. The reversible logic is one among the best approaches for low power application The 

main objective of this paper is to design and implementation of a magnitude comparator using reversible logic 

approaches. In this paper a 16-bit and 32-bit magnitude comparator are implemented with using reversible logic gates. 

The simulation of 16-bit and 32-bit magnitude comparator is carried out using Verilog HDL coding in Xilinx Software. 

Simulation results provide significant improvement in power consumption for 16-bit and 32-bit magnitude comparator 

using the proposed reversible logic gates method. Therefore, the proposed scheme can provide a significant improvement 

in comparator circuit in chips for future generation of VLSI blocks. 
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I. INTRODUCTION 

 

In advanced technology, the reversible logic is one among the simplest designing strategies for low power VLSI design. 

Since reversible logic is lossless, so this logic based circuit has no tendency to lose the information. Consequently, the 

power consumption is lower in reversible logic gate based circuit design compared to other combinational logic gate 

based CMOS logic styles. First a 16-bit Magnitude Comparator is constructed using Verilog code by giving 16 inputs for 

a and b in vector form. Then the given inputs are compared and according to that the output comes as a greater than b, a 

less than b or aeb depending on the input values given. Then the output waveform and Power consumption are taken 

using Xilinx software. After this process a 32-bit Magnitude Comparator is constructed by giving 32 input bits for a and 

b in vector form. Then the given inputs are compared and according to that the output comes as a greater than b, a less 

than b or aeb depending on the input values given. Then the output waveform and Power consumption are taken using 

Xilinx software. After this process a 16-bit magnitude comparator is constructed using reversible logic gates. By using 

Verilog code the output waveform is taken and the power consumption is also taken using Xilinx software. Then 32-bit 

magnitude comparator is constructed using reversible logic and the Output is taken and the power consumption is also 

calculated in Xilinx software. Finally all the result is compared. 

II. REVERSIBLE LOGIC GATES 

 

In today’s life, the optimization of low power VLSI circuit is designed by the various techniques. The reversible logic 

based VLSI circuit is one of the best approaches in advanced technology. An optimized reversible logic circuit should 

have a minimum number of constant input, garbage output, reversible gate, and quantum cost. The constant input is 

represented by 0 or 1. The garbage outputs are those outputs which are not generating any useful function. The quantum 

cost is defined as the cost of the overall circuit in terms of primitive gate. In this section, the essential gates like NOT 

Gate, CNOT Gate, TR Gate, PG Gate, FG Gate, and BJN Gate are discussed below. 

A.Not Gate 

The NOT gate has single input and single output [4]. The output of the NOT gate is defined by P = A¯ where, 

A is the input of the NOT gate. It is a 1 × 1 reversible gate which has zero quantum cost. The block diagram of NOT gate 

is shown in Figure 1. 
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Fig 1. Block Diagram of Not gate 

B.TR Gate 

The TR gate is a 3 × 3 reversible gate whose quantum cost is 4. The inputs are represented by (A, B, C) and 

therefore the outputs are represented by (P, Q, and R). The outputs are defined by P = A, Q = (A ⊕ B), R = (AB ⊕ C). 

The block diagram of TR gate is shown in Figure 2.a 

 

 

Fig 2. Block Diagram of TR Gate 

C.Peres Gate  

The Peres gate (PG) is a 3 × 3 reversible gate which has a quantum cost equal to 4. The inputs are represented 

by (A, B, C) and therefore the outputs are represented by (P, Q, and R). The outputs are defined by P = A, Q = (A ⊕ B), 

R = (AB ⊕ C). The block diagram of PG gate is shown in Figure 3. 

 

 
Fig 3. Block Diagram of PG gate 

D.Feynman Gate 

The Feynman gate (FG) is a 2 × 2 reversible CNOT gate which has two inputs (A, B) and two outputs (P, Q). 

The outputs are defined by P = A, Q = (A ⊕ B). The quantum cost of this gate is equal to 1. The block diagram of this 

gate is shown in Figure 4. 

 

 
Fig 4. Block Diagram of FG gate 

E.BJN Gate 

The BJN gate is a 3 × 3 reversible gate. The inputs are represented by (A, B, C) and the outputs are represented 

by (P, Q, and R). The outputs are defined by P = A, Q = B and R = [(A + B) ⊕ C]. The quantum cost is equal to 5. The 

block diagram of BJN gate is shown in Figure 5. 

 

 
Fig 5. Block Diagram of BJN gate 
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III.       MAGNITUDE COMPARATOR 
 

The magnitude comparator  is a combinational logic circuit that compares two logic signals (A, B) according to their 

relative magnitude and gives three outputs which show that one signal is greater than, less than or equal to the other 

signal. The block diagram of a 4-bit comparator is shown in Figure 6.  
 

The outputs of the 4-bit comparator are expressed by Equations (1)–(3).  
 

A > B = A0B0’ + (A0 XNOR B0)[A1B1’ + (A1 XNOR B1) × {A2B2’ + (A2 XNOR B2)A3B 3’}]                             

                    -   (1)  

 

A < B = A0’ B0 + (A0 XNOR B0)[A1’ B1 + (A1 XNOR B1) × {A2’ B2 + (A2 XNOR B2)A3’ B3}]                          

        -   (2) 

 

A = B = (A0 XNOR B0)(A1 XNOR B1)(A2 XNOR B2) × (A3 XNOR B3            -    (3) 

 

 
Fig 6. Block Diagram of 4-bit Magnitude Comparator 

 
IV.     DIFFERENT MAGNITUDE COMPARATOR DESIGN USING PROPOSED METHODS 

The Magnitude Comparator is proposed by using reversible gates and decision blocks. By using reversible gates and logic 
the 16-bit and 32-bit Magnitude Comparator is proposed. 

(i) 16-bit Reversible Magnitude Comparator 

The 16-bit Reversible Magnitude Comparator is proposed by using 8 2-bit Magnitude Comparators, 7 decision blocks 

and 1 BJN gate. The Proposed Block diagram is shown in fig 7. 

 

 
 

Fig 7. Block Diagram of 16-bit Reversible Magnitude Comparator 
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          These blocks are coded using Verilog HDL Code in Xilinx software and the output is taken. Hence Power 

consumption is also obtained using Xilinx software. The circuit diagram of decision block is shown in fig 8. 

 

 
Fig 8.Circuit Diagram of Decision Block 

(ii) 32-bit Reversible Magnitude Comparator 

Like 16-bit Reversible Magnitude Comparator, a 32-bit Reversible Magnitude Comparator is proposed using 15 

2-bit Magnitude Comparators, 14 decision blocks and 1 BJN 

 

Gate. The Proposed block diagram is shown in fig 9.These block are coded using Verilog HDL code in Xilinx software 

and the output is obtained. Hence power consumption is also obtained using Xilinx software.  

 

 

 
 

Fig.10. Block diagram of 32-bit Reversible Magnitude Comparator 

 

The table for the power consumption and output waveform are shown in table 1 and fig 11. 
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Table 1. Power consumption of 16-bit reversible magnitude comparator 

 

 
 

The above table shows the overview design summary of the 16-bit reversible magnitude comparator. 

 

 
 

Fig 11.Output waveform of 16-bit reversible magnitude comparator 

+ 
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Fig 12. Power consumption of 16bit reversible magnitude comparator 

 

 
 

Fig 13. Output waveform of 32-bit reversible magnitude comparator 
 

 
Fig 14. Power Consumption of 32-bit reversible magnitude comparator 
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Fig 15.Output Waveform of 16-bit magnitude comparator 

 

 
 

Fig 16.Power Consumption of 16-bit magnitude comparator 
 

 
 

Fig 17.Output waveform of 32-bit magnitude comparator 
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Fig 18.Power Consumption of 32-bit magnitude comparator 

 

 
 

Fig 19.Structural diagram of 16-bit magnitude comparator 

 

 
 

Fig 20.Structural diagram of 32-bit magnitude comparator 
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Fig 21.Structural diagram of 16-bit reversible magnitude comparator 

 

 
 

Fig 22.Structural diagram of 32-bit reversible magnitude comparator 
 

Fig 12 shows the power consumption of 16-bit reversible magnitude comparator. Fig 13 shows the Output 

waveform of 32-bit reversible magnitude comparator. Fig 14 shows the Power Consumption of 32-bit reversible 

magnitude comparator. Fig 15 shows the Output waveform of 16-bit Magnitude Comparator. Fig 16 shows the Power 

consumption of 16-bit magnitude comparator.  Fig 17 shows the Output waveform of 32-bit magnitude comparator. Fig 
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18 shows the Power Consumption of  32-bit magnitude comparator. Fig 19 shows the Structural diagram of 16-bit 

magnitude comparator. Fig 20 shows the Structural diagram of 32-bit magnitude comparator. Fig 21 shows the structural   

diagram of 16-bit reversible magnitude comparator. Fig 22 shows the structural diagram of 32-bit reversible magnitude 

comparator.  

 

Table 2.Comparision of Power Consumption of 16-bit and 32-bit Magnitude comparator with and without using 

reversible logic 

 

Magnitude Comparator Power Consumption 

Without reversible logic With reversible logic 

16-bit 295mW 7mW 

32-bit 4807mW 3674mW 

 

V. CONCLUSION 
 

Thus 16-bit and 32-bit magnitude comparators are proposed with reversible logic. The 16-bit and 32-bit magnitude 

comparator are proposed without using reversible logic.It is written in  Verilog HDL coding in Xilinx software and the 

output waveforms and power consumptions are successfully obtained . The Power consumption of 16-bit magnitude 

comparator using reversible logic is 2.37%more efficient than normal 16-bit magnitude comparator. Similarly the power 

consumption of 32-bit magnitude comparator using reversible logic is 76.42% more efficient than the normal 32-bit 

magnitude comparator. 
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