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Abstract: It is interesting to compare both reversible and conventional gates. Implementing the reversible logic has the 
advantages of reducing gate counts, garbage outputs as well as constant inputs.  In the last years reversible logic functions 
has emerged as an important research area. Other fields such as low-power design, optical computing and quantum 
computing benefit directly from achieved improvements. This paper implements a subtractor and a 4 bit comparator using 
the TR gate.  To implement the 4 bit comparator 8 TR gates are required while 2 TR gates are required to implement the 
subtractor. The comparator works on the subtraction algorithm and it is implemented using the full subtractors built using the 
TR gates. Reversible logic are also the fundamental requirement for the emerging field of the Quantum computing having 
with applications in the domains like Nano-technology, Digital signal processing, Cryptography, Communications.  
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I. INTRODUCTION 
 
A reversible logic gate is an n-input n-output logic 
device with one-to-one mapping. This helps to 
determine the outputs from the inputs and also the 
inputs can be uniquely recovered from the outputs. 
Also in the synthesis of reversible circuits direct fan-
Out is not allowed as one–to-many concept is not 
reversible. However fan-out in reversible circuits is 
achieved using additional gates. A reversible circuit 
should be designed using minimum number of 
reversible logic gates. From the point of view of 
reversible circuit design, there are many parameters 
for determining the complexity and performance of 
circuits.  
 The number of Reversible gates (N): The 

number of reversible gates used in circuit.  
 The number of constant inputs (CI): This 

refers to the number of inputs that are to be 
maintained constant at either 0 or 1 in order to 
synthesize the given logical function.  

 The number of garbage outputs (GO): This 
refers to the number of unused outputs present in 
a reversible logic circuit. One cannot avoid the 
garbage outputs as these are very essential to 
achieve reversibility.  

 Quantum cost (QC): This refers to the cost of 
the circuit in terms of the cost of a primitive gate. 
It is calculated knowing the number of primitive 
reversible logic gates (1*1 or 2*2) required to 
realize the circuit.  

 
Fig.1. Classification of Reversible Logic Gates 

 
Fig.2. Input and Output mapping 

 
II. FULL SUBTRACTOR DESIGN USING TR 
GATE  
 
2.1. TR gate 
Thapliyal proposed a three input reversible gate 
called TR gate . A, B and C are inputs and P, Q and R 
are corresponding outputs. The gate has unique one to 
one mapping 

 
Fig.3. TR Gate 

 
2.2. Proposed Full Subtractor using TR gate 
A logic Circuit which is used for Subtracting Three 
Single bit Binary digit is known as Full subtractor. 
The Truth Table of full subtractor is Shown Below –  
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From the Truth Table the Difference and Borrow can 
be written as 
 
Difference=A'B'C+A'BB'+AB'C'+ABC 
Reduce it like adder 
Then We get 
Difference=A B C 
Borrow=A'B'C+A'BC'+A'BC+ABC 
=A'B'C+A'BC'+A'BC+A'BC+A'BC+ABC 
= A'BC=A'BC+A'BC+A'BC 
=A'C(B'+B)+A'B(C'+C)+BC(A'+A) 
Borrow=A'C+A'B+BC 

Fig.4. Full Subtractor using TR Gate 
 

 
 
2.3 Reversible Comparator using Full Subtractor 

 
Fig.5. 4 Bit Comparator using TR Gate 

A digital comparator or magnitude comparator is a 
hardware electronic device that takes two numbers as 
input in binary form and determines whether one 
number is greater than, less than or equal to the other 
number. Comparators are used in central processing 
unit s (CPUs) and microcontrollers (MCUs). 
 
To implement the 4 bit comparator 8 TR gates are 
required while 2 TR gates are required to implement 
the subtractor. The comparator works on the 
subtraction algorithm and it is implemented using the 
full subtractors built using the TR gates. 
 
III. SIMULATION RESULTS 
 

 
Fig.6. Simulation Waveform for A < B 

 

 
Fig.7. Simulation Waveform for A > B 

 

 
Fig.8. Simulation Waveform for A = B 

 
 

 No of 
Gates 

Quantum 
Cost 

Comparator 
proposed in 

reference paper [1] 
10 42 

Comparator using 
TR Gate 9 49 
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It is observed that comparator designed using TR gate 
had less number of gates and can be used for low 
power applications and also for low area designs. 
 
CONCLUSIONS 
 
This paper implements a subtractor and a 4 bit 
comparator using the TR gate.  To implement the 4 
bit comparator 8 TR gates are required while 2 TR 
gates are required to implement the subtractor. The 
comparator works on the subtraction algorithm and it 
is implemented using the full subtractors built using 
the TR gates. 

 
Reversible or information lossless circuits have 
applications in nanotechnology, digital signal 
processing, communication, computer graphics and 
cryptography. They are also a fundamental 
requirement in the emerging field of quantum 
computing. The idea is to use these reversible logic 
circuits to implement low power modules for mobile 
and medical applications. 
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