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Abstract— In recent years, reversible logic has considered as 

an efficient computing method having its applications in 

quantum computing, low power computing, nanotechnology 

and DNA computing. All of the Boolean functions can be 

implemented using reversible gates. Reversible logic is one 

of the most vital issue at present time and it has different 

areas for its application, those are low power CMOS, 

quantum computing, nanotechnology, cryptography, optical 

computing, DNA computing, digital signal processing 

(DSP), quantum dot cellular automata, communication, 

computer graphics. It is not possible to realize quantum 

computation without implementation of reversible logic. 

The main purposes of designing reversible logic are to 

decrease quantum cost, depth of the circuits and the number 

of garbage outputs. This paper provides the basic reversible 

logic gates, which in designing of more complex system 

having reversible circuits as a primitive component and 

which can execute more complicated operations using 

quantum computers. Also it focuses on some of the 

implementations of logic circuits. 
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I. INTRODUCTION 

Energy loss is an important consideration in digital design. 

Part of the problem of energy dissipation is related to non-

ideality of switches and materials. Higher levels of 

integration and the use of new fabrication processes have 

dramatically reduced the heat loss over the last decades. The 

other part of the problem arises from Landauer's principle, 

for which there is no solution. Landauer's principle states 

that logic computations that are not reversible, necessarily 

generate heat kT * log 2 for every bit of information that is 

lost, where k is Boltzmann's constant (k=1.38x10 -23 J/K 

)and T the temperature. For room temperature T the amount 

of dissipating heat is small (i.e. 2.9*10-2k-1 joule), but not 

negligible. The design that does not result in information 

loss is called reversible. It naturally takes care of heating 

generated due to the information loss. This will become an 

issue as the circuits become smaller. 

II. METHODOLOGY 

A. Fan-out in Digital Electronics 

In digital electronics, the fan-out of a logic gate output is the 

number of gate inputs it can feed or connect to. In most 

designs, logic gates are connected to form more complex 

circuits. While no more than one logic gate output is 

connected to any single input, it is common for one output 

to be connected to several inputs. The technology used to 

implement logic gates usually allows a certain number of 

gate inputs to be wired directly together without additional 

interfacing circuitry. The maximum fan-out of an output 

measures its load-driving capability: it is the greatest 

number of inputs of gates of the same type to which the 

output can be safely connected. The larger Fan-out of a gate 

can cause the signal propagation delays in the digital 

circuits. Reversible Gates or Quantum Gates are restricted 

for the larger fan-out. This is the reason why the Reversible 

Gates has less propagation delay. Also one more advantage 

is that the Power consumption can also be minimized 

because of the less Gate Count used to implement any 

digital circuit. 

B. Design Constraints for Reversible Logic Circuits 

The following are the important design constraints for 

reversible logic circuits.  

 Reversible logic gates do not allow fan-outs.  

 Reversible logic circuits should have minimum 

quantum cost.  

 The design can be optimized so as to produce 

minimum number of garbage outputs.  

 The reversible logic circuits must use minimum 

number of constant inputs.  

 The reversible logic circuits must use a minimum 

logic depth or gate levels  

C. Reversible Circuits  

 Reversible logic: an “n” input and “n” output function 

‘F’, is reversible if there is one to one correspondence 

between inputs and outputs. Therefore we can 

determine the input vector from output vector uniquely. 

 Garbage output: If the output of gate is not used for 

further computation, this output is called garbage 

output. 

 Constant inputs/Ancilla inputs: Constant inputs are the 

inputs that are either set to zero or one. 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. 

 Quantum cost: Number of 1 × 1 or 2 × 2 reversible 

logic gates which are needed to make the reversible 

circuit is called quantum cost (QC). 

To implement reversible computation, estimate its 

cost, and to judge its limits, it is formalized it in terms of 

gate-level circuits. For example, the inverter (logic gate) 

(NOT) gate is reversible because it can be undone. The 

exclusive or (XOR) gate is irreversible because its inputs 

cannot be unambiguously reconstructed from an output 

value. However, a reversible version of the XOR gate the 

controlled NOT gate (CNOT) can be defined by preserving 

one of the inputs. The three-input variant of the CNOT gate 

is called the Toffoli gate. It preserves two of its inputs a, b 

and replaces the third c by c xr (a.b). With c=0, this gives 
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the AND function, and with a. b =1 this gives the NOT 

function. Thus, the Toffoli gate is universal and can 

implement any reversible Boolean function (given enough 

zero-initialized ancillary bits). A circuit/gate is said to be 

reversible if the input vector can be uniquely recovered from 

the output vector and there is a one-to-one correspondence 

between its input and output assignments. An N*N 

reversible gate can be represented as- 

Iv=(I1,I2,I3,I4,……………………IN) 

Ov=(O1,O2,O3,………………….ON). 

Where Iv and Ov represent the input and output 

vectors respectively. 

Parity preserving reversible gate: If parity of inputs 

and parity of outputs are equal in reversible gate, this gate is 

called parity preserve. Reversible gate is “fault tolerant” if it 

is parity preserve. 

D. Implementation of Parity preserving reversible register 

FEYNMAN Gate, Feynman double gate & Fredkin gate 

 The Feynman gate which is a 2*2 gate and is also called 

as Controlled NOT and it is widely used for fan-out 

purposes. The inputs (A, B) and outputs P=A, Q= A 

XOR B. It has Quantum cost 1. 

 
Fig. 1: Feynman gate 

The Feynman double gate (F2G) gate is a Feynman 

gate with an extra input and one more output. 

 
Fig. 2: Feynman double gate 

Fredkin gate also known as controlled permutation 

gate. It is a 3×3 reversible gate that can be described by 

some of the equations. It is a universal gate for circuit 

design and is directly onto quantum logic gates. Quantum 

cost of its circuit is 5.  

 
Fig. 3: Fredkin gate 

Parity preserving reversible D latch Parity 

preserving reversible D latch is used to implement the parity 

preserving reversible register. Parity preserving reversible 

register is shown in Figure 4. 

 
Fig. 4: Parity preserving reversible register 

E. Garbage Minimization 

The existing methods use analogy of copying gates to keep 

information on the input of the network, therefore 

introducing the constant inputs and garbage outputs  

information  that we do not need for the computation. In 

some cases garbage is unavoidable. For example, a single 

output function of n variables will require at least n-1 

garbage outputs, since the reversibility necessitates an equal 

number of outputs and inputs. Boolean variables  is called 

reversible if— 

 Definition 1. The function f(x1; x2; :::; xn) of n 

1) The number of outputs is equal to the number of inputs; 

2) Any input pattern maps to a unique output pattern. 

The importance of minimizing the garbage is 

illustrated with the following example. 

Example 1. A 2-input 2-output function given by 

formula      (x , y)  ( x , x  y) is reversible. The 

correctness of this statement can be verified by looking at 

the truth table below. 

 
Table 1: Example Truth Table 

The previous examples show the necessity of 

adding inputs and/or outputs to make a function reversible. 

This leads to the following definition. 

 Definition 2. Garbage is the number of outputs added to 

make an n-input k-output function ((n; k) function) 

reversible. 

We use the words “constant inputs" to denote the 

inputs that were added to an (n; k) function to make it 

reversible. In the previous example a single constant input 

was added, namely the variable z. The meaning of the prefix 

\constant" of the term is easy to see from the same example. 

The target output is realized when the input is the constant 

0. The following simple formula shows the relation between 

garbage outputs and constant inputs: 

input + constant input = output + garbage. 

F. Reversible CNOT & Toffoli Gate 

Many different reversible gates have been introduced in 

literature. One of the first gates was the CNOT gate, which 

capable of producing the “exclusive or" of two input bits as 

the second output and the first output is equal to the first 

input. A generalization of CNOT is a 3-input 3-output 

Toffoli gate. The Toffoli gate negates the third bit iff the 

first two bits are 1.Fig.  shows both gates as they are 

commonly drawn. In the pictorial representation each of 

functions, “   ” denotes the product and “ ” the “exclusive 

or" 
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Fig. 5: Reversible CNOT & Toffoli Gates 

We can have a generalized CNOT Gate as shown in Fig. 6: 

 
Fig. 6: Generalized CNOT Gate 

III. CONCLUSION  

Arithmetic units in computer systems have much usage; 

hence, designing these units is very important. Computer 

designers are interested to design reversible logic circuits 

with reversible gates and designing fault tolerant reversible 

circuit is important nowadays. In this paper we have seen 

the design of fault tolerant reversible register. This can 

become one of the building blocks for systems based on 

Nanotechnology. Also, we analyzed an important factor in 

reversible logic synthesis, the amount of garbage. Using this 

approach the quantum computers can also be realized. We 

can work on Signed & Unsigned computation in future. 
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