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Abstract--- A reversible gate has the equal number of inputs
and outputs and one-to-one mappings between input vectors
and output vector, thus the vector of input states can be
always reconstructed from the vector of output states. A gate
with k inputs and k outputs is called a k*k gate. Reversible
logic Gate has one of the most important approaches for the
power factor with its application in low power VLSI design.
The Quantum computing having with applications in the
domains like Nano-technology, Cryptography and
Communications. It's also called as lossless circuits. In this
paper addition operation is realized using reversible logic
gates like DKG gate. Here we implement 4-Bit Full adder
using DKG reversible logic gate.
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I. INTRODUCTION

Every day and every time new technology is faster, smaller
and more complex. Millions of gates used to perform logical
operations are irreversible. Every time a logical operation is
performed some information about the input is erased or lost
and is dissipated as heat. With the help of Irreversible and
Reversible logic gate Power consumption is the most
important factors in VLSI circuit design.
Irreversible logic circuits/gates loss kT*log 2 Joule
( K =1.3806505 * 10~23m 2kgs 2K 'and T is the room
temperature) heat for every bit of information [1]. Here we
use Reversible logic gates to reduce heat dissipation. In
1973, Bennett showed that KTIn2 energy would not
dissipate from a system as long as the system allows the
reproduction of the inputs from observed outputs [2].
With the help of Reversible logic circuit input vector can be
uniquely recovered from the output vector. And there is a
one-to-one mapping between its input and output
assignments, i.e. not only the outputs can be uniquely
determined from the inputs, but also the inputs can be
recovered from the outputs. Energy dissipation can be
reduced or even eliminated if computation becomes
Information-lossless.
Reversible logic design different types of combinational
logic design approaches [3]. In reversible logic circuit the
number of input lines must be equal the number of output
lines, each
Output will be used only once and the resulting circuit must
be acyclic [3]. A reversible circuit should be designed using
minimum number of reversible logic gates Reversible circuit
design; there are many parameters for determining the
complexity and performance of circuits.

1) How many numbers of Reversible gates (N): The

Number of reversible gates used in circuit [4].
2) The number of constant inputs (CI): Refers to the

number of inputs that are to be maintained constant
at either 0 or 1 in order to given logical function
[4].

3) The number of garbage outputs (GO): This refers
to the number of unused outputs present in a
reversible logic circuit [4].

4) 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 [4].

II. BASIC DEFINITIONS OF REVERSIBLE LOGIC GATES:

A. Reversible function [4]:

Boolean variables is called reversible if:
The number of outputs is equal to the number of inputs;
1) Any output pattern has a unique pre-image.

B. Reversible logic gate:

Reversible Gates are circuits in which number of outputs
is equal to the number of inputs and there is a one to one
mapping between the vector of inputs and outputs [5]-[7]. It
not only helps us to find the outputs from the inputs but also
helps us to find the inputs from the outputs.

C. Garbage outputs:

Additional inputs or outputs can be added so as to make the
number of inputs and outputs equal whenever necessary.
This also refers to the number of outputs which are not used
in the synthesis of a given function [6]. In certain cases
these become mandatory to achieve reversibility. Garbage is
the number of outputs added to make an n-input k-output
function ((n; k) function) reversible [7].

Input + constant input = output + garbage.

D. Quantum cost:

Quantum cost 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. The quantum cost of a circuit is the
minimum number of 2*2 unitary gates to represent the
circuit keeping the output unchanged. The quantum cost of a
1*1 gate is 0 and that of any 2*2 gate is the same, which is 1
[9].

E. Design Constraints for Reversible Logic Circuits:

The following are the important design constraints for
reversible logic circuits [4].

1) Reversible logic gates do not allow fan-outs [4].
2) Reversible logic circuits should have minimum
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quantum cost [4]. C. TOFFOLI Gate
3) The design can be optimized so as to produce  TOFFOLI gate shown in fig. 3 which is a 3*3 gate with
minimum number of garbage outputs [4]. inputs (A, B, C) and outputs P=A,Q=B, R=AB XOR C. It

4) The reversible logic circuits must use minimum  hag Quantum cost five [9].
number of constant inputs [4].
5) The reversible logic circuits must use a minimum A P=A
logic depth or gate levels [4].

III. REVERSIBLE LOGIC GATES B Q=B
) . . — ] TOFFOLL —
There are many number of reversible logic gates that exist at GATE
present. The quantum cost of each reversible logic gate is an C E=ABXORC

important parameter. The quantum cost of a 1x1 reversible
gate is assumed to be zero while the quantum cost of a 2x2
reversible logic gate is taken as unity.

Some of the important reversible logic gates are,

A. NOT Gate
The simplest Reversible gate is NOT gate and is a 1*1 gate

Fig. 3: Toffoli Gate

X . . A B C P Q R
[9]. The Reversible 1*1 gate is NOT Gate with zero Quantm 0 0 0 0 0 0
Cost is as shown in the Fig.1 [9]. 0 0 1 0 0 1
0 1 0 0 1 0
0 1 1 0 1 1
A NOT P=A 1 0 0 1 0 0
GATE 1 0 1 1 0 0
1 1 0 1 1 1
1 1 1 1 1 1
Table 2: — 3x3 Toffoli Gate
Fig. 1:NOT Gate D. FEYNMAN Gate
The Feynman gate shown in fig. 4 which is a 2*2 gate and is
also called as Controlled NOT and it is widely used for fan-
R P out purposes. The inputs (A, B) and outputs P=A, Q= A
0 ) XOR B. It has Quantum cost one [9].
1 0
Table 1 :-1x 1 NOT Gate A P=A
B. CNOT Gate o
CNOT gate is also known as controlled-not gate. It is a 2*2 FEVMNMLIAN
reversible gate. The CNOT gate can be described as: GATE )
I/p=(A,B);o/p=(P=A,Q=AB) B i Q=AXORE
Quantum cost of CNOT gate is 1[9]. Fig. 2 shows a 2*2 S .
CNOT gate and its symbol [9].
A P=A Fig. 4: Feynman Gate
) A B P Q
CNOT o] o] o] o
0 1 0 1
B GATE i
Q =AX0OREB 1 0 1 1
I 1 1 1 0
Table 3: - 2 x 2 Feynman Gate
E. FREDKIN Gate
Fredkin gate shown in fig. 5 which is a 3*3 gate with inputs
(A, B, C) and outputs P=A, Q=A'B+AC, R=AB+A'C. It has
Fig. 2.: CNOT Gate Quantum cost five [9].
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A P=A
B 0=AB+AC
FREDKIN
GATE R=AR+ATC
C
Fig. 5. Fredkin Gate

A B C P Q R

0 0 0 0 0 0

0 0 1 0 0 1

0 1 0 0 1 0

0 1 1 0 1 1

1 0 0 1 0 0

1 0 1 1 0 1

1 1 0 1 1 1

1 1 1 1 1 0

Table 4: - 3 x 3 Ferdkin Gate

F. PERES Gate

Peres gate shown in fig. 6 which is a 3*3 gate having inputs
(A, B, C) and outputs P = A; Q = A XOR B; R = AB XOR
C. It has Quantum cost four [9].

A -

B PERES Q=AXORB
GATE

c R=ABXORC

Fig. 6:Peres Gate

A B C P Q R
0 0 0 0 0 0
0 0 1 0 0 1
0 1 0 0 1 0
0 1 1 0 1 1
1 0 0 1 1 0
1 0 1 1 1 1
1 1 0 1 0 1
1 1 1 1 0 0
Table 5: - 3 x 3 Peres Gate
G. DKG gate

DKG gate shown in fig. 7 which is a 3*3 gate having inputs
(A,B,C) and outputs P =B; Q= A'C+AD’;

R = (A XOR B) (C XOR D) XOR CD; S =B XOR C XOR
D.

A P=B
B Q=AC+AD
DKG
c_ | GATE R = (A XOR E){C XOR D) XOR CD

D §=BXORCXORD

Fig. 7: Reversible DKG gate

A P=A=gl
B
_ B
pKG |2 BTE
C GATE
— R = A(B XOR C) XOR BC = Casry
D $ = A XOR B XOR C = Sum

Fig. 8: DKG gate implemented as Full adder

IV. DESIGN AND IMPLEMENTATION:

A. Inputs

Here we implement 4-bit full adder. Thus the inputs are 4
bits. Three input vectors and a single bit Cin. Two of the
three input vectors are added 4-bits values. The remaining
vector could be called the ancilla vector which is filled with
ZETO0S.

B. Outputs

The outputs of the system are one garbage vector of 8§ bits,
one sum vector of 4 bits and a Cout (Carry out) bit.

C. Design Theory

First of all, we need to know that in order to build a
reversible circuit we must use reversible gates [11]. There
are different ways to implement a reversible adder. These
different implementations depend on a balance between
gates count, garbage outputs, ancilla bits. Being universal,
these previously presented gates can implement any logical
function and therefore they can also implement the well-
known functions for a full-adder:
S=XY’Zin+ X’YZin’ + XYZin + XY Zin’
S=XY'Zin+ XYZin+ X'YZin" + XY Zin"
S = Zin (XY’ +XY) + Zin’ (X’Y+XY")
Let X’Y+XY’=XXORY =A"
XY+XY' =A
S=Zin A" +Zin’ A
=Zin XOR A
=X XOR Y XOR Zin
COUT = XY + YZin + XZin
=XY (Zin+ Zin’) + YZin (X + X*) +XZin (Y +Y’)
=XYZin + XYZin’ + XYZin + X’YZin + XYZin +
XY’Zin
=XYZin’ + XY’ Zin + XYZin’ + XYZin
= XY XOR YZin XOR XZin
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' Coml X
[ = 1 | ) Gosty
y —+ ; ! :

Cout-XY XOR Yim XOR Xix

w1

D SUM-X XOR Y X0R I
Fig. 9: DKG Traditional Logic implementation

& | oo H

G
GATE

Fig. 10: 4-Bit DKG gate implemented as Full adder

V. RESULT ANALYSIS:

Here we design 4-bit Full-adder using DKG Reversible
logic gate. We use 4 DKG logic gates. Here K0-K3, A0-A3,
B0-B3 and Cin are as input vector and C1, C2, C3 are
signals. G0-G7, S0-S4 is output vectors. Now we can show
the result,

A. Device utilization summary:

1) Selected Device: 3s100evq100-5

2) Number of Slices: 4 out of 960 0%

3) Number of 4 input LUTs: 8 out of 1920 0%
4) Number of IOs: 26

5) Number of bonded IOBs: 22 out of 66 33%

B. RTL Design view:

Fig. 11: RTL view

C. Result for Behavior Simulation:

Fig. 12: Result for 4 Bit Full adder using DKG gate
D. Result for Post Routing:

Fig. 13: 4-Bit Full adder using DKG gate with post routing

E. Result for power analysis:

Neme Ve Us=g Tatal Avaizble Ukization (%
0.00013 (W) g 1520 14
0.00040 {) {17 - -
0.07130 ) 77 % 333

Fig. 14: Result for power analysis:

VI. APPLICATION:

Reversible computing may have applications in computer
security and transaction processing, but the main long-term
benefit will be felt very well in those areas which require
high energy efficiency, speed and performance .it include
the area like
1) Low power CMOS
2) Optical computing
3) Quantum computer
4) Nanotechnology
5) Design of low power arithmetic and data path for
digital signal processing (DSP)
6) Field Programmable Gate Arrays (FPGAs) in
CMOS technology for extremely low power, high
testability and self-repair.
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implemented in VHDL. We can simulate and synthesis it
using Xilinx software and also calculate the power
consumption. Here we present Result of Behavior, Post
routing Simulation. And last Power analysis of 4-Bit Full
adder.
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