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ABSTRACT Reversible logic is most popular
concept in energy efficient computations and this
will be demand for upcoming future computing
technologies. Reversible logic is emerging as an
important research area and it will be having wide
applications in many fields such as optical
information processing, quantum computing and
Low power CMOS design. Under ideal conditions,
the reversible logic gates will produce zero power
dissipation. So this concept will helpful for Low
power VLSI design. This paper will proposes the
design of Full adder/subtractor circuit using fault
tolerant reversible gates. The design can work
singly as an adder/subtractor. The proposed
design offers less hardware complexity and is
efficient in terms of gate count, delay, constant
inputs and garbage outputs compared to previous
Fault tolerant Full Adder/Subtractor design. A
parallel adder/subtractor design using fault
tolerant reversible gates also proposed in this
paper. The proposed circuits will be simulated
using ModelSim simulator and implemented in

Xilinx FPGA platform.

Telangana

Keywords — Adder/Subtractor, Parity preserving
reversible gates, Parallel Adder/Subtractor,

Reversible logic gates.

I. INTRODUCTION Today’s new technology
offers faster, smaller and complex circuits.
Moore’s law states that Performance (speed) of an
integrated circuit per unit cost increased by a
factor two for every 18 months. In order to achieve
higher speed the clock frequency must be high and
for smaller, complex circuit’s the number of
transistors in the IC must be large and they are
more closely packed in order to save area. As the
IC will be faster, complex means that will
increases the power dissipation in the circuit.
Almost all conventional computers comprises of
million numbers of gates that are irreversible in
nature. During logical operations in the circuit
some information is erased or lost that will causes
heat dissipation and energy loss. R Landauer [1]
has shown that circuit with irreversible
components, during computation each bit loss
generates kTIn2 joules of energy, where k is

Boltzmann’s constant and T is absolute
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temperature. At a temperature T for one bit loss it
will generates 2.86 x 10-21 J of energy that will be
small but we cannot neglect this value. The heat
dissipated in the circuit will gradually decrease the
performance and also life span of the circuit or
device. In order to overcome these types of
problems we require low power consumption and
less dissipation components in the circuit. C H
Bennet [2] shown that if we use reversible logic
gates instead of irreversible components in the
circuit, we can achieve zero energy dissipation in
the circuit. He proposed two conditions of

reversibility.

1 st condition: For any device to be reversible if
its input and output will be uniquely retrievable

from each other called logical reversibility.

2 nd condition: A device can run actually

backwards then it is called physically reversible.

The reversible circuits are those in which
reversible logic gates are basic building blocks and
there is no energy loss. The reversible logic gates
will be having n-input and n-output i.e. equal
number of input and equal number of output, and
also with oneto-one mapping i.e. inputs can be

uniquely recovered from the outputs.

LITERATURE REVIEW:
Reliable computing and quantum computing is

one ofthe emerging areas in today’s world. Berger

codes can detect stuck-at faults and skews in
asynchronous systems which is a part of reliable
computing [I3]. On the other hand, reversible logic
is a growing technique in low power applications
such as quantum computing. Work proposed in
[14] discusses different concurrent error detecting
arithmetic and logic units using Berger codes such
as signed and unsigned addition and subtractions,
16  logical  operations, shift operations,
multiplication and division. Authors in [lO] used
Berger code as a means of in corporating CED
(Concurrent Error Detection) into a selfchecking
register file. A Berger check prediction circuit is
an external circuit that needs to be built to test
errors. In the mean while, Fault Tolerant reversible
circuits are those which do not require any
additional hardware, but has an inherent property
of detecting errors. Several Fault Tolerant Adders
and Subtractors has been proposed in the
literature. Fault Tolerant Full Adder using Fredkin
gate with Feynman gate to preserve the parity has
been proposed in [4]. In the same way reversible
FullAdder has been proposed using IG gate and
F2PG gate by the authors in [15] and [5]
respectively. In the literature, this is the first
attempt of designing a reversible Berger check
prediction circuit using reversible gates. Also, a
reversible Fault Tolerant circuit has been designed
with optimized parameters. The designed circuits

are analyzed in terms of performance parameters
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to detect unidirectional errors. In case of parity
preserving technique, if multiple errors occurs on
the same line then it cannot detect them, as one
error may cancel other. Hence this technique
cannot detect multiple errors.

In"Irreversibility and Heat Generation in the
Computing Process” It is argued that computing
machines inevitably involve devices which
perform logical functions that do not have a
single-valued inverse. This logical irreversibility is
associated with physical irreversibility and
requires a minimal heat generation, per machine
cycle, typically of the order of k7 for each
irreversible function. This dissipation serves the
purpose of standardizing signals and making them
independent of their exact logical history. Two
simple, but representative, models of bistable
devices are subjected to a more detailed analysis
of switching kinetics to yield the relationship
between speed and energy dissipation, and to
estimate the effects of errors induced by thermal
fluctuations

IN “DESIGN OF LOW POWER
COMPARATOR USING DG GATE” In recent
studies, reversible logic has emerged as a great
scene of research, having applications in low
power CMOS circuits, optical computing,
quantum computing and nanotechnology. The
classical logic gates such as AND, OR, EXOR and
EXNOR are not reversible. In the existing

literature, reversible sequential circuits designs are
offered that are improved for the number of the
garbage outputs and reversible gates. Minimizing
the number of garbage is very noticeable. In the
present paper, we show a design of the reversible
comparator based on the quantum gates
implementation of the reversible DG gate. The
reversible DG gate is designed by using 3 x 3
quantum gates such as NOT, CNOT, Controlled-V
and Controlled-V+ gates. Also, we have used the
TR gate and various types of quantum gates in the
implementation results. Low power three-bit
comparator is designed using DG Gate, New Gate
and Fredkin Gate. In order to evaluate the benefit
of using the DG gate proposed in this paper, one-
bit comparator is constructed. The design is useful
for the future computing techniques like quantum
computers. The proposed designs are implemented
using VHDL and functionally investigated using

Quartus II simulator.

In “Optimized Nanometric Fault Tolerant
Reversible BCD Adder”In recent years,
reversible logic has become one of the most
important areas of researches because of its
applications in several technologies; such as low-
power CMOS, Nano-computing and optical
computing. In this paper, we have presented
designs of a compact and efficient fault tolerant

reversible Binary Coded Decimal (BCD) adder as
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well as a fault tolerant reversible Carry Skip BCD
adder. We have proposed new reversible fault
tolerant gates and heuristic algorithms to design
compact BCD Adders. The proposed reversible
fault tolerant BCD adder achieves the
improvement as reducing cost of 23.07% on the
number of gates, 52.67% on quantum cost,
31.03% on garbage outputs, 29.16% on the
number of constant inputs and 23.07% on unit
delay over the existing best one. Similarly, the
proposed reversible fault tolerant carry skip BCD
adder achieves the improvement as reducing cost
of 34.72% on the number of gates, 43.24% on
quantum cost, 37.5% on garbage outputs, 37.14%
on the number of constant inputs and 34.72% on
unit delay over the existing best one.
In "Fault-Tolerant Reversible Circuits”
Reversible hardware computation, that is,
performing logic signal transformations in a way
that allows the original input signals to be
recovered from the produced outputs, is helpful in
diverse areas such as quantum computing, low-
power design, nanotechnology, optical
information processing, and bioinformatics. We
propose a paradigm for performing such reversible
computations in a manner that renders a wide class
of circuit faults readily detectable at the circuit's
outputs. More specifically, we introduce a class of
reversible logic gates (consisting of the well-

known Fredkin gate and a newly defined Feynman

double-gate) for which the parity of the outputs
matches that of the inputs. Such parity-preserving
reversible gates, when used with an arbitrary
synthesis strategy for reversible logic circuits,
allow any fault that affects no more than a single
logic signal to be detectable at the circuit's primary
outputs. We show the applicability of our design
strategy by demonstrating how the well-known,
and very useful, Toffoli gate can be synthesized
from parity- preserving gates and apply the results
to the design of a binary full-adder circuit, which
is a versatile and widely used element in digital
arithmetic processing
Reversible Logic Gates

The main object in reversible logic theory
is the reversible function, which is defined as
follows.
Definition1. The multiple output Boolean function
F(x1; x2; :::; xn) of n Boolean variables is called
reversible if:
1. The number of outputs is equal to the number of
inputs;
2. Any output pattern has a unique preimage.
In other words, reversible functions are those that
perform permutations of the set of input vectors.
Definition2. 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

present value inputs that were added to an (n,; k)
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function to make it reversible. The following
simple formula shows the relation between the
number of garbage outputs and constant inputs
Input + constant input = output + garbage.

The Quantum Cost of 1*1 Reversible gates is zero,
and Quantum Cost of 2*2 Reversible gates is one.
Any Reversible gate is realized by using 1*1 NOT
gates and 2*2 Reversible gates, such as V, V+ and
FG gate which is also known as CNOT gate. The
V and V+ Quantum gates have the property given
in the Equations 1, 2 and 3.

VHV=NOT ..cccveennn... (1)
VHVH=V+*V=T... . ... )
V4+*V+=NOT .veeoreee! 3)

The Quantum Cost of a Reversible gate is
calculated by counting the number of V, V+ and
CNOT gates [2],[3].

2.1 NOT Gate

The simplest Reversible gate is NOT gate
and 1s a 1*1 gate. The Reversible 1*1 gate is NOT
Gate with zero Quantum Cost is as shown in the

Figure 1.

Figurel. NOT gate

2.2 Feynman / CNOT Gate

Controlled NOT (CNOT) gate is an
example for a 2*2 gate. The Reversible 2*2 gate
with Quantum Cost of one having mapping input
(A, B) to output (P = A, Q = A B) is as shown in
the Figure 2.

Figure?. Feynman/CNOT gate

There are many 3*3 Reversible gates such as F,

TG, PG and TR gate.

REVERSIBLE GATES

There are many reversible gates such as Feynman,
Toffoli, TSG, Fredkin, Peres, etc [3]. As the
universal gates in boolean logic are Nand and Nor,
for reversible logic, the universal gates are
Feynman and Toffoli gates.

Feynman Gate: Feynman gate is a universal gate
which is used for signal copying purposes or to
obtain the complement of the input signal. The

block diagram of Feynman gate is shown in fig.1
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A P=A
‘ﬂ. ! —
P B Q=A"B
F P
B — =AN
Q=A"8 C R=(AB)"‘C

Fredkin Gate: It is a basic reversible 3- bit gate
used for swapping last two bits depending on the
control bit. The control bit here is A, depending on
the value of A, bits B and C are selected at outputs
Q and R. When A=0, (Q=B, R=C) whereas when
A=1, (Q=C, R=B). Its block diagram is as shown

in fig. 2:
A P=A
B Q=A'BMAC
FR
C R=ACPA'B

Peres Gate: It is a basic reversible gate which has
3- inputs and 3-outputs having inputs (A, B, C)
and the mapped outputs (P=A, Q=A"B,
R=(A.B)*C). The block diagram is as shown in
fig. 3:

Toffoli Gate: Toffoli gate is a universal reversible
gate which has three inputs (A, B, C) mapped to
three outputs (P=A, Q=B, R= (A.B)"C). The block
diagram of Toffoli gate is shown in fig. 4:

A P=A
B Q=8

TF
C R=(ABJAC

TSG Gate: TSG gate is a reversible gate which
has four inputs (A, B, C, D) mapped to four
outputs (P=A, Q=A"B, R=A"B"D,
S=(A"B)"D"AB”C). The block diagram of TSG

Gate is shown in fig. 5:

A P=A
—— Q:AAB
C em— 15G R=AABAD
D o S=(AMB)ADMABAC

MIG GATE:
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Modified IG Gate (MIG): Fig. 4 shows 4*4
Modified 1G [7] gate. It has A, B, C and D input
vector and output vectoras P=A, Q=A@ B,R =
AB @C and S= AB’@D.

A —— MIG P=A

B — Gate Q=A@ B
C — R=ABEC
0 &= S=ABED

Modified 1G Gate (MIG) Parity Preserving
Reversible Gate (P2RG): Fig.5 shows 5*5 parity
preserving reversible gate [10], P2RG. It has A, B,
C, D and E input vector and output vector as P=A,
Q=(A’C’®B’) @D, R=(A’C’@B’) DLABDC,
S=AB’@®@CPH (A’C’HB’)’D and T= (DDE)
DAC.

A ——— P=A
B P2RG Q=(A.CHB B D
C —| Gate [ R=(A.CBB)D BABHC
D — s=AB&C & (A.CEB)D
E — —— T=(DPE) B AC
RESULT:

Parity Preserving Reversible Gate (P2RG)

Full Adder is design by use MIG and COG based
Reversible Logic gate. The proposed design model
contain control signal which is using for control
the adder and subtractor operation. Figure 6 is
showing the diagram for MIG (Modified Islam
Gate). In this four inputs and 4 Output are using.
Figure 7 is showing the COG Gate which has 3
Input and 3 Output. Figure 8 is showing the
proposed circuit for design Fault Tolerant Full
Adder / Subtraction. In this two MIG gates are
using and one COG gate is using. There are A, B,
C, Cntrl are in input and C/B and S/C are the
output. The control signal is using for control the
operation of Adder / Subtraction. For the Logic, 0
Adder will work, and for Logic 1 Subtractor will

work.
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APPLICATIONS The reversible logic will have

many applications. Some important areas of

reversible logic include the following [13, 14]
e Nanocomputing

¢ Bio Molecular Computations

e Laptop/Handheld/Wearable Computers

e Spacecraft

e Low power CMOS.

¢ Design of low power arithmetic and data path for

digital signal processing (DSP).

CONCLUSION AND FUTURE WORK This
paper presents efficient approach for the design of
fault tolerant full adder/subtractor and parallel
adder/subtractor. The proposed design can work as

single unit that can acts as adder as well as

Volume 04 Issueld
November 2017

subtractor depending upon our requirement. The
proposed design offers less hardware complexity,
less gate count, less garbage bits and constant
inputs. The reversible computation can be done
efficiently with less number of garbage bits and
constant inputs. The proposed Fault tolerant
Adder/Subtractor design can be used to realize
some arithmetic components such as carry save
adder, carry skip adder and multiplier/divisors etc,.
In future we are planning to design more
optimized Fault tolerant Adder/Subtractor design
and other fault tolerant circuits i.e. less garbage

bits and constant input.
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