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Abstract - Reversible logic is optimization of logic design on chip
to minimize the delay in calculation and reduce the quantum cost
so that the energy consumption of the chip should be minimized.
The optimization of the design is the requirement of the VLSI
design to increase the response of the signals and operations. To
achieve this we are optimizing the use of various reversible gates
to calculate various logic operations. In this paper we have
designed architecture for 2-bits and compared with the 1-bit
architecture and calculated the delay and found the 2-bit
architecture having less delay.
Keywords- Reversible Gates, 2-bit architecture, delay and
quantum cost .
I.

INTRODUCTION

Reversible computing is a model of computing where the
computational process to some extent is reversible, that is,
time-invertible. In a computational model that uses
transitions from one state of the abstract machine to another,
a essential condition for reversibility is that the relation of the
mapping from states to their successors must be each and
every one. Reversible computing is normally considered an
unconventional form of computing. There are two major,
nearly associated, there are types of reversibility which are of
particular interest for this purpose: physical reversibility and
logical reversibility.
A process is said to be physically reversible if it results in no
increase in physical entropy; it is isentropic. These circuits
are also called as charge recovery logic, adiabatic computing
or adiabatic circuits. Although in practice no non-stationary
physical process can be exactly physically reversible or
isentropic, there is no identified limit to the closeness with
which we can approach perfect reversibility, in architecture
that are adequately well-isolated from interactions with
unknown external environments, as the laws of physics
telling the system's evolution are precisely known. Probably
the largest motivation for the study of technologies aimed at
actually implementing reversible computing is that they offer
what is predicted to be the only potential way to improve the
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energy efficiency of computers beyond the fundamental von
Neumann-Landauer limit [2] of kT ln(2) energy dissipated
per irreversible bit operation.
In most computing tasks, the number of output bits is
relatively small compared to the number of input bits. As, in
a decision problem, the output is only one bit (yes or no) and
the input can be as large as desired. Though, computational
tasks in digital signal processing, communication model,
computer graphics, and cryptography necessitate that all of
the information encoded in the input be preserved in the
output. A number of those tasks are important enough to
justify adding new microprocessor instructions to the HP
PA-RISC (MAX and MAX-2), Sun SPARC (VIS), PowerPC
(AltiVec), IA-32 and IA-64 (MMX) instruction sets [18, 13].
In particular, new bit-permutation instructions were shown to
vastly improve performance of several standard
methodologies, including matrix transposition and DES, in
addition to two recent cryptographic algorithms Twofish and
Serpent [13]. Bit permutations are a special case of reversible
functions, functions that permute the set of possible input
values.
It is a key element of Fast Fourier Transform algorithms and
has been used in application-specific Xtensa processors from
Tensilica. One may expect to get more speed-ups by adding
instructions to allow computation of an arbitrary reversible
function. The problem of chaining such instructions together
provides one motivation for studying reversible computation
and reversible logic circuits, logic circuits composed of gates
computing reversible functions. Reversible circuits are too
attractive because the loss of information associated with
irreversibility implies energy loss [2]. Younis and Knight
[22] showed that some reversible circuits can be made
asymptotically energy-lossless as their delay is allowed to
grow arbitrarily large.
Currently, energy losses due to irreversibility are dwarfed by
the overall power dissipation, but this might be changed if
power dissipation improves. Specifically, reversibility is
IJSPR | 1

INTERNATIONAL JOURNAL OF SCIENTIFIC PROGRESS AND RESEARCH (IJSPR)
Volume-06, Number -01, 2014

important for nanotechnologies where switching devices
with gain are very difficult to design. Finally, reversible
circuits can be viewed as a special case of quantum circuits
because quantum evolution must be reversible [14]. Classical
(non-quantum) reversible gates are subject to the same
“circuit rules,” whether they work on classical bits or
quantum states. In detail, popular universal gate libraries for
quantum computation often contain as subsets universal gate
libraries for classical reversible computation. While the
speed-ups that make quantum computing attractive are not
available without purely quantum gate, the logic synthesis
for classical reversible circuits is a first step toward synthesis
of quantum circuits.
We review existing work on classical reversible circuits.
Toffoli [20] gives constructions for an arbitrary reversible or
irreversible function in terms of a certain gate library.
However, his method makes use of a large number of
temporary storage channels, i.e. input-output wire-pairs other
than those on which the function is computed (also known as
ancilla bits). Sasao and Kinoshita show that any conservative
function ( f (x) is conservative if x and f (x) always contain
the same number of 1s in their binary expansions) has an
implementation with only three temporary storage channels
using a certain fixed library of conservative gates, although
no explicit construction is given [16]. Kerntopf uses
exhaustive search methods to examine small-scale synthesis
problems and related theoretical questions about reversible
circuit synthesis [9]. There has also been much recent work
on synthesizing reversible circuits that implement nonreversible Boolean functions on some of their outputs, with
the aim of providing the quantum phase shift operators
needed by Grover’s quantum search algorithm [8, 12, 21].
Some work on local optimization of such circuits via
equivalences has also been done [12, 8]. In a different
direction, group theory has recently been employed as a tool
to analyze reversible logic gates [19] and investigate
generators of the group of reversible gates [5].
II.

conditions have been examined in the literature [15]. We will
consider a specific set defined by Toffoli [20].
another definition is Clearly the k-CNOT gates are all
reversible. The first three of these have unusual names. The
0- CNOT is just an inverter or NOT gate, and is signified by
N. It performs the operation (x) !(x1), where denotes XOR.
The 1-CNOT, which performs the operation (y;x)!(y;x_y) is
referred to as a Controlled-NOT [7], or CNOT (C). The 2CNOT is normally called a TOFFOLI (T) gate, and performs
the operation (z;y;x) (z;y;x_yz). We will also be using
another reversible gate, called the SWAP (S) gate. It is a 2_2
gate which exchanges the inputs; that is, (x;y) ! (y;x). One
reason for choosing these particular gates is that they appear
often in the quantum computing context, where no physical
“wires” exist, and swapping two values needs non-trivial
effort. [14]. We will be working with circuits from the given,
limited-gate library. Generally, this will be the CNTS given
gate library, consisting of CNOT, NOT Gate and TOFFOLI,
and SWAP gates.
As with reversible gates, a reversible circuit has the same
number of input and output wires; again we will call a
reversible circuit with n inputs an n_n circuit, or a circuit on
n wires. We draw reversible circuits as arrays of horizontal
lines presenting wires. Gates are presented by verticallyoriented symbols. Such as, in Figure 1, we see a reversible
circuit drawn in the notation introduced by Feynman [7]. The
symbols represent inverters and the symbols represent
controls.

Fig. 2.1: 3x3 reversible circuit with two T gates and two N gates.

REVERSIBLE GATES AND CIRCUITS

If arbitrary signals are allowed on the inputs, a required
condition for reversibility is that the gate have the same
number of input and output wires. If it has k inputs & output
wires, it is known a k_k gate, or a gate on k wires. We would
think of the mth input wire and the mth output wire as really
being the similar wire. Numerous gates satisfying these
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Fig. 2.2: Truth table for the circuit in Fig. 2.2
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Table 1: Selection Line Codes and Respective Results for Fig. 3.1

A vertical line connecting a control to an inverter means that
the inverter is only applied if the wire on which the control is
set carries 1 signal. Therefore, the gates used are, from left to
right, TOFFOLI, TOFFOLI NOT, , and NOT.
III.
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PROPOSED METHODOLOGY

The design of proposed architecture is shown in figure
below. The architecture is designed for 2-bit ALU using
Fynman gate, HNG gate, PAOG Gate and Fredkin gate. In
the Fig. 3.1 A, B and C are inputs g1, g2, g3, g4, g5, g6, g7,
g8, g9, g10, g11, g12, g13 and g14 are outputs of gates. t1,
t2, t3, t4, t5, t6, t7, t8 , t9, t10, t11, t12, t13, t14, t15 and t16
are signals. S0, S1, S2, S3 and S4 are selection lines.
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Fig. 3.1 Block Diagram of Proposed Architecture of 2-Bit ALU using Reversible Gates
IV. SIMULATION RESULTS

The simulation of proposed architecture is implemented and
simulated and verified. The delay calculated for 2-bits is
11.24ns and for 1-bit is 10.72ns means there is no significant
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delay introduced by the proposed architecture compared to 1bit architecture. This is achieved because of the parallel
arrangement of the reversible gates for separate bits. The
timing details generated by simulation tools are given in
below figures.
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Fig. 4.1: Timing Details of the 1-Bit ALU architecture using
reversible gates.
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Fig. 4.2: Timing Details of the 2-Bit ALU architecture using
reversible gates.

The test bench waveform is shown in the Fig. 4.3 and 4.4 for
1-bit and 2-bit architecture respectively.

Fig.4.3: Test Bench Waveforms for Single Bit Reversible Gate ALU

Fig. 4.4: Test Bench Waveforms for 2- Bit Reversible Gate ALU
www.ijspr.com
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V. CONCLUSION AND FUTURE SCOPE

From the simulation results it is clear that the delay of the
ALU for 1-bit is reduced by using the architecture in parallel
with the 1-bit and the proposed parallel architecture produces
the delay as compared to the previous 1-bit architecture. Now
if we consider the previous architecture to design 32-ALU
than the total delay is about 10.72ns*32 = 343.04ns, but by
using proposed 2-bit architecture it will be 11.24ns*16 =
179.84ns only means there is the proposed architecture
complete any 32-bit arithmetic operation near in half time of
previous architecture.
In future the proposed architecture will be made with lesser
delay using more parallel architectures e.g. 4-bit or 8-bit.
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