IJECCE

International Journal of Electronics Communication and Computer Engineering
Volume 4, Issue 2, ISSN (Online): 2249-071X, 1SSN (Print): 2278-4209

Efficient Design of Half Adder and Half Subtractor
Using New SN Reversible Gate

NayanaD. K.
Department of Electronics and Communication,
REVA Ingtitute of Technology, Bangaore, India
Email: nayanadk08@gmail.com

Abstract - In the recent years, the reversible logic design
attracting more interest due to its low power consumption.
Reversible logic is very important in low power circuit
design. Reversible logic has extensive applications in
quantum computing, low power VLS| design, nano
technology and optical computing. The classical set of gates
such as AND, OR and EXOR are not reversible. This paper
proposes a new 3 * 3 reversible gate called “SN “reversible
gate. The proposed gateis used to design efficient adder and
subtractor units. The proposed gate can be used to
implement AND, XOR, XNOR and NOT gates. It is
demonstrated that the adder/subtractor architectures
designed using the proposed gate are much better and
optimized, in terms of reversible gates and garbage outputs.
Thus this paper provides the initial threshold to building of
mor e complex system which can be execute more complicated
operationsusing reversiblelogic.

Keywords - Reversible Logic, Garbage Output, New SN
Reversible Gate, Reversible Binary Half Adder/Half
Subtractor.

|.INTRODUCTION

Reversible logic is emerging as a promising computing
paradigm with applications in emerging technologies such
as quantum computing, quantum automata, optical
computing, etc.([3]- [8]).Researchers like Landauer have
shown that for irreversible logic computations, each bit of
information lost, generates kTlog2 joules of heat energy,
where k is Boltzmann’s constant and T is the absolute
temperature at which computation is carried out[9].
Bennett showed that kTIn2 energy dissipation would not
occur, if a computation is carried out in a reversible way
[1Q], since the amount of energy dissipated in a system
bears a direct relationship to number of bits erased during
computation. The gate does not loose information is called
reversible. A reversible gate has the equal number of
inputs and outputs and one-to-one mappings between input
vectors and output vectors; so that, the input vector states
can be aways uniquely reconstructed from the output
vector states. 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[1].

One of the main congtraints in reversible logic is to
minimize the number of reversible gates used and garbage
output produced. Every gate output that is not used as
input to other gate or as a primary output is called garbage.
Garbage output refers to the output that is not used for
further computations. A heavy price is paid for every
garbage bit, if the garbage bhit is left unattended. In
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reversible logic, fan-out of any gate output is not allowed;

every output can be used only once. A reversible gate with

X inputs and x outputs is known as x*x gate. For instance,

the Feynman gate described by the equation P=A,Q=A &

B is reversible, as it can be seen in its truth table

(described later), because for each combination of output

signals P, Q there is one combination of input signals A,

B. A reversible circuit should be designed using minimum

number of reversible logic gates. But there are many

parameters for determining the complexity and
performance of circuits.

e The number of Reversible gates:. The number of
reversible gates used in circuit.

e The number of constant inputs. 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.

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

¢ Quantum Cost: 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
required to realize the circuit [1].

The paper is organized as follows. Section 2 deals with
the introduction of basic reversible gates. Section 3 deals
with the proposed SN reversible gate. Section 4 deals with
the designs of reversible adder and subtractor using
proposed SN gate. Section 5 deals with the result analysis
of the proposed design and Conclusions are contained in
section 6. The references are listed in section 7.

Il. REVERSIBLE LoGICc GATES

There are many universal reversible gates [2]. Some of
the important reversible gates are introduced:

There is only one 1*1 reversible logic gate, which is
inverter. This gate is important since it does not introduce
garbage outputs.

There are several 2*2 reversible gates and they are all
linear. A gate is linear when al its outputs are linear
functions of input variables. The 2*2 one through
Feynman reversible gate is shown in Figure 1. The
corresponding truth table is shown in Table I. The outputs
aredefined by P=Aand Q=A@ B. Where A, B arethe
inputs and P, Q are the outputs, respectively. This gate can
be used as a copying gate. Since afan-out is not alowed in
reversible logic, this gate is useful for duplication of the
required outputs.
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A—F ——» P=A
Feynman

Gate

— Q=A@ B

Fig.1. Feynman Gate

Tablel: Truth table of Feynman Gate

A B P Q
0 0 0 0
0 1 0 1
1 0 1 1
1 1 1 0

There exist 40,320 (=8!) 3*3 reversible logic gates [2].
Toffoli Gate is a 3*3 two-through reversible gate as shown
in Fig. 2 [3]. The corresponding truth table is shown in
Table I1. Two-through means two of its outputs are same
as the inputs with the mapping (A, B,C) to (P=A,Q=B,
R=A.B® C), where A,B,C are the inputs and P,Q,R are
the outputs, respectively [11].

A—»  Toffoli [—» P=A
Gate
B —» ——» Q=B
C —>» —» R=ABC

Fig.2: Toffoli Gate

Tablell: Truth table of Toffoli Gate
B P

== =l=1p
==l ==
el =l =l =e)
== =]=]
==l =l =]le]
O|r|r|Oo|r|o|r|o|T

Peres Gate is a 3*3 reversible gate as shown in Fig. 3.
The corresponding truth table is shown in Table IIl. The
inputs are mapped to outputs as (P=A, Q=A@ B, R=A.B
@ C), where A, B, C are the inputs and P,Q,R are the
outputs, respectively [1].

A p —» P=A
Peres
B—» Gate | — czzzf%.659 B
C—» —> R=ABPC
Fig.3. Peres Gate
Tablelll: Truth table of 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
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[11. PROPOSED 3* 3REVERSIBLE GATE

In this paper, a 3*3 one through reversible gate called SN
gate “SNG” is proposed. The proposed reversible SNG
gate is shown in fig.4. The corresponding truth table of the
gate is shown in table IV. The inputs are mapped to
outputs as (P=A, Q=A@ B® C, R= A'B+AC). It can be
verified from the truth table that the input pattern
corresponding to a particular output pattern can be
uniquely determined. The proposed SNG gate can
implement all Boolean functions. Fig.5 shows the
implementation of the proposed gate as XOR and AND
function. Fig.6 shows the implementation of the proposed
gate as XNOR function. Fig.7 shows the implementation
of the proposed gate as NOT function. Fig.8 shows the
implementation of the proposed gate as NOR function
with input B passed in complemented form by using a
NOT gate. Since, the NOR gate is a universal gate and any
Boolean function can be implemented through it. Hence,
the proposed gate can be used to implement any Boolean
function[12]. One of the prominent functionality of the
proposed gate is that it can work singly as areversible half
subtractor unit.

A—»p ——» P=A
B— SNG +—» Q=APBPHC
C—» ——» R=AB+AC

Fig.4: Proposed SN Reversible gate

TableV: Truth table of SN Gate
B

== =]l=1px

R|O|R|O|IR|OR|IO|IO

RPIRPRFRPFPOOIOIOT

R (O[FR| O|FR|IFk|IO|IO|A

=l =l =lle)
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It is possible to realize the proposed SN gate from 2
Feynman gate and 1 Freadkin gate. Thus the proposed
guantum cost of SN gate will be quantum cost of 2
Feynman gate + quantum cost of 1 Freadkin gate = 7.

A — p ——»
B=0—» SNG L » Q=AépC
cC —» —» R=A.C

Fig.5. Proposed SN gate as XOR and AND gate.
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SNG >
B=1—» L » Q=(Ap C)
C—> —»

Fig.6. Proposed SN gate as XNOR gate.

A—»p >
B=1—» SNG Ly =a
C=0 —» L

Fig.7. Proposed SN gate as NOT gate.

A—» >
B—» SNG  |—»
C—> ————» R=A'B

Fig.8. Proposed SN gate as NOR gate

V. DESIGN OF BINARY ADDERSAND
SUBTRACTORS USING PROPOSED SN
REVERSIBLE GATE

We used proposed NS reversible gate to design the
binary adders such as half adder and full adder. The same
SNG is used to design the binary subtractors such as half
subtractor and full subtractor.

A. Half Subtractor

Let A and B are two binary numbers. The half
subtractor performs A-B operation. Table V shows the
truth table of the half subtractor. From the truth table the
output Diff=A @& B and Bout=A".B. Hence, half subtractor
can be designed using only one proposed SN reversible
gate as shown in fig.9.

Table V: Truth table of Half Subtractor

A B Diff Bout

0 0 0 0

0 1 1 1

1 0 1 0

1 1 0 0
A L » P=A
B—» SNG [—» Q=AEB

C=0——» 1 R=A'B

Fig.9. Proposed SN gate working as a Reversible Half
Subtractor.
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A number of reversible half subtractors were proposed
in ([13]-[16]). The reversible half subtractor circuit in [13)]
requires three reversible gates (one 2*2 Feynman gate and
two 3*3 SSG gate) and produces four garbage outputs.
The reversible half subtractor circuit in [14 of designi]
requires three reversible gates (one 4*4 BVF gate and two
3*3 BJIN gate) and produces four garbage outputs. The
reversible half subtractor circuit in [14 of design 2]
requires four reversible gates (two 2*2 Feynman gate, one
3*3 Peres gate and one 3*3 BJN gate) and produces five
garbage outputs. The design in [15] requires three
reversible gates (one 4*4 BVF gate and two 3*3 MTG
gate) and produces three garbage outputs. The design in
[16] requires two reversible gate and produces three
garbage outputs. The proposed half subtractor using SN
gate in fig.9 requires only one reversible gate and
produces only one garbage output. Hence, the half
subtractor design in fig.9 using SN gate is better than
previous half subtractor designs of ([13]-[16]) in terms of
both the number of reversible gates and the number of
garbage outputs. A comparative result is shown in table
VI.

Table VI: Comparative Results of Different Half
Subtractor Circuits.

No. of No. of Garbage
Gates Outputs
Proposed Circuit 1 1
Existing Circuit[13] 3 4
Existing Circuit[14 3 4
of design 1]
Existing Circuit[14 3 4
of design 2]
Existing Circuit[15] 3 3
Existing Circuit[16] 2 3
B. Half Adder

Let A and B are two binary numbers. The half adder
performs A+B operation. Table VII shows the truth table
of the half adder. From the truth table the output Sum=A
@ B and Cout=A.B. Hence, half adder can be designed
using only one proposed SN reversible gate as shown in
fig.10.

Table VII: Truth table of Half Adder

A B Sum Cout
0 0 0 0
0 1 1 0
1 0 1 0
1 1 0 1
A ——» P=A
c=0—»| SNG L, o-@p B
B—» > R-=AB

Fig.10. Proposed SN gate working as a Reversible Half
Adder.
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A number of reversible half adders were proposed in
([13]-[15]). The reversible half adder circuit in [13]
requires three reversible gates (one 2*2 Feynman gate and
two 3*3 SSG gate) and produces four garbage outputs.
The reversible half adder circuit in [14 of designl]
requires three reversible gates (one 4*4 BVF gate and two
3*3 BJIN gate) and produces four garbage outputs. The
reversible half adder circuit in [14 of design 2] requires
two reversible gates (one 3*3 Peres gate and one 3*3 BJN
gate) and produces two garbage outputs. The design in
[15] requires three reversible gates (one 4*4 BVF gate and
two 3*3 MTG gate) and produces three garbage outputs.
The proposed half adder using SN gate in fig.10 requires
only one reversible gate and produces only one garbage
output. Hence, the half adder design in fig.10 using SN
gate is better than previous half adders designs of ([13-
[15]) in terms of both the number of reversible gates and
the number of garbage outputs. A comparative result is
shown intable VIII.

Table VIII: Comparative Results of Different Half Adder

Circuits.

No. of No. of Garbage

Gates Outputs
Proposed Circuit 1 1
Existing Circuit[13] 3 4
Existing Circuit[14 3 4
of design 1]
Existing Circuit[14 2 2
of design 2]
Existing Circuit[15] 3 3

C. Half Adder/Half Subtractor

Reversible half Adder/half Subtractor is designed using
two reversible gates of which one 3*3 proposed SN
reversible gate and one 3*3 Peres gate is shown in
fig.11.The number of garbage output is two. In fig.11.
Si/Di represents sun/difference, Co represents carry out of
an haf adder and Bo represents borrow out of an half
subtractor respectively.

A—p A . » 21
o Pears

B , SiDi B L o

—* SNG | % —| Gate -

00— Bo 0 —» Co

Fig.11: Proposed SN gate working as a Reversible Half

Adder/Half Subtractor.
TableIX: A comparison of Reversible Half Adder/Half
Subtractor.
No. of No. of Garbage
Gates Outputs
Proposed Circuit 2 2
Existing Circuit[17 4 3
of design 1]
Existing Circuit[17 3 2
of design 2]
Existing Circuit[17 3 2
of design 3]
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Thus, SN gate implements the reversible half adder/half
subtractor with the help of Peres gate. Totaly we have
used two reversible gates and the circuit produces two
garbage outputs. A comparison of the reversible half
adder/half subtractor is shown in Table I X. We have done
our comparison with the designs in [17] as to the best of
our knowledge; it is the only work in literature describing
the designing of reversible half adder/half subtractor.

The existing design in literature [17] is implemented
with four reversible gates (two 2*2 Feynman gate, two
3*3 Fredkin gate) and produces three garbage outputs. The
reversible half adder/half subtractor circuit [17 of design 2
and design 3] requires here reversible gates (two 2*2
feynman gate and one 3*3 TR gate) and produces two
garbage outputs. The proposed half adder/half subtractor
using SN gate in fig.11 requires two reversible gates and
produces two garbage outputs. Hence, the half subtractor
design in fig.11 using SN gate is better than previous half
adder/half subtractor designs of [17] in terms both the
number of reversible gates and the number of garbage
outputs.

V.SIMULATION RESULTS

Reversible Half Adder, Half Subtractor, Half
Adder/Half Subtractor are implemented using Verilog
code and Simulated using Modelsm Simulator. The
overall logic is implemented using Structural style of
Modelling and simulation results are shown in Figure 14,
15 and 16 respectively. From Table 6 it is proved that
proposed Half Subtractor is better in terms of number of
reversible gates and in terms of garbage outputs. Table 8 it
is proved that proposed Half Adder is better in terms of
number of reversible gates and in terms of garbage
outputs. Table 9 it is proved that proposed Half Subtractor
/ Half Adder is better in terms of number of reversible
gates and in terms of garbage outputs.

! o e
4 e il

Fig.15. Simulation result of Reversible Half Subtractor.
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Fig.16: Simulation result of Reversible Half Adder/Hal
Subtractor.

VI. CONCLUSION

The focus of this work is the proposal of new reversible
3*3 SN gate. The proposed SN gate is being used to
perform different operations such as AND, XOR, etc., and
is used to design the Arithmetic circuits such as half
adders and half subtractors, and half adder/half subtractor.
It is proved that al the adder and subtractor architectures
proposed in this paper are better in terms of reversible
gates and in terms of garbage outputs, which plays an
important role in reversible logic design. Thus, the paper
provides the initial threshold to build more complex
systems which can be execute more complicated
operations. The proposed reversible gate forms the basis
for the design of ALU.
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