1.J. Modern Education and Computer Science, 2016, 6, 20-26
Published Online June 2016 in MECS (http://www.mecs-press.org/)

DOI: 10.5815/ijmecs.2016.06.03

=

|
| Modern Education
| and Computer Science

| PRESS

Novel Reversible DS Gate for Reversible Logic
Synthesis

Shaveta Thakral
Manav Rachna International University/ECE, Faridabad, 121004, India
Email: shaveta.fet@mriu.edu.in

Dipali Bansal
Manav Rachna International University/ECE, Faridabad, 121004, India
Email: dipali.fet@mriu.edu.in

Abstract—Reversible logic has various applications in
fields of computer graphics, optical information
processing, quantum computing, DNA computing, ultra
low power CMOS design and communication. As our
day to day life is demanding more and more portable
electronic devices, challenging focus on technology is
demanding great system performance without any
compromise in power consumption. It is obvious to find
tradeoff between processing power and heat generation.
As decreased processing speed leads to reduced power
consumption but obviously compromise in performance
is not acceptable for sophisticated applications. Thus
power consumption is a prime target now days. Needless
to say, researchers will now look at reversible logic in
this vein. Primitive component of reversible logic
synthesis are reversible logic gates .Thus it is very
important for a new researcher to look into extensive
literature survey of reversible logic gates. Many papers
have been reported with review of reversible logic gates.
This paper aims on updates in reversible logic gates and
propose a novel reversible DS gate which will be
stepping stone in design and synthesis of any complex
reversible logic based synthesis.

Index  Terms—Reversible, Power  consumption,
Primitive component, Optimization metrics, Reversible
DS gate.

|. INTRODUCTION

In 1961, R. Landauer [1] stated that “amount of energy
dissipated for every bit erasure during an irreversible
operation is given by KTIn2 joules where K is
Boltzmann’s constant and T is the operating temperature.
In 1973 C.H.Bennett [2] proposed the solution to R.
Landauer statement and showed that KTIn2 energy
dissipation would not occur, if computation is done in a
reversible manner since amount of energy dissipated in a
system depends directly on numbers of bits erased during
computation. Classical gates like two input AND, OR,
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NAND, NOR, XOR and XNOR are irreversible as we
can’t uniquely reconstruct input states from output states.
Here two bit input state is mapped to one bit output state
leads to erasure of one bit and consequently loss of
energy. We can avoid this energy loss by mapping n bit
input states to n bit output states so that input states can
be uniquely recovered from output states and under such
circumstances, a gate is said to be reversible. Quantum
gates or reversible gates differ from Classical gates in a
way that a) quantum gates work on qubits rather than bits
b) feedbacks are not permitted in reversible logic circuits
made with reversible logic gates so called acyclic and c)
there is no fan out allowed means several copies of qubit
are not allowed. It is very important to know that out of
four 1*1 one qubit gates; only two are reversible i.e.
trivial gate and not gate. Similarly out of 256 possible
2*2 two qubit gates; only 24 are reversible as proposed
in table 1.

A. NCV Gate Library

NCV gate library contains following set of quantum
gates i.e. NOT gate, CNOT gate and controlled V and
controlled V* gates. Controlled V and controlled V* gates
are basically types of controlled square root of NOT
gates. In both of these gates, when control input is 0 then
second input is propagated as it is to output, Two V gates
in series operation becomes CNOT gate or inverter.
Similarly two V* gates activated in series operation
becomes CNOT or inverter gate and one V and another
V" gate in series operation become an ldentity gate or
buffer. Here block diagram of a 2*2 reversible gate is
presented in Fig.1 with A and B as input and P and Q as
output. Here quantum implementation of NOT gate,
CNOT gate and Controlled V and controlled V" gates is
given in  Fig.2, Fig.3, Fig4 and Fig5
respectively .Quantum implementation of integrated
qubit gates can be implemented by cascading quantum
implementation of CNOT gate with controlled V gate or
with controlled V" gate.
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2*Z reversible gate

Fig.1.Block dizgram of 2*2 reversible gate
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Table 1. Representation of all possible existing 24 2*2 reversible logic gates

Revers P Q Reversi P Q Reversi P Q Reversi P Q
ible ble gate ble gate ble gate
gate
1 A B 7 B 13(Feyn A alhs 18 B
ADs man Ae
Gate)
2(Swa B A 8 B " 14 B 20 n
(p A adbs aDe .
Gate)
3 als B 9 N A s 15 aldhe A 21 N B
4 A A e 10 B E 16 B A s 22 N B
5 Ao A 11 Al e N 17 A ) 23 albe x
Table 2. Fundamental 3*3 reversible logic gates
Reversible Logic Specifi Expression Quantu Feature Quantum Implementation
Gate cation m Cost
Toffoli/CCNOT 3*3 pP—A 5 Universal Reversible A
Gate[3] Oz B Logic Gate 8
R=aBC .
Fredkin 3*3 P=A 5 Universal Reversible A
Gate/CSWAP a=ABG AC Logic Gate, Parity s —|
Gate[4] R=AC gy AB Preserving Reversible
Logic Gate c
Peres Gate/NTG[5] 3*3 P=A 4 Lowest Quantum Cost A I P
o=As ’ & a
R=aBic c v "
Quantum Implementation of Peres Gate
Double Feynman 3*3 P=A 2 Parity Preserving A P
Gate[6] Q=A{E Reversible Logic Gate 8 L a
R=AfC c a
Quantum Implementation of double Feynman Gate
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. . . also given. Table 4 describes all popular 4*4 reversible
B. Multi Qubit Logic Gates logic gates and to justify quantum cost, quantum
Here fundamental 3*3 Reversible logic gates and other implementation is also given. Table 5 describes 5*5
popular 3*3 reversible logic gates are described in Table reversible logic gates and to justify quantum cost,
2 and Table 3 respectively with their logic expression, guantum implementation is also given.
quantum cost, and special feature respectively. To justify
quantum cost; Quantum implementation of logic gates is

Table 3. Other popular 3*3 reversible logic gates

Reversible Specification Expression Quantum | Feature
Logic Gate Cost
BIN/MTG 3*3 P-a 5 Universal Logic Gate, | & "
Gate[7] Q=8 Used for FAN OUT 8 & l a
R={A+ BJEfC . . .
Quantum Implementation of BIN Gate
YAG/UPG 3*3 P=A 4 AND,NAND,OR,NOR | =& l P
Gate[8] Q= (AgBlqAegC) . 4 o a
Reange A
Quantum Implementation of UPG Gate
RC-1 Gate[9] 3*3 P=a 4 1 bit comparator A P
o=ABdC N
R=AB JC : ¢
c v — R
Quantum Implementation of RC-l Gate
RMUX 1| 3*3 P=A 4 Multiplexer
Gate[10] Q= AB+AC
R=AC+ AB
RMUX2 3*3 P=A 4 Multiplexer
Gate[10] Q= AB+AC
R=(adBIHC
TR 3*3 P=A 4 Subtractor A P
Gate(TRG)[11] Q=Afe 5 a
R= AE@ c C v R
quantum Implementation of TR Gate
MFRG 3*3 P=A 4 Universal Logic Gate A P
Gate[12] 0=ABfac with reduced quantum
R=ACH AB cost
Quantum Implementation of MFRG Gate
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Table 4. Popular 4*4 reversible logic gates

Reversible Logic Specification | Expression Quantu Feature
Gate m Cost
Double PeressMTSG | 4*4 P=A 6 Reversib A l P
Gate/DPG/PFAGI[13] Q= ,c.,@ B le Full s ! i a
H=A$B$[ Adder ¢ o l Wi !
S = EA $ E]C @ AE $ D Gate Quantum Implementation of HNG Gate
HNG Gate[14] 4%4 6 Reversib | a I P
P=A le Adder | o oy a
0=8 c T i R
NIELT o
S - |:.|':'| $ E]C @ AB @ D Quantum Implementation of HNG Gate
MRG Gate[15] 4%4 P 6 OR,NO A l v
0=A $ B R,XOR, 5 b l a
R= ,qﬁ:, pdic XNOR ¢ R
s=(asoiBiiadeigc) S A s A K :
Quantum Implementation of MRG Gate
PAOG Gate[15] 4%4 P=A 6 OR,NO A P
0=A ﬂj B R,AND, . . a
- NAND
R=AB % C o F .
5= |ABTIC) ol (AR B AD
(aeic) Bi(ag8) go) D 5
Quantum Implementation of PAOG Gate
RC-11 Gate[9] 4%4 P=A 5 Reversib A
D_=EEH$D le sign . l .
R=AJedc bit . |
5=ABID compara | v m -
tor
Quantum Implementation of RC-Il Gate
RC Gate[15] 4*4 PoA 5 Compar A 4»—/17 P
a-(ah B) e g as) ator 8 * Se—e—4

R=BQc A
s=agefd D

Quantum Implementation of RC Gate
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Table 5. 5*5 Reversible Logic Gate

Reversible Specification Expression Quantu Feature
Logic Gate m Cost
Morrison 5*5 P=n 7 OR,AND A * »
Gate[15] a=A{ B B G—t aQ
R=(AiB)pC c \’.Iu R
S=AB QD
T=((Agh B) B E) D (ABGD) DW@T
E
Quantum Implementation of Morrison Gate !

Il. PROPOSED REVERSIBLE DS GATE

There exist 16777216 different 3*3 three qubit gates
however number of reversible 3*3 gates is much smaller
i.e.40320.Many 3*3 reversible gates have been proposed
in literature with their unique applications and quantum
cost. This paper proposed 3*3 reversible gate called as
DS reversible gate with its unique application for
sequence generation. Fig.6 represents the block diagram
of 3*3 DS reversible gate. The truth table of this
reversible gate is shown in table 6. By analyzing the truth
table of DS reversible gate it is identified that obtained
output pattern have unique image of input pattern i.e any
input pattern is uniquely determined by its corresponding
output.

A

C

oo
—o O o
11

B
(

Fig.6. Proposed reversible DS Gate

Proposed reversible DS gate can be used in counters.
Counter is a sequential device fabricated with flip-flop.
Counter as its name indicate is a counting device which
count either in increasing, decreasing and in any specific
order proposed by designer.

Table 6. Truth table of 3*3 Proposed Reversible DS Gate

F |k |~ |k oo |o|o |>

|k |O |O |- |k |OoO|lo |’
F |o | |o |k |o |+ o |0
o |o|o |o |k |k |k |k |T
o |k |k |o|o |k |k |lo O
 |Oo |+ |o |- |o |~ |lo |3
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Whenever any input clock pulse trigger counter then
output obtains is a binary number of specified counting
sequence. At every rising edge of clock pulse output of
counter is the next number in sequence. There are
different applications of counter for example in our daily
life appliances such as microwave, washing machine
where synchronous counter is used which enable timer
option, in digital clocks, time interval measurement and
others. Along with above discussed application this
sequential device may also be used to obtain the
waveform of different frequencies and pattern.

I11. COMPARISON AND RESULTS

For obtaining result and to compare them with
preexisting technique reversible *Fredkin’ gate is used.
Table 7 represents the performance of the proposed logic
(reversible DS gate) over the existing method (Fredkin)
using MATLAB/Simulink model shown in Fig. 7. In
reversible Fredkin, reversible gate is used to obtain
desired function of counter, because of its ability to
consume less power .For every sequence state proposed
DS gate consumed less power as shown in Fig.8.The
quantum cost of proposed DS gate is 2 yet Fredkin gate
has quantum cost of 5.Proposed DS gate can be realized
using one NOT and one CNOT gate yet Fredkin gate is
realized using 2CNOT and 1 Toffoli gate

#3 DSpower o S
File Edit View Display Disgram Simulation Analysic Code Tools Help
i) = (») iii

k=] -2 40 b ORSE 5 @ -
DSpower
@
Q
a [ —
= Constant
= [}
Bl comtamt

[1x8]

Canstant2.

Ready 100% oded5

Fig.7. DS Gate Power model
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Table 7. Sequence generator with their respective energy requirements

Input

DS Gate FredkinGate
A B C
0 0 0 0.000334905 0.00321154
0 0 1 0.000502357 0.06423081
0 1 0 0.000502357 0.006423081
0 1 1 0.000334905 0.009634621
1 0 0 0.000167452 0.00321154
1 0 1 0.000334905 0.006423081
1 1 0 0.000334905 0.006423081
1 1 1 0.000167452 0.009634621

Energy Comsumption

0.012

0.01 —

0.008 —

0.006

Energy

0.004 =

0.002

g | ———

1 2 3 4 5 6 7 g

FredkinGate |0.0032|0.0064 [0.00640.0096 |0.0032|0.0064 [0.0064 |0.0096
—4— D5 Gate 0.0003(0.0005|0.0005|0.0003 0.00010.0003 |0.0003|0.0001

Fig.8. Sequence Generator with Their Respective Energy Requirement

IV. CONCLUSIONS

The major idea present in this paper is to propose 3*3
reversible DS gate. This proposed DS gate is useful to
optimize the design of counters or sequence generator.
Also by presenting the comparison result it is a clear
indication that the proposed DS gate logic is better than
the existing logic of counter in terms of energy
consumption and garbage output. Energy efficient
reversible logic is important concept and have application
in various domain for example low power CMOS,
quantum computing, nanotechnology, and optical
computing and proposed DS gate. This proposed logic
can also be used to design large reversible system. Thus,
in a brief manner it concludes that the reversible logic has
its benefaction in reducing the energy consumption to a
great extent.

This paper is doorsill to design intricate systems that
execute different complex operations. At last, we
conclude by presenting comparison result of existing
method (Fredkin) and proposed method (DS gate). Thus,
this proposed logic is applicable in designing of the
complex system used in nanotechnology. This paper aims
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not only on updates in reversible logic gates with their
expressions, special features and quantum cost but also
on their quantum implementation to justify quantum cost
which are stepping stones in design and synthesis of any
complex reversible logic based synthesis. A new
researcher may begin with basics of reversible logic gates
and implement optimum reversible logic circuit based on
various optimization metrics like ancillary inputs,
garbage outputs, quantum cost
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