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Abstract: Reversible logic circuits are increasingly used in power Minimization having applications such as low
power CMOS Design, optical information processing, DNA computing, Bioinformatics, quantum computing
and nanotechnology. The problem of minimizing the number of garbage outputs is an important issue in
reversible logic design. In the present paper an optimized and low quantum cost reversible multiplier using
BME and Peres reversible logic gates is proposed. The proposed work is best compared to the other in terms of
number of reversible gates and number of garbage outputs.
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. Introduction

Energy dissipation is an important consideration in VLSI design. Reversible logic was first related to energy
when Landauer states that information loss due to function irreversibility leads to energy dissipation [1].Thus
reversibility will become an essential property in future circuit design. Reversible logic has applications in
various research areas such as low power CMOS design, optical computing, quantum computing,
bioinformatics, thermodynamic technology, DNA computing and Nanotechnology.

The difference of reversible logic synthesis compared to binary logic synthesis can be summarized as follows

[8]:

1) The gates used to implement the circuit have the equal number of inputs and outputs.

2) Every output of a gate, which is not used in the circuit, is a garbage signal. A good synthesis
method minimizes the number of garbage signals.

3) The total number of constants at inputs of the gates is kept as low as possible.

However, reversible logic is suffering from two problems. Firstly, there is a lack of technologies with
which to build reversible gates. Work is certainly continuing in this area. Secondly, while there is much research
into how to design combinational circuits using reversible logic, there is little in the area of sequential reversible
logic implementations .There is no limitation inherent to reversible logic preventing the design of sequential
circuits; in fact when Tommaso Toffoli first characterized reversible logic in his 1980 work Reversible
Computing [4] he stated that “Using invertible logic gates, it is ideally possible to build a sequential computer
with zero internal power dissipation. "To establish the relevance of reversible and quantum computing it seems
appropriate to note that the VLSI industry is moving at high speed towards miniaturization. With
miniaturization it faces two issues:

i) A considerable amount of energy gets dissipated in VVLSI circuits and
ii) The size of the transistors are approaching the quantum limits where tunneling and other quantum
phenomena are likely to appear. Thus, we need a superior technology that can circumvent these problems.

This paper is organized as follows: Section 3 gives the brief introduction to some of the important basic
reversible logic gates. In Section 4 the proposed design of 2*2 reversible multiplier circuits are explained.
Section 5 gives the reversible logic implementation of the proposed designs of multiplier. Section 6 gives the
results and discussion and also the comparison of proposed design with other existing circuits. Finally Section 7
concludes with a scope for further research.Type Style and Fonts

Il. Reversible Logic

The n- input and k- output Boolean function f(x1,x2,x3,...,xn)(referred to as (n,k) function)is called reversible if :
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1) The number of outputs is equal to the number of inputs and
2) Each input pattern maps to unique output patterns [13]

In other words, reversible functions are those that perform permutations of the set of input vectors.
I11. Reversible Logic Gates

Feynman gate: It is a 2*2 Feynman gate [6]. The input vector is | (A, B) and the output vector is O(P, Q). The outputs
are defined by P=A, Q=A@B. Quantum cost of a Feynman gate is 1.

P=A

Feyman Gate

Q=A®B

Double Feynman gate: It is a 3*3 Double Feynman gate [6]. The input vector is I (A, B, C) and the output vector
is O (P, Q, R). The outputs are defined by P = A, Q=A & B, R=A & C. Quantum cost of double Feynman gate
is 2.

A — P=A A P=A
Double Feynman
Gate
B ——Q=A®B B | Q= A®B
R=A®C
c - r=aec C @

Toffoli gate: It is a 3*3 Toffoli gate [7] The input vector is I(A, B, C) and the output vector is O(P,Q,R). The
outputs are defined by P=A, Q=B, R=AB @& C. Quantum cost of a Toffoli gate is 5.

A L p=a A P=A
5 Toffoli Gate Q=B B Q=B
c— L Rr=aBGC © R=ABGC

Peres gate :It is a 3*3 Peres gate [11]. The input vector is | (A, B, C) and the output vector is O (P, Q, R). The
output is defined by P = A, Q = A@B and R=AB@C. Quantum cost of a Peres gate is 4. In the proposed design
Peres gate is used because of its lowest quantum cost.

Peres Gate

—— P=A

L Q=A@B

—— R=AB&C

P=A

Q=A®B

R=ABAC

DPG gate: It is a 4*4 DPG gate [25] .The input vector is | (A, B, C, D) and the output vector is O (P, Q, R,S).
The quantum cost of DPG gate as full adder is 6.

DPG
gate

P =A

Q=A®B

R =A®B@®Cin

s =(A@B)Cin®AB ¢, _[‘ﬂ

A

0-

D
7

H—

HNG Gate: It isa HNG Gate[9]. The input vector is | (A, B, C, D) and the output vector is O (P, Q, R, S).P =
A, Q=B,R=A®B®C and S= (A®B)®0Gd AB®D D.The full adder using HNG is obtained with C= Cin aD=0.
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A ——— P=A
B — L Q=B
HNG
Gate
C — —— R=ASBEC
D — S=(AEB)CEABED

BME gate : Itis a 4*4 reversible logic gate named BME gate[26]. The input vector is | (A,B,C,D) and the
output vector is O(P,Q,R,S).The output is defined by P=A, Q=AB@®C, R=AD@C and S= A’BOCPD. The
Quantum Cost of BME gate is 5.

A I — p:A
B —— 4% ——  Q=AB®C
BME
C e
GATE R"D‘E@C
D —— L S=AR®C®D

MHNG gate : It isa MHNG gate[27].The input vectors is 1(A,B,C,D) and the output vectors is O(P,Q,R,S).

P'- —
. P=A
MENG [~ QD
CH _p:.AGBDC
D4 —S:(A@B)CE® AB@D

IV. Proposed Reversible Multiplier Circuit using BME, MHNG and Peres reversible gate

The operation of the 4x4 multiplier is depicted fig.11 .The block diagram of 4x4 multiplier is shown fig.12.The
proposed multiplier has two parts. First, the partial products are generated using BME gate shown in fig.13,
then the multi operand addition is performed as shown in fig.14.

0By A0 By AeBy A0 By
AyeBy Aye Dy Ao By Age Dy
AyrBy A0 By Aj0By A,
Ayt By Ay* By Aje By Ay By
S &% 5% &% & & 0§

Figure | The block diagram of proposed 4x4 multiplier
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V. Partial product generation of proposed Multiplier

Partial products can be generated in parallel using BME gates as shown in Fig13. This uses only 8 BME gates
and is a better circuit as it has less hardware complexity and quantum cost compared to other gates [18].

Figure 11 Partial product generation using BME gate.
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Figure 111 proposed 4x4 reversible multiplier using PG and MHNG gate.
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V1. Result & Discussion

Table-1 gives the comparative study of partial product generation of the circuit and table-2 gives the
comparative study of MOA of different designs.

Table I shows the Partial product generation

Partial No No of No of Quantum
Product of Constant Garbage cost
generation gates inputs outputs QC
N Cl GO
Proposed 8 8 16 40
PG[25] 28 40 32 88
MKG[2] 40 40 32 88
PFAG[12] 40 40 32 88
HNG[9] 40 40 32 88
TSG[4] 40 40 32 104

Table-11 gives the comparative study of multi-operand addition of the proposed design with other existing
designs

No No of No of Quantum
Reversible of Constant Garbage cost
multiplier gates inputs outputs QC
N Cl GO
Proposed 12 12 12 64
PG[25] 12 12 20 64
MKGJ2] 12 16 24 120
PFAG[12] 12 12 20 80
HNG[9] 12 12 20 64
TSG[4] 13 18 26 130

Now we prove that the total calculation of partial product generation and multi-operand addition of this
proposed 4x4 reversible multiplier is better than other both in garbage output and constant input . And has
the minimum quantum cost than using MHNG[20] ,HNG ,MKG ,TSG as respectively [17] show in table-111.
The comperative results are given bellow

No No of No of Quantum
of | Constant | Garbage cost
Reversible | gates | inputs outputs QC
multiplier N Cl GO
Proposed 20 20 28 104
MHNG[27] 28 28 22 Not defined
[24] 28 28 32 Not defined
[23] 28 28 28 Not defined
[22] 28 28 52 Not defined
[21] 28 32 56 Not defined
[20] 29 34 58 Not defined
[19] 40 31 56 Not defined
PG [25] 40 52 52 152
MKG[2] 52 56 56 208
PFAG[12] 52 52 52 184
HNGJ[9] 52 52 52 152
TSG[4] 53 58 58 234
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V1I. Conclusion

In this paper, we presented a 4x4 bit reversible multiplier circuit using MHNG gates, BME gates and Peres
gates. Table-3 demonstrates that the proposed reversible multiplier circuit is better than the existing designs in
terms of hardware complexity, number of logic gates, garbage outputs, constant inputs and optimized in terms of
area and delay time. Our proposed reversible multiplier circuit can be applied to the design of complex systems
in nanotechnology.

VIII. References

1 Landauer, R., 1961. Irreversibility and heat generation in the computing process, IBM J.Research and Development, 5 (3) :
183-191.

2 M. Shams, M. Haghparast and K. Navi, “Novel Reversible Multiplier Circuit in Nanotechnology”, World Applied Science
Journal Vol. 3,No. 5, pp. 806-810, 2008.

3 M. Perkowski, A. Al-Rabadi, P. Kerntopf, A. Buller, M. Chrzanowska-Jeske, A. Mishchenko, M. Azad Khan, A.

Coppola, S. Yanushkevich, V. Shmerko and L.Jozwiak, ” A general decomposition for reversible logic”,
Proc. RM 2001, Starkville, (2001) pp. 119-138.

4 H. Thapliyal and M.B. Srinivas, “Novel Reversible Multiplier Architecture Using Reversible TSG Gate”, Proc. IEEE
InternationalConference on Computer Systems and Applications, pp. 100-103, March 2006.
5 Thapliyal Himanshu and M. B. Srinivas, 2005. ‘“Novel reversible TSG gate and its application for designing reversible

carry look ahead adder and other adder architectures.” Proceedings of the 10'thAsia-Pacific Computer ~Systems
Architecture Conference (ACSAC 05), Lecture Notes of Computer Science, 3740: 775-786. Springer- Verlag.

6 Feynman, R.,1985. Quantum mechanical computers, Optics News, 11: 11-20.

7 Toffoli T., 1980.  Reversible computing, TechMemo MIT/LCS/TM-151. MIT Lab for Computer Science.

8 Alan Mishchenko and Marek Perkowski,” Logic  Synthesis of Reversible Wave Cascades”, Portland Quantum Logic
Group, Department of Electrical and Computer Engineering, Portland State University,Portland, OR 97207, USA.

9 M. Haghparast, S. Jafarali Jassbi, K. Navi and O. Hashemipour, “Design of a Novel Reversible Multiplier Circuit Using HNG
Gate inNanotechnology”, World Applied Science Journal Vol. 3 No. 6, pp. 974-978, 2008.

10 M. Haghparast and K. Navi, “Design of a novel fault tolerant reversible full adder for nanotechnology based systems”,
World App. Sci. J., vol. 3, no. 1, pp. 114-118, 2008.

11 Peres, A., 1985. Reversible logic and quantum computers, Physical Review: A, 32 (6): 3266-3276.

12 M.S. Islam et al., “Low cost quantum realization of reversible multiplier circuit”, Information technology journal, 8 (2009) 208

13 Dmitri Maslov and Gerhard W. Dueck,” Garbage in Reversible Designs of Multiple Output Functions”, University of
New Brunswick ,  Fredericton, N.B. E3B 5 A3 CANADA.

14 Azad Khan, Md.M.H., 2002. Design of full adder with reversible gate. International Conference on Computer and
Information Technology, Dhaka, Bangladesh, pp: 515-519.

15 E. Fredkin and T. Toffoli, “Conservative logic”, Intl. Journal of Theoretical Physics, pp. 219-253, 1982.

16 M. Haghparast and K. Navi, A Novel Reversible Full ~ Adder Circuit for Nanotechnology Based Systems,
Journal of Applied Sciences, 7 (24) (2007) 3995-4000.

17 Anindita Banerjee and Anirban Pathak ‘An analysis of reversible multiplier circuits’, arXiv: 0907.3357 (2009), 1-10.

18 M. Haghparast and K. Navi, A Novel reversible BCD adder for nanotechnology based systems, American Journal of
Applied Sciences, 5 (3) (2008) 282-288.

19 Thaplyal, H.,, M.B.  Srinivas and H.R. Arabnia, 2005. A Reversible Version of 4x4 Bit Array Multiplier With Minimum

Gatesand  Garbage  Outputs, The 2005 International Conference on Embedded System and Applications
(ESA'05), Las Vegas, USA, pp: 106-114.

20 Thaplyal, H. and M.B. Srinivas, 2006. Novel Reversible Multiplier Architecture Using Reversible TSG gate. IEEE
international Conference on Computer Systems and Applications, pp: 100-103.

21 Shams, M., M. Haghparast and K. Navi, 2008. Novel Reversible Multiplier Circuitin Nanotechnology. World Appl.
Sci. J., 3 (5): 806- 810.

22 Hagharast.M, jafarali . S, Navi. K, Hashemipour. 0,2008, Design of a Novel reversible Multiplier circuit using
HNG gate in Nanotechnology, World  Applied Sciences. J. , 3(6) : 974-978.

23 M. Haghparast, M. Mohammadi, K.Navi, M.Eshghi,”Optimized reversible multiplier circuit”, Journal of Circuits,
Systems, and Computers, World Scientific Publishing Company.

24 Nidhi  Syal, Dr. H.P. Sinha, “High performance reversible parallel multiplier”, International Journal of VLSI &
Signal processing applications, Vol.1, Issue 3, (21-26), ISSN 2231-3133.

25 H.R.Bhagyalakshmi et. al. / International Journal of Engineering Science and Technology Vol. 2(8), 2010, 3838-3845

26 Md. Belayet Ali, Md. Mosharof Hossin and Md. Eneyat Ullah, International Journal of VLSI design & Communication Systems
(VLSICS) Vol.2, No.4, December 2011

27 Md. Belayet Alil, Hosna Ara Rahman and Md. Mizanur Rahman , IJCSI International Journal of Computer Science Issues, Vol.

8, Issue 6, No 1, November 2011 ISSN (Online): 1694-0814

IJETCAS 13-631; © 2013, IJETCAS All Rights Reserved Page 398



