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ABSTRACT : In current scenario, the reversible logic design attracting more interest due to its low power
consumption and smaller area. The main purpose of designing reversible logic are to decrease quantum cost, depth of
the circuits, and number of garbage outputs. Reversible logic have theoretically zero internal power dissipation because
they do not lose information. Low power consumption and smaller area are important criteria for high performance
systems. Reversible logic has the feature to generate one to one correspondence between its input and output. As a
result no information is lost and there is no loss of energy. Thus the vector of input state can always be reconstructed
from the vector of output states.
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I. INTRODUCTION

The design of arithmetic circuits using conventional gates consumes more power and area occupied by the
design is also large, inorder to reduce the power consumed by the gates reversible logic is used. Reversible logic gates
produce zero power dissipation under ideal conditions. Hence these are preferred for low power design applications
such as quantum computing and Nano technology. The quantum cost of the reversible logic circuit can be minimized
by reducing the number of reversible logic gates.

A. REVERSIBLE LOGIC

Everyone in the world of modern circuit design tries to reduce the power consumption by the circuit. As
demonstrated by R.Landauer in the early 1960s, irreversible hardware computation, regardless of its realization
technique, results in energy dissipation due to the information loss [1]. Also prove that Reversible logic circuits have
theoretically zero internal power dissipation because they do not lose information. Hence, in 1973, Bennett showed that
in order to avoid KTIn2 joules of energy dissipation in a circuit, it must be built using reversible logic gates [2]. A
circuit is said to be reversible if the input vector can be uniquely recovered from the output vector and there is a one-to-
one correspondence between its input and output assignments, i.e. not only the outputs can be uniquely determined
from the inputs, but also the inputs can be recovered from the outputs. This project presents design of low power
reversible logic arithmetic circuits such as full adders and multipliers. The project is organized as follows chapter |1
presents the literature survey on reversible logic gates, chapter 111 presents the design of full adders, chapter IV presents
the design of 4-bit ripple carry adder, chapter V presents the design of multipliers, chapter VI presents results and
discussions, chapter VIl presents conclusion and future enhancements.

B. MULTIPLIER
A multiplier is one of the key hardware blocks in most digital and high performance systems such as
digital signal processors and microprocessors etc. to multiply two binary numbers. It is built using binary adders. A
variety of computer arithmetic techniques can be used to implement a digital multiplier. Most techniques involve
computing a set of partial products, and then summing the partial products together.
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Fig 1.1: 4*4 multiplier
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C. SOFTWARE & HARDWARE DETAILS

Xilinx ISE is a software tool produced by Xilinx for synthesis and analysis of HDL designs, enabling the developer
to synthesize (“"compile™) their designs, perform timing analysis, examine RTL diagrams, simulate a design's reaction to
different stimuli, and configure the target device with the programmer. The Processes hierarchy describes the
operations that the ISE will perform on the currently active module. The hierarchy includes compilation functions, their
dependency functions, and other utilities. The window also denotes issues or errors that arise with each function. The
Transcript window provides status of currently running operations, and informs engineers on design issues.

A Field Programmable Gate Array (FPGA) is an integrated circuit designed to be configured by a designer after
manufacturing-hence Field Programmable. The Spartan-3 generation of FPGA is used for the implementation of these
circuits.

Il. LITERATURE SURVEY

A. FEYNMAN GATE
Richard P. Feynman [3][7] discusses the physical limitations associated with building computers of very small
size. He introduces the concept of reversible logic gates. The Feynman gate which is a 2*2 gate and is also called as
Controlled NOT and it is widely used for fan-out purposes. The inputs (A, B) and outputs P=A, Q= A XOR B. It has
Quantum cost one.

w08 %| #
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Feynman
Gate
E ‘ Q=AsB
Fig 2.1: Block diagram of Feynman gate The simulated output is shown above

B. TOFFOLI GATE
In logic circuits, the Toffoli gate [4][7] (also CCNOT gate), invented by Tommaso Toffoli, is a universal
reversible logic gate, which means that any reversible circuit can be constructed from Toffoli gates. It is also known as
the "controlled-controlled-not" gate, which describes its action. It has 3-bit inputs and outputs; if the first two bits are
set, it inverts the third bit, otherwise all bits stay the same. TOFFOLI gate which is a 3*3 gate with inputs (A, B, C) and
outputs P=A, Q=B, R=AB XOR C. It has Quantum cost five.
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Fig 2.3: Block diagram of Toffoli gate
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The simulated output is shown above

C. FREDKIN GATE

The Fredkin gate [4][7] (also CSWAP gate) is a computational circuit suitable for reversible computing,
invented by Ed Fredkin. It is universal, which means that any logical or arithmetic operation can be constructed entirely
of Fredkin gates. The Fredkin gate is the three-bit gate that swaps the last two bits if the first bit is 1.Fredkin gate which
is a 3*3 gate with inputs (A, B, C) and outputs P=A, Q=A'B+AC, R=AB+A'C. It has Quantum cost five.

Fig 2.5: Block diagram of Fredkin gate
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The simulated output is shown above

D. PERES GATE

Peres Gate (PG) [7] is composed of two XOR gate and one AND gate as shown in Figure 2.7. Figure 2.7
shows a 3x3 Peres gate (Peres, A., 1985, Ali M., 2012). The input vector is | (A, B, C) and the output vector is O (P, Q
and R). The output is defined by P = A, Q = A@B and R=AB@C. Quantum cost of a Peres gate is 4.
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Fig 2.7: Block diagram of Peres gate

The simulated output is shown above

E. DKG GATE

A 4* 4 reversible DKG gate [5][7] that can work singly as a reversible Full adder and a reversible Full
subtractor. If input A=0, the proposed gate works as a reversible Full adder, and if input A=1, then it works as a

reversible Full subtractor.
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Fig 2.9: Block diagram of DKG gate The simulated output is shown above

111.DESIGN OF FULL ADDER

A. FULL ADDER USING CONVENTIONAL GATES
Full adder [6] consists three inputs (A, B, Cin) and two outputs (sum, carry).It is designed using EX-OR,
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Figure3.1: Logic diagram of Full adder The simulated output is shown above

B. FULL ADDER USING PERES GATE
It consists of three inputs (A, B, ‘0”) and three outputs (P, Q, R).Implementation of full adder circuit using

PERES gate is shown below:
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The simulated output is shown above

Figure 3.2: Full adder using peres gate
C. FULL ADDER USING DKG GATE :
It consists of four inputs (‘0’, A, B, C) and four outputs (P, Q, R, S).Implementation of full adder circuit using
DKG gate is shown below
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Figure 3.3: Full adder using DKG gate The simulated output is shown above

IV. DESIGN OF 4-BIT RIPPLE CARRY ADDER

A. DESIGN OF 4-BIT RIPPLE CARRY ADDER USING CONVENTIONAL GATES
It consists of inputs [A (3 down to 0), B (3 down to 0)] and outputs [sum and carry]. Implementation of full
adder circuit using conventional gate is shown below:

,‘l .,l. ,I ,_[ ,‘] l]' p $

| Adder 4 il Adder 3 Full Add Adder 1

Figure 4.1: 4-bit RCA using full adder The simulated output is shown above

B. DESIGN OF 4-BIT RIPPLE CARRY ADDER USING DKG GATES
It consists of inputs [A (3 down to 0), B (3 down to 0), ‘0’, Cin] and outputs [sum and carry].Implementation of full
adder circuit using DKG gate is shown below:
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Figure 4.2: 4-bit RCA using DKG gate The simulated output is shown above

C. DESIGN OF 4-BIT RIPPLE CARRY ADDER USING PERES GATES
It consists of inputs [A (3 down to 0), B (3 down to 0), ‘0°, Cin] and outputs [2-garbage outputs for each gate,
sum and carry]. Implementation of full adder circuit using PFAG gate is shown below:

Figure 4.3: 4-bit RCA using peres gate The simulated output is shown above
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V. DESIGN OF MULTIPLIER

A. DESIGN OF 4*4 MULTIPLIER USING CONVENTIONAL GATES
4*4 multiplier is a circuit for the multiplication of two 4-bit inputs and the output is displayed as a 8-bit
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Figure 5.1: 4*4 multiplier using full adder ~ ~ The simulated output is shown abov

B. DESIGN OF 4*4 MULTIPLIER USING DKG GATES
It is a 4*4 multiplier designed using DKG gates which have 4 inputs and 4 outputs. Here, each gate produces
two garbage outputs.
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FigLre 5.2? 4*4 multiplier Using DKG gate * The simulated output is shown above
C. DESIGN OF 4*4 MULTIPLIER USING PERES
4*4 multiplier is designed using peres gate having four inputs and four outputs, in which two garbage outputs
are produced from each peres gate.
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Figure 5.3: 4*4 multiplier using peres gate The simulated output is shown above
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D. DESIGN OF 8*8 MULTIPLIER
8*8 multiplier circuit is designed using conventional gates such as full adder circuit and AND gates.
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Figure 5.4: 8*8 multiplier The simulated output is shown above

E. DESIGN OF 8*8 MULTIPLIER
Design of 8*8 Multiplier using DKG gate is done and the simulated output is shown below:
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VI. RESULTS AND DISCUSSIONS

A. COMPARISON BETWEEN CONVENTIONAL AND REVERSIBLE GATES FOR 4-BIT RCA

4-Bit Ripple Carry Number of Gates used
Adder
Conventional gates 24
DKG gates 4
Peres gates 4

B. COMPARISON BETWEEN CONVENTIONAL AND REVERSIBLE GATES FOR 4*4 MULTIPLIER

4*4 Multiplier Number of Gates used
Conventional gates 88
DKG gates 28
Peres gates 28
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C. COMPARISON BETWEEN CONVENTIONAL AND REVERSIBLE GATES FOR FULL ADDER

Full adder Number of gates used
Conventional gate 6

Peres gate 2

DKG gate 1

D. COMPARISON BETWEEN CONVENTIONAL AND REVERSIBLE GATES FOR 8*8 MULTIPLIER

8*8 Multiplier Number of Gates used
Conventional gates 376
DKG gates 116

VII. CONCLUSION AND FUTURE ENHANCEMENTS

A. CONCLUSION
In our proposed design the number of gate, number of constant input are very less as compared to previous
design. In our design we have low power and less area which is most important in designing area. In low power
arithmetic circuits we have designed circuits using FREDKIN gate, PERES gate and FEYMAN gate, TOFOLLI gate
and DKG GATE. We have compared these proposed designs with the existing designs in terms of number of gates
used, Garbage outputs, constant inputs, logical & arithmetic functions, and hardware complexity. In future we can
design complete computer architecture with the help of proposed designs.

B. FUTURE ENHANCEMENT

Results of the presented thesis form the basis for further research. Currently, several topics need more
investigation.
1. The dynamic programming algorithm reversible circuits were built only for symmetric functions. It is worth
looking at other important dynamic algorithms and try to realize them as reversible circuits. The resulting circuits for
this approach are expected to scale well and be small due to their use of information on the general structure of the
target function.
2. Expansion of the table of optimal circuits for functions of 4 variables. This cannot be done in a straight forward
manner, a and classification of reversible functions is required. Some other reductions are being investigated.
3.Reversible logic FPGA'’s are being conceptually designed and is being embedded to extend the methods involved in
quantum logic.
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