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Comparative Study and
Implementation of Vedic Multiplier
for Reversible Logic Based ALU

I. INTRODUCTION

(Landauer, 1961) stated that “amount of energy

dissipated for every bit erasure during an irreversible

operation is given by KTln2 joules where K is

Boltzmann’s constant, and T is the operating

temperature”. (Bennett,1973) proposed the solution to

Landauer statement and showed that KTln2 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, NAND, NOR, XOR and XNOR are irreversible as

input states can’t be uniquely reconstructed from output

states. Here two-bit input state is mapped to one-bit

output state leads to the erasure of one bit and

consequently loss of energy. This energy loss can be

avoided 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

qubits are not allowed. The optimization metrics of
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reversible logic circuits are quantum cost, ancillary input,

garbage output and delay etc. are given below:

The quantum cost of a reversible gate is total

number of 1x1 and 2x2 reversible gates required in the

design. The quantum costs of all reversible 1x1, as well

as 2x2 gates, are taken as one. Since every reversible

gate consists of various 1 x 1 or 2 x 2 quantum gates

are taken from NCV gate library containing combinations

of NOT, CNOT and controlled V and controlled V+

gates, therefore the quantum cost of a reversible gate

can be calculated by counting the numbers of NOT,

Controlled-V, Controlled-V+ and CNOT gates. Integrated

qubit gates are also used in the quantum implementation

of reversible logic gates. Integrated qubits are a

combination of Feynman gate and either controlled V

or controlled V+ gate. Quantum cost of integrated qubit

gate is also one Quantum cost for any reversible logic

circuit should be as low as possible.

To achieve reversibility, It is must to map n bit

input states to bit n output states and sometimes every

gate output is not used as input to some other gates

nor acting as a useful desired output. These undesired

or unused outputs that are deliberately obtained to

maintain reversibility criterion of a reversible gate (or

circuit) are known as Garbage Outputs. Garbage outputs
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for any reversible logic circuit should be as low as

possible.

To achieve reversibility, It is must to map n nit

input states to n bit output states. These constant inputs

0 or 1 which are deliberately applied to maintain

reversibility criterion of a reversible gate (or circuit)

are known as Ancillary Inputs. Ancillary inputs for any

reversible logic circuit should be as low as possible.

The maximum number of gates in a path from any

input line to any output line in any reversible logic circuit

is called as the delay. Two assumptions need to be

considered for calculation of delay: (i) Each gate

performs computation in one unit time and (ii) all inputs

to the circuit are available before the computation begins.

The delay of each 1x1 gate and 2x2 reversible gates is

taken as unity. Delay for any reversible logic circuit

should be as low as possible.

II.VEDICMATHEMATICS BASEDMULTIPLIER

Vedic mathematics was constructed by Shri Bharati

theertazi (1884-1960). This mathematics contains 16

main sutras and 16 sub sutras. Vedic mathematics

reduces efforts of complex mathematical calculations.

The proposed multiplier is based on Urdhva

Tiryagbhyam sutra which means “Vertically and

crosswise”. “Urdhva Tiryagbhyam” Sutras are applied

here on binary numbers for multiplication. The algorithm

can handle n x n bit multiplication by breaking it into

smaller sizes. Generation of all partial products in vedic

multiplier can be done with the concurrent addition of

partial products. 2*2 is considered to be basic block

which is implemented using two half adder modules as

shown in Fig.1.The circuit of Vedic multiplier consist

of 6 AND and 2 XOR gates as shown in Fig.2.The

method for Vedic multiplication of 2 bit binary numbers

is illustrated in Fig.3.The implementation equations of

2*2 Vedic multiplier are: P0 = a0b0, P1= a1b0 ⊕a0b1,

C1 = (a1b0). (a0b1), P2 = a1b1 ⊕ C1, P3 = (a1b1).C1

Fig.1: Block diagram of 2*2 vedic multiplier

Table 1: Toffoli Gate

Reversible Logic Gate Specification Expression Quantum Cost Feature

Toffoli/CCNOT Gate 3*3 P = A 5 Universal Reversible Logic Gate

Q = B

R = AB⊕C

Fig. 2: Circuit Diagram of 2*2 vedic multiplier

III. EXISTINGVEDICMULTIPLIERS

Reversible logic gates used in existing vedic

multiplier are given in section a . Existing vedic multiplier

designs are given in section b. Table1-6 illustrates their

specification, expression, quantum cost and feature.

A) Reversible logic gates used for vedic

multipliers
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Table 2: Peres Gate

Reversible Logic Gate Specification Expression Quantum Cost Feature

Peres Gate/NTG 3*3 P = A 4 Lowest Quantum Cost

Q = A ⊕ B

R = AB ⊕ C

Table 3: CNOT Gate

Reversible Logic Gate Specification Expression Quantum Cost Feature

CNOT Gate/ 2*2 P = A 1 Copying gate, Fanout Gate
Feynman Gate Q = A ⊕ B

Table 4: NFT Gate

Reversible Logic Gate Specification Expression Quantum Cost Feature

NFT Gate 3*3 P = A ⊕ B 5 Parity Preserving Gate

Q = BC ⊕ AC

Table 5:. BVPPG gate

Reversible Logic Gate Specification Expression Quantum Cost Feature

BVPPG Gate 5*5 P = A 10 Partial Product Generator

Q = B

R = AB ⊕ C

S = D

T = AD ⊕ E

Fig. 3: Method for Vedic multiplication
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Table 6: BME gate

Reversible Logic Gate Specification Expression Quantum Cost Feature

BME Gate 4*4 P = A 6 Partial Product Generator

Q = AB ⊕ C

R = AD ⊕ C

S = AB ⊕ C ⊕ D

B. Existing Designs

Researchers have proposed several methodologies

to convert irreversible logic based vedic multiplier into

reversible logic based multiplier to save power .Various

existing designs are given here.

(Sharma et al. 2014) proposed design1 using four

toffoli gates and two peres gate. Circuit diagram is

shown in Fig.4 and simulation waveform is shown in

Fig.5. Proposed circuit took six ancillary inputs,

produced six garbage outputs. Quantum cost of

proposed circuit is 28. Optimization metrics are given

in Table 7.

Table 7: Optimization Metrics: Design 1

Garbage outputs 6

Ancillary inputs 6

Quantum Cost 28

Number of Gates 6

(Rakshith and Saligram,2013) proposed design2

using five peres gates and one CNOT gate (Feynman

gate).Circuit diagram is shown in Fig.6 and simulation

waveform is shown in Fig. 7. Proposed circuit took

four ancillary inputs, nine garbage outputs. Quantum

cost of proposed circuit is 21. Major drawback of this

design is that it suffers from fan out problem yet it is

not permitted in reversible logic circuits. Optimization

metrics are given in Table 8.

Table 8: Optimization Metrics: Design 2

Garbage outputs 9

Ancillary inputs 4

Quantum Cost 21

Number of Gates 6

(Rakshith and Saligram, 2013) proposed improved

design3 using one BVPG gate, three peres gates and

one CNOT gate (Feynman gate). Circuit diagram is

shown in Fig. 8 and simulation waveform is shown in

Fig. 9. Proposed circuit took five ancillary inputs, five

garbage outputs. Quantum cost of proposed circuit is

23. This design overcomes fan out drawback suffered

by design 2. Optimization metrics are given in Table 9.

Table 9: Optimization Metrics: Design 3

Garbage outputs 5

Ancillary inputs 5

Quantum Cost 23

Number of Gates 5Fig. 4: Existing Design 1
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Fig. 5: Simulation Waveform: Existing Design 1

Fig. 6: Existing Design 2
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Fig. 7: Simulation Waveform: Existing Design 2

Fig. 8: Existing Design 3
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Rakshith and Saligram, (2013) proposed one more

improved design4 over design 2 using one BVPG gate,

two peres gates, one NFT gate and one CNOT gate

(Feynman gate).Circuit diagram is shown in Fig.10 and

simulation waveform is shown in Fig.11. Proposed

circuit took six ancillary inputs, four garbage outputs.

Quantum cost of proposed circuit is 24. This design

also overcomes fan out drawback suffered by design

2. Optimization metrics are given in Table 10.

Table 10: Optimization Metrics: Design 4

Garbage outputs 5

Ancillary inputs 6

Quantum Cost 24

Number of Gates 5

Shivarathnamma, (2016) proposed design 5 using

one BME gate, three peres gates and one Toffoli gate.

Circuit diagram is shown in Fig.12 and simulation

waveform is shown in Fig.13. Proposed circuit took

five ancillary inputs and produced seven garbage

outputs. Quantum cost of proposed circuit is 23.This

design also overcomes fan out drawback suffered by

design 2. Optimization metrics are given in Table 11.

Fig. 9: Simulation waveform: Existing Design3

Fig. 10: Existing Design 4
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Table 11: Optimization metrics: Design 5

Garbage outputs 7

Ancillary inputs 5

Quantum Cost 23

Number of Gates 5

IV. COMPARISON OF VARIOUS EXISTING

DESIGNS

The existing designs are compared in terms of

various optimization metrics like ancillary inputs, garbage

outputs, quantum cost and number of reversible logic

gates used. Optimization metrics comparison is given

in Table 12. Comparative analysis is shown in Fig. 14.

Although design2 has least quantum cost yet it suffers

from fan out problem and not found to be suitable for

reversible logic implementation. Design 3 and design 5

are found be be with same quantum cost yet design 3

produces less garbage. Hence it is considered to be most

optimum design among existing designs.

Fig. 11: Simulation Waveform: Existing Design 4

Fig. 12: Existing Design 5
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V. CONCLUSION

The main aim of this paper is to present critical

review of Vedic multipliers. The existing Vedic multipliers

are coded in Verilog HDL, synthesized and simulated

using EDA (Electronic Design Automation) tool-Xilinx

ISE design suit 14.2. Finally comparative analysis is

done for all existing multipliers in terms of ancillary

inputs, garbage outputs, number of reversible logic gates

and quantum

cost. Future scope is to design low quantum cost

reversible logic basedVedicMultiplier for implementation

of ALU to add on high speed and low power

requirements.

Fig. 13: Simulation Waveform: Existing Design 4

Fig. 14: Comparative Analysis of Existing Vedic Multiplier
Designs

Table 12: Optimization Metrics Comparison of Existing Vedic Multiplier Designs

Vedic Multiplier Ancillary Inputs Garbage Outputs Number of gates Quantum Cost

Existing Design1 6 6 6 28

Existing Design2 4 9 6 21

Existing Design3 5 5 5 23

Existing Design4 6 5 5 24

Existing Design5 5 7 5 23

Best findings Existing Design 2 Existing Design 3,4 Existing Design 3,4,5 Existing Design 2
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