
IJSRD - International Journal for Scientific Research & Development| Vol. 5, Issue 04, 2017 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 981 

Design of 4-bit Reversible Multiplier Circuit using Conventional 

Reversible Parallel Adders 
Rasamalla.Sandeep1 S.Narender2 

1Student (VLSI & ES) 2Assistant Professor 
1,2Department of Electronics & Communication Engineering 

1,2Kakatiya Institute of Technology & Sciences Warangal India

Abstract— In this paper a new reversible device conventional 

reversible parallel adder is used to design a novel reversible 

4-bit binary multiplier circuit. It has been shown that the 

proposed reversible logic device in designing multiplier 

circuits can work singly as a reversible full adder. 

Furthermore the proposed full adder will be of great help in 

reducing the garbage outputs and constant inputs parameters. 

The proposed multiplier can be generalized for NxN bit 

multiplication. Thus, this job will be of significant value as 

the technologies mature. 
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I. INTRODUCTION 

Power dissipation is one of the important parameters in the 

digital circuit design. A part of this energy loss is due to 

switches and materials. Another part according to Landauer's 

principle [1] is due to irreversible logic computation that 

results in energy dissipation as data loss. Irreversible circuits 

dissipate KTln2 joules of energy for every bit of information 

that is lost regardless of their implementation technologies, 

where K=1.3806505xlO, 23 m2kik'l (Joules Kelvin,l ) is the 

Boltzmann's constant, and T is the absolute temperature at 

which the computation is performed. Due to irreversible 

gates, the power loss is negligible for current logic 

technologies using adiabatic design. However, it is well 

known that Moore's Law, which states that processing power 

will double every 18 months, will stop functioning in the 

years 2010-2020. This particular problem of VLSI designing 

was realized by Feynman and Bennet in 1970s. 

In 1973 Bennet [2] showed that energy dissipation 

problem of VLSI circuits can be circumvented by using 

reversible logic. A reversible logic gate must have the same 

number of inputs and outputs, and for each input pattern there 

must be a unique output pattern [2].Thus, Reversible logic 

circuits avoid energy loss by "un-computing" the computed 

information by recycling the energy in the system [3]. In the 

design of reversible circuits two restrictions should be 

considered [4]: 

 Fan-Out is not permitted. 

 Feedback from gate outputs to inputs is not permitted. 

Due to these restrictions, synthesis of reversible 

circuits can be carried out from the inputs towards the outputs 

and vice versa so, there is a one-to-one mapping between 

input and output vector. In an n-output reversible gate, the 

output vectors are permutations of the numbers 0 to 2n - 1. A 

logic synthesis technique using a reversible gate should have 

the following features 

Use minimum number of garbage outputs; 

Use minimum number of constant inputs; 

Use minimum number of reversible gates. 

Reduction of these parameters is the bulk of the 

work in reversible circuit design. Reversible circuits for 

different purposes e.g. half adder, full adder [8-11], 

multipliers [12-14] have been proposed recently. Among 

these reversible circuits, 

Multiplier circuits are of special importance because 

of the fact that they are the integral components of every 

computer system, cellular phone and most digital audio/video 

devices. 

It is important for every processor to have a high 

speed multiplier. 

Multiplier circuits essentially have two components: 

partial product generation and parallel full adder. Several 4x4 

reversible gates (e.g. TSG [9], MKG [10], HNG [11] and 

PFAG [15]) have been used in reversible multiplier designing 

to construct the full adder. 

It is important to choose a gate library which is 

universal. However, two majors constraints in reversible 

logic are to minimize the number of constant input and 

garbage output. 

In this paper, we aim to design a novel reversible 

multiplier with optimized garbage outputs and constant inputs 

with respect to the efficiency of previous counterparts. 

The rest of the paper is organized as follows: In 

section II we have presented some background of reversible 

circuits; in section III we have briefly described the previous 

works in reversible multiplier circuit's designs. Section IV 

describes our proposed designs and compares the new design 

with the previous works, and finally section V concludes the 

paper. 

II. REVERSIBLE LOGICS 

A reversible logic circuit comprises reversible gates. A gate 

that implements one to one mapping between n inputs and n 

outputs is called an NxN reversible logic gate that can be 

represented as: 

Iv=(xl, x2 ...., xn)  (1) 

Ov = (yl, y2 ....,yn) 

Several reversible logic gates have been proposed in 

the literature, including 2x2 Feynman gate (FG) [16], 3x3 

Toffoli gate (TG) [17], 3x3 Fredkin gate FRG [18], 3x3 Peres 

gate (PG) [19] and 3x3 new gate (NG) [20]. 

Feynman gate (FG) is also known as controlled-not 

gate (l-CNOT) that is a 2x2 reversible gate while the first 

input (A) controls the second one (B) as shown in Fig. 1. 

Since fan-out is not permitted in reversible circuits; if one 

input is "0" then 2x2 Feynman gate can be used for 

duplicating input, as shown in Fig. 2. 

Toffoli gate (TG) is also a controlled-not (CCNOT) 

gate. This gate passes the first two inputs to output unchanged 

(as control signals) and inverts the last input (as target signal. 

A 3x3 Toffoli gate is depicted in Fig. 3. 
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Toffoli gates are important blocks in reversible and 

quantum circuits. In fact, a large number of reversible logic 

synthesis methods use NxN Toffoli gates as TOFn (Xl, x2, ..., 

xn) where Xn is the target line and the first N-l lines are 

controls[21]. 

yi= xi 1<i< n (2) 

yn=   xlx2x3 ..... xn-l 

The main reason for popularity of Toffoli gates over 

the other gates is their completeness and relativeness in using 

them. TOFl(Xl) is the special case where there are no control 

inputs, so Xl is always an inverter, i.e. It is a NOT gate. 

TOF2(Xl,x2) has been termed a Feynman or controlled NOT 

gate (CNOT). TOF3 (Xl,x2,x3) is often referred to simply as 

a Toffoli gate. 

            
Fig. 2: Fan-out Gate  Fig. 3: Toffoli Gate 

       
Fig. 4: Fredkin Gate  Fig. 5: Peres Gate 

 
Fig. 6: New Gate 

Fredkin gate (FRG) passes the first input unchanged. 

Second and third inputs are swapped, if the first input is " 1". 

The complexity of the Fredkin gate is similar to the 3x3 

Toffoli gate, but its expressive power is different [22]. A 3 X 

3 Fredkin gate is depicted in Fig. 4. 

Peres gate (PG), also known as New Toffoli Gate 

(NTG) combining Toffoli gate and Feynman gate, is a 3x3 

reversible logic gate. The Peres gate is used every- where 

instead of the more expensive Toffoli gate [21]. This gate is 

shown in Fig. 5. New gate (NG) is a 3x3 reversible gate that 

is depicted in Fig.  

 
Table 1: Reversible vs. irreversible and GATE 

A garbage bit is the additional output which is 

added in order to make the reversible function, and it is not 

used for further computations. Therefore, large numbers of 

garbage outputs are undesirable in a reversible circuit. As 

shown in [24], the minimum number of garbage outputs 

required is [log2q], where q is the maximum output pattern 

multiplicity of the irreversible function.Constant input is 

input of a reversible circuit with arbitrary constant value that 

must be added as necessary so that the function has the same 

number of inputs and outputs.An efficient design should 

keep both the number of garbage outputs and constant inputs 

to minimum. As an example, TABLE I shows an irreversible 

and a reversible AND gate. 
It is evident that the Z output gives us the required 

output and the other outputs X and Yare garbage. If C is 

constantly "0", the exact AND function should be found. 

Therefore, it is important for reversible realization of an 

irreversible function [23]. 

III. RELATED WORKS 

The operation of a 4x4 parallel multiplier is depicted in Fig. 

7. It can be applied to any other nXn reversible multiplier. 

The existing reversible multiplier circuits have two important 

components: The reversible partial product generator circuit 

(PPGC) and the reversible parallel adder (RPA). The 

operation of the partial products can be generated in parallel 

using 16 Peres gates as shown in Fig. 8.Because of its lower 

hardware complexity, we use Peres gate instead of other 

reversible gates. This structure is proposed in[13]. 

 

 
Fig. 7: Operation of a 4x4 multiplication 

The RP A circuit as shown in Fig. 9 needs reversible 

full adder (FA) and half adder (HA). Many reversible full 

adders have been proposed in the past. For example, the 

Maslov circuit, TSG, MKG and HNG gates can singly 

perform the full adder operation if Iv = (A,B,Cin, 0). 

 
Fig. 8: Reversible Circuit in which output of PPGC are 

input of RPA 

 
Table 2: Reversible gates as a full adder in multiplier 

circuits 



Design of 4-bit Reversible Multiplier Circuit using Conventional Reversible Parallel Adders 

 (IJSRD/Vol. 5/Issue 04/2017/248) 

 

 All rights reserved by www.ijsrd.com 983 

We have shown the functions of these gates in 

TABLE II. Design of multipliers with these gates indicates 

the different critical parameters for reversible multipliers. 

Experimental results of different reversible multiplier circuits 

in terms of number of garbage outputs and constant inputs 

show that multiplier circuits with HNG gates have better 

results than multiplier circuits with MKG or TSG gates[14]. 

IV. OUR PROPOSED CIRCUIT 

As mentioned before, the purpose of this paper is the design 

of reversible multiplier circuits with the aim of optimizing its 

hardware complexity to make it more economical in terms of 

number of garbage outputs and constant inputs without 

losing its efficiency. The garbage outputs identified as the 

outputs which are not used in further computations and 

constant inputs need to realize only balanced functions. This 

is the driving force that makes the proposal of new reversible 

multiplier circuit uses the modified full adder (MFA) [25] as 

shown in Fig. 10. 

We propose the replacement of MFA by 

conventional reversible parallel adders of reversible 

multiplier circuit, were proposed in [9-11]. Further, the 

proposed full adder will be of great help in reducing the 

garbage outputs and constant inputs parameters. The reason 

for the fact that proposed reversible multiplier circuits use 

eight modified full adders (MFA) that they produce zero 

garbage outputs and zero constant inputs. In addition, it 

needs four reversible half adders .We use Peres gate as 

reversible half adder, because it has less hardware 

complexity [13]. Other advantage of using this approach 

instead of full adder is that in the conventional CMOS logic, 

XOR gate can be realized by using two 2:1 MUX as shown 

in Fig. 11, which can be designed with only 2 transistors [26]. 

Also, the carry of the next stage in MFA can be 

expressed as: 

 
NAND gates are used for the faster carry 

propagation in MFA and help us to keep speed efficiency. 

Carry generation in MFA is depicted in Fig. 12. 

 
Fig. 9: MFA (modified full adder) 

  
(a)    (b) 

 
Fig. 10: (a) 2T MUX architecture (b) XOR using 2T MUX 

 
Table 3: Comparative experimental results of different 

reversible multiplier circuits 

It can be clearly realized that the proposed 

architecture is being tried to design optimal hardware 

complexity in the reversible 4-bit multiplier. This design 

generates 36 garbage outputs and 20 constant inputs in 

reversible multipliers. 

In order to present a fair comparison, in TABLE III, 

we have shown results of different existing reversible 

multiplier circuits and our proposed circuit in terms of 

number of garbage outputs and constant inputs and hardware 

complexity. In this table, we define: 

a = A two input EXOR gate calculation b = A two 

input AND gate calculation d = A NOT gate calculation 

One of the other major constraints in designing a 

reversible logic circuit is the number of reversible gates. As 

shown in TABLE III, our proposed design approach requires 

28 reversible logic gates and it is to be noted that the previous 

design in [14] also requires 28 reversible gates 

V. SIMULATION AND VERIFICATION 

Using Verilog language description design the 4x4 Multiplier 

circuit, synthesis with ISE, and then use Questasim to 

simulate. Xilinx synthesis technology (XST) tool is selected 

for synthesis. 

The verilog model is simulated by ISim software for 

the purpose of the testing verilog model. Each and every 

individual block is coded in verilog and instantiation is done 

then the simulation results are observed. 

The simulation waveforms of the corresponding 

modules are shown below. 

 
Fig. 11: Design module simulation for 4x4 Multiplier 

 
Fig. 12: Design module synthesis for 4x4 Multiplier 
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VI. CONCLUSIONS 

Multiplier is a basic arithmetic cell in computer arithmetic 

units. Furthermore, reversible implementation of this unit is 

necessary for quantum computers. Targeting this purpose, 

various designs can be found in the literature. The 

comparison between the proposed multiplier and those of the 

previous works showed that the garbage outputs of the new 

design were about 28% and constant inputs were about 30% 

less than previous works with respect to other counterparts' 

efficiency. The prospect for further research includes the 

reversible implementation of more complex arithmetic 

circuits such as function evaluation and multiplicative 

division circuits using this multiplier. 
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