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Abstract— Multipliers play a vital rule in most of the digital
systems currently implemented. Multiplier is a major
hardware block in all the current microprocessor, Digital image
processors etc., Whit advancement in the VLSI technology
which strives to reduce the die size and extend the life of the
power source new methodologies are introduced. These
multipliers should have the ability to occupy less area handle
bulk data width with less processing time and to consume less
power in all. However reduction in speed will in turn increases
the area of the die. We had in this paper opted for a design
which shall be optimum for both the factors. To supress the
Delay, Area and also the power dissipation, with an increased
fan out capabilities, reversible Peres logic gates are employed to
implement the Full adders that are implemented in the Reduced
Complexity Wallace Multipliers.  The existing Reduced
Complexity Wallace multipliers are implemented with only Full
adders and half adders, only (8%0), are used in the reduction to
merely reduce the stages of reduction. As the FAs are higher we
had proposed to a methodology for the reduction of the Delay
and the consumption of the power by implementing the Full
Adders by Peres logic gates. The paper concentrates on the PP
reduction stages and the Carry Propagate adder is used as the
final adder, similar to that used in RC Wallace Multiplier. This
method has a reduction of power consumption by 899%,
propagation delay by 91.67% and the area by 4.29% than the
existing RC Wallace Multiplier.

Keywords— High speed multiplier, Peres full adder, Peres
logic gates, Reduced complexity Reversible logic gates, Wallace
Multiplier.

I INTRODUCTION

Multipliers are one of the most significant mechanisms
implemented in several applications. Multipliers have a
crucial role in the very high speed image processing fast
Fourier transform (FFT), digital signal processing (DSP) etc.
An FFT requires a large number of Multiplications.Dedicated
MAC and ALU architectures unit (Arithmetic and Logic Unit)
are needed for the carrying out these algorithms. These signal
processing applications consume substantial amount of energy
and demand greater computational capabilities also. As the
scale of integrations grows, it insists for further sophisticated
processing systems to be implemented on a VVLSI chip, which
consumes higher energy mean while demanding for a superior
computational capacity. The steady growth of operating
frequency and processing capability per chip deliveries more
heat in the IC chip which in turn consumes more energy. It

also requires an efficient cooling technique. The next
constrain is to extend the life of the power sources in the
current portable devices. Addition and multiplication are the
essential operations in most of the devices. Many researches
are done for the design of high efficient multipliers, which
consumes less power and area and in the meantime operate at
high speed. Wallace multiplier falls under such an ultra high
speed multiplier [2].

The complete progression of multiplication is carried
out in three steps: The first is formation of partial product
(PP), rearranging the partial products generated into asset
easy for processing and the final a stage ripple carry adders.
Generally N? partial products are to be summed for an N hit
to N bit multiplication in the Wallace multiplier. The initial
process is to group the entire partial product rows into sub
groups of 3 rows each. In the standard Wallace reduction
method CSA are implemented which utilizes the Full adders
and Half Adders to condense the entire N row of PP matrix to
a two row matrix. This stage is added through an m bit CPA
to generate the final multiplication result. The FAs and HAs
used in the CSA are feed with PPs of the adjacent three rows
and the carry from the previous set of adder is not feed to this
FAs and HAs. Thus it reduces the three rows in to two rows
of carry and sum with a higher bit level. These carry and sum
are again processed in the next stage with the next row from
the PPs. The columns with three input are added by a FA and
the columns with two PPs in the column of the sub grouped
rows are processed by a HA in the standard Wallace
multiplier. The number of Half adders utilzed in the Wallace
multiplier are reduced to almost 83% in the modified Wallace
method.

A modified Wallace method is realized for the partial
product reduction [1]. The modified Wallace reduction
method splits the partial product matrix into a sub group of
three rows and full adders are used for each group of three bits
in a column. When the particular column has only one or two
bits, it is merely passed over to the next stage. Half adders are
implemented in this method only to reduce the number of
stages and maintain that of conventional Wallace; mostly
utilisations of half adders are done at the final stages only. The
16 bit modified Wallace multiplier utilizes 201 Full adders
and merely 9 Half adders. From this it could be understood
that the whole operation of the PP reduction is entirely
depended on the Full adders and any design in the FA which
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could reduce the area and delay will have a key factor in the
multipliers operation. In this paper we had designed a Full
adder using a Reversible logic gates, which consumes very
less area and even the dissipation could be made to zero [3],
instead of the conventional Full adders. We utilise a Full adder
configured by Peres logic gates.
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Fig. 1. Modified Wallace Reduction

Il.  REVERSIBLE LOGIC GATES

The performance of the system is limited with the large
amount of heat that is released in the chips with high
processing speed and data length and the research are done to
overcome these restrictions. The practical limitations for the
performance improvement of the high performance chip are
the excess heat released by the system. The reversible
computing methodologies will be able address the solutions
for this heat dissipation in a chip. It conserves the information
by the process of non-computing the input bits rather than

throwing them away. The energy efficiency could also be
attained by the reversible computing techniques. This would
make the design of the circuit elements to reduce their sizes to
the maximum extent which makes it to be least complex in
area. This technique makes it appropriate for the compact
portable devices with less heat dissipation. The developments
in the VLSI technologies for a more compact die area will
certainly need a high design cost which shall be dominated by
the efficiency in power and heat dissipation

Reversible logic design is significantly different from the
conventional Gates. Most of the conventional gates are
irreversible in nature. Reversible logic gates are devices with
equal input and output terminals with a mapping of one-to-
one. The reversible gates are unique as the values of the inputs
could be regenerated from the outputs. These features demand
for equal number of input and output as it supports for
recovery of the inputs. Direct fan out is allowed in the
synthesis of the reversible gates however the fan out of the
reversible gates are achieved through additional gates. The
major constrain in these type of gates are the garbage outputs,
it refers to the unused outputs generated in a reversible logic
circuit. This could not be avoided completely as these are
needed to achieve the reversibility of the gates and the
constant inputs, which is maintained at either logic Oor 1 in
order to synthesis the logical function. While design of these
gates the number of the garbage and the constant output
should be as minimum as possible which avoids the unneeded
output or inputs. The major challenges faced in current circuit
design lies in reducing the number of gates required, delay and
the quantum cost. The reversible gate’s quantum cost is the
cost of the primitive gate. It is premeditated by considering the
primitive reversible logic gates to be realized. The reversible
functions are only utilized by these gates. But most of the
Boolean functions are not reversible, so these functions are to
be transformed to reversible one by introducing additional
inputs which are maintained at high or low called the constant
inputs.

A. Peres logic gate

Peres gate is a 3x3 reversible circuit with a one-to-one
mapping. The quantum cost of Peres gate is 4 in the
traditional-based design [6]. The corresponding Quantum
logic symbol of Peres is shown in fig. 3 with cell inputs
{A,B,C}, and cell outputs {P,Q, R}. It is achieved by
employing arranged and interacted QCA cells to perform
logical AND and XOR functions [29]. It is clear in this design
that it is built using two XOR structures in addition to single
AND structure, whose output is connected directly into one of
the inputs of the second XOR structure. As can be deduced
from this implementation, the output Q is assessed by the
reverse value of input B when input A = 1 and otherwise, Q =
B. On the other hand, the output R is evaluated by the reverse
value of input C when result of AB =1 and otherwise, R = C.
The logical operation of proposed QCA cell-based Peres gate
is shown in Table 1. It is worth mentioning that the proposed
gate could be implemented in a single layer without using any
rotated cell or translated cell [8].
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Fig. 2. Quantum logic symbol of Peres

TABLE I. TRUTH TABLE OF THE PERES LOGIC GATE.
Inputs Outputs
A B C P Q R
0 0 0 0 0 0
0 0 1 0 0 1
0 1 0 0 1 0
0 1 1 0 1 1
1 0 0 1 1 0
1 0 1 1 1 1
1 1 0 1 0 1
1 1 1 1 0 0

B. Peres logic Full Adder

An adder is a logic circuit which adds two or more
variables to provide the sum and consecutively the carries
depending on the inputs taken into consideration. Adders are
an unavoidable part of logic circuits as they are vital in most
applications they are not only used for addition but also to
multiply, calculate the addresses, increment operations, table
indices, etc. Most common adders operate on binary numbers
although they can be constructed for BCD, excess -3 formats,
etc.

Design of an effective adder with less delay, area and least
power dissipation will certainly reduce the overall
performance of many circuits. Here two 3 x3 Peres logic gates
are used to implement a Full Adder. This implementation of
FA with the reversible gates is efficient in term of the gate
count, hardware complexity, garbage output and constant
input in comparable to the other reversible gates that could be
designed. The Quantum cost of these type of adders are 8,
since two Peres gate are needed for the adders to be
formulated. The Peres Full adder is a 4x4 gate which has four
inputs and outputs. The hardware complexity is low and

requires merely one clock cycle for its execution. Since the
quantum cost of the FA is less it is widely suitable to be
implemented in the present CMOS technologies. This adder
has merely one constant input kept at logic “0” and two
garbage outputs.

Sum =A@ EE Cin 4)
Carry = (A@ B) = Cin & AB 5)

6,=A
6,=A®B
§=ABBOC,

Cout ™ (ABBIC;OAB

Fig. 3. Full Adders using Two Peres Gate

Before proceeding to the reduction process the maximum
number of stages in the reduction could be derived. In the
reduction of the modified Wallace multiplier shown here
without the half adder in the first stage, the second matrix
would have an excess stage to that of the conventional
Wallace. The stages requiring HAs are arrived by the method,
has said previously it requires HAs in few intermediate stages
and in the final stage.

I1l.  PROPOSED WALLACE REDUCTION

The method projected in this paper reduces the time delay
of the multiplier with high fan out capabilities. As the number
of bits is higher in the multiplier, curbing of delay and the area
are to be restricted to the minimum level to make the circuit
portable and efficient enough to operate for a longer duration
with the available power source. We had designed the FAs
used in the Wallace tree reduction with the dual Peres logic
gate. The multiplicand and multiplier are multiplied with a
conventional AND operation to produce the partial product
matrix. The matrix thus generated would have 16 rows with
16 elements in each row. To make the reduction procedure of
the matrix simple and efficient the same methodology adopted
in the modified method of Wallace reduction is used in this
approach also. Rearranging the rows are done in such a
manner that all the elements in the column are pushed upward
to the first row, thus the entire matrix now has maximum
elements in the first row and gradually reduced elements in
the adjacent rows and the final row has one element. Now the
PPs are processed with the FAs and HAs. The rows are split
up into levels of three rows each and added with FAs were
there are three PPs in the column and those columns with one
and two PPs are transferred to the next stage. The half adders
are used rarely in the initial stages or in intermediate stages to
ensure the number of stages is not exceeded than the
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conventional one. Mostly the half adders are used only in the TABLEIl. __ COMPLEXITY OF THE WALLACE MULTIPLIERS.
final stage of reduction. INPUT SIZE (N) 8 16 32
Prior to working through the reduction procedure, the STAGES 4 6 8
maxim_um number of rows, r;, in it_h stage of the r_eduction can WALLACE
be derived. The _numbgr qf rows in the succeeding stages of FULL ADDER % 500 506
the Wallace multiplier is given by
HALF ADDER 15 52 156
ri+1=2[ri/3]+rimod3 (6) TOTAL GATES 402 2008 8778
MODIFIED WALLACE
V\_/hgre, fy /moFd z ld6er;)c_)te; t1h6eb_smallle_st|_ nonrt:egative FULL ADDER 39 201 907
remainder of y/z. For a 16-bit by 16-bit multiplier, the stage
heights given by (4) are: rO =N =16, rl =11, r2 =8, r3 = 6, HALF ADDER 3 o 23
r4 = 4,15 =3, r6 =2 . Therefore, seven stages are required for TOTAL GATES 363 1845 8263

the reduction including the final CLA adder. Thus it requires 6
stages of reduction. As perceived in the reduction of the 16

bit modified Wallace multiplier shown in the Figure.1, one TABLE lll.  PARAMETER ANALYSIS
Half adder is required in fourth stage and two in the fifth Power  in | Delay  in | LUTS
stage to maintain the rows in the corresponding stages as _ mw nsec
- Modified Wallace
concluded by the above equation 1628.134 37.416 420
Modified Wallace with 135.678 3.996 402

All FAs in the PP reduction are executed using the Peres Peres gate Adders
logic gate. The configuration of these Peres logic gates are
simple and the output from them are feed to the next stages
with ease since the fan out capabilities of the reversible gates Power Dissipation
are high than the conventional Adders. The additional
Garbage outputs are left out. The constant input needed is also
logic low which further reduces the dissipation of power since 420 |
it could be logically grounded. Since the Full adders are
implemented as one logic were the inter linking of the Peres
logic is internally done. The CI are inter connected from the
preceding gate so the device has one CI only and the GO are
from each Peres logic is untouched.

425

415

410

405

400

Power dissipation {mw)

The final addition of the multiplier, were it has two rows 395 1
of data after the reduction process are completed in the
reduced modified Wallace multiplier is done by Carry
propagate adder or a Carry look ahead adder. Carry Propagate
adder ( CPA) performs addition by propagating a carry from Fig. 4. Power comparison
each bit to higher bit position. These adders don’t occupy a
considerable area of chip and it also consumes very less
power. It adds two n bit operands and an optional carry-in
(cin) by performing carry propagation. This could be realized
by a combinational circuit using m bit ripple carry adders (
RCA ). Here it uses a 2N-2 bit adder. The computational time 420 |
grows linearly with the operand word length N. The speed up
of the operation of CPA would require replacement by some
faster adder structures.

390 -

m Modified Wallace ® Modified Wallace with Peres gate Adders

Time Delay

425

415 -
410 -

IV. RESULT ANALYSIS e

Delay in {nsec)

400 -

The second phase reductions of multipliers for various 395 .
sizes were analyzed using the modified Wallace approaches
with Conventional Adders and the Peres logic Adders.
DeSignS were made for each size with generators progfammEd B Modified Wallace W Modified Wallace with Peres gate Adders
in VHDL for the XILINX 14.2 ISE and the output were
implemented in Spartan-6 FPGA family Fig. 5. Delay comparison

390
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LUT's Utilized

425

420 A

415 A

410

405

LUT's utilized

400

395

390 -

B Modified Wallace H Modified Wallace with Peres gate Adders

Fig. 6. LUT’s utilized

For the analysis done the no of full adders used was
0.2 percentages higher than the conventional Wallace and the
Half adders were almost 83% lower than the conventional
Wallace. The complexity and the power dissipation were
compared between the modified Wallace with that of the
conventional adders and the Adder implemented through the
reverse logic Peres gates. It was established that the
Complexity of the Peres logic implemented Wallace was
merely 4.28% lesser than with the conventional adders. The
power dissipation was 3.996 ns, which is almost 89.32%
lesser. The delay was reduced by 91.67%. The same is
tabulated in table 2 and the corresponding charts are displayed
in the figures.

V. CONCLUSION

This paper presents a modification to the Modified
Wallace multiplier to be implemented with the adders
designed with Peres Logic gates. The modified Wallace with
the Peres logic Adders are compared with the Wallace
multiplier with conventional Adders. Here both the modified
and the proposed multiplier has the same number of HA and
FAs. The analysis is done on the time delay, area and the
power dissipation. Based on the result analysis the proposed
multiplier with Peres logic gate has very low delay as the
addition of three bits are done in two clock cycles. The
simulation result shows that the overall delay of the multiplier
is reduced by 89.32% and the speed is increased by 91.67%. It
is found that the Peres logic Adders needs one Constant input
which is wired to logic zero so no major loss or additional
heat is generated for this additional input added to the circuit.
Similarly the Adder has two Garbage outputs which are due to
the additional internal operation of the adder; as such this
additional Garbage output which is not utilized for the adder
has no critical impact on the complexity of the multiplier. The
complexity of this proposed method has very meager
reduction in the area which is merely 4.28%. It is found that
the adder has a quantum cost of 8 which makes it to be easily
implementable in the latest CMOS designs with very low
power dissipation and heat generation. It is significant that the
modified Wallace multiplier’s third phase could be designed
with a hybrid adder of CLA and RCA. This could reduce the

complexity and maintains the delay of the multiplier than the
conventional RCA or CLA adders as the final adders.
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