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Abstract: The Wallace tree multiplier is
considered as faster, than a simple array
multiplier and is an effective application of a
digital circuit which multiplies two integers. A
Wallace tree multiplier is a parallel multiplier
that uses the carry save addition algorithm to
reduce the quiescene. There are numerous
dealt on the
progressively more efficient multipliers. The

researchers design of
main purpose is to accomplish higher speed
and lower power consumption even while
occupying condensed silicon region. Wallace
tree multiplier are rapid multipliers, uses full
and half adder .As far as range and power the
execution of XOR-XNOR gates and MUX
effective. ~The proposed Wallace tree
multiplier technique is far superior compared
to traditional method. In this paper we
present FIR filter implementation of Wallace
multiplier, as the Extension.

Keywords: Wallace tree multiplier,
Multiplexer, Full adder, Half adder.

LINTRODUCTION

Multiplication is one amongst the
more area consuming arithmetic operations in
high-yielding circuits. As a result frequent
research works were dealt with low power
design  for  high speed multipliers.
Multiplication involves two vital operations,
the generation of the partial products and their
performed kinds of

sum, using two

multiplication algorithms, serial and parallel.
Serial algorithms  use
sequential circuits with feedbacks: inner
products are sequentially produced and
computed. Parallel multiplication algorithms
often use combinational circuits and do not
contain feedback structures. Multiplication of
two bits produces an output which is twice
that of the original bit It is typically expected
to truncate the partial product bits to the
expected accuracy to decrease territory cost.
Fixed width multipliers, a subset of truncated
multipliers, process only n most significant
bits (MSBs) of the 2n-bit product for n x n
multiplication  and additional

multiplication

utilize
correction/compensation circuits to decrease
(truncation errors). This approach
together considers the tree reduction,
truncation, and rounding of the PP bits during
the design of fast parallel truncated
multipliers so that the last truncated product
fulfills the accuracy prerequisite. In our
approach truncation error is not more than
lulp (unit of least position), so there is no

CITors

need of error compensation circuits, and the
last output will be précised.

dada
multiplication delay is very high in

e Merits: Compared to
Wallace multiplication.
e Power utilization in the Wallace

multiplier is high.
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A multiplier designed by using
Wallace tree architecture is known as a
Wallace multiplier. A typical Wallace
multiplier and a reduced complexity Wallace
multiplier are two architectures among them.
In this paper design and performance analysis
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typical Wallace tree multiplier and a reduced
complexity Wallace multiplier are examined.
Performance analysis is carried out by using
Xilinx ISE design.

Figure 1: Wallace tree multiplier Structure
From Fig.1. the 3 rows are summed
using FAs and if there are 2 speck (dots) in a
specific column, half adders are used. The
emerged sum and carry signals from the half
and full adders are passed to the next stage.

Generation Accumulatio Final
of Partial —p| n of partial L > addition
Product product

Figure 2: Block diagram of Wallace tree
multiplier

Fig. 2 demonstrates the block diagram
of a Wallace multiplier. In this multiplier
design, generation of the partial product,
accumulation of partial product and final
addition are done in various stages. In the last

stage, final addition is done. The number of
rows of partial product in a particular stage
can be expressed as Ri+1 = 2(Ri /3)+ Ri mod
3 where, Ri gives the groups or stages and

RO = N= number of bits.

Let us consider an illustration the N
bits multiplication,N2 AND gates are required
to generate the partial product terms and the
number to decrease stages is given by S.
s=log2 ™.

II. CONVENTIONAL FULL
ADDER

In an ordinary Wallace multiplier, partial
products are created first. Then these are
gathered in different stages. The method is
recasted until the point where last stage
contains just two lines. A 4x4 bit traditional
Wallace multiplier is arranged by using
Xilinx. The flowchart for arranging a
traditional Wallace multiplier is showed up in
Fig.2. Design of the general Wallace
multiplier is done in three phases:

1) Partial product generation

i1) Accumulation of partial product

1i1) Final addition
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Fig 3: Conventional Wallace tree multiplier
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In the reduction phase the traditional
Wallace tree multiplier uses full adder, high
power consumption is caused due to
bottleneck of full adder. In this paper the
proposed and the existing multiplier designs
are developed using Verilog HDL for 8 and
16 bits, respectively. The performance of the
8-bit proposed Wallace tree multiplier is
verified through simulations using cadence
tool.

I1I1. PROPOSED DESIGN
MUX based full adder.

The full adder is executed using 4:1
multiplexers as shown in fig. 3. MUX based
full adder implementation in the reduction
phase of a Wallace tree multiplier reduced
Power.
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Figure 4: 4:1 MUX based Full Adder

In order to reduce the power and area,
the conventional full adder in reduction phase
of Wallace tree multiplier is reintegrated by a
modified full adder. It is noticeable that, one
4:1 MUX can be made using three 2:1 MUX.
The critical path delay can be written as
shown in figure 4

Delay = NOTA + 2 x MUXA

The Wallace tree multiplier can be
made more effective by further reducing the
critical path delay. The same can be
accomplished by utilizing proposed full
adder. Every multiplexer has been

acknowledged by utilizing two transistors, for
the acknowledgment of the full viper circuit.
The main cause of power dissipation in any
circuit is short circuit current, leakage current
and logic transition. In this circuit there is no
probability of direct path formation between
source and ground.

A
Sum
~A
=
C B
A Carry

Figure 5: Proposed full adder

In Wallace tree structure, the partial
products are divided into certain specific
levels. In each level, whenever there are three
bits, full adders are used. Out of the three
inputs, one input and its complement is
provided as inputs to the first multiplexer.
The other two inputs are given to XOR gate,
the output of which will act as a select line to
both the multiplexers. The inputs of the
second multiplexer are the bits other than the
carry bit. This unique way of designing leads
to the decrement of the switching activity,
which in turn decreases the power.
Additionally, the critical path delay is also
reduced compared to the existing designs
discussed in literature, leading to the
speed. Operation of the
proposed full adder can be clarified as
a) When B and C=0 or 1 then sum = A;
b) When B = 0 or C = 1 vice versa then
sum=A;
c) When B and C =0 or 1 carry= B;

increasing of
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d) When B = 0 or C = 1 vice versa then
carry=A.
IV. EXTENSION.

Finite impulse response (FIR) filters
are broadly used filters in DSP applications.
This paper depicts a way to deal with
implementation of low power digital FIR
filter based on field programmable gate arrays
(FPGAs). The advantages of the FPGA
approach to digital filter implementation
include, higher sampling rates than those are
available from traditional DSP chips, lower
costs than an ASIC for moderate volume
applications, and more flexibility than the
alternate approaches. Firstly, a single MAC
unit is designed, with suitable geometries that
give optimized power, area and delay. Then N
no. of MAC units are controlled and designed
for low power using a control logic that
enables each stage at appropriate time.
Multiply —Accumulator unit has become one
of the most important building blocks in
digital signal processing applications such as
digital filtering, video coding, speech
processing, and cellular phone.

Filters are the most important parts of
digital signal processing applications. Filters
have two uses, one is signal separation and
the other 1is signal restoration. Signal
separation is used only when the signal is
mixed with noise or other unwanted signals.
Signal restoration is used only when the
signal has been distorted. In general filtering
is described by simple convolution operation
such as

L-1
i) = x{n] < hin] = > hlk] = +n ~ K

Where L is the length of FIR filter, h(n) is
filters impulse response coefficients, x(n) is
input sequence and y(n) is output of FIR
filter. The above equations can also expressed
in Z domain as

Y(Z)= X(Z)H(Z) oo

Fig. 6 FIR Filter Structure

Structure of FIR filter is shown in
Figure 6. Normally the filter structure has one
delay element, one multiplier and an adder for
each number of stages. This complete element
is known as tap. The number of stages is
depending upon the length of the filter.

A Wallace tree multiplier is an
efficient hardware implementation of a digital
circuit that multiplies two integers. Wallace
tree reduces the number of partial products
and use carry select adder for the addition of
partial products. Wallace tree is known for
their favorable computation time, when
adding multiple operands to two outputs using
3:2 or 4:2 compressors or both. Wallace tree
guarantees the lowest whole delay.
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Fig. 7 .8 bit Wallace tree multiplier

In fig. 7 blue circles represent full
adder and red circle represent the half adder.
Wallace tree has three steps:-

1. Multiply each bit of multiplier with
same bit position of multiplicand. Depending
on the position of the multiplier bits generated
partial products have different weights.

2. Reduce the number of partial
products to two by using layers of full and
half adders.

3. After second step we get two rows
of sum and carry, add these rows with
conventional adders.

V. RESULTS
Fir Wallace:
Simulation
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Design Summary

Device Utilization Summary (estimated values) 1

Logic Utilization Used Available Utilization
umber of Slices 445 %5 10%
umber of Slice Fip Flops 171 9312 1%
lumber of 4input LUTs 940 9312 10%
lumber of bonded I0Bs 51 bir) A%
lumber of GCLKs 1 ] 4%

Wallace tree:
Simulation

RTL

Design Summary
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Logic Utilzation Used Available tiization
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VI.CONCLUSION

In this paper, a multiplexer using full
adder of Wallace tree multiplier and XOR
gate gets modified so that the area can be
reduced. In reduction phase by implementing
a modified full adder of Wallace tree an
average power, area and delay is reduced,
compared to existing methods respectively is
achieved.FIR  filter = implementation of
Wallace multiplier, as the Extension, result
confirms that the proposed Wallace tree
multiplier is suitable for low power and small
area applications.
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