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Abstract:- Adaptive filters based on least-mean-square
algorithm constitute a standard in many Digital Signal
Processing applications. The LMS algorithm, is a part of the
Wiener filter, that constitutes a fertile ground to employ
approximate hardware techniques with the additional challenge
related to the presence of a feedback path for coefficients
update. Here the, approximate LMS adaptive filters are
explored for the first time, by employing approximate
multipliers along with the approximate compressors. A system
identification scenario is adopted to assess the algorithmic
behavior. The choice of the approximate multiplier should be
carefully examined; because the stability and convergence
performance of the algorithm can be compromised. The novel
approximate multiplier able to reduce the power dissipation in
adaptive LMS filters with tolerable convergence error
degradation
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I INTRODUCTION

The digital circuits are considered in such a way that the
order is not met in the terms of functionality and reduction
is required in terms of area; delay and energy are called
approximate circuits [1]. Approximate computation is an
emerging development in the digital design [1]. This
approach has become more and more significant for the
embedded and mobile systems, characterized by the severe
energy and speed constraint [4]. An LMS adaptive filter is
usually composed by a FIR filter (due to its inherent stability)
whose coefficients are updated by the LMS algorithm. The
LMS is a recursive algorithm aimed to minimize the mean-
square-error (MSE) between the FIR filter output and a
desired signal. The  minimization requires MSE
gradient computation which, in the LMS
algorithm, be computed in an approximated way, causing the
so-called gradient noise [13]. A multiplier involves a few
basic blocks: They are (1) partial product's generation, (2)
partial products reduction and (3) carry-propagate addition.
The Approximations can be introduced in any one of these
blocks. In this paper, novel approximate multiplier is
proposed by a simple, fast approximate adder. This lately
designed adder will be able to process the data in the
parallel by removing the carry propagation chain (introducing
an error). It has a critical path delay that is still shorter than
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Compared to other multipliers, the proposed multiplier
has an appreciably shorter critical path and reduced circuit
complexity [2].

The LMS algorithm is a recursive algorithm aimed to reduce
the mean-square-error (MSE) between the FIR filter output
and a desired signal. The minimization requires MSE
gradient computation, in which the LMS algorithm is
computed in an approximated way, and hence called as
gradient noise [13]. Therefore, the LMS algorithm is
characterized by an inherent grade of noise and constitutes a
fertile ground to employ any hardware circuits. This is the
first time that approximate circuits, is used in the context of
adaptive LMS filtering [3]. We intend the use of approximate
multipliers in the FIR section of the adaptive filter, since (i)
multipliers consist of one of the most energy-hungry digital
blocks and (ii) multiplication is the most used operation in
adaptive LMS filters. In this paper we examine that the error-
performance of approximate adaptive LMS filters, employing
the multipliers proposed in a system identification process
[14]. The analysis reveals that the selection of the
approximate multiplier topology should be carefully
examined, or else, due to the presence of the feedback path,
the stability and the convergence performance of the
algorithm can be compromised [4]. The proposed circuits are
implemented showing that adaptive LMS filters based on the
proposed multiplier allows reduction of power dissipation
with acceptable convergence error degradation.

II. LMSALGORITHM

First, Least mean squares algorithms (LMS
Algorithm) are a class of adaptive filter that is used to mimic
a desired filter by finding the filter coefficients that relay to
produce the least mean square of the error signal. It is a
stochastic gradient method in which the filter is only adapted
based on the error at the present time. Consider the LMS
ALGORITHM as shown in the Figure — 1.

Let us consider an M-taps FIR filter, with tap
weights wk(n) ,ke{0,1,...,.M—1} and tap inputs x(n) =
[x(n), x (n —1),..., x (n =M +1)]. The output at each time
instant n can be written as:

the conventional one-bit full adder [2]. In this proposed Y(n) = ¥ twy, (n).x(n — k) (1)
approximate multiplier, a simple approximate adder is used

for partial product accumulation, and the error signals are

used to compensate the error for obtaining a better accuracy.
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In adaptive LMS filters the difference between the
actual filter output y(n) and the desired signal d(n) defines the
error signal e(n):

e(m)=d(n)—y(n). 2

The error e(n) is used by the LMS algorithm to determine the
updated version of the filter tap weights wk(n), as follows:

wk(n +1) = wk(n) —u -e(n)-x(n — k). (3)

u - step-size parameter, which relates a trade-off between the
convergence speed and convergence error of the algorithm.
The LMS algorithm reduces the MSE cost function
approximately; this is due to the approximation on the
gradient noise. Note that the term p- e(n)-x(n-k) is an
approximation of the gradient of the MSE cost function J(n)
= e[|n®|], where E is the statistical expectation operation[2].

X(n), input sample

ey

V(n). filter output

Wotl), — &
New weigths Y

Weigth-Update Block
o (LMS Algorithm)

d(n), desired signal

e(n). error signal

Figure — 1. Adaptive Filter

I1l.  PROPOSED SYSTEM

In this existing system, we have used approximate
multipliers for the multiplication operation and approximate
compressors for the partial product addition. Thus it reduces
the area and complexity in this architecture. The approximate
multipliers and approximate compressor are as follows;

A. Approximate Multipliers

Approximate multipliers are frequently used in real time
DSP applications such as LMS filtering. They are designed in
such a way that the condition such as in terms of energy,
delay or area are met and they do not meet in terms of
functionality, and these type of circuits are called as
approximate circuits. Approximate computing is a
computation that provides all the possible result that are
available and the required sufficient result will also be
presented. For example, search engine provides all the result
that are related with the search, from which we can select the
required result. They are perfectly suitable for some of the
application such as multimedia applications (e.g. text,
graphics, images, sound/audio, animation and/or video), data
mining applications (e.g. Financial Data Analysis, Industry,
Telecommunication Industry, Biological Data Analysis) [5].
Approximation techniques that are used in the multipliers
focuses on the accumulation of the partial products, which is
decisive when it comes to power consumption.

B. Approximate Compressors

Approximate compressor are uses to compress the
number of gate used in this architecture, hence the area as
well as the time for computation is reduced

Let us consider to unsigned n bits

X= xp_ 2"+ +x,, and
Y =y 20 g
Z=X*Y =p2,_, 27"+ 2. T (1)

where Z is the product of two inputs X and Y as shown in
equation (1).

As shown in figure. 2. Let us consider the partial products
belonging to the j-th column of the Partial product multiplier
are given as:

Po = Xj—1¥o:PL = Fjoz¥p o wsPioy = Xp¥jey-

The sum of this partial product is given as S and the value of
S ranges from 0 to j. It can be given as S =
Z{Pg.Pys ... Pj_1 3. The compressor have 3 inputs and two

outputs they are sum and carry.
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Figure — 2. Partial Product of 8x8 multipler

These approximate compressors have j
inputs pg. py. .. ... pj—y and the output extends till (j-1) by
using a novel approximation which is aimed to reduce the
probability of error. Here the compressor inputs are partial
products that arrive from the PPM column. Moreover, the
input bits xi and yj are uniform and are independent of each
other. The probability of the partial product is expressed as:
P (pi) = 1/4.

1) Approximate 2/1 Compressor
Consider the summing of two partial products in the same
column. As we have seen in [6], [7], [9] the sum is given as:

SUM = E{m.p} = Elpop.to + 11} -(2)

The sum of the two partial products (2), is given by the logic
of AND and the logic of OR. The probability (3) of the two
terms is given as:

P(p,p,) = 1\16 and P(p, + p,) = 7\16

The approximate arithmetic sum of two partial products can
be approximated as:

Sappmox = 2 Pg 11
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According to the behavior of the approximate 2/1 compressor
the output is indicated as wl. While Egz (error) indicates the
difference between actual value and approximate compressor
value is given by the equation(5):

Egr =35 — Sapprox e anan (3)

p0
] >

Figure — 3. Schematic of 2/1 compressor

po0

p1

p2

) e

Figure — 4. Schematic of 3/2 compressor

o

Table —2
Approximate 3/2 Compressors

Table -1

Approximate 2/1 Compressors
l-"zo l-'uo l-"no Wzo Wlo 2 SAPOF ROX Eﬂg
P1 Po w) S | Sapprox | Err 0 0 ) 9 ) 1 1 0
0 0 0 0 0 0 0 1 0 0 1 1 1 0
0 1 1 1 1 0 0 1 1 1 1 2 2 0
1 0 0 1 0 1 1 0
1 0 1 1 1 0 1 0 1 1 1 2 2 0
1 1 1 2 1 1 1 1 0 1 1 2 2 0
1 1 1 1 1 3 2 1

The error probability Pz and the mean error E.., iS given
by the following equation:

Fr = ZPERRI' ...... (6)
-
Emean = ZPERH[{FRH[] wean (7))
-
2) Approximate 3/2 Compressor

Consider the summing of three partial products in the same
column. The sum is given as:

SUM = Efpy.py.p.} = E{popy B0 +P1P2) ()

The sum of the three partial products (8), is given by the logic
of AND and the logic of OR.

SUM = E{pop; 2. PoPy + P2.Po + Py} (9)

The probability (9) of the three terms is given as:

P(pep.p- ) = 1\64

The approximate arithmetic sum of three partial products can
be approximated as:

Swppox = L PoP1 + PP P10 e (11)

The error probabilityF; is given in the closed form.
Let us consider two sub-compressors such as A and B are
exploited, the error probability is given as:

B = RelA) + R(B) — Re(AJR(B)

Now let us consider three sub-compressors such as A,B and
C, the error probability is given as:

B = B(4) + R(B) + B (C) - B (AR (B) - B (BIR(C) - R(C)R;(4) + R(AR(BIR(C)

This equation can also be extended to wide-ranging case and
it is called as the Inclusion-Exclusion principle [12]. This
shows that i) the probability error and the mean error tends to
increase with the compressor size and ii) the approximate
compressors having an odd number of input performs better
when compared to the compressors having an even number of
input bits.

IV. RESULT AND DISCUSSION

The adaptive filter using approximate multiplier
along with the approximate compressors have been exploited
to design 8 x 8, 12 x 12, 16 x 16, and 20 x 20, binary
multipliers. The prediction reveals that, because of the
presence of the feedback loop in the filter, that is used to
update the weight coefficient approximate multipliers must
be introduced. This proposed system is compared adjacent to
the exact multipliers and with the approximate multipliers
that are proposed in [11], in [10] and in [8] using 2, 3 or 4-
input OR gates as approximate compressor.

A. Power Quality Trade Off And Electrical Performance:

The waveform of the existing (Figure — 5a) and the proposed
(Figure — 5b) system is given as follows:
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Figure — 5b Waveform of proposed system

This adaptive LMS filters is checked with the Verilog HDL
and standard cell. Here the Power dissipation is calculated
from the SDF and TCF — which is based on post-synthesis
simulations. According to approximations, the filters based
on the proposed multiplier, shows improvement up to 16-
18% in area. The below table shows the improvement from
the existing (Figure — 6a) to that of the proposed one (Figure
— 6b).

Device Utilization Summary ‘ [-1
Slice Logic Utilization Used Available Utilization Note(s)
Number of Slice Registers bzt 11,440 2%
Mumber used as Flip Flops 288
Nurnber used g Latches 0
Nurnber used s Latch-thrus 0
Humber used as AND/OR logics 0
Number of Slice LUTs 6% 5,720 11%
Humber used as logic 625 5,720 10%
MNumber using 06 output only 449
Number using 05 output only 3
Number using 05 and 06 173

Figure — 6a. Design summary of existing
Device Utilization Summary 1

Slice Logic Utilization Used Available Utilization Note(s)

humber of Slice Registers 214 11,440 1%

Number used as Flip Flops 203

Number used as Latches 0

Number used as Latch-thrus 0

MNumber used as AND/OR logics 1

Number of Slice LUTs 85 5,720 6%

Mumber used as logic 376 5,720 6%

Number using 06 output enly %8

humber uging 05 output anly 8

humber using 05 and O 100
Figure — 6h. Design summary of proposed

Table — 3. Comparison of area between existing and proposed

MULTIPLIERS AREA IN LUT’s
EXISTING 646
PROPOSED 385

Thus the comparison of area between the existing one and the
proposed one shows that reduced number of LUT’s have
been used for the proposed approximate multipliers. Thus
using the proposed approximate multiplier with (nt=0) has the
lowest error of 10%.

B. Error Performance

The errors that are considered in the following approximate
multipliers are:

* The probability of Error Rate (Pe)

» The mean square errors given by the multiplier (ERMS).

Here introducing the Number of Effective bits, which can
also be represented as - NOEB, of a approximate multipliers
can also be defined as:

NoEB= 2n — log2 (1 + ERMS) (for a nxn multipliers). Here
we use NOEB because they give immediate and accurate or
sometimes approximate number of output bits that are free
from error.

The error can be determined by the difference between the
approximate output to that of the exact output values. They
are given as:

E = Yguact Yapprox- Where Yg.... represents the output

computed by the exact multiplier and Yy, represents the

output computed by the approximate multiplier. With the
help of this error metrics we can average four sizes (8 x 8, 12
x 12,16 x 16, and 20 x 20).

V. CONCLUSION

This paper represents the wuse of
approximate multipliers and approximate compressors that
overcomes other type of multipliers in terms of complexity in
the circuit and error performance. Thus it can also can be
given as approximate multiplier is introduced, by employing
approximate compression, and hence LMS columns are being
truncated. This implementation expose that adaptive LMS
filters based on multiplier and compressor provides a high
quality power trade-off, and also helps in the reduction of
power. Along with the effect of the introduction of
approximate multipliers in the Adaptive LMS filter is
examined, with reference to the performance of the algorithm
and the electrical performances.
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