Published by :
http://lwww.ijert.org

International Journal of Engineering Research & Technology (IJERT)

I SSN: 2278-0181
Vol. 11 I'ssue 04, April-2022

Approximate Multiplier based on Modified 7,3
and 15,4 counters using Split Logic and
Sorting Network

Aswathi K C
Electronics and Communication Engineering Department
IES College of Engineering
Thrissur-Kerala,India

Abstract—The summation of multiple operands is widely
employed in various digital signal processing (DSP) units and
constitutes an element of the critical path. Performance is often
the key concern while designing a Multiplier. In this paper a
unique method of fast saturated binary counters and
compressors supported the sorting network and split logic is
proposed . The inputs of the counter are asymmetrically divided
into two groups and fed into sorting networks to come up with
reordered sequences, which might be solely represented by one-
hot code sequences. Using the above method, Modified (7,3)
counter and (15,4) counters are designed using sorting network
with less area. A (15,4) and a (7,3) exact counters with split logic
which also utilizes the 4:2 exact compressor within the LSB part
is proposed. By implementing these counters a high speed
approximate 16x16 Multiplier is proposed which is utilizing the
precise 4:2 compressor within the LSB a part of this multiplier.
It minimizes the area and power which is suitable for error
tolerant applications. Further, for final addition of multiplier,
parallel prefix adder supported Kogge-stone adder is proposed
for minimizing the critical path delay. The proposed work ends
up in better area—delay product and power—delay product in
comparison to existing approximate multiplier.

= Keywords— Counters, Approximate/Exact compressors,
Sorting Network, Multipliers

I. INTRODUCTION

Today's IT equipment is requiring more energy efficient
integrated circuits (ICs) because the amount of information to
process is increasing and also the size is getting smaller.
Energy efficiency may be a product of power consumption
and time consumed. to enhance energy efficiency in ICs, both
power consumption and computing time must be reduced.
However, many techniques for reducing power consumption
have a trade-off relationship with performance. one amongst
the techniques to resolve this problem is approximate
computing [1].

Approximate computing could be a technique that reduce
power consumption and improve performance by reducing
accuracy. Especially in applications that use human senses, it's
suitable to use approximate computation because people don't
recognize small errors.

Approximate computing could be a important and useful
method to style for energy efficiency. This has emerged as a
possible solution for the look of energy-efficient digital
systems. Applications like multimedia, recognition and data
processing are inherently error-tolerant and don't require an
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ideal accuracy in computation. For these applications,
approximate circuits may play a vital role as a promising
alternative for reducing area, power and delay in digital
systems which will tolerate some loss of accuracy, thereby
achieving better performance in energy efficiency .The most
famous method of multiple operands summation is that the
Wallace tree structure .

A Basic Wallace multiplier uses full adders and half
adders to cut back the partial product tree to 2 rows, then a
final adder is employed to feature these two rows of partial
products. Its improved method reduced Wallace tree [2].
These methods use full adders as (3,2) counters to accelerate
the summation, leading to logarithmic time consumption. This
sort of structure is additionally called carry—save structure.
Since then, many papers have discussed the way to construct a
more time-efficient structure to accelerate the summation, like
[3]—I[4]. In [5] high compression ratio achieving counters and
compressors are constructed.

Multipliers have three phases - generation of partial
products, reduction of partial products and last addition.
Reductions of partial products take much time and power
within the multiplier. Many techniques were proposed to cut
back the critical path within the multiplier [6]-[7]. Among
them, the employment of compressors in partial product
reduction stage is that the hottest.

Compressors are basic circuits which are fabricated from
full adders or half adders to count the quantity of “ones”
within the input. Several compressors are required within the
partial product reduction stage. Various compressors like 3-2,
4-2, 5-2 and 5-3 were proposed by researchers within the last
20 years [6]-[9]. These are useful only if the scale of multiplier
is tiny.

A 16x16, 32x32 bit multipliers require large size of
compressors. High order compressors provide better leads to
terms of power and speed. Fast binary counters and
compressors are generated by sorting networks are the present
technology which might provides a higher compression ratio
than the traditional small value compressors. But it consumes
more area than low order compressors. of these techniques
perform the precise computation and modules produce the
right result. Accuracy of the module/device is often 100% in
exact computing. But exact computing has one major
drawback. it's unattainable to optimize all the parameters of
the circuit in exact computing. However, exact computing isn't
essential for each application. There are some applications like
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image processing and multimedia can tolerate errors and
supply meaningful results. Inexact (approximate) computing
techniques became popular thanks to its. Low complexity and
fewer power consumption.
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Fig. 1 Existing 7,3 counter based on Sorting Network
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Inexact computing produces reasonable result, even its low
accuracy. In approximate computing, the worth of error rate
(ER), error distance (ED) and normalized error distance
(NED)play a very important role to calculate the ultimate
output . Several approximation techniques were proposed for
adders and multipliers ,From central point to the foremost
significant bit (MSB) is named accurate and to the smallest
amount significant bit (LSB) is termed inaccurate a part of
adders. Inaccurate computing in MSB side causes large error.

II.  REVIEW OF SORTING NETWORK
The sorting network is an efficient parallel hardware network
utilized for data sorting. The famous 0,1 principle shows that,
if a sorting network can sort a group of data whose elements
are all 1-bit numbers, it can sort all types of numbers. In
this article, we only adopt it for 1-bit data sorting .

A. Sorting Network Working Principle

The typical three- and four-way sorting networks are
shown in Fig. 2. Each vertical line represents a sorter

Fig: 3 Three and four way éorting network
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Fig.4 Two input binary sorter

that has two data inputs and two data outputs, and all
data are 1 bit numbers. The sorter always puts the larger
input up, the smaller one down. In Fig. 3, we give an input
example: sequence [0, 1, 1, 1] represents the input of four-
way sorting network (4 SN), and sequence [0, 1, 1]
represents the input of three-way sorting network (3 SN). For
both 4 SN and 3 SN, the input sequences are reordered in the
form of the larger number at the top and the smaller number
at the bottom after three layers of sorter.

B. Sorter for 1 -BitData
As mentioned above, the sorter reorders two inputs
according to numerical magnitudes. As for two 1-bit data. the
logical circuit illustrated in Fig. 4 can sort them easily. This
means that a sorter consumes one layer of two-input basic
logic gates, and the three- and four-way sorting networks both
consume three layers of two-input basic logic gates..

1. PROPOSED 7,3 COUNTER

In this proposed counter design, the 4SN of figure

replaced by 4:2 exact compressor and a full adder replaces the

3SN.x0,x1,x2,x3 inputs are giving to a 4:2 exact compressor

which utilizing the sorting network techniques for its

working,x4,x5 and x6 are giving to a full adder. The outputs

of the counters 4:2compressor are s2,c2 and output of full
adder is s1, cl.
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Fig.5 Block diagram of proposed 7,3 counter
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Fig.6 Overall structure of proposed 7,3 counter
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V. PROPOSED 15,4 COUNTER

This modified 15,4 counter replaces the 8 SN of figure with
two 4:2 exact compressors and also replaces a 7SN with one
4:2 exact compressor and with a full adder. And the outputs
of these are c4,s4,c3,53,c2,5s2 and cl,s1 as shown in the
figure. For further reduction again the outputs are given to
another two exact compressors as the carry outputs are
together given to one of the compressor and the sum outputs
are together given to the second compressor and finally we
will get the output 6,56 and ¢5,s5
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Fig.5 Block diagram of proposed 15,4 counter
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Fig.6 Overall structure qf proposed 15,4counter.
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Fig.7 Architecture of proposed Multiplier

V. PROPOSED MULTIPLIER
Implementation of multiplier comprises three steps:
generation of partial products, partial products reduction tree,

and finally, a vector merge addition to produce final product
from the sum and carry rows generated from the reduction
tree. Second step consumes more power In this brief,
approximation is applied in reduction tree stage .A 16x16
multiplier is used for illustration to describe the proposed
method . Approximation methodologies were applied in
generating the partial product phase .A modified (7,3) exact
counter and a modified (15,4) exact counter are used for
partial product reductions. Approximation is giving to the
LSB parts of the Multiplier.

The approximation techniques were proposed within the
partial product reduction stage. Accurate multiplier was
utilized in MSB side of the multiplier. No multipliers was
utilized in LSB side where approximation rule was applied.
In this paper, Wallace tree multiplier structure is modified by
using parallel prefix adders to add partial products in final
phase addition process to obtain final product. The reason
behind to use PPA in place of full adders is to improve the
speed of operation. In PPA, the carry input for the next bits is
generated at a time with the help of parallel prefix carry tree
which consists of black cells and grey cells. There are many
types of PPAs are present whose basic design idea is
originated from carry look ahead adder. Kogge Stone adder is
very attractive for high-speed applications which come at the
cost of high area and more power.

VI. RESULTS AND DISCUSSION
A. Simulated result of proposed 7,3 counter
To judge the performance of the designed (7,3) counter, we
construct it with Verilog HDL. The proposed design has over
10% better performance than other designs, while it's
significantly less area and power  consumption.

B. Simulated result of proposed 7,3 counter

To evaluate (15,4) counter’s performance, we use
the(15,4) counter in[5] and (7,3) counters in [5]. The new
(15,4) counter performs over 15% better in time delay, but the
world advantage isn't as large because the (7,3) counter.
However, it should be noted that, if the delay constraints are
relaxed slightly, the realm of the proposed design will drop
rapidly. When the proposed counter is synthesized with the
same delay constraints as in [5] the proposed design will have
less area than [5]. Thus, this new design is more flexible that
can be utilized in high- performance or compact scenarios,
and in both scenarios, it has a better performance. The
proposed design also has more than 40%power consumption.

mFig.8 Simulated result of proposed( 7,3)counter
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VII. CONCLUSION

In this article, a new counter design method based on a
sorting network is proposed. We proposed a modified
(7,3),and a (15,4) counters. The (7,3) counter has 8.1%—
27.0% less delay than other designs and also consumes less
area and power. The (15,4) counter is more flexible than
existing designs because it achieves 14.9%—35.2%less delay
when the speed is critical and performs 14.7%—49.% and
41%—72.7% better in ADP and PDP when the world or
power is critical. once they are embedded in a very 16-bit
multiplier, the multiplier achieves 31.8% and 32.2%c better in
ADP and PDP in maximum than those embedded in other
counter designs. Approximate multipliers provide better
performance than accurate multipliers with compromising of
error rate.
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