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Abstract— To design effective approximate multiplier
we use approximate compressors. By employing these
compressors in the Dadda multiplier structure provides
better power and speed. In this paper we proposed a
approximate compressors with reduced area, delay and
power with comparable accuracy when compared with
the existing architectures. So that a total of two
different 4:2 approximate compressors are analyzed
and one 5:2 compressor proposed. The proposed
compressors are utilized to implement 8*8 and 16*16
Dadda multiplier. The analysis is further extended to
project the application of the implemented design in
error resilient applications like image smoothing and
image multiplication.

Index Term - Approximate 5:2 Compressor,
approximate computing, speed, power, area.

I. INTRODUCTION

In digital design approximate computing plays a
major role. It enhances the performance of Area,
power and speed. Multiplier has three steps: partial
product generation, partial product reduction and
carry propagation addition. Approximation can be
introduced in any of these blocks. By reducing the
partial products we can increase the power
dissipation and delay of the system. In the place of
partial products we use full adders, half adders in
earlier researches. We replace compressors in the
place full adders and half adders which are used to
reduce the delay associated with partial products. We
can introduce approximations in any of these blocks.
A Compressor is a logic circuit which counts the
number of 1’s at the input. Higher order compressors
are also used some of those are 4:2 compressors or
5:2 compressors. In these compressors X-OR circuits
are used. Speed of operation which is inversely
proportional to the delay of the system. In order to
maintain the balance between delay, area and power,
approximate computing has emerged as a promising
solution. Approximation in arithmetic operations
results in faster systems with lesser design
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complexity and power consumption. There is a lot of
research has been carried out to increase the
efficiency of approximate multiplication. In the
multiplication operation, partial product summation
has in-arguably been the major contributor to the
power dissipation and delay in the system.
Compressors estimate the count of logic 1 in the
input using half adders and/or full adders. There are
different topologies that are used for compressors are
7:3,5:2,4:2,and 3: 2.

I1. APPROXIMATE MULTIPLIERS

Approximate multipliers are widely being used for
energy-efficient computing in applications that
exhibit an inherent tolerance to inaccuracy. The
accuracy is the major design parameter for any
multiplier. Apart from area and power, it is difficult
to identify the exact approximate multiplier.
Multiplication is undoubtedly a performance
determining operation in Artificial Intelligence and
DSP applications. These applications demand high
speed multiplier architectures to necessitate high
speed parallel operations. By using the approximation
in multipliers, they make fast calculations with
minimized hardware complexity, delay and power.
By having accuracy at certain levels. Compressors
calculate the sum and carry at each level
simultaneously. The carry is added to the higher
significant sum bit in the next stage. This is followed
till the generation of final product. The approximate
multipliers can provide the results which are almost
near to the exact multipliers. So we can these are
better in terms of accuracy, power and area when
compared to the exact multipliers.

I11. EXISTED SYSTEM

In this paper, we focus on three factors that are
suitable for selecting the approximate multiplier.
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(1) the type of approximate full adder (FA) used to
construct the multiplier,

(2) the architecture, i.e., array or tree, of the
multiplier and

(3) the placement of sub-modules of approximate and
exact multipliers in the main multiplier module.
Based on these factors, we explored the design space
for circuit level implementations of approximate
multipliers. We used circuit level implementations of
some of the most widely used approximate full
adders, i.e., approximate mirror adders, XOR/XNOR
based approximate full adders and Inexact adder cell.
These FA cells are then used to develop circuits for
the approximate high order compressors as building
blocks for 8x8 array and tree multipliers. We then
develop various implementations of higher bit
multipliers by using a combination of exact and
inaccurate 8x8 multiplier cells.. The design space of
these multipliers is explored based on their power,
area, delay and error and the best approximate
multiplier designs are identified.

A. EXACT 4:2 COMPRESSORS
Al A2 A3 A4 Cin

[ ]|

FULL ADDER
FULL ADDER
C out CARRY SUM

Figure 1. Exact 4:2 compressor

The general block diagram of an exact 4:2
compressor is shown in Figure 1. It consists of five
inputs, three outputs and two cascaded full adders.
Al, A2, A3, A4 and CIN are the inputs and COUT,
CARRY and SUM are the outputs of the exact 4:2
compressor. COUT, CARRY and SUM are given as

COUT = A3(Al @ A2) + AL(AL @ A2) 1)
CARRY =CIN (A1 ® A2 @ A3 @ Ad) +
ALAL D A2 B A3 D Ad) )
SUM=CIN @ Al @ A2 G A3 @ A4 3)
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Figure 2. Compressor chain.

Figure 2 represents the compressor chain. Where
CIN is the input carry from the previous 4:2
compressor that moved to lower significant bits
CARRY and COUT.

TABLE 1. Truth table for exact 4:2 compressor.
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the outputs of order ‘1 with higher significance than
the input CIN . Table 1 represents the truth table for
theexactcompressor.

B. APPROXIMATE 4:2 COMPRESSOR
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On applying approximation to 4:2 compressors,
output can be reduced to two partial products at last
stage. Approximation is done by eliminating cout.
The error occurs only at the input combination with a
value of ‘1111°. Where the carry is ‘11’and sum is
‘1’an error of -1 is introduced. An 8*8
multiplication operation using approximate 4:2
compressors is shown in figure 3.
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Figure 3. 8*8 Approximate multiplier

Level 1 in stage has Aq=Ppo does not involve any
operation. A half adder is required to generate Al in
level 2. The carry bit from half adder is passed onto
Stage 2. Starting from Level 3, the number of terms
in partial product array increases to 4 or more and
reduces to 1 as the level increases. At this point, a 4 :
2 compressor facilitates fast partial product
summation using approximation.

We have three stages in 8*8 Approximate multiplier.
As because the input bit size of the multiplier is 8
bits. If we increase the bit size to 16 bits then the
stages of the Approximate multiplier is also
increases. So the number of stages in an Approximate
Multiplier is inversely proportional to the bit size of
an multiplier.
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Figure 4: Approximate 4:2 compressor

The figure 3 represents the approximate 4:2
compressor having two OR gates, one gate, and one
EX-OR gate. The mux circuit is used to generate the
sum value and OR gate is used to generate carry
value.

The existed system consists of 8*8 multiplier
designed with approximate 4:2 compressors in the
partial products. The figure 4 represents the 8*8
Approximate Multiplier. In partial product reduction
we use half adder circuit for two inputs and full adder
circuit for three inputs. For four input reduction we
use 4:2 compressor in the partial product reduction.

Table 2: Truth table for approximate 4:2 compressor
[ A [ A [ A3 [ Ay [ CARRY | SUM |

W] 0 0 0 0 0
0 0 1] 1 0 I
] i} 1 0 0 1
i 0 1 1 0 1
W 1 0 0 1 0
0 1 0 1 1 0
0 1 1 0 1 0
() 1 1 1 1 1
] 0 0 0 1 1]
1 0 0 I 1 1]
| 0 1 0 1 ]
1 0 1 | 1 1
1 1 0 0 1 0
I 1 0 1 1 1
1 1 1 0 1 1
| 1 1 1 1 1

IV. PROPOSED HIGH SPEED APPROXIMATE
5:2 COMPRESSOR

A new 5:2 compressor design is proposed to reduce
space, delay, and power consumption in multipliers
for partial product accumulation.
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A. EXACT 5:2 COMPRESSOR

The general block diagram of an exact 5: 2
compressor is shown in figure 5. It has five inputs,
two outputs, and three full adders are cascaded. The
terms COUT, CARRY, and SUM are defined as

)\(Izl )\(I/Z)jlf
Full Adder X4 Cinl

[ 11l

Coutl Full Adder

Xg Cin2

U

Full Adder

Cout2

Carry Sum

Figure 5: Exact 5:2 compressor

COUT =C1 (X1 @ X2 @ X3) ( X4 @ X5 @ CIN1)
+ C2(X1 D X2 X3) (X4 X5 CIN2)
+ C1C2 €]

CARRY = ((X1 D X2DX3) (X4 P X5DCIN))
@ C1pC2 2)

SUM = CIN @ X1 DX2PX3PX4PX5 3
Figure 6 represents the proposed high-speed 5: 2
approximate compressor. Al, A2, A3, A4, and A5
are the compressor inputs, whereas CARRY and
SUM are the outputs. SUM is generated using a
multiplexer (MUX)-based design technique. The
XOR gate's output serves as the MUX's select line.
(A3A4AD5) is selected when the choose line is high,
while (A3 + A4 + Ab) is selected when it is low. The
suggested 5: 2 compressor can simplify carry
generation logic to an OR gate by inserting an error
with error distance 1 in the truth table of the precise
compressor.

B. APPROXIMATE 5:2 COMPRESSOR
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Figure 6 : Approximate 5:2 compressor

The following are the logical formulations for
realising SUM and CARRY.
SUM = (A1 A2) A3A4A5+ (AL+A2)

(A3+A4+A5) (4)
CARRY = ( A1+A2) 5)
BS B7 B6 B3 B4 B3 B2 By B0 Cylx1)

juy Lilid]

XK X3 X X5 Cin Xl X2 X3 X4 X5 Cim
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Figure 7. Approximate 5:2 compressor chain

In 5:2 compressor chain, Where CIN is the input
carry from the previous 5:2 compressor that moved to
lower significant bits CARRY and COUT to the next
compressor. The inaccuracy is eliminated by
cascading the compressor in multiples of 2.

C. 16*16 DADDA MULTIPLIER USING
PROPOSED 5: 2 COMPRESSORS

A multiplier is typically composed of three
components. In the first portion, AND gates are
utilized to produce partial products. In the second
section, compressors are utilized to reduce the
maximum height of PPM (partial product matrix).
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Figure 8. Proposed 5:2 compressors used in 16*16 multiplier.

In the third step, a carry propagation adder is used to
obtain the final output. As a result, The PPM
reduction circuitry is major factor for the multiplier's
design complexity Design [1-6] focuses on
optimizing the PPM reduction circuitry. In this
section, we provide a 16*16 multiplier design.
Weights are classified into three categories based on
their significance: larger significance weights,
medium significance weights, and lower significance
weights. It should be noted that the designers can
adjust the number of higher significance weights,
intermediate  significance weights, and lower
significance weights for the trade-off between power
consumption and computation accuracy.

Our PPM reduction circuitry employs an importance-
driven logic compression technique to reduce power
consumption with a little error: The higher weights
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utilize exact (5:2) compressors, the middle weights
use two stage approximate (5:2) compressors, while
the lower weights use inaccurate (5:2) area efficient
compressors  (OR-tree  based  approximation).
Significance weights are considered in the second
and third stages. Each weight has at most two product
phrases when the second and third phases are
finished. As a consequence, the final output may be
produced using a carry propagation adder.

V. SIMULATION RESULTS

This section presents the analysis of the proposed

5:2 compressor architectures and, 16 x 16 Dadda
multiplier designed with the proposed compressors.
The analysis is carried out to determine the efficiency
of the proposed design, The proposed 5:2 compressor
design is compared with accurate 5: 2 compressor.
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The designs are implemented using Xilinx ISE 14.7.
The simulations of compressor designs are carried

out with a supply voltage of 1 V at 1 GHz operating
frequency.
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Figure 9: Simulation results for proposed Approximate Multiplier using 5:2 Compressor

Table 3: Synthesis results of existed and proposed mulltipliers

PARAMETERS Approximate multiplier using 4:2 compressor | Approximate multiplier using 5:2 compressor
No of LUT’s 581 548

Delay(ns) 39.790 37.628

Power(m.Watt) 10.288 9.704

VI. CONCLUSION

This paper presents approximate 4:2 compressor
architectures. A high speed area efficient 5:2
compressor architecture is proposed, which achieved
a considerable reduction in area, delay and power
when compared to other state-of-the-art compressor
designs. The proposed design has comparable
accuracy with 25% error rate and equal positive and
negative absolute error deviation of 1. As a result, the
proposed design reduces MED and MRED
considerably without reducing the error rate. The
architecture was designed and implemented at the
transistor level using 45-nm technology with a supply
voltage of 1 V. The design used in image processing
applications, like image multiplication and image
smoothing.
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