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Abstract: Approximate computing plays important role in error-tolerant and multimedia applications to reduce the power
dissipation, speed and area with trade-off in accuracy. This paper proposes the design and analysis of a novel approximate 4-2
compressor and proposed design of Dadda Multiplier is presented using proposed compressor and to reduce the error at the output.
Through several experimental evaluations on proposed designs, the efficiency of the proposed compressor and multiplier are
calculated and their parameters are compared with the state-of-the-art approximate multipliers. From the results it is observed that
the proposed compressor achieve a significant minimization in error rate compared to other approximate compressors presented in
the literature. The proposed multiplier shows 35%, 36% and 17% reduction in power dissipation, delay and area respectively
compared with exact multiplier. The proposed compressors are utilized to design 8x 8 Dadda multipliers. These multipliers have
close accuracy when compared with state-of-the-art approximate multipliers.

Index Terms — Area, Approximate computing, Compressor, Multimedia, Multiplier

|I. INTRODUCTION

The computation units in a processor have to deliver high performance and execution efficiency. These can be achieved by
introducing approximation. Speed of operation of system is inversely proportional to the delay of the system requires immense parallel
operations that require huge hardware and power consumption [19], [20].Energy and area efficient systems can be implemented by
relaxing the precision and accuracy of the system. In order to maintain the tradeoff between delay, area and power, approximate
computing has one of a promising solution.

Approximation computing result in faster systems operations with minimal design complexity

and power dissipation [21]_[23].The tradeoff between reduction in accuracy and area, delay, power dissipation, which does not
affect the typical operation for machine learning and multimedia applications. the inability of human eye to detect difference in finer
details within images and videos, effectively take as advantage to implement machine learning and multimedia applications. This
level of error tolerance is used to implement approximate computing circuits for Artificial intelligence (Al) and Digital Signal
Processing (DSP) applications.

Among different arithmetic units, adders and multipliers are the main prerequisites for microprocessors, digital filters and digital
signal processors etc., [2]. A couple of approximate adders and multipliers have been proposed in literature. Four approximate full
adders designed with logic complexity reduction are proposed in[3] and they are used in the implementation of approximate
multipliers. in [4] approximate adders and subtractors using Memristor are proposed. An approximate multiplier implemented using
an approximate adder and re-ordering the partial products is proposed in [5]. By considering only a part of m-bits from an n-bit
operand based Approximate multiplication is proposed in [6]. the input operand is approximate using Dynamic Segment Method
(DSM) and Static Segment Methods (SSM), a Dynamic Range Unbiased Multiplier (DRUM) is proposed In [7] ,which contains
only a fixed number of input bits after a leadinglogic-1 for the multiplication. several techniques are available in the literature to
minimize the delay and power consumption at partial product summation of a multiplier. Among them, compressors based method
is the most popular. Compressors are implemented using full adders and/or half adders to count the number of ““‘logic-1’s” in the
input.

Various compressors 3-2, 4-2, 5-2 and 7-3 were proposed in the last two decades [2,8-10]. the 4-2 compressor is used for
designing regularly structured Dadda multiplier [11].Optimized methods of 4-2 compressors have been proposed in [9,12,13]. To
minimize the transistor count and delay. Two approximate 4-2 compressors approximation in the logic level are proposed in [14] To
reduce the power consumption and delay. in [15], Four other dual-quality reconfigurable 4-2 approximate compressors are proposed
.which have the capable to switch between accurate and approximate operation. in [16] An approximate multiplier with an
approximate 4—-2 compressor and error recovery unit is proposed.
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Atop-down structure based An approximate multiplier is proposed in [17]. This approximated multiplier is divided into three
blocks, based on number of partial products in each column, approximate compressors of sizes 4-2, 6-2 and 8-2 are selectively
applied in the middle block. A grouped error recovery method is also added to improve the accuracy. Approximate adders are used
to design a heterogeneous approximate multiplier is proposed in [18]. This multiplier uses all the three approximate adders, these
adders are designed based on a genetic algorithm, which minimize the overall Mean Error Distance (MED) of the multiplier with a
proper approximate adder combinations Jiangmin et al.in [25] proposed A transistor level XOR-XNOR based low power 4 - 2
compressor used in tree structured fast multipliers. a 4 - 2 and a novel 5 -2 compressor that work on low supply voltage of 0.6 V.have
proposed in [24].1n this work, a novel 4 - 2 compressor architecture is presented. The contributions of the work are listed below.

A new high speed area-efficient, low power 4 — 2 compressor is proposed. Overall error rate is 25% with equal number of +1 and
-1 error difference. Dadda multiplier is designed with the proposed 4 -2 compressor .and compared with existing multipliers. The rest
of the paper is organized as follows. A brief overview on the exact 4—2 compressor and the need for approximation in multipliers
included in Section 2. The proposed approximate compressor describes in Section 3. The modified design of approximate Dadda
multiplier describes in section 4. Simulation results for approximate compressors and approximate multipliers are discussed in Section
5. and finally conclusions in Section 6.

Il. ExACT COMPRESSORS

In Al and DSP applications, one of most important arithmetic operation is multiplication. These applications require high
speed multiplier architectures to involve high speed parallel operations with tolerable levels of accuracy. Introduction of
approximation in multipliers leads to design of faster computations with minimal hardware complexity, delay and power, with
accuracy in required levels.

In multiplication process Partial product summation is the one of speed limiting operation cause the propagation delay in
adder structure. In order to minimize the propagation delay, compressors are introduced. Compressors calculate the sum and carry
at each stage simultaneously. The resultant carry is added with a higher significant sum bit in the next level. This process is continued
until the final product is produced.

A 4-2 compressor has five inputs (Al; A2; A3; A4; Cin) and three outputs (Sum; Carry; Cout).

All the input bits and outputs have the same binary weight. The compressor receives the input Cin from a previous block of
order one binary bit lower in significance, and produces outputs Cout and Carry of order one binary bit higher in significance.

The general block diagram of exact 4-2 compressor is shown in Fig.1.

SUM = A1 XOR A2 XOR A3 XOR A4 XOR Cin (D)
CARRY= Cin(Al XOR A2 XOR A3 XOR A4)+A4 (~(Al XOR A2 XOR A3 XOR A4)) (2)
Cout = A3 (A1 XOR A2)+Al1(~(Al XOR A2)) 3)

4 Cin

FULL ADDER

r

FULL ADDER

Cour CARRY SUM

Fig.1. conventional 4-2 compressor
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Fig.2.4-2 compressor chain

The approximate 4-2 compressor can be implemented with reducing the number of output bits to two. this approximate
compressor is used in the implementation of multiplier, the reduction in the number of output bits effectively minimize the number
of input bits of the succeeding compressors. Except the input combination ‘*X4X3X2X1 = 11117, in the remaining 15 cases the
value of output bit Cout = 0. So in designing approximate compressors, Cout is not considered.

Table 2.1: Truth table for conventional 4-2 compressor
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111. PROPOSED APPROXIMATE COMPRESSOR

The proposed high speed area-efficient 4-2 approximate compressor is proposed in this section. The compressor inputs are Al,
A2, A3 and A4, outputs are CARRY" and SUM'. The input Cin and output Cout in the exact 4-2 compressor are completely ignored
in the design of approximate 4-2 compressor.SUM can be generated using a multiplexer (MUX) based design approach.

Output of XOR gate(A1l XOR A2) acts as the select line for the MUX. When select line goes high, (A3 AND A4) is selected and
when it goes low, (A3 OR Ad4) is selected. By introducing an error with error distance 1 in the truth table of the exact compressor,
the proposed 4 -2 compressor , carry logic can be implemented with an OR gate. The logical expressions for realization of SUM' and
CARRY" are given below.

G
A
o= A
T &
<

Fig.3. proposed 4-2 compressor

Table 3.1: Truth table of proposed 4-2 compressor

[AL [ A2 | As [ Az | CARRY [ SUM | ED |

0 0 0 0 0 0 0
0 0 0 1 0 1 0
0 0 1 0 0 1 0
0 0 1 1 0 1 -1
0 1 0 0 1 1] +1
0 1 [\ 1 1 0 0
0 1 1 0 1 0 0
0 1 1 1 1 1 0
1 0 0 0 1 0 +1
1 0 0 1 1 0 0
1 0 1 0 1 0 8]
1 0 1 1 1 1 0
1 1 0 0 1 0 0
1 1 0 1 1 1 0
1 1 1 0 1 1 0
1 1 1 1 1 1 1

IV. PROPOSED MULTIPLIER

In this section, the proposed design of an 8 x 8 approximate multiplier is presented. The multiplication operation can be divided
into 3 parts as follows.

e  Generation of partial products

e  Arrange of partial products into two rows

e The computation of final result generally using adders
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Fig 4.8x8 Approximate multiplier

The multiplier overall performance is mainly depends on the optimization of the second module. The 8 x8 unsigned Dadda
multiplier is designed using the proposed approximate compressors. The architecture of the Dadda multiplier designed using
conventional 4-2 compressors is presented in [14].Each dot in the figure indicate a partial product obtained from AND gates. The
reduction module contain half-adders, full adders and approximate proposed 4—2 compressors. The approximate compressors are
indicated with rectangles.

The main objective of replacing all the conventional compressors with approximate compressors is to minimize the delay,
power consumption and area significantly. If the approximate compressors are used at the least significant columns (rightmost
columns in Fig.2.) then the performance of approximate multipliers increase in terms of accuracy. The overall error at the output of
the approximate multiplier is minimized by rearranging the order of input bits to the approximate compressor.

V. SIMULATION RESULTS AND DISCUSSION
In this section proposed approximate compressor and multiplier is simulated and synthesis by Xilinx ISE 14,7 and vivado 2019.2
are discussed.

The proposed approximate compressor and optimized existing proposed compressor in [9] are simulated. For an effective
comparison, Proposed approximate 4-2 compressor and existing 4-2 compressor designs are simulated and synthesized using
Xilinx ISE 14.7 and Vivado 2019.2. The proposed approximate compressor based DADA multiplier and optimized existing
proposed compressor based multiplier in [9] are simulated. For an effective comparison, Proposed approximate 4-2 compressor
based multiplier and existing 4-2 compressor Multiplier designs are simulated and synthesized using Xilinx ISE 14.7 and Vivado
2019.2.

Fig.6. Area report of existing multiplier using 4-2 compressor

[JCRT2102354 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | 2933


http://www.ijcrt.org/

www.ijcrt.org © 2021 IJCRT | Volume 9, Issue 2 February 2021 | ISSN: 2320-2882

& 15E Project Navigator (F 20131013)

Fila Edit View Project Sou T
o2 > o

Demgn eoe =

view: @® {88 implementation () ] Smulation -
Q| hy @
Y= — e
i [)d dedda (dadad.v) L
=
= 5| e eiages
BN e

Al Implementation Messages
Reperts
ynthesis Repart

cgicai Hame (Het Name)

ToUF (a_o_ToUT)

Design Summary a

o FndinFies Resuits

T 1SE Project Navigat

Fig.7. Delay report of existing multiplier using 4-2 compressor

& I5E (P20131013) - xise - [dadda (RTLY)] - x
[ File Edit View Project Source Process Tools Window Layout Help
oa - Xwa| ALRRARIA RS TLR P
Design o086 x| N i
7 | view: @ {8 1mplementation O [ smulaton b ol
& | Hierarchy o
G| doded -e
xcTal00t-3esgi2d Lo
% dadda (dadad.v) =
& P LATE
Og T
D i
= o]
£
el X
oD
LT

LT T
R D EE-TYEE-EH- TR E

2 No Frocesses Ruming

Processes: dadda
Design Summary/Reports
Design Utilities
User Constraints
5 B4\ Synthesize - XST
View RTL Schematic
View Technology Schematic
€2 Check Syntax
€)  Generate Post-Synthesis Simulation
©-€2  Implement Design
FQ  Generate Programming File
© 8 Configure Target Device
% Analyze Design Using ChipScope

W

13998 v

TG0aG0qnba00G0000G00a0600900406006 088 & o4 b

& Stat B3 Desgn ) Fles [ Liraries [E} dadad.v ) Design Summary (Synthesized) dadda (RTL1) 8
View by Category eOsx
Design Objects of Top Level Block Properties of Instance: p41
Instances || Pins Signals Name Value -
D p24_00021 W g dadda f g dadda Verilog Model AND2
o p3 VHDL Model ANDZ
o pal Type and2
- n51 hd Librans Version 200 hd
[E] Console @ Emors f\ Wamings @ FindinFiesResults 5 View by Category

[-2464,1232]

y
AR R R e

o e ey e e ey

A Wargs TR T W P Resit

P — e —

Fig.9. simulation result of proposed multiplier using 4-2 compressor

[JCRT2102354 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | 2934


http://www.ijcrt.org/

www.ijcrt.org © 2021 IJCRT | Volume 9, Issue 2 February 2021 | ISSN: 2320-2882

bhs Project Status

1:40)

Detatied Reports =

TR

T 1SE Project Navigat...

Fig.11. Delay report of proposed multiplier using 4-2 compressor

Fig.12. RTL view of proposed multiplier using 4-2 compressor
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Table 5.1: Performance analysis of proposed and existing multipliers

Design metrics Existing approximate Proposed approximate
multiplier [1] multiplier

No. of LUTs 95 79

Delay (ns) 105 83

ADP 9975 6557

From the table it is observed that proposed multiplier will take 79 LUTSs for designing but existing multiplier take 95 LUTSs, from
that proposed multiplier will take 16 LUTS less than existing multiplier i.e. 21% area efficient. proposed multiplier will take 8.3ns
delay but existing multiplier take 10.3ns delay, from that proposed multiplier is faster as compared to existing approximate
multiplier i.e. 21% speed improved as compared to existing. proposed multiplier will take 655.7 but existing multiplier take 997.5,
from that proposed multiplier ADP is 341.8 less than existing multiplier i.e. 35% ADP is efficient as compared to existing
approximate multiplier.

V1. CONCLUSION

A novel approximate 4 -2 compressor designs are presents in this paper. Firstly, a high speed area efficient compressor design is
proposed, which attained a considerable reduction in area, delay and power when compared to other state-of-the-art approximate
compressor designs. The proposed approximate multiplier design has accuracy with 25% error rate and equal positive and negative
absolute error deviation of 1.The proposed approximate multiplier shows a significant improvement in terms of area, power
consumption and delay as compared to the existing approximate multiplier.

In conclusion, this work has shown that multiplier can be implemented for approximate computing by an approximate design of
a compressor; this proposed multiplier offers advantages in terms of design parameters compared to existing approximate multipliers,
and in terms of accuracy metrics, area, delay and power consumption.
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