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Abstract: In this paper, we have a tendency to propose four 4:2 compressors, which have the flexibility of change between the
Exact and Approximate operative modes. Within the approximate mode, these dual-quality compressors offer higher speeds and
lower power consumptions at the value of lower accuracy. Each of those compressors has its own level of accuracy within
the approximate ~ mode also as completely  different delays and  power  dissipations in  the  approximate
and actual modes. Exploitation of these compressors in the structures of parallel multipliers provides configurable multipliers
whose accuracies (as well as their powers and speeds) may change dynamically throughout the runtime. The efficiencies of these
compressors in a very 32-bit Dadda number are evaluated in a 45-nm CMOS technology by comparison their parameters with
those of the approximate multipliers. The results of comparison indicate, on average, 46% and 68% lower delay and power

consumption within  the approximate mode. Also, the effectiveness of those compressors is assessed in some

image process applications.

Index Terms - Accuracy, Approximate computing, Delay, Power. 4:2 compressors, configurable

1. INTRODUCTION

Parallel multipliers are utilized in superior applications
wherever their large power consumptions could produce
hot-spot locations on the die [3]. Since the power
consumption and  speed are crucial  parameters within
the style of digital circuits, the optimizations of these
parameters for multipliers become critically vital. Very
often, the improvement of one parameter is performed
considering a constraint for the opposite parameter.
Specifically, achieving the specified performance (speed)
considering the limited power budget of transportable
systems is difficult task. In addition, having a given level of
reliability may be another obstacle in reaching the system
target performance.

To meet the power and speed specifications, a variety
of strategies at totally different style abstraction levels are
suggested.  Approximate  computing  approaches are
supported achieving the target specifications at the value of
reducing the computation accuracy [4].The approach is
also used for applications wherever there's not a
singular answer  and/ora group of  answers close
to the correct result are often thought-about acceptable [5].
These applications include multimedia system process,
machine learning, signal process, and different error resilient
computations. Approximate arithmetic units are primarily
primarily based on the simplification of the arithmetic units
circuits [6]. There are several previous works that specialize
in approximate multipliers which give higher speeds and

lower power consumptions at the value of lower accuracies.
Almost, all of the projected approximate multipliers are
primarily based on having a set level of accuracy throughout
the runtime. The runtime accuracy re configurability,
however, is taken into accountas a helpful feature for
providing totally  different levels of  quality of
service throughout the system operation [6]-[8]. Here, by
reducing the standard (accuracy), the delay and/or power
consumption of the unit is also reduced. Additionally, some
digital systems, like general purpose processors, are
also utilized for each approximate and precise
(Exact) computation modes [4].

An approach for achieving this feature is to use an
approximate unit along side a corresponding correction unit.
The correction unit, however, will increase the delay, power,
and space overhead of the circuit. Also, the error correction
procedure could need more than one clock cycle (see
[9]), that might, in turn, slow down the process additional. In
this paper, we have a tendency to propose four dual-quality
reconfigurable approximate 4:2 compressors, which give the
flexibility of switching betweenthe precise (Exact) and
approximate operative modes during the runtime. The
compressors are also utilized within the architectures of
dynamic quality configurable parallel multipliers. The
fundamental structures of the projected compressors consist
of 2 components of approximate and supplementary. In the
approximate mode, solely the approximate halfis active
whereas in the actual operative mode, the supplementary
halfalong side some parts of the approximate half is
invoked. The rest of this paper is organized as follows. In
Section I, some previous works on the approximate
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multipliers are reviewed. The internal structures of
the projected dual-quality 4:2 compressors (DQ4:2Cs)
are explained in Section-lll. Section IV evaluates the
accuracy of the Dadda utilizing the projected
compressors whereas the effectiveness of
the projected compressors is assessed in Section V. Finally,
this paper is complete in Section V1.

2. LITERATURE SURVEY

While  thereare  severalworks incoming up
with approximate ~ multipliers,  the analysis efforts  on
accuracy configurable approximate multipliers  are
restricted. During this  section, we review some of these
works. In [10], a static section methodology (SSM)
is given, that performs the multiplication operation on an m-
bit section ranging from the leading one little bit of the input
operands wherever m is adequate to or bigger than
n/2.Hence, an m x m multiplier consumesa lot of less
energy than other  multiplier. Also, a dynamic vary un
biased multiplier (DRUM) multiplier, that selectsan m-
bit section, starting from the leading one little bit of the
input operands, and sets the least important little bit of the
truncated values to “1,” has been proposed in [11]. During
this structure, the truncated values are multiplied and shifted
to the left to come up with the ultimate output. Although, by
exploiting smaller values for m, the structure of [11]
provides higher accuracy styles than those of [10], its
approach needs utilizing additional complicated electronic
equipment.

A bio inspired approximate multiplier, referred to
as broken array multiplier has been projected in [13]. During
this structure, some carry save adder cells, in each vertical
and horizontal direction during the summation of the
partial product, have been omittedto avoid wasting the
ability and space and scale back the delay. In
[14], 2 approximate 4:2 compressors are projected
and utilized in Dadda multiplier. The projected compressors
only operated within the approximate mode. In [1], by
modifying the Karnaugh map of atwo x two multiplier ,
AN approximate twoxtwo multiplier with a simpler
structure has been projected. An inaccurate multiplier
style strategy supported redesigning the multiplier
into 2 multiplication and non-multiplication parts was
introduced The  multiplication half was  constructed
supported the  traditional multipliers where asthe non
multiplication half was enforced in AN approximate
structure with such as worth of error. It ought to be noted
that each of the approaches given in [1] and [12] suffer from
high relative errors.

In [15], a high accuracy approximate 4x4 Wallace
tree multiplier was projected. This multiplier utilized a 4:2
approximate counter resulting in delay and power reductions
of the partial product stage of the 4x4 Wallace tree. During
this paper, the proposed little multiplier was wont
to type larger multipliers. Due to the array structure of this
approximate multiplier, its delay was giant. Additionally, an

EDC unit wasurged to be used at the output of the
approximate four x four Wallace tree. The unit generated the
precise output within the case of the exact operational mode.
In [16], by proposingan approximate adder witha
little carry propagation delay, the partial product reduction
stage was sped up. During this paper, an OR-gate-based
error reduction unit was additionally projected. In [17], a
rounding based approximate multipliers (ROBA) has
been projected that round the input operands into the
closest exponent of 2. This way the multiplication operation
became less complicated. It ought to be noticed that the error
recovery unit (those in [1], [12], [15], and [16]) will
increase the ability consumption and delay of the multiplier.

X1 X2 X3 X4
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Fig.1. Block diagram of 4:2 compressor
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Fig. 2. Structure of the conventional 4:2 compressor

This means that accuracy configurable multipliers would
have large delay and power overheads. In this paper, we
propose compressors, which have the ability of switching
between the approximate and exact modes with very small
delay and power overheads.

3. PROPOSED 4:2 COMPRESSORS

In this section, first, the details of an exact compressor
are discussed. Next, the overall structures and the details of
the suggested dual-quality approximate compressors are
described.

3.1 Exact 4:2 Compressor

To reduce the delay of the partial product summation
stage of parallel  multipliers, 4:2 and 5:2
compressors are wide employed [18]. Some compressor
structures, thatare  optimized for one ora lot
of style parameters (e.g., delay, area, or power
consumption), are planned [18], [19]. The focus of this
paper is on approximate 4:2 compressors. First, some
background onthe precise 4:2 Compressors is conferred.
This type of Compressors, shown schematically in Fig. 1,
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has four inputs (x1-x4) along side associate inputs carry
(Cin), and two outputs (sum associated carry) along side an
output Cout. The internal structure ofa
definite 4:2 Compressors consists of 2 serially connected
full adders, as shown in Fig. 2. In this structure, the weights
of all the inputsand therefore the add output square
measure constant whereas the weights of the carry and Cout
outputs square measure one binary bit position higher. The
outputs add, carry, and Cout square measure obtained from

sum = X1"X2"X3"X4"Cy,
1)

Carry = (X12X2"X3"X4)*Cj, + (X1 X2/X3"X4)*X4
)

Cout = (XIMX2)*X3+(X1"X2)*X1
©)

3.2 Proposed Dual-Quality 4:2 Compressors

The proposed DQ4:2Cs operate in two accuracy modes
of approximate and exact. The general block diagram of the
compressors is shown in Fig. 3

Exactmode ...

activation signal

Supplementary
part

inputs

e ———,
e

Y Approximate
g part Y approximate/
Ll exact output

Fig .3. Block diagram of the proposed approximate 4:2
Compressors

The hachured box in the approximate part indicates the
components, which are not shared between this and
supplementary parts.

4
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Fig.4. (a) Approximate part structure of DQ 4:2C;
(b)Overall structure of DQ 4:2C,
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The diagram consists of two main components of
approximate and supplementary. During the approximate
mode, solely the approximate half is exploited while the
supplementary half is power gated. During the exact in
operation mode, the supplementary and a few components
of the  approximate components are utilized. Within the
planned structure, to reducethe facility consumption
and space, most of the components of the
approximate half also are used through outthe exactin
operation mode. we have a tendency to use the facility gating
technique to turn OFF the unused elementsof the
approximate half. Also note that, asis clear from
Fig.3, within  the precise in  operation mode, tri-state
buffers are utilized to  disconnect the outputs of the
approximate half from the first outputs. During this style,
the shift between the approximate and precise in operation
modes is quick. Thus, it provides us with the chance of
designing parallel multipliers that are capable of shift
between completely different accuracy levels throughout the
runtime. Next, we discussthe main points of our four
DQ4:2C’s supported the diagram shown in Fig. 3. The
structures have completely different accuracies, delays,
power consumptions and space usages. Note that the
ith planned structure is denoted by DQ4:2Ci. The basic idea
behind suggesting the approximate compressors was to
minimize the distinction (error) between the outputs of actual
and approximate ones. Therefore, so asto settle onthe
correct approximate styles for the compressors, an in depth
search was performed. Throughout the search, we have a
tendency tousedthe realitytable of the exact 4:2
Compressors because the reference.

(1)Dual Quality 4:2 compressor Structure 1 (DQ4:2C1):

For the approximate a part of the first projected DQ4:2C
structure, as shown in Fig. 4(a), the
approximate output carry (i.e., carry) is directly connected to
the input x4 (carry = x4), and also, in an exceedingly similar
approach, the approximate output add (i.e., sum) is directly
connected to Fig. 5. (a) Approximate halfand (b) overall
structure of DQ4:2C2. Input x1 (sum = x1). Within
the approximate a part of this structure, the output Cout
is neglected. whereas the approximate a part of this structure
is significantly quick and low power, its error rate is large
(62.5%).The supplementary a part ofthis structure isa
definite 4:2 Compressors. the structure of
the projected structure is shown in Fig. 4(b). within
the actual operative mode, the delay of this structure
is concerning identical as that of the precise 4:2 compressors.

2) Dual Quality 4:2 compressor Structure 2 (DQ4:2C2):

within  the initial structure, while ignoring Cout
simplified the  interior structure  of  the  reduction
stage of the multiplication, its error was massive. Within
the second structure, compared with the DQ4:2C1, the
output Cout is generated by connecting it on to the input
x3 within ~ the  approximate half.  Fig. five shows the
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interior structure of the approximate half and also the overall
structure of DQ4:2C2. While the error rate of this structure is
that the same as that of DQ4:2C1, namely, 62.5%, its relative
error is lower.

’ “
[
carry '
Exact 4:2 —
compressor :x-: 45}1 CARRY
i

0% ox ox o=
griNz

P
Ll L LJ_

(a) ()
Fig.5. (a) Approximate part structure of DQ 4:2C2
(b) Overall structure of DQ 4:2C2
3) Dual Quality 4:2 compressor Structure 3 (DQ4:2C3):

The previous structures, in the approximate operative
mode, had most power and delay reductions compared
with those of the precise compressor . In some applications,
however, a better accuracy could also be needed. Within
the third structure, the accuracy of the approximate operating
mode is improved by increasing the complexness of the
approximate half whose internal structure is shown in Fig.
6(a). During this structure, the accuracy of outputads
is inflated. The same as DQ4:2C1, the approximate a part
of this structure doesn't support output Cout. The error rate
of this structure, however, is reduced to five hundredth. The
overall structure of DQ4:2C3 is shown in Fig. 6(b) where the
supplementary half is embedded in an exceedingly red
broken line rectangle. Note that during this structure,
the utilized NAND gate of the approximate half (denoted by
a  Dbluelinerectangle) is not  used throughout the
precise operative mode. Hence, during
this operative mode, wepropose disconnecting provide
voltage of this gate by mistreatment the power gating.
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Fig. 6. (a) Approximate part of DQ4:2C3
(b) Overall structure 0fDQ4:2C3
4) Dual Quality 4:2 compressor Structure 4(DQ4:2C4):

During this structure, we tend to improve the accuracy
of the output carry compared there upon of DQ4:2C3 at
the value of larger delay and power consumption
wherever the error rate is reduced to 31.25%. The
interior structure of the approximate half and therefore
the overall structure of DQ4:2C4 are shown in Fig. 7.
The supplementary half is indicated by red dashed line
rectangular where as the gates of the approximate half,
powered OFF throughout the precise Operational mode,
are indicated by the blue line. Note that the error rate
corresponds to the incidence of the errors within the
output for the whole vary of the input. The output
quality is set by the error distance (ED) parameter that is
that the distinction between the precise output and the
output of the approximate unit. Additionally to the
impotency, there are different closely connected
parameters, namely, normalized ED (NED) and mean
relative impotency (MRED), that are a lot of important
in crucial the output quality. Therefore, to judge the
appropriateness of associate approximate unit for a
mistake resilient application for a given output quality,
one should consider these parameters, that are explained
in Section 1V.

1085



International Journal of Research in Advent Technology, Vol.6, No.6, June 2018
E-ISSN: 2321-9637
Available online at www.ijrat.org

X1—

e 1

Ny
CARRY
B E')D_
=1L
X1 —f
¥z L—

] 1 sumr
X3 — s
T L B

(i)

VDD
Exact mode 1
»Et v ation ugndl' T L
1 b
VoD ___E;- 1— i
= a2~ e Cout
Xl =t ) - _; . L ou
ol —L N £ e——cammy
X3 I - 1 ~ =
X4 -'-r_\’ ) | _—I__,r )
Xl = i = on 1 .
xR —a U i:)—'—t_
=" b sum

x3 B
g T

(b}
Fig.7. (a) Approximate part of DQ4:2C4
(b) Overall structure of DQ4:2C4

4. ACCURACY STUDY OF MULTIPLIER REALIZED
BY THE PROPOSED COMPRESSORS

In this section, first the accuracy metrics considered in
this paper are introduced. Next, the accuracy of 8-bit, 16-
bit,32-bit Dadda multipliers accomplished by the planned
compressors is studied. a correct combination of the planned
compressors could also be utilized to attain a more robust
exchange between the accuracy and style . Parameters .As
associate choice, the use of each DQ4:2C1 and DQ4:2C4
for the LSB and MSB parts within the multiplication,
severally, is usually recommended here. The results for this
number are denoted by DQ4:2Cmixed. These multipliers are
compared by the approximate Dadda multipliers enforced
by 2 previous planned approximate 4:2 compressors
mentioned in [14] in addition because the configurable
number urged in [15]. Additionally, some state of-the-art
approximate multiplier, that don't use approximate
compressors, are thought-about. These multipliers include
32-bit unsigned ROBA (U-ROBA) [17], SSM with a section
size eight (SSM8) [10], and DRUM with a section size half
dozen (DRUMBG) [11]. The final structure of the reduction
circuitry in associate 8-bit Dadda number, that makes use of
4:2 compressors, is drawn in Fig. 7.

PR N NN NN RN N NN
PR NN NN NN NN NN
Fig. 7. Reduction circuitry of an 8-bit Dadda multiplier.

. Error Metrics

The four error metrics considered here for the accuracy
evaluation include mean ED (MED), MRED, average NED,
and number of the correct output. MED or mean absolute
error is defined by [20]

42N

1
MED = = > [ED;| )

i=1

where EDi is the distance between the accurate and
approximate output. Also, MRED, which is defined based on
the calculation of the ED between the approximate and exact
output for each combination of input operands divided by the
exact output, is expressed by [4]

22N
1 |ED; |
i=1 !

In addition, in order to compare the approximate
multipliers almost independent of their sizes, NED is defined
as [4]

AN
MED | — ED;
NED=—=— ) — (6)
D PN & p

=
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where D is the maximum possible ED of an approximate
multiplier. For most of the approximate multipliers, this
value
is (2N — 1)2. Thus, by replacing D in (6) by (2N — 1)2, the
NED may be obtained from [14]

22N
MED 1 ~ |[ED;|
NED: (2"\'I—l)2 = (2!‘4’_1]2 121 21..\,- . (7)

5. RESULTS AND DISCUSSION

In this section, first, the efficacies of the proposed 4:2
compressors in the approximate operating mode are
investigated. In the investigation, which is performed by
utilizing them in the Dadda structure, the look parameters of
the multipliers are compared with those of the precise
Dadda multiplier, approximate Dadda multipliers realized
mistreatment the 2 approximate 4:2 compressors projected
in [14], and therefore the approximate multiplier given in
[15].

Next, the effectiveness of the projected compressors in
their precise operational mode utilized within the Dadda
multiplier can be compared therewith of the projected
approximate multiplier by [15] within the same mode. Then,
the performances of the approximate multipliers are
assessed in some image process applications. The results of
this paper & comparison of different parameters are shown
below

Fig. 8.Approximate Multiplier using proposed 4:2
compressors
Table: 1 Comparison of results in terms of delay, area,

power

DQ4:2C1 0.48 326 154
DQ4:2C2 0.52 344 169
DQ4:2C3 0.69 336 651
DQ4:2C4 0.77 1174 841
DQ4:2Cmixed 0.68 765 519

Compressors Delay Area Power
(ns) (um)? (Hw)
Exact 1.18 1991 2320

1.Image process Applications

In this section, to assess the effectiveness of the planned
compressors in real applications, they're used in 3 image
process applications. Here, we tend toused six 8-bit
approximate  multipliers architectures along  with the
2 compressors planned in  [14]. The three studied
image process applications were smoothing, sharpening, and
image multiplication. all  told the thought-about image
processing applications, the output image qualities obtained
by employing the multipliers of [15], SSM8, and DRUM®6
were larger than 0.9, that is extremely near one because the
price for the perfect quality, and hence, their results haven't
been according here. In the sharpening application [15], the
output sharpened image is obtained from

. , , - 2
VG, ) = 2.XG +m, j+n) = = Zm_l Z..=_:

xX (i +m, j+ n) - Masksharpening,1(m + 3,1 4 3)
(%)

where X and Y are the input and output images, and Mask
Sharpening matrix is

1 4 7 4 1

4 16 26 16 4
Masksharpening = | 7 26 41 26 T |. ()

4 16 26 16 4

LI-I-?-l

For the smoothing application, the following equation is
used to determine the smoothed output image:

X +m, j+mn) Maskim+3,n+3) (10)

where Mask Smoothing is given by

1 1 1 1 1
1 4 4 4 1
Maskmoothing = 1 4 12 4 1 (1
' 1 4 4 4 1
L 1 4 T 4 1 J
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A more robust parameter for this purpose is mean
structural ~ similarity index metric (MSSIM), that
works supported measuring the structural similarity of the
precise and approximate pictures

6. CONCLUSION

In this project, we have a tendency to propose four
DQ4:2Cs that had the flexibility of change between the
precise and  approximate  operating modes. Within
the approximate mode, these compressors provided higher
speeds and lower power consumptions at the cost of lower
accuracy. Every of those compressors had its own level of
accuracy within ~ the  approximate = mode moreover as
different delays and powers within the approximate
and precise modes. These compressors were utilized within
the structure of a 32-bit Dadda multiplier to supply a
configurable multiplier whose accuracy (as well as its power
and speed) may be changed dynamically throughout the
runtime. Our studies disclosed that for the 32-bit
multiplication, the projected compressors  yielded, on
average, forty sixth and sixty eight lower delay and power
consumption within the approximate mode compared with
those of the recently urged approximate compressors. Also,
utilizing the projected compressors in 32-bit
Dadda multiplier provided, on average, regarding thirty
third lower NED compared with the
progressive compressor-based — approximate  multipliers.
When examination with no compressor-based approximate
multipliers, the errors of the projected multipliers were
higher while the look parameters were significantly higher.
Finally our studies showed that the
multipliers accomplished supported the urged compressors
have, on average, about 93% smaller FOM price compared
with the thought-about approximate multiplier.

REFERENCES

[1] O. Akbari, M. Kamal, A. Afzali-Kusha, and M.
Pedram, “RAP-CLA: A reconfigurable approximate
carry look-ahead adder,” IEEE Trans.
Circuits Syst. I1,Express Briefs,doi:
10.1109/TCS11.2016.2633307.

[2] A. Sampson et al., “EnerJ: Approximate data types for
safe and general low-power computation,” in Proc.
32nd ACMSIGPLAN Conf. Program.Lang. Design
Implement. (PLDI), 2011, pp. 164-174.

[3] A. Raha, H. Jayakumar, and V. Raghunathan, “Input-
based dynamic  reconfiguration of approximate
arithmetic units for video encoding,”|EEE Trans. Very
Large Scale Integr. (VLSI) Syst., vol. 24, no. 3, pp.
846-857, May 2015.

[4] J. Joven et al., “QoS-driven reconfigurable parallel
computing for NoC-based clustered MPSoCs,” IEEE
Trans. Ind.Informat., vol. 9, no. 3,pp. 1613-1624,
Aug. 2013.

[5] R. Ye, T. Wang, F. Yuan, R. Kumar, and Q. Xu, “On
reconfigurationoriented approximate adder design and
its application,” in Proc.

IEEE/ACM Int. Conf. Comput. Aided Design
(ICCAD), Nov. 2013,pp. 48-54.

[6] M. Shafique, W. Ahmad, R. Hafiz, and J. Henkel, “A
low latency generic accuracy configurable adder,” in
Proc. 52ndACM/EDAC/IEEEDesign Autom. Conf.
(DAC), Jun. 2015, pp. 1-6.

[7] S. Narayanamoorthy, H. A. Moghaddam, Z. Liu, T.
Park, and N. S. Kim, “Energy-efficient approximate
multiplication for digital signal processing and
classification applications,” IEEE Trans. Very Large
Scale Integr. (VLSI) Syst., vol. 23, no. 6, pp. 1180—
1184, Jun. 2015.

[8] S. Hashemi, R. I. Bahar, and S. Reda, “DRUM: A
dynamic range unbiased multiplier for approximate
applications,” in Proc. IEEE/ACM Int.
Conf. Comput.-Aided Design (ICCAD), Austin, TX,
USA, Nov. 2015, pp. 418-425.

[9] K. Y. Kyaw, W. L. Goh, and K. S. Yeo, “Low-power
high-speed multiplier for error-tolerant application,” in

Proc. IEEE Int. Conf. Electron
Devices Solid-State Circuits (EDSSC), Dec. 2010, pp.
1-4.

[10] P. Kulkarni, P. Gupta, and M. Ercegovac, “Trading
accuracy for power with an underdesigned multiplier
architecture,” in  Proc. 24th Int. Conf.
VLSI Design, Jan. 2011, pp. 346-351.

[11] D. Baran, M. Aktan, and V. G. Oklobdzija, “Multiplier
structures for low power applications in deep-CMOS,”
in Proc. IEEE Int. Symp. Circuits
Syst. (ISCAS), May 2011, pp. 1061-1064.

[12] S. Ghosh, D. Mohapatra, G. Karakonstantis, and K.
Roy, “Voltage scalable high-speed robust hybrid
arithmetic units using adaptive clocking,” IEEE Trans.
Very Large Scale Integr. (VLSI) Syst., vol. 18, no. 9,
pp. 1301-1309, Sep. 2010.

[13] H. R. Mahdiani, A. Ahmadi, S. M. Fakhraie, and C.
Lucas, “Bio-inspired imprecise computational blocks
for efficient VLSI implementation of
soft-computing applications,” IEEE Trans. Circuits
Syst. I, Reg. Papers, vol. 57, no. 4, pp. 850-862, Apr.
2010.

[14] A. Momeni, J. Han, P. Montuschi, and F. Lombardi,
“Design and analysis of approximate compressors for
multiplication,” IEEE Trans.Comput., vol. 64, no. 4,
pp. 984-994, Apr. 2015.

[15] C. H. Lin and I. C. Lin, “High accuracy approximate
multiplier with error correction,” in Proc. IEEE 31st
Int. Conf, Comput. Design (ICCD),
Oct. 2013, pp. 33-38.

[16] C. Liu, J. Han, and F. Lombardi, “A low-power, high-
performance approximate multiplier with configurable

partial error recovery,” in Proc.
Conf. Design, Autom. Test Eur. (DATE), 2014, Art.
no. 95.

[17] R. Zendegani, M. Kamal, M. Bahadori, A.
AfzaliKusha, and M. Pedram, “RoBA multiplier: A
rounding-based approximate multiplier for high-speed
yet energy-efficient digital signal processing,” IEEE

1088



International Journal of Research in Advent Technology, Vol.6, No.6, June 2018
E-ISSN: 2321-9637
Available online at www.ijrat.org

Trans. Very Large Scale Integr. (VLSI) Syst., doi:
10.1109/TVLSI1.2016.2587696.

[18] C. H. Chang, J. Gu, and M. Zhang, “Ultra low-voltage
low-power CMOS 4-2 and 5-2 compressors for fast
arithmetic circuits,” IEEE Trans.
Circuits Syst. I, Reg. Papers, vol. 51, no. 10, pp. 1985—
1997, Oct. 2004.

[19] D. Baran, M. Aktan, and V. G. Oklobdzija, “Energy
efficient implementation of parallel CMOS
multipliers with improved compressors,”in Proc.
ACM/IEEE Int. Symp. Low-Power Electron. Design
(ISLPED), Aug. 2010, pp. 147-152.

Authors:

This is I. Medha Gayathri pursuing Master of technology in Very
Large Scale Integration (VLSI) in Narayana Engineering College,
SPSR Nellore and I had completed bachelor’s degree in the
stream of Electronics and Communication Engineering in
Geethanjali Institute of Science and Technology, SPSR Nellore.

5

This is P.Sindhoori working as Assistant Professor in
ECE Department, Narayana Engineering College, SPSR
Nellore. | published a paper in IJERT journal with the
title of “ROI Segmentation on Lung CT Images in noisy
Environment, and also in IJSTRE journal with the title
“Optimized Contrast Enhancement Technique.

This is P.Sravan Kumar Reddy working as
Assistant  Professor in ECE Department,
Narayana Engineering College, SPSR Nellore. |
have 10 years of teaching experience and
published 10 National and International Journals
in last 5 years. 1089



