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1. INTRODUCTION

Digital Signal Processing (DSP) blocks are most commonly used in multimedia applications whose
output is in the form of image for human recognitjdn 2]. The output image need not to be numerically
accurate for human sense. This allows us to perfornoajpppate computation to reduce power consumption
over conventional designs. As Adders and multipliers are main components in an ALU, those arithmetic
circuits will be responsible for overall performance of processor. So in order to achieve better pegormanc
and reduced power consumption design of approximate arithmetic circuits is needed. Variesgebdyh
conventional adders such as carry look ahead adders (CLAs) and multipliers like Wallace tree multipliers,
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Dadda and Vedic multipliers have been wideljlized. However, conventional arithmetic circuits that
perform exact operations may lead to difficulties in performance improvement and requires more power
consumption. Approximate arithmetic circuits that allows relaxation in accuracy and reducei¢hkpath
delay of a circuit. Since most approximate designs have reduced complexity by simplifying logic in various
abstraction levels like behavioral level, gate level and transistor level. This tends to have a reduced power
consumption and area overhedthus, approximate designs are suitable approach to improve the area, power
and speed of a processor.

This paper proposes two new transmission gate based adders (PA1 and PA2) in comparison with
[3]. Transmission gate is the best alternate technologyafes ansistor with high voltage swing. Also this
paper proposes approximate24compressor with reduced no. of transistors in comparison Mith
The proposed compressor is used in design of approximate multiplier design. Delay, area, Error Distance
(ED),power and powedelay product were calculated and compared with accurate adders, compressors and
multipliers. This paper is organized as follows. Section Il describes brief literature survey. Section Il
proposes circuit level implementation of PAL1 andA2, approximate 2 compressor and approximate
multiplier designs. Section IV represents results and Discussions. Section V concludes the paper.

2. LITERATURE SURVEY

Few works that had been carried out on reducing logic @bemity by approximating addelesigns
in transistor levelln [1, 2] bit by bit addition took place by modifying the mirror adder circuit. Five different
approximation of mirror adder have been proposed with removal of certain transistors from conventional
mirror adder, ensuring lessrors in full adder circuit. Image and video compression algorithms are presented
using proposed approximate circuit designs and output quality was measUBddas transistors are used
in XOR/XNOR based approximate adders. New approximate addex#\sjAwere designed using
multiplexer based XOR/XNOR gate in pass transistors topology. AXA1 has more static power dissipation
with better performance in carry propagation delay. AXA2 has small dynamic power dissipation. AXA3
achieves reduction in energyrumption.However, these designs-defs from signal degradation. [8]
Transmission Gate based adders were proposed to overcome signal degradation. Two new TGA based
approximate adders were designed. The adder consists of three modules in which first and second modules
consists of XOR gate for producing sum and third modaoisists of multiplexer for producing carry. TGA 1
uses 16 transistors with 2 errors in carry and 2 errors in sum. Similarly TGA2 uses 22 transistors with same
error count. Delay, power and powdelay product were calculated for proposed designs. Evergtihou
increase in transistor count, the TGA based adders achieves better voltage swing and has less delay and
power consumption when compared to AXAs. Various error metrics like ED, MED and ER were calculated
for the TGA based approximate adders. The desid8] iachieve better delay and power consumption when
compared to other existing designs. [6] low power area efficient @ansistor one bit full adder cell
(10TD) is designed and its performance is compared with Transmission Gate based fulBladdee bit
10TD cell achieved 30% more speed than TGA based adder. Similarly the 10TD cell achieves 50% more
power savings than TGA. For 32 bit RCA using 10TD, speed is 44% more than 32 bit RCA using TGA. The
proposed 32 bit RCA if6] operates at frequency 830 MHz and also uses less number of transistors when
compared to TGA based FA cell. [f] powerless XOR and groundless XNOR gates were proposed. Instead
of providing VDD and VSS, the terminals are connected to inputs. Full adders design consisee of thr
modules, in which module 1 and 2 can be XOR/XNOR gates and module 3 is multiplexer which provides
carry output.Total 41 new 10 transistor full adder cells were proposed using novel XOR/XNOR gates.
Among all adders irf7], 9B adder achieves consistenttyv power. Adders 9A and 13A achieve better
critical path delay. The design ji] achieves 10% less power and better delay compared to 10TD FA cell.
[8] a novel 10 transistor full adder design has been proposed with high speed and with lovdgdawer
product. This paper uses complementary and level restoring carry logic to avoid multiple threshold losses in
carry chain by proper level restoring. The XNOR circuit used in this paper is realized lgyultiplexer
which can be used as level restorer logitee Dutput of level restorer is then connected to MUX 2 and MUX
3 to generate sum and carry. This logic achieves less threshold voltage loss compared to existing designs.
The design i8] uses lower power supply to minimize the power consumption. Theojdhé proposed
design is to achieve reduced complexity and to achieve faster cascade operaf@nlQOh various
terminologies were explained in detail which is used in approximate computations like overall error (OE),
Mean Error Distance (MED), Accura¢dACC) and Error Rate (ER) etc. [8] the arithmetic addition is done
by dividing input bits into two parts. Conventional part consists of MSBs and approximate part consists of
LSBs. The design ifi9] is especially used for multiple bit addition to erestinat the design has minimal
errors and to retain better output quality. In 2x2 approximate multiplier was proposed and this design
achieves average power savings when compared to accurate 2x2 multiplier. The approximate multiplier got
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only one error oubf seven possible inputs. The modifiedM@p is presented with change in one output bit
of an accurate 2x2 multiplier. From the approximate multiplier complexity of the design is reduced and also
critical path is reduced when compared to accurate muitiptig11] discuss about novel multiplier design
which involves multiplication of group of coefficients in DSP blocks. 4x4 modified array multiplier with
reduced switching activity is proposed. The proposed multiplier in uses new adder blocks by adding
multiplexers to the existing blocks. The design achieves 50% less poweswaption when compared to
conventional multiplier. 1H{12] 4x4 conventional array and vedic multipliers were proposed and performs
spice simulations. Simulation results shows thatiovenultiplier achieves 29% reduction in power when
compared to array multiplier. Hardware complexity of array multiplier is more when compared to vedic
multiplier. In [4] two novel approximate-2 compressors were implemented. The accuré&ecdmpressor
requires 52 transistors which is implementedli8] and existing approximate compressors requires 38 and
36 for compressor 1 and compressor 2 respeely. The proposed compressorg4i were implemented in
circuit level using transmission gate basechnology in hspice tool. The approximate compressors uses very
less number of transistors, achieves less critical path delay and also power consumption is very less when
compared to exact-2 compressors. The compressors were used as main block in imptegrepproximate
dadda multiplier. Two dadda multiplier designs were implementdd]inin one of the multiplier design
compressor 1 is used in LSBs and in other design compressor 2 is used in LSBs. Normalized Error Distance
(NED) is calculated for theadida multipliers and compared with other multipliers. The application of these
multipliers in image processing is presented by multiplying two images.

In [14] error tolerant multiplier was proposed, in this method input bits are divided into multiplier
andnon-multiplier parts, the multiplier part consists of MSBs and the-mailtiplier part consists of LSBs.
The size of the error tolerant multiplier is 12 bits. Accuracy, area and power of conventional 12 bit multiplier
and 12 bit error tolerant multipliavere compared and tabulated. Various new terminologies like Minimum
Ac- ceptable Accuracy (MAA) and Acceptance Probability (AP) were used4h For MSBs normal
multiplication method is applied, whereas for LSBs a new method is applied in which nd padiacts
were generated and carry propagation path is removed. From simulation results the 12 bit error tolerant
multiplier drastically reduces power from 52% to 94% depending on input transitions and also reduces the
area overhead. Ifil3] designed lowpower 42 and 52 compressors. The accurate€ £ompressor and
accurate 2 compressors both can operate at low supply voltage of 0.6v. -Pheotpressors consist of
three XORXNOR blocks, two MUX blocks and one XOR block. The transistor countdftdmpessor is
52. Similarly the 52 compressors consist of five X@RNOR blocks, three MUX blocks and one XOR
block. The compressors were implemented in transmission gate based technology and compared with the
existing compressors which were implemented in GVBDyle, simulation results shows that the compressors
4-2 and 52 in [13] achieves low power dissipation and less hardware complexifiL5In16] analysis and
design of three new approximate24compressors were proposed by changing logic in accurateressor
for use of those compressors in multiplier. The design had reduction in power dissipation and transistor count
compared to exact design. The compressor achieves better accuracy whermpacech to accurate
compressor. An 8 bit approximate dadda fipliéir is implemented itj15] in which both approximation and
truncation methods were used for reducing the partial product stages. The multiplier design in such a way
that 4 bits in LSB is truncated and the next four bits uses approximate compressthe. M&Bs accurate
compressors were used. Hence in total the approximate multiplier uses 9 accurate, 8 approximate
compressors, 3 full adders and 2 half adders. The use of approximate and truncation compressors reduces
power dissipation and area overheatew compared to accurate multiplier.

3. PROPOSEDMETHOD
This section deals with working of PABA2, proposed approximate2dcompressor and proposed
4*4 approximate multiplier.

3.1. Proposed adder desigrl (PA1)

As transmissiorgate passes strong 0 and strong 1 uisisdas alternate style to pass transiskRAl
consists of TGA basechultiplexer for designing of XOR/XNOR modules aralso consists of inverters.
In [5] the Sum and Carry expressions of TGAL is given as

sum = (X Y)cin + XY o«
carry=Y (2)

In PA1 the sum and carry expression is modified as
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sum= (X Y)Ci )
carry=X (4)

In sum expression the second te(r)ﬁ\_() is removed and carry expression is connected to input X
for PA1. The total number of transistors used are 14 were 2 transistors less when compared to existing TGAL
in [5]. The error table oPAL isshownin Table 1

Table 1.Error table of PA1

X Y Cn Sum  carry Error Distance (ED)
0 0 0 0 0 0
0 0 1 1 0 0
0 1 0 0 0 1
0 1 1 0 0 1
1 0 0 0 1 1
1 0 1 0 1 0
1 1 0 0 1 1
1 1 1 1 1 0

From Table 1we can observe that tHALl have 2 errors in sum and 2 errorscerry.we observe
that when inputs X and are 1 the carry will get error output, when X and Y aendO respectively the sum
will get error. When both X and Yare 0 the sum and carry both gets error output. The cidevil
implementation oPALlis shown inFigurel.

le X(bar VDD Cin

Y. _ .
DD 4 ; O‘E X0 Y{bar) Sélgl:r—sg(xo Y)Cln

-

oy

Figure 1. Schematic of PA1

3.2. Proposed adder design ZPA2)
In [5] the sum and carry expressions of TGAZ2 is given as

sum= (XY Y)Cin %)
carry=X+Y (6)

The PA2 requires 20 transistors which is less than that TGA2 in [3]. The sum and carry
expressions dPA2is givenby

SUM= Carny (7)
carry = XY + (X + Y)Ci, (8)

The carry expression of PA2 is same as exact full adder carry expression. Hence there are zero
errors incarry. The sum isbtained by inverting carry. The error table of PA2 is shown below. Hialnie2
when X and Y are 0s then we will get erroisam.When X and Y are 1 and O respectively then sum output
has error. Carry output has zero errdrhe circuitlevel implementation of PA2 is shown Irigure 2.
It contains transmissiorgatebased multiplexer for implemen tation of carry and one inverter for
implementation of sum output.
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Table?2. Error table of PA2

X Y Cin sum carry Error DistancgED)

0 0 0 1 0 1

0 0 1 1 0 0

0 1 0 1 0 0

0 1 1 0 1 0

1 0 0 1 0 0

1 0 1 0 1 1

1 1 0 0 1 0

11 1 0 1 0

0 0 0 1 0 1
~|j Cin . X

x(ba r) Y+ Cin
YCin
X(bar) = Carry
‘E% YCi
Cln(ba r) _?)_(
ﬂ %ln(bar)
Carry
Sum
Y+ Cin
_?_Cln[bar]

Figure 2. Schematic of PA2

3.3. Proposed approximate 42 compressor

In [13] exact 42 and 52 compressors were implemented. The exa2t gbmpressor have five
inputs and three outputs. The four inputs X1, X2, X3, X4 and output sum have same weight. The output carry
size is one bit more. The-2 compressor receives an input Cionfr the last cell which is of one bit size
lower, and produces an output Cout to the later stage compressor cell which is of size higher. The different
forms of 42 compressor follows the fundamental equation given by:

X1+ X2 + X3+ X4 + Cin = SUm+ 2(carry + Cour) 9)

The conventional £ compressor composed of tweerially connected full adders. It mainly
composed of six module§wo modulesare 21 mux, one module is XOR artireemodules are XOR
XNOR. The circuit level implementation of2 mux comprises of 8 transistors, OR-XNOR circuit 10
transistors and for XOR circuit 6 transista&atotally 52 transistors for implementing exaef £ompressor
in transmission gate baseechnology. The sum, carrgnd coutexpressionf exact4-2 compressols
givenby:

sum=X1§ X28§ X3§ Xa (10)
Cout= (X218 X2)X3+ (X1v X2)X1 (11)
carry = (X18 X28 X38§ X4)Cint(X18 X288 X3§ Xa)X4 (12)

In order to reduce the no. of transistors and to reduce the power consumption the approximation of
compressors were implemented[# 15] with relaxation in accuracy. Two approximate2 £ompressors
were designed if4] by reducing the transistors to 38 a3l respectively. The design 1 has 12 errors out of
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35 combinations has error. The design 2 has 4 errors out of 16 combinations. But there was drastic reduce in
power consumption. The presence of errors in approximate designs will not affect the imageardaalso

for human perception there is no need of exactness of image. In this paper new approfiratepdessor

is implemented. The proposed circuit level compressor took only 30 transwiictsis very much less when
compared to existing with sanmeimber of errors. The expression of sum and carry for existing design 1 in

[4] were given by:

sum=Cin((X18 X2) +(X3$ Xa) (13)
Cout = X1 X2+ X3X4 (14)
carry = Ciq (15)

For design2 compressothe sumand carry expressionsn [14] weregiven by:
sum= (X118 X2)+(X3$§ Xa (16)
carry = X1Xz + X3Xa a7)

In proposed approximate2lcompressor the sum expreson and carry expression is modified in
such a way that nwrber of transistors is reduced to 30. sum and carry Expressions for propdgsed 4
compressor is given by

sum= (X18 X2) § (X3§ Xa) (18)
carry = (X1 +X2)(Xs + Xa4) (19)

The proposed compressor does not have Cin and Cout, which were present in existing compressors
[4, 13 15] The circuit level implementation of proposed design in showkigare 3. In above diagram two
blocks comprises of XOR circuit whid¢hok 10 transisirs for implementing each block. The next two blocks
is OR function which took 8 transistors and it is implemented by MUX based transmission gate technology.
The last block will perform AND function. Hence the above proposed design is implemented with 30
transistors less than that[df 13 15] The error table for proposed approximai2 & shownTable3.

]

"Tr—td x:[harr
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“4 H3+X4 D K1+¥
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+

Figure3. Schematic of 2 approximate compressor
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Table3. Error table of approximate 2 compressor

X1 X X3 Xq sum carry  difference
0 0 0 0 0 0 0
0 0 0 1 1 0 0
0 0 1 0 1 0 0
0 0 1 1 0 0 0
0 1 0 0 1 0 0
0 1 0 1 0 1 0
0 1 1 1 0 1 1
1 0 0 0 1 0 0
1 0 0 1 0 1 0
1 0 1 0 0 1 0
1 0 1 1 0 1 1
1 1 0 0 0 0 1
1 1 0 1 1 1 0
1 1 1 0 1 1 0
1 1 1 1 1 1 1

FromTable 4we can observe that there are 4 errors out of 16 combinations which is same as we
observed in existing approximate2dcompressor but the main advantage in the proposed method is the
reduction of transistors is achieved. If the inputs are 0111 thentgstowill be equal to 11 but the output
we get is 10, so difference is 1. Similarly for remaining three cases the actual output is not equal to the
output obtained from the proposed desifjhe error table for proposed approximate multiplier is shown
belowin Table 4

Table 4.Error table of approximate multiplier

A3:0] B[3:0] Accurateproduct Approx. product ED
0000 0000 00000000 00001110 3
0101 0111 00100011 00101110 3
1111 1111 11100001 111011 2
1111 1011 10111101 10110011 3
1011 1001 01100011 01101101 3
1010 1101 10000010 10001111 3
1110 1101 10100100 1010®10 2
0110 1000 01110010 01111110 2
0100 1000 01000000 01001110 3
0001 0100 00000010 0000010 1

3.4. Proposed approximate 4x4 multiplierdesign
In literature various multiplier designs in circuit level is implemented namely array multiplier, vedic
multiplier anddaddamultiplier. All the exactmultiplier designprocesgoo place in three stages:
- An CMOS logic style based AND gate is used for genagdtie partial products is the first stage.
- Use of exact/approximate2l5-2 compressors tieducenumberof partial productstagesn multiplier
design
- Using accurate half adder, accurate full addesrgrother approximate adder designs IRA1/PA2to
addthe partial productsandto generatehe final output

In [17] 2x2 multiplier were implemented and error waro- duced in the design by manipulating
its logic function.The K-Map is modified in such a way that when all inputs werel the output product
usually it will be equal to 10019), but modified this result to 111(7), it results in reductiberitical path by
two gates compared to accurate 2x@iltiplier. With [17] as reference in this paper approximate 4*4
multiplier has been proposed. In this design the proposed approximate adder and approximate compressor are
used as basic blocks. The multiplier shown iis 4f size 4 bits. There atinputs A, B each of size 4 bits
and output product owlff size 8 bits. The circuit level of proposedd*4 array multiplier is implemented with
accurate 1 bit transmission gabasedhalf adder,PA1,PA2 and approximate -2 compressor.The total
possible input combinations were tabulated in error table. The most of the errors were found in LSBs. Out of
256 combinations 32 comkdtions were found error according to error tabléhe circuit level
implementation of proposed multiplier design is showRigure4.
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Approxim
ate 4-2
Compress

or

Figure4. Schematic of 4x4 approximate multiplier

Some metrics which are commonly used in this paper:
Error Distance : Error Distance is denoted by (ED). Itdefined as difference between result obtained
by approximatedder and result obtained by accurate adder

ED = |EcT ERl (20)

wereEc is the result obtained by approximate adder&gid the result obtained by accurate adder.

Error Rate : Error Rate is defined as ratio of incorrect output values to all possible outputs.

#of incorrect outputs

(21)

" total possible outputs

Pass RatePass Rate is defined as ratio of numberasfectoutputs to all possible output values.

#of incorrect outputs

total possible outputs (22

Accuracy: Accuracy of an adder defines how much percage is the output of an approximate adder for
an particular input. The value ranges from 0% to 100%

- @E
ACC = 1i x100% (23)

R

4. RESULTS AND DISCUSSION

The proposed approximate addefBAl, PAZ2), approximate 4 compressor and proposed
approximate multipliewvereimplemented in circuit level in Cadence Virtuoso tmapdk 90nm technology.
The results obtained is comparedth exiging adders, comparators and multipliers ahd$ervedthat the
proposedPAl and PA2 requires less transistors with minimal errors in sum and carry expressions. As
transistor number reduces the powerP#fl and PA2 also reduces when compared to existing ed In
proposed approximate-2t compressor the no. of transistors requires is reduced by modifying the sum and
carry expression logic in circuigvel. Th no. of transistors required is reduced to 30 as compared to existing
compressors if4] which requies 38 for existing compressor 1 and 36 for existing compressor 2. As
transistor count is reduced to 30, power consumption also reduces drastically. As the proposed approximate
multiplier usesPAl,PA2 and approximate-2 compressorthe transistor countof proposed multiplier also
reduces by large numbathencompared to accurataultilplier.
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4.1. Proposedadder design(PA1)

The schematic of PA1 consists of 14 transistors. The circuit level of PA1 is implemented in cadence
virtuoso tool in gpdk 90m technology.

From Figure 5 we can observe that transmission gate based xnor circuit and AND gate were
implemented to get sum output. The carry output is obtained by directly connedtipgtts.

T -
L TR |
i ; ‘

Figure 5. Schematic of PA1

FromFigure6 we can olarve that inputs dPAlare X, YandCi,. The outputs were Sum a@hrry.
The waveform ofPAl varies according to inputs with the help of Sum and Carry expressions. From 6 the
proposed design got two errdrscarry and two errors in sum at X=0, Y=0,, =1, X=1, Y=0,Ci;, =0 and
X=1, Y=1, Ci, =0. The ED is shownin Table1.
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Figure6. Waveform of PA1
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4.2. Proposedadder design(PA2)

The PA2 comprises of 20 transistors which is less than existing design 2 af]exlich requires
22 transistors. The circuit level of PA2 is implemented in cadence virtuoso tool in gpdk 90nmagghno
The schemation Figure 7 consists of MUX based OR and AND function for implementing carry expression
and sum is inverted output of carry. PA2 also implemented in transmission gate based technology.

Figure 7. Schematic of PA2

FromFigure8 we can observe that inputsPA2are X, YandCi,. The outputs were Sum a@hrry.
The waveform ofPA2varies according to inputs with the help of Sum and Carry expressimm.Figure 8
the proposed design got zero erriorsarry and two errors in suat X=0, Y=0,Ci, =0 and X=1, Y=0Ci, =1.
The ED is shownin Table2.

cidence

Wed Jan 25 13:18:40 2017 1

— —— — —,[IJ.

L

Figure8. Waveform of PA2
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4.3. Proposedapproximate 4-2 compressor

The proposed compressor comprises of 30 transistorpliemented in transmission gate based
technology. The circuitevel implementation of approximate compressor is showFigare9. It consists of
four inputs and two outputs. The compressor consists of XOR, OR and AND logic functions which were
implemented with MUX based transmission gate technology. The circuit level is implemented in cadence
virtuoso tool in gpdk 90nm technology.

Figure9. Schematic of approximate2dcompressor

The inputs of the proposed compressor dreXz2, X3 and X4. The outputs were sum arcrry.
The waveformof proposed compressor varies according to inputs with hislp of Sum and Carry
expressions. FrorRigure 10 the proposed design got 4 errors out of 16 combinations with 30 tracsistdr
Whereas if4] the compressor design 2 has same 4 errorwitlittransistorcount of 36.
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Figure10. Waveform of approximate 2 compressor
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4.4. Proposedapproximate 4 bit ripple carry adder using PA1

By using proposed adder desi@nA1),4 bit ripplecarryadder is proposed. The proposed 4 bit adder
is compared with accurate ripple carry adder. FFigure 12 we observed thamorenumber of errors were
present at LSBs than im MSBEhecircuit level of 4 bit RCA usingPAlis implementedn cadence virtuoso
tool in gpdk 90nm technology. The transistmuntof proposed 4 bit RCA is 56. Power consumption of

proposed design is reduced when compared to accurate cippadder.The schematicof proposedRCA
is shownin Figure1l.

A,..
‘nv
ks

ATH & G) i MNTT | (] Amatura S b (3 W W

Figure12. Waveform of approximate 4 bit RCA using PAl
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4.5. Proposedapproximate 4 bit ripple carry adder using PA2

By using proposed adder desi@nA2),4 bit ripplecarryadder is proposed. The proposed 4 bit adder
is comparedvith accurate ripple carry adder. Frdfigure 14 we observethatmore number of errors were
present at LSBs than MSBs. The circuit level of 4 bit RCA usinBA2is implementedn cadence virtuoso
tool in gpdk 90nm technology. The transistor count of proposed 4 bit RCA is 80. Power consuwfption
proposed design is reduced when compared to acaippkecarry adder.The schematicof proposedRCA
is shownin Figure13.

.

Figure 13. Schematic of approximate 4 bit RCA using PA2
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Figure 14. Waveformof approximate4 bit RCA using PA2
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4.6. Proposedapproximate multiplier using PA1and compressor

The proposed approximate multiplier is of size 4The proposed multiplier consists of accurate
half adder, proposed transmission gate based approximate adder(Bédipandproposed approximate 2
compressor as the main blocks. The circuit level imgletation of the proposed multiplies shown in
Figure 15. The design is implemented in cadence virtuoso tool in 90nm technology. The design consists of
two inputsA and B with size of 4 bits and product of size 8 bits. Fesrartable we observed thatoim total
256 combinations, errors were found in 32 combinations. Most of the errorfowadén LSBs.

The waveform of approximate multiplier usiRg\1 isshown inFigure 16. The inputs of the design
are A and B each of size 4 bits. The output is prodittt size 8 bits. Fronfrigure 16 observed that most of
the errors were present in LSBs #mt the proposed design does not affect the image quatithalso
accuracy does not get affected. The transistor cofyproposed design is 246 which is huge s that of
accurate multiplierandalsopowerreducesignificantlyin approximate multiplier.

Figure 15. Schematiof approximatemultiplier using PA1

Figure 16. Waveformof approximate multiplier usindgpAl
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4.7. Proposedapproximate multiplier using PA2 andcompressor

The proposed approximate multiplier is of size 4*4. The proposed multiplier consists of accurate
half adder, proposelansmission gate based approximate adder déBiy?) andproposed approximate 2
compressor as the main blocks. The circuit level implementation of the proposed mulspdieown in
Figure 17. The design is implemented in cadence virtuoso tool in 90nm technology. The design consists of
two inputsA and B with size of 4 bits and productife 8 bits. Fronerrortable we observed that from total
256 combinations, errors were found in 32 combinations. Most of the errorfowadén LSBs.

The waveform of approximate multiplier usiR#\2 is shown inFigure 18. The inputs of the design
are Aand B each of sizé bits. The output is product with size 8 bits. From Figure 18 observed that
most of the errors were present in LSBghaithe proposed design does not affect the image qualiglso
accuracy does not get affected. The transistantof proposed design is 282 which is huge less than that of
accuratanultiplier, andalsopowerreducesignificantlyin approximate multiplier.

Figure17. Schematic of approximate multiplier using PA2

Figure 18. Waveformof approximate multiplier usingeA2
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4.8. Comparison with existing designs
The proposed adders, compressors and multipliers were compared in terms of numnansistérs,
power, delay and Power Delay Product (PDP).

4.8.1. Comparison of Number of Transistors forproposeddesigns

From Table 5we can observe th§3] proposesadderbased on transmission gate based technology,
wereTGA [1] uses 16 and TG2] uses 22 transistors with 2 error distance. Similarlthis paperalsouses
transmissiongate basedtechnology but with reduced number of transistors when compai&jl 6o adders
in which there is more voltage drop for cascadingestag

Table 5. Comparison table of no. of transistors for adders

Design No. of transistors Error Distance
TGAL [4] 16 2
TGA2 [4] 22 2
AMAL [1] 16 2
AMA2 [1] 14 2
AMA3 [2] 11 3
AMA4 [2] 11 3
AXAL1 [3] 8 4
AXA2 [3] 6 4
AXA3 [3] 8 2

PAl 14 2
PA2 20 2

From Table 6we can observe th§l3] implementedcircuit level exact compressor design which
consists of XORXNOR module, MUX and XOR blocks. In total exact24compressor requires 52
transistors. 1f4] two approximate designs were implemented in which design 1 requires 38 tranitstors
Cin andCout and degin 2 requires 36 transistors withd@if and Cou. The proposed design modifies the sum
and carry expression in transistor level and reduces the transistor c80nt to

Table 6. Comparison table of no. of transistors for compressors

Design No. oftransisors Error Distance
Exact compressor [16] 52 0
Design 1 [14] 38 12
Design 2 [14] 36 4
Proposedesign 30 4

4.82. Comparison ofdelay, powerand PDP

The proposed approximate addeflBAl, PA2), approximate 4 compressor and proposed
approximate multiplier were implementédcircuit level in Cadence Virtuoso tool in gpdk 90nm technol
ogy. The results obtained is compared with existialglerscomparators and multipliers in terms pdwer,
delay andPDPas shown in Table 7, Table 8 and Table 9

Table7. Comparison table of approximate adders

Design Delay (ns) Power(uw) PDP (10715J)
TGAL [4] 1.245 1.97 2.45
TGA2 [4] 1.247 2.28 2.84
AMAL [1] 1.378 2.79 3.84
AMA2 [1] 1.409 2.74 3.86
AMA3 [2] 1.468 255 3.74
AMA4 [2] 1471 253 3.72

PAl 0.755 1.13 0.85
PA2 0.824 1.32 1.08
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Table 8. Comparison table of accurate and approximate compressors

Design Delay (ns) Power(uW) PDP (0'15])
Exactcompressof16] 160.36 2.98 0.477
Design1 [14] 158.32 2.27 0.359
Design2 [14] 144.35 214 0.308
Proposedesign 87.36 1.06 0.092

Table9. Comparison table of accurate and approximate multipliers

Design Delay (ns) Power(uW) PDP (0'12])
Accurate Multiplier 389.45 729.47 284.09
Approximate Multiplier 124.56 29.332 3.653

5. CONCLUSION

From literature we conclude that mirror adders and pass transistors have signal degradation problem.
To achieve high voltage swing with reduced number of errors we propggedximate adders based on
TGA. Also in this paper apprexmate multipliers were proposed. In order to reduce partial product stages in
approximate multiplier, approximate-24 compressors were implemented. The proposed designs were
simulated in cadencdrtuoso tool in 90nm technology. The simulation results shows that the PA1 and PA2
uses less no. of transistors i.e. PA1 with 14 and PA2 with 22 transistors which is less when compared to
existing adders like TGA1 and TGA2 in [14] with same error rate aofdeves reduced delay and power
consumption. The PA1 achieves delay of 0.755 (ns), power consumption is 1.13 (uW). The PA2 achieves
delay of 0.824 (ns) and power gets reduced to 1.32 (uW). The proposed compressor uses 30 transistors and
achieves delay 087.36 ps and power consumption is 1.06 uW. The proposed approximate multiplier
achieves less area with 282 transistors, delay of 124.56 ns and power consumption is 29.332 uW. Area, delay
and power of proposed multiplier is very less when compared to &eamay multiplier. The proposed
adders and multipliers are widely used in multimedia applications whose output image does not need to be
numerically exact. The power reduction will be achieved by using approximate designs.
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