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ABSTRACT

This study proposes a new high performance and power adder using new design style called
probabilistic is proposed. The design of a prolistiil adder that achieves low power and high speed
operation. The delay and power dissipation areaed by dividing the adder into two parts to redtlee
carry chain. This dividing approach reduces agbe®er by minimizing extraneous glitches and traoss.

It is an approach for the design and comparisonl@®&bit adders for low-power signal processing
applications. Simulation and Synthesis results stimat the proposed adder outperforms the conveaition
adders in terms of power consumption, delay antsistor count.

Keywords: Power Delay Product, Signal Processing, Low Powesign, Probabilistic Approach,
Acceptable Accuracy

1. INTRODUCTION typically suffer from irregular layout. Carry-Skipdder
(CSK) was initially proposed to improve the speddao
Addition is a fundamental arithmetic operation tisat  Ripple-Carry-Adder (RCA) with only a minimal ovedt
broadly used in many communication systems, DSPin number of gates. In Carry Save Adder (CSA), drobk
architectures and microprocessors. The design dérad is processed conditionally. The carry in block is
having low power consumption and low propagation conditionally selects the carry out and sum-bitthefblock
delay results of great interest for the implemeotabf (Weste and Eshraghain, 2010).
modern digital systems. As a result, several adder The critical path of CSA is either the ripple- garr
designs, such as carry ripple adder, carry selddera  path in the largest block or the worst case caseject
carry look-ahead, conditional sum adder, carry skippath. The optimal block sizing is chosen such that
adder and various prefix adders are available tisfga  delay of the ripple and carry select paths arerinaid.
various area, delay and power requirements. Thy car A new test pattern is generated for detecting the
select adder (Ramkumar and Kittur, 2012) has lesa a acceptable error to increase the yield. The output
because it uses different pair of RCA to produce masking is only applicable for detecting the snralle
fractional sum and carry output. In this gate level number of acceptable error (Hsieh al., 2007). The
modification of square root carry select adder high concept of error tolerance (Shin and Gupta, 20ht) a
delay and PDP for smaller input operand additonthe PCMOS technology are important in signal
process. The ripple carry and Manchester carryrchai processing systems. Any circuit is error tolerdn(li) it
adders are the simplest, but slowest adders wih)O contains defects that cause internal and may cause
area and O (n) delay, where n is the operand silis. external errors and (2) the system that incorperdies
Carry look-ahead, conditional sum and parallel ipref circuit produces an acceptable outputs. This defect
adders have O (n log (n)) area and O (log (n))ydddat condition is not considerable one. The error-toiera
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circuit was foretold in the 2003 International Teology The end around inverted carry adder (Vergos, 2&12)
Roadmap for Semiconductors (ITRS, 2003). Of course,used to eliminate the race around condition ocduites to

not all digital systems can engage the error talera carry feedback. In this end around carry invertddea
circuit. A system level error tolerance approachused occupies large area and also consumes high power as
to estimate the acceptable error (Chong and Ortegacompared with other modulo adder.

2005) in harware part of the multimedia system. The In section 2, present the material and methods for
error rate threshold and quantization noise of sgigem proposed adder. In section 3, to show the resuits o
level techniques are depends on the acceptabletd®gr  proposed probabilistic adders with conventionaleasid

The error rate base test method is to increasgi¢hbof  |n section 4 is to disscus the power and transistonts

some system with acceptable error (lee@l., 2005). In of an adder. In section 5 is to give the conclusion
this error tolerance based testing method is topawen

the estimated fault with acceptable fault of thipsh 1.1. Probabilistic Addition

~ The digital control systems, the exactness of dUtpu  The first step is to divide the probabilistic adifen
signal is important and this avoids the use of rro two parts in a definite method. The separating adea
tolerant circuit. Many Digital Signal ProcessingSB) s based on an estimate and verify trick, dependimg
systems that process signals relating to humanesens the necessities, such as precision, power and speed
the image processes and speech processing systemBrimary think about the delay of the proposed adder
the error-tolerant circuit is used (Zktal., 2010). In  Dp = max (Dd, Dp) where Dd is the delay in the
Error Tolerant Adder (ETA-I) contain an N-badder,  deterministic part and Dp is the delay in the
it is divided into M (M>2) blocks. Each block probabilistic part. With the suitable separating
contains N/M bits and is consists of two separateapproach, on the way to make Dd roughly equal to Dp
circuitries -Sum and Carry generator. The Carry and hence achieve a best instance delay. With this
generator creates the carry output. It does nat tak ~ Separating approach scheme defined, then test aheth
carry signal from previous block. The Sum generatorthe accuracy performance of the adder meets the
is take the carry in signal from previous block to réquirements specified by the design engineer. For
generate its sum output. The carry propagation Cm|yseveral applications, the necessity of the minimum
exists between two neigh boring blocks instead of2cceptable accuracy should b% 95% and the
lying along the entire adder structure. In design o acceptance probability to be 98%. The propcgsed
ETAI, the dividing strategy refers to the choicetoé partition method must therefore have at least 98% o

number of blocks the adder is divided into fewer all possible inputs reaching an accuracy of betian

0 i o .
block. Some blocks are occupied and therefore extragSA)' If this necessity is not met, one bit must be

. . . I~ shifted from probabilistic part to the determinispart
bits are contained in single block. The_pos&Mhﬁy and have the checking process repeated. Due to the
receiving accurate outcome becomes higher while the

_ N simplicity in structure and the removal of switchin
delay path also becomes longer; on the contrampef  .(ions in the probabilistic part, putting moresbin

adder is divided in a “better” approach, specifigal {hig part yields more power reduction.

extra blocks are occupied, the rate performancebean The probabilistic addition process, where the input
increased while the possibility that incorrect désu operand is split into two parts: With higher ordsis
can occur becomes higher. _ grouped into deterministic part and remaining lower
The Error Tolerant Adder (ETA -II) occupies largeea  order bits into probabilistic part. The length aich part
(transistor counts) than conventional adders (Kinal.,  need not necessary be equal. The addition protass s

2011). However, there are always trade-offs betweenfrom the mid point toward the two opposite direntio
speed and power. The probabilistic design can be &oncurrently. The pattern &fig. 1, two sixteen bit input
potential solution to this problem. By sacrificisgme operands, Ai = “1001101110110111” (40,053) and Bi =
accuracy, the probabilistc adder can attain great1010111101101010" (45,116), are divided equallyin
improvement in both the power consumption and speed hits each for the deterministic and probabiligtats.
performance. In this study contain an overviewh& 16  The addition of the higher order bits (determigigiart)

bit adder design and then show how to extend tiderad of the input operands is performed from right tét le
to quickly perform addition, which is useful in ariety (LSB to MSB) starting from the midpoint line with
of digital signal processing and multimedia applmas. normal addition method is applied.
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MID point

MSB deterministic part

TL.SB probabilistic part

10011011 10110111 (Ai)
10101111 01101010 (Bi)
101001010 11111111 (sum)

J >

All bits are setto “1~

Fig. 1. Proposed addition process

To preserve its correctness since the higher doitier
play a more important role than the lower ordes.bithe
lower order bits of input operands (probabilistartp are
added using proposed addition process.

No carry signal will be generated or taken in at an
bit position to eliminate the carry transmission
pathway In the direction of reduce the overall
inaccuracy owing in the direction of the eliminatiof
the carry chain, check every bit position from l&dt
right (MSB-LSB) starting from right of midpoint l&
(1) if both input bits are “0” or dissimilar, thegular

single bit adding is performed and the operation

proceeds to next bit position; (2) the checkingcess

power consumption of the adder. This probabilistic
part consists of two blocks: The Control Signal
Producing Block (CSPB) and the probabilistic
addition block. The probabilistic addition block is
made up of 8 advanced XOR gatesand each of which
is used to generate a sum bit. The single block of
advanced XOR gate is shown Hig. 2. The Control
signal producing block (Cspb) is consist of 8 Cohtr
Signal Producing Cells (CSPC) and each cell
generates a control signal for the control input of
probabilistic addition block.

The Control Signal Producing Block (CSPB) for
8-bit probabilistic part is shown iRig. 3. Two types

is stopped when both input bits are encounter at th of control Signal Producing Cell (CSPC), labellesl a

same time as high i.e., 1 and from this bit onwaadls
sum bits to the right (LSB) are set to “1.”

type | and Il are considered and the diagram
implementations of these two types of CSPC are

The addition process described can be easilyprovided inFig. 4. In this Control Signal Producing

understood from the example given kig. 1 with a
final result of “10100101011111111" (85,145) which
should actually yield “10100101100100001" (8516B) i

Cell (CSPC) is designed by both NOR and NAND
gate. This design is compare over the conventional

normal arithmetic has been useful. In general inemzy design to reduce the area. The Control Signal
can be computed as OF = 85,169-85,145 = 24 TheProducmg Block (CSPB) is divided into two equally

accuracy of adder with respect to these two input

operands is ACC = (1- (24/85169))x100 = 99.97%sThi
accuracy level is acceptable for most of the imag
signal processing application. Consequently wit
eliminate carry transmission path in the probatidlis

sized block for avoiding the propagation delay loé t
signal from the first cell to the last cell. CSPGsl
used within the CSPB and the CSPC-Il is used fuk li

h between first CSPB to next CSPB.

Here the advanced XOR gate is designed by usang th

part and performing addition in two separate parts CMOS logic structure is shown Hig. 5a. It consists of
concurrently, on the whole a power consumption andthree inputs namely Ai, Bi, Control input (Ci) asthgle

delay time is greatly reduced.
1.2. Design of Probabilistic Adder
The probabilistic part consist of 8 bits and ithe

sum output. The control signal from the Control riaig
Producing Cell (Cspc) is zero (Ci = 0), then theaaated
XOR gate circuit is to operate in normal XOR gét¢he

control signal is one (Ci = 1), then the advanc&RXgate

most essential section in the proposed adder as iputputis set to (high) “1”. When Ci is zero prodddrom

determines the accuracy,
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Fig. 2. Single block of advanced XOR gate
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Fig. 3. Control signal producing block for 8-bit probabilisadder
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Fig. 5aand b. Advanced XOR gate and Normal XOR gate using transomsgte
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This advanced XOR gate is consist of 3-pmos, 2-nmospart need be a fast adder. The multiplexer baseérad
and normal XOR. Both M1 and M2 in advanced XOR block has been chosen for the deterministic parhef
gate is ON when ci = 0. If ci =, then the M1, M2OFF circuit. The given multiplexer in deterministic adis

and M3 is ON to produce “high’ output in sum-outpu constructed by using transmission gates where the
terminal. The proposed modification can be made bynumber of transistors can be reduced.

replacing the normal XOR gate using CMOS logic by

transmission gates where the number of transistomsbe 2. MATERIALSAND METHODS

reduced. The normal XOR gate using transmission gat
CMOS logic is shown irFig. 5b. Therefore transistor
counts will be reduced. So the area is also behrces.

The proposed adder is designed in XILINX tool
using VHDL code and simulated using Modelsim.
HSPICE software was used to construct the models of
1.3. Design of Deterministic Adder the proposed adder and the conventional adder) 100

L . , sets of inputs were randomly created using the laiat

T_he deterministic part is constructeq _using - a program. Designed for each position of input, aaay
multiplexer based adder unit. The deterministicendd 5 run the simulation for each adder and recorded t
block is shown irFig. 6 and 7. The two inputs such as  hower consumption. With 1000 set of outcome, tylpica
AB&BS of this deterministic part are given in tolha ower utilization was determined. The transistourto

adder unit. Then the carry output from the halfexdid was derived openly from the HSPICE software.
used as a selection signal for two multiplexer base

adder unit of next input (A9 and B9) addition prsse

The carry output from every previous adder blocksed 3.RESULTS
for selecting signal for the next multiplexer basettier
block and so on. This multiplexer based adder bisck diff t1 f dd hownFin. 8. Th
used to produce the individual sum output and foaaty imerent types of an adders are shownHg. ©. The
output for deterministic part. The overall delayde- Fig. 9 shows that the transistor count of proposed adder

termined by the deterministic part and also profsili ~ compare with other conventional adders.

4.5

The delay evaluation, power dissipation and PDP of

4
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Fig. 8. Power delay product of different adders
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Fig. 9. Transistor count for different adders
4. DISCUSSION number of computation thereby reducing a dynamic

power which is a major part of total power dissipat

To compare the output of proposed adder with Simulation results illustrate the superiority ofeth
actual value for 1000 number of samples, it is fbun resulting proposed adder against conventional aditer
that the percentage of error is 1.7 i.e., the pgage  terms of power, delay and PDP. The proposed adder i
of accuracy is 98.3% Comparing the simulation ressul mostly applicable to signal processing subsystems.
of the proposed adder with those of the conventiona
adders, it is evident that the proposed adder peed 6. REFERENCES
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