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Abstract— Digital signal processing (DSP) hardware acceleration
has recently been shown to be a very promising implementation
strategy. In this abstract, we provide an unique accelerator
architecture based on flexible computational units that aids in the
execution of a large number of operation templates accessible in DSP
kernels rather than a monolithic application-specific integrated
circuit design approach. Many digital signal processing applications
depend on adders, including This study demonstrates a
well-organized reverse carry propagate adder (RCPA). Due to the
unique RCPA structure, a Carry signal is better suited for
manufacturing since it propagates from the most significant bit
(MSB) to the least significant bit (LSB) backwards. With delay
variance, the stability of this propagation method is improved
significantly. The n-bit adder architecture is similarly based on a
hybrid structure in which the first half of the adder is added using a
high-speed high-accuracy adder, such as Brent—Kung. We may boost
the speed of the adder by employing the Brent—Kung adder, and at
least half of the adder design is accomplished by using the Reverse
Carry Propagate Adder (RCPA) (RCPA). Xilinx ISE 14.7 software
and Verilog HDL coding are used to examine the structure of hybrid
adders and compare it to that of standard approximation adders.

Index Terms— Approximate adder, Parallel Self Timed adder
(PASTA), Digital signal processing (DSP), Reverse carry propagate
adder (RCPA),

INTRODUCTION

ADDER BLOCKS, WHICH ARE CRITICAL COMPONENTS OF DSP
SYSTEMS' ARITHMETIC UNITS, USE A LOT OF POWER AND TEND TO
GENERATE HOTSPOTS IN THE DIE. THESE SERVE AS THE DRIVING FORCES
BEHIND THE APPROXIMATION COMPUTING METHOD USED TO CREATE
THIS KIND OF COMPONENT. AT THE VERY LEAST, GENERAL-PURPOSE
PROCESSORS AND DSP INSTRUCTION SETS INCORPORATE SOME KIND OF
ADDITION. THERE ARE SEVERAL OPERATIONS THAT INCORPORATE
ADDITION AND WHOSE UNDERLYING HARDWARE IS SIMILAR OR
IDENTICAL TO ADDITION HARDWARE, SUCH AS SUBTRACTION AND
MULTIPLICATION. IF AN ADDER IS IN THE CRITICAL PATH, THEN THE
DESIGN'S PERFORMANCE IS GENERALLY LIMITED BY THE PERFORMANCE
OF ITS NUMEROUS ADDERS OR ADDERS. A CHIP'S REMAINING
PROPERTIES, SUCH AS POWER OR AREA, ARE MORE LIKELY TO BE
INFLUENCED BY THE HARDWARE USED FOR ADDITION. THERE ARE A
SLEW OF ADDITIONAL CONSIDERATIONS THAT COME INTO PLAY WHEN
MAKING THE DECISION ABOUT WHICH ADDER TO UTILISE IN AN
APPLICATION. AS SIGNAL AND COMPUTER PROCESSING APPLICATIONS
GROW, THE NEED FOR HIGH-SPEED PROCESSING GROWS AS WELL. MANY
IMAGE PROCESSING AND REAL-TIME SIGNAL APPLICATIONS RELY ON
FASTER ARITHMETIC OPERATIONS TO MEET THEIR PERFORMANCE GOALS
DSPs HAVE A WIDE RANGE OF ARCHITECTURES AND FEATURES. THE
GAIN PERFORMANCE OF THESE FEATURES DETERMINES THE
OVERALL PROCESSOR PERFORMANCE. EXPERIMENTS ON
APPROXIMATION ADDERS HAVE BEEN DONE BEFORE.

Concentrate on reducing errors through reducing the
frequency of errors and increasing the weight of errors.
Designing digital processing units, particularly portable
systems, has as its primary objectives reducing power
consumption and increasing speed. For certain processing
units, an increase in speed is often accompanied by an increase
in power consumption. Increasing throughput at the expense
of precision may also be an option for increasing both speed
and power.

Approximate computing is the method used in this project. It
is employed in situations where a small number of mistakes is
acceptable. In a hybrid structure adder, the estimated least
significant bits (LSBs) and the accurate most significant bits
(MSBs) are used in distinct regions. The fault is found in the
summing of the LSB and the input carry of the MSB parts.
This reduces the MSB part's error weight by limiting the carry
input's error weight. Due to the fact that most of the work is
done in the LSB section. Using pure approximation adder
structures is the second strategy to consider. The major design
requirements for these adders are to decrease power
consumption and delay, as well as to lower the error
probability of summing.

Hybrid adders with the usage of the RCPFA (approximate
reverse carry propagate full-adder) will be studied in this work.
The carry input is propagated from the high significant bit to
the low significant bit in the approximation adder to generate
the carry out. A prediction signal may be used as an output
signal in this adder type, known as a reverse carry propagate
adder (RCPA). The propagation weight will be reduced by
adopting reverse carry propagation. Parallel prefix adder is
used to add the MSB half because it may increase the speed of
operation. An approximate reverse carry propagate adder is
used to add the LSB half of the signal.

LITERATURE SURVEY

The Ripple carry adder (RCA) has the poorest power and area
utilizations among the precise adder topologies. Despite this,
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there is a significant lag time. The precision of this adder has

been compromised in order to boost the adder's energy
economy and speed.

An error-tolerant adder structure (EAS), a rough
approximation of an RCA, has been proposed. Figure 1
depicts the EAS organisational structure.

1. Inthis design, the input operands are seperated called
exact computation part and inexact computation part. In the
exact part is the MSB part, the conventional FAs with a zero
input carry for the each part are used wherease the inexact
part is the LSB part which consists of a carry-free addition
part.

n-bit Addition
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Fig.1 Error tolerant adder structure

We chose an adder that employs reverse carry propagation, in
which the carry is propagated in the opposite direction of the
clock, because of the added delay imposed by carry
propagation.

The standard FA, a critical building block of reverse carry
propagate adders, has three equally weighted inputs. For a
summation, it has a single output with twice the weight of the
inputs and two outputs with the same weight as the inputs.
Carry propagation delay (tCP) is an important timing
component in FAs since it has historically played a role in
defining the critical route delay in multibit adders (and
multipliers). Short-delay violations might result in a large
amount of error since the fault arises on the MSBs of the
summation.

This is the result of the propagation and generation of the
input carry of the MSBs through less significant bit FAs. Due
to this reason, if the order of the carry propagation is
reversed, one can see the decrease in the amount of error due
to the timing violation.

2.Reverse Carry Propagate Full-Adder Cell
Each exact FA generates its sum and carry output signals
using

2Ci+1 +Si

Where Ai (Bi ) is the i" bit of the input A(B), Ci(Ci + 1)is

the carry in (output), and Si is the i™ bit of the sum.
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Based on this equation, the output signals in the i"" bit
position relay on the i™ bits of the inputs A and B and the
carry out of the previous position (Ci ). By moving the
term Ci (Ci + 1)to the left (right) of the equation, one can
write as

Si—C =A+Bi—2Cj+1.....cooo @)

Considering equation (2), one canthink of afull adderasa
design whose operation depends on thecarry out of the (i
+ 1)nth bit position (Ci + 1)and its input operand bits.
For this structure, the sum and the carry signals having the
equal weights are the outputs .

From the above discussion, we suggest a family of full adders
for the RCPFA shown in Fig.

3. Asshown in Fig. 2, these full adders have four inputs
and 3 outputs. The inputs are the input operands (Ai and Bi),
the carry out of the next bit position (Ci+1), and a forecast
signal (Fi). The RCPFA determines the carry (Ci),
summation result (Si), and the forecast signal (Fi+1) as its
output signals. As mentioned earlier, the advantage by using
the RCPA is that the value of the error is in the direction with
respect to decrease in the bit significance. This shows that
the cumulative impact factor of the error (e.qg., because of the
delay variation) during the carry propagation is lower for bits
with higher significances.
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Fig.2 n-bit RCPA.

To determine a structure for RCPFA, the Karnaugh maps of
the summation result (S;) and carry (C;) were drawn based on
(2) and considering the forecast signal (F;) as an input (Fig.
3) The Boolean equation between inputs gives rise to Si and
Ci

Si = CinFi+ CiiiAi + CiuiBi + AiBiFi (3)

Ci=CinFi+ Cit Ai + CiuBi + AiBiFi. (4)

Cx-lrl Cx IF|
Si [00 01 11 10 C. 100 01 11 10
00 T 0 0 00[0 <1 /B 1
F O[T 71 0 0 A0 0 071, 1
<11|@ &P o <11{0 0i1] 0
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Fig.3 Karnaugh maps for signals Si and Ci of the general form
of RCPFA.
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Based on our design requirement we use 3 types of reverse

carry propagate adders the designs of those adders is shown
below. By using these proposed adders we can implement 3
types of reverse propagate adders and are it is used in the
place of approximate adders which is shown on figure 1.

(b)

(©)

Fig.4 Internal structures of the (a) RCPFA-D1, (b)
RCPFA-D2, (c) RCPFA-D3

The block diagram of an n-bit adder which is designed with
the help of reverse carry propagate adder is shown in below
figure

As mentioned before, the weight of the carry decreases as the
carry propagates in a counter-flow manner.

Joining Approximate Part
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Fig.5 Architecture of an n-bit adder with RCPA This property
helps having less vulnerability to the delay variation (due to
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process and supply voltage variations) impact for this adder
when compared to other proposed approximate FAs. This is
especially advantageous in the case of hybrid adders with large
sizes for the approximate part which determines the critical
path of the adder. The proposed RCPFAs may be used in
hybrid adders whose general n-bit structure based on the
RCPFAs is depicted in Fig. 8. Obviously, the design
parameters of the adder relay on the width part of the
approximate adder.

PROPOSED METHOD

Here we will propose a new adder It is called as hybrid n-bit
two n/2 bit adders are combined to generate an adder with an
output of the same number of bits. We will employ a PASTA
adder, a parallel self-timed adder, in order to increase delay
performance. Carry, or how quickly the adder reaches each bit
position, affects the delay in an adder. As a result, the carry
chain is the most complex part of the design of binary
addition. The carry chain's latency and length rise in tandem
with the incoming operand's increase in breadth. Parallel
prefix adders may be used to increase speed and reduce
latency.

Until all of the carry bits are calculated, simultaneous prefix
adders compute a limited number of intermediate prefixes and
then locate the big group prefixes. Operands A and B are
added in three phases to a parallel prefix addition of width n:

1. Pre Processing
2. Carry Generation

3. Post processing

1. Pre-processing stage:

In first stage process we compute, The generate signals and
propagate signals are utilized such that carry in of each adder
is generated. A and B are inputs.

It is one of the most extensively used and popular adders. This
adder is used to conduct addition operations at a high rate of
performance. Parallel prefix adders are a subset of this kind.
PASTA adders are less expensive, but they also simplify
wiring. It's like a tree structure that does the math. The Pasta
adder has both grey and black cells. ' There will be one OR
gate and two AND gates in every black cell. There is only one
AND gate in every grey cell. A single AND gate and an OR
gate are used to create the signal gi. Pi stands for propagate
and just one AND gate is required. The term “carry generate"
refers to the employment of one AND gate and one OR gate in
the first black cell of the equation. This information may be
seen in the equations 5 and 6.

Pi=Ai XorBi...... (5)
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Gi=Ai.Bi...... (6)

Fig.6 Block Diagram of Parallel prefix addition.

2. Carry generation stage:

We'll get the carries for every bit in this generating step. A parallel
mode of execution is used. Carry computations in parallel are
broken down into a number of smaller components. Two AND
gates and one OR gate are included in the carry operator. Figures
7 and 8 show that the intermediate signals are propagate (Pi) and
create (Gi).

P = P - Pt -+ -+ @
G = Gy + (Ggaw* Pip) -+ -+ 8)

This carry can generated by using different cell structures such
as Gray cell, Black cell and Buffer cell. By use of this cell
structures we will be able to calculate final carry and is similar
for all parallel prefix adders but the design of carry generation
is different.

Black Cef Gray Cat Bufter

Fig.7 Black Cells, Gray Cells and Buffer cell used for carry
generation stage.
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Fig.8 Architecture of PASTA adder

3. Post Processing:

The sum is generated either by the use of simple XOR gates
or by the use of conditional sum adders. In conditional sum
adders, for each bit position, It generates two tentative sums
and the correct one will be selected when the relevant carry
for that bit arrives.

Proposed Adder architecture is shown in below figure:

n-bir Addition
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Fig.9 Modified Hybrid adder Architecture.

RESULT

By implementing the adder by using two sub adders like
PASTA adder and reverse carry propagate adder we can have
better in terms of delay and energy. Here in this paper we
present 32- bit adders with the design of reverse carry
propagate adders. The results are presented in the below table

S.No 32 bit adder Existing Proposed
Method Method
1 Area 95 112
2 Delay 21.765 15.296
3 power 5.521 4.485
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Fig.11. Synthesis Report

CONCLUSION

Using two different kinds of adders, we were able to create an
n-bit adder with a hybrid architecture. It is more important to
employ approximation in addition's lower half since it is less
significant than addition's upper half, where it is more crucial. The
pasta adder we utilised in this project is a parallel prefix adder, and
the RCPA we built in this work is the approximation adder. We
can save energy and improve latency by using this design.
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