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ABSTRACT

Fast adders are utilized to cater for computationally intensive operations, and until recently, researchers
have focused on optimizing the logic used in carry propagation. In the present study, a new methodology of
implementation deploying the left-to-right Vedic addition method is proposed. The proposed methodology
and the developed architecture add the number from the Most Significant Bit (MSB), where the carry
generation is minimal, and reduce the complexity involved in the binary addition to optimize the area
delay and power delay of the binary adder. The proposed left-to-right adder has been implemented for bit
sizes of 8, 16, and 32. The synthesis results show that it outperforms existing adder techniques in terms of
power-delay and area-delay products. The results indicate that the 32-bit left-to-right adder achieves an
average reduction of 8% in the power-delay product and 23% in the area-delay product compared to

current fast adders.
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I.  INTRODUCTION

The adder is the basic arithmetic component in any
computing machine. When designing a modern fast processor
or when analyzing any multimedia content using any machine
learning or pattern recognition algorithm, computations need to
be performed at a higher rate. The algorithms used to analyze
the multimedia content are computationally intensive, and most
are iterative in nature. In most computing systems, the adder
determines the critical path, and thus has a significant impact
on the overall speed of the processing engine. In addition, due
to their high switching activity, adders tend to become thermal
hotspots in high-performance computing engines. Improving
the performance of the basic adder element would lead to an
overall improvement in the efficiency of the computing system.
As a result, the adder design has become a focal point for
researchers, leading to the development of various adder
architectures tailored to meet the specific requirements of the
computing systems, such as low power consumption and high
speed.

In order to meet the different requirements of computing
systems, various adders have been designed in the literature.
The Ripple Carry Adder (RCA) is the basic binary adder,

which is designed using multiple full adders. The main issue
with using an RCA is its time complexity. In an RCA, the last
full adder must wait for the carry to be generated, making the
carry chain a significant problem in the binary adder circuits.
As the number of input bits increases, the carry chain grows,
causing propagation delay, and therefore speed reduction. This
delay can be overcome by using carry select adders. The
approach used in carry select adders is based on the principle
that the carry generated at the end of each block can be either
"1" or "0". To address this, the circuit is duplicated, with each
full adder receiving both potential carry values. In terms of the
area, an RCA is more efficient than a carry select adder.
However, in terms of the propagation delay, the carry select
adder is more efficient, with a delay that is half of that of the
RCA. A review of the RCA and the carry select adder, focusing
on the structural design and performance parameters is
presented in [1]. Furthermore, the complexity of the RCA is
minimized in [2] using quantum-dot cellular automata to
reduce the power consumption and delay. A carry select adder
with a multiplexer is also proposed in [3] to increase the
computational speed in computationally intensive applications.
In addition, authors in [4] designed a 32-bit carry select adder
using a hybrid Carry-Lookahead Adder (CLA) to improve the
computational efficiency. Authors in [5] proposed carry skip
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adders to reduce the delay of RCAs. For even faster addition,
parallel prefix adders are used because they effectively manage
carry propagation. Unlike RCAs, which process each bit
sequentially and suffer from carry propagation delay, parallel
prefix adders compute multiple carry operations in parallel
employing a more advanced method. This approach involves
logic functions that determine whether the carry is generated or
propagated through recursive equations. Various optimizations
in the logic have led to different versions of parallel prefix
adders, such as the Kogge-Stone adder [6], the Brent-Kung
adder [2], Lee's adder [7, 8], and Jackson's adder [9]. Modulo
adders are proposed in [10] to further optimize the speed of the
parallel prefix adders and improve the computational efficiency
in DSP applications [10]. Recently, the need for fast
multimedia data processing in portable devices has prompted
the adoption of approximate computing, where minor errors are
acceptable due to human perceptual limitations [11]. As a
result, various approximate adders have been developed to
enable faster addition by reducing the length of the carry
propagation chain. The performance tradeoffs of these
specialized adders are analyzed in [12].

To further increase the speed of computation, various VLSI
architectures have been introduced deploying the existing
techniques for addition. Authors in [13] proposed an area
efficient VLSI architecture for a three-operand binary adder
and the authors in [14] optimized a three-operand binary adder
architecture for area efficiency. Furthermore, authors in [15]
optimized the architecture of a carry select adder to address the
power-delay tradeoff and authors in [16] introduced block size
optimization in carry select adders to improve efficiency. A
square root carry select adder was proposed in [17] to increase
the performance speed of the booth multiplier. Apart from
changing the architectures of an adder, the performance of the
adder is increased by introducing a new full adder cell [18, 19]
to address the need for power performance in portable devices.
Thus, the performance of computing systems is optimized by
either new adder algorithms or new adder architectures.

This paper introduces a new binary adder architecture
inspired by the principles of Vedic mathematics and mental
addition techniques. The proposed method carries out the
addition from the left, reducing the number of carry
generations, and performs addition using only half adders and
XOR gates. Unlike the existing adder designs that focus
primarily on speeding up carry propagation and optimizing
carry logic, the proposed architecture breaks the conventional
rule of starting the addition from the Least Significant Bit
(LSB) by starting from the MSB. The introduced architecture
has been implemented with 8-, 16-, and 32-bit adders, and its
performance is compared with other adders, such as the CLA,
the Carry-Save Adder (CSA), and the Kogge-Stone parallel
prefix adder. The results demonstrate that the proposed design
and implementation outperform these traditional adders in
terms of power efficiency and delay. In summary, the key
contributions of the present article are:

e It proposes an innovative adder architecture based on a left-
to-right mental math technique that minimizes the carry
generation.

e The proposed addition method provides faster computation
with lower power consumption, making it suitable for
applications requiring fast, low-power processing.

II. METHODOLOGY

The addition process is taught to us by adding the numbers
from one's place and if the addition results in carry, then the
carry should be added to the ten's place and the addition
continues in a similar manner. This type of addition is also
carried in binary addition, causing a delay in computing the
result due to carry propagation. As described in the previous
section, many adder techniques have been proposed in the
literature to compute the results faster and to avoid carry
propagation. In Vedic and mental mathematics, the addition is
carried out from the most significant digit to speed up the
addition and avoid the carry propagation. The method is
explained with an example. Consider the addition of two
numbers 78 and 45. In the normal addition process, the addition
starts by adding 8 and 5, which gives 13, and generates a carry
of 1 on the tens, which must be added to 7 and 4 to give 123.
Instead, the addition can be carried from the most significant
digits 7 and 4, which gives 11. The addition continues by
adding the two least significant digits to get 13. Now this
answer is shifted to the right and added to 11 to get the same
answer, 123, without the carry generation, as illustrated in
Figure 1.

Exl 78+45=>7+44=11=> 11 ExX 99+99 ==940=18=> 18
B+5=13 + 13 S+9=18 + 18

Ex3: 246+389 =» 2+3=05 =» 05 Ex& 4854+ 8568 =+ 4+8=12 == 1

R

a8=12 + 12 845513 + 13
6+9=15 15 5+6=11 11
————————————— 449=13 13
o63s | | e
13423
Fig. 1. Tlustration of left-to-right addition.

As can be seen in Figure 1, carry is not generated in any of
the additions. However, carry can be generated if and only if
the sum of the higher-order digits is equal to 9 and the sum of
the lower-order digits is greater than 10, for the decimal
system. In general, carry can be generated if the sum of the
higher-order digits is equal to 'base-1' and the sum of the lower-
order digits is greater than the 'base’, as depicted in Figure 2.

Exl: 79+28 =»7+2=08=> 09
9+8 =17 + 17

Carry is generated when adding Sand 1 in
10's position and lower order sum is greater
than 10

Ex2: 2464359 =» 243=D5=> 05
4+5=09 + 09
B+9=15 15
0605
Carry is generated when adding 9and 1in
10's position and lower order sum is greater
than 10

Fig. 2.

Tllustration of left-to-right addition when a carry is generated.

The same principle can be also applied to the binary

addition, as shown in Figure 3. The addition process for binary
numbers is the same as that for decimal numbers, and as seen,
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the carry is generated if and only if the higher-order digit sum
is equal to 1 and the lower-order digit sum is greater than or
equal to the base which is 2 for the binary system. As observed,
out of the 16 additions, carry is generated only for two cases
when adding "01" with "11" and vice versa, as highlighted in
orange in Figure 3.

Addition of “00" with rest all 2 bit inputs

00+00==00
+ 00

00+01=>00
+ 01

00+10=>00
+ 10

00+11 =00
+ 11

ooo0 001 010 011

Addition of “01" with rest all 2 bit inputs

01+00==00
+ 01

01+01=>00
+ 10

01+10=>01
+ 01

001 010 011

Addition of “10" with rest all 2 bit inputs

10+00 =01
+ 00

10+01=>01
+ 01

10+10=>10
+ 00

10+11 =10
+ 01

010 011 i00 101

Addition of “11" with rest all 2 bit inputs

11+00=-01
+ 01

11+10=>10
+ 01

11+11 =10
+ 10

011 101 110

Fig. 3. Tllustration of left-to-right addition for the binary system.

The algorithm used to develop the architecture for the left-
to-right addition is:

Stepl: Read two n-bit numbers A and B
represented as:
A=A, 1AL, ... A3AAA
B=B,_,B,_,..B3B;B;B,

Step2: Add the corresponding bits A; and B;
to obtain the sum §; and the curry (.
Step3: Add §; to Ci_;, which performs MSB
to LSB addition to produce the
intermediate sum IS, and the carry ICy.
Step4: Add the previous carry Cp_; to the
current sum S, to produce the final
output.

Consider the 4-bit binary numbers A = A;A;A;A, and
B = B3;B,B;B;,, which are added to produce a 4-bit sum
S = S3S,5,S, with a carry out C,;. To start with the addition
process, add the corresponding bits A3 to Bs, A, to B,, A; to
B;, and A, to B, simultaneously to produce the corresponding
sums and carries. The addition of the sums and carries should
be done from MSB to LSB in the left-to-right addition. Thus,
S; is added to C,, S, is added to Cq, S, is added to C,y. The sum
bit Sy and the last carry out C; are forwarded as they are. The
addition result is correct if and only if no carry is generated. If
the carry is generated, as portrayed in Figure 3, then the result
must be corrected.

II. PROPOSED ARCHITECTURE

The proposed architecture of left-to-right addition using 8-
bit addition is displayed in Figure 4. The addition process
requires the addition of only two bits at a time, so only a Half
Adder (HA) is used to design the architecture. The addition is
carried out in two stages. The first stage, called the
intermediate stage, generates the sum and the intermediate
carry. The second stage, called the correction stage, is the
correction of the sum generated in the first stage. If the two
inputs of the 8-bit addition are A = A;AgAsALA3AA A and
B = B,B¢B;B,B;B,B;B, , the first step is to add the
corresponding bits A; and B;. Thus, A, is added to B, Ag is
added to B¢, and so on. Since only two bits A; and B; are
added, a HA is used to produce the corresponding sum S; and
carry C;. This addition is shown in the first row of Figure 4.

The next step in the left-to-right addition is to add the
numbers from the most significant digit, where the MSB sum is
added with the carry of the 'MSB-1' bit to produce the addition
result. Thus, S, is added to C4, Sg is added to C; and the
process continues to add the final sum bit S; to C; .
Furthermore, the last carry C, and the first sum bit S, are
passed without change to the next stage. This addition process
is exhibited in the second row of Figure 4. Again, since only
two bits are being added, an HA is used to calculate the
addition result, producing the sum bits IS; and carry bits IC;. If
the carry is not generated as in the case shown in Figure 1, then
the final result is a concatenation of C,, the intermediate sum
IS, to IS, and S,. The above steps of the intermediate stage are
highlighted in white in Figure 4. The carry may be generated in
the left-to-right addition, as illustrated in Figure 3, and must be
taken into account. This correction of the original sum with the
carry is done in the correction stage of the architecture. The
correction stage again adds the MSB sum with the carry of the
'MSB-1'" bit to produce the addition result. Thus, IS, is added to
ICq, IS¢ is added to IC5 and the process continues to add the
last sum bit IS to IC,. The MSB carries from the intermediate
stage are added together to obtain the final carry. The XOR
gate is used in the second row of the correction stage as only
the sum bit is needed.

INTERMEDIATE STAGE
A7 B7 A6 B6 A5 BS A4 B4 A3 B3 A2 B2 Al Bl AD BO

‘ XOR | | XOR | | XOR | | XOR | ‘ XOR | | XOR ‘
‘CORRECTION
STAGE
¢ v v A,
58] s[7] s[6] s[5 s[4] s[@ s[21 sp] o s[o]
Fig. 4. Proposed architecture of 8-bit left-to-right addition.
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An example of the proposed architecture is shown in Figure
5. Consider the addition of the numbers A = 10110111 and
B =11011101, which produce the result 110010100. When
these two numbers are added, a carry is generated for each bit
and therefore, when added using the available techniques, it
takes more time to compute the result as the carry generated
from the LSB has to be propagated to the MSB. As illustrated
in Figure 5, in the addition process of the proposed
architecture, a carry is generated for only 3 additions.

INTERMEDIATE STAGE

CORRECTION
STAGE

1

=
=
=
-
=
-

o 0
[

Fig. 5.
11011101.

Example of the proposed architecture for adding 10110111 and

This novel architecture is inspired by left-to-right mental
mathematics, specifically Vedic mathematics. To the best of
our knowledge, this is the first architecture to adopt a left-to-
right addition approach, which is traditionally used for rapid
mental calculations. In contrast, all previously developed adder
architectures follow the conventional method of starting the
addition from the LSB and propagating the carry to higher
order bits. Previous adder designs have aimed to optimize the
addition architecture by either predicting the generated carry or
pre-computing it using propagate, kill, and generate signals
derived from the inputs. As a result, these architectures
typically involve either increased hardware complexity or
complicated carry propagation mechanisms. In contrast, this
work introduces an entirely different approach to addition by
processing the bits starting from the MSB to minimize carry
generation. This simplifies the implementation of the addition
operation. The proposed adder architecture relies solely on HA
and XOR gates to produce the result without waiting for carry
propagation, using simple logic. The design is both regular,
symmetric and systematic, making it well suited for VLSI chip
implementations. In addition, the architecture's depth remains
constant regardless of the number of bits, allowing it to be
seamlessly applied to n-bit addition.

ime
—I’f‘ sum([32:0]
R al31:0

B bl31:0]

Fig. 6.

IV. RESULTS AND DISCUSSION

The results of the proposed left-to-right adder are evaluated
in three levels. The first level is the verification of the adder by
simulation. The second level is the verification of the proposed
adder architecture with the existing adder techniques in terms
of time, power and area. The third level is the comparison of
our work with the existing ones. The adder is designed for
adding various binary bits using Verilog and the result of the
addition has been verified for a wide range of data. The left-to-
right adder has been simulated using the NC-Sim simulator for
8, 16, and 32 bits, and the simulation results of the 32-bit adder
are shown in Figure 6. Second, the adder is designed using
various techniques and the hardware cost is analyzed. The
architecture is synthesized using the Cadence RTL compiler
with 180 nm technology. The synthesis snapshots for 8-bit and
32-bit adders are shown in Figures 7 and 8, respectively.

The area, power, and time required to perform the addition
operation are compared in Tables I, II, and III, respectively.
The results show that the area occupied by the proposed Vedic
adder is less than the area occupied by the parallel prefix adder,
however, CSA occupies the least area among the adders as the
number of addition bits increases. When comparing power and
time, the proposed left-to-right adder outperforms the other
adders. The proposed Vedic adder has constant time as the
depth of the addition is fixed for all the bits. Also, it computes
the addition in less time compared to the Kogge-Stone parallel
prefix fast adder. Thus, the proposed architecture for the left-
to-right adder performs best when power and time are the
requirements for any embedded application. The area-delay
product and the power-delay product of the proposed adder are
presented in Table I'V and Table V, respectively.

The comparison results disclose that the proposed Vedic
adder has better power-delay and area-delay products
compared to the existing techniques. As seen in Table V, the
proposed left-to-right adder saves 8% power and about 23%
area compared to the fast parallel prefix Kogge-Stone adder.
For further analysis, the proposed left-to-right adder is
compared with existing designs in Table VI. Although it
occupies more area than the existing techniques, the proposed
design is more suitable for applications that require low power
addition operations in a shorter time.

TABLE L. AREA COMPARISON OF VARIOUS ADDERS
Area (umz)
Adder 8-bit 16-bit 32-bit
CLA 1037.837 5575.762 13630.93
CSA 2328.084 2936.589 3339.706
Parallel prefix 997.92 2754.259 4929.345
Proposed adder 951.35 204241 4224.528

Simulation results for 32-bit addition.
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Fig. 7. Synthesis results for 8-bit addition.

Fig. 8. Synthesis results for 32-bit addition.
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TABLE II. POWER COMPARISON OF VARIOUS ADDERS
Power (pW)
Adder 8-bit 16-bit 32-bit
CLA 66496.21 161690 323379.1
CSA 54576.94 118646.3 249163
Parallel prefix 48830.78 162586.9 276343.1
Proposed adder 50461.43 113757.8 238693.5
TABLE III. TIME COMPARISON OF VARIOUS ADDERS
Time (ps)
Adder 8-bit 16-bit 32-bit
CLA 2115 2740 4015
CSA 1735 5511 11087
Parallel prefix 1857 2734 3611
Proposed adder 1150 1150 1150
TABLE IV. PERFORMANCE PARAMETERS OF VARIOUS
ADDERS
Adder Power x Delay Area x Delay
CLA 0.0129 pJ 5472 p
CSA 0.00276 pJ 37.02p
Parallel prefix 0.99 {1 17.79 p
Proposed adder 0.271] p
TABLE V. PERFORMANCE PARAMETERS OF VARIOUS
ADDERS NORMALIZED TO CLA
Saving Saving
Adder Power x Delay (%) Area x Delay (%)
CLA 1 1
CSA 0.21 79 0.68 32
Parallel prefix 0.076 92.4 0.32 68
Proposed adder 0.02 98 0.089 91.91

The comparison results show that the proposed Vedic adder
has better power-delay and area-delay products compared to
the existing techniques. As evidenced in Table V, the proposed
left-to-right adder saves 8% power and about 23% area
compared to the fast parallel prefix Kogge-Stone adder. For
further analysis, the proposed left-to-right adder is compared
with existing designs in Table VI. Although it occupies more
area than the existing techniques, the proposed design is more
suitable for applications that require low power addition
operations in a shorter time.

TABLE VI COMPARISON OF THE PROPOSED 32-BIT ADDER
WITH EXISTING 32-BIT ADDERS
Technology Area Power

Adder used (um?) W) Delay

Modulo ﬁg}r” adder | 90 pm 1308 382 | 464ns
Diminished-1 modulo

(2n+1) adder [11] 60 nm o4 272 )

Jackson valency—4 [9] 180 nm 1091 25.302 1546 ps

Jackson valency-5 [9] 180 nm 1112 25.844 1563 ps

Proposed adder 180 nm 4224.5 0.2387 1150 ps

V. CONCLUSION

The proposed left-to-right adder has been thoroughly
evaluated at three levels: functional verification, hardware
performance analysis, and comparative benchmarking against
existing adder architectures. The results demonstrate that the

proposed design offers significant advantages in specific
metrics, making it highly suitable for embedded and power-
sensitive applications. The functionality of the adder was
verified by simulation for 8-bit, 16-bit, and 32-bit addition
using NC-Sim. The simulation results confirmed accurate
addition across a wide range of input data. Notably, the left-to-
right addition approach effectively reduced carry propagation,
simplifying the addition process. The hardware performance of
the proposed adder was also analyzed. The adder architecture
was synthesized using Cadence RTL compiler with 180 nm
technology. The synthesis results exhibit that the proposed
adder achieves better power efficiency and time performance
compared to conventional adders. The depth of the architecture
remains constant regardless of the bit size, allowing for
scalable and predictable performance.

Tables I, II, and III highlight the key performance metrics,
area, power, and time, for the proposed adder compared to
Carry-Lookahead Adders (CLA), Carry-Save Adders (CSA),
and parallel prefix adders. The results reveal that the proposed
adder occupies slightly more area than CSA, but significantly
less area than parallel prefix adders for all bit sizes. The
proposed adder also reduces the power consumption by 8%
compared to the parallel prefix adder. With a constant delay of
1150 ps for 8-bit, 16-bit, and 32-bit additions, the proposed
adder outperforms other architectures, achieving faster
computation times. Tables IV and V summarize the power-
delay and area-delay product metrics, highlighting the
superiority of the proposed design. For a 32-bit addition:

e Power-delay product: The proposed adder achieves a 98%
saving compared to CLA and a 92.4% saving compared to
parallel prefix adders.

e Area-delay product: The proposed adder achieves a 91.91%
saving compared to CLA and a 68% saving compared to
parallel prefix adders.

As shown in Table VI, the proposed 32-bit adder
demonstrates competitive performance when compared to other
advanced designs, such as Modulo (2n+1) and Jackson valency
adders. While its area usage is higher due to the nature of the
architecture, it excels in power efficiency and achieves
significantly lower delay times, making it ideal for low-power,
high-speed applications. The proposed left-to-right adder
introduces an innovative approach inspired by Vedic
mathematics, leveraging its constant depth and reduced carry
propagation to achieve optimized performance. Its exceptional
power-delay and area-delay characteristics make it an excellent
choice for embedded systems and other computationally
intensive applications where efficiency is paramount. Future
work could explore further refinements in area optimization
and integration with larger-scale systems.

The primary limitation of this architecture is that the adder
produces incorrect results for certain data combinations due to
its fixed depth. Specifically, in a 4-bit adder, errors occur when
the carry propagates beyond three bits, resulting in an output of
exactly 16 in three cases: adding 1 with 15, 3 with 13, and 5
with 11. Among the 135 possible unique additions, three
exhibit errors, yielding an accuracy of 97.7%.

www.etasr.com

Anuradha & Arun Kumar: A Novel and Efficient Left-to-Right Binary Adder Architecture for reduced ...



Engineering, Technology & Applied Science Research

Vol. 15, No. 3, 2025, 22629-22635 22635

A similar issue arises in 8-bit, 16-bit, and 32-bit adders
when the carry propagation exceeds three bits. To accurately
add the results, the correction stage depth can be increased to
(N-1) stages, where N represents the number of bits being
added. Since the correction stage depth is increased, the area
increase is about 30%. Hence future research could focus on
enhancing area and power optimization by integrating Vedic
addition principles with multiplexer based design approach to
accurately compute the addition.
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