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Abstract— In this project, high speed, power efficient adder was designed at the cost of accuracy. The proposed
design fixes the LSP of the implementation which will truncate half of the adder area and there by reduces the
power consumption along with that the propagation delay can be minimized to half of it and further can be
optimized by inner stage input-output pipelining to the adder to increase its speed. The MSP utilizes the accurate
computation utilizes LUT's as resources and reduces the parameters by slightly increasing the error of
approximate adders. Compared to the existing LEADx and APEx now our suggested adder is efficient in
parameters and the design and simulation and effectiveness of the proposed method is synthesized using Xilinx
Vivado.
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1. Introduction

"In applications where errors can be accommodated, such as video encoding, approximate computing serves as a
design approach that exchanges accuracy for enhancements in speed, compactness, and energy efficiency."
FPGAs, despite their flexibility, consume more power than ASICs, making them a target for energy-efficient
computing. Due to the demise of Moore's law, approximate computing is gaining popularity and has the potential
to improve FPGA performance. This approach involves trading accuracy for gains in critical path delay, area,
power, and energy consumption. Many applications, including image and video processing, are naturally error-
tolerant. Approximation techniques can be applied at various levels, from hardware (voltage over-scaling,
functional approximation) to software (loop perforation, function approximation). However, direct application of
ASIC-based approximation principles to FPGAs doesn't work due to architectural differences.
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Figurel: Generalized approximate adder
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FPGAs are commonly used for digital signal processing (DSP) tasks, where slight numerical imprecision is
acceptable. Approximation may be used throughout the board, from the logic to the architecture to the algorithm,
to maximise power efficiency. For instance, using approximate hardware for computationally intensive blocks in
image and video compression can substantially reduce power consumption without significant quality loss. There
are various approximate circuits, including adders, which are fundamental in digital hardware. Approximate
adders are categorized into segmented, speculative, and full-adder based types. Most existing designs are tailored
for ASICs and may not perform as well on FPGAs due to different logic implementation methods. FPGAs rely
on lookup tables (LUTS) for logic functions, unlike ASICs that use logic gates. FPGA-specific approximate adder
designs are relatively scarce, but they hold promise for improving efficiency and accuracy. In this paper, a
methodology is proposed to enhance FPGA-based approximate adders by leveraging unused LUT inputs. LEADX
and APEx are two new approximation adders designed for use with FPGAs. When compared to other
approximation adders, LEADX provides superior video encoding quality by reducing mean square error (MSE).
APEX, while having a slightly higher MSE than LEADX, outperforms existing designs in terms of area, power
consumption, and quality.

2. Proposed Method

In the proposed method, approximate full adders based on FPGA LUT’s has been proposed. Two designs are
proposed one establishes a tradeoff between power and accuracy and the other on area and accuracy. The n-digit
viper design found in Fig. is used as the basis for the suggested design process. The generalized approximation
adder separates n-bit addition into LSP and MSP implementations, each of which is n-bits accurate or about so.

If the carry chain is broken at location m, the final total will often be off by a factor of 2m. Anticipating the carry-
in to the MSP (CMSP)all the more unequivocally and changing the rationale capability of LSP to make up for the
misstep are the two methods for bringing down the mistake rate and blunder size. Any k-bit input pairs from the
approximation portion, where k m, may be used to estimate the carry to the correct section. k = 1 is used by the
vast majority of current approximation adders.

Each 6-input LUT in an FPGA version of a precise adder contributes just two inputs and one output. We suggest
using the first MSP LUT's extra four inputs for CMSP prediction, which are currently underutilized. As a result,
we suggest combining the LSP and MSP for carry prediction by sharing the two most important bits of each input.
The error rate in forecasting CMSP may be decreased by sharing more of the LSP with the MSP. However, this
will cause the estimated adder's area and delay to grow.

Obijective: investigate how changing the value of k affects the performance and accuracy of an approximation
adder implemented on a field-programmable gate array (FPGA). For k > 2, there is a little reduction in the error
rate, but it comes at the expense of more space and more time. For k 2, on the other hand, there is a little reduction
in latency but a substantial rise in mistake rate. Because of the trade-off between accuracy and performance in
approximation adders for FPGAs, we recommend setting k = 2.

While utilizing the recommended estimate adders, on the off chance that a convey happens at bit position m 1, or
on the other hand assuming a convey happens at bit position m 2 and is engendered at bit position m 1, the convey
is shipped off the MSP. Gi and Pi are the signs made and spread at the ith bit position, individually, and (4)
portrays the CMSP. In Fig. below, you can see the general layout of the approximation adders we suggest.
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Figure4: Proposed approximate adder
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The CMSP is predicted using the two most significant bits (MSBs) of the LSP, with the total bits for each being
calculated using AAd1. AAd1 is appropriate only when a reliable prediction can be made for the Cout of 2-bit

inputs. Predicting Cout with high accuracy requires either more manpower or the utilization of spare LUT inputs.
Accordingly, the most un-critical m 2 pieces of the LSP are avoided with regard to AAd1 while planning region
proficient guess adders for FPGAs. Utilizing the design displayed in Fig, we propose two approximation adders
with n bits of precision.

The principal m 2 pieces of the LSP are approximated involving two unmistakable capabilities in the two proposed n-
bit guess adders. Modern FPGAs make use of LUTs with six inputs. Two 5-input tasks might be executed
utilizing these LUTS. The presentation of a LUT-based arrangement is unaffected by the intricacy of the executed
rationale capability. Two-bit adders take in five inputs and spit out two results. This means that an approximate
2-bit adder may be built using a LUT.

We propose the partitioning of the initial m/2 bits of LSP into d(m/2)e groups of 2-bit inputs, and each group is
associated with a single LUT to achieve a more space-efficient FPGA implementation. Within each subset, we
employ an approximate 2-bit adder (AAd2) to combine two 2-bit inputs along with a carry-in. Our approach to
eliminate the carry chain within LSP involves setting the Cout of the ith group equal to one of the ith group's
inputs (Ai+1). In 8 out of 32 scenarios, this results in an error, which exhibits an absolute error magnitude of 4.
We suggest the following method for computing the Si and Si+1 output bits, which should result in a less
inaccuracy:

. Standard 2-bit addition guarantees accuracy if the Cout prediction is right, and so do the summed
outputs.

. If the predicted value of Cout is 0, meaning an inaccurate prediction was made, both sum outputs will
beset to 1..

In the case when an inaccurate prediction of Cout results in a value of 1 for that variable, both sum outputs are
zeroed out.

The absolute size of the mistake has been reduced from 4 to 2 in two situations and from 6 to 1 in the remaining
six. The resultant AAd2 truth table is shown in Table. Red indicates an erroneous condition. The mistake probability
of AAd2 is 0.25 as it gives a wrong answer in 8 out of 32 tests.
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Figure2: AAd1 Tablel: AAd2

3. LEADX

LEADX is an innovative FPGA-specific approximate adder designed to optimize computational efficiency while
maintaining reasonable accuracy. It stands out by minimizing the mean square error (MSE), a measure of the
discrepancy between approximate and accurate computation results. LEADX has been engineered to excel in video
encoding applications, where maintaining a certain level of quality is crucial for a good user experience. Through
a carefully crafted methodology that takes advantage of FPGA resources, including unused LUT (lookup table)
inputs, LEADXx achieves a balance between computational speed and output quality, making it a valuable
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contribution to the field of approximate computing for FPGA-based systems. Its ability to reduce error while

optimizing FPGA resources positions LEADX as a promising solution for energy-efficient and high-performance
digital hardware implementations in applications where approximation is acceptable.
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Figure2: LEADXx
4, APEX

APEX, another FPGA-specific approximate adder, is engineered with a focus on achieving efficient area and power
consumption while maintaining acceptable levels of accuracy. Although it may exhibit a slightly higher mean
square error (MSE) compared to LEADx, APEx has demonstrated superior performance when compared to existing
approximate adder designs. It manages to strike a balance between computational efficiency and output quality,
making it a compelling choice for FPGA-based systems, especially in scenarios where minimizing area and power
consumption are critical concerns. APEX's ability to outperform other approximate adders in terms of area, power,
and error rates positions it as a valuable solution for enhancing energy efficiency and computational performance
in FPGA-based applications, such as digital signal processing and multimedia processing.
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Figure3: APEx
To "pipeline” is to accumulate processor instructions in a pipeline. The system provides a methodical place for
storing and running programmers. You may recognize this as "pipeline processing™ as well. In systems with no
feedback loops, increasing concurrency may be as simple as using pipelining. The term "pipelining" refers to a
method of processing where numerous instructions run simultaneously. The stages of a pipeline are joined to one
another to produce the pipe's overall shape. The directions enter at one end and leave at the other. As a result of
pipelining, more lessons may be taught per unit of time.

5. Proposed power efficient adder

When an instruction stream from a processor is accumulated in a pipeline, it may be executed in one continuous
operation. Instructions may be stored and run sequentially. In other words, it's a kind of pipeline processing.
Concurrency in feedback-free systems may be easily increased via the use of pipelining. With the use of
pipelining, many instructions may be executed simultaneously. Pipelines are constructed from a series of
interconnected stages, thus the name. From one end, instructions are given and then emitted. Pipelining increases
the rate at which instructions may be processed.

Each leg of the pipeline system is made up of an input register and a combinational circuit. Combinatorial circuits
operate on data stored in the register. The combinational circuit's output is connected to the next segment's input
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register. When latches are strategically placed at feed-forward points in a pipeline, the critical path length may be

decreased. In order to maximize the system's efficiency, this decrease should be used to its full potential.
Pipelining, in other terms, is a technique whereby a topology (with no feedback loops) is converted into a form
more suited to a high-speed application when the original topology is inadequate for that purpose. The input-
output delay, also known as system latency, is increased by latches, while the critical path is shortened thanks to
pipelining.

After applying pipelining to the proposed power efficient adder, the circuit can be a shown as below figure
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Fig4: Proposed power efficient adder

. In this approach, ignored to reduce area, delay and power compared to leadx and apex by considering
constant “1” at the LSB side and computing accurate addition at the MSB part. This leads to high error than
LEADx and Apex but results in reduction of power

. "In each section of a pipeline system, a combinational circuit comes after an input register. “The
combinational circuit stores data in the register and processes it later. A combinational circuit's output issent into
the first register of the subsequent sub-section.

. Putting latches in the right feed-forward positions is one way in which pipelining might shorten the
critical path. This decrease may be used to run the system more quickly.

6. Results
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egister transfer level is a level of abstraction in digital circuit design. RTL schematic describes the logical

Figure5:RTL schematic
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operation of a digital circuit at the level of individual registers and the data transfers between them. It depicts the
movement of data between registers and the logical operations that are carried out on that data. RTL schematics
are crucial in designing and understanding the functionality of digital circuits. They are used to specify the
behavior of digital system before they are synthesized into hardware components.
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Figure6: Technology schematic

A technology schematic typically refers to a diagram representation that outlines the physical layout and
connections of components with in a specific technology or a system.

These technology schematics are essential tools for engineers, designers and technicians

To understand , plan and troubleshooting complex technological systems. Here there is brief overview key
elements and uses of technology schematic. They are components, connections, functionality, power supply, ,
documentation ,signal flow, troubleshooting, design and development, education, integration.

7. SIMULATION RESULTS
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Tablel: 1/O Table

Name value
clock 1
Reset 0
A 17985
B 4660
Cin 1
Sum[15:0] 22527
Cout 0
Table2: Area
Resource Utilization Available Utlization %
LUT 10 20800 0.05
FF H 41600 007
0 40 108 14
Max Delay Paths
Slack: inf
Source: b reg(6]/C
(rising edge-trigoered cell FORE)
Destination: cout_reg/D
Path Group: (none)
Path Type: Max at Slow Process Corner
Data Path Delay: 4.067Ts (logic 1.235ns (30.3¢6%) route 2.832ns (69.634%))
Logic Levels: ¢ (FDRE=1 LUTS=4 LUTe=l)
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Power estimation from Synthesized netlist. Activity
derived from constraints files, simulation files or
vectorless analysis. Mote: these early estimates can

change after implementation.

Total On-Chip Power:
Design Power Budget:
Power Budget Margin:

Junction Temperature:

6.262 W

Mot Specified
MIA

56.3°C

Table2: Evaluation table

Area Power Delay
LEADXx 14 10.272 7.562
IAPEX 11 7.543 7.562
Proposed 10 6.262 4.067

8. Conclusion

This work proposes low-delay, power-efficient approximate adders for FPGAs, where approximation is performed
only in the LSP using constant value assignment to bits while the MSP maintains accuracy. When compared to
LEADx adder solutions, the size and power efficiency of the constant bit approximation adder are much higher.
The second technique to approximate adder, in addition to addition assigning constant bit to LSPs, pipelining has
reduced delay than the leadx and apex adders. It uses less power and has less of a delay than other approximation
adders do now. Because of their great efficiency and low latency, the suggested approximation adders are well-
suited for usage in FPGA implementations of error-tolerant applications.
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