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ABSTRACT: Multipliers are among the most critical arithmetic functional units in many applications, and those
applications commonly require many multiplications which result in significant power consumption. For applications
that have error tolerance, employing an approximate multiplier is an emerging method to reduce critical path delay and
power consumption. An approximate multiplier can trade off accuracy for lower energy and higher performance. In
this paper, we not only propose an approximate 4-2 compressor with high accuracy, but also an adjustable approximate
multiplier that can dynamically truncate partial products to achieve variable accuracy requirements. In addition, we
also propose a multiplier and accumulation (MAC)unit. The proposed MAC using approximate multiplier can adjust
the accuracy and power required for multiplications at run-time based on the users’ requirement.

Keywords: Approximate, Lower energy, Higher performance, Multiplier and Accumulator (MAC) unit, 4-2
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I. Introduction:

Multipliers are among the most critical arithmetic functional units in many applications, such as digital signal
processing (DSP), computer vision, multimedia processing, image recognition, and artificial intelligence. Those
applications commonly need numerous multiplications that result in huge power consumption. The high-power
consumption is a challenge for implementing those applications, especially on mobile devices. Therefore, many studies
have proposed techniques to reduce the power consumption of multiplier circuits. One solution to reduce the power
consumption of a multiplier is to approximate multiplication if the targeted applications allow error tolerance, or in
other words, if they are related to human senses. Due to the human sensory limitations, such as limited viewing
spectrum and hearing range, the accurate computing results are not necessary.

II. Literature Survey

A.G. M. Strollo et al. proposed approximate 4—2 compressors for low-power multipliers, highlighting Recursive
Multipliers (RMs) as energy-efficient designs with configurable power—accuracy trade-offs. This work explores
approximate recursive multipliers using 2x2 building blocks, addressing an open research problem. Two novel 2x2
approximate multipliers are introduced, achieving 52% area reduction and 25% delay improvement with bounded
error. Using these, three 8x8 multipliers are designed with varying accuracy levels. The proposed designs show
significant improvements in MRED and power-delay product compared to existing methods. When applied to
convolutional neural networks, the designs demonstrate up to 32.64% power savings with improved classification
accuracy.

III. Proposed System

Even though the input width of the multiplier is designed to be 8-bit, the proposed technique can still be extended to
larger multipliers. The proposed approximate multiplier contains three stages. In the first stage, each partial product is
generated by two 2-input AND gates as shown previously in FIGURE 5 with the gate sharing technique applied to further
reduce hardware costs. Depending on the requirements, the accuracy of the generated partial product can be determined
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based on the Trunc signal. In our proposed approximate multiplier, to make the control more efficient as well as to
reduce the hardware costs, we design a 4-bit Trunc signal with each bit to control more than one partial product
column, which we call ‘‘3-4-4-4 partition’’, specifically, each bit from MSB to LSB to control column 14th~12th,
11th ~8th, 7th~4th and 3rd ~O0th respectively, corresponding to the color of khaki, sky blue, green and black in Stage 2
in FIGURE 7. For example, if the Trunc (3—0) is 01012, column 14th

~12th and 7th ~4th are accurate, and column 11th ~8th and 3rd ~O0th are truncated.

IV. Design Methodology

The Multiply—Accumulate (MAC) unit is a fundamental component in many Digital Signal Processing (DSP)
applications, enabling efficient execution of operations such as convolution, filtering, and inner products. Advanced
DSP algorithms, including Discrete Cosine Transform (DCT) and Discrete Wavelet Transform (DWT), rely heavily on
repeated multiplication and addition operations; hence, overall system performance is largely determined by the speed
of these arithmetic computations.

The MAC unit enhances signal processing capabilities in microcontrollers for applications such as audio and servo
control. It typically employs a 3-stage pipelined architecture optimized for high-speed multiplication. The unit supports
signed and unsigned integer operations, as well as signed fixed-point fractional computations.

A typical MAC architecture consists of a multiplier, adder, and accumulator register. Input data is fetched from
memory, processed through the multiplier, and accumulated via the adder, with results stored back in memory. For
high-performance DSP systems, this entire operation is ideally completed within a single clock cycle.

In this work, an approximate multiplier is utilized within a 16-bit MAC architecture to improve computational
efficiency. The 16-bit inputs are sourced from memory, multiplied, and the resulting product is accumulated to
produce the final output.

The MAC unit function is represented by the following equation:

F= ) RO,

V. Tools and Technologies Used

. Verilog HDL

. Xilinx Vivado

. FPGA-based simulation environment
. VLSI design methodology

Xilinx software is used by the VHDL/VERILOG designers for performing Synthesis operation. Any simulated code
can be synthesized and configured on FPGA. Synthesis is the transformation of HDL code into gate level net list. It is
an integral part of current design flows.

VI. Implementation

This work proposes a high-accuracy, low-power approximate 4-2 compressor with optimized carry and sum
generation. Since carry errors contribute higher error distance, the carry is designed to be always accurate using shared
intermediate signals. The sum is approximated using simplified logic, reducing area and power while maintaining
bounded error. The design introduces minimal error (only when all inputs are 1) with an error distance of 1, making it
negligible for practical applications.
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An area-efficient implementation further reduces complexity by reusing intermediate signals and employing a MUX-
based approach. Additionally, a dynamic input truncation technique is proposed to enable runtime control of accuracy
and power by selectively truncating partial products, thereby lowering hardware activity and energy consumption.

The proposed design achieves significant improvements in area, delay, and power compared to exact compressors.
Integrated into an 8x8 multiplier and pipelined MAC architecture, it delivers high throughput and efficiency, making it
suitable for error-tolerant applications such as image processing and neural networks.

VII. Results

RTL Schematic

The HDL language is used to convert the description or summery of the architecture to the working summery by use of
the coding language i.e Verilog, VHDL. The RTL schematic even specifies the internal connection blocks for better
analyzing. The figure represented below shows the RTL schematic diagram of the designed architecture.

Fig. RTL Schematic of MAC using approximate multiplier

The technology schematic makes the representation of the architecture in the LUT format, where the LUT is consider
as the parameter o area that is used in VLSI to estimate the architecture design. The LUT is consider as an square unit
the memory allocation of the code is represented in there LUTs in FPGA.
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Fig. View Technology schematic of approximate multiplier

Fig. View Technology schematic of MAC using approximate multiplier

Simulation

The simulation is the process which is termed as the final verification in respect to its working where as the schematic
is the verification of the connections and blocks. The simulation window is launched as shifting from implantation to
the simulation on the home screen of the tool, and the simulation window confines the output in the form of the wave
forms. Here it has the flexibility of providing the different radix number systems.
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Fig. Simulation wave forms of MAC using approximate multiplier

VIII. Conclusion

This project presents MAC unit using approximate multiplier with novel approach of approximate 4:2 compressor
architectures. In this paper, we not only propose an approximate 4-2 compressor with high accuracy, but also an
adjustable approximate multiplier that can dynamically truncate partial products to achieve variable accuracy
requirements. In addition, we also propose a multiplier and accumulation (MAC)unit. The proposed MAC using
approximate multiplier can adjust the accuracy and power required for multiplications at run-time based on the users’
requirement. Basically, it is quite challenging to design an approximate multiplier with absolute benefit, and the
optimal answer is typically the one that best suits the target application.
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