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ABSTRACT: Multiply–Accumulate (MAC) units are fundamental building blocks in Digital Signal Processing (DSP) 

systems such as filters, image processing, and communication applications. The performance of DSP systems highly 

depends on the efficiency of the MAC unit in terms of speed, power consumption, and area. In this work, a low-power 

and high-speed MAC architecture is proposed using an optimized 4:2 compressor for efficient partial product 

reduction. The proposed design integrates a compressor-based multiplier with a Carry Lookahead Adder (CLA) for fast 

accumulation. Additionally, a Baugh–Wooley multiplication technique is incorporated to support signed arithmetic 

operations with reduced latency. The architecture is implemented using hardware description language and evaluated 

through simulation. Experimental results demonstrate that the proposed MAC unit achieves reduced propagation delay, 

lower power consumption, and improved performance compared to conventional MAC designs, making it suitable for 

modern DSP applications. 
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I. INTRODUCTION 

 

Digital Signal Processing systems are widely used in communication, audio processing, video processing, image 

processing, biomedical systems, and embedded applications. DSP operations mainly involve multiplication and 

addition operations, which are performed by Multiply-Accumulate (MAC) units. A MAC unit performs multiplication 

of two input numbers and adds the result to the previous accumulated value. Since MAC operations are repeatedly used 

in DSP algorithms such as FIR filters, FFT, and convolution operations, the efficiency of MAC architecture is very 

important.In conventional MAC architectures, multiplication is performed using array multipliers or Wallace tree 

multipliers, and accumulation is performed using ripple carry adders. These architectures suffer from high delay and 

power consumption due to long carry propagation paths and multiple addition stages. 

 

To overcome these problems, compressor circuits are used in multiplier architecture to reduce the number of partial 

product reduction stages. The 4:2 compressor reduces four input bits into two output bits, which reduces hardware 

complexity and delay. Carry Lookahead Adders are used to improve the speed of the accumulation stage.This paper 

proposes a low-power MAC architecture using a compressor-based multiplier and carry lookahead accumulator to 

improve speed and reduce power consumption. 

 

II. RELATED WORK 

 

Several multiplier architectures have been proposed in the literature to improve speed and reduce power consumption. 

Shift-and-add multipliers are simple but slow due to sequential operations. Wallace tree multipliers reduce delay by 

using parallel addition but require more hardware. Booth multipliers reduce the number of partial products but require 

complex encoding logic. Dadda multipliers reduce hardware usage compared to Wallace multipliers but still involve 

multiple addition stages. 

 

 Recent research focuses on compressor-based multipliers where compressors replace full adders in the partial product 

reduction stage. Compressors reduce the number of addition stages, thereby reducing delay and power consumption. 

 

Carry Lookahead Adders are commonly used in accumulator stages because they reduce carry propagation delay 
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compared to ripple carry adders .However, many existing MAC architectures treat multiplier and accumulator 

separately, which increases delay. The proposed architecture integrates compressor multiplier and accumulator 

efficiently to improve performance. 

 

III. METHODOLOGY 

 

The proposed MAC architecture is built around three major stages: partial‑product generation, partial‑product 
compression, and accumulation.  The Baugh–Wooley algorithm is adopted to handle two’s‑complement signed 
multiplication while preserving a regular array structure, which simplifies mapping to hardware. Once the partial 

products are generated, a network of 4:2 compressors, along with a few required full adders and half adders, is used to 

compress the multi‑row matrix into only two rows.  These final two rows are summed by a CLA adder, and the result is 

accumulated with the previous MAC output stored in a register, completing the MAC operation.  The entire 

architecture is modeled at RTL level, enabling easy synthesis and verification using standard digital design tools. The 

MAC architecture consists of Four main stages:  

 
 

Fig A: Proposed Methodology 

 

1. Partial Product Generation: The partial products are generated by using AND gates between the multiplier and 

multiplicand bits. 

2. Compressor Based Reduction Unit: The partial products are generated by partial product generator is reduced by 

using a 4:2 compressor tree. The compressor is used to reduce multiple input bits into sum and carry outputs. 

3. Final Adder: The reduced outputs are added by using a carry lookahead adder to generate the final multiplication 

result. 

4. Accumulator: The multiplication results generated by final adder by using carry lookahead adder is added to the 

previous accumulated value and the output is stored in a register. 

 

Parameters Conventional MAC Proposed MAC 

Delay High Low 

Power High Reduced 

Area Large Optimized 

Speed Moderate High 

 

Table 1: Comparison between Conventional MAC and Proposed MAC 
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IV. EXPERIMENTAL RESULTS 

 

The proposed MAC architecture was simulated and verified using standard EDA tools. The results were   analysed  in 

terms of delay, power consumption, and functional correctness. The waveform analysis confirms correct multiplication 

and accumulation operations. The use of 4:2 compressors reduces the number of logic levels, resulting in lower 

propagation delay. Power consumption is reduced due to minimized switching activity and optimized logic design. The 

Carry Lookahead Adder improves the speed of accumulation compared to conventional adders. Comparative analysis 

shows that the proposed design outperforms traditional MAC architectures such as Wallace Tree and shift-and-add 

multipliers in terms of speed and power efficiency. 

 

 
 

Fig B: Simulation results of the Final Accumulator 

 

V. CONCLUSION 

 

This paper presented a low-power and high-speed MAC architecture using a compressor-based multiplier and carry 

lookahead accumulator. The compressor reduces partial product reduction stages, which reduces delay and power 

consumption. The proposed MAC architecture improves speed and performance compared to conventional 

architectures. The design is suitable for DSP, image processing, and communication applications. Future work includes 

FPGA implementation and ASIC design. 
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