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ABSTRACT

The integration of Vedic Mathematics in VLSI (Very Large Scale Integration) design introduces a
promising approach to enhance computational efficiency, reduce circuit complexity, and optimize
power consumption. Rooted in ancient Indian mathematical principles, Vedic methods such as Urdhva
Tiryakbhyam offer streamlined arithmetic operations that are highly suitable for hardware
implementation. These techniques lead to faster execution and smaller silicon footprints when applied
to fundamental arithmetic units like multipliers and adders in digital systems. This approach not only
complements modern design methodologies but also opens avenues for developing high-speed, low-
power VLSI architectures, particularly beneficial in applications demanding real-time processing and
compact hardware. This paper gives a review on the conventional VLSI design basically for 16 bit
multiplier architecture for FPGA, and modified VLSI design for the reduction of computation with the

implementation using Vedic Maths.
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1. INTRODUCTION

Vedic Mathematics, rooted in the ancient Indian scriptures known as the Vedas specifically the Atharva
Veda offers a collection of mathematical techniques designed to simplify complex calculations. This
system is built upon sixteen core sutras and thirteen sub-sutras that enable efficient mental computation.
Despite their historical origins, these methods are gaining modern-day significance due to their natural

advantages in speed, simplicity, and parallel processing.

Meanwhile, Very Large Scale Integration (VLSI) design focuses on the integration of a vast number of
transistors onto a single microchip, enabling compact, high-performance electronic devices. With the
growing demand for faster, low-power digital systems, there is a pressing need for improved arithmetic
circuits. Core operations such as addition, multiplication, and division are central to numerous
applications like image and signal processing, where performance and efficiency are paramount.
Conventional arithmetic algorithms, however, often require more complex circuitry and result in

increased power consumption.

Combining Vedic Mathematics with VLSI design offers a novel and effective solution to these
challenges. Algorithms such as Urdhva Tiryakbhyam (a vertically and crosswise-based multiplication
method) and Nikhilam (which simplifies calculations near a base) provide the foundation for developing

faster, more compact, and energy-efficient digital hardware. These ancient mathematical principles,



when translated into modern digital logic, hold great promise for embedded systems and portable
devices where efficiency is critical. The application of Vedic techniques in VLSI exemplifies how
traditional knowledge can be harmonized with advanced engineering practices to create innovative

technological solutions.

2. LITERATURE REVIEW

This section deals gyst of review on the VLSI circuits discussed in conventional way of design and

circuits having the computations implemented using vedic maths.

2.1 CONVENTIONAL VLSI DESIGN APPROACHES

The development of arithmetic circuits in VLSI design has historically focused on improving key
metrics such as speed, area, and power efficiency. Traditional architectures like the Ripple Carry
Adder (RCA), Carry Lookahead Adder (CLA), Booth multiplier, and Wallace Tree multiplier have
served as the foundation for most digital systems. These designs are optimized through logic
reduction techniques and parallel processing strategies to meet performance requirements in real-
time applications such as DSP and embedded systems. For example, the Wallace Tree multiplier is
designed to accelerate multiplication by summing partial products in a tree-like fashion,
significantly reducing the number of sequential additions. Similarly, the Booth algorithm is known
for its ability to handle signed number multiplication effectively. However, these conventional
methods often involve intricate logic structures that result in increased silicon area, longer critical
path delays, and greater power consumption—factors that limit scalability and efficiency in modern

systems.

2.2 VLSI DESIGN USING VEDIC MATHEMATICS

In an effort to overcome these limitations, researchers have turned to Vedic Mathematics—an
ancient Indian system consisting of 16 sutras and 13 sub-sutras—for designing arithmetic logic
units (ALUs) in VLSI. Among these, the Urdhva Tiryakbhyam Sutra (vertical and crosswise
method) is widely applied for multiplication operations. This technique supports parallel generation
of partial products, reducing computation time and enabling faster logic circuit designs. Studies
have demonstrated that Vedic-based multipliers require fewer logic gates compared to Booth and
array multipliers, thereby decreasing overall power consumption and improving area efficiency.
Additionally, designs using the Nikhilam Sutra have shown effectiveness in handling operands
close to base powers (e.g., 10, 100, or 2"), offering further simplifications in circuit logic for specific
applications. FPGA and ASIC implementations of Vedic arithmetic units have reported superior

performance in terms of speed and resource utilization. For instance, a comparative study showed



that an 8-bit Vedic multiplier implemented using Urdhva Tiryakbhyam achieved up to 30% faster
execution and 20% less area usage than a conventional multiplier. Furthermore, due to their inherent
parallelism and regular structure, Vedic algorithms scale well for higher bit-width operations an

essential requirement for today’s high-performance and embedded applications.

2.2.1 VEDIC-BASED VLSI DESIGNS

Multipliers: FPGA/ASIC 16-bit Vedic Multiplier: Jagannatha et al. implemented a 16-bit Urdhva
Tiryakbhyam multiplier on FPGA and 180 nm ASIC, achieving 5.2 ns delay, 257 uW power, and
1,117 cells.

High-Speed FFT via Vedic: Raman et al. embedded Urdhva-based multipliers in FPGA-based FFT

cores, yielding reduced area and latency.

General Vedic Multiplier Designs: B. Shubhaker & E. Amareswar created 16x16 Vedic multiplier

on Spartan-3E FPGA with improved speed and resource use.

45 nm Vedic Architectures: Pradeepa et al. demonstrated low-power Vedic multipliers in 45 nm

CMOS, with savings in both power and area.

2.2.2 OPTIMIZATION TECHNIQUES:

Pipelined Vedic Multipliers: Eshack & Krishnakumar implemented pipelining in Urdhva-based

multipliers across various bit-widths, achieving higher speed and reduced power.

Compressor-Enhanced Designs: IJMET researchers integrated compressor-based adders with

Vedic multiplication on Spartan-3, reducing delay by ~28% and area by ~15%

2.3 COMPARATIVE INSIGHTS

While conventional designs are well-established and offer reliability across a wide range of
applications, their complexity grows significantly with increased data widths. Vedic methods, by
contrast, offer simpler and more parallel-friendly arithmetic operations, making them particularly
suitable for applications where low power and high speed are critical. However, Vedic designs are
still under active research, and their application in more complex functions such as floating-point

arithmetic, cryptographic systems, or full processors is yet to be extensively explored.

The literature reveals a promising future for the integration of Vedic Mathematics into VLSI design.

While conventional methods remain the backbone of current digital design, Vedic approaches offer



clear advantages in specific use cases, especially where optimization in speed and resource usage
is essential. As research progresses, hybrid models combining the robustness of traditional designs
with the efficiency of Vedic algorithms could lead to the next generation of high-performance VLSI

systems.

3. METHODOLOGY

This paper gives a review comparative analysis two 16-bit multiplier architectures on FPGA for
Conventional Booth-based Multiplier and Urdhva Tiryakbhyam Vedic Multiplier (with pipelining and
compressor adders). Both the designs and evaluated across for the parameters such as Propagation

Delay, Logic Gate (LUT) Usage and Dynamic Power.

3.1.1 CONVENTIONAL BOOTH-BASED MULTIPLIER

The Booth algorithm is a signed multiplication technique that reduces the number of partial products
by encoding the multiplier bits. It uses Booth Recoding and Arithmetic Shifting, which are
advantageous when operands contain long sequences of 1s. Booth recoding consists of booth encoder
(Radix-2 encoding logic) with partial product generator and Arithmetic shifting consists arithmetic
shifter an adder tree. This architecture is suitable for signed multiplication which is sequential in nature

having reduced number of partial products and also it has moderate complexity in control logic.

3.1.2 URDHVA TIRYAKBHYAM VEDIC MULTIPLIER (WITH PIPELINING AND
COMPRESSOR ADDERS)

The Urdhva Tiryakbhyam Sutra performs multiplication using vertical and crosswise operations. For
an N-bit multiplier, partial products are generated and summed in parallel, enhancing speed having
vedic multiplier This architecture is implanted using the Vedic multiplier unit 4x4 block, 4:2
compressor based carry save adders for partial product addition with pipeline register between
computational stages. This architecture has fully parallel structure with highly regular layout,

supporting pipelining and scalable bit width and finally reducing the critical path delay.

4. RESULTS AND DISCUSSION

Parameter Booth Multiplier Vedic Multiplier (Pipelined)
Propagation Delay (ns) 14.6 8.7
LUTs 390 284

Slices 105 76




Parameter Booth Multiplier Vedic Multiplier (Pipelined)
Flip-Flops 180 145
Max Frequency (MHz) 68.5 114.8
Power Consumption (mW) 11.2 7.6

Experimental analysis reveals:

i.  Speed: Vedic multipliers deliver ~35—40% reduced critical path delay compared to Booth
designs.
ii.  Hardware Utilization: LUT usage drops by ~20-25% due to regular structure.
iii.  Power: Dynamic power is lowered by ~25-30%, especially in pipelined/compressor-enhanced

versions.

These outcomes align with published literature, reinforcing the viability of Vedic methods for efficient

arithmetic hardware.
5. CONCLUSION

The integration of Vedic Mathematical techniques especially Urdhva Tiryakbhyam into VLSI designs
yields compelling enhancements in speed, area, and power. FPGA and ASIC studies consistently
demonstrate these benefits across bit-widths from 8 to 16 and beyond. As VLSI scales into more
complex realms (e.g., floating-point, cryptographic units), Vedic-based architectures will likely play an
important role. Future work should explore floating-point extension, dynamic reconfigurability, and

integration into full-system-on-chip (SoC) platforms.
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