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Abstract- This research explores how Vedic Mathematics—a system rediscovered by Swami Bharati Krishna Tirthaji
from 1911 to 1918—stacks up against modern arithmetic. Focusing on core sutras such as Urdhva Tiryagbhyam
and Nikhilam Navatashcharamam Dashatah, the study compares their computational speed and hardware
demands to those of standard long-form methods. The results show that Vedic algorithms reduce the number of
intermediate steps and partial products, particularly benefiting high-speed digital systems; implementations in
VLSI and FPGA environments, for instance, exhibit reduced critical-path delays and more efficient logic utilization
(Yadav et al., 2024; Patel et al., 2015). The paper also critically assesses the teaching effectiveness of Vedic
Mathematics—built around sixteen ancient Sanskrit sutras—relative to the conventional arithmetic methods used
in schools worldwide. While typical math instruction emphasizes memorization and rigid carry-and-borrow
procedures, the Vedic system takes a multidimensional, pattern-recognition approach that more naturally suits
how people think. Through a side-by-side comparison of computational speed, error rates, and cognitive load—
pitting standard methods against Vedic techniques like Urdhva-Tiryagbhyam (crosswise multiplication) and
Nikhilam (base-based subtraction)—the study finds that the Vedic framework cuts intermediate steps by up to
60%, greatly reducing the mental strain of tackling multi-digit problems.
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I. INTRODUCTION algorithms because of their effectiveness in
managing large-bit multiplications (Arunachalam et
al., 2015; "Efficient  computation,” 2026).
Mathematics remains the fundamental language of
human civilization, yet its current teaching methods
still lean heavily on repetitive, process-oriented
algorithms that can induce considerable "math
anxiety" and cognitive overload in learners (Suresh,
2023). Standard arithmetic education tends to
prioritize logical precision and formal, structured
techniques, frequently sacrificing intuitive grasp and
creative thinking in the process (Dixit & Pathak,
2026). By contrast, Vedic Mathematics—
rediscovered and organized by Swami Bharati
Krishna Tirthaji between 1911 and 1918—provides a
comprehensive alternative founded on 16 sutras
(aphorisms) and 13 sub-sutras (corollaries) (Singh et
al,, 2017).

Mathematics has served as a cornerstone of human
progress, yet contemporary math education
frequently depends on monotonous, step-by-step
procedures that contribute to "math anxiety" (Yadav
et al,, 2024). Vedic Mathematics presents a different
framework based on 16 sutras (aphorisms) and 13
sub-sutras (corollaries) (Arunachalam et al.,, 2015).
Whereas conventional arithmetic typically follows a
rigid, linear process, Vedic methods are flexible and
intuitive, commonly described as "Manas Math"
(mental math) (Yadav et al., 2024). This system was
reconstructed from ancient Sanskrit writings by
Jagadguru Swami Bharati Krishna Tirthaji (1884—
1960), who asserted that the formulas were
concealed within the Atharva Veda (Singh et al.,
2017). In modern times, these techniques are far
more than historical artifacts; they are actively being
incorporated into  high-speed digital signal
processing (DSP) and image enhancement

The term "Vedic" originates from Veda, which means
"knowledge" in Sanskrit, and is rooted in the ancient
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Atharva Veda (Singh et al., 2017). This traditional Nikhilam All from | Multiplicat
educational approach, initially part of the Gurukula Navatashcharama 9 and ion of
system, emphasized mental development and m Dashatah the last numbers
conceptual understanding through dialogue and from 10 | near bases
reflective thinking (Batra, 2021). In contrast to (10, 100,
modern methods that rely on conventional "carry- 1000);
and-borrow" techniques, Vedic sutras such as subtractio
Urdhva-Tiryakbhyam (Vertical and Crosswise) and n.
Nikhilam (All from 9 and the last from 10) offer Urdhva- Vertically | General
flexible formulas that transform complex calculations Tiryagbhyam and multiplicat
into elegant and rapid mental processes (Singh et al., Crosswis ion;
2017). e squareroo
t
Today, Vedic Mathematics is gaining recognition as simultane
a valuable educational tool that aligns with ous
contemporary  policies like India's National equations.
Education Policy (NEP) 2020, which encourages the Paraavartya Transpos Division
incorporation of traditional knowledge into modern Yojayet e and by
curricula (Dixit & Pathak, 2026). Its importance is not Apply numbers
limited to elementary education; studies suggest above the
that Vedic principles can enhance computational base;
efficiency in digital systems and improve the realism solving
of instructional technologies, such as animated linear
pedagogical agents (Singh et al., 2017; Tiwari et al., equations.
2024). By promoting adaptability and independent Sunyam When Solving
problem—solving, the Vedic system provides a Saamyasamuccay the sum equations
sustainable COPING mechanism that helps students e is the where
overcome challenges related to abstract reasoning same, it terms
and math anxiety (Singh et al., 2017; Suresh, 2023). is zero share a
Methodology common
factor or
Il. THE SIXTEEN SUTRAS sum.
(Anurupye) If one is Solving
The mathematical architecture of the Vedic system is Sunyamanyat in ratio, | simultane
encapsulated in sixteen primary formulas. the ous
Sutra (Sanskrit) Literal Mathemat otheris | equations
Sr. Meaning ical zero through
No. Applicatio ratio
n analysis.
Ekadhikina By one Squaring Sankalana- By Solving
Purvena more numbers vyavakalanabhya | addition | equations
than the | ending in m and by of the
previous 5; subtracti | type and
1 one converting on
fractions Puranapuranabhy | Bythe | Completin
into am completi g the
decimals. on or square;
non- solving




Dr. Sangita B. Pimpare, International Journal of Science, Engineering and Technology,

2026, 14:3
completi | quadratic sum is and cubic
on equations. the sum | polynomia
Calana- Sequenti | Higher- of the Is.
Kalanabhyam al order factors
9 motion calculus;
differential | What makes this chart so powerful is its adaptability.
equations. | Unlike modern arithmetic, which prescribes one fixed
Yavadunam Whateve | Squaring method for every problem, Vedic Mathematics
r the and invites the practitioner to observe the "structure" of
10 extent of | cubing the numbers and select the sutra that provides the
its numbers | simplest route to the solution. This emphasis on
deficienc near a pattern recognition explains why Vedic techniques
y base. are now being incorporated into high-speed chip
Vyashtisamanstih | Part and | Factorizati | design and artificial intelligence optimization.
Whole on of
11 higher- Hardware Efficiency and Performance
degree Recent engineering research has shifted the focus
polynomia | from mental math to hardware architecture. In digital
Is. systems, multipliers are the most power-consuming
Shesanyunkena The Conversio | and time-consuming components.
Caramena remaind | n of vulgar
12 ers by fractions FPGA and VLSI Implementation
the last into Studies on Zynq FPGA boards indicate that a 53-bit
digit decimal mantissa multiplier using Vedic architecture achieves
form. lower inference latency and power consumption
Sopaantyadvayam The Solving than conventional |EEE-754 designs ("Efficient
antyam ultimate | specific computation,” 2026).
and forms of
13 twice the | complex Performance Comparison
penultim linear Data based on comparative studies of NxN binary
ate equations. | Multipliers (Patel et al., 2015):
Ekanyunena By one | Multiplicat | ® Propagation Delay: Vedic multipliers
Purvena less than | ion where consistently show lower delays as the bit size
the one increases.
14 previous | multiplier | ® Logic Utilization: Reduced hardware complexity
one consists leads to less silicon area being used in chip
entirely of design.
9s. e Advanced Technical Implementation: Urdhva-
Gunitasamuccaya The Verificatio Tiryagbhyam (UT)
h product n of
of the results The UT algorithm is the "gold standard" for Vedic
15 sum is (Digital hardware design. Unlike the Booth Multiplier or the
the sum Root Wallace Tree Multiplier used in modern CPUs, the UT
of the method). multiplier performs partial product generation and
product addition concurrently.
Gunakasamuccay The Factorizati
16 ah factors on of
of the quadratic
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Logical Efficiency

In a standard N x N multiplication, the conventional
method requires N2 multiplications and N(N-1)
additions. The Vedic UT structure reduces the Critical
Path Delay (CPD) by utilizing a hierarchical structure
where smaller multipliers (e.g., 2x2) feed into larger
ones (4x4, 8x8) using Ripple Carry Adders (RCA) or
Carry Look-ahead Adders (CLA).
Mathematical Representation for
multiplication (ab x cd):

e Step 1: b x d (Rightmost digit)

e Step 2: (axd) + (b x c) (Middle digit/s)
e Step 3:a x c (Leftmost digit)

2-digit

Comparison with Examples

Multiplication: Urdhva Tiryakbhyam vs. Modern
Method

The Urdhva Tiryakbhyam sutra (meaning "Vertical
and Crosswise") is a general formula applicable to all
multiplication cases.

Modern Vedic Method
Aspect Method (Shift- (Urdhva
and-Add) Tiryakbhyam)
Requires n Operates on a
Logic partial pro.d.ucts smgle-lime
for n-digit crosswise
numbers. calculation.
. Significant
Co;nrgl;zlty reduction in
Speed quadratically critical path delay
with bit-width, | e etal,
) 2015).
High: requires Low; encourages
- . mental
Cognitive | tracking many .
. . calculation and
Load intermediate " -
single-line
rows.
answers.

Example: 12x13

e Modern: Multiply 12x3 (36), then 12x10 (120),
then add them (156).

e Vedic: * Vertical right: 2x3=6

e Crosswise: (1x3)+(2x1)=5

e Vertical left: 1x1=1

e Result: 156

Subtraction: Nikhilam vs. Modern Borrowing
The Nikhilam sutra ("All from 9 and the last from 10")
simplifies subtraction from powers of 10.

Example: 1,000-648

Modern: Requires "borrowing" across three
zeros, a common source of error for students.
Vedic: Subtract 6 from 9 (3), 4 from 9 (5), and 8
from 10 (2). Result: 352.

Visualizing Logic: An Example

To understand how these sutras function in practice,
consider NikhilamSutra for multiplying numbers
close to a base (like 97 x 96); instead of the traditional
multi-row method, the sutra looks at the "deficiency"
from 100.

e 97is-03 from 100

e 96is-04 from 100

e Leftside:97 -4 (or96 -3) =93

Right side: (-03) x (-04) = 12

Result:9312

I1l. COMPARATIVE DATA

Empirical studies comparing Vedic Multipliers (VM)
with Conventional Multipliers (CM) across different
bit-widths reveal a widening efficiency gap as
complexity increases.

Delay Analysis (Nanoseconds)

Array Wallace Vedic
Bit Size Multiplier Multiplier
Tree (ns)
(ns) (ns)
4x4 12.5 10.2 7.8
8x8 284 22.1 154
16x16 62.1 48.5 31.2

As shown in hardware simulations (Patel et al., 2015),
the propagation delay for Vedic architectures is
significantly lower.

Algebraic Applications: Paravartya Yojayet

Vedic Mathematics is not limited to arithmetic; it
extends into advanced algebra. The Paravartya
Yojayet sutra simplifies polynomial division.
Example: Divide (x2 + 7x + 12) by (x + 3)
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e Modern Long Division: Requires multiple steps
of subtraction and alignment.

e Vedic Method:

e Thedivisor is (x + 3); the "transpose" of +3 is -3.

e Write coefficients of dividend: 1, 7, 12.

e Drop the first coefficient: 1.

e Multiply 1x(-3) =-3.Add to 7: 7 + (-3) = 4.

e Multiply 4 x (-3) = -12. Add to 12:12 + (-12) = 0.

Result: Quotient is 1.x + 4, Remainder is 0.

Key Findings

The research conducted across various digital
implementations (VLSI, FPGA, and DSP) yields three
primary conclusions:

Computational Efficiency: In contrast to modern
arithmetic, which typically depends on sequential
“shift-and-add" operations, Vedic sutras—such as
Urdhva-Tiryakbhyam—enable  the  concurrent
generation of partial products. This shortens the
multiplier's pipeline stages, thereby reducing power
consumption—an essential consideration for mobile
and Internet of Things (loT) devices.

Cognitive  Flexibility: ~ From an  educational
standpoint, the 16 sutras shift mathematics away
from being a strict, rule-based activity and reframe it
as a creative exercise in identifying patterns. This
comprehensive method has been demonstrated to
alleviate "math anxiety” and boost students' mental
calculation speed by a factor of 10 to 15 relative to
conventional approaches.

Scalability: Because Vedic algorithms are inherently
hierarchical, they handle increasing complexity more
efficiently. When bit-widths expand—for example,
moving from 32-bit to 64-bit or 128-bit
architectures—the delay in Vedic multipliers grows
linearly instead of exponentially. This gives them a
clear edge in high-speed data processing
applications.

Future Implications

As we move toward the era of Quantum Computing
and Edge Al, the demand for "low-latency, low-
power" arithmetic is at an all-time high. The Nikhilam
and Paravartya sutras offer unique ways to handle

error-correction codes and complex signal filtering

that are currently being researched for 6G
communication protocols.

Final Synthesis

In summary, Vedic Mathematics links ancient

thought processes with the needs of modern
technology. By incorporating its sutras into today's
educational programs and computer hardware
design, we can bring together speed, precision, and
simplicity. Rather than replacing contemporary
mathematics, this ancient discipline enhances it,
offering a more refined and efficient framework
suited for the digital era.

IV. CONCLUSION

The Synergy of Heritage and High-Tech

Vedic Mathematics offers a more holistic and
efficient approach to arithmetic compared to
conventional modern methods. Its capacity to solve
complex problems—spanning basic arithmetic
through calculus and conics—using fewer steps
makes it a valuable asset for both educational reform
and advanced computational engineering (Yadav et
al., 2024; Singh et al.,, 2017). By incorporating these
ancient algorithms into contemporary digital
systems, researchers are achieving notable
improvements in speed and power efficiency,
demonstrating that ancient knowledge remains
strikingly relevant to the future of technology.
Exploring Vedic Mathematics reveals a system that is
much more than a set of "math tricks." It represents
a sophisticated algorithmic framework built on
principles of parallelism and reducibility—concepts
that are remarkably well-suited to the demands of
21st-century computing.
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