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Abstract:

The history of the number system in ancient India can be considered one of the most remarkable
accomplishments of mankind. Ancient Indian mathematicians invented the decimal place-value system
and the concept of zero, which changed the face of mathematics, astronomy, trade, and science all over
the world. This paper critically reviews the development of the Indian number system from the Vedic
times up to the medieval period. It pays particular attention to the Brahmi number system, the introduction
of the place-value system, the mathematical definition of zero, and the spread of the Hindu-Arabic numeral
system to the Islamic countries and Europe. The contributions of Indian mathematicians like Aryabhata,
Brahmagupta, Bhaskara I, Mahavira, and Bhaskara II will be analyzed. Moreover, this study focuses on
archaeological evidence, inscriptions, manuscripts, and mathematical treatises like Sulbasutras, Bakhshali
Manuscript, Aryabhatiya, and Brahmasphutasiddhanta. It will be argued that the number system of India
was not just a mathematical tool used by Indians but a universal intellectual achievement that made
possible further scientific advancements around the globe. At the same time, the paper considers the
philosophical ideas behind the invention of shunya (zero) and infinity in India.
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1. Introduction

The development of number systems ranks among the most important landmarks in the history of human
civilization. From simple tallying systems to advanced place value notation, the evolution of numbers is
an indicator of human intellect and practical requirements. Among all ancient cultures, there is none more
remarkable than that of India, for it devised the decimal system of place value notation and the
mathematical concept of zero. The origin of the Indian system of numbers was gradual and occurred
through a long process of intellectual evolution through trade, astronomy, rituals, geometry, and
philosophy. Evidence of awareness of very large numbers and systematic counting can be found in the
early Vedic texts. The Brahmi numerals were the graphic representation of numbers used in arithmetic
calculations, which later evolved into the present-day decimal system of place value notation.

The importance of the Indian contribution is not restricted to mathematics alone. The Indian decimal
system passed through Arab mathematicians into the Islamic world and later into Europe, where it
supplanted Roman numerals and allowed for the development of algebra, trade, engineering, navigation,
and computation as we know it today. "Arabic" numbers are actually known as the Hindu-Arabic numeral
system, because of their Indian origin.

In this essay, I will trace the history of the development of the number system in ancient India, focusing
on textual, archaeological, and mathematical evidence. I will also analyze the philosophical and scientific
framework that made it possible for Indians to conceptualize numbers long before any other civilization.
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2. Early Counting Traditions in Ancient India

Early methods of counting in India were probably developed out of agriculture, animal husbandry, and
commerce. Just like in other ancient civilizations, the early Indians probably started with physical
counting, followed by the use of tally sticks, before the development of symbolism. Archaeological
findings from the Indus Valley Civilization (circa 2600-1900 BCE) indicate knowledge of measurement
systems, weights, and standardized units, but it is uncertain whether there was any symbolic numeration
at this time. The Vedic period (circa 1500-500 BCE) saw some impressive mathematical abilities. Vedic
writings like the Rigveda, Yajurveda, and Atharvaveda reveal numerical calculations and constructions.
It is notable that there were particular Sanskrit names for powers of ten.

The decimal system in Sanskrit number nomenclature was especially significant. Examples of which
include:

1. Dasa (10)

2. Shata (100)

3. Sahasra (1000)

4. Ayuta (10,000)

5. Laksha (100,000)
6. Koti (10,000,000)

These show that ancient Indians were aware of systematic decimal concepts well before the advent of
positional notation. There were vast numbers involved in their ancient cosmology and ritual sciences. The
ancient Hindu cosmological works referred to astronomical time scales in millions of years, thus showing
knowledge of large numbers.

The oral tradition was very significant in the preservation of mathematical knowledge. As Vedas were
originally oral, there were highly advanced techniques of memorization and number language.

3. Mathematical Knowledge in the Sulbasutras

The Sulbasutras (800-200 BCE) are among the earliest mathematical writings in India. They contain
geometric rules used in the construction of sacrificial altars requiring exact measurements and shapes.
Despite their being religious texts, they exhibit highly advanced knowledge of mathematics.

The Sulbasutras include:

Geometric figures

Estimation techniques

Metrics

Irrational numbers

Arithmetic

YVVVYY

The Baudhayana Sulbasutra contains an assertion of the Pythagorean theorem long before the time of
Pythagoras. It says that the diagonal of a rectangle creates the sum of areas created individually by its
length and width. The Sulbasutras also show the use of fractions and ratios. All these developments prove
that mathematics in ancient India developed through practical ritual and astronomical needs.

However, the significance of these texts is that they created the basis for future abstract numerical thinking
and notation systems.

4. Emergence of Brahmi Numerals
The earliest widely recognized numeral symbols in India are the Brahmi numerals, attested in inscriptions
from the third century BCE during the reign of Emperor Ashoka.
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The Brahmi numeral system employed different symbols to represent:

. The numbers 1 through 9
. Tens

. The number hundred

. The number thousand

As opposed to the current decimal system, the Brahmi numerals were originally non-positional, having
separate symbols for the numbers like 20, 30, 40, and so forth.

There have been differing theories about the origin of Brahmi numerals, with some attributing their
development to indigenous counting systems and others suggesting influences from the Aramaic system.
However, what is clear is that the Brahmi numeral system was an important step between verbal counting
and decimal position systems.

5. Development of the Decimal Place-Value System

The most radical contribution of Indians to mathematics is the invention of the decimal place-value
system, where the numerical value of any digit is determined by the digit itself and its place in the number.
For instance:

> The 5 in 50 is not the same as the 5 in 500.

> The position determines the size of the number.

In comparison with Roman/Greek numerals, this positional system greatly facilitated the performance of
mathematical operations.

The place-value system was invented gradually during the first few centuries AD and the Gupta Era. One
of the pieces of evidence of early usage of the place-value system is the Bakhshali Manuscript, which used
a dot as a placeholder signifying zero position in calculations.

Such positional system made possible:

> Multiplication

> Division

> Algebra

> Astronomy

The decimal place-value system forms the basis of our modern arithmetic/mathematics.

6. The Invention and Conceptualization of Zero

The discovery of zero could be considered the most valuable discovery in the history of ancient Indian
mathematics. The word for zero in Sanskrit is "shunya," which means void or emptiness.

At first, zero was used solely as a symbol in positional notation. However, later on, ancient Indian
mathematicians elevated zero to the status of an independent number.

Brahmagupta and Zero

The ancient Indian mathematician Brahmagupta (598-668 AD) was the first to give a complete
mathematical explanation of zero in his treatise Brahmasphutasiddhanta (628 AD).

The rules of arithmetic with zero were formulated as follows:

> The difference between a number and itself equals zero.
> Summing up zero to a number leaves that number the same.
> Any number multiplied by zero is equal to zero.

Zero thus gained its status as a number rather than an absence.

It is quite likely that the philosophical tradition of India contributed to this conceptual breakthrough. The
philosophy of emptiness, infinity, and cycles of life was a characteristic of Buddhist and Hindu
philosophies.

IJSAT210111115 Volume 12, Issue 1, January-March 2021 4



https://www.ijsat.org/

IJSAT

International Journal on Science and Technology (IJSAT)

— E-ISSN: 2229-7677 e Website: www.ijsat.org e Email: editor@ijsat.org

7. Aryabhata and Numerical Innovation

Aryabhata (476-550 CE) was one of the most brilliant mathematicians and astronomers from ancient India.
His work Aryabhatiya incorporated novel mathematical concepts and astronomical calculations.
Aryabhata employed Sanskrit alphabets to denote numbers using the place value system. Although it was
not like our present-day notation system, it clearly showed advanced numerical abstraction.

Some of his mathematical achievements were:

> Calculation of pi

> Trigonometry tables

> Astronomical calculations

> Place value system

8. Bakhshali Manuscript and Early Positional Notation

The Bakhshali Manuscript is one of the most significant documents in the history of mathematics in India.
The parts of the manuscript were carbon-dated to have been written between the 3rd and 7th centuries CE.
The Bakhshali Manuscript includes:

> Arithmetic calculations
> Algebraic operations

> Geometrical processes

> Commercial mathematics

It is important to mention that the manuscript includes the use of a dot as a placeholder for zero. This
proves that Indian mathematicians had invented advanced mathematical techniques centuries before the
same became common elsewhere.

9. Jain Contributions to Large Numbers

Jain mathematicians made several significant contributions to number theory and combinatorics. In Jain
religious books, there were descriptions of extremely large numbers and infinity.

The Jain school had classifications for infinity, showing that they had highly advanced abstract thinking
skills. The books mentioned:

> Countable infinity

> Innumerable numbers

> Infinity in space

This level of numerical imagination was not seen in many other ancient civilizations. Positional notation
and zero appeared in the Jain book Lokavibhaga.

10. Transmission of Indian Numerals to the Islamic World

Indian mathematics had a great impact on the Islamic Golden Age. In the eighth and ninth centuries, the
Arabs translated Indian mathematical and astronomical texts into Arabic.

The mathematician Al-Khwarizmi authored books that outlined Indian mathematical techniques. This
resulted in the adoption of Indian numerals and the decimal system by the Arabs.

The Arabs appreciated the advantages of the Indian positional system over the previous system. Thus,
Indian numerals were widely adopted in the Middle East and North Africa.

“Algorithm” is derived from the name of Al-Khwarizmi, whose work impacted modern mathematics
greatly.

11. Transmission to Europe and Emergence of Modern Mathematics

Indian numerals came to Europe via the Arabs during the Middle Ages. The Europeans came across this
number system in translations of Arabic mathematical texts.

The Hindu-Arabic numbering system was introduced to Europe through the work of Leonardo Fibonacci
in his book Liber Abaci, written in 1202.
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The introduction of the Indian numbering system made possible:

. The development of algebra
. Scientific calculations

. Navigational techniques

. Accounting systems

. Engineering

Without the Indian numbers, there could not be any modern science or computing today.

12. Philosophical Dimensions of Indian Mathematics

Indian mathematics had strong connections with philosophy. Unlike many civilizations that used
mathematics for practical purposes only, Indian mathematicians pursued the study of numbers from a
philosophical point of view.

The concept of shunya (emptiness) held a deep metaphysical meaning. For Buddhism, emptiness
symbolized the lack of any essence. For Hinduism, there existed cosmic cycles of creation and destruction.
This could have promoted the use of zero and infinity as numbers within mathematics.

Indian mathematicians also displayed an ability to work with abstract concepts, thus paving the way to
algebra.

13. Comparison with Other Ancient Number Systems

Egyptian Numerals

Egyptian numerals were decimal but non-positional. There were special symbols for different values, thus
calculation was a complicated process.

Roman Numerals

Roman numerals were placeless and had no zero. Thus calculations were complex and inefficient.
Babylonian System

The Babylonians had a positional number system, however, it was base 60 and not 10. Their placeholder
character did not develop into zero.

Chinese Numerals

Chinese rod numerals exhibited positional properties but developed separately from the Indian number
system.

The unique feature of the Indian system was that it had all of the following elements together:

. Decimal number system

. Positional number system
. Zero as a number
. Calculations algorithms

14. Archaeological and Epigraphic Evidence

Archaeological inscriptions play an important role in understanding the origin of Indian numerals.
The significant findings are as follows:

> Inscriptions of Ashoka (3rd century BCE)

> Gwalior inscription (876 CE)

> Inscriptions on copper plates
> Records from temples
> Palm-leaf manuscripts

Gwalior inscription is among the first inscriptions with zero resembling modern zero. Inscriptions reveal
that there was gradual transformation from Brahmi script to modern Hindu-Arabic numerals.

15. Legacy of the Ancient Indian Number System
The Indian number system has had an influence in all aspects of our modern society.
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Today’s:

> banking systems,

> computers,

> scientific equations,

> digital systems, and

> engineering calculations

all depend on the Indian invention of the decimal system of numbers and the symbol of zero.

Modern binary systems also depend conceptually on the positional numbering system invented in India.
Thus, the contribution made by Indians to the world was not just mathematical but civilizational.

16. Conclusion

A discussion on the history of the number system in ancient India will reveal how unique the intellectual
tradition was in India at that time, being highly abstract, innovative, and scientifically rigorous. The
introduction of the decimal place-value system was a groundbreaking step in the field of mathematics.
The Indian scientists such as Aryabhata and Brahmagupta developed theories that were used in global
science for many years after.

The dissemination of the Indian numerals from the Islamic world to Europe dramatically changed the
future path of the civilization on Earth. Mathematics, astronomy, engineering, economics, and computer
science are based on the ideas introduced in ancient India.

It is safe to say that the Indian number system was one of the greatest intellectual achievements of
humankind and a reflection of the scientific genius of ancient India.
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