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Abstract. The decimal number system is one of the most important foundations
of modern mathematics. Its positional structure, use of ten digits, and incorporation of
zero make numerical representation and arithmetic efficient and systematic. This
article examines the principles and historical development of the base-ten positional
system and discusses the major mathematical contributions of Muhammad ibn Musa
al-Khwarizmi. Particular attention is given to his role in transmitting and explaining
Hindu arithmetic, his systematic treatment of algebra in al-Kitab al-Mukhtasar fi Hisab
al-Jabr wal-Mugabala, and the historical development of the terms algebra and
algorithm. The article also considers the long-term influence of Al-Khwarizmi’s works

on mathematics, education, astronomy, computation, and modern computer science.

Keywords: decimal number system, base ten, positional notation, zero, Al-
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1. Introduction

Number systems are fundamental tools for representing quantities and
performing mathematical operations. Among them, the decimal, or base-ten, system
has become the dominant system for ordinary numerical calculation throughout the
world. It uses ten digits, 0 through 9, and assigns a value to each digit according to its

position.

The historical development of modern arithmetic was not the achievement of a

single civilization. Important ideas emerged in India and were transmitted, studied,
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developed, and explained by scholars working in the Islamic world. One of the most
influential of these scholars was Muhammad ibn Musa al-Khwarizmi, whose works

played a major role in the history of arithmetic and algebra.

2. The Decimal Number System

The decimal number system is a positional numeral system with base 10. Every
position represents a power of ten. Moving one position to the left multiplies the place

value by ten, while moving one position to the right divides it by ten.
. 10* 10> 10" 10° 10" 1072..
For example, the number 5,274 can be decomposed according to place value:
5,274 = 5x10° + 2x10% + 7x10' + 4x10°

Thus, the same digit can represent different quantities depending on its position.
This principle makes it possible to express very large and very small numbers using

only ten symbols.

3. The Ten Digits and the Role of Zero
The decimal system uses the symbols 0, 1, 2, 3, 4, 5, 6, 7, 8, and 9. Zero has two

especially important functions. First, it represents the number zero. Second, it acts as
a placeholder in positional notation. For example, in 507 the zero shows that there are

no tens, while preserving the positions of the hundreds and units.

The combination of positional notation and zero greatly simplifies written
arithmetic. Addition, subtraction, multiplication, and division can be organized into
systematic procedures because digits in corresponding place-value columns represent

comparable units.

4. Why Base Ten?

The widespread use of base ten is commonly associated with human counting
practices based on ten fingers. However, other bases have also been used historically.

The Babylonian tradition famously employed a sexagesimal, or base-sixty, system,
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traces of which remain in the division of an hour into 60 minutes and a circle into 360

degrees.

In modern mathematics and computing, several number systems coexist.
Decimal is dominant in everyday arithmetic, binary is fundamental to digital
computers, octal and hexadecimal are useful compact representations of binary data,

and other bases appear in specialized mathematical contexts.

5. Comparison of Common Number Systems

System Base Symbols Example
Binary 2 0,1 10112=1110
Octal 8 0-7 178 = 1510
Decimal 10 0-9 27510
Hexadecimal 16 0-9, A—F 1Fi6=3110

6. Historical Development of Hindu-Arabic Numerals

The numeral system commonly called the Hindu-Arabic numeral system
developed from Indian mathematical traditions and was later transmitted and explained
through Arabic-language scholarship. Scholars in the Islamic world studied Indian

numerical methods and contributed to their wider circulation.

Through translations and mathematical texts, these methods eventually became
known in medieval Europe. Their efficiency gradually made them preferable to
systems such as Roman numerals for calculation. The modern forms of the digits

changed over time, but the essential positional principle remained.

7. Muhammad ibn Musa al-Khwarizmi

Muhammad ibn Musa al-Khwarizmi was a major mathematician, astronomer,
and geographer of the early ninth century. He worked in Baghdad in the intellectual
environment associated with the Abbasid caliphate and the scholarly institution known
as the House of Wisdom. His name indicates an association with Khwarazm, a

historical region in Central Asia.
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Al-Khwarizmi wrote influential works on arithmetic, algebra, astronomy, and
geography. His mathematical writings became important both within the Islamic
scholarly tradition and, through later Latin translations and adaptations, in European

mathematics.

8. Al-Khwarizmi and Arithmetic

One of Al-Khwarizmi’s important works explained calculation using Hindu
numerals. The original Arabic text of this arithmetic work has not survived in full, but
its content became known through the Latin tradition. It helped introduce positional

calculation methods and Hindu-Arabic numerals to European readers.

The Latinized form of Al-Khwarizmi’s name became associated with systematic
procedures for calculation. Over time, this linguistic history contributed to the modern
word algorithm, which now refers to a finite, well-defined sequence of steps used to

solve a problem or perform a computation.

9. Al-Khwarizmi and the Development of Algebra

Al-Khwarizmi’s most famous mathematical work is al-Kitab al-Mukhtasar fi
Hisab al-Jabr wal-Mugabala, commonly translated as The Compendious Book on
Calculation by Completion and Balancing. Written in the ninth century, it presented

systematic methods for solving linear and quadratic equations.

The term algebra ultimately derives from al-jabr in the title of this work. In Al-
Khwarizmi’s context, al-jabr referred to an operation used in transforming equations.
His presentation was largely rhetorical: equations were described in words rather than

written with the symbolic notation used today.

10. Example of Al-Khwarizmi’s Algebraic Reasoning

Al-Khwarizmi classified equations into standard forms and provided procedures
for solving them. A historically representative type of quadratic equation can be

expressed in modern notation as:

x2+10x =39
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Using the method corresponding to completing the square, half of 10 is 5 and its
square is 25. Adding 25 to both sides gives:

x2+10x+25=64
(x+5)>=64

Taking the positive square root gives X + 5 = 8, so x = 3. Modern symbolic
notation makes the procedure compact, but Al-Khwarizmi explained such reasoning

verbally and often supported it with geometric arguments.

11. Al-Jabr and Al-Mugabala

Two concepts in the title of Al-Khwarizmi’s algebraic work are historically
Important. Al-jabr can be interpreted in the context of restoring or completing terms in
an equation, while al-mugabala involves balancing or reducing corresponding terms.
These operations helped transform equations into standard forms that could be solved

by established procedures.

This systematic classification distinguished Al-Khwarizmi’s work from isolated
numerical problem solving. Algebra increasingly became a general method for solving

classes of problems rather than merely a collection of particular calculations.

12. From Al-Khwarizmi to the Modern Concept of Algorithm

An algorithm is now understood as a precise procedure consisting of ordered
steps that transform input into an intended output. Algorithms are fundamental to
mathematics and computer science. Long addition, long multiplication, Euclid’s
algorithm for greatest common divisors, sorting procedures, search methods,

encryption, and artificial intelligence all rely on algorithmic thinking.

The historical connection between Al-Khwarizmi’s Latinized name and the
word algorithm illustrates the lasting influence of medieval mathematical scholarship
on modern scientific vocabulary. Today, algorithms form the operational foundation

of software and digital systems.
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13. Contributions Beyond Arithmetic and Algebra

Al-Khwarizmi also contributed to astronomy and geography. His astronomical
tables belonged to an important tradition of mathematical astronomy, while his
geographical work included coordinates for numerous locations. These activities
demonstrate the close relationship between mathematics, astronomy, mapping, and

practical scientific calculation in his period.

His scholarship illustrates how mathematical knowledge can move between
cultures, languages, and disciplines. Indian numerical methods, Greek scientific
traditions, and Arabic-language scholarship interacted within a broad intellectual

network that later influenced European science.

14. Historical Importance for Mathematics Education

The decimal positional system made arithmetic more teachable and efficient
because general written procedures could be applied consistently. Students can learn
addition, subtraction, multiplication, and division as structured algorithms based on

place value.

Al-Khwarizmi’s algebraic approach is educationally significant for a similar
reason: it emphasizes general procedures. Instead of solving every numerical problem
independently, mathematical methods can be organized into reusable steps. This idea

is central to both mathematical problem solving and computational thinking.

15. Historical Development Timeline

Ancient civilizations: Different numeral systems were used for trade,

astronomy, administration, and measurement.

Indian mathematics: Positional decimal notation and the mathematical use of

zero developed within Indian traditions.

Early 9th century: Al-Khwarizmi worked in Baghdad and wrote influential

mathematical and astronomical works.

@ https://scientific-jl.net <4379} Buinyck scypnana Ne-100
Yacmbv—1 Cenmaopb—2026


https://scientific-jl.net/

I STy, '
g ’,! \ ObPA30BAHUE HAYKA U HHHOBAILIHOHHBIE H/IEU B MUPE I b\ l
2181-3187

c. 820: His algebraic treatise systematized methods for linear and quadratic

equations.

Medieval Latin period: Translations and adaptations helped transmit Hindu-

Arabic arithmetic and algebraic methods to Europe.

Early modern period: Hindu-Arabic numerals became increasingly standard

for European calculation.

Modern era: Decimal notation is universal in everyday arithmetic, while

algorithms are foundational to computer science.

16. Decimal Numbers in Modern Mathematics

Decimal notation extends naturally to fractions. The decimal point separates
whole-number place values from fractional place values. Tenths, hundredths,

thousandths, and further positions correspond to negative powers of ten.
23.475 =2%x10" + 3x10° + 4x107* + 7x1072 + 5x10°3

Decimal notation is used extensively in measurement, science, commerce,
finance, statistics, and engineering. Scientific notation also relies on powers of ten,

allowing extremely large and small quantities to be represented efficiently.

17. Connection with Modern Computer Science

Computers operate internally mainly with binary representation, but users
frequently enter and receive numbers in decimal form. Software therefore performs
conversions between numeral systems. The general concept of an algorithm provides
the instructions for such conversions and for virtually every other computational

process.

Modern programming, data processing, cryptography, machine learning, and
artificial intelligence demonstrate the continuing importance of systematic
computational procedures. In this sense, the historical legacy associated with Al-

Khwarizmi connects classical mathematics with the digital age.
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18. Conclusion

The decimal number system is a foundational mathematical invention based on
positional notation, ten digits, and the essential role of zero. Its historical roots lie
principally in Indian mathematics, while scholars of the Islamic world played a major
role in studying, developing, and transmitting numerical knowledge. Muhammad ibn
Musa al-Khwarizmi occupies a particularly important position in this history. His
arithmetic work contributed to the transmission of Hindu numerical methods, and his
treatise on al-jabr and al-mugabala helped establish algebra as a systematic
mathematical discipline. The words algebra and algorithm preserve aspects of this
intellectual legacy. His influence extends beyond historical mathematics to modern

education, scientific calculation, and computer science.
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