
History and Evolution of Number Systems

The development of number systems began with the basic human need to count objects such as food
and animals. Early counting involved using physical tokens like sticks and stones to represent quantities,
establishing a one-to-one correspondence between objects and counting units.

As counting needs grew, cultures developed grouping methods, such as grouping by twos, fives, or tens,
and assigned names to these groups to simplify counting larger quantities.

Several ancient number systems emerged, including:

Roman Numerals: Utilized symbols like I, V, and X to represent numbers. This system lacked place
value, making arithmetic operations complex.
Egyptian Numerals: Used landmark numbers based on powers of 10 to facilitate counting.
Mesopotamian System: Employed a base-60 positional notation, where the position of a symbol
determined its value.
Mayan and Chinese Systems: Developed their own place value systems with unique symbols and
units.
Hindu Number System: Introduced a decimal place value system with digits 0 through 9, including
zero as a number, greatly simplifying arithmetic.

The Hindu system spread through the Arab world to Europe, becoming the foundation of the modern
global number system due to its efficiency in calculations.

Concept Explanation

Understanding the evolution of number systems helps appreciate the transition from simple tally marks
to sophisticated place value systems. The key advancement was the introduction of zero and positional
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notation, which allows the value of a digit to depend on its position.

Formula Derivation

In a positional number system with base , a number  with digits  represents the value:

where each digit  satisfies .

Worked Illustration

Consider the decimal number 345:

In the Roman numeral system, 345 is written as CCCXLV, but arithmetic operations are cumbersome due
to lack of place value.

Solved Example

Example: Convert the base-60 number  (1 unit and 30 sixtieths) to decimal.

Solution:

Practice Set

Level 1 – Easy: Write the number 27 in Roman numerals.
Level 2 – Moderate: Convert the Mayan number representing 45 into decimal.

b N dndn−1 … d1d0

N = dn × b
n + dn−1 × b

n−1 + ⋯ + d1 × b
1 + d0 × b

0

di 0 ≤ di < b

345 = 3 × 102 + 4 × 101 + 5 × 100 = 300 + 40 + 5

1; 30

1; 30 = 1 × 600 + 30 × 60−1 = 1 +
30

60
= 1 + 0.5 = 1.5



Level 3 – Challenging: Given a base-60 number , convert it to decimal.

Answer Key

Level 1: XXVII
Level 2: 45 (Mayan numbers use base-20; 2 \times 20 + 5 = 45)
Level 3:

Quick Reference

Number System Base Key Feature

Roman Non-positional Symbols with fixed values, no zero

Egyptian 10 Landmark numbers, no place value

Mesopotamian 60 Positional notation with base 60

Hindu 10 Decimal place value system with zero

Glossary

Base (Radix): The number of unique digits, including zero, used to represent numbers in a positional
numeral system.
Place Value: The value of a digit depending on its position in a number.
Positional Notation: A numeral system where the position of a digit affects its value.
Zero: A digit representing the absence of a value in a position, enabling place value systems.

Significance of the Hindu-Arabic Number System

The Hindu-Arabic number system, which uses ten digits (0–9) and a decimal place value system,
revolutionized mathematics by simplifying arithmetic operations and enabling complex calculations.

Concept Explanation

2; 15; 30

2; 15; 30 = 2 × 600 + 15 × 60−1 + 30 × 60−2 = 2 +
15

60
+

30

3600
= 2 + 0.25 + 0.0083 = 2.2583



This system introduced zero as a number and a placeholder, allowing for efficient representation of large
numbers and straightforward arithmetic algorithms such as addition, subtraction, multiplication, and
division.

Formula Derivation

Arithmetic operations in the decimal system rely on place value and carry-over principles. For example,
addition of two digits  and  with carry  is:

Worked Illustration

Add 47 and 58:

Units place: 7 + 8 = 15, write 5, carry 1
Tens place: 4 + 5 + 1 (carry) = 10, write 0, carry 1
Hundreds place: carry 1, write 1

Result: 105

Solved Example

Example: Multiply 23 by 12 using the Hindu-Arabic system.

Solution:

Multiply 23 by 2 (units digit of 12): 23 × 2 = 46
Multiply 23 by 1 (tens digit of 12) and shift one place: 23 × 10 = 230
Add the two results: 46 + 230 = 276

a b c

Sum = (a + b + c) mod 10

Carry = ⌊
a + b + c

10
⌋



Practice Set

Level 1 – Easy: Add 56 and 39.
Level 2 – Moderate: Subtract 128 from 345.
Level 3 – Challenging: Multiply 123 by 45.

Answer Key

Level 1: 95
Level 2: 217
Level 3:

Step 1: 123 × 5 = 615

Step 2: 123 × 40 = 4920

Step 3: 615 + 4920 = 5535

Quick Reference

Operation Method

Addition Digit-wise addition with carry

Subtraction Digit-wise subtraction with borrowing

Multiplication Partial products and addition

Division Repeated subtraction or long division

Glossary

Carry: The value transferred to the next higher place value during addition.
Borrowing: The process of taking value from a higher place value during subtraction.
Partial Product: The product of one digit of a number with another number in multiplication.
Place Value: The value of a digit depending on its position in the number.


