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What We Will Cover

Why computers use binary

How numbers are represented
o Integers

o Sighed integers
o Decimals

Why decimal arithmetic is approximate

How humans read binary using hexadecimal

How characters are represented
o ASCII, Unicode and UTF-8
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Section 1: Binary Basics

In this section, we will learn:

e Why computers use only O and 1
e What binary numbers are
e What bits and bytes mean

e How simple binary arithmetic works
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How Computers Represent Data

e Computers work with data

e Data means:
o Numbers

o Characters

e But inside a computer, everything becomes 0 and 1
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Why Only O and 1?

e Computers are electronic machines

e Electronic circuits are:
o ON

o OFF
e ON =1
« OFF = 0

This system is called Binary
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Binary Number System

e Decimal system - base 10
o Uses 0-9

e Binary system - base 2
o Uses only O and 1
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Binary Place Values

Position Value Example:

1st 1 1011 = 8 + 2 + 1 = 11
2nd 2
3rd 4
4th 8

e Rightmost bit is the smallest
value
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Try This

Convert these to decimal:

e 0011
e 0101

e 1001

Write the place values before adding.
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Binary Addition

Rules:
e 0+0=0
e 0+1=1
e 1+0=1
e 1+1="10 (carry)
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Binary Addition Example

101
+ 011

1000
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Try This (Binary Addition)

Add these binary numbers:

0101
+ 0011

Write each step.

Mark where carry happens.
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Binary Subtraction

Rules:
e 0-0=0
e 1-0=1
e1-1=0

e O-1- borrow
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Binary Subtraction Example

1010
- 0011

0111
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What Is a Bit?

e Bit = Binary Digit

e Smallest unit of data

e Value can be:
o 0

o 1
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What Is a Byte?

e 1Byte = 8 bits

e Basic unit of storage

e Memory and files use bytes

Example:

01000001
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Why 8 Bits in a Byte?

e Standardized early
e 28 = 256 values

e Enough for characters and small numbers
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Real-Life Analogy: Boxes

e Bit - one switch
e Byte —» box with 8 switches

e More data — more boxes
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Summary

Computers represent all data using binary
A bit stores O or 1

A byte is 8 bits
Binary arithmetic is simple and reliable
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Section 2: Representing Numbers

In this section, we will learn:

e How computers store whole numbers
e How negative numbers work
e What overflow means

« Why decimals are approximate
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Types of data used in computing

e Numbers
o Integers

o Signed (Negative or Positive) Integers
o Decimals

e Characters

How are they represented?
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Integers (Whole Numbers)

e Integers are whole numbers
e No decimal point

e Examples:
o 0,1, 2,10, 255

Computers store integers using binary bits
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Unsigned Integers

e Can represent only O and positive numbers

e No negative values
With n bits, range is:

e Oto (20 -1)
Example:

e 8 bits - 0to 255
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Think About This

e Unsigned numbers cannot be negative.

Where in real life do we never need negative numbers?
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Try This (Range Math)

Answer without a calculator:

e With 4 bits, what is the maximum number?

e With 8 bits, why is the maximum 2557

e With 16 bits, what is the maximum?

Hint:
2n -1
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Unsigned Integer Example (8-bit)

e All bits OFF - smallest number

e All bits ON - largest number

OOOO0101 - 5
111113311 - 255
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Signed Integers

e Signed integers can represent:
o Positive numbers

o Negative numbers

o Zero
Computers commonly use:

« Two's complement representation
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Reflect

e Computers need a special trick to store negative numbers.

e Humans do not think about this at all.
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Signed Integer Range (8-bit)

Using two’'s complement:

e Range:
o =128 to +127

Why?

e One bit is used for sign

e Negative numbers are stored using two's complement.
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Two’'s complement

e Numbers "wrap around”
e This makes addition work naturally

o Take the positive number - invert bits (1's complement) - + 1 = gives -
ve number

+1 POOEOEO1
invert 11111116
add 1 111313131311 - =1
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Integer Arithmetic

Computers can do:

e Addition
e Subtraction
o Multiplication
e Division
But with fixed size, problems can happen:

e Overflow

e Underflow
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Overflow Example (8-bit Unsigned)

255 + 1 =7
In Binary:

111131313171 + OOOO01 - 00000000

Result is incorrect because:

e No more bits available
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Decimals Are Harder

Decimals:

e 0.1
e 314
e 1.25

Binary cannot represent all decimals exactly
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Floating-Point Numbers

o Computers use floating-point representation (Standard: IEEE 754) for
decimal

A floating-point number has:

e Sign
e ExXponent

e Fraction (mantissa)
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Why Decimals Are Hard in Binary

o Computers store numbers in binary

e Binary works well for:
o 1/2,1/4, 1/8

e Binary does not work well for:
o 0.1,0.2,314

Many decimal fractions cannot be stored exactly
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Try This

Which of these are easy in binary?

e 0.5
e 0.25
e 0.1

Why?
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How Decimals Become Binary

To convert a decimal number:
e Split it into:
o Integer part
o Fractional part

e Integer part:
o Divide by 2
e Fractional part:
o Multiply by 2

Both parts are converted separately
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Why Multiply by 2?

e Binary is a base-2 number system

e Each fractional position is:
o 1/2,1/4,1/8, ...

Multiplying by 2:

o Shifts the next binary digit into the integer place
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Repeat the Process

For the fractional part:

fraction x 2 = integer + fraction
e Integer part - next binary digit
e Fractional part — repeat

Repeat until:

e Fraction becomes 0 (exact)

e Or bits run out (approximate)
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Repeating Fractions in Binary

Some fractions never end in binary:

e 0.1
e 0.2
e 314

Just like:
e 1/3 = 0.3333... in decimal

Binary has its own repeating fractions
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Finite Storage Means Approximation

e Computers have limited bits

e Infinite fractions must be:
o Cut

o Rounded
The stored value is:

e Very close

e But not exact
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The Famous Example

0.1 + 0.2 = 0.30000000000000004

Why?
e 0.1and 0.2 are already approximations

e Adding them adds tiny error
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Why You Usually See Correct Answers

e Floating point has high precision
o ~15 decimal digits

e Output is rounded for display

Internally:
0.30000000000000004

Displayed:
0.3
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Getting Reliable Results

Use integers when possible
Avoid direct equality checks with decimals

Accept approximation in science
Use special decimal math for money
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Summary

o« Computers do not calculate decimals exactly
e They calculate them predictably and approximately

e High-precision math is done in software using integers and algorithms,
not hardware floats.
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Choosing Number Types

e Use integers for:

o Counts
o |Ds
o Loop counters

e Use decimals (floating point) for:

o Measurements

o Scientific values

Be careful with money!
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Summary

e Integers are stored exactly
e Signed numbers use two's complement
e Fixed size can cause overflow

e Decimals are stored approximately

How Computers Represent and Manipulate Data




Exploring Digital Technology

Section 3: Hexadecimal

In this section, we will learn:

 Why binary is hard for humans
 What hexadecimal is
e How hex maps neatly to binary

 Where hex is used in real systems
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Problem with Binary for Humans

Binary numbers are long:

1160101101011

Hard to read and debug for humans.
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Think About This

e Computers like binary.

e Humans do not.

Why do you think programmers still learn binary at all?
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Hexadecimal Representation

e Base 16 number system

Hex Decimal
A 10
F 15
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Binary and Hex Relationship

e 1 hex digit = 4 bits
e 2 hex digits = 1 byte

Example:

Binary: 01000001
Hex: 41
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Try This (Binary L4 Hex)

Convert:

e Binary: 1111

e Binary: 1010

Into hex.

How Computers Represent and Manipulate Data




Exploring Digital Technology

Where You See Hex

e Memory addresses
e Debuggers
e Machine code

e Colors:
o #FF0O0O0 = Red
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Real-Life Analogy: Short Names

e Binary — long phone number

e Hex — saved contact name

Same value, easier to read.
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Summary

e Hexadecimal is base 16
e 1hex digit = 4 bits

e Hex is easier for humans to read and debug
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Section 4: Representing Text

In this section, we will learn:

e How characters become numbers
e \What ASCII can and cannot do
e Why Unicode exists

e How UTF-8 saves space
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Representing Characters

e Computers store:
o Letters

o Digits
o Symbols

e Characters are stored as numbers
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ASCII

o ASCIl = American Standard Code for Information Interchange

e Each character - number

e Stored in one byte
Examples:

e A - b5
e a — 9/
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Think About This

ASCII worked well for English.

It failed for most of the world.

What do you think happens when technology ignores language
diversity?

How do you think this shaped who could use computers first?
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ASCII Example

Character - Number - Binary

e A - 65 - 01000001

e B> 66 - 01000010
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Problem with ASCII

e Works only for English

e Cannot represent:
o Indian languages

o Many world scripts

o Emojis
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Why Unicode?

e One system for all languages

e Every character gets a unique number

e A standard body, the Unicode Consortium, defines this

Examples:

e A - U+0041
o &9 —>U+OC85
e ¥ - U+TF60A
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Unicode Needs More Than One Byte

e Unicode assigns a number to every character
e Some numbers are small

e Some numbers are very large
So one byte (8 bits) is not enough for all characters

e Remember: Unicode assigns numbers, not how they are encoded or
stored
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Fixed Length Encodings

e UCS-2
o Uses 2 bytes (16 bits)

o Cannot encode emojis or many modern characters
o Obsolete

e UCS-4
o Uses 4 bytes (32 bits)

o Can encode all Unicode

e Every character uses the same space
e« UCS-2 and UCS-4 are **xFixed-width encoding **
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Why This Wastes Space

Example:
e English letter A
o Needs very small number

o But still uses 2 or 4 bytes
Result:

e Simple text wastes memory
e Files become bigger

e Slower storage and transfer
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We Need a Better Way

What we want:

e Small characters — use less space
e Large characters — use more space

o Still support all languages

e This leads to variable-length encoding
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Variable-Length Encodings

e UTF-8
o Fully variable-length (1-4 bytes)

e UTF-16
o Uses 2 or 4 bytes (mostly fixed, sometimes variable)

o UTF-16 is partially variable-length

e UTF-8 is the most popular one, why?
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UTF-8: A Smarter Encoding

e UTF-8 uses variable number of bytes

e 1to 4 bytes per character
Rules:

e English - 1byte
e Indian languages — 2 or 3 bytes

e Emojis - 4 bytes
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Why UTF-8?

e Uses 1to 4 bytes

e English uses less space

o Which is the most popular language on the web

o Compatible with ASCII
o No need to re-encode

e Used on the web and all modern operating systems
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Example: English Character

Character: A
Unicode number: u+0041

Encoding Bytes Used
UTF-8 1 byte

UTF-8 saves space for English text
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Example: Kannada Character

Character: e
Unicode number: uU+0cC85

Encoding Bytes Used
UTF-8 3 bytes

UTF-8 uses more bytes only when needed
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Summary

Characters are stored as humbers
ASCII is limited to English

Unicode supports all languages
UTF-8 is efficient and widely used
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Big Picture

Computers use binary

Bit — smallest unit

Byte — 8 bits

Numbers and characters become binary
Decimals are difficult

Unicode supports all languages

Hex helps humans read binary
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Think About This

e Why not decimal computers?

e Why do emojis need more bytes?

e Why do programmers like hex?
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Thank you!

Any questions?
Thejesh GN
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