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Module 1: Bits

A bit is the smallest unit of information in a computer. It can be either 0 or 1. Bits are used to represent all of
the data that is stored and processed on a computer, including text, images, audio, and video.

* Whatis a bit?
* How are bits represented?
® How are bits used?
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® Patterns using Bits
Module 12: Boolean Operations

Boolean operations are used to manipulate bits. The two most common Boolean operations are AND and OR.
The AND operation returns 1 if both bits are 1, and 0 otherwise. The OR operation returns 1 if either bit is 1,
and 0 otherwise.

Module 13: Hexadecimal Notation

Hexadecimal notation is a way of representing numbers using 16 symbols instead of 10. The hexadecimal
symbolsare0,1,2,3,4,56,7,8 9, A B,C,D,E andF.

Module 14: Storing a Bit

Bits are stored in memory using electrical charges. A bit is stored as a high voltage if itis a 1, and a low

voltage ifitis a 0.

Module 1: bits

What is a bit?

® A bit is the smallest unit of information in a computer.

® |t can be either O or 1.

® Bits are used to represent all of the data that is stored and processed on a computer, including text,
images, audio, and video.

How are bits represented?

® Bits can be represented in a variety of ways, including electronically, optically, and magnetically.

* In most computers, bits are represented electronically using transistors.

* A transistor is a semiconductor device that can be switched to either a conducting or non-conducting
state. When a transistor is conducting, it represents a 1 bit. When a transistor is non-conducting, it

represents a 0 bit.

How are bits used?
Bits are used in a variety of ways in computers. For example, bits are used to:

Represent text characters: Each character in the English alphabet is represented by a unique sequence of
bits. Represent images: Images are represented by a grid of pixels. Each pixel is represented by a
combination of red, green, and blue bits. Represent audio: Audio is represented by a series of samples. Each
sample is represented by a combination of bits. Represent video: Video is represented by a series of images.
Each image is represented by a grid of pixels. Each pixel is represented by a combination of red, green, and

blue bits. Examples of bits in use
Here are some examples of how bits are used in the real world:

* When you type a letter on your keyboard, the computer converts the letter to a sequence of bits. These
bits are then sent to the monitor, which displays the letter on the screen.
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When you take a photo with your digital camera, the camera converts the image to a grid of pixels.
Each pixel is represented by a combination of red, green, and blue bits. These bits are then stored on
the camera's memory card.

When you listen to a song on your MP3 player, the player converts the song to a series of samples.
Each sample is represented by a combination of bits. These bits are then played through the player's
speakers.

When you watch a video on your computer, the computer converts the video to a series of images.
Each image is represented by a grid of pixels. Each pixel is represented by a combination of red, green,
and blue bits. These bits are then displayed on the computer's monitor.

Units of measurement for storage data

Sr. . L. Approximate
Units Abbr. Description .
No. Size
1 Bit Computer works with binary digits in 0's and 1's form. A
[
binary digit is called bit.
2 Nibble 4 bit
3 Byte 8 bit (Store single character) 1 character
4 Kilobyte KB 1024 Bytes 1 page
5 Megabyte MB 1024 KB (1 millon bytes) 1000 pages
. - 1 million
6 Gigabyte GB 1024 MB(1 billion bytes)
pages
. 1 billion
7 Terabyte B 1024 GB(1 trillion bytes)
pages

Patterns Using Bits

A bit pattern is a sequence of bits, which are the smallest unit of data in computing. A bit can have two
values: 0 or 1. Bit patterns are used to represent all kinds of data, including numbers, letters, symbols,
and images.

Bit patterns can be of any length, but they are typically represented as strings of binary digits. For
example, the bit pattern "01000001" represents the letter "A" in ASCIl code. [* 1]

Bit patterns are used in a wide variety of computing applications. For example, they are used to store
and transmit data, to encode and decode information, and to perform mathematical and logical
operations.
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bitpattern: 10110101

- o k= — k—
start bit bit time stop bit
(10) (1010)

Image source: engineersgarage.com
Here are some examples of bit patterns:

® The bit pattern "00110001" represents the number 1 in ASCII code.
* The bit pattern "01001000 01100101 01101100 01101100 01101111" represents the word "Hello" in
ASCII code.

Bit patterns are a powerful tool for representing and manipulating information in computing.

ASCII code

® ASCII stands for American Standard Code for Information Interchange. It is a character encoding system
that uses a 7-bit or 8-bit binary code to represent characters.
® ASClIl is used in most computers and electronic devices to represent text, numbers, and other symbols.

Each ASCII character is assigned a unique code. For example, the ASCII code for the letter "A" is 65. The ASCII
code for the space character is 32.

For example, to convert the letter "A" to binary code, you would follow these steps:

The ASCII code for the letter "A" is 65.

Write the ASCII code in decimal form: 65

Convert the decimal code to binary code: 01000001

Pad the binary code with zeros on the left to make it 8 bits long: 01000001

The following table shows some common ASCII characters and their binary codes:

Character ASCIl Code Binary Code

A 65 1000001
B 66 1000010
C 67 1000011
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Character ASCIl Code Binary Code

z 90 1011010
0 48 110000
1 49 110001
2 50 110010
9 57 111001
space 32 100000
! 33 100001
" 34 100010
# 35 100011
~ 126 1111110

click on the following link to view complete table: ASCII, decimal, hexadecimal, octal, and binary conversion
table - IBM

Convert decimal code to binary code:

For example, to convert the decimal number 10 to binary code, we would do the following:

10 / 2 = 5 Remainder: @ (bit #1)

5 / 2 = 2 Remainder: 1 (bit #2)
2 / 2 =1 Remainder: @ (bit #3)
1/ 2 = @ Remainder: 1 (bit #4)

So, 10 (decimal) = 1010 (binary)
Another example, to convert the decimal number 15 to binary code

| Division

by 2 | Quotient | Remainder

(Digit)  Bit #
asy2 7
(7)/2 3
(3)/2 1
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(Digit)  Bit #

(/2 0

So, 15 (decimal) = 1111 (binary)

click on the following link to covert decimal to binary: https://www.rapidtables.com/convert/number/decimal-
to-binary.html

How to convert a binary number to decimal step by step with an example:
Method 1: Using place values and powers of 2
1. Identify the binary number: Let's use the binary number 1101 as an example.

2. Understand place values: In binary, each digit represents a power of 2. Starting from the rightmost digit,
the powers of 2 increase as you move left (270, 221, 272, and so on).

3. Assign values based on position:

¢ If a binary digit is 1, it contributes the value according to its position (power of 2).
¢ If a binary digit is 0, it contributes nothing (0 times any power of 2 is 0).

4. Multiply and sum:

* Multiply each binary digit by its corresponding power of 2.
* Add all the products together. The sum will be the decimal equivalent.

Steps applied to the example:
Binary number: 1101

¢ Rightmost digit (1): 1 x 270 =1

* Second digit (0): 0 x 221 = 0 (doesn't contribute)
* Third digit (1): 1 x2”22 =4

* Leftmost digit (1): 1x273 =8

5. Sum the products: 1 (rightmost) + 0 + 4 + 8 = 13 (decimal)
Therefore, 1101 (binary) is equal to 13 (decimal).
See also:

® Convert ASCII to Binary - Online Binary Tools

® Convert Binary to ASCII - Online Binary Tools

* How to convert decimal to binary - rapidtables.com
® Binary to decimal - rapidtables.com

Module 2: Boolean Operations
What are Boolean operations?**

* Boolean operations are logical operations that are used to manipulate bits.
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® The two most common Boolean operations are AND and OR.
* The AND operation returns 1 if both bits are 1, and 0 otherwise.
* The OR operation returns 1 if either bit is 1, and 0 otherwise.

Boolean expressions

Boolean expressions are expressions that use Boolean operations to combine bits. Boolean expressions can be
used to perform simple calculations on bits, such as checking if two bits are both equal to 1, or checking if a

bit is equal to 0.

Truth tables

Truth tables are a way of representing the output of a Boolean expression for all possible combinations of
inputs. Truth tables can be used to verify that a Boolean expression works as expected.

Example: Let's create a truth table for the expression A AND B:

A B AANDB

0 0 O
o 1 O
1T 0 O

In this example:

* When A =0and B =0, A AND B evaluates to 0.
* When A =1and B =1, A AND B evaluates to 1.

Example: Let's create a truth table for the expression A OR B:

A B AORB

0 0 O
o 1 1
1T 0 1

In this example:

* When A =0andB =0, A OR B evaluates to 0.
e When A =0andB =1, A OR B evaluates to 1.

Examples of Boolean expressions

Here are some examples of Boolean expressions:

. : This expression returns 1 if both bits A and B are equal to 1, and 0 otherwise.
7
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: This expression returns 1 if either bit A or bit B is equal to 1, and 0 otherwise.
: This expression returns the opposite of bit A.
: This expression returns 1 if either A AND B is equal to 1, or Ciis equal to 1, and 0
otherwise.

Applications of Boolean operations

Boolean operations are used in a variety of applications, including:

Digital logic: Boolean operations are used to design and implement digital logic circuits.
Computer programming: Boolean operations are used to write computer programs.
Databases: Boolean operations are used to perform complex queries on databases.
Search engines: Boolean operations are used to refine search results.

Module 3: Hexadecimal Notation

What is hexadecimal notation?

Hexadecimal notation is a way of representing numbers using 16 symbols instead of 10. The hexadecimal
symbolsare0,1,2,3,4,56,7,8 9, A B,C,D,E andF.

Why use hexadecimal notation?

Hexadecimal notation is a more compact way of representing binary numbers. For example, the binary
number 1010101010101010 can be represented as the hexadecimal number OXAAAA.

Hex Binary
0 0000
1 0001
2 0010
3 0011
4 0100
5 0101
6 0110
7 0111
8 1000
9 1001
A 1010
B 1011
C 1100
D 1101
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Hex Binary

E 1110

F 1111

How to convert between hexadecimal and binary

To convert a hexadecimal number to binary, simply replace each hexadecimal digit with its corresponding
binary equivalent. For example, to convert the hexadecimal number OxAAAA to binary, we would replace the A
digits with the binary number 1010, and we would replace the F digits with the binary number 1111. This
would give us the binary number 1010101010101010.

To convert a binary number to hexadecimal, simply group the binary digits into groups of four. Then, replace
each group of four binary digits with its corresponding hexadecimal digit. For example, to convert the binary
number 1010101010101010 to hexadecimal, we would group the binary digits into groups of four:

1010 1010 1010 1010

Then, we would replace each group of four binary digits with its corresponding hexadecimal digit:

AAAA

This would give us the hexadecimal number OxAAAA.
How to convert hex to binary:
Another example, to convert hexadecimal number 1E to binary:

1. Write down the hex number: We have 1E.

2. Convert hex to decimal: The decimal equivalent of 1E is 30 (since 1E represents (176~7) + (1416/0) =
30). Represent each digit in binary:

3. 1in binary is 0001.

4. E in decimal is 14, which in binary is 1110.

5. Combine the binary representations: 1E in binary is 00011110

How to convert hexadecimal to decimal step by step with an example:
Steps:
1. Identify the hexadecimal number: Let's use D3A5 (hex) as an example.

2. Assign decimal values to hexadecimal digits: Remember, A=10,B=11,C=12,D = 13, E = 14, and

F = 15. In our example:

°© D=13
© 3=3
°© A=10
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3. Multiply each digit by its place value (power of 16):

© D (13)isin the 1673 (4096) place: 13 * 1673 = 53248
3 (3) is in the 1672 (256) place: 3 * 1672 = 768

A (10) is in the 16”71 (16) place: 10 * 1671 = 160

5 (5) isin the 1670 (1) place: 5* 1670 =5

[e]

[e]

o

4. Sum the products: Add the results from step 3: 53,248 (D) + 768 (3) + 160 (A) + 5 (5) = 54,181

Therefore, D3A5 (hex) is equal to 54,181 (decimal).
Applications of hexadecimal notation

Hexadecimal notation is used in a variety of applications, including:

* Computer programming: Hexadecimal notation is used to represent machine code and memory
addresses.

* Electronics: Hexadecimal notation is used to represent hexadecimal numbers in electronic circuits.

¢ Networking: Hexadecimal notation is used to represent MAC addresses and IP addresses.

* Debugging: Hexadecimal notation is used to debug computer programs and electronic circuits.

Module 14: Storing a Bit

How are bits stored in memory?

Bits are stored in memory using electrical charges. A bit is stored as a high voltage ifitisa 1, and a low
voltage if itis a 0.

Types of memory

There are two main types of memory in a computer: RAM and ROM. RAM stands for random-access memory.
RAM is used to store data that is currently being used by the computer. ROM stands for read-only memory.
ROM is used to store data that is permanent, such as the computer's BIOS.

RAM:

RAM is made up of millions or even billions of tiny transistors. Each transistor can store a single bit of data.
The transistors are arranged in a grid, and each transistor is addressed by a unique address.

When the computer needs to access a bit of data in RAM, it sends the address of the bit to the memory
controller. The memory controller then sends a signal to the transistor at that address. The transistor then
switches to the appropriate state (high voltage or low voltage) to represent the bit of data.

ROM:

ROM is made up of a series of interconnected cells. Each cell can store a single bit of data. The cells are
arranged in a grid, and each cell is addressed by a unique address.

10
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When the computer needs to access a bit of data in ROM, it sends the address of the bit to the memory
controller. The memory controller then sends a signal to the cell at that address. The cell then reads the bit of
data and sends it back to the memory controller.

True/False (Mark T for True and F for False)
Multiple Choice (Select the best answer)

What does ASCII stand for?

1. ¥/ American Standard Code for Information Interchange
2. Applied Software Code for Information Technology

3. . Advanced Security Code for Information Exchange

4. Automated System Code for Information Transfer

What is the ASCII code for the letter "A"?

1. ¥ 65
2. 97
3. 101
4. 114

How would you convert the letter "B" to binary code using ASCII?

1 00100001
2. 00100010
3. 01000000
4. ¥/ 01000010

Which unit of measurement is typically used to measure the storage capacity of a hard drive?

1. ¥/ Gigabyte (GB)
2 Terabyte (TB)
3. Petabyte (PB)
4 Exabyte (EB)

What is the relationship between a kilobit (Kb) and a kilobyte (KB)?

1. /8 Kb =1KB

2 1 Kb = 1024 KB
3. -/ 1 Kb = 1000 KB
4 1Kb =512 KB

Which of the following is the largest unit of data storage?

1 Megabyte (MB)
2 Kilobyte (KB)

3. L) Gigabyte (GB)
4. ¥ Terabyte (TB)

Which unit is commonly used to measure the speed of data transfer?

1"
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1. Hertz (Hz)

2. Watts (W)

3. ¥ Bits per second (bps)
4, Bytes per second (Bps)

Which of the following is equivalent to 1024 gigabytes?

1. ¥/ 1 terabyte (TB)
2 1 petabyte (PB)
3. 1 kilobyte (KB)
4 1 megabyte (MB)

Review Questions

1. Define a bit, explain how bits are represented, and describe their uses.

2. Write the note on different units of measurement for data storage

3. What is the most basic unit of data storage? How many bits are in a byte?

4. Which unit of measurement is typically used to measure the storage capacity of a hard drive?

5. List the prefixes used to form multiples of a byte, starting from kilobyte to terabyte. How many bytes
are in each unit?

6. What does ASCII stand for?

7. What is the ASCII code for the letter "A"?

8. How would you convert the letter "B" to binary code using ASCII?

9. How can you convert the letter "B" (ASCII value 66) and the decimal number 15 to their binary
representations?

10. Explain the concept of ASCIl and how it relates to representing characters digitally. Convert the letter

"B" to its binary equivalent, given that it has an ASCII value of 66 and a decimal value of 15.

Excercises

1. Research the ASCII code table and find the bit patterns for the letters "G", "o0", "o", "d".

2. Decode the following binary messages: "01000111 01110010 01100001 01110100 01101001 01110100
01110101 01100100 01100101".

3. Write down the binary representation of the decimal numbers 0 to 15.

4. Convert the following decimal numbers to binary: 25, 47, 100, and 128.

5. Write down the ASCII code for the letters "A" to "Z".

6. Write down the ASCII code for the numbers 0 to 9.

7. Write down the ASCII code for the following symbols: !, @, #, and $.

References
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