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Chapter 5: Units of Measure

In computing, "bits™ is short for "*binary digits'* and is the smallest unit of data in a
computer. A bit can have a value of either 0 or 1, representing the fundamental on/off state that
underpins digital logic and computing systems.

Key points to understand about bits:

1. Binary system: Since computers operate on binary logic, everything from data storage to
processing is ultimately represented using combinations of Os and 1s (bits).
2. Data measurement: Bits are used as a building block for larger units of measurement:
o 1 byte = 8 bits
o 1Kkilobit (Kb) = 1,000 bits (in networking contexts) or 1,024 bits (in computer
memory contexts, depending on standard).
3. Transmission rates: Bits are also commonly used to measure data transfer rates, such as
megabits per second (Mbps), which describes how much data can be transmitted in a
given time.

For example, in a network connection rated at 100 Mbps, the “bits” refer to the raw binary data
being transmitted. Understanding bits is crucial for areas like cybersecurity, where efficient data
representation and transmission often play a role in system design and security measures.
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A byte is a unit of digital information used to store and process data in computers. A single byte
typically consists of 8 bits and is the basic unit for representing a character, such as a letter,
number, or symbol, in many computer systems.

Key points about bytes:

1. Relation to bits: Since 1 byte = 8 bits, a byte can represent 28 = 256 possible values.
This is why a single byte is often used to store characters in systems using ASCII or
similar encoding schemes.

o Example: The letter ""A" in ASCII is represented as the byte 01000001 (binary).

2. Larger units of data: Bytes serve as building blocks for measuring larger amounts of
data:

o 1Kkilobyte (KB) = 1,024 bytes (in most computer memory contexts)
o 1 megabyte (MB) = 1,024 KB = 1,048,576 bytes
o 1gigabyte (GB) = 1,024 MB, and so on.

3. Usage: Bytes are used to measure the amount of data stored in memory or storage
devices (e.g., hard drives, USB drives).

o For example, a 500 GB hard drive means the device can store 500 gigabytes of
data.

4. Applications: In programming, file sizes, and cybersecurity, understanding bytes is
essential for optimizing storage, ensuring data integrity, and managing encryption or
secure data transfers.
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First Bit Second Bit Decimal Value
0 0 0
0 1 1
1 0 2
1 1 3

Possible Combination of 2 bits (4 values)

First Bit | Second it | Third Bit | Decimal Value
0 0 0 0
0 0 1 1
0 1 0 2
0 1 1 3
1 0 0 4
1 0 1 5
1 1 0 6
1 1 1 7

Possible Combination of 3 Bits (8 values)

Unit Number of Bytes

Byte 1-one

Kilobyte (KB) 1,000 - one thousand

Megabyte (MB) 1,000,000 - one million

Gigabyte (GB) 1,000,000,000 - one billion

Terabyte (TB) 1,000,000,000,000 - one trillion
Petabyte (PB) 1,000,000,000,000,000 -one quadrillion

Data storage units
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How Do We Measure Data Throughput?

Data throughput refers to the amount of data successfully transferred from one point to another
within a given period of time. It is a critical metric in networking, storage, and system

performance.
Common Units for Measuring Data Throughput:

1. Bits per second (bps)
o The most fundamental unit, typically used for describing network speed.
o Variations include:
= Kbps (Kilobits per second) = 1,000 bps1,000 \, \text{bps}1,000bps
=  Mbps (Megabits per second) = 1,000,000 bps1,000,000 \,
\text{bps}1,000,000bps
=  Gbps (Gigabits per second) = 1,000,000,000 bps1,000,000,000 \,
\text{bps}1,000,000,000bps
= Tbps (Terabits per second) = 1,000,000,000,000 bps1,000,000,000,000 \,
\text{bps}1,000,000,000,000bps
2. Bytes per second (Bps)
o Some systems, particularly when measuring disk 1/0 or file transfers, use bytes
instead of bits.
o Conversion note: 1 byte = 8 bits, so:
= KBps (Kilobytes per second)
=  MBps (Megabytes per second)
= GBps (Gigabytes per second)

Where is Throughput Measured?

o Network throughput: The rate of data transfer across a network.
Example: A fiber internet connection may be advertised as 1 Gbps.
o Disk or storage throughput: The rate at which data can be read from or written to a

storage medium, typically measured in MBps or GBps.
e System throughput: A measure of overall system performance, combining network,

CPU, and disk throughput.

Factors Affecting Data Throughput:

1. Bandwidth: The maximum data rate a medium (e.g., a cable or wireless connection) can
support.
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2. Latency: The delay between sending and receiving data. High latency reduces effective
throughput.

3. Network congestion: Competing traffic can bottleneck data flow, lowering throughput.

4. Protocol overhead: Some of the transmitted data is used for headers, error correction,
and control messages, reducing effective throughput.

Calculating Throughput:
Throughput can be calculated using the formula:

Throughput=Total Data TransferredTime Taken\text{ Throughput} = \frac{\text{ Total Data
Transferred} }{\text{ Time Taken}}Throughput=Time TakenTotal Data Transferred

Example:
If 10 GB of data is transferred over a network in 500 seconds:

Throughput=10x1,000 MB500 s=20 MBps\text{ Throughput} = \frac{10 \times 1,000 \,
\text{MB}}{500 \, \text{s}} = 20 \, \text{MBps} Throughput=500s10x1,000MB=20MBps

In networking contexts, you’d often convert it to bits:
20 MBpsx8=160 Mbps20 \, \text{MBps} \times 8 = 160 \, \text{Mbps}20MBpsx8=160Mbps

Understanding throughput is key to optimizing network performance, designing efficient
systems, and troubleshooting issues related to slow data transfers.
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What is processor speed & how do we measure it?

What Is Processor Speed?

Processor speed, also known as clock speed, refers to the number of cycles a CPU (central
processing unit) can execute per second. It indicates how quickly the processor can process
instructions and is a key factor in overall computer performance.

How Is Processor Speed Measured?

e Hertz (Hz): The basic unit of measurement for cycles per second.
o 1Hz =1 cycle per second.
o Modern processors operate at billions of cycles per second, so the speed is
commonly measured in:
= Megahertz (MHz): 1 MHz = 1 million cycles per second.
= Gigahertz (GHz): 1 GHz =1 billion cycles per second.

For example:

o A processor with a speed of 3.5 GHz can execute 3.5 billion cycles per second.

What Do Clock Cycles Represent?

A clock cycle is the basic unit of time for a processor to complete its smallest operation. During
each cycle, the CPU can:

« [Fetch an instruction,

e Decode it, and

e Execute it (though many modern CPUs complete parts of multiple instructions per cycle
due to parallelism).

Does Higher Clock Speed Always Mean Faster Performance?

Not necessarily. While a higher clock speed generally indicates faster performance, other factors
can significantly affect the CPU’s overall speed:

1. Cores and threads:
Modern CPUs have multiple cores, allowing them to handle multiple tasks
simultaneously. For example, a 2.5 GHz quad-core processor may outperform a 3.5 GHz
single-core processor due to its parallel processing ability.
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2.

4.

Architecture:

Different CPU architectures can execute more instructions per cycle (measured as
Instructions Per Clock or IPC). A newer CPU with better architecture and lower GHz
may outperform an older, higher-GHz CPU.

Cache memory:

On-chip memory (L1, L2, L3 cache) helps speed up data retrieval, improving
performance without necessarily relying on higher clock speeds.

Thermal throttling:

If a CPU gets too hot, its speed may be automatically reduced to prevent overheating,
affecting performance.

How to Evaluate Processor Speed Effectively:

Look beyond the GHz number. Consider the number of cores, architecture, cache size,
and thermal design power (TDP).

For specific applications (e.g., gaming, video editing, machine learning), benchmarks
provide more accurate insights into real-world performance.

Summary Table of Common CPU Speeds

Speed Range | Common in... Example Tasks

1-2 GHz Id_;)\\//\i/éggwer devices, smartphones, 10T Web browsing, lightweight apps

2-3 GHz Laptops, budget desktops Office work, light multitasking

3-5 GHz High-performance desktops, servers Gaming, video editing, coding, simulations
5+ GHz Overclocked CPUs, specialized hardware Heavy computing, rendering, scientific tasks

Processor speed is essential, but understanding its interaction with other system components is
crucial when evaluating overall performance.
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Remember

1. Storage Unit

A storage unit is a measure of how much digital data can be stored in a computer or storage
device. It represents the amount of information that can be saved and retrieved from memory or
storage media.

Common units of storage:

e Bit (b): The smallest unit of data, representing a 0 or 1 in binary.
o Byte (B): 1 byte = 8 bits.
e Larger units of storage:
o Kilobyte (KB): 1 KB = 1,000 bytes (or 1,024 bytes in binary systems).
Megabyte (MB): 1 MB = 1,000 KB
Gigabyte (GB): 1 GB = 1,000 MB
Terabyte (TB): 1 TB = 1,000 GB
Petabyte (PB): 1 PB =1,000 TB

O O O O

Example:
A hard drive with 500 GB of storage can hold approximately 500 billion bytes of data.

2. Throughput Unit

A throughput unit is used to measure how much data can be transferred or processed in a given
amount of time. It’s commonly applied in the context of network data transfer, disk I/O, and
system performance.

Common units of throughput:
o Bits per second (bps): The basic unit of network throughput.
o Kbps: Kilobits per second (1 Kbps = 1,000 bps)
Mbps: Megabits per second (1 Mbps = 1,000 Kbps)
Gbps: Gigabits per second (1 Gbps = 1,000 Mbps)

In disk 1/0 or data processing contexts, throughput may be measured in bytes per second:

o KBps (Kilobytes per second)
e MBps (Megabytes per second)

Example:
A network with a throughput of 100 Mbps can transfer 100 million bits of data per second.
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3. Processor Speed
Processor speed, also known as clock speed, refers to the number of cycles a CPU can execute
per second. It is a measure of how quickly a processor can process instructions and perform
calculations.
Unit of measurement:
e Hertz (Hz): One cycle per second.
o Megahertz (MHz): 1 MHz = 1 million cycles per second
o Gigahertz (GHz): 1 GHz = 1 billion cycles per second

Example:
A CPU with a clock speed of 3.5 GHz can execute 3.5 billion cycles per second.

Important note: A higher clock speed often indicates better performance, but the number of
cores, architecture, and other factors also play an important role.

Videos

Bits And Bytes | What and Why?
https://youtu.be/9vNdFpjEmXw?si=Xa31KatjJGelfxsO

Khan Academy and Code.org | Binary & Data
https://youtu.be/ewokFOSxabs?si=wgnFfKs2HvupmXZy

CPU Clock Speed Explained
https://youtu.be/3PcO10iAXTk?si=pZ_eOlb5ivLzId2T



https://youtu.be/9vNdFpjEmXw?si=Xa3IKqtjJGeIfxsO
https://youtu.be/ewokFOSxabs?si=wgnFfKs2HvupmXZy
https://youtu.be/3PcO10iAXTk?si=pZ_e0lb5ivLzld2T

	Key points to understand about bits:
	Key points about bytes:
	Common Units for Measuring Data Throughput:
	Where is Throughput Measured?
	Factors Affecting Data Throughput:
	Calculating Throughput:
	What Is Processor Speed?
	How Is Processor Speed Measured?
	What Do Clock Cycles Represent?
	Does Higher Clock Speed Always Mean Faster Performance?
	How to Evaluate Processor Speed Effectively:
	Summary Table of Common CPU Speeds
	1. Storage Unit
	Common units of storage:

	2. Throughput Unit
	Common units of throughput:

	3. Processor Speed
	Unit of measurement:

	Bits And Bytes | What and Why? https://youtu.be/9vNdFpjEmXw?si=Xa3IKqtjJGeIfxsO
	Khan Academy and Code.org | Binary & Data
	CPU Clock Speed Explained https://youtu.be/3PcO10iAXTk?si=pZ_e0lb5ivLzld2T

