Lesson 1: Introduction to PC Architecture

At its core, a computer is an electronic device designed to execute operations under a
set of instructions called programs. It can receive, process, and store data, ultimately
producing output in a format that can be understood by the user. The primary purpose
of a computer is to perform complex calculations and tasks efficiently and accurately,
making it an indispensable tool in both personal and professional settings. From simple
arithmetic operations to managing large databases and simulating virtual environments,
computers are pivotal in the advancement of various fields including science,
engineering, education, and entertainment.

The journey of computers from their inception
to modern PCs is a fascinating tale of
technological evolution. The concept of
computing dates back to ancient civilizations,
which used tools like the abacus for
calculations. However, the real groundwork for
today's computers was laid in the 19th century
with Charles Babbage's design of the
Analytical Engine, a mechanical
general-purpose computer.

The evolution accelerated in the 20th century
with the development of the electronic digital computer during World War Il, notably the
Colossus and the ENIAC. These machines were initially designed for specific tasks
such as code-breaking and ballistic calculations, but they laid the foundation for the
development of general-purpose computers.

The introduction of transistors in the 1950s and integrated circuits
in the 1960s marked the beginning of the miniaturization of electronic
components, leading to the development of personal computers
(PCs) in the 1970s. Apple Il, IBM PC, and Microsoft's MS-DOS were
pivotal in bringing computers into homes and offices, transforming
how people worked, communicated, and entertained themselves.

Today, computers have become even more compact, powerful, and
ubiquitous, with technologies like quantum computing on the horizon promising to
revolutionize computing once again. The evolution of computers is a testament to



human ingenuity and the relentless pursuit of technological advancement, shaping the
way we live, work, and interact with the world around us.

Basic Components of a PC

The intricate world of personal computers (PCs) is fundamentally built on two main
pillars: hardware and software. Understanding the distinction between these
components and their roles is crucial for comprehending how a computer operates.

Hardware vs. Software

Hardware refers to the physical components of a computer, the tangible parts you can
touch and see. This includes devices like the central processing unit (CPU), memory
modules, storage drives, and peripherals such as keyboards and monitors. Hardware
serves as the foundation that performs the actual computing tasks, from executing
instructions to storing data.

Software, on the other hand, consists of the programs and operating systems that run
on a computer. It provides the instructions that tell the hardware what to do and how to
operate. Software ranges from system software, like Windows or macOS, which
manage hardware and run applications, to application software, such as web browsers
and word processors, which perform specific tasks for users.

Core Components Overview

Each component of a PC plays a distinct role in its operation, contributing to the
system’s overall functionality.

Central Processing Unit (CPU): Often referred to as the "brain" of the computer, the
CPU executes instructions from software through basic arithmetic, control, input/output
(I/O) operations, and logic operations. It's a critical component that determines the
speed and efficiency of the computer.

Memory (RAM and ROM):

¢ RAM (Random Access Memory): This is the primary memory used to
store data temporarily while the computer is running. RAM is volatile,



meaning it loses its data when the power is turned off. It's fast and is used
by the CPU to store and retrieve data that is being actively used.

e ROM (Read-Only Memory): This non-volatile memory retains its data
even when the computer is turned off. ROM is primarily used to store
firmware, the software that boots up the computer.

Storage Devices:

e HDD (Hard Disk Drive): An HDD is a traditional storage device that uses
magnetic storage to store and retrieve digital information using one or
more rigid rapidly rotating disks (platters).

e SSD (Solid State Drive): SSDs are faster and more reliable than HDDs.
They use flash memory to store data, which allows for quicker access and
lower latency.

Input Devices: Devices like keyboards and mice allow users to interact with the
computer, inputting commands and data.

Output Devices: Monitors, printers, and speakers are examples of output devices that
convey information from the computer to the user, whether it’s in the form of visual
display, printed documents, or audio.

System Unit

The system unit, often simply called the computer case, is the enclosure that houses
most of the PC's hardware components. It includes the motherboard, which is a large
circuit board that connects the CPU, memory, storage devices, and other peripherals.

The case also contains the power supply unit (PSU), which converts electricity from a
wall outlet into a form that the components can use. The design and structure of the
system unit are critical for cooling, as it contains fans and heat sinks to dissipate heat
generated by the CPU and other components, ensuring the computer runs efficiently
and avoids overheating.

In essence, the system unit is the core structure that provides the physical framework
for a PC's hardware, supporting its operation and safeguarding its components.



Motherboard

The motherboard is the central backbone of a personal computer, playing a pivotal role
in the system's functionality by connecting all its components and peripherals. It acts as
the main circuit board, hosting and interfacing between the CPU, memory, storage
devices, input/output devices, and other hardware components. Let's delve into its
function, importance, and the key components and connectors that reside on it.

Function and Importance

The motherboard serves as the nerve center of a PC, facilitating communication
between all hardware components. Without the motherboard, components like the CPU,
RAM, and graphics cards wouldn't be able to interact, rendering the computer
inoperative. It determines the type and amount of RAM, the CPUs that can be used, the
features and capabilities of the computer (like USB and Ethernet support), and the
potential for future expansion. Additionally, the motherboard houses the computer's
firmware in the BIOS (Basic Input/Output System) or UEFI (Unified Extensible Firmware
Interface), which initializes hardware during the startup process before handing control
over to the operating system.

Basic Components and Connectors

CPU Socket: This is a specialized socket that connects the motherboard to the CPU
(Central Processing Unit). The type of socket must match the CPU, as it determines the
compatibility with specific processors. Modern motherboards are designed for specific
CPU families and generations.

RAM Slots: These are slots on the motherboard where RAM (Random Access
Memory) modules are inserted. The number of slots can vary, allowing for expansion of
memory as needed. Motherboards support specific types, sizes, and speeds of RAM,
which are crucial for system performance.

Power Connectors: The motherboard features power connectors for connecting to the
power supply unit (PSU). These connectors supply power to the motherboard itself and
to various components connected to it, such as the CPU and RAM. The main power
connector is typically a 24-pin connector, with an additional 4 or 8-pin connector
dedicated to providing extra power to the CPU.

Expansion Slots: These slots allow for the addition of expansion cards to the
motherboard, enhancing the PC’s capabilities. Common types include PCI (Peripheral



Component Interconnect), PCI Express (PCle), and AGP (Accelerated Graphics Port)
for older systems. These slots can be used to add graphics cards, sound cards, network
cards, and other specialized hardware.

Additional Connectors and Ports: Besides the main components, the motherboard
also includes a variety of other connectors and ports for additional features and
peripherals. These might include SATA connectors for hard drives and SSDs, USB ports
for external devices, Ethernet ports for network connections, and audio jacks for
speakers and microphones.

In essence, the motherboard's architecture and its array of components and connectors
play a critical role in determining a computer's capabilities and potential for upgrades. Its
design dictates the compatibility with other components, influencing the overall
performance and functionality of the PC. As the foundation of any computer system, the
motherboard's importance cannot be overstated—it's the hub that enables all other
parts of the computer to communicate and work together effectively.

Memory

In the realm of computing, memory plays a crucial role in storing and accessing data.
Understanding the different types of memory and their functions is essential for grasping
how computers operate efficiently. Let's dive into the distinctions between volatile and
non-volatile memory, and introduce the concept of memory hierarchy.

Memory in computers can be broadly classified into two types: volatile and non-volatile.

Volatile Memory:

RAM (Random Access Memory) is the primary example of volatile memory. It is used
by the computer to store data temporarily that is actively being used or processed by
the CPU. The characteristic feature of volatile memory is that it requires power to
maintain the stored information; once the power is turned off, the data is lost. RAM
enables fast access to data, significantly speeding up the processing and
responsiveness of the system. It's a critical component for running applications and
operating systems.



Non-Volatile Memory:

Non-volatile memory retains data even when the power is turned off. Common types
include ROM, SSD, and HDD.

ROM (Read-Only Memory): This type of memory is used to store firmware or boot-up
instructions for the computer. Unlike RAM, data in ROM is not meant to be altered
frequently and can be read many times.

SSD (Solid State Drive) and HDD (Hard Disk Drive): Both SSDs and HDDs are used
for long-term storage of data. SSDs use flash memory to store data, offering faster data
access speeds and reliability compared to HDDs, which use magnetic storage. Despite
their differences in technology and performance, both serve the purpose of storing data
persistently, from software and applications to personal files.

Memory Hierarchy

The concept of memory hierarchy is fundamental to the architecture of computer
systems, designed to manage the speed, cost, and capacity trade-offs between different
types of memory. At the top of the hierarchy is the fastest but most expensive form of
memory, typically the CPU caches (L1, L2, L3), followed by the main memory (RAM),
and then storage devices (SSDs and HDDs) at the bottom.

CPU Caches: These are small amounts of very fast memory located on or near the
CPU to speed up the access to frequently used data. They have the shortest access
times but are limited in size due to their cost.

Main Memory (RAM): Acts as a bridge between the fast but limited CPU caches and
the larger but slower storage devices. It provides a balance of speed and capacity,
allowing for quick access to currently running programs and data.

Storage Devices (SSDs, HDDs): Offer the largest capacity for storing data long-term,
accessible even when the computer is powered off. However, they have the slowest
access times compared to caches and RAM.

The memory hierarchy effectively enables a computer to operate efficiently by balancing
the need for quick data access with the cost and physical limitations of memory
technologies. This concept lays the groundwork for optimizing computer performance
and is pivotal in computer architecture and system design.



Data Representation

Understanding how computers represent and process data is crucial for grasping the
basics of computer science and information technology. At the heart of these processes
is the binary number system and the units of measurement used to quantify data.

Binary System

The binary number system is the foundational language of computers, employing just
two digits: 0 and 1. These digits, or bits, represent the most basic unit of data in
computing. The binary system is used because of its simplicity and the ease with which
it can be implemented in digital electronic circuitry using logic gates. Each binary digit
(bit) represents an exponent of 2, with sequences of bits forming binary numbers to
represent larger values or data.

In the context of data storage and processing, binary digits are used to represent all
types of data, including numbers, text, images, and sound. This is accomplished
through various encoding schemes, such as ASCII for text, which assign binary codes
to characters, or more complex representations for multimedia data. The binary
system's simplicity allows for the reliable and efficient operation of digital computers,
which can use two-state devices (on/off, true/false) to represent and manipulate this
binary data.

Units of Measurement

In the realm of digital data, the basic units of measurement are bits and bytes, with
larger quantities measured in multiples thereof:

e Bit: The smallest unit of data in computing, a bit can have a value of either 0 or
1.

e Byte: A byte consists of 8 bits and is the standard unit for measuring the size of
data in files and memory. A single byte can represent up to 256 different values
(2"8), making it capable of representing a wide range of data, including a single
character like a letter or symbol in text encoding schemes.

The multiples of bytes are commonly expressed in kilobytes (KB), megabytes (MB),
gigabytes (GB), and terabytes (TB), among others, using either a decimal or binary
system for the prefixes:



e Kilobyte (KB): Traditionally, 1 KB equals 1,024 bytes (2*10), though it is
sometimes rounded to 1,000 bytes in certain contexts.

e Megabyte (MB): 1 MB equals 1,024 KB in the binary system, or approximately 1
million bytes in decimal.
Gigabyte (GB): Equals 1,024 MB in binary, or around 1 billion bytes in decimal.
Terabyte (TB): Represents 1,024 GB in the binary system, or roughly 1 trillion
bytes in decimal.

These units of measurement are essential for understanding the capacity and storage
requirements of various digital media and devices. Whether it's the size of a text file, the
storage capacity of a hard drive, or the bandwidth requirements for streaming video,
these units help quantify and manage digital data in a world increasingly defined by
computing technology.

Basic Computer Operations

Understanding the fundamental operations of a computer involves recognizing how it
receives, processes, and outputs data, often conceptualized through the Input, Process,
Output (IPO) Model. Additionally, software programs, including operating systems and
application software, play crucial roles in managing hardware resources and enabling
user interactions with the computer. Let's explore these core concepts of computer
functionality.

Input, Process, Output Cycle (IPO Model)

The IPO Model is a straightforward framework that describes the primary operations of
a computer:

Input: This is the first step, where data is received by the computer from external
sources through input devices. Common input devices include keyboards, mice,
scanners, and cameras. Input also refers to data and commands entered into the
computer for processing.

Process: Once the input data is received, the computer's central processing unit (CPU)
takes over to process this data. Processing involves performing operations on the data,
such as calculations, comparisons, and transformations, based on instructions provided
by software programs. This step is where the actual computation and manipulation of
data occur, turning input into a form that will be useful as output.



Output: The final step involves producing and delivering the processed data to the user
or another system. This can include displaying results on a monitor, printing documents,
saving files to a storage device, or sending information over the internet. Output devices
like monitors, printers, and speakers are used to convey the results of processing to the
user.

This cyclical model highlights the core functions of a computer system, showcasing how
it converts input data into meaningful output through the process of computation.

Software Programs

Software programs are essential for a computer's operation, falling broadly into two
categories: operating systems and application software.

Operating Systems (OS): The OS is the most critical software running on a computer,
acting as an intermediary between the user/application software and the computer
hardware. It manages hardware resources, such as the CPU, memory, storage devices,
and input/output devices, ensuring that application software can function correctly. The
OS also provides essential services, such as file management, security features, and
user interfaces, allowing users to interact with the computer in a meaningful way.

Application Software: These are programs designed to perform specific tasks for
users, ranging from word processing and web browsing to complex data analysis and
graphic design. Application software runs on top of the operating system, which
allocates the hardware resources necessary for these applications to operate. This
category includes both standalone programs and suites of related software applications
that provide a wide range of functionalities tailored to user needs.

Together, operating systems and application software define the usability and
functionality of a computer, enabling users to perform a broad spectrum of tasks. The
efficiency and capabilities of a computer are significantly determined by the design and
interaction of its software programs with the underlying hardware, illustrating the
intertwined relationship between software and hardware in the computing ecosystem.



