History of the computer
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Computer evolution can be categorized into 4
periods based on operating technology.
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1. Pre mechanical era (before 1450)
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2. Mechanical era (1450-1840)
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3. Electro mechanical era (1840-1940)
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4. Electronic era
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Pre mechanical era.
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Abacus / Counting frame (3000 BC):
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Developed independently in Mesopotamia,

China, and other civilizations
6056856558068, Bewedd €509 G mte)]
BBODNODE SNDDE e30DBD®EB O @E.

This made of rods and movable beads, used to
perform mathematical calculations such as
addition, subtraction, multiplication, and

division by moving the beads along the rods.
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Al-Khwarizmi (9th Century)

A Persian mathematician who formalized the
study of algorithms and algebra.
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His name led to the term "algorithm".
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Mechanical Era

B8 @ (1600s-1800s)

In 1617, John Napier developed logarithmic
theories, which allowed multiplication and
division to be performed using addition and
subtraction.
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Logarithmic tables were used for this purpose.
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50 | 6990 | 6998 7007 7016 | 7024 7033 7042 | 7050 7059 7067
51 | +7076 | 7084 7093 7101 | 7110 7118 7126 | 7135 7143 7152
53 | <7160 | 7168 7177 7185 | 7193 7202 7210 | 7218 7226 7235
53 | 7243 | 7251 7259 7267 | 7275 7284 7292 | 7300 7308 7316
54 | *7324 | 7332 7340 7348 | 7356 7364 7372 | 7380 7388 7396
55 | *7404 | 7412 7419 7427 | 7435 7443 7451 | 7459 7466 7474
56 | 7482 | 7490 7497 7505 | 7513 7520 7528 | 7536 7543 7551
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Napier’s Bones (1617)
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Invented by John Napier (1550-1617).
John Napier (1550-1617) B85 663363 @S5 @E.

Napier's Bones was a manual calculating device
that significantly simplified multiplication and
division.
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Calculating clock (1623)

Built by Wilhelm Schickard, it was the first
known mechanical calculator capable of
performing basic arithmetic using rotating
gears.
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Slide Rule (1632)

Invented in England by William Oughtred, the
slide rule was based on John Napier's

logarithms.
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It allowed users to perform multiplication,
division, and more complex calculations like
roots and exponents by sliding two logarithmic
scales against each other.
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Blaise Pascal Gottfried Leibniz

Pascaline / Adding Machine (1642)
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Invented by Blaise Pascal, this mechanical
calculator was designed to assist his father in
tax computations.
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It used a series of gears to add and subtract

numbers automatically.
B B3DoGHD 505 D BOBD 5 &) BOHOO
BO @S D) DEGH.

Stepped Reckoner (1679)
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Developed by Gottfried Wilhelm Leibniz.
Wilhelm Leibniz 88 St@gncs o .

It improved upon Pascal's design and could

perform multiplication and division.
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Leibniz also promoted the binary number
system, which became essential for digital
computing.
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Jacquard Loom (1801)

Created by Joseph-Marie Jacquard.
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It used punched cards to control textile weaving

patterns.
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The concept of programmable instructions in
this system influenced later computing

machines.
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Difference Engine (1822)

The Difference Engine was a mechanical
calculating machine invented by Charles
Babbage to perform automatic mathematical
calculations and generate error-free numerical
tables.
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It is considered one of the earliest forms of a

mechanical computer.
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Analytical Engine (1837)
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Designed by Charles Babbage and was the first
concept of a general-purpose mechanical
computer.
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Though never completed, it had all the
fundamental elements of modern computers,
including an arithmetic logic unit, memory, and
loops for conditional execution.
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First Algorithm for a Machine (1843)
oS sem § 8e8 ardemdda
Developed by Ada Lovelace while working with
Babbage.
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Known as the world's first programmer.
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Boolean Algebra (1854)
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Introduced by George Boole, this mathematical
system became foundational for digital logic
and computer circuits.
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Electro mechanical era Differential Engine (1930)
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Punched Card Tabulating Machine (1889)
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This was an early mechanical analog computer
developed by Vannevar Bush and his team at
. the Massachusetts Institute of Technology (MIT)
Invented by Herman Hollerith to process the in 1930

U.S. Census data. .
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His work led to the formation of IBM.

Bemecs 2bees IBM 883980 edn de. It was designed to solve complex differential

equations automatically and was widely used
for scientific and engineering calculations.

IBM Company
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IBM, originally founded as the Computing-
Tabulating-Recording Company (CTR) in 1911,
is a multinational technology company that
became a pioneer in the computer industry.
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In 1924, the company was renamed
International Business Machines (IBM), and it
went on to develop many important
innovations in computing, including mainframe
computers, personal computers, and artificial
intelligence systems.
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Delay Line Memory
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Delay Line Memory was an early form of
computer memory used in the 1940s and 1950s
to store digital data.
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Mercury Delay Line Memory was developed by
J. Presper Eckert.

688 @ 68 ®mn J. Presper Eckert 885
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It temporarily stored data by converting
electrical signals into sound waves or electrical
pulses that traveled through a medium such as
mercury.
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It was widely used in early computers before

being replaced by magnetic core memory.
DID® 6 BDo HEH) B8RO 630 T @B
sD®MDOQ 606 DHED MO .

How It Works
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Electrical pulses representing data are sent
through a medium, typically a mercury-filled
tube.
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The pulses travel from one end of the tube to
the other, creating a time delay.
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When the pulses reach the end, they are
amplified and sent back to the beginning,
continuously circulating the data.

Bosied »HEed 6medoDd gm § 80, T
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Data can be read or modified while it is moving

through the delay line.
e g®e 68D wo®) BB WO gHORO T
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Used as the main memory in early computers
such as EDSAC and UNIVAC .
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One of the first technologies that enabled
electronic computers to store programs and
data.
96ReIBD SO®H:MDORD PWOGRER &®w D
GRE) BOOO 9f) e OB DHNDBHHEIEES
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Contributed significantly to the development of

stored-program computers.
DOER GRE) DG O®END e3oBe6E OVWDEHO
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Magnetic core memory provided faster random
access and greater reliability.
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Delay line memory was difficult to maintain and
had limited storage capacity.

5@ 63 Bowen DY SO goswe § god
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As computer technology advanced, magnetic
core memory and later semiconductor memory
became more efficient and cost-effective.
BO®ED NBDBIE Engn HOS HO®m HBRDD ®O
OWE ©® 550 5B Ghh) HBIMGED O
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Magnetic Drum Memory
8 66 Pows

Magnetic drum memory was a rotating
cylindrical storage device coated with magnetic
material, used primarily from the 1930s to the
1960s.
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It served as main memory for early computers
before being gradually replaced by magnetic

core memory and hard disk drives.
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Gustav  Tauschek, an Austrian engineer,
developed the first magnetic drum memory in
1932.
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How It Works
6 o @6® gmda
A metal drum coated with a magnetic surface

spins continuously at a fixed speed.
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Multiple fixed read/write heads are positioned
along the drum'’s length, each responsible for
reading and writing to a specific track.
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Data is stored in a sequential manner, meaning

access times depend on drum rotation.
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1. Chain 4. Revolver housing
2. 28 volt DC motor 5. Magnetic head
3. Rotating cam shaft with sprockets 6. Revolver head

Figure 69 - Magnetic Drum with Head Lifting Mechanism

Used as primary memory in early computers
such as the IBM 650, UNIVAC, and PDP-1.

IBM 650, UNIVAC e&» PDP-1 88 @83
s5®HNDOE HOTD BDWE 6@ IO .

Later used as secondary storage in some

systems before being phased out.
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Became obsolete in the 1960s as magnetic core
memory offered faster random access, and
later, hard disk drives provided greater storage
capacity with improved performance.
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Magnetic Core Memory
8 ®6 Be

Magnetic core memory used small magnetic

rings (cores) to store data in binary form.
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It became the dominant memory technology
from the 1950s to the early 1970s, replacing

earlier delay line and drum memory systems.
B3 1950 e Ddrxed 80 1970 e DEIned
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The concept was initially patented by An Wang,
while Jay Forrester at MIT developed the first
practical implementation, making core memory
a standard in computing.
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Faster than previous technologies, with

microsecond-level access times.
DEE b 80068 edm 685@DS BO® 650
DDBENGEHRO D) 68®DBES.

Highly reliable and non-volatile, meaning it

retains data even when power is lost.
o) DBDEEIHED O gmd OEsBR 66D, DB
Ren S 8 80 ) D5 et e D) ®S.

Provided random  access, significantly
improving memory efficiency over sequential
storage methods.
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Widely used in early mainframes such as the
IBM 360 series, as well as in critical systems like
the Apollo Guidance Computer and military
defense systems.
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By the mid-1970s, semiconductor-based RAM
(Random Access Memory) became cheaper,
faster, and more efficient, leading to the
complete replacement of magnetic core

memory.
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Electromagnetic Relays
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A relay is an electromechanical switch used to
control circuits by opening and closing
connections in response to an electric current.
Be@ DS 6E e MDD B0 D®Ens
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It invented by Joseph Henry.
B Joseph Henry 885 8t@iénc »6» @8

How It Works
BB o OB OB

Electromagnetic Coil Activation:

Bexsd DB cmd s§c BBO:

When a small electrical current flow through the
coil inside the relay, it creates a magnetic field.
@ D DG 4t® c®OB ®O® W ODexss
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Magnetic Field Movement:

OB Sedy Deme:

The magnetic field attracts a metal arm (lever),
causing it to move.

e Dedyn BBS eeiw BOOrE De®MG
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Switching Action

@06z BBE® Fwd

This movement opens or closes electrical
contacts, allowing current to flow through the
connected circuit or cutting it off.
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Reset
When the current stops, the magnetic field
disappears, and a spring mechanism returns the

lever to its original position.
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Relays were used for logic operations (like AND,
OR, NOT) and memory storage in early
computers.

83 ©dw&mmdg MMHBD ®emE® (AND, OR,

NOT &:8) o 0o eRE) DO em ded
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They were reliable for basic computations but
slow due to mechanical movement, leading to
the development of faster technologies like
vacuum tubes.
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s1 GALVANIC
O ISOLATION

MANUAL SWITCH

+

——— BATTERY RELAY COIL
T (INPUT)

|
Kl LOAD BULB
|

RELAY
----- CONTACTS
: (No) 220 AC @
SOURCE
+ | mECHANICAL
LINK P T
-— -

i P I
(D)
GALVANIC @

ISOLATION 220V AC SOURCE

Electromagnetic relays generated clicking
sounds during operation, causing early
computers to be noisy.
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Z3 (1938-1941)

Built by Konrad Zuse, the Z3 was the first
programmable digital computer, utilizing
binary arithmetic and laying the foundation for
modern computing.
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Turing Machine (1936-1945)

Developed by Alan Turing, this theoretical
model of computation defined the principles of
algorithmic processing.
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During WWII, Turing also played a crucial role
in breaking the Enigma code, significantly
contributing to the Allied victory.
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Atanasoff-Berry Computer (ABC) (1942)

The first electronic digital computing device,
developed by John Atanasoff and Clifford Berry.
John Atanasoff e Clifford Berry 88

230DBDG WO® EE BEE EBEMSD BBOQS
SO®ED Ee300®EB GBGE.
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A British computer designed to break German
codes during WWII. It was one of the first
programmable electronic computers,
contributing to cryptographic advancements.
6cd® 6@ BER B®6EE SHEKY e e crd®
Bew) SHNG DOD @ JYNBS SOOEDEE.
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Colossus was designed and developed by
Tommy Flowers, a British engineer at the Post
Office Research Station, during World War 1.

Colossus esd®mgnme etEed® D0 Soedn @ded
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Automatic Sequence Controlled

Calculator (ASCC) / Harvard Mark | (1944)
00080 oo Hdy o csne (ASCC) /
®OHE @ | (1944)

F

Developed by Howard Aiken of Harvard
University in collaboration with IBM, the ASCC
was a large electromechanical computer
capable of performing complex mathematical
calculations without human assistance.

IBM &@0®m 656eainens @dbd) d6d Beseedd
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Later named Mark |, this computer used
electromagnetic relays.

830 Mark | eees ®8 20® e 6®® sSD®HDE
B BBmm ded D) medn.

First Compiler (1944)
568 o8sicmn (1944)
Developed by Grace Hopper, this was the first
software tool that translated high-level
programming instructions into machine code.
Hopper also coined the term "bug" for

computer errors.
6@EeS 6123t B3 e50OBBEG WOD @E 60B, VG
®006® pPOPBRY® Eo6cE ©FY GG
sOVDHNE G 86T Bicmir 6POD .
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Stored-Program Architecture (1945)
®RE) DG-OtleDm® eowdess (1945)
Introduced by John von Neumann, this concept
allowed programs to be stored in a computer's
memory alongside data, forming the basis of

modern computer design.

ees3 608 Br@s BEs HEHE) 6c® @ 6O®
B0, ®Tm sDEMD SH@gner seH®
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The computers up to this are considered
to belong to the zero th generation

68 ¢t oD sdotmd Bode s O
86880 B8 il rEen

They all were mechanical or
mechanical after finding electricity.
BeBe 6t ®iBe®s oy F) BrSe®
OISED 663 B I D,

electro

Some used steam power, gear wheels and

electromagnetic relays.
©®md F0) des D, BEY 6die 5w Dess
DB DR IO BEH.

This generation did not have electronics.
6®® 508500 PEEENSD DO
GBDRL.

Herman Hollerith Howard Aiken

Von Neumann
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Vacuum Tubes

D @

These devices functioned as electronic switches
and amplifiers, replacing mechanical relays and
enabling faster computation.

6®® CNo® YBERWENSD 30D 5w @SBt
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Vacuum tubes were first developed by John
Ambrose Fleming in 1904 as the vacuum tube

diode.

1904 & eesls r®eie Jeds B8S B ®»E
508 OO0 ¥ »E DeEING 6@ EoOBA®EG
20D 8.

Later, in 1906, Lee De Forest improved upon
this by adding a third element (grid), creating
the triode, which could amplify electrical

signals.
o830, 1906 &, 8 8 emoeld xdsn BEedneE
(HROE) Dor BB 6®c DDEEH DG g0,

BB o) B3O e ®oS triode dw
SB@#nc Deg0.

How Vacuum Tubes Work
O ®E §©® 0D @SB

\— Glass Envelope

Plate (anode)

Cathode

f—t—— Grid

Cathode (heated filament) — emits electrons.
DeRG (0T § a8mD) - geEmedi®
Be®IDwn OB

Anode (Plate) — attracts electrons, allowing

current to flow.
eI (HE)D) - 9eEmei® ImbBdHG OB,
5D ®E) (OO @b e@E3E.
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Grid — controls the flow of electrons, allowing
amplification or switching.

HEWB - 9BEBEIN® GG SIEIDG OB,
B3O 693 BD®IGT BOBO @f) e5@Eesd.

The cathode is heated, releasing electrons into
the vacuum.

DBDBO @eEIeI® B ®»VBS ®reIG O
OB,

The grid controls the electron flow; applying
voltage to it determines whether electrons pass
to the anode.

HEWB 96EWIDID WG NEBEB WOE; DBO
eIRTEMDG 6080 96EMEIN® &remIRBO
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This switching mechanism allows vacuum tubes
to perform binary operations (Os and 1s) in early
computers.

6®® @bt BB BB ABS Bid »E OO
B sdeMDOR DB 6®Pe»r® (0 t® 1) &g
D0 9f) t5EEeD0G.

Vacuum tubes generated excessive heat during
operation, necessitating complex cooling
systems to prevent overheating.

O e SoSen DedE gl DIBEE VDG

DE oo, g 6 L CNKd DO Drerdd BEem)
30D BB &8 #dmes D.

Their large size and high power consumption
made early computers bulky and inefficient.

FTned Dmesdn 65 9HE RE sdemicss®n 8
s0®$D BeIE &) HEEe® OO & wedn.

Frequent failures and the need for constant
maintenance reduced their reliability, making
them less practical for long-term use.

Bod O de D08 659 BOBHO HADD SBHEB
gO®BDG Tned BuDeSRnROG &) B oo,
Exn B DG ©Ee®) § HeEIBMOG &f)
e,

John Fleming Lee De Forest
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Electronic era
QEEBEIBD FDG

First Generation of Computers

oo g8 86®s® (1940s-1956)
First-generation computers (1940s-1956) used
vacuum tubes for circuitry and magnetic drums

for memory.

568 ©08s%ed odmgnm (1940-1956) esdesd
o D ®E o5 e BEe® HERm 60
NDD) DeSH.

Key Characteristics

5 @Sesn

Vacuum tubes, wused in first-generation
computers, were unreliable and prone to

failure.

85E8 56868 OGO DD DOD DD
®E D DG MWD o geddn He®
#DDOD SR

These computers were extremely large, often

occupying entire rooms.
600 sdm#mD GE®BS BmE § god 6@e®’ 80
O BOGO B WO HDEDCE.

They operated in the kilohertz (kHz) range,
making them significantly faster than
electromechanical devices.

Fon Beiebdd (kHz) sdhes ne §c0m §
a6 J8) Bexs’ 58 Ee00mDEO DE) B
@™ 6@ 6D®OX Be.

They consumed high amounts of energy and

generated excessive heat.
Fon gl @S0 odemisons e good gl
S DD WS®.

Programming was done in machine language
(binary).
DOeBD® BBY DS (EDB®) cwomn e
DO® 8.

Input and output relied on punch cards and

paper tape for data entry and storage.

POD 8% GHEID D Gres BOO o ORE)
B8O eem 80t B @ifdes ® DR 603
B 6e) S5tORE.

limited to
software

Programming capabilities were
machine language, making

development slow.
DOeED® BHBEOS Gy DD 8@ § oo,
®agmo® 350OVOBB BFemB Bes.

Operational costs were high due to expensive

components.
Bo gl ©otdw 65N 6Pe»E® BBk
9®we .
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ENIAC (1946)
Electronic
Computer

Numerical Integrator and

Developed by John Presper Eckert & John
Mauchly.

John Presper Eckert &% John Mauchly 88
£30DVBHG WOD 8.

Contained 17,468 vacuum tubes, weighed 30

tons, and consumed 150 kW of power.

DD ®»E 17,468 & &8o® 8 o DO 60 30 &
8 god Seied 150 » REom odemiesonn
D6ES0.

Processing
second.

2555060 Dy B8 5,000 » t5rwe® 6d®meie
526.

speed of 5,000 additions per

Used for ballistic trajectory calculations,
weather prediction, cryptography, and atomic
energy research.

B30 BB BOB @HmHHG SO, IR
SFNODG, DB GIBDHWE 5% SO DEHD
stedssn em) D) 685.

This was the first general purpose electronic

digital computer.
6®n ©oO® eNg VG QRDWENSD oD
@B B,

Used decimal number system.
e®OG 503 5ENSG DD WO &,

J. Presper Eckert

William Mauchly
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EDSAC (1947)
Delay

Electronic Automatic

Calculator

Storage

Built by Maurice Wilkes at the University of
Cambridge.

08 B®D Bemeed Maurice Wilkes B85
EW®ignn mo» @8.

First practical stored-program computer.
568 ©HEEIED ORE) & Oedns ©&HD
sd®Ee Baes.

Used mercury delay lines for memory and

executed 650 instructions per second.
ODWEB e O6En 5@ 63 MDD BE oo
2DB30060 ceseced 650 5 DO ween.

Contained 3000 vacuum tubes, occupied a
room about 5 m x 4 m, and consumed 11-12
kW of power.

B ®E 3000 & efo® &) emd BOH 5 x OB 4
D 0% HBOGD @b G O ad

Be@¥end 11-12 » DEr sdemwiesmnc D6GH.

Used in scientific research, including biology,

physics, and numerical analysis.

8D BDemd, 6998 Demd ©®  oDDOD
D@80 gr® Demsien sHedssnde ©HD
ed.
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EDVAC (1948)
Electronic
Computer

Discrete Variable Automatic

Designed with input from John von Neumann,
John Presper Eckert & John Mauchly.

John von Neumann, John Presper Eckert e®
John Mauchly e® eperne e@m SH@gnc ©0®
@&.

Introduced the stored-program concept,

allowing instructions to be stored in memory.
coeet @nmed ®RE)) SHRO g9f) HEe® ®RED
DE-DORRD 5oFBB BES) 6 @E.

Used binary processing instead of decimal,

increasing efficiency and reliability.
VD8O 63 BEBOSBEROE ) OB
cH® 6OxDD DB t3rme® ©HD) oD EE.

Influenced modern computer architecture.
DD sO®HMD BHEINES ¢SBDBEO el Do

Contained 5,937 vacuum tubes, weighed 7.85
tons, and consumed 56 kW of power.
O ®E 5937 B alo®m 8 amd DO e 7.85

D 8 b BeElIenD 56 » REGE demIHE
Degn.

Processing
second.

2555060 Doy S58 1,160 » t5twe® 6d®mEes
5269.

speed of 1,160 additions per

Used in military ballistics calculations, weather
prediction, scientific computing, research.
@RBG Hedssn ®ENDHE SO, WIWE DS
eS8, Bemsew osD@M®DE B® SHeesn
DOED BE®) D oD QE.
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UNIVAC | (1951)
Universal Automatic Calculator

Designed by Eckert-Mauchly  Computer
Corporation, first commercially produced
computer.

Eckert-Mauchly Computer Corporation &5
SV@#ne DO @, OENEBG Dmerns SHBesrcm
DO® @ 56F 3V®HDEB BG.

Contained 5,000 vacuum tubes, processing

1,000 calculations per second.
DBB0EDO @& BOS 1,000 o 3w HBDHD
®@E 5,000 =5 glo® Be.

Used for U.S. Census, payroll, and business

applications.
DdessS eswese tsomEde, O eERH®EG W
OB 6:3e® e3E®) 9D Bs.

Accurately predicted the 1952 U.S. presidential

election.
1952 B5essd eswese eSS DOSG SOOED
85603mO®EB DO QE.

IBM 701 (1952)
IBM's first mass-produced electronic computer.

IBM 8 o8 @®) sd@nens Socd® @
968D V@S 6.

Processing speed of 16,000 instructions per

second.
DBS0EO et 16,000 » ewwey® 68mnes
BSOS,

IBM 704 (1954)

First mass-produced computer with floating-
point arithmetic, improving scientific and
engineering computations.

BemDOm ) @o8e50t ®HNG BHE OBEHEe

DO, 986D WSS Fod GG S5 O
B@EN6ES Besed» @ B sd®ENDEB BG.

Used 4,000 vacuum tubes and could process

12,000 instructions per second.
DB ®»E 4,000 ©HT) DG GO DBBOGEDO
coeeel 12,000 escwtdcs o5 Be.

Introduced FORTRAN, the first widely used
high-level programming language.

RHED O O 568 9vg ®DDE® POeID®
2200 & FORTRAN ®»gs50) ec» 8.

Enhanced input/output with magnetic tape

storage, improving data handling.
08 0 o) BB ©O®m OREEE DE
D/ 5Be®E, e ®BOD® DrBEng) BHO.

Transister
OHs58B300m

William Shockley, John Bardeen, Walter
Brattain (1947)

OB0® emn@, eelsl BB, eDICOV Reds
Invented the transistor at Bell Labs, replacing
bulky and unreliable vacuum tubes, enabling
the development of second-generation
computers.

6RQ @RS B & O1BeS00n 6833 ®F g0, DG

S D HE oBEMe®G OB 6cd®
B0BB%ES sD®END 30DBRDEO 9E) E3TREBE.
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Second Generation of Computers
6cd® 568eMed stmemD (1956-1963)
Second-generation ~ computers  emerged

between 1956 and 1963
1956 &® 1963 g0 EEE 6cd® sOBsMMed
e B § Hedo.

Key Characteristics

o e

Transistors replaced vacuum tubes, making
computers smaller, faster, more reliable, and

energy-efficient.

ODSBe300 BB DD »E HEBBNB®E O,
D@D DB, 6D, DENS DBEIHED €5
DB IVEHBO D6GH.

Magnetic core memory became the standard

for faster and more stable data storage.
00D ®0 BB 65®DS ®) &) NG e
GORE) B® e yBIBG VOO ox Ba.

High-level languages like FORTRAN, COBOL,
and ALGOL simplified programming beyond
machine and assembly languages.

FORTRAN, COBOL & ALGOL 8% gung ®@006®

®®) 6Oy ©® assembly OB BDVO
D80S DOSNG 0@ WeSH.

Punched cards, printers, and magnetic tape
storage were used for data input, processing,
and retrieval.

e PEINEG, LB 52 R @ISO esem) 800
O Ec MBS, B 6y ©® HPRD &d
®RE) BO® HDD) ®O® E.

10x faster than first-generation computers.
B5E8 080D sOH®ENDORD DEN 10 BEHGD
6D®.

Still large and expensive for widespread

personal use.
2036 85EHBD® BB e OO D@IE 5 B
.

Required cooling systems due to transistor heat
generation.

OBBEOO s EDEDG  68RNEDE  FO®B
B8Be» sE08.

Limited software availability and early-stage
operating systems.

BB @acmo® ER) @iBe® HBD ®w @d
DR 6®emEd® E08.
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IBM & Sperry Rand

Pioneered the transition to transistor-based
commercial computing, with IBM introducing
successful systems like the IBM 1401 and IBM
7090, while Sperry Rand developed the UNIVAC
1107, advancing business and scientific
computing.

IBM &3 e3eesd &8 OadEdesdo encm 8rghes
SO®MDDOHEO @6cDe® ¢5edimmd® 683 IBM

1401 &9 IBM 7090 &8 e0bdm 5808 oese)
eX gm0, tesd &St OxeNd 6® Demem

sO®MDDOIE Ensn ®o08x UNIVAC 1107
&50BOBG WEGH.

John Backus (1957)
Led the development of FORTRAN (Formula
Translation) at IBM, the first widely used high-

level programming language, which
revolutionized scientific and engineering
computing by simplifying complex

mathematical computations.

B0VEN HEOHOE DHENDGE OB 0 BOH® BB
D@D ) @607 SO®EDWOLN6E DB3dn
cOBBD s BE 5GE 9OR 6@ NT O YBEG

®006® pHPeCR® ®Hd d» IBM & FORTRAN
£30DBDBEO DGO EBESE.

Fortran is still in use today, although its
popularity has decreased compared to more
modern programming languages.

Fortran gcds ®ndmed 08, »@ I8
BOBEDG D8NS DD POSD® ®IB M)
estses B0 &f) B goo.

Grace Hopper (1959)

Developed COBOL (Common  Business-
Oriented Language) to standardize business
data processing, making programming more
accessible for companies and governments,
ultimately  shaping  modern  enterprise
computing.

6Ets 65130 O%XN0 c55 BB HBBHD BH®
ee® COBOL (esng O5e00-2t®0t  8180)
&0OVR®G OD EF, DOBS BB 5w O3S
©eH) PPeERDE OIS 9ede 8o il OB

gOeme D  O3DeNG  SO@DSDDOLE
DO,
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IBM 1401 (1959)

First mass-produced business computer, widely
used for data processing and payroll

management.

e rtd® ©6® D08 DE®MWOE BEm)
DD D) O B B®) 3OBIMEES HescdHD
@& 02500 sO®EWES.

IBM 1620 (1959)

Scientific nicknamed

computing
"CADET", used in universities and research labs.

system,

"CADET" o» g330b0 o)®ens ®HES0®
Bemi®m sdmenm SE086, 8D B ©m
sbedBeNmOde D) 68.

“"CADET" stands for Can't Add Doesn’t Even Try.
"CADET" i3y Can't Add Doesn't Even Try 3s5e0@.

IBM 7090 (1959)

High-performance transistorized mainframe,
used in military defense systems and NASA
space missions.

®@e) oD oEdB ©m NASA gosdoe
6®emEd® Ee®) DD WO 9HEG WIVHEENDDHEE
68 D3E3eSOdOENG DO® @ SVBLNDHEE.
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UNIVAC 1108 (1965)

Part of the UNIVAC (Universal
Computer) 1100 series, used
government, and research sectors.

UNIVAC 1100 ex#hec emOew, ®»®e), 06l
&5t sbedesn gomde BD Ba.

Automatic
in military,

This was the successor of 1107 series.
6®c 1107 ®@ed Be® t5ot3mo®ncs Be.

CDC 1604 (1958)

Developed by Seymour Cray, one of the first
commercial fully transistorized computers,

known for high-speed scientific calculations.
80608 D@ ®émne BOB em oiER
BeE E0es gbgn DSBBEOBV@OB DOD @E

50®enOBS DS O ged Seymour Cray D83
£30DBABHG WOD RE.

TX-0 (1956)

the earliest

One of fully transistorized
experimental computers, laying the foundation
for modern computing research.

20 ©dodm obedesn ©eH) BIe® @

Bc® BEn  DSBEOB@OFE OB @S
sBeEBENOD SO®EIDOBS DD,
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Integrated Circuits (ICs)
somaB sdesd (ICs)
Integrated  Circuits
electronic  circuits

(ICs) are miniaturized
fabricated on a
semiconductor material (typically silicon),
integrating  multiple  components  like
transistors, resistors, capacitors, and diodes on
a single chip.
o®ais 6desd (ICs) oy bl esED cO5D
(£2@195605 BRBwe) B SVEEG WOD @ W)
9BEWENSBD dsd D amd, B8 Do B

DS38e300, 55ediw, HdDYD ©® Beri) &
R ©00BDD TRERD O .

They process data, amplify signals, store
memory, and perform logic operations in

various electronic systems.
T e 563, tsoee) Be3md#nc O, ODme
GORE) OB, 5w DD eEWeIBD® BEASOE
OB 6@eHE® 8B Oa.

Jack Kilby & Robert Noyce Independently
invented the integrated circuit (IC), enabling the
development of third-generation computers.

Jack Kilby & Robert Noyce 6o®» s568s068
&D@F  BoDLABDE BOBO ®wiS O» sBE

e0®ai 3096 (IC) 30D 6636 ®Ee) 8.

ICs revolutionized electronics by replacing
bulky  discrete  components,  enabling
miniaturization, higher performance, and lower
power consumption.

ICs Bmne DD 000w GSBEMB®E SO,
DENDOLNGB, 9BE HHEIMOBOEG 656 &h) RGDS
sdemisme ©ofn SO0 OB 9eEeIBm
Bered 5B3dn 6d®est &4rs Dean.

Types of Integrated Circuits
TIRED sdesd OB®

Analog ICs
Process continuous signals (e.g., amplifiers,

oscillators, voltage regulators).
HEBOBD o) rBd® 8 OB (Ee): o)
BB, 683D, 6DIBIHED) BE®D).

Digital ICs
Process binary data (0s and 1s) (e.g., logic gates,

microprocessors, memory chips).
2006 e e g OB (0 &® 1) (ce:
OB EN0, DyL esw, O Bes).

Mixed-Signal ICs
Combine analog and digital functions (e.g.
ADC/DAC converters used in audio and

communication systems).
5860 tmw 803 B ToREND ewel. (ee:
@05 6w ossedecw o8O O O

ADC/DAC &sddbow)

Integrated Circuits (ICs) can be classified according to the number of transistors (or logic gates)

integrated on a single chip

gaodo sbed, of focs o globon O g8 DSBE00 (e abm £010) o@D gud SVBDOSIE

DG ®HTHG.

Classification
OBEDOSB

Approximate Number of Transistors per IC
1C) does e gho® D epesied NSEBA00 0%

Small-Scale Integration (SSI)
ED sOBIED FHRDEIEG

Up to 100 transistors (about 1-10 logic gates)
100 e58) (obm &6 1-10 &5 5@#n)

Medium-Scale Integration (MSI)
BB® D@D FXDEHG

100 — 3,000 transistors (about 10-100 logic gates)
Os583e306 100 — 3,000 ot €016 (10-100 25 es®gn)

Large-Scale Integration (LSI)
®®) 55N FRRDEIEG

3,000 - 100,000 transistors (about 100-10,000 logic gates)
Dr383e306 3,000 — 100,000 (B 806 100-10,000 &5 es®@#m)

Very Large-Scale Integration (VLSI)
o) ®®) DY) FRDEDGB

100,000 — 10 million transistors
D383e306 100,000 8B 10 ewen

Ultra Large-Scale Integration (ULSI)
&85 ©®) DI FRDEDEB

More than 10 million transistors
BRx® 10 @0 &) B8 D300 5oDBIOW

17
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So, microprocessors are complex integrated
circuits (ICs) that contain millions or even
billions of transistors integrated onto a single
chip to perform processing and control

functions.

DS, DVyL OWBD GF DD 6B NED
IBBES B SOO wem) 5 Docs @ BBo®
e 65 JBH® OMHD § PSBSOS
FRBDVOD DO TS 3oV FRBD 50O 68.

Key Applications of ICs
BomaB sbed dr gt 6xe®
Computing & Microprocessors — CPUs, GPUs,

RAM, ROM, and logic chips.

Consumer Electronics — Used in smartphones,

TVs, gaming consoles, cameras.
2)0eiBD 9eEEPEOISD Cesmbsn - 3@HOEMmISS,
GzesnBS, HED emsieesi@, widd) @ ®HDo) 68.

Automotive Industry — Found in engine control
units (ECUs), airbag sensors, ABS systems.

@30 6O WH@BDE - DSES e Tww (ECU),
@ Rz esoedem, ABS 2808 D cmmd @ed.

Communication Systems — Used in mobile
networks, Wi-Fi routers, satellite systems.
o5Beden SE8 - Bo®® ehHe, WIi-Fi 6800,
DS 5808 DE 8o 68.

Medical Devices — Found in pacemakers, MRI
scanners, glucose monitors.

eedcs EoNo® - pacemakers, MRI
B 6800 DE cB®O @IeR.

3Ed,

Jack Kilby Robert Noyce
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Advantages & Limitations of ICs
oS 05O @ N8 5w BEHOS

Advantages:

8:

Reduces device size, weight, and complexity.
Ce0® DE D@NEBDG, DO 659 toSVENDOG )
OB,

Faster processing speeds and greater
efficiency.
65D e3te® 680®@ 65 D) DIVEBO®DID.

Uses less energy than discrete components.
DD 300D DED DN &f) BHEE wID)
WOEB.

Cost-effective due to large-scale
manufacturing.

@) 30PN BEercwd 685ReDS BOHDIG-O@EB
68.

Limitations:

B©)0es:

ICs cannot be changed after fabrication.
Bencmwens o5ty e5o®aism sdesd edne e
©EDTLD.

High-density chips generate excess heat,
requiring cooling systems.

NG OO B3 SO DG LSHBEG WA,
BB 508 gdmws 68.

Requires advanced materials, equipment, and

precision manufacturing.
8ren QeEds, CLmoOs 63 BOOCs HBencHm
OGS 68.
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Third Generation of Computers

c20®» 86Bs%ed sdmsnm (1964-1971)
Third-generation computers replaced transistors
with integrated circuits (ICs), making computers
smaller, faster, cheaper, and more efficient.

620® 5083Med HDV®HD to®aBm edesd (ICs)
OB PDBBDO BBMe®B DG god DB

s5D®HD  @E), 65®OD, @HSOB ©® O8NS
DGRBS B,
High-level languages like FORTRAN, COBOL,

BASIC, and Pascal became widely used, making
programming more accessible.
FORTRAN, COBOL, BASIC, e&® Pascal &8 go®g

®006® ®® BHED ®Do) § oo, DB
20eER®E NS 5edm e ®ed B.

Keyboards, monitors, and magnetic disk storage
replaced punch cards, improving user interaction.
0T, 6O 5w HBRVD DO HOEDG
deoed DD g Bgde DOB® @ oSS
uBEMNBwn DO, OEED SV O Eren
D6EH.

Faster, smaller, more reliable, and cost-effective

compared to second-generation computers.
62D® 50BsMed sd®ED ®) tesed 50 68mdS,
DB, D) BENEBEIED 5 BB .

Reduced power consumption due to integrated

circuits.
0®a 5030 68REDS DE sdemiesocn &f) B.

Improved user interaction with keyboards,
monitors, and better operating systems.
6RO, 6ENSOG 3% O 6MNE 6BeME® BEAS
©O® sOEED SOV D@ B.

Still expensive, limiting widespread use outside
large institutions.

20053 Br 4w B, BmnE HEDHOBS B0 5O
D0 BEHL.

Required cooling systems to prevent overheating.
a0 can® 58 Oigrsd® oem B8 o8
go50Gs 0.

Software development was still in its early stages,

limiting advanced applications.
ce5ts 6(e® B®) OB Bagmo® eodVBDEG OB
8 §Qd 06 S5tdDS.
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IBM family
IBM System/360 (1964)

First family of IBM (International Business
Machines) compatible computers (computers that
can run the same software across various models),
allowing businesses to upgrade easily with a range
of models.

IBM game <sdosmmode 68 e (B8 @eR
wO®) DO Baco® HDDG DG B SODEED),
DseNODERO e SMerD BO®  5Weede
DeBErsn SHBO o) Ee® EE.

IBM System/370 (1970)

Improved upon System/360, introducing virtual
memory, better performance, and scalability.

System/360 ®o O88ngy O®» @ oo, g
O, DA e SodSDnE ® SsOBIBNG
BBe® 5D DB 6e» @E.

PDP family
PDP-8 (1965)

One of the first PDP (Programmed Data Processor)
minicomputers (small, low-cost computers used in
small businesses and research), affordable and
widely used in research and education.

68 PDP @) sdmém D38 D, (i) O30
e esHedsesn em Do oD i), &f) Bned
sO®EMD), cdG B BEDO ©® sHedssn ®
EBIBHG BED) DHED DD Be.

ictfromabc.com



PDP-11 (1970)

Another influential PDP (Programmed Data
Processor) minicomputer, widely used in industrial
applications and driving innovations in
microcomputing.

205 Rde®mm PDP =nfh osdosmme &, ©bsm

6re®Oe dnED ®Ndm 8  gnd g
SDDHMDDOIMGE HEDIENEHHES 6m® BE.

CDC 6600 (1964)

The CDC (Control Data Corporation) 6600, the
fastest computer of its time, designed by Seymour
Cray for high-performance computing, used in

scientific and military applications.
BemS®m 6w ®fe) 60e®de Do) O® 9ueE

VEENDDED 8D DEEDDOSE  BEH)
Seymour Cray 885 &tengocs 02 @¢ CDC 6600
6mE) OB EE, do DO mEed 65edEO
sd®sE Bes.

This was the world's first super computer.
606 6@0 HO® 68Y sd®Eme 8.
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Fourth Generation of Computers

sbomndep 850» 8d®skhm® (1971-1999)
Transitioned from integrated circuits (ICs) to
microprocessors.

Bo®aB® dsd (ICs) 80 Dy owe® (8-
WD) EWE) Lo®ENEG B,

A microprocessor is a compact, integrated circuit
(IC) that functions as the central processing unit
(CPU) of a computer.

DEE OWHEDED BN SOOMDED ORS 5red®
Fowe (CPU) eets §w) @O® 50@sD, o®asm
8306 (1C).

It executes instructions to perform arithmetic,
logic, control, and input/output (I/O) operations.
DOBS o OHDOG, VDD, SHED ©®
eo/ag8on (I/0) o®exnip® &g BSB® ecm
co36etS §Dem o eRB.

Key Characteristics
&5 e
Significant reduction in size, cost, and power

consumption.
®#ne, BOn ©® DR ©de®IEsHEG eTEBG O
eEe of) Bo.

Widespread use of RAM, ROM, and flash memory.
RAM, ROM &5 Bz @ 503 6@t 5o Ba.

Development of advanced multi-user systems,
GUIs (Graphical User Interfaces), and more robust
operating systems.

8ugn Ru-dBeD o8, GUI By «sdHGem
GROTERE) €35 OIS BSOS 60enE® 5E0S
£300VDB Ba.

Use of high-level languages like C, C++, Java, and
Python.

C, C++, Java & Python 88 gmg @006® ®ie
O 58.

Intel 4004 (1971)

First microprocessor, marking the start of the

personal computer revolution.
EmB® sd®ew BBeded ddmn B&0®S oD
BeH BDYE HDEHDEE.
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Xerox Alto (1973)

A pioneer in the development of graphical user
interfaces (GUIs), influencing the design of

personal computers.
8ol sdmHD SH@FED REHE® e DD

5B  gd@mes  (GUIs)  &0dbdmed
23603EB6HE.

ALTAIR 8800 (1974)

This widely regarded as the first successful
personal computer. Based on the Intel 8080
microprocessor. Its popularity inspired the
creation of software for microcomputers,
including Microsoft's first product, a BASIC
interpreter.

6006 ZO® eHOD HEGDRD SOGEWHBEEE DHED
88mces. Intel 8080 Sag e5tes0 62w DOGHSH
&, ®BeEeeNil B@Imed® HO® Hdencme §
BASIC s20bmwme arapdd, D8c sdménmD eem)
®agmio® SH‘gne BHOO Dn O® 5z26650.

This is considered as the first personal

computer and it was developed by MITS.
6006 3O® BE®E SOE®ENWB 6EEL ETREW
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DEC family
DEC PDP-10 (1966)

This was a powerful mainframe computer
widely used in universities and research centers.
It supported multiple users through time-
sharing and played an important role in the
development of early computer systems.

6®n DBODeHE ©® VBN BBEN® DG
5D D § YRR B® MOE6d D®EDEE
Be. time-sharing @& dwdd SHE@DES
B586cemnmnd 6HE g 680, g3 IB®
500D SES 6wed® ) DeEdn s
D6ES0.

While slightly outside the generation, the DEC
(Digital Equipment Corporation) VAX (Virtual
Address eXtension) series of minicomputers
was critical in the evolution of minicomputers
and influenced future computing architectures.

808D DO® 80n §de DEC VAX =t
sdoenm @D B sdDGHIMHDOQ SBHENBGO
BOgNSOD & b gmeD SOOI DS
SV@gn B30 DEeEd ®eH.
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Apple | (1976) Macintosh (1984)

Apple introduced their microcomputer known as

apple computer This was one of the first successful personal
%ﬁ%g%g@ 085 288 8o 908 tiag Coemno computers to popularize the graphical user

interface (GUI) and the computer mouse.
Apple 1 (1977) e®n Do «dEo® guo@ms (GUI) e®
— i sD®ED BEDG 5080 @ODedB@ @S § BS®
O EOBD S5O®HWOBZS DS.

Its user-friendly design made computers more
accessible to the general public and influenced
the development of modern operating systems

and personal computers.
608 g8 OBOW-BDHB 3@ 5 eHBIDB
SO0 DI NEDE DENS v § god,

One of the first widely available personal B »O® o60emE® oES ©® 5ol
computers for consumers. sD@EDOE@ 50OVODG 6B B®mIE RSO
NBeIBDBS tem 5OC 6@ QR D BT o8 Degn.

e aéodm sdognn DS DE.

IBM PC (1981)

Standardized the personal computer industry
and became the foundation for modern
computing.

8o D@D DHABDEG SBB®D DO HE®
5D®SDDOLNE 3EE) GFRR® rd.

22 _
ictfromabc.com



Summary

Topic 1st Generation 2nd Generation | 3rd Generation 4th Generation
Samd 1 0% B86BSMd 2 O s68s6® 3 O® 568es6® 4 59 568650
(1940s-1956) (1956-1963) (1964-1971) (1971-1999)
Processing Vacuum Tubes Transistors Integrated Microprocessors
Architecture Olo ®@ 5836300 Circuits (ICs) (LSI/VLSI)
30e® epase FR®BD 3O BDEE WED
Input Devices Switches, Punched Cards, Keyboards, Keyboard, Mouse,
POBD CBIo® Plugboards Paper Tape Punched Cards Scanner,
(Wires), Punched | 8g0ced), @08 | codegdds, Touchscreen
Cards, Paper Tape | &° Bedeod eloleiasiolerdo)
399, 00 30T @BDe, Swemde,
(BEB), Bedoesss, Besm 8O
208 0
Output Devices Indicator Lights, Printers, Early Monitors, Printers | Monitors,
EBO® CeNo® Printed Paper Monitors @S0, Qe Printers, Speakers
Output, Punched | G 65w, Sl e@BO0, Bt
Cards BB KOG 65D, e
e @8y, @8 DD
208 58w,
8e0ze

Storage Devices

Magnetic Drums,

Magnetic Tapes,

Magnetic Disks,

Hard Disks, SSDs,

OREN Co® Punched Cards Magnetic Disks Magnetic Tapes Optical Disks,
DED® eV, DP® &0, D | BB 20, USB Drives
8Beboessd 0 8w &0 a8 0, SSD

250, g5I® 0,
USB &dwm

Memory Magnetic Drum Magnetic Core Magnetic Core Semiconductor

e Memory Memory Memory, RAM and ROM
B 60 DBD® ®O WG | Semiconductor g0 €330
Cleae) Memory RAM &3z ROM

D O WS,
oHE) SBIGD
Clolnle)

Programming Machine Assembly High-Level Modern High-

Method Language (Binary) | Language, Languages Level Languages

DOeED® »OG 63 808D FORTRAN, cetd 80068 mne) | B el
(£BBw) COBOL (FORTRAN, ®00e® e (C,

@C@Cﬁ@@@ &3@)6, COBOL, BAS'C, C+ +, JaVa,
FORTRAN, Pascal) Python, ...)
COBOL

Main Users Governments and | Large Business Universities and Public Use

HO® sOBEwES | Military Organizations Schools 6N, tNDDE
Organizations @) esBH@gn 8@68@3?@ €3
685 5 Ge O30 300D | 33633
308500
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Fifth Generation of Computers
sO@MOE &5e30» s68esM® (2000s-Present)

Parallel Processing

SHBDO t3ewn®

Multiple processors work together, improving
computational efficiency.

Ry DS DO o
DIBODBODD O EEEn OB,

208, odod

Artificial Intelligence (Al)

®a8§® QD (Al)

Incorporation of machine learning, natural
language processing, and neural networks in
computing.

D®HDDOIEE & BS) 96mRE), 31D %))
e5® 659 g eHE FrRes BOO.

Quantum Computing

DeNBOB SV®LDDOLGB

Emerging technology using qubits for high-
speed, parallel processing beyond classical

computers.
805 DEMNDOBZS DDRVO ledE, @ISO
eres® esem BERO B OB HeE D
DIDSHCE.

Nanotechnology
DTGM] DIEBLIC

Miniaturization of computer components at the

atomic level, enhancing speed and efficiency.
s6@gm 00T OGN 500DD WED WOBeS
68®0 &% DIVEDB®DD O Ergn DEDTH

Neural Networks & Deep Learning
e ehHE ©® Deep Learning
Al systems mimic the human brain to improve

decision-making, pattern recognition, and
automation.
o#n ®TSO, (e]0)) DEOTHO €389

OB EmONG O Endn SO® sem Al 8808
BBES 6EH FRDOLG DOG.
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Bioinformatics

6630 emOROT Besd

Computing technology used in genomics,
medical research, and biotechnology.

ehe Bemd, eedes osbHedssn ©m 66850
BSIEE NS DD SO®EIND DIDBIIE.

Cloud Computing

O® sO®MNOSD

Remote data storage and high-performance
computing accessible worldwide.

6@ o) 80 yednm Bn ®TS gotld D ®REN
5@ o) VG VEENDDED B
SO®SDDOLE.

Mobile Computing

Bom® sO®ENDWOLNC

Widespread use of smartphones, tablets, and
wearables for portable, powerful computing.
OB GO (3) B, DEDD SOGHWDOLIEG ESEH)
8@HOemIss, D@D e S5teEn BT CesmON
0@ 6@t DD BBOB.

Virtual & Augmented Reality (VR & AR)
gods m O cMVIG

Immersive experiences in gaming, medicine,
education, and training.

5N, 66Dcs Bexd, glBIsMEG €5 L300 BEDEC
Immersive gs5ctS58.

Blockchain & Cryptocurrency

05 @ Tow

Decentralized computing for secure financial
transactions and smart contracts.

OB G5 GOHGEH ® 3D BTN
BeH) D5 DODs®D SHOIDDOIIEGE.
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Super computers

680 sdagnD

Supercomputers are the fastest and most
powerful computers in the world.

580 sdD®HMD B 6D SO5® 60X €M
Ree® sd®MD 68.

They can perform trillions of calculations per
second and are used for scientific research,
weather forecasting, space exploration, and
complex simulations.

FnD o5esdnm0 DBG® 5630 ®ENDD DLW
B0 8 ¢ S g0, Bemsdm obhedssn,
DRBRHY IS ¢ DO, BB HEDBLICH
€509 350EVEN GFEOSN OED BEX) DD DO
QTeR.

Supercomputers have evolved from early large-
scale systems to highly advanced machines like
which provide significantly greater speed,
efficiency, and processing power.

OB @®) sO®E sENEOE B0 5tEBDG G
9NE 6D®EE, MVODBOMO ®  5uDed
RDEED @) 6c» GB®mG Engn BBy e Bsd
D@D Dm®e 8 goo.

Ex.

World's most powerful computers for scientific

research, weather modeling, and simulations.
Demsi®m sbedssn, QKRS S SB&IEc
6% 5810 EH) DD 6D REOBE SOD®EID
&8.

Cray XT5 (Jaguar, 2009)

Fastest supercomputer of its time, aiding

climate studies and physics simulations.
6EBRED FBHEIES €56 6B Des) e@DOLN
BEm) 596 DD DB EES 5O 60®OS® 580
sd®EDeG B.

Quantum Computing
DeNBOB sD@ENDDOENS

Quantum computing is an advanced type of
computing that uses quantum bits (qubits)

instead of traditional bits.
DENSOB 3DGEDG (7 IBHHBD DY 6RO
DEIBOB D NS oD el @00e®
SO®ED MBS POGS.

It can solve certain complex problems much
faster than classical computers and has
potential  applications in  cryptography,

medicine, and artificial intelligence.

0B sdeimMEORD &) 9 6D®EES
goc® woSHEn ®0E DHERD 6®BO ®TBEID
o8 a0, O®ess 6ERD BeD, 66Des Besd 5w
50 REDG B DeBPHERS H6EIBDD ©HDD
BBe® 9mg DD 6@®0 &rD.

Quantum computing has evolved from
theoretical concepts proposed in the 1980s to
practical quantum processors demonstrating
the growing potential of quantum technology.

1980 comeB8 6:3sm @O® EE 66e5EIBED
oPdE 80 BWeNBO® DHNDBENEE OBVA®EG
D® B3OS Brnds 65308 ®O® GEIBD
DEIBOB 5w ) WeHBOB sD®E®E
B®m®e & .

Ex.

Google Sycamore (2019)

Demonstrated quantum supremacy, solving
problems faster than classical computers.
DENSOB PHDBDBEB 6BRD OB 3OS

s0®HMDORO &) Dmens ®O B8O
cPBOBS Wl 68
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IBM Quantum Eagle (2021)

Introduced the first quantum processor with
over 100 qubits (127 qubits), marking a major
milestone toward building larger and more

powerful quantum computers.
Ot DR 6% VRO WeHSBOB sd®END
Bdenemn BOe® ®d6 Dem8 BRESNIDEE

&850®S OB, Wetx0® @ 100 0 D) 8

5SS (DeS0B DY 127 8% 08350
@0 ZOB® WHeBOB WG HESL) 6D @

More examples for quantum computing:
DeNBOB sd®INDE BeH) DO ceHBON:
e IBM Osprey (2022) -

Reached 433 qubits.

NSO DY 433 @O O&) &o.
e |BM Condor (2023) -

Exceeded 1,000 qubits.

2eNx08 @ 1,000 0 &) gowm.
e D-Wave Advantage?2 (2024) -

One of the largest quantum annealing

systems.
DD WeNHSOB arBE® sESDBS
D8

o Google Willow (2024) -
Advanced error-corrected quantum
processor.
6c38-8708 woO® e 5t BeHBOD
EWEIRDEE.

e Origin Wukong (2024) -
China's first domestically developed
superconducting quantum computer.
Bon B8 B0 Soedn @ 5Od
FBEBMED BNSBOB SO®SWE 68.
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Al & Machine Learning

Al 6% 55y 965

Artificial Intelligence (Al) and Machine Learning
(ML) are technologies that enable computers to
perform tasks that normally require human

intelligence.

250 REDG 5% BBY Y6®RD (BE) ENBIDBGES
I8 REDe gdmws O» DWEES 90 SHAO
50®$MNDORD BTBEND @D 6L DNBBLNHS 6D.

Al focuses on creating systems that can think,
learn, reason, and make decisions, while ML is a
subset of Al that allows computers to learn from
data and improve their performance without
being explicitly programmed.

250 REDe OBx B8R0, 9GSO, HLW
OO 5 BOH eSOO B &S V@G
B0 6med® GONDG 6(HE DO O, GSY
9emRD® 6Y ©NERDD POCRDG BOOBS
60D e &reydsl 9emSBBO 3 WIVHEENRDEG
8 Brdn @0 @S0 3O®HMORD @) 3R
2a8® JEDEE® COWHEE.

These technologies are widely used in virtual
assistants, recommendation systems, image
recognition, healthcare, robotics, and self-
driving vehicles.

600 DIDBHNGES GOOS HEEDES, Sbed®
BERS, 0z BEMETEO, 6695 65D), 6M6RS

DDBHG 59 e3DE0-0DD WD BEH) XD
)0 8.

Al and ML have evolved from simple rule-based
systems and statistical models to advanced
deep learning and generative Al technologies,
powering modern applications.

8o 08 @ scHd® § B ©® oD
PwaBde 80, H®D®» 6ne® VrBd® el
®®Or 9emR® &’ cBsED 80 RED
DBB8EGS ewen Al 5 ML Bm®me 8 .

Ex.
IBM Watson (2010)
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Al-powered self-driving car systems

Al-Reens o) O» SB0ro-0¢ etede®
6@ 6O €S

Al-powered self-driving car systems use Al &
ML, sensors, cameras, and advanced algorithms
to enable vehicles to navigate and operate with

little or no human intervention.

50 JEDeHS RE®TSEE B3DBo-td® 6@
6O 5808, BB BSOS 60D 6®5 9m)
00 BEnDDOBE O Ow®m HdDwe BBHBO

& ®BODRD of) wEB® e Al & ML
2060em, Wd® ©®w el FremDH® DM
OB,

These systems can detect objects, recognize
traffic signs, avoid obstacles, plan routes, and

make driving decisions in real time.

600 E08ORD OSnx mem ®SBD , AB®
o) BED ®DOD, D WD, ®OS
O® eEE® SBBO 5w DB gdENEdE Hd®H
B0 B0 ®wrSHEId grd.

Self-driving technology is used to improve road
safety, reduce traffic congestion, and enhance

transportation efficiency.

OV® POD 8 Engn BB, AV® DeRes
00 BBO ©5® WD BeBHWEE DIVEWBBDND
QWG H70d® EM) E3DBo-NOD HNIBEE $IDe)
OB @TeD.

It has evolved from basic driver-assistance
features such as cruise control and lane-
keeping assistance to highly autonomous
vehicles developed by companies like Tesla,
Waymo, and Cruise, capable of navigating

complex road environments using Al.
60® NBBIG, NHDEE 65®B  BOBEHED
D) OTBO €5 BoSGT eNEW® NG O P

Bgde-tsencm  gomd@ 80, Al ond®gnc
NDDEES  oSbE VG &BBOESE  ®®s

BHBO @& Tesla, Waymo e&® Cruise &8
BB B35 HescdH® @ 9Bg t3DEoSG DI
e Dmeen B &o.

Ex.

Tesla Autopilot/FSD

Waymo Driver

Cruise Autonomous Vehicles
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Large Language Models (LLMs)
These are advanced Al systems trained on vast
amounts of text data to understand, generate,

and process human language.

6B 6y D ®®D 0@ ®BBO,
CBNEDG BOHBO 5 B0 Bl d» odHE
DmIQ 605¢ Cv H®ENGE aredes Gmen oD

@ cetd Al 5808 8.

They can answer questions, write content,
translate languages, summarize information,

and assist with problem-solving.

F0 362ORD B8mde 6550, GEODOD®ES
BB, ) sHOVDHEB OO, EIMORNOT 50383
800 o ®0g DeE® e owe H® 8¢ D¢
BT,

LLMs have evolved from early natural language
processing models to powerful transformer-
based systems capable of human-like

conversations and content generation.

BB 3D N8 tey® WSO &0
BBesm 605 bl BOBD &m FSDVBDES
Sv@gns SOBO &8, NsSeSemIB DB

D8 O®D VE®D) &S e LLM e
B .

Ex.

ChatGPT (OpenAl)
Google Gemini
Claude (Anthropic)
Llama (Meta)
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Narrow Al (Weak Al)

Narrow Al, also known as Weak Al, is designed
to perform specific tasks within a limited
domain.

Weak Al eetse ®c€s6®®» Narrow Al SH@énc
@0 5 BB Ded RE BHDD @VGEGS @0
D8 semI.

[t cannot think or operate beyond its
programmed purpose. Most Al systems used
today are Narrow Al, excelling in areas such as

speech recognition, image classification,
recommendation  systems, and  virtual
assistants.

D0 0D POERHB WO® @ GO
OO BBOO 66 [PIs®m DBO 6®WTBGR. &e

D50 B O» Al 5208 6@ Narrow

Al ®#760 g6s O g0, ) 2O HEM®RD,
Gzes OVBWOBG, BVeEwm oS ©® DB
BNEDES DS HeBHHEDB 9BwE cwem) cOl.

Narrow Al has evolved from simple rule-based
programs to highly sophisticated machine
learning systems capable of outperforming

humans in specific tasks.

80 B8 @ 5c»d § Drddedwnxde 80, &
DVOERBE BBHBO D) FHE) OO O
FB®B ©oSVE BB 9EHERD SO )

Narrow Al Sm®xc 8 .

Ex.

Siri

Google Assistant

Netflix Recommendation System
AlphaGo

Artificial General Intelligence (AGI)

AGI refers to a theoretical form of Al that can
understand, learn, reason, and perform any
intellectual task that a human can do.

AGlI ©ox B8ecmd e S Bx:® QYOG
BEEE 630t® @eRBO, 9e®D @HBD, VW
B0 ©®w of) BOOD ®i» eSS Al
00O

Unlike Narrow Al, AGI would be able to apply
knowledge across different domains, adapt to
new situations, and solve unfamiliar problems
without specialized programming.

Narrow Al @@= @8, AGl 8Gx D8
DOEDDHEES 60D DR Be® WO crr®
0D SHOOS, 5O HDBOGRO ®O®TEBBO,
28e300e, ®TOQ DEBOD WD @IeDH) &iD.
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AGI remains a research goal and has not yet
been achieved, but advances in machine
learning, large language models, and cognitive
computing are bringing researchers closer to
this vision.

AGlI ©xn 088 obedvsn 0068 OE®
QOGS O god DG 606D HEEIRDE
DS WO®® 6INBD. NS GRY YHRE,

large language models &® E©EOD
SODIMDE G DeBRO@ ErEnd, sHedBmBSD
6®® cr® DD 658 WODBS 5O,

Brain-Computer Interfaces (BCls)

BCls are technologies that enable direct
communication between the human brain and
external devices.

BCl i) B8¢e3 e@gn 5t DBO cedo® god &sagy
HBBBeHE S OO 9b) 5D DNDBEES
e8.

They can  help  restore  movement,
communication, and independence for people

with neurological disorders.

SE oD 68D HEOROBH DG,
HBBBeHG &5t SNDDHDOG HdD S BOOO
2390 BB 680 HTBEID TD.

BCls have evolved from laboratory experiments
to implantable devices which aims to allow
users to control computers and other devices

using their thoughts.

sbeEBEN®O e Rid®D@E B0, sOBEDBSO
D@ BOR 5O B DOBS SO®ED
B8 GODND C5o® SEDE BOBD 9f) rEEe
8089 OB, ®DOG DG MBS DG B

Ee0® 5550 BCl oeSesgnes Smnmens & eum.

Ex.

Neuralink
Synchron
BrainGate
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Al-Khwarizmi John Napier William Oughtred ~ Wilhelm Schickard Joseph Jacquard

Joseph Henry Gustav Tauschek Vannevar Bush Alen Turing

Clifford Berry

L K

Walter Brattain Maurice Wilkes Grace Hopper An Wang

John Backus Jay Forrester Seymour Cray
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Classification of computers
s OBBDOLNE

1. According to size
&SN gxnd

Computer systems have evolved along two

major paths based on their primary purpose.
sd®ED 5E08 Ted @Bm Gd@sn B e
Bm®d 50 eewn Dedetd Dmm®e & au.

Computation-oriented computers were
developed to provide increasing computational
power for scientific, engineering, and technical
applications.

Bessi@wm, 908630 5t DB 66ed 5EH)
9®E o computational power eesB3® B9
®HNDEB BOB-2®0T DG HcdD @E.

They evolved from microcomputers to
workstations, and eventually to highly powerful
supercomputers capable of performing trillions
of calculations per second.

Fon dag sdoenmde 80 Dileencdd e,
FOEINEEE DBOBEDO ®mne B8 JBow®

@D BE DG S FE®E RDE®D 580 sdD®ED
ey Bmie®e De.

Multi-user service computers were developed
to support multiple users and large-scale
organizational computing needs.

Ry OBEDES 6w O®) oDEE EHSD
D@D FOGBD) SEH) E3WEB ErD® BENes Y-
sHBED 66380 sV@ED Besed» .

They evolved from minicomputers to
mainframe computers, and later to modern
servers, which provide services, data storage,
and applications to users across networks and
the internet.

F) @05 5d®E®OE 8O 5 e SsO®HD
SN, 5630 eNE 5% FEDVLHEREG BOW)
5VBDEHO 63D, i ®REN BO® 5w

60e® 55D DD EE3NEIBWHES eSS
Bmmae 8.
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Terminals

A terminal is a device used to communicate
with a computer. It allows users to enter data
and receive output from a connected
computer.

terminal g sd®&MDEES BO® BEBBEHEH
B0 90D WO Ce30BGE. DBGS
ORGS0 v FrREs BOAOS, HORVBDD
SO®MDEES IBHWES @RI WSRO 9f)
€3@es63.

It is a historical device that was commonly
used in the past. It has no processor, no

storage, and no memory of its own.

600 #B6EE RHED MDD 8 E300mEE. 6®KO
DOBEHO HCD) L5WEIDEE, OREN ELNoMEE 63
BDDHED 6NBD.

It is made up of only input and output devices.
It can be connected to a minicomputer or a

mainframe computer.

6@ OB DSes eI® 65’ 3BeH®
EN0®OB S5O, 6@G BB SO®HDEDO 6593
3 MBS OBEMDEDO BBV G BTEE.

Today, terminals are no longer commonly
used. Instead, we use normal computers
connected to the Internet.

O@®med terminals dwEd 8D 6168. &
6OHROD, FEIVHEBEO BBRVSR) DO® @
eD®IBS 5D®END DD WOB.

These computers can act like dumb terminals
when they access remote servers and perform
tasks on those servers rather than on the local
machine.

608 BB DI, OO EEINSIGDEHES

60D 5e8®m B DB 6EMG SDDHDEB
6OHROD DB ee3DIEWES B IVEES &

@6 80, & dumb terminals e®= S &
TS,
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e Micro computers
Dye sd®»MD

Microcomputers are smaller and more

affordable.
DEE O®END WE) O Ed cdG HTS BEWO
@ ®D BTG.

Designed to be used by a single person at a

time.
DO 8 E®EEEmD B m) BORD SWEHEncs
20 go.

These are portable
D) 6O 6HD ) WD .

Used in small businesses and daily activities
DEN OBENO 51 66D FEIMIODBDQ D)
68.

Available in different physical forms
580 et09Sm 300z OB 5O

Based on a microprocessor as the CPU.
CPU &» ®Bemnecetsesdns @ sem® 8 guo.

Ex. smart phones, tablets, laptops, desktop
computers, Wearable computers

31

Server computers
et3ecw sO®ED

Served multiple users simultaneously.
D® gOSMODE SOHBEDGS  DHOmO
6e3Nd 63850383,

Centralized processing and storage.
PO 30ey® 5% D G BHO.

Used to run databases, networks and business

applications.
e G, eHE e D50 6658 HrI®wm
B5® ese®) 0D OB,

Operate continuously for long periods with
high reliability.

9n¢ DBOEBEROGEES b E®n RGO
FDHIND Fursewm 68.

Multiple users can access the system through

terminals or network connected devices.
sHEBD 653 HEBD DO® @ ENo® HOM)
RHDD sOBEDHESO 6®® sEASED Hedm B
BTG,

Often function as servers in computer networks.
660 BO sV®EWD HE DG GL3NSHWHS 6D
S OEB.

Ex. File servers, databases servers, application
servers, mainframe computers, mini computers
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¢ Mini computers
B3 sdH®SD

Supports to 10s to 100s users.
SHBRDES et B 8O B ®HDD SO
5@®BEDO emE .

Less expensive than mainframes.
3® NHPed sdmen OO D) Br af)n.

Used to create computer networks in banks and

financial institutions
Qoo 3% BEB PEDHRDE BO®ID &HE SR
S50 O OB

Historically popular in universities, factories

and medium sized organizations.

9B eces RDiRde®E 608 BxddemeE,
DOOISDE@E@) €58 BRSO &5@ENEE e50DND DO
6ReHDS 96 B,

Traditional minicomputers have mostly been

replaced by modern enterprise servers.
28388 ® BB 5D®HD 6DNDD OVHBINGEE
eDE®I 00 2D DNV ELINCIHBWHS HEE®
B ere.

Ex. DEC PDP-11, DEC VAX, IBM AS/400

DEC PDP-11

32

¢ Mainframe computers
ga® Hged sdosnm

Supports more than 1,000 users simultaneously.

s0BEmos 1,000 20 58) D8 &5@1#nkm0d dwdd
&30 eoa.

Optimized for

security.
BBOBEBEDOG, BOSDO 5GHBND e epdwsd
00 B grds Demeens ewed O .

reliability, availability and

They have large storage capacities to handle
and process massive databases and

transaction records.

et e BHGS &5 MRELH DV
@BOBBO &5 e3cEe0 Fn0 B GREN
DD .

Used in banking, finance, insurance, large

enterprises etc.
o, BE5, Oe®, DeE OB HEGHS
00 0.

Ex. IBM z-series, Unisys ClearPath

ictfromabc.com



®RE) DD

ene5wmed o

Feature Minicomputer Mainframe

[CinSIoNe) BB sd®END 5 9OHPed sd®EnD
Scale Medium Very Large

fSlelONONle:) 5@ ¢5®gnedd 9m) DE

Users Tens to Hundreds Hundreds to Thousands
sOBWEBS 65 @D 80 80K @MW ee) 8B ®énmm 80 cmetl ®EHmE ee)
Processing Power Lower Higher

e500e® DG 6580 GG €565 9SS

Cost Lower Higher

808 65380 o €565 9SS
Storage Capacity Lower Higher

£3)6e5B0) YBEH

Typical Use
©e3)¢, NG

Departmental Computing
6eNHDERBROG O®END DOED
£3CH)

Enterprise Computing
5550 D@D DOED E3EHE)

Modern Status
DO DB

Mostly Replaced by Servers
eE®] 00 6E5NNEmHES B&S
GE® DO LD,

Still Widely Used
2005 VHED dD 68.

e Super computers

880 sbemgnD

2. According to purpose
00 gxd

The largest and the most powerful computers. o
BNED® &) REOD® sdD®E OV®EHE.

Capable of performing trillions of calculations per

second.

2S00 JBH® ®ENHDD ®ENHDe SO 8e SO

®TDEID .

General purpose
68, BEG SH@ED

Can perform any type of task which computers can

do and run a variety of software applications.
sDeMDEO B 6 ©B Doz® IVEED 8B B

D goo D80 ®co® 66D HEITOD B

BT,

Does parallel processing - Uses thousands to

millions of processors working together to solve
complex problems.

BBBDO e3e® B OB - oSHE BTOO DeE®
©Bem) emed ®ens B0 BRHD ®ES ) DD S

any time.

OB DS N WOE.

Mainly focus on solving problems that are limited
by calculation speed.

Can interchange between one task and another at

Doz® gOSNOD D MIVHEED 5 OB DIVCHEEE
g0 5O B ®THG.

These are programmable and reprogrammable.

DORRDG BE HS BSOS 68.

3068 DG Bt B8 8 g8 @O Be@® 6wweds

BB D®EES dIWEG 6(NE WOLB.

Used in scientific

computations.

Be3®m esBedssn wm Bm) sHEHE GEDn SO

DEE ©Ho) 8.

Ex. Frontier, Fugaku, Summit

research and large-scale

Usually not optimized for a single task.

608 POCCRDG DG BN ©® HOD HDEODD

ENDIBDBEES 688 HBHGE D® HHOD IVGEEHED

BE®) 50D DexsensS 5wt DO 6E®TD.

Suitable for different users.

B850 sVBEDEE6E DD ad®SD) BEH) ®WiEeds.

Ex. GPU (Graphics Processing Unit)

33

Highly flexible that means they can run many

applications.
9HE DOBBZMOEES (D 68, dDd® 6®H0 BB
B6BED MIBGD FEIBOD BDE BTG,

Expensive and requires relatively high power and
processing memory related to special purpose
computers.
Bemed mn sdmHm OO esn®d, @) B
gl O god 9ne Dl REGH &1 WG t5rwed®
O OGS 68.
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e Special purpose
Sess mHEG sO@LD

Built to perform a specific task or a set of related
tasks cannot be used to perform any other type
of tasks.

B5B00 86D bens 663 dBemnmO @RS
WVEES oo 90 SO® ©eHI® SO
Beoed) gt g0, 6Ond HBg H®IOGD
WoES 9 HB® sem) 60D D) B
BB,

Cannot be reprogrammed to perform other

tasks outside their designated task.
2B @O® @ WVEEHES BOD 60D DIVBEHS @0
BBO t5e®) DD PHOCADG WG 6DV,

Requires less processing power and memory

compared to general purpose computers.
638 VGG SO®ED 8 383 DO &f) e5ceea®
RDEGD &5 BDWEE gd®s 68.

Very efficient for its intended task.
B Hesed® @ EBE BE®) EB®mE DVEDSE
ed.

Often  cheaper than general purpose

computers.
ee®3 DO eeng VG BdGENDORD O&) BeEs

&f) @8.

Ex. ASIC (Application-Specific Integrated
Circuit) miner

Note:
Most special purpose computers today are

embedded systems.
ge O 30 o8 O Bewsd mHG SD®ED
6@16BGE ®Dde, ES 68.

Ex. Printer, smart TV, camera, AC,

3. According to technology
DIDBBMRO gHd

¢ Analog computers
5560 sdbasnm

Random wave
&8 00®E

| A PN,
WAy

Sine wave
&83% DOo®®B

ANVAN
[VARVARV/

Data is represented using continuously varying
physical quantities like voltage, current,
pressure, temperature etc.
6IR0EMD, MDD, BOMG 5 CBIOG DS
FRDHIND 6D D® IR HEIBIBS DGR
e Bozessnn O @RE.

A

Used to process continuous data.
0D e e e DD ®OE @REB.

Can perform calculations in real-time.
DD DITHO ®EHHE BOB Be g .

These are less accurate.
60 &f) BODCsDDGES e 8.

Earliest type of computers.
BB sd@ED OB® 68.

Ex.

Mechanical speedometer
Differential analyzer
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o Digital computers
oS sdD®MD

Random wave
O DOo®C

A

\4

binary wave
2805 DOo®E®

A

A\ 4

Data is represented using discrete values.

(usually 0 and 1)
BB gmns DRSS e HoOEsENG DOX

@RB. (en®esens 0 t® 1)

Used to process discrete data.
DD evey e3cE® e®) 9T woOX RE.

These are more accurate.
608 BODermOB 9.

Can be easily programmed and reprogrammed

for a variety of tasks.
80 VEES ©BEH) 598eds Drdedns®mm
DE WIDG.

Ex.

Most modern computers are digital.
66H] ®H sd®ED BBOD sd®HD 68.
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e Hybrid computers
6CcEm® sd®EnD

Hybrid computers combine the features of both

analog and digital computers.
6B SO®END @B 5 BDEOF D@D
6B @Ben TmRER wOB.

Analog processing is used to handle continuous
real-world data, while digital processing is used
for computation, data storage, and control
operations.

BO eRimel ©OE® g e ®EBOD®
e 950 e5twey® DD @O® FDO, ®HIBEB
B8, o HRE) SB® 65 NE® OGS e
BDBOA e5ce3® 90D WOX QTeR.

They can provide real-time processing like
analog computers but also offer the accuracy
and precision of digital systems.

0 grwe@® &O®EMD 608 DS DIB®
e5ces® e5cesBe el god DBOF oSO
BODesmDGB € @) Exn ®TiG.

Ex:

Common in medical industry

660es BedR6E DBuEd cmd Qe
e ECG machine
e |CU patient monitor systems

el ot Toowde 6diBs SHdidssn
&S

Aircraft control systems
@S (D) eNED SENS
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Keyboard

0t &gOGT®

The History of the keyboard traces back to the
invention of the typewriter in the 19th century,
which laid the groundwork for modern
keyboard design.

0TeD0ed oSmesn 19 B Bwudetd mdt
Bo®n 600 @S emen 80 »B, dn »B®
0Tt BH@IENG 5EH) FBE® crds.

The first commercially successful typewriter,
developed by Christopher Latham Sholes and
his colleagues in 1868, introduced the QWERTY
layout which is still widely used today.

5edeDIest @ro® 683 5o Dmes mens B
1868 & t30dW®HE OD EC ©CE EHsdn
Dmens O ©Rdt BE®®G, O DHED
NS O QWERTY 8desc@ea® ®ese) ecs @E.

This layout was designed to reduce jamming in
mechanical typewriters by spacing out

commonly used letter combinations.

c®® 8BdeEn® SH@MG DO Hes VXED
DD OB it 50603e5® GO SODOGE &td
20 OBED 0 BrDGD DHEREG ) BOOOG.

As computers emerged in the mid-20th century,
keyboards evolved from their typewriter
predecessors.

20 8 8edetd @ H®eE SOOI DBDOS
BO®O® oo Tned wméc Bo®ed
VO®MBBemed sOENB Bes.
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Early computers utilized teletypes and

keypunch devices for data entry with electric

typewriters being adapted for computer use.
AR D®HD D arREs BV eew) 60RO
&6 6RO ceNo® DD g god B
6ROt BOHEH SOGED DD BEH) FHOVDDE
Be.

Herman Hollerith developed the first keypunch
devices, which by the 1930s had evolved to
include keys for entering both text and
numbers.

®HOS eNEdE BB O® keypunch Eedo®

Besed» e oo i 1930 ®ensd B 8O @5
o0t BH® GHOED @D 605G €5 oD
ey S50 oem ondc goes SO0
9OBS sBVENBB Bs.

By the late 1970s and early 1980s, keyboards
transitioned into electronic devices, with IBM's
Model M keyboard (released in 1986) becoming
a significant milestone due to its mechanical
switches and tactile feedback.

1970 wgnxs0e a® ® 1980 @smxde @3 N®E
O» 80, cdoes®dc 96REeIS8m EtNo® DO
sdOvmme 8, IBM 8 Model M 65dce®de®
(1986 & B @O® @8) OB IXGm 3DDGS &5
Sebm pBecivgn BREDS  ©ESG  Gm
SBRBNHED VOO &5 Bs.

A keyboard is composed of buttons to
create letters, numbers and symbols and
perform additional functions.

6ROt 80GOS OB dt, QRIWD €58 506D
BvEngns SHOO ®u gd Do DO DMGBES
90 B0 ge)E 6B OPJS O 8.
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Layout Types
88e3c@n® OV®
e QWERTY
~ | @ [# |s |% ~ & [ |_ + [
: 1 2 3 |4 5 ] 7 -] 9 1] - = |Backspar
m,.._;|u |w |E R |1' |'r ] || |o P |{ H [
C:.FGM|A |5 D |F |G H |J |K L |: - iﬂ:
Shift Z |X |C v |B N < :v"?.snm

* | | ) &
on |l | |m | e [
e Dvorak
"LEEEELRELELD T -
o o e O T A
c&mmA 10 E |u [ ‘n H ['r ‘N ‘s |_ E‘"Z
& [ PPFFFFFIPR
- i | P P
¢ Colemak
e R R
m,:_”o w [F [P |G |J ‘L ‘u |v ‘ ‘{[ H |\
— |~ |R |s |T |D ‘H |N ‘E ‘I [o ‘ E:fl
54-};:“|z |x ‘c |v ‘B ‘K |M ‘< '; 2"}'"
Ctrl m: A ’ AII-E ;V:; Menu | Ctri
Functions of a Keyboard
6ot 8§00t BEES
e Typing words, letters, numbers and

symbols into the computer.
sV@HDBEO DD, amds, o 5% 506D
OB BBO.

e Enter commands in a command line or
another CLI.
B® edndm 6 6dxs CLI dord o
BN® et SOO.

e Shortcut keys.
60®0 6xdT

Ex. Ctrl + C, Ctrl + V
e Function keys to perform tasks.
Ees 9 BB e §uxmd cmde.
e Use the arrow keys to move the text cursor

on the screen
BoOs @ 65g HHOG 6G» MO BmE
oo N BOO.

e Using the W, A, S, D keys or arrow keys to
move a character in a game.

Stndm DdoeE damc SHAO W,ASD
BROT 683 B 6OT O SOO.
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Connectivity Types
58530 OB®

Wired Keyboards

SoesBeD dtedds

These keyboards connect to devices using a
USB or PS/2 cable. They provide a stable
connection without input lag and don’t require
batteries or charging.

6®® wxoe®or USB e®) PS/2 es@ents
NDDEEGES EeN0® 60D BBRSE 68. F&n merm

EEBS 60D 5NDEG 3BRDBRDIDEES €385
g0 OB 63 eHediessn &d®S 668,

(PIN 6) NC |:| CLOCK (PIN 5)
(PIN 4) VCC GND (PIN 3)
(PIN 2) NC DATA (PIN 1)

L

Wireless Keyboards

S 08D de®ds

These keyboards connect via Bluetooth, RF
(using a dongle), or infrared technology.

6®® oxdc ©Odt BdeQ®, RF (e8omex®

NDDEES) 683 FetODD DRDBLNG  HOW)
0S50 8.

They are portable and reduce desk clutter but
may experience occasional connectivity issues

and need power from batteries.

T g 6m®m ) el 6. lHee e5oSHESE
&8 DO DS 9eHO BBVFDD) GO GFHOERD
el 0 DOD OBS PG #d®s 68

Integrated Keyboards

TmRERD crdoe®oe

Found in devices like laptops and tablets, these
keyboards are built-in and cannot be detached.
@eB360B 5w 0D &8 ENomdE e
QeR. 608 ROTEDGT Ce0®EO® DDERD O
%) gt O ®ED) 6OS DG GXIDLD.
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Technologies
DBBENES

Membrane Keyboard
Uses a pressure-sensitive membrane layer to
register key presses and is commonly used due

to its low cost.

R0 DB BIsEdD BBO Ew) BO® 3506858
850@ 200D T oD oo DS of) BB
53 Ded H0m) 68.

Mechanical Keyboard
Uses individual switches under each key,
providing a responsive and durable typing

experience.

OO w wE ©OB®» 0BS BBe®
FcBHD @R 68, W VP RO D6 DS
350 9D ®OaB.

Chiclet Keyboard

Type of keyboard characterized by their flat
keys with a square or rectangular shape, and a
small gap between each key. They are typically

found on laptops.

TR OO HDOMES 6]  eaieIBemIO
BB 529 D D RO GO WEN BSODOBEESS
0@DBD OO OV®EES. F8) eI@3BeEsS
2360003 5D®ENDOE D0 @TeR.

Form Factors
Pwad ecw

Touch Keyboard
An on-screen keyboard that allows users to
enter text by touching keys directly on a

touchscreen.

Besbm oo ede eaed Besdhm HDe®S 65
FoEs SO0 SHBEDEIBO 9i) EE® BOG @D
8630 Bmdt 8D0OE.

38

Virtual Keyboard / Onscreen keyboard
A software-based keyboard displayed on a
screen that can be operated using touch, a

mouse, or other input devices.

Bebm, BBDE 6®] DN ™  CeNo®
NODEEE FESTOD DG O, SO O
5EBBEDE O Bacto®®@ ROt 3D0TOE.

Projected Keyboard

Uses a laser or projector to display a keyboard
layout on a flat surface. Highly portable but may
have lower accuracy and no tactile feedback.
Bl OB @ oRdiddt BderELdn
63553DB0 6@ e 693 625I63WOOBET BT WOEB.

H6S 6MD ) B DS &) BODesmDGE SV
el g0 Sesd®m BeeiBsn 6mBrD.

Divided into two sections to align with natural
hand positioning. Reduces wrist strain and
improves ergonomics for extended use.

S g5 Shann B8 s0m @ SO

©em) 60 ™D 62 &rm. B wHedS
POBG oh) OB ©® ERBD NG BCH)

ergonomics 88 8xagn woa.
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3D Keyboard
Raised or dynamic keys that create a 3D layout
on a flat surface, simulating the feel of physical

buttons.

695D eNBBOQ HBO GRWOLNG WO
5t BRBOD O 5@rgn BBerEe®n SH@IFG
DO @HEG 2Tod) 683 B BT 68.

Flexible Keyboards

A keyboard made from flexible materials such
as silicone that can be bent, folded, or rolled up
for easy storage and portability. It is often
water-resistant and suitable for travel or harsh

environments.

BRemis D& OB cOsOB[S Hesed), e5me36deS
®RE) BOO 569 Le®D (O BEH) DD B 63
6OIB BE W BROT DO, 6BG 6IEHI SO
B8 860I0 Od® gmd otHd BEem) 6®) O
o0e0DE DGO e 68.

Backlit Keyboard
Backlit keyboards feature keys illuminated by
LED lighting, making them highly useful in low-
light or dark environments.

Backlit ©m0res®dc LED epeime @&sS
PeRIDO WO®» @ GO OBS ©OSDD O»
gm0, FD) &f) epeimn 6m3 e ds sOEBOBDE 9o
863sDOS 6.

Non Backlit Keyboard

Non-backlit keyboards do not include lighting,
relying entirely on ambient light for key
visibility. They are more cost-effective and
energy-efficient.

Backlit ee®» ©xdie®ddr e@imG e
6268, OR0c caAGIND ©BLHMEHES® OO
PeRIDe O O6@) s5O8. F) DENS @®eNd &
Remd DIHos® 68.
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NOTE

A Keyboard typically provides digital input.
60O IDwsens BBOS  eIDG
3636383,

Each key corresponds to a unique binary code

(e.g., ASCII or scan codes).
2@ EROO gH®s £OBG 6EWO gxdEes 68

(e2:ASCIl 693 3z GEs).

These codes are interpreted by the computer as

characters, commands, or functions.
6®® 6w VGG BB 80, DD 6®I &
6@t FOODODGB WOEB.

However, some specialized gaming keyboards
offer analog capabilities for more precise
control, such as gradual movement in games.

66t 600D, 5@H0 DexB8D g ROTLDGT HEN

De DOME Dens & DENS BOOE eNE®G
e 8e® ®HBEDS R 6B

Amount of Keys
R0t 5B

ictfromabc.com



Types of Keys on a Keyboard
o6t 500D g8 Rdt OBV®

Esc F1 F2 F3 F4 F5 F6 F7 F8
N (i Gl 5 ol O (2 ( )
: 1 2 3 4 5 6 7 8 9 0
g BOY A Fed BR (BEY (Bl SON BTN HE

o AY RS EDN BEN FGH NEIN FON EKY NS
shit 4 Dl el VA REN BNB SN B
Ctrl Alt

Alphanumeric keys
st ot

These keys include letters and numbers.
6®® BROOED &t 5% o PTG 6D.

Ex. A-Z (letters), 0-9 (numbers)

Function Keys

B P& crnds

Located at the top of the keyboard, these keys
perform specific functions depending on the
software in use.

B0TO0ed Beces B8 48 6®® ©ROT

ND O® BAEDIO®ES GFRO B IVEGS 9Q
OB,

Ex.
F1: Opens help menu / ¢cd 6@xd 80 OB

F2: Renames selected item / eal®sS gB3o®c
2D DY OB

F5: Refreshes the active window / &8 ©8®8
BRg DoB8

Modifier Keys

82O do

These keys modify the function of other keys
when pressed simultaneously.

6®® oxdt OO DY BO e ot D@
BB SDG 6Dned wOE.

Ex.

Ctrl: Used for shortcuts

60®0 BEe®) NI 68

(e.g., Ctrl+C to copy)

Shift: Capitalizes letters or accesses alternate
characters

gmbc wB0Q8 OB e®) dds gsd 6d®
568® 68
Alt:  Used
commands
868 Bth® teHm TnREDD ©H8) 68
(e.g., Alt + F4 to close a window)

in combination for additional

Alt Gr
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Pause
e Gl e S Lok Break  mlul m{E mied
Pl o« wot | wome 0o A
} 5 7a0) (B8 B
] Delete  End D‘;?:n Horie T PgUp
-
4—, 4 {9 6
. —
$ 3] 2 3
Shift t End | § PoOn
0 Enter
ctrl - | - . -
Special Keys
Bexe 6ot

These keys perform unique functions that are

not related to character input.
6®® Oor G0 MEOBDBD GBRSH D
gED8G MBBES 90 DOB.

Ex. Enter, Spacebar, Escape (Esc)

Navigation Keys

BoI@® 6BRGT

These keys help navigate through documents
or user interfaces.

6®® 6ot 63D 68 sVBED GROTEMSS
WO®) e350escdO0 Eesend 68.

Ex. Arrow Keys , Home, End

Editing Keys

30t36& Bds

These keys are used for editing text within
documents.

eRR® NG 65¢ o3OME OO BEeH) OB
xde N8 68.

Ex. Insert, Delete , Backspace

System Keys

85808 6ads

These keys perform system-level functions.
6®® Rdt 5208 ®006® HEE®S 9f) WOH.
Ex. Windows key, PrtScn, Scroll Lock

Numeric Keypad

BoDHBOD BROT OGO

Found on the right side of standard keyboards,
this section is used for numerical input and
basic calculations.

00D GROTEDODE P 56 gl b, 60®
60 oRMBOD ENEIDG B YBD @MW
BO8 seHm O 68.

Ex. Numbers: 0-9, Operations (+,-,*,/)
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Mouse
8o

A computer mouse is a hand-held pointing
device that detects two-dimensional motion

relative to a surface.

sD®&D QB (BE BRNBODO 37650580 £O®IID
ORDG ®HE® ®Xe gS5 D 6®@® D6
BBER BT Cradded® ¢0®EBE.

This motion is typically translated into the

motion of the pointer (cursor) on a display.
c®® DBDG tN@HWBEHES V@I BOG D &8
Boeed (besved) DRme DD sHOLHHEG 68.

A mouse typically features two or more buttons
and a scroll wheel, which can be utilized to
select items, open menus, and scroll through

documents.

OBDED HIBBEESE 6B 6cwE 685 Ol
®HIBD 529 FROED 603D Glo® B gd T
gBo® 6ORD, c®x iy SOOD ©® 63D
®O®) FRDEHG BOHBO HDD DG BHG.

The computer mouse emerged in the 1960s,
with early wooden prototypes using wheels.

sd®E BB®E 1960 eéns DEE O § oo, 8
B ewad 6dic B O &TD.

Later, the standard design became a ball rolling
inside the mouse.

o580 0P8 MmmaBn 6Dn8 WO @Bwmo
DG 63 6HES.

In the 1990s, mouse became smarter with lasers
replacing balls, and then wireless technology
was introduced to eliminate the need for cords.
1990 & s®@#n eder 6RO 6Qed 6HECESS
O O gmdc Bn. e Gl 8D

R MISTON) BEDNECDS [ S1HE)
FO®BDD 9O weSH.

Parts of a mouse
8o 6O

DPI Butfon vy g LED Light Button

Right Click - REERRTSEE Left Click

Scroll Wheel - ..Backward Button

Forward Button .......
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Technologies
DTVBENES

Mechanical Mouse

A type of computer mouse that uses a physical
mechanism typically a ball to detect motion.
DEBG HEH) WSO eNBIDBEES 6DIRED &S

6MISD IBYHEE D) O® 3dDGED §Bw
OV®EE.

SCROLLING WHEEL

p WHEELS FOR
DETECTING MOVEMENT
INX AND Y DIRECTIONS

LED Mouse

An optical mouse uses a light source, such as an
LED, to track its movement on a surface.
Optical Mouse ®@x80s ®> 8 BOE®G

SO SO0 LED 8 omeihy udos
0D DOB.

— Collimating Lens

Sensor

Imaging Lens

Laser Mouse
A type of optical mouse that uses a laser instead
of an LED to track its movement.

Demn SdDsdnc SO0 LED 60xP0 eded
)0 DO® cams & OV®EE.

Imaging Lens

Collimating Lens
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LED Mouse vs Laser Mouse
LED @8oc 5w Laser @826 g0 6D63m®

LED Mouse

Laser Mouse

Response time is
slow

Response time is
fast

580 ®IR® &5BNO IR
B®5emB 65®OS
Affordable Expensive

D) b e BB | O Be ¢l

Works well on flat
and non-reflective
surfaces,struggles on
glossy or transparent

surfaces.

SR ) 3OOV
6®O® 5B O
GNES ) OB,
ERets® em B85S
BBEDH 58D OD
58 et Hm
MO

Works on a wide
variety of surfaces,
including glossy and
transparent ones
BRets® 3w B5Be
eesem® TFO) erpdd
BB 3aBDBS
O §m) 68

Offers lower DPI
&t) DPl @@ ec

Higher DPI
9®g DPl @@ ecB

Connectivity Types
680D BV®

Wired Mouse

Connects to a computer using a physical cable,

usually with a USB or PS/2 connector.

e0®®56esS USB 63 PS/2 58050menes &
YD 6WREND NIDEHS  SO®ENDEDO

PRS0 8.

Wireless Mouse

Connects to a computer without a cable, usually

via Bluetooth or a USB receiver.

£0@05608 DD 63 USB @rwmes ®0®)

GRDEGBE 6MBTHD 5D@EWHO BRSE) 68

Form Factors
genadd e

Horizontal Mouse

The traditional mouse design with two buttons

and a scroll wheel.

DB e ©® GgudE® 60EnD ©8D

88368 @8 SH@#ne 8.

42

Vertical / Ergonomic Mouse

A vertical mouse is an Ergonomic computer
mouse designed to promote a more natural
hand and wrist position, resembling a
handshake posture, to reduce strain and

prevent repetitive stress injuries.

803 OBDEE ©x OIS SNdnd gD ©®
O 00 B8O GOHOHE BOO® esem
BBEgne @6 g Ergonomic sd@gnm GBS,
D6 g0 g4 8e® @HrddmO ©@H® 68, BT &f)
BOOO 6 POV PO D) ®TEHOO
ced ed

Vertical Ergonomic Mouse

J Gestures stretch naturally reduces fatigue

Traditional Mouse

© it

General-Purpose Mouse vs Gaming Mouse
A general-purpose mouse is designed for
everyday tasks such as web browsing, office
work, and basic computer use. It is simple,
affordable, and focuses on comfort and
reliability.

eeng MG BBDED 6O RS SV, @GR
DO 65 OPD sDGED ®HDDE & DE6DE)
DIBGES Bew SHgne DO g, DG ©8oE,

ezdn w8 B0 @R & S G0 BOB®Ed
& DBDERGEDHOG 6t60B GG 6eNE) WOE.

A gaming mouse is designed for gaming and
high-performance tasks. It offers higher
precision, faster response times, customizable
buttons, and adjustable sensitivity (DPI) for
improved control and accuracy.

S0 @Bwrs HED 55 9BE DIVEENDDEE 5D
DIBBEES BEH) SH@IFEG O . DB O Ewen
DG BEBDEG 6BH BODesomdeG  BE®) QnE
BODesmDGES, 650Ds o8O DIEGS,
SFBODDOBNG DG BT 6D 5 60N S

D 30608 (DPI) @) ecf.
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There are several use cases of Mouse.
B 8 ©d BBsGES guo.

Moving the cursor
By sliding the mouse on a flat surface, the cursor

on the screen can be moved.
Bfwmn 5t BRBOD @ Bl edS, BOG
O S DHEBOB DEDGB WE BTE.

Clicking
Pressing the left button is the most common
method for selecting items, activating buttons,

and opening programs.

OB 65® DDO B 6IN®IEO, 6NDHB
oS0 SD® w Odns DDy SO® e
BENS e POGS.

Scrolling
The scroll wheel on most mice enables us to
scroll up and down through web pages,

documents, and lists.

616w GBDOBEE arded 6dicn O 8Q,
cdR® ©®» By ®O® 9HED &’ oBvEd
FRDEHE BOBO eesd WD @R 6.

Dragging
Clicking and holding the left button while
moving the mouse allow us to drag objects on

the screen.

BB 6mD BB FHORO DB 6IBHO W DO
gd@ern B8J6®8 BOo O NS ogrce®™
B0 g0 @f) t3@E3E.

Gaming
Often have additional buttons and features that

can be programmed for specific games.
eRe®3 50 Demd8m i) e5e®) DieOHnS®D B
0D FBEHD 6D 5 DemIo® H6R.

NOTE :

DPI (Dots per inch)
Measures how far your cursor on the screen
moves in relation to how much you move the

physical mouse itself.
60995 B0 DEHE DOD HIBENBO £363:580
BOed &8 DR DVEBOG 6O 00 DG
68e xn B8y ERB.

Many modern mice come with adjustable DPI
settings that can be easily changed on-the-fly
using buttons on the mouse itself or through
the manufacturer's software.

6160 ®n GBS O 6d2e we ®s DPI
e® ©O® B god T @Bmed &rd
TH®  HHDDEES %5 Bdenewmre®
BacoB®EB BO®W) BEEdDS 600 DG WTSD
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Trackball
b® O

Instead of moving the entire device across a
surface, you use a stationary ball to control the

cursor's movement.

Bbgn ceNo®n BB WO BB BN
6OxOD, DBeded DE®®G MG BOOD MG
eI DD WOLB.

The trackball concept originated around 1947
with a patent filed for a device called the
“trackball" by British engineers.

QeeIQ owdenn ddw el 1947 & os®#n
Pones Qo8Be30tds DBS ‘e’ »®
CODOMEBE  BE® 6mME OB @ 63080
RESYOD HBBES.

Popular in the 70s and 80s, trackballs were
widely used in computers and game consoles.
Although ergonomic and optical mice later
gained dominance, trackballs are still favored
by some users for their comfort and precision in
design work.

70 &9 80 6B 980k 8 Qe sd®END
©o® S emSesiede dHEed Do .
ergonomic e® optical @Bwns o HOZD®
89¢, JrdeT DO 6300 sOEWBS DS
RSTe®  s®Ed  ©® erEe® | odoed
BODESNDEB EIEX) 6CIE) ®E.

A mouse requires more desk space but is
generally less expensive, whereas a trackball
requires less space because it remains

stationary but is usually more expensive.
OBoen o BOBO O 68 9tk FOGS DD
DS HBBens Do of) B ®©f. d©O
8386eED, JeweI@ns BNDOD D8 DrdS
&t 98 SPHMD FO®S D BT DG LDBIWBEHBS
8 B @8.
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Trackpoint

The trackpoint device is utilized for cursor

control on a computer as a pointing device.
SD®EWDED DHEOG DG BOO® B5EH) Creed®
Ee0mEE 6@es trackpoint ceomen ©)8) DOE.

It is typically positioned between the G, H and B
keys on the keyboard.

B e@WBEES o 8500t6d G, H &5 B ocmde
g0 SNDHD DO L.

The TrackPoint was invented by Ted Selker, a
researcher and professor at MIT (Massachusetts
Institute of Technology).

TrackPoint ¢erome eemms @Red MIT
(Massachusetts Institute of Technology) &
shedsmeny ©m medoecy d» Ted
Selker 88%.

By applying pressure to the trackpoint in
various directions, the user enables cursor
movement across the screen.

Trackpoint & 888 &0 DD B 6c8e®
BBBEDEO BOG B DHEOG DEDEG DG BTEEG.

By changing the pressure sensitivity applied on
the trackpoint, the speed at which the cursor
moves, etc. can be altered.

sdBeme  trackpoint ®» emic» B8O
€506D8MO 6O BHEOS WHEOE DEMB O
eD®m®n BB 6O BE HTDG.

Trackpoints are often preferred in situations
where using a mouse may not be practical or
convenient, such as in crowded or confined

spaces.
SoSben em] BB FOMIBGEHED S BBwne
)03 BO® PeEIBD 653 5wy 60D DM

D@ trackpoint e8=) g S 58.
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Increased efficiency can be achieved by being
able to move the cursor without moving the
hand when typing with the keyboard in a
process that requires small mouse movements.
eleYeidaaledd] OB BOTDOBCE DO®
gOBSNDDE O @B DEeDns odes DO &g

DEM®G 6O DVEOB DEMDG DG B e
ElelGimICICloNIRIAIGE

Joystick
6®emn® =0x

The cursor or other graphical element on the
computer screen can be controlled by a joystick
which is a pointing device.

crde® Eoonns OB 606mE® On B&S

sO®HD Boed wHesdc 6m) Dns Dyw
B@I®BEE IEWG DG HTEDE.

Different types of joysticks exist, including those
used in gaming consoles, aircraft control
systems, and robot controlling systems.
50O S enBetsie, ®OS D) SIED
eS8 ©® BB e6Mel’ 6y ©Ie® ©Es
ee®d B8R dV®ed 6®e®m@® ol sO8.

C. B. Mirick developed this device to control
aircraft during World War |.
6®® cesnome C. B. Mirick 885 o8 @i ek

MEGE @O (D) NEDG OO eH St
.

A joystick consists of a lever attached to a base

that can be moved in different directions.
6®6mE® ©dn, NcB®®O ©dng 58D E@dED
DE®G DOBG BT BOOEHS 3PSO 8.
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Controllers
Today's gaming consoles like Xbox, PS5, Nintendo
Switch use improved joysticks.

Bo@med 508 Xbox, PS5, Nintendo Switch
8 sdmED HE) Seeiede DiBEns wo® @
6®6mE® 0 ) 6.

N f: “
<

One of the special features of these is the presence
of buttons that can provide analog inputs.
6Ben® O DereONE DX BL® eI
ODEB Bt eIV e5cOSOE.

It typically includes two joysticks (analog sticks),

buttons, triggers, and directional controls.
D0 eN@BB6ES 6eHBE0S 6cE, 6B, JOL
&5 EERNDD LNV LRSS 685.

Comparison

An example of the use of these buttons is they can
be used to keep the vehicle at a constant speed
without accelerating in new versions of computer
games such as Forza Horizon, NFS etc.

600 6P HEDEE CH®OMEE 6 Forza

Horizon, NFS 828 esd®m#nm Shde »8 eotdmOsn
De Dw®n BOOME RO 6oME T 6B®Em
SO BB O BTG,

They have the ability to perform game-specific
tasks using unique joystick motions, such as
shaking, tilting, or pressing with varying
intensities.

550 50o0ns ©s0m 665300, 4redd 6®] dDO

S eeHBe30n Dem NBDer® HENOOD Bewdm
DIHBEES 90 BH® ®HEIO 6BEND L.

As an example, imagine in a survival game, a torch
malfunctions during a dark mission, requiring the
player to shake the joystick, resembling a real
torch, for a natural and engaging gaming
experience.

CoO®oésIEE 6@, survival game dom &, ecds
6®emE®m DB OBV u DB B® avo,
DBEDEI0 DENS 680E FED BB 3CH) 635t

55c@®DO @D 6@emE® dn 63RDRD &d®s
68.

EED 30D

E@DBEES DEIE BROT oD SOEH
@REB.

Aspect Keyboard Controller

Input Method Uses keys for commands and movement | Uses buttons, triggers, and analog sticks

PO PO Bwss e Ders tem) it B8 | e@dso®, triggers e® analog sticks ©)8m
DOEB. DOB.

Movement Digital input (keys are either pressed or Analog input allows gradual and variable

Control not pressed) movement

DE® LNEDG DBOP e ( D® cmdc O & 8Be® penn OGBS YIBRE 5 BOES
63 B 6N B GOSN scw 8OL.) | Deans B SBO0 of) .

Number of Typically has a large number of keys Has a smaller number of buttons and

Inputs available controls

508 eTOB 5 @D oD
£3)6e50080) ).

Precision
EodDesmnd

Allows precise cursor control when used

with a mouse
OB®GD ©O® B DO® BO HOOes

CUrsor eE»EO 9f) e3@ed3.

Provides directional control through
analog sticks

analog sticks ®d®» e@e 808 &)@
€3e568.

Customization

Keys can often be reassigned to different

functions
6@16%3 BO rdc DD wIHHBES BEH)
2O 83D OO HTHEIO g,

Buttons can often be reassigned,
depending on the device or software
C0®EB 63 Bago®mn B scH®d
BB HO ®cd® 5O EBD BSEIO
s08.
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Light Gun

A light gun functions as a computer pointing
device and control input in arcade and video
games, detecting and responding to screen-
emitted light for user interaction.

Light gun esd®#nm crsde® cenomes 6@es S

D0m gmd arcade ew BBec] §EH O e
eE® Beg OB, SOHBED GBOLFE) EE)
BOeB-Be®@ID®wc D MHERIDE HEDIGHD TFNO
550 eOB.

When you pull the trigger, the gun flashes light,
and the screen shows a white spot where you

aimed.

00 08 V» TO, ODD MHeRiwn DBeO®
gm0, 806 O 9 g SNH®ed e 5twtsS
BNBDED 635D,

A sensor in the gun detects the spot and
calculates your aim. The gun and screen are
synced to work together, so the gun knows your

exact target.

2ODEd &8 5060w DO BNIBVEGE DHEDIGHD
DR 9EBWB ®@HMHEG DOB. ODRD 5w BOG
DO ) BOBO 3BYPRLD DO g, DO Hen
20D DR DD 9w 5.

Example:

Duck Hunt is a classic shooting game for the
Nintendo Entertainment System (NES), where
the main feature is the light gun the NES
Zapper. Players use the light gun to aim and
shoot ducks flying across the screen, with the
goal of hitting them before they escape. Duck

Hunt & Nintendo Entertainment System (NES)
grs O 608 oded® SINOS, @8 e

onese dxex light gun ®» NES Zappers.
BOB ©0®) 831830 OB DIGDS 5t (HBO 650
0PSO 690 86® oYM e WO DB

2DB0, HEOBS light gun ©H8m) OB.

{4 »
ity r.‘“’?ﬂ:'”f"r;fr‘!’,‘W‘v;fr'EN‘I;“H“‘* L

§
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Light Pen
e t506BE sz

A light pen is a handheld input device
resembling a pen that can detect light emitted
by a computer screen, allowing interaction with
the screen by pointing, selecting, and drawing
directly on CRT monitors.

PeERID 06DE ©EE of d®END SOGSS

Be®@ID®n DD HERIDBE HEMIOD BB SEDHWO
BN 65 6M® ) WD SI® ELoBMES, DG

©aei0® CRT 86 @ 6m8 S5e®, 6550e®
&® grle®s BO® ©O®m GgxOD §u) SO o)
63@e38.

In the 1950s, Douglas Engelbart invented the
light pen, primarily for early computer systems

with CRT displays.
19508 @0, BEE DomEVHO DBS aeeEi®

D 6D BHRE) %, @B dwenss D CRT 86
655 BQ 5D®HD SES BEM) GEICIEE L.

It was key for tasks like CAD, drafting, and
graphics.

®i CAD »0gm, Des trwey® e By 08
DIBGEES BeH) D) D.

The light pen detects momentary changes in
brightness on the CRT screen when it touches
the surface. The pen registers the specific light
at the moment of contact, and the CRT’s rapid
scanning helps determine the pen's position.

light pen & @80 Ssbe @ 80 CRT Bded

83560 e 6DHSDB HEH ®©8. &z t3esbh®
D® 68656 BEOD HERIDEG 50D OB, 5%

CRT & 8500 oz SO8 otens 8808
BoO#e BHOO ce3emnd 60.

This data is sent to the computer, which
interprets it as user input for tasks like pointing,
selecting, or drawing on the screen.

600 e sOD®HMDEG 60D DY ER® gmd, G
BO6 0o 6mF SO, 6xd® o gf® &
IBBES BEm) SOB@D NEIBDE 6QE FHODIMNEG
DOEB.
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LightPen Vs TouchPen
Light Pen Touch Pen
Detects light | Interacts with touch-
changes on the | sensitive surfaces.
screen. Soed | Ssb® 50608 saddns
Peid ©Ondnd | OO aEb Fo) wOB.
BED) OF.

Used for drawing,
writing, or interacting

Used for pointing
or selecting on CRT

displays. CRT | on touchscreens (Not
8ocbem O ey | CRT). detde B (CRT)
BY® e 60O

63)60) B> &gr&®, OO
%] gub Fu OO
BE®) NS 68.

BEE) D) 685.

Touchscreen
Sesb® Bos

Atouchscreen is a type of electronic display that
allows users to interact with a device by
touching the screen with one or more fingers or

a stylus.

Besbhm oS oy Bl Dods e®) Ol
@SS 6m] SO0BEES DB BOn Esb®
BBe®8 ceNoms ©Om b S BOOO
SHBEDBBO 98 RS YEEIGIISD E5ocH®D
CBDOMGEE®

The position and sometimes the pressure of the
touch are detected by sensors equipped on the
screen, enabling the device to respond
accordingly.

Sest@ed 8808 e® ©38xd 80 B8O®c H0x O

88 @0 g8 oedecw BBS ®emen® & gxd
B0 crdBO Ee00®B0 Wl 68.

The "Elograph," a transparent surface capacitive
touchscreen, was invented by Dr. Samuel C.
Hurst at the University of Kentucky in 1972,
marking the development of the first

touchscreen.

B858e esem® ORBO MOPD Besbm BO®D
®® ’Elograph” =g@ &Ssbe 8ded VDG
6850®s OB 1972 & 6ws0S Bxd Beseed
e 568D B ®E30 B3 6ew) @) EE.

With the introduction of smartphones like
iPhone in 2007, touchscreen technology was
further propelled, and it continues to evolve,
with advancements seen in areas such as haptic
feedback, pressure sensitivity, and edge-to-
edge displays.

2007 & iPhone & epdBme e3estm SOG BHIE

9800 e B oo, haptic feedback, B&®
€06DED & )0 8O 0 BochmmdQ GRS
Bugnd0 B® e,
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Resistive touchscreen

This is the oldest and simplest.
6@ B5tOHDO 5 BOEDE e BOKE.

An electrical circuit is completed when the
screen is pressed, as two thin layers of material,
separated by a small gap, come together.

DB SODOEHS 6D O @ B £d5 00
e DO Do) O Jds Box dY 8O Be®
2302300 ©Bten 8.

Spacer
dot Transparent
Film L electrode film

o] __Glass

Any type of stylus or finger, even if gloves are

worn, can be used with resistive touchscreens.
a30uEs® ecee B8OOGS, B9E® epmdnn 308
6m3 FrBEED &§SOID Sesbmm 5O 65O® DM
DE WG,

Capacitive touchscreen
This is the most common type of touchscreen

used in smartphones and tablets today.
ec D 50 380 6mis 5w 0r@@D Bd®ENDOE
5D D) O st BO OV®EK 6OGH.

It consists of a single layer of glass or plastic

that is coated with a conductive material.
SesHmm BOG 0D Dfes] el ¢OBGE
&8 Bedt 693 S0 8 0D .

Lens and
casing

I !LCD
Touching the screen disrupts its surface
electrical field, detected by the touchscreen
controller to determine touch location.
BOs Bestvm S OB B0 Bess Besdmnd
) OB, BSesme BSMWB HOHE BOO esem)
BesHm BO DG OGS gandoENG DO B,

Sensor
traces
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Surface acoustic wave (SAW) Touchscreen

The touchscreen controller uses ultrasonic
waves to detect touch, disrupting the screen
through a bonded piezoelectric layer, and
gauging this disruption to pinpoint the touch
location. &esbe 8O HEDG BSeb®e  ®»ES
@S0 BB DOo® HB OB, RSO

piezoelectric 0dwmeS ®»0®) BoOn B DNHD
&8 OB, 5% 5est®m BNBEB HE® ®THBO 6O
DEND B DEEB.

| N

WA

Surface wWave =—p |

WWWWWWWWWWWWWWA A A AN AN,

T

Y transmitting transducer
GLASS

Reflector

X transmitting transducer

Projected capacitive (P-Cap) touchscreen
Similar to capacitive touchscreens, this type
employs a grid of tiny electrodes instead of a

single conductive layer.
ODD Bestbm 5O OED ©@1»D, 608 dV®ES B

B BA06E 6050 DB 96RO
ENEEE B DOGB.
P
| }o—— Surface Glass
] > 3 Conductive Mesh
—A # g f Sensor Glass
-

X-Plane Capacitance
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Infrared (IR) touchscreen
A type of touchscreen that uses a frame of
infrared LEDs and detectors around the screen

BOn &) gedlionm LED &® gmiddm H@ds
D) OB 3esbm BO OVGEHES

Touching the screen blocks infrared beams
between LEDs and detectors. The touchscreen
controller locates your touch by identifying
blocked beams.

BOs Sstbe HOedsS LED oo  gaddm

(detectors) god getidvwn SO O8O OB.
Beshm BOG HIEme GOS0 g DB ®Em
@60 Ve t3eH®EB 6D BS.

Light emitting
diodes
Touch screen g

_ Light
" detectors

AT MWWy

Light emitting ¢
diodes

Light
detectors

Touch interrupts light

beam and causes drop

in signal received by
light detectors
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Touchpad
Sesbh® »E6

Touchpad is a pointing device used to move a
cursor or control interface elements by sliding
or tapping fingers on its surface.

Touchpad ©y Dbeds Doxnc SOBO e»’ DB
ORBO gt Bl ©ed®F 6] O] BdHe®S

g0 Qens BEEDS IEHG BHBD D WO
6 BHEB CWOIGE.

Early the touchpad, developed between 1950-
1960, replaced trackballs and other pointing
devices in laptop models by the 1980s. &3
MB®»  1950-1960 &b e  8desnme

£00B0DE ®O® ¢ touchpad 1980 cwmwe O®
80 @l @ERDE JredId &8 GFe®RS
©2)BB0B Ee0® 6OHRDD 5BBEMeSHG DOD @F

In the late 2000s, multi-touch technology
revolutionized touchpads, enabling complex

gestures and enhancing user interaction. . 2000
DG FOMNBOEE, Diy-t3esti®m DTN e3est®
oz8) DS3edn e &4rs DeG®, oSben

FBDBS [l OB €329 felelCIeIn)
ROV EIMOBOG B8 Endn DeSH.
1-Finger 2-Finger 3-Finger
© |poubecicc | OO |Romcice | @00 | ok,
o e JIx% Scroll/ Pan 44)07 Mulitasking
(® ang Tap + Slide /C/j' Pinch / Zoom
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Scanners
odem

A scanner is an input device that captures
images, text, or objects and converts them into
a digital format for processing.

8odEmen oy Oz, 65¢ 685 D3RS K&
D6 T eowd® oem D803 HmaSnmO
BHOVDDE OB EICI® ELI0BDEE.

Flatbed Scanner
58 DE Hedmme

Flatbed scanners are imaging devices used to
create high-resolution digital image copies (soft
copies) of images and documents.

TR DR dEB®D 6E 0z 65 6TRDOE o8-
Detscym BBOG Ozes B0 (Bag, B0sS) SB@)1#ncs
BHOBO )8 WD OzBWOEN EeNo® 6D.

Outputs are in JPEG, PNG, PDF, or other image
file formats.

u8e)m JPEG, PNG, PDF 663 0% Oz 6@
P OBS 8.

They consist of a flat, transparent glass surface
on which the item to be scanned is placed, and
a scanning mechanism that moves underneath
the glass to capture the image using light
sources and sensors.

6@, dm®E e G OO D) &S
5o De@s® 85D essem®m Bgdc ARBOBS
&0 BRI 5D 5 5oedem DDEHES OFesk
BB DO ®TBO eem) O BgddD D& DG
D® dE®E CIBHMGESS x5O  65.
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Optical Character Reader (OCR)
GG gRHEDBE BEODG

OCR converts text from scanned images,
photos, or documents into editable and

searchable digital text.
NG FHEDBLN BOODHG GEOBGRG DG
B30, eHr0z3 6693 60DD[S 60 O 6556
E30E5DOBNEB WE D €59 63D B DBOR 665¢
RO sBOVBBBEB WOE.

It captures a document as an image, detects
text regions, recognizes characters using Al or
pattern matching, and converts the text into a

digital format like a Word document or PDF.
D 6CRDGEE Oz 6RE HWHEB O, 665G
DRI Ve ®F, Wa8® JED® 685 OO @RS

NDDEES GBSO HDED) 6OH GBS Word

eBR®rn 63 PDF o8 8803 erwoademd
DOBDDE DOB.

Accuracy ranges from 90% to over 99%
depending on input quality.

D RENSODEDG gHnd BODesmmde 90%
80 99% 58 esdesnm e5O8.

know
U
k[nfpw

(]
1 0 4
g 0l
n o w = know

e Yl
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Magnetic Strip Reader
8> Bt BODG

A magnetic strip reader is a device that reads
data encoded on the magnetic stripe of cards
such as credit cards, debit cards and loyalty

cards.

B Bt BHO®G 6 6@E0 @), 60RO 1B
&% 6@36AE0 8 98 wBssde PR Sdted
GIDNE WO &8 D BHd® COSNEE.

Grants entry to secured areas or systems.
OB Zel®m 663 BEAS 60D Bedmn @ 8.

A Magnetic Strip Reader works by detecting the
magnetic fields on the card's stripe when
swiped.

P Bt BrdHG §m OB B3OS o
B0 e BOted o8 HEIRD edy ®HE™)
GSe®E.

A magnetic head reads the encoded data, which
is then converted into electrical signals and sent

to a connected system for processing.

)P B BODG DG DD BEOB, 560 DG
Bexes o) OO sHAVD®EG O 5RO e
&BRSDD SEBEDO DX Qred.

\

Magnetic stripes on cards have three tracks.
S O DD 9O W .

Track 1
Stores alphanumeric data like the cardholder's

name and account number.
MBS BB »HO® e BMB gows OB
BN e BRE) DOB.

Track 2
Holds numeric data, mainly the account number

and expiry date.
£0RDBTOD D, 3D DBEHES BB ot €5
D@ 9BOD EHNG ®REN DOEB.

Track 3
Less commonly used, can store additional
details like loyalty points or balances.

gf) Owerns ®dm 8., loyalty points e®3
6HBrS DS OO TS0 RN WG WD.

They are gradually being replaced by more
secure technologies.

Fo p®ens DS HonBn DITBHMES OB
3B MN®E DTS SOS.
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Magnetic Ink Character Reader (MICR)
8D 835 gneie® ScdHE

MICR is a technology used for processing and
scanning the validity documents such as checks
and other financial instruments.

MICR g e®fes 6w e 8esdc ®OED
DD &) 63D s cr toE® t® DENe®
DEoROB sdHDE BHHO® e B DOD
DNDBECE.

John Smith
123 My Street
Somewhere, NY 12345

2815

Date _ Today’s date

Pay to the LIEN GAMES RACING $| 10.000.00
Order of

TEN THOUSAND AND NO/100
Dollars

Memo OTBACCT# _ (your ac
NE587M783 N1BE3ISBBPS57MN

count number)

L3 B

MICR uses special magnetic ink to print
characters in a standardized MICR E-13B font,
commonly on checks. These characters are
designed to be easily read by both humans and
machines.

MICR en@rmsens 6dsnde &®@m MICR E-

13B &mdede e s SHAO Dexe B
B D 0B, 68 ged BSBO 5w
GO DS BHDH Bl BE V@G
D0 &gro.

aiLEE7AS0

A MICR reader scans the characters using a
magnetic field to detect their unique magnetic
properties, converting the data into a digital

format.

Bmn S50 gRem® Bndn HEDD BedHE
NDDEES Bl Bwes @O FTed amms §Bmwm
@EN® HEMEHED oD LBOF PDIBGeDO
sHOVDDE DOEB.

The concept of MICR was developed in the
1950s by a team of researchers at Stanford
University and the Stanford Research Institute,
led by Dr. David Shepherd.

MICR esom@escs 1950 emwmed & etde D8
e3eHE) HER BSOObd) B0 BemEed 5w

B0t 0bE sbedssn eeo®ed HsbedBmns
DEENEEE BES 50OVRM®G WO® E.
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MICR improves security by validating bank
checks and authenticating sensitive documents
such as bonds and tax forms, helping to ensure
accuracy and prevent fraud.

MICR ®corp 605t Dor BOO &® Redwod
&8 Qg WIS S 50608 6QRD® LBIBMED
BBe®} nd®d B Exen OB, BODesmDG
505D BHOO 5 Do) Bocrdd®O ¢e5tmd 68

Radio Frequency Identification (RFID)
ROBOER 030D DEIIDDO

%

%
—

8]

RFID Tag

Antenna

-

RFID Reader

)

RFID is a wireless technology that uses radio
waves to identify and track objects, animals, or
people through RFID tags and RFID scanners.

RFID & RFID Ot & RFID ezt odwn
O3S, oo 6 B HEH) GBOD W
EHEDD 6886 DOo® NB) WO® Ehess

08D DNDBHGE.

RFID tags, embedded with unique electronic
data, are attached to objects for identification.

FDDS YERIWGINSD e 5dO® 8 s RFID
O, HEI®TBO 3¢m) DS 6D cBE .

An RFID scanner uses radio waves to read tag
data, which is then processed by a computer
system for analysis or storage.

RFID &ozndns Orwed cio Bnuddd edecs)
D00® ND OB, 5830 D DWeCBHG 683
@REN BO® eHm) sO@ID SEABGE OGKS

DR QTOR.

Cards

Fat
\ Thin

Bracelets

e =
=

Key fobs

06

Coins

Stickers
N

& &«

ictfromabc.com



Barcode Reader (BCR)
86z ed BoODG

A barcode reader is a scanning device used to
read and decode information stored in a

barcode.

Bbr e BEOH®G X Bt 6WHGD ®GRE) O
g8 eMONGt BDBD 5w Deomn HHOD
ND OB £565DWHD ESWDOLGE.

Barcodes are visual patterns made up of black
and white stripes or squares that contain data

about a product or item.

BGo e 65 BBeneHns 683 aBodns B88de
e go® @ 32 e 90 M3 DROL OB &zg
gams OO 68.

A B C D EF G H K L

M N OP QR S T UV WX

Y Z2 0 2 3 4 5 6 7

$ % .

A barcode reader works by emitting a light
beam (laser or LED) onto a barcode. The white
spaces reflect the light, while the black bars
absorb it.

Bt 6dmEs @ Heim De@Hns (63t 643
LED) B8e®@3®mc Bde®s ot 6w Snd®e §)
OB, e EDWBES PeRIDB SNDVIBEG DOD
g0 2O 6t PRI FDeEIBHIEG WOB.

1 R
Ao

Dlgta151gna.1
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A sensor detects the reflected light and
converts it into an electrical signal, which is then
processed to decode the barcode's information.
2060cmH BB sDVIBEG § HI6RIDGB
BEDEED DB DX o@D VDO BHOVDME
208, Do BOr el 6mONOT DD
BOOO 358 QTeR.

The decoded data is sent to a computer or

device for further use.
Dedomne D¢ oo Olgd oIDDG  Bem
SO®HMDEDO 68 ¢0mEDO DX QIeR.

Laser Scanners

Reads barcodes accurately using laser beams,
even from a distance. Popular in retail.

o 80 0 6Qet So&n ®NDDEGS BOr 685D

BOOED BOB. BRERO 6ODCEIEOE 6O 3B
6d.

Imaging Scanners

Uses a camera to capture an image of the
barcode, which is then processed to extract the
data.

Bt ewmed Ol @®Ene 0 ®tEe0

DEBNOD DD WO 65630 DO BOT BB D
) OISO 5em) e5rB®0 D OB

Pen-Type Scanners

Requires the user to swipe the pen-like device
across the barcode to capture the data.

CBD OHENG DO BT BEH) SOt 6B HO®)

5z D8 £250®mEG 6m® B0 sHEBEGIO &g
68.
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QR (Quick Response) Codes

QR e

A QR code is a two-dimensional barcode that
stores information in a square grid of black and

white patterns.

QR eBons X DO ©® g 00 68D HDEE
EHEGD 6OROT ORE) o EB®I BOT GHDHEE.

They typically include three squares in the corners
that help scanners detect the code's orientation,
alignment patterns to assist with decoding, and a
quiet zone around the perimeter to prevent

interference.

FD @560 65 D@ 60 DD GrResS
Dy god DGR SwzabdEd el EmHEs,
Besm®men SBHOO e 00 6e3e®tide® OO) 5%

0t
DEICEED T

OB BE®)

sHBBE O

. 1. Version information

2. Format information

Be3w@ow

3. Data and error correction keys

i:: 4. Required patterns

E 41, posion
E 4.2. Alignment

-
m  43.Timing
u

5. Quiet zone

QR codes can be scanned using a smartphone
camera, either through built-in scanning features
or by using a QR code scanner application.

QR e BS@0em’s @D ®Bmens), DS

BweSo DeG®o® ®O® 6®5 QR e Swzad
66e®s DDEES SOERIDHG WG BTG,

QR codes can include error correction to ensure
data remains readable even if the code is partially
damaged or obscured.

QR 63200 6cim BDEE BBB gred ©E B
g0, DG GHR) B®ens S & 63 6e5tHtER
Bc e BHdDo ®S D H8m DOB.

QR codes were invented in 1994 by Masahiro Hara
and his team at Denso Wave to improve traditional
barcodes by storing more data and being faster to
scan.

QR e 1994 & Masahiro Hara &® ®xes

25e06e® B8s Denso Wave 8 e)®geBm 86t
e ) Enrgn BBO® cew DiBens e ®REN
B w® oz SO 60nds OO OBS e
@) 8.

BndDOG e DD SN
D B®) 68

Feature Barcodes QR Codes
Dimension 1D 2D
[O))
Structure Vertical lines of varying widths Grid of black squares on a white background
OB®EG B850 scede B0t e 836 56300 O 6] HEDE
Data Capacity Limited Higher
e Hdmd SOl ) 9neB
Scanning Requires a barcode scanner Can be scanned using smartphones
Swzs HBVO B e Swzndns gdms 68 SO0 6m3S NDDEES 5wEs DG B
Information Often contains product or Can store various types of data, including URLs,
Be8mo inventory codes text, contact information, etc.
ene®’ 80 Bdsicm el (URL), &0, 68050 6000t e8n grmdd
9856000 6 &flo® 6O 5590 Ob®eE e ®RD) DS BHD.
Versatility Limited in functionality and use | More versatile, used in marketing, payments,
RO cases authentication, etc.

DENS R, #eEDDONG, 6mDD, E5DBIME
NE DBEHES DD 68.

Error Correction
el BOOE OO

Generally lacks error correction
ENBIMBEES 6838 HOTOE HO®W
[cEnIClge)]

Can include error correction
6e)s SO0 BOB Gres DG BHBG

Standardization
5BBOENG

Standards exist for different
types of barcodes

B8R BV®EE Bt 63D BEH)
58 508

ISO standardization for QR codes
QR e eem 1SO @8wmosncs

Design Flexibility
Ebengn

Limited in design options
Svengn Bodsns 888

Can be customized with colors, logos, and
branding

»OsBBOG BB, @ot® 59 BOECI® BO® FBOTDDOE
DG BTGB

Security Generally less secure Can incorporate encryption and security features

OBSD ENBIBBEHES &) PHODESOD E30GIDHE €58 OB DeE@I® FIRSS DS

BT
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Near Field Communication (NFC) Reader

)))

NFC readers are devices that can read data from
NFC-enabled devices or tags when they are in
proximity, typically within 4 cm.

NFC 80d» ox ©8n NFC coo® 63 Ot

EBIWBEEHS GE3BOBOO 4% FrRED DDA &Fed
80, e Bedn B Eeslo®m 68.

Passive Readers
These readers only read data from NFC tags or
devices and do not actively send out signals.

6®® Bodxnws NFC 0@ 683 cenom DBS eD
5D DD GO EED o) DS BT

Active Readers
Active readers can both read and write data to
NFC tags or devices.

Bemd Seduex0 NFC Otd 683 ceo® 60D
e B0 e BOBO ®TEe.

Uses

(oM ale)

e Enables tap-and-pay transactions with
smartphones, smartwatches, or NFC-enabled
cards.

E8EHO Ho®® £omA®, BB BDOeEd, M3
o8n NFC o8ss ©®@® tap-and-pay e»&®
56 DOEB.

e Provides secure access to buildings, offices,
and public transportation.
6@™TBP, IHEE, ® 68DE GOBHEO
OB BEd®EE 3503,

Optical Mark Recognition (OMR)
oI® R BedH®

OMR is used to detect marks on predefined areas
on a form, such as bubbles or checkboxe.

OMR 55 bubbles 3 checkbox &% ees3o®cm
oD 86D SNDESS &S QNE) HED) ®EHOO
N0 DOE.

OMR technology was first introduced in the 1960s
with the IBM 805 Optical Mark Reader.
OMR onSegns @RS® wesdh e 1960

EDeOHxed IBM 805 Optical Mark Reader
S0GS.

OMR is widely used to automate tasks such as
grading multiple-choice exams, processing
surveys and feedback forms, and counting votes
from marked ballots.

RudoEn Bne eEHem SBO, ©BDsn ©®

uBeeiBEn 65500 GO ©® e DG KSe
o8 OB ©5c s SBO DS  IBEES

&0won S50 OMR 8D )0 68.

54

Smart Card Reader
SN0 bles Sodoe

A Smart Card Reader is a device that reads
information from smart cards, which are
embedded with integrated circuits for storing and

processing data.

880t MBS BHO® GE D GRE) OO ®
3O BE®) o®aBm desd dO® & &ts
£5800 BBS OB 6MODOT BHDD ¢eI0®EE.

A smart card is either inserted into or tapped on

the reader.
E8@H0 e, Bedune ED ged SO 663
200 588 Bemda.

The reader then communicates with the card's
chip to retrieve or store data.

5830 reader dm e ER)Y ®IBOO 613 GRE) SBHBO
B Bess O® BESBeDemB wOR.

This data is processed for tasks like authentication

or completing transactions.
6®® iy OMBNG SO0 6 vxecH eBLHE
BBO D& IVBEES BSEH) e QIeR.

Smart cards are convenient and provides high

security for sensitive information.
N0 @B D) BBBO sty OB O €306DE
eMOROT BES) 9HE OO €5e5C63.

ictfromabc.com



Bio Metric Scanners
6eOB8D Brd»

A biometric scanner is a device that uses unique
physical or behavioral traits, like fingerprints or
facial features, to identify or authenticate
individuals. It is more secure than traditional
passwords or PINs.

6eHOBBm BHOHGD G GEOROSE ®EM
@SB 63 5BHE SOOO HuBR Eme) 653

Omesl Eesn OB g5 IBD 6®)
OVESOD QeE DD OB ESDOMEE. DG

2852083 Gdese 63 PIN @0 O&) epdui8o 8.

Fingerprint Scanners

B cEney Sz

These capture an image of the ridges and
valleys of a person’s fingerprint. The data is then
analyzed for distinctive patterns.

c®® Szl BOBS BE®EEHNEE FrBR WYY
O o B0 5 BBHO@ 0ze3kD @D ®. e
25830 830668 OO) X)) DEHERBENG WOX QI6R.

Commonly used in mobile phones, access
control systems, and law enforcement.

Bo®® £OmO®, edm IE® LS ©w BBG
Bo5en BOOE DEd Bm) 68.

Iris scanners

eB3%eS ezt

Near-infrared light is used to capture an image
of the iris, and the patterns are then matched
against a database.

B DE 05K G®:ME O GS® HEeH
sy gt BO D) oD gud DO
O ey 8IEmO ®TEGS.

Used in high-security areas, airports, and
government buildings.

g o8y HedmdeE, ®DS emMOBEdR ©®
66363 e@BRDTEROE D 6wmed.
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Facial Recognition Scanners
Bmg HeerSed SSmzad oSy

This technology captures a 2D or 3D image of
the face, focusing on features such as the
distance between eyes, nose, and mouth.
Software compares these features with a stored
database.

6®® MG OBS Fmes’ 2D e®3 3D dzesce
@BHG DO BBD) GO &oes, I 658 GG end
go 8 B 6we0H FOMBREG 60NET DOB.
®acmio® 600 Dexlo® ®RIEN O &S o
OREND 5B® 30635 WOTB.

Used for security, smartphone unlocking, and

surveillance systems.
OO, SOOI gR® Hd® e BDeEn
BEQNS eem) B 68.

1
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Voice Recognition Scanners

®6) HEMwDed Swzd

Captures the sound of a person’s voice and
analyzes various features such as pitch, tone,
and speed.

BE®EEHENEE DOHEE) BREH BHEG WO ®SM)

g0 HOD, B0o66 ©®w 60ve 8 BBR
Bea®rom BxedBEnn OGB.

Used in phone banking systems, voice
assistants, and security systems.

OO RDootp SEOS, BE) NG 58 OB
B5E0BDE S 8.
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3D Scanners

8@ poduiemc

A 3D scanner captures an object's surface by
emitting light, laser beams, or structured light.
3D SBwzndns eimn, 63t SBosm 0]

Dm®D Heimn De®iDmnn HHe®s Oindw
B0 @®ENG DOE.

It detects the reflected beams, gathers data
about the shape, and processes it into a digital
3D model using specialized software.

DB 50DVDDG § DEB® MO, ®TEEG
BBRe coy &5 OB, o Dex8® ®acmio®
2NODeES D6 B0 5@ ewadnmd e5wesd.

Ogb

Uses

1970

e Creating digital models for 3D printing.
5@%n Gt eem) DBOQ emad SV@rencs
HBO.

e Scanning body parts for prosthetics or
custom implants.

DIB® 6% #HGD R’ED BH® sem ®GDO
603 e3deRIm®EG BHO.

e Digitizing historical artifacts or buildings for
preservation.
008G BEE) OSMBD NS 6M3
e@®EDBD BDEOSDOSGE.

e Scanning building designs and structures
for accurate planning and remodeling.
BTG 55e® BOO 59 35es0e3mOLN BH®
Bew) 6mMONIBY re® 6w xS
sdeimmen HOHO.

e Creating realistic 3D models for games and
movies.

§tn e Byed e cOVONE HEHen
mas SH®rgnc SOO.
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Digitizer
30RDBIOWDIEB

A digitizer is a broad category of devices used
to convert analog inputs, such as physical
drawings, touch gestures, or handwritten notes,
into digital formats that can be processed by a
computer.

E30DBIWWEB (B3 6ISD Frld, Sed®m FBHDES
63 B Bo® @ 0®S Ot DB 6
O®MDEHS i wi DBOQ ewes OO

BOOBDBG SHOO WD) @OD 5OQF E8o®
DIGVEIE.

It acts as an interface between the physical and
digital worlds, enabling precise and efficient
input for various applications, including design,
mapping, and engineering.

Do 6098w o DEOF e@iwn® amd amdt
o e J 08, Do teed,
BBEBDOMG 6% o850t grd® DDV 6ke®
e BOOEs 5% WIVEDB® SIDG 56 OB,

Input Surface

Po® R8O

The surface of a digitizer captures the input,
which could be touch gestures, pen strokes, or
other forms of analog data.

30RBIWE ORBO eeIDE @®ENG OB, DG
S EBDGE, ©ED FHHES 6] OB
OB EFTHERIG Evd BB WTECS.

Stylus or Pen (Optional)

B0Bee 0] Lz

Many digitizers include a stylus to provide
precise input, similar to writing or drawing on
paper.

6@I6®] oDBWWHES RSB B DD M3

gD ©®» BOOES MEIDED €5cesB® Bem
B80BE graes 68.

Primary focus here is converting input into data

not art.
608 @B EONHDEB 6(NE DSBS BB D
RO sHOV®E BOOB DO med.
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Sensors available

sO8® tsoedew

Embedded sensors detect analog input and
translate it into digital signals.

08e, 3060 BSB® POBWE HEDICH® D
BDBEO@ tsor) DD 3DOBDDG DOEB.

These can include pressure  sensors,
electromagnetic resonance (EMR) sensors, or
capacitive touch sensors.

6®N0 BR» t0edem, Doy HPwum gxie
(EMR) &068em 605 hdmm Sestd®m eoedem
eSS B BT

Connection to a Computer
s5®MDEDO SBSR SO

Digitizers typically connect to computers via
USB, Bluetooth, or other interfaces to transmit
data for further processing.

USB, Bluetooth e®3 6®5a gmdt@mens ®o®)
sP@oD 60D BN 8 DBed t5rt® e
e 6®eieenn wOE.

Software Interface

Bagao® GROTEQHHD

Special software is often used to interpret the
input from the digitizer and convert it into a
usable digital format (Ex. CAD software for

design or GIS software for mapping).

E0DBIWWOHE  QIGD®  PEODE  BSHOVOWGH
BBOO et D5 DD G He BBEOQ emaB O
s0ObHE SHOD D Bagto® 616®5 O

O 68 (¢e): ewee® 808 oex CAD

®acmomn 6% BBBen BB ses GIS
®acMo®E).

Applications of Digitizers

BB O@ 6xe®

o CAD (Computer-Aided Design)

e GIS (Geographic Information Systems)
e Medical Imaging

¢ Digital Archiving

57

Graphic Tablet

A graphic tablet, also known as a drawing tablet
or pen tablet, is an digitizer specifically
designed for digital drawing, painting,
designing, and other creative tasks.

Dy Ot®EOEX, drawing tablet e®3 pen tablet
6EEe ®WIES6S, D BBOD &iE®, 8xmdc B0V,
eE® SO 51 0% SHENFNSOD DIVEBGBS
e Be®es6s SH@IENG WO s e50RBIWEE.

It allows users to interact with their computer
through a stylus or pen, offering precise control
and functionality that surpasses a standard
mouse or trackpad for creative professionals.
BHHNBB DB HBEeH) 0D BB
63 Quedeszd) D FHRD) & BODES eHIQIEE
&8 S§EmdBOEE @) 6eBs Do SOB®BSO
B808@e 63 5z ®OH) DO SVDOLNWE HO®
b §) BOBO 9b) e@st.

Pressure Sensitivity
88 6306080

Graphic tablets are sensitive to the amount of

pressure applied with the stylus.
@ OWRedD HB08pe ©dm emen SO
85@80E0 630608 68.

This feature allows users to create varying line
thicknesses, opacity, or effects, making it

suitable for detailed work.

6®® Be®xiome sOE@BS0 850 63 t5emm®,
BINOSOG 653 PEesE® HHEnéns SO0 of)
@8, D6 B30I Of) Ee®) ey 68.

Display (Optional)

30CDLBDB

Some graphic tablets, called pen displays,
include a built-in screen, enabling users to draw
directly on the display.

Pen displays 6@t ®t€xed® 6090 @ida
OR@0 OE, sOEBE®BS0 3aeiP® tsochmmn O
FoERD e D SOHE &E® @ BOGD GrRSS
ed.

Non-display tablets require an external monitor

to view the output.
ochmD 6188 00 DD u8crmn RB®O
O 6@BOOEE FO®S 68.
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Tilt Recognition
Enables the stylus to detect the angle at which
it is tilted.

Stylus & g@ B ot 3B ®HE® GTSOO
DBO o) t5@es6.

Resolution (Lines per Inch - LPI)

Betic»we (qmemd edan — LPI)

Determines the detail that the tablet can
capture. Higher LPI values result in more precise

drawings.
OREOED B®HG e ®S Bdd SOHG wOE.
9w¢ LPl gmns} O8NS SOt08 8y &t Oa.

Report Rate (Points per Second - PPS)
OB gEmesIDE

Refers to how quickly the tablet responds to the
stylus movements. A higher PPS ensures

smoother input.
O®EOG 66GRG DEDESO 6HOB PBOSS

580 eDBe B e OB. g9vg PPS
D 300 PEIDGED OB DOE3.

Multi-Touch Gestures

-t gHoo®m

Many tablets support touch gestures for
zooming, panning, and rotating the canvas.
eem] ORED den Beeme S0,
panning &® @6oE® oeH) Ssbe gBDns
BEH) WG emOEB.
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Applications
ene®

Digital Art and Illustration
Used for creating digital paintings, sketches,

and detailed illustrations.
DB B8, 9 ©0®S &®w BISHMNSOD
Sebmn SH@ngnn SOO eoew) 8D 68.

Photo Editing
eHEN0ES E30e3mOINB

Provides precision in tasks like retouching and
masking.

Retouching &® masking &8 ©WoEESS
BODEesDEB €3e56E.

Graphic Design
®hs BHEIENG
Ideal for creating
complex designs.
@ots®, Bcgn BSBEG ©® oSV 6@FEIHO
BH@Egnc BBO eew) DENS BeeEe.

logos, typography, and

3D Modeling and Animation

§@%n Ppwa SHENgnc ® 8BGOGB

Used for sculpting, rigging, and animating
characters.

Do GBs BB, rigging BB &® &SDDOLG
BEH) DD 6.

Handwriting and Note-Taking

g qnis 688 5058 @S

Useful in education or presentations for
annotating or handwriting notes.

80HS 605 DO 6m] &g g DO sem
gmsmel 693 98dnsy SHBORE esieswndss
5.

A graphic tablet is a specialized type of digitizer
designed for drawing and design, meaning all
graphic tablets are digitizers, but not all
digitizers are graphic tablets.

@O ORED Do X GuE® ©® SHOISG
o) SV@gne 0 98 Dex8n diem
OHEEE, DB Broe® @B OeD edsiem
68, S BrE® t365d5mD G Ot 65168.
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Graphic tablet vs. Digitizer

Feature

Digitizer

Graphic Tablet

Primary Purpose
OB go@en

Data conversion for CAD, mapping,
3D modeling, and more.

CAD, 88wn®wmd#ncs, 3D epwad
SB@BG SE®) e SHOOVD®E.

Digital art creation, drawing, and design.
BBOC @) BV, e t5®
SBengncs.

Input Method

Stylus, touch, scanning, or other

Stylus (pen) on a touch-sensitive

88 6306080

OV®EB gNd B 6306DEO
e Do ®ew 6m] 6D HTW.

POD BB methods depending on type. surface.
808, Sestbmn, Swes BHO, 6®3 esB® 306508 PRBOE O 30B3
OB®EG #xd 6D »®. (e522).
Pressure May or may not include pressure High levels of pressure sensitivity for
Sensitivity sensitivity depending on the type. artistic precision.

DD BODEEMD seH) BE®
3065EMO6E gug BDDS.

Built-In Screen
Built-In 8dx

Typically, does not include a screen.

E®BEESE BOGE ares 6568,

May include a screen (pen display) or
require an external monitor.

Boew (pen display) g B e
6m) DBO 6HKROOGE FOBS 68.

Resolution (LPI)
Besiemes

Varies based on type; high
resolution for CAD and mapping
tasks.

OV®E #xnd 6dmeS 68; CAD &5

BBEBDOSN DIVBEES BEH) VG
Betdems.

High resolution, ideal for intricate and

detailed artwork.
&8 Betleme, t5oSEn 65 DSOS
DE SVEgn eCew) DENS BeHG.

Interaction Style
FBOOE @) DB

Broader interaction with CAD
software, GIS tools, or medical
imaging systems.

CAD ®agmio®, GIS 6®@0@®, 63

660e)5 0zewOEN &8 Bd® 3O
SFRBOBEHE.

Designed for seamless interaction with
creative software like Photoshop or
[llustrator.

Photoshop &®73 lllustrator &z5
BH@HENSOD Bacmio® O® DD S
60D BB BO® eem) SOOI
D0 &go.

Target Users

Engineers, surveyors, designers,

Artists, graphic designers, and

DB ES.

ETOD and medical professionals. animators.
sOEEWBES 9088655008, BBSecIOtDs, D@DOTOS, B SHEHEWODS €59
SU@E®OTOS 5% 66DeH 8DwOH BSBS.
DS DEe.
Software Engineers, surveyors, designers, Works with creative software such as
Compeatibility and medical professionals. Adobe Photoshop and CorelDRAW.
®agmo® 90865500, BB eci0td, Adobe Photoshop es# CorelDRAW 855
FRRODIO SO 5 66D SHNIBEB Baco® BO® G DOB.
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Sensors
tsoedew

Sensors are devices or components that detect
changes in ambient conditions and convert
these changes into measurable or usable
signals.

©0oedem X gdd o350ed cdntind®
DEDEHD 600 6ONIWO BB HS 655 DD
DG BB 500e) RO VOVDWEB WO EE3Io® GD)
3005 @d.

They often act as the interface between the
physical world and electronic systems. Sensors
provide critical information for monitoring,
control and automation purposes.

T e@e®’ 8O 61998 6@IME 5% 96EMEINISD
8808 b gndc usmd 6@ S WOB.
SRDBHIG, NEDG 5% BDGEH BDe® O
BE® BOINSOD MO toedem  BRS
£5e30383.

The primary function of sensors is to sense and
measure  physical phenomena such as
temperature, pressure, light, movement,

proximity, sound, humidity and many others.
©006dcmdE O VGG e SO,
B, eime, DEME, 68sxon, ®Rens,
PVEDMOB ) DO 6N6H] 695D otBER
50 e PeBBE.

They can detect these phenomena by various

methods including electrical, mechanical,
optical, chemical or biological principles.
BDexss, oD, caws, OGS 6% &0

Demnsi®n B arnd® DD 9P AKS DYRO
6®® 30820 HEDIBD BTBE.

Once a sensor detects a change, it produces an

output signal.
£506DCWHE  CONW HE® OB oy, DO
58e)® 3o HesedE.

Usually given in the form of an electrical
voltage, current or frequency that represents
the quantity being measured.

EEDBEEE OB® @ @G Beriswn ®O®
B 6D3BIEDEE, NN 63 30D
MOBES @I6E.

This signal is processed and analyzed by
electronic  circuits, microcontrollers  or
computers. Also used to make decisions, take
action, or provide feedback.

6®® oD QRIS ©desd, WYL SNED
6®] sP®Em BBS we) DwedsHe OB.

Ded®® HoOg BB, Hud BeBOOO, M3
g8l e5ceB®0 Do) O,

60

Types of sensors based on their functionality

and application

SnoDBOR &) 68O gxd tcedem Ob®

1. Temperature Sensor

2. Humidity Sensor

3. Light Sensor

5. PIR Motion Sensor

7. Gyroscope

8. Magnetometer

9. Barometer

10. Gas Sensor

11. Flame Sensor

12. IR Sensor

o

13. Rain Sensor

O#

14. Soil Moisture Sensor

15. Sound Sensor

16. Vibration Sensor

17. Tilt Sensor

18. Hall Effect Sensor

*

%

21. Touch Sensor

22. Pressure Sensor

y

25. Encoder

[
4 .&

27. Level Sensor

)

28. LDR Light Sensor

®

29. UV Sensor

30. GPS Sensor
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Cameras
@M

Cameras are devices that record scenes, events,
or moments by capturing light and converting
it into a digital or analog representation.
DO BH) PIBERIDE WO DO DG FoBD 653
55® Bdzesgnnns DO sHOVZDWE DL
che®, Bedd 61 D83 06 DO® CeNo®
e8.

Film Camera

Film cameras use photographic film to capture
and store images when light exposes the film
through the lens.

CESEB ®O®) 5@ MERIMED 6e3wsdE
806 80I1D0O#G O 8O, Gzes @HWENG DO GHRO
5 ®RE) @O ®BBO BA® Wd) OGS 310z
BSBx 65150 D) DOX RS,

The film must be chemically developed before

the photographs can be viewed or printed.
0z HOPOO 67 Geenn SOOD 5Od, @
630 806 OIS g5 DS
£30OBBDG DG G 6D.

Digital Camera
DB0F D@D

Digital cameras are electronic devices used to
capture and store images and videos in digital
format.

DEOF @@ Gy DBEORE @DB56HS eHEIdERS €5
BDecl cbm® @®HE DO @BOD &’ GORE)
S5BBO D) WOD 9EERDENBD Ce3)0® 68.
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Video Cameras

also

Cameras record

commonly known as videos.
DO BBS eN@IB6nS DDEE] 6L WEHWOD
DE®G O 0zes & 80mD DOB.

moving  images,

Videographers use cameras to create films,

documentaries, vlogs, and other video content.
Byesd, M) Byesd, wed 5® 6dmn BB6E]
FBODO®DESE SH@gne HHOD BDer] HIBS
D@ ©HD OB,

Photography Cameras

The first actual digital still camera was
developed by Steven Sasson at Eastman Kodak.
568 oR: DB0F BHOR @D BeSOdS
6B & 3008 et BES B@eeHE DOD
s

This prototype, which weighed nearly 4
kilograms, used a movie camera lens, Motorola
parts, 16 batteries, and newly invented Fairchild

CCD electronic sensors.
Be@i®z® 4 O B VOBS @GF 608
QowaBn e Dyed  @@d  @DrE,
6®30603@ @0, OB 16 B ©®» gedS
Sv@gns @o» @¢ Fairchild CCD geeEleh&m
&06dem D DO® 8.
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It captured black-and-white images on a digital
cassette tape. Interestingly, it had a resolution
of only 0.01 megapixel and took a whopping 23

seconds to snap the first digital photograph.
B BDBOE wwesd s0Gm O-t3g 0z @R
@G, BB@DD) @Ot 5B, D8 Deslemn
6@mBwesd 0.01 &5 @8 § oo e VB0
EE0ZSE @TEHOD s 23 & ®D Be.

The charged couple device (CCD) emerged as a
game changer. Invented in 1969, the CCD
replaced film by serving as a light sensor behind
the lens. It allowed digital photography to take
off.

charged couple device (CCD) &t edxned
DOSem 6@ O B, 1969 & 6656 @S @8,

CCD o®6 80ty epeie 06demns 6@
6300 BOedS Byesdn BMe®e Dedn. DG
BDEOG 932022500 9B) @R EBGBEH.

In 2000s Digital Single Lens Reflex (DSLR)

cameras gained prominence.
2000 ®#mMxde DEOF 8 @D HIOHLDD

(DSLR) @t®@% 38055060 38 Bcs.

Sony’s Mavica camera system, which used CCD
sensors, contributed to this shift.

CCD o6z 8nda) ¢ Sony & Mavica @5
8086 6®® ®MOtdD e)mm .

Sony Mavica

The rise of mirrorless cameras marked another
significant milestone in 2010s.

ebessgn 68D m@MDE e5cdH® 2010

®ENSDEQ DO De®S BBRSNDGEE BHO®S
D6G0H.
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These cameras combined the flexibility of

interchangeable lenses with compact designs.
6®® DB DBEDDO KOBIGT WG B DO
OB DO ormm &3O ©O® FTRER
D6S06.

These allowed for sharper contrast and higher
quality images than DSLRs.

6®8) @B DSLR D8 @@y @5 10z DO
DE) &5teER DM 5 QB QIO B
Oz @D @D BT BCs.

Epson R-D1
mirrorless

With the development of the camera, it
gradually became a technical device capable of
receiving an input and giving an output.
DONEDB Erénds ©d®m® DB ODEE QR
@O0 ¥BeHGE @) B0 %S MDHED
Ee0®ES DO @ B 5t B.

Compact Cameras

Small, lightweight cameras with a fixed lens,

designed for easy everyday photography.
583605 DEGME) eNEIOESWONGE 6kED 5EH)
BL@EG DO s, BNOO 6ESEHED 585D WED
5% £309RR O OVEHRE.

Use a digital image sensor and store
photos/videos on memory cards, with most

settings adjusted automatically.

BBOE Ozes 06Dy S DO® 6dN,
6@e®] trtn® BDGSED® Wl DO®BBS
90z / BB 608D e B GRE) woH
@RB
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NOTE:

Modern digital cameras are special-purpose
embedded computers that use a processor,
memory, and firmware to capture, process,
and store images.

2P» BBOF D® ©H Oz ®®EG DO
@S0, rB®d &®»  oREh SO0
©e6E3E300E, PDWE 5w BOMo® BB

D0» DBy MVEGS oem § 0dg
sd®ED 68.

Digital cameras function as input, output,
storage, and processing devices through
integrated systems that capture, store, and
display digital images.

BBOQ w® DBOQ Ozes W®ENG DOD, HREN
20® 6% HEb®HE ®OH FToRED oS
®O®) P, HBOH®EG, ORE) OB &®
&3ce3® Ee300® 6@ H) OE.

Input
DG

Light is directed through the lens onto the
image sensor (CCD/CMOS).

peRimn ¢z eoedewen ( CCD/CMOS ) 600
OB ®O®) 6NE 6wed.

The sensor captures light and converts it into
electrical signals, forming pixel-based image
data.

£506DEWEB HERIDG HWHG O DB Deys o)

RO VBB OB, Bl B send® § Ozes
eo eef.

Memory (buffer)
®owa

A temporary high-speed memory area used to
hold image data before it is saved to the
storage device.
Gzes e ®REN BHE® Feomes DD AS®O
508, &) OB Oed) D) ®SH) DS
O HEEHHEE.

It allows the camera to capture multiple photos
rapidly (burst mode) without waiting for each
image to be written to the memory card.

D DS e9HE0ze50 60D SO B3red® 65
&E 62080, 6D®mEES 5300285 BBk D EDO
@O0 6PBO®S W®MDO OSSN 3@t 6&53.
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Processing
(Sl SIC]

The image processor transforms raw sensor
data into a digital image, applying color
correction and noise reduction.

Ozes DG &8 306Dcw vy BBOF Oze5ms

ROD sBOVDHDB OB, DVgn BOOE HOO 59
@R ogf) BO® 6mIe) ®8.
Firmware manages camera settings like

autofocus and exposure adjustments.
B8Mo® SO :MBeD BOO v BHOON
®ceB8 5 Dr®®) e5e® WSO®DMWOSNEB DOE.

Storage
o) 568

Images are saved onto memory cards (e.g., SD
cards) in file formats like JPEG or RAW.

830 JPEG 663 RAW 88 e enmadde ®om
808 (£2):SD cards ) ®i8ess) @ gdtes.

Temporary buffers hold data during high-speed

shooting or transfers.
DB RO gRledE 608 DeBE em] @bt
BHEBE e 6D D) O.

Output
oBona

LCD screens or electronic viewfinders (EVF)
display images for preview or playback.
LCD 86 63 9e@medB®m ce% 6t3w3oes (EVF)

650CE® 693 BTOD DWW E®) Oz E50CH®
DOB.

Images can be transferred to external devices
via USB, Wi-Fi, or Bluetooth.

USB, Wi-Fi e®3 Bluetooth ®dé) dzes &6
EtNo® 60D BT DE BT.

The camera can output images for printing
either directly or through stored files.

BN BOO eeH) 0z 85acid® @) 8OO 693
HO5® @C 6mE BV®EnS @D B0 w@®MNHDD
WD reD.
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Webcam

They are mainly used in video conferences, live

streaming, social media, and security.

Fon gt dDmwens BDen’ ©Besmsnc, ©Sd
G, 81 BB 658 OO BEH) $IDN)
e8.

Webcam can be digitally connected to a

computer but it doesn’t have a memory.
6OR W®HD OB®ENWEWO DEOF 6@ OV
DG S HS DO OWHED 63OD.

Webcams can be found embedded in computer
hardware or as separate devices, and they are
commonly connected to a device using USB or
wireless protocols.

ORDD®NOS D@D cathom NSO &5 O
5D 60 60O ceNo® 6@t BIBO WO
&8 a0, T e®®ses’ USB 6693 Glezs 68
NDBENG  NBDEGES  SODOMDEDO BB
207 @E.

It doesn't have memory and do not store
anything

0 60D5® BD®EE 6®S a0 SO GRE)
DO D) ®SERE HTD.

Most of them has built in microphone

TnBsS oen®nm ©®Bemimas  built-in
6EH® 68 DO HD.

Capture both still images and video
B&DE HdEes 6w DReES B 6C® KNG
DO BB 680 HTBEID &fr.
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Uses / o8>
e Webcams are used to reach students
globally by enabling distance learning and

virtual classrooms.

0830 9e®mSB® 5w S 555 BOBS 6@IBG
D®ens 8 60D c®) D 6O widM
O DOB.

e Webcams are used by content creators, by
enabling live-streaming, vlog, tutorials, and
interactive experiences on platforms like
YouTube, TikTok, Facebook, etc.

YouTube, TikTok, Facebook &8 e8&mm®@
88 e, viog, B850 8 cz e

content creators 883 6O @@ D
DOH QTeR.

e In healthcare, webcams facilitate
telemedicine consultants, remote patient
monitoring, medical training programs, etc.
6395 PODBIEEE, 6O widd) OB
COeEm™BE, 030 MBS gliesns,

660es &g Oedms MHEGBD H®Ed
83830363,

CCTV (Closed Circuit Television)
8cf) 83080 Dr®d

Q ‘
\‘*J/
CCTV involves the use of video cameras to
transmit a signal to a specific location, where it

is displayed on a limited set of monitors.

CCTV on B88n 6800 »O0eGm &EhGH®
6me0» BHDDm NHDEDO o) ©BeLIBENG
B350 esem) BB @) S BHOEB.

Unlike broadcast television, the signal is not
openly transmitted, though it can utilize point-
to-point, point-to-multipoint (P2MP), or mesh-
wired or wireless links.

DB QEDBBEHES @DBBBG, RIBBBCHS R QBB

(P2MP) 63 cz@ Slewoed 693 Sl OB e
2D ¢ ®D HOc Dmd GBS 60
6D, 350D BB sB6e5BEMB 65068.
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In 1942, CCTV was invented by a German
Engineer Walter Bruch and it was first used for
military purposes in Germany to capture live
video of V-2 rockets during test launches.

1942 &, CCTV @y @oBexdc 60 ®ad
B8 et G @ god D gO® OGO
SHEBeE BROD o8y sem) Do) B, gSHe)

BB Ernsy BHODE V-2 6o D@ 68D D]
06D BO® em o5ecd O wo® 8.

Designed mainly for continuous monitoring

and security.
3® D®EHRO SRS BHWBLEG 658 OO
eH) SHEEE DO GT.

Some cameras have built-in memory for local

video storage.
800 @MOE DRG] GREN WO D) BB

eem built-in @oes sOSE.

Can be accessed and controlled through IP
addresses over a network.

eHEGD ®O®) |IP 38 Bmens 5edm B®O 5w
2IRDEB BOBO HTDBNO .

Many cameras use infrared (IR) LEDs for night
vision.
N8 DHEed &ttEd chm® @D @iD® EeH)

ee®’ wd®MDE geidtws (infrared/IR) LED
AR DM 68.

Support remote viewing through computers or

mobile devices.
D@D 693 BSom® £omd® BBS 030D &0
BOPEB® HTHEIO €333,

Video recordings are commonly stored in:
586’ 0o SO8 cn@hasens ®DED @O
oRses:

DVR (Digital Video Recorder)

stores video from analogue cameras.
FoDEAN® WONOBS @reR® BBen] chm®m
@RED DOB.

NVR (Network Video Recorder)
stores video from IP/network cameras.

IP/eH@ oe@008s @redm BBen’ ch®m® ®RE)
@OEB.

Cloud Storage

stores video on remote internet servers for easy
access and backup.

5063608 gedr HBD o cotld @R ®IBOD
B D SOE 030 gRIVENE GESDSIGEWEHE
BBew] @R wo8.
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Uses / 08>

CCTV is used in public spaces like parks, city
streets, subway stations, and public squares
to help monitor activities and ensure the
safety of the public.

Bremod® epliesRe00s BOBO €529

ODSHDOEE PONSD S BO® ee®)
cem®, ®®0 D8, £®o BB SM® 59 ©eE

ORO® B g SSMhede CCTV ®dm
ewed.

CCTVs are used on roads and at major
intersections to monitor traffic flow, detect
congestion, and identify accidents quickly
to ensure timely responses from
emergency services.

CCTV otede ©® g Botssdde
OOD®® WK BdDBEG BBOO, BHEREH
BED) BB &5 WEB gHRiT HEL 3
OB eEiDm BSBN0 & BO® eew)
9BOBS BEH) ®SO0 $HD) DOGB.
Homeowners use CCTV to monitor their
properties, deter burglars, and check on
their home while they're away.

B HBnS BYR6® 6o SdDdBEnc
BB®O, 52056 POB®) DO ®ISBO 58
RS Rewsdd B3 B0 DEBe® BOEs e5dwies)
5580 CCTV 08 mOE.

Airports, train stations, and bus terminals
use CCTV extensively to monitor passenger
behavior, prevent unauthorized access, and
ensure the safety of travelers.

@O eemese, £BBG B3N 5 RS SBosSD
BSex e - BdDeenn  SBOO,
gROBo6ES gedm B ierdd ©&®
BoNODBREE  POD®D D®HYGT  BBHOO
CCTV 2@d 08 63.
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Microphone
BByemincn

The microphone is a transducer that converts

sound into an electrical signal.
OBPeMING X ®RCH xS oD VDO
sHDVDDE OD SHOVDWEE.

Then it is converted into digital data in a

computer.
&30 D Ve e8 B8O edm /DD
sHOBDDG WOH @RE.

Opposite of a speaker.
BBOEmO 3BBGTERD Ce0mE 68.

The world’s first microphone was made to
improve telephone systems in 19™ century.

@D OB BBemM®e Hesedmn @Led 19 O»
8BrdDetd cOmd® &S DrBErg) BOO emIc.

Some devices contain multiple microphones for
noise cancellation.

DBO andmes ®Re @D BB em ©e®®Hd
EeNomDE BByemi® &k gilo® 68.

Types of microphones
®8Begiemin Bb®

¢ According to technology
BBENE RO

Dynamic Microphones
a8n BBygeni®

=

These are rugged and versatile microphones
commonly used for live performances,
recording instruments, and broadcasting.

6B 88 3och®m®, 30mD BB cesmOLN €58
Dm™HGE HBEH) VHERD ®Do) D® OO ®
Dt BBwemi® 68.

They work by using a diaphragm attached to a
coil that moves within a magnetic field.

Fon §wr mos3es §BRdD Dedynt DG DeH®G
O OO BRSER HDGB B8 SHeOS.
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Condenser Microphones
DRt ®Bwenie

These are more sensitive and accurate, making
them ideal for studio recording, podcasts, and

voiceovers.

608 BN 06D &’ BOOes O® GO,
006x3 s0nm BOO, 62538030 5w HE) DD
e DS Bee 68.

They use a thin diaphragm and a charged

backplate to capture sound.
T wRen GwsG DO @S0 Bem) S HDOG
&8 eHEOIBD SEDEGE DD OB,

e According to design
8e5® exd

Lavalier (Lapel) Microphones

Small, clip-on microphones often used in
interviews, presentations, and theater
productions.

2, BBS BOOO D BBeEIemI® 6@re®] BO
B8R ), 9BdHE BB 5 OB BBene®
DEE O 68.
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Headwear Microphone

A head worn microphone is a hands-free
microphone worn on the head, with the
microphone placed near the mouth.

Bees® teBn ®iD BBemInG®D X Bt O
otCBn ul, ¢ Hcwdd oDem  ®i
OBPemi®» OVHHES. cO8E BBPewING FRG
s BEO® 63 5wl o .

It provides clear and consistent sound quality

and is widely used in presentations,
performances, broadcasting, and customer
service.

D OB ol 050 FTmmd &@de
RINDODMOD @R 6D DO GEGD, Co®BHB,
Bmm®e DOEm ©® NdeiBm 630 eoe®)
VD N> 68

Hand-held microphones

P

A microphone that is held in the user's hand
while speaking or singing.

D) BVeBE 6] MMeHn BHeOE SVBRDEIGE
8 adeen® B0n ABmemi® OV®HEES.

Handheld microphones are commonly used for
public speaking, singing, interviews,
broadcasting, and announcements.

#B8s e ®S OBPeMI®D 6E®®, BIGMCS,
&880 cHde), Dem® DOED ©® Bede®
BCH) VHED DD 8.

They are portable and durable but require one
hand to operate.

688 5360 lem®™ ) e &® DA SOS®
8® I D 2D FrOw SBO esem) D e
Bewtld o) @S0 gdms 8.
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e According to connection
28R OB PwIdE xd

Wired Microphones
Ko 658D OBxemi®

1. Audio Cable

An audio-port microphone connects using
professional audio connectors such as XLR. It
provides high-quality sound and reliable
performance.

audio-port microphone &830 08 ERSES

XLR &8 B 0068 wds ©ERSD
20260, Do BB ce3tl HBDOEE GRCHE &5
DBENEIEIHE DIVEENDMEE @R 668,

These microphones are commonly used in
recording studios, broadcasting, live concerts,
and professional sound systems.

c®® OByemI®» 6eged &lvn SdHe® 8D,
Beon®m® DOED, 688 50D &tso® &5 DS
®006® ®Re sdesIE® SENS Bem) DD woOH
@Ra.

2. USB Cable

A USB microphone connects directly to a
computer through a USB port. It is easy to set
up and provides good audio quality.

USB ®8memimes USB port dmed ®d®) e5acid®
SO®MDEDO BBV WOH EREB. DG 5®Eeds
e WS b 6Ee GOS RENSODDIDD
€5850503.

USB microphones are commonly used for
online meetings, podcasting, streaming, and
voice recording.

USB ®8memi® &@»56ks Odborsd &e3d8,
6030 BYB, 88 Dme® 6w HE) s0OD
B8 eseH) 20D DOH @RB.
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Wireless Microphones
Koo OB BBYemi®

1. Radio Microphones

)
i “i“

A radio wireless microphone transmits audio
signals using radio frequencies (RF). It allows
users to move freely without cables while
maintaining good sound quality.

6886w’  Oles OB OByewinck &S
6886w] oD DD OB ®OB o)
oBegeins wox RB. DABE eme e
RENBODDD SO ®FE god, S
6OHD sHBEDHERO Bemetd D) 6®®) HOO
98) e3@ea.

These microphones are widely used in stage
performances, television production, public
speaking, and broadcasting.

c®® OBPeM® 658 och®m®, OZSNBHE
Bdenen DO@ED, 6058 SO FrOS® 5w
B®® DO 3E®) DKED DD 68.
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2. Bluetooth Microphones

A Bluetooth microphone transmits audio
wirelessly through Bluetooth technology. It is

convenient and easy to connect to
smartphones, tablets, and computers.
Bluetooth ®BemIMDEE Bluetooth

DIBBEBEHOD) e OBDD ©Os BN
OB, O e omey O» gd SEBOEMmIS,
O®E0 5% D@D 60D SHEEDS BB DS
BTG,

Bluetooth microphones are commonly used for
video calls, presentations, online classes, and
casual recording.

Bluetooth ®3pmemi® e@rwsens BBec)
gON®, 6&m®», AMVOOD OB ©® NS
506D BYO esem) 90D o ERE.
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Output devices
58e® ¢sl0®

Monitor Technologies

sdeHm 86 O®

A computer monitor is the main output device
that displays visual information from a
computer.

50®&D 6@HBOOGE ©F HOEEDEHS CaGS
EDOROT 6e53DD ZIBDO BIBE® Ee50®EBE.

There are three main types of monitors

&5 e@BOO OB® D oD

1. CRT monitors (Cathode Ray Tube)
WeemE) O ®E SO®Em BO®G

2. LCD monitors (Liquid Crystal Display)
£d 300w ochmm sV®ED BOG

3. LED monitors (Light Emitting Diode)
peRin De®@iDwm Berit) sdmenm BOG

CRT Monitors

They are electronic image display devices that
dynamically show information without moving
parts.

Fon Dome O el @B 6mMOROT
®OBDE 6550m QeSO EocHD
Ee30® 68,

CRTs are sealed glass vacuum tubes containing
three major components.

CRT oty g 3000w oo glo® @) DR
Bede O ®E 68.

1. Electron Source (Electron Gun)
96EDENI® D6 (96EPENT® HOWWD)
Emits a stream of electrons.

600 96EIGATM KD Bws DOB.

2. Electromagnetic Deflection System
B’ 8w end®sn sE08®

Steers the electron beam.

D5 96EBENI® DeBWwn 6®6WHAH.

3. Phosphorescent Screen

©e32e3e50e8 BOE

Glows when hit by the electron beam.
96EBENI® DeBWHD &5®d 6e® B8O SOn 8.
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Magnetic Deflection Coils

Electron Guns

Focusing
Electrodes

Phosphor
Layer

High Voltage

In color CRT displays, there are three electron
guns, one each for red, green, and blue. They
aim at colored phosphors that glow with those
colors when hit by the corresponding beams.

BB#n CRT e30ch®mOE, 0D, 6INE 65 BJ 5Em)
96D OB DS &g, JO) QI
DO e WeBHOZE ©®d e TO DO
BVENDOBS ERets OBEN 6ee3es0ed 6ODE.

LCD Monitors

Liquid Crystal Display (LCD) monitors are a type
of flat-panel display commonly used in laptop
computers and desktop monitors.

cd 00w esochmm (LCD) esdmgnm Bows ke
@te360783 esD®ED 59 R eI 5O B DHEd
D) O TR 5TD@ ocH D DV®EE.

They have largely replaced CRT monitors due to
advancements in LCD technology.

LCD oeeenec E@énd 6xmeds §8) @@ B
Bdwensd CRT 8¢ 8edemn 06 &ts eod.

How LCD screens work
LCD 86 8 @0 epadde

White Backlight
A white backlight illuminates the screen,

providing uniform light for the display.

8E SEOR RIDe OB ochmme BEem)
Fmemd epe@imns 6esnds 506 neEids
DOB.

The backlight is typically implemented using
either CCFL or LED.

50d® ee@ime CCFL e®) LED ®)3oecns
Borss@w 6wmed.
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White backlight

N R S
VI
< —
— \ N
v
X v X
Vertical filter 7\ Color filters
Liquid Crystals R G B
Horizontal
filter ONE PIXEL
Light untwisted by the liquid crystals gets
Vertical Filter blocked here, creating "dark" pixels.
8663 exteno c® ST OB grAdD @ ©MEOTEY
The first layer polarizes light vertically, allowing PBRIDG 6OBE O8O & "ardt" Buitse SH®¥cs
only vertically aligned light to pass through. wOB.
568 8006 BB 863 god 6sEwEO® EC
BRI DOo® 58S & @) (RO @) e3EedesS Color Filter
me@ime B0t gd Qidmdsnn DOE. OB 830D

L. A layer with red, green, and blue sub-pixels
Liquid Crystals assigns colors by selectively letting light
gD &d0m™
Liquid crystals always let light pass through, but through.

9 y s y . .g P - gh O, 6E 65 BQ 66 B 3O0E @& Fon
they change its polarization. Without voltage, ®0) PERIDEO O BBOD 9f Eedx OB
they twist the light, allowing it to pass through Do 6x @RB.
the horizontal filter.
€d S00n 05 @ 00 peEiwnd & ®é® Adjusting the liquid crystals above each sub-
@@gﬁ 85580 @@g@&,@@@bﬁs %@@63 qz)eg@Bm@csg pixel determines the brightness and final color.
QDO 603 OB. 6O3SOEmDEES 62)® O OB o BEeesd 9nEd b cd SO0m
80, 0 &S00n» 08x el Gr@d®0 @I

OB b OVgnr SV SBOOD GO®B
OB DO BOES 6e50mH® OB GBS SOHOO @)

8380 ey eRB.
3@e383.

. L o Liquid crystals explained further
With Yolt.age, they §I|gn in the direction of ffhe 0 S50 Db td SO
;I\ectnchflzlqd, ;tol?p'”? lth]fltl'ght ;%rg pasas'nss Liquid crystals are made of long, thin molecules

roug e horizontal filter. @ D that act like ti larizing filters. Th lecul
e 80, 6®® £O 300D Deps Sedyed E&OD atactl f lnly po E.HZI?IQ ! ersl be mho ecu e;
6@, BOB 6s0m® HO PERSDE ®OS can move r'ee y within the crystal, 'utt eyten
550 086 OB, to align with each other and with adjacent

molecules.

Horizontal Filter cd 300w 28 qries @) Qodwosn 6es0mss
8663 e6OH® 605 Fm @o® £a 8 o O88. aedeO
Only horizontally polarized light passes through S0000 ag Scwet 088 ng il »Y, T
this layer DBEeD®O ) IRE 48 O® 6S3R®TE &t.
600 00 ®o® 6B OB SOLSO
QDO 8 DG BL.
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Natural State (No Voltage)

B0 P0G (638D 6®)

Liquid crystals are arranged in a twisted
structure. This twists the polarization of light,
allowing it to pass through the horizontal filter

and display as a bright pixel.

£d 300w r®dosn OROGEE DG WS WO L.
6PBS pe@3MED HoE3 6e50®® BO®) GBS WO
B3508 Buinenm 6t chemnn D e
©EHds meRimed Qo Gr@d®d @
DOEB.

With Voltage Applied
630G O®

When voltage is applied, the electric field forces
the liquid crystals to align with it. This alignment
removes their twisting effect on the light's
polarization, so the light no longer matches the

horizontal filter.

63T EmDEES e O, Bexs Dedmn Ben
£® 00w DED OG ©O® 665®EBBD Beed. 6@®
65e®iel® BN eeimed Qdwdenn B &S
FrRO® REoEI® 905 OB, DD eEIDGB
BGES 50w BB GOS0 B Dg00s & ®dm)
®8 6mWAB.

Types of LCD Panels
LCD stn@ OB®

Note

Thin Film Transistor (TFT) screens are a type of
LCD technology that use individual transistors
to control each pixel, resulting in sharper
images, faster response times, and improved
color quality. These are used today.

TFT 86 ) O O Brdes@c MG SO® esem)

5 DSBS )T wde LCD oessncs, 8
BOEGE 6@ BEE) Oz, 68mdS SBO
EGS 6w DBERS e DV WINSODMIOG
©@06R.688) OVEI®EE B WOEB.

Passive Matrix LCD is an early type of LCD
display that uses a grid of conductive rows and
columns to control pixels. While it is simple and
inexpensive, it has slower response times, lower
contrast, and narrower viewing angles
compared to Active Matrix (TFT) LCDs. These
were used in the past.

Passive Matrix LCD ox 8ot oeme S0®
BEE) VDI 638 ©® BOr HEGBD DM
20 @3 OVv®ed LCD tsocbh®mmn®. D6 0@ &)
B &f) §8dc, dxn Active Matrix (TFT) LCD &0
65580 BB BENO RGBS, &) 6OMES
©o® o0 DOBD owign . 68 gSD6EE
O @O GgTe.
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1. In Plane Switching (IPS) Panel Technology
Known for the best color accuracy, viewing
angles, and image quality in LCD technology.

LCD odesgned eme® dtgn Bodesmdn, crm®
BB 639 OEBS6CE RBINBDOWMOG S3CH) SBIAEG.

IPS mode
Polarizer 6 A

M« M v

Transparent
electrode

White display

WMWY

%z
Transparent 7
%

electrode

\

Black display

Display image of IPS

Super Plane to Line Switching (PLS)
Developed by Samsung, similar to IPS panels
but reportedly 10% brighter, with wider viewing
angles, and cheaper to produce.

Samsung 8% 98 8xgn @o» @, IPS otnd

RO 6@ HPS OV B sBE 10% E3505,
03 0D eIt B> 5w BEcHn SHOO
@B 68.

2. Twisted Nematic (TN) Panel Technology
Lower viewing angles, contrast ratios, and color

production compared to other panel types.
gemWD 5@ OV® ®) ey O o) VBe®
ew3%n, 5BDOTER gmesID 5 OBEN H&ercHne

epTeD.
N é
v @ v
r
ppaen Iili

Black display

TNmode

Polarizer

White display Display image of TN

3.Vertical Alignment (VA) Panel Technology
Offers wider viewing angles and better color
quality compared to TN panels.

TN eszn@ o esesesm 80 850@ 208D 6wign 5
DE) emnE, OBEN RENDED PO @R 6.

Slow response time and high contrast ratios but
uneven brightness distribution.

OTemB SN0 ERG ©® 9HG SO
SFEEND DS @I BB 6D ®dOW eoey.
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Backlit technology

LED Backlit LCD monitors

LED (Light Emitting Diode) monitors are a type
of LCD display that use LEDs for backlighting
instead of the traditional CCFL (Cold Cathode
Fluorescent Lamps).

LED esdmgnm 806 (pepim Be®@idm i)

odmgm BOn oy ©duedm CCFL Boe
eI 5BESD 55) 6DROD SHOE PRIDEG

e LED 8o @d® LCD tsochmn d®eS.

1. Edge-Lit LED

In this design, LEDs are placed around the
edges of the screen, and a light guide is used to
distribute the light evenly across the display.

e®B&, LED @R 806l )6 8D) @) &8s oo,
£0EV®WEB ®O®) PEEIDG Fdod ede) ®rdH®
BE®) PERND Bemised®mn wdm) OE.

2. Full-Array LED

This design features a grid of LEDs directly
behind the screen, providing more precise
control over local dimming and brightness.

600 B0 8ot ©8bsn LED dER eHhen®ess
BB O gm0, @5 gedc B8 o E38¢
B8Re O8NS BOTOE e52@DEBE e5e56E.

‘s esenveoe .
L I )
LE I I B O
L I
)
AS & & a8 s a
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CCFL backlit LCD Screens
Since liquid crystals cannot produce light on
their own, CCFL lamps provide the illumination
required to display images.
cd 00 DD BOXmMDwdR HBD HHERIDEB
BesedBO e &, Oz cHheHe BBHOO

SO®B PeRIDDOIG 55058 ERes CCFL @8
OBS.

1. Edge-Lit CCFL Monitors

Fluorescent tubes are placed along the edges of
the screen (typically the top and bottom or left
and right), and a light-diffusing panel spreads

the light across the display.

583t »E Boed 20 X (H@IMBEHS 9BES
©® BnE 6] OB 6mw cndn o8y 8808 s
g0, @i Begdtd) ®dD 5TDRGH BBS DO
BRI t502H®WEB 50 FIOD e5:Ged) V.

2. Direct-Lit / Full-Array CCFL Monitors
An array of several straight fluorescent tubes is
placed directly behind the liquid crystal panel,

covering the entire surface area.

&340 BBTBESD HE BBSGD 6e5eHHESOD, &b
300 stEE0 3axid® BestdesS e38ben e5add
OB®ORE® Brets® 6t BHOD) &ew.

LED Monitors

A semiconductor device that emits light when

electric current passes through it.
Begess B D wO®) ®BS o BO epe@imes
De®@IDWEB O FHE) L3V Ee)0®EE.

An LED consists of a p-type semiconductor and
an n-type semiconductor joined together to
form a p-n junction.

LED ®oa p-type gbd) esedemcmes &% n-type

gl sSemen DO dom & p-n HBES
&32e8.

It works on the principle of electron-hole
recombination at a p-n junction, releasing
energy as light.

DB p-n BBIED EEREBEIH-HO HDD DY
B5e® YoIBOn B Sm OB, MHeRIDG 6@
BRBG B DOB.
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OLED (Organic Light Emitting Diode)
Display technology that uses organic materials

to produce light when electricity is applied.
BB emen 80 meimec 55000 @S
£O5 DD WOD 50EH®L DNDBIIEE.

Since each pixel emits its own light, OLED
displays offer deep blacks, high contrast, and
wide viewing angles without requiring a
backlight.

20 Brieenn® HBBEE® HeRIDE S oD

R8s, OLED esochmm 58308 epe@imes agdms
emd ®fOr O, 9mg BBHDeMID &’ 5OS
2OQ® 6wisn ER) 6.

Comparison Between CRT, LCD and LED
CRT, LCD &% LED gm0 3063590

AMOLED (Active Matrix Organic Light
Emitting Diode)

Advanced OLED technology that uses an active
matrix of thin-film transistors (TFTs) to control

individual pixels.
o8 Budwe ©ene OO cem B &0

D583e300 (TFT) Hemd ammadee 993 oD
ceseS OLEDmsSegnes.

It provides faster response times, better image
quality, higher brightness, and improved power
efficiency, making it ideal for smartphones and
premium displays.

Do 60mDE B0 EG, BE) emie Oz
RENSODNOG, 9ng EB386 o OBEng BE

RDE DWVEDBODD €353 o, DB SEHOEMmIES
&5t OB eocm Em) DENS ey 6D.

Deep blacks and

vibrant colors
e 2O & ESB05
OBgn 3cDS®

Prone to screen
flickering
Bo6 B8 8B crdd®

Lower resolutions

accuracy and narrow viewing

angles

OB RHNDOD DG, BB
BDVBEN BOBOEsMDEG 6389 59
DTOEB eIBED StOSO

IPS and VA
Better color reproduction

and wider viewing angles
DE) ee OV EBBeNC®EB
&% 0@ cadd 6@IFNEE @)

Feature CRT LCD LED
Image Quality Good TN Excellent
Seesec CHISE Lowest quality, limited color | ®&808
RENDODENOCDB

Superior color accuracy,
brightness and contrast

ratios

cesed Ogn BODesmDEG,
3B et u&BBGER) amenNd
o 8®

Vivid and lifelike images
BDDS e EO®e Ozes
@ &®

D00 DEE 58
MEES BO® 6®S
300 @b) g

9ng DBDHEBEEOGES e ER
ME RGBS

&f) Beeme &®
Response Time Fast TN Fast
BN L C201le) Fastest response time good | @@®dx
o ] for gaming
Minimal motion blur | 68pes &&e6 mes S Advanced technology and
Do® Oe 6IeD® sBessnm S eem O 68 | improved panel designs
g8 and good for anything
) IPS and VA ceot BB 5 OTDEGRHN
Used for video
) Slower response times, oE Bt 5eHd S
playback and gaming potential motion blur Bwz® 6cm0O LEHB
50 BDecss BB BENO IR®, 5
DTOPOO €389 570 De® e B
e’ S e
)0 B
Reliability Bulky and prone to High reliability and long Very high reliability and
RLCIS o1l wear over time lifespan longest lifespan

9 9®E DBDESBHOGE
% EBesm® ey DIREE
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Heat Generation
DB EBeNEDB

Generates significant

heat
eTE@BG @E DI
BD®GE OB

Produces less heat
&f) B 3DDB OB

Highly energy-efficient
NG RE®S DIVERS®

Contrast Ratio
uBe8e FmeNIDG

Good contrast and

deep blacks
eMIE 5BeKe 5%
®t®OT O e5T®TEH

Moderate contrast ratio
B30 BBEBe FEENIDG

High contrast ratio with

brighter images
B350 Gz 650® 99
BBe8e EmENIDG

Environmental

Impact
06 VEeE®

Contains lead and
consumes more
power

Bi® go® O o
8 DB ReHD ix
DO,

Lower power consumption
but contains some chemicals
el ssdemisnn ) H@S
B®B0 GeNGESHD OB gllo®)
8.

Energy-efficient and
environmentally friendly

ROHS DVEDS® O oo
0830 HNB 68.

Viewing Angles
RDeBe® eI

Comfortable viewing

from different angles.
L[NNI oNIE)]
2OBe® 59830

Outputs a Minimal

color
OB OBEEE
&8e®6 OB

TN

Narrowest viewing angles,
significant color and
brightness shifts when

viewed off-center

®&sens B8O g 80 0@
RBe® emisn, 5B O
OB 59 BB 6OHES 68

IPS and VA
Wider viewing angles, more
consistent viewing

experience

3038 OB ewign OO
&) OIS BNOGD DcOBEB
[Slon9)

Minimal color and
brightness distortion when
viewed from different

angles

580 6D Vg BO
gO® DVENGE @R 6B o
838k Dwas OB

Screen Size
Bo6E BB

Bulky design restricts

screen size
Boed BenEsOn )
BB

Larger sizes available
Bme B0 5®1¥n @) &
BTGB

Larger sizes available
B B0 5®¥n @) 6D
[OIEI6)

Weight and Bulk
RO €589 BIB®EB

Difficult to move and
adjust

Do BOHBO 39
el BBOO epesmessd

Easy to adjust
oot BOBO W

Thin and Lightweight
BB e300 3B R Hey el
SOBO eseess

Power High Low power consumption Very Low
Consumption Sl than CRT 9o OO
RlelCaio) CRT @0 98» g0 Reess
sdewisnn SlelceioNe
Lifespan Often lasts more than | Shorter lifespan that CRT and | Long
g MG a decade LED ARNCENESIS
6@1605 80 c®mE®O | CRT ese LED D@0 &) ewd
D8 Ol 65)3@63353 08 faa6s) @3@@5 508
Price Affordable Expensive than CRT Most expensive due to
8o €edo &l Bewd CRT ®@d o&» Br adnd advanced technology

Bee ®o ®

8ngn onsssme 5 Be
Q8
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Plasma Screen
Plasma 86c

Display electrodes
he d

jelectric layer)

Magnesium oxide coating

Rear plate glass

In the late 1960s, at the University of lllinois,
Donald Bitzer, Gene Slottow, and Robert
Willson invented plasma screens.

1960 go®H®ede, 9Bemmdt xd Beseed &,
cthadh D0, &S Se@ed] 5t 6G0MRDD BJesss
D83 BS@e3®) BO e B .

Despite their initial popularity, competition
from LCDs due to cost and energy efficiency led
to production being ceased by the mid-2010s.
0956 BB H$HBEOG SD0ED, BHOIG W
RDOBES IVERBOMD 6:5edsy LCD &8s
&8 § 20®e 2010 comed dc mme d» 80
BEenecoo H0 SO0 exry Da.

Visible light
Display Front

Dielectric electrode glass

layer

Pixel
barrier

Rear
glass

)l/ plate

75

Plasma screens work by utilizing small cells
filled with ionized gases. When an electrical
current is applied to these gases, they emit

ultraviolet light.

Se3® 80 o) 2Oes grSwan Dy OB
8Bdogn wED 665Q O DOBS. 608 HEdED
BB oD emg T0 H0BRe SBO%N SwdS
DOE.

This UV light then interacts with phosphors
coated on the walls of each cell, causing them
to emit visible light, which forms the images

displayed on the screen.

6®® NOBBRE BoH I DX 66HR VS O®
e6E WO gTs 683833083 BO®m FBRDVEE) WO,
DB caws i De®IDHn OB, DAGS
Boed dzes Ee3ed.

This process allows plasma screens to produce
vibrant colors and deep blacks, making them
popular for televisions and other display

applications.
BeE5® 8O GBS w gD eochHD
6me® Be® ©SH80 6300 OB 608

BodBn B@eien S6OD DBHDS Ovén 5w
@Ot 2 Vg HescdOO @b 3.

Gene Slottow

Donald Bitzer Robert Willson
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Printers
e o5

Hard copy output devices

cad) BOss g8o® £e0®

Hard copy output devices are hardware
components used to produce physical (printed)
copies of digital data.

cad) BOss OBO® CNo® (BN HoSD cOE
698 (Bm) B0ss Sdercmn BHOD D
DO® £adNo® 300D 6.

These can be classified into two main

categories.
638 g5tH® 6O ecwmO V® BE HTH®G.

1) Impact Printers
80056 O fetn By

Impact printers are a type of printer that
produces text or images on paper by physically
striking an inked ribbon against the paper.

&00mE O Bedn GBY 6N DL B S5
&8 83> 06 OBS 6IBmd s5H0 Ec®s
D B Q) 683 Gzes Bescd» Bgsn OV®EE.

This mechanism is similar to that of a typewriter,

making it one of the oldest methods of printing.
608 EFYIG BEROTBEHEDO 5@ B god
D5 BeHne BHEG 5N HROBS .

Dot Matrix printers
85 ame e oxly

A type of impact printer that uses a matrix of
small pins to create dots on the paper, forming
characters and images.

e O 8BS 05z8R0, aed ® Oz 5E8®0
20 gFesDS GaISnD D) @o® 600
Besn oy DV®ES.

The quality of the print out is dependent on the

number of pins in the print head.
Ocenel ®IMNSOD®DE B Bes® arS
#CeeSHE ®HN® B O) OS.

7 Pin 9 Pin 18 Pin 24 Pin

Invented in the 1960s and Early models were
loud and not great quality, but affordable and
reliable.

1960 ®#¢SDE 6t ®x®» e, B3 ®ED

665320 &8 &f) RINDTOD BdeneHns D
de, B gdd t5® DBOESG BG.

Still used today for specific tasks like carbon

copies and industrial printing.
RS B0 on DB Getnn DS SEdDD
DIBGES BEem) geds Do) 6.

Advantages / &8

e They are relatively inexpensive.
F) 65580 B i)e.

e They are very durable and can print on
multiple copies of paper at once.

Fn 9 2@ sO8» T O god ddO
e B BBesxw Gt DE BTG,

Disadvantages / 08

e ltis noisy.
6633800 @d.

e They are slower than other types of printers.
T gemmsS e OO &) ®Femd
6d.

Use cases

8> O3

e Printing multipart forms, such as invoices
and receipts
@56nBel ©® BBOsS 8 HendEdn
PHwad Qggns BOHB
Ex : electricity bill / @80 ®dssS

e  Printing carbon copies
RS BOsS Besnn BHO

e Industrial applications where durability and
reliability are important.

DRSO 5 DHOLBEEROG Die®msS D
VB 6Eed®
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Line Printer
e3E Qcr

A line printer is a type of impact printer that

prints one entire line of text at a time.
638 @t OFPED B DB DGO e38HH DA
6380t BeHe o® 6600®G B BeHn BHEE.

These printers were commonly used in the past
for high-volume printing tasks, especially in
business and data processing environments.
c®® @cen DY HBIDBEHS FBDEE & 9me
g@gned Bcgn DMVEGRS Be®), DemBeRSS
OxeNdD 6 e re® odesdns eem
N @O® 8.

Line printers use a mechanism such as a
rotating drum or a chain with characters

embossed on it.
638 Qo XY HOIMG DD BROGE 6] 0
DDRY) BB & IBYHIEE D OB,

As the drum or chain rotates, the characters are
struck against the paper, creating the desired
text.

RO 683 5Dk BBHIG B 8O, gad DRSEEO
DOBD 50 & ged8m Q) HH@BG WAOB.

They can typically print hundreds or even
thousands of lines per minute, making them
suitable for large-scale printing jobs.

0950 eI@DB6ES DeBnwD 638 0 ®ENWS
6] e®t3 ®ENDE BeHG WG BB o, FO) B
@B BcHn SIS EM) 86e 60.

This is noisy operation compared to modern
non-impact printers like laser or inkjet printers.
6®n ee®] O 6CehH 6®) Sxo Be® Egen
65y O 2B 000G 6O® BN By o
eese® DO 66531md §EImdSOGD s OE.
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Daisy Wheel Printers
688 eGicw Bewe

A Daisy Wheel Printer is an impact printer that
uses a wheel with pre-formed characters
(resembling the petals of a daisy flower) to

produce high-quality text.

el edlc Becwrn ©E ot IBBOE IR
BesedBO 6e30-t50ey B0 658D (608 ®pwm
658 D @) 6dient wBm o 6O0MGB
D® Begn BEHEE.

It was popular during the late 1970s and 1980s,
particularly for word processing tasks requiring
professional-looking text output.

B 1970 @530 a® &5 1980 wémside Sonin
B, Dem®ens DadSrn 6:508S D SBEIWG
gO®s OD® 50e® IVBEES BEm) 68.

The daisy wheel rotates to align the required

character with the print position.
60 e0lck BBHMG DS FO®S FWBOG Bcsn
BNBG BO® 6ewieidd Bem) 68.

A hammer strikes the selected character against

an ink ribbon, transferring it onto the paper.
06D 6N nEesn B 06O &5H0
g D 2B B0 @bt OB.

Printhead

Paper feed moves the paper to the next position

for the next character.
DB 3DH®E Be® FREBSL HBeHE) ESHE
Be® SNHHEO 6®® 3.

The paper advances line by line until the entire

document is printed.
oBben eCR®E Geon OB oo DR
6386 6e38n 980®O .
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Advantages / &8
e Comparable to a typewriter in text clarity and
sharpness.

Ot 5ccER RO 3 BEE VD dt BHR™G
O® e5ce3EB ®TD .

e Easy to replace the daisy wheel or ink ribbon.
688 6dlern 66 S 06 &SN SO
osug 8.

Disadvantages / &8
e Unable to print graphics or images.
Bpw 683 Gzes et DG 6®TED BO.
e Low Speed
ARCIO)
e ltis noisy.
6653 8.

2) Non Impact Printers
80020 6md»® Besn sy

Non-impact printers are printing devices that do
not physically strike the paper to produce an
image or text.

8006 6500 GeHn BB BE GEeEE 683 eNAGE

5eeDB0 DOBEO 69950 590 6GED BN
EeNo® 68.

Instead, they use methods like thermal, inkjet, or

laser technology to print.
F 60000 Bcenc SHBO ones, i DE® 613 6D
DBBEG D& PO B OB,

These printers are quieter, faster, and more precise
than impact printers.

c®® Geon BBy 8O0HG O Gesn GERYORDO O
550, 60mDS 5 BOOes 68.

Thermal Printer
205 e Y

A type of printer that uses heat to produce an
image on paper.

DB B Ozsnn BesedBD e D) DO
Gesn 6y OVEEES.
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There are two types of thermal printer.
e BeEn Xy OH® ecwis Bed.

Thermal printing originated from the concept of

utilizing heat to create an image in the 1900s.
8 e eddm Hecd 1900 B dzescsd SL@gncs
BO® ese®) s BNDD) BOE® t50SBEES.

Direct thermal printers emerged in the 1970s,
followed by thermal transfer technology in the

1980s.
1970 B esagy 385 @een By pd®® § gmd 1980 8
285 5)D& T WL Ben By pdBw Be.

Both gained popularity from the 1990s to the
present for use in receipts, labels, and point-of-

sale systems.

6cm® 1990 80 dV®HMG cwd) BE0sS, 6B e
point-of-sale s&080@ D6 ©BE®) SDBESOG
B .

1. Direct Thermal

® Printhead

Heat Sensitive
Label Media

Platen Roller ‘

This uses heat-sensitive paper that darkens upon

contact with a heated print head.
6®BE O § Bcon B ©d® HBRSD Beds et
2559t OB DL €306DE DESHE D) WOE.

Prints are temporary and prone to fading
Bcgn DMOMPw O g0 B B @) g,

2. Indirect Thermal

° Used Ribbon
! Rewind

Thermal Ribbon ® Thermal Print Head
i
i
i
i
i
i
i
I
|

@
Blank Label

Media Q

Platen Roller ®

It uses a ribbon with ink coating.
D B PePFBHED 5B B DRHGE D
DOE.

The print head heats the ribbon, melting the ink

and transferring it to the paper.
Getn B B DB OF O BB & O Ton
DOOBEO eBeieencn wOH.

Prints are long-lasting and can be preserved for

longer periods.
Beon En 3 O8® gud Ex WIRGD ®ODE DG
DT,
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Advantages / €8
e Thermal printers operate at high speeds

and produce minimal noise.
285 Been 85y gD 6D®EHES HEHITOD D&
g0 00 GReED BesedB.

e Their simpler design and lack of ink
cartridges generally make them less

expensive than other printer types.

Fonedd ©o@ SHH@ens &» Sxo @IS
6BOEDO NDIBBEHES GBS G OV®
DRO &) B &f) ®OE.

e Their small size and lightweight design

make them more portable.
Fned @enc i) ©® e tee®
53 6300800 9 8.

Disadvantages / €08
e Thermal printers are mostly black and white

and not for color printing.
e Bed 55 eNeH3 £00 DO €M e O®
g0 DBVEN GeHnr Bem) DD 6a060.

e Direct thermal printers themselves can be
sensitive to high temperatures, which may

potentially affect print quality or lifespan.
ey o BeHn BB 9Hg CBHMDOGSO

goed8 Brn ®wi god, D Qe
RENSODGO 63 oHE WRED BDESE
TR0,

Uses / €8

e Printing sales receipts, price tags, and
barcode labels.
Bé® 6808, Br Orvwes ©® 8O
e (barcode) 6@R@ Bcnc SHO.

e Shipping Labels
63BR3 B

e Utilized in banking institutions for printing
ATM receipts, transaction records, and
deposit slips.
80w 60Eh ¢y DD o, execy

OB & e S Beenn SV sem
Qo PEODOE DD 6EYD.

79

Inkjet Printer
85> Be® Geon o

An inkjet printer is a type of printer that uses
tiny nozzles to spray liquid ink directly onto

paper to create an image or text.
B Oe® @con oo oy 0D 6]
B3I BH@FE BOO eH) &0 BB 6B

20 B 980 wh) nozzle M8 @O Gesn
65y OB®ES.

In the inkjet printing mechanism, the print head

has several tiny nozzles, also called jets.
B Oe® ety B ened, et S DN
nozzle 88w gD, FO) jet epese ®TEXES.

Ink reservoir Driving Signal

Ag Ink
Piezoelectric/thermal

Nozzle element

Ink droplet\) :
Substrate

s

<« Substrate Motion

Pattern/Film

As the paper moves past the print head, the
nozzles spray the ink onto it, forming the
characters and images.

DR B BVBG &ty O B® BO, nozzle BB
Do O S5 9Bd® oo, DOABS aed t5® dzes
&32e8.

In the late 1970s, inkjet printers that can
reproduce digital images generated by
computers was developed by Epson, HP, and
Canon.

1970 ®#nBOQ GFOMBDEEE, SO®ED BB 5D
@O e BBOG 0zes BBEIEHG G B S

Be® ®c#n ¥ Epson, HP e®» Canon o®
&OIHB BB Hesedm @E.
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Uses / &8>
Inkjet printers are widely used for printing text
documents such as letters, reports, essays, and

forms.

&moe, b, OB 68 65308 S 10 6dR®
B B e S50 5e® e By DHED
O 68.

Ink Tank Vs Cartridge

Cartridge printers use replaceable ink cartridges
and are suitable for low-volume printing, but
they have a higher cost per page.

Cartridge 83300 ®@x @dt g ® @
OOE 9HB) OB oo, TEn of) Gesn H@en

Bem e §0e O 8OO @cenn BdHe® Dre®
B8,

Ink tank printers use refillable ink tanks,
providing a much lower printing cost and
higher page vyield, making them more
economical for high-volume printing.

Ink Tank B80bH ®d> 08 D) DG ®e&
953 Dol D oD gm0, &h) Bcen Bre®s
& 8 B 5@ Bgsnc BHe® ®rd RN
6 QDS ) @ed @csn e DD
HSmOG 68.

Advantages / €8
e Produces sharp and detailed images with
excellent color accuracy.

BBSO Vg BOOesDOEHS Hrdy ©®
808 NOBOm dzes BesedE.

e Can print on a variety of media, including
photo paper, cards, and transparencies.

0z R, @IS 5 DEDe DS
g® 550 @05 O GG DE BTD.

e  Operates with minimal noise.
00 HRCHRE Hr) wOB.

Disadvantages / ¢t»n8

e Ink cartridges and refill ink are expensive,
and frequent replacements may increase
costs.
B IS o0 0 B8OYD Sz Be a4dm

D g0 B0 B8O @ds OO ez BB
RIGARIIEN AR

e Not ideal for high-volume
compared to laser printers.
6@t Geon XY ®) e 5O gug SdE
AeHe BEm) Gee 6368,

e The paint may smudge if it is not allowed to
dry properly or if water gets on it.

58 6@t DEBOO 9 emees HB 63 5@
D0#n6Es B e Bk ®ow.

printing
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Laser Printer
6@t @cHn Y

( \Pw

Laser Unit

Photoreceptor
@ DrumAssembly

Toner Hopper

Paper Tray

| ——

The first laser printer, the Xerox 9700, was
released in 1977.

568 63t BeHn vmen dm Xerox 9700, 1977
8 Bus D0® 8.

Laser printers use a technology called
electrophotography, commonly known as laser
printing.

6QeD BN (BB ENBIBBEHRS 6L BEHIB 6RE
BEDOD BenD HEOZWOME DB DHNDBEE
)0 DOB.

The process involves creating an image on a
photosensitive drum using laser beams.

6®® BMOBZeBE 6Bt HOH BDHEHS 6D
80658 6ROGE ®® desn SHErens BOHO
Beemed.

Charging Electrode
(Corong Wire)

Photoreceptor
Crum

The drum then attracts toner particles (a fine
powder) to create the desired text or image.

DO eDO®B, 6OINY fgor (Br® D) eHbesnG
@06 eS8 )0 63 dzesc V@G DOB.

Finally, the toner is fused onto the paper using

heat, resulting in a permanent print.
gD O®em, 60IWOG NG  WIDDEHRS
0B B Brrme @O 386 et &rs wOB.
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Advantages / €8

e Prints much faster than inkjet printers, ideal
for high-volume printing.
B De® @Qeon oSndeD &) ong
68®ers Bcon OB, 9ug ©OE® G
e DS Bee.

e Prints are smudge-resistant and do not
fade easily.
Bcen ede BB OO ek 6c®m o
598605 A 6K,

e Produces sharp text, especially suitable for
documents.

63 eH) DeHBBEDS e, SEgY &
Bdenemo OB,

Disadvantages / 08

e More expensive to purchase than inkjet
printers.
Bsi De® Geon DO O&) B dwe.

¢ Not ideal for printing on specialty media
like photo paper.
0z DR Ot Dem8m @D
o BO® HEm) eE 6360,

e Consumes more power due to the heating
process used for fusing toner.
eDIxL Bormn SH® e D DOD

B FOOBH 6B5REOE i) DG DI
e8.

Comparison

Color laser printers and toner cartridges are
significantly more expensive than monochrome
ones.

OB Qe Bt Y ¥ 60HY @IS

Footgn FnO D) 5eB6 G 6@ B Giw
68.

Many laser printers come with built-in
networking capabilities, such as Ethernet or Wi-
Fi, allowing multiple users to connect to the
printer over a network.

6@)6®] 6@ BeHn By Botexnd e®] OB-mE
S eHEDOS BRSNS O® 5cdeds, DOGS

Ry VEBEDBIBO HEGE ®O®) Bcsn GIHEO
0B OO 9b) .

Impact printers
©0026 D» Gcon iy

Non-impact printers
800206 620® G Sy

Use physical contact to transfer ink onto paper
(e.g: through small hammers or pins).

2B OO B @bt BHOO 9B
HPRBD Do) OB, (E&): E) B0 613
EQe5eDE o))

No physical contact, use methods like laser,

inkjet or thermal.
695 BB D, 63D, BB DEO 6]
285 OB @® 90 @OEB.

Noisy due to mechanical impact.
DG 500G 563 6633810 68.

Quiet as there's no mechanical impact.
@SED 650020 2 Hes) HewEd.

Slower compared to non-impact printers.
&00®E 650D Ben sy o e SO
OSeEmD 8.

Faster, especially laser printers.
68mO 68, Dem®ecs 6EeL Becsn (BSy).

Lower quality, suitable for basic text.
RINEOD RO ¢h)e, BB N e e 60.

Higher quality, suitable for detailed graphics.
cetd 5n0ed, Bdtdndi®n Bym BeH) 58

e8.
Lower costs. Higher costs.
&pf) B0z, Dz8) BOOTcs.

Limited to monochrome.
D OVENEO BE) 8.

Capable of high-quality color printing.
cestd B0l OV Beonn BH® HTHEID.

Used in billing systems, banks, and industrial

setups.
VRS &S, Do 5 VB e3cE® D@
O 68.

Used in offices, homes, and for high-quality

printing tasks.
V@R, B 5 ce5td HDDOE Gesn OGS
BE®) DD 6IHED.
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Plotter
QDO

A plotter is a type of printer that creates vector
graphic drawings on paper.

QRMDOMEB o w8 ®» vector ©OD
BH@r800 200 e BPHGS.

Plotters are commonly used for printing large

maps, posters, and engineering drawings.
B BEEB, 63300 65® goBenidc By BcHnk
BBO® e®) S6@OH DuEd B 68.

The first plotter was invented in 1953 by
Remington-Rand. It was designed to work with
the UNIVAC computer specifically for creating
technical drawings.

568 oaHmosn oge 1953 & Remington-

Rand 88% e ozt @8 ds UNIVAC
V@G OB DemBenS RBEND e
Eb@ngne SBO e SdH@gns @0 gom.

Companies like Hewlett-Packard (HP) and
Tektronix came out with desktop-sized flatbed
plotters in the late 1960s and 1970s.

Hewlett-Packard HP e Tektronix 88 @8

1960 g® &® 1970 8 ofededrs 5®gnedd
Bei06RE BS6@Ob 6O® WORBGO 5B &rw.

Pen plotters

These plotters use pens or markers to draw on

paper.
600 QIO GG DRSS O arEd B5EH)
252 693 3emen ©HDD) WOE.

Used to create engineering drawings,
architectural plans, and other technical
illustrations.

908650t By, dn Demnsidm eten® ©®
GONE NBBFD Bebmd SHOnn SO0
N DOEB.
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Cutting plotters

These plotters use a blade to cut shapes out of

vinyl, paper, or other materials.

6®® EUHNDOL 6IRNE OBHBJ, DODOE M3
6O O DPS ®RDE DB DHEEGDHID
OB,

They are often used to create signs, banners,
and decals.

Fon een] O eemey, b e decals
EB@rgnc SHBO 6mIe) @.

Advantages / &8
e Perfect for technical drawings requiring
precision.

BOOesmD gd®ms MDD GEd® eeH
& 8.

e Suitable for large-scale designs.
O OB 6@I3SDO Ee®) ey BO.

e Can produce graphics, text, and even 3D
models (modern versions).
@S, D, ©»w g oS (2B®
andIe) o8 BBZeneHn e wild OO.

Disadvantages / g&»8

e More expensive than standard printers.
&80 G OO &) Br gl 5.

e Drawing line by line takes more time
compared to regular printers.

@D Besn X B Beed DO eS3Bens
63806 rE®0 ) MEGD e 8.

¢ Not ideal for general document printing.
@95 6CRD B e e 6.
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3D Printer
3D gc»

A 3D printer is a machine that builds objects layer
by layer from digital designs. It melts materials like
plastic and deposits them onto a platform.

3D @ew> oy DBOF e@idnd OB O3y 3dderns
BO0B 6ERD®D BSHEE.

3D printers manufacture three-dimensional
objects by depositing material layer by layer while
moving along the X, Y, and Z axes. This allows
them to create complex shapes and structures
with precise dimensions and detailed designs.

5@ Bcen 3 X, Y e Z i Dedet @@ 0®
o0 88066ES BOOED g5 s SHe®s
5880 D35S BBencme woB. 680 HODes B
08 O8MB0m erEE® 68D BoSbEn HRDE
& Dmes SH@HEnn SHBO BRSO 98 5Eesd.

3D printing emerged in the early 1980s for rapid
prototyping in manufacturing.

Bdencmwed 656dDs GorwmaBwosnn e 1980
®BOR BF ®edEE 5@en Gcsnn B Be.

Commercial 3D printers became available for
industrial use by the mid-1990s, revolutionizing
manufacturing and other sectors.

D)ees §@gn Bedn iy 1990 cmmed e G
D 80 B NTDG BE®) @R ®D BT 8 0,

Bdenem o) genms gowde S3dn ednes &g
8.
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Use cases

0B gOedM

e Crafting patient-specific medical implants,
prosthetics, and surgical tools.
6MBO Dexdm & 66des DR HBY, B
GEY 655 GEBL 60D t5rmE®.

e Building detailed scale models and
prototypes for design visualization.
ecEE® caesosmn e 6D dts®wn

0@ eHwad 58 Yarwaed e@mBDTBO.
e Using eco-friendly materials and recycled
products for sustainability.

BOENOBOE wew) &ded Somd b5 &m
BOEDOG DOD @ BPencHm ©HD) BOHO.

Dye sublimation printer
8 6dBedws’ een c®

Dye sublimation printing is often used to create
unique promotional items, such as printing on
mugs, t-shirts, costumes, stickers and posters.

08 oRBe®eS Gcom e een’ BO O, O-
8b0, oee® ecee®, S0 5w 6853300 B B
BO® OB OV® aBo® SVEnenn SHOO D)
WOEB.

The ink is longer-lasting than traditional inks, is

water-proof.
BB B DD &) 08 S5 En »A
sD8® gm0 DG &5E PODSD 68.

Synthetic fabrics such as polyester, nylon, and
spandex are the most compatible with sublimation
printer.
6e3B6we30b, HBeEIS 5w t3estet)nits OS waB®
G608 B® DB RDBeB®S Been BB B® BN
®oEees.

After the required image is given to the printer,
the ink is transferred to the special paper applied

to it.
Besn BBYEO D5 Oz ERIES oty DS o4ed
B> DO eie DeBBD GMEH B rsess 68.

Then this paper should be placed on the desired
surface (fabric, mug etc) and heat should be

provided.
955830 @B mIEH Hd®s BB @ (608, B
eE) DRI N3 €38e3B3B GG,

Then the ink in it turns into gas and settles on the

relevant surface.
DBO OB s x5 g VDD 558 geNE ORBO O
DTS5 68,

After some time, when the heat is stopped and the

paint is left to cool, it becomes solid.
O 68@0m0 &5ty e QNE® D) BB BB
2R B0 DO B 65 OGO &556d.
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Offset printing machine
Bdeesd Bcen BB

In 1875, an offset printer designed for printing
on tin was patented by Robert Barclay of
England.

1875 8, 00X @ @cenc BOO eH) SH@Enc

20 @ Bleesd GgHm oBRGE  sem
DomEBDEE 60RD NVeld BBE 68080
RDEsYG @) GBS .

High-quality results are achievable with this
method, making it suitable for projects
requiring precise detail and consistent colour.
c®® POG BO® cetd IBHO6E BBOE @) B
B g0, BOOes B3 &5t e5NDG dbEn gd®s
D38 esem DG ey 68.

Large printing runs are often handled more
efficiently with this technique.

eM® BOmen® @cdEE eex] O e
DIDBIG BO® O VDO  ®TBODG
Ol

Firstly, the design is transferred onto printing
plates, typically made of aluminum or polyester
coated with a light-sensitive emulsion.

5680 Qesnr BOBO d®s Ozes6 e N DHE) B
806w 0% @ed. HPIDBSE0S 606 &R
20608 odFuy DS eeds WO &S
BB 60 6eNBertlol BB e38) erD.

Then the ink is applied to the plate, where it
adheres to the image areas.

exesty OBEDD B> 6w gmd DBE dzes
D8® el®dEO gyoEsd B Do OO
8Be6d.

After that the inked image on the plate is

transferred to a cylinder with rubber surface.
@xiesty, OHED B B e WoO® @ OFesK
O BRBOD 6B BRBVOBDO @Ot DOR
QoeR.

Finally, the ink is pressed from the cylinder onto

the printing surface.
#OeNDEEE o, BRHGeE B0 Gcsn ARBOO
¢ OB QTeR.

l:H Ink Rollers I { Water Rollers ]—{:
( : H Ink Fountain } e
G Paper Guide Rollers e
( : )—l Offset Cylinders } Reel G
/
@% Plate Cylinders
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Projectors
GBE®S® DY

A projector is a device that projects images or
videos onto a flat surface, typically a screen or
wall, by shining light through lenses or digital

mechanisms.

GWEHS®  GRYEE BGE DD 6®] oRBIow
OB  ®O®)  PeRiwn IDBeDTS  orodd
ORBO, t@®BEES BOGE 6] DBHE OO
Ozes 693 BB edesnn DO® EBDOLGE.

Early Optical Projection (Pre-20* Century)
8Q go®m geBosma (20 8 Brded 6e0)

The foundations of projection technology can
be traced back to the Camera Obscura, an

optical device used Aristotle.
ovedesn oresnecd sem® audeledi0]d B3

DD @O® EE GG Cesmdsnns d» Camera
Obscura @& et @D ®Te.

This simple device used a small hole to project
an inverted image of the outside world onto a
wall or surface.

6®® ©oOR BB NSO eRimed BEERI®
Gze30 DB 69 ARBOD O Hriedessnc
BBOO i) Beow D) DESE.
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In the Renaissance, artists like Leonardo da Vinci
used camera obscura principles for drawing and
understanding perspective.

g0eeed &, Leonardo da Vinci 98 @@wm@dcdes
By qe® 5 98D clmmn gdeRID) WO ®rH®

©sem) @) obscura GEAVE ®HBDD) DE®.

Magic Lantern Era (17th-19" Centuries)
8 eSE0® gwe (17-19 B8 BxdES)

The first true image projector, the Magic
Lantern, was invented in the 17th century.
50® eon Gz gRednn 6EmE O®» Magic
Lantern, 17 88 £0dee38 6t ®ES) Q8.

Christiaan Huygens is credited with creating an
early version around 1659.

1659 & ®gn @3 BOsm SWEEns HBe®
6®90Dx §e30mS Bressie 60D B8 ed.

These devices used candles or oil lamps to
illuminate hand-painted glass slides, projecting

images onto walls or screens.

6®® co® QTBBe® 6®) emd @8y, osS
B @0» @ degdc DEDew MeRiDdS
500, BB eI BO @ B0 ywedssnc
BOOO D) DeSH.
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Film Projectors (Early 20th Century)
Bpsd gedom oy (20 D8 Boded S
®S)

The invention of motion pictures dramatically

transformed projection technology.
De® BBRO 630 60 HeSesn DITBEE
DRSO IMOBDO SHOVDDEG WESEH.

The Lumiére brothers in France were pivotal in

developing film projection technology.
Besd Bedessn DBBENG ERgn BHEBE omedd
QBEH emicdns & tsem gty .

Their cinematograph, introduced in 1895, could
both film and project moving images.
1895 8 woexd) &3 0956ed B@moennd

BpesOn 6w Do O® 0z GDessHE DG
B0,

These early projectors used film reels and
powerful arc lamps to project images onto
screens, revolutionizing entertainment and

visual communication.

6®® B gwedn® 6y D8N Bysd B 5w
8RE D15 @B BO OO Ozes ydedssnn SBOO,
BDexierednen e cams ousedemed B3dn
6D G DEEH.

Overhead Projectors (Mid-20th Century)
8063 piedeasn oy (20 B8 Brdetl @e)

In the 1940s and 1950s, overhead projectors
became standard in educational and business
settings.

1940 &® 1950 ®#nd OEE, SADSSD €®
D130 52638 DG ¢80 e Y DD
Be.
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These devices used transparent sheets and a
bright lamp to project images and text onto
screens, making them invaluable for

presentations, lectures, and meetings.

6®® ¢0®m BBS DHDe 6e569® &5y 5% ES3BOS
@B D @O dzes 5w gmdc 5O @
yedessnn BORD, F0) 98dess BOB, eEm™ 5
GESDB esem) 9 EFmESC.

They were particularly popular in schools,

universities, and corporate environments.
6®®) 5653, BBO BesE 5% IS esdesdnEs
26 Dexsens SH&n Be.

Slide Projectors
D) gedss iy

Slide projectors, which became popular in the
1950s and 1960s, allowed photographers and
presenters to share high-quality photographic
images.

1950 &5t 1960 @D 08B § @) Lyedessn
65y, et BDeE HdEs 6RE) ®TEH®O
290z BABRO €59 @EHE OSSO @) @)
ERBIH.

Brands like Kodak dominated this market, with
devices that could automatically cycle through
multiple slides, making them ideal for
everything from family photo shows to
professional presentations.

Kodak &8 63300008 600 60Dgeesed
pesoss  crdc g, Yy O8BDcwm oo
B0EoSEd D6 D¢ o ceo® @GS, ded
ez 30eVBPDE 8O DB 98desss OB
e 6520 eenmO® Fo) DENS ey 8.
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Digital Projection Technologies
8803 gedssn miesns

The 1990s and early 2000s saw a massive
transformation
technologies.

1990 & 2000 @#msde B3 ®H®edke BSOS
BO®

with  digital  projection

GieBessn DNDBECES
sBbBES B, Oc.

&4 d o)

Types of Digital Projectors
oS gnesdosn Xy DH®

DLP (Digital Light Processing) Projectors

DLP projectors are advanced display devices
that use a digital micromirror device (DMD) chip
containing thousands of tiny mirrors to create
images by reflecting light.

DLP giedesgn sy ¢ ene@ime OMObhmee
BBe® Gz SH@gnn DBOO e @ED cbessn
el ®En®E ghom BBOS Mmicromirror ¢eslo®
(DMD) Beseesd eBm) oD Eesed e502H®D Ee5)0®
ed.

Condenser lens

TIR
] prism
Lamp and /
reflector
: ') Projection
lens
DMD2 (G) e oo >
N
Color-splitting/ -
DMD1 (R)

color-combining prisms

These mirrors rapidly tilt to generate pixels, with
a color wheel adding color information,

resulting in sharp, high-contrast images.

6@® chHugn B s SHOD 6Bnenes
28O O oo, Obgn edlewmds, V& e
emMOR0OT Dy OB, OB BOEGE 6@t 5K,
9mg 8BGO Ozt QTER.
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LCD (Liquid Crystal Display) Projectors

LCD (Liquid Crystal Display) projectors are
image projection devices that use liquid crystal
panels to create vibrant, high-quality images.

LCD (Liquid Crystal Display) g&iedes oy o
DDy, ceotl BB dzes EH@gnn BBHOO
cd 300 PGt B O™ Ozes IeBessn
Geo® 68.

These projectors work by passing light through
three separate LCD panels (red, green, and
blue), which manipulate light to produce full-
color images with excellent color saturation and
brightness.

6®® iedssn Xy Fm oK 6dx® LCD

B5DQ D (O, 6mNG & BA) HO®) PERIDEG
®05 BBHeOS DRSO OVE 3553 529 ESBGB
o8 HE-OVEN Ozes Hesed® ew) eI
WE0cDBE.

Dichroic Combiner Cube

Mirror

Red Dichroic

Mirror \

r
"Wavelength Selector”

Known for their sharp image quality, consistent
performance, and absence of rainbow effects
common in DLP projectors, LCD projectors are
particularly popular in educational, business,
and home entertainment settings.

DLP gieds® oD @5 68cs®
B63®DE HEgn Ozesed RENDOD BNHDG, DG
BoOBOG 329 6208 OB eew) 38R § LCD
HReBS® By SGMSED, O5ENDD W ®aw
Bexicredtne erme® e dersens SHBn 68.
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LCoS (Liquid Crystal on Silicon) Projectors

LCoS (Liquid Crystal on Silicon) projectors
represent an advanced projection technology
that combines the best features of LCD and
semiconductor chip technologies.

LCoS (Liquid Crystal on Silicon) gwdedesgn @S

LCD es5t9 b0 35000z Bl omedegnesi®s e6sne®
Bem®o®m TR @o® el gdedessn
DITBENCE Bl OB,

These projectors use a reflective liquid crystal
layer mounted on a silicon chip, allowing for
extremely high-resolution, smooth, and film-
like image quality with superior color

reproduction.

600 wednd By OB BRwS Donm @D
00 &8 sODVD D 5dTm 3DOGE OB
2O g0, ot Obgn o88dsenn HO®
gBme gl-Beticwm, BB, 5 DYesd S OGzesed
RENTOD NOEO @) e5@esE.

By manipulating light through a sophisticated
micro-display technology, LCoS projectors
deliver exceptional image details, minimal pixel
visibility, and high contrast ratios.

2D PDYE 5oCH®D DRTBHIGE HOW) PRI
®83086®, LCoS yriedesn sy 60demd Ozes
B30, @ Buded camnzmD 6w Qng
8863 XN @) 6&l.

LCD PANELS
(Transmissive)

Silicon Chip

LCoS PANELS
(Reflective)

88

LED Projectors

LED projectors are innovative display devices
using light-emitting diodes as their primary
light source, generating images through red,
green, and blue LED lights.

LED gededesgn oadm oa O, eang & S LED
R omwa ®»o®) Gz SHHEG @O® HHERID
Be®3Bm Beni) Do) ®O® HOS ocH®D
Geo® 68.

They offer exceptional energy efficiency, longer
lifespans, and consistent color performance
with low heat generation and compact design.
RS 30658 REHGHES DIVEEDBOMOGES, X
G IR 58 G IS CILNCHEG €38 30D
BLEBG B® 5NDG BBEN DIV ENDBHET QR
ec.

Laser Projectors

Laser projectors are cutting-edge devices using
laser diodes to generate high-quality images
with exceptional precision.

edest G eBes8n [elote) 6y 50ex8
BOOesmDEEBS ot DOl Oz S®HEG
B0 Qe Dewmit) NI @oO® g8 O
Ceo® 68.

They offer extraordinary brightness, superior

color accuracy, and significantly longer
lifespans compared to traditional lamp-based
systems.

T e8ue)Bm @8y O &5eod® 8 sd08SDeD
eesed  gen®®s 8380, cots  Oben
BODesmDG &6 BrESG G E® M DIRGES
@ ecf.
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Pico/Pocket Projectors

el

Weighing less than a pound, these miniature
projectors fit easily into a pocket or bag, making
them perfect for business professionals and

travelers.

OBHEDO D) &f) ROBS (s 608 DN Lwedessn
BBy 65HedS DRODO 683 REMKmO ®IEed,
T 0D DSBS 8 350OWEBS 5Em
50e3BE0 OE.

Featuring built-in batteries, LED or laser light
sources, and various connectivity options, they
have evolved significantly from earlier generations
with low image quality.

Built-in @209, LED e®3 @&t epe@im 58 ®
550 &R0 Dwadens agtes, Ty af) O

RENDOD OGS BB 6850 BOBBMDSe®mS
e50REBG G 6@ BENBG B .

Hybrid Projectors

Hybrid projectors combine multiple light sources,
such as LED, laser, and traditional lamps, to
enhance brightness, color accuracy, and energy
efficiency.

Hybrid gdedesn oy @GS &38n, Ot
BOOermD 655 REGDS VGBS i) Enen
500 esewn LED, et e 8ue)B8m @8y &S
8 e 550 FTmRER wok.

Projection lens unit

These devices offer versatile performance,
switching  between or utilizing multiple
technologies simultaneously to adapt to various
lighting conditions.

6®® ceo® BBR epeEim HBBOGBSO DS
B® tsem) DO DY DMDBENGES gd GO 6]
D) BOH® Dt @IV eI0®EE @D 6.
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Things to consider when buying a projector
gidedss dYns B arSeds e BB @n
flerd )

Brightness (Lumens)

238w

Ex: A 3000-lumen projector is ideal for classrooms,
while 5000+ lumens suit large auditoriums.

ce): 3000-lumen gedssn GEHGE 588 B0
eew) DS e O gm0, eI GOFTN®IO EH)
5000+ lumens ®zged.

Resolution
Betiempn
640x480 (480p) .. ___ sD
HD
720p) FULL
(1080p). . —I HD ij';n
| HD
2560x1440 (1440p) ...

aK
ULTRA
HD

(2160p or UHD)

Standard Resolutions (4:3 Aspect Ratio)
SVGA (800x600)
XGA (1024x768)

Wide Resolutions (16:10 Aspect Ratio)
WXGA (1280x800)
WUXGA (1920x1200)

High-Definition Resolutions (16:9 Aspect Ratio)
HD (1280x720)

Full HD (1920x1080)

4K UHD (3840x2160)

Ultra-Wide Resolutions (21:9 Aspect Ratio)
Cinema 4K (4096x2160)

Specialty Resolutions
QVGA (320x240)
8K UHD (7680x4320)
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Throw Distance

2
Throw Distance //l/ S

7

Im
99e vv"d[h\

The distance between the projector and the

screen to produce a specific image size.
Bedo Oz @ 50edRD  griedesn
GEYG 658 BOG gd g0 §@®IBGE.

Ultra-Short Throw (UST)
Distance: Less than 4 feet

Short Throw
Distance: 4-8 feet

Standard Throw
Distance: 8—15 feet

Long Throw
Distance: Over 15 feet

Contrast Ratio
20 85 gRSIDG
The difference between the darkest and

brightest parts of the image.
GzeselS aedcm® 6w 38505 6ol amd
CRIHIGE

Ex: A contrast ratio of 100000:1 ensures deeper
blacks in movies.

&e: 100000:1 3858%dR) amenmes DmsOde
deeper blacks e58m 8.

Low Contrast Ratio )

High Contrast Ratio ()

Color Accuracy
Ogn BOOcsO

Indicates how true-to-life the colors appear.
&5z BDDHEO OBE Ee3d®m O 63508 DOE.

Connectivity Options

P50 Bode

The types of inputs and outputs available
(HDMI, USB, Bluetooth).

o) D i 6keHd 5w gSe® dv® (HDMI,
USB, Bluetooth).

Some projector models support wireless
casting, allowing users to stream content
directly from compatible devices without the

need for HDMI cables.
BO®O 6e576e550D BER Klmwes OB MHm SBHO

BE®) BHG OB, DIGS sBD&BEBxO HDMI
6 EOEIDDGBES 60D FBRWE CLN®OZS
€500 gSOVODEG 5DI®®E BOBO @) eEest.

Lamp Type and Lifespan

@8y OV®e B® e IR

Refers to the light source and its operational
hours (LED, laser, or traditional bulbs).

peEiD 9Hwde o O Hoimd 68@ds (LED,
6@ 693 58BeHBD PBR) 6D 6(NE WOB.

Noise Levels

®de 0B

The operational sound of the projector,
measured in decibels (dB).

yedesn N6 Bmd eden, e8RS (dB)
OB B85y @eld.

Aspect Ratio

e gxeIDa

The width-to-height ratio of the projected
image.

6BBD GE36E BEE-CE EXLIDE.

e 4:3 (Standard)

e 16:9 (Widescreen)

e 16:10 (Widescreen - Extended)
e 21:9 (Ultra-Wide)

e 1.85:1 (Cinema)

e 2.39:1 (Anamorphic Cinema)
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Speakers
S80be] (®RDcOSS)

An output device that converts electrical audio
signals into sound waves that can be heard by
humans.

Bexes @OB 3o0e) BES0 GOSG DE BT
®Re DGo® VOO 5HOVDHBGB WD IHEH®
E8I0BEE].

Output device used in computers, TVs, phones,

and music systems.
5D®ED, GEesNBE, cODOD €39 30BD BEAS
O 0D OB BBID Ce30®EE

Sound quality depends on frequency response,

power output, and speaker design.

®REEE RENSOWMDEB OE) DSBS 50RBID
5806, BE 8SBG 58 3BmO6 t5tEE®
®D.

Usually measured in watts (W)
@568 6800 W SowensS @ dedn @8.

Working Principle
Soerad §edbes

The audio signal passes through a voice coil.
®OB 500D BE) cWOGE HO®) ®BS WOE.

The voice coil creates a magnetic field that
interacts with a permanent magnet.
6B enBrn OGS S50 HBR®GES O®

FBHE G DO HBDD Wedyne SHL@HIE
OB,

This causes the speaker cone (diaphragm) to

move back and forth.
600 ESB8mb 6 D (5980®) 9EDEO &5®
e300 Deoe BB 68 68.

The vibrating cone produces sound waves in
the air.

6063 DBes®E D 63 D OGS DG DG
®Re, DOo® BesedEB.
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Main Components of a Speaker
BBOEm 5t 6w

(Diaphragm)
Dust Cap

Spider
(suspension)

Cone / »Bs®» s0@x

Produces sound by vibrating.
2Bs®6 OB OB GRen SesedB.

Voice Coil / 6883 etnBd D

Receives the electrical audio signal.
By BBeES oD @) ®F.

Permanent Magnet / 86 §8@mc

Creates a magnetic field.
B Sedyns SH@KENn DORB.

Suspension / 6&D»0c
Keeps the cone centered and allows

movement.
63 D B8 DR @B ced O gmd
DO Bemetd Oamc B0 @) 5@est.

Frame / 680

Supports all components.
B8BO6E temRs BrE® 60 ded) DN
®BBS HDBOS PNOWEE 565658,

Types of Speakers
S8t OB®

By Frequency Range

Full-Range Speaker
Reproduces most audible frequencies using a

single driver.
D@ HBOL DS BDHEHES BB D0 eFretse
RHDOE oD HesedE.

Woofer
Produces low-frequency (bass) sounds.
&f) 505 (bass) ®Re Heed.

Midrange Speaker
Produces middle-frequency sounds, especially

vocals.
OB® 5@#NEES 5o ®RE (BemBes®
I8 O®B) HesedE.
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Tweeter

Produces high-frequency (treble) sounds.
D8 305 ®RE, HesedE.

Subwoofer

Produces very low-frequency bass sounds.
QB &f) oD 8D 6B BRE BesedE.

By Power Source
Rees gwdo gnd

Passive Speaker

Requires an external amplifier.
o) BBO esem) DBO Fr@BOE Do DB
e8.

Active (Powered) Speaker

Contains a built-in amplifier.
FEHSO 68 wO® e FrdBRMEY dwed
sO88.

By Connectivity
£0RBDOG &xnd

Wired Speaker

Connected using cables.
RS/ OEH BBS BRDSR) DOX @REB.

Wireless Speaker
Uses Bluetooth, Wi-Fi, or other wireless

technologies.
DA, OB-08 685 OB Elwts O&D
DSBS DD AOEB.

By Application
D6 gud

Computer Speakers

Designed for PCs and laptops.
D@D 5% Q36013 em® rE® DO ao.

Portable Speakers

Compact, battery-powered speakers.
85983608 Slem® ) B, DOD BB Hxd DO
D) 5B,

Home Theater Speakers

Used in surround sound systems.
80858 B BSOS Be®) Do) 68.

Studio Monitor Speakers

Used for professional audio production.
DasBn 0068 ®»Re Bderc® wOED 5EH)
N0 68.

PA (Public Address) Speakers

Used for large audiences and events.
B BB 3D eS® 5w criesd esem)
)0 68.

Soundbar Speakers

Long, compact speakers for TVs.
GzesNBES esem) 90D Bx, E®D S i)
2800 DVBHEES.

By Sound Channel Configuration
®dec ondon Bosesn gud

Mono Speaker

Single audio channel.
5 e BOD 5O B 8.

Stereo Speaker

Two audio channels (left and right).
R, B 6w O 68.

Surround Sound Speaker System

Multiple channels (e.g., 5.1, 7.1).
D) BBeseS D) 68 (Eerwdsn: 5.1, 7.1
sE0S)

Headphones

Headphones are audio output devices worn on
or around the ears that convert electrical
signals into sound waves. They allow users to
listen to audio privately without disturbing

others.

Bexes e50e) BRE DOo® ROD &85 OB, e
O 6] w5 D) ey ER® ®OS BB
Ee0®EE. DOBS el ed NOSE 60D
OBeD/5d®Rmd ®REED ©ds EBD
SOBEDES0 #dMND @rea.
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How Headphones Work

efemis} §r) woSesS eweeic?

1. An audio device sends an electrical signal
to the headphones.

B@OB C0BED BBS 65BEMINEG 6DD
BDenss 50O D% @RE.

2. The signal passes through a voice coil.

DB 50D 6B 6B DD BO®) ®BS
DOEB.

3. The voice coil creates a magnetic field.

633 6mBA D BBS HEIDD BB
5B@gncs DOE.

4. This field interacts with a permanent

magnet.

c®® HBRD BeBYs 36 HBRD®G 5O®
FRBOBE G DOB.

5. A diaphragm vibrates and produces sound
waves.

2B 30EG WBBDE DTS GRS DO®
SesedE.

6. The listener hears the sound through the
earcups or earbuds.

2DecN0 ‘w8 Orgg®' (earcups) 6®3
‘9ubREES' (earbuds) wé®) @RDec areest.

Types of Headphones
edecis’ OV®

By Design
&tee® gud

Over-Ear Headphones
Cover the entire ear; excellent sound quality

and comfort.
OO H® Oresw 665 BBOB; 9 9HE GRS
®ENSONDEE €58 £3D5HEDD @R 6.

On-Ear Headphones

Rest on the ears; lighter and more portable.
28 O O@ OEB; RVS &) 6K e5eedes
OLE®D (3) BTD.

In-Ear Headphones (Earbuds)

Fit inside the ear canal; compact and portable.
28 Bed grem0 68 68; 9 W) O gmd
25963608 Le®mD (3) BTD.
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By Connectivity
OB OG gxd

Wired Headphones

Connected through a cable (3.5 mm, USB,
USB-C).

eRE®® (3.5 mm USB e®3 USB-C) @&«
NORHARCIN

Wireless Headphones

Use Bluetooth or other wireless technologies.
RO 653 6OHD ity O&D DIDBEBS
08 OB.

By Noise Control
®De e gud

Open-Back Headphones

Natural sound but less sound isolation.
NS 30D BREEE @) 6 NS BO®
®Re, 6NES FOBO 6NDOLB

Closed-Back Headphones

Better noise isolation and privacy.
80 ®»e 6ES O8O mbd®m god
5E®BBOG owE) OB,

Noise-Cancelling Headphones

Reduce external noise using electronic circuits.
Bexes 6030 DDEHS NBO GRS gd® WO.

Common Brands
o Apple (AirPods)

e Sony
e JBL
e Bose

e Sennheiser

e Audio-Technica
e Beats

e Logitech
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Motherboard
O0OSO

A motherboard is like the backbone of a
computer, connecting all its components
together and allowing them to communicate

with each other.

B8ePGdD BE) SO®INDBD GIE OB D&
CB10mn On b DIBS odognmed Bre®
6000w DO HPRBD DO OB O®
553568eme SO 9 .

Form factor: refers to the physical dimensions,
layout, and mounting points of a motherboard.

There are 3 types.
®9300tDD 6B PWHS, BdestEn® 5w 68
BB6® S and OV® WO HDIOGEES. OV® 3.

ATX (Advanced Technology eXtended)

It typically measures 12 x 9.6 inches (305 x 244
mm) and provides multiple expansion slots and
ports. It is a good choice for gamers and power
users.

Do @5ens g3 12 X 9.6 @8 D gmd
D3O HORVRD €5 6wedE D) G
6e5B. D sdD®HD S @OS®S e Ol
o@D DEHD OGS DOBDS EH) GEIC
VOR.

MicroATX (mATX)

MicroATX is a smaller version of the ATX form
factor, measuring 9.6 x 9.6 inches (244 x 244
mm).

MicroATX oy e®md@ 9.6 x 9.6 s®@% dx» ATX
Pwaded Qi) RDIICHS.

ATX

Mini-ITX
Mini-ITX is even smaller than MicroATX,
measuring 6.7 x 6.7 inches (170 x 170 mm).

Mini-ITX g®ad 6.7 X 6.7 &3®%0 D gmd MicroATX
O D) ) 8.

ATX vs. MicroATX vs. Mini-ITX

305 MM

o
MicroATX

Mini-ITX

MicroATX
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Motherboard architectures

1. ICH motherboard

ICH refers to the Input/Output Controller Hub,
which is a component of older motherboard
architectures, particularly those using Intel
chipsets.

ICH w& Input/Output Controller Hub ce5e8.
DB 35080 BPOGT BH@HEN BP36dE, BeBBEHRS®

Intel Be3eesd )T DO® E500DDEE.

In this technology, there were two parts on the
motherboard  called  northbridge  and
southbridge.

6®® mSesede northbridge e® southbridge
6t 60 6cwE B8D0Ted RO @IREN.

PCH, also known as the Platform Controller Hub
or sometimes the Southbridge, is a component
found in modern Intel-based motherboards.

PCH, Platform Controller Hub e®3 e®®¢ 80
southbridge e@tg ®8556d» PCH oy 8
Intel @ s5c»® 8 8t OE &S t300DWEHS.

Here, a separate section called Northbridge is
not found on the motherboard.

6®88 northbridge ©xedx 0%® @0HS
®DeP 068 e 6mIQTeR.

95

3. SOC motherboard

An SoC motherboard is a type of motherboard
that integrates more components into a single
chip, including the CPU, GPU, memory
controller, and other system components.

SoC ®8300te gy CPU, GPU, @ @ 5%
H6HWS 5EOS t5000D GFrOd DO 50D S
D50 FmRERD b BEDGTOS.

SoC designs are common in mobile devices like
smartphones and tablets, where space and

power efficiency are critical.

PAe IVERBOMOG 9 ie®ms O»n Ed
6m3s & ORED 8 Ho®® Eeomda@ SOC
PG eeNe 6.

These motherboards may have fewer expansion
options but offer advantages in terms of power
efficiency and space savings.

6@0® ®e3D0OE &f) Be3mosn Bwades BD6 ®od
DS VEGDS WIVEDSODD €59 9f) 950 BHB®
ORDBDEES O @) 6e3.
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Parts of a motherboard

B0 DD 6mI0S
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CPU socket

CPU ened8x

The CPU socket is where the central processing
unit (CPU) is installed on motherboard.

CPU 6med8n 6cx 883000 @ 05 5wmey®
T 3 SO0 &cs SNIHEB.

1. LGA (Land Grid Array) socket

AMD

LGA sockets are a physical interface that
connects a processor to the motherboard, with
pins on the socket corresponding to flat
connectors on the bottom of the processor.

LGA e2ed8 ©& 69600 BP0
BORSED ®O® 9S8 gROHMNDS. OB
685768585060 5@ g St HBBRSBO@D
gRozs O dOE wedBG @ #deHeRS DE)
T

Eliminates the risk of CPU damage because the
processor side has no pins,

68306856500 5065 85 6@rS rds CPU dmd
8 Be® gdcHn® & & k8;

2. PGA (Pin Grid Array) socket

AMD

intel

In PGA sockets, the pins are on the CPU, and
they fit into corresponding holes in the socket
on the motherboard.

PGA 6608 @, gdesemn8 CPU @o &8 oo,
Fon ®900ced &8 emedBed amdzes 8edt
DD wrees.

Increases the risk of processor damage since
the exposed pins on the bottom of the CPU can
easily be bent or broken if mishandled.
CPU Do »0S g8 85 80dose 8 08
DB, DB OTOE 6EE SHBHOLG WEGENS DO 83

55836050 BB 63 Wil OO @) &rD. 68
530 6e56e383060 S Be® adc)n® B8 68.
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3. Ball Grid Array - BGA

’ Solder balls

The underside of the chip has an array of solder
balls that provide electrical and thermal
connections to the PCB.

Besed 0 oesess PCB e®» BB o odes
@RV 3236w 5265638 eI BI@DD .

Lid Underfill i~ Die Die/lid attach adhesive

~ FC bump
|

Solder ball Organic

substrate

Chip capacitor

BGA packaging allows for a high density of
connections in a compact space, making it
suitable for smaller devices.

BGA erre30c®m08nc @E) Ceo® SBEm) e OB
B8 oy SOMGOED HPRSDMOR 9BE
HOBOGED CH) 98 5QesH.

Northbridge

Northbridge chip handles communication
between the CPU, RAM (memory), and high-
speed peripherals like the graphics card.

Northbridge Bescs @85 CPU, RAM (@) 3%
D D 8 aled’ oboSm  amd
BBEDCHE OO,

It controls the front side bus (FSB) which
connects the CPU to the memory and high-
speed I/0O (Input/Output) devices.

9B CPU D ®ownd 6® gled® e)®
BB® Ee30® 60D BB @™ front side bus
(FSB) 2 1m0 O8.

The South Bridge connects to the North Bridge
to handle slower peripheral communication via

the system bus.
6D®ens ¢f) sBrSD Ceo® BBm &S s
®O®) 88edcme SO® e South Bridge dm

North Bridge ®=0 &850 @0 gwo.
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Southbridge

The Southbridge chip handles

communication between the CPU and relatively
slower peripheral devices like hard drives, USB
ports, PCl slots, and other I/O devices.
Southbridge Besi ®&esS CPU & &3t cad o2,

USB 62605, PCl 6850w &5t gemms ee)®
58e® ceNo® DS 67635580 BcmB BB ED
Ce0® &0 6556DeHE HE0TO.

It controlled the slower I/O buses such as PCl,
USB, SATA, and Ethernet.

& PCl, USB, SATA e Ethernet &8 ®@%5con®
R3S eNEM®G DOE.

It often includes integrated components for
audio, network interfaces, and other basic 1/0
functions.

DO ee®’ B0 ®ds, HE FROENED €5
goons BB® MO® O8I IVEGES BEH
£30®aD e300DW GG 68

Dual channel
memeory slots

PC Chipset

Northbridge

graphics

98

RAM slots

Some motherboards support dual-channel or
quad-channel memory configurations, which
require specific slot configurations to achieve

optimal performance.

800 B8DOr COBD B 63 B8 B
O DsIeanes eEm) e e, DBE vmedie
BB BDED @D SO HeE) SEDD
&8RS By BOB d®ms 6.

DDR (Double Data Rate) is a common type of
DRAM technology used in modern computers
and devices.

DDR (Double Data Rate) i 8 esdménm e
C232000E D) O 6835 DRAM oegncis.

DDR memory transfers data on both the rising
and falling edges of the clock signal, effectively
doubling the data transfer rate compared to
older SDR (Single Data Rate) DRAM

DDR ®®®@G 9@ to)ed 9B G 5 SHE
BDeD® B 6CowBED oy HO®OT WOEB.
DRAM ®n o508 SDR (58 ¢ axesim)
eseem 80 DRAM e 5d@16s eaesnme ded®
GRE 6ERHN WOB.

Data (SDR) {

Data (DDR)
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There have been minor changes to DRAM's
interface as per the DDR edition.

DDR e&so830#ncs 5® DRAM & axdc@usnes®
2E) O3B 8ed ar>.

Bus speed

RAM bus speed refers to the rate at which data
can be transferred between the computer's
memory (RAM) and the rest of the system,
typically the CPU (Central Processing Unit).
RAM @88 68m0n ¢ sdognmed dmme (RAM)
6w oESel ety 6O, @wmsens CPU

(@02® e30me® Tvewd) o B @ BE B
CRIOIIAH

RAM Typical Speed | Peak Transfer

Type Range Rate

DDR1 266 - 400 MHz | 2.1-3.2 GB/s

DDR2 533 -800 MHz | 4.3 -6.4 GB/s

DDR3 1066 — 1866 8.5-14.9 GB/s
MHz

DDR4 2133 -3600 17 — 28.8 GB/s
MHz

DDR5 4000 - 5600 32.7-69.2
MHz GB/s

99

M.2 connector

11 i

éi{{’m ’/ '1///;/ - .
e %_ﬂ hnmgm

This is a small, high-speed, and flexible interface
on a motherboard that allows for the direct
connection of compact storage devices (like
SSDs) and other peripherals (like Wi-Fi cards)
using SATA, PCle, or USB ports.

606 @8 300D &t W), aled® e OB
FROTEmSND O» god DA&BS SATA, PCle 63
USB 60608 )86 oD ®RE) E5)o®m

(SSD 88) &5t genms sbos® ¢eo®m (Wi-Fi
s D) 5300 BRSE) BOOO 9f) 5.

Maximum speeds

M.2 SATA: Up to 6 Gbps

M.2 PCle 3.0 x4 (NVMe): Up to 32 Gbps
M.2 PCle 4.0 x4 (NVMe): Up to 64 Gbps
M.2 PCle 5.0 x4 (NVMe): Up to 128 Gbps
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IDE connector (Integrated Drive Electronics)
~150MB/s

An IDE connector, also known as an ATA
connector, is a type of interface used to connect
old hard disk drives (HDDs) and old optical
drives to a computer's motherboard.

ATA &Bxme 6te ®exeds  IDE
@RS, 50O cad) med oS (HDD) e
&0 g® DD OB E)o®m SO®ENDEE
®DPOTDD BRVBD) BHBO Do OB &RT
Benss OV®HEES.

SATA connector (Serial Advanced
Technology Attachment) ~600MB/s

SATA is a standard interface for connecting
storage devices like HDDs, SSDs, and optical
drives to a computer's motherboard.

SATA ©x HDDs, SSDs, e optical drives 8%
BRE) ENo® BH®ENDEE BE) 3D HBRDSR
B eeH) O 65B0D it EnenDs.

Comparison
Feature IDE SATA
Interface Type Parallel Serial
0T BEdnm OB®EG B&MSDHODD CHH®D

Data Transfer Rate

B ®OBGT FWEBIDE 133 MB/s ez5en.

Up to 133 MB/s (ATA133)

Up to 600 MB/s (SATA III)
600 MB/s een.

Connectors
BRSO

40-pin (ATA-66/100/133)

7-pin

Power Consumption Typically higher.

RDeBS sdemiesmncs

ENBIDBEES 9HESH.

Typically lower.
E@IBBEES FE)E.

More
motherboards.

Compatibility
FRREND

compatible

with older | More compatible with newer

motherboards.

236080 ®IDOT 3B® NS ®rEees.

20 08800t 0®m DENS GrEeds.

Data Integrity
e RSO

More susceptible to interference.
) eSEB0 8 OO &Te.

Less susceptible to interference.
) eeBDBO e8f) FOHIBDOW T,

100
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Peripheral Component Interconnect

PCI ports are used to connect expansion cards

to a computer's motherboard.
V@G B8 5§OODD BRSNS SO em
PCl ports )8 08.

Enables the addition of functionalities that were

not built into the system.
cPRBS EBG DG oOBR®G WO MBS
BB DES @O Dy SOHOO 9f) 6.

Introduced in 1993.
1993 & ®wed) ee» 8.

Below are some common hardware devices that
can be connected to the motherboard using the
PCl port:

PCl port dm 28m60s 88 500td0 B3RS0 D&
DD 6858 CAtIo® Eeo® BEEES WD CHrNed:

e Graphics Cards (GPUs)

e Network Interface Cards (NICs)
e Sound Cards

e USB Expansion Cards

e Storage Controllers

e Serial and Parallel Port Cards
e SSD Expansion Cards

e Bluetooth/Wireless Cards

e TV Tuner Cards

e Video Capture/Editing Cards
e  Fibre Channel Cards

101

BIOS chip (Basic Input Output System)

BIOS is a non-volatile memory chip that stores
the firmware, which is the first software that
runs when a computer is powered on.

BIOS ) sdm#nmes shmsidsn 80 §umsi®wm
D 568 Bgmomns D B8Mo® ®REN OB
DBB 620D B DesE.

It is responsible for initializing and testing the
hardware components during the boot process
(a process called the Power-On Self-Test or

POST) and then loading the operating system.
D SHHEHOD FOBeRE catho® 5000w

OBy BO® e sdF® BO® (Power-On Self-

Test e®3 POST) e@ts ®€560» SuDBne) e
630 6@emE® &G 30K BB e®) DOHO
GRE.

The BIOS settings are stored in a small amount
of volatile memory called CMOS powered by a
coin-cell battery.

BIOS estenes® coin-cell Rz0deHs De ®riedem

CMOS et 50 i) B85 O 5EIIGED
®REN O gro.

This ensures that settings like date, time, and
hardware configurations are retained when the
computer is powered off.

cPABE ©dosme §n) DoBm we 80 o,

68@® &5t catho® DsIess D& e5reg® Oed)
D) ®BO e3Em DOB.
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POST (Power-On Self-Test)
It performs a diagnostic test to ensure all
hardware components are functioning correctly

before booting the operating system.
6®emE® 0BG Moy BOBOD 60 BHE®
catho® 3000w BOTOED OO O DO

o8 858 eem dOBS diagnostic test HweS
&g 20oa.

UEFI (Unified Extensible Firmware Interface)
The modern replacement for BIOS.
BIOS ssemn B 98 epedmmad.

Offers faster boot times, supports for larger

drives, and advanced features like secure boot.
6Dm S &N®rN® 60@dS, D DD e
SR O MODBD SHNHETRND S 3oSHE
Sewsro® @) 6c.

Power connectors

1. ATX power connector

This is the primary power connector that
supplies power from the power supply unit
(PSU) to the motherboard

e oteE® Towens (PSU) 88950000 BB
565652 OB DE BBDBDEH 6®GE.

It's typically a 24 pin or 20+4 pin connector.

Do  nmsens 24 pin e®l 20+4 pin
BRSO
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2. CPU Power Connector

This connector provides power specifically to
the CPU. It's usually a 4-pin, 8-pin, 12-pin or 16-
pin connector located near the CPU socket.
6®® ©IRNBVDE Dexsensn® CPU 0 dec
5383, Do e®»sensd CPU emedBe &
88 g8 4-pin, 8-pin, 12-pin e®3 16-pin
BB EE.

3. VRM (Voltage Regulator Module)

By, 3 .

VRM is used to convert and regulate the
voltage supplied from the power supply unit to
the levels required by the CPU, GPU, or other
components.

RE e50e3@® Tvewens eescs 6D3S0mmmdn CPU,
GPU &%3 ge®ms 5000w D@D gdms ®0080@0

POV DDE BO® 5 BrdHo BHO seH VRM
00D DOEB.
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4. SATA Power Connector

A 15-pin plug that delivers electrical power from a
computer's power supply unit (PSU) to storage
devices like hard drives, SSDs, fan hubs, and RGB
controllers

sV®MDED DR e55e3in® Twwedd 80 cad o0, SSD,

0z} R % RGB e)pm O GRE) 6% gemms
EeNo® 60D e DG t3e3n® By 1588 ¢ BS@c
DB.

5. IDE Power Connector

A legacy 4-pin plug used in older computer
systems to supply power to components like
Parallel ATA (PATA) hard drives, older optical drives
(CD/DVD), and some case fans

B0 Ve eSO ©oO8» Parallel ATA
(PATA) ca®d o0, 5008 ®e3dwm@ QB8 (CD/DVD)

% ©B®m0 6wt Mz (case fans) &8 cesio® 60D
DB Ree ©rsd® sem) DD g 8BS 48 @
&0 BSEE DE.

5. Graphic Card Power Connector

-S2E0-435)

Graphic card power connectors deliver electricity
from the power supply (PSU) to your GPU. Modern
cards use either traditional 6-pin/8-pin PCle
cables, or the newer 12VHPWR / 12V-2x6 cable
capable of delivering up to 600W of power.
@ B DE BBRSD OGBS BE t35e5i® Swwedd
80 GPU o ¢d> BB @) 6cB. ®B» s
B e e8ueBe 8 6 el 85 8 PCle
eRQ B @oO® gm0, 6D 600 e 9HE
RDen® ttesiBe oS 8o 12VHPWR e®3 12V-2x6
63 € DD emed.
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Heat sink

A heat sink is a passive cooling device designed
to dissipate heat generated by various
components, such as the CPU, VRMs, chipset,
M.2 SSDs, northbridge, southbridge and
sometimes other critical components.

heat sink ®» g CPU, VRM, 8edeesd, M.2 SSD,

Northbridge,  Southbridge &®  ®»
BOEINSOD 3000 OB So®c O» G
Beaded) Hzd®0 SH@Ee O s BEFn BB
CE0®BEE.

Cooling Fans

A computer cooling fan is a critical component
that actively draws cooler air into your PC case,
expels warm air, and moves air across heat sinks
to prevent overheating.

sd®ED BB 50D B3y SO®HD MG
20 B8R D1 & @SB, O § e 80
BOOOS, 59 gl 6@ OB B® Brgrd® SEe®)
B0 8553 ©O®) DG e50e30HE BHOOS 50O
e OB FOBO®S ELNo®EE.
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Ports
(L)

Ports are connection points on a device that
allow it to link with other devices, peripherals,

or networks for data transfer or communication.
GWEDE ©E cBD BOBIGD 61 BBBEDCHEH
BEX) GOMS EeNo®, SHEHERD EeNo® M) HE
H0® RS0 DO @b BEED NN
RS EROTBXENS 5.

Note:

What to know about ports?
6608 HEPDBNEHRS CrHHD G DO

e Name in longform
8bes O
e What device is connected?
HBRSD) DOX ER® ELNoBEB DB
e Pinout
85 escmee3®
e Colour (optional)
OVHG (BB 6360)

VGA port (1987)

VGA stands for Video Graphics Array.
VGA ©g Video Graphics Array cs5eE.

This is an analog video connection standard
introduced by IBM PS/2 line of computers.

6®c IBM PS/2 sdmgnm 6656 HE®) HERE) &8
Fre@® SDer] OB BBSEHS.

Has 15 pins. Usually Blue in color.
Pins 15 &5 ezen. £0@195860% S5 et 0.

VGA supported resolutions up to 640x480.
VGA 640x480 cz50) Bete®d esem) M emoa.

This only transmits video signals, cannot

transmit audio.
6®0 ©Bessnn DO DB o) SO,
®OB e BBEHEBHG WG DD,
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DVI port (1999)

DVI stands for The Digital Visual Interface.
DVI iy Digital Visual Interface ced»a.

Using adapters this port is backward
compatible with VGA and forward compatible
with HDMI.

&ei)ce300 B OB, 68 emedBn VGA
©®® backward compatible ®» g6 HDMI
&®® forward compatible 8.

This port doesn't support audio.
0B BOB e BEH) G GO,

DVI-A (Analog): Rarely used, it's designed to
carry an analog signal only, like VGA.

DDOBS 9B O gd D VGA 6®5 556®
0@ Lem® RO 5D SHLH@HNn O
e,

DVI-D (Digital): Carries digital signals only.
BBOD ts00r) S5O Sle®m® .

There are two types:
OV® e L.

e Single Link: Supports resolutions up to 1920
x 1200 @ 60Hz.

e Dual Link: Supports higher resolutions, up
to 2560 x 1600 @ 60Hz.

DVI-I (Integrated): Combines both digital and

analog transmission.
BBOF 6 groe@® ©dei®dHnr o 6cw®
FTeRDERD OB.

DVI Type Connector
DVI-I Single link [=== [T uJ
Digital/Analog |\HEE mmmE "%

DVI-I Dual Link
Digital/Analog

DVI-D Single Link
Digital (

DVI-D Dual Link
Digital

DVI-A Analog
Analog
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HDMI port (2002)

HDMI stands for High-Definition Multimedia
Interface.

HDMI g High-Definition Multimedia Interface
©55E.

Developed by a consortium of major electronics
manufacturers, including Philips, Panasonic,
Sony, and Toshiba to transmit video and audio

data.

BBl oo ®ds ey Beisdnn SO e
BR3ES, srweeNS, 638 ©® 6DBRY ard®
3 968D HBNCDBBEE 3oBBGBE
B8 OB Ewen »O® .

Used to connect TVs, monitors, projectors,

gaming consoles, etc.
GzesNBS, 6@BO0, 6¢3I6e5I0L, §E) eIR6e’@
PEG BRSE BBOO D) WOE.

Standard HDMI has 19 pins, providing video,
audio, and control signal transfers.

88 HDMI 6598 8863, @O5 6529 QD 30e)
00O BO® @ec® pins 19 & goo.

This does Digital Transmission without the need
for analog conversions like in VGA or
component video.

e®n VGA e®3 Component Video 88 5&5e®
50OV FOGIIMNOGEHS 6D  BBOQ
eBeieenc &g wod.

was not used
in any device

s T

/' e [
Standard Dual-Link Mini  Micro Automotive
A B C D E

Type A (Standard): TVs, projectors, laptops, and
many other devices.

Type C (Mini): tablets and laptops.

Type D (Micro): smartphones tablets.

HDMI 1.0 (2002): 4.9 Gbps
Max Resolution: 1080p at 60Hz
Audio: Up to 8 channels uncompressed

HDMI 1.1 (2004): DVD-Audio support
HDMI 1.2 (2005): support PC sources.

HDMI 1.3 (2006): 10.2 Gbps

Color Depth: Deep Color (up to 48-bit)

Audio: Dolby TrueHD and DTS-HD Master Audio for
lossless HD audio.

HDMI 1.4 (2009): 3D support for up to 1080p
4K resolution support (max 30Hz)

Introduced a new micro-HDMI connector.
Introduced Automotive connection system

HDMI 2.0 (2013): 18 Gbps

Max Resolution: 4K at 60Hz

Audio: Up to 32 audio channels; multi-stream audio
for up to 4 users

Support for wide-angle 21:9 aspect ratio

HDMI 2.0a (2015): Added support for High
Dynamic Range (HDR) video.
HDMI 2.0b (2016): HDR enhancements

HDMI 2.1 (2017): 48 Gbps

Max Resolution: 10K

enhanced support for improved refresh rates at 4K
and 8K. Dynamic HDR

Variable Refresh Rate (VRR), Quick Frame Transport,
and gaming features beneficial.

HDMI 2.1a (2022): Added SBTM (Source-Based
Tone Mapping) for better HDR

Source device optimizes HDR output for display
No change in bandwidth (48 Gbps)

HDMI 2.1b (2023): Minor update/clarification of
HDMI 2.1 features

Improved support for eARC, VRR, ALLM

No bandwidth change (48 Gbps)

HDMI 2.2 (2025): 96 Gbps

Doubled bandwidth to 96 Gbps

Supports up to 16K at 60Hz

4K at 480Hz, 8K at 240Hz, 12K at 120Hz
Ultra96 HDMI cables introduced

Latency Indication Protocol (LIP) added
Backward compatible with older HDMI versions
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Display Port (DP) (2006)

Developed by the Video Electronics Standards
Association. (VESA)

Video Electronics Standards Association (VESA)
B8 Bdenemo DO Q.

They allow the computer's graphics system to
send visual information to the screen so that
users can see images, videos, and other

content.

sHBEDERO  Ozes, BBe:’  &®  gedns
FRBOVODES Cr®D B DB SO, OGN
@ 8BGO cams 6mMORGT HOG 60D
B0 6B 9f) 5.

Standard DisplayPort

The most common connector used on desktops

and some laptops.
eSS & BHO @3S O D) D
BENS 6e3)E, BBRSVDEE.

Mini DisplayPort (mDP)

~

A smaller alternative to the standard
DisplayPort. Common on older Apple products
and some PCs.

@8> DisplayPort e3cm) @) dmdens. estddd

Apple 88sie» &5 8090 sdognm D DKEd
200 @red.
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DisplayPort over USB-C

——~
—p
A4

Modern devices may support DisplayPort over
a USB-C connection.

28 covo®  USB-C  8350o0n ®d®)
DisplayPort e e 8 ®om.

DisplayPort 1.0 & 1.1: 8.64 Gbit/s
Introduced: 2006 (1.0) and 2007 (1.1)
Max Resolution: 2560 x 1600 at 60Hz

DisplayPort 1.2(2009): 21.6 Gbit/s
Max Resolution: 3840 x 2160 at 60Hz
Multi-Stream  Transport (MST) -
multiple monitors.

Increased AUX channel bandwidth (from 1 Mbit/s to
720 Mbit/s).

daisy-chaining

DisplayPort 1.3(2014): 32.4 Gbit/s
Max Resolution: 5120 x 2800 at 60Hz
Support for 4K at 120Hz.

DisplayPort 1.4: (2016)

8K at 60Hz with compression

Support for High Dynamic Range (HDR).
Visual lossless compression (DSC 1.2).

DisplayPort 2.0: (2019)

Max Bandwidth: 80 Gbit/s

Max Resolution: 16K at 60Hz (with compression) or
two 8K displays at 120Hz (without compression)
Enhanced Multi-Stream Transport (MST).

Improved support for multiple monitors.

Backward compatible with older versions.
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PS/2 port (1987)

The PS/2 port, short for "Personal System/2
port".

PS/2 emed&a, "Personal System/2" eme®&c
6@ BEHOEB.

It is primarily used for connecting keyboards

and mouse to a computer.
600 50®H:NDO B 59 EROTDGD BRSR
B0 98 DOD BVSD DV®EGEE.

It was developed by IBM for their PS/2 line of
personal computers.

di IBM 883 PS/2 séom sdo&mm eem
£350DBOBG DOD .

The PS/2 port has a round connector with 6 pins
arranged in a circular pattern.

PS/2 eme®5c, Dassomd emodnd el 84n
85 6 55 6505505 088 ®8i8 6edBGS.

Purple indicates the port for connecting a
keyboard and green indicates the port for
connecting a mouse.

B eeTens (B0t BBRSR B EHn

D 6weOB®E Y GG OINTers  BEBmK
SR BO® 5Em) OD 6K .
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Serial port (1962)
EHHMOD 6wedBG

A serial port transmits data one bit at a time

sequentially over a single wire or pair of wires.
CHH®D 6WOBGD DB Kl ©m) Glwers
OEEGES ®O®) 6GHNEDD DODO D DD DB
e eBeie®nc wO.

9 pins are used in this port.
608 6edSen® pin 9  ®ID) 6d.

primarily used to connect computers to external
hardware like routers, barcode scanners,
scientific instruments, and legacy equipment
B5® D®EES DD, OO0, Borewm BHEO®,
D@D oo 6% el NDBED
Comdsn B8 MBO catho® ©0® HBRSD SO
BE®) 98D DOX ERDB.

Parallel port (1970)
SHTDonD 6wedBn

A parallel port transmits multiple bits of data

simultaneously (in parallel) over multiple wires.
BTG 6EDSEE BGS Gl BBe3ns HO®)
OO (BS0D) e Y BBsoD
58638 Enc DOGB.

25 pins are used in this port.
6®® ewed&ens pin 25 I ®do) 68.

Parallel ports were widely used in the past for
connecting printers and scanners to computers.
Been Xy ©5® gedem, sdeOmmD ®) SBRSR
B0 eem B0 6wedS gdmed XD
)8 Bcs.
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Comparison

Feature Serial Port Parallel Port

QBB 6EHHD 6w6eOSR BB 6wedB®

Data Transmission | Sends 1 bit at a time Sends multiple bits (usually 8) at once

ISo O RACCSSIONG) DS OO 1 bit 88 =08, | D OO DY BBescS (e0®I1®BEES 8 DO

[GRIGR

Speed Slower Faster

CRIOIH) ®5emnd® 68D. 6D®Ds 68.

Number of Wires Few (~9 wires) Many (~25 wires)

DEH ®HH® SR)3 (8D 95 @), BB (BRD 255 e5O@n).

Connector DB-9 DB-25

ORDBDEB

Error Rate Less error (simple design) More error (crosstalk/timing issues)

ecie g888 %@3@? go0B (0@ tweA® | ecds OB (Crosstalk / B ®Og He).
£3)).

Cable length Supports longer distance Short distance only

exRR E® E® 0w 5E®) DD WG o | 60 gOD BEE) SOL.

Network port (RJ45)
HrmOgn emedSc (RJ45)

allows

This  port the motherboard to
communicate with other devices on the
network, such as routers, switches, or other

computers, using Ethernet cables.

600 6wED50, 88 dDdOD Sobend A
NODEES OBGD, 8, 5D e®3 DS
sP@ Ot HEE 6OHT EeNo® HO®
asedemn BOOO gf) e5@est.

8 pins are used in this port.
6®® ewedBen® pin 8 5 ®H 6d.

108

Audio ports
@05 6meD&
Audio ports allow you to connect various audio

devices to your computer.
®Os RSV DD ®@OS E5o® el
D@60 &BRSH SO 9 e5Eed.

These ports are typically located on the rear /O
panel of the motherboard.

600 6D )@IWB6ES B 8300ted egyees /0
SRS B8O &g,

1. Line Out (or Speaker Out)
This port is used to connect external speakers

or headphones.
OB 6WOBG MNBO HBD 6] B
BB SHOO By OE.

2. Lineln
This portis used to connect external audio input

devices, like phone, media players etc.
OmO»®, @5 DD &8 BO ®OB5 &eI®
EN0® B8RSR BOOD 6®B 6wedHK WD) 68.

3. Microphone Jack
This jack is designed for

microphones and is colored pink.
c®® 6wed5n BBEEIGMID HBRSE BDVO e
BH@EG DO S DO O3 LTHTEHRS (D 68.

connecting

<

0/0)0,

@]
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In addition to these three main audio ports,

there are three more specialized ports.
c®® g B®OS 6eDS O GODOD DO
B8 § 66d5 pue sO8.

These ports are typically associated with multi-
channel audio setups, such as 5.1 or 7.1
surround sound systems.

600 6wedS eI®Ben® 5.1 6m] 7.1 e05x)
®Re 5E08 OB |- ®OS erey® SO®
0B 8.

Center/subwoofer

This port is used to connect a center channel
speaker, which reproduces dialogue and other
central audio elements in a surround sound
setup.

Surround sound setup & Q@ €0DE B
gy O0® D5 G@o® BEBBICHEH WOB
O3 B BB@OGE ©PRIRLD SOOO OO
6EOBG DD 6weH.

It's also used for the subwoofer, which handles
low-frequency bass sounds.

Do of) oM 68 ®wde ®edid® R HmB
BEH) & O 68,

This port is often color-coded orange.
600 6wEORK 6@I6M] DD DIBB STHTEHES D
68.
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Side
These speakers are positioned to the sides of
the listener to provide additional spatial audio

effects.

8OO FOMBB BOB $eEI® eresB® Bem) 6®®
5Bl ©dBecTmMed 5SRO BMhw®D O
&,

This port is often color-coded grey.
6®® 6edSE 6RI6HI BO 8O et 68.

Rear
These speakers are positioned behind the
listener to create a more immersive audio

experience.
DN 9mg BOS eSO SH@Ec BHO EeH)
c®® 380 GDW® 8Osty ENH®D DO &T.

This port is often color-coded black.
600 emEDBG 6R16%5 DO DO &Mt 68.

Microphone In

Analog Line In

Front Left / Right
& Headphones

Center / Subwoofer

Surround Left / Right

Surround Back Left / Right

ictfromabc.com



Data storage devices
£ ®REN Ee510®

1. Optical Storage

G5B GORE)
e (D - Compact Disc
830033 O

e DVD - Digital Versatile Disc
8300 VDD O

e Blue Ray

2. Magnetic Storage
0w ®REN
e Hard Disk Drive
cad) 20 D
e Magnetic Tapes
B 0

e Floppy Disc
205 0

e Jaz, Zip Disc

3. Flash Storage
306D ®REN

e USB - Universal Serial Bus
D5 6@H®HD D3

e SSD - Solid State Devices
&% OBO6E Ee5I0®

e SD Cards (secure digital)
POTBD oS IS

Storage devices are hardware used to store

digital data permanently or temporarily.
et ®RE) ceNo® 6% BB0F e 830D 63
MODBD ®REN BBOO N OD Eaddo® 68.

They enable data access, retrieval, and

management for various computing tasks.

D) DR sV®HND DIVGEES SEw) FO®S D
568®mB, @R OISO 6 DE®MWONE BH® g
OB,

Data retrieving mechanisms
o 6D gebn Beb ®

Data retrieving mechanisms are the methods
and processes used to collect, access, and
extract data from various sources such as
databases, files, websites, and cloud storage

systems.

e 6D gedm BHe® PY® vy D BFLIHS,
ey, 6OR &f)d 5w DEINO ®RE) &S Bi&
880 5dnsems e (ied B8®, Fnd gedw

B® en extract @O ®B@® eH) DD DO®
D®6de 5t HOZS 6.

1. Sequential data access
enad®n gedrn

Sequential access
NN NN

o[ 17 17 174 T4 17 ¢ ]
1L, 2 3 4 5 6 7

A method of accessing data in a specific, linear

order, one item after the other.
BxD®, 6dds aunB8edowd, DS GlBodnmd
5830 DS 6@ D 60D PYedn Hed YOGS .

Playing audio or video files where data is

streamed sequentially is an example
e gRRPnd 5w D® GOS 61 CABS MY
s BOO ceHndIGEE

Ex: Magnetic tapes / §Bmwm 0

2. Direct / Random data access
g 6@s e Hedun

Random access

/N
[ ~ 1 7T o 1T - 1T -~ 1T 71,
Wv
3 7 2 8 6 4 5

[ 7

1

1

Random access retrieves data directly from any

storage location without sequence.
5658808 5ed®meiE 4nB8eDEBS 60D Bwz®
®RE) BNWEDS €5acidd e @) ®©8.

Examples / 50

Accessing RAM
RAM 6d» gedm 88.

Quickly retrieving files on hard drives or SSDs
using file systems

ey BEOS B cad) o0 6®3 SSD 58S
6mY) YWOBS @R WH®.

Fetching specific records in databases.
e 680s O BEdDD 606IR @) ®SE.

Jumping to specific points in audio or video
files.

@05 ) cams 6oy D BEDm SDH® 6O
560® 58.

Ex. Hard disks, CD, Pen drive
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Optical storage devices
SI® ®REN £8300®

Optical storage devices are a type of storage
device that can read and write data using laser

technology.

SIN® POGB® CNo®  GE 63 DIDBLEIG
NODEES e BrSRO &) RO HBEIO sOED
®RED Ee300® OV®EBE.

These optical discs consist of a polycarbonate

substrate coated with a reflective layer.
6®® go®mw o0 oMb BO0EE BB
6280 Eee30GEES P 68.

There are four main optical storage devices.
BB GG BRE) CeN0® BHOD SOE.

Standard optical discs (CDs, DVDs, and Blu-ray
discs) have a diameter of 120 mm (12cm).

N® 500@ d»® (CD, DVD &» Blu-ray :38@
B8w8me 33800 120 & (663508006 12 ).

0.5GB
LacorDise ROM to 1978
4.8GB
COMPACT ROM 650MB
[ﬂﬂg@ R to 1982
RW | 900MB
ROM
RW to 1996
9.4GB
RAM
b) RE 25GB
ROM to 2006
Blu-roy Dis, R 125GB

R - Recordable once

D506 e BB WS

You can write (burn) data onto this type of disc
only one single time. Once the data is written, it
cannot be erased, changed, or overwritten,
though it can be read multiple times

R0 PR ®ed OEDD 5D HeS DS
BDeD DD OO SO, D HrRES BE o6, DB
@ B0, 6Ot SHBOD em3 HOD JOOO
em®tS O, D Bz® 0 wénmes Brdn ®TS0.

RW - Rewritable

2O HOD 5 BO® el

Unlike "R" discs, you can typically be erased and
rewritten around 1,000 times.

R &®ed 0 605 60, £)@)056S 6®8 &S
eose 1,000 6 s@%n @) esd®0 529 DO
BO®O B
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RE - Recordable and Erasable
20D DO D BOB el

It functions essentially the same way as "RW" and
allows you to rewrite and erase data multiple
times.

600 @Bw O®6ns RW 55dns o) 680 S
DO® g0, ARVO HdD HODD ey BOOO e
@) BP0 9f) .

ROM - Read-Only Memory

Written by the manufacturer. The data on these
discs is pre-recorded by the manufacturing
company during production You can only read or
play the data; you cannot write anything new to it
or erase it.

BEBenemn oD HEDHE BB Br) HIDO.cOP
c00@ 4B e, BSe® HOBEDE &
Bdencm 5ImE BB @S o O g, RO
0 ey BrdOO 663 HOHG BOHOD SOMD ®ed
gm0, ¢S 58O BDOO 6w T @wy ctd®O
GIBTDC.

Laser discs (1970s)

Laser Discs are large discs, 12 inches wide, used
for high-quality video and audio. They were
encoded with analog or digital signals and read
with a laser, like CDs and DVDs.

LaserDiscs ox cetd oxsDed BBen] o @ds

Be®) D @O® gmd 12 see dene o0 68.
T 58658 6593 oS t5otr) DB 6 DO e
g0 88 tw D58 8 6led ®HBmens Sndy
QTeR.

These discs were mainly used for home videos,

movie collections, and education.
6®0® o0 iH® Dmwens BDetd BBec], Byed dwx
BB €39 ERBIDG SEX) N @OD QE.

However, their size, weight, and limited storage
caused them to be replaced by DVDs and Blu-ray

discs.
6w6et] 6O, TNed 5@ENn, DO 5w BB RN

850 Hen T DVD e Blu-ray o8 &S
88N Be.

Compact disc (1980s)

oo D06

CDs were first used for digital audio but later
became popular for storing software, data, and
multimedia.

CD o0 @B®® o> GOs ©Ee®) DD DG
DS 5630 Bagdo®, e ©® RWEDS ORE)
B8 ese®) 8o Bo.
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Digital Versatile Disc (1990s)

30230 VWO D06

DVDs are widely used for movies, TV shows,
software, data backup, and multimedia.

DVD o3 B8psd, &S Oddesdmss,
Bagmo®, i Co5e3O 6329 DHBINS BCH) VD
N 68.

DVD-RAM - Random Access Memory

20D O® e BB6 WS

A highly reliable, rewritable optical disc that can
be written to, erased, and rewritten up to
100,000 times, functioning much like a

removable hard drive.
9B wE ® cat) DOEH 60S 6RN6H3 OO )
DO®, 9 DENBeInD, HOD BBo S

0303 206S. 6®x0 100"000 dms )
e ges SO0, ®mn cBBD ©®w HOD
BO®O ®wrcs.

Blu-ray disc (2000s)

Bgeb 0

Blu-ray Discs are used for high-definition
movies, data storage, backups, and video
recording.

Blu-ray =0 ad-Oesicy Bxsd, ¢ ®REN
B0, cot3d o BDew] s0vm SB® eem
)5 68.

At present, Blu-ray discs are mainly used to
store games for consoles like Xbox and
PlayStation.

D@06, Blu-ray ot gth® dmecns Xbox 3%

PlayStation &8 emidetsio tcH ddec’ D
®RE) BOHOO e WOB.

1=800 nm

6 prA

A =780 nm
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Mini disks

Mini optical discs are compact versions of
standard CDs, DVDs, and Blu-ray discs, all
measuring 80 mm in diameter.

05 5@l e DO 6Y) BB 5®HBNES
CD, DVD ¢ Blu-ray ot08@ @) 3065080 O
gm0, @) BrCe® BIdmwecs BBBOL 80
@d.

Due to their smaller size, they have lower
storage capacities, with Mini CDs storing about
210 MB, Mini DVDs 1.4 GB, and Mini Blu-ray

discs 7.5 GB.
c6®ed ) MG e ©ORE) HDDDG

£065:3580 i), & een® Mini CD 3w 210 MB
¢, Mini DVD =Bom 1.4 GB ¢, Mini Blu-ray
20 7.5 GB & ot g ®6.

Despite their reduced capacity, they use the
same technology as standard discs and offer a
more portable storage solution.

6®eEe HDDe &) Hde, T em ©NDo
26l BB IO &8 HBBNEE O»
gm0, 59D (le®m® ) B GRE) Degd®s
6 60 HESE) En B,

Laserdisc, CD and mini CD size comparison
63t 230, 88 on i 88 N Bose®R

LASERDISC cb mIinI-co

-...---1J9=
So t=Co_o7480mim
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Magnetic storage devices
8w ®REN e5)0®

Magnetic storage devices are non-volatile
storage devices that store data using magnetic

patterns on a magnetic surface.

DPD® BREN C23)0® Y HBDD ARBON O &S
HBRD® 6D BDEES D ®IEN oD, 330
B BRE) ¢t3o® 68.

Magnetic Tapes
£8m o0

A storage medium consisting of a thin strip of
magnetically coated plastic film designed for
sequential data storage.
FNDDD v G BHO ew) BH@En @O
&8 DBV B S@t30n 0@ 8 SOOBS
8505500 G ABGE.

Non-magnetic
layer

Magnetic
layer

Base film

Back coating

Features

i)

e Data is accessed sequentially from the
beginning to the end.
e epodBmedd 80 e D) nmBmd
8560® 8.

e Can store terabytes or petabytes, suitable
for large-scale backups.
cOORBO 657 OHRBO HBIGHE oD
@) WG ®T®, O OB Eestdd e

&3ee @0.
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e Magnetic tapes are more cost-effective per
gigabyte compared to other storage
options.

FemD RN DwEnS0 65580 B
80 O T B@RBOGES &) @®e)B 8.

e Magnetic tapes are durable and robust,
capable of withstanding temperature and
humidity changes.
8Rm 50 D@ 3O8® ®) GHHOS OB o,

CBMBOG  ® b One3D® DD
Bedin) Ec® HrBEIO gro.

Uses

(O¥3lo)

e Archiving large datasets.
FenE e DO0E todSegns SHO.

e Storing video and audio recordings.
BDe] 51 GOs s0mD S8 GRE) SOHO.

e Long-term storage in data centers.
e AsEBENHOR EQmB® GRE) SOHS.

Floppy Disk

205 &0

A floppy disk is a portable storage medium
consisting of a thin, flexible magnetic disk
encased in a nearly square plastic shell.

205 0 (3% IS DWWk ®HDAES S@e30m
DODGD PDOIG DO g8 B, HOSBER HEDD

0SS OS5 68 6m® ) D GORE)
@BEE.

Housing Hub

B <« Write-protect tab

Magnétic

Paper ring ‘ disk
~O~ Plastic flap
Shutter Spring
Floppy disks store digital data, accessed

through a floppy disk drive (FDD) in computers
or devices.

208 0 PE SOD®IIDOQ SOB®D HOB O
Owes (FDD) ®dm gedm 8 ol oo
e ®REN WOB.

Storage ranges from kilobytes to a few

megabytes.
®RDEN DD Be@3RBO 80 e®mIDBO BBeskH
ewe) esMesnm 508,
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Floppy disks were available in several sizes, with
the most common being the 5.25-inch and later
the more compact 3.5-inch variants.

2O DO BN BEHEHS @R ®D Wil § d
NS R® OB ¢ 5.25 ©® ©8d &t
DENS 0@ e®Q 3.5 yewiemeia.

Early floppy disks were 8 inches in diameter.
BRQ B »®5 50 g®E 8w DHBDBWEHEHS (e
e,

IBM introduced the first commercial floppy disk
system in 1971 with its System/370 mainframe.
IBM B8 1971 & ®8x%e& System/370

mainframe @@ 5O® )Ees 2O 0 SEBEG
HESD 6c» .

The term “floppy disk" was widely adapted in
1970, though IBM branded it as Type 1 Diskette
in 1973.

IBM B8%5 1973 & e®® cerome Type 1 Diskette

6@ 60ecemed 8 widne "floppy disk" oo
66e® 1970 & 50380 nBDEO ®rEnS.

NOTE
Floppy disks were the primary removable
storage in early computers, so the drive letters

A: and B: were reserved for them.
R D®dE ©dS DO 9O DG i

®REND @5 DO 8 god DD A: e B: o»
DD gmoec T eem) 605 D0 SR/L.

When hard disks became standard, the first
hard disk partition was assigned C: as it

followed the floppy drive letters in sequence.
cad 0 o 6RE) EBHo®c 8 8,
FnBEeOBS 2®s DX &mds FROODG

DOBS 568 cad 20 50RO C: e35D0» @E.
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Uses

21270

e Distributed operating systems, applications,
and utilities in the early days of computing.
®aco® 6Re) ®dO: HsHBEDDOMES B
EEAEE 60eMEE LS, 6KGED M Ee56EIEm)
Bago® 6e) wOH 8.

e Transferred files between computers before
USB drives became popular.
ey ®O®MOD: USB hdwmes o&so8c 80
6250 D@D 6mNY KOBGT BHBAO D O
T,

e Served as boot disks for troubleshooting and
installing operating systems.
6®emE® ocOBdE 68i®m BOMDOMEG M
BNIDEB BED) BMHSD 0 6@ 6e3DG
6.

e Used for updating firmware on devices like
printers or early BIOS systems.
8610® GIDBNZ: e 6By 63 I BIOS
S80S DS ce0mBE 3O0I0® IDTTNZD BO®
BE®) NS 6wOTED.

e Apart from floppy disks, there are 2 other

types.
25 0 OO §ODOD OS OV® 2 5.

Zip disks (100MB - 750MB)
Zip disks resembled floppy disks but were thicker
and offered higher storage capacity.

Zip 20 ®®2 o0 D@0 681 HPD Od) 600
&5 D8 ®REN NHDINOD @R £BeSCE.

Jazz disks (1GB - 2GB)

Jaz disks, similar to Zip disks, used removable
magnetic disks but were larger, more durable, and
offered higher storage capacity and faster speeds.

Zip 520 e®x® Jaz o0 ¢, 908 »g ud HPdD
20 DD DG DG @Enens Bue Bw. ) BN
DS 5O g0 9nE GORE) DD ©H 9HE
68®EE @R £B6BEo.

They were designed for professional users like
graphic designers and engineers who needed to
store large amounts of data.

o Beng o g@ENes ®RE) BBOO gdms

@O SHNIMDODS B  @oBexdids il
DB sOBEDBS Bem) SH@Enn DO BRED.
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Magnetic Hard disk drive
8D cad @O

)

ssnge!

The first hard disk was invented by IBM in 1956.
Known as the IBM RAMAC 305, it weighed a ton,
was the size of two refrigerators, and could
store only 3.75 megabytes of data.

568 cad 0w IBM B8 1956 & 6656 @asem
@8. IBM RAMAC 305 et ®c€xeds Do 601
Do ROBS @oo Bn. Do BODO 6L

@866 (D § g0 eRE) DG S §ed
6®® RBD 3.750 D @IHEGED SOL.

HDD is non-volatile, keeps data without power.
) ocdn 830 o £20wesS, BB Den
6BED e D G e OED) DR BS.

hard disks store data on rapidly spinning

platters coated with a magnetic material.
cid o0 DD O3S eds »O® @
65®EES WO DD B 5D ®RE) DOB.

Speed and capacity are the main factors that

define a hard disk.
e o0nm Yexd DO D8 Bmensd &
OIS BOEn 8.

Used to store data & programs in the computer.
o 6 PO ®RE) BHBD D) WAOB.

Unlike a computer's RAM, hard disks are non-
volatile. This means they can retain information
even when there's no power.

sB®#ed RAM O 6@ 658, cad td DS
6568, 6®BS gemetl DON6s DB 6O SO
58) DD 6MOROT OED) B BT VOE.

Modern hard disks spin at speeds of 5400 to
7200 RPM, and some high-performance drives
can reach up to 10,000/ 15,000 RPM, with data
transfer rates of up to 1 Gbit/s.

2D ¢l 0 BBBRODO OO 5400 80O 7200
2] 60mEES o gm0, B®H0 9HE
DVCEENDDED 638D 0 D300 B®IDO 125
e § e 5D®Or 65meE &8O, RPM
10,000/ 15,000 &z358) gm) B 9.

Available as 2 types. Internal and external
DBO o) GBSO D®EES DV® 66w 3D.
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Fixed (Internal) HDD
SN (gsBmd) eah) oed
e Installed inside the computer
sD®IDB DG 63D @O &L
e Used as main storage device
B56H® ®RE) Ee30®EB 6RE WIS OB
e Faster than external HDD
NBO cad) ®edDEO DEN 6D®OBG
e Not portable
5583605 D) 6®®) BH (3) GJIWTLD

Portable (External) HDD

Bo®® (nBO) cal) D

e Connected via USB outside the computer
USB @B odognmens 800 68x0)
D el&)

e Used for backup and data transfer
&850 DR ®BOO 5% e HO&NOT HHOO
90D OB

e Portable and easy to carry
2596360 D) 6B®) 6D ) BTG

¢ Slower than internal HDD
S5O cat) eTORO OE) 6d®mn i)

Internal structure of a hard disk
€ 0D gusSnd SHegna

Spindle motor

heads

Voice coil motor
(VCM)
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Platter
206

Actuator arm Read/write head

Platter

Made of metal, aluminum or ceramic
Fr@BBEO, 6@I® 67 0T DB 578 &w.

Coated with materials which have magnetic

data storage features
B 5D ®REN DOBTE® HrSHEID & gds
OB D epees o Hed.

Data is stored in the form of tiny magnetized
spots
2D HP®® @S PDIOBHRE £V GRE) O &TD.

The direction of this magnetization (up or
down) represents binary digits (1s and 0s).
c®® HBRDWOMNEHE Emd (9BE 685 5wE) EDBG
€302 (1 et 0) Becieson Doa.

Some hard disks have several platters.
&oe® cab) 20 O 0 B&EES OS.

Platters are sorted as a cylinder one above

other.
BRBOGEE 6085 0 D O D ®Ed) &

Each platter has 2 read/write heads.
&52® e0nmO® read/write heads 2 B eo.

Actuator arm
0®

Holds and moves the head to places
Bbawn gCeem® Dm) 605 6mMHH

This allows the head to access specific data

tracks and sectors on the platter surface.
6B 50 OB DemkB® e O &5® WiOS
6D edm HBO BHBWEO 98 5.

The spindle is a shaft-like component at the
center of the hard disk.

B8B50EG 6y el oded BAs6E &8 shaft-like
component 8.

Holds the platter firmly and spins it.
200 DES C@ ®BBS Owd® Bewoda.

The spindle is made with high precision to keep
the platters spinning smoothly, perfectly

centered, and with very little friction.

220, 8008, e5DeBEND GIBc®DD €5t @) WEN)
begnEE 8D KOG BB em) 3BRRG
£3)8) TS QWG BODELMDGERE.

Power connector
&80 ecsn®

IDE

SATA

Supplies the power for the functions
BdBOEO e BeBn @) 68

This is a SATA to IDE power converter.
6®c SATA 80 IDE ex3d) @@ sdadbomnasS
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Read/write head
B5c58/3858 Ses

Read Functionality
The arm head contains a read head with a
magnetic sensor that detects the tiny magnetic

fields on the platter surface.

0t Bees® 0608 OBO &8 ) LI
Dedy HEH ®F®) HPDD® 0edewBD 8D
BoDe® &5 egfo® 68.

These magnetic signals are converted into
electrical signals, which are processed to

retrieve data.
OB HEPD® o) By o) OO
sBOVD®E O god T e @) ®TBO e
3R QTOR.

Write Functionality
The arm head also includes a write head that

generates a magnetic field.
5 B8 DD DB SHHG WO BDe®
Bests & e 6.

This field alters the orientation of magnetic
domains on the platter to represent data in

binary form (Os and 1s).

c®® Dedyn OBS EDBG mmIdens (0 5t 1)
e Bdzesgnn BBOO 506 &8 I
D@0 EmaBn 6Ol @O,

Data in/out channel
e MBId

Exchanges data in and out of the hard disk
2af) 00 EO ®) 9DDO ey Gle®®

SATA

(Serial Advanced Technology Attachment)

Used for connecting internal and external
storage devices like hard drives and SSDs to a
computer's motherboard.

2a® 560 & SSD B8 gm0 659 BO HRE)
Ee0® dmsmmed @8 500D HERS0 SO
SE®) DD WOEB.

IDE (Integrated Drive Electronics)

IDE connectors were primarily used to connect
hard drives and optical drives in desktop and
some laptop computers before SATA became
the standard.

SATA 88 B0 6050 6835603 5% ©B®®O
@368 sV®HDOE cad el &® caes HdD
P50 S580 IDE 6850 T O®en
D @O® 8.
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Feature IDE (PATA) SATA
Era Older Modern
(1980s— standard
2000s)
Interface Parallel Serial
Speed Up to 133 Upto6
MB/s Gbps
(~600 MB/s)
Connection Master/Slave | One device
per cable
Scalability Limited High
Cable Wide ribbon Thin cable
From above Roton

1

Plater o | ]
o ‘ ‘ e

Surfaces/_h\\ 3 3 ]
S ‘ ‘ a—

[ J
- a—

Cylinder
Surface

Clo)Sle)

One side of a hard disk platter used to store
data. Each platter has two surfaces

e OV BOH® em) T @oO® ) d
BEt0onD O oS, 620 SEr0dnmO®
OBOOD 6t DB 3OS

Tracks
80

Tracks are microscopic circles on the surface of

each platter.
80 B D D6l ONBO s GRODBB OGS
ed.

A single platter contains thousands to millions

of tracks for storing data.
28 0o 55D R BOO e Quesed e
®£m 80 BBHE® MDD ) glo® 68.

Inner tracks have a smaller circumference (~10
cm) and Outer tracks have a larger

circumference (~30 cm)
e 500 DO @G B D g (665.8.
10), 80> 508@ DO »@I1¥Nc BenE 60 (665.8. 30).
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Outer tracks — faster data transfer
(more data read per rotation - 220MB/s)

80D 830 — 606D B BO@OD Beed (B
DOGEDE 8 e e Budoe ®iD -

220MB/s).

Inner tracks — slower data transfer

(less data per rotation - 130MB/s)
FE® 50 — 5o 8OO 68mwn ain (D
DOGEDE Brde ®user g8 e S®IGS -

130MB/s).

A hard disk track is extremely thin, about
1-2 ym (micrometers), which is much thinner

than a human hair (~70 um)
i) o0 Qo Do 9ods 885556, Do®

®BemBO0 1-28% (1-2 um) 8% 8. D B
65 ®e3wO (70 um) O8) 6RendS B&s5s.

Sectors
OB

A track is divided into several small sections.
One section is known as a sector. Sectors store

data.

806 60 BBsemd e dFwE O
@eeR® S e DO 65. 60O wdS
O 5D R DG WTD.

The size of a sector is typically 512 bytes,
although many modern hard disks now use 4

KB sectors (Advanced Format).

eemOD Dmm @G eI@DBEEE RBO 512 &.
emetS DM, ee®] HB® £l D e
Be@IRBO 4 » 650D ®IBD OB

Outer tracks (~1000 sectors) contain more
sectors than inner tracks (~600 sectors),
resulting in faster data transfer

ey 8O (~600 sectors), OO O&)N 8BO® O

(~1000 sectors) O &8 63O 3@ Eio®
68. 68 6857 D BOBIG: 68®meK Ol 68.

Sectors are filled with data sequentially
208 gnmd@od ¥ OBS 50D o
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Cluster

Group of sectors is known as a cluster.
OB B&e3Gw DRdD D H® 6.

Clusters exist for the convenience of the file
system to manage and allocate storage
efficiently; the HDD itself only works with
sectors

DOV OBSES 6mN SEOBHBO GRE) o)
598605 DEB®IWOMNE BHBO 58 WIIVEDBOD
60 @O B®D®n, cad) o0n o) OB
eEOBES O® SOLI.

Cylinder
RIGI51e)

A cylinder is formed by all tracks located at the
same radius across all platters in a hard disk.
BRSOGE BH@gns O56s cal) OB &S
8Boe® SO & D@ godnds BB &8
8Bre® Qe Don HedS.

Data access time of a hard disk
€1 060 ey 60 yede 500 ®nd®
DE®

Access time

Access time is the total time required to access

data from the hard disk
3560® DIRG &) £id OGO e 60D §ed®»
B0 ¢d®ms B ®IRGEB

Access _ Seek Rotational , Data transfer
time ~ time delay time
Seek time

Time taken for the read/write head to move to

the correct track.
B5xde®/30e® BHBED HOOE 5IE0 6RO
OO MEGHA.

Modern hard disks have seek times ranging
from around 3 milliseconds to 15 milliseconds
285® cad 50 DE BB 50 3 80 BB »esd
15 een esdesmm seek time dwes ez,

New materials and actuator arm designs are
being explored to lower the seek times.

Seek time dm &f) SBOO O ¢BcOs 35 Dy
€500 ®edBHNn OB SO8.
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Rotational delay
Time taken by the sector to move under the
head

e Be» sector e head D OO &cBLHOO
®ODOD NERG

It depends on the rotational speed (RPM) of the
platters.
Do 2c0DE B®% 68mcn (RPM) @ 6 D8

Even with high RPMs, there's always some
waiting involved.

9®¢ RPM 6@® §de, 6528 808 o8 oD 8
8e, 68.

Data Transfer time
e HOMNGs DRB

Time taken to transfer data from the hard disk
to the system memory or to the hard disk from
the system memory, once the read/write head
is properly positioned.

Bouded®/B30e® BHhan BB sBE SMhoem § oty
e 06l 80 o008 BoED 6®) SENS
O®Ens cad) OGO e @dc SHOD OO
DIRGE.

It depends on:
DB D €z O 6c) BO8:

1. Data Transfer and Interface Speed: The
speed of data transfer depends on both the
storage device's transfer rate and the interface
used (e.g., SATA or NVMe).

e OO 61 FROTRHHS 6D®mnK: S
500 O» 6OJer BoOn OFES ORVEN
ENomeE e BO®OT GmENDG 6® & Bem
03 OB gRO@HID (OB 6@
SATA 63 NVMe) c» @dtdn 6cm® 8o, 69®me
B58) O DOBO e 60D 3ed®m OO 5 6@mHR
B0 BH® 65®DOS 68.

2. Amount of data: Larger amounts of data
require more time to transfer.
e g®ne: e D G@ENEE 8@t
BB O HEGD FOGS 68.
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Ways of protecting the hard disk
3 00 OB WOBSE) PIOR

Avoid dropping or bumping the hard disk
&g ®ded®s 613 Mrde®s DS @D

Keep the hard disk in a cool, well-ventilated

environment.
e oo, 6MMER HM®E @R &B8BJ
08306 DRI BI®.

Keep dust and debris away from the hard disk
cad) 06 OB ®) (PR 6xEtec® 685 DR
BOB®

Use a surge protector to shield your hard disk
from unexpected power surges that can cause

damage.

OB Do e goedndm de OD® OZH
€Al 206 o) BVOD b8 65H60OOEES
T WOB®.

Use a UPS for complete power protection

during outages.
BB DEE 8hen RGBS no®D BEm)

UPS o 478 Oss.
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Flash memory
86l oD

Flash memory is a type of non-volatile storage
device in which data is electronically stored.
These have no moving parts.

&eHT ODWE Bf) CBD YBRWENISDE GRE)
20 G HBES 6DD GRE) ELNoBEE. 6BDIGHES
DEHG D® 60 6eDE.

Flash memory was developed by Dr. Fujio
Masuoka, a Japanese engineer, while he was
working for Toshiba Corporation in the 1980s.
eotemn@ Omwe 1980 & ®#  Toshiba
Corporation & e£30n DO® goORO eSS

9o86x0ted O Dr. Fujio Masuoka &S
Besedn @8.

There are two types of flash memory, NAND
and NOR.

NAND & NOR 6@t t5tem»@ @ db® 6cmw
508,

It's commonly used in devices like USB flash
drives, solid-state drives (SSDs), memory cards
and in many consumer electronics like
smartphones, tablets, and digital cameras.

B e@sens USB etemn@ hdwm, 655 e

O (SSD) @ 8ess 8 Ee0md@ &
B0 emixs, ORDED & BDBOC D®0) &
eD6®] 9eEWENIBD CWOMOQ RNED DM
68.
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Solid State Drive (SSD)
&9 D0eE NODG

Solid-state drives (SSDs) are storage devices
that use integrated circuit assemblies to store
data persistently, typically using NAND flash
memory.

Solid-state drives (SSDs) cgy esx@esecsess NAND
BRzE PWE DD DOTS e SRID ORE)
B0 esem) TomRED esdesd Dweed BOHS 98
DO® BRI Ee3)o® 68.

They have gained popularity due to their faster
access times, lower latency, and higher
throughput compared to traditional mechanical
hard disk drives (HDDs).

£2058)8® 5D cad 0 HdwesO (HDDs)
esssd Ted 5rds gedw mE®, &f)
a®en B’ 9mgE oOB®E 6Xmeds T
B0BEDOGO 5O erm.

This results in faster boot times, application

loading, and file transfer rates.
600 DO HOR® 65D, 6Ked® OMEB
BOB 59 6mE) HOBIOT FJEHIDES S OB,

Since SSDs have no moving parts, they are more
resistant to physical shock and vibration
compared to HDDs.

SSD ®@ dDemc O 6Ot eean®e® @eds5, HDD
RO 65580 6B DB OED 5% Mt
DERO &) BEOIR 8.

This makes them a preferred choice for laptops

and portable devices.
D @360 €509 B M () WL E25I0® EEM)
DENS eMmIe, 60 DD F) &8 OB .

SSDs are generally more reliable than HDDs
because they don't have mechanical
components that can fail over time.

SSD en@»secss HDD dd &) Bweese)km
D56 Tned Ens ©O® Geds Bn ®iS
ED 300D 6B VDS .

However, the lifespan of an SSD is determined
by the number of write cycles it can endure.

ewetd 603 SSD dow enE HEE BOEG
DS DO cOr®D % BD6® By ®END

gRdE.

SSDs use less power than HDDs, leading to
longer laptop battery life and lower energy
costs in data centers.

HDD &0 enesduaied SSD &f) dens
sdemismn OB, DBGBS @3S sew) Ew

ROV e DIREGE &5 &5 BRBESNID E5EH)
&f) Pewnd BOOIEE a8 DG BIBE.

ictfromabc.com



SSD Classification by Physical Form Factors
c0sSn oo grd SSD OLBdEnc

2.5-inch SSD

A standard SSD that looks like a traditional HDD.
It uses the SATA interface, is widely used in laptops
and desktops, and is easy to replace with HDDs.

s BBBD ¢l DednE Ot 6esn®w o4es

5®8®® SSD dVme®. 6®n SATA axdr@men®
0 ®O® oo, @3S &w ehdsees
sPOMDOQ DHEDE B 68. De®®, ecOL

HDDs @98 @6 & 6030 @m &56eds 680
PIGED DG HTWD.

M.2 SSD

\E PCIe30SSD  #msemr [

AST907342
158 .

REMOVED C E S
—

0 [N} e o i e 00

A small stick-like SSD that connects to the
motherboard and commonly used in modern
laptops and PCs for high speed and compact size.

®e3D 0t BB @) 30D Dww ®edn ® SSD
DBGE. 608 a8 9BE 60®m®K X B @B
e »» @rededel & SdODGHD Bem) 6006
60560 O DOY) EIEd.

PCle Add-in Card (AIC) SSD

LA TR REES sl T

An SSD shaped like a graphics card that plugs into
a PCle slot, uses NVMe, and delivers very high
performance for workstations and servers.

@0 DBSD S WSS @ 6®® SSD db®e
88290068 PCle 3@ dwwd 61iP® 68 oy

eRB. 6@ NVMe onSegns oo @O &m0,
MWBBe0BS e SHOL  HsEeE) 9B  9Hg
IBEENRDGE @RI 6e83.
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A 2.5-inch enterprise SSD that uses the PCle
interface. It supports high speed and hot-
swapping, mainly used in servers and data centers.
PCle emdc@nens $H8m) 0, a®mad 2.5 @r#ned
O1den ®006® SSD OV®GE. 6®% 9HE

6d®m0O 3% hot-swapping (sdeswe Sesewm
608 OBEE® HmED) 68 BB WD) 5Em)
BWE EWOD 0, BID D®enS sHOD 5® e
BRBEND EeH) D 685.

SSD classification by Interface Types
eoREHMD Ob® gxd SSD OLB®ONE

SATA SSDs

These SSDs use the SATA interface, which is the
same interface used by hard drives. They're a
popular choice for upgrading older systems and
offer significant speed improvements over HDDs.
6®® SSDs cad 0 0O wd® it Gmgn® D
SATA gx6c@®$0 ©H8m) DOB. TF&) estoEh &S

DDEgn BVO em) SHHG 65500 O god HDD
DERO &) e3eBn ) 68® DidEren SBHB ER) 6.

PCle SSD

These SSDs use the PCle (Peripheral Component
Interconnect Express) interface, much higher
bandwidth compared to SATA values.

6®® SSD PCle gmdc@msns $)H8) DO, ¥ 63e3CD
50 9 9HE @IS SCRM @R 6cH.

SAS SSD

SAS (Serial Attached SCSI) SSDs are designed for
enterprise environments that require high
reliability and performance. They use the SAS
interface, which is commonly found in servers and
storage systems.

SAS SSD &bowns O g 9ng
BBOEBEOGES 55 IHG HODED GOGS DD

OsDesIcs esdedEs sem . Fo) SAS gmdt@nenm
D) OB, Do BNBD 65H GRE) SESDE
R8)ED D @eR.

Bandwidths of SSD interface types
SSD ex0e@m#ns OB®OE DRI SER

e SATAlll: up to 600 MB/s

e SAS (12 Gbps): up to ~1.2 GB/s

e PCle 3.0 x4 (NVMe): up to ~4 GB/s
e PCle 4.0 x4 (NVMe): up to ~8 GB/s
e PCle 5.0 x4 (NVMe): up to ~14 GB/s
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NOTE:

NVMe

SSD  e&ses»

NVMe (Non-Volatile Memory Express) is a
protocol designed specifically for SSDs to take
advantage of the high-speed PCle interface.

NVMe (Non-Volatile Memory Express) o
&ed& PCle axdc@menems genies® @S0

Demsensd SL@EG DO s
6£506036m3QEE.

Internal vs External SSD
O3S0 em N8O SSD god 0does

Internal SSD: Installed inside the computer and
directly connected to the motherboard using
SATA or NVMe (PCle) for high-speed

performance.

B0 SSD: s5D@HMDG Hred 68 DO ER®
g0, 99 DIVEENDDEE €56 65®MHED @) BeSH®
e SATA 3 NVMe (PCle) onsSesgncs
NODEES 5P BDOTO0 &BRSR DOH @DEB.

External SSD: Portable SSD connected via USB
or Thunderbolt, used for data transfer and
backup, but generally slower than internal SSDs.
86 SSD: USB 3 Thunderbolt 6@ &d®)

BBVSBR) OB, B5WEEdS le® ) ®& SSD
OHEE. 606 5D ®OENGT BHBO e ce5t30 D)
@eEO0 B OB GO, ENBIDBBHRS FWBBDO

SSD @0 88 6d®mens eio.

Comparison of HDD vs SSD

NAND flash cell technology

SLC (Single-Level Cell)

Stores 1 bit per cell and is the fastest, most
durable, and most expensive type of NAND flash.
cell 1 D0 15 eSS @REN wOdB. e®c NAND

flash ®@mm OV® §dx DHOEO, ENWEE 508
% B ¢lm® OB®GE.

MLC (Multi-Level Cell)
Stores 2 bits per cell and offers a balance
between performance, endurance, and cost.

Cell 1> DD 25 DoeBs GREN WOB. 6®G
IBEENDEG, DRSSO 5 BOOLE FO GMHIE,
BORDOMOGE @R 6cf.

TLC (Triple-Level Cell)

Stores 3 bits per cell and provides higher capacity
at lower cost but with reduced speed and
endurance.

Cell 1> DO 35 VB @RVEN DOB. 6O ef) BEDO
8 DD @R) 6eH NPT, OB 6B®E 59
RO 063DB8O G,

QLC (Quad-Level Cell)
Stores 4 bits per cell and gives very high storage
capacity but is slower and has lower durability.

Cell 120 D0 4 RDeBSS ®REN AOB. BB @)
QBEG £ ®RE) OO @IeR® HES, 6O
68®6rS ) o 608 DB tdrOe EdB®.

PLC (Penta-Level Cell)

Stores 5 bits per cell and offers maximum
capacity in future SSDs but with the lowest speed
and endurance.

Cell 1z DB 55 ReBS ®REN WOB. FMI®DEEE

&cBEHOO Bn®® SSD O 0@ DD @)
200 600 60 O P, 6OB 6OD®E 59
235O D@ 00O 5O,

Aspect HDD SSD

Medium Rotating mechanical platters Solid-state flash memory

@0 5O O OB 0 &® ODO6E B5IeHBd O

Speed Slower due to moving parts Faster with no moving parts

CRIOH) DEHG D» 60 Bt OScHN® 68 DEH® O® 6Ot 6D He) 6d®dS
ed

Durability Fragile, sensitive to impacts Sturdy, shock-resistant design

INClEI€IEDC) Deecxeen, PEsE® DD &06dE 68 BB, DBSH-GBeOIRD SH@ENGES

Noise Noisy spinning and clicking Completely silent operation

&R 6653820 )BHEE efed 2B EES® HHE) FrmdDOnD e

Power Consumes more electrical power Consumes less energy overall

RE® B8 BB Dene sdemismn OB (Ol oG] RICIIRE] &) ReGDS
SlelciONetn)

Price Cheaper per GB capacity More expensive per GB

Be T GB dow Be gls T GB Do B addws

Capacity Maximum storage options Limited to smaller sizes

[Alelonid) 00 oRE)) B g D) 5@HMOERO B®) 68

Reliability Prone to mechanical failures More reliable, fewer failures

BB BOG OIBED eedOB DD 6mEdr 68 O8) deeeInm 60, af) dedd® e

Weight Heavier due to metal parts Lightweight, compact design

[De) 6@ 60 St DO Dedc ECOTBRMB, 30D HO@IENGE
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Types of solid-state devices.
5D-055306d dn BY®

1. Solid-State Drive (SSD)
This is a storage device that uses NAND flash

memory to store data without any moving parts.
6®n S8g Demc O» OB 6mMBBD, e

) BB® e NAND flash memory 9381 wdeo
GREN EE30®EE.

SSDs provide fast data access, quick boot times,
low power consumption, and high reliability
compared to traditional hard disk drives (HDDs).
They are commonly used in computers, laptops,
and servers.

e80)B® cad o0 DD ©P®m e 8O SSD
OB DD e HEdBHD, 9B YPBOSS
sDEEDE  BeESDe® HrBmD, of) el
sdemIesnns 655 9nE DudeSKEOGE @) 6e83.
602 RXEOE VDG, EL3EDIS ©® GESISED
SE®) NI 68.

2. Solid-State Card (SSC)
This is a removable flash-based storage device
used for portable data storage. Examples include

SD cards, microSD cards, and CompactFlash cards.
606 5®Eeds 9D WE HIS, 60 DIDBLNG BD
5B ) O CeN0BEE D Do DG H6S 6™

@ % e ORI 6@t ®dm ®OB. SD

88, microSD @8y esew  CompactFlash
2D 8BGO ce®OE 68.

These cards are commonly used in digital
cameras, smartphones, tablets, and other portable

electronic devices.

c®® s RXED® BBOQ wid®), Setiemies,
OO ©® gerRs ges 6m® () O
QBEBEIIBD CeN0®m BEX) D) 6D.

3. Solid-State Module (SSM)
This is a compact storage module that uses flash
memory and is often integrated directly into

electronic systems.

600 J3Ezd OwE B DOD WE) &5@IENEE ®REN
e@DEHEGE D g, 6e®’ 8D 9eemelSm
6808 EO® 300 BBRSM DO .

Examples include M.2 and embedded storage
modules used in laptops, industrial equipment,
and embedded systems. SSMs provide high-
speed data access while occupying minimal
physical space.

@tB3eNS, DB cowmO 6 OLE BES
3C®) T OB M.2 65 DDds G 6@DHEE

6®x0 oo 68. SSM BB 9o &f) 69Sm
9B @) ONBE 9ug 6DKrES O D
8568®mEE @ 6.
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Universal Serial Bus (USB)
5x0 emgHom V3

A USB pen drive, also called a flash drive or
memory stick, is a portable device used for
storing data.

USB e85 )38 dwes, Sezd 8B e®3 memory

stick ®o%5 eEte ®ERBED, e ®RE) OO
BEE) NDD WO G5 6MH () WL CLIoMHEE.

The device is designed for plug-and-play use,
allowing it to work directly when connected to
a USB port without needing extra power or
drivers.

e plug-and-play 08o06 e SH@ngnc
206 48 g, g0 REGHD 683 O gd®ms
608 USB 6060800 8030 § 80 D6 6d5®
S BOOO @b e3Eed.

USB devices have no mechanical parts, making
them more durable and reliable.

USB £2000@ 335m 60t 6@t cdesy,
T Ot 23 O8® b DBDIBHBROES
QOESEH.

Small and easy to carry for data transfer
between devices. ¢eo® gd e 5D

50 ee® Cern VO omey ©B®  wED
5®En6nS e 68.

Much faster data transfer than CDs/DVDs.
S88/85858 D &) DS 6JwOE o
BONGO E3¢68.

Data can be erased and written many times.
edo &lestS B ec®@®0 59 2D MO FDOO
(epeEd BOHOOD)®TEES.

The European Union (EU) has made USB Type-
C the mandatory charging standard for most
electronic devices sold in member countries.
@eOIBE Bomdn IS 00D geEd DO®
6Re®] 9IS cedo® e®) USB Type-C
BB PEdIE 3BSG VDO 5 WO &u.
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NOTE 1
Lightning Port:

) O—

The Lightning port is a proprietary connector
developed by Apple. It is used in devices like
iPhones, iPads, and some accessories.

Lightning port iz Apple 885 88 Engn @0
@ SPMBBOGE ©S ©BRSEE. Do

iPhones, iPads &% 6850 ceno® D8 Ee0®d@

NOTE 2
Thunderbolt Port:

D ofi=-

The Thunderbolt port is a high-speed interface
developed by Intel in collaboration with Apple.
Thunderbolt  port ox  Apple &®0®

e56EIBmDens Intel B8eS D8 Exdn @d® @e
#edB ot Busnos.

O 8.

USB Type A Type B Mini Micro Type C
Gen 1
CHEEE X X X
Gen 2
= - |
Gen 3
— E X s s
Comparison between USB Generations
USB 5686008} g0 €30e38EDm
Feature/ @=Segn | USB 1.0/1.1 USB 2.0 USB 3.0
Year / 8as0n 1996 (1.0), 1998 (1.1) | 2000 2008
Speed Up to 12 Mbps Up to 480 Mbps Up to 5 Gbps
eBac 12 Mbps e5é» 480 Mbps ezen 5 Gbps e
Connector Usually, White Usually, Black Usually, Blue
Colour ENIDBEHES, 8, ENBIBBEHBS, WO eN®®BEGS, B 5w 68
BBDS0D Obms | Sts 60 598 68
Power Supply Limited Improved (500 mA) Higher (900 mA)
Re evsEd B8 68 OeBEag 6 (500 MA) | 9me (900 mA)

Data Transfer

Slow for modern

Faster but outdated

Much faster and efficient

BB

eD®OS e ®RE) OO, BBec)

£ Bd@Ne needs now ) 65®OS ) VEEBOB
oo 20 FOEED BCH) | DD HGS et 6d
OFeEmD 68 T G
Compatibility Basic devices Supports more devices | Backward compatible with USB 2.0
ERREMOB BB EB0® 205 Ce300® CH) and 1.1
B0 a8 USB 2.0 &3 1.1 e3®@® e563603
SRICK)
Use Cases Keyboards, mice External drives, printers | Fast data storage, video streaming,
00> gOBM RO, BBWE DBS DB, B modern devices

streaming, ®8®® £&)0® &8
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Secure Digital cards — SD cards

A i 16m8
OLYMPUS
b A
=D e Mmini
save (NI 16 e

Samisk Z

Sanisk
Ultra

4000 7z

Lexar
Professional

Campscirizsh

SD cards, or Secure Digital cards, are small,
portable storage devices used in a variety of
electronic  devices such as  cameras,
smartphones, tablets, and gaming consoles.

SD o8eses, 663 epo8m BBOQ mBessS, D@0,
B8@HO emiel, D@D t® ) emsiei s
580 96@BEeISD® E0md@ ®HD) ®O® A,
&6E 6™ ) WD GRE) e5lo® 68.

They provide removable storage for data such

as photos, videos, music, and applications.
F ehHdzes, BBeEI, toBme 6® 66e® Ol
e EH) 9O WE Wt GRENDD 5858,

According to the physical size, SD cards can be
categorized as follows.

695D &5®HG xd, SD H8ess D sBE OB®
DG WD,

e Standard SD
e Mini SD
e Micro SD

32.0mm

15.0mm

125

According to the transfer speed, SD cards can

be categorized as follows.

0O®GT 68®e gxnd, SD 8 D sBE OBv®

DG ®TW.

Class Minimum Maximum
speed speed

Class 2 2 MB/s 25 MB/s
Class 4 4MB/s
Class 6 6 MB/s
Class 10 10 MB/s
UHS 1 10 MB/s 104 MB/s
UHS 3 30MB/s 312 MB/s

Different speed classes are provided, which
affect how quickly data can be transferred,
especially for tasks like recording high-
definition video.

DeBBecs gl-deuicy Sien] s0om 80O &

IVBES BEm) e @O DG BT IO
608 DEeI DD 6D® 5B 5e5KE QTeR.

According to the storage capacity, SD cards can
be we categorized as follows.

®REN DD exd, SD wifdessS smm 5B OBv®
DG WD,

e SD supto2 GB

e SDHC :2GBto32GB
e SDXC :32GBto 2 TB
e SDVC :2TBto 128 TB

The storage space on SD cards can be reused,
as they can be rewritten many times.

SD 98 e@e®m] Nons ®dn BDc ®ed
R, ®RDE) 9B DD NDD) WG BTW.

Overall, SD cards provide a convenient and
versatile storage solution for a variety of
electronic devices and applications.

008nny  Owend, SD onfos 99
PBEBEINBD 0 ® 6BED BEm) SWEy N
R ®RE) Dee®n esesni.

Portability, ease of use, versatility are the
benefits of SD cards

g6 6mD ) Wi ®WIDGD DD eWed
RembEm® SD mBesidg O 68
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Parallel Computing
S0 sH@HHBG

problem instructions

——
R e
——

——————
N 3 2

"

In parallel computing, tasks are processed
simultaneously across multiple computing

devices, enhancing speed and efficiency.
B@BDO sDV®E®eE &, WVHEHS DY SO®ED
Ee0® ®O® DOO e e, 65®mB &M
VOIS Ol wOB.

By dividing the workload, parallel computing
significantly reduces the overall time to solve

complex problems.

BB NOG GRE® BB, SEIBDO SODHDG
©BoVE ®OO DeE® eH G O» ©dde
DIRG E3cEBB G 6 &f) DO,

It's crucial for dealing with massive datasets

that wouldn't be feasible for a single processor.
D8 BWEBDEO WG BT EtTHD 5D OO
H0® DOED BBO ewm) Do 9 De®ms 68.

Parallel computing maximizes hardware
resources by keeping all processing units
engaged.

BEHBDO D@D, B 56wey® Tow BRSO
DOBTBBS cadio® 5858 cdd® OB.

Dividing the computer program into segments
DPERAG DD DD 6DIBE Beed

Forwarding the divided segments into the

processor
REBDG Y 6O BWEDED 6(NE 66

Result of these steps is one output
60®0® §xOBed 33dan D 8eHEE 68

For an example, a single CPU adds 1 million
numbers sequentially, whereas 1,000 CPUs can
divide the work among themselves, with each
CPU handling about 1,000 numbers at the same
time.

CoO®OMBD 6@, o8 CPU Dm0 €305
BBe®E DB B8ORS Dwy BYHBO Be O»
gm0, CPU 1,000 &8 80 D8 obec @83 e¢d
6Rem®, D CPU Dol @G dow® desddme
e0@2) 1,000 B e30cds @DEB.

Applications

6rE®

e Modeling complex scientific systems like
weather patterns

MR OO O 3oV Besn®wm SES
Pmasy BH@HEE

e Processing and analyzing massive datasets
for insights

Besn QDG sem iy ey 00
&5cE® 5 BBedssnc OO

e Rendering realistic images and animations.
BONOBONE Gzes 39 e3BDOS DernB®wdsnc.
e Encoding and decoding high-resolution

videos.
gR-Betscn HDew’ oomn BOO ©®
Dedommne BH.

Ex.

Graphics Processing Unit (GPU)

When a computer displays an image, video, or
game, millions of pixels must be processed.
Instead of using a single CPU core to calculate
each pixel one by one, a GPU contains
thousands of smaller processing cores that can

work on many pixels simultaneously.

SO®HMDED OB Oz, ORenidw  e®3
sO®eD SO cheoe wow O, Betsd
BB OHMHDD SBRD ED DG G 68.6528
Bets@n® d8s O @émmnc SO0 se®) o8
CPU core =03m @09 60500, GPU dwed

20 @ED processing cores c®el ®En® D&
gmd, 90 D@ gOHESMHDDE Besnd Dme
®HEE B D) BOHOO ®THEID efoey.
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Grid Computing
HERO®D sHE®EDG

N\ 4

Co—EFe -
— [}

[ —FEE— T
/Node\

A set of computers working together to

perform a specific task.
sV@o BBSES B Demed GoOBINS cece)
DD DBHD cOBE 86D

000

The workload is divided among the computers
and each computer has its own contribution

toward the common goal

IBGE 5B SO®ED BBSGD O 6REG®
g0 OB DS SOEOHMWEDO 698 FOBED
cece) 8 BB ® BEEG &5@IFIEE 608368

Process is quick
9 68®OBD wWVEEH BEwO®D BTG

Ability to process large quantities of data

by decentralizing data
e SsmD BHe®s D@ e DEVEES
368360 ®THEID

Ability to operate a single software from various

locations
BMe BBsocw B0 D BIEIo®EED  BID
BOBO S eI

Cost-effectiveness
80z deeXBmdG

Grids can dynamically scale up or down based

on project demands.
D555 9BR® @ ©eHBO HEDERD SO
9ED 6®) 5HED SOEBG BDE BTD.

Resources are efficiently utilized, minimizing
idle time and maximizing overall computing

power.
86858 V8D D) B BBS, HSHG
DEG OB BB 5 D sd®ED DG £ed®
BBO.
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Applications
6rE®
e Analyzing massive datasets in fields like

astronomy, physics, and genomics.

O BESD, 6995w Bed €5 e BesId
D8 ©wedPde D o  DOO0E
RIGEREINGEN SO

Analyzing vast amounts of financial data for

risk assessment and investment strategies.
80e)n® detidc BOO &M PHEEISD ¢
e oeH Ges coo IR OHBIGBD
RIGEREINGEN OO

Rendering and animation

Bern@mdenc 63 8DDOSNG

Ex.
SETI@home
This is a grid computing project where

thousands of computers around the world work
together to analyze radio signals from space.
Each computer processes a small part of the
data and sends the results back to a central

server.

6®n @D & s Do el GHNHDD
DBemm ® oORXIRD B, gosdommed &0
5Bes0® 638603 tote) Jwed®®nc SO e5e®)
DD §® OD HEG®ZD SO®EMND DBIeBHE.
cOBE ©z® oOODOMDGEDO OB  W@EN
e BN ey R god, DB &BdE
DD BB 6L3NSHEWEE 60D (DX @RES.
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Comparison

Feature
QDB

Parallel Computing
550 sDEIMDG

Grid Computing
HHR®D 3D®EMDG

Computers Used

0D O sdD®ED

Multiple processors in one computer
or cluster

D® SVBDHDHED 695 BPWHED DE
&8 DD e5wes®.

Multiple independent computers

connected by a network
HEED BBS HBRSH DO® @
30D sPV®ED BBesE.

Location
SN®GB

Usually in the same system or nearby
£@HBBEES DO SEDBGE DG 653
QD) PIBBHD BB &re.

Can be distributed across different

locations worldwide
6@D 5 B8R SNude BED s5tdBG
BT,

Communication
Speed
5edem 68®mn

Very fast
9 68®OBG

Slower because it depends on

network communication
BTe@mB 60, Be DB eHE
&Bedemn B Oe) 5.

5.

Control Managed by a single system or Can be managed by multiple
BEBG organization organizations
8 S5ENBGEE 6®3 e30DIDGEE OGS £3080® BBSED OGS DSEMDOSED
DERDIDOSNG DOGB. DG WTEDCE.
Goal Faster execution of a task Sharing resources to solve large
ago@en DIVEED @) 60®6ES HrI®m problems

BmE ®OE DeE® em) 8
603668 O SHO.

Resource Sharing
&858 650568
NGB

Shared memory and resources
®DE Owe ©6m &8ss DD 68.

Independent resources on each
computer

DS DS 5V®INDBO e SND®
&85y 598,
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Parallel Computing (Continued)

A movie animation studio needs to render a 3D

scene containing thousands of frames.

5@% &85O DHeoemd NHE cmel
GBS O3 @ HG®HED  GOSD
B0 dws 8 e.

In parallel computing, different processors or
GPU cores can render separate frames
simultaneously, reducing the total rendering
time.

BONBDHO 3V®ENDEAEE, DD 3ees 63 GPU 96
OB OBenwD D3 NHE dwd® GOLBNMDDE
OB e ®B o, DABS ©BbEN 6OSEL
B8 e3e®) ODOD DIRGB &) DO OB BTDE.

e Frame 1 — Processor A
5D 1 - eswesmne A

e Frame 2 — Processor B
PD 2 — 36396 B

e Frame 3 — Processor C
9D 3 - eswesme C

This allows multiple parts of the animation to be
processed at the same time instead of
sequentially.

c@BBS e38DwOB6E 6w BHHH FHTBwwd
&80 60RO Dwd® 4dENDDE w0 9f)
3@e383.

However, the speed improvement is not always

exact because:
emetl 6O, 68med Bchm VNG @O
BEDD 60068 68 6855 eI

e some tasks cannot be divided equally
goe® WVBEGES BBHDD 6 60X BE
IO RIC)

e some tasks depend on the completion of

others
&goe® VEES 60D VEES 5O SHOO
B 6e) 5tOEO,

e additional overhead is created when tasks

are managed and combined.

IBGES  DEPDOIE BSOBE e Fon
DBe»m OIS0 DBOeO®E oSl 658
B0 SHEENn BO.

Grid Computing (Continued)

Computers in a grid may be connected through
the Internet or low-speed networks.

eHE OHn DG SO8® sdD®ED, ESDHLNEEG

em) ogf) 60® ©Bede» HE Dddetd dBewwO
RS DG ®IBG
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Usually, one main computer distributes tasks

and information to connected computers.
£2®DB6ES, 6OSBE D HEH® SV®HNDEE BGS
SO FHVERN O®HMND 60D IVGES &5
eMOQNGT BRE) ®TD® &g oy ERE.

Resources of interconnected computers are

collectively utilized to complete large
mathematical and scientific calculations
efficiently.

606t gROV-BRSDD DGR ) s
@B®D  ceni®  wOmE RN, Om
sB@BEE DEHOG 59 B @D OB
DVERBOD 5O OO S5EHIE.

Tasks and workflows can also be scheduled and
managed automatically.

B0 0D, &Sl DHGEES 6w HIOT
5D®ES BDGoSED MEBDHSmD HHe® o
DERDIDONG BBO ®THCND 5.

Application codes can be distributed to specific
system nodes, while results management
assists in decision-making processes.

6rEl® 603D S5EDD LS 630 60D O3 BE
el g0, OB 3BOQ DSOWOIEB BGE SO
®e56® HIOBS OIS 580 OB,

Grid systems may include self-configuration,
self-optimization, self-recovery, and self-
management features.

6®S eHE SENS, B3DBo-BDBIEIWOSNE, 30~
OGEEDWOIMG, BSDBo-BEND®E o  e3DGo-
DEOMDOING DTS CeseS DBDBEND FoDHBREMDES
805D BB ®TSG.

Schedulers in Grid Computing
&HE SOOMDDOE DG DERBODHSDOLN

Schedulers are applications responsible for
allocating resources, partitioning jobs for
parallel execution, and managing data and
workflows.

MEBODHBDOL X SEOB &8ss 605 DO,
[ Oalee) BB CH) DIBEESS
6mOLBORD oRED, 6OR® D ©® FwOP
DWES DEBWOMBG OO eH ODOBEH
eR»® ®agmo® 66O 5.

Schedulers may form hierarchical structures
using meta-schedulers, local schedulers, and
cluster schedulers for efficient parallel
execution.

OEDB® BEIBDO FEImdBOES S O
eSO coece), 608 MEEDHSOS BBS 6®@D-
DEBODHSDOLN, NEERBE DIRLBODBDOL €5
60t MEEBOHBDOF DD DOBS QNGO
50 B@mIDWBEB BTEE.
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Power Supply Unit (PSU)
e e5ooE® Sowe

Receives AC power from the wall outlet.
DB BB e3xneds’ AC BeBn @) 6.

Converts AC to DC using SMPS circuitry.

SMPS 230230 desnce ©8ens AC 8eBcn DC
BeBrn DDO &5 DOB.

Regulates the voltage to provide stable +3.3V,
+5V, and +12V outputs.

58056 BMDOSDG e5em) +3.3V, +5V, 88 +12V
6@t 6D33VEOS B®®EG DO @R 6.

Distributes power through connectors to the
motherboard, CPU, GPU, storage devices, and
fans.

®e30dc®, CPU, weds onflesm, e oRE)
BBe® ceo® ©® o) 60D DR HPRBD
®O®) BBk 6Re) wBE.

The computer components use this DC power
to operate, while the PSU continuously adjusts
and protects the power supply for stable system
performance.

0@ 6O §rs®n 80 ¢®® DC BelBc
)T OB GO0, sD®ED BEOBEE MO
BondsOe eew) PSU D 86Gs 8500 B8
€50e3® el BBO e® o) HVO B ®OE.
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Input and Output Voltages
POD 658 §8® 6DIGTEOSD

Input: 230V AC (or 110V AC in some countries).
eeme: 230V AC (8@®0 ¢0dg 110V AC)

Output: DC voltages such as:
aBemn: suD B8 O DC 6D3q0mmdSs:

e +3.3V - Motherboard, memory chips
+3.3V - 8830000, o> Be3e3

e +5V - USB devices, logic circuits
+5V - USB £23)0®, o08m esdesd

e +12V - CPU, GPU, cooling fans, drives

+12V - CPU, 0)c®e sy, BB eSot,
e Hdwm

Types of PSU
PSU 8b®

1. Non-Modular PSU
6@HBDHERYH 6O»

All cables are permanently attached.
Bre® 6Ba 383008 6B O .

Lower cost.
888z ef)cs.

2. Semi-Modular PSU
&b e@DHRY

Essential cables attached.
go50mS 6DAQ 5P BRDSR) O L.

Other cables detachable.
FemD BT ®ED) OB WE WTEBE.

3. Fully Modular PSU
g% e@BDGRY

All cables detachable.
Bre® 65Q ®ED) 99 DG HTHE.

Better cable management and airflow.
&%t 6DF DECOMDOLNBO 5 O 6mIe i
308308060 Ee3ed 68.

Higher cost, but offers maximum customization

and effortless cleaning
B 4D 68, DS FOGS 6RQ OIS 63O
®BOO 529 BBHEE BOHOO @) e5evey 68
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Efficiency Ratings of PSU
PSU 8 ontbecss®@m) eadon SHS

The 80 PLUS certification is a standard used to
measure the energy efficiency of a (PSU).

80 PLUS &308mm0#hc oy odoshoom @
&05® Townn DemEd DVEDBRD @S
BCm) 0D DWO® HBBGS.

It shows how efficiently a PSU converts AC
power into DC power (for computer
components).

BB® 8g @oex, PSU Dol @& AC BB

REn, sdodm 60 D gdws DC 858 dec
OO 6OB DIVEDBED SHAVD®E WOSESE,
B 655DBB.

Not all input power is converted to useful
output.

PSU dao0 gd® d» Boe® e s
B6EISHOD 3BBED VDD 5HOVDHEG 6I6D.

Some energy is lost as heat.
DBE (30 BS HPIBNHE B BGRE eSS 3.

Higher efficiency = less electricity wasted + less

heat + lower electricity bill.

IBGEDBOD D8 B HO®D BeBn &eses I®
&) 68 + B cNeHG OO af) 68 + BB D@
&f) 8.

80 PLUS Efficiency Levels
80 PLUS atcsie®n) ®008

PSU Protection Features
PSU egpoSesn eC0s

OVP (Over Voltage Protection)

Cuts power when voltage is too high.
6DIR0EDG @) 9weE B 80 Be® e5cesn®
Bessst) wOEB.

UVP (Under Voltage Protection)

Cuts power when voltage is too low.
6RO @) &f) &) 8O Bl e5esin®
B350 .

OCP (Over Current Protection)
Stops excess current flow in a rail.

S mee (Rail) ®oen el e B8
OO ®E) O DEWOR.

OPP (Over Power Protection)

Shuts down when total load exceeds PSU
rating.

8O Bexsd 0, PSU Do cesd® nded
9O B B0 FwDoSD 8.

OTP (Over Temperature Protection)
Turns off PSU when it gets too hot.

PSU ® glm 6@t O3 § 80 dc §wmdosom
OB,

SCP (Short Circuit Protection)

Immediately shuts down during a short circuit.
80306 6e3s &8 & Ow® HBOBD 8.

Certification Efficiency 20% load 50% load 100% load
80 PLUS White 80% 80% 80%
Bronze 82% 85% 82%
Silver 85% 88% 85%
Gold 87% 90% 87%
Platinum 90% 92% 89%
Titanium 90% 94% 90%

The colors are just a simple labeling system to show different efficiency levels of PSUs in an easy way.
B850 R ©we3i® Jowde @HGEEs®m) @008 s®eeds 6e550® BEm) 6CIEIDSM) O 6RRAE BdHe®

PP nE 6@t 600 OBE DD GWEY.
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Stored Program Concept
B PO o

The concept is commonly credited to John von

Neumann.
6®® 306 6MINDE BBDSES el 68183
BE@H50c.

He described the idea in 1945 through the
EDVAC report.

®® 1945 & EDVAC 0bomd ®0®) 6®® aewmes
B30 wedn.

Program instructions and data are stored
together in the same main memory.

DelesDnS ceecetl ©® e G® 6CWO® BHIO®
el DO ®RE) DO DR @BBEB.

The CPU reads instructions from memory in the
same way it reads data.

O eowes® Towe e Bud® gmOEO®
OWers cectl & HHdy @REB.

This allows a computer to run different
programs without changing its hardware.

68 6NEDS SO®HWEE cato® 6N BHOS
60D DR Oedns BESOm BBOO
5D@FDHEO ®TEEID @TeRE.

Input Processor Output
Memory
Program + Data
Before the Stored Program Concept
o PPedR tomwdsr esd
Early computers such as ENIAC were

programmed by manually rewiring cables and
switches.

ENIAC 58 3 3» D@D 9Pe@®6 oD
@Eee onRF o BBDGS &5 D HOD
£BRS0) BHeOS.

To change a program, the machine had to be

stopped and reconfigured.
BeBesDmaS 6dme3 SBHOD B, BEHEB DO O
D8 Oxews DD 3wl BHOO &g Be.

This process was slow, difficult, and

inconvenient.

600 BPOB®H 9 BBc®T, £Bwd 6B ereseey
eee 8.
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Advantages
)5}

e Programs can be changed easily by loading

new instructions into memory.
OE0 %D coect Fged 8De®
DeB)es0nS; @) B59EeDs 6ONES WE WIDE.

e Programs can be stored and reused
whenever needed.

D0 dBms Bne® g3 @R O
D) BP0 €589 HTOD D) BOBO e,

e Computers become  general-purpose
machines capable of performing many

different tasks.
sd®Em, BOD DIVEER OBGE DS ®TS
@63, VB B8 VDD o8 68.

e The development of software applications

becomes possible.
®aco® 6GED 30OBDG BHBO HTd 65.

e The development of operating systems

becomes possible.
6@e®mEd® g8 300BANGB BBHBO el 6d.

In Memory / @56 8¢

Address Content

BB®»e FBODODE

100 Load A (instruction / eeseecel)
101 Add B (instruction / eeseces)
102 Store C (instruction / cesecel)
103 Data A (data / e5e)
104 Data B (data / o)

A memory may contain instructions such as
Load A, Add B, and Store C.

b Omwew Load A, Add B, &® Store C
B cesectl go® B ®TEG.

The same memory may also contain data such
as Data A and Data B.

D® Oowed® Data A ©®» Data B &8 cioe
efo® B BT,

This shows that instructions and data are stored

in the same memory.
6®BS 5wt OB co5ectl Y ey 6B
Gem® DO Powmc GRE) O ROA.

The CPU treats some memory locations as
instructions and others as data.

e®82 CPU d» 0B ®owmed &o® 0
co6etl 6RHD, DO B8N oD 6D M
DOED ®OEB.
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Von-Neumann Architecture
e Brens 8H®we

A computer architecture model proposed by John
von Neumann in 1945.

6®xn 1945 8 6eslis) 6808 BH®S D3 eriese) O
@ 5D®HD FIDASHS.

It is based on the stored-program concept, where
program instructions and data are stored in the
same memory and accessed by the processor

through a common communication path.

606 DD PYOGRR oSt B 5eHd 68. cOKHE
BelesDnS 56t 5% e Dmd® ODWHED ®ORE)
D6 s gd, 6eE ©5Sede® BV®EE ®O®)
e D o) 6D B88ees.

Most modern computers are based on this

architecture.
66 HBD SOOI 608 BHBHG B S5cH® 68.

Central Processing Unit

Control Unit

Arithmetic/Logic Unit

Output
Device

Input
Device

v

v

'S

v

Memory Unit

Historical Background
6d8nBm 568

The architecture was developed during the design
of the EDVAC computer.

@R &VIDn SVEms O @2ed EDVAC
D@D 5D WOD IRG FDOROEE.

Before this idea, changing a program often

required physically rewiring the computer.

6®® gemwe DBHDBO 6630, DrdedHnm 6DNeS BHO®
Be®) 6e®] 8D sDOHMDEE 6 6HIBDO
2O RS BBOO B, B.

The stored-program concept made programs

easier to modify and reuse.
P PER ©omEne BBE OeDns 6dHE
BBO 59 DD D) BOHO NS ey DESH.

Computers became general-purpose machines
capable of running different software on the same

hardware.
sB®ED, Dw® catho® B DD Bacio® WHDDC
DG BB 638 VG B VOO & Bs.
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Key Components
85t ©oddD®

CPU
The CPU executes instructions and processes data.

CPU o B8 coectl §oson SO0 6w oo
&30e83® &g wOa.

Consists of the Control Unit (CU), Arithmetic Logic

Unit (ALU), and Registers.
6®G 5)ED JDWE, BB &) VWD TDWE €5H
6OSEHO OB 5PxDD 8.

This topic will be discussed in more detail later in

this lesson.
6®® @maMd &d OB NedE DENS
BBoNHTODD e ewed.

Memory

Olotale]

Stores both data and program instructions.

e 59 Dresdms coeee 6 6c® ®RE) DOB.

Holds information temporarily while programs are

running.
BeBesDnS PI@w O 8D 6MOROT DB
e 8.

This topic will be discussed in more detail later in

this lesson.
600 @mad oKd 688 ©HDEBE O
BB e)wdehH ewed.

Input

PO

Receives data and instructions through input
devices.

W Ee30® HOW) EBD 58 CL6ES @D ®E.

Converts input into a form that the computer can

process.
PODGE  BOOIMDBO BB D OGO
sOVDHG DOEB.

This topic was discussed in more detail earlier in

this lesson.
PR OaMd 60 6P
B350 188 DO &,

eBe®8  OENS

Output

gSo»

Presents processed information through output
devices.

e0Ey BINONOT BHED EeNo® HO®) QEDESS WOE.

Converts computer-generated results into a

human-readable form.

sO®MDE OBS SH®G WO® L BOR B0
Bedo ®o OBEDO SHOVDHDE WOLB.

This topic was discussed in more detail earlier in

this lesson.
cP® ©Omamd 630 0¥
B3N S5OmE emdehH DO .

eBeB®8  OENS
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System Buses

&8 @

A bus is a communication pathway between the
CPU, memory, and other computer
components.

RDesEE (B WD, ODWEG  BH  FeDND
sD®END 800D g0 5OE® BSeDe®
VB®EE.

These topics will be discussed in more detail

later in this lesson.
6®® @mam) 80 608 HDEBE DS
B3 )% 6wed.

Stored Program Concept

B PO o

The core principle of the Von Neumann
Architecture discussed earlier.

6030 %) BE 618 BHOS HaBed B
BRAOBOGE.

NOTE:

The CPU cannot distinguish whether a location

contains Data or Instruction.

PR BNDED ETNeS EDMBWDE, BTDEBIS
CB6eHDe 05 6aejdd DO HEH) BTBHBO
CPU 20 e219t8e.

Advantages
o8

1. Flexibility

®OBB DO
Programs can be changed easily without
modifying hardware.
cato®m OHE3 BB OO  DREBOHS
85983608 6D0E WE BT,

2. General Purpose

g e B8
The same computer can run many different
applications.
D2® Ve IBDeEs DD 60e® MHEB®D
BS5OD DG B,

3. Easy Storage

B5HE GORENDOLE
Programs can be stored in memory like data.
ey 6RO Diesdmse OmE NE® GRED O
DeRDE BTES.

4. Foundation of Modern Computing

28 sbménd Dedged s5cH®
Most personal computers use this model.
OH@I®ed 48 EedDm DG 6RIGHIBGE
o) o568 600 pWaSKd amd®.
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Von Neumann Bottleneck

The limitation caused by using the same bus to
transfer both data and instructions between the
CPU and memory.

CPU o &% @26 god e ©® coect oD
ec® HOMG: SO DO V5 D BEwd®
o5868cw BMHEGE) D) SHO B &S0
Benda.

CPU and memory cannot transfer data and
instructions simultaneously.

CPU 30 &% @60 50 gdeShdme (Dmd0o)
e 5 coect 5B WO B GIIWTD.

Creates a traffic bottleneck between CPU and

memory.

6® &en CPU D v Oows o0 o
®®O»6E eRers  (Bottleneck  dwe)
&g 68.

CPU often waits for data/instructions to arrive
from memory.

6®8 BOREE 6L, D B0 e 6™ ceseces
@eRu0s CPU 920 eiem’ 80 D@ 8380 &g
68.

Reduces overall system performance.
6®n P8 sO®HMD SEOBEE FEmdDOG &f)
WOEB.

Becomes noticeable in

processors.
8068 tswesn DEE 6®® MO NS Wi 6e56.

more high-speed

Limits the maximum processing speed of a

computer.
600 sD®IDGEDO QR ®D BT DO e5twey®
68®mc B®) DOEB.

Caused by slower memory access compared to
CPU speed.

CPU ®ed 68mx0 763580 @mmnd gedn He®
6D®mn OB 8O He) 600 HBDOG HODS.

Cache memory helps reduce its effect.
580 om0 O SO, 00 RDEsE® &f) O
&S0 .8 d.

Harvard Architecture avoids it by using separate
buses for data and instructions.

Harvard Architecture @@} e &o ceseced eses)
60 60H® RS D) WOBS 60 BOED BWHOE)
®8.
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Harvard Architecture
BOE VBB

Use separate memory and communication paths
for instructions and data.

cesecel 6% e BE®) 60D 6ONE BDWHES €5t
£BedeH AB® NS DORB.

It allows the processor to access both

simultaneously and improve performance.

6® 6N HBWHEDED OD® GOSNODE 0
6eO® Bedn B0 ®S O gmd, sV®HDERD
DIVEENDE 9B 3.

Commonly used in microcontrollers and digital

signal processors (DSPs).
6®n RHED® TyE ©IED Y OBOF Eow)
EDEDHBS BEH) NDD) 68.

Examples include some PIC microcontrollers and
Texas Instruments DSP systems.

CoOmoEn et ©®®O PIC SSag opm o® Texas
Instruments DSP &&208.

Instruction Control Data
memory | unit memory

[[e]

Feature
QBB

Von Neumann

Harvard

Program Memory
Ddes0ns WG

Same memory as data
e ®REN D PHWE® BN OB

Separate memory
60O BWEE SOBB

Data Memory

Same memory as instructions

Separate memory

B OB co6etS ®RE) D Bwn® NI OB | 60O BDWEED SOSHB
Buses Shared buses Separate buses

REED 6R®E De3B® 60» 6OHO 3OB® DS
Cost Lower Higher

1S1e11d6) faA6s) RN

Speed Lower Higher

R0l faiAl6) B8

Interesting Facts
6008 Ao

Because instructions are stored as data, a program
can modify its own instructions (self-modifying
code).

coeel, e  6es® »RE) O  Reds,
OeeDnnmd D8O coect dnt DOKEe®
DD SOBE.

Some computer viruses exploit the fact that
instructions and data share the same memory
space.

goe® sdmem OBOL, coect ©w enm Dwd
O FODMBED GRSIDRDD) 3 DOtEN GBE 6@
86eE3sHE0 ®HE.
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Modern processors use technologies such as
cache memory, pipelining, and multiple cores.

20® wen Qe B8 @owmn, Pipelining &® Q-
®0 D8 WBENGES ©0D) 68.

Although modern CPUs are more advanced, they
still largely follow the Von Neumann model.
@ CPU eRendsS Enrgn e, Ton 508

ee® 00 NB-BEEE HHWIBGE® FRHEODG
™OEB.
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Fetch-Execute Cycle
o F§@DOE® DG

Registers ——p1 [re] [on] [an] [ ] [or]
ft it
4\] FETCH MAIN MEMORY
Control Unit DECODE
instruction 2
il It instruction 3
4] 4} program 1 ....... program n
Arithmatic &
logic unit EXECUTE STORE {}

CENTRAL PROCESSING UNIT (CPU)

The Fetch-Execute Cycle (also called the
Instruction Cycle) is the fundamental process by
which the Central Processing Unit (CPU)
retrieves, decodes, and executes instructions

stored in memory.

dgn Fowodd® Do (cosecs Do 6@EE
oEDed) oy OO wron® Towe DBS
Oomeld ®IEN O g coecs ER) ®iS®

(retrieves), Bewomn S (decodes) &®

o SB® (executes) 8Bg @oO» @Bw
HOB:E.

1. Fetch Stage
QD) ®THO

The CPU retrieves the next instruction from
main memory (RAM).

CPU ® @B e300 ®owmens Be® ces6ects @)
®8.

The Program Counter holds the address of the

next instruction.
Dees0ms @ OGS Be®m C6cets® BB®G
o) o) .

The address in the Program Counter is sent to

memory via the Address Bus.
DRe0HS G a8 BB®o, BB8® D
®O®) OB 60D BOX Q6.

The instruction is copied from RAM into the

Instruction Register (IR).
NG C56EE HID BDWEHS Ce36ceS 60B3HOG
60D 8065 DOX QIeR.

The Control Unit coordinates the fetching

process.
2E® JTowsc OGBS 6®® coectl ER) ®TEed
OB BRSO OB,
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The cycle is continuous and sequential,
meaning the CPU processes one instruction at
a time and repeats the same set of steps for
every instruction in a program.

c®0® Do RHI) o gxmdm (continuous and

sequential) @8, @5 eewel Ol BRSO e3cey®
Fown OGS DOm0 O cesectss DBs eswessm
g0, DiResdnH®® g8 €20 Ce56cHs BEmI®
600 DO BrdDO @D MDD BODS B OB
8.

After fetching, the PC is automatically
incremented to the next instruction address.

co6eee @R ®iBe® oty, PC dn 00oScd®
Be®m coeces® BB O ) 68
(D55 B D).

This stage ensures the CPU always knows which
instruction to execute next.

6®® 8wrd0 8@ CPU dm0 gm0 §mision ¢
Goiesy B Eosecse GR rPdDR ®E®)
®BR0 5598w DOGB.

It is the first stage of the Fetch—Execute cycle.
605 PO FEWODD Dyed e BedO 68.

2. Decode Stage
Sedonc BOO

The fetched instruction is passed from the IR to
the Control Unit (CU).

RIS cesect, coeet 6088moed (IR) &80
&e® Jome (CU) 60 0 @red.

The CU interprets the instruction to determine
what operation must be performed.

8e 96 @0 §©md @il Soge BO® esem
e Towe (CU) 888 8 coect abdmdmne
(interprets) @oxn @RS.
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The instruction is split into its opcode
(operation type) and operand (data/address).
e®® coecH D8 @emwnd® eme (opcode -

Boedod® Ober) ©w Sodsc (operand -
e/ BBmn6) 6@ 60 DD 6ReH) @red.

The opcode identifies the operation (e.g. ADD,
LOAD, STORE, JUMP).

6®enE® ewmo (opcode) OGS Bg e O
8o® mgmm ®8 (¢e): ADD, LOAD, STORE,
JUMP).

Any data or memory addresses needed for the

operation are identified and prepared.
g6 B tem) gdms D Bn® et 63
B BBDGD HEIIE®D DO WOX @IeR.

The CU sends control signals to prepare the
correct circuits for execution.

e S§onem SH® ses BOOE esdesd
@Bend 3OO0 e Towe (CU) 8885 oo
o) (control signals) ¢dx @zed.

3. Execute Stage
Sosien S8

The CPU performs the actual
specified by the instruction.

CPU o OB aoe ©o56cetsd emes 5oz
OB e wOa.

operation

The instruction is already decoded by the

Control Unit (CU) before execution.
Bo@m BBOO 6650, IE 3688 D S
OB OB DeDDHNEG O &L,

The Arithmetic Logic Unit (ALU) carries out

arithmetic and logical operations.
ot GHHOG ) MHBD Fown OGBS @LHHOG
&5 MNHBD 6®e»i® Be oy @DE.

Operations may include addition, subtraction,
comparison, AND, OR, NOT, etc.
00 ePexwEd® tcH) Doy B, i) BOY,
esoeseme BB, e®@x® AND, OR, NOT &8
OB GO GFeEs DB ®TBG.

Data may be transferred between registers,
memory, or |/O devices.

cOBE OBLHO, Own 6® mew/Se®
E0® g0 e D@t D@ &8 Bi ®TS®.

The Control Unit sends control signals to
coordinate the execution process.

B SHe® HOBn HORDRD®OSG OO
BEH NE® ToWn OGS eNE® otr) HwsS
DOEB.
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Results may be temporarily stored in registers

during processing.
el HVe® FuDBn gond, Qred® SO
MOMBDO 60OBE3DO G OREN O DTDEB BT,

Some instructions involve decision-making
(branching/jump instructions).

80O csect S0 ®S® ©P® &SR 68
(Branching e®3 Jump ceece Oe8).

This stage is the core working part of the CPU
cycle where processing happens.

6®® BrdO, ety trwd® &g d» CPU dyed
5O 5 YRDO Frrmd 6O 6d.

4. Store
o) 808

The result of the executed instruction is saved

after processing.

B0 wO®» @ C56cess o8O,
erBe®s oed fileny @PB (R DO
@R8).

The result may be stored in a CPU register or
main memory (RAM).

6®® u8den CPU eb8dodnm 6® &ihw
DomeE GRE) Bn ®uD.

The Control Unit (CU) manages the storing

process.
c®® ®R) BVE® BIOBG QMG WOH) ERSBGS
e Sowe OGS.

Storing allows the result to be used by future

instructions.
c®etl HRE) BB® OGS, DO HBOREG FDIOD
coeees sem) wdm SO0 ade3dd @red.

Not all instructions require a store stage (e.g.,

some comparison or branch instructions).
Bre® coecs sem 600 ®RE) Bde® Brdom
FO®S 668 (CLIDOHMBD 6@Q: 5BWO 5res&®
683 M cevectd).

This stage ensures that processed data is not

lost.
6®® BrdO OGBS 55 @ e HS B 6™
RO w0 OE.

It is usually the final stage of the Fetch—-Execute
cycle.

6®0n @msens Fetch-Execute pmed edenwm
8B6dO 68.
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Example
A simple software-based example of the CPU
Fetch-Execute Cycle is using a calculator

application to add two numbers (5 + 3)

®5® 5cey® Twwed epmdsn Hrimod® O
B B0 ®agmo®m B BeH® 8 EemodHNGE
GRE ®HD BBY 6BEAD WIDDEHES oD LD
(5+3) Dy BOO DB Bow.

1.Fetch
QD) @O

The calculator app sends the instruction “add 5
and 3" to the CPU. The CPU retrieves an

instruction from memory (RAM).
®HD G5Y 66e® ABS 5 o 3 Do WOBD"

©o® coeces CPU 60 d8. CPU 885 5th»
®owens’ (RAM) ge)g cseces @) ®F.

3.Execute
Sordem S5O

The CPU performs the required operation using
the ALU (Arithmetic Logic Unit). It calculates 5 +
3=8.

CPU 88 ®ehio®n ) obSm Tome ndmecnes

goE §r® 8 @08B. D 5 + 3 = 8 6 ®ENHDGB
DOB.

4.Store
o) {OO

The CPU stores the result back in memory or
sends it to the output. The result 8 is displayed
on the calculator screen and stored temporarily
in memory.

CPU 383 5890 udn ®owed o) 50O
6] 86 60D idd Be OB, 6OSE 8

2.Decode 550E® ®HD BB HOG B eV®HE O g0,
Beomne S5O D MHDDIBED OWEE ®RE) 68.
The CPU interprets the instruction.

The CPU understands that it must perform an
addition operation on the values 5 and 3.

CPU 88% coeces gbdmd0e (interprets) woE.
5 e 3 6 gnns O don BBe® Fudn &g

2 g @9 CPU 6508 ®5.

9 Decode instructions into commands

v

0 Execute commands

v

Control Unit ALU
— Directs all operations. —_— Performs arithmetic ——
It fetches instructions, (add, subtract, etc.)
decodes them, and and logical (AND, OR,
controls the flow of data NOT, etc.) operations.
Fetch instruction between components. o Storeiresiiits
from memory in memory
Main Memory
Mt Stores programs (instructions) and data. <

Provides instructions to the Control Unit
and stores results from the ALU.

o Fetch: Get the next instruction from memory. O Execute: Perform operations using the ALU.

e Decode: Convert the instruction into commands. o Store: Save the results back to memory.
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CPU (Central Processing Unit)
B> e5ce® Tovwe

\\
N\
& .\4\

& oo
o e
< *j—}" )

S0y

A CPU is the primary component of a computer
that performs calculations, executes
instructions, and processes data to run
programs and operate the system.

CPU ®o© cn ofnme SB08 &8 o6®, cosects
B0 @O®, ©® Oednss ©® 6O
o086 oo BBO o wme®
SD®EDED 501D 3500DWEE.

Types of Central Processing Unit
B> e5tee® Tved OB®

1. Considering core count
B0 @END BRI

Core

®0

An individual processing unit inside the CPU
that is capable of reading, processing, and
executing instructions independently.

CPU 28 o a8 o5 toe® JTowns O
gm0, DO SNHDHD cesecel BHDRO, 3emE®0
5 e BOOOD @D &oe.

Single-core Processors
TFo 96 oD

A CPU that contains only one processing core.
8 DOGEES G DD 6 D ume®

DO 50D lo® D CPU D&,

Since only one core is available, tasks are

processed one at a time.
DB 5OBSeS D HOEE SOENS Dedss, RGBS
D DOWO O VoBS 5esy) QTed.

The era of mainstream single-core processors
ended with the Intel Pentium 4 series, after
which the industry shifted to multi-core
processor designs.

Rued 8> § o o6 swen geo Intel

Pentium 4 e&#Bces s@® deseS §) od, @Besesd
D@D DHEIBDEG DB WO WD 5RED 6D
6008 8.
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Multi-core Processors
) ®O WD

A single CPU that contains two or more

independent processing units called cores.
OGS 6@ BESODD 3DD® erwey® Tow ecws

603 D) ®ENHD glo® O & CPU dos.

Each core can execute instructions separately,
allowing multiple tasks or instructions to be

processed simultaneously. (parallel)

DS D WOBO 60D 6DN® 36t BEIDOD DE
oD g0, DBGS IVBES 63 cesectd B&SEHS
DDO 3cBR0 (5@BDOHDD) @b) e3TR6ES.

This improves the overall speed, performance,

and efficiency of a computer system.
60 oo SEOBGD 68  65®mo,
DVEENDDCE €529 IVERBOMD Bd) Eren DOB.

Need for Multi-core Processors
RH ®0 D FOGSNOE

e Programs can be divided into multiple parts
and executed faster.

BDesO®S 60 B8O eRe) O8N
6D®EHES HPEIBOD DG BG.
e Higher system performance can be

achieved from a single machine.
8 BEES 9ng SES VGEENRDEE
@R ®D BTG,

e Power consumption and heat generation
are reduced compared to using multiple

separate processors

60 6DDH® OB WD SHBOE LIS
BB 363580 BB sde®Iesnc 65 I
BS990 58 &f) 68

Examples of CPU Core Counts
CPU 606 602508 aem) cendsn

1) Single-core processor — 1 core
8 ©0 e — D HOGEH

2) Dual-core processor — 2 cores
EDSD w0 5D — WO e

3) Quad-core processor — 4 cores
88 0 3D — 0 HDOS

4) Octa-core processor — 8 cores

880 ©0 Bwen — »0 OB
SOl )
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2. Considering the Manufacturer
5&eHcme) 5

¢ Intel Corporation

A multinational technology company was
founded in 1968 that manufactures computer
processors, chipsets, and other electronic
components used in computers and digital
devices worldwide.

1968 ®e6d8 dd®m ®O®» @, 6@ &M

oo 6w DBEOF ENordR ®OD) O®
sO®ED e, BDBessd 6% FenmD
9BEBEDNS cNom BBeemn OB RHeHED
DB OB,

Ex. Core series (i9, i7, i5, i3), Xeon series

intel

intel

CORE€ CORE CORE core

intel. intel.

XEON'
PLATINUM
inside”

(intel'
XEON

GOLD
inside™

inside

e Advanced Micro Devices (AMD)

A technology company was founded in 1969 that
designs  high-performance processors and
graphics cards for computers, gaming systems,
and servers.

1969 ®e688 po®® ®O® Ee, sO®HWD, sSDDLID
Sth 58S o eLNenDm HeE) 9HG VG
ENRDED BB WD 8 ®Ihn @IRes eree®
OB MDD SHBOS.

Ex.

Ryzen series (Ryzen 9, 7, 5, 3)
Threadripper series

EPYC series

Athlon series

AMDZ1
THREADRIPPER
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e AppleInc.

A technology company founded in 1976. It
designs products such as the iPhone, MacBook,
and iPad. The company is known for its hardware,
software, and digital services.

1976 95638 OB O® @ MDBEFID HOBOS.

®c iPhone, MacBook &® iPad 88 S&eicmmes
e50@E® ®OB. 6®® BEIH® DO cAto®, BaEIo®
&5t DBOG 63D sem) BERrS CaRdbB.

Ex. Apple Silicon series

m
lii.d PRO PRO
MA L MAX MAX
ULTRA ULTR ULTRA

¢ Qualcomm

A technology company founded in 1985. It
designs semiconductor chips and wireless
communication technologies used in
smartphones and other devices. Qualcomm is well
known for its Snapdragon processors and 5G
technology.

1985 &e3638 e0®® OB @ DIDBFID HBEIDDS.
B BSOOEMIS 65 oW CNo®OE B OB
bl esdmm Bedel e iwes OB ©5e8e®

DNDBBGS 5tee® ®OB. Qualcomm &@He® O8

Snapdragon oo ©® 5G oSsenc oem
6RO SBEAG.

Qualcomm:

shapdragon

¢ ARM Holdings
Designs CPUs used mainly in mobile

devices and embedded systems
3D O®EES Ho®® EeNo® &’ WIDEE

sE5O@ P o CPU 8.

NOTE: ARM Holdings designs CPU
architectures and licenses them to other
manufacturers instead of manufacturing

processors itself.
ARM Holdings ©@®® twen 8 D858
Bdenemwn oy 6OdxD0, CPU Ox®cs ei@e®

26 T gonms Bdescmids 60D DESY BO6H
@ ecf.
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e MediaTek

A technology company founded in 1997. It
designs semiconductor chips for smartphones,
tablets, smart TVs, and other electronic devices.
MediaTek is well known for its Dimensity and Helio
mobile processors.

1997 936388 epd®® DO® E@E MBBLID SEBDOE.
D5 8ade gomO®, 0D, 8Edt OzsNBS €5
FERWD YBERWEINBD C300® 3EH) PO L3I
Be3ed  ecee® @oB. MediaTek @@ 8
Dimensity &% Helio @88 oo eH
6REHmD SBEDG

In addition, processers can be classified according
to the following points.

B0 @O, 5D WD BEHS DOtE GFRd OB®
DE BT.

Cache Memory
6w Bows / 580 D6

In modern CPUs, cache memory is integrated
directly inside the processor and is organized

into L1, L2, and L3 cache levels.
2T OO ere® Tow 6, B8 QDG
£5a400 D6 REOO FEOVE®D DO &8 0,

D L1, L2 &9 L3 oo 8 @008 e@es 65080
0 &gro.

L1 cache is located inside each CPU core and is
the fastest and smallest cache. L2 cache is also
located close to each core and is larger than L1
but slightly slower. L3 cache is the largest cache
and is usually shared among all CPU cores on
the processor chip.

L1 886 6z® CPU @050 @ 88D ats

g0, 6 65O ® P BBDG 8. L2
5826 ¢ 6520 BBE™O® meEHd BB &rs

gm0, 96 L1 88500 98) Sme 95 68nens
Oem af)n. L3 5850 deien® 8856 O o0,

D @B ey Desed s B8oe® CPU
®5ES o ®He@ DD ®OX @RS .

In early CPUs, cache memory was placed
outside the processor on the motherboard or
on a separate chip close to the CPU. This
external cache was faster than RAM but still
slower compared to modern on-chip cache
systems.

&t088 CPU 9@, 585 ®me e5memens 80D

®8 990® @ 63 CPU 0 eiesdmd &S
6OH® B3 B SNH®D DO BRL. 6®B DBO

BB>6 , ¥5He OO (RAM) 88) 686ds §
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28D, OB D3 O® B S E&D &S
o) eese 8O BKeEnd .

Temporarily stores frequently used instructions
and data so that the CPU can access them much
faster than from the main memory (RAM).

B5® ry® Townd g Bwenss (RAM)
e @) ®SHEND OE) 9 68m6enS 36de D@

oew), B0 wdn O» cBect ©® oo
DONBE BRE) O DREA.

More expensive than RAM, so its capacity is
relatively small.

B8 @ RAM @0 &) Br alm D8, D8
DN 3766505880 ) 6D.

Modern processors typically contain a few
megabytes (MB) to several 100 of megabytes of
cache memory, depending on the processor
design and purpose.

E3DEIDE 36RED WO S IO 5 DB OB
and, ®D» ©WHEDDR eNDWBEES 6O®RBO

(MB) 88escw 80 6@mRB0 100 5 5@ o)
g 88> s glo® 68.

Without cache memory, the CPU would need to
access RAM more frequently, resulting in slower
execution of programs and reduced system
performance.

580 domn 60808 8, CPU 0 80s5ooenes

RAM 60 gedm 580 &8cd» g0, DOGS
Dees0ms F@m B8 B5c@mm® & &0B6E @ite
ENBG gt 6.

Further details about the cache will be discussed

in the Memory section.
B8 o6 B8Re Oifgd DO Pown 6O
©606x wded) ®OH @IeR.

Instruction Set Architecture (ISA)
coees 00 pmiBa

The set of instructions and commands
supported by the processor determines how
software communicates with the hardware.

EDESWED BB 591 DD Ee568E3 659 BENWEBSS

©@®»n, Bigmo® BB  catho®  ©d®
£05eDeHB WOBES 6metie 3e3w BOHG DOB.

Specifies the set of machine-level instructions
that a CPU can perform, such as arithmetic
operations, logical operations, data transfer,
and control instructions.

B5® t5cwey® Towowd 8 B¢ ®D OFOHOG
VO, NHBD DB , e KOO B LN
coeesl D8 xg-000e® comecel @O0
ered.
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Defines how instructions are formatted and
encoded, including operation codes (opcodes)
and operands.

e®emr® e (opcodes) &® oOnmS
(operands) e®d, cs6ct] BdHE BB &t

(formatted) & e @6 &8 (encoded)
OB OBS GO .

Acts as a bridge between
programming languages and
hardware implementation.

cee3-800060 DPeTD® ) X rE Catlo®

Brr3® SO (actual hardware implementation)
g0 B 6@ S WOR.

high-level
the actual

Different processors may have different ISAs,
meaning software compiled for one ISA may
not run on another without modification.

00 ewesn OO 581 8 ISA Bdx ®uw, 9%
gemed D556 D ISA Do e®) ©8eeHe
®o®» @¢ (compiled) ®agomesS, D03

BOOBS 600 2O ISA DS B Hd® (run)
DE 6N DOAB.

ISA design affects performance, efficiency, and
compatibility of a computer system.

SO SIEAlS R ) (alele:) DB
(performance), @®eSe®® (efficiency) e®

®ren® (compatibility) emed® ISA & ecn®
RDEend.

Common ISA design styles include RISC
(Reduced Instruction Set Computing) and CISC
(Complex Instruction Set Computing).

RDuEd cwwd EeR® ISA rEe® ®3id
go00  RISC  (Reduced Instruction  Set
Computing) es® CISC (Complex Instruction Set
Computing) gzes 8.

Manufacturing Process
B8se» JondBa

The manufacturing process of a CPU refers to
the steps used to build a microprocessor using

semiconductor technology on a silicon chip.
Bs® tcwe® Towonm BB PoOBH oy

8BRS B (silicon chip) @D &bl essinicm
lIMISToN] (semiconductor technology)

TDEES DyE DG (Microprocessor)
@B 5E®) DD O® BrOOGS 685.

Begins with a pure silicon wafer, which is cut
from a silicon crystal and polished to form a
smooth surface.
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OB D56 B sB@OSS (silicon crystal)
e 60 OB ©I8® wes @ c®»® Ec
Bd8e BBms 6BmdwSS (pure silicon wafer).

The internal circuit design of the processor is then
transferred onto the wafer using a process called
photolithography, where light is used to etch
microscopic circuit patterns.

95630, B> @cgos  (photolithography -
eRNDE ©HTDEES FBRODBG 5Bd OO OGS
20® SOB®KD) B SuOZoE ®HDDEES

DR FHBBDO 30O rEeg® 68moOn DO
@6t OX QTeR.

Layers of materials such as conductors,
insulators, and semiconductors are added and
modified to form millions or billions of tiny
transistors on the chip.

e3mem (conductors), 8d®0m (insulators) 3
bt edmnm (semiconductors) B8 ¢ e300
(layers) Do @0 603 5O OGS Do O

2D DSBE300 BP® 667 JBO® ®ENDD
BU@r#n5 DOX @ed.

These transistors are connected together to create
the logic gates and functional units of the CPU.
Bs® e3cwey® Towed BB &6 (logic gates)

% Smd TFom (functional units) SB@rgns SO
©BeH) 608 PSE3E300 DBeD BB DOX @TeD.

After fabrication, the wafer is cut into individual
chips, which are then tested for defects and
performance quality.

Bdenemens oe® (After fabrication), 68mdn o8
o8 Bes ORD mesy) ER® &m0, @Bny Ted el
€589 VG 0D QENSOWENOEG e 5w DON
QoeR.

Functional chips are packaged with protective
casing and connection pins, making them ready to
be installed on a motherboard.

BB oBE S ®O®» B OB HOOSGED
(protective casing) &® @30 8% (connection
pins) ©@® erede® DoOw ER® &0, OGS T
®8 2300Om 3N BOBO 358 66a.

How are Microchips Made?
CPU Manufacturing Process Steps
1. Raw Material:

Silicon Extraction and
Wafer Preparation

-

4. Wafer-Level
Testing and Insp

2. Photolithography
and Circuit P i

uv —
= - Exr.::sule _’ = ‘ L
oresis| ° — L“
O;] )

Doping

3. Layering and

6. Final Distribution

5. Die Singulation
i and Integration

and Pack
-

Packaging

Testing
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CPU consists of three main components.
CPU gth® el noSs 650558 68.

e Control Unit (CU)
0® dTwme

e Arithmetic and Logical Unit (ALU)
gotd DFDOG ) VB T

e Registers
60850

Central Processing Unit

Control Unit

Arithmetic / Logic Unit

Registers [ PC ]

=]
(<) (=] (=]

. J

1. Control Unit (CU)

52e» Jooe

Control unit manages the flow of data,
information and instruction through the CPU
and directs its operations

e Towe 0@ CPU b e, 6mdmndc

88 C56et ®RIM® DEOMWONG WO® EDd
DB HrmdBOGS 6®emndy @RE.

Control Unit controls:
©)0» Tome 08 s 2 NEHn Doy @RE:

e Fetching instructions from memory
Oonens coect e ®iS®

The control unit retrieves program
instructions from the main memory to be
processed by the CPU.

& Jowe @@s,CPU dn 6% s

B gdms O Difedms cesects &thd
ODWEEE E®E @RE.

o Decoding instructions
coees Sedomn BH®
The fetched instructions are interpreted to
determine the required operation.
Qe coectl BB Bewe @ @GOG
OB BOS BOO sem To) gBhdmODG
DOH ERE.
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e Sending control signals
S)@D toCr) B SOO

Control signals are sent to different
components to manage and synchronize
operations.

OB DEODDOBNEB €589

£0fuboODOMB SBO ecH) DD EeNe®
6D B3I o) (3DH @RE.

e Coordinating the ALU, registers,
memory, and input/output (I/0) devices
god ®OHOG o) bo® JTowe, 60880,
oomE  o® PO®/58e® Eo®
58D SO
The control unit manages communication
and data flow between these components
during processing.
oe® SHoOBr Bed® GO0, OO
E0® o BBBEBeHEG 658 DD ®@EIO
e Toown OBE DECOMDONE DON
@Ra.

2. Arithmetic and Logical Unit (ALU)
o> HHOG ) BB Towao

ALU is responsible for performing all arithmetic
and logical operations. Arithmetic and Logic Unit
(ALU) is considered as one of the main
components of the CPU.

ALU B8 Bog® ooefHondn 6 DHDD
BOBS Bewdn @RB. Fo®ENDHOG 58 DHDD

Foowe 6a CPUS 5than® ¢e50mdas Do 6@
ECRQED.

Arithmetic operations include:
oD HHMOB FOBSBO Fres D5e:
e Addition

Doy BBHO
e  Subtraction

et 858
e  Multiplication

®%n BHO
e Division

6RE®
Logical operations include:
DD FHOBSO graes HXjes:

e AND
e OR
e NOT
e XOR
Comparisons such as:
30eB® OcS:
e Equalto (=)
&®» 68 (=)

e  Greater than (>)
O8) Bene 60 (>)

e Less than (<)
&) Wt 68 (<)
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3. Registers
868650

Registers are used to temporarily store data
needed for the functions of Arithmetic and Logical
Unit (ALU) and the information produced by it.

gotd  OEHDOE & B8 FTomed (ALU)
Smdwd® se®) gdms e @ DB HesedH
6MONGT MOMBD ®RE) BHBO 60&EHO NS
e8.

The types of special-purpose registers are as
follows:
Beme oo 608680 DV® vy HBE 65:

Program Counter (PC) / Instruction Pointer (IP)
OrBedns} 85066 (PC) / cseet chmma (IP)
Contains the address of the next instruction to be

executed.
o e g 8e® coectl Do BBHG gio®
8.

Incremented after each instruction fetch so the
CPU knows where to get the next instruction.

O DD ey @RI ®WrBe®S 0580 Bl O gmd
d® Ben CPU 088 Bgm coees @) oD @D
BM®E e,

It's like a bookmark, keeping track of which page

to read next in a book
D 62 BRMED DTG, 6L Be®O BdeSes
RO® BQOe cxn Hddssne OB

Memory Address Register (MAR)

MAR (Memory Address Register) stores the
address of the current instruction or data in
memory. It is used by the CPU to access a required
memory location.

MAR (Memory Address Register) @®s ®mwed
&8 DSOS ceseetd 6:3 e¥DOE BBWEG V) O®R
eRB. gdms O BSMHHG 60D gednm B EH

CPU @& 6®c 08 OG.

Memory Buffer Register (MIBR) or
Memory Data Register (MDR)
O Dud 66830 (MBR) e®3
o e edR®e (MDR)

Holds data being transferred to and from the main

memory.
5® BB 65® 95 BODD e @it O DN
®8.

When the CPU reads data from the memory, it first
loads it into the MBR.

CPU ®omens coio Bndn 80, dc fRxe e
MBR 6®o 85080 OE.
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Data that needs to be written to the memory is
first stored in the MBR.

60 B0 @ e {BBE ®RE) moess MBR
DD DG 6D.

Think of it as a clipboard that temporarily holds
data being moved in or out of the CPU’s memory.

de CPU 8 @omen 50 663 8050 60>® B e
ODMBO O DR WRe36RIVGE 6@Es BDHBD.

Data Registers (DR)
Holds data that is being processed by the current

instruction.
OO cesecel BBS e @E EHDE OED) D
®8.

These are like small trays holding the ingredients

that CPU needs to cook something.
6@ B t30wey® Townd @S BBOO adms OB
) &S @) O Oe&es.

Instruction Register (IR)
coeetl e@@»a (IR)
Holds the instruction currently being executed or

decoded.
&m0 BED®m Oy 6693 BewHG O &S 6]
4D D) ®.

Functions as a part of the instruction fetching

and decoding process.
coees @) @i8e® 5w Jenn®m §rdded
60D 6@ B DOB.

Stores machine language instructions fetched

from memory.
ODWEHRSE ERIGOD (BB 8 E56ce GRE) WOH.

It's like a focus lens, holding the specific
instruction the CPU is currently looking at and
working on.

D BHD OGD t&5n, CPU 20 D 80
&5 B8 DO® BBOD c36es Oed) DR ®F.

Accumulator Register
Used in arithmetic and logic operations to
temporarily store the results.

o OHNDOB 5w MHBD o D8 u8Oe
DB GHRE) BH® e5&®) 5O ) 6d.

If the CPU needs to add two numbers, it places the
first number inside it and adds the second number
to it.

ORs ere® Townd s e Doy SO0
gdms ®B, Do 5ef ©oR$HD F ng o) 6cd®
5022570 DO DS wOEB.

Then the sum is stored in the accumulator.
B0 dod F e ®E) 68.

ictfromabc.com



Status or Flag Register

Contains flags that provide information about
the result of the last arithmetic or logical
instruction executed, such as zero, carry,
overflow, etc. Used by the CPU to make
decisions based on the results of previous

operations.
®OBB, He®® (N®, FSOBDE BN O3S Fomd
OFOG 663 MHBw ce6ct FITdn SOOS

80 BBRAC 60xdt te3s® flags edo® 8.

CPU 885 6250 6®@e®»n® O 3890 @ 5en®d
5o S0 N OB,

For example, the Zero Flag is set when the result
becomes 0, such as in 5-5=0. The Carry Flag is
set when a carry is generated, such as in
255+1=256.

Eeo#GD 6@, 5 — 5 = 0 88 605 38d@6 0
B 80 Zero Flag & &8¢ 8. 255 + 1 = 256

Data Transfer and Processing in CPU
0030 txo® Tooo E e KOO ©®
[SEnEO)

Data from memory is first transferred to the MBR
(Memory Buffer Register). Then, it is sent to the DR
(Data Register) for processing.

Bowmed 80 stBegn® o §BX® MBR (Memory
Buffer Register) e®m» @0t @oxn @RB. @553,

ec® s di DR (Data Register) 60 ¢dy
QTeR.

After that, the ACC (Accumulator) performs
arithmetic or logical operations on the data.
Finally, the processed data is stored back in the
MBR and sent to memory.

gasestg, ACC (Accumulator) @& @ e @ o
OHFDOG 65 DD® PIOBS BewoB. EdeD
DBEESS, B @ e O MBRS @@é) 6
DG 60D BOH) QIER.

Memory —» MBR — DR - ACC - MBR — Memory

Computer Speed
sboenD 68ma

The clock speed of the computer processor (CPU)
is the key factor affecting the processing speed of
a computer.

s eswemec (CPU) 0o 6d®me sdmenmenm
5w 685®ME0 DEESI® D WG 68.

The clock speed is measured in Hertz (Hz), which
means "cycles per second". It refers to the number
of operations the CPU can perform in one second.
©0m edmen Hertz (Hz) 9838 @5% @ted, 8

6330t® "DBe30r0 D" uud. dd&s CPU &m0
2B3300D DEE Be, DG B8 606HEE ®H® SO,

In modern computers, clock speed is usually
measured in Megahertz (MHz) or Gigahertz (GHz).
20 s0oimdE 6w 65®mE HBIDBEHES OBH
@R%ex Megahertz (MHz) e®3 Gigahertz (GHz)
OBS.

1 MHz means 1 million cycles per second.
1 MHz 68 9556020 gy 88c» 1 &.

1 GHz means 1 billion cycles per second.
1 GHz 6 o55es6em0 Oy do® 1 8.

Year | CPU Name Clock Speed

1978 | Intel 8086 5 MHz

1979 | Motorola 68000 8 MHz

1993 | Intel Pentium 60-300 MHz

1997 | AMD K6 166-300 MHz

2000 | Intel Pentium 4 1.3-3.8 GHz

2003 | AMD Athlon 64 1.8-3.2 GHz

2011 | Intel Core i7-2600K 3.4 GHz (up to 3.8 GHz Turbo)
2017 | AMD Ryzen 7 1800X 3.6 GHz (up to 4.0 GHz Turbo)
2020 | AMD Ryzen 9 5950X 3.4 GHz (up to 4.9 GHz Turbo)
2021 | Intel Core i9-11900K 3.5 GHz (up to 5.3 GHz Turbo)
2022 | Intel Core i9-13900K 3.0 GHz (up to 5.8 GHz Turbo)
2023 | AMD Ryzen 9 7950X 4.5 GHz (up to 5.7 GHz Turbo)
2024 | Intel Core Ultra 9 285K 3.7 GHz (up to 5.7 GHz Turbo)
2025 | AMD Ryzen 9 9950X3D 4.3 GHz (up to 5.7 GHz Turbo)
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CPU and Motherboard Compatibility
SWERG 658 BLDGD ad @ieBe

A CPU must be compatible with the
motherboard to function properly.
Compatibility mainly depends on the following

factors.

oweHEs  BO0ED §n) BB® e Do
®DGD BB® FBOMWBEHES® ®IGSBG GWE.
c®® WrEB® G D®EHES SHWD BEMS D
B 6e) 5O8.

1.Socket Support / ee®8 e®is

The CPU and motherboard must use the same

socket type.
3D 3% BEIDOTD 6c6EO Dw® 66300
VBB BAG @GRE.

The socket is the physical interface where the

CPU is installed.
60 D (B WHEHG 658 WOK ERD 6HIRD
RBDB 68.

Ex.
Intel 12th/13th/14th Gen — LGA1700
AMD Ryzen 7000/8000/9000 — AM5

) ~——

=
=

If the socket type is different, the CPU cannot

be installed.
60 OV®EB 6OHE3 BB, WG 8 HOOO
MRS 68).

Socket types like LGA, PGA, and BGA are
different ways a CPU connects to a
motherboard. These were discussed earlier
under the motherboard section.

LGA, PGA & BGA 88 6ed8 b® o ®s®
ece® Tooos 08 50ddm0 &8RS0 DO®
580 epdns 68. o8 8gRed B0 esd @Y
2500z 708 emdes 06 e WO .
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2. Chipset Support / 883 200 @)%

The motherboard chipset must support the CPU

model and generation.
®8e30%068 D36l Dw, ewemne ®EBGO &®
D8 s508NMD0 grmE D6 GREG.

The chipset controls communication between

the CPU and other hardware components.
Be3ees0 D BB eDDEB €56 FEMWD Sato®
CeNo® g0 Bed® HBeDCHG DG OB

Even if the socket is correct, some chipsets may

not support certain CPUs.
60 BV®EB HOOE §Bc, arne® Bedeesd AR
OO EWED ESEH) BWE GIEHDIDD @b) &feey.

Examples of chipset manufacturers:
DBeesd BEecwBed ceHdsn:

e Intel
e AMD
e Nvidia

3. Power Delivery Support (TDP / VRM)
@ 35E® 306

The motherboard must be able to provide

sufficient and stable power to the CPU.
®YOGD BGBS 330 @D €59 3G
BB Den® e5tesBR0 &l Bk Gmes.

This depends on the CPU's TDP and the
motherboard’'s VRM quality.

6®0 twesned TDP g®mo o 88dded VRM
8 RENTODNDG D OE) S5O8.

TDP (Thermal Design Power)

TDP refers to the amount of heat a CPU is
designed to produce during normal operation,
measured in watts (W).

TDP @@ egemed D565 et eI@5
FEmndSDeEE 80 SBOO e5tee® O &S oS

®#68B. 686 60 (W) O35 @85y @ied.

It also indicates the amount of power and

cooling support required by the processor.
De®SO, 3ttt e GOms O el DR 65
BB SEAS B®enI®mOed ®ignne 6®HBs
6eBHB® DOB.
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A CPU with a higher TDP:
28 TDP ¢mons 658D 65wesess:

e Consumes more power
B8 DB RDers sdemiesmns ok

e Produces more heat
B8 3B EBENEHE OB

e Requires better cooling and motherboard

power support
OE) emne BBE® SEOBGE & ®dDdied
RE 55e50® 3eEIRS FO»ws 68

Example:
ESBDOBR:
A 65 W CPU can work well with basic cooling,
while a 125 W or 250 W CPU may require

advanced cooling systems and stronger VRMs.
60 652 BWEDEDO 3D BBED SESEBE
BO® eES B DE ®S g0, 6800 125 653
60 250w 3WEWHED EH) Ce5etd BB oES

& OIS 5@ VRM &dms 8 oG,

VRM (Voltage Regulator Module)

VRM is the power regulation circuit on the
motherboard that supplies stable voltage to the
CPU.

VRM 5 o960 83000 6D380mmmdnes
80308, 0D B B8 g BB D
5@e esdesd.

The PSU provides 12 V power, but CPUs usually
operate around 1 V.

R etesi® Fowes (PSU) B eO3E0 12 8@
DEEE @) 6 DD, WD NBIDBGES HC)
DOPeEs 6330 125 0% FOESS.

The VRM converts and controls this power
safely and efficiently.

VRM dn OB 6@® B D endBod) &m
DVGEDBOD VOBVDDE DO NEBEG DO RRDE.

A high-quality VRM:

cotd ©3330ed VRM 8Ges:

e Delivers stable power to the CPU
ewesmEd BSMD0 D5 PGS @) 6cl

e Prevents overheating and voltage
fluctuations
g e O B ©®
c0DDD®GS DEDE

e Supports high-performance CPUs
QWE INVEENDDCT LMD E3IDEIL EIEH) LW
[SnOlR)

e Improves system stability and overclocking
performance
520860 8MDOOG 3w Overclocking
DIBEENDDE D) Ergn OB

R GG o)
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If the VRM is weak for the CPU:
59060 edied VRM cbdg 28:

e Performance may decrease

DVEENDDG &f) B Wi
e CPU throttling may occur

CPU throttling (68®c &) 88) Bg Bc ®tBe
e VRM overheating can happen

VRM & o 6t 05 d® &g Bc 680

e System crashes or shutdowns may occur
8086 Be D08 663 Fudo&m 88 &Be Bo
DI 6)

Power Flow:
e @BO:
PSU — Motherboard VRM - CPU

4. BIOS Support

The BIOS (or UEFI BIOS) must recognize and
support the CPU.

BIOS (e®3 UEFI BIOS) @@ estnesencs emems
& tse®) om0 erDdi @M.

Sometimes:
epoe® BO:
e The CPU physically fits the socket
EWEBDE 695D e300 DO ®rEees
e The chipset is compatible
D860 D gnmE 68

e But the system may not boot because the
BIOS version is too old

285 BIOS 50830806 e5cd8h ) 8@ Sen
8086 BE®m 60 of) D

In such cases, a BIOS update is required.

DB gOSMDEE,BIOS  OTmB SOOD
gO®s 8.

Example:

EDOSME:

A motherboard released for Ryzen 7000 CPUs
may need a BIOS update to support newer
Ryzen 9000 CPUs.

Ryzen 7000 ewme®» oeH) S 209 @¢
B3OS, NS 28» Ryzen 7000 esedese

BeH) ©Hn cded »8 F oem BIOS
GODIBH BOOD FO®s B WD,
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System Bus / 208 @0

The system bus is the communication pathway
connecting CPU, memory, and 1/O devices.

808 R VA6 vy CPU, @owme &® |/0 cesiom
BBRSD) O® 568D BMW®EBE.

It consists of three main buses / ¢ &the @3
DOBS OKOD 68:

1. Data bus e ®esc

2. Address bus 88 ®ec

3. Control bus e@» ®ec

Data Bus / e @6

The data bus transfers actual data between the
CPU, memory, and 1/O devices.

CPU, @m0 e 1/0 genom eond esos 5D @10
OB,

It is bidirectional, meaning data can travel both
to and from the CPU.

D5 EDent@Dw 68, DB e¥ CPU 60> 59 @
800 @O D¢ ®TSEG.

The width of the data bus (8, 16, 32, 64 bits)
determines how many bits can be transferred at

once.
e Reed sge (B 8, 16, 32, 64) dwdd B
B Bt G BDE B HOLB DOTB.

A wider data bus increases data transfer speed.
8503@ eBD Ve e HO®OT 68®mE D8 WOE.

Control bus
v I |

4 Address bus |
v v v
| Data bus |
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Address Bus / 88®» @&

The address bus carries memory addresses
from the CPU to memory or I/O devices.

B8 ®escs CPU 80 ®owe 683 1/0 cenom 60D
O BB» dle®m» .

It is unidirectional, meaning signals travel only
from the CPU outward.

B T Emxnmn 68, D08 sowe) CPU 80 8050
508 ®BS DOEB.

The number of address lines determines the

maximum addressable memory.
B3B® 68 ®#m®m Cedd POSYME BE B
Powme BOHG DOLB.

Each address line represents one bit in the

memory address.
&2 B8» 6dHD P BB»ed D DO Do
Beisns DOB.

Used by the CPU to identify the exact memory
location for read or write operations.

Bde® 66 B3De® 6®emnd® e BxdD Do
BN®e e @S0 CPU 88s endom) da.

Control Bus / &)@» ®ex

The control bus carries control signals that

coordinate system operations.
B)E® R 5ES 6P6MHEE BRSO O
20@D &30 Sle®H 3E.

It manages communication between CPU,
memory, and I/O devices.

dxs CPU, oonoe &® /O £o0oe a0
BB DEBMDOLNE WOE.

Control signals include Read, Write, Interrupt,

Clock, and Reset signals.
BNED® GoORD BeO®, @O, D BB,
D0eEIND 6w e BBOD6® o) eSS 68.

Ensures that data transfer happens at the correct

time and in the correct direction.
e OB BODOE 6B@BOD &5t HOTOE EOD
Bed» DB 38D OB,

Helps synchronize all hardware components in the

system.
68086 BrE® catho® 00dm &OGNLm SBOD
comd 68

Bidirectionally sends and receives control
signals between the CPU and other system
components.

®s® toey® Towes ©® SE086E geDmB
00D o ED-EmHmmd eNEW o) 5cd®
&3 @) @SB &g WOB.
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NOTE:
Serial Transmission / ¢xR®» ©@edssnc

01001110
e

Data is transmitted one bit at a time through a

single communication line.
8 655860 EV®EE HO®) OO DD D
ReBS e BeiBENc: 68.

Requires fewer wires and simpler hardware

connections.
&) O &% 80E catho® BBDBD) GO®S 68.

Suitable for long-distance communication.
E® g0 65556deme Bem) ety 68.

Less signal interference and timing issues

compared to parallel transmission.
SEBDO BeBHNED 36350 e8f) towe) )
OO et IR ®OD.

Usually slower than parallel transmission for

short distances.
6D b ©e®  eRIDBERS
865880060 D) Bemd 68d.

[SlOTee)

Used to transmit large data sets.
B e DO0E Bedesnc SO® esem) Do)
WOEB.

Examples:
ESD0SN:

Networking
USB — Universal Serial Bus (89 emginn @e3)
SATA—Serial Advanced Technology Attachment
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Parallel Transmission / e@&o6 ©8edesnn

Data is transmitted multiple bits simultaneously
through multiple lines.

e Ry 68y ®Om Dwdd /D BBeswD
e8ei8enc 6d.

Each bit of a byte is sent through a separate

wire at the same time.
RBO D 520 DO D DO 6ODH® DEBOGH
DOE) BOE) QTeR.

Provides faster data transfer short

distances.
60 gd ®O®) 5B e BO®IGOW e5e5¢E.

over

Requires
hardware.
B8 DY 329 DENS L3oBVBN catlo® OGS 6.

more wires and more complex

Can suffer from signal interference and
synchronization problems (skew) over long

distances.
8® g0 ®O®) o) D) BO® 5w OFuHD
8568 ®0O g8 B ®w.

Used in internal computer communication such

as memory buses and old printer ports.
O R e 5O BeEn ory DNGE Oe&
FBBD0 SD®ED 5D D) 68.

Used to transmit small sets of data.
D) e ®O0E BeBHNcr SHBO D) WOE.

Examples:
EOW0OSM:

Pararell port (&@550®> D)
IDE — Integrated Drive Electronics
System Bus*
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Graphics Processing Unit (GPU)
By e5te® Toowo

Neural Processing Unit (NPU)
g eoe® Fowes

A specialized circuit designed to accelerate
tasks that involve a lot of calculations, especially

those related to graphics and visuals.
Dexuens® DR ©® cams HORBR 6I6HI
®EDG BOB grecs MHGES 65ndS BB
BEm) SH@HNG DO g DeEB8D BesAGE.

How the graphics processing unit works
Bgo etme® Toome §ordem Do pmdn

Unlike a CPU that tackles various tasks one at a
time, a GPU is built for parallel processing.
CPU) 6®5 eo0® B8 mdeis DS D Bee®

GPU o5 ©@83o0 ermen® 65e®) emio®m)
epee.

It has thousands of cores that can perform
calculations simultaneously, making it ideal for

handling massive amounts of data efficiently.

DO e SVO B e ®B ®OGS cved
@D OB g8 amd, Do D eno
5®8065 MBEDBOD BBOSRD DN ety 68.

Uses / &8

e Generating Graphics
Ton 52900 BOHO

e Video Editing
D] esotd3mdEnc

e 3D Design and Modeling 3D
EB@ngnc 6% emas SH@Ignc
e Machine Learning
BB 96HSO
e Training Al models
Al a8 e5ingn SO ) 8o 68.
e Gaming
sd®ED HED

e Cryptocurrency mining
53603 @ed @eghH®

Popular brands for graphics processing
Sow eoweg® sem S8 6550

NVDIA, INTEL, AMD

NPU, or Neural Processing Unit, is a specialized
processor designed to accelerate tasks related
to artificial intelligence (Al), particularly those
involving deep learning.

(NPU) o3 3o escey® Tomwes, 280 {EDG

(Al), Bexvens ®®O: 9eMSO HEBRDKR
DIVGES DHOS OO eH) SHEEG @O &S
DeE8D WEMNEE.

Unlike general-purpose CPUs or graphics
processing units (GPUs), NPUs are built
specifically for the massive parallel processing
required by neural networks.

eeng VB Bs eey® Fom (CPU) e Bgm

oroe® o (GPUs) 6@ 208, NPUs
Dexs6n® BmEm HEDRD dms crdiD
@O e50wE® BE®) GENRD®) &TD.

Uses / 08

e Image and video recognition (face
recognition, object recognition in photos)
Ozes  w OBend wemetd®  (§men
DENBIDO, HEI0EDQ Ol HEM®TSDO)

e Speech recognition (voice assistants, smart
speakers)

20D HEIOD® (06 eIEDBS, SO
3DES)

e Machine translation (real-time language
translation)

6y oHOVI®E (D5 DI ©
sHDBDCES)

e Recommender systems

products or content)
Bbedm o208 (B8 693 guob®mEG
el SH®)

(suggesting
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Neural processing is commonly used in the

following applications.
oD BeHs 66cH® De dog wuwe® dred
=0 6b.

e Edge Al Devices

e Autonomous Vehicles

e Smart Cameras and Surveillance Systems
¢ Medical Imaging and Healthcare

e Natural Language Processing (NLP)

e Financial Services

e Gaming and Entertainment

e Industrial Automation

Accelerated Processing Unit (APU)

An APU is a processor that combines a CPU and
a GPU (Graphics Processing Unit) on a single
chip. It is designed to handle both general
computing tasks and graphics processing
efficiently.

APU o5 CPU do& e GPU do® Bocs &
FoRED 6 e DO®» @ 6N6esednS. DG
@B V@I DIVEGES 6 GBS eowe®
DIBBES 6B 6c® WVEDBOD ®wiBOD® Bem
Eb@ngne @0 ged.

Shares the same system memory between CPU
and GPU.

CPU &% GPU o» 6cm® esem) sdménmec s
DB i e (RAM) eRer®e) @5.
Reduces and heat

generation.
BB sdemiesme t5® DIBG 5on DO af) OB,

power consumption

Eliminates the need for a separate graphics card

for basic graphics tasks.
DB GO WIIVEES BEH) 6O HIHE
D eSS FOESMDGE DS DO cOB.
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Provides better graphics performance than
standard CPUs with basic integrated graphics.

e0®5 Integrated Graphics 8w @3 CPU
DEDO BN emnNe BTi DVHEENDHES @) 663.

AMD introduced the term APU in 2011.

APU tsom@ess oesd) ecx @ied AMD &s@e®
588.

APUs are based on System-on-Chip (SoC)
concepts.

APUs 8t@gns @0 ewess System-on-Chip
(SoQ) esoPee BEHB® WOB®SHE.

Modern APUs support hardware video
decoding and encoding.

8 APU OBx ca@row OD08 e’

Decoding &® Encoding s®em® €3e5¢8.

They are commonly used in entry-level and

mid-range computers.
68 €I@DB6EE §OBmm B006® t® BRSO
0068 sd®mED BEH) VHERD DD 68.

APUs can accelerate tasks such as video
playback, image processing, and some Al
workloads.

BB BB BDHO), IOz e €59 38O
Al DGes O8Hs 68xds SHAO APU O
BWEDED .

Uses / o8>

e Laptops and notebooks.
Q236083 €389 eDIORD O®ED.

e Budget desktop computers.
&f) Bred® efeseds @D

e Home theater PCs (HTPCs).
BDeS Bexieydtnes eHn o0 DO®
D@L

e Educational and office computers.
g8 58 DVEIRBG sdD®SD

e Light gaming systems.
@5 S e O sD®ED SE0S.

Ex.
AMD A-Series APUs
AMD Ryzen APUs with Radeon Graphics
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CPU vs. GPU vs. NPU vs APU

Attribute CPU GPU NPU APU
Purpose General Graphics & Al & neural CPU + GPU
elohy computing parallel tasks networks combined
@B SVDID @O, BB | Al 3t 39 CPU &8 GPU
fselles)] DBEES HE DO Dy BO®
Performance Sequential Parallel Al-optimized Balanced CPU +
DIVEEIDD processing processing processing GPU performance
RO rn® | @0 se® | Al s geeo 86 CPU &®
©g eeEd GPU obmendes
Parallelism Low High Very High (Al- Medium-High
HBDHODOLNRD af)3 omeB focused) 05O - 9®g
o @»Ed - (Al
gBw)
Power Efficiency | Moderate Low—Moderate Very High High
AleCIno)] B3O8 ef) - @530 o) 9®ned o9med
DVEBODIO
Best For apps, os Gaming, 3D Al, machine Everyday
OSSO e calculations ege3ed | graphics, video learning, deep computing +
®) 606HHD editing / learning / Al, light graphics /
BEAE BLDE Boém S, 3D | @B QS B3 | dEene) sd®ED
B8 escm) @SS 59 SOBS e RIEARIORIOY]
BBecs’ ©eSes ee®)
E30E3DOBIB EEM)
Strength Versatility Graphics speed Al speed Cost-effective
H® BB AndD DVoes | @b 6Onn Al obeesS6es integration
BBES ®HTBwO 65®es B &h)
FREQOB
Limitation Slow for graphics | High power use Limited general Not for high-end
8803 ©eeS eEm) & Be® use gaming
ClalSONCRIC) Slelcoieole DB NEDES | 9ng B®DD6®
sem) B8 5@ 6EBS SE®) E
IS
152
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Computer Memory
sHeHD BB

Cache Memory ]

Static Random Access
Memory (SRAM)

Registers ]

Volatile Memory
Dynamic Random Access Random Access
Memory (DRAM) Memory (RAM)
*[ Main Memory
PROM ]
Non-Volatile Memory Read Only Memory (ROM) EPROM ]

EEPROM ]
Magnetic Storage
—[Secondary Memory Optical Storage
Flash Storage

1T

Hard Disk ]

Floppy Disk

Magnetic Tape ]

Laser Disk

Compact Disk (CD) ]

DVD

USB Flash Drive

)
)

SD Card ]

T TN T

SsD ]
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Memory Hierarchy

™ JOOB6

E]

'E _g Registers
o “n

o

- ]

H 2> Cache
bt ]

2 a

T 3 Main Memory
&

Solid-State Drive

\ Magnetic Disk
/ \ Optical Disk
/ \ Magnetic tapes

Why is Memory Hierarchy Required?
O YOOBnD gdmws DSes aqeid?

™~

No Perfect Memory Technology

85050 BD DBBHNEE &S B
computers combine multiple types like tiny,
ultra-fast registers with large, slow HDDs to
balance speed and capacity.

68men &®w DD b ©BEROMOD SO
OO e, SOOI DS 9 NE) OO
#8®mn 60mDE 6OBLHO 5w NHDmEDS BeNE
Dems BORe@mB cad O s DD Odv®ed
Bom6S DSenm TmRERD B DOB.

Memory | Speed | Cost per GB | Capacity
Cletnes! 65®c GB oo [Aretenid)
Sielalde]

Registers | Fastest | Highest Tiny
Cache Very Very High Small

Fast
RAM Fast High Medium
SSD Slower | Lower Large
HDD Slowest | Lowest Very Large

Reduce CPU Waiting Time

CPU && 80e® anen e 558

CPUs operate at higher speeds than main
memory; integrating ultra-fast Cache bridges
this performance gap and reduces the idle time
the CPU spends waiting to retrieve necessary
data.

B t3ce® T i OGO D&Y 9 9BG
60mnHs Hoem 0. DD, 08
BondDed sdmdn Bud® ©e® aS®me
65®D Do Bwn TmRNER DOE @D gm0,
DOBS EDBmS DD @D BBH) 6D BB e5cwwe®
Fowen Bwdcess D) BO® EG ¢d® OE.
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Reduce Average Access Time

%3 5edm R gde SBB®

Frequently used data is stored in the fastest
memory levels closest to the processor, making
the overall average memory access speed much
faster and smoother for daily tasks.

B0 B0 T O 5, wemnd
PBEBDEEEO Ft8 6DHdDS® O 5OOGSH
®REN O DB, 68 NS DEGHE) WIBBS
8e®) e 5ednm 6l 6O BB 6OD®®B
6Re®DS O O» gmd D 60D Beed.

Exploit Temporal Locality

B SNBEDers gewite wide

Recently accessed data is likely to be needed
again soon, so keeping it in fast memory speeds
up future requests.

Pz yede § oy HOS 6wl DEBDS
gO®s De® 9u¢ PO &rm. DRSS DO
ey 6DmDS Bme DG O DR ®TSedS
98D e 98B0 HENS 68®OS DORB.

Reduce Cost

8606 of) 5060

Building a computer entirely from registers
would cost millions and provide tiny capacity,
whereas building it solely from HDDs would be
extremely slow even though it provides a huge
storage capacity.

D®EDED  BHMEHED® OSSO  SOHMD
DDEES SBH@IME DEeHS & em) BBo®
@D Oz OB gd e HDDIDE @ EN)
8. oS god, Do ©BbHens® HDDs
5080 BDEHES SVHEHECG WEeEI DBS BEE

®RE) DD @RSNE, BEIMOSOG GH®E
O 8.

a memory hierarchy combines these different
types to keep the system highly affordable

without sacrificing performance.

O QROOBHE OGS 00 B Ov®med
ooy DBemm ITDRED moOx RS
20863 9BE FEedSOEO ST
6®IWDOBS, D 9 ctdE HS BEO OB

@O BEHIE.

Increase Capacity

B® B8 BB

Fast memory technologies cannot economically
scale to large sizes, so hierarchy integrates
bigger, cheaper storage to handle massive
amounts of data.

65mdE B DNDBENES PHSDOG D®EnS
O DD o) D) EHe DG 6DIWTD.
DB, O ANOBs OB dee oo
@B ®TBODO em) IO Oif) 60O
BeE® ot ®REN ¢eo® SERBKO FTmRER Doy
@Ra.

ictfromabc.com



Improve Power Efficiency
REed MHrBBOD Ol En SO

Keeping only actively used data in small, fast
memory  reduces the overall power
consumption and heat generated by larger
storage components.

50 0D O e 50 WE) 6K 6D®DS
O DG OED) D) WSO OGBS, B®IE GREN

Ce0® e Bed» ods3n D@ sdemitsma 3t
0B SDHHEG OB OB BTD.

Match Different Data Requirements

5890 ctio gdezmDED wigBe

Different data types like active variables,
programs, and massive files require distinct
performance characteristics, which a varied
memory hierarchy perfectly satisfies.

Soond BOEnmeS, Diedms &5 D@ 6MmIH)
s OO0 ey V® e® DBenwd 6dne3
BndD et adns 60. DDDBOGEHS (e
O YOOBGE BOBS 600 Gd®SINOS B
&3e30R8.

Enable Virtual Memory

gods5 dowa 6§c 8OO

Secondary storage can extend RAM, allowing
programs to use more memory than physically
installed by safely swapping inactive data to the
drive when system memory runs low.

s5E08 down B8 B» gdEMOEE, o8 e
PODBDD COBBD® ®VEN ELNo®B DD @bt
550 ®s RAM ®@m6 hdomd 5Dgdds 503
500 gOSD @red. 68 ®o®) SOD®LNDEE
698D ¢S B®EO D) Of) B HEIBGED
DD SO0 BeesD®HSORD @) e5r@6ES.

Make Computers Affordable

sdmgnD Bt oo HS 8008m SO ®iS®
Memory hierarchy strategically balances speed,
capacity, and cost, allowing manufacturers to
create high-performance computer systems
that remain affordable for everyday consumers.
O QOOBG OGBS Bmed 68®me, DD &w
BBk 0 ¢eNE@MHBD BRDODDD s wOG.
68 65EedDS DEeme) I0EMIB®HESD B ®m»
%D 006D s5O5®, 9vE SHHMBDBDGES @S
V@D SE8 Bdecmwn BBHOOD B&encmpad
BTBEO @QTD FTeD.
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Criteria of Memory Hierarchy
O OOBed Bbemnm.

1. Physical Size / e®s8» g@gno

This refers to the actual physical space occupied

by the storage device itself.
6®BS gemed WOBES GRE) CeNome BEBH® @)
®B) 5z 695D 9 IBIFGE.

Physical size of the device increases as we move
away from the CPU toward secondary storage.

CPU densl 9000 o8B ®@REND 6c50 a®s
@O BO Ee0®m6d 698D &5@Enn 8 8.

¢ Primary memory
O8> dowme

Registers -Extremely small
608850 - gBERSO e

Built directly into the CPU core using a tiny
amount of silicon area.
@ 50 BR®S H@IBNHD DDErS eagd® CPU
core E® Besed) ged.

Cache - Small / ®z& - othe

Larger than registers but still compact.
608300 BERD D& BmE HBC t30nme.

Main Memory - Medium
5 Boma - W5 gergned

Noticeably larger physical components.
E30RBG (D CRE DHNR NI Ee3lo® 68.

e Secondary Storage - Largest

CO88m> ®tnd - Bxren®
Hard disks, SSDs, and their enclosures are the
biggest physical devices in the hierarchy.

€a® 20, SSD et Foned epdodgn QOB &S
BEED® 698D CeNo® 68.

Physical Size (Largest — Smallest)
e8® 5®Hne (Beead® — npthd)

Punch cards
Magnetic tape reels
Floppy disks
CD/DVD/Blu-ray
HDD (2.5"/3.5")
SSD (2.5")

M.2 SSD

USB flash drive

SD card

0. microSD card

20V ~NOUAWN =
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2. Density of Data / ¢85 625500

Density refers to how many bits are packed into

a given unit of area (bits per mm?).
BB BDEDS FEMES ORES & &t VGO
T e 6150 DO 5@#nes glo® B

aguie, o8 (Mm? om0 DD ®oD).

Density increases as we move away from the
CPU toward secondary storage, and decreases
as we move closer to the CPU.

CPU ®emsd 900 £888B® @D 6ctd ®@s)

®O® 80 59300 O O gm0, CPU Dm0 &8s
O» 80 659D &) 6d.

¢ Primary memory
08D e

Registers - Lowest density
608820 - gR® BHBO®

Very few bits stored in the space they occupy.
@R ®X) @) BB NG GRE) DXES @ O
RO B5@H#NES.

Cache: Low density. / @z8: a8 525500.

Main Memory - Medium density.
5 Booe: O30 BHBOG.

e Secondary Storage - Highest density
E088n OO - eHE® BPIBOB

Billions of bits packed into a small physical area.
D) 6IBD Zelmrnn DG V0 JBHB® ®ENWD
gfo® B e,

Density (Lowest — Highest)
52500 (¢Q® — 90g®)

Punch cards

Paper tape

Magnetic tape reels
Floppy disks
CD/DVD/Blu-ray
Registers

Cache

RAM (Main Memory)
9. HDD (2.5"/3.5")

10. SSD (2.5") / M.2 SSD
11. USB flash drive

12. SD card / microSD card

© N VA WN =
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NOTE :

Physical Size of One Bit
3 DOO®O B> HOING

This refers to how much physical space is
required to store a single bit of data. This is the
criterion most directly responsible for the
speed—density trade-off in the hierarchy.

6®BS gecwed OB v VDN ®RIEN BOHO
BEX) GINSOL 6D 98 &HOIMGE GO®BE
OB, 600 QHMOJL DG 6DBEB 59 SBHDBOG
g0 O8® gemsIDs KOO 3axid® @™
B5HO SBENGmE 6@GEH.

Memory near the CPU needs bigger individual
bit-cells in order to achieve higher speed, and
that increase in per-bit size is exactly what
causes density to fall as we move toward
registers.

9nE 6IME ER) OO BEeH) W OO
EBDEE §rS Pwed Bome o5 DO- e6ts@

(bit-cells) gdms D® gm0, O dOD® &5@IENE
e®eEts BmE DB 608300 6es0 cm O
5500 ¢f) &80 end 6.

Since a bit in secondary storage can be made
physically very small (speed is not the priority),
many more bits can fit into a given area;
EOBBD ®REND gt DODD 695D @) E)
DE BB VDS (OBE 6D®G BERDDDG 66D),
& o8 getmEmO D) Dd) DO @I rED
DE BT;

Density is higher in secondary storage.

DB £ DRENGDE 5O 9HEG 6S.

In primary memory
08D e G

1. Registers
2. L1 Cache
3. L2 Cache
4. L3 Cache
5. RAM

In secondary storage
888D @D e

1. Punch cards
Magnetic tape reels
Floppy disks
CD/DVD/Blu-ray
HDD (2.5"/3.5")
SSD (2.5") / M.2 SSD
USB flash drive
SD card / microSD card

© NV~ W
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3. Capacity / @000

Capacity refers to the total amount of data

(bits/bytes) a device can hold.
DD BSeHS emel OB EeNomEmO Sed)
2 ®©® S GO v K (DO/EBO).

e Primary memory
508D Bwa

Registers - Very low capacity
808830 - @ af) dO

Typically, just a few bytes.
@056, DBO B3 SOL.

Cache: Low capacity / z8: ¢f) HOond

kilobytes to a few megabytes.
Be@IRB0 80 c@mRBO B&esneS ).

Main Memory - Medium capacity
5 e - BB B

A few GB.

GB 58t

e Secondary Storage - Very high capacity
E0858m> RN - 9o 9Hg HdmO

Capacity increases as we move away from the CPU
toward secondary storage.

CPU dews 90 EOD88Bm» oRtNd 6csd ®@%
DO 8O D B8 68.

Capacity (Lowest — Highest)
NBd (g0)® — eBE®)

Registers

Punch cards

Paper tape

Magnetic tape reels
Floppy disks

Cache
CD/DVD/Blu-ray
RAM (Main Memory)
9. HDD (2.5"/3.5")

10. SSD (2.5") / M.2 SSD
11. USB flash drive

12. SD card / microSD card

© NV W=
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4. Cost / 808z

Cost refers to the price per bit (or per byte) of

storage.
BB Be0sS Femtd wOses GRENED & O
D0 (633 DS VBOmw) BA.

Cost per bit decreases as we move away from the
CPU toward secondary storage.

CPU dem 900 £O8Bm> ®REND ecesd ®®S
DO 8O O DOOD eseH) O BHDIs &f) 65.

e Primary memory
OB DD

Registers: Highest cost per bit

608e300: B DOON eew) ewe® 8YOis

Due to the complex circuitry needed for each bit
and their location on expensive, cutting-edge CPU
silicon.

D D DD e®) Fd®B 5oSVE B3O 5 BE
adn, #558» CPU 8o ®&x o 880 SO
CNEDS.

Cache: High cost per bit.
2z8: D DOOS ecH) eng 8BEG.

Main Memory - Medium cost per bit.
&5H® Pno - O DPOS scm BR® B8OOI,

e Secondary Storage - Lowest cost per bit
o8B *END - O VOO weHm gf®
800

Simpler per-bit structure and very high density
make this technology far cheaper to produce per

bit of storage.®=5 @90 e O 30 OB®E €3
QD) QBE OHBOB 6BRNEDS OV BDIOD
Bdencmwn BOHO 5E®) OB MBBHIE 9 B
ed.

Cost per Bit (Highest — Lowest)
s DOOD BOx (9wg® — i)

Registers

Cache

RAM (Main Memory)
Punch cards

Paper tape

Magnetic tape reels
Floppy disks
CD/DVD/Blu-ray

9. HDD (2.5"/3.5")

10. SSD (2.5") / M.2 SSD
11. USB flash drive

12. SD card / microSD card

O NV A WDN =
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Summary

Criterion Registers Cache Main Memory Secondary Storage
Physical size of device Smallest Small Medium Largest

Density of data Lowest Low Medium Highest

Physical size of one bit Largest Large Medium Smallest

Capacity Lowest Low Medium Highest

Cost per bit Highest High Medium Lowest

Main Memory
&gihe e

Main memory, also known as primary memory, is
directly accessible by the CPU and plays a major
role in the system’s speed and performance.

HOTD BB 6EREE BIEROD Hth® Bxwe CPU
BB 33900 edm B H8 g0 s5gS6EE 6dm

8 HEdBOE Be®) Die®ms BEMOEES @]
DO8.

It stores data, information and instructions that
the CPU needs, allowing quick access.

s CPU dms D o, e6mOmic 6% 568t
®RE) DO 9RO 5eBmncd 9 e@est.

There are two types of primary memory
08D Bnwed H® e Hed

1. Volatile Memory
HD®S O

2. Non-volatile Memory
DGB 62D ODWEB

Volatile Memory

BB DG

Requires a continuous power supply to retain
stored information. It is used for temporary
storage while the computer is operating.

®REN O gt 60Ot VD) DR GTSH® e
o) DB oeEdn gdms 68, SD®HWEG
S50 O gORd MODIBD ®RE) BO® e
6®xn 0T DOB.

Key characteristics of volatile memory
D®3 Omwed gihy eS8
e Data is lost when power is cut
Be® Ren 480 B0 e & 8 »i
e Extremely fast read / write speeds
compared to non-volatile memory
DHS 6OH WG ©HO® ew DO 9o
68mDS Brde®/BDe® 6Bmni SO

e Used for active computation (running
programs, OS, buffers)
8o odogm D0Em e NS 68

(EO®B B DD, 606®Ed EOS®)
e Generally, more expensive per bit than non-
volatile memory

E@DBEES IS PO &) DD dow
88 OB
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1. Registers
0086830

Registers are discussed under CPU in details

60880 BERed B0s erwe® Jomwmes (CPU)
6068 698N s 6med.

2. Cache memory
560 ona

Cache memory is a small, extremely fast layer of
memory placed between the CPU and the main
RAM. Its sole purpose is to reduce the time the
CPU spends waiting for data.

58> dowe oxy CPU & gihe RAM & god
BB 4t D), 8GRSO 685mDS BDm SOOEE.
OB D>® god@n OB6H D @ed® 6 CPU dm
R B0 ™Ec gf) SBVBE.

Because RAM is significantly slower than the CPU,
the CPU would sit idle waiting for data on every
operation without cache.

RAM & CPU d0 D& e5c@B6 @m 6@t @3emm®
DS, BB Oown 6xNOBD 520 6PEHHADED
e e 6w CPU &m0 a8rd D@ 8380 &g
ed.

Cache solves this by keeping copies of frequently
or recently used data as close to the CPU as

possible.
BDO® 66 BzDE B DO® @QE eOQ 8Os

e 68 CPU 20 6850 o) &iSeds HBD
Do 600 GOQD Beed.

When the CPU needs data, it checks the cache
first. If the data is there, it's a cache hit (fast). If not,
it's a cache miss and the CPU must fetch from
RAM (slow). Modern CPUs have multiple levels of
cache to balance speed and size.

CPU 20 coio gdms § 80, do J330 88>
w6 B DOB. eoo D8 B B, o BB®
80 DS (cache hit - 68®O) 68. OB 6H@S B,
s B8 B3 D (cache miss) d» gmd CPU &m0
RAM ®ewmsd e @) 0S50 (Bs5emd) &g 8.
eB®E &8 MG G0 HORBODDGE SO
@S0 e 28 CPU dp 58> 0008 S8esc
s08.
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L1 Cache

L1 88> dows

The smallest and fastest cache. It is built directly
into each CPU core and operates at the same
speed as the CPU clock itself.

L1 88 cx @@ 655 6Deds® 85> dowmni.
D 330908 O D CPU 63 (core) dm E® 08
&t® g0 CPU 68mensi® (clock speed) S wo6ad.

L2 Cache

L2 58> ®omx

Larger but slightly slower than L1. It acts as a
second line of defense if data is not found in L1,
the CPU looks in L2 before going all the way to
RAM.

L1 © 98y Bene D 58 den @xeom® 8. de
6eD® i DD 6 §©) WOB; e L1 8
68 ®8, RAM dw» e3® @0 eesd CPU dw
L2 & edo esteden wOa.

L2 is a middle ground. When a cache miss occurs
in L1, the CPU checks L2. If it finds the data there,
it loads it into L1 and continues. L2 & @030
®0088. L1 & 88> 8 (cache miss) dox5 8¢ §
80, CPU & L2 B 08, 8 e 56 =8,
D L1 60 6@38 06 9860 O wde®m® .

L2 is large enough to hold a meaningful working
dataset but fast enough to keep the CPU from
stalling too long.

L2 oy eweBoc @m i 0n D Bf®nD
(working dataset) 6&®) ®t8®0 08 e, »ES

CPU o 88 oededs o8cn B® (stalling)
o0 OB 68®OD ODWEBE.

L3 Cache
L3 88 dowa
The largest cache on the processor and is

typically shared among all cores on the chip.
665060 &S BenE® 55 ODmn DM god DG

Hesens Besn @D g Bogu e (cores)
g0 65 ¥ ®X EDE.

L3 is the last cache layer before RAM. It is designed
to catch the data that L1 and L2 miss, reducing
costly trips to main memory.

L3 & RAM ®00 6630 a8 b 88 e300k,
gy Bowe 6D » BYOin gl ®BS o
0250 ef) OB, L1 e L2 dmmiedn e
@BHMG DO GHO0 600 5EL® DO D

Because it's shared, it also allows one core to
access data loaded by another core without an
expensive RAM round-trip.

6@c 606D 6 ®»E) ®S (shared) RdeS, O
core dmmd, O 6 Do DB 6@ ®O® @

e 60; RAM d&» o) e® glm 8BS
60D gedm B0 ¢ gb) Eed.

Feature L1 Cache L2 Cache L3 Cache (LLC)
Location Located inside the core Just outside near CPU Core Usually on the CPU, shared
eSME eWEDeE HOBG QG BED CPU ®06c0 es58edemn 2 | among multiple cores.
& BOE 983 BOBH® BB g | en@wonenss CPU @,
BOES g0 6RE) .
Size Very small Moderate Largest
SO Nl (around 64 KB). (256 KB to 2 MB). (8MB to 40MB+).
Q) WENG ®05e3O S&eo®
(64 KB &5®#n). (256 KB 80 2 MB ex5en). (8MB &0 40MB+ em38)).
Speed Fastest Moderate Slower
6d®x 60edS® B3O 6583
Access Fastest Slower than L1 Slowest cache level
Time (0.5 - 1 nanoseconds). (2 -5 nanoseconds). (10- 20 nanoseconds).
8565® 65edS® L1 ®@5080 28) @cend 68 BBeB® nded 3A0®
lcle (ten’ o556 0.5 - 1). (z9zem3 DS 2 -5). (@zes] misd 10 -20).
Cost Most expensive Moderately expensive Least expensive
808 DINS® Br gl OR300 Br el a8® Be
Purpose Stores frequently used data Acts as a secondary buffer. Improves data sharing
&SN for quick access. stores data that not in L1. between cores.
OB Bed®mE BE®) SO EDBBw® RMOGD 6@ B BB g0 e 8OO
DD OB D GRE) DO8. 8 Eregn ®O8.
DOAB.
Core Exclusive to each CPU core. exclusive to each CPU core. Shared across multiple
Sharing O & CPU 66 ese®d B O CPU 66 esem cores.
o) £9e68. SR} R ®OG BO®) ERL) L.
eRO®TH®

159

ictfromabc.com



3. Main Memory
gih» @xex (RAM)

RAM is the primary working memory of a
computer. When you open an application, its
code and data are loaded from the hard drive
into RAM so the CPU can access it quickly.

RAM 65 osB®#nmem 5the §oimd Ommae.
B enc® (application) B mo®» O, 8
e 5w e cad mdewns (hard drive) RAM

D> 60D 6@ oOx ERSex CPU dwd dxd
OB S edm Br ®S D sBEG.

Types of RAM / RAM 8b®

1. SRAM (Static Random Access Memory)

2. DRAM (Dynamic Random Access Memory)

3. SDRAM (Synchronous Dynamic Random
Access Memory)

1. SRAM (Static Random Access Memory)

SRAM s the faster, more expensive, and more
power-stable form of RAM. It stores each bit of
data using a flip-flop circuit made of 6
transistors.

SRAM @&y O8) 68mdES, D& B ¢dm 6% DG
&8 O8N EMB RAM epend . i Deitseddo 6

B8 0050 3RS-de@S (flip-flop) edesdws
NODerS D D v DO D VS N
OB

This flip-flop holds its state (0 or 1) as long as
power is supplied, without needing any refresh.
6®® JIB3-Je@e3 dw, BB DR t5e50® I DA
B8e DD IO BOOBS (refresh) emI6d
D8 35306 (0 63 1) 6ed) &F.

Each bit in SRAM is stored in a bistable latch a
circuit with two stable states. The latch holds its
state without any intervention. As long as the
power remains, the data stays. There are no
capacitors, no charge leakage, and no need to
periodically rewrite the data.

SRAM 8 &8 5 O D0 D £8-888 @B

Do, D8 SBNB oOBBOGS 6w geS
58306 G®REN 5. 600 @D D Hdg O
OO 60D O DBROB D) ®.
DR Ren sO8® o D e DeEts® SOS.
D8 O 6B, eedissn e Do
6B, K OB DO ey »On BDed
FOBBDDBE & 6B
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Where SRAM is used
SRAM 28 @6® e30®

CPU L1, L2, and L3 caches

CPU 8 L1, L2, & L3 88> 0owisd

CPU registers

CPU 0068650

Buffer memory in hard drives, routers, and

network switches
€l a0, 6ROV &5t HE 3DDERH &S
06 Bowe

Advantages of SRAM
RAM 8 8

Extremely fast
FBHBRRO 68®O DG
Low latency

&8 @1 DEGD SO
Reliable

RICIAN NGRS

Disadvantages of SRAM
SRAM 8 08

Very expensive

808z 9 9BEHB

Very low density

QM &) BDBOEE DS

O HE
£ T s e
o O i e e
= I i i )
e ) =]
£ s
AR T
Column Decoder |

!

Address Data

(a) A typical SRAM array.

(b) A six-transistor SRAM cel
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2. DRAM (Dynamic Random Access
Memory)

DRAM is the standard type of RAM used as
main memory in virtually all computers,
laptops, and servers. Unlike SRAM, each bit in
DRAM is stored using just 1 transistor and 1
capacitor.

DRAM & £576035wm8 Boreu sd®enm, @ededes
et Y BE D BWE 6@ D) DO®

©®®» RAM Ob®nB. SRAM 6@ e, DRAM
8 O D DO D BN OR IV 1
OSBe300E w1 e SO
NODEES.

This makes it far more compact and cheaper
than SRAM, but it introduces a critical problem:
capacitors leak charge over time, causing data
to fade and eventually be lost.

e®n SRAM B0 &) eRe®de oD €5
@B DS DO 58 oD PSS, B RDOSDE
@O ®HEB) 6cHB: HDPD MHRES HO®
eedisnsn e DO® god, DG D @
6@ adeIHec 8 & .

Where DRAM is used
DRAM 08> @b e
e Main system memory (the RAM sticks in

your computer)
J® 508 Bwe (DR Hd®&mec o

RAM e305¢3)

e Video memory (GDDR - Graphics DRAM in
GPUs)
BBec] ®>mc (GDDR - GPU 8@ &8 @eiases
DRAM)

Advantages of DRAM

DRAM 8 &8

e Much cheaper than SRAM per bit
DO Do sem 8Os SRAM &d &&»
eREHDS @B 68

o Very high density
Q) YOG BRBOGBT 5O

o Sufficient speed for main memory when
paired with cache

58> w6 6O HPYSBD we BO HihHD
ODWEB BE®) IO 68®®HE 5O
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Disadvantages of DRAM

DRAM & gtn83

e Requires constant refresh
FRHID HdD HeRINED SO OGS 68

e Slower than SRAM
SRAM @0 &) ®Sc@md 68

e Refresh cycles cause minor performance
interruptions

35eRI®OS Oy ) 650 BimdSO DN
s 68

e More susceptible to errors
TS Re1¢ D RICORTNMARICNE)

Bit Line
Address» [ Transistor
(Word) Line
=L Storage
Capacitor
Ground
Single Memary Cell

Row Address Strobe (RAS)
o—u{ o 0O O o

Hiifie
it i
@ TSRy
= o b br ;:'—"

o—il,

Memory Cell Array
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3. SDRAM (Synchronous Dynamic Random
Access Memory)

SDRAM is an evolution of standard DRAM that
introduces a critical improvement: it
synchronizes its operations with the CPU's
system clock.

SDRAM ©x 688> DRAM & &dsmdcs O
g0 D6 Dicos DiEndn SHOD HED) 6cH:
Dn 20566 60emr® CPU & &208 ®06@3ed
(system clock) ©@® &@8xbD DOE.

All earlier DRAM was asynchronous the
memory controller had to wait for the DRAM to
signal that it was ready before transferring data,
wasting time with handshaking. SDRAM
eliminates this wait by tying all memory
operations to the clock signal.

B0 630 BQ Bogu DRAM #6:88xbo 8¢, Du®
e @0z BBBO 650 DRAM & ge)o® @O
£3002) OB 65D BD NEDEO e BOBO Bg
8 &0, handshaking &e» oee 88 Bo.
Bogu Oow 6®e®Ed D063 t30EID0 BB
B5%e®x3 SDRAM 6@® de) 8IJ6® men 908
WOEB.
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Note:

CPU can't access secondary storage data
directly and restricted to primary memory
because registers, cache, and RAM connect
directly via ultra-fast system buses. Secondary
storage (HDDs/SSDs) operates through much
slower I/O controllers, meaning direct access
would cause massive performance bottlenecks.

CPU %0 ZO88m @) CNomdE o o
60D ©Pd pede o MWD gumod, DB
3968®mB OB BWEO 50 B8 8. B0
6D D65 6OS3HO, MdO™® 5% RAM @™
#8®6 650D BES VS ®O®) TI® D 60D
€500 PSR O HDOB. HPS OB G
Co® FHsew e @m OFecomnd® O»
/58 e ®Om B, T O
©0eiP® gedm BBD coew 5HVedS 63D
8086 §nmdSOn Do Dmens athe Do
BT,

Therefore, data must first be loaded into RAM
before execution. The operating system copies
active files from secondary storage to main
memory, allowing the high-speed CPU to read
and process them without waiting on slow

drives.

DB, ety FuEoSewm SBBOO 656 TN
EBHEeEEE BRSO &dd PDmn 60D HOMEG
DE GRG. OBE 6®ewEd® BEABG BGS O
90D DD 5B 6mY), COSBD GRE) Ee0®6EA
80 RAM 60 8055 6x @B. DOGS

g868mdss CPU 0, ®Femm® cad od
eBNEOS gDDBS 6@ @ BOBD 8g ©ad,
e BEBOO 5% B0 gde3dd @red."
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Non-Volatile Memory
DHB 6O BB

Non-volatile memory retains data when power
is removed. No electrical power is needed to

maintain stored information.

2GHS 600D Own OGS DB Ven DD §
B0 e 6D D) ®R. ®RE) WO &S etMOROT
D5 ®TBHR0 BE3e D VEOD #d®ms 6:68.

This makes it essential for permanent storage
the operating system, installed programs, saved
files, firmware, and all persistent data live in

non-volatile memory.
6®n 830 ®RE) B seHm gosdes 68"
6®emEd® 5dBG, BMes®e OB @ Diddesdmss,

BHoOB® @ 6™y, 0HBedOEX (firmware) &w®
B0 8306 exin D86 gmess ODDEE 6.

e Generally slower than volatile RAM
£0@®56ES »®S RAM HD &) ®@x3emB 68

Types of ROM (Read-Only Memory)
ROM 8b®

ROM refers broadly to memory that holds fixed
data. In early computing, ROM was truly read-
only written once at the factory, never changed.
Modern "ROM" types are reprogrammable, but
the term persists.

ROM e 803 6@t ae®med @osies e300
e Oed) o) o©F® OeeB. {SHE®

s0@emOsel3E, ROM ¢y 65rRds® Beded

5@ ®ed (read-only), DBVEIEHEI@ISDE DS
DO B 5630 BB 600 G WD HOS.

»8®» ROM 86® 5O OidesD®nSmD DG H
88¢, D® BB »OOOS DD 68.

There are 3 main types of ROM;
&5t ROM 8tv® 3 sO8;

1. PROM
2. EPROM
3. EEPROM

EEPROM

PROM

EPROM
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1. Programmable Read-Only Memory

PROM is a type of ROM that comes blank from
the factory and can be programmed exactly
once by the user or manufacturer.

PROM cg =0@S5oei@eds &0 &t@egn»
g0 sHBEDE 6] Sderewmen) B8 HOEO®

D OO e50% DelesDwS®D g ®os ROM
RlelolGINE

e Write once, read many times
D OO B, 6@6HI DIOGE Dk B

e Cannot be erased or reprogrammed
BBR0 6®] ®PD DRBOHIeD YOO
@IIBTD

e Used in older firmware chips, early game

cartridges, and industrial control systems
508 HBedE Betl, BmB® BB SEH
@630 €59 VB eNE® SENSDE D) 68

2. Erasable Programmable
Memory - EPROM

EPROM improved on PROM by allowing the

chip to be erased and reprogrammed, though

the process is inconvenient.
xR geswey 98¢, Desn BBBO 3w HOD

DRBsO®HSDD SO0 98 reBe®ss EPROM
@S PROM oS OcBEnsn wod® QE.

Read-Only

e Can be erased with UV and
reprogrammed
)058R@ BOHN BBS BB Bl o HOD
DRBOBDE DD DG BT

e Erase is whole-chip only (you cannot erase
individual bytes)
BB® Be e Biwen BHEN Besn® SO
(28 RBO DS 60 D®enS BT 6IDT)

e Slower to program than read

light

BedRO &) ORedminm SO (ZBO)
5@ 60
o Useful for firmware development and

testing (repeated updates possible)
OBBEAOGEY odVRM®G t® sdesn DOED
©Be®) geinmds 68 (dm 2D
GOTDIZTD DG BTD)
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3. Electrically Erasable Programmable Read-
Only Memory - EEPROM

EEPROM is the most advanced and practical
form of ROM. It can be erased and
reprogrammed electrically, without UV light,
without removing the chip from the circuit, and
crucially on a byte-by-byte basis.

EEPROM w5 9805® Eren & Heni®@m ROM
POBE. 058RJE BOLN 6MBBD), esdedes
Bess 9D WO, 5w DEND® Dic®S 6

RBOers BOG (byte-by-byte) scxn®esl Bexsd
DOBO 60n BBOD ©®w HOD OREBEOBB®D
BOBO B,

e Electrically erasable and writable (no UV
light needed)

Bexs @®nd @:S®0 ©® DO weSn (UV
BOs ED®s 6168)

e Can erase and write individual bytes (unlike
EPROM's whole-chip erase)
25 o8 08B0 ®BSxn ®c (EPROM &
829080 D36® BrSed® OGO &) edHe3®)

e Can be reprogrammed while installed in the
device (In-System Programming)
CNo®E DG BSNBDE @O BJIHEE® D
De0nsenn g ®e  (In-System
Programming)

e Limited write endurance: typically, 100,000
to 1,000,000 write cycles per cell
B0 BDe® OB SOS: BIWDBEES,
D eanOesmd (cell) @3Pe® gy 100,000 &0
1,000,000 &35 g5@r#nes 68

o Slower to write than to read
B0 &) 3D ©ScH® 68

¢ data persists without power
DR Aen 6MBHO ey 5O
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Flash Memory (The Modern EEPROM)
deze @6 (8 EEPROM)

Flash memory is a direct descendant of
EEPROM and is commonly used in USB flash
drives, SSDs, and SD cards for data storage.
Bezd ®owe & EEPROM & esagy esdem@cs D
g0, D6 oy ®RVE) BBO eew USB dozd
H®w, SSD & SD a8ss50e DHed )55 68

In Flash, cells are arranged in blocks, and
erasure happens at the block level. This allows
far higher density and lower cost per bit, while
accepting that you must erase a whole block at
once.

Jezd ®omede, emde (cells) Dde@s (blocks)
D®merns el O s god, BB BedsSes
Reeis BTOTE. Ddd ©Bten DeEis D
BB ) VD BRI 00, 6BABS 9 9HEG
SHBOGE 55 DO D ese®) af) BOOGE @)
@S0 9f) e3@esd.

Simple Firmware Storage keeps one firmware
copy in Flash ROM for cheap, easy updates.
However, any update interruption can corrupt
the software, making the device unusable.
80@ BIMo®m ORENWOS HBeDeedE, oh)
BOOHS 55 503608 (HIODMBH SOO tsem)
B0Momel D B0smS s S3Ezd (£35a0)d)
O et ®F. ewetd 6T, OMZH O»
goOn0 8Bcdn SBEE® NS 6peds DO
Bago®E £BEB DG BT D0, DGR Ee30®G
28BENes® ITDED ®D 62T DBBOBRO
BB BT,

Dual-Bank (A/B) Firmware splits memory into
active and backup banks. The device runs from
the active bank while updating the backup
bank. Once verified, it reboots into the updated
bank for a fail-safe process.

ED5D-e50® (A/B) e3800® BB @i &S 59
5830 D®eke 6m0E 6O 60S WORB. Eese3d
60 GIOTBD D GO0, Ee50®EB G
e BB §uiewm 68. OSMBH OO
280 ) o563, 6ci8-ponBm GIOBHD &M,
E80®E DOD 658 @D DO OB O™
@& 6m0E Rdetl Hursem B8 evd®m OE.

USB drives, SSDs, and SD cards use NAND flash
for efficient high-capacity storage, while
BIOS/UEFI systems use NOR flash for reliable
firmware execution and system startup.
VDO 55 9Hg NDMOBS @ D ®REN
B35® e USB dwm, SSD e® SD ondess
NAND Opzd onsgns 8o 0 &0,
Benese)nm B58Ge®m Hrisew HHO e® SE0S

epo®me tsem BIOS/UEFI €08 (NOR) Bz
DB NDD) WO

ictfromabc.com



