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Unit I Part B: Study Guide

g8 booklet 3mmad Fundamentals of Computer syllabus @& @+t topics & faiq g1 ¥et Hindi-English &
concepts, processes, diagrams, comparisons d2T solved numericals f&g g €

History Early calculating devices, mechanical/electronic development
Generations Vacuum tubes - transistors = ICs - microprocessors - modern intelligent
systems
Types Analogue, digital, hybrid; purpose and digital-computer categories
Architecture Major components, CPU block diagram, instruction cycle
Processing Memory addressing, microprocessor, single-chip microcomputer
hardware
Interaction User interfaces, hardware, software, firmware
Representation Number bases, conversions, binary arithmetic, computer codes
5 3R 10 3ics & T

5 3iak: Definition + labelled diagram a1 table + 4-5 points + example| 10 3feh: Introduction + parts/types
+ step-by-step working + diagram + advantages/limitations + example/numerical
Basic Terms

Data: Raw facts| Information: Processed meaningful datal Instruction: Ta& operation &= @l
command| Program: Instructions @& organized sequencel Computer system: Hardware, software 3R
supporting components T HASH|

All diagrams conceptual g1 Technology-generation boundaries approximate educational categories §;
universal fixed dates =&l
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1. Computer: Meaning & Working

Computer T& programmable electronic system & St input @R &hxdT &, stored instructions & AR
process &edT & 37 output 3dT 81 I data a7 results store ¥t X Tehar 81

Input: marks entered

I 2

Prodessing: total and average

I 2

Qutput: result displaye

I 2

Storage: report saved

Q.

Figure 1. Student result processing T input-process-output-storage 3gTguT|

Detailed Example

Three subject marks 65,75,80 input &1 Program total =65+75+80=220 3{R average=220/3~73.33 [ehretdr
g1 Screen W result output §; saved result file storage g1 Rules 3R input Teid &f at output +ft 7Ted gt Garar 8l

Characteristics

* Speed: Igd ¥ operations dsit & execute|

« Accuracy: Correct instructions/data @ &R consistent calculation|
« Automation: Program [% 811 W steps @ follow!|

- Diligence: Repetitive work # human fatigue SiET 34a 78l |

» Storage: 93! AT # data organized &I

» Versatility: 3/e"T programs & 37eT tasks|

Limitations

Computer fST appropriate input, software 3R resources & &l task 7gi &2 dehdTl GIGO (Garbage In,
Garbage Out) TTad input & TTed result @t ¥7sT@T 81 Modern Al probabilistic errors @R @dhdt §; computer
output & suitability verify &t F18Q|
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2. History of Computers

Computer development counting aids & mechanical calculation, electromechanical machines 3R
electronic programmable systems de TgdT| 3felT machines el capabilities &I pioneers ff; “first
computer” @1 graT definition &R AR 81

Stage / Device Main contribution

Abacus Beads & arithmetic @I manual aid; electronic computer =gt
Napier’s bones (1617) Number rods & multiplication/division aid
Pascaline (1640s) Mechanical addition/subtraction calculator
Leibniz stepped reckoner Mechanical arithmetic mechanism
Jacquard loom Punched-card control & automated patterns fe@mg
Babbage Difference Engine Mathematical tables & fag mechanical calculation design
Babbage Analytical Engine Programmable general-purpose mechanical design T concept
Ada Lovelace Analytical Engine @ published notes 3fR algorithmic discussion
Hollerith tabulation Punched cards @ large-scale data processing
Electromechanical machines Relays & switching/calculation
Electronic systems Vacuum tubes; T¢ & stored-program execution

Babbage =1 Agd

Analytical Engine design & processing, memory, input 3R output & faar 2 gafeiw Babbage &t
conventional &9 & “Father of the Computer” &gl STl g1 Original complete machine 3-ch Sita-ieatel | g3t
el g

Stored-Program Idea

Program instructions @' addressable memory & ¥&@+ & machine &I hardware rewiring & IS4 stored
instructions gaa AT task T ST ThdT g1

Further reading: Computer History Museum timeline [1].

10 3iak: Stages @t chronological headings # foid; 82 stage @l key innovation 3R limitation SaTq|
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2.1 Electronic Evolution & Milestones

System / Development Careful description

Harvard Mark I (1944) Large electromechanical calculator

ENIAC, publicly unveiled 1946 Early general-purpose electronic digital computing milestone
Manchester Baby (1948) Early electronic stored-program demonstration

EDSAC (1949) Early practical stored-program system

UNIVACTI(1951) Early commercial electronic computer in the USA
Transistorized computers Smaller, more reliable switching than vacuum-tube systems
Integrated circuits Many electronic components integrated into chips

Intel 4004 (1971) Commercial single-chip 4-bit microprocessor milestone
Personal computers Individual access to programmable computing

Networks and mobile systems Connected and portable computing

Further reading: [1], [2].

Evolution <1 Process

Components B1¢ §T - wiring 3R power requirements ¢ - reliability 3R integration &gl - computers
3@ affordable/portable g7 — software 3R networking applications s¢i| ag overall trend &; high-
performance systems 3sT 4t large power-consuming installations g @ed &1

History @ @&

+ Mechanical, electromechanical 3R electronic 3fefiT stages &1
* Programmable 3R stored-program TH &g g1 |

» Digital computers &ad binary architecture d& TfAd historical category 78}; early decimal electronic
systems i @l

* Microprocessor CPU @ chip integration g, 93T computer system =gl |

Short note: ENIAC &7 Aigd electronic general-purpose calculation # oT; @t modern stored-program
features 39 initial configuration R &1 7 &< |
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3. First Generation

7% technology: Vacuum tubes. Approximate period: 1940s-mid-1950s, broadly.

Working Idea

Computer @ logical task input, processing, storage 3R output g1 Generation # &g uRad- electronic
implementation 3R associated system capabilities & g1

Features

Electronic switching, large machines, machine-level programming 3R limited memory!|

Example
ENIAC S early electronic systemsi

Advantages

Mechanical/relay systems &t g1 & fast electronic operationsi|

Limitations

Large size, heat, power, maintenance 3R costly operation|

Technology & &1H &t ofi?

Vacuum tube electrical current @ control &e switching/amplification @ Tt g1 3 tubes, circuits 3R
connections fA@®R arithmetic 4T control 9T &1 Heat et 3R failed components sGeT maintenance

T AGAYUT HT AT
Programming 3R Operation

Machine & design & 3J9R switches, plugboards, punched media @41 machine instructions 3uaiT gid 1
BTt machines & @+ programming methods @ &l off | Later stored-program systems & memory &
instructions fetch g @i

Why the Next Stage Developed

31fdes speed, &H size, ®H power per function, better reliability 3R lower cost & 3@dehdr = integration
dT 9T components & Fgrar &

gdftetr: Technology, approximate period, features, examples, advantages 3fR limitations @t 3/@rT headings
¥ ford | a1t textbooks date ranges ST 31eT ¢ Gehdl! 31
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3.1 Second Generation

7%= technology: Transistors. Approximate period: Mid-1950s-mid-1960s, broadly.

Working Idea

Computer @ logical task input, processing, storage 3R output g1 Generation # &g uRad- electronic
implementation 3R associated system capabilities & g1

Features

Smaller switching devices, improved reliability, magnetic-core memory 3k assembly/high-level
languages @1 fawR|

Example

IBM 1401 S transistorized systemsl|

Advantages
Tube-based systems &t ga=T # compact, cooler 3R reliable|

Limitations

379 +ft expensive 3R specialized facilities &t Sd|

Transistor & UR &H gair?

Transistor semiconductor device g1 Tube &t g # ®teT switching element 811 & circuits @ size 3R power
requirement Ufd function g€ T 3 transistors ! boards R Siiga processing dT control circuits §9TQ
a1

Software Development

Assembly language 3 symbolic operation names &g 3fik compilers 7 high-level language programs @t
machine-level form & translate &= & ¥grIaT &1l Batch processing & jobs Toh &= T T TN T&T!
Why the Next Stage Developed

31fdes speed, &H size, ®H power per function, better reliability 3R lower cost & 3@dehdr = integration
dT 9T components & Fgrar &

gdftetr: Technology, approximate period, features, examples, advantages 3fR limitations @t 3/@rT headings
¥ ford | a1t textbooks date ranges ST 31eT ¢ Gehdl! 31
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3.2 Third Generation

7% technology: Integrated circuits. Approximate period: Mid-1960s-early-1970s, broadly.

Working Idea

Computer @ logical task input, processing, storage 3R output g1 Generation # &g uRad- electronic
implementation 3R associated system capabilities & g1

Features
Multiple components chip W integrated; operating systems 3fR multiprogramming @ fa=dR|

Example

IC-based minicomputers 3fR computer families|

Advantages

Smaller size, improved speed/reliability 3fR better cost per function!|

Limitations

Hardware/software management Sifcd; generation boundaries overlapping!

Integration T Process

STT-37eT discrete components 3R board connections @t S1Tg @3 electronic components T& chip W 41
299 interconnections ¢ T 3R ufd function reliability a1 cost # gUR H+a gl IC technology &
adoption & fd manufacturers & 37erT off|

Operating-System Role

Resources @t &3 jobs & & manage &= &l 3Tadehdl St Multiprogramming & Ta job & 1/0 wait & R
gl ready job CPU IUINT &e et oftl OS memory, processes 3R devices coordinate & 2T

Why the Next Stage Developed

3ifdie speed, ¥ size, ®H power per function, better reliability 3k lower cost & 3frasaedr 7 integration
dUT 9T components & Fgrar &

g&tem: Technology, approximate period, features, examples, advantages 3fR limitations @' 3@ headings
# ferd | 31T textbooks date ranges ST 31eT & Gehd! 81
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3.3 Fourth Generation

7&T technology: Microprocessors; LSI/VLSI. Approximate period: From 1970s, broadly.

Working Idea

Computer @ logical task input, processing, storage 3R output g1 Generation # &g uRad- electronic
implementation 3R associated system capabilities & g1

Features

CPU integration on chip; personal computers, large semiconductor memories 3R networks|

Example

Microprocessor-based PCs 3R many embedded systemsi

Advantages

Affordability, portability a2 widespread accessl

Limitations

Security, complexity, heat 3R rapid obsolescence & challengesi|

CPU-on-Chip =1 999

Control, arithmetic 3R registers @& CPU functions chip & integrate g & personal aaT embedded systems
ST 31T 311 RAM, storage 3R I/O 31+t +ff system-level supporting functions &; e CPU chip 3d+ 3mq
complete computer 78! g1

Modern Development

Pipelines instructions & stages overlap @ Tad &1 Multicore chips & &g processing cores gid 1 Cache
memory frequently used blocks I &t §1 Performance & falg hardware 3fR software parallelism gt

Hgayquf &1
Why the Next Stage Developed

31fdes speed, &H size, ®H power per function, better reliability 3R lower cost & 3@dehdr = integration
dT 9T components & Fgrar &

gdftetr: Technology, approximate period, features, examples, advantages 3fR limitations @t 3/@rT headings
¥ ford | a1t textbooks date ranges ST 31eT ¢ Gehdl! 31
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3.4 Fifth Generation & Comparison

Textbook “fifth generation” el Hsief Al-oriented computing, knowledge processing, natural-language
interaction 3fR parallel processing & ST SITdT g1 I8 Ugel! IR generations SiEt Tk universal hardware-
switching boundary =&l 81

7%= Ideas

* Artificial intelligence @41 machine learning workloadsl
* Natural language, speech 3R visual interfaces|
+ Parallel processing 3fRR specialized acceleratorsi|

* Knowledge-based/expert systems @& historical research goals|

Important Limitation

Al systems human-like understanding @ guarantee =gl &d | Fifth generation @t simply “& computer 31
graar " foa=1 ed 81 Modern systems semiconductor integration @t previous developments it 3gahT
Hd 8l

First Vacuum tubes Large electronic systems

Second Transistors Better reliability and compactness
Third ICs Integration and OS growth

Fourth Microprocessors [ VLSI PCs and widespread computing
Fifth, textbook category Al/parallel knowledge processing Intelligent applications focus

Full 10 Marks Answer Plan

Generation meaning - five rows @T comparison - each stage @' technology/features —» examples —
evolution & reasons — approximate-date notel ead years <t list feiew & explanation 37efd &t 81
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4. Types of Computers: Classification

Computers @t 3TeTT-3elT bases WR classify foar ST 81 Tab 8 machine &% categories H gt ! 8, 919 laptop
wa digital, general-purpose microcomputer g1

e N

Data Analogue, digital, hybrid Signals/data T form
representation

Purpose General-purpose, special-purpose Tasks @& variety
Role / capability Microcomputer, workstation, server, mainframe, Typical workload 3R
supercomputer system role
Portability Desktop, laptop, mobile Physical use
Deployment Embedded / standalone / networked System # placement

General-Purpose Computer

37T programs gRT 31T S &=dT 8: document editing, programming, accounts 3R browsingl Example:
desktop PCI

Special-Purpose Computer

Specific task & fag configured/design fhar et : industrial controller a1 dedicated control systemi
Hardware general microcontroller TR 3eTiRd gt HehdT &, @fchd application purpose fixed &l

Classification Example

College @1 attendance terminal digital +ff 3R dedicated attendance purpose arar #ft| 5T embedded
processor microcontroller g ehdr g1 Classification dimensions @t 3w # faRieft 7 A |

5 Marks Answer

Classification @ basis fei&d, categories define &< 3R examples g1 “Types of digital computers” ge1 &t a
%ad analogue/digital/hybrid foge ITR Ox1 7 741
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4.1 Analogue and Digital Computers

Analogue computer continuously varying physical quantities & computation represent &<dT gl Voltage,
displacement a1 rotation mathematical variables @T analogue 39 @d g1 Classical differential analyser
B CaRRHA R

Digital computer discrete symbols/states @R computation @zdr g1 Modern digital systems |
binary representation 3udl @=d &1 PC, calculator 3R server examples g|

Analogue: continuous

Digital: discrete states

Figure 2. Continuous signal 3R discrete-state signal @ conceptual el

L

Continuous physical representation Discrete representation

Noise/calibration accuracy @ gwifad Precision format 3fR computation & Rgifka
Some physical simulations # useful General programmable tasks # <deh
Classical analog integrator PC, digital controller

Hybrid Computer / System

Analogue processing @1 digital control/computation &4 & combine &<dT 81 Sensor input aTaT & digital
system automatically classical hybrid computer Tgl s STraT; actual analog computation role &1 91fgT|

Evolution

Mechanical analogue devices - electronic analogue circuits; &I 3R relay/tube digital machines -
transistor/IC/microprocessor digital systems| @i traditions & applications H |1 faef@d g5
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4.2 Types of Digital Computers

Microcomputer Microprocessor-based personal system; desktop, laptopl

Workstation Professional design, engineering a1 scientific workloads @& feiT configured system!|
Server Network clients @ services a1 §; file, web, database server|

Minicomputer Historical mid-range multiuser systems <t category!|

Mainframe Large-scale reliable transaction, batch dT enterprise workloads!|

Supercomputer Scientific/high-performance computation & feig massive parallel processing|

Embedded computer = Larger product & & dedicated computing/control|

Mainframe vs Supercomputer

Mainframes reliability, large transaction volume 3R I/O-intensive enterprise workloads & faig optimized
gl g1 Supercomputers scientific numerical workloads 3R parallel computational performance @ focus

A &1 hael cabinet size ¥ 3R dd T} gidT!
Examples of Tasks

* Student typing assignment — personal microcomputerl

* College website host &A1 — server rolel

* Bank transaction processing —» mainframe-class workload gt 9T g1
* Weather model simulation = supercomputing workload|

* Washing machine control -» embedded computer!|

Important Clarification

Server T role #t §; small computer *ft server software Ie &edT g1 Modern product categories overlap
&l 81 Historical “micro, mini, mainframe” hierarchy @t & current system W rigidly N 7 &<
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5. Major Components of a Digital Computer

Digital computer & input unit, CPU, primary memory, output unit 3R secondary storage & functional
components g1 g1 & interconnections data, address 3R control signals & SITd g1

Primary Memory

v

. CPU .
Input Unit CU + ALU + Registers Output Unit

Secondary Storage

Figure 3. Complete computer @7 simplified functional block diagram|

Input Unit

User/environment & data @& system-usable representation & &dt g1 Examples: keyboard, scanner 3R
sensors|

CPU

Instructions execute @&aT g1 Control Unit coordination, ALU arithmetic/logic 3R registers fast temporary

values T@d &1

Memory and Storage

RAM active instructions/data ¥&dt §; secondary storage files/programs persistent I@ar 1 &1 roles et
g1 Cache 3R registers asf internal levels €1

Output Unit
Results user a1 37 system & oI U¥gd el 81 Monitor, printer 3R speakers examples gl

System Interconnection

Bus/interconnect components @I Stigdr g1 Address signals target location, data signals actual values 3R
control signals operation/timing adrd €1 Modern systems & multiple point-to-point links +ft g Ted g1
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5.1 Block Diagram of CPU

CPU = Central Processing Unit. CPU 3R -1 computer 31T &1 Main memory 3R external 1/O @t 9=
CPU block diagram & CPU boundary & aTex fa@man ST 8; integrated designs # physical arrangement gd
Gehell Bl

CPU Boundary

‘ Control Unit | ‘ ALU | ‘ Registers |

l

Internal Interconnect

Figure 4. CPU & 7&& functional blocks|

Control Unit — CU

Instructions decode @t & 3R datapath @ control signals &<t &1 Register transfers, memory operations
doT ALU operation sequence coordinate @l g1 I8 @d 9t calculations =gl &

Arithmetic Logic Unit — ALU

Addition, subtraction, bitwise AND/OR/XOR, comparison 3R shifts S/ operations @1 g1 Supported
operations architecture W AR g1

Registers

CPU o 3ige small, fast storage locations| Operands, results, instruction 3k addresses temporary ¥&d gl
Register access RAM access & M-I {8k a1 gidT g

Clock

Clock synchronous operations @ timing @t coordinate @=dT g1 Frequency cycles per second g1 CPU
performance &dd GHz & @& &l; instructions per cycle, memory 3R workload +t #g<qui €1
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5.2 CPU Registers & System Buses

Program Counter (PC) Next instruction =T address; exact update rules architecture-specific

Instruction Register (IR) Currently processed instruction

Memory Address Register (MAR) = Memory operation @' target address; conceptual model

Memory Data Register (MDR) Memory &/de transfer data; conceptual model
General-purpose registers Operands, addresses 3fR intermediate results
Accumulator $® architectures & implicit arithmetic operand/result
Status / Flags Zero, carry, sign 3¢ condition information
Stack Pointer (SP) Stack location T tracking

Bus Types
Address bus Location/device target identify
Data bus Actual instructions/data transfer
Control bus Read/write, interrupt, timing/control

Read Operation Example

* CPU required address select T g1

* Read control request s ST g1

+ Memory requested content return & g1
* Value register # receive gidt gl

Write Operation Example

CPU address 3fR data 3Ucles] ShTdT & dT write operation request &ar 81 Memory 39 target location @R
value store @<t g1 Actual bus protocols # ready/acknowledgment 3R timing details gt dd g1

&= €: Address bus width, data bus width, register width 3R word size 3T specifications g|
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5.3 Fetch-Decode-Execute Cycle

Fetch
Get|instruction from memory

I 2

Decode
Identjfy operation and opefands

I 2

Execute
Perform required operatjon

I 2

Write back / Update
Stiore result and continlie

Figure 5. Simplified instruction cycle; aafde processors stages overlap @R Tad gl

Worked Example: ADD R1, R2
Assume two-address instruction @7 31f R1 « R1 + R2 1 Initially R1=5 3fR R2=31

* Fetch: PC &l instruction memory & &8 ST 81

* Decode: CU ggamdt & fds ADD operation 3R R1/R2 operands &I
+ Operand access: Registers & 5 3fR 3 ug W1d &1

* Execute: ALU 5+3=8 fAarerar g1

* Write-back: R1=8 store; flags 31agehdr 7T updatel

» Continue: Next instruction @T address select gar 81

Memory Operand Example

LOAD R1, [1000] memory location 1000 & value R1 & @T @ahd1 g1 STORE [1004], R1 value aas memory &
@ TohdT g1 Syntax &ad illustration g; actual ISA 37T gt Hehelt &1

Interrupt

Interrupt @ CPU ordinary flow & handler &t 3R ST dhdT 81 I8 1/0, timer 3R other events service & &
ggradl ahxdl g1 9+t instructions exactly I8 clock cycles T8t il
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6. Memory Addressing Capability of CPU

Addressing capability CPU/addressing mechanism gRT identify & ST @ieh=t atefl memory locations @t
theoretical range g1 n independent address bits & 2" distinct addresses d €1

Byte vs Word Addressing

Byte-addressable: g address T byte identify &¥ar | Word-addressable: g% address & word identify
al 81 Capacity FepTeid @53 bytes per location e gHT @1fgg|

Address bits Byte-addressable capacity

8 256 256 bytes
16 65,536 64 KiB

20 1,048,576 1 MiB

32 4,294,967,296 4 GiB

Process for Numerical

+ Address bits n ggaH|

* Locations =2" [eret|

* & location fohast bytes & & 3|

« Capacity = locations x bytes/location|
+ KiB/MiB/GiB # convert &<|

Example: 16 address bits, 16-bit words

gf¢ word-addressable memory &: 216 locations x2 bytes =131,072 bytes =128 KiB| afc byte-addressable &
dl a8l 16 bits oae 64 KiB address &xd gl

Physical vs Virtual Addressing

CPU &t virtual address width 3k implemented physical address width 31T g Wehd! g1 “64-bit CPU” & T8
ARy 7181 foh o1 264-byte RAM supported/installed 81 Hardware, OS 3k memory controller limits Fgayquf
&l
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6.1 Address Numerical & Microprocessor
Example

Example 1: How Many Address Bits for 1 MiB?

Byte-addressable memory: 1 MiB =22° bytes| gdfei 20 address bits @1fgq| Formula: n=logz(number of
locations), exact power-of-two case I

Example 2: Address Range

16-bit address space & lowest address 0 3fR highest 216-1 =65,535 &1 Hex notation: 0000H to FFFFH |
Count 65,536 locations 8; last address @t total count 7 TS|

Example 3: Classic 8085 and 8086

8085 8 bits 16-bit address bus —»64 KiB byte-addressable space

8086 16 bits 20-bit physical addressing =1 MiB byte-addressable space

g historical specification comparison g1 Internal register width 3R physical address formation i@ gt
Gehd &
Data Bus vs Address Bus

Wider data path @& transfer & 31f8ies bits @ ST @ehd1 g1 Wider address space 3if&ia locations identify &R
epdT &1 Data bus width @&t address bits &t S8 formula 2" & ST Teid &1

Binary Units

1 KiB=1024 bytes; 1 MiB=1024 KiB; 1 GiB=1024 MiB| Decimal prefixes & 1 kB=1000 bytes| Memory-
addressing questions # binary powers 3R question convention We feid|
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7. Microprocessors

Microprocessor integrated circuit @ implemented CPU g1 38 complete usable computer & & folg
memory, I/O 3R supporting circuitry I 3laeaehdr g Ferd! a1 Modern chips # integration sigd 3ifdies gt
Gehelt B

Main Functions

« Instructions fetch/decode/execute =TI

» Arithmetic 3fR logical operations!

« Memory a1 I/0 requests coordinate &1l

* Program flow, branches 3R interrupts handle &I

Typical System

RAM / ROM

I/O Interface H Devices

Figure 6. Microprocessor-based system @& supporting componentsi

Microprocessor
CPU

Evolution

Early commercial 4-bit processors & 8-bit, 16-bit, 32-bit dT 64-bit designs faef&d gul Wider datapaths &
1T caches, pipelining, multicore designs 3R specialized units +ff &1 Bit width 3rhet performance a& gl
GGl

Intel 4004

1971 @1 Intel 4004 commercial single-chip microprocessor milestone &1l CPU functions ek small chip @&
integrate g & programmable systems & AT applications ¥d gu|

Further reading: [2].
Applications / Limitations

PCs, servers 3R embedded systems & processing| External memory/interface requirements, power/
heat 3R design complexity application & AR §I
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8. Single-Chip Microcomputer

Single-chip microcomputer # CPU, memory 3iR I/O-related functions T chip # integrated gid g
Introductory courses # g term 31aR microcontroller & foig 3uahT gidt 81 Exact integrated features
model TR AR g1

Single-chip microcomputer / microcontroller

Program Memory RAM

‘ CPU Core

‘ GPIO ’ ‘ Timers ’ Serial / ADC

Figure 7. T& chip & 3iax a1 embedded-computing blocks |

Components

CPU processing @=dT g1 Flash/ROM program &d! 81 RAM variables/results &t 81 GPIO inputs/outputs,
timers event timing 3fk UART/SPI/I2C Si& interfaces communication &%d 1 ADC/DAC & chip # St T8l
Working Example: Temperature-Controlled Fan

» Sensor temperature signal &dT g1

+ ADC a1 digital interface reading UTed &<dT g1

* Program threshold & compare &ar gl

« Temperature 3if&e gt df output driver fan @Te] T &1
» Loop/interrupt & readings repeat gidl g

Fan/motor @t GE=Ie: chip pin ¥ directly power 781 &d; suitable driver 3fR protection circuit @mfgg|

Microprocessor vs Microcontroller

Microprocessor CPU integration W dfad; microcontroller CPU+memory+I/O integration & @12 dedicated
control & 3uaftl Modern SoCs & @RI categories overlap g Tehd! 8l
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9. User Interfaces

User interface (UI) g8 A1ead g [ user system @t instructions &ar 8 3R response U &xdT g1 Ul
hardware @ software elements &T combination gt TadT g1

Working / Example Benefit / Limitation

CLI Text commands; terminal & mkdir Automation efficient; syntax Hi&=T ugdr g
notes

GUI Icons, menus, windows; file manager  Visual 3R @8; graphical resources a1gq

Menu-driven Listed choices; ATM options Guided use; fixed choices

Form-based Fields ¥=T; admission form Structured data entry; validation &<t

Touch Tap, swipe; smartphone Direct interaction; precision/accessibility

interface concerns

Voice interface = Speech commands; voice assistant Hands-free; noise/language/errors <kl gHTd

Interaction Process

ser action / commandg
ut

Interface interprets inp|

Application performs task

FEedback / result shown

Figure 8. User action & feedback @ interaction cyclel

Good UI &t faghvarns

Clear labels, consistency, readable text, meaningful feedback, error recovery a2t accessibilityl Example:
invalid mobile number @ clear message 3R correction T 3aeR|

CLI vs GUI: GUI g#2l & task H dgaR 7al; repetitive automation # CLI gfaersies 3R visual exploration #
GUI 3uaift gt Gehdl! 1
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10. Hardware, Software and Firmware

e oumiion e

Hardware = Physical electronic/mechanical components CPU, keyboard, RAM, SSD
Software = Programs &fR €&fdd instructions/data 0S, browser, compiler
Firmware Hardware control/support & fag stored Device controller firmware, system
software firmware
Hardware

S/ physical equipment & computation giaT 81 Input, processing, memory, storage 3fR output
categories ® @1 ST @ehdT &1 Hardware ! @&l operation & failg power, configuration 3R software support

Gl
Software Categories

* System software: OS, drivers dT supporting utilities|
« Application software: Word processor, accounting 3R browser|

* Programming tools: Compiler, interpreter, debugger 3R IDE| Categories ! textbooks 37T
grouping & et &
Firmware

Firmware non-volatile memory, 3R flash, & 3g<t 81 I8 hardware initialization 3T device control @t g1
39 update f3aT 5T Tehar & 3% design /AR &; 38 gAAT unchangeable ROM &g Teid &1

Combined Example: Printing a Document

Application print request &Tdt 81 OS/driver job device d& 9sid g1 Printer firmware paper 3R print
mechanism control &l 81 Printer hardware actual output SATdT 81

Compiler vs Interpreter

Compiler program @&t &<t form, 3R machine/object code, # translate &xar g1 Interpreter runtime W
code execute/evaluate &daT g1 Modern systems compilation 3R interpretation @ combine ¥t &% ¥hd 81
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11. Number Systems: Fundamentals

Number system quantities represent @< & symbols d2T rules T system g1 Positional notation # digit
contribution = digit x base raised to position1 Rightmost integer position 0 & & gl &

N N T
2 0,1

Binary 10112
Octal 8 0-7 157s
Decimal 10 0-9 24510
Hexadecimal 16 0-9,A-F 3A1s

Hexadecimal Digits
A=10, B=11, C=12, D=13, E=14, F=151 Example 3A1s =3x16+10=5810|

General Formula

Integer part: = digit x baseP°SItN| Fractional part: right of radix point weights base~?, base~2...1

Example 12.510 =1x10%+2x10°+5x10~1|

Valid Digits

Binary 102 is invalid because digit 2 is not allowed| Octal 89 is invalid| Hexadecimal FACE is valid
numeral because F,A,C,E all allowed digits &I

Storage Units

Bit = one binary digitl Byte =8 bits| Nibble =4 bits| n bits & 2" distinct patterns &d §! Unsigned n-bit
integers @ range 0 to 2"-11

Example
8 bits =256 patterns 3R unsigned range 0-2551 Number of patterns 3R maximum value 3T g1
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11.1 Any Base to Decimal

Method

» Digits @t base & powers & a1y feid |
- g digit x corresponding weight fara |
« goft contributions Siis|

* Fractional positions & negative powers |

Example 1: 1011012

1 32 32
0 16 0
1 8 8
1 4 4
0 2 0
1 1 1

Total=32+8+4+1=45101

Example 2: 157s
1x82+5x81+7x80 =64+40+7=11110|

Example 3: 2F16
2x16+15 =47101 F &I digit value 15 @1 §, letter &1 ASCII code =gl

Example 4: 101.1012
1x4+0x2+1x1+1x(1/2)+0%(1/4)+1%(1/8) =5+0.5+0.125=5.62510|

Example 5: A.Fie
10 +15x16-1 =10+15/16=10.937510]
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11.2 Decimal Integer to Another Base

Repeated division method: Number @ target base & divide &<1 Remainder note &I Quotient &
process repeat & Sid da 0 7 3M¢1 Remainders 12 ¥ R 4|

Example: 4510 to Binary

45 +2 22 1
22 +2 11 0
11 +2 5 1
5+2 2 1
2+2 1 1
1+2 0 1

Bottom-to-top: 10110121 Check=32+8+4+1=45|

Example: 15610 to Octal
156+8=19 remainder41 19+8=2 remainder31 2+8=0 remainder2| Answer 234s| Check 2x64+3x8+4=1561

Example: 25410 to Hexadecimal
254+16=15 remainder14(E)I 15+16=0 remainder15(F)| Answer FE1s| Check15x16+14=254|

Why Reverse Remainders?

First remainder units place @7 digit &1 3FT@T remainder base? place 3R 3T TG base? place 3T g1 G
numeral highest place gga foadr g, gafeig bottom-to-top Ued &l

Special case: Input zero T representation 0 &; empty answer gl |
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11.3 Decimal Fractions to Binary

Fractional part @l target base & repeatedly multiply &2 &2 step @ integer part 37Te fractional digit g1
Digits %W ¥ #1d ug; integer conversion &I a8 reverse =gl &d |

Example: 0.62510 to Binary

1 0.25

0.625x2=1.25 1
2 0.25x2=0.5 0 0.5
3 0.5x2=1.0 1 0

Answer=0.10121 Check1/2+0/4+1/8=0.6251

Mixed Number: 10.625
Integer part 10-101021 Fraction0.625-.10121 Combine: 1010.10121

Non-terminating Example: 0.110

0.1x2=0.2-0; 0.2x2=0.4-0; 0.4x2=0.8-0; 0.8x2=1.6—1; 0.6x2=1.2-1 fix fraction0.2 repeat gt g aferg
0.1 decimal @I binary expansion repeating &: 0.000110011...1

Precision and Rounding

Computer finite bits IUANT &=dT &, $AfIT S fractions approximate store gidt &1 Repeating expansion el
finite length W truncate/round &=AT UgdT g1 399 tiny rounding errors g Tad gl

Process Summary

Integer part = repeated division - reverse remainders| Fraction part = repeated multiplication - retain
digit order| g parts @t radix point & Siis|
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11.4 Binary, Octal and Hexadecimal

8=23, gafeiy Ta octal digit @4 binary bits & correspond &xdr 81 16=24, 39feiq T hexadecimal digit IR bits
q

0 0000 0/0
3 0011 3/3
7 0111 7/7
8 1000 10/8
10 1010 12/A
15 1111 17/ F

Binary to Octal

11010112 @t radix point & a8 37k 3-bit groups #afe: 1 [101]0111 Left group &I pad &:001]101]0111
Digits1,5,3 -»153s1 Check64+40+3=1071

Binary to Hex
111010102 »1110[1010 —E |A >EAusl

Octal to Binary
578 »5=101 3iR7=111 »10111121 Leading padding g1 ST ¥ehd & Ife width fixed T &1

Hex to Binary
3A16 »3=0011 3R A=1010 001110102

Fractions

1011.1012 —»binary grouping for hex:1011.1010 »B.Axs! Fraction @i right side W zeros pad &, integer &t
left side TR Point & 7Teid side padding &+ & value S&d ehd! 81

Octal to Hex
Octal-binary—hex T& convenient route g1 17e—0011112—0000|1111-Fasl

B Sc/B A/B H Sc 1st Sem Page 28



Computer Fundamental & Operating System - CSSC/CSGE - 01

11.5 Binary Arithmetic

Addition Rules
0+0=0;0+1=1;1+0=1;1+1=101 Last result & sum bit0 3fR carry1 g|

Example: 1011 + 0110

Column from right Sum bit / carry

1 1+0 1/0
2 1+1 0/1
3 0+1+1 0/1
4 1+0+1 0/1
Final carry 1 Leading

Answer=10001z21 Decimal check11+6=171

Subtraction
0-0=0;1-0=1;1-1=01 0-1 & foIT next position & borrow @d &; borrowed 1 current place # value2 gdT 81

Example1101-0101=1000, 3r1fd13-5=81 Example1000-0001=0111; multiple columns & borrow propagate
glaT gl

Multiplication

0x0=0;0x1=0;1x0=0;1x1=11 Example101x11: partial products101 3k1010; sum=11111 Decimal5x3=15I
Division

Long division decimal Si€t 8, @fdeT quotient digits0/1 gtd €1 11002+112=1002, remainder0; decimal12+3=4|

Fixed-width Overflow

4-bit unsigned 1111+0001 gives mathematical100001 IR bits # result0000 3R carry-out1 gid1 g1 I8
representable range0-15 & a1gR &1 Signed overflow @& rule carry-out alone T&l g1
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11.6 Signed Numbers and Complements

Negative integers encode &= & 3T methods &1 Fixed bit width ugat eiftd 2| 2 8-bit examples g1

Sign-magnitude Sign1; magnitude13in7 bits 10001101
One’s complement +13 bits invert 11110010
Two's complement Invert then add1 11110011

Two’'s Complement Process

+13 =000011011 Invert-111100101 Add1-111100111 MSB1 @TeTl two's-complement pattern value =
unsigned value-28;243-256=-131

Range

n-bit unsigned:0 to2"-11 n-bit two's complement:-2"-1 to2"-1-11 8-bit range=-128 to+127|

Subtraction by Two’s Complement

7-5:00000111 + two's complement 0f000001011 Complement of5=111110111 Sum=1 000000101 Discard
carry beyond8 bits—00000010=2|

Why Bit Width Matters

1111 unsigned=15, but 4-bit two’s complement=-11 Same bits @& interpretation encoding &R AR g1
Common Mistakes

» Sign bit & geTaR negative magnitude gALM e 7 UG |
* One’s complement 3R two’s complement 37T €1

* Fixed width sga famT invert &3

* Unsigned carry 3R signed overflow &l ¥9M 9 74|
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12. Computer Codes and BCD

Computer code digits, characters a1 other information @t bit patterns 33 @& rules 1 Number
representation 3Rk character encoding 3fefiT concepts gl

BCD — Binary-Coded Decimal

Common 8421 BCD # uda& decimal digit $/@14-bit group  represent gia1 g1 Allowed digit groups0000-
1001 §;1010-1111 valid decimal digits 7@

Example: Decimal 59

Pure binary of59 111011
BCD of59 0101 1001
Reason 5-0101;9-1001

Encoding Process

* Decimal number @t individual digits & ac|
* & digit @14-bit binary code foid|

« Groups &I 3t decimal-digit order & S|

* Decode ¥ 7Y g¥4-bit group 3T Ug|

Decode: 0010 1001

0010=2 3fR1001=91 BCD answer=291 3& Ta ordinary8-bit binary number # dt41 g1T; encoding context
GRS C o]

Applications and Limitations

Decimal digits preserve @<+ arat displays 3R decimal arithmetic implementations & useful | Pure binary
Y i1 7 SRR Ak bits T &1

BCD Addition Correction

T digit result9 & 31feie a14-bit carry g @ common BCD addition #0110 correction @ ST&d gid! 8l
Example8+5=11012 (13); +0110~1 0011 -»BCD0001 0011, 3rafal3l
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12.1 Excess-3 and Gray Code

Excess-3 Code
g decimal digit #3 Sitga result &14-bit binary code fead €1 a8 non-weighted decimal code g1

N

0 3 0011
2 5 0101
5 8 1000
9 12 1100

59-5+3=8,9+3=12-1000 11001 Decode1000-8-3=5;1100-12-3=9

Gray Code

Reflected binary Gray code # adjacent sequence entries &dad Ta bit & differ &t g1 Position encoders
S applications # transition ambiguity % &< & useful g1 I8 ordinary weighted binary code T&l|

Decimal sequence index Binary Gray

0 000 000
1 001 001
2 010 011
3 011 010
4 100 110
5 101 111
6 110 101
7 111 100

Binary to Gray: 1011
MSB same | §Teht Gray bits adjacent binary bits & XOR §11;1@0=1;0®1=1;1®1=01 Answer=1110|

Gray to Binary: 1110
MSB same11 Next binary=previous binary XOR current Gray1®1=0;0®1=1;1®0=11 Result=10111

B Sc/B A/B H Sc 1st Sem Page 32



Computer Fundamental & Operating System - CSSC/CSGE - 01

12.2 ASCII and EBCDIC

ASCII

ASCII = American Standard Code for Information Interchange. Standard ASCII is7-bit 3128 code
positions 3dT 81 39H letters, digits, punctuation 3R control codes g1 “Extended ASCII” 3/@18-bit code
pages &I broad M g, T universal single standard =gl |

A 65 41

1000001
a 97 61 1100001
0 48 30 0110000
Space 32 20 0100000
Line feed 10 0A 0001010

Number vs Character

Numeric5 @I binary pattern101 gt @ahdT g1 Character “5” @I ASCII code53 decimal, hex35 g1 Text string
“25" # character “2" 3R “5” gid &, 98 U binary integer25 &l same representation =gl |

EBCDIC

Extended Binary Coded Decimal Interchange Code IBM-associated8-bit character code family g1
Code pages 37T characters assign @ St &1 P& mainframe environments # 94T historical/continuing
3T &

ASCII vs EBCDIC

ASCII EBCDIC

7-bit basic standard 8-bit family

128 basic positions 256 possible bit patterns per byte
Latin letters/control set IBM-oriented legacy ecosystem
Unicode # basic range preserved Conversion tables/code pages S&<t

Process: Text store & & flg encoding g4-characters map @i—bytes save &< Teld decoding ¥ text
corrupted f&@ Fehar &1

B Sc/B A/B H Sc 1st Sem Page 33



Computer Fundamental & Operating System - CSSC/CSGE - 01

12.3 Unicode and UTF Encodings

Unicode characters @ code points 3R properties & arel standard g1 UTF-8, UTF-16 3R UTF-32 g9 values
I storage/transmission units & encode @< & forms g1 Unicode @t “g82M16-bit code” @gT Ted g1

Code point Numeric identifier, i U+0041

UTF-8 1-4 bytes per Unicode scalar value
UTF-16 1-2 16-bit code units per scalar value
UTF-32 One32-bit code unit per scalar value
Glyph Font gRT faw= aretm visual shape

Further reading: Unicode Consortium encoding FAQ [3], introduction [4].

Examples

Latin A T code point U+0041; UTF-8 byte41 hex! Devanagari @ @T code point U+0915; UTF-8 ®3 bytes|
T visible Hindi syllable & consonants, vowel signs a1 virama & &g code points & &ad g1 Visible
character count 3R byte count SRTeR 7Ig} 8Id |

Text characters

I 2

Unicode code points

I 2

UTF encoding

I 2

Stpred / transmitted byfles

Figure 9. Character & encoded bytes d@& representation processi|

Font vs Encoding

Encoding SaTdT g stored values @I character interpretation| Font appearance f&&rdr g1 Correct encoding
3R suitable font i 91fgT I dhaa font change &3 ¥ & Tad-encoded file &tk 81 gidt|

Use

Multilingual documents, websites 3R Hindi-English text! UTF-8 & ASCII range same single-byte values
T@dt §; R Unicode text o size fixed one byte per character &l |
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12.4 Parity and Error Detection

Parity bit data bits & 12 STteT 7T check bit g1 Even parity & total1s even 3R odd parity # odd 3@ S 81

Example: Data 1011001

Data # four1s g1 Even parity bit0 g7 d1feh total4 T81 Odd parity bit1 g d1fcs total5 811 af parity bit @t
right @ append &<: even10110010; odd101100111 Bit placement protocol-dependent &1

Checking Process

« Sender data #1s count &<dT gl

* Chosen rule & 3ER parity bit Sigdr 81

« Receiver g received group check &xdT g1
« Rule fail gt @l error detected|

Capabilities and Limits

Single parity g9 odd-numbered bit flips detect &dt g1 Even number of flips undetected g Tehdt g1 I8
YT error &l exact location gl gaTdt 3R correction 78! el

Computer Code Comparison

Binary integer Numeric value

BCD / Excess-3 Decimal digits encode @&=AT

Gray Adjacent values # single-bit transition

ASCII / EBCDIC Character representation

Unicode + UTF Multilingual character representation/encoding
Parity Simple error detection

10 3iek: Computer code definition - categories » BCD example — Gray conversion - ASCII/Unicode
difference — parity process|
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13. Solved Practice & Answers

101012 to decimal

7510 to binary
157s to decimal

2F16 to decimal

0.37510 to binary

1101102 to octal

101011112 to hex

BCD of29

Excess-3 of29

Binary1101 to Gray
Gray1011 to binary
20-bit byte addresses
4-bit unsigned range

8-bit two’'s complement -5

Verification Checklist

* Base subscript fer@r 82

* Allowed digits T8l &2

» Integer remainders reverse fhg?

* Fraction digits forward ¥@?

* Binary grouping point & &I?

* Bit width declared &?

* BCD @&t pure binary &t d<g df =g ggr?
» Addressability bytes/words @E g?

Extra Examples

16+4+1
64+8+2+1
64+40+7

32+15

1/4+1/8
110]110
1010[1111
2-0010;9-1001
5-0101;12-1100
1,17®1,1®0,0@1
Cumulative XOR
220 pytes

0 to24-1

00000101 invert+1

21

10010112

111

47

0.0112

66s

AF1e

0010 1001

0101 1100

1011

1101

1 MiB

0-15

11111011

ASCII character0 3fR binary numeric zero 3T representations g1 32-bit virtual address space @t gaeT
installed physical RAM 5 &1 CPU, cabinet 3R complete computer & diagrams 3/l boundaries f@rd g1
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14. Quick Revision & Common Errors

« Computer programmable input-process-output system gl

* Babbage Analytical Engine mechanical programmable design 2Tl

* First-generation switching: vacuum tubesi

* Second: transistors; third: integrated circuitsl|

« Fourth: microprocessors; fifth textbook focus: Al/knowledge processing|

* Analogue continuous physical quantities; digital discrete symbols|

* Hybrid & analogue/digital processing combine gidt &1

* CPU includes CU, ALU and registers|

* PC next-instruction address track &<aT g; IR current instruction 3@ HehdT &

* Fetch—»decode—execute-write-back simplified cycle g1

* n address bits—2" locations|

* Byte/word addressability capacity Sgadt g

* Microprocessor CPU-on-chip; microcontroller memory/I/O integration|

* Firmware software g, @faT device-control role 3R non-volatile storage & ugart Sirdt g1
+ CLI commands; GUI graphical controls; menu/form/touch/voice 3= interfacesl|
* Binary2, octal8, decimal10, hex16|

* Unsigned n-bit max2"-1; two's complement range-2"-1 to2n-1-1|

+ BCD digit-wise; Gray adjacency-oriented; ASCII7-bit|

* Unicode code point, UTF encoding 7R font glyph 3feT conceptsi

* Parity error detection &, general correction =gl |

Answers # 3 Errors @ &9

“CPU=TXT cabinet”, “& byte=character”, “Unicode §A21T16 bits”, “64-bit CPU supports installed254-byte
RAM”, “serial g2 &f|1”, “firmware dga gl ahd!”—3 statements context & AT Ted &1
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15. Examination Question Bank

5 Marks Questions

 Computer &' definition, characteristics 3fR limitations faf@g|
« Computer history & 9@ stages faf@y|

- fhelt generation & features 3k examples faf@g|

* Analogue, digital 3 hybrid computers # 3iaR faf@g|

* Types of digital computers IHsIST|

* CPU block diagram d2m CU/ALU/registers faf@q|

* Fetch-decode-execute cycle THEITSVI

+ CPU memory-addressing capability numerical @fgd faf@q|

* Microprocessor 3R single-chip microcomputer & 3iaR faf@g|
« User interfaces & U faf@g|

« Hardware, software 3R firmware HsST|

» Binary/octal/hex conversion & solved examples gifoig|

* BCD, Gray, ASCII 3fk Unicode W notes faf@g|

10 Marks Questions

+ Computer history @2 five generations @T comparative explanation faf@y|

 Computer classifications 3fR major components labelled diagram dfgd THe8TI

+ CPU diagram, registers, buses 3fR instruction cycle @&T example gifSig|

» Memory addressing @& formulas 3R byte/word numerical 72T

* Microprocessor, microcontroller 3R user interfaces foxar @ faf@g)

» Number systems: integer/fraction conversions, grouping 3fR arithmetic examples faf@g|
« Computer codes: BCD, Excess-3, Gray, ASCII, EBCDIC, Unicode 3R parity G9s8g|

Numerical Practice

Convert:9310—binary;76s—decimal;B71s—binary;0.87510—binaryl Answers:10111012;6210;101101112;
0.11121 24-bit byte-addressable space=16 MiBI
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16. Sources & Teaching Note

Historical milestones 3k encoding distinctions @& feiq 2 authoritative resources fdg T3 §1 Notes &
explanations, numerical examples 3R diagrams classroom learning & fiq 3R fhg 71g €|

[1] Computer History Museum: Timeline

https://www.computerhistory.org/timeline/

[2] Computer History Museum: Single-chip Microprocessor

1971: Microprocessor Integrates CPU Function onto a Single Chip

[3] Unicode Consortium: UTF Encoding FAQ

https://www.unicode.org/faq/utf bom.html

[4] Unicode Consortium: Technical Introduction

https://unicode.org/standard/principles.html

Teaching Scope

Generation date ranges broad educational approximations g1 Assembly examples illustrative €, actual
ISA syntax 7gfI Memory formulas & addressability assumptions stated g! Fixed-width binary answers
declared width & 38R g¢| Hardware capacities/performance model-specific § examples current
product recommendations =gl g1

How to Revise

Teh topic U¢ — diagram foT 3@ §91¢ - T example solve & — answer verify & — 5 7110 3ic &1 response
headings # ferd | 39 ufghar & definitions 3k working a4t aT€ &4 21
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