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Unit II: Peripheral Devices

gg Unit II 1 fa&gd Hindi-English study material 1 Definitions, working, components, advantages,
limitations 3fR labelled diagrams & 5 @271 10 3ih & answers aaR by ST Tehd 31

m Syllabus Topics

1-3 I/0O devices: keyboard, mouse, monitor

4-6 Impact/non-impact printers, plotters and scanners

7-8 Other I/O devices, 1/O ports, programmable/non-programmable and inbuilt ports
9-11 Parallel/serial ports; USB, IEEE 1394 and AGP

12 Serial data transfer schemes

13-16 Microcontroller, signal processor, I/O processor, arithmetic processor

Peripheral Device &t afumsm

Peripheral device T&T hardware g STt computer & S[ga input, output, storage aT communication T &R
&1 g1 Keyboard, mouse, monitor, printer 3R scanner 3&Te0T g1 Peripheral a1 37ef gR21 cabinet & sTgx
g1 98l; internal devices 4t peripheral functions g @ied 81

IR faE= &1 v

5 3ieh: Definition - BteT labelled diagram — 4-5 points - examplel 10 3iah: Introduction - parts/types -
working - diagram — advantages/limitations - applications ar comparison|

Diagram Note

Figures conceptual 3R not-to-scale g1 aRdfae connectors, devices 3R internal architecture models &

SR §&d 9hd 81 Legacy interfaces i syllabus & /R A &1

B Sc/B A/B H Sc 1st Sem Page 2



Computer Fundamental & Operating System - CSSC/CSGE - 01

1. Input / Output Devices

Input devices data 3fR instructions computer &I gd &1 Output devices processed results user 3T 31

system de Ugdrd &1 $© devices 31 BRI X &

Input Devices Computer Output Devices
Keyboard / Scanner CPU + Memory Monitor / Printer

[ Storage / Network ]

Figure 1. Input-processing-output TT storage/communication T Hse|

Input Keyboard: text; mouse: pointing; scanner: image capture; microphone: audio
Output Monitor: visual; printer: hard copy; speakers: audio; projector: display
Input and output Touchscreen: display + touch input; network interface: receive + transmit

Storage-related I/O SSD, external drive: data read/write

I/0 Operations

I/O @1 319 CPU/memory 3R devices & = information exchange g1 Different devices &' speed 3R
format 31T gidl €1 Controllers 3R interfaces g differences @l Ted &1

Controller and Driver

Controller: Hardware St device operations d2T data transfer manage &xdT g1 Driver: OS @&t controller/
device 3UANT & T software interface 3a1 81

#wgd: Input devices data collection, output devices result presentation 3fk communication devices data
sharing ¥4 s1d g1
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2. Keyboard

Keyboard text, numbers, symbols 3R commands input &= &I device g1 Keys & g IR keyboard
electronics key event Tga e computer &l SeTd! 81

Key Press Keyboard Computer
Row + Column Controller Driver / Software

Scan / usage code is interpreted using keyboard layout

Figure 2. Keyboard input & simplified working

g% Key Groups
Alphanumeric A-Z, 0-9 3R symbols; text entry
Function F1-F12; application-dependent tasks
Modifier Shift, Ctrl, Alt; combinations
Navigation Arrows, Home, End, Page Up/Down
Numeric keypad Number entry 3R arithmetic symbols
Control / editing Enter, Esc, Backspace, Delete, Tab

Working

* Key press ¥ switch state sIgeid! §; 9gd @ keyboards key matrix scan &d gl

« Controller row/column combination TgaT=dT & 31k bounce effects handle &R TehdT g1
* Key-down/key-up event a1 €&f@id code interface & 9T ST &

+ OS/driver 3R keyboard layout 3& character ar command # interpret &vd g|

Types

Membrane keyboards pressure-based layers 3udi @=d g1 Mechanical keyboards # individual switches
gid g1 Wired keyboards USB S interface 3R wireless keyboards radio/Bluetooth connections SUaRT &
Tohd &

a1y, HETG 3R ST

T text entry, shortcuts 3R accurate commands | T typing skill T18y; e SuziT & 3fRd posture St
3YAhT: documents, coding, data entry 3k examinations|

gdtan fag: Key press 19 g2 IR ASCII character =gl ¥STdT; interpretation layout 3R software @R AR g1
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3. Mouse

Mouse pointing input device &, St pointer move @&, items select &=+ 3R graphical objects & a1 &M
& H IUIIT g &

Parts

Left/right buttons, scroll wheel, movement sensor 3R wired/wireless interfacel $® models T extra
programmable buttons *ff gid g1

Hand moves mouse

v

bensor detects motion

v

Controller sends movement
and button events

v

OS moves pointer
Application responds

Figure 3. Mouse movement & screen pointer d input flow!

Types
pee Workg
Mechanical Ball 21 rollers & movement detect; legacy design
Optical Illuminated surface & images compare @< motion detect
Laser Laser illumination 3menikd optical sensing
Wireless Motion/button data wireless link & 91
Operations

Click: selectl Double-click: ™= settings & open| Right-click: context menul Drag-and-drop: g&Teh move
3R release| Scrolling: content navigation|

ATy R Hwrg

GUI navigation 3R selection & | Text entry & fg keyboard siféies 3uger| Surface, battery aT sensor
quality & performance uIfad g |t g1 DPI/CPI sensitivity specification §; 3ifde value gaIT S8R
practical accuracy Tgf &t
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4. Monitor

Monitor visual output device 8 ST text, images 3R video fa@rdT1 g1 Screen output @t soft copy &ad & Hifch
Jg paper ®R permanent print gl g1

Display Area
Pixels arranged in rows and columns

Resolution example: 1920 x 1080 pixels

L

( )
Figure 4. Display area pixels & grid @ s7a1 81

J& Terms
e e

Pixel Digital image/display T picture element

Resolution Horizontal x vertical pixel count

Screen size 3MdR TR diagonal measurement

Refresh rate gfd second screen refreshes; Hz

Response time Pixel transition @I ¥¥; measurement method &R AR

Color depth Color representation # bits

Aspect ratio Width : height, & 16:9

Numerical: 1920 x 1080 = 2,073,600 pixels| Refresh rate 3R resolution 31T concepts 21 T9 resolution
TR g8t screen # pixel density & g Tehd! g
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4.1 Types of Monitors

CRT — Cathode Ray Tube

Electron beams phosphor-coated screen W strike @< light 3@ @l 81 Magnetic/electronic deflection
beam scan @xrdt 81 CRT 4, bulky 3R comparatively 3ifi@ power-consuming gid &; 3TsT §&&d: legacy
study # 31Tt g1

LCD — Liquid Crystal Display

Liquid crystal layer light &I transmission f3=if3d @<t 81 Panel &t Im@™=aa: backlight amf@g; liquid crystals
@ Uh1eT 8l a1 | Thin design 3R comparatively &H power 38 @14 g

LED-backlit LCD

§gd & products # LED monitor & 31f LCD panel with LED backlight gId1 81 38 OLED & &AM self-emissive
technology 7 @58l Direct-view LED displays 1@ technology it g dad 81

OLED

Organic light-emitting elements & Ueh1eT &Td &1 Deep blacks 3R high contrast @a g1 Cost aT static-
content burn-in risk application/design @ R AT g1

CRT LCD / LED-backlit LCD

Electron beam + phosphor Liquid crystals + backlight
Bulky 3R 9t Thin 3fR geehr

3ifde space/power THRIA: %H space/power AT
Legacy technology Common flat-panel technology

Applications and Selection

Office work & readable text; design & color accuracy; video/gaming & response 3R refresh; medical/
scientific use # appropriate standards #g@quf §1 dd screen size & quality T =81 gl

10 3ieh: Definition, pixel diagram, specifications, CRT/LCD/LED/OLED working 3fR comparison fa=d|
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5. Printers: Impact Printers

Printer output device & STt text/images @' hard copy 4T &1 Printers @l impact 3R non-impact categories
# Sier Srar &
Impact printer & print mechanism ribbon W physical strike @< paper @ marks ST g1

Impact ' . ' Paper
Pins / Hammers k< R0 Printed marks

Figure 5. Impact printing @T principle: strike = ribbon — paper|

Dot Matrix Printer

Print head < pins ribbon W strike @l g1 Dots @7 pattern characters/images a1 g1 Head paper &
across move & & 3R paper feed mechanism 3rTett line 31 IgTaT 81 Multipart forms g2 carbon-copy
applications # Iuahft

Daisy Wheel Printer

Wheel &t petals W= fixed characters gid g1 Required character position @ wheel rotate gl & 3k hammer
ribbon & through strike @=ar g1 Letter-quality fixed characters, @féhT graphics 3fiR fonts & flexibility &1
Line Printers

Drum 3R chain printers high-volume legacy systems ® U@ line & &g character positions print & Ted gl
Drum/chain mechanism 3fR hammers @@= printing &<d g1

Multipart forms ST Tehd § Noise 3ifeies
F® transaction uses # Iuaft Graphics/quality @faa
Durable legacy applications Modern desktop alternatives & €fi#/a&# flexible g Tehd &

Speed units: Character printers & CPS (characters per second), line printers & LPM (lines per minute)|

Model & 3ER specifications Igaldt g1
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5.1 Non-Impact Printers

Non-impact printers ribbon @™ mechanical strike fhT fo=T print ITd & | I 33181 inkjet, laser 3R
thermal printers g1 @ non-impact printers @&t technology 9 =gl gl

Inkjet Printer

Tiny ink droplets nozzles & paper ®R deposit g/d &1 Thermal-bubble a1 piezoelectric methods drops e
gahdl g1 Color/photo output aam home/office use & 3ualft| Limitations: ink cost, nozzle clogging 3R
paper-dependent quality!|

Laser Printer

Electrophotographic process 3udiT &dl g1 Laser drum @™ image-related charge pattern s-mar g1 Toner
pattern 9 develop 8dT &, paper W transfer gid1 & 3R heat/pressure @ fuse giar g1

Charge / expose drum

v

Develop toner image

v

Transfer to paper

v

Fuse toner
Heat + Pressure

Figure 6. Laser printing @1 simplified stages; cleaning/recharging ft siaa g1

Thermal Printer

Direct thermal: Heat-sensitive paper TRH g W dark gIdT §; receipts # 3ualiTl Thermal transfer: Heated
ribbon & material label/paper W] transfer giar 81 Direct thermal 3k thermal transfer i@ processes g|

&T9: Quiet operation, suitable text/graphics quality; exact benefits technology @ fA+R| Harg:
Consumables, maintenance daT media cost! Laser & toner 3R inkjet & liquid ink FHT=Ic: 3UTT g1 &1
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5.2 Printer Comparison & Specifications

Principle Mechanical strike No ribbon-striking mechanism
Noise JEI: 3ifdd I A

Multipart forms SRR U I SUg T8l

Examples Dot matrix, daisy wheel Inkjet, laser, thermal

Graphics / quality Device-dependent; often limited 3R IgaR options

Important Specifications
* DPI: Dots per inch; printing resolution @T measure, overall quality T 3/har factor &l
« PPM: Pages per minute; document, settings 3fR test method W fA+R|
* Duplex: 41 & printing|
* Duty cycle: Manufacturer-defined workload specification; recommended monthly volume 3t gt
Hehel B
» Cost per page: Ink/toner, drum 3R 3= consumables & @TTd ! & & &I

* Connectivity: USB, network a1 wireless optionsi

Inkjet vs Laser

Liquid ink droplets Toner-based electrophotography
Photo/color applications & Iuahft Text 3fR office workloads & diit
Nozzle/ink maintenance Toner/drum/fuser maintenance
Costs model 3R workload @ ¥R Costs model 3R workload = AR

10 Marks Answer Plan

Printer &t definition - impact/non-impact classification - dot matrix working — inkjet/laser working -
labelled diagram — comparison — applications| &ad “impact slow, non-impact fast” sieft absolute
statements & &d; performance model-dependent g

B Sc/B A/B H Sc 1st Sem Page 10



Computer Fundamental & Operating System - CSSC/CSGE - 01

6. Plotters

Plotter precise drawings, graphs, maps 3R engineering designs S areT output device g1 Traditional
pen plotters vector instructions & AR pen move & &1 Modern usage # large-format inkjet printers
&1 ot plotters g1 ST &1

Flatbed Plotter

Paper flat surface W fixed ¥gd1 81 Pen/carriage X 3R Y directions & move @< drawing 1a1 81 Large
working surface @1f8; accurate technical drawings & Uit

Drum Plotter

Paper drum movement & T direction H SITdT g 3R pen &I direction & move &=dl g1 399 coordinated
motion gRT drawing &t 81

Large-format Inkjet Plotter

Inkjet print head wide media W raster images 3R drawings print &ar g1 CAD, architecture, banners 3R
posters & U giaT 81 Ig traditional pen mechanism & 3T g1

>

( X-axis carriage ]

Paper fix Pen | flatbed

Figure 7. Flatbed pen plotter: coordinated X-Y movement|

Large drawings 3fRR precision Large space/media requirement
CAD/maps & Iuamfy Cost 3fR speed technology W ¥k
Fine lines 3fR scale drawings Traditional pen designs maintenance-heavy g a&d &

B Sc/B A/B H Sc 1st Sem Page 11



Computer Fundamental & Operating System - CSSC/CSGE - 01

7. Scanner

Scanner physical documents/photos @t digital image ® convert @<= arel input device g1 Text UgaT = &
flg 8@t OCR processing &t 3TaLdehdr gt Tehd! Bl

Document illuminated

v

Sensor captures light]
CCD/CIs

v

Analog signal digitizeq

v

Digital image saved
OCR optional

Figure 8. Scanner working: light & image data d!|

Main Parts and Working

Light source document illuminate @&%aT g1 Reflected light optics/sensor @& ugadt g1 CCD a1 CIS sensor
brightness/color information capture @var &1 Analog-to-digital conversion 3fR processing & digital

image sdT g1

Types
]
Flatbed Document glass ®}; books/photos
Sheet-fed Pages feed gIdt §; office documents
Handheld / portable Manual/portable scanning
Drum scanner Specialized high-quality imaging

Resolution and OCR

DPI: Spatial sampling/detail specification| Optical resolution 3R software interpolation i gl OCR =
Optical Character Recognition: Scanned text image & editable/searchable text fesTerT; accuracy print
quality, language 3fR layout @R AR g1

AT 3R g

Digitization, sharing 3fR archival 3TE=1 Poor originals, blur a1 folded pages & quality &e ¥t g1 Scanner
@4 g printed word T 37ef T TS|
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7.1 Other Input / Output Devices

Microphone Sound @ electrical signal & ggadr 8; ADC ¥ digital sampling & ¥ehd 81
Webcam / digital camera Light sensor & images/video capturel

Touchscreen Visual output + touch position input; capacitive/resistive sensing|
Joystick / game controller Direction/buttons & control input!

Barcode reader Printed encoded pattern UgdT &; product tracking|

OMR Marked positions detect; objective answer sheets|

OCR system Image # printed text UgaTar g1

MICR Magnetic-ink characters 9e-r; banking usel

Biometric sensor Fingerprint/iris 3= characteristics capturel

Speakers [ headphones Electrical audio & sound output!

Projector Image 2t surface W display!|

Network interface Data transmit/receive; communication I/O|

OMR, OCR and MICR # 3ie®

OMR mark &t position detect &¥ar 81 OCR characters gga™d1 &1 MICR magnetic-ink characters & foig
specialized reading g1 34T purpose dT input material e g1

Analog-to-Digital and Digital-to-Analog

Microphone @T analog signal ADC & digital 8 @iehdT g1 Audio playback & DAC/amplifier signal speakers
de Ugdrd 81 & peripheral # identical conversion stages =gl gid|

Exam tip: Other devices & U # device name & I1Y input/output category, function 3Rk T& application
ferd|
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8.I/0 Ports and Interfaces

I/0 port 2155 physical connector a1 hardware interface & addressable registers, GiHi & felg IuaRT gt TepdT
&1 Physical USB port 3R CPU & I/O register address @ T & concept 7 A |

Data Register

CPU / System Bus

Status Register Peripheral

Control Register

Figure 9. 1/0 interface & typical data, status 3fR control registersi|

Register Functions
« Data register: Transfer gi- arel data ¥&@dT g1
» Status register: Ready, busy, error Si€t device condition &dT g1
» Control register: Mode, start 3R interrupt settings Si¥ commands 3&dT g1

Memory-mapped vs Isolated I/O

Memory-mapped I/0: Device registers memory address space & mapped; load/store operations 3uaiT
gl Tod g1 Isolated/port-mapped I/0: Separate I/O address space 3R special instructions, architecture

& AR
Inbuilt I/O Ports

Motherboard, processor ar embedded chip & integrated interfaces inbuilt ports &geTd g1 Examples: USB
controller connections, audio, Ethernet 3R microcontroller GPIO| Physical connector HiS[g 8T 3R
controller integrated g e aTd &1

Functions: Data exchange, buffering, speed matching, status reporting 3R control signals| Interface &
electrical @&t protocol compatibility ST St g1
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8.1 Programmable & Non-Programmable Ports

g9 syllabus & programmable port @1 a1 37ef 8T interface & fSigaT direction, mode at function
software gRT configure a1 ST ¥k | 39T exact behavior hardware & AR g1
Programmable I/O Port

Software control registers @& AT&gH ¥ input/output direction, operating mode 3T alternate function g=ar
&1 Example: microcontroller GPIO AT classic 8255 Programmable Peripheral Interface (PPI)|

8255 PPI: 31emy falg

8255 # Port A, Port B 3R Port C @ 24 programmable I/0 lines gl &1 Control word & modes
configure 8id g1 Mode 0 basic I/O, Mode 1 strobed/handshaking I/O 3k Mode 2 Port A & fag
bidirectional bus mode &1 Port C &I &8 lines handshaking & 391 gieht &1

Non-Programmable / Fixed-function Port

Fixed-function interface & roles/mode hardware @ fAefRa giad € 3fR software configuration €ifad gidt &1
Example: teaching circuit # fixed input switch register a7 fixed output LED latch1 “Non-programmable”
&1 31ef g T81 fh CPU 3@ read/write T8l &< GehdT|

Programmable Fixed-function

Direction/mode configurable Direction/role mainly fixed
Flexible reuse TR dedicated purpose
GPIO, 8255 PPI Fixed input/output interface
Configuration 3iraas %H mode configuration

Programmable Port vs Programmed I/O

Programmed I/0 data-transfer method g fSrg® CPU instructions & device status/data handle &dT 8,
SRR polling & @11 I8 programmable port i category & 37T concept gl

10 3iwk: Definitions, register diagram, configuration example, comparison @2T inbuilt ports THT¢|
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9. Parallel and Serial Ports

Sender Receiver

VVYYVYY

Parallel: multiple bits on multiple lines

1-0-1-1

| Sender | }| Receiver |

Serial: bits sent in sequence

Figure 10. Parallel 3R serial transfer @ conceptual 3fcR; control lines omitted &I

Parallel Port

%3 data bits 31T lines TR Y ATY HeIdT g1 Traditional PC parallel printer port Centronics/IEEE 1284 family
¥ T oT; host side © DB-25 connector 3 Tl Data lines & 19 status/control lines +ft gidt off|

Serial Port

Data bits @H & 9sTdT g1 Traditional PC serial ports & RS-232 3R DE-9 connectors 3 &1 UART parallel data
3R serial stream & & conversion & 39dRT 8id1 81 Modern USB it serial technology &, @fd legacy RS-232
¥ 31T protocol gl

Multiple data lines T lane/channel W sequential bits
Wire count 31f&iss %A wires/lanes T¥g

Skew 3R crosstalk concerns High-speed differential designs dva
Legacy printer port RS-232, USB $¥ 37eTT standards

HEgayqul: Parallel g92m serial ¥ a7 781 gia1l Modern serial interfaces sigd high data rates @ dehd 81
Connector shape 3t protocol &l Fdret|
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10. USB — Universal Serial Bus

USB peripherals @t host system & connect @<+ & serial interface family 81 a8 standardized
communication, device enumeration 3fR @3 configurations & power delivery 3ucfes] are g1

Keyboard

Host / Controller USB Hub N

Storage

Printer

Figure 11. USB & host-controlled hub topology!

g fagtvarg

* Host controller communication schedule/manage &dr gl
* Hubs & A1eaW @ &g devices connect gl 9ahd gl

* Hot-plug 3k OS-based device detection support|

» Data a7 power support connector/standard @ fARI

* Enumeration & host device 9gamar 3R configure T gl

Transfer Types

Control: Configuration/commands| Bulk: Reliable large transfers, & storage| Interrupt: Periodic low-
latency access, St keyboard| Isochronous: Timing-sensitive streams, protocol-level retry limitations &
arg1 USB interrupt transfer CPU hardware interrupt & S concept &l 8l

Connector vs Protocol

Type-A, Type-B 3iR Type-C connector forms &1 Type-C 314+ 31T specific speed, video aT charging
capability &t guarantee =gl 81 GHi ends 3R cable &t capability 3@t gidt 81
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10.1 USB: Historical Speeds & Uses

= established historical signaling rates academic comparison & f@@ g1 & maximum theoretical rates §;
application throughput &H gtar g1

USB category Nominal signaling rate

USB 1.1 low-speed 1.5 Mb/s
USB 1.1 full-speed 12 Mb/s
USB 2.0 high-speed 480 Mb/s
USB 3.0 historical SuperSpeed 5Gb/s

USB Working: Simple Steps
« Device connect 8T &; host attachment detect &=dT g1
* Host reset/address assignment 3R descriptors & ATe8H & identification &=dT g1
« OS suitable driver/configuration g=dT 81
* Host/controller transfers manage &<d g1
» Safe removal relevant storage operations complete &= # AGg ol 8l

Applications

Keyboard, mouse, external storage, printer, webcam, audio devices 3R embedded interfaces! Power,
supported classes a2t features actual implementation W fA+R g1

ATy 3R Hug

&@mT: common interface, device discovery, hubs 3R broad peripheral support! €HT¢: bandwidth sharing,
cable quality/length constraints @41 connector/protocol confusionl
Numerical: Ideal Transfer Time

480 Mb/s @t ideal 60 MB/s AT ¥ahd & aRilfds 8 bits = 1 bytel 120 MB transfer @7 ideal minimum = 120/60 =
2 seconds| Protocol overhead, storage 3R software delays & @RI aRdfde G877 3ifdd ghmmi Decimal MB
3k Mb conventions A& g calculation & 78 &1
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11. IEEE 1394 and AGP

IEEE 1394 — FireWire /[ i.LINK

IEEE 1394 high-speed serial bus standard family g1 Digital video cameras, external storage 3fR
professional audio/video applications # & historical 3u@hT g31l Isochronous transfer timing-sensitive
data & fag 3R asynchronous transactions 9= data exchange & flq Iuere g1
* Peer-to-peer communication capability|
* Hot-plugging 3R devices @' daisy-chain connectionsi|
* Classic examples: IEEE 1394a & @71 400 Mb/s category; IEEE 1394b & 800 Mb/s implementation
g

« Different connector forms/power arrangements; g connector power &l adTl

AGP — Accelerated Graphics Port

AGP motherboard chipset 3R graphics adapter & sta dedicated legacy interface 271 @& modern PCI
Express & ugdl graphics use & g faesfad gami s& external general-purpose serial port 98 §HsH1 @13l
AGP @1 data path parallel &l

AGP link
CPU H Chipset H Graphics Card

Figure 12. Legacy AGP @t simplified graphics connection|

AGP 1x, 2x, 4x 3R 8x modes & increasing transfer rates fed &1 32-bit path 3fR T 66.7 MHz 3MeR &
AGP 1x @l theoretical rate @9 266 MB/s a7l AGP 8x &3 2.13 GB/s adT &1 & historical theoretical
values g1

General peripherals Historical AV/storage Graphics card interface
Host-controlled Peer-to-peer capable Dedicated graphics link
Serial Serial Parallel legacy interface
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12. Serial Data Transfer Schemes

Serial transfer & bits &7 @ 9 STd §1 & timing 3R direction, HT TR U GHSTHT AT

Asynchronous Transfer

Data @\ individual characters/frames # start 3fR stop bits & @7 91 SI1d1 81 Sender/receiver agreed
baud rate W &M & &1 Continuous shared clock line 3asa® 8! gidl, @fdh timing agreement S 81
UART SR 9T 380 5

Sl Data bits: DO D1 D2 D3 D4 D5 D6 D7 FEIIST S
0 Optional 1

[llustrative UART frame; data/parity/stop configuration varies

Figure 13. Asynchronous frame: start, data, optional parity, stopl

Synchronous Transfer

Timing shared clock 3T recovered clock @ coordinated it 1 Data blocks/frames H ST ST 9ehdT §; &
character W start/stop bits %€t 7811 Framing 3k synchronization overhead foi +ft g1d €1 SPI &
interfaces shared clock T &= 3318201 81

Isochronous Transfer

Time-sensitive stream & faT periodic/scheduled delivery R &9 &1 81 Audio/video & useful, Sigf delay
Igd AgaqUi gial g1 g simplex/full-duplex St direction category &l g1

Start/stop framing 3 Clock-coordinated framing
Character-level timing Block/continuous stream possible
Simple UART links Clocked serial interfaces
Per-character overhead Framing/synchronization overhead
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12.1 Direction, Baud Rate & Numerical

.-

Simplex: one direction

Half-duplex: both ways, at different times

Full-duplex: both directions simultaneously

Figure 14. Communication direction modes; half-duplex arrows are not simultaneous|

Direction Modes

<N

Simplex: & direction; one-way sensor broadcast link | Half-duplex: 3t directions @fchT Ter 5 | Tap;
walkie-talkiel Full-duplex: g directions Te &19; suitable telephone/data links|

Bit Rate vs Baud Rate

Bit rate: Bits per second| Baud rate: Symbols per second! afg g symbol k bits encode & &, bit rate =

baud rate x k, ideal modulation mapping &1 Binary UART ® §H=Id: b symbol interval Ufd bit gtar g1

UART Numerical: 8N1

8N1 = 8 data bits, no parity, 1 stop bitl Te start bit SR total 10 transmitted bits per characteri 9600
bit/s WX ideal character rate = 9600/10 = 960 characters/s| Payload efficiency = 8/10 = 80%|

Handshaking and Parity

Handshaking sender/receiver readiness coordinate @vdT §; hardware signals a1 software control

characters @ 8 ehdl &1 Parity $® bit errors detect &edl g, afchd @t errors A8l; I8 WHMIG: error correction

ERECTGIl

10 3ieh: Serial definition, asynchronous frame, synchronous comparison, direction diagrams 3R &

numerical A &R
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13. Microcontroller

Microcontroller T integrated chip g /" CPU core, program/data memory 3R peripheral interfaces
gld &1 a8 embedded control tasks @ feg s=maT ST €1 Specific components model & AR F&ad &1

l Microcontroller Chip ’

v

( CPU Core | | Flash / ROM J | RAM J | GPIO / I-O |

‘ Timers / Counters ’ ‘ ADC / Serial Ports ’

Figure 15. Typical microcontroller blocks; @+ chips & & block gHT 3Magass &l

Main Components

CPU instructions execute &=dT g1 Flash/ROM program &dt §; RAM variables &l 81 GPIO external
signals read/write &at g1 Timers delay/event counting, ADC analog inputs @ar UART/SPI/I2C serial
communication # SYINT g1 Tehd &l

Working Example: Automatic Irrigation

Soil-moisture sensor @7 value read gta1 81 Program threshold & compare @l 81 S%<d TR output signal
driver/relay ! STTdT & St pump Af3d @=dT1 g1 Motor @t 9E=ad: GPIO & e power 78! &d; suitable driver
3R protection a1fgy|

AT 3R H=rd

Compact, low power 3R dedicated control & economicall General computer &t ga=T & memory aT
processing TfAd g Fahdt g1 Real-time behavior software/hardware design o fAsR g1

Applications

Washing machine, thermostat, traffic controller, sensor node, robotics 3fR agricultural automation|
Microcontroller 3k general-purpose microprocessor & integration @l 3fdR Ag<aquf g
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13.1 Microcontroller vs Microprocessor

m Microcontroller Microprocessor

Integration CPU + memory + 1/O T&h chip &R ™ CPU-focused; external components & Tehd &

Purpose Embedded control General computation/application processing
Resources 3R HIffa ofR task-specific 3R higher performance ecosystem

Power [ Cost &% embedded designs & &d Implementation W 3R

Examples 8051-family, many ARM-based MCUs General-purpose CPU families

Program Flow in a Control System

Read sensor / input

v

Process decision

v

Write control output

v

Repeat / respond to event

Figure 16. Embedded control loop &1 9T &4

Interrupts

Interrupt fRe event @ CPU @t handler execute @<= & felT signal a1 81 Timer expiry, received byte a1
external pin change examples g1 $8& & event & fag continuously polling T 3age 8! Y&dT
Polling vs Interrupt

Polling & software SR-R status Sifgadr 81 Interrupt-driven approach event 3= W service request &t gl
Best method timing, workload 3R hardware @ AR g1

gdfterr: Microcontroller definition, block diagram, component functions, working example 3R
applications & 10 i T 3R gof e
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14. Signal Processor [/ DSP

Signal processor signals ™ mathematical operations @&ar g1 Computer architecture & Ig 9=
Digital Signal Processor (DSP) @i ga1faT €, Sit sampled digital data @' d< processing & g optimized
processor gl

Sensor ADC DSP DAC H Output

Figure 17. Analog signal processing chain; purely digital inputs & ADC 3/aedes gl |

g fagtvarg

* Fast multiply-accumulate (MAC) operationsi

» Efficient data movement 3R specialized addressing|

* Repeated numeric operations & fIT optimized instruction execution|
* Fixed-point T floating-point arithmetic, device & AR

« Real-time streaming workloads & faig predictable processing &t gfaer|

MAC Example

Filter calculation & y[n] = £ h[k] x x[n-k] & repeated multiply-and-add operations gid &1 DSP 3%
efficiently execute &= HhdT g

Applications

Audio noise reduction, speech processing, image processing, communication modems, medical signals
3R motor control|

ATy R HHrg

Numeric signal workloads # high efficiency| Specialized programming, precision management 3R
signal-sampling knowledge & S%d| DSP & general-purpose task & CPU & a<1 g, Ig STl =151 |
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15.I/0 Processor (IOP)

I/0 processor specialized processor g st I/O-related instructions 3R device operations execute &
CPU &1 workload &# &edT 81 $® systems # & channel processor &gl SIidT 81 Exact capability architecture
R AR B

CPU Main Memory

1/O Processor Devices

Figure 18. CPU control &dT &; IOP device operations 3k memory transfers manage &<dr g|

Working
* CPU I/0 request/control information daR &dT g

+ IOP command sequence a1 channel program execute &dT gl

» Device controller & a1 data transfer 3R status manage &xar gl
* CPU 39 QR 317 &h1H I Fehell B

+ Completion/error R interrupt 3T status update edT g1

Programmed I/0, DMA and IOP

Programmed I/O CPU instructions & data/status operations

Interrupt-driven I/O  Device event @R CPU service

DMA Controller block transfer memory &/de @xdr §; CPU setup/completion handle &zdT &
I0P More autonomous I/0 instruction/control processing
1Y 3R HHe

CPU overhead &7, parallel activity 3fR high-volume I/O management| sifaRad hardware, coordination
3R software complexity|

&1 &: DMA controller 3R I/O processor §A =gl &1 DMA & transfer mechanism &; IOP 3ifde @ds
control/program execution & T g

B Sc/B A/B H Sc 1st Sem Page 25



Computer Fundamental & Operating System - CSSC/CSGE - 01

16. Arithmetic Processor

Arithmetic processor numeric calculations & fag specialized processing unit g1 39 syllabus # &
arithmetic/math coprocessor & U & THgI ST GahdT &1 Modern systems & related functions /@R CPU &

3 integrated gd 81

ALU, FPU and Coprocessor

ALU Arithmetic Logic Unit; integer arithmetic 3R logical operations| CPU @ basic part!
FPU Floating-Point Unit; real-number approximation format & arithmetic|

Math coprocessor | Historical separate processor it main CPU @& numeric processing & 9grIdT T 2Tl

Main CPU Arithmetic Unit
Control / Instructions Numeric Operations

Separate in some historical systems; often integrated today

Figure 19. CPU 3fR arithmetic coprocessor @l conceptual TganT

Functions

Addition, subtraction, multiplication &R division; floating-point operations @21 $® designs # square root
a1 other numeric functions! Exact instruction support unit @ AR g1

Historical Example

Intel 8087 W historical numeric coprocessor T it 8086/8088 systems & T numeric operations #
HgTadl &hxdT 911 38 modern integrated FPU arrangement & 37T historical context & gl

Applications, Advantages and Limits

Scientific computing, graphics, engineering simulation 3R statistics| Numeric speed sgax gl ddhd! &;
benefit supported operations 3k workload = ¥R Floating-point results & rounding/precision

limitations gl §1
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17. Processor Comparison & Revision

CPU General instruction execution OS, applications

Microcontroller Embedded control Sensors, timers, outputs

DSP Digital signal computation Filtering, audio, communications
I0P I/0O management Device commands, transfers
Arithmetic processor / FPU Numeric arithmetic Floating-point calculations

Quick Revision
« Input data 3dT 8; output result T¥Jd &< 8l
* Keyboard events @ layout/software characters # interpret @<d gl
* Monitor soft copy; printer hard copy 3T &1
* LED-backlit LCD 3R OLED 3ferT gl
» Impact printer ribbon W strike &=dT g1
» Laser toner 3R inkjet liquid droplets TTHRIa: SUFT &hd 81
* Scanner image 1T §; OCR text UgdaHaT 8l
* 1/0O port physical connector a1 addressable interface register gt @hdT g1
* Programmable port 3fR programmed I/O 37eliT concepts &1
* Parallel 8821 serial ¥ a7 T&i1
* USB connector form & speed Rfda gl gidt
« IEEE 1394 serial; AGP legacy parallel graphics interface g1
« Asynchronous frame # start/stop; synchronous # coordinated timing|
* Baud rate symbols/s 3R bit rate bits/s g!
* TLB/MMU & Unit & 1/O processors & 3@ memory functions g1
+ DSP signal operations; IOP I/O; FPU numeric arithmetic & fag g1

Useful Numericals

1920 x 1080 = 2,073,600 pixels| USB 480 Mb/s ideal = 60 MB/s1 UART 9600 bit/s, 8N1 - 960 characters/s
3R 80% payload efficiency | Actual throughput overhead 3R conditions W AR g1
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18. Examination Question Bank

5 Marks Questions

* Peripheral devices 3R input/output categories G|
+ Keyboard working 3R key groups faf@ui

* Mouse & U&R 3R operations faf&g|

* Monitor resolution, refresh rate 3R pixel THsIET|

« Impact 3R non-impact printers & iR faf@g|

* Plotter & ysR faf@u|

* Scanner working @1 OCR/OMR/MICR # 3R faf@wg|

+ 1/0O port & data/status/control registers THeEY|

* Programmable 3fR fixed-function ports # 3iaR faif@g|

» Serial 3fR parallel transfer & siaR faf@u|

» USB, IEEE 1394 3R AGP W short notes ff@g|

* Baud rate 3R bit rate # 3fax a1 UART numerical faf@g|
* Microcontroller, DSP, IOP 3R FPU & & fafEy)

10 Marks Questions

* Keyboard, mouse 3R monitor @ working, types d2T diagrams dHgsq|

» Impact/non-impact printers @ classification 3fR comparison fa&R & fef@g|

* Plotters 3fR scanners & types, working, applications 3R diagrams faf@g|

« I/O ports, programmable/non-programmable g2t inbuilt ports ¥HESTI

« Parallel/serial ports, USB, IEEE 1394 3R AGP THgTST|

» Serial transfer schemes, frame diagram, direction modes 3fR numerical faf@g|

* Microcontroller block diagram, components 3R control-system example faf@g|
* DSP, IOP @t arithmetic processor & diagrams, working 3R applications 91T

Final answer tip: 9 diagram ! title g, parts label &% 3R text # I8! working §H2ME | Unlabelled
figure ¥ dgax % T4 BieT labelled diagram g1
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