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This book has been organized and executed with a lot of care, dedication and passion for
lucidity. A conscious attempt has been made to simplify the concepts to facilitate better
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e This booR has been written to meet the growing requirements of candidates
appearing for Basic Computer Instructor and other competitive Examinations. Though
every candidate has ability to succeed, but in today’'s competitive environment, in-depth
Rnowledge, quality guidance, time management and good source of study is required to
achieve goals.

This booR covers the fundamental concepts of computer theory in a clear and
structured manner. The topics in this book have been organized in systematic, chapterwise
andtopicwise manner, making them easy and interesting for even a beginner to understand.
It is a very convenient booR and must be studied by candidates preparing for competitive
exams.

After studying this booRlet students can feel encouraged and develop confidence to
understand both theoretical and practical aspects of computers subjects. The concepts
explained in a simple and effective way so that readers become well equipped to applied
their Rnowledgein examinations as well asin practical solutions.

We hope this book will be proved an important tool to succeed in Basic Computer
Instructor and other competitive Examinations.

Even though, enough efforts has been made for correcting errors and printing
mistakes, due to human tendency there could be some minor typing mistakRes in the booR. If
any such errors are found, they will be highly appreciated and in corporated in the next edition.
Also, please provide yourvaluable suggestions at :engineers.academy.india@gmail.com

Wishyou all the best. Have a nice reading.
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1
CHAPTER

Fundamental of Computer

Definition of Computer

PR TH  AYFAD gAd-d  UUMTE  (Modern

Electronic System) % S 3= Tfa (High Speed) 3R

TAHd (Accuracy) & Iy fAfts UpR & & a9 A

e Bl &l

o TG ITANTHAT (User) GRT AT 7T SeT (Data) BT 37YC
(Input) & =T H WHR T 8, 3§ T (Process)
HT 8, U (Store) HRaA! § YT URUMH (Output)
TEH Bl g

e "Computer” Req afeT wrer & Computare 3 forr man
%‘, orgesT G{Qf% "TTOTAT HAT" (To Calculate) |

o URY H SUPBT ITANT T&AG: TUFISH (Calculations) &

fo e Sar o1, Afee adum w9w & a8 Ruen

(Education), TMUR (Business), IR (Communication)

T IS &3 (Scientific Fields) § &U% ¥0 9

I foan ST B

PR HI fAAWATE (Characteristics of Computer)

Characteristics of Computer

@
| P

- COMPUTER
Multitasking == » No Emotions e
()
y

T '\
e D)

Banking & Weather Data Robotic ~ NJY, Medical &
Glalations @58 Forecasting Storage Automation - @S- Education
et

HIYCER I ol HRar 872 (How Does a Computer
Work?)

« 3™ Tfd (High Speed): &ER dgd dul Tfd I TUMAT
(Calculation) 3R ST TR (Data Processing) X
Thdl 81 T8 $O gl Jbs o aRal-BRIS! AT IR
oI 3|

o HA®DAl (Accuracy): SR 3dd Ucldh URUMH
(Accurate Result) odr %I afe %Q QY ﬁ%QT (Instructions)
H%TE?[ a‘ruﬁwmﬁgi% (Error):lﬁa?ﬁl

o  TUGUI &CT (Storage Capacity): HCX | gof AT H
el (Data) 3R IIAT (Information) A W’%ﬂ (Store)
P B &I I 5l

e YT (Automation): Udh IR URIH (Program) FCE:7
¢ LR Wa: (Automatically) BT HRAT 8§ 3R IR-
IR 1w <A B} snavaedr T B

o TEPN WA (Multitasking): $ER TH & 90 H
EEEFEFIQC (Multiple Tasks) H T e eIl %I

o fayaiaar (Reliability): $ECR dd IIT b TAR
(Continuous) BT B Jobdl % 3R Yabel T-|_6"3[ %I

o FgHE! UfAUT (Versatility): ST BT IUGNT fR&m
(Education), dfdemr (Banking), 9TUR (Business), fafean
(Medical) 3Mf¢ 3e &= & foman Sran &1

o HTGHTSN BT U (No Intelligence / No Emotions):
FHYR W vl 98 & Y1l T8 Fad U T e

HeX YEIA: IR RN (Four Basic Steps) H B HRT g,

o 1Po Cycle (Input - Process — Output Cycle) ®&l SIdl

gl

1. Input (7YC): IRl (User) gIRT aﬁa‘l@? HI3Y,
R anfe g149c %TII'I'S,W (Input Devices) » HEH I
g1 3R e fe 9 B

2. Process (;ﬁ'\ﬁ'\‘l'): CPU (Central Processing Unit) T
TR 397 RS2 & 9T (Process) ®Rdl & 3R
TS TUMHTE HRal 5|

3. Output (3M13cYC): U & o U uRomg &t
aeR, fliex a1 3= 33cye f&argd (Output Devices)
& F1EAH ¥ TeRid foar ST 5

4. Storage ('\‘EﬁTrl'): U giome &t E'I_Gf %W, SSD 1
3T R fEarey & QR Y o

HRIC Pt FRYUT

(How a Computer Works)

6ut}ut?3w) Storage (¥%Re1)

SRR BT A8 (History of Computer)

YT IHY § TUAT (Calculation) HRAT T B 3R JHT
A aTel B Tl IS Tl bt T § 3G THT T
WHWWH%H’C‘TW(ACCUMW) ﬁ-ﬁﬁ'@?l:lﬁ_&ﬁ?ﬁ il

(Commands) T UTei BT 2| AME H 31 IHEe B Q¥ B P e fafiE o o
(Calculating Devices) fowfa ﬁ?QI I & 1Y A IUH
3I9d B4 T 3R 3MYF® HHER (Modern Computer) I
=y o fer
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1. 3P (Abacus)

o Y B fIY BT UYY TUFT TF T ST 8| STBT
T T 2400 9T Y4 (B.C.) I & ol

o WWWG’W (Mechanical Device) T forge
THSl BT Y 3R U1 I &S (Rods) gt A1 34
Tel W @ Hifddl (Beads) &I TRBIHR ITUAET I
STt ot

o UG W€ (Addition), H©CH (Subtraction), IO
(Multiplication), YT (Division), I (Square Root)
3T HR Feall AT

FGTEVT: 45 + 32 SR TUFT Wifaat Y 3M-HS Hb Pt

STt ot

2. At 9= (Napier’s Bones)

o 16df Tdrsat H W AR (John Napier) 3 g UM
RECEI]

o T8 Admal, Urg a1 grft afld F & BSI (Rods) BT
g o1, forgesT IUANT GAa: O 3R U & |
[ERIEIGIRIL

o Tg YU (Logarithm) HT SAURUN H Heiferd T

FETEVTT S5 AATS! B U BT WA ROl H g fbar

ST Tl

3. U dIg (Pascaline)
o 1642 B WIIRS MOGY 9 URGT (Blaise Pascal) 3

Pascaline Wﬁﬂﬂ?ml

o YgUdh gifa®s Wﬂ? (Mechanical Calculator) T
S SIS 3R geTd HR ol Tl

JGIERY: BR (Tax) B TUHT B H 3BT IUANT foharn

EIGIKIN

4. REIPTR (Stepped Reckoner)

o 1672 H Tiicbls WREMW (Gottfried Leibniz)
Pascaline & JUYR hR Stepped Reckoner I TI

o & IRl HA SfHINME fhad  (Addition,
Subtraction, Multiplication, Division) X d&dl UT|

o Ug fEfSied Awfewd Fagacx (Digital Mechanical
Calculator) 4Tl

5. %@ﬂm (Difference Engine)

o 1822 H T Saol (Charles Babbage) I Difference
Engine 1 far fean

o YgUdh 1Y I I arelt (Steam Driven) TifAe A==
&t ot B%*ZCI Tforde gRfvmET (Mathematical
Tables) TR HAT |

o B 4= B HH B BRU U8 I Re JUR el &
REN

JQIGVU; RGN ) (Astronomical) ?‘Tﬂ%’lﬁﬁ TR A H

DT SUFIT fobaT ST T

6. @Tﬁlﬁﬁ EFF-I (Analytical Engine)

o 1837 ® T oo A Analytical Engine P HheuHT
UXId Bl 38 YD SR &1 URMNS Hisd
(Prototype of Modern Computer) AT ST &

o U8 Q:UTW 9 Umm g (Programmable) o=

T SYAF LR & T/ U ST AR NG
qﬁ.

Offline Coaching
www.engineersacademy.org
Mob: 8094441777

= Arithmetic Logic Unit (ALU)
= Memory (Store)
= Control Unit
Input/Output (Punch Cards)
smﬁsu's'mﬁ'rrmﬁ@fw@rﬁﬁﬁﬁﬁﬂﬁ A 3T
3y fEfored e ot ia @i
FGTERT: M & CPU 3R Memory &I TA S@YRUN
Analytical Engine QE‘TW@R‘[E—%I
Ear 0 & SIS (Father of Computer)
I J9S DI "B BT SH” (Father of Computer) HET
ST § Hife 39 g SR fefoed dumed meiv @t
DA Dl
7. 2gAfET 7=fF (Tabulating Machine)
o 1890 H BYHA @ﬁﬁﬂ (Herman Hollerith) ER EECAE
(Punch Card) 3THTRd A=A fdehrd &1
o YD IWANT 1890 HI SMARDI THIUMT (US.
Census) H o man|
o Wi ¥ IAP!I BTN IBM (International Business
Machines) &1, STt 3{Tof fay &t Ug@ HeR Hufadl
FITH B
8. fswifRma THTCTg SR (Differential Analyzer)
o 1930 H MIT & iR afFaR §RT (Vannevar Bush)
A 29 9o fyd faa
o T8 U TAIGNT HECX (Analog Computer) UT, S
faves gHim (Differential Equations) Ca B8
B H Faw ol
9. HT®-1 G?GE? (Mark | Computer)
o 1944 B Howard Aiken 3R IBM &% FgaRT ¥ Mark |
CRIRIRICIN
o Y% Ugl IO ¥U ¥ HRdHS UuHed fefoed
HCR (Programmable Digital Computer) HHT SITdT
g
N U9 B8 IR UR U & AT F 7Ye-3MT3cYe
fogn S

GENERATION OF COMPUTER

Yy tﬂ?ﬁ F W (First Generation Computers)
(1940 - 1956 TH-IP)

ENGINEERS ACADEMY
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Vacuum Tubes

o T Ul & S H dagH I (Vacuum Tubes) T
JUGRT fobaT STt T

° éaqq &d DI AR John Ambrose Fleming 91904
o fobam T

e I &Wr{ﬁagaa% (Very Large in Size) HGRI

o fooIc &t Wuq (High Power Consumption) dgd 3fIH
ERIRIl

o 3AfIH THF (Heat Generation) I B Al

o TR A=AH UTST (Machine Language) T &l St

o T efiHft (Slow Speed) Tyt fay=Tiadr &w oft|
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Rﬁﬁl (Storage)
3T U4 UM & WUfed H- & U goAa: ud B1s
(Punch Card), Aifes $H (Magnetic Drum) dUT
mAfew e (Magnetic Tape) BT IUANT faa ST ol

o TIPS FYC Ud TRS Gl & ©U H B Hral |

o R® U UAE AR (Primary Memory) & &4 #
JUGRT BT T

o WR® U fgfius UG (Secondary Storage) & FY

H g gl 4l
IaTerul
o ENIAC
e EDVAC
e EDSAC

10. ENIAC (Electronic Numerical Integrator and
Computer)

o ENIAC fay %1 Ugell qul &9 ¥ Sadei-d fSfored
SR (Fully Electronic Digital Computer) HMI
ST B 1

o TUDI [ABMN 1943-1946 & ofd ARBT H G
Higelt (John Mauchly) AR, WW (J. Presper
Eckert) GRT faod1 TRTI Full Form

ENIAC - Electronic Numerical Integrator and

Computer

o a‘s'éaqqeqtq' (Vacuum Tubes) TR 3TYTRT 4T 3R
WB‘C@?T Sfed TI'UF|T\@ (Complex Calculations)
HA H fosar S o7

o U% 9gd 9T UT 3R T TH HHR forat oig
T AT

Jerexvn: fadi iy gg & IRE Al @t aRe g

(Artillery Firing Tables) @1 TUMT H 39T IUANT v

RIp g

11. EDVAC (Electronic Discrete Variable

Automatic Computer)

ENIAC & ST EDVAC &I fdem faar |

Full Form

EDVAC - Electronic Discrete Variable Automatic

Computer

o UB UGl HLR U o stored Program Concept
(ETEI YA S{TURUN) BT SUANT fobar 1|

o sg@T 3 Ty U7 f5 U IR 3T S &Y AEd
(Memory) ﬁm—ﬂﬁﬂ?ﬂﬁﬂw Y|

o UE ENIAC &t gaT § 3iftis Iaad 3R afyd
TR i

JaERO: S & et GHW HR Stored Program
ConcepttIT\?-ﬂ%lTﬂ?{%'l

12. EDSAC (Electronic Delay Storage Automatic
Calculator)

EDSAC &I 1949 ¥ &fer fayfdame™  (Cambridge
University) ¥ Oilky faeg (Maurice Wilkes) gRT IECRE]
fopar T

EDSAC - Electronic Delay Storage Automatic Calculator
g Ugdl HATdgIR® Stored Program Computer (Practical
Stored Program Computer) HIHT SIdl gl

Qﬂ'ﬁf T & ﬁ’l’Q A fea e (Mercury Delay Line
Memory) T JUINT faT 7|

JCTERUT: IMAD SFIHUT (Scientific Research) 3R TG
RIS DI T HIA H BT SUIN 3Tl

ENIAC, EDVAC 3R EDSAC &1 Hg@

e ENIAC A SAaIM® ST DI B3 D

e EDVACH Stored Program Concept fear

e EDSAC 39 3{JYRUN & HagINeG U § a1 fawa|

S O ARIAT A faeR syfe $gex sfdbeaar (Modern
Computer Architecture) CAKICETE

ﬁ'cﬁ'q Tﬁ?ﬁ (Second Generation Computers)

(1956 - 1963)

dH-I® :Transistors

o JTH &E B! NS CIfIER (Transistors) BT IUANT
fobam |

. QT%IW &1 3MMIBR 1947 H John Bardeen, Walter
Brattain 4T William Shockley = & /T

o 3HR Bl 3R Kol @UT HH g3 |

o T (Speed) UgA ¥ 3 dal B TS|

o TIYTA (Reliability) ¥ GUR gl

e Assembly Language dYUT High-Level Languages S
FORTRAN 3R COBOL T IUdIT & g3

. WRe IR I (Magnetic Core Memory) &I i
fobam |

E-ﬁﬁ (Storage)
Ui AART & U H Magnetic Core Memory T
SUGNRT fobaT STl T

o fodias ugw (Secondary Storage) & forw Magnetic
Tape 3R Magnetic Disk &1 YT fa5am i 1|

o UF HTS (Punch Card) &1 ITaNT 3t off 3qe & forw
[ERISISIR
Jare¥T
IBM 1401

?‘[i'ﬂ'q Tﬁ?ﬁ (Third Generation Computers) (1964 -
1971)

ds-®: ExsRir| i E\Tﬁﬂﬂ ARSI Integrated Circuits

(ICs) T IUTNT fobaym 77T |

e Integrated Circuit (IC) &1 JTADHR 1958-59 H Jack
Kilby TUT Robert Noyce J foar i

o 3MHR 3R Ui BT 8 T qUT ol WUd HH g3 |

. ‘Tﬁf(Speed)ﬁWq@gﬁcl

o fAyTIgar (Reliability) 3R SRiemHdr & GUR g3

o IHRfET Ren (Operating System) Wﬁwg&m

o HeRMHET (Multiprogramming) 3R erzH-RRT
(Time Sharing) ﬁﬁﬁ%ﬂ‘{]}?@l
High-Level Languagesaﬂwmﬂaﬁﬁ‘ﬂl

Rﬁﬁ (Storage)

Full Form
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o TUINH® AHART & U T Magnetic Core Memory T
JUGNT fobat STt T

o fgdfla® TR (Secondary Storage) & AU Magnetic
Disk 3R Magnetic Tape 1 TN o S Tl

o 3YC/3MITYC & AT Keyboard 3R Monitor T ST
URY g3lT| Ja7ervTT
IBM System/360
PDP-8

ilﬁﬁftﬁ'c& (Fourth Generation Computers)
(1971 - Present)

o fgfo® U & RIT ssD (Solid State Drive) 3R
FASS TR (Cloud Storage) caepind

e Big Data 3R Distributed Storage qAH-1P BT ST
Jele¥
IBM Watson
Cray-2
Fugaku

Next Generation of Computers (Gl'ﬂﬁ:f Tﬂ'ﬁ *
PHCI)

LE@icd (Microprocessor (VLSI Technology)

. Qﬂtﬁ'@ﬁﬁ Microprocessorﬁmﬂm"@l

o TRHURNR FT TH™ 1971 F Intel R fan
fOrehT UGl HIFhIUIRIR Intel 4004 UTI

e VLS| (Very Large Scale Integration) qAH-IDH BT ITANT
fopam |

o  HYR P MHR dgd BICT (Micro/Personal Computer)
R

o T (Speed) 3% AT B TS |

o fAyTigar (Reliability) 3R TG (Accuracy) & TG
EEL

e GUI (Graphical User Interface) &1 fdabTd gafT|

o TCafFHT SR e BT fawR ganl

e High-Level Languages 3R Database Management
Systems BT TS SYIRT G|

TR (Storage)

o TUHPH AARY & U H Semiconductor Memory (RAM,
ROM) %1 IUIIT B I

o fgdla® TUB (Secondary Storage) & foTT Hard Disk,
Floppy Disk, T &G H CD/DVD &1 UdI a1 T

o 3MYF®H THI & SSD (Solid State Drive) &1 Ui TN
forar ST 1

Ugq Wl (Fifth Generation Computers) (Present
& Future)

AB-1D: Artificial Intelligence (Al) €d ULSI Technology

< ‘fl’oﬁ Pl & G%"\’q Artificial Intelligence (Al) 3eTRd

SR BRI BT R

e  ULSI (Ultra Large Scale Integration) AB-ID BT FTANT
GRS RG]

o IYR T fyufg @9 (Decision Making) 3R g e
(Machine Learning) &I emdr fowfd &t Tr%l

¢ Natural Language Processing (NLP) WﬁWEGHI

e  Parallel Processing &Il I fara S ]

o  YRBRE T 3R I BRIGHT|

o difca (Robotics) 3R QEFEWI?.; fen (Expert System)
&1 faera gar|

WS (Storage)

o TS AER & U T I Semiconductor Memory
(RAM, ROM, Cache) T SUTNT|

Offline Coaching
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1990 - T4 3R Hfdw

SfIYR:  Artificial Intelligence, Quantum Computing,
Nanotechnology, Multi-Core Processors

1. gfSHM $HER (Al Based Systems)
o UB U Artificial Intelligence (HHT FFGTAT (3R
Artificial Neural Network U= 3{TeTRd %I
o HHR WI @A (Machine Learning) 3R fufg

T B &HAT T B

o Voice Recognition 3R Natural Language
Processing (NLP) WE’@"TWW%I

o Advanced Algorithms & HI&IH ¥ R FTYC
T 3R Weal BT UgaH H G&H B

JaievU:

IBM Watson

2. JWDHSICX Ud PicH do-t®
o Processor H Superconductor qb-iIh Bl mﬂ

e Feif ) ared et 81

o Quantum Computing H Qubit (Quantum Bit) T
TGN T STl B

o icH HYR URIRD SR DI a1 H P aol
R fasygia 8 1

[SIARRLR

IBM Quantum

3. WI-PR TF Id WRIRR
£ tﬂ'oﬁ H Multi-Core Processors (Dual Core, Triple
Core, Quad Core) BT ITINT|
o Parallel Processing 3R Parallel Vector Technology
Cageail
o dalexll & ¥UH Intel Pentium, Intel Celeron, diT
Intel Corel
o Hyper-Threading I ERGR
Multitasking |
o Quick Sync Video Technology ¥ oo difsar
TRIRATI
4. 30 vHWE fasraemy
Nanotechnology P IUANT|
ULSI Wﬁ@ﬁlﬁﬁw Components|
PR H BT, ob 3R AP o |
4K Video, 360° Viewing 3R Ultra HD Support|
AES (Advanced Encryption Standard) gRT HSIdd
&
o SHW Games 3R High Graphics Applications
@I Smoothly TAH B &I

Online Coaching:
www.nimbus.org.in
Mob: 7374000888
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JHUTFAd YPR (Future Concepts)
o Optical Computers

o Hologram Computers

o Parallel Vector Computers

1. Based on Mechanism (ﬂ)‘l’&Wﬂ?ﬁa? STUR UR)

Analog Computer (ET-ITHFT 3)"013?)
Theory i

Analog computers process continuous data. They work on
physical quantities such as temperature, pressure, speed,
and height.

Q:l'IFIﬁT W R (Continuous) 3T R B Hd %I i}
gl

Features (ﬁ'&hﬂﬁ)

e Input 3R Output gl Analog RSk

e % & FUHURUH

o  FHUIER AR HH M

e Alpha-numeric 3T DI TR 76! R gdhd

Uses (SU9)

e Scientific research

e Engineering measurements

e  Weather monitoring

Examples: 3qTeXUT

E6B Flight Computer, Mechanical Computer, Water
Integrator

Digital Computer (%ﬁl?ﬂm

Theory (ﬁl?x'l'd)

Digital computers process discrete data using binary digits
(0 and 1).

fefored@ Fgex 0 3R 1 (Binary System) & SMYUR W &I
A3

Features ﬁ'ﬁ'ﬂﬂ'ﬁi

e Letters, numbers 3fiR symbols Cal process B Ihd §

e  Arithmetic operations PRAE

o OF W@ SR A

e Text, graphics 3R images &I output

Uses (I{EITﬁTD

e  Education

e Banking

o  Office work

e  Programming

Examples: 3qT6¥U]

IBM PC

Apple Macintosh

Laptop, Calculator

Hybrid Computer (3'[3'@'375013?)

Theory (ﬁl’&'l’?l)

Hybrid computers combine the features of Analog and
Digital computers.

_GT?I@E th\a? Analog 3l speed 3R Digital Cal accuracy P
forees) 1Y o § 1

Offline Coaching

Mob: 8094441777

Features: fa=ivamd

e Analog + Digital processing
e High speed + High accuracy

e Medical 3R industrial &= H IuanT
Uses: STONT

e  Petrol Pump systems
e Hospitals (ECG, CT Scan)
e Scientific research

2. Based on Purpose (G%'m% STYR WR)

General Purpose Computer

Theory:

These computers are designed to perform general tasks.
Y HR MR BT & (o FE 1 & |

Uses:

e Letter writing

e Database management

e School, office, shops

e Personal use

Special Purpose Computer

Theory:

These computers are designed for specific tasks only.
A HoeR il faw & & forg s a B

Uses:

e Weather forecasting

e  Space research

e  Military systems

e Agriculture research

3. Based on Size and Work (3T®R T4 &1 &
STUR W)

ENGINEERS ACADEMY

TYour GATEway to Profezsional Excellence
IES » GATE « PSUs » JTO « IAS « NET

Micro Computer

Theory

Microcomputers are small, single-user systems that use a
microprocessor as CPU.

HISHIVIRIER BT IUAN Il 5

Examples:

Desktop, Laptop, Tablet

Workstation Computer

Theory:

A workstation is a high-performance computer designed
for technical or scientific applications.

JHWRRA I UeRH Il HHR § Sl oAt 3R
HieaTR e & forg Iuai g 3 |

Uses:

CAD, CAM, Software Development

Mini Computer

Theory:

Minicomputers are mid-range computers used in
organizations and act as servers.
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it Foger Auwm Joft & FHugex § S Gl § Iuah g
gl

First Mini Computer:

PDP-8

(Developed by Digital Equipment Corporation)

Mainframe Computer

Theory:

Mainframe computers are large computers used by big
organizations for bulk data processing.

BIhH HYR §g Yo # HRT A1 H ST Uk HH &
foQ ST fog &1 &1

Features:

e Thousands of users

e 24x7 operation

e large storage

Super Computer

Theory:

A supercomputer is the fastest and most powerful type of
computer used for complex scientific calculations.

IR HYR Je§ A9 AR ARl dEex g o wifed
IR oSt & forg ST Bl 1

Examples:

Fugaku

PARAM 8000

Important Supercomputers of the World (fay &
TEYU g FEEY)

Frontier g~ &1 USdT Exascale gUR HLR B
Important Supercomputers of India (HRd Cg
m*zuf AR FHR)
. PARAM 8000
Developed by: C-DAC
Year: 1991
Developer: Dr. Vijay Bhatkar
e India T UAT YUR S
e Developed after US denied Cray Supercomputer
Exam Tip:
PARAM 8000 HRd T Ugall YR HHX 5
2. Pratyush
Location: IITM Pune
Use: Weather Forecasting
HreH gaigHH & e Suai fbar s 1
3. Mihir
Location: NCMRWF, Noida
Use: Climate modeling
4. PARAM Siddhi-Al
Year: 2020
Special Feature:
e India’s fastest Al supercomputer

e TOP500 list H TMfaa

INPUT/OUTPUT DEVICES/STYC YT 3MT3CYC
SUDHIT

1. Fugaku (Japan)
Developed by: RIKEN & Fujitsu
Year: 2020
Special Point:
e  World's fastest supercomputer (TOP500 list T Rank 1
& gl
e  ARM-based processor architecture
e Used for Al, climate research, COVID-19 simulation
Exam Tip:
Fugaku SO &1 YR $HLR & 3R 2020 F 3y &1 Fa ot
Tl
2. Summit (USA)
Developed by: IBM
Location: Oak Ridge National Laboratory
Year: 2018
e Used for scientific research
¢ Nuclear and climate simulations
Exam Tip:
Summit AR HT IRIG JR FHX 5
3. Frontier (USA)
Year: 2022
Special Feature:
e First Exascale Supercomputer
e 1 ExaFLOPS ¥ 3{f/cb &l

Exascale Hddd 10718 calculations per second.

1. 9R=g
HYR 99 aFh IYART TS THT S Wbl &d db I qTes!
ST ¥ TFHRI U FR b SR URUMM aro9 F § I |
IUAITEHl 3R HHR $ o YUb V1T 1 & fore 5=
TEHT BT TART 5T ST B, I STYC qUT SHTSTYS JUBRUI
FHETST B |
e g9Yc JUHTUT (INPUT DEVICES) d H1eH & o
S PI g1eT 3R Frdw fRw sma €1
e 3MI¥CYe SUHRUT (OUTPUT DEVICES) d T § o
HeR gRT AT (PROCESSED) URUITH YT g1 & |
3T QUM B IHfed ¥TU U uRem  Iuawur
(PERIPHERALS) 1} &gT 51T § aiifes & JReT TR (CPU) TR
I (MEMORY) % S8R IS B1a &1
gYC JUBVT (INPUT DEVICES)
(%) PIEIS (KEYBOARD)
B TP THE UIS- SR (TEXT-BASED) STYC JUSBRUI ©,
e Hreay  31eR, 3ich quT AL g ergu fpu s 1
1. EHTGHRS BT (ALPHANUMERIC KEYS)
STHAYZ TP & 18R, 0 9 d% ! AT a1 fadi ferg
(+, -, %,/ 3MMS) WMHA BN E |
2. TaRTE Fordl (FUNCTION KEYS)
F1 ¥ F12 a6 $a 12 Hiorl gt 81 fafte afreaw
(SOFTWARE) H 3761 ST 3{T-31el 81 Iahal 5 |
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HIEE (Keyboard)
;a;@H;ﬂTﬁuﬂ [ 1t Ffaat (Function KeyS)J [ HEATHS Hftaear ]

| e ] s [es Jre J e e =] lml”f"lml"i’”p"
= 2 ST

Hnﬂnluﬂum
EI=T S 3 O 3 N

=1 - HH

0 B H
; T=1 il
i 7] i W E3 E :2 ;
:I*l*l*ll HE LI
_-;,,,,,;,,,,,_,‘ P ——— e, 2

(emd gt |

3. faxiw $fomat (SPECIAL KEYS)
WeR (ENTER) — 3T R a1 d (EXECUTE) &= & feorg
TSR (SPACEBAR) — Tl ®ITH & & forg
SHTWY (BACKSPACE) — T3 37R T 31&R g & forg
f&elic (DELETE) - &R &) RUfd ararm 3ieR gem &
fer
o 3¢ (INSERT) - 3¢ 3R 3MaR@e HiS
(OVERWRITE MODE) S&aH & falg
o TRI% (SHIFT) - 918 31&R AU FW a1 fog forad &
for
o W AMB (CAPS LOCK) - S5 3i&Rl &l Rt &7 J
Ifoha B & forg
o <§(TAB) - IR P! 3Tet Fufikd R R AT &
fer
o @A (CTRL) 3R 3 (ALT) — 37 Hforal & Iy
e faRw e wd §
o TWhHU (ESC) - TG E (CANCEL) B & forg
4. YBATHP Poitued (NUMERIC KEYPAD)
Ig Plals & als SR T g1 § 3R el ¥ T &t
FAH YIS eIl g |
5. TR HIomT (ARROW KEYS)
FW DI HW, I, SN AT A S B 7T STANT Y et
gl
PIaS b YPR (TYPES OF KEYBOARD)
PIAS (KEYBOARD) Udh T 7Y IUSHRUT (INPUT DEVICE)
, e mregy ¥ g0 R H SR, T 3R S &ol HRd
g1 dip 3R IUUNT F AHTYR W PIaS b3 UPR P eld 7 |
1. QWERTY ®1418 (QWERTY KEYBOARD)
g qaY YT 3R HfYH UGN fHar o aren diels g
PT I1H Blals oI Ugdl Ulad & Ugd B8 31eRT (Q W, E,
RT,Y) R 3MRa gl
HfYHTY SR, AU (LAPTOP) 3R T3 IJushrun
&I A3MTIT (LAYOUT) STANT BT 8
g IUAIT T SH & 3R YR S & o Iugad JF
SR
2. AZERTY PI91S (AZERTY KEYBOARD)
g PIals T ¥U J I (FRANCE) 3R & TRIdig =i o
I BT ST B |
THH QWERTY &1 o & 5@ 3far) @1 fRUfy st 8t 8,
SR Q 3R A P SHTE & STt 3 |
Tg foRIY =9 § Urd HTST (FRENCH LANGUAGE) €180 %
¥ s TR |

O O O O
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3. DVORAK ®161S (DVORAK KEYBOARD)
Y PlalS IS B TIfA (TYPING SPEED) SigT 3R Jvifera
DI BT HH IR & forg feoe frar g1
0 3ieRl BT 39 UHR aryd fbar T § fb st
JUIRT g a1 3feR [ dfad (HOME ROW) H &1
g QWERTY  3(aTT T3NS 37T § 3R IR <3
(PROFESSIONAL TYPIST) 38 TR $Rd § |
4. PP d PIEIS (MECHANICAL KEYBOARD)
T ISR & Plae d UAD ol (KEY) & -1 ST
Apfed f&= (MECHANICAL SWITCH) STl 8|
3 fewhTs (DURABLE) BId § SR e=ftivT & gwa Wy @
(CLICK SOUND) IT7 $Rd § |
AT (GAMING) 3R ool ersfthn & e 3 siftfes AT g1
5. AT BI19IS (MEMBRANE KEYBOARD)
Y Biare J Bl & HId YR a7 Udall RRd (MEMBRANE
LAYER) I B
Tg Gob, HH BIAT AT 3R HH YR P AA B 31
T HTAfad (OFFICE) 3R TR IUART § 31 e it
gl
6. TR PIEIS (WIRELESS KEYBOARD)
T PISIS aR (WIRE) & faT i R B |
g8 &g (BLUETOOTH) a1 (&AWl (RADIO
FREQUENCY) 3 HIHH ¥ e I JSdT B |
g IUANT & YfAUTeH® 3R Gicad (PORTABLE) BT |
7. QIS BIaTS (ERGONOMIC KEYBOARD)
g BISIS (AN T J 81U 3R HaAT8 (WRIST) R FHH &9
ST & fore feog frar ma g1
BT MHR THR lals A el 3R AT T gaff
(CURVED) BT & |
TS THY d TS R ardl & o SuTHT g1
8. TY3( PIAIS (VIRTUAL KEYBOARD)
T8 TP IR YT (SOFTWARE BASED) BiaTS g, S
T IR feams Tar g
Y T BhIH (TOUCH SCREEN) IT HISY ¥ SUTNT faodT STt
o]
HEZd B (MOBILE PHONE) 3fR ¢TI (TABLET) § U8
R EY A YA eI R |
() HTSY (MOUSE)
AR3Y U b IUBITT (POINTING DEVICE) 8, g
AT | Wb R a3 1 9o fhar ST g1
I3 &1 fohamy:
77 foTe (SINGLE CLICK) — [t axg &1 9
S fdad (DOUBLE CLICK) — W13 d T Y @iaT
13¢ fad® (RIGHT CLICK) — [aded it ueRid &
$71US ST (DRAG AND DROP) - %] &1 T ®IH ¥
TR RIM TR A ST
A9 & UPR (TYPES OF MOUSE)
ST (MOUSE) Udh Hgayul Tardd IUHRUN (POINTING
DEVICE) 8, SrdhT IuaiTT $igex &b IR HIR (CURSOR) &Y
dfra s qur faftrs sl &1 o oA & forg far smar 21
qp1e 3R TP YR W ARSI Hs UPR P eld 8 |
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1. AFPHa ASY (MECHANICAL MOUSE)

o YT H¥Y & T TR gl ST 1 Th IR didt
(RUBBER BALL) @1 geit 2t |

o U4 HI3Y DI Ydg WR U SraT T, dl & gaa o
3R 3fer T YR (SENSOR) I T P UGB
FHIR B TP R A I

o SUH Y TEA Bt qHw S g o, ST IHI-
AT R BT ! aLTHd TSt |

2. 3fP%d ATSH (OPTICAL MOUSE)

o T8 3MYFd 3R 3ifie yaferd 73T B1 398 IR st
P! T8 BT fHI0T (LIGHT BEAM) 3R JW T
SN BT ST B |

o 9 AI3Y & g wirar 8, d 9 o vass! (LED)
Jdg W TSI Sl § 3R W ITP! Tfd Bl
CREIECIE]

o UE 3P TlH (ACCURATE) 3R HH TWRTTG aTal
gag|

3. W UTSY (LASER MOUSE)

o Ug Ppd ARGY &I I9d *U gl STH IR
TASS! B TG AR (LASER) BT YT fHaT ST g |

o TSR dd-Id 3Hfeie Taea=id (SENSITIVE) Bt g,
9 gg fafte gasi Rt 3mar @ o HR gbar
g

o T (GAMING) 3R TRIR ®Ef § 3TBT ITART
3ifYe fHaT ST g |

4. 9IRS U3 (WIRELESS MOUSE)

o UBHRIIR (WIRE) & TS el g1

o T8 g (BLUETOOTH) AT If&AT Wbl (RADIO
FREQUENCY) 3 HIZHH ¥ R  JSdT B |

o UG IYANT H YU IR Uicad (PORTABLE) BIdl
8, AT 3TH S} (BATTERY) I STITHAT BN B |

5. dald HISH (TRACKBALL MOUSE)

o TUURYH JW B! 3R TH g (BALL) TN Bl g,
R el & gART ST B |

o WIS B RN B Mawgenar el gidl, Pad g B
AR HIR afd frarsmar g |

o ®H /M (LIMITED SPACE) a1l ®IFI TR I8 IYgrft
GI

6. WIS AISH (ERGONOMIC MOUSE)

o U8 WY T P Upldd ™D (NATURAL
POSITION) & e H TG feoie fear mar gl

o Td U 0% $YR W H FRA ddl & a4 T8
RIS BIdT § 3R Hdlg IR HH gad STadl g |

7. T AIST (GAMING MOUSE)

o UgfRVETINH I F N s T Ak B

o 39¥ 3ifalkad s€9 (EXTRA BUTTONS), 3= SiUtsis
(DPI — DOTS PER INCH) 3R oW ufafsar (FAST
RESPONSE) ®1 gfaaT el 81

o TE AP TP 3R A T YT BT 2|

() SiTafe® (JOYSTICK)
Safed TP B!l F PR BT IJUDRT &, et IuaiT
Hd: Well (GAMES), UTRI&U1 T3 (SIMULATORS) T Iee
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foizror & fopar St 1 39 R e o gAmn o €, dER
I e H Taar g

() TR (SCANNER)
R U T IURUT B o Gk S¥araw a1 foy ) f3frea
Y (DIGITAL FORM) H uRafdd ovdr 31 399 Sret ufafy
(DATA ENTRY) & 81 areft Ffeai HH g S § 1

(¥) 9R 1S ST (BAR CODE READER)
IR Bie At ders &) [arait o1 g9g gar 8, S
T 1 iR BT B |
TR HIe I3 USRI fd0T (LIGHT BEAM) & HIAH ¥ 31
137 P UGl § SR THHR SR H Aerdr g |

() ¥TS< U (LIGHT PEN)
g U1 & 3MPR P IUDHRYT g, 9 T R 1Y 999 a1
IEEERICISIRCEIE!
T $YR TYEAF fSoET (CAD - COMPUTER AIDED
DESIGN) # 3{f¥es IuanT fBar S g |

(D) €T THIF (TOUCH SCREEN)
U IUHRUT B SUINTSH 1 18 Th1- B TR FX P [ddhed g
RE I
g TETH (ATM) TUT & &l (INFORMATION KIOSK) H
ITRT R
(%7 f&fored ST (DIGITAL CAMERA)
feforea T ol ) 3aae e ©u B Gufgd HRarg|
T HUER B RIMIART (TRANSFER) [T s a&dr g |
g U1 B! f$fTed 33 (DIGITAL IMAGE) H dea ST R
(31) 9T FTYC SUBUT (SPEECH INPUT DEVICE)
HIZHIBH (MICROPHONE) & H1eAH ¥ IUTNHdT SIah
FR B A S THaAT B
914 TS (SOUND CARD) & &1 fftedt Tabdl (0 3fR 1)
Aocaarg|
e R I=M U™ (SPEECH RECOGNITION PROGRAM)
S{TATT Y M H URafdd BRarg |
3. 3T3cYe SUHBUT (OUTPUT DEVICES)
(%) HifeX (MONITOR)
AT+ex U USRI ITHRT (DISPLAY DEVICE) B, ST JTfad
TSR B R feamarg|
Te fafie SR & Suas ST g
Al & UHR (TYPES OF MONITOR)
e LCDHIMER (LIQUID CRYSTAL DISPLAY)
o  LEDHIMeR (LIGHT EMITTING DIODE)
e  CRTHMMeX (CATHODE RAY TUBE)
o  TAGATAMCER (PLASMA MONITOR)
LCD MONITOR
e LCD (LIQUID CRYSTAL DISPLAY) 3Sl & THd H Tad
3R IuahT E arell fewwt depiep 21 Hferepier ueieret
FLR (PC) 3R AU H 4t UHR & A T S
gl
o U d@-P ¥ 3AW @M & T g9 fheed (LIQUID
CRYSTAL) 3R fada (PIXELS) @1 TR T IUTNT fpar
ST B 1 T IR rdt ger e fydes fom duR +va
gl
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o 3 AR AHR H Uad (THIN) 3R IoH & 8P 81 o
CRT &1 g1 & 3! folclt 1 @ud & gich 6, Safere 3
ol Pt aad A 8 |

o AP STB! BIAD MG AR J 31 8 ool B
wH w8 t ® & afe Lep AfReR &t sra wior
(VIEWING ANGLE) ¥ ¢&T ST af o 1 Turan AiS!
THIad B gt ol

LED MONITOR

e LED (LIGHT EMITTING DIODE) AR 1Y qdh-idh
R yRd et U §1 3 Wie OAd auT das
(CURVED) &I R & fEuirg & Suas 8ld g

o 3T URUR® SHARE (BACKLIGHT) P! SHIE Tdsal
ZeT HT IUANT fasar S €, PR b9 &t 90s
(BRIGHTNESS) 3R fiaeR @1ferdt SgaR glat g |

o LED HAfMeR 3= BITRE (HIGH CONTRAST) 3R 3if¥is
Wy 30 UERd HA & 9am 81d §1 A LCD $I g
HH foeTel &1 WUd HRd & 3R TR & 3% (ECO-
FRIENDLY) A STTd & |

o TP TF HU T8 8 fF A 37 AR BI stem U1
BRI RS G

CRT MONITOR

o CRT (CATHODE RAY TUBE) Aifex Ugd & 99T H Ta
i TN fobT 9 aTel 33cge Il | §5 VDU
(VISUAL DISPLAY UNIT) +}t S8l ST 81 ST I
RM IS Te Sl gt ot

o TUH U HUS Y T (CATHODE RAY TUBE) TH BKeil §,
o I U § R ogg &8 ol § | CRT ddbd
FHH AT T 3w T V&M B & [Tl ST ST 2 |

o TP 3R TP AT T (ELECTRON GUN) Bl &, St
9GS S (ELECTRON BEAM) ST adl g1 I8
TP W A BB (PHOSPHORUS) TRA T oIl g |
THIA IR R (PIXEL) THSA T & 3R Whi W o
greRe i@ gar gl

o BTdife T AR HRY, 92 3MHR & 3R 31w foorel T
HRA 13 BN U, SURAT TSI d ST SUTNT §gd HH &1
TRl

PLASMA MONITOR

e PLASMA HIFcR T 39d STt ddh-ioh TR STRd giar
B, ST IUTT 98 3R &t Wi | 3if¥e fovar Srar
?1 39 I+t § 3l ®Td B Wel (GLASS PANELS) & st
TRt e g

o O 39 79 H fdggd YRT (ELECTRIC CURRENT) VaTfed
BI S 8, T T GBI ST FRal & | TE YbT BB IRY
(PHOSPHOR) WRd &I Ifhd oal 8, vy fiRa
(PIXELS) THehd & 3R BPI W oz fRwrs aar g |

e  PLASMA HifHex SR I UM (COLOR QUALITY) 3R
TERT HITRE (DEEP CONTRAST) U HRd & | 98 3MHR
P EPIA W i Ty 3R T Iel 38 fors T R

o g, & AR 3fie foerell &) Wud e & 3R LD
TYUT LED BT ga & M B1d &1 91 @ 591 Biwa
&P B Bt 2|
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@ fiieT (PRINTER)

fiiex BT R uRome Fere & o yaT fear o §,

519 878 HIUT (HARD COPY) BEd & |

iR d uaR:

fifex 3 UBR (TYPES OF PRINTER)

fifex (PRINTER) U 3M13eYe SUSRUT (OUTPUT DEVICE) §,
o1 IUTNT SR H RIR B} 718 THHR Bl B R
BT & f7T a1 ST 81 SIS R U 3Seye &1 gre
HIG (HARD COPY) BT ST |

TR T TR TBRF A &

o UHEffex IMPACT PRINTER)

o  3UHE fifex (NON-IMPACT PRINTER)

1. 9HTa fifie (IMPACT PRINTER)

IMPACT PRINTER @ fifex 81 €, Sl ©UTs & 9T S IR

Hifd UBR (PHYSICAL IMPACT) &4 & | 37! HIITuTE

TSI (TYPEWRITER) SR Bl 811

38 U & (RIBBON) 1T 81T B, Forg IR wme! (INK) ofY

gl 81 919 fifex &7 R (HAMMER) T1 foF (PIN) e R

UER HAT, Ol R PRV R SIS & |

3 fiiex Aoy R RRPTS BId § U1 TP WY &3 Ufadr

(CARBON COPIES) fAeTa gahd § |

UG fiier & UoR: (TYPE OF IMPACT PRINTER)

(@) Sic AfewT fiflex (DOT MATRIX PRINTER)
g TeY MR IMPACT PRINTER 81 398 Ble-8I¢ o
(PINS) BId §, 7 1y (DOTS) & =4 & 3feR 3R f s
gl
1T & THE Y [ 3eR AR T8 |
Ig 1 gidT g, dfs file Y o (PRINT QUALITY)
AIA TR B 2
g 3 TR (NOISE) TR |

(@) St e fiiex (DAISY WHEEL PRINTER)
Y T YT (WHEEL) & 3ThR BT IUHRYI gidl 8, Forad)
3R IR GUBIA
e UTRAT gHAT € 3R TET 31aR A 7T B, df 3R S
e & TV ST R UER HRAT R |
Y Sfd! TUETT B eRe JUAT B, Alpd I R
(GRAPHICS) flic 181 R HehaT |

@) @13 fife (LINE PRINTER)
LINE PRINTER U% 9 & G Ufdd (LINE) BTU I g |
g a1 71 (HIGH SPEED) ¥ fife R g IR T T A 8
FHrafadl a1 I § SUANT fHar ST g |
gIdife ! fife ura M it B

2. 3YUTq fiieX (NON-IMPACT PRINTER)
NON-IMPACT PRINTER BUTS & THT HITS I W& gl
T 1 A I, TSR 1 WE W dv-iies 2 fife ad g
J IMPACT PRINTER &t o1 § HH TR &Rd § 3R I
AT (HIGH QUALITY) flie 3a 81

() SHeic flieX (INKJET PRINTER)
INKJET PRINTER BIC-BIc @8l & §al (INK DROPLETS) B1
BV R [FshaR flic dRarg|
gg T (COLOR) 3R Ad-TM (BLACK & WHITE) &Ml
UHR B BUTS HR Jhdl g |
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TR 3R BIe Braferd) H 3896 IUGNT s S|
sH@! fifc o srBt gt §, Al §& difed (INK
CARTRIDGE) g7 81 9 d § |
(@) AR fifeT (LASER PRINTER)
LASER PRINTER TSR §iH (LASER BEAM) 3R @R (TONER)
BTN BT |
gg fdggd Sf1ax (ELECTRIC CHARGE) &1 GgIdl ¥ HITal
TR B3 §1aT § 3R b I8 76 (HEAT) A R g1 SaT B
I8 aol Tl 3R I JuraT 1 e ar R |
Hrafaal § 59T IUTT e gl
@) y¥e fifeT (THERMAL PRINTER)
THERMAL PRINTER THf (HEAT) & T8Tadl ¥ fa=Y TR &
PTS (THERMAL PAPER) TR fife raT 81
TUPT IUONT TEHTH (ATM™), fafem #=f= (BILLING
MACHINE) 3TR g (RECEIPT) fife o= # fpar sar 81
g HH IR T 5 3R ol e rar gl
fire= &Y geor fawand
o SR (RESOLUTION) — 1 Ufd §9 (DPI - DOTS PER
INCH) H HTOT ST 8 |
e T4 (SPEED) — CPS (CHARACTERS PER SECOND), LPM
(LINES PER MINUTE) TT PPM (PAGES PER MINUTE) H
AR ST R
o flic UG (PRINT QUALITY) — 33T &I TaFdT gRIfdt
H|
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() Wiiex (PLOTTER)

o TR TS AMBR & AW, T 3R Folifafar fEemza
B & forg Iuam frar srar g |

e UE CAD T CAM (COMPUTER  AIDED
MANUFACTURING) § faRiw =0 3 Iuaiifi g1

(&) taf 3MITYe (AUDIO OUTPUT)
HTR | G YT F= & oL &1 Iedh SHTaIS 81 &
o €M BTS (SOUND CARD)
o & (SPEAKERS)
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	3. इसके operations का execution time कम होना चाहिए।
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	अलग-अलग प्रकार की समस्याओं को हल करने के लिए विभिन्न प्रकार के Algorithms का उपयोग किया जाता है। नीचे प्रमुख Algorithms का विवरण दिया गया है।
	1. Divide – समस्या को छोटे भागों में विभाजित करना
	2. Conquer – प्रत्येक भाग को हल करना
	3. Combine – सभी हलों को जोड़कर अंतिम समाधान प्राप्त करना
	उदाहरण:
	Algorithm की complexity मुख्यतः दो प्रकार की होती है:
	1. Time Complexity
	2. Space Complexity
	Time complexity आमतौर पर तीन स्थितियों में मापी जाती है:
	1. Best Case – जब algorithm सबसे कम समय लेता है।
	2. Average Case – सामान्य परिस्थितियों में लगने वाला समय।
	3. Worst Case – जब algorithm को सबसे अधिक समय लगता है।
	उदाहरण (1)
	1. Fixed Part – Program code, constants आदि
	2. Variable Part – Input data, variables, recursion stack आदि
	Algorithm की complexity निर्धारित करने के दो मुख्य दृष्टिकोण होते हैं:
	1. Theoretical Approach
	2. Empirical Approach
	उदाहरण: (1)
	Complexity Meaning   Example
	O(1)  Constant Time   Array Access
	O(log n)  Logarithmic Time   Binary Search
	O(n)  Linear Time   Linear Search
	O(n log n) Linearithmic Time   Merge Sort
	O(n²)  Quadratic Time   Bubble Sort
	यदि दो functions f(n) और g(n) हैं, तो
	f(n)=O(g(n))f(n) = O(g(n))f(n)=O(g(n))
	तब होगा जब कोई positive constant C और n₀ मौजूद हों ताकि:
	f(n)≤C⋅g(n)for all n≥n0f(n) \le C \cdot g(n) \quad \text{for all } n \ge n₀f(n)≤C⋅g(n)for all n≥n0
	अर्थात एक सीमा के बाद f(n) की वृद्धि g(n) से अधिक नहीं होगी।
	सरल शब्दों में
	Big O यह बताता है कि algorithm अधिकतम कितना समय ले सकता है।
	उदाहरण (2)
	Mathematical Definition
	f(n)=Ω(g(n))f(n) = \Omega(g(n))f(n)=Ω(g(n))
	यदि कोई positive constant C और n₀ मौजूद हों ताकि:
	f(n)≥C⋅g(n)for all n≥n0f(n) \ge C \cdot g(n) \quad \text{for all } n \ge n₀f(n)≥C⋅g(n)for all n≥n0
	अर्थ
	यह बताता है कि algorithm को कम से कम इतना समय अवश्य लगेगा।
	उदाहरण (3)
	Mathematical Definition (1)
	f(n)=Θ(g(n))f(n) = \Theta(g(n))f(n)=Θ(g(n))
	यदि positive constants C₁, C₂ और n₀ मौजूद हों ताकि:
	C1g(n)≤f(n)≤C2g(n)C₁ g(n) \le f(n) \le C₂ g(n)C1g(n)≤f(n)≤C2g(n)
	अर्थ (1)
	यह बताता है कि algorithm की growth rate लगभग g(n) के बराबर है।
	उदाहरण (4)
	Merge Sort की complexity
	Θ(nlog⁡n)\Theta(n \log n)Θ(nlogn)
	Notation Meaning Case
	O(g(n))  Upper Bound Worst Case
	Ω(g(n))  Lower Bound Best Case
	Θ(g(n))  Tight Bound Exact Case
	Function  Complexity
	Constant  O(1)
	Logarithmic  O(log n)
	Linear  O(n)
	Linearithmic  O(n log n)
	Quadratic  O(n²)
	Cubic  O(n³)
	Exponential  O(2ⁿ)
	1. Element Description
	2. Relationship Between Elements
	3. Valid Operations
	4. Error Conditions
	Stack एक प्रसिद्ध Abstract Data Type है जिसे निम्न operations के माध्यम से परिभाषित किया जा सकता है:
	जहाँ —
	जहाँ,
	Example
	ऊपर दिए गए array में:
	अतः,
	Total Elements=(5−1+1)=5\text{Total Elements} = (5 - 1 + 1) = 5Total Elements=(5−1+1)=5
	इस प्रकार इस array में कुल 5 elements हैं।
	जहाँ
	Example (1)
	मान लीजिए two dimensional array A में:
	Rows का index: 1, 2, 3
	Columns का index: 1, 2, 3, 4
	तब इसे matrix के रूप में इस प्रकार प्रदर्शित किया जा सकता है:
	इस array में:
	उदाहरण (Example)
	A[3,4]
	इस प्रकार के array को memory में दो तरीकों से प्रदर्शित किया जा सकता है:
	TotalElements=(UBr−LBr+1)×(UBc−LBc+1)\text{Total Elements} = (UB_r - LB_r + 1) \times (UB_c - LB_c + 1)Total Elements=(UBr−LBr+1)×(UBc−LBc+1)
	Example (2)
	दिए गए array में:
	अतः, (1)
	Total Elements=(3−1+1)×(4−1+1) = 3×4=12
	इस प्रकार इस array में कुल 12 elements हैं।
	A[L,M,N]A[L, M, N]A[L,M,N]
	उदाहरण: (2)
	उदाहरण: (3)
	उदाहरण: (4)
	जैसे:
	अर्थात जो element पहले insert किया जाता है वही पहले delete होता है।
	Queue के कुछ वास्तविक उदाहरण:
	Data Structure में Queue के मुख्य प्रकार निम्नलिखित हैं:
	1. Simple Queue
	2. Circular Queue
	3. Priority Queue
	4. Deque (Double Ended Queue)
	इसमें:
	2.   Circular Queue
	3.   Priority Queue
	उदाहरण: (5)
	अर्थात:
	Queue एक Linear Data Structure है जिसमें:
	Stack और Queue में कुछ समानताएँ होती हैं:
	1. Static Implementation
	2. Dynamic Implementation
	Syntax of Queue using Array
	int queue[size];
	int front = -1;
	int rear = -1;
	यहाँ:
	Queue operations perform करने के लिए front और rear variables का उपयोग किया जाता है।
	शुरुआत में इन्हें -1 से initialize किया जाता है और operations के दौरान इनकी value बदलती रहती है।
	Dynamic implementation में Queue को define करने का तरीका निम्न प्रकार है:
	struct Queue
	{
	int data;
	struct Queue *next;
	};
	struct Queue *front;
	struct Queue *rear;
	ऊपर दिए गए code में:
	इसके अतिरिक्त:
	Queue में:
	Queue Data Structure के साथ निम्नलिखित operations perform किये जाते हैं:
	Data Structure में Queue के सबसे basic operations निम्नलिखित हैं:
	1. जाँच करें कि Queue भरी हुई है या नहीं।
	2. यदि Queue भरी हुई है तो "Queue Overflow" प्रदर्शित करें।
	3. अन्यथा REAR = REAR + 1 करें।
	4. QUEUE[REAR] = ELEMENT assign करें।
	1. जाँच करें कि Queue खाली है या नहीं।
	2. यदि Queue खाली है तो "Queue Underflow" प्रदर्शित करें।
	3. अन्यथा element को temporary variable में copy करें:
	TEMP = QUEUE[FRONT]
	4. FRONT = FRONT + 1 करें।
	5. TEMP को print करें और element delete कर दें।
	1. Data (सूचना)
	2. Pointer / Reference (अगले node का address)
	Array और Linked List दोनों Linear Data Structures हैं लेकिन Linked List के कुछ विशेष फायदे हैं।
	Array में:
	Linked List के मुख्य तीन प्रकार होते हैं:
	(a)   Singly Linked List
	इस प्रकार यह एक circular structure बनाती है।
	// C Program to demonstrate how to Implement a Stack
	#include <stdio.h>
	#include <stdbool.h>
	// Define the maximim capacity of the stack
	#define MAX_SIZE 100
	// Define a structure for the stack
	typedef struct {
	int arr[MAX_SIZE];
	int top;
	} Stack;
	// Function to initialize the stack
	void initialize(Stack *stack) {
	stack->top = -1;
	}
	// Function to check if the stack is empty
	bool isEmpty(Stack *stack) {
	return stack->top == -1;
	} (1)
	// Function to check if the stack is full
	bool isFull(Stack *stack) {
	return stack->top >= MAX_SIZE - 1;
	} (2)
	// Function to push an element onto the stack
	void push(Stack *stack, int value) {
	if (isFull(stack)) {
	printf("Stack Overflow\n");
	return;
	} (3)
	stack->arr[++stack->top] = value;
	printf("Pushed %d onto the stack\n", value);
	} (4)
	// Function to pop an element from the stack
	int pop(Stack *stack) {
	if (isEmpty(stack)) {
	printf("Stack Underflow\n");
	return -1;
	} (5)
	int popped = stack->arr[stack->top];
	stack->top--;
	printf("Popped %d from the stack\n", popped);
	return popped;
	} (6)
	// Function to peek the top element of the stack
	int peek(Stack *stack) {
	if (isEmpty(stack)) { (1)
	printf("Stack is empty\n");
	return -1; (1)
	} (7)
	return stack->arr[stack->top];
	} (8)
	int main() {
	Stack stack;
	initialize(&stack);
	push(&stack, 3);
	printf("Top element: %d\n", peek(&stack));
	push(&stack, 5);
	printf("Top element: %d\n", peek(&stack)); (1)
	push(&stack, 2);
	printf("Top element: %d\n", peek(&stack)); (2)
	push(&stack, 8);
	printf("Top element: %d\n", peek(&stack)); (3)
	while (!isEmpty(&stack)) {
	printf("Top element: %d\n", peek(&stack)); (4)
	printf("Popped element: %d\n", pop(&stack));
	} (9)
	return 0;
	} (10)
	Pushed 3 onto the stack
	Top element: 3
	Pushed 5 onto the stack
	Top element: 5
	Pushed 2 onto the stack
	Top element: 2
	Pushed 8 onto the stack
	Top element: 8
	Top element: 8 (1)
	Popped 8 from the stack
	Poppe...
	Binary Tree के मुख्य प्रकार निम्नलिखित हैं:
	Output:- D → B → E → A → F → C → G
	1. यदि Tree NULL नहीं है, तो आगे की प्रक्रिया करें।
	2. Left Subtree को recursively traverse करें।
	3. उसके बाद Root Node को visit (access) करें।
	4. फिर Right Subtree को recursively traverse करें।
	5. जब सभी nodes visit हो जाएँ, तो प्रक्रिया समाप्त (Stop) हो जाती है।
	Output – A → B → D → E → C → F → G
	1. यदि Tree NULL नहीं है, तो आगे की प्रक्रिया करें। (1)
	2. सबसे पहले Root Node को visit (access) करें।
	3. उसके बाद Left Subtree को recursively traverse करें।
	4. फिर Right Subtree को recursively traverse करें। (1)
	5. जब सभी nodes visit हो जाएँ, तो प्रक्रिया समाप्त (Stop) हो जाती है। (1)
	Output- D → E → B → F → G → C → A
	1. यदि Tree NULL नहीं है, तो आगे की प्रक्रिया करें। (2)
	2. सबसे पहले Left Subtree को recursively traverse करें।
	3. उसके बाद Right Subtree को recursively traverse करें।
	4. अंत में Root Node को visit (access) करें।
	5. जब सभी nodes process हो जाएँ, तो प्रक्रिया समाप्त (Stop) हो जाती है।
	BST में deletion को सामान्यतः तीन अलग-अलग स्थितियों (cases) में समझा जाता है:
	Case 1: Leaf Node को delete करना
	Case 2: ऐसी node को delete करना जिसके केवल एक child node हो
	Case 3: ऐसी node को delete करना जिसके दो child nodes हों
	V = {A, B, C, D, E}
	E = {(A,B), (B,C), (C,E), (E,D), (D,B), (D,A)}
	निम्न चित्र में एक directed graph दिखाया गया है।
	मुख्य रूप से Data Structure में निम्न प्रकार के sorting algorithms उपयोग किए जाते हैं:
	Step 1:
	Initially
	Left = l
	Right = r
	Pivot = a[(l + r) / 2]
	Step 2:
	Repeat step 3 to step 7 while (Left ≤ Right)
	Step 3:
	Repeat step 4 while (a[Left] < Pivot)
	Step 4:
	Left = Left + 1
	Step 5:
	Repeat step 6 while (a[Right] > Pivot)
	Step 6:
	Right = Right – 1
	Step 7:
	If (Left ≤ Right) then
	(i) Temp = a[Left]
	(ii) a[Left] = a[Right]
	(iii) a[Right] = Temp
	(iv) Left = Left + 1
	(v) Right = Right – 1
	Step 8:
	If (l < Right) then quick_sort(a, l, Right)
	Step 9:
	If (Left < r) then quick_sort(a, Left, r)
	Step 10:
	Exit
	तेजी से searching करने के लिए सामान्यतः दो प्रमुख methods उपयोग किए जाते हैं:
	1. Linear (Sequential) Search
	2. Binary Search
	Step 1: (1)
	[Insert item at the end]
	Set data[n + 1] = item
	Step 2: (1)
	[Initialize counter]
	Set loc = 1
	Step 3: (1)
	[Search for item]
	Repeat while data[loc] ≠ item
	  loc = loc + 1
	Step 4: (1)
	If loc = n + 1
	  Set loc = 0
	Step 5: (1)
	Exit (1)
	1. Binary Search एक recursive या iterative प्रक्रिया हो सकती है, जिसमें यह निर्धारित किया जाता है कि search key array के निचले (lower) या ऊपरी (upper) आधे भाग में स्थित है।
	2. इसमें एक termination condition होती है।
	3. यदि वर्तमान partition के मध्य (middle) element से search key का match हो जाता है, तो element तुरंत मिल जाता है।
	4. Array में searching तब तक जारी रहती है जब तक required element या उसकी सही position प्राप्त नहीं हो जाती।
	5. यदि नया item insert करना हो, तो आवश्यकता पड़ने पर अन्य elements को shift (move) किया जाता है।
	6. Binary Search सामान्यतः static function के रूप में भी implement किया जा सकता है, जिसे program के विभिन्न भागों में उपयोग किया जा सकता है।
	Example:-
	एक sorted array दिया गया है जिसमे से 15 element को search करना है ।
	Array = 3,10,15,20,35,40,60
	1. सभी entities के names को एक व्यवस्थित (structured) रूप में store करने के लिए इसका उपयोग किया जाता है।
	2. यह जाँचने में मदद करता है कि किसी variable को declare किया गया है या नहीं।
	3. Assignments और expressions की verification करके type checking को लागू करने में सहायता करता है।
	4. किसी name के scope (क्षेत्र) को निर्धारित करने के लिए भी इसका उपयोग किया जाता है।
	<symbol name, type, attribute>
	उदाहरण (5)
	static int interest;
	तो Symbol Table में entry इस प्रकार होगी:
	<interest, int, static>
	1. Linear List (sorted या unsorted)
	2. Hash Table
	3. Binary Search Tree
	Symbol Table निम्नलिखित मुख्य operations प्रदान करता है:
	उदाहरण: (6)
	यदि declaration हो:
	int x;
	तो compiler इसे निम्न प्रकार process करता है:
	insert(x, int)
	Stacks can be represented using structures, pointers, arrays or linked lists.
	Here, We have implemented stacks using arrays in C.
	#include<stdio.h>
	#include<stdlib.h>
	#define Size 4
	int Top=-1, inp_array[Size];
	void Push();
	void Pop();
	void show();
	int main()
	{ (1)
	int choice;
	while(1)
	{ (2)
	printf("\nOperations performed by Stack");
	printf("\n1.Push the element\n2.Pop the element\n3.Show\n4.End");
	printf("\n\nEnter the choice:");
	scanf("%d",&choice);
	switch(choice)
	{ (3)
	case 1: Push();
	break;
	case 2: Pop();
	break; (1)
	case 3: show();
	break; (2)
	case 4: exit(0);
	default: printf("\nInvalid choice!!");
	} (11)
	} (12)
	} (13)
	void Push()
	{ (4)
	int x; (1)
	if(Top==Size-1)
	{ (5)
	printf("\nOverflow!!");
	} (14)
	else
	{ (6)
	printf("\nEnter element to be inserted to the stack:");
	scanf("%d",&x);
	Top=Top+1;
	inp_array[Top]=x;
	} (15)
	} (16)
	void Pop()
	{ (7)
	if(Top==-1)
	{ (8)
	printf("\nUnderflow!!");
	} (17)
	else (1)
	{ (9)
	printf("\nPopped element:  %d",inp_array[Top]);
	Top=Top-1;
	} (18)
	} (19)
	void show()
	{ (10)
	if(Top==-1) (1)
	{ (11)
	printf("\nUnderflow!!"); (1)
	} (20)
	else (2)
	{ (12)
	printf("\nElements present in the stack: \n");
	for(int i=Top;i>=0;--i)
	printf("%d\n",inp_array[i]);
	} (21)
	} (22)
	include <stdio.h>
	#include <string.h>
	#include <stdlib.h>
	#include <stdbool.h> (1)
	struct node {
	int data; (1)
	int key;
	struct node *next;
	}; (1)
	struct node *head = NULL;
	struct node *current = NULL;
	//display the list
	void printList() {
	struct node *ptr = head;
	printf("\n[ ");
	//start from the beginning
	while(ptr != NULL) {
	printf("(%d,%d) ",ptr->key,ptr->data);
	ptr = ptr->next;
	} (23)
	printf(" ]");
	} (24)
	//insert link at the first location
	void insertFirst(int key, int data) {
	//create a link
	struct node *link = (struct node*) malloc(sizeof(struct node));
	link->key = key;
	link->data = data;
	//point it to old first node
	link->next = head;
	//point first to new first node
	head = link;
	} (25)
	//delete first item
	struct node* deleteFirst() {
	//save reference to first link
	struct node *tempLink = head;
	//mark next to first link as first
	head = head->next;
	//return the deleted link
	return tempLink;
	} (26)
	//is list empty
	bool isEmpty() {
	return head == NULL;
	} (27)
	int length() {
	int length = 0;
	struct node *current;
	for(current = head; current != NULL; current = current->next) {
	length++;
	} (28)
	return length;
	} (29)
	//find a link with given key
	struct node* find(int key) {
	//start from the first link
	struct node* current = head;
	//if list is empty
	if(head == NULL) {
	return NULL;
	} (30)
	//navigate through list
	while(current->key != key) {
	//if it is last node
	if(current->next == NULL) {
	return NULL; (1)
	} else {
	//go to next link
	current = current->next;
	} (31)
	} (32)
	//if data found, return the current Link
	return current;
	} (33)
	//delete a link with given key
	struct node* delete(int key) {
	//start from the first link (1)
	struct node* current = head; (1)
	struct node* previous = NULL;
	//if list is empty (1)
	if(head == NULL) { (1)
	return NULL; (2)
	} (34)
	//navigate through list (1)
	while(current->key != key) { (1)
	//if it is last node (1)
	if(current->next == NULL) { (1)
	return NULL; (3)
	} else { (1)
	//store reference to current link
	previous = current;
	//move to next link
	current = current->next; (1)
	} (35)
	} (36)
	//found a match, update the link
	if(current == head) {
	//change first to point to next link
	head = head->next; (1)
	} else { (2)
	//bypass the current link
	previous->next = current->next;
	} (37)
	return current; (1)
	} (38)
	void sort() {
	int i, j, k, tempKey, tempData;
	struct node *current; (1)
	struct node *next; (1)
	int size = length();
	k = size ;
	for ( i = 0 ; i < size - 1 ; i++, k-- ) {
	current = head;
	next = head->next;
	for ( j = 1 ; j < k ; j++ ) {
	if ( current->data > next->data ) {
	tempData = current->data;
	current->data = next->data;
	next->data = tempData;
	tempKey = current->key;
	current->key = next->key;
	next->key = tempKey;
	} (39)
	current = current->next; (2)
	next = next->next;
	} (40)
	} (41)
	} (42)
	void reverse(struct node** head_ref) {
	struct node* prev   = NULL;
	struct node* current = *head_ref;
	struct node* next;
	while (current != NULL) {
	next  = current->next;
	current->next = prev;
	prev = current;
	current = next;
	} (43)
	*head_ref = prev;
	} (44)
	void main() {
	insertFirst(1,10);
	insertFirst(2,20);
	insertFirst(3,30);
	insertFirst(4,1);
	insertFirst(5,40);
	insertFirst(6,56);
	printf("Original List: ");
	//print list
	printList();
	while(!isEmpty()) {
	struct node *temp = deleteFirst();
	printf("\nDeleted value:");
	printf("(%d,%d) ",temp->key,temp->data);
	} (45)
	printf("\nList after deleting all items: ");
	printList(); (1)
	insertFirst(1,10); (1)
	insertFirst(2,20); (1)
	insertFirst(3,30); (1)
	insertFirst(4,1); (1)
	insertFirst(5,40); (1)
	insertFirst(6,56); (1)
	printf("\nRestored List: ");
	printList(); (2)
	printf("\n");
	struct node *foundLink = find(4);
	if(foundLink != NULL) {
	printf("Element found: ");
	printf("(%d,%d) ",foundLink->key,foundLink->data);
	printf("\n"); (1)
	} else { (3)
	printf("Element not found.");
	} (46)
	delete(4);
	printf("List after deleting an item: ");
	printList(); (3)
	printf("\n"); (2)
	foundLink = find(4);
	if(foundLink != NULL) { (1)
	printf("Element found: "); (1)
	printf("(%d,%d) ",foundLink->key,foundLink->data); (1)
	printf("\n"); (3)
	} else { (4)
	printf("Element not found."); (1)
	} (47)
	printf("\n"); (4)
	sort();
	printf("List after sorting the data: ");
	printList(); (4)
	reverse(&head);
	printf("\nList after reversing the data: ");
	printList(); (5)
	} (48)
	If we compile and run the above program, it will produce the following result −
	Output
	Original List:
	[ (6,56) (5,40) (4,1) (3,30) (2,20) (1,10) ]
	Deleted value:(6,56)
	Deleted value:(5,40)
	Deleted value:(4,1)
	Deleted value:(3,30)
	Deleted value:(2,20)
	Deleted value:(1,10)
	List after deleting all items:
	[ ]
	Restored List:
	[ (6,56) (5,40) (4,1) (3,30) (2,20) (1,10) ] (1)
	Element found: (4,1)
	List after deleting an item:
	[ (6,56) (5,40) (3,30) (2,20) (1,10) ]
	Element not found.
	List after sorting the data:
	[ (1,10) (2,20) (3,30) (5,40) (6,56) ]
	List after reversing the data:
	[ (6,56) (5,40) (3,30) (2,20) (1,10) ] (1)
	#include<stdio.h> (1)
	#include<conio.h>
	#define SIZE 10
	void enQueue(int);
	void deQueue();
	void display();
	int queue[SIZE], front = -1, rear = -1;
	void main()
	{ (13)
	int value, choice;
	clrscr();
	while(1){
	printf("\n\n***** MENU *****\n");
	printf("1. Insertion\n2. Deletion\n3. Display\n4. Exit");
	printf("\nEnter your choice: ");
	scanf("%d",&choice); (1)
	switch(choice){
	case 1: printf("Enter the value to be insert: ");
	scanf("%d",&value);
	enQueue(value);
	break; (3)
	case 2: deQueue();
	break; (4)
	case 3: display();
	break; (5)
	case 4: exit(0); (1)
	default: printf("\nWrong selection!!! Try again!!!");
	} (49)
	} (50)
	} (51)
	void enQueue(int value){
	if(rear == SIZE-1)
	printf("\nQueue is Full!!! Insertion is not possible!!!");
	else{
	if(front == -1)
	front = 0;
	rear++;
	queue[rear] = value;
	printf("\nInsertion success!!!");
	} (52)
	} (53)
	void deQueue(){
	if(front == rear)
	printf("\nQueue is Empty!!! Deletion is not possible!!!");
	else{ (1)
	printf("\nDeleted : %d", queue[front]);
	front++;
	if(front == rear) (1)
	front = rear = -1;
	} (54)
	} (55)
	void display(){
	if(rear == -1)
	printf("\nQueue is Empty!!!");
	else{ (2)
	int i;
	printf("\nQueue elements are:\n");
	for(i=front; i<=rear; i++)
	printf("%d\t",queue[i]);
	} (56)
	} (57)
	Output (1)
	#include <stdio.h> (1)
	int main() (1)
	{ (14)
	int c, first, last, middle, n, search, array[100];
	printf("Enter number of elements\n");
	scanf("%d", &n);
	printf("Enter %d integers\n", n);
	for (c = 0; c < n; c++)
	scanf("%d", &array[c]);
	printf("Enter value to find\n");
	scanf("%d", &search);
	first = 0;
	last = n - 1;
	middle = (first+last)/2;
	while (first <= last) {
	if (array[middle] < search)
	first = middle + 1;
	else if (array[middle] == search) {
	printf("%d found at location %d.\n", search, middle+1);
	break; (6)
	} (58)
	else (3)
	last = middle - 1;
	middle = (first + last)/2;
	} (59)
	if (first > last)
	printf("Not found! %d isn't present in the list.\n", search);
	return 0; (1)
	Output-
	Stack में कुछ मुख्य operations निम्नलिखित हैं:
	#include <iostream>
	using namespace std;
	int stack[100], n=100, top=-1;
	void push(int val) {
	if(top>=n-1)
	cout<<"Stack Overflow"<<endl;
	else {
	top++;
	stack[top]=val;
	} (60)
	} (61)
	void pop() {
	if(top<=-1)
	cout<<"Stack Underflow"<<endl;
	else { (1)
	cout<<"The popped element is "<< stack[top] <<endl;
	top--;
	} (62)
	} (63)
	void display() {
	if(top>=0) {
	cout<<"Stack elements are:";
	for(int i=top; i>=0; i--)
	cout<<stack[i]<<" ";
	cout<<endl;
	} else
	cout<<"Stack is empty";
	} (64)
	int main() { (1)
	int ch, val;
	cout<<"1) Push in stack"<<endl;
	cout<<"2) Pop from stack"<<endl;
	cout<<"3) Display stack"<<endl;
	cout<<"4) Exit"<<endl;
	do {
	cout<<"Enter choice: "<<endl;
	cin>>ch;
	switch(ch) {
	case 1: {
	cout<<"Enter value to be pushed:"<<endl;
	cin>>val;
	push(val);
	break; (7)
	} (65)
	case 2: {
	pop();
	break; (8)
	} (66)
	case 3: {
	display();
	break; (9)
	} (67)
	case 4: {
	cout<<"Exit"<<endl;
	break; (10)
	} (68)
	default: {
	cout<<"Invalid Choice"<<endl;
	} (69)
	} (70)
	}while(ch!=4);
	return 0; (2)
	} (71)
	Output (2)
	1)  Push in stack
	2)  Pop from stack
	3)  Display stack
	4)  Exit
	Enter choice: 1
	Enter value to be pushed: 2
	Enter choice: 1 (1)
	Enter value to be pushed: 6
	Enter choice: 1 (2)
	Enter value to be pushed: 8
	Enter choice: 1 (3)
	Enter value to be pushed: 7
	Enter choice: 2
	The popped element is 7
	Enter choice: 3
	Stack elements are:8 6 2
	Enter choice: 5
	Invalid Choice
	Enter choice: 4
	Exit (2)
	#include <iostream> (1)
	using namespace std; (1)
	// A linked list node
	struct Node
	{ (15)
	int data; (2)
	struct Node *next;
	}; (2)
	//insert a new node in front of the list
	void push(struct Node** head, int node_data)
	{ (16)
	/* 1. create and allocate node */
	struct Node* newNode = new Node;
	/* 2. assign data to node */
	newNode->data = node_data;
	/* 3. set next of new node as head */
	newNode->next = (*head);
	/* 4. move the head to point to the new node */
	(*head) = newNode;
	} (72)
	//insert new node after a given node
	void insertAfter(struct Node* prev_node, int node_data)
	{ (17)
	/*1. check if the given prev_node is NULL */
	if (prev_node == NULL)
	{ (18)
	cout<<"the given previous node is required,cannot be NULL"; return; }
	/* 2. create and allocate new node */
	struct Node* newNode =new Node;
	/* 3. assign data to the node */
	newNode->data = node_data; (1)
	/* 4. Make next of new node as next of prev_node */
	newNode->next = prev_node->next;
	/* 5. move the next of prev_node as new_node */
	prev_node->next = newNode;
	} (73)
	/* insert new node at the end of the linked list */
	void append(struct Node** head, int node_data)
	{ (19)
	/* 1. create and allocate node */ (1)
	struct Node* newNode = new Node; (1)
	struct Node *last = *head; /* used in step 5*/
	/* 2. assign data to the node */
	newNode->data = node_data; (2)
	/* 3. set next pointer of new node to null as its the last node*/
	newNode->next = NULL;
	/* 4. if list is empty, new node becomes first node */
	if (*head == NULL)
	{ (20)
	*head = newNode;
	return; (1)
	} (74)
	/* 5. Else traverse till the last node */
	while (last->next != NULL)
	last = last->next;
	/* 6. Change the next of last node */
	last->next = newNode;
	return; (2)
	} (75)
	// display linked list contents
	void displayList(struct Node *node)
	{ (21)
	//traverse the list to display each node
	while (node != NULL)
	{ (22)
	cout<<node->data<<"-->";
	node = node->next;
	} (76)
	if(node== NULL)
	cout<<"null";
	} (77)
	/* main program for linked list*/
	int main() (2)
	{ (23)
	/* empty list */
	struct Node* head = NULL;
	// Insert 10.
	append(&head, 10);
	// Insert 20 at the beginning.
	push(&head, 20);
	// Insert 30 at the beginning.
	push(&head, 30);
	// Insert 40 at the end.
	append(&head, 40); //
	Insert 50, after 20.
	insertAfter(head->next, 50);
	cout<<"Final linked list: "<<endl;
	displayList(head);
	return 0; (3)
	} (78)
	Output:
	Final linked list:
	30–>20–>50–>10–>40–>null
	//Implementation of Queue in C++ by T4Tutotirlas.com
	#include <iostream> (2)
	using namespace std; (2)
	int queue[50];
	int n = 50;
	int front = - 1;
	int rear = - 1;
	//Implementation of EnQueue in C++ by T4Tutotirlas.com
	void Queue_insertion() {
	int val;
	if (rear == n - 1)
	cout<<"Queue Overflow"<<endl;
	else { (2)
	front = 0; (1)
	cout<<" insert value in the queue : "<<endl;
	cin>>val; (1)
	rear++; (1)
	queue[rear] = val;
	} (79)
	} (80)
	//Implementation of DeQueue in C++ by T4Tutotirlas.com
	void Delete() {
	if (front == - 1) {
	cout<<"Queue Underflow ";
	return ;
	} else { (5)
	cout<<"Element deleted from queue is : "<< queue[front] <<endl;
	front++;;
	} (81)
	} (82)
	//Implementation of display Queue in C++ by T4Tutotirlas.com
	void Display_Queue () {
	if (front == - 1 )
	cout<<"Queue is empty"<<endl;
	else { (3)
	cout<<"Queue elements are : ";
	for (int i = front; i <= rear; i++)
	cout<<queue[i]<<" ";
	cout<<endl; (1)
	} (83)
	} (84)
	int main() { (2)
	int ch;
	cout<<"1) insertion element to the queue"<<endl;
	cout<<"2) Delete element from queue"<<endl;
	cout<<"3) Display all the elements of queue"<<endl;
	cout<<"4) Exit"<<endl; (1)
	do { (1)
	cout<<"Enter your choice : "<<endl;
	cin>>ch; (1)
	switch (ch) {
	case 1: Queue_insertion();
	break; (11)
	case 2: Delete();
	break; (12)
	case 3: Display_Queue ();
	break; (13)
	case 4: cout<<"Exit"<<endl;
	break; (14)
	default: cout<<"Invalid choice"<<endl;
	} (85)
	} while(ch!=4);
	return 0; (4)
	} (86)
	Output for Deque
	Deque C++
	Output for displaying the queue


