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If you are really interested in Professional
Development, you will sure have to learn various
types of Data Structures and Algorithms propery
so that you can create Well Performing Application
Softwares.

In this EBook, | have covered various important
espects of Data Structures and Algorithms like
Array, Linked List, Stack, Queue, Tree, Graph,
etc... which are very important to learn not only for
Degree Level Cources but also for Efficient and
Well Performing Professional Development.

In this EBook, | have covered various Data
Strucutre Concepts with “C” Programming
Language, but | have also described Algorithm of
each concept, which can be easily implemented in
any Programming Language.
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Data Structure Fundamentals and Arrays

Data - Field, Record and File

fosdl fl IR @ e @ foflv Computer @7 A= &R @ AT @1 STo’d 81T © |
Computer H ¥l A A1 AMT & g I Data B8 Il & 3R AM & T8 & (bl
Single Item &7 Data Item &8 SITdT 2 |

1 Data ltem @1 Sub Item # fawifoig fsar <1 \@ar g, 99 Data ltem &1 Group
Item 31 Composite Data Item @& g 3R 199 Data Item @7 Sub Item # fawiora
g1 fhar S Adar, 9 Data ltem &7 Elementary Data Item a7 Primary Data Item
PEd & |

IaTeRvl & forw fel School # T faff=1 Students Study @=d & S9 @1 Students &1
P A1 Pls A BT 2| 8 Student &1 M Computer & U Us Data B 89 &
Student @& 9™ @1 19 Sub Items First Name, Middle Name d Last Name faarforg
PR ADhd 8 | 3Afeiy Name U@ Group Data Item 2 |

s TR o1 WY ®Ig Student faRAT School # Admission @idT & @ S Student &7 Tdh
Unique Serial Number We™ f&ar SIar 81 U Student @1 ST Number Allot fdar
AT © 98 Number fhefl @R Student @1 Allot 71 f&ar ST | 3 Number fft am®
faemeft @1 Unique team &kt 21 faff=1 Students @7 fay W= arer Serial Number @1
g4 39 Data ltems # fav1fSd &1 @) \add ¢ | 34fely Serial Number T& Elementary
Data Iltem @wgaTaT 2 |

Data @ f&¥T |Hg &1 Fields, Records d Files @ Hierarchy @ %4 # Organize f&ar
ST Ahar 81 & o fer ot It @1 Computer % Manage &% al8d &, S9 Udh
Entity a7 &S @& ® # od &1 AT & & a1 Computer @ folt & Object a1
Entity 2 | I Table, Chair, Computer, CPU, RAM 31fg |

gl e ¥ f&A Company @ fafi=1 Employees S Company @ foT Entities =
Objects & 3R f&={l School @& faf=1 Teachers, 39 School @ Objects T Entities
g1 30 aRE fixft Class @ faf=7 Students S9 Class @ Objects a7 Entities ¢ |

I gRRAT @1 B8R a%] Computer & falU Us Object a1 Entity @ 519 Computer #
Data ltem & %4 # Organize f&a1 ST 9T & | 8 Object AT Entity @1 §o ARy
BT € ST 99 3T Object a1 Entity & Tl 991l 81 S Udh Student @ fafi=
faerad SH@r A™, SH®T Serial Number, SH@! S4, S9®T Color SHU®T Sex 7fE &
A B |

sl TR & faxil Company @& faff=1 Employees @1 1 3o« fagivarg & Al 2 |
fo= WY Entity I Object @ fafi=1 fawrsamsiil @1 Entity @' Characteristics a1
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Properties a1 Attributes &&d 2| 37 Attributes W @13 =T @I W19 Assign f&ar S
Aot 81 ¥ A9 Numeric a7 Non - Numeric & d&d €| o ffl Student @ fafa=
Attributes @1 F=TIIR A9 UeH fBam o7 daar &

sr_No Name Age Sex Class
123 Amit Sharma 15 Male 10
234 Rahul Varma 16 Male 10
121 Salini Bohra 15 Female 9
544 Silpa Roy 14 Female 8
534 Prince Mishra 13 Male 6
532 Devendra Bhati 14 Male 9

Entity &1 98 9 <1 & Similar Attributes @I Share @xar &, Entity Set @&sarar © |
ST Table 1 # faf=1 Students J#M Attributes @7 Share @) @ & gdfey ¥ 998
Students Entities &T U Set dealdl & | Entity & &% Attribute &1 Ua™ by ST e
qret A9 @1 Uh Range &Y 21 &7 Table 1 # <@ Wad € f& 8 & Row # fafl
Students @1 fAff=1 STF@IRAT UTa & <& 2| I fd Attribute @1 UeH far S
qrel A9 & Processed Data BIaT 2| 9 Table # @3 Attributes fAidax fosil Ua
Student & ¥R % TR Information TS &R B E |

g8 @d1 a8 Data @1 Fields, Records @ Files @ Hierarchy @ %9 # Organized
%A §, Data, Entity 9 Entity Set @ §19 # U@ Relationship @I Represent &=l g |
Field f&=fl Single Entity & f&<il Attribute @I Represent &xar | f&<il Entity &
faf¥=1 Attributes @I Ue™ fdam ST g1elm A9 Record &1 Represent @&Ral © 3R fdhdl
Entity Set & faf¥=1 Entities @1 File Represent &=dl & | &l Record # f&wdT Entity
% ®s Fields & Add & ofdd Sl Field f&f1 Record @' Uniquely Identify &var
I¥ Primary Key Field @gd €| S f&d1 School @ faf¥=1 Students &I Uniquely
Identify &%= & forT &% Student &7 T Serial Number &IaT 2 |

Data @I Fields, Records @ Files @& %4 # /= g Organized &= & d1€ ¥ Data
@I Maintain @ Process @_AT ®IWI Sifcd &Il ©1 39 dulg 9 Data @I 3R i
Sifed Structure # Organize favar Siar 21 f&=t Y Data Structure &1 \HSTd 7 &4
o 9rat W e <A BT B

1 Structure @1 Logical a1 Mathematical Description
Structure @ Computer IR Processing

3 Structure @7 Analysis R® MR R ¥ ¥ fhar Sdr 8 f& @S Data
Structure Memory # fha=il Space oIl 3iR Data &1 Process &’ # faa=
A T

4 Memory ¥ oV A UHR | ST & B M |
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fBe 1 Program @1 \riedl FaAmRil & W76 & MR W R S 31 ImH &
IFIAT 39 910 R R wxell €, f5 Data Memory # 6 UaR & H1fad (Organized)
g 9 ST MU H qaT wWY 2| Ife Data WE YHR W Memory H Gfdd AT &, o
U & Execution # 3ifSd THI o IdT © |

ara: f<fl «ft U & Fast Execution @ foRl Ifd Data Structure &1 o991 98d &
S}l & | Data &7 98 99g, Sl Memory ¥ &H | &H M ofdl 81 AR AHfed & I
oMo # wwfdd B dm URmH # Fast Execution # WEdRT @xd &, Data Structure
HEA © |

Data Structure da~ad # Program 9T SIHI 3M99I¢ ST dTet fafa=1 a_ie! & 9 d9d
RS G ST AIBI SUINT | o1 BIdT & | I IYART H ford O arel a¥id IR iR dwem
g f& 8IRT Program @ 39 Program @ Data Memory # f&a+r Space i |

S & &9 T Array H <) R Data 3@ Add ©, offdbd I Array @ Size 1f¥® @
TG, A Array §RT Wik, § & Memory &1 RUANT il 2| 39 Array & IH TR Ife
Dynamic Memory Allocation &T YT fhar ST, @ & Ia+ & Memory Use &Rl ¥,
Tt STe=d Bl B |

39 UHR ¥ Data, Array & §oT1 Dynamic Memory Allocation & Memory # 3ifdrd
3l e ¥ Organized &4 2| $9ferd Dynamic Memory Allocation T& 21fdd r<sT
Data Structure 3T Data & ST UfshaT &)= BT AT & |

Pis W1 Data Structure Data 9e®il @& €9 Relationship Y uefRfd &=ar g1 SN &
T Telephone Directory ¥ S ¥l aafddqal @ =, 9 @ Phone Number for 81d &,
i@ 9T Phone B ¥ ¥4I T& %A # B €1 ¥ %¥ Data Structure ¥ 3R O
Phone Numbers & S #ifeld @ 99 9 9d & A for@m omar g, e fosar +f
Phone Number & 39 Phone & #Ifeld &1 M UdT 3Mfe ST O Ghdl 2| 59 UDR
I 9 Phone Numbers &7 S Alferd & G 8 |

safel 89 %8 9hd & & Data Structure & IS 3MuT H Related B0 21 fody
Program &1 g1 HAIfCdl R 3Me@T AT -1 dal off Ahdl & Program & Execution gRT
forr ST arelm |HY 3R Program gRT Memory # foram S atelr %1191 | af€ Program
Execute B9 H B! AT 1Al ®, @ Program &1 31287 -&] Hal Sl FdhdT |

T & afe Program Memory H &% 31l I9 ofdl &, df I Program & &HI 2 |
U 3T Program Memory H &8 W &H I oidl 8 iR &8 | $F 98I ¥ 31T |
3BT URUH UeTH &Rdl & | 89 Uk Sfad Data Structure &7 YT &Rdb I Udh AR
g 3Ifa THT AT FR F AT SR I B Fhd B |
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Data Structures

Data @I Organize &<1 & &3 dxId &l Wdd & | Data @1 Organize &3 & Logical
IT Mathematical Model @ Data Structure &8 ST d&dr & | 89 fbw Data Structure
PI Choose ®¥ I 91d gT deai IR fiR &xal =

1 Structure A= W™ BFT a1feV fh a8 ST @RE ¥ Logically Data & fafi=
Elements & 9= Relationship UeRfd & ¥& {9 g 9 da=afdd g #
faf=1 Data ltems 3o & Related 819 2 |

2 Data Structure Ia-T WRal 8FT @RV f& ®HE W Programmer f&r Y
Computer Language # Coding fof& @) Data &1 3MRII ¥ Process &R 9@ |

Linear Data Structure

<19 fddl Data Structure @ |+ Items T& Continuous Memory Locations TR SUcte]
8, @ 39 Linear Data Structure a7 Linear List ®8d &1 99 f& Th Array & ¥
Elements < TR Memory Locations T SUeel Y&d & | faf=f Memory Locations ™
Syl fafi=1 Data ltems @ &9 Relationship Represent &= &1 U6 a¥Idl I & &
g9 Array & WITT &% | Array U@ Linear Data Structure 81 TR @& # faff= Data
ltems @& d= & Relation @I U% Linked List & %9 % Represent fovar <ar 81 s
@& @& Data Structure ¥ 84 Linked Lists &7 T3 &4 2 |

Non-Linear Data Structure

19 fdt Data Structure H 1 g®HEAT TH Continues Memory Locations TR Sucer
a7 8, 9 ¥ & Non-Linear Data Structure @garar & | Non-Linear Data Structures
@ WU H 89 Trees 9 Graphs &1 WM &:d & | fHdl Y Data Structure ® &1 4
fohaTd HY T &

g SHTS olrel |

fdl sd1s B Delete HRAT|

Processing & forl 8% S&TS W Move &= |
<l w19 &1 9 sHISal H @it |

SHIZAT BT Sorting HRAT |

QT Structures &I SIS ®% UH Structure 1T |

o g A~ W N -

o9 89 fhdl Data Structure @1 Choose &Xd & dd fhel Data ltem & @1 fbd TR
3 ufhar &A1 8, ¥ 929 $9 Data Structure w® R oxar g & 899 f69 UeR &1
Data Structure Choose f&ar 2 |
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Array T&% 999 O3d Data Structure 8 599 ©R faf=1 &R & Operations &RAT 1o
M BT 2 | Array &1 YT d9 f&ar Sl & <19 Data @ Permanent Collection W
faff=T Operations &= &Id & | Fifdh Array & Size T & IR H Set &+l U=l &
gaforv 599 o Y Data 81d € 9 Permanent 8d | <ifbd <@ Data Structure &1
Size Changeable B ® d9 89 Array @ 39 WX Linked List &7 91T &vd 2 |

Algorithm : Time — Space Tradeoff and Complexity

o<l T T & FEE Bl U dRH & forg fafa =T Steps @ Td Well Defined List @1
Algorithm @ed €| Data @I Efficiently Process &< & foig u& Efficient Algorithm
B IMILYHAT Bl B | B Algorithm e Efficient & I fafl o= & 9= &
fore Algorithm fa @ve forar a1 & 3R Algorithm # foRd 77T Steps faa=it Efficiently
Data @I Processing @3d €, 39 &I @24 Time 9 Space @ 3MER TR ¥ fHar Sar 21

& Algorithm # Data W fafi=1 TRI® & Processing @1 Sl ® | $Afely 8H €43 Data
@I Process @+ @ foau wed Efficient Algorithm @I Use #&l @% W&d | ®I
Algorithm f&a=T Efficiently Data R Processing & I d1d §B (T Tl R 401
iR #ct 21 Sfe 89 f59 9dR & Data @R Processing @ ¥ @ R Data ™
faf¥=1 Operations &x=1 & foU fhad= Steps o9 Usd B |

Time — Space Tradeoff Use U ST 32 Data Structure WX iR &xar &1 a1 afs &d
Data @I Store &1 @& foly Space @l < @ Data &I Processing ¥ & arall 79I
PH B ST ® 3R Ife Data @I Store &7 & fofv Use 8 dlel Space &I &H @R <,
al Data @0 Processing ® o9 drell 9T ¢ oial 2| Time—Space Tradeoff @f
T3 & o7y 89 U IQTER0T o0d B |

a-el f& Ue File § faff=1 Students @' Information €| File & Name Wise Sort
P& 3R Binary Searching Algorithm &1 Use @%@ &4 d8d Efficient a1 4 59 File
¥ 9 et fa9iy 99 & Record &1 UTd ddhd 2 |

<Ifd afe g4 &l Student &1 Serial Number f&am a7 81 3fR 84 S99 Serial Number
qrel Student @ Record @I Search &< 8 @ &H Binary Searching @& @1 Use
PS> Record &7 T8l @IS AHhd £ |

Fifd Binary Searching Algorithm &7 Use @<= & foTt 84 Sorted Records @1 ST&=d
g ® 3R Bt File & faff=T Records @1 a1 a1 Name Wise Sort &xX&® Y& ddd &
a1 Serial Number @ 379X | 89 Name @ SR_No &l &I U& Al Sort &xa &1 &
| | el If 8 SR_No & JaR fadl Record &I @i &1 dI &4 File & &
Record &I fbdl af& SR_No & felu Check &=AT BFM| Afe Search @1 S dTell
File # ®T%! a1fdi Records & @1 $9 <8 & Searching ¥ 98d Time & |
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A AR BT Uh AR U 8 Al © {6 81 Ud IR File 9910 3R S Serial
Number Wise Sort %@ W& | <fh WA HRA TR F9M YHR & Data @1 <1 File &9
ST f 99 Memory 3 ST Space Use BRTT| S9fely 36 i &l A1 U@ Efficient
TADT 8T DBl S FeheT |

T I B GERE d ®UY H B UH aRIBT AR IUAT Whd €1 89 Main File @t
SR_No Number @& 3R Sort R d 8 3R U AR Array ofd & IR IGH dad al
Columns T& 9™ @& foU @ g1 Pointer @ forg o €1 39 Array @I Name Wise Sort
PR od §1 9 Array @ & SR_No &1 U% Pointer Main File @& fa&=il Record @1
Point &x=dT g |

S dad H geifd N Array @ fofg Extra Space Use & T 2 <ifdhd fhe +f s
Array ® @da &I Fields g, 3910 39 T § &H 9 &9 Space Use BFT| S TNId
@ Algorithm &I &\ U% Efficient Algorithm &g Jad 2 |

f&¥l Algorithm @I Complexity T& Function 8IaT & ST &l Input Data & 3R W
Data @1 Processing ¥ &< diell ¥#Y AT Space AT QI &I qeTAr & I =i
Algorithm @& Execute 8M # f&dar @7g oF 3R @8 Algorithm Memory # fda=m
Space o, 39 Tl AT T H A Al TP 91 DI guiA B forv 87 R Function &1
Use &xd &, @8 Function §amar & f& @1 Algorithm f&asm Complex & 3R fara=
w1 # fedl Data @1 Processing @3 @M Data @1 Processing @ forg faa=n
Space Use & M| 39 Functions RT 81 Mathematically ¥ W9 d&d & & @18
Algorithm =0 3= Algorithm @1 ge= & foa=r Efficient 2 |

Computer Science # Algorithms @I Analyze @A U& dgd &l sl 9 Sificd &M & |
B8l Algorithms &1 T &x1 & oIy 89N U @ Criteria 8T 980 WTod BT 2,
1 89 uar o 9 & B8 Algorithm fa=T Efficient 2 |

af fo=fl Data Structure % n Data & T Algorithm M @ Input Data @1 Size n &Il
21 Input Data @@ Size f&fI I Algorithm @1 ugalm Criteria /a1 21 89 el
Algorithm ¥ f&d YR & Steps &I WA &xd Data Process &= &, S+ Steps @&
et fasfr Algorithm @ Efficiency a0 @)= &1 Go™T Criteria 1T 2 |

Il B Algorithm f&aem Efficient 8, 3 Input Data @ Data @7 Process &<+ & foly
Use U STM arel Steps @1 vam Il Comparisons R R &=aT 2 |

B Algorithm &l IFRam &1 FHEE YeM &= @ forg fbad @%g 9 Space &f
STANT Al &, 3 Q& 92l & AR W 39 Algorithm @1 Efficiency &1 Udr derdr
2| #ar f&5 M & Algorithm € 3R S9& Input Data @1 Size n 2| f&=ft Searching
a7 Sorting @ Algorithm # f5ide Operations @ d1< Data Process &Il &, SH
Operations @! |&AT & MR W Algorithm @ Time &T Ual eldl 2 |
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DATA STRUCTURE WITH “C” IN HINDI

SN Al f UF File § 1000 Records € 3R 39 # & fol faely 9™ & Record &I
g AT 7, ar Algorithm @ difdd Record W &+ @ forw <if@iswan 1000
Comparisons &= U€ I&Hd & | 39 31frbad 1000 Comparisons # & dTel AHI Bl
Algorithm gRT Use f&ar WM dTem 9Ad @®8d © 3R 39 1000 Comparisons #
Algorithm a1 Memory @1 Use &al 8, 98 Memory &1 Algorithm gRT Use @1
ST drell Space Bl § |

f¥r Algorithm M @ Complexity STd &= @& ol U& Function f(n) &1 wanT f&ar
ST g1 A Function fa&=dT Algorithm @I Complexity U™ &=dl & Sigl n Input Data
@I Size 2| IV & 1w fae) File § @l 1 Record 2 dF S8 Record ¥ &l a4
% Record @7 Search &x% WX Algorithm @I Complexity &H &Rfl STafd ST File #
Ifd 100 Record 8 @ Use &M arel Algorithm @1 Complexity 31fere gRfl | afe qifsd
Record Q¥I File # @&l urad =T & @I Algorithm @I Complexity 3=t gRfT |

Al fb S Record Search &3 ST 81 & @8 File ¥ Ugdl 9 WR &1 IuaTe 81 df
Algorithm @! Complexity fdeel &5 B8Rl 3k Algorithm @I Best Case Algorithm
%el ST | Ife Search f&ar S atem Record File @ #eg # & ar Algorithm &1
Average Case Algorithm g1 ST 3R Afd I Record Search f&ar ST 38T & a8
Record 4! File % ®gl =T 8 d U Algorithm &I Worst Case Algorithm &gl STl
g |

f&= Worst Case Algorithm # Record &I Search @3- @ foTg 3a+l R Comparison
%1 Operations &= gsdT 8, 57 File # Records ® | A9« f& File % 100 Record &
ar Algorithm @I 100 R Comparison &A1 S IHAT © | $H 84 Mathematically

AR UeRid &R dad @

C(n)=n

STel C = Comparisons @! |&AT & 3R n = Input Data @1 Size © | f&¥1 Linear Search
Algorithm &I Worst Case Complexity # C(n) =n &Kil g |

Average Case Algorithm # &%l Data @ & Location W fie™ & F=1@=T 1/n 8l &
T8l n Data ltems @ W& g a1 afe fa=fl Data Structure # n Data ltems &f @l
Data 1 ¥ @) nadd ¥ BT fl w9 R 81 91 g | gaferw {6l Data Item &7 foodt
List ¥ @M @ fau Algorithm @I el n Comparisons @34 IS |dhd & | SH &
fA=TgaR Mathematically <21 | &

C(n) =1X1/n+2X1/n+..nX1/n
=(1+2+..+n)X1/n
=n(n+1)/2X1/n

=n+1/2
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DATA STRUCTURE WITH “C” IN HINDI

g9 Probability Equation & 81 <@ Add © b fosdl Data @ List § fAe &1 awmae
T n/2 B0 2 S8l n List & gt Data ltems &1 4==1 © |

Algorithms

fosdl AT &1 FHETE Computer §RT UTd &R+ @ folg &8 & fa9iy &9 @ fafv=
Steps Use @+ 810 2| Steps @ Ud Well Defined List foIa smaR w =il
Computer Language # Program Create &xa =il Problem &7 3rel a¥i& & Solve
far i 9@, Algorithm HEeTdT § |

TR TR H FHE A 7 FE 96d 2 H T & 9 @ fow {59 Steps @1
Use fdhar SIar g, S91 Steps &1 Ife e AR@d o9 # WRer wwr # for forar <img, @
s Steps @I List @1 Algorithm &gl ST Fehar ¢ |

Algorithm @7 & Step ¥ §arar 8 f& @9 R &9 & & 9% ®T S 8 &l T
Algorithm &=t Problem @ Solution @1 T® Specification 8T 8 fTH® MR WX
el W= @1 Solve fham S 7 |

fo=f Algorithm @ IfAd Instructions @1 T& Sequence & U H <@ ST AHdT ©
o= 7/ o B &

1 Algorithm ¥% &9 ¥ ygdl 99 §© Initial A9 ysM fhy S €| 9 w1 B
Input 8T SITaT 8 3R g=i Input TR &I Algorithm Processing &=l |

2 Algorithm @& faf= Steps sd= WXeT @ G AT B & fb S Algorithm @7
TN Hxdb 84 fodr {1 Computer Language # S¥ Algorithm & EIR W
Program Create &xa fohefl STHAT BT A U 6 Ahd & |

3 Algorithm &1 & Step Sd-T Clear 89T @120 f&h ®ig W @afdd I Algorithm
P IR W TP JIAd I97 § I JHRT BT JHEHE Id R o foras foru
Algorithm @1 forar 1 2 |

4 f&ft Algorithm gRT ffl o @ 9aE & forg forg 0 & Steps T®
WfT I # R B WY | FE IR 5 IR @ 9 @ fofu Repetitive
Steps Use f&u I €1 4 Steps VA 8 =1fey f Aifid awa & 91 &1
THEEITE UG $R Ad Al Loop Infinite =1E1 g9 =12y |

5 TP Algorithm &1 &9 & &H TUh a7 Udh o 31f&h Output EFT aTRT | Steps &7
BT A VA WY o & UBR @1 @IS Result Provide = &RaT 8, SH
Algorithm =&l ®gT ST Hebll |
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DATA STRUCTURE WITH “C” IN HINDI

Analysis of Algorithm

19 A1 gF I Algorithm fored € @ ¥ S @1 o1 & f 89 U Analyze aX & 89R
g1 forar rar Algorithm o= Efficient © 1 Algorithm @ Analysis &T Ugell TRIaT I
f &7 4 Check &% f& Algorithm W& forar a1 & a1 981 | s9& forw & /= &
HH B o

1 Algorithm @1 Tracing &< | a1 Algorithm @ & Step @I Check &= & S
S TET BIFT AMBY I8 IE] 8l &l & °T 8] |

2 Algorithm @I Reading &=AT| Il ¥ udl o= f&  Algorithm Logically
Correct & a1 81 |

3 Algorithm @I Implementing @ Testing &<AT| T Algorithm & MR W &=l
#1 Programming Language # Program <=7 @2 Check @=AT f& Program
W& Output WS & &1 & a1 Fei| a1 f Mathematical Techniques gRT
Algorithm &I Correctness @I Prove &< |

Algorithm @ Analysis &1 TaT aIdT I © 89 Algorithm @I Simplest Form # Create
%X | afe Algorithm @I Simplest Form # fer@r ram & a1 S99 Implement &RAT I+
J® MR R Program Create &= @ 39 Algorithm TR 31 Y&R & Analysis T
e BT 1 R ) 5l I @7 Solve 1 @& forg Use fam W9 arelm wRat @
AH—FART TIBT F3 IR FH SATET BT Il 81 Brar 8| AT a9 2rar & o Use
T ST arell ¥Rel 9 ATH—eRT a¥IdT a1 AT ST 1fed Memory &7 SUANT &_dl &

IT Solution ST B & BT SATST FHY oI TdT BT |

59 Refd # ¥ S8 811 ® f% T Analyze far Su f& i Algorithm f=ft awem &
T © forg forar R ' 98 & W &H fhder Time @ Space Use &Rdl & | S&TERVI
% forg, afe f&A Company # 120 Employees € 3iR & Employee & Record &I
Memory # Load 89 # 3 fAdie & € @ 9 Algorithm &1 Use w&l fdhar ST Abar
Fife afs e f&7 Company & &I Employees @1 Access &RAT B3fl, Al I+l
Employees @& Records @I Memory # Load 89 # & 4 ¥v¢ o7 WIgd, R &
Record @I Processing # dI 3R 1 a1fde w9y < imm| s«fery @1g Algorithm fhasm
38T ® 39 Time 9 Space & 3MER WX & AT9T ST Al ¢ |

Rate of Growth

®1g Algorithm Perform 89 # b= 993 &1 SUART &I I Analyze BT BT BT
AR a6 T8 2 | fd | Algorithm @ Time Requirement &1 THIfad &=+ drel]
e Ugell Complexity @ I & f& @18 Algorithm & Computer W Perform & =T
2, 99 Computer ™ & Algorithm @& Perform &= &I Time iR g8Fm|
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DATA STRUCTURE WITH “C” IN HINDI

Al afe 89 Udb @1 Algorithm @1 Pentium Il Processor alel CPU W Execute &xd
2 3R S Algorithm @I Pentium IV @& Processor W Execute &N, @l QI
Computer ™ Algorithm @ Perform 9 & WHg # 3R M| I A UgA Al Bl
W Algorithm f&aeT F#g o1 I 39 Computer @1 Speed W MR &xar & {9 wR
Algorithm &7 Use fohar ST 3&T 2 |

Algorithm @ Perform g9 & Time &I g4Ifad &<+ drell ga3 Complexity Input Data
ltems @ W& W R a=Ral 21 Seexwl @ fow afe fa=it Array # 100 Data
Elements &7 SiIeT & d &H 9AI o1 odfdb dfe Array § 10000 Data Elements
1, A I 9 @SS B+ H 100 Data &1 goi=1 H Afde A9 T |

gRumAwEReY Big Algorithm Perform & 3 SrHTHq: fdha=T @9 of, $9 Input Data
Size & B & wU H Express &1 ST I&ar g1 Saexd & forw afe f&=A1 Array #
Data Items @! @1 n & ar Algorithm §RT n Data @1 Processing # <9 dTel 9HY
%I Time T(n) 9 Space S(n) & Hed @ w4 # Express f&ar <1 A&ar g, <8l T 9 S
Input Datan & Ha & |

S Ugel b g\ f&¥ Algorithm &1 Analyze @x& S9a@ Efficiency oI &%, @B
Functions &I FASMT S =M, RST9dT TIRT T 9 S BT Express &= & fory fdar Siram
21 ¥ §{W Standard Functions & T Input Data Item n @1 Size & AER W
Algorithm gRT forar ST arelt 91 S &-1 & forg Use fhg it € |

IR B forg A o f6 = Array # 16 Data ltems &1 9 16 Data ltems @1
AT TRE | AT ®HMI & o7y Process &= & folU e T—a7erT
Algorithms @I S%xd Bl 8| If< 9 16 ltems W Processing &3+ & folv &4 f(n) =
2" HeAd BT YANT &N dl 84 Array @ 16 Elements &1 Process &< @ folt &0 & oA
2'® Operations &<+ T, AT & FHt 65536 Operations FHI BT |

Ife s W &1 Graph 91T WU, A 9991 arell Graph ®I%1 dofl | | I 9
Bl & & Bl T 9a9 ool il 8 | A Had Bl ¥ Algorithm &1 Complexity SITd
B BT AE Ul W ® S fHAT Algorithm @ Perform 89 # Algorithm gRT forg
S Tl 9N S1fSd THY BY ST 2 |

Ife 39 WM @ WIE W Algorithm f(n) = n® wals &1 WIRT &, A §d Operations
$I W 16° BRf | I 39 Wl &7 A UTh S99 S¢ Al A AT W BI% doll A g
Afb fBR 1 I Graph Ugdl dTel Weld &1 a1 § &H ol | T |

f4T Algorithm &1 Complexity SITd &)1 @ oy Use a5 ST arell I1aRT Herd f(n) =
n? ¥ 3f s 16 Element drel Array & 16 Data &1 Process &<+ & forg afe n?
Operations &%= U< dl, Algorithm @ e 256 Operation @< 21T | af g9 Hod &
Growth @ Graph &9/ ST @ ¥ Graph ¥l $IW! ol F §Q7T olfdh U8l dTel i
Tl B JAT H BB HH doil § &I |
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DATA STRUCTURE WITH “C” IN HINDI

afg Algorithm Perform &9 @ foTg f(n) = n log, n Operations @&l & @ 9 %ol &I
Growth Rate Tgel gV ¢ §41 W=l ¥ HH 8N | I JfS $9 Bl &I Graph &+ T
SIY A Graph &1 R 3Tfa & 927 |

af¢ 16 Data Element @ Array T Processing @ fofU n log, n Operations &= U< @l
§d Operations @1 F=AT 16 X log, 16 = 16 X 4 = 64 &1f1 ST fb Ugel & | Bl &
oI 7 BIoT FHH T |

afe S Algorithm Use f&am ST <81 € 98 Algorithm 16 Elements @1 Process &< #
@del 16 & Operations @&x, d Algorithm @I Complexity f(n) = n gt 81 afT 3T
Graph 911 9N, a7 U&% Linear Graph &ar & S f& Data Elements n &I {1 §&+
@ A1 gedl § 3R "ew & 1Y Tedl ¢ |

f¥r Algorithm @I Complexity SITd &= &7 31f<a¥ Het f(n) = log, n & RST9H 16 Item
P Process @31 # @®ad 4 Operations &3+ &1 | afd 39 I Hetql &1 Graph g9
U a1 A Graph %A ¥ 31fde Complex Algorithm &I <2TUd | 39 Graph &1 b
Algorithm @I Complexity &T Rate of Growth @gl ST 2 |

@1 Algorithm Perform 89 & W99 f&d WoM & AR Operations &_dl 8, 39
MR WX Algorithm @1 Complexity f¥R &=l €1 UF & BM BT &=1 & forv fafer=
Td 8 Fhd 2| S BT HH T HH Operations H 8% BART Required Result ge
P} <dT & a8 Algorithm &8 Complex 3R 3ifdid Efficient Bgadr & Sidfe sdd fauRid
8 W Algorithm 31fdi@% Complex @ &H Efficient &garar | Algorithm @1 Growth
= w9 7 gl &

log; n n nlog;n n? n’ 2"
f=ar +ft Algorithm @1 Analyze @)@ ¥ uaT fdar Sirar € f& Algorithm @1 Complexity
fbd Bl & JJAR Grow &I V&1 & | B F8I PIRM Bl =1fey b it A1 Algorithm
@1 Complexity Linear %H # §c | U1 Algorithm &T®! Efficient 8lar & fSI®T Graph
Linearly s&dT 2 |

Time Analysis
%=1 Algorithm gRT f&¥! Array @ N Elements &1 SIS fdhar ST dadT &—

Algorithm

SUMMETION(LA, N)
Here LA is a Linear Array and N is the size of LA.

1 SUM=0,LB=0,UB=N-1 [Initialization]
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DATA STRUCTURE WITH “C” IN HINDI

2 REPEATE STEP 3 WHILEI<=UBSTEPI=1+1
3  SUM =SUM + LA[I] [Sum the Values of Array’s All Elements ]
4 EXIT [Finish]

ST &9 gl garan f fasdr oY Algorithm @1 Perform 89 # foaer 9 o 3

ST R Bl gR&A & | sy 8 Algorithm @ Complexity @I Data Items @1
Size & Had & ®©T H & IMT P A @ |

Algorithm @ Time &I g4 f&=il Algorithm §RT Perform & drell Comparisons &
% IMYR WR & x4 @ | dig Algorithm Perform 8 9d gt fha-l Operations &R
2, S81 Operations @I A&AT & g4 Algorithm & Perform 89 @& Time & w9 # A
od 21

I+ R 31 Operations Algorithm gRT Perform 14 € 8 Algorithm @1 Perform
B H 391 8 31fdd AR ear g1 Time Algorithm # #9@lr f& Data Item @) <&
n=10 2 I <Al ARl &1 Sirew & oy 39 Algorithm # ol 10 Operations 81T |

9 Rerfd # 9 Algorithm @I Perform &9 % @ 10 Operation &%+ Usd & dl 39
Algorithm @1 Complexity &1 %eld f(n)=n 81| A1 39 Algorithm &1 Perform &M #
Iafg Data Item @1 war N 8 @ §a Operation @1 | I N Rl 3fik 8 Operation
H 1/N FHI T[T & A ol G991 N 81 T |

Al i afe Array & o Element &1 S8R Element ¥ Sied § & WHUS ol ©
dr Data ltem &1 |1 10 89 WX G & IR S 81 AR o a1 97 10 AP
BT |

Complexity ( Big O Notation )

QT Algorithms # & ®Iar Algorithm 31fd@ Efficient & 3 Analyze @71 & oy &4 QI
Algorithms ¥ Ut 8 dTel Results &1 Compare &<AT 81T 2| 81 &l Algorithms &
U 8 dTel Results &1 Compare &% & sdd o7 84 “O” Notation &I ST STRo<!
g |

313 Algorithm f&aw Operations @3- & 91 Required & &1 QT &A1 &, I S ©
oy &9 | Standard Function T WAIRT &4 & ST fb AR 28—

logz n n nlog,n n? n® 2"

I | Functions (Bed) fsil Algorithm T 3T SITd &=+ & folw Use 810 & | Il
n? ¥ n® &1 MM A BIaT | AT HIE UF Algorithm n? Operations & a1g gH
Required Results &M &xal & widfd @l Algorithm n® Operations @& 91 &4
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DATA STRUCTURE WITH “C” IN HINDI

Required Result Provide &=ar g, AT Ugd drel Algorithm ¥ SERT a1 Algorithm 31ferd
Complex BT | I ¥ Function & FR¥=d %8 & ¥R Input Data n & fog 3mam™
e &4 & | faf=T Functions ST 3mam yelRfd o=d € SS9 91 ™ uelRid &=+ arat
Functions @I Handle &= & folu T% Notation &1 Develop f&ar a1 g |

ts Function f(n) &1 O(g(n)) ® U & uR¥IT fear <M |Adar g1 I+ s
f(n)=0(g(n)) for@ I&Hd € 3R A Hed &I g(n) BT HA HET oIl g I+ A
fA=T ¥R ne 9 ¢ Positive Constant &f:

| f(n) | <= | g(n) | S1af& T n > ng

89 9 “O” Notation & 3JaR fo@ d&dd 21 S 91 ®erdl &1 “O” Notation
TR forar ST |adr &—

100 n° %I “O” Notation O(n®) BT |
200n® + 50n?+ 20n" + 544n° %I “O” Notation O(n®) BT |
1+2+ ... +(n-1)+n=n(n+1)/2=n?+0O(n) @& “O” Notation O(n?) BT |
3223 %I “O” Notation O(1) a1 O(n) BRI |

TS TRl | HE A 89 $HE Fdd © 1 O(g) Bl (Functions) &7 Td VAT g &idT @
S fF g @ MIR WR Increase AT Grow BT & S8l ®ald g Hed O(g) &1 Upper
Bound B &1 O(g) & faf=1 el & 3maR WX faff=1 Algorithms @1 Complexity sTa
IR WhA T 3R I M- Algorithms @1 Efficiency &1 30 H Toel & gal
M Whd & fk P Algorithm @1fd%  Efficient I &% Complex 21 3 Wod
Computer a1 Programming Language W fR 98 g1 €, swfery fafl Algorithm @1
fa1 Implement f&%T gg I Algorithm @ STeR W a1 Program d90 gU & SH
HoAAl §RT 80 I ST Adhd & & dIs Algorithm f&ar Complex 2 |

Properties of “O” Notation
fB=i ¥ “O” Notation @1 ®® General fRIVAG &Rl € 5 &9 FFTgAR 9931 9ad o

1 f&=@ +ft Algorithm @I Si@ Mathematically Represent f&ar Sirar g€ df 39
fSra= *fl Constant Factors g € = Ignore fhar T \dar € | ISRVl & forg
afe fa=ft Array § N Data Elements & 3iR @IS Algorithm Array @& !
Elements &I Process @xdl & widfd N &1 A9 0 ¥ 1% & o 59 Algorithm
@I Complexity O(n) gRfY | I+t

For AIN >0, N fis O(n)
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DATA STRUCTURE WITH “C” IN HINDI

TETERT & oI xz2 @ yn? ST &I Complexity T8 & 3R EHi &I “O” Notation
@ U H O(n’) & ford |

n @I Higher Power (STaaw ®Tdi®) Lower Power (Fea Tdia) & 3ifdrad dofl
¥ Grow BIAT © | AN

200n® + 50n%+ 20n" + 544n° %1 “O” Notation O(n®) &R |

39 SRRV H @ Adhd § B Bed n® W ' @R n® A ofkw gwar ‘O
Notation O(n®) & & @ifs I Izaaqw Trdie & iR o= Tl ardial @ o o
SHHT HIH ggd & SATal ol 4 Grow BN 3R I g HIAId! Bl o=l § I8
21 Sa1eT Operations @1 Represent &1, ORI 399 =i & Operations @1
W1 BT Ignore T ST AT B |

@l Operations & INT & g1 DI &% F8 Bl & Sl 9 &P Growth Term
3 B 2 | I afe faAr Algorithm #

an® + bn* + cn? + dn’

Operations 14 & I 9 Algorithm @1 Complexity bn* & g @ &% & IR
grfT | I+ 39 Algorithm @ Operations @1 “O” Notation @ U # afe forar Simw
ar O(n?) & fora=r g1 |

I B f Held g @ o H 31f¥& ol |4 Grow BIdT 8 3R B g % h
DI JAT A 3% ol A Grow BT & A Weld f Held h &1 g d 1 3ffed
Aol | gedm 2 |

f¥il wetm @& Upper Bound (@1f&idad Operations @1 &) &1 Bl 3 el
| IO fHAr S € a1 ura @M arelr A9 Upper Bound (31f@idd® Operations
@1 W) BT Represent &Ral & | O

IFfis O(g)andhis O(r)then fhis O(gr)
TR & fory

IFfisO(n2)and his O( logn)thenfhis O(n2logn)
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DATA STRUCTURE WITH “C” IN HINDI

6 Exponential %l Power %= &I ol # 31f¥d ol & 9ed © | oI
n“is O(b"), STafs b & AR A 1 W dS 8 MR k &1 A9 0 a1 0 9 q<T &I |
RIE]
n*is O(b"), Forallb>1;k>=0
TETERT & forg

n4 is O(2n), and n4 is O(exp(n))

7 Logarithms Powers @I g # 9gd &1 ol 7Ifd & 9ed &1 o9
Log, nis O(n*) forallb>1; k>0

IEERT & foTT log, n is O(n?)

f¥r Algorithm @1 Analyze &Rd I9d AR AFH &1 a9 do] IAWIG Bl &

CPU Time

CPU @I Speed &= %u ¥ Algorithm gRT & gHifdd el 8l € dfcsd §p o= deg At
CPU & Speed & UIfad &_dl & | 74 A §B a2 FF=TgAR &—

1 B9 ST Computer Use X I8 & ¥ Computer & CPU @ Actual Speed @I
g 3R S9 Computer R fha=T Load 2| 9 Computer # Rraw i
Softwares Installed 8 €, Computer ST &l 31f&fé Loaded BIdT & |

2 B9 BT Programming Language Use @R @ & R &i=ar Compiler Use
PR 2 & 39 W A Algorithm @ Perform 89 @ Speed fiR &=all 8 o
afc g1 W Compiler & Use @X I8 © Sl f& Directly Computer @& fafi=
Hardware &I Access &< # Wetd ® @l Algorithm 31fd@ il &1 Perform &RTT |

“C’” T U & Language © fr¥ &4 Computer & f&=fl ff Hardware @1
Directly Access &R dad & | 9afdh Visual Basic # afe Algorithm @7 Perform
% & oy Program for@r SITQam @ S9 Program @1 Speed “C” @ Program
¥ Speed ¥ HH BT |

3 ®{V A Factors W 8Id & S Algorithm @I Performance @I ¥Ifdd &xd ¢ |
O afe Data Structure & ®T ¥ Array @1 Use fhar Sirar & o &% &H9m
Algorithm # ¥ Check %<1 81T & & Array # Data Insert @&=4 & oy Space
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DATA STRUCTURE WITH “C” IN HINDI

g a1 S| I Array @ Bounding @I Check &RAT ST&% BT & 3rgef
Algorithm f&-Y 31 Program @ Data @I Corrupt @x d&dTl & | fd=dl Array @1
Indexing ®== # a7 fH<il Record &I Access ®%1 # oI Extra I8 <7dl & a8
Algorithm @1 Performance &' 9Tfad &xar 2 |

9 g9 89X Program ¥ 98d ¥ Procedures I Functions Create &= €, df
& Function & Call 8 W Program Control T& 9 ¥ &N ®©F W Jump
IRl 21 39 Jumping # W1 §B | @f Bar 21 F 9 W Algorithm @
Performance TR 3R BT 2 |

Input / Output

Constant Time & Algorithms aR¥T & w4 % ¥4 Input Data ™ Processing @ forg
T I ofd & «f SareraR Algorithms Constant Time =& &0 & e
Data @1 Processing ® 9 95g T8l ofd 2 |

39 Rafd # &9 ta f¥ad sid @ wu # fa=i Algorithm @1 Efficiency &7 uRwifya =gl
PR FDhd & | ATy 81 Algorithm @1 Efficiency @1 Input Data @ Size n @& %olq &
w9 ¥ & aR9IT &A1 u=ar 2|

Ugell IR & AR I & fi & Algorithm @1 Efficiency @1 Analytically Measure
%A1 ARy A1 f Experimentally, @ifd &1 e Computer WG9 Algorithm Y
3T Time # Perform T |

= vl § Pg dI g4 Algorithm &1 S9! Efficiency @ I Algorithm &1 gwifad &
el ddl @ QMR W IR &=e1 81T 8| aMraaar g9 fasr Algorithm @t
Efficiency STd &x+ & forw f71 # & f=fl v &1 Measure &xd &

1 Numerical Algorithms @& foTg g ga Addition, Subtraction, Multiplication 3mf&
DI T ST PR © |

2 Searching a1 Sorting @ Algorithm ¥ 89 &l Comparisons &1 |&IT STd B
g |

3 Assignment Statements @ Parameters @ 3R W Data Movement &1 §d
H&AT BT S B © |

4 f&Er Algorithm @& foly Required §f Memory Space @I Limit &1 Sd &xd
g |

A AR & FAEE & forg 89 N Data ltems & g Algorithm @1 Efficiency <=1ie
qreATl U Head S d_d & forasd fddl Algorithm @1 Efficiency a1 Complexity &1
Represent far Sirar g |
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f¥r Algorithm @I Complexity a1 Efficiency @ S0 &xd 99 &4 9ad Ugel I 9
HAT BT § 6 'H Input @ fHA Property &1 Measure &”9 o 2 &1 fdbefl
Algorithm @1 ¥e¥1 31! Property 8 @il & ST Algorithm & Efficiency Factor @r
AT HRT & |

g1 U8 W Algorithm @1 Key Property @ %9 ¥ Input Size ¥ & Use &R®
Algorithm &I Analyze &3 iR Input Size &I Variable N ¥ Represent & | fih Y
Y SN T8l ® fb 8 ®adt s & Property @1 WA @X | &H BT Algorithm @
Efficiency @1 &3 Properties & R TR UH Hoid & w4 H Express &R Add 2 |

JfFd daet UFH B Property & MR W &l Algorithm @1 Efficiency @1 Express
BRAT BTHI ARl TRIBT BIAT & AT Ud &l Property @I 1 Properties @& ©9 #
Represent fhar T |Adar 8| 36 a¥® &I 9a saraT Use favam SIram 2 |

SRl & forw fhell List & faff=1 Elements &I Sort &%= & forv fSta=m ¥9a Use
BT @ S9 List 3 Length @ U% %o & w4 # foral 1 W&l 2| Sorting & fog gx
St Algorithm @7 W T &xd & a8 Typically Y& Quadratic Function g1ar & | I+t

TIME(n) =n*n

MergeSort @ QuickSort @ Algorithm 31f¥d 51 81 & | I7! Hheld & ®U 3§ FFgaR
foram ST webar B

TIME(n) = n * log (n)

39 Algorithm @) Length Quadratic ¥ &% oiff® Linear & 21fdia &rcft 7 |

 ARIHT T Al SHN FEHRAT BT SIA1d Y& el bR I8l & | Al U Algorithm fae
List # & fH=ft Required A9 &1 Search @R <& €1 81 I AF oid & f& o fl 99
Search far ST X@T & 9 &Hem List # SUter 8IdT 81 VAT ®Is A Search =&} foar
STTaT S fab List # Suerer €1 A1 871 39 Rerfa # Algorithm &#em Successful 8IaT |

319 39 Algorithm @I Speed &I UWIfdd &)+ dTell Factor a8 319 & S8 WX Search
BT S a1 w19 9T 8IaT © | afe Algorithm 981 9 % BT & S8 W Search faa
S aTelT A9 SY@el © A Algorithm 9gd &1 Sieal FHIS 8 ST | Sidfd afe Search
foar ST arem W9 List § $@l = 9 W 2, o Algorithm @1 31 Rl TR W)
Search &Y S dTel A &I FISTAT 81T |

9 RIfy # &7 T %old I8f W 9T BT a8d & 98 X1 A8l 81 3 el Input Size n
wr R g1 Ife Search fBaT WM aTell Data gR= Wi 8 Wil € oI 3 Best Case
Rerfa g <ifd afe Search f&ar SM arelr Data &ww! Comparisons @ d1€ U< 81T &,
dl ¥ Worst Case Refd & |
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AR 39 Algorithm # Best Case = Constant Time &FTT STdfd Worst Case = Length of
List am N-1 8RTT| Average Case # Search f&ar Si= arelm Data List # word g 3w
M & AT Pl W UT 21 FHhaT B |

3@ 19 8 a1 Algorithms @1 Compare &xd & d &4 &I Algorithms @ Warsi &l
Compare &< USdT & | 39 Analysis ¥ & EHIT AEYM & BIAT © difd I Hed
F% WMl IR & T BT Cross IR T B |

I AT T Input & T ugar Algorithm SUYad oFTar ©, Said Bl §R Input &
folg ggel & M WR GERT Algorithm 31 Sugad oFaT | afe VT gar & 1 s
Aderd © b a0 &1 Algorithm w91 Inputs @ ol Us gar 9 aifeie Suge AT Efficient
TET € |

Q1 Algorithms @1 add # 3fed Comparing &x-1 & folt &9 & & gAR U QI
Algorithms & 3IfId wed 8 3R 89 I yar &) 9a fb g Algorithm &1 Input @&
fU & A @I Cross @xd & | URING ®U ¥ I UdT BT 980 & RHA HH 3 |
gafery 89 qM1 Algorithm @ Input &7 SRTHRT A9 UTW &)d & ofgl W= &l Algorithms
T IR B Cross &R & | 39 Ufhar &I “Ballpark Estimate” &gl I 2 |

“Ballpark Estimate” f&1 Algorithm @7 @+ Complexion &l & 59 Asymptotic
Complexity @1 STar 8 | Asymptotic Complexity &=t Algorithm @1 &g Term BT
2 forar f=ft Algorithm @ et @1 Limit &1 9dT goiar & | S<rexo & forg Ael fb
AR U &1 Algorithms &:

Algorithm

1 A1l - Efficiency(n) = 29 [ Constant Time ]
2 A2 - Efficiency(n) =3 + n/2 [ Linear Time ]

9 9% n =52 BT 8 a9 9@ A1(n) > A2(n) BT & | I ST n &7 A9 52 BT @ a9
<MI Algorithm @I Complexity ¥¥ 8T €| 39 Limit ™ T Algorithm T&—gaN &I
Cross & 2 |

glelifdh T 9gd 8 ®icl List & forg A2 Algorithm ®TwT Efficient © offde afe List a1
81 I A1 Algorithm A2 Algorithm @1 Joi=T # 1S Efficient Igd1 €| Asymptotic
Complexity & 9% JE! Idea ¢ |

Al f TP Array H 52 ltems @ 91T 29 Operations &3+ WX Required &M & SITal
2| 39 Refy # <1 € Algorithms @7 Td §¥R @ 9 W Use fdar ST Adar 2 |
Jfed afe Data ltems @7 Hwm 52 | @A 81 @ U8 Algorithm 31fd& Efficient &R
Safe Ife Data Items @1 a1 52 4 e 8 o gavT Algorithm Ugel & ger=n ¥
31 Efficient 81T |
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Asymptotic Complexity % ®we @ @41 Lower Order Terms @ Constant Multipliers @
Ignore &R feam ST B, sAferw 1 Linear el &1 “O” Notation # O(n) forar Sirar
2 3R ¥ Constant Time Hed & “O” Notation # O(1) ferar Siar 21 Il A1 &1
Asymptotic Complexity O(1) & Stdfs A2 @I Asymptotic Complexity O(n) & |

W wY A B9 PE Gdd © (b Asymptotic Complexity T Sugad & W4 &H d8d IS
Input & T Ufhar &= 81| fo<r Application Program # &# @9 3ifde ddiamar &
Analysis & USdl & 519 8 &H Input Data @& 7T Ufohdm &R @ 814 & |

g 3rfl d& =T U&R & ®al BT @1 g1 37 94 Bedl gRT gF Bl Algorithm
P Analyze @<d & 3R Algorithm @I Efficiency a1 Complexity $Td &<d % |
Efficiency a1 Complexity &I UafRfd &= & foTg g4 Capital Letter “O” &1 TANT &
2| a1 YBR & el BT Represent &=4 & folv &4 “O” Notation &T JANT &l & |
39 “O” Notation &I Use &xa il wed @ Efficiency a1 Complexity &1 Represent
%R B Ufhar w7 Big — O Notation %&l SIIdT & |

ST g9 Big — O Notation gRT fa&=il Algorithm @I Complexity @ %ed &I Represent
A & d9 Wed & a1 Low — Order Terms, Dominant Terms @ Constants
Coefficients @I Ignore @% <d & 9 ®ad Highest Power a1 Highest Value Represent
% el Notation @1 & Big — O Notation & %9 # &Jad &=d 2 | o Efficiency(n)
3! Jfe Big — O Notation & 9 # &Jad &=AT 8 d 89 39 ddel O(n) fored B |

Analyzing Algorithms

Analysis @ foTg &#em Simple Statements Sequence @I IMER 9T @MY | HIH
Jgal I Note @~ f& Statements @ U& Sequence ST f& Tdh ¥Hd H dad TH IR
Execute 1T 8, S9 Big — O Notation & ®U # Represent &=+ @& forv 84 daar O(1)
forgm 81 & | F@ifd Ta Statement Execute 8 # fSidar @y omar & &+
Statements Execute &M H I U # FHI TG | IERT & fofg Ife fael Data
ltem @' Size n &7 f&¥ Loop RT TR Solve faam ST \ehr 2

for(i=0; i<n; i++)
{

Statement x;

}

Tl 9 Loop # Statement x T& O(1) Sequence Statement & gAfely g9 Loop &I
Time Complexity n O(1) 1 O(n) &R |

I AR U FTER &1 Nested Loop & df
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for(i=0; i<n; i++)

{
for(j=0; j<n; j++)
{

Statement x;
}
}

59 Refd # Loop i & & lteration # Loop j n dR lterate 1T g1 I I Nested
Loop n * n R el v SV §9 Loop H oM arall ¥°a O(n?) & axtex &M |
Loop T % Teldl & S db b n &1 A h & A9 A §ST T a_MER &l &—

h=1;
for(i=0; i<=n; i++)
{
Statement x;
h=2%*h;
}

g9 Loop @I Complexity 1 +logn @ ax1ex 8 | 39 Big — O Notation @& %4 # O( log,
n) forg A& €1

If¢ Inner Loop Outer Loop @ Index R f4X & @I Inner Loop # j &T #1 0 & n d®
T & | 59 R # Loop @1 Complexity FR=TRIR 91 @1 &I Sahdll 28—

for(i=0; i<=n; i++)

{
for(j=0; j<=i; j++)
{
Statement x;
}
1
f(j) = Oton RIgl|
= 1+2+3+4+...(n2)+(n-1)+n R
= n*(n+1)/2
= (n*+n)2

9 Algorithm @I Complexity @1 Big — O Notation & w4 # &1 O( n?) forg A& 2 |
If &1 F=TgaR el STevd @ STg9R Loop @eimd &:
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h=n;

for(i=0; i<=h; i++)

{
for(j=0; j<=n; j++)
{

Statement x;

}

h=h/2;

}

ar g Outer Loop # log, n lterations &1 3fR Inner Loop @ Complexity O( n ) &RfY |
59 Rerfd # g Complexity O( n log n) EFfi| ¥ Complexity Ugel drel Loop &I
Complexity @ e # 31f¥r& Efficient = |

Tfely, 31 89 §B Program <@d & iR 3@ Complexity ST d-- &1 HIRTT & 2 |
glifh 39 Programs &1 a7 H &gl ®ls SYANT 9l 2| I dhad §B Pattern A
Create @xd ©| S 3arexvl H Programs @l Efficiency printf() Function @& et
Executions &1 @ W 3menRa € ST fb n &1 e 2 |

Example

main(){
inti, j, n;
printf(“Enter the limit of Pattern”);
scanf(“%d”, &n);

for(i=0; i<n; i++){
for(j=0; j<n; j++){
printf(“%4d, %4d\n”, i, j);
}
}
getch();

}

g9 <9 9dhd & b aFl Loops H ®ad Inner Loop H & Execute &9 dTa Statement
2 3R ®aal Udb &1 Statement 8| IR Complexity ®ele &1 I 99 fh n & B &
w9 # printf() Function f&d+ IR Execute 8N |

39 R Program @1 Complexity Outer Loop @' Complexity @ a_TeR 8 &ifdh I8 Th
Top Level &1 Statement g ST printf() Function Use fa&ar =i g | f&dT Loop @t
Complexity &1 &1 71 I3 ¥ S Fad o—

Complexity of Loop = (Number of Loop’s Repetitions) * (Complexity of each Iteration)
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g 719 9dhd € fb Loop @ X lteration @I Complexity = & | UAT 89 Outer Loop
& forg 719 ¥ad € 39 Loop @ Complexity @1 fF=TgdR Big — O Notation & w4 #
forg waa &

O( n) * O( Complexity of Inner Loop )

Inner Loop # I ®adl T& & printf() Statement & AT Inner Loop @ forg #ff 31 A
ST A&l & f& Inner Loop @ w41 Iteration @ Complexity ST & | T+

Complexity of InnerLoop = O(n)* O( printf)

Printf() Statement ®ad Ts & aR forar T € safely W@ printf() Statement @1
Complexity O(1) &1 &I 79 &I Ud AT forgs 9= 4 9 Program @1 Complexity

AR Ut 8l 5
f(n) O(n)*0O(n)*0(1)

O(n*n)

O( n2)

=fely, T IR Sample Program @I Complexity SITd &_d @ | Program FF=TaR &

Example

main()

{
unsigned inti, j, n;
printf(“Enter a Nonzero Positive Value as a limit : ”);
scanf(“%d”, &n);

for(; n>1;)
{
n=n/2;
printf(“%d\n”, n);
}
getch();

}

g9 Loop @ Complexity S1d &)1 & oy I 8H @8 Formula Use @R ddd & o
fioel Program @ foTg Use &3 ©1 §9 Loop @ & lteration @I Complexity S+ ®
SAfely 39 &9 O(1) & w9 H forg Add 2| Loop fhadl R lterate BN 39 1A o=
& foTU 88 I oI &1 8 b 89 st Number n &1 fha=il IR &1 971 & dic 9o
g OEfd n BT AF 1 W ST B A fF n B &R A B K IR &1 AR A fawifa
febar ST |epar & 1 39 g4 FegaR forg dad &
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2X<=n

Far a8 f5 o/g g\ 2KH 2 &1 9rT < € K-1 9R 2% &1 719 2 2rar ® @ik o9
T 39 UP IR 3R 2 & fawiforg w=a € a1 2F &1 A 1 81 Sirer 71 25 @1 W 1 g
2l Loop Terminate &I STTaT 8 | ST 1@ n &7 A9 2X & &_1&R 81 (n =2%) T4 Loop
K ¥R Repeat BT |

gfh n =2 2 sy A Loop n & faf=1 #Hi & forlg &8 9R Repeat &N olfdhd A
Loop K + 1 Times Repeat 78l & d&dr adifs K &1 a9 K+ 1 & A9 ¥ HH 8l § |
gafery afe n, KT a1 K+1 3 Bounded 8 @ 3 Loop K 9R @efar 81 K @ n & &9 #
Y 9y 2 & K S9 log @1 Integer Part & RT®T SR 2 & | gAfly 39 S&TER0T &

Complexity Fr=TgaR B1fT:

O(logn)*0O(1)= O(logn)

IfT & log @ SMYUR 2 & WM W AR 10 &I Use B d 9 Complexity TR foH
YHR & DIy IR 78] uedl ¢ |

Example

main(){
unsigned inti, j, n;
printf(“Enter a Nonzero Positive Value as a limit : ”);
scanf(“%d”, &n);

for(i=1, m=n+66; i<=m; i++ ) {
printf(“%d\n”, i );
}

for(j=n/21, m=n/5; j<=m; j++ ) {
printf(“%d\n”, j );
}
getch();

}

I8l &1 Independent Loops # T printf() Statements | $AfelT 39 Program @1 §d
Complexity &I printf() Statements @I @ Complexity & IRT & aRER BRI | AT 4
Program &1 p ¥ UsRid fdar Su ar s Program @1 Efficiency &1 80 f=rgar
Big—O Notation & U # URIA & AHd &—

Efficiency(p) = O( Outer Loop ) + O( Inner Loop )
Outer Loop dh Efficiency = 0O(n)

32

www.BccFalna.com



http://www.bccfalna.com/

DATA STRUCTURE WITH “C” IN HINDI

Inner Loop dh Efficiency = O(n)
Total Efficiency =  0O(n) +0(n)
= O(n)

Y, Teh 3N TSN SWd 2 | I ISEX FaY Ugel IS0 & FAM & 2 oifb gud
Loop & lteration Complexity # 37k & | Program f={aR &

Example

main()

{
inti, j, n;
printf(“Enter the limit of Pattern”);
scanf(“%d”, &n);

for(i=1; i<=n; i++)

{
for(j=1; j<=n; j++)
{
printf(“%4d, %4d\n”, i, j);
}
}
getch();

@1 Efficiency g1 IR 910 &R Add o—

Efficiency(Outer Loop) = SUM(I, 1, n) of ( Efficiency of Ith Iteration )
SUM(i,1,n)of (n-i)

n*(n1)/2

O(n*n)

o( n?)

Inserting and Deleting

fodl Array # Ife S8 U & A1 18 3PS @ Array @ 3 H SISl B! 3T
BIAT B | fs 519 &4 Array @ fd=fl fa9I9 Index Number @R A9 &1 Insert &=AT BT
g d 9 o Array @ R Element @& 915 93 3®Ig oSl 7, 994 916 @ AR
Elements &I Th—Td 39 3T ufaRenfud far rar 21 fR 90 /19 &1 Array # STt
I 2 |
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afe 9 Array H #19 Insert &R 9 Ul 19 WM R A Insert &A1 8, S99 M &
| AFl BT gfaRenfid T8l dRd § 91 SART TAT A QR AE W Over Write 81 ST
2 |

sl TRE 9 BN Array @ @1f<dH Element @7 Delete &RAT ®T%! 3MAH BIdT 8 wifbd
59 fHfl Array @ fo-ft e=0 Element @7 Delete f&am Siar 2, a1 Array @ S99
Element 3 3T & W Elements &7 Udh 9 GY YR &==1 sl 8| Ife U«r
a1 fhar S @1 R wIE @ A9 @ Delete fham T € S99 R Garbage #IH
Store & AT 2 |

ATl f Name & 10 Elements T Linear Array 8 SR+ 6 M Stored € | &A1 aTgd
2 & 91 99 & 91 Udb 31 M Add & | 39 Rerfa # &8 Array @ @9 Data item &
91 UH SITE g9+ B1fT | STTE 9979 & oY Array @ Uigd 9 ®9 Data Item &1 Move
PP BS g ANdd F TR Mode HRAT R | SHd d1 AY Data ltem &7 a1y wImF W
Insert AT BT | 59 0 Ui &1 Algorithm &4 FFgaR forg A g—

AT TS Array LArray[N] ® % N ltems €1 $9 Array @ Index Number K ™R U@
Element ITEM &I Insert &1 & Sdfd 87 I A &R doid & b 59 Array # 311
3T I © f 89 8 7 Item Insert &R 9 |

Ffd g4 Index Number K @ =11 ITEM Insert &_T1 & $9(ely &4 Index Number K T
GTell AT 8N dlfds a1 Data 94 Store & 9 | gfd a1 Data Store &’ & fory
g4 Index Number K TR S8 941 I8 © $9fol 84 Index Number K i Array & 31f~4
Data ltems @@ @ W4 Data ltems @1 U&% 9 Right § Move &= 87| 59 Wfhar
B g9 7 fIF gRT 998l o @

10| 25|32 |45 (95|75

AMT K &1 A9 4 & @ 89 Index Number 4-1 = 3 &7 @Tefl &xAT 8FTT| V9T R WR
Index Number 4 & a1 @& 91 Data Items &I U&% 9 Right # Move &=AT ER1T |

U AR W I Array FETER fe@msg -

10 | 25|32 |45 45|95 |75

319 89 Index number 4 W T3 ITEM Insert &% @dd &1 Insert &)= &1 Algorithm
AR 81 Hahdl o—

Algorithm of Inserting

1 START
2 DECLARE LArray[N], I, K, ITEM
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v

\

3 REPEATEFORI=N-1TOI>=KSTEPI=1-1

4  SET LArray[l] = LArray[l-1] [Shift Data Items to Right]
[End of the Loop]

5 SET LArray[K] = ITEM [Insert Element]

6 END

gl @Rg 7M1 f& TS Array LArray[N] & R9H N Items €1 S Array @ Index
Number K & Rerd Element @1 Delete &=1 & | 9f®% 84 Index Number K W Rerd
Item &7 Delete & Y2 & sdfelv 8% Index Number K & a1 & ¥l Data Items &1
& U U8 &1 TR Move BHRAT BT | 59 UishaT T 89 1 = gRT |HsT dahd o—

10| 25|32 | 100 |45 |95 |75

Ife 81 K &1 99 5 a1 @ Index Number 5-1 = 4 @& Data Item @I Delete &= T |
19 g9 Index Number 4 & Data ltem &1 Delete 3T =Med & ol 84 a9 ST &1 Bl
2 f& Index Number 4 @& Data Item W Index Number 5 @ Data Iltem @I Place &%
<| I Index Number 4 & d1< & W1 Data ltems &I Udh I R WRGI < | VAT
P W Y Array FHHR @ < m

10 25|32 |100 |95 | 75| 0

&4 Linear Array ¥ Deletion @&T Algorithm TR & H&hdT 2—

Algorithm

1 START

DECLARE LArray[N], I, K

SET ITEM = LArray[K]

REPEATE FORI=KTON-1STEPI=1+1

SET LArray[l] = LArray[l+1] [Shift Data Item to Left]
[End of the Loop]

u A W N

6 END

31 gl Algorithms T 8 f=TgR TIRT @& Program &9 S 8—

Program

#include <stdlib.h>
#include <stdio.h>

#include <conio.h>
ttdefine SIZE 10
main()

35

www.BccFalna.com



http://www.bccfalna.com/

DATA STRUCTURE WITH “C” IN HINDI

int Array[SIZE] = {1,10,20,0};
inti, j, item, id;
char choice;

while(1)

{
printf("\n1. Insert Data Item");
printf("\n2. Delete Data Item");
printf("\n3. Display Data Iltem");
printf("\n4. Exit");
printf("\n\nEnter Your Choice ");
scanf("%d", &choice);

switch(choice)

{
case 1: //Insertion Operation on the Array
printf("Enter Index Number [0 to 9] ");
Label:

fflush(stdin);

scanf("%d", &id);

if(id <0 || id > SIZE-1)

{
printf("Index Number Must Be BETWEEN 0to 9 ");
goto Label;

}

printf("Enter Value ");

scanf("%d", &item);

for(i = SIZE-1; i >= id; i--)
Array[i] = Array[i-1];

Array[i+1] = item;
break;

case 2: //Deletion Operation on the Array
printf("Enter ID ");
scanf("%d", &id);

for(j=id; j<SIZE; j++)
Array[j] = Array[j+1];

Array[j-1] = O;
break;

case 3: //Traversing Operation on the Array

36

www.BccFalna.com



http://www.bccfalna.com/

DATA STRUCTURE WITH “C” IN HINDI

for(i=0; i<SIZE; i++)
printf("Value at ID %d is %d \n", i, Array[i]);
break;

case 4.
exit(1);
}

Sorting

fo¥il Data Structure @& ! Data &I U% gaRerd % # @91 Sorting deaal 21 I
T UHR B B B, AR HH H AT RIS 9 H | ARE %A § Aad &H A &1 Data
List @ gwad H 9 |9 e 719 &7 Data List & i@ ¥ Store 8IAT 8, Sdfd a7z
PH H e 39D AU fohar gl 2 | I e :1feid A9 &1 Data a9 Ugel 9 ™
%H A9 BT Data List § 994 91 # Store &IaT 2 | Data Processing @ 3faid Sorting
BT J&IT: AT AT H gier T R

Bubble Sort

T IS B H M dTell Aad AR dh1d & | 3949 fHdl W Array @ U A
@ AT Array @ TERX HM 9 B o | IfQ Array BT ORI A UIH HE ¥ g1 7,
IRIE A # M & ol R Data &1 UM IF R I Q7 OfaT € 9 YoM w49 &
Data &I T&EX IH W |

fR Array @& TEX A @ JlT AR A ¥ B & AR Al AERT A9 §AR A9 A o7
g Al TR A @ SFTE §ORT A 9 O A9 &1 S TE T A9 X9 & ot 21 af
AT A AR 99 W 99T T8l & d Array @ EX G AR AFF @ I H BIs gRkadd
T faar e 2

AET & RIH URIAT BT A HH d9 db I Sl 8, 9d ddb b AR A9 RIS Ha |
FaRerd AT 81 WY | A ¥ N-1 IR I SIar &, siel N Array & @t d1410 @l G841 2 |
Bubble Sort @1 Algorithm F=HR =

Algorithm

Here LArray[N] is an Array with N Elements. This Algorithm SORTS the Data Items of the
Array

1 START
2 REPEATEFORI=1ToN-1STEP|=1|+1[ Outer Loop]
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3 REPEATEFORJ=1ToN-ISTEPJ=J+1[Inner Loop]

4 IFLArray[J]> LArray[J+1]

5 LArray[J]=LArray[J+1] [ Interchange Data Items ]
[ End of Inner Loop ]
[ End of Outer Loop ]

6 End

Bubble Sort 9 9gd SUART BT 8 W@ List T Sorted 8 3R &ad {8 &1 gHeal
@I Sorting HX BT | Sd SHISAT BT T 31 Bl B, 99 59 fafy § Program @1
Y BT HH B S ®, R N-1 IR List &I alRerd &=-1 gsdr g | $9 Algorithm
BT WINT HRd gU 89 TR U Function 941 S € o1 fBA1 ¥t Main Function
# Call f&ar ST waar 2 | Function FTaR 2

Function

void BubbleSort(int *Array, int size)
{
inti, j, temp;
for(i=0; i<size; i++)
{
for(j=0; j<size-i; j++)
{
if(Array[j]>Array[j+1])
{
temp = Array(j];
Array[j] = Array[j+1];
Array[j+1] =temp;

39 Function # &1 Argument Calling Function 1 3d & | 98¢l Argument % U& Array
%1 Base Address 3mar & fraa fafi= Elements @I Sorting Order # &A1 & @R
TEX Argument # Array @1 Size YT @ SNl | 9k 9 Function ¥ Array &1
Base Address 3Tdl ¥ gWfely ¥4 Function §RT I Sorting &R @8 Calling
Function & Array @1 Sorting &Il 2 |

Bubble Sort @ Algorithm ¥ 89 |HsT & © & I Algorithm List § ¥ ¥e1 ®Ic Data
ltem @I Search &xdT & iR 39 Data Element &I Sa@! Final Position 9 Place &)
ol 21 fBR g lteration # ¥R Element ¥ Y &Rl & AR 9° 8T Elements & ¥
99 B Data ltem &1 @l & 93! Final Position TR Tl © |
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Algorithm # g1 <@ W&d & f& afd Data Items & H&Am n 8 a Outer Loop n dRR
Foral & 3R Outer Loop @ MR WR Smallest Data Find &= & foTg Inner Loop n-i
R Comparison &xdTl & | A1 el Comparisons &1 H&T FA-TJAR &Il &

ElementsE(n) = i=1TonSIGMA( n-i)
= (n-1)+(n-2)+(n-2)+...+2+1
= n(n-1)/2
= 0(n’)-0(n/2)
= 0(n?)
AR § w2 A Bubble Sort Algorithm @' Complexity o (n?) &Il 2 |

Selection Sort

9 UHR $I Sorting # List @1 UIH THIS ¥ TS dxad QU List § ~FAdH A9 DI @il
ST ® IR B9 A @ List & URW # @ feam ofar 21 S9a 916 99 List ¥ 9 R
WM & o) =Aa9 A $I WIell Sl & 3R U 719 &l g M R @ fQan S
2| iR R W & ol I8 A U 2 iR R RIF W WY List § 9 9 gas
A BT G a7 Sar 81 Y BH 99 T dordl 8, 919 b b 9 List @1 Sorting &l &
ST | s Algorithm fFTTgeIR 81T &

Algorithm

Here LArray[N] is an Array with N Elements. This Algorithm SORTS the Data Items of the
Array

START

REPEATEFORI=1ToN-1STEPI=1+1 [Outer Loop]
REPEATEFORJ=1+1ToN-1STEPJ=J+1 [ Inner Loop ]

IF LArray[ | ] > LArray[J ]

LArray[ | ] = LArray[J ] [ Interchange Data Items ]

v b W N -

[ End of Inner Loop ]
[ End of Outer Loop ]
6 End

349 Algorithm @1 Complexity 39 91d &R R &=cll 8 f& Data Structure # Data s
@E ¥ Organized g | I Data T Sorted &1 df 9 Algorithm @1 Complexity &H
BT 2 | oIfeT fx ft 39 Algorithm @7 Complexity O(n?) 3 31fdd &F 81 Febell | AT
Data &7 a1ffia® Comparison n° IR & A&l 21 39 Algorithm &1 WINT @Rd &R
¥R Sorting &1 Function dT&R 310+ Program ¥ Use &R H&d & |

Program

void SelectionSort(int *Array, int size)
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S

v

\

inti, j, temp;
for(i=0; i<size; i++)
{
for(j=i+1; j<size; j++)
{
if(Array[i]>Array[j])
{
temp = Arrayl[i];
Array[i] = Array([j];
Array[j] =temp;

Insertion Sort

39 Method # w¥uf List &I <1 W Sorted Part @ Unsorted Part # el SITal & |
List @ Unsorted Part & U& &1 oidx Sorted Part ¥ STad I W & | T8
gfthaT 99 T dd & ofd ddb fb Unsorted Part @1 9l sdedi Sorted Part #
rafkerd &1 8 Ol | $HaT Algorithm fFTgER 8rar 21 9 Method ¥ a1 ug 81T 2 |

Sorted M &I Ue &R S AN Bl fIffed &=AT 81 8 98l W Unsorted T | S&TS
ATHR Insert HRAMT 21 39 UlhaT # sH18 & fod WM oM & fod 9w saEal &
Right Side # Shift T 8T 8| S 91§ 991N U I H SHIS DI YA HRal < 2 |
39 Method &1 Algorithm e grar &:

Algorithm

Here LArray[N] is an Array with N Elements. This Algorithm SORTS the Data Items of the
Array

START
REPEATEFORI=1ToN—-1STEPI=1+1 [ Outer Loop ]
REPEATEFORJ=0ToISTEPJ=J+1 [ Inner Loop ]

IF LArray[J ] > LArray[ | ]
TEMP = LARRAY[J ]
LArray[J]=LArray[ 1]
REPEATE FORK=1ToJSTEP K=K+ 1 [ Inner Loop ]
LARRAY[ K ] = LARRAY[ K—1]
LARRAY[K+1]=TEMP
[ End of Inner Loop ]

O 00 N O ULl »h W N B

[ End of Inner Loop ]
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[ End of Outer Loop ]
10 End

9 fafsr & Sorting T @1 SN AR 9 SHTSTT B FEIT HH BT 2 | O/ SHIAT Bl
T fre Bl 8, a9 ¥ fafy S 8 8l ife sesal & o She e M Y
AT ® ORI Program @1 T &4 81 ST 2 | 39 Algorithm @I Complexity # &8 &

%1 n—1 9R Comparison &=AT TSl © | 39 Algorithm &7 TINT axd &H AR U
Function g97 \&d & 9 fa=fl *ff Program # Use faram i Aahar &:

Program

void sort(int *Array, int size)

{
inti, j, k, temp;
for(i=0; i<size; i++)

{
for(j=0; j<i; j++)
{
if(Array[j]>Array[i])
{
temp = Array(j];
Array[j] = Arraylil;
for(k=i; k>j; k--)
Array[k] = Array[k-1];
Array[k+1] = temp;
}
}
}

Insertion Algorithm &T T @9 fHar ST Adhar ® 919 Data ltems n @7 AT &4 & |
g9 Algorithm @7 Inner Loop i-1 Comparisons &xar 8 | I

ElementsE(n) = i=1TonSIGMA(i-1)
= 1+2+3+...+n-1
= n(n-1)/2
= 0(n’)-0(n/2)
= 0(n?)

Average Case # 39 Algorithm @I Complexity &1 TR =TT ST AT &

ElementsE(n) = i=1TonSIGMA(i-1)/2
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(1+2+3+...+n-1)/2
n(n-1)/4
o(n?

T < Ahd § & e & Refqai # s Algorithm @1 Complexity O(n?) &Y 2 |
T FITT 8T W & 3@ Input & 31V B 3T¥IEl &7 H Output 7 Print &V /

Program

#include<stdio.h>
main()

{
inta[10], n, j, i;
clrscr();

for(i=0;i<10;i++)

{
printf("enter the a:");
scanf("%d", &ali]);
}
for(i=0;i<10;i++)
{
for(j=0; j<=i; j++)
{
if(alil<alj])
{
n=alil;
alil=aljl;
aljl=n;
}
}
}

for(i=0;i<10;i++)
printf("\n%d", ali]);

getch();

1

U FITT 787 O & 3% Input & 3V B 3qvigl &4 # Output H Print &/

Program

#include<stdio.h>
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main()

{

inta[10], n, i, j, sum =0;
clrscr();

for(i=0; i<10; i++)

{

printf("Enter the a:");
scanf("%d", &ali]);

}

for(i=0;i<10;i++)
{
for(j=0; j<=i; j++)
{
if(a[il>a[j])
{
n=alil;
alil=aljl;
aljl=n;
}
}
}

for(i=0;i<10;i++)
printf("%d\n", a[i]);

sum = sum + a[j+il;
printf("sum = %d", sum);

getch();
}

Searching

™ ueR | fHdt Telephone Directory # f&¥il A/ & Telephone Number @i &
a1 fHA1 Telephone Number & M &rofd €, a1 fadl student @ Roll Number gRT
Student @7 Record WIS SAT & 16 A UBR A TH Key gRT fdefl *ft Data
Structure ¥ 9 Key & I=ifd AR STHEGRT UTd @ ST Al 2 |

S afe g4 Telephone Directory & 223344 Number f&d @afad &1 2 3R 98 =fad
$gl TBdT &, U ST &1, df 89 39 Number @1 Telephone Directory @ & Number
W Compare @xd &, 3iR ST&l ¥ Comparison THEH Hd &Rl &, FHfRId fdd &1 M
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Uar 3nfe 89 99 od 81 39 UHR ¥ U Telephone Number T Key @ U # Use
fpar ST 8, SN 9Tl @) ARG SIMER § <dr €1 I8 ufhar g9 Data Structure @
|rer |l wRd & | Computer § Searching a1 YHR &1 &Il

Internal Search

19 ¥ Records Computer @1 Main Memory # 8Id €, @I Main Memory & @1 ST
arell Searching Internal Search gl 2 |

External Search

19 Records &S 8 & 9 Records @1 & a1fdle &l €, a9 Records @7 Hard disk
R ufed wx forar omar 81 % 39 Hard Disk & Searching @1 SIcit 21 g9
Searching &I External Searching &gl Wil g | Internal Searching @ ¥ a1 91T |

Linear Searching

fpeft eragafRerd List § W Searching #x<1 @ I8 Wea9 Xl fafr & 81 9 foeft
Data Structure Array % &1 I @ror &1, fh 3fw 10 SuRerd g a1 <181 | 98 999 @
forl ta Key Variable oi?T 3iR 39 Key &1 A 10 &x <3| f &8 9 39 Key & A
@ A Array & 2% Element | & | Array @ &% Element & Key @ A9 @1 ol
®1 A ¥ T dP FIdl I8dl §, oid ddb (& Array @ &4l Element &1 /19 10 UT<f =T
81 WY AT R Array @& |1 Elements &1 3id =1 81 SV | $9a&T Algorithm IR
forg SAdhd € | AT gUﬁ'cb AT &1 U Array ARRAY[N] £ 1

Algorithm

1 LET COUNT=1;and FOUND =0;

2  While (COUNT<N)DO
If ARRAY[COUNT] = VALUE then FOUND = COUNT
COUNT = COUNT + 1;

3  Print FOUND

4 END

UE TH AW dPhd B, odfbd 39 ddb-ld H Array & X Element @1 Check &A1
gedr 8, T4 Program @1 Ifa & 81 oIl 2 | 39 f fas # faman mar 28—

Array
| 10 | 5 | 3 | 20 | 4 | 9 | 41 |

|

10
Key
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39 Algorithm R IMeTRd Te U™ <@d 8, ¥ t& Array # Store fafi=1 fel & |
HTATE 3 BT WIoH &, fb 3d 3id List # SUTT § AT 817

Program

#include<stdio.h>
main()
{
int j, k[10], key, found=-1;
clrscr();
for (j =0; j<10; j++)
{
printf("Enter %d digit ", j+1);
scanf("%d", &k[j] );
}
printf("\n Which Number Do you want to FIND ");
scanf("%d", &key);

for (j =0; j<10; j++)
{
if( k[j] == key )
found=key;

if(found >-1)

printf("\n Number is present in The List ");
if(found < 0)

printf("\n The Number is not Present in the List ");
getch();
1

Output 1

Enter 1 digit 4
Enter 2 digit 344
Enter 3 digit 344
Enter 4 digit 34
Enter 5 digit 434
Enter 6 digit 434
Enter 7 digit 34
Enter 8 digit 555
Enter 9 digit 55
Enter 10 digit 5
Which Number Do you want to FIND 2
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The Number is not Present in the List

Output 1

Enter 1 digit 1
Enter 2 digit 2
Enter 3 digit 3
Enter 4 digit 4
5
6
7

Enter 5 digit
Enter 6 digit
Enter 7 digit
Enter 8 digit 87
Enter 9 digit 89
Enter 10 digit 9

Which Number Do you want to FIND 9
Number is present in The List

9 UM H Linear Searching @1 T 8| 969 U8l UH Array # A &1 Input f&ar
T 2| R U Key M @ Variable # aI 8i oid € O List # @I T © | 39 86 &I
Loop &RT Array @ & Element & Check far Sirar g1

afg key @I 36 Array H UT 2IaT & @ if condition < & Wil € @R Found 9 &
Variable # key &T 3% Ura & Wl 21 IfS key &7 3f® list § ured =11 &1ar &, o
found @1 A9 -1 ST f found @7 Declare R FHT & < feam 7T o, Y&l B |

afe List § key &1 a9 e Sar @ @ found &1 719 -1 9 31fdd &1 § 3R Output
Massage fietar g & List # 3f% Suotel © | IfT List § i SUaes =&l 81 & ol
found & A9 -1 89 & HRUT 0 ¥ Bl I8al ¢ | g@ferd Output H Massage U &IdT
g & S of @ o @ € 98 ofd List § Sudter FE ¥ §9 USR A Linear
Searching @1 STl 2 |

Linear Search Algorithm @I Complexity @I ¥ &4 f(n) Function &T TaRT &R& UdT &R
& & | afe f&¥Al Linear Data Structure # n Data & A 99 Data Structure & f&<ir
ITEM @1 Find @x+ @ filv Worst Case Algorithm # &4 2ffidd® n+1 9R
Comparisons &3 11, Safe Ife Data ITEM Data Structure @ 3r=d # 81 a1 ITEM
Data Structure ® AT 8| <Idfd Average Case Algorithm # ITEM & U< &M &I
JHTEET n+1/2 81l B
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Binary Searching

Y IFARH YUY ThiIdb & olfdb SHHT YINT Hac Sorted List IR & fbar S Hevar
2| Linear Searching @ g&= # Binary Searching 98d Fast fd & &9 &=l 2 |
LISINED

Lowest = List®1 =IdH HIH
Highest = List &1 31fddad AM
Mid = List &1 HegHIT

Mid = Lowest + Highest / 2

9 Ufhar | Key & #19 @l List & #ed@d & ol @l oIl © | dfe #eg9= Mid Key
@ AM | M BT 2 A Key & A1 @I Ja List & Lowest 9FT ¥ &1 SRl 2 |

Highest = Mid - 1
@ Mid @& F¢ A9 &1 999 Mid = Lowest + Highest / 2 gRT ura fdar <iram g1 afe
Key &T #11 Mid @& 19 1 1@ 8Iar €, d Key @ A9 @ List @ Highest 91T # @rott
ST € | AT

Lowest = Mid + 1

9o ¥ IWIad A -1 Mid &1 a1 A9 9T {631 Sl © | A %H 99 I dordl &l ©
9 9% b Key &1 A U AT & Y AT List AT AT 81 ¢ | Binary Search @

Algorithm f=TgaR 2|

A1 N Elements @' U& Sorted List int X[N] 2| < Key &1 A9 List # fie Srar g,
Tl 99 FOUND H Store @)A1 ® | 9 I gRT s ARSI &1 BIRET &1 S & 2 |
ROTRTH 1 DT WIS ST T 8 I+ x =1 8|

Array[10]

low = 0;

high = n-1; so high=10-1=9
mid=0+9/2

mid =4

Index Number 4 &R A9 58 g4fely x &1 A9 array[mid] I Array[4] & _TER &l © |

L + [ 2 [ 3 [ ¢« [ 5 [ e [ 7 [ &8 [ s [ 10 |

i

In First Iteration
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X BT A mid & Bl g gafely Key &1 A Array @& Lower Part % 8111 | g9y Loop
% Second lteration # low &7 A9 0 & I oifdh= high &1 #19 Change /@) mid+1 &

SITQT | 3T+t

low = 0;

high=n-1;so high=3-1+1=4
mid=0+4/2

mid =2

[t |

2 | 3 | &« ] 5 | =&

In Second Iteration

Index Number 3 @R Rerd A Key x & AM & sRI6R H8l €, SAfIT X & HF BT I99
Check fam ST & % x &1 A9 mid & 919 & &9 & a1 31f0& | Ifh x & A9 1 &
3R mid 719 3 & $feIT aroT x &1 A Array @ Lower Part % 17| amo¥d low & A
H P uRad &1 8N o1 high &1 A9 mid+1 & ST | I

low = 0;
high=n-1; (mid + 1 )so high=2-1+1=2
mid=0+2/2
mid =1
L+ [ 2 [ 3 [ &« [ s | & [ 7 [ & [ 5 [ 10 |
1
2 | e
= In Third lteration
Mid

3Tl Iteration % x &1 A Array @ UH Element TR UI & SITQT | Binary Search
&1 Algorithm &1 fTgaR forg dad -

Algorithm:

1 Let LOWEST =0 ; HIGHEST = N; FOUND = 0; and flag = false;

2 WHILE [ ( LOWEST = HIGHEST ) .AND. ( flage = false)]
Perform steps 3to 5

3 Mid = Lowest + Highest / 2

4 IF X[MID] = (‘A’) then [FOUND = MID; flage = true];

5 IF X[mid] < ‘A’ then LOWEST = MID - 1;
ELSE HIGHEST = MID - 1;

6 IF(flage =true ) then print FOUND
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ELSE ‘unsuccessful search’;
7 END

Program

#include<stdio.h>
#include<conio.h>
main()
{
intj, n, x, found, count, a[10], low, high, mid;
clrscr();
printf("Number of Elements in the Array ( <=10): ");
scanf("%d”,&n);
for(j=0; j<n; j++)
{
printf("\n Enter The Elements:”);
scanf("%d”, &aljl);
}
for(j=0; j<n; j++)
printf("\n The Entered Array is %d \t", a[j]);

printf("\n Enter The Element to be searched : ");
scanf("%d”, &x);

low =0;
high=n-1;
found =-1;

while((low <= high ) && ( found ==-1))

{
mid=(low + high ) / 2;
if(a[mid] ==x)

found = mid;

else if(a[mid] < x)

low = mid + 1;
else

high = mid -1;

}

printf("\n”);

if(found > -1)
printf("\n Position of the required element ( from O position ) is:
%d”, found);

else
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