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UNIT 01
INTRODUCTION TO DATA STRUCTURE & ARRAY in ‘C’

DATA (ST21): -

TTeT “Facts, Concepts, IT Instructions” T TF Formalized Manner § T Representation a1 g ST &l
Human a7 Electronic Machine & ZT=T Communication, Interpretation, 3T Processing # oIT Suitable graT &I
Data T g8 Characters % Has & Represent ¥ Td g S8 #T Alphabets (A-Z, a-z), Digits (0-9) =T #T< Special
Characters (+,-,/,*,<,>,=) TAT<| T TeT Character, Text, Numbers, Pictures, Sound, a7 ¥ Video st F= «ft 7
AT g1 Data T ST X Process 3T Interpret F¥d g T& ST IAHT Tl HAA TTH AT g 3T ST ht gHTC
T g STARM Z1d g1 == Processed Data &1 Information ¥t #2T STTaT 2|

DATA TYPES (STeT2T89): -

T TRITHHRT Avaro | o1 38 &7 STeT afuae § T@T ST JhdT, S g1 1T 210 Hgl SITdT gl STeT 215
T A998  2Id & I Integer, Character, String, Real e ST #T foReft ot TRITRERT fveret & Ua afiuas § @@ A1
21 29 gY TS T T 2T o ATH F [T 74T 2

TR 3 S ST g9 ®ls Variable Declare F3d g, @9 FFITSAY [ A TdATHT 2F1T #ht F0aer | fohey
THRTL T TTET TEIT HTAT AT &, THH HFATSAL IAAT gl HHILT T U Fl FIET HART | T&T9 FHLdT g

DATA VARIABLE (STeT 3fXuam): -

Computer Memory & Data T Store &= & foIT Variables T YIRT 33T SITaT 81 #fw o =T Data
AT Operations Perform FXAT FTgd § aT % (o7 Ta& gl AT 38 Computer 3T Memory ® Store FZAT
T=dT 81 UF Variable, Memory & f#T Location =T sTH 2raT | I 19 (T Variable) 37 Memory Location &t
Computer #T F9T Memory & Uniquely Identify T3 = fora st foram simar & s <&t 918 % 17 39 Memory
Location & Data Store F¥d g 3% 39 Data &l I: YT Fd |

Variables #T Values Changeable EIdt g1 3T T& Value T 1Y AT Value ST Ihd gl UHT 3T
Compile Time 9% HT %< ¥d g 3T Dynamically (Program Execution & ZTT14) st #¥ Thd 2|
S LIl - int Age = 25;

=9 Statement % ZTET T Integer Variable Create fram 1 &, fSreeht 918 Age & 3T =9 Variable #T 25
Value Assign 3T = g1 ST Compiler &¥ T8t int T Execute F¥AT g dT a8 Computer & Memory # & 2 Bytes
#T Memory Allot F¥AT g1 T8 a1 sTa Compiler Age FT Execute F¥dT g T ag 39 2 Bytes T Memory &I Age
T T AT gl T8 a18 St Compiler = 25 #T Execute AT g a7 dg 25 &I =8 Memory Location 9% Store F¥ <aT

El

CONSTANT (Fe=): -

Constants 3T Variables g & et Value Program Execution & T+ To&T 1< ot Change g1 It
21 St AT ®IT Constant Declare F¥a g dT Program = Execution % 79 38T Value Fixed TgdT 81 afe T&eht
Value Change F T FITeTer T STt & aF Program ® Error 31 ST 81

C Language  Constants & Types & gId 2|
a. Constant Literals.
b. Constant Variables.

a. Constant Literal (Fi=eee fereet®): - Constant Literals THT Values gicT g fSe= smT Program # Directly Use
FLA gl AT y = x+2; I 7T Statement H 2 TH Constant Literal g1 T& Program % Execution 3 <19
Change &1 f3aT ST |=haT g1 I U Literal Constant T YT Program # &% SWTg 9% 4T g, 3T 39
Constant FT Change F¥ il SA9TFHAT gIdT & af 39 Manually & < Program & g% SiTg Change F<AT gl
THTIT Literal Constants T ST FH & FH HXAT AT T




b. Constant Variables (Ff=ee aXused): - Constant Variables T Variables #T d¥g Declare F%d gl Constant
Variables T ST FT T HIFET T g 972 § Constant &I Change F¥AT 92 aT 38 Program ¥ &% Constant
Variable FT Value Change F<d g 3fi¥ @€ Program ® ¥ SiTg Change T SITd1 8l

DATA TYPES (STeT2T89): -
T TRITHHT e | o1 38 &1 STeT afuae § T@T ST JhdT, S g1 1T 2T Hgl SITdT gl STeT 215
T d98  gId g 9 Integer, Character, String, Teal 3Tfx ST T FoReT AT STUTRRT et ®§ U afuas § ¥ AT
21 =TT TS T TTET 22 6 AT F [T 74T 2l
TTLTIOT AT | TATIHIT o 49 ST g9 s Variable Declare F¥d g, T SITTeh! FFITSAL I Tg TqTHT
T T o JRUae | o T FT ST T2 HTAT ATed 8, THY HFITEAL 3T gl FHRT 39 Juae &
FOET HHRT | T&T9 FHLdT gl
a. Character Type (char) (F¥FY).
b. Interger Type (int) (3fFesT?).
c. Floatting Point Type (float) (F=TTTem).
d. Double Type (Sa<1).
a. Character Type (char) (¥¥&2%): - Character Type T Ts Character T&I¥ e & [T I FHIT STAT B ST 2
et | fRarss o 21

Data type Size (Bytes) Range
char 1 -128 7 127
unsigned char 1 0# 255

b. Integer Type (int) (EFESX): - Integer Type et ot U Fa< (9T T9HAT AT HEAT) AT T FHLA o o7
Tt F°d ST 21 Integer 2T 5 T&TT & 1A g1 BT T THT T0T FaH &l T2 Hd 5| AT HHT AT 31T
IS % 99 T T AT TAT 2

Data type Size (Bytes) Range
int 2 -32768 & 32767
short int 1 -128 7 127
long int 4 -2,147,483,648 ¥ 2,147,483,647
signed int 2 -32768 | 32767 (AITed et o form)
unsigned int 2 0 & 65535 (Ttforfee aogst * form)

c. Floating Point Type and Double (float & double) (FATTET T Ta): - Floating Point 22T 2129 T9MHed AT
HEATHAT Tl TIT HLA & o0 (ST f3raT 13T 81 Floating Point S2T 21T 2 %8 & 2Id gl ST d1SsT 31 <o
& a9 9T qteT AT 21 float TET F T IeHAT F a18 7 Bfoed 9% €1 FT Fhd gl TAh oA 2129 |
FHAT & 918 17 =Bfoed a& = 7 Srasd gl

Data type Size (Bytes) Range
float 4 3.4E-38 § 3.4E+38
double 8 1.7E-308 & 1.7E+308

DATA STRUCTURE (STeT &F4X): -
U g d¥g & Data &I Store 3T Organize ¥ ATT T T Problems T Solve T&T ¥ Tahd
21 ST AT qLE T Problems FT Solve A # oTT STIHT T T q8 & Data Structures Create Fee =t

ATTIAFAT BT B




DATA STRUCTURE
I
. 1

PRIMITIVE TYPE NON PRIMITIVE TYPE
I
char LINEAR | | NON LINEAR
int Array Tree
float Stack Graph
double Queue
LIST

¥ A8 * Data Structure FT Data Organization Mechanism 3 Operational Behaviour ST T ST T AT &

ST 39 gE¥ Data Structures ® 3T S4TdT 8| UHT g1 Characteristics & 3T&T¥ 9% Data Structures T 3T 37T
Fforrt # farariora T = 81

1.

Primitive Data Structures (Rfafea ster &=): -

u% Data Type TRt Specific Type % Data #T Store ®<= % foIT Structure Provide F¥AT gl THT

Programming Languages gT<T Provided Primitive Data Types #T WT Data Structures &I ®THT SITaT g1 ¥ Data
Structures Primitive Data Structures FgeTd gl

iii.
iv.

V.
2.

char - Character (215) Store F¥ & form)

int : — Integer Data Store F¢ & form|

float  : - Floating Point Data Store &% = ferm|

double : - =g Data float T T¥g &f BIAT gl TH IMHAT & dTx 7 & T2 Values Store FT & ToIT T[T
T StTaT 2l

boolean : — True 3 False Values Store &%= = form)
Non-Primitive Data Structures (At fifffes ser =) -
Primitive Data Types & Combination ® Non-Primitive aT User Defined Data Types Create T ST &

ZATrT User Defined Data Types &I Non-Primitive Data Structures st #gT STaT g1 Non-Primitive Data
Structures IT STRT T Type & Primitive Data Structures & Combination & &Y = gId g1 IITEL & [@Q
T Integer Numbers #T Array Non-Primitive Data Structure ZraT g1 Non-Primitive Data Structures T (Linear
aﬁ'{ Non-Linear) & Categories ¥ Divide =T T 1

Linear Data Structures (FifA¥X STeT &#=X): - Linear Data Structures U# Data Structures gTd g ST
Elements T Linear Sequence ¥ Store ¥ g1 IITEL o oIT T Array % Elements Continuous Locations <
U T8 U Store gId gl SATHIAL STET TEFAL & T -

Arrays (UX): - W& Array =& Simple Non Primitive Linear Data Structure ZraT g1 Array ® Elements
Contiguous Memory Locations # Store T3 ST g1 T+ Array Same (Data) Type # Variables T Collection
graT g S T Common AT = 1T Present 3T STTaT g

Stacks (¥¢#): - Stack T Linear Data Structure g fS/e# Elements T# &t a¥% & (Top) Add i< Remove &
ST g1 Stack  Elements ST 1Y Organize TRar ST 8 S wehte 36T Restaurant ® Plates &7 (T & 39T
) Organize TRaT SITAT €1 Stack & Tr# Last ® Insert fRaT 19T Element Ta& 987 Access g1dT & i qa&
g Insert FRIT 13T Element @<+ Last § Access 21T gl

Queues (FI): - T Queue UHT Data Structure ZraT g fSTEH Elements T T dT% & (V1= T 9<% ) Insert
TRIT STTAT 8 i 9T a9 F (AT T a7 ) Remove T Sirar g1 5 w1 oima FRET Line ® @2 g1d 997




T AT § @2 gra 8 3 Service T % aT8 & 3N & T4 g1 SHT TH1¥ UF Queue Data Structure st
“First In First Out Order” ® #T¥ FaT 8l

Singly Linked Lists (FERTeft fef#rg forFe): - & Linked List Data Structure Elements #T Linear Collection ZraT
2l Linked List Data Structure ¥ T# Element &< Element &T Point F¥aT gl g% Element & |TT TF Next
Pointer IT Link Node ST g% gIdt g ST List % 3RTeT Element T Memory ® Point F¥<T g1 Linked List % gT=T
Arrays T Drawbacks T Overcome F¥ 9Td g ¥ U UHT Data Structure ITFRT ¥ 9Td g ST Memory &7
Tt Utilization AT g 3 fSE# Operations SETHT & Perform 7 ST 5130t 81

. Non-Linear Data Structures (Ai9 shfAa¥ STeT &#=X): - Non-Linear Data Structures T#® Data Structures

grd g fS=# Elements Linear Sequence ® A%l Store BId g1 3aTg<0l & forT U# Tree Data Structure &
Elements T Linear Sequence ® g1 Store =T SITAT § 29T Tree T+ Non-Linear Data Structure gTdT gl
T NTT STeT T & T -

Trees (&1): - Tree Data Structures T YT U Data T Represent ¥+ & forw foram strar g e fBeT Entity
3T 39 Attributes & Hierarchical Relationship 2Tt 21 Tree Data Structure ® Data 3fi¥ 35ht Entities Parent
Nodes 3= Child Nodes & 7 & Represent & STt g1 U Linked List § T# Node T ga<T U g Node FT
Point AT g ST U Tree Data Structure ¥ T Node = Nodes #T Point F¥ Tt g1 Tree Data Structure
# Child Nodes T dT Child Nodes g @& 2|

Graphs (ITF): - Graphs Non-Linear Data Structures gTd & fSIFeRT YIRT #< W1 & fRaT SITaT €1 Graphs &7
AR Electrical Circuits % Analysis & foT7, Shortest Routes g&+ & forw, Project Planning % forw, Highway,
Landlines 3% Railway Lines 3% T Represent &% & forw ff Graphs T ST 362 StTaT 81

Difference Between Linear & Non Linear Data Structure (fif9=a¥ U 719 Shi9a< =1e1 T=a=7 § 3d7)

SN. LINEAR DATA STRUCTURE NON LINEAR DATA STRUCTURE

o1 UHT TTeT TFA< Sgl STl THged el UF o d7& Uah | UHT STeT TeaFaT gl STeT [Rghea il d<s dal Lgd
ST T2 B § TAT I Teh THY & ST AT AR | S gld gl

02 THH 1T § ¢a9 U gl 39 | SETHT & 3T ST | SHH STl ¢a9 U ol T4 H gl (g7 ST dehaT
Tl 2|

03 | TH ATETHT & SAAT [T ST ThaT 2l TH SAAT A H agd @l HIoATS 2l &l

04 | z&H HHIT qfeATSSI9 Tgd 1= F 7ol gldTl THH HHT ICATSSIAA Tgd = | gidl

05 | =& UF oad § TFATHE (ohaT ST T TH Hee! ofad § SFATHE AT JTaT g

06 | THehT ISZTLIT: - Array, Stack, Queue etc. AT 3agL0T: - Tree and Graph

ARRAY (X): -

Array T Non - Primitive T9T Linear ST ¥2a4< § ST &l Usk 819 (Similar) 2T ltems FT 99z AT &,

FATT T T9F U gF TR1 o ST (AT a7 T T7F T4T Integer ST T T21X FHT A7 T F44T Floating point &7 AT
UHT ToRTT T 7T STT 2T o STeT &) &f T HdTl gl Array ST TFa¥ &l TR SeT aAteolaed & dHg &l

TR FLA & ford fraT STTaT 81 Arrays T Static ST Fgaa< § T9Tq 89 #aa Compile Time # & HHT &l
Allocate ¥ T g 3T TH Run-Time ¥ 975 dg! 9%d 2

AT SATfora et Company ® 200 Employees g 3T 39 ATH [ Store 3T SITEIT 81 TT< 200 Employee %

T 200 Variables Create 337 3fiT 37H Store [ df I UH agd af Complex Approach ZRfTl Arrays UHT

Fac

ility Provide %t g T3 s T8 U= Variable Create %< i< 39 Cariable § 200 Employees & ATH (IT ST ot

Information 3T Store FAT AT 8) Store T Bl

Characterstics of An Array (X Ft foreara): -

a. UL TF gl ThTY o STeT 9o [ LT FLal gl
b. UY T TTATE HHILT ATRTT H STT 907 &l LT Hal gl




C. T T ATH &l TEI9T FAT g 3T Al UL HT TIH T 94 &l L2 FHdl g

d. WWHTIZHFT 'O FITFET AT 2 3T ‘N - 1" H i grar gl

e. UYL T AT &l ITFA H T Declear FT [T ITAT g1 90T AT T Run Time § 81 S&eT ST @ahdT |

Advantage (dT¥): -

e Array & smaTT & Implement 3 ST &&haT 81

o T EI YT o AT 22T Items T Hael U ATH * GTLT T&T97d AT ST ThalT 2

e Array U& g T9T § 37 22T ltems FT T21¥ ¥ ThaT gl

Disadvantages (81f): -

o Array % GTXT §HIT &7 Waste gIaT gl

e Array U Static ST T2Fa< g {STeeh 10T THHT Size Tg & &f Define ZraT 2l
gH Array ¥ TF Element T Delete T Insert ¥ & foTT IX Array & Traverse F3AT 92T gl
Array % 9T¢ Variables 9T # Contiguous Locations H sTITq U % a1 U X gId gl Subscript #T d&aT

F AT I Array FHTOId d19 T % gId 8. -

a. One Dimensional Array.
b. Two Dimensional Array.
c. Multi Dimensional Array.

a. One Dimensional Array {1-D Array} (3 STHHIA UR): -

AT Array S Fae UF Index IT Subscript FT Y21 33T STAT € One Dimensional Array {1-D Array}
FZATAT gl THH Row IT Column H BT &l T FHAT JTAT g1 T8 Ta9 93 Array giaT & SEet ST §&d:
String Manipulation T& Linear & | 2T &l T[T F¥ & {10 AT STAT 81 29 Array ¥ &T2 Value Store &% aT
Access T # TorT Zeeht Index &7 Use AT STaT @1 1-D Array ® Design 3T Run Time =191 & Values #T Insert
T ST =eRaT g1 Design Time & Value Store ¥ % o0 Array Index =T Curly Brackets {3} T Use f&am Srar

El

! ¢ i l ¢ ARRAY ELEMENT

(4[01 ﬁ\lll (XIZI Al3] ﬁ\lﬂ (\l’*lﬂ

5+ ARRAY INDEX
Example: int A[6]; =& Declaratlon ) A[G] w0 @( 5 Index @ AT 6 Values Store T ST Tahdt 8

b. Two Dimenstional Array {2-D Array}(Z_STEHHIAH UX): -

UHT Array RSIE# T Subscript T 3RT 79T SITaT 8 Two Dimensional Array {2-D Array} FgdTar gl TaH
Row T& Column T § ST &l TIX AT STAT g1 THHT TIRT J&ad: Spreadsheet Software s9TT T Matrix
Manipulation H =T STaT g1 T& Array of Arrays WT &gl SITaT g1 TEeT Struture, Matrix &t dg graT g1 9
Matrix Array #T Fgd gl




COLUMN

——

Wi - 7

T 1 A[1j[o] | Ay | AL | ARI3]) /
FIRST “ ROW

INDEX () | an01 | o | agoyz) | Awore)

SECOND
0 1 2 3 —% INDEX

THET Syntax 2: - {data type} {array name} [row size] [column size];

e data type: I Define AT & T Array ¥ f& T T Data Store ZRTI

e array name : I Array FT 9TH gIaT gl

e row size: I Number of Row #T Define F<aT gl

e column size: I Number of Column T Define T |
ITRTYOT  forw: - int A[2][4]; 9 Statement & T 2*4 2-D Array SI=aT g fSTEehT ATH A’ 3 Data Type ‘int’ gl
=94 2 Row 3 4 Column gl

2-D Array, 1-D Array Ft Array grdt g1 ¥ 1-D Array &T Address / Index 0 & Start graT g 3T 2-D

Array o, Index Two f2fSre #T grar & T# Row & Index #T Value gTdT 81 T Column FT Index graT 81 2-D
Array T &1 TohTY & YT FohaT SITaT 2 -

i Row Major Ordr (X HST< 3E9).

. Column Major Order (FIeTH HSTT 3TET)

. Row Major Ordr (X} #SX 3MEX): - =0 HAS H 2-D Array T TgaT o9 Row T 3T TAIT S
Column =T T&TT FTAT g1 THH STl & LT 9T Row by Row &2 SITaT &1

IITELT; - {19 1fora Data {1, 2, 3, 4, 5, 6, 7, 8, 9} U 3 x 3 Matrix &T g 4T =& 2-D Array % Row Major Oder

 Store 3T SITHT g1 & A9TE 98« Row & {1, 2, 3}, T8¥ Row ¥ {4, 5, 6} T &< Row ® {7, 8, 9} gIIT @=IT

Ar3eqe RATER g

OUTPUT
3 x 3 MATRIX 0 1 5

1 2 3 0 1 2 3

4 5 6 —> 1| 4 5 6

7 8 9 2 7 8 9

Values are Store in This Order: -

A[O][0] = 1; A[0][1] = 2; A[0][2] = 3;
A[1][0] = 4; A[][1] =5; A[1][2] = 6;
AL2][0] =7, Al2][1] = 8; Al2][2] = 9;

Tf< 2-D Array #T ITH#A® Address 2000 g T4T & Data Type ‘int” g TSEeT dT25 1 Byte FT gIaT § ad dq¥atad
TTeT T Address HHTIHTE ERIT: -

A[0][0] = 2000; A[O][1] = 2001; A[0][2] = 2002;
A[1][0] = 2003; A[L][1] = 2004; A[1][2] = 2005
A[2][0] = 2006: A[2][1] = 2007: A[2][2] = 2008:

Row Major Oder 2-D Array ¥ f3#T Data #T Location / Address FTd ¥ T Formula Remqame g: -

A]IK] ) (Loc A[m][n]) = Base + w [K (m-1) + (n-1)];

STgl I - A[m][n] = 5% Data Value FT Address ST &¥AT 8l

Base = Row Major Order 2-D Array =T ITHF= Address|




= Data Type T Sizel
= 2-D Array § Column =t e H&T|
= Data Value % Row T H&TI
n = Data Value % Coumn #T §&T|
Column Major Ordr (FFH HSX AEX): - TH HAS H 2-D Array &7 TgdT 22 Column T ST gET
2T Row T (9T YT g1 98 STT &1 #21¥ Column & Row ¥ FoRIT SIT4T 21
ITELT; - ATF 191 Data {1, 2, 3, 4, 5, 6, 7, 8, 9} T 3 x 3 Matrix T & T4T & 2-D Array & Column Major
Oder # Store fFaT ST 81 @9 =TT Ig«r Row ¥ {1, 4, 7}, L Row ¥ {2, 5, 8} TT d&< Row # {3, 6, 9}

[N A LIS LISTEAT (4 ﬁmgw{ IR

3 X =2

OUTPUT
3 x 3 MATRIX 0 1 5

1 2 3 0 1 4 7

4 5 6 —> 1[ 2 5 8

7 8 9 2 3 6 9

Values are Store in This Order: -

A[0][0] = 1; A[0][1] = 4; Al0][2] =7;
A[1][0] = 2; A[][1] =5; A[1][2] = 8;
Al2][0] = 3; Al2][1] = 6; Al2][2] = 9;

TfT 2-D Array #FT 919 Address 2000 & T4T € Data Type ‘int’ g TSEeT @721 1 Byte T 2IAT ¢ a9 q¥ated

TTeT &1 Address F=THET M1 -
A[0][0] = 2000:
A[1][0] = 2003;
A[2][0] = 2006:

A[0][1] = 2001;
A[L][1] = 2004;
A[2][1] = 2007:

A[0][2] = 2002;
A[1][2] = 2005;
A[2][2] = 2008;

Column Major Oder 2-D Array T fopat Data T Location/Address ITd &3 BT Formula
A[]K] T (Loc A[m][n]) = Base + w [J (n-1) + (m-1)];

WEIWR: -  A[m]n] = {319 Data Value T Address I HRAT |
Base = Row Major Order 2-D Array oI UTRYH Address |
w = Data Type &I Sizel
J = 2-D Array H Row P! gl IReT |
m = Data Value % Row 1 T |
n = Data Value o Coumn 1 T |

c. Multi Dimensional Array (A&l STIHIAH UX): -
AT Array TSEH &7 & ffers Subscript T Y27 fRaT ST € Multi Dimensional Array FgeTdr g1 aH
Subscript T HEAT 3, 4, 5 AT ‘n’TT TFAT 5| T TGH HIST Array gIaT gl ST TIRT &ad: 3D Structures T

ZOTT o TorT T3 SITaT €1 39 Array of Arrays of Arrays 9T FgT SITaT gl

THIRD 3
INDEX T 1 2// // _
0 " |
1 |
FIRST
INDEX
" |
o 1 5 _ , SECOND

INDEX




Insertion in Array (O% # S1ST): -

Program to Insert and Delete in an Array: forait Array T gfe SIvTe Iudas g1 dl 'Tsc sﬁ'sc Gl Array & AdH
ST BT W@Fﬂ%l GRS Array%WﬁTaW Index Number TR Value T Insert W@Fﬂ%
?ﬁ%ﬂ%ﬁﬁf Array & ST Element & 91 :l'sC $0b|§ e % 39U d1¢ & TN Elements &1 Uh-Udh B[ 3
qﬁmﬁa%mw% ﬁ'T{:iEValueﬁArrayﬁ@ST\_rﬂﬂT%I

gfe BH Array H Value Insert H3 I EIB@I fOrT R W Value Insert HIAT %‘ I M & gt AT Bl
gferTfd T8t & g df SHRT 4T Value Q?'Ief Value TR Over Write §1 ST g |
HIAT Uh Array A[N] % I N Items %"I <9 Array & Index Number K TR Udh Element ITEM B Insert HIAT
g OIdfd 8 3 AF R Iad & 1% 39 Array T 31+ a1 ®IF § {5 80 S0 747 Item Insert R T | fds gH
Index Number K U 94T ITEM Insert W%Wgﬁ Index Number K &1 JTcll AT EﬁTﬂ difd =47 Data
sﬂﬁ Store Eﬁ s | FIfds 4T Data Store B %m BH Index Number K UR GF'I%’E‘IT?% % sﬂﬁﬂq Bff Index
Number K I Array & A< Data Items P & IHI Data Items &I Udh RIT Right H Move BT EﬂTﬂl <
Ufshar 1 g4 Y o gRT 99e 9ahd ©-
A[0] A[l] A[2] AI3] A[4] A[5] Al6] Al7]
Al8] 10 | 25 | 32 | 45 | 95 | 75

0 1 2 3 4 5 6 7
MT K BT M 4 g a8 Index Number 4 - 1 = 3 &1 @Teil BT 8T TIHT B W Index Number 3 & &G &

Tt Data Items Y T VI Right & Move HRA1 8NN U1 B W A Array FEHER e -
A[0] A[1] A[2] A[3] A[4] A[5] AI6] Al7]

Al8] 10 | 25 | 32 | 100 | 45 | 95 | 75
0o 1 2 3 4 5 6 7

Deletion in Array (8% H geT): -
Bt Array & 31f<TH Element 1 Delete AT HIBT H BT 7, Afb oF Bt Array & fodlt 3
Element &1 Delete foaT ST % dl Array & 39 Element ¥ 3T o TH Elements P T I Ul Ufa=ATiUa
WU%HT%I gfe T A1 fohar ST oY fS99 R & A &) Delete fHa1 797 8 39 R W Garbage HH Store
g ST ]
T fo T Array A[N] % fSRIH N Items %I <Y Array & Index Number K OR f&Ud Element & Delete ®A1
gl i[%%ﬁ Index Number K TR fUd Item BT Delete T I8 § 3UTAY 84 Index Number K & &G & It Data
ltems BT T RIT TS B R Move BT 81T 3 UichdT ®I g4 9 o gRT 90 Wb &-
A0l A[1] A[2] A[3] A[4 A5l A6l Al7]
Al8] 10 | 25 | 32 | 100 | 45 | 95 | 75

0 1 2 3 4 5 6 7
Zﬂ%%ﬂ K T A 5 A dT Index Number 5 - 1 = 4 & Data Item 1 Delete W%I olid 8H Index Number 4 &
Data Item @1 Delete AT ?H'E!?f % ar Eff Jy gd-l _spf DAl % f& Index Number 4 & Data Item TR Index
Number 5 @ Data Item @1 Place X ﬁl T Index Number 4 %EH'C{ &% gHT Data Items BT Uh &[4 3T TRPT

ﬁlﬁmaﬂe{mﬁArrayﬁ'EHRﬁ'@gaW-

A[0] AJ1] A[2] A[3] A[4] A[5] AIl6] A[7]
Al8] 10 | 25 | 32 | 100 | 95 | 75
0 1 2 3 4 5 6 7




Array Searching (R | - G &1 312f § “Gar a1 WIS, W ST IR H “Searching’ I8 Ui 8
forge faaft Element @1 fere & WioT S1TaT § 1 fb Ueh a1 U ¥ 31 Condition &) Iy BTl |
Types of Searching: - T ST }aaR | Searching & foIT 8 &) ddb-iidb] &1 TANT &d & -

a. Linear Search (?m%RZIT ?Ef)

b. Binary search (Eﬂg_vlﬁﬂ?f)

a. Linear Search (SfaR I=h): -
éﬂﬁ Sequential Search ﬂ-ﬁm %I <Y Searching Wﬁﬁumﬁ ¢l Element &1 a9 d& Udh Udh XD
foRe & UAP Element & IT1Y Compare WW%WW% Elementﬁlﬁ:@'\_yﬂﬂl @ﬁﬂ‘@lﬁ%ﬁ
U T Element &1 foe & UYH Element & 1Y Compare fopa e § Tfe GFY Element TH Y9 8 A1 8
Index Value e &xaT g -Te ot -1 el @xar g1 fiik 39% a1¢ fAU T Element ﬁ%ﬁ%gﬂ% Element
& Y Compare frar Srar 8, afe S Element THH 8 A 98 Index Value Res @ar § 7gt a -1 Re
TRl g1 3 UHR T feRe BT Compare faram ST § S1d 9 & Element a8l Il 8, 7R TR fore
Compare & b d1g HI Element a1 e % dl ¥ Unsuccessful gl SIET | dg Jo W Searching

qH-11d § TR~ SUH JHY §gd T 8 |
A[0] A[l] A[2] A[3] A[4] AI5] Al6] Al7]
Al8] 10 | 25 | 32 | 100 | 95 | 75 | 29 | 63

0 1 2 3 4 5 6 7
Search Element = 75
Step 1: - fau T Element (75) @I foe & YT Element (10) & 1Y Compare (dcI-0) foar Sirar %’I al
QWTIH-TE?[%F?[ Retrun -1 WE‘H@% Element H SIIRIT |
Step 2: - %Q T Element (75) Pl foae & w Element (25) & 1Y Compare (1) foar Sra %‘I L]
Qﬂ'ﬁlﬁ:@?{?ﬁ Retrun -1 WE‘HW Element & SIRIT |

Step 6: - fQU T Element (75) P! fae & ©ed Element (25) & TTY Compare (&) far Srar g1 gF1
UhgJHq %‘ al Retrun Index value 5 B3 Successful Search fiie & |

b. Binary search (3R} ¥d): -
OId Pg ST STCT WHaR BIdT § al Linear Search H §gd 31 THT @ Il §, ST Linear Search &t

HH B (X A D fam Binary Search Ca| Develop forar | Binary Search dgd HIGE! Searching SENRYH %
STt Time Complexity O (log n) €, I8 Divide & Conquer Rigid TR 3MenRd g1

Binary Search %ad 3! fore # o1 S Tavcll € SN fob Sorted (HHAR) &Y, 39T UaNT Wt fore #f 7161 =

gabd ol b Sorted Order ff"-lﬁaf%l E%W | ﬁmﬁr Element ! feRe & Middle Element & ITY

I B! Sl B 1 afe S THEAM § O 98 Index Value Resi ol §1 3¢ T GHM -6l 8 dl 89 Check

W%%WW Element, Middle EIement@[EST%HT@ETI

gfe 98 BieT 8 1 81 fore & o1 YT § Tt ufshar Sre=iad|

%ﬁqﬁaﬁa@%ﬁﬁﬂmaﬁémﬁqﬁmﬂ%ﬁ@?%w deh YN od db b Element et
NIGH

A[0] AJ1] A[2] A[3] A[4] A[5] AIl6] A[7] A[8]
Al8] 10 | 25 | 32 | 45 | 57 | 64 | 71 | 85 | 91
o 1 2 3 4 5 6 17 8

Search Element = 32




Step 1: -fau T Element (32) I fore & Middle Element A [4] 3rfd (57) & Y Compare (i) foar Srar
%I aHl QWTIFT Tl % dl Retrun -1 X 89 T8 ddh B PI Search Element, Middle Element ¥ BIeT %’ g7
qgl, ZIBT UX Search Element, Middle Element q JleT % dd gH Middile Element & qg?[ ara %‘{@[ T Search
Element &1 Search®dl |

Step 2: - Y: Element (32) ! fore & Middle Element A [1] 3rfd (25) & 1Y Compare (i) foar ST %I
ﬁ:h UhHHH -Te?f % I Retrun -1 ®X BH dog P Bl DI Search Element, Middle Element T BIeT % gl dgl,
TGl IR Search Element, Middle Element CE & I 89 Middile Element & @% drat T I Search Element
&I Search® 1 |

Step 3: - Y: Element (32) ! fore & Middle Element A [2] 3rfd (32) & 1Y Compare (i) foar ST %I
Al UhHHH % dl Retrun Index value 2 X Successful Search flie & |




UNIT 02
STACKS AND QUEUE

STACK (¥&): -

Stack Teh TIAW YRR T Linear ST FEaaR &IdT & oIl fob LIFO (Last In First Out) & f&gled o
P PIAT & 37ATT I Item ST D I 3T FH Add FFIT STaT & 38 IIQ Ul Remove & &A1 S1AT
T dUT SN Item FIH Ugel Add foRaT ST § 38 Fa@ 370 # Remove foam SITdT &1 SHET FILO (First
In Last Out) T gl ST TehdT & |

T Data TIRRIA WWHIA (31T Tforde Add T Remove) & & folT T Particular Sequential
3TET Tiell HIAT &1 STel U U 37SeH &l Addition TT Removal 31T Same End & 81T &1 39 End
Point &Y Commonly “Top” & #TH ¥ US &Y Opposite End &Y “Base” #TH ¥ STl ST &1 ¥eh bl
Base 3T$¢d a8 SUTET ISH o &) dTell TTeldie aidT & FATh T Tad Ut Add &Y fom Srar &
Td SHP! I 916 7 Remove ToRAT SATAT &1 b A I He HI db I8 aTell Tferdic Top Tferde
BIdT & ST & ga& Recently Us feram 1|

Example: — STa 8t 37T Stack of Trays or Plates 2@d & Td 37T Ueh Tolc ol BIdT & ar 37T
HIH U dTell (S1T) Teld T Ul 331 & Ud 3Heb d1G dee TalcH | HIH A1 @Y 30T Tl Jad
916 A 3O ST & ToId I Tole &l SR |

] TOP ]
PUQ 1 ﬂ;)bp
]

Stacks Features: —

o IE UH SIAHAD 31T TTF &

o ITMT PIS T Fixed TSI TSl oidT|

e IE UH Fixed Amount of Memory @& AT cT|

o T P ASST & Push() TS Pop() 3TIRRIT & a1 o BT &

Basic Operation on Stack (¢ o e 3TUer=): -

1. PUSH: — 519 Stack & @IS Item Insert T SATAT & A @& Operation Push Operation ShgelTdT &
Step 1 — TG UGl Stack & TETH &l Teh [ehaT ST & Toh A 977 g3 Al 72T &

Step 2 — 3R T Pel BNl & T I§ T AT & T Exit Y ST &

Step 3 — 319X ¥¢eh Full T8 & df <IT # 31eT TferdAT &Y U ek Top deg &l U Increment Y &l & |
Step 4 — Push 31TURR Taie BIdT &




2. POP : — 519 Stack & @13 Item Delete foFaT SITAT § AT @& Operation Pop Operation THgeTdT g
Step 1 — TaIY Ugel Stack 3 T&eH Y Ah HIAT & fop TEh Wrell dl 18 &

Step 2 — 3R TEh Wrall & dl TR HAST & Y Exit AT &

Step 3 — 3T9R Th Wlell A% & al Top 31T TfordAe Pl Access AT &

Step 4 — Top do Pl Teh A I &l & 3R TIT TfHT T Remove H ST &

Step 5 — Pop TR HFUlIC BT &

E E
TOP— ¢ T0P— s |
|
TOP o 5 D D TOP — D !

C : S
TOP VALUE INCREASE “4 TO 5” TOP VALUE DECREASE “5 TO 4”
PUSH OPERATION ITEM “E” POP OPERATION ITEM “E”
3. PEEP: — 319 Stack 3 for&T Particular Location & Data UTd fohaIT ST & df a% Operation Peep
Operation HgelTdT &

4. Update: — ST Stack @& foR&T Element &T Value Change @I STt & @ d& Operation Update
Operation &gelTdT ¢ |

Underflow: - If& Stack Empty & (Top = = -1) 3iR 3831 & fhar Element T Delete Tl T UITH
fopaT SITT &Y TEY Situation Underflow ShgardT &1
Overflow: - 3If¢ Stack Full @ (Top = N — 1) 3iR 38 AT Element Add & &7 9T foham S at

oY Situation Overflow HgolTal &1
TOP 2 | TOP
4
TRY TO DELETE 8 TRY TO INSERT
ITEM 4’ 9 ELEMENT <3’
6
BASE 7 BASE

EMPTY STACKTOP==-1 FULL STACK TOP =“N-1”




Applications of Stack in Data Structure (¥¢cb STeT FgaeR & JUAIN): -

1. Expression Evaluation: — T¢e T UITIT Prefix, Postfix, LT Infix Expressions & Evaluate &<t
fore fopa STar &1

2. Expression Conversion: - T Expression @ Prefix, Postfix IT Infix Notation # UEdd o ST &
Stack @hT UITIT Ueh Expression & Form @l g@X Form 3 Convert ehel & fert fehdm ST &

3. Backtracking: — Backtracking T 37 & arad W STAT| ATAT 6 §HAA Maze Problem (3{eT #eia)
&I Solve Tl & foIT T Path (&) T ST &1 T Teh Path I Choose TR 3R & 38 Path
H 3797 ¢ | 91G H FHD UdT ToTl b T Path A ITeld &1 37 §A g@X AT Path & A= & forw
STl ¥ gae & fohaT AT a1d el STt usan 3R I Stack T Aeg & A Hehd &

4. Parenthesis Checking: — Stack @T UITT TE Check Tt o TorT TehaT SATAT & fob Parenthesis Ter &ar
& Open TUT Close §U & AT =7 |

5. String Reversal: — Stack @T UJET String P Reverse & & oIt fhaT SATAT &1 &H String &
Characters @I Teh o dTG b Stack H Push &d & AT 3% a1 Characters @1 Stack & Pop &{d
el

6. Memory Management & SHahT Use T &1 CPU Scheduling 31K Disk Scheduling |

7. Graph Traversal Algorithms 3|

EXPRESSION NOTATION & EVALUATION USING STACK (¥ 3 3eIuriier & Hafieron): -
Ul &, Tt fondl FIehIoT i gdd foRaT ST ¥, Expression Tree Hgelld &1 31 ¢iot A

Operands 3R Operators &I U & FaATH &lcit & | Operands (3NUSH) & Elements i TR &1 feram

ST &1 Operators (3iTUed) T Elements Todd §RT Operands WX & fohdT STAT &1 31681 i@

THSA & forw A= sereror ¢y - (p-a)+ (b*c"f)

THH -, +, *, IUT~ Operators & R p, a, b, ¢ FAT n Operands &1 TH UBR & 1T H Ugeh b ST dTel
Operators ¥ Priorty (TUTeT) [ &2 fear s & - “BoE-DM-AS”

1% Priority (Fe¥ 54T TUT) LA (ETd)

2" Priority | (ATIT), * (TOM),

3" Priority L+ (S1B), — (TreTET)

Operator and Operand Stack (3T¥ex U5 3iTUIs Th): -
STe fRHT Expression &1 Teh Form & gEX Form 3 Convert foham SITdT &1 e &1 UehR & Element & forw
02 37eTdT 3773 T&h UANIT TRAT SATAT &

01.Operand Stack: - 3G 3iTUE & TR fhar SIar &1 S a, b, n, z, etc.

02. Operator Stack: - ST 3TUe Y TR ThAT STAT &1 S +, -, *, /, ~ etc.




Stack T Use @8 Expression @ Solve TXat & forw fopam SITam &1 3 Ia 9T StgeX Memory
A gl 1 SAfoT 5 UIad &, 91 arell Time dged SUAIN @I @iaT &1 Expression Evaluation eet
BT AT & ThdT oIF Expression &l BIC Expression H AW HIAT &1 Expression Tree @l fae=T
A IR & Ueidd Ald & -
a. Infix (37%eH): - 38 Expression Notation 3 Operator, Operands & &I # 3UTEAUd I&d ¢
b. Postfix (TFeftha®): - 39 Expression Notation # Operator, Operands & d1¢ H 3UTEAd I6d ¢
c. Prefix (Nf%ad): - 38 Expression Notation # Operator, Operands & Ugel 3UTEAd I6d ¢

Note: - IWRIh aford Expression Notation Tree & “Operator Stack” @T ST fohaT SITAT &
Example (3¢&R0T): -

S.N. PREFIX INFIX POSTFIX

01 +ab at+b ab+

02 *+abc (@+b)*c ab+c*

03 *a+bc a*(b+c) abc+*

04 +/ab/cd alb+c/d ab/cd/+

05 *+ab+cd (@+b)*(c+d) ab+cd+*

06 -*+abcd (@+b)*c)-d ab+c*d-

INFIX to POSTFIX TRANSFORMATION: -
=T WIAT & Stack T Use AT ST &1 83 Stack, Operator @Y Hold RdT &1 38T Algorithm &: -

i.  Expression @ Left To Right Side & TheT BaT|
ii. 3R Expression 3 Operand & & & Output String 3 A% BT |
iii. 379K Current Input Token ‘(‘ & 9 3 Stack 3 Push &aT|
iv. 31 Current Input @IS Operator & 31X Operator fo/eT Precedence Equal 3iR Higher & TR
Operator @I Stack 3 Push &aT|
V. 379X Current Input IS Operator & 3R Operator Tor @ Precedence, Stack 3 3Uf&Jd Operator
& Lower & o9 Stack @ Current Operator @I Stack & Pop @< Output String # 3is ¢ Td
Currrent Input Operator @' Stack 3 Push &T ¢aT|
Vi. 3R Current Input Token )’ ¥ T T Operator @ Stack ¥ faidhel ¢ar 3R 34 3M3¢Ye String
A Transform L3 ST e “(C AGT 37T ST &
vii. 39 Input String T End & STTaT &1 T Operator & Stack & fadher ¢ar 3R & 3mM3eqe String
# Transform &N |
viii.  UTd Result Postfix Form & gIeT|
e IE Algorithm Error &I Handel &I &hdT & $afoT Bracket () & haxGeT Handel ST &IdT &




Example (3¢eR0T) : - (A*B—-(C—-D))/(E+F)

Input | Stack | Output String Input | Stack | Output String Input | Stack | Output String
( A A * < A
( ( (
Step 1 Step 2 Step 3
Input | Stack | Output String Input | Stack | Output String Input | Stack | Output String
B < AB — - AB* ( E AB*
( ( (
Step 4 Step 5 Step 6
Input | Stack | Output String Input | Stack | Output String Input | Stack | Output String
C E AB*C — E AB*C D E AB*CD
( ( (
Step 7 Step 8 Step 9
Input | Stack | Output String Input | Stack | Output String Input | Stack | Output String
) E AB*CD- ) AB*CD- — / AB*CD- -
( /
Step 10 Step 11 Step 12
Input | Stack | Output String Input | Stack | Output String Input | Stack | Output String
( ( AB*CD- — E ( AB*CD- -E + J(r AB*CD--E
/ / /
Step 13 Step 14 Step 15
Input | Stack | Output String Input | Stack | Output String Input | Stack | Output String
F J(’ AB*CD- —EF ) AB*CD- —EF+ AB*CD— —EF+/
/ / /
Step 16 Step 17 Step 18




INFIX to PREFIX TRANSFORMATION: -

iv.

Vi.

31? UIA & Stack T Use oI SITdT &1 393 Stack, Operator @l Hold AT & | 38T Algorithm & -

f&T 31T Expression @I Reverse Order # Convert &3l Y Left To Right Side & Thel T |
379X Expression & Operand & a9 38 Output String 3 ErAHIA ®aT|

379K Current Input Token )¢ & Td 3& Stack 3 Push &dT|

379R Current Input @1$ Operator & 3{X Operator 5@t Precedence Equal 3R Higher & AT
Operator @7 Stack & Push 3T |

319X Current Input Eﬁlé Operator & 3R Operator Tor@T Precedence, Stack & 3UTEAd Operator
& Lower & o9 Stack @ Current Operator @I Stack & Pop @< Output String & s &9 Tg
Currrent Input Operator @l Stack # Push & ¢aT |

379X Current Input Token ‘(’ & T« @Y Operator @Y Stack & fAerer &3t 31k 3& Output String &
Transform @3y ST e )’ ST 31T ST &

vii. ST Input String @T End & SITT &1 @Y Operator @Y Stack & fAaer 37 31X 3& Output String &
Transform & |
viii. 37 # UTH Result &Y GeT: Reverse Order # Convert @3l 31T T8 Result Prefix Form 3 gHa|
e g Algorithm Error @I Handel 1€l @ & SHTIT Bracket () &1 haPel Handel T &I &
Example (3¢eROT) : - (A*B-(C-D))/(E +F) Reverse Expression: - )F+E(/))D-C(-B*A(
Input | Stack | Output String Input | Stack | Output String Input | Stack | Output String
) F F + F
+
) ) )
Step 1 Step 2 Step 3
Input | Stack | Output String Input | Stack | Output String Input | Stack | Output String
E FE ( FE+ / FE+
+ +
) ) /
Step 4 Step 5 Step 6
Input | Stack | Output String Input | Stack | Output String Input | Stack | Output String
) ) FE+ ) ; FE+ D ; FE+D
/ / /
Step 7 Step 8 Step 9




1. Again Reverse Expression (FE+DC-BA*-/) :

POSTFIX EXPRESSION EVALUATION

-“/-*AB-CD+EF”

Input | Stack | Output String Input | Stack | Output String Input | Stack | Output String
- ; FE+D C ; FE+DC ( ) FE+DC-
/ / /
Step 10 Step 11 Step 12
Input | Stack | Output String Input | Stack | Output String Input | Stack | Output String
*
-~ ; FE+DC- B ; FE+DC-B * ; FE+DC-B
/ / /
Step 13 Step 14 Step 15
Input | Stack | Output String Input | Stack | Output String
* *
A ; FE+DC-BA ( ; FE+DC-BA*—/
/ /
Step 16 Step 17

T UrAT & Stack T Use feraT SITaT &1 393 Stack, Operand @t Hold &dT & | 38T Algorithm &: -
i. fordY Expression @1 Left & Right &Y a& Scan S|

ii. 379 Expression & Operand & a9 38 Stack & Push &
iii. 379 Current Input Token ‘( & I 38 Stack 3 Push &aT|
iv. 3T9R Current Input I3 Operator & dd 39 Operand U 3TATS HdT 3 Operand WX Operator T
9T &3 3T 3T3¢YC i Operand T STITE Replace X 3T

V. TE Scan ST de &9l ST Jh & T Value %1 3T ST &
3 Algorithm @I Time Complxity O (n) BT & FAh G Expression I thael Ut IR Fehel fhaT

ST &

Example (3¢&X1): - Infix Expression (5 + 3) * ( 8 — 2) PostFix Expression: -53+82 —*

Input | Stack | Output String Input | Stack | Output String Input | Stack | Output String
5 3 3 + 5+3=8
5 5 8
Step 1 Step 2 Step 3




Input | Stack | Output String Input | Stack | Output String Input | Stack | Output String

8 2 - 8-2=6

oo
oo
(o)}

Step 4 Step 5 Step 6

Input | Stack | Output String

Final Answer for Expression (5 + 3) * (8 — 2) is 48

* 8*6=48
48

Step 7

RECURSION: -
o T3 Function 3 g€ Function @1 Call fopar ST &, 38 Recursion &g &1

e Recursion Tes THT Process &, SiT Loop & dl@ Pl AT &l

e Recursion @I Teh Satisfied Condition S19TdT &, TSGR Recursive Function @I T d¢ ¢ |
e Recursive Function ddde Call &YdT I&dT &, STede 3T Satisfaction AT gl

e 319 Recursive Function @T Satisfaction &I & dT 'Infinite Looping' P THTGAT BT &

FACTROIAL USING RECURSION Example: - FACT OF VALUES5 (5*4*3*2*1) =120

Input | Stack Output Input | Stack Output Input | Stack Output
5* 4 * Fact 5*4*3
*
Fact (5) 5 * Fact (4) Fact (4) ; 3) Fact (3) i Fact (2)
5 5 5
Step 1 Step 2 Step 3
Input | Stack Output Input | Stack Output Input | Stack Output
1
2 2 2
5 * 4 * 3 * 2 *N* QAkD)*k 1St * —_
Fact (2) 3 * Fact (1) Fact (1) 3 5*4*3*2*1 retrunt 3 2*1)=2
4 4 4
5 5 5
Step 4 Step 5 Step 6
Input | Stack Output Input | Stack Output Input | Stack Output
2nd 3rd 4th
6 3*2=6 4*6=24 5*24=120
Return Retrun Return
4 24
5 5 120




QUEUE (aF): -
Queue T Non — Primitive TUT Linear 3T T¢aax & I& FIFO (First In First Out) & fAgled WX
PRI AT & 37ATT IE Item SN & TIW gt Add FAT JATAT & TET Item TIR Usor Remove AT
SR 3R IE Item S T I 37T F Add fopar Srar & 3@ 37d & & Remove fRam srRem|
Queue T & 37N IR AT 3 3FER & YANT A U WA &, SHPT 3ETe0T ¢: - “Teh
=gfeh St Yo & fespe RGTde &Y s # Tad Ugel o9l oIl & 31N a8 Usol fehe Jopt Tt ST
©, e o il Last 3 o191 §37T Y& & e 37d 3 & J1e Sam |
Queue # &I End &Il & Teb Front End BIdT & T GERT Rear End BT &1 Rear End # Item et
Add fRaT ST & AT Front End & Item &7 Remove foRaT STTaT &1 &g & Tafd 5 g & o
Enqueue (TI4Y), Dequeue (QEF%[), Front (¢), Rear (RER): -
1. Enqueue (TAHY): - TG FY H 31T Pl AT ST & ) 38 UAFY had &l TRy IS B
Insertion (3TLT) ot sEQHATS fohaT ST B
2. Dequeue (31FY): - ST FF H 31T &l f¥ehTell JATAT & AT 3 SreFy hed o | SRy I Deletion T
Ped &
3. Front (%C): - T F TaH Ugell USRI H ST S1ET &Il & 39 e Fed ¢
4. Rear (R=R): - Ga& 30T qreihereT & St srer aiar & 38 forw R 2eg seaare fomam Siar &1

Queue A Faff@a ad axdr &: -

1. FRONT < 0 or (Front = Rear = — 1) & @, Queue TeiY (Reh) &1

2. REAR = Size of Queue & T, Queue GT 8T E37T &I & |

3. FRONT < REAR & @, Queue & & & & T Item ot BT & &

4. [(REAR — FRONT) + 1] Queue # el Item T HEAT Bl U&Td Tl &

MEMORY
ADDRESS™ 8= 100 101 102 103 104 105 106
ENQUEUE

R

FRONT REAR

SIIITH H W ehd & fob HAR A g Tep AfAAT W T e TSR BT & | 57T Y 31T [Ahreior
ar St STeT Ugel 3717 AT I8 Ugel dTex [Adheldll i Bl 100 Ugd U T Ugel 31T AT AT ST
100 TgH H HAISG STeT HaA g aeX [Adelal | $8F a6 S1eT fAdreldr af 101 vgd & fAdvetom s&t
shel A 31T AT TAdheldr T |

Ife 3TeT P F A ST & df Tad TR TS & aTe 9T 37T 3TN 38 g Hl T
JTTERY GISTIRIT TSH 106 TR & AT SIET STelel U 38k 313 & U9d ITeir 107 H 41 31T I | SHh
3T e 3R 31eT STeiaY A AFARY F 108 TSH W T AT F9T% 31T & fIw ga18 SIeft 37 A=A store
X 7T 37eT TR 1T 38 diE 34T SIET 3Teld U IR shal doldl Ied |




Underflow: - If& Queue Empty & (Front = Rear = — 1 or Front < 0) 3iR 38 & I Element &
Delete eIeT &1 9T TRAT SITT AT VAT Situation Underflow hgaTdr g1

Overflow: - If¢ Queue Full & (Front > 0 and Rear = N — 1) 3iR 38 AT Element Add & T UITH
fopaT ST aY THY Situation Overflow ShgalTaY &1

Example (3cT&X0): -
UnderFlow Overflow
100 101 102 103 104 105 100 101 102 103 104 105
Front=-1 Front=0
& 5 2 7 3 9 6
Rear=-1 Front & Rear Rear =N -1 Front Rear
Try Dequeue “4” Try Enqueue “1”

Basic Operation on Queue (g & df&ich HTUAA): -

1. ENQUEUE (INSERTION): — 57 Queue & &I Item Insert fopaT SITAT & @Y @& Operation Enqueue
(Insertion) Operation HEeITdT &1

Step 1 — T Tgel Queue & FETH Bl Teh fhAT ST & o I -7 31 o AL &

Step 2 — 39K Queue PeT BT & dl TS T HAST & Y Exit & SATAT &

Step 3 — 3R Queue Tl el & dl Rear 3 31¢T TfeldT I US &ich Rear o ! Teh el &A1 ST & |

Step 4 — Enqueue 3TTORRI dhaTalic T &

2. DEQUEUE (DELETION): — 51 Queue ¥ &S Item Delete foFaT SITAT § AT a8 Operation Dequeue
(Deletion) Operation HgelTaT &
Step 1 — I Tgel Queue & TEEH Pl Uh AT & o Queue TTell aY e &
Step 2 — 3R Queue Wil & AT TR AW & P Exit HIAT &
Step 3 — 39K Queue TTelT 78T & dT Front 3o &l T ggT feam ST & 3R Front Tferdie @t Remove
& feam Srar gl
Step 4 — Dequeue JTORRI HFTGIC aIdT ¢

3. SEARCHING: -
Step 1 — G Ugel Queue & TETH Pl dd AT & Teh Queue TTell dl el &l

Step 2 — 3WR Queue TTell § AT TX ST & T Exit HIAT &

Step 3 — 3R Queue @rell A& & dl Search TferdAT & Front Tferde & Match fRaT SITAT ® 1 Front de
&I Teh — Teh o &l AT ST &

Step 4 — ST Search Tfeldie Front Tfelde & Match &dT & df “Search Successful” Message & TTY
Queue I ITET 31T SATAT & Search TR HFTIE BT &




Type of Queue (FF & YbHR): -
Queue Data Structure 3 YR & &d & -
1. Priority Queue (STATTET &) |

2. Circular Queue. (F&HeR &) |
3. Doubly Ended Queue (DEQueue) (3dcll 333 I

1. Priority Queue (UrXE &Y): - Priority Queue, Element T 3 UHR H TIE & SHTH Tcdd
Element & Teh Priority Provide &Y ST & a2 Priority & f&dTer & Element @t Insert, Remove 3R
Process foRaIT SI1aT € | I8 AFATIT@ Rules U 3R & -

e High priority UTd &< dTel Elements @I Low Priority UTd @< dTel Element & Ugel Process
fopam STTaT €1
e AT Priority & Element T 38T vl & Process TehaT ST 51T o & e Queue & ST
IRAT &
Priority Queue & &1 U@ dich & -
e T One Way List &T Use &h |
e Multiple Queue T Use & |

Priority Queue & &I &R &: -

a. Ascending Priority Queue (3181391 UrAIREY ) |
b. Descending Priority Queue (f2af3aT graieY a7y |

a. Ascending Priority Queue (318391 arafeY &): - Ascending Priority Queue 3 Element forai oft
S H NS ST TP & oifched TIY BICT Element & T Ugel ST SITAT &

b. Descending Priority Queue (fg&fder uraiREr &#Y): - Descending Priority Queue, Ascending
Priority Queue 3T a3 &1 BT & Weh &% ST aIdT & T Descending Priority Queue 3 TIH Ugel
I3T Element &Y Remove TeRaT SITdT §1

Priority Queue T Use Multi User System 31 fopaT SITAT &, To1@eT 31! Users & &% Program ST U

& THI H Center Processor 3 Execute Bl 3Td & dl Ycdeh YIATH T §S Priority s ¢ 62T SiTdm &

aar i3 Program Y Priority Sa1eT &19ft a8 T Ugel Execute &19TT|

2. Circular Queue (14‘3177»1? &) - Circular Queue P& Ring - Buffer oY shga 1 Circular Queue H
i 3HTAe S Bl & a8 T8 Ugel =15 & 37 371 @ & | 51aq P Circle &7 f3#Tor el &1 I8
FIFO & f&gled W P &dT &1 Circular Queue & Item &t Rear End & Add fopam Srar & aar
Item @1 Front End & Remove fehaT SITAT &1 <t aranmet # fE@TT 31T Queue TR faaR ¢ |




58 SITUH # Queue T e & 9l g3
¥ 31 Rear Condition Full @Y & PROT

FRONT LINEAR QUEUE REAR  PIS 3 Element FE STell ST Gl &1
0 5 Rear==Max -1

5 Ife& & Queue &b Front F 2 Elements ar
Tl &, dr ga7 3790 off fopady oft Element
FRQ\-T g;f;i;{f? Rfﬁm P A% STl Thd & adifes Condition
FIRST 2 ELEMENTS Rear = = Max — 1 &1

IE Linear Queue & TTY AT HHEIT &, BTelllch gHAN U Queue #H Space SUcled &, offched &H
Queue H @IS 3T Element FE 3TeT Tehdl &1 TS el Memory Wastage & 3R & $H HHEIT Y oI
P DI ITATHRAT &1 5T JHTAT &b AT H H T Circular Queue &1 Circular Queue &, Tgell
Index 3T Index & STeh aT¢ 37T &

Circular Queue @T Implementation T Linear Queue & AT &l Insertion 3R Deletion &
ATHS A Logic T Linear Queue H 3HH et €1aT &1 Circular Queue Td GT 3T 31T ATAT STTIam
ST Front = — 1 31 Rear = Max — 1 &Y 21l &I QT ¥ | Teh Circular Queue # T Element Insert &at

o dieT Scenario &: -

o If (rear + 1) % Maxsize = Front, Queue QT SR el
sd Tafa ?ﬁ, “Overflow” 'QTIT IR %ﬁ*ﬂi’ Queue H

Insertion AET fohAT AT TehdT &1
7
ﬁ e If Rear ! = Max — 1, df Rear @I Mod (Maxsize) 3 gerar

U 3R A1 Value, Queue & W& Insert feRaT
SR |

).
e If Front! =0 and Rear = Max — 1, dT 39T AT & [

Queue TRT =T8T #RT & 3TTAIT, Rear & Value & 0 W A<
&Y el AT Element Insert fSRT ST TepdT &




a.

Doubly Ended Queue (DEQueue) (el 338 @3]): - I U Liner Queue & TorTa Insertion 31T

Deletion &1t FRT & Possible § Teq 38 &l & el fehaT ST Hebell &1 DEQueue & & TR &l &

A -

a. Input Restricted DEQueue (3e9c R¥geres seell 33 ).
b. Output Restricted DEQueue (33¢qe RTECees Saoll 383 &).
Input Restricted DEQueue (3a79¢ Ri¥caes sdell 338 &Y): -

S8 bR &b DEQueue H Items T &Il Ends ¥ Delete TehaT ST Hehdll & UReq dhdel Teh &1 End ¥ Insert
T Fehd &
b. Output Restricted DEQueue (3T3¢ge RfECaes eloll 38 &Y): -

S8 UhR & DEQueue F Items T GlAT aX® A & Insert TehT ST TehdlT & Uled el Teh & End &
Delete & Hehd & |

insert"
deletec

front

|

Input Restricted DEQueue "'

|

front " Output Restricted DEQueue  ear

Difference between STACK And QUEUE (¥ AR = H 3HR): -

. STACK (¥¢h) QUEUE ()

o1 SHA Element dhdel Th g End (TOP) & | 3T Element, Insertion Rear & 3iX Deletion
Insertion 3R Deletion BT &1 Front & BT &1

0 SHA hdol Th & Pointer &I 3TANT TOP & | §GH &l Pinter &7 UANT Front 3R Rear & forw
fo grar gl QLIRS

03 SHA Last Insert Element @I Ugel Remove | 38@H First Insert Element @I Ugel Remove
fopar STaT ¥ fepam ST & |

o ¥ Last In First Out (LIFO) @I Follow &dT | & First In First Out (FIFO) I Follow &dT
el el

05 | ¥&& & Operation “PUSH” 3iR “POP” §| EF?{éﬁ Operation “Enqueue” 31X “Dequeue” &1

06 | T&h T TIBT Vertical Collection S1TT &dT &1 ;FT‘LEBT Fad Horizontal Collection St g¥cr

07 ek oI 3UANT Recursion, Reverse, Expression kg BT 30T CPU  Scheduling, Memory
Evaluation 31T & forw foRam Smar &1 Management 37Tfe & forw foram Sram &1

08 ECh T SETEXUT " el & S Uch oh FUX Uch | FY T 3T 0T " & feehe ol & Torw @3 aon

Y foRdTal & TIE" &

CHICIEZ MY




UNIT 04
LINKED LIST

LINKED LIST (fefers foree): -

Linked List T& Non - Primitive, Linear 3eT Tea=R ¢l folas foree, I ve 0T foree &idr
ST 1 1er uforie TR & & va Jait srer uferdied Links $T &0 & 398 & Connected 1 &1
foiars foree & STel 21er vferdicd TR @I & 380! Noded (A15H) ed & T4 < A5 A 31T Element
&Y Teh Sequence A TQT ST &

Linked List, Nodes & g & fHer aaT 81T &, Ul Node & & {191 @1 & Ugell HT9T “Data
Or Information” @bT @IdT & 31T AT “Pointer Or Link” 2T 1 Linked List T Pointer HT3T 379Tel Node
& Address @ Hold T T&dT B

foiers foree & & U A1 &l Element (Tfordie) 8t el Srar § 31R Reference Field St it aaee
IS Y Ulsc AT & SHP! Next Pointer (FaEe UiseX) or Next Link (e foi) off pea &1 W &F d1g
T GEY Wl SATGT &l A 3T aTell Data Structure B

Linked List Dynamic Nature &T BIdT & 37479 J& Tep VAT Data Structure 81T & forgeT Length
P Run - Time & TSRAT IT GETAT ST hdT &1 Linked List T UATIT Tree dAT Graph & I & forw
foram e & |

Node Name —» A

| Linked List \5\452}—»{7\211H2\702H4\513H3\108H9\323H8\/n\

Address  — 100 452 211 702 513 108 323

Uses of Linked List (felers foree &t sudien): -

38 & Stacks 3R Queue F 3THTAT & Implement T Tahd &l

Graphs 3 & 38 Implement &R b &1 Linked List 3 & Adjacent Nodes &l TR & Hahd ¢l
Dynamic Memory Allocation & oI g&epT wrateT feham ST §

Directory & AT3T @l Maintain &at & forT g&epr Use foRam ST &1

Long Integers 3 foies foree & gRT Arithmetic Operations @ Perform R ST TehdT &
Linked List & Node 3 Constant &I T @< Polynomials @ Manipulate fehaT ST TehdT &
Sparse Matrices I JEJd el & forT aDT Use foram Srar &

SIPT STAATS &7 Image Viewer 3 Images @ Next 31 Previous #et & forw o @ahd &1

. Web Browser & & Ul 31T 319Tel Url &Y Back 3i¥ Next Button & gRT 3 Tdhd &l

10. foiars foree & eraar & &7 Music Player 3 Songs @t 39T 31K 01 T Tl &1

11. Hash Tables @ Implement &t & forw &t seTept Use TohaT SIT TehcTT &

12. Word 3R Photoshop & Undo @t & Torw 8ff foias foree &1 Use @IAT &

© 0 N o ok 0 bR




Advantage of Linked List (folas foree & ord): -

1.
2.

Linked List T& Dynamic Data Structure g1

Linked List @Y Run Time & & geT 3ff Ooha & 31X der 8 I §1 37ATT Memory &Y Run Time &
€ Allocate 31X Deallocate &Y Fhd &

A & 3TETAT A Insertion 31T Deletion STt &t AT Teha &1 37ATT 3T ¥ & Node &l Insert
dYUT Delete T Hhd &

folas foree & Memory & 31 alg Utilize fRam STaT &, aife &1 s@at uger & AN Allocate
AET AT UST B

3HDT Access Time dgd & Fast 81dT & 3R fIT Memory Overhead & e T T & Access T
b B

Linked List @T WITaT &lch & Linear Data Structures o1& - Stack, Queue @I THTAT & Implement
& Fhd B

Disadvantage of Linked List (35 $& &l d): -

1.

foers feree & Array &1 Jefell # Elements @l TR &l & forT 3178 Memory &7 SRR Ul &1
Fifer folas foree 61 Ucde Node T Pointer @Y Contain &dT & forddh ST 38 31 Memory
&Y 3TIRTHAT Bl &

feirs foee & Nodes T Traverse Pl g Hhfo & &l 3TH & fhell T Element P
Randomaly Tera® %) X Tehd &1 (ST fF &3 Array # Index & gRT dd §1) 3eT8I0T & forTw:-
3R & fREY ‘n’ Position & fEAT Node &Y Traverse AT ITE aF & ‘n° H Ugol 3T drel Y
Nodes T Traverse AT USIM | fHTH EART g TRT FHT AL & S

Linked List 3 Reverse Traversing T agd &I Difficult 1T &1 Doubly Linked & & 31 &
& bl & Wed 3 Pointer & forw SITET Memory & ST &Il & |

Pointer (dise): -

Pointer g% Variable & it feh Linked List & Address @' contain foha I&dT &1 3T UiseX Ig Variable & ST
fep g@t Variable & Address @Y Contain ehar T&cl &1 Address TraT 3 HTUROT AT # gIiaTd =&t
2l b, AP T8I XA b foT el Pointers & UINT # &Y ST &1 Pointer W fohd ST Heped
Tl 3y By A fef@a &:-

1.
2.
3.
4.

T Cast 3T Bl TIeh <eh TATA ST YhR o TrgcH Pl Assign T |
U Pointer @I fopdT Integer & AT SNSAT 37T HET=AT|

fereer aI Pointers &Y JeTeAT AT Sitfeh Teb @1 Linked List &l Point &d &l |
ferelt #ff TTSeX @t NULL Assign &eT 3727aT NULL & Jefell T




NULL Pointer (dl UigeX): -
fREY Linked List & 370 aTel g & S Pointer &7 3UAeT AT JTAT & g NULL Pointer
PETdT & TSI geT 3UAT Linked List &Y Stop IT I i & fow d B

Types of Linked List (feiers foree & gahr): -
HIYROTA: Link List & dle 3Te9T-37c19T YR & -
(1) Singly Link List (Riarelt forep feree).

(2) Doubly Link List (3l feles foree).

(3) Circular Link List (HeFerR foieh foree).

(1) Singly Linked List (f&arefY fores feree) (SLL): -
Singly Link List TEY Link List 8T & TSI @R Node Teh GHR & 1Y shel H S Tl & SHTIT SHep!
Linear Link List Ir One Way Chain 3 @&d &1 Singly Linked List @Y dharel Ueh &T TR 3 Traverse
fepaT ST Wbl B 1 GEX Aeal H, TH e Fehd & feb Ucdeh Node H hael Next Pointer BT &, SHIAT
& List 3 Tsh a1 Pointer & 31T ST @ 916 UTes dTel Node @1 Access Tel 3T ST HhdT &l Singly
Linked List & Ucdeh Node 3 & Fields B &1 Ugell I Field BT & T8l 3T TR BT 1 gl
Pointer IT foies BT &1
Singly Linked List Operations (Ri9TelT foias foree & ATIRA): -

a. Insertion — List 3 T Element (Node) @ Add =T|

b. Deletion — List # & Element @I Delete &

c. Traverse — List 3 Elements @I Traverse @]

d. Search — & g% Key & gRT Element e Search &heT|

a. Insertion Operation: - &b Singly Linked List 3 Insertion Tt Positions TR T ST ThdT &1 Insert
foRaT 3T T® AT Node @ T & 3R W) fasafaf@d Categories 3 aofiepd foram aram B
. Insertion at Beginning (YFATd # F1ST): - SHH List b LATT H FHET 31 Node T Insert HIAT
ATAST &1 & List & Head & &7 H 4T Node I & ToIv o8 $& foleb Adjustments &
3TIRTDAT &
o I U 3 AT Node & folT Memory @t Allocate TR STAT &
o Data Pl TR fohaT SATAT £
e New Node S & % Linked List T 73T Head g SITdT &, F1feh 38 a8 Ugol Insert fopam &1

Node

e —> A B C D E F |

t:;‘tked 5452 |7 211 Le| 2 [ 702 |l 4 | 513 | 3| 108 sl O | /n 6 | /n |
500

Address = 100 452 211 702 513 108

Linked List New Node




Node

Name | A B C D E F
t:;\tked 6100 |, 5452 |+ 7| 211 Ll 2 | 702 | 4 [ 513 1> 3 | 108 »| 9 | /n
Address = 500 100 452 211 702 513 108

New Update Linked List

ii.  Insert at Middle Anywhere (&7 & SI1gaT): - & Linked List & Specified 15 & 91 AT Al
Pl SAsd & &H A5 dh Ugaal & T aifSd T&AT & Nodes PY Travers e & dlg 4T AlS
STl SITUITT |
e TG 3HA Memory T Allocate TR SITAT & 31K New Node & forT Data @t TR fopam ST &1
e New Node & ToT Position & Search fRaT STAT &1
e A Node &' Include I & ToIT Next Pointers @l deof feam ST &1

ke — A B C D E F |
t:?tked 51452 |7 211 1s| 2| 702 | 4 | 513 1| 3| 108 |» O | /n
Address = 100 452 211 702 513 108

Linked List New Node
node A B C | D E F
:::thed 5| 452 |+ 7 [ 211 |+ 2 | 500 Ll 6 | 702 | 4 | 513 bs| 3 | 108 || 9 | /n

Address = 100 452 211 500 702 513 108
New Update Linked List

iii.  Insertion at End (37 & S1BaTT): - 383 Linked List & TR & A5 Hl SIS &1 AT A5 & FAr
H THATT A8 & T H I73H Last Node & T H STelT ST FhT &
o TEcl 393 Memory &I Allocate TehaT SATAT & 31 New Node & TolT Data @ TER TR ST &1
e Last Node & Search frar STaT &1
e Last Node & Next Pointer &Y 7T Node & Address & T deol AT SATdT &

% — A B C D E F |
t:?tked 5452|7211 2| 702 4 | 513 | 3108 9| /n
Address = 100 452 211 702 513 108

Linked List New Node
\ode A B C D E F |
t:gtked 51452 |07 211 |2 | 702 1) 4 | 513 |» 3| 108 | 9 | 500 [»| 6 | /n
Address = 100 452 211 702 513 108 500

New Update Linked List




b. Deletion Operation: - T Singly Linked List & &13 @ Deletion [af®e1 Positions WX fopar &
HhdT &1 Delete fohd ST Tg A1s &Y Position & 3MTUR U, 3 Operation I fae<T AT & gaffpa
TRIT ITAT & -

. Deletion at Beginning (W& & &CTAT): - SHA List T YTIHTT & Teh Al Y AT ST &1 TS
g1 Td H HIH FI Operation &1 37 forw f&% Node Pointers # $& Adjustments &l SR
| STl Y& & Node Pl Delete YA & AT 38eh d1e Nodes @Y GaIRT Link el AT US| offehet
TH 38 Head &1 Second Node &I dX® Point YT UsdT &1 head = head -> next;

Node

Name A B C D E F G
t:;‘tked 51452 |07 (211 | 2| 702 |5l 4| 513 | 3| 108 1+ 9 | 500 || 6 | /n
Address = 100 452 211 702 513 108 500
Linked List

Node B C D E = G
Name A
Linked
List 71211 |+ 2702 |l 4 | 513 b»| 3| 108 L»| 9 | 500 sl 6 | /n
Address —» 452 211 702 513 108 500 100

New Updated Linked List Delete Node

ii.  Deletion After Specified Place (I # & &cIT): - 3T List H Specified AS & d1g Al Pl
TCHAT ST &1 & A8 dob Elg_d?r & foIT it G&IAT3T &Y BIsAT 2191 [STd 16 AlS e
ST &1 38 ToIT List # Traversing P 3TaeTehdT gl &

o TIY Ugol 3T 39 Node T Search foraT STaT & T® 8314 Delete T &1
e Node &T List H & fArerat o folT Next Pointers &Y deolell USdT &1

Node

Name A B C D E F G

t:;‘tked 5452 |, 72115 2| 702 [l 4 | 513 |»{ 3 [ 108 [» 9 | 500 L»| 6 | /n

Address = 100 452 211 702 513 108 500

Linked List

Node

Name A B C D F G e

Linked

List | 5|452 | 7|211 %2702 > 4108 >/ 9 | 500 (56 | /n
1

Address = 100 452 211 702 108 500 °13

New Updated Linked List Delete Node

iii.  Deletion at End (3ifa& & geram): - 3T List & 37Ta9 Node @Y T SITAT &1 List IT df @TelY
o Tehdll & AT FY B ThelT & | 3T9T-37619T URERAT (Scenarios) & ToIT 3TeT9T-37619T T (Logic)
o9 forT STt €
e HH Second Last (4> & g&R) Node & Search ferar STl |
e TP Next Pointer A Null & Change & fear Sram &1




Node

Name A B C D E F G
t:gtked 5452 |, 72105 2| 702 |l 4 | 513 | 3 [ 108 1> 9 | 500 || 6 | /n
Address = 100 452 211 702 513 108 500
Linked List
Node
Name A B C D E F G
:::gtked 5|a52 s 7211 sl 2 | 702 s 4 [ 513 Ls| 3 | 108 Ll 9 | /n 6 | /n |
Address = 100 452 211 702 513 108 >0
New Updated Linked List Delete Node

c. Traversing: - Traversing 3, &H I & UcAeh A5 Pl A A HH Teh IR 3H W T & | d1feh 38 W
$o Al (Specific) TULAA FA ST Hd, 3ETeI0T & foIT, List A FAlGG e A1S & Data HIIT
&I Print XTI Traverse Operation 3, Recursive Operation @T 91T Linked List @ Reverse Order
(3¢ Tha) H Traverse I o folT fehar ST B

d. Searching: - Linked List 3 Node @I Search @l @ folT Sequential Search &T TIT aH SATGT
foRaT ST ®1 Searching #, & f&T 31T Element (Key) & AT I & Ucdeh Element & Match aXd
%1 I Element TRAT T Location U UTAT SATAT &, o 39 Element & Location 31TdT & 37T Null
a1qg 37T &

(2) Doubly Link List (geoft feie foree) (DLL): -

Ud Doubly Linked List TG 1 &3 d &1 T&AT dTel diad Nodes &1 i arelr 19T 3T€T &t
Ui T &1 R ArS # & g 8l €, Ueh 31Tel 1S & 3R SART &d © 3R g@ ool Als &7 3K
SURT I & | [USel A5 & 39Tel Pointer 3R Ugel A5 (83) & Ul Pointer = (NULL Poiter /n) g1

T Singly Linked List 3, &37 thael Teh @f TG & 3119 9 Hhd &, FAITh Ucdh AS A 37Tl
Al &1 Address BIdT & 31X 9% TS Nodes T &is Repls a1 &A1 &1 &Telteh, Doubly Linked List,
Singly Linked List Y 38 AT &l UR & ST &1 39 Fact & BROT b, List &b Tcddh Als H 3Hb
UGl A1 &I Address BT &, &8 Ucdd Node o TUS el {197 & 31eT JUeld U Address &7 3T
PIh WS A1S B I F I Details UT ha &1

Doubly Linked List @ Node & forw 31 TUTT &r @Ud aar & 3R safeiv, Insertion
3R Deletion SI& 31 Expansive Basic Operations @l PHRUT dedl &1 Telliep, List & Elements
A AT F P P b ¢ FAITKh List gt fGem3tt (3 3R d5) & Pointers IaTT @

&l

Node

Name —» A B C D E
t;;‘tked m | 9 |350 |« 100 4 |225 |« 350 | 11 917%—» 225 | 6 | 504|<«—> 917 | 10 | /n
Address —» 100 350 225 917 504

Doubly Linked List




Doubly Linked List & R 3 Q5 @8ft Operations et arforer  aftia g

SN Operation Description

1 Insertion at Beginning : QI3 # Linked List # #A1S SiisT|

2 Insertion at End : A1 DI Linked List 3 37d & SiiaaT|

3 Insertion After Specified Node  : Specific Node & dT¢, 18 &l Linked List # SiigaT|

4 Deletion at Beginning : List &Y B3 U AS &Y &r=|

5 Deletion at End : List & end & 1S &l TT|

6 Deletion After Specified Node : f&U 31T ST dTel Node & STeh dTE;, dTel Node &l &eTeT &

7 Searching : Glol ST dTel 3MSCHA & H1Y Ucdeh Node Data &l Jelell
AT 3R List 3 3T & TATH Bl dT9H HLAT 39X TSH
arqg TR ar 312t Null.

8 Traversing - Searching, Sorting, Display, 37T i S fafory afatee

P P ToIT HH J HAH Th I List b U A% T AT

(3) Circular Linked Lists (FereR foie feree): -

Ig U Link List BIc & TG 1S TINNT T 3Hed el @ldT & Ueh Single Link List & Tgel
Node & 31fa# Node & IS a1 STAT § 37a: List & Last Node & List & First Node &T Address I@T
ST &1 Simple Link List 3 Last Node @T Link Part 42T NULL &IdT & oifeheT Circular Linked List 3
List & Last Node @& Link Part 3 QI Head @T Address I&dT & 37d: Circular Link List &T 37T@{T Node
THET List & First Node @t Point T & | freT 8T &g & Link Part 3 18 Null value FlS[g &8 &

Circular Linked List SaTeTaR 3iTaxfeer e & o T@y@ra & 3uA1er fhar Sar &1 38 &
SETeXUT & STel htgeX |15d A Circular Linked List &7 SEQHATS R 17 18T &, f@a Browser Surfing
ot anfdrer &, STl User gRT 31dd & 23X 91T UGl T Repis Circular Linked List 36 T 3 T 36T &
3R U dead W [Fatd e W T & Access oI ST HahdT &

Node

Name A B C D E F G
:::thed 51452 |17 211 ls] 2| 702 ) 4 | 513 | 3| 108 | 9 | 500 L»| 6 | 100
Address — 100 452 211 702 513 108 500

Difference Between Array and Linked List (3 3R Tolos foree # 31aR): -

S.
NO. ARRAY LINKED LIST
Array THTE G 3 Data Tvpe BT T Ordered Linked List HHTT TehR & Elements T Teh
ra ata lype rdere
01. Y 7P Ordered Collection BT & St feh Teh gl €

Collection &Y &1
Pointers & gRT Connect 3&d &l

02. | I% Random Access T Support dT & ToTEehT | T Sequential Access I TUTE LT &, forgenT




AT g & Toh &7 3H Direct 3Hb Index T
TTT ehleh Access T Hahdl & oid- 1st Element
& ToIT arr[0], 8d Element & forw arr[7] 3mfg|

Adod & [ Linked List & fopdr Elements /
Nodes @l ToFHE el & Torw gt Q@ List &
Sequentially Traverse &aT US|

0 SHA Elements @ Contiguous Memory | S8H 4 Elements @I Memory 3 &gl 8l TR
Location & TR fopaT SATAT & fopaT ST FhaT &

04, FE3 Elements a1 E@H M & AC_CeSS L Heel qdT Time Complexity O(n) &1
© dar sgd fAId Time Complexity O(1) &1

0. ?i’;:;:g:;i:;;g;ﬁjﬂtﬁ 3 Insertion AT Deletion 3{TURI Fast Bt
AT Fix & & ®
SHA Memory @I Compile Time H Allocate | 38H Memory @I Run Time & Allocate fopar

06. | foram SITAT &1 3& Static Memory Allocation 8T | SITAT &1 8 Dynamic Memory Allocation 8t
Ped & Ped &l

o7 I% Single Dimensional, Two Dimensional IT | I& Linear (Singly), Doubly IT Circular &
Multi-Dimensional & Thd &1 b ¢l

0. Array T Size 38 Declaration & T Specify | Linked List T A&l Run-Time & d&dTl & o1

feram ST ¥

S 3G AT A5 Add R S §1




UNIT 05
GRAPH AND TREE

GRAPH (ITH): -

I Teh Non Primitive, Non Linear ST ¥gereR 8l & | SHH Teh Vertax (Node) 3T HHg 8T &1 Teh Vertex
GE Vertex & A1 53 @ & 3R 3eT & Vertex & #EY Connection &I g Edge ®gd &1 Edge &l Nodes &
ALY Toh HagfaAnelel foleh S g P14 Il &1 Teh Graph G I T Order Set G (V, E) & & & gRenfda
foRaT ST TR & ST8T V(G) Vertices & ¢ &7 Tfafaf®ica 3dr g 3R E(G) Edges & d< & Ifafafeicd aidr g
ST o7 Vertices @1 SISt & foIT 39T fohAT SATAT &1 T Graph &1 Cyclic Tree & & H ¢@T ST HehdT &, ST81
Vertices (Nodes) Parent Child Connection T&«t & ST 3oTch a1 fohdl #Y 31T Sifcer (complex) Connection

I §ATT IWA g1 T Graph, Directed IT Undirected & TehdT & |

Graph G(V,E) ST 5 Vertices & (A, B, C, D, E) 3iX 6 Edges & ((A,B),
(B,C), (C,E), (E,D), (D,B), (D,A) &I fa%=T Figure & fe@mrar = g
Undirected Graph (31<S[3¥&¢8  3IM%): - Tk Undirected Graph
(3TASTSIFCS ATH) H Edges T 3T AT Directions ¥ &I SIST SATAT g1
T Undirected Graph =T T & fg@rar srar § F4ife s fhart
(Edges) T ToRdT 8T g2 & Attach sTaT fohaT 3T §1 ITE U Edge, Vertex
A 3B & S AlGE §, AT Vertiex B & A 3R AU &1 A @ B o Traverse
F R

Directed Graph (SRR&ES ATH): - U Directed Graph (SRRFCS ATH) H
Edges Teh hal (Order) # SiISY STl 81 Edges fohdl Vertex A & g@¥
Vertex B 9 Ta faferse Path & gfafafeca atd &1 a5 A & IRfA+
(Initial) =TS FgT SATAT § SF«fh Node B I Terminal 1S FgT AT gl
=T 3 & U= Directed Graph fe@mar = g1

Terminology of Graph: -

A . B
/ .-"l
\ ;’f .."'I
"
= d

Undirected Graph

| B |
¥

(m )
¥
0 |

Directed Graph

e Path: - Graph G (U, V) IR 115 U & Tohar Terminal siig V W@%%@W%Hﬂ-w(mder)

o T H Teh T Bl IR fohaT ST TehcT 8

e Closed path: - Teh Path T closed Path & &9 & &gl ST ITe Initial AS Terminal A8 & TATA g1 Vo =

Vn 8l OX Ueh TEAT S 81 ST |

e Simple Path: - If¢ Graph & T8 S5 Exception Vo = Vy & ITY 3el9T &, af T8 92 P &I Closed Simple

Path gl SITdT & |

e Cycle: - T Cycle I 38 9¥ & &9 H qRNT fohar 51 Tehar § 9@ gger 3R 3ifaa Vertices &l

IS HIS SIgXT Edges IT Vertices 78T E1gT SITdT &1

o Connected Graph: - Connected I dg & for@# V & Ycdsh ar Vertices (u, v) & = &S Path Hislg

&1 Connected IMF H IS Isolated 1S T&T BT &1




e Complete Graph: - Ush Complete Graph 98 & TSIHH Ucdsh =15 3= |l Agd & A1 SfeT g3 gl
T Complete Graph & n (n-1) / 2 Edges 8/ & STeT Graph & sI3d @l I&AT “n” gl gl

e Weighted Graph: - Weighted Graph &, Ycd& Edge 31 $& 3T S Length AT Weight & HTY Assign
foRaT SITaT €1 Edge E T IR W(E) & & & fear ST T@ehar g

« Digraph: - Digraph Ts Directed Graph § fS&# Graph T Ycd& Edge fohall & fal Direction & g1
glar § 31 Traversing haer fAfése feem & & forar & gt g1

e Loop: - U Edge ST @A End Points & HTY ST g3 § 39 Loop Fgl ST JehdT gl

. AdjacentNodes:Zlﬁa’fNodesuﬁ?vwﬁo_rrﬁE%m%‘aﬂﬁﬂ's‘g'@%,a’fmuﬁvﬁ
g3rAT (Neighbours) IT Adjacent 118 &gl ST gl

e Degree of Node: - A3 &I Degree, Edges %1 T&aT § St 38 =I5 & @Y 3 gU g1 Degree 0 @Tel =I5
I Isolated AS FHgl AT gl

Representation of Graph in Memory

GraphRepresentation & dTcTd 38 Teheiieh & § TSIEhT SUANT shegeX T AANY H $S Graph I TER Hel
forT fRaT SATAT &1 Graph S Memory & Representation &3t & fov fasifaf@d alis & -

(i) Adjacency Matrix (3T8otohedl HiF)

(ii) Indecency Matrix (S=s=dT #feaa)

(iii) Adjacency List Representation (378sieheaT foree RUsicere)

i. Adjacency Matrix (3rsotehedt #fead): -

$H YehX & Representation 3 T Vertex 3T GAIT Vertex ¥ HatT (Relation) T Teh Matrix & SaRT FEdd d
g1 Adjacency Matrix #, Rows 3R Columns &I Graph Vertices §aRT GRITAT ST &1 TH Graph [ “n”
Vertices &, T Dimension nyn 813fT| TET 3T Vertices & w1 for@r § St Ao for@r Vertex dT Adjacent § |
AV & A 0 forar ST 1 fAs=Aifera T & i 31T Graph T Adjacency Matrix Representation fa= & #irar
cear T gl

U Undirected Graph G & [ a B c
. . q ' / [ A B C D E
Adjacency Matrix #H T& / / A 0 1 0 1 0
Entry Mij, 1 8137 319X agT Vi / / B 1 0 1 1 0
p C 0 1 0 0 1

- p——E

g:ﬁa—c‘rgﬁg-m Undirected Graph E 0 0 1 1 0

Directed Graph H, T Entry [ a » B » ¢
3 o " p : A B C D E
1] $ad 1 gET I Vi & Vj \‘\ ;ff a"f A 0 1 0 0 0
e Directed Teh Edge 8191 \_/ / B 0 0 1 1 0
5 = c o o0 o0 o0 1
- D 1 0 0 0 0
Directed Graph E 0 0 0 1 0




Weighted Directed Graph T

gfafafca sremr &1 1 @ A B C D E

Entry &Rl & &9, A 0 4 0 0 0
] ] B 0 0 2 1 0

Ad]acency Matrix 3? Non- C 0 0 0 0 8

Zero Entries I Jdf&a 'D < E' D 5 0 0 0 0

; E 1

Edges & Wight @ aefam Welghted DlrectedGraph 0 0 0 0 0

ST

i Indecency Matrix (S=a=d AfeFH): -

$H R & FEIATHOT (Submission) A Vertex T faffiel Edges & Relation T Tsh Matrix & SaRT T&dd
d el ﬁmﬁﬁrﬁa&ﬁﬁm Graph T Indecency Matrix Representation &l =i RITIT AT & -

TgT §HeT 37 Vertices & E1 E2
£y o = El E2 E3 E4 E5 E6
IR E S IR A\ Ea/ / A 1 0 0 1 0 0
a5 Edge & Indecent § E‘q\ /5 B 1 1 1 0 0 0
; C 0 1 0 0 0 1
E

FAT IS W _ ‘ D 0 0 1 1 1 0
Undirected Graph E 0 0 0 0 1 1
TgT §HeT 3 Vertices & E1 E2 E1 B2 E3 E4 E5  E6

A * B » C
Y 1 for@m & St 39 & \ o/ 7 A0 O 0 1 o0 o0
% Edge & Indecent § s\ / / B 1 0 0 0 0 0
. \ v &5 cC 0o 1 0 0 0 0
SR CAU D, E D 0 0 1 0 1 0
Directed Graph E 0 0 0 0 0 1

iii.  Adjacency List Representation (3gstehed foFe Ru=ieer): -

Linked Representation #, T Adjacency List ST 3G9 Graph sl e & AART # HIE A & folw
forar Srar €1 o 7 AlGg 9Aw Als & T T Adjacency List @I =TT 3@T SIIT 8, St A5 Value 31
TS IS o §9TeT o I8 & TolT Teh Pointer ol TIGIT T &1 Adjacency Lists T Length &7 I19T Teh
Undirected Graph #AlE Edges T TEAT o Gl & ST &

= A5 ++[0[x]

\ /’ I B[ A] }—{c] o]
/ / [c—{e ] J—{e[x]
iy DAl Fo{8] el x]

Undirected Graph [ED] F=>{c]x]




LA 8| Xx]

A * B = C
’\ / 7 (80 F—{c[x]
/ / [c e [x]
Ny y
D s E (o F—[A]x]
Directed Graph e D [ x|
A 8 —2—{c) (A —le [a]x]
' (D] 1] F{cl2]x]
[cF—{el8]x]
lDH%El (o F—{A]5][x]
Welghted Directed Graph |E—> D J|10] x|
TREE (&Y): -

e Tree U Non-Linear 3T TE&FaR 81T | Tree & Ycdah Data Item T & Node Fgd &1 “ET (Tree), Nodes T
Teh HAE BIcll & ToieTd HAITA: Hierarchical Relationship gt &1”

e Tree # Parent-Child Relationship &Il &1 Tree 7 SIf §&d 39X aTell Node &IAT & 38 &4 Root Node Hgd g
Tah Node T 31T8ehda Teh & Parent &1 TahdT g | ifahsT Shdel Root Node T 315 Parent sTgT 81T & |

o Tdh Tree # Ycdeh Node T =T AT STGT Child Nodes 8T Hehdl &1 TH Nodes TSisTeh Ueh 8T Child Nodes
el 8 & 3¢ Leaf Node T Terminal Node &gd &1 d& dT Tree §H2I 3 FT 31X d&dT ¢ olfeheT Data
Structure &T Tree AT 1 &Y 3 S&dT &

TREE TERMINOLOGY (& effi=aiarsi)): -
AT 3Tt Tree o1 I fem a1am 8, fra 38 $& Hgeaqol Terms fGu A §: -
Root: - T Tree # Root Node H&& TR T Node gIdlT &, GER

ersai H &g dr, Root Node &T 315 3T Parent Node &1 glarg|  Subtree
F9 fgU o I3 A A T Root Node g1 e

Chid .
Parent Node: - If¢ 1% Node fdT Sub Node &7 Contain  Node .7
AT & af 38 Node 3T Sub Node 3T Parent &gl SITdT § | GAX
eTsal H g dl, “Teh Node 3T &1 [T arem Node, Parent

Node graT&1” T &, B & 98 D, E, F &7 Parent g1

Fig. Structure of Tree

Child Node: - Ife tar T3 frdT ATs &1 g2reT (Descendant) &, d@F 9 11 &I Child Node & 9 & ST SITdT &
R RURARTH, D, E, FST & a B & Child 1




Leaf Node: - a8 113 forderT i 8 Child 78T 81aT & 39 Leaf Node gd &1 =T &, D, H, F, G Leaf Nodes &1
Tree H, Tah Leaf Node a8 A aTelT 1S 81T &1 Teh Tree # fardar #ff Leaf Nodes & ehd &1 Leaf Nodes &t
External Nodes #T sgd &1

Edge: - T Edge & Nodes 3 HEI T Connection 81T & | T8 &T Nodes & 1T ¥ Line gl | T &, A 3ik B
& ST &Y Line T Edge &1

Sibling: - @ Nodes TSIeehT Teh &T Parent 81T g 3¢ Siblings #gd ¢ | T &, B 3R C Siblings &1

Internal Node: - ag A1s 39T &7 @ &8 T Child Node 81T & 3 Internal Node gd & |

Path: - X (Consecutive) ThaRT & Sequence T Path gT SITdT &1 3WRIerd T 7 S@TT 31T Tree #, Node
HHTATTA -B —E — HEI

Ancestor Node: - #iTS &T Ancestor ferT #T qaacdit (Predecessor) #18 WX Root § 3H 1S deh &1 AT &1 Root
5118 T IS qasT (Ancestors) =181 & | 3TIerd T #, 715 F & qdadr, B 3R A gl

Degree: - Teh Al T 33l STl & AT & NN § S Tk A8 & U9 | 3WRad [T 7 fe@e s B fir
Degree “3°g| Uah Leaf Node T Degree §H2IT “0” 8Idl § oId{ch Ueh Complete Binary Tree H, Tcdeh AIs il
Degree “2” & sRISR glar g |

Level Number: - Tree 3 T #A1S &I Teh Level Number 38 X8 T &1 315 & o6 el A8 379e) ATAT-Raar $r
JeTelT 3 Ueh Level 3 R HIS[E &1 Tree &I Root 71 AT Level “0” W HIS[E &I 8|

Properties of Tree (& & 3[0rerd): - Tree & fole=t 0T §: -

o I3 & Node Tree &I Root 8 Fehcll &1 Tree & S[ST X Node 3T Tsh 0T &Il & |

o Tree 3 Ycde node I FHET gAY Node & TSt & fIT Shael Teh &Y Path BT 3 |

o T Tree frg® fHEY Root &Y Identify =T8T fHaT 31T & | I8 Free Tree ShgelTdT &

o 31T Tree & “n” No.of Node § 3T “n-1” Edges gi3T|

e J Node foisTerT 15 Child Node sT&T 81T & Leaves T Terminal Node SglTaT g1

e I Node fSaeh 91 & & &H T Child 81T & Non Terminal Node SgelTd &1

e Non-Terminals Node & Internal Node o Terminal Node T External Node gd & |

o T Level 9 39EUT THY Node & ToIT Depth 31X Height 3T AT darl 81T § Sif 38 Level T AT 8T g |

Application of Tree (€Y & 3TTIANT): - SHHT FATIT g AR ST & forw [T Ararg |

e Tree T Non-Linear 32T TCFTR § SATAIT SHAT FITIT Data ST Non-Linear dlies & Store T & ToIT fham
ST gl

o ST FAET Data T THTET 9 F Organize (STATLAT) Fel o [olT fohar SITAT B

o TS T &Y ST WA Iai A Data T Search, Insert, Delete ¥ & forw fonam Srar €1




Heap U €I g TSTEeRT 91T Priority Queues @I Implement et o folw fohar STAT 81
B-Tree &7 WA19T Database # Indexing @T Implement et o foIT foham SATAT £
ST TAT Artificial Intelligence H fohaT SITAT B |

Games & SalTeT H SHRT JATT AT ATAT T |

Syntax Tree ST ¥I19T Compilers ¥ fhaT ST & |

TYPES OF TREE (&I &% U&R): -

1. Gerneral Tree.

2. Binary Tree: -
a. Full Binary Tree.
b. Complete Binary Tree.
c. Scewed Binary Tree.
d. Extended Binary Tree.

Binary Search Tree.

AVL Tree.

B-Tree.

Heap Tree.

ook w

. Gerneral Tree (SToXel 2)): -

General Tree, Nodes 3T Teh YeTeIsh{d (Hierarchical) e H TG IAT § ol Top Level Node g2
Root Node & &9 # “0” Level T HIS[E 81T &1 Root 7TS &l SIS T AI5H 31elaT 37e1dT Level T F&am
W Al g & | FATT Level T HIS[G Nodes T #11$-3geT (Sibling) &@T STTelT & STafes faffie=t Levels ©X
HlS[e #A1gd 3oTeh dTer Parent - Child o Hetr T Jeild & 8| Teh =15 & Tl o Tear & Sub Tree &1
" gl

. Binary Tree (TSI €): -

STSAT Tree Teh UAT Tree & fordd Thde af Child 8T Tohd g, Binary Tree Empty $i7 81 ThdT & a7 38

Tree H 1 #T Node & TehdT & | SISeRT Tree H JaH gl Node Root Node &geTdT &, Root Node & ar 3iR

Node &I & Sir Generally Left Sub Tree 3{X Right Sub Tree &Il &, Left Sub Tree 31K Right Sub Tree

Empty 8T ThdT &, ST Tree 7 Tah 317 Node =T8T 81dT & 34 &3 Empty Tree Fgd & | ST &I IR YR IR

HEd Tl

a. Full Binary Tree: - Full Binary Tree & T3 Nodes &Y a1 @Y 0 AT 2 Child Nodes g1 &1 31T ereai &
gd dl 5 Binary Tree &I @#fl Node & 1 @r Left 31X Right &=t Child & 3T @IS Child =T g af ¥&r
Binary Tree Full Binary Tree @gellal & | Full Binary Tree & Strictly Binary Tree 3 &gl SITar g1 Full
Binary Tree & ®15 8T Node @relT 18T g1 &, 34T f&9Ter Node &l &7 TehalT & ITS Left Side aTelm
Node I&aTT @ Right Side Node 3 819TT, 39R &% Teh Side Node 8191 df @& Full Binary Tree 81 g191|

b. Complete Binary Tree: - Complete Binary Tree & T Nodes ¥ 2 Child Nodes & 3iR for@ehr T3 Leaf
Nodes Same Level 9X & Complete Binary Tree &gl g | Complete Binary Tree & Left Side Tree 379
2 I1Ses § ar Right Side & & 2 Child 81T ST g, 34T Leaf Nodes Same Level 3 g1t @1fgu, 39”
Same Level =IgT 8191 af ag Complete Binary Tree sTal g19TT|




N

Full Binary Tree Complete Binary Tree
c. Skewed Binary Tree: - Skewed Binary Tree 3 &3i Nodes & T @r Left IT Right Child Nodes &It g1

Skewed Binary Tree & Left Side Child & adl Left Side Node 81 & 31R Right Side Child & el
Right Side Node &1 &1

d. Extended Binary Tree: - T Binary Tree Extended Binary Tree ddf Shgdlldl & oIe 30T T Nodes &
JT a@r 0 AT 2 Child Nodes &l Extended Binary Tree # Internal Nodes T Circle CEIRY 31X External
Nodes & Rectangle gaRT 2T STaT &1 fie Nodes &7 2 child Nodes &Il & 9 Internal Nodes Sgetdlr
g 31T {3 Nodes T 0 Child Nodes gYdY & & External Nodes ShgelTdT &1

s

Left Skewed Binary Tree Right Skewed Binary Tree
Skewed Binary Tree

Extended Binary Tree

3. BINARY SEARCH TREE BST (dIg=1{l &« &)): -

Binary Search Tree Ush I Wepx apr | Insertion in BST: -

Binary Tree § i Class & &9 & gR#ATT

forar ST gahar &1 ST Nodes &t T @

fafarse oA 7 cgafeyd fhar STar g1 Left 152 5 So

Sub Tree & AR Information Root & BT Insert 12 As Root Insert 12 in Left of 25
Step 01 Step 02

gidr § 3R Right Sub Tree $r IRY
Information Root & &3T &IdT &1 Right Sub
Tree & T 5T T Value, Root T Value

& 38 Ar ReX g1 Left 3R Right
Subtree @I & Sub Binary Search Tree

g &1 Insertion of BST Example: -
25 12 18 11 27 34 26 09

18 <25and 18 > 12 So
Insert 18 in Right of 12
Step 03

11<25and 11 <12 So
Insert 11 in Left of 12
Step 04




e o e ° e o 13 2
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27>25 So 34 >25and 34 > 27 So 36 >25and 26 <27 So 09<25,09<12and 09 <11
Insert 27 in Right of 25 Insert 34 in Right of 27 Insert 26 in Left of 27 So Insert 09 in Left of 11
Step 05 Step 06 Step 07 Step 08

Deletion In BST: -

26

09 18 | 34
Delete 12 Delete 27 Delete 25
Step 01 Step 02 Step 03 Step 04

Traversal in Binary Tree: -
Tree Traversal 3T 3727 & 8 T Node T Visit ST Teh Binary Tree &l Traverse 3ld THT 3T T Node Fr

A% T I Access fohar rar & 31K 3@ ary %o Operation Perform fohaT STAT §1 Tk Binary Tree & 3
YR A Traverse AT ST ThaT B

a. In-order Traversal (3T 3TSX ¢ado).

b. Pre-order Traversal (Y 3TST ¢adel).

c. Post-order Traversal (41¥e 38T ¢adel)

a. In Order Traversal: - In- Order Traversal & TEH Ugol Left Sub-Tree &T o
TFad foRar Tar § 31 33 91 Root Node &1 Access foram SITaT & Last &
Right Sub Tree Access / Visit foraT SITaT & | ¢ & 3 Left — Root — Right o o

Order &gd &1 In Order Traversal 3 Root gH2IT = 7 21T & o e o

Outpu.-D > B—-E—-F—-A—-C—>G—H

o TEY Ugo §H Left Subtree @T Access 3T dr Left Side & D g 31K Y D & Left & IS 8 Child 8T £

e 319 &4 Root Node T Access @3l dr Root Node B & 3T §T¢, 4 Right Subtree 37aTd E & TFaH T,
3R BT E & Left & FIs 8 Child A8T &, AT 379 & Right Child F T Access S33T| TgT B §HART Root Node
T g IF fFar g

e 379 H A & Root Mode AT & af AR Left Side T Subtree Access & 31T 379 7 Root Node A sl
Access {3l 3T d1E, Right Side & Subtree &T Access |




Right Side # 3 T Root Node C & 33 Root Node & Left 3 &1s 3 Child &l & 3R 39% &1 Right
Subtree Access &aT|
379 g Root Node G & Left Subtree H a1 Access i3l 38 a1, Root Node G &hT Access &hiaT |

. Pre Order Traversal: - Pre Order Traversal # I8 9gol Root Node &l Visit o
AT STaT § 3T &1 Left Subtree & Access fohar STaT & 39 91¢
Right Subtree @I Access T SITT &1 M€ & 58 Root — Left — Right Order e o

Fed &1 Pre Order Traversal & Root H2IT Left H glar gl o o e
Output-A-B—-D—-E—->F—->C—>G—H oo
Post Order Traversal: - Post Order Traversal §# a8 Ugel Left Subtree T o

Visit TR SATAT & 3T+ d16 Right Subtree &I Access ThaT SATAT & 3d%
a6 Root Node @T Access fohaT SITdT &1 I & 39 Left — Right — Root e o

Order &gd & PosT Order Traversal 3 Root 21T Right H gldT & | o e e

Outputt-D > F—->E—-B—->H—->G—->C—-A oo




