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Y =2.3;
A="B"
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DATA STRUCTURES AND
ALGORITHMS

J ¥ amadl)

: (Linear structures ) 4shdll cilibul) Jsta
axily J5Y) aial) o)) e (o) 58I 8 L) Jael) paalie 038 3 Jod il hase aaiay () lLul) JSLa 5 53 5o
JSUa sa IV s e D) Adadl) ULl JSU w5 oaliall 46 13K 5 G oaiall dagy SN 5 SE 5 aaial)
Dynamic linear ) 4s_aiall &kaall clibull JSba s S0 5 (Static linear structures ) 4Gl 4daall <yl

. (structures
bl Jond i Tase aaat 3l bl JSa 4 (Static linear structures) 4Gl ddaddl i) st -
A headl Ay Jle e ) JSiell a1 jealiall Jiiail 5 ) slatie 3_SI3 (aslic ass

Do Loy Caati s SIAN 8 45 A adl sal) (e A gena (e 3ke b Array A sicaal)

float ,int ,char..... <& =23l Lua e aal g Sl & 53 e O 5S5 ad8) sall an -]

4 shiaall Guis 8 AN & ge gl o dlaie V) (50 4 shiadl 88 50 (e 0850 ) ) (Randomly accessed) Lol sée Jsasll (Sar -2
- alindl mead (g gl g Dl e p A8 ghiadll @B ge o) (I Jseasll gllaall gl laie -3

A ghadl ealic e (s) e Jalal ol sy 5 33 L35 48 ghnall jualic &l s -4

L 5SIA b et @ ge alainly 4 had) Jidi -5




: 1D array representation in memory 3813 2 dalay 48 ghaal) Jiiad -1
YIS bl Gy Ayl sl b

INt {or any other type} X [N]
EX:
Int a[10]; float a[20];
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4 ghaad) 3 V) peaiall Laada J5¥1 5 S ol gie 5Ky 46 sicaall dulall ealiall de gane cilagind) dilaia _SI3
A dsasll 4l Al Compiler  4xlll wllae padivy (Base address, BA) 4l gl sie 4dde 3l Lo 5
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Location (x[i]) = Base Address + (i-1) @

Glhall juaiall aise iy | Cua
Example:
a[4]= {2,6,10,5};
a[1]=2, a[2]=6, a[3]=10, a[4]=5 Logical representation (programmer )
_ Bass address (BA)

Memory address 1004 " 101 102 103

Memory = 2 6 10 | 5 ‘ Physical representation (Memory)

Jsasll (1) b aalaall adiios pllaal) (8 oDle ) 48 shiaall pualic (o Gl juaiall deli 3y 3 Ll L 3 ) &l
b LS55 SN & o glladl juaildl
Loc (a[i]) = BA+ (i-1) -> Loc (a[3])=100+(3-1) -> Loc(a[3]) = 302



Ex 2. Letint x [n] any array. Compute the memory address of the element x [4] when the bass
Address is 500?
Solution:
i=4
Location(x [4]) =500+ (4-1)
=500+3=503
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int {or any other type} A [M][N]
Ex:
Int A [5][10];
Float A [4][6];
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20 6 5 all al2 al3 al4
8 9 1 > = a2l a22 a23 a24 -> Logical representation
2 7 4 a3l a32 a33 a34

Ex: a[3][4] =

W = Ul
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Memory
Address Bass address (BA)

100* 101 102 103 104 105 106 107 108 109

5 1 3 20 8 2 6 9 7 Memory

Physical
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Column 1 Column 2 Column 3 p
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Ex: Letint s [3] [4] any Array, compute the location of the element [3] [2] when Base Address is
(100).
Sol:
iI=3, j=2, M=3, N=4
Location (s [3] [2]) =100+ 3 (2-1) + (3-1)
=100+ 3+2 = 105

:Row_method < siuall 48, )a -2
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Ex: Let int A[3][4]
Compute the location of the element A [2] [4] ?
When the base Address is 100.

Sol:
i=2,j=4 ,M=3 ,N=4
Location (A [2] [4]) = 100+ 4 * (2-1) + (4-1)
=100+4 +3 =107



Stack

Introduction

A stack is a linear data structure that follows a particular order in which operations are performed.
The order is Last In, First Out (LIFO), meaning that the most recent element added to the stack
will be the first one to be removed. This concept is frequently visualized as a stack of plates where
you add plates to the top and remove them from the top.

Gaal Gl S lea ¢(LIFO) "gods ¢a dol S iy G AT" 58 Uina Ui i it Adad by 4 (e 8 ke aaSall
Caamd i 2 I (e eSa adf e sedall 138 gl o La Wl a3 3] o e Jl (S Sl ) by i
Ui eI G gl 355 oY1 I A1

uaSal) ) AR & paie A) e AN (fop) dpesd i aladiad oy 1 diadle

Characteristics of Stack eSall pailad

1. **LIFO**: Last In, First Out.
oSl il wlkest 2. **Basic Operations™*:

oSl s BLel - **Pyush**: Adds an element to the top of the stack.
oSl e s cone - *FPop**: Removes the top element of the stack.
sl o il ol 330 - *FISEmpty**: Checks if the stack is empty.
- **isFull**: Checks if the stack has reached its maximum capacity.
ol Sl eSel 33

Algorithms of Stack Operations

Push Operation
The push operation adds an element to the top of the stack. If the stack is full, it indicates a stack
S e wLa) alesOVErflow condition.
Algorithm:
1. Check if the stack is full. If true, display 'Stack Overflow' and exit.
2. If not full, increment the top pointer to point to the next empty space.
3. Add the new element at the position indicated by the top pointer.

il Al 5 5 " Tin Sl Al e clilin (IS 13 Bliaa (aSall S 1Y) i3 ]
1 e (tOp) mise o) cllian GuaSall Sy al 13)
Addll b5 Aol g dasall adgall 8 pall paiall a3

Pop Operation
The pop operation removes the element from the top of the stack. If the stack is empty, it
oS e e o adkes INdicates a stack underflow condition.

Algorithm:

1. Check if the stack is empty. If true, display 'Stack Underflow' and exit.
2. If not empty, retrieve the element at the top pointer.

3. Decrease the top pointer to indicate the removal.
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Check Empty Stack (isEmpty) sabiadl ¢ (uiSal) gld (e (gladl)
The isEmpty operation checks if there are any elements in the stack.

Algorithm:
1. If the top pointer is -1, return true (stack is empty).
2. Otherwise, return false (stack is not empty).

0 oo BT (TOP) aed) ji5e OS5 5ad 1
o o2l () S 0B (0 e BT 2B age 0TI 2
" Gajel g )l e (el U 0 (e JT AR Hdse oSial 1Y) 3
Check Full Stack (isFull) saliadl (waSall ¢3ia) (ya (3823
The isFull operation checks if the stack has reached its maximum capacity.

Algorithm:
1. If the top pointer is equal to MAX-1 (maximum capacity), return true (stack is full).
2. Otherwise, return false (stack is not full).
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Stack applications  (aSall culayas
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Ex: Convert the following infix expression into a postfix expression using stack

A+ B * (C - D) Infix:

3slal| o) ko)l S Postfixal.L.
1 A ales - A
2+ s ¥ A
3 B Joles + AB
4 * iles +* AB
5 ( e s +*( AB
6 C Jolan +*( ABC
7 - dles +* (- ABC
8 D Jolas + % (- ABCD
9 ) s 5h + * ABCD -
10 .o Sl b £ - ABCD-*+

Ex: Convert the following infix expression to a postfix expression using a stack

Infix: (A + B) * (C-D) / E

5slad| 50 ko)l ) Postfixa..L.
1 ( T s ( -
2 A Jolas ( A
3 + Aekes (+ A
4 B Joles (+ AB
5 ) Glan s - AB+
6 * dkes * AB+
7 ( o5 o *( AB+
8 C Lol *( AB+C
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9 - s * (- AB+C

10 D Joles *(- AB+CD
11 ) Glia g * AB+CD-
12 / idas */ AB+CD-
13 E Lol */ AB+CD-E
14 Sl 3L £ s - AB+CD-*E/
AB+CD-*E / S Postfix 4ma il s
u.uJS.AM e‘.l;l.u\_\ Postfix a.a_b.a c_ILuA -2
roeaSall aladiialy 4l s Sy ¢ POSHiX ) meeil) o sad 2 jaa
sdza ) sAY)
POSEfIX. sni 2 50y IS 12 » .1
IS (3 ans Sales a1l 0712
oS 3 s 2T e ddeal AB ddes )l OSTI3L3
S (3 ) dmdl) i) a B Bl OSay el B8 ] Ll 3 ezl 4
Example: Compute the following postfix expression
Postfix:6 2 3 + - 382 / + * A L PP S RV
:J.J-\
3 ghadl) el s gl CaSal) Adla
1 6 oSl A6 pa 6
2 2 el 32 aua 6, 2
3 3 oSl (33 aua 6,2,3
4 + 2 + 3 = 5ide ol 6,5
5 - 6 - 5 = 14ke npl 1
6 3 oSl A3 1,3
7 8 oSl A8 1,3,8
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8 2 oSl 3D auia 1,3,8,2
9 / 8 / 2 = 4ile al 1,3,4
10 - 3+ 4 = 7Tike xl 1,7
11 & 1 * 7 = 74ke i 7

7 89 uaSall B el da gl palad) 4 Al Al ¢ eSiu cilblaad) JS 34T ay
H.W: convert the following infix to postfix then find the result of postfix

3+4*2/(1-5)2213
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:storage allocation (&3 gauaill)

Static storage allocation <l Al gauaddll-1

Csmalall 55800 8 ((Aluluie ) daiiie 438 @l ge 3 bl 053 & Cua Lpladl 20 58 Aasiuly UL A Gk ol iy
palinll a8l e o) Cua ) Base Address () ol sie i 3 Jg¥) juainll adga Wb e 13 jaic Y Jpalll oSa
cmaliad 48y 13Sa 5 (K-1) _neaind) 2235 jdlie dad 5o ) sSoms (K) _naaiall Sia, 2ol (350 IS (e Ledbian Sy 5 AY)

Ll all

Gkl 5 el & geu-1

Clilall ) sdal) J sea sl A dle 30UiS-2
Dsidall g uaSall aa Jaladl) die faa anilie-3
* t5 glmsall

Lod bl paliell sae naaty Gueadl iy il Gl 2

Dynamic storage allocation (Ssalil) J3al anaiill-2

85 258 Y Gl U paiall 48 ga () sie o (g sing seaie S 5850 5l INK il ) pladind o5 038 ¢ 50 48y )l b
emie JS Gl 5,1 3 g gs) B (bl ) peaind) (33 e O 5SIN L ( Aluduia ) dublaie adl pe b il (5]
et Gt s e (s s

(Data ) il Jle iy Jin 1 J5¥1 5 52l

(1iNK ) ) seainll adse o gie e o sing Jia 1 S g al)

1 3l
aind) O sie Cpn @A dsall Jis dad duaad JMA (e Y Cadall 5 AlaY) Cllee Mi5 A e @
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Aoula) L) Y ALl a sl Jis Jiial S0 43 dalae ) zling e

Saabinal) (AN 5 il ¢3RN ¢ & Rl

& aie IS Y S0 A A dalie I zliag (Saaliall ¢330 slal o) Amount of storage : 4ijall daluadl -1
pealinll aen 138 5 U jeamiall adge o sie o (5 sing (bl 55 alse ) sdge W pling lall JSel

e el e Cupnd (5 gus callaii Y LsY Saalipall A1 5 Al sgas i) illaall o2 () cidad)y ABLaY) ciples -2
maliall ( Shifting )i 5 dlee Callai L3y 1o i) Tlealls culill ¢ 3al) b L), Cadall 5) dilaY)

Y (P gl Jpall & Jumdl ey Sl 030 Gl ) Random Access @ sabiadl (il gdall Jgasll -3
ead) by aild  Saaliall o3&l 8 Wl ( k-th element from the start ) 38lbe Sl (el palic o jaic

isall Aad iy el 5 1248 Jeul Gllea) o2a 585 Saaiall (3301 & Merge and Split @ Jwadll g gl -4
salel s yaliall Cim 35 Callaty 38 3 Jaad S) Jealls il 530 3 Wl Jucaill 51 geodll Bl g g3 (il ) jusaliall
. Reorganization ¢)all adas

References  aalall a ggda
(LKl ld siaal) O uiall Jia) o & 95“2 Lae) oy Al cngliall & (References ) gl &l -
bl il die 3 )SIAlN 8 4dy jad oy

lef aai cus Hexadecimal wostuls leaas o 3 SIA 8 Led dalin anadi oy il oludY) cpglie -
.0xd5ef87¢ JullS Cajal 5481 o s gind (ol ginl)

Glaaliy Lgaling Al dalud) 85 e a8 ellasy Cun Taa g el 3 SIAN 330 5 sl (LD Jpa gl -
5 ilae IS Lo 53 g sall ¢l J e o) i Gl Cam ol 0 oS0 ans Jragy 38 451 LS 5 SIA0 (4
At g )l 8 Jasd i€ of adaaDis 5eY) 138

Gy L oy ¥ G Gl Bl e Cot 3 sa Lo a9 3 )SIA 8 53 s sall oL Jpuca o) AlSa) -
sl A 5 Ul dxls

Address Operator 4 J& 3 & Jalall axaivd 3 SIAN i 33 sa sall LY Gaglic ) Jsasll -

CH++ (5814 8 Baga gall sLudl) cpglic dslia
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(A D 3 oy LS o) (8 & g 58I b Al ya o5 i (Y Aanadall bl o sie delibl

#include <iostream.h>
int main()

{

115 45 5 X dans) e Ciy yaciy Liad Lin
int x = 5;

113813 (8 X aaiall Lpeanads &5 Al dalall o)) sic Aol Lidd Lia
cout << "Address of x in memory: " << &x;

return O;

sl sie A A ) 45 Aal o Jomain

Address of x in memory: Ox6lfelc

C++ Q\J—Cﬂ\}d\ PJ‘G":‘

e US55 58I 8 46 jeal) oLudW) ) Jpeasll e o ol Liles Cangs pxiiui (References ) galall o L s
LS (AL Dl (e 2 3l Lihaed (8 55 )SIA) (8 48y 25 gy 628 (Y sl Lyl 023505 ((PoINters ) <l udisall

sl g sl Oy (30

Dhsall b Glld ) AslaYl ) 555 oA e LB Ol sie G 5A 5 SN 8 dalie aas b pS5all O s Leghn (oulaaY) (34D
el Adaal ad) jady A el aaas e T jime i gy gl 85 SIAN 8 0 e g o 6V B LEY) Ay

CHt (b sdisa iyl

BOSIAN (Al puda (o) o LB g b el (0sSs OF g pEsall g g8 O () LAY e F el aadiad s dise iy pal
LIS L O Linind X A 5 (N A 55 e iy Byl 13)
I Lelasand SV iy 2 5 J5Y) sl
int* x;

J/ I RPN
int *x;

J] il G Ly
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int * x;
el ass laie 5 pdisall A€ o 280 138 ) gie e a sl O g BSIAN (80 0 se (oalh Al i alea 5 e iy el

S B B s e S Al e g 4l Jpadl e 0
#include <iostream>

using namespace std;

int main()

{
/1 "Arabic" 4iad 5 language 4] e cay e Lid s
string language = "Arabic";

115 83 A language el o) sial jdise ciy jaly Lied Lia
string* ptr = &language;

Il language _siall dad deliay Liad Lia
cout << "language =" << language << endl;

/13 S i language Lsdall ol sie aclday Liad Lia
cout << "Address of language =" << &language << endl;

I3 8131 L ptr el o) sie deliday Lidd L
cout << "Address of ptrin memory =" << &ptr << endl;

Il language sl o) sie A Al 5 ptr bsall 882 s gall dal) deliday Licd Lia
cout << "Value of ptrin memory =" << ptr << endl;

/l'language el dad & Al 53,81l i ptr disall o) sie L) sy ) dadll deliay Ui L
cout << "Value that ptr point to =" << *ptr;

return O;

aedal) aie A0l Aaail) auds At e Jiasiu

language = Arabic

Address of language = 0x61fde0
Address of ptr in memory = 0x61fdd8
Value of ptr in memory = 0x61fdeQ
Value that ptr point to = Arabic
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