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Array

A collection of homogenous, order and finite set of

elements
- Homogenous: milaunu tJutayasiainediu

astlutayalkuu primitive %39 composite fil

Order: Uayaiin13t389Juafu (sequence)

Finite: I1wiuYayadivuinniuuey iWdsuwdadlila

[ ¥ ¥ a ¥ .
Julaseasisvoyanuuiday (linear)



Array

AIDYINNISLY Array

Arravs(Primitive Data Tvpes)
0 1 2 3 4 b ] [ i B 9 |10|11
Characters v i r luls F | o|lu|n|d !

0|1 |2|3|)4]|]5|6|7|8|9|10]11
Inteaers /8159 |14 |66 |34 |76 |6 |36 |45 |64 |2 |98

0|1 2|3 |4]2]|]6 | 7]|8|9|10]11
Numbers 2.0(12.4|11.8|1.5|1.2|4.8|7.3/1.0/2.2|3.1]|2.3|0.5

Arravs({Composite Data Tvpes)

0 1 2 3 2 4 5 6 7
Strinas ASLAM ZAHID FOUZ SYMA TAUSIF ZOHRA AHMED MUNIR
0 1 2 3
Records FOUZ7000029 SYMAG577732 ZAHIDS000055 ASLAM250045
Blank
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Array

QU | 9/
AIDY1NNI5LY Array
ALMUY (Index)
1 2 3 4 5 6 ! 8 9 10
H e | | o) W o) r | d

o . o Gi’iaga (Element)
AR UINNNUAYDY index 158N index set AIDYINUAD

Index set ={1,2,3,4,5,6,7,8,9,10}

YOULUAYDIRLAUTENIT range set AoglAe 1 - 10

Index iANaegnsunIn Lower bound , Index NiANgeiiantsenin Upper bound

VUV Array = Upper bound - Lower bound +1



Array

AIDY1NNI5LY Array

X

N5189%0Ya LU1DLALNITEN index

1

2

10

H

e

lunsadiaenans douseydunilaves Array agdiviay (subscript notation)

C, C++, Java W [ ] deenawiu X[6] , X[7], X[8]

Fortran , BASIC 1% () fsenadu X(6) , X(7) , X(8)

Tunweeuiawesteuldrndauiiiossysiumi

Xy, Xo, Xa) e oen




Array

LRazN19 2d lower bound lundlaunu

C, C++, Java #uwnud lower bound gt 0

0 1 2 3 al 5 6 I

X
H e \ | 0 W 0 r

A19Y19H Range set A 0 - 9

BASIC , Visual BASIC sinwiue lower bound @1u1sannvun baLed

A19819H Range set Aa -5 - 4

-5

4

-3

-2

H

e

l

L




Array

Suaulau Array
- naUldy RewINN1SUIENNA Array NDULELS

- Compiler agsinisaesiiuintisanudd@msuleaudu Aray

1%
a v

- YUIAYBINUAMINIEANNTILVUBYAY vllATBYR LAZYUIAYDI Array

A9Y19N15UTENTA Array Tun1wn C

Int X[100];

Range 289 X A 0 919 99
YUIR Vg X As 100

YUIAYBINUNVUILANUTT = YUIRYDI Array X VUIAVRIUHATRYA



Array
YUINYBINUNVUILANUTT = YUINYDI Array X VUIAVRIUTEATDYA
AIDYLAU
char X[100]: YUIR VDI X AB 100
VUIAVBY char A8 1 byte

YUY X TUnIgANn = 100 X 1 = 100 bytes

long X[100];
VUIAVDY long AB 4 bytes

YUY X TUnIgAINEN = 100 X 4 = 400 bytes

double X[100];

VUIAVBY double AB 8 bytes

PUIAVDI X TUNUI8AIUAT = 100 X 8 = 800 bytes



Array

Array TUI8AI1NT

Toyaved Array azi3esdonuluntlsanuinfaiuduiuied Ingsdiiriasn

QI Qi o 1 [~4" Y
91ASUNALAUILAUA LS

ALNUILTUAUYDY Array LS8AI1 Base Address

char X[]={1,2,3,4,5,6};

1000 | 1001 | 1002 | 1003 | 1004 | 1005
X
1 2 3 i 5 6
long X[]={1,2,3,4,5,6};
1000 | 1004 | 1008 | 1012 | 1016 | 1020
X
1 2 3 i 5 6
1000 | 1004 | 1008 | 1012 | 1016 | 1020
0001 | 0002 | 0003 | 0004 | 0005 | 0006

Base Address @a 1000

Base Address @ 1000

1 9de Qi < 9
uiay element AN UNIULAL



Array

n15%1 Address TuniI8AUY1910 index

Address X[ j ] = Base Address + ﬁuu’m%@uua X ]

A9819:2U double X[100]
ALAUS X[91] %agj‘ﬁ Address 1o 7 Wlarvuals Base Address fia 1234

YUV Double AB 8
j =91

Address X[ 91 | = 1234+ 8 x 91

= 1962
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Array

NIMIFUIaYa aunsaAnle Asun1siinfsteya Aray Tusumi

.

0 1 2 3 i 5 6 7 8 9

N9 9 JInTETLASLN

H e \ L 0 W 0 r \ d

I NN = v Y ] ] < I
S2mnlunsaliil nuefsliaugugau (time complexity) L ulnla

O(1)

Tflezlsazi5n1iuan

Array agdivuiawinle Algnailunisidnfstayaminnu

11



Array: Operation

N1313£N1U89 Array (Operation)

Retrieving
Adding
Deleting

Inserting

AUAY (Retrieving)
ATt (Adding)

au (Deleting)
k130 (Inserting)

Array

Memory

12



Array: Operation

Y

AUAY (Retrieving)

AUAL AB N5LUD9TBYA

NSLUNDIVBYR FXABITALMUY index VBIUBYANABINITLUIN
AIUT index @1U150ANUILATIUN

Jayaaunsannalalagnss (Direct Access)

NNSAUANL AN UL D UNMILIaNTU..

O(1)
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Array: Operation

sl (Adding)

mmﬂuﬁamﬂé%’mﬂaaﬂﬂiu AU BINS

NI0L38AI1 N1IANUAAN (Assigning)

YINAILAUINABINTAUAALUBYALANDY YDUARNITYNLTLUIIU

ﬂmﬁm%’ayaﬁmm%’wﬁaumﬂL’;mL“fJu..

O(1)



Array: Operation

au (Deleting)

ﬁamﬁawﬁaaﬂaiuﬁ%mm index N9n99n15990 LU

Jayanoglumunudnluazgnidowdnuiunui (Heuvungie)

1 2 3 4 5 6 7 8 9 10
H e \ | 0 W 0 r l d
1 2 3 4 5 6 7 8 9 10
H e \ \ 0 W 0 L d
1 2 3 4 5 6 7 8 9 10
H e L L 0 W 0 L d
1 2 3 4 5 6 7 8 9 10
H e L L 0 W 0 L d

AUALLYAUIN 8

aly

LAY

LAY
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Array: Operation

au (Deleting)

Array Hvunsianaayinle ?

1 2 3 al 5 6 7 38 9 10

H e | | 0 W 0 | d

v 1

YA NS IEAUNYNABILIAIUALTNLA?
YUIAD9 Array Wasuuwlaslile luSuasiiaiieny



Array: Operation

au (Deleting)

NsaUITABAFSLIALUNSHRUTRYA

NafluNISIEAaUzLANENINUlY MuEn un1Sol

LLSJ"ﬁ’ejﬂ (worse case) ﬁﬁ?j@ (best case)
AU Index AN AU Index fgavine
AU ULDUNI WAL T ANUTULDUN ALY

O(N-1) %38 O(N) o(1) wszlidesdeutoya
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Array: Operation

wnsn (Inserting)

muﬂuﬁamﬂd%’agaLﬁuaxﬂﬂiu AUV DINNT Imaimwamamm

JayannazgnIdulunianurnewiiuveyatriagly

H e L | 0 W 0 | d
1 2 3 a 5 6 7 8 9 10
H e L L 0 W 0 L d
1 2 3 4 5 6 7 8 9 10

N T aglu
ALLAUIN 8

AU
LAY

LNU
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Array: Operation

NN (Inserting)

NsunsNAvdanalunsiaautays

NafluNISIEAaUzLANENINUlY MuEn un1Sol

LLSJ"ﬁ’ejﬂ (worse case) ﬁﬁ?j@ (best case)
WNSN Index Aawsn N3N Index FIanvneg
AU ULDUNI WAL T ANUTULDUN ALY

O(N-1) %38 O(N) o(1) wszlidesdeutoya
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Array: Operation

NN (Inserting)
unINVoyaiuvuie Aray Lile

w3lnag19l571 Yoyaiunseds nsIzvuInYes Array S
AINNABALIAN ?

AU, AOIASI9AILUSUN track NSNS RaA LaLgALe1NALUSH
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Array: Operation

81973 (Traversing)

N1581579 %30 WaNwl (Traversing, Visiting) ABN15LU104

Jayalu element 19 9 9819UpY 1 ATIAUATU 9N element

[~ . v v = a
.Ju operation Meluveslassasisteys Fellaulylunis
ANENER  MATUREER HATIM YALREY

AU ULDUNILIANVDINITENTIT AD ...

O(N)

138 best case Lﬂ/\lﬁwgﬂ\‘iﬁﬁaﬂr}hunﬂ element

21



Array: Operation

d3U Worst case U84 Array

Accessing O(1)
Inserting O(N)
Deleting O(N)

Traversing O(N)
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Array: 2D
Array 2 4@

Array 2 {5 ABN15UD Array 1 AAN1SIUNGUAY
anunsnazueady Array Noglu Array Ala

34

<
NWULLUURNNTIY

S 2D

n element Judayanivuiawintu was Array Jvuinfiuiuey

Masly index 31U 2 AILUNITTEYALLMLS

80 20 70 55 32 70 76
X 40 55 56 80 0 27 14
55 68 72 35 a4 21 0

60 75 62 75 0 100 85




Array: 2D

Aadly index 11U 2 FLUNITIEYALULS

Array 2 4@

fonszyiunualuluy row wag column (WUIRY WA LUILBU)UAY

ISUUUATLIAUILT LU O

80

20

70

55

32

70

76

55

56

80

27

14

55

68

12

35

44

21

60

75

62

75

100

85

24



Array: 2D

Array 2 4@

fawdiagd 2 iR wilumsiivawdisaudn Adsaiukuy 1 1fegh

80 20 70 55 32 70 76
X 40 55 56 80 0 27 14
55 68 72 35 a4 21 0
60 75 62 75 0 100 85
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Array: 2D
N15UUNANAIENUILAIIUT

89 1: e (Row Major Storage) AgUuNINNaziLa?

Address Aljl[k]=Base Address + mum%’azﬂa X IUIULDY X | + K

j A® row 131310 0
K A9 column 154910 0

A B C
D E F —) A B C D E F G H
G H I

26




Array: 2D
N15UUNANAIENUILAIIUT

89 1: e (Row Major Storage) AgUuNINNaziLa?

char X[3][3];

A

B

D

E

A

B

C

D

E

F

G

H

WaNIUUA base address = 200

X[2][1] azagimumislaluminainud
IIUIULOY =3 char {110 1 byte
=2, k=1

Address A[jllk] = Base Address + Gumm%aaﬂa X IUIULDY X | + K
Address Afjllk] =200 + 1 x3x 2 + 1

Address A[jl[k] = 207



Array: 2D
N15UUNANAIENUILAIIUT

= 6

57 2: wwaaun (Column Major Storage) Az UUNNNaL@ALN

A B C
D E F —) A D G B E H C F
G H I

Address Aljllkl=Base Address + ﬁumm%’aga X MIUAANA X Kk + ]

j A8 row 1313717 0
K A8 column 154310 0

28



Array: 2D
N15UUNANAIENUILAIIUT

v 6

57 2: wwaaun (Column Major Storage) Az UUNNNaL@ALN

char X[3][3];

A

B

D

E

G

H

A

D

G

B

E

H

[{af1Mun base address = 200
X[2][1] agpgsumialalumiieninue

IIUIULOY =3 char {110 1 byte

j=2, k=1
Address Aljl[k]=Base Address + YUINTVDYA X I1UIWAAUA x K + ]
Address A[jllk]= 200+ 1 x3x 1 + 2
Address A[jl[k]= 205




Array: 2D

o0\ o

AINUGUEDUNINIAVDY Array 2 3R

Accessing O(1)
Inserting O(NM)
Deleting O(NM)

Traversing O(NM)

N A8 91UIULD7
M A9 UIUEAUA

30



Array: 2D
N15UUNANAIENUILAIIUT

Row Major: C, C++, Objective-C, PL/I, Pascal

Column Major: Fortran

lailavivamauu : Java, Python
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Array: String

String A Array U84 char lagdsya null (\0) Uanieveniy

YUINYDY string ABIIRUNINAIULIVOAIU 1 YDIULEND

char X[]="hello”

Array @115UUUNNE189NUTY

h

e

\

\

O

\O

&NUNI0E519 array U84 string La lagla string 2 46

h e L L o) \O
W O r L d \O
m j u \O \O \O

32



Array: 3D

A Array 2 &

aa

Array U4UA 3 16

U

A Miumardnugeuny Wulaue 1Senin plane

row D E = —

column

33



Array: Example

AIDYINNITLYIU Array

A89NUTY

—
Strings Array: M

M[0,0] M[O,1] | M[0O,2] M[O,3] | M[0,4] | M[O,5] | M[D,6] | M[D,7] M[0,8] | M[0D,9]
= o U z \0 \0 \0 \0 \0 \0
M[1,0] M[1,1] M[1,2] M[1,3] M[1,4] M[1,5] M[1,6] M[1,7] M[1,8] M[1,9]
S Y M A \0 \0 \0 \0 \0 \0
M[2,0] M[2,1] M[2,2] M[2,3] M[2,4] M[2,5] M[2,6] M[2,7] M[2,8] M[2,9]
z A H I D \0 \0 \0 \0 \0
M[3,0] M[3,1] M[3,2] M[3,3] M[3,4] M[3,5] M[3,6] M[3,7] M[3,8] M[3,9]
i ) A U S £ £ N \0 \0 \0
M[4,0] M[4,1] M[4,.2] M[4,3] M[4.,4] M[-’—’l,S] M[4,6] M[4,?] M[4,8] M[4,9]
£ L I z A =1 = T H \0




Example

Array

Array

%691

1

G4y INNTT

U/

Matrix

b

T W

5

=3 =3 -l

-1

rd

-l

-3

-4

-3

=3

=3

-3
4

3
-3
4

[ B B =]

oW

4 -3
-3

-3

-3

-l o e el

1 0
2 1
-4 -2
7 l
1 o

3
o
b
4
2

3
1
-3
-1
i)

i I ]

£l

S T S [ |

4

1
-3
2
=3

B E e

35



Array: Example

AN

AIDYINNITLYIU Array

03020
03020
05020
03059
0509
05098
03255
05725
06157
06392
0706
06980
0.6941
0.6627
05176
04314
0.7647
08627
08137
08627

04980
04941
04902
04784
04706
04627
04388
0559
0.6431
0.6745
0.6510
05765
04510
03373
0.2039
02235
08157
0.8863
09059
0.8863

04863
04784
04627
04353
04118
0391
0.5255
0.5922
06000
04902
03412
02392
0.1922
0.1686
0.1038
0.1785
08745
08388
06431
08745

04078
03059
02392
02863
03804
03922
0333
03843
03373
0.2941
02568
02157
01682
0.1647
0.1373
01373
01843
0.7216
09255
08353
0.8902

04824 03608 0.2941) 0.3686 0.5451
04510 03922 0.2706) 0.2663 04745
03137 03569 0.3804 03451 0.3490
02314 02902 04392 04235 02902
02902 02627 0.3451 03647 0.2549
0419 03608 0.2784 02784 02353
05137 03020 03255 02863 0.2627
03725 0.3765 0.3098 0.2667 0.2627
03020 0.2863 0.2235 0.1961 0.207%8
0.2627 02745 0.471 02314 0.2235
02275 0.2588 0.2588 02588 02549
01725 0.1804 0.1569 0.1608 0.1922
0.1765 01882 0.1333 01059 01255
02039 0.2431 0.1725 01176 0.1255
01882 0.2314 0.1451 0.0980 0.1412
02471 0.1608 0.1176 0.1451 0.1412
01529 01284 0.2000 0.0941 0.0784
04195 0.1137 0.0941) 0.1529 01255
08902 06118 0.1255 0.0157 0.1608
0.8824 0.9255 0.3922 0.0510 0.0784
07843 0.8118 09255 04118 0.0275

06431 04831
05137 02078
03255 0.3
02392 02078
01804 01922
0137 0133
01608 01569
02078 01961
01604 01922
01004 01882
02118 02353
02000 02471
01176 0.1490
00802 00663
0T 018t
00352 02157
01922 00902
01333 00663
00784 01412
01059 01176
01020 01059

|

01412 0.124
0.1175 0.1098
0.1451 01313
0.1882 0.1765
01922 0.1882
0.1647 0.1723
0.1451 0.1569
0.1725 0.1647
02039 0.219
0.1765 01843
02157 01961
02118 0.2000
01137 0.1451
0.1175 0.14%0
01922, 0.1804
0.1608 0.1451
0.14%0 0.1333
01333 01216
0.1255 0.1176
01216 0.1216
0.1176 0.1255

01255
01137
01333
0.1608
01725
0,168
0.1647
0.1608
0219

D1E04
01666

0.1882
0.1725
0.1765
0.1647
01529
0.1451
0.1373
01373
0.1431
0.159

0.1373 0.1412) 0.1255
01294 01373 0.1284
0.1373 01373 0.1333
0.1451 01451 0.1451
01529 01529 0.1647
01569 0.1608 0.1686
0.1569 0.1608 0.1647
0.1686 (01686 0.1490
0.1961 0.1608 0.1333
0.1490 0.1176 01059
0.1569 0.1529 0.1569
01804 01765 0.1686
0.16% 0.1451 0.1412
01804 0.1725 0.1961
0.1608 01843 0.223
0.1804 02000 0.2235
01804 02157 0.2431
0.1882 0.2314/ 0.2706
0.1922 0431 02863
0.1961 0.2392| 0.2824
0.1961 0.2275 0.2667

01178
0.1255
0124
0.1451
0.1647
0.1647
0.1490
0.1098
0.1333
0,125
0.1529
0.1569
0.1725
02549
0.2706
0.2824
03020
0324
03490
03529
0340

01218 01333 0.1333
0.1255 01451 0.1412
01294 0.1529 0.1412
01412 0.0412 01333
0.1569 0176 0.1216
0.1430 0.1059 0.1333
01255/ 0.1059 0.1529
0.0784) 0.1216 0.1451
01412 0.1647 0.1294
(.14%0 01647 0.1686
(.1490 01647 0.2471
0.1450 0.2314 0.3098
02039 03020 0.3804
03039 03647 0.4431
03020 04314 04588
03412 0.3686 0.4863
0.3608 04368 0.5451
03882/ 0.5020 0.5725
04078 04980 0.5725
04196/ 0.5216 0.6000
04275 0.5490 0.6235
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Array: Example

N5 IN

0,3, 2,

AI0819N1TMU9U Array

©9, 3, O:

node

=, 12, 2,

node

3 oo
0 12
o0 5
12 0

o, 0, 5, 00, 12,5,0

37



Array: Example

N W~ WO
= O WO
0whOO
NO OO

(a) Tri diagonal Matrix

Tri diagonal Matrix

5 |7|8|3|9|4

2|1| al?

(b) Array representation

38



Array: Example

NNSAALUUTNLIN I UNITTUSANINLUU jpeg

il oddod g d . qq ‘NOUBYalANMleUNUBYARNUlETINER

41,4,1,0,0,4,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
0 0 0 0 0 0 0 0
|:> ,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

o0 7o ~0 ~0 -0 A0 A 0 ,0,0,0,0,0,0,0,0,0,0,0,0,0,0

meard Discrete
Cosine Transform

Entropy encoding ”
-



Array: Example

dsu

YDA

- ivtayalavianaAsefnUshe.

- Whdseyalaisy  O(1)

- )N element WD alalaense (Direct Access)

_@euldsunsuleadng

Y 1

- Heulganu for loop

- Array vianadif dlassasiaduaiaudutaiau

40



Array: Example

dsu

YDA

- Waguvuavazsulile (runtime)

- ANEAUY AU ILUWINAY L URDINUN
- UNSA wae au MlaegrelunusEansnw

- lgfutayavunalnglaile

- VNN MIENSR9I9@0U range T9iNoU g1 N9 C

#include <stdio.h> 7 Ctemp\temp.exe _ O %
main()

{ oy 3 ed a | ter |,:,|_ I-.-I ] ] :.:I | seconds w

Char‘ X[]={13233J4J5163?38J9}3 e I. - Lo continue . . . .
printf("%d",X[10]);




Array: Example

—

B L) [

1.7y 2

i -

L

L |

N1IMSIVEDU range VS Array LUN191 Java

clazzs StringlndexDemo

{
public static vold main(String[] args)
{
String myString = "Hello™;
PEilhe 5 =0 e S el e R A
{
Syatem.out.println{myString.charAt (i) ] ;
I
t
b

"main" java.lang.S5tringlndexOutOf BoundsException: String ind

at java.lang.String.charAt<String.java:686>
at StringlndexDemo.main<StringIndexDemo.javaz82>
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