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YT O Linked list
YT LAl e xiuN
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Al a8 Al aaliadl (e Information <lesiralls Date <Uiball Laggda 22
Wlagia SIS ray 3 pualall daad 0 g LA (e ¢ Lgaladiad  cilaudal)
¢ Jad ULl (g iliLad) G Lglaad AN Sleall g cilibud) JS 4 0 cilaglaal) -
MJ(Z\ASI.H) 3AJAAZ\3A§ALAMUUJSAYU3 ‘_’AGSUJSALAJ:\Q uﬁﬁ\m
u\w&ug\cﬂu\ﬁé{g U-"-“C%JULA \MJMJQ\LSAS\@L\SUJSALMU
Al il uab.uj sty
Wl Al 4o gua gall asaliall g (gilEat) Lgd) clibully dual () ¢Sy - il -
Glial) g Ll e A clibal) (8 AT dray ) Agagal) Wil (3 Lgaa Jaladi
g Bk e g Bl A jra ol ABVe 2 ga gy pli Y A
G Us A8hia g P¥ duald &Y glaa W clals R ....... daalad jlucaliS o Miad
(oh LaS Lgadiiai g W) i 4 guda ga (3ilBa (g

S e il LAl 5 4l (e A gana g o i) oy a0 (Say g LS
A clland) £ of G fha L Lagh AdliA Lald il g Lgie a1 GilaaY)
&3&3\%&3\@“%&9 L“SJ%S
oo L dde Uy

Al e Jala Laie dyase ey Ul ¢ -
.QLJSS\JJJJQ\@&@LAASQL&JQUQ_Y
el ) ol gual) cilila Jatiad ciliby aa Jalati Lesic 4 dlale cilily - Y
(Simple date Ay Aty Jalad) et | sde 5 gSdall 8\33‘2\ 2 g @
. types)
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2y s L Abalal) g gt Gunay A ABLEAAN) (3EaY) (pa agand) ellin JilRallyg -
(o) Linday Laa (3ilBad) 008 Ciua g dnle (o ghaly (oA i) aael 138 g Uilia) Lgiilsd S
#Mi@&lﬁji&%ujé\ﬁcd\gh@ccﬁl&wé&ﬁlﬁd\ p3p aulats
Structured ) 4:S s 4ily blall anly il (e £ 53l 138 o Gl g aulaill
.(date types

ol Jgaadl B oMol 83 La il (S -

4 ja balad Aoy Bl
Record Boolean
Set Character
Array Integer
String Real
File

o sl JSy s Date structure (b ouS 5 pllaaall Gl (ulud) 138 e
N Ssash (A qolud Ll XS g Gald il Lgd Al clibpl) jualis (e 48 gana
Flag ¢ Lol fiad 4lae DA 5l al) (AT Lilae VA (a8 gas Aga Al jualind)

;MJQUQ&\%\}'%MWM‘Q&}*&&Qlﬂée‘ggid\\lhés
Slitsa | pile (IS o1 LaS ¢ Baa o Lagha pais (S g Jaladl) (Say - )

Jalaill gl aa gl puaiadl ) Jgua gl A8yl o B jdlia S5 jualiad) aditi 43y ¥
S8 (Al S pall pa

Gl g k) ) e A8 i) G 5 pelbuas (U8 s Al dga (el @

¢V (Fasmall )y La)ailinll Bhial) ) guail) dan 5 DA (e (S Al Adlida)
cililad) oda Aatleal 4o MU cilia ) gadly 5 cililaal) audaiil AANEAY (§ jhally aligy A
S gadadl 381 QA
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AN da g i) gy 3550 () g g A Al Jad da D) <l ghad) A gana LgS)
ARB g ddagey g dauda) g g ol ghadl) B ualida 985 f -

AN ALIE 65 ) Y

. Execution 4ol Wi (88 ¢35 4l Lgd (6% ¢ - ¥

e Loy eali il 1Y) B dga j ) sAd) (sSiy €
3 sy i

) A ¥
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Ty sl s Y
(Abstract date types)

o Ll ) et Al ULl qu) 5 18 Aoy 2l cus) Al &
Cra SN oda o i) jB) g el ) JS& o e cildeas MA
S AN 038 ST Jaaldi 48 e dalad) ¢ g0

£ 5 & Integer date type «— C++ dad ¢ Jhall i Ao -
Cra £ i 138 andiod U ) U Al Aoy ) i) £1 63 (ha
QJAQJCJH\M\ ¢ paadl ¢ Gl &Lﬁbﬁ}a&lﬁl&dﬂi
i A8 Ban by 4S5 pLA) g ananali dis | AT 2o @

O (O AT ki gf) aadiind Euay 44 a0 cility dus JiS LgiLd|
O5% Wle 435ra cilles DA (o g Lagd 4S a1} 038 aladia)
.(Information hiding - <la slaall Jfia3 4,8

Al Jfatl iy ds 5 s L) Lol o 2 JUal) Jaaw rb&
b Student List ol Lgle (3lhail g Aty Laldl) cila glaal)
G Laladiad (o (gAY 9l (gl Syag LA § Lgapanat
Letial o)) o sbed Juadl g ¢ dadlil) o3 Jial Jualdi 43 e ) daladl
array of ) ply el & 5 Sl (e 48 ghuan JS& o

48 e oh 018 ciliLl) A S5 aladid akaiad S LA g (records

¢ cbland) 03 pleaid AdiS g Leale 43 jaal) (Operations) <ldad)
;@%M\Qw\kwm&éé

. List insert 4@l yaa calth JAS -

. List search 4aldll 3 fura Gl o Gyl dgles Y

. List delete 4aildl) Cpa qalda (ida Y

. List display 4ei&l delik _¢
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<l 8) g Procedures <is!_als cilulasll sda MY Ls féél&J &

. Functions

Ol Ay atl) Gu) S )i Baild QadAlul (Say i b o U
Al gral jn ( oda i) 4S5 aladiad Jglay o) gea sall
Lgtina s Jbag (AN Alesal) o 0 SH5 38y o¢d Laic Balag b S
ST el sl Jrag Laa i) A 5 el Jaaldi (8 g J (9
. Jaail) g agl) g A (guw IS g ¢ Tl JB 5 Aletd

_o clilu) JSa ) g8

Gl ela Al g G () Jlaial,

Zal ) AQUS A g e graysall Jan | Y

b Juded pa oS il g s Ul ASialaia gl g (oS5, Y
e} 3 S0 B il e 365 L €
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T

Algorithms complexity <t )l ad) s

A 5sha g ol i e ) At e ey Fn 53 25 5
Q\Jﬁ\&u\ﬁ@j\)bﬂ\&&bﬁaﬂ\ stus‘).uz_ﬂ\ghm\)\)\}ﬂ\d.\ha
T(n) 6f N il s a3V, T4l 5

L dB Jo de | daaa s ghad e ) sSE dua i Al il 1)
T(n)=1<=int a=4;
Ll ghad G e 45 68 A ) ) AT il ) JUE Qi e

Int a=4;

T(n)=3<= int b=2;

C=a+b;

Jaha Osilen 5 gl sall Aaa i 5and 53 slad (g ()5S A 1 53l 028 () aaDlS
Lo Ob sl

Sum =0;
For (i=1;i<=n;i++){
sum=sum+A[i];
cout<<sum;
}
T(n)=1 & T(n) Olosdl g S ¥ 3 shall (b 4l
T(n)=n+n .. 4de 53 5 n ST alea JS 8 ol sall Jala eileadl Wl

Aaarll A 30U <l gadll sae (6f T(n)=142n € Ayl sall JK1 Ol adde
LA Ayl Al
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O e o= notation & e 4k sl N b i1 AN Mlaalsl s o
big_ O notation 5_xS!!
:\73.4\)\)\);.“ AN O M\ ‘_g :\.4@_.4.“ d.o\jz_“ UAM;\}’ °

Al e 23 e T e f(n) Uiyl ollia o) (o jiaid olldl
L O5S dusy

daa )l A Aaatil A 3O il glad) dae T(n)<c*f(n)

Where n2m

LoOke il em O dus

Juala 55k 5F 8 T(n) 4l sall @l gl axe K13 43l ol o
il e 513 € Al n (88 Ladie f(n) A ¢ il e
e Waie 5 O(f(n)) b Aae 5 )53l Gl Sl apbains Laie m
constant of proportionality el culiy ¢ culill

£(n) Sast Jglais (sl i ) bl Jall 3 521 o

; gl

o Baa g LS

T(n)=142n<2n

n=2

f(n)=n Ols M=2 4as ()l 5 c=2 il cull of s

O(f(n))>0(n) .. & Ll sal O s 4dle
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.. Jua

Find the complexity for the following Algorithm

1 s=0
( N__ for(k=1;k<=n;++k)

for (j=1;j<=n;++j{

*
— k1.
! / K n [ Cout>>k*j;

e | s=sk;
! }
2n*+1 »T(n)= 2n2+1o;\ sy

DAY JAka Laataad il ja aga gl 138 g
2n%+1<2n2? Oy
N2 OS5 Laie
O(f(n))=0(n?) ol 43le 5
f(n) = n? Cua

OR GO Y Ay <l gl Jalai big-0 43y yha o Laadl
i g 2n2s) n? Ll sha dae il ) A

O(Nn?) Latex aa yiiali3 10002
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_:Z\LAN.A

cllul) danda o dbma 4 ) )l 6d <l gl 18T dae adiay Lo Lile
Cpmo cpaal EOae EDE pdal A 3 ) Al s e Bale SN

; ke Y
Jal Lan iy zlad ‘:,,_"J\ A *5-. Best case BEENPATN|
. gladll e d2e

PR GM ‘:,,_"J\ AL ®5 - worst case \y.u‘)’\ PPNy
o ghaall e aae S daws 1) daa ) eal)

et ‘:,,_"J\ AN s® 5 -, average case s gl A

dad e Gad Al Linear Search (all Saall JE i e
L aie N e A sSe A ddsiian (A X A
i=1,
found=false;
while i<=n do
if A[i]=x Then
found=false;
else

i=i+1;
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¢ oaat g 4 Hlae anlec 23T 28 WA Best case CadN) A0 /Y
@LM\MZQJML@QMEJ\@\ il 13) el g
O(1) 4t sall oS Alall 02a b5 J5Y1 uaiall

Glhlee e n (Al sall calial 131 -: Worst case /Y

b oY) paiell o Lgie Gyl dagll clS 1) A )

e )l sl S5 lanie 5 4 shiaall 853 ga ge ST Al 5l 48 shiadll
O(n)

Je Yl dleall o au ol Al Bt o -2 Average case /Y

b Aaill sa s Jlaiad oo Gibian! e slaa o aaiad Lgi o el
Lz 8l 13 adde 5 ,a¥) ol D gl dagiadll 3 JaY) a8 sl
dga 5 sl b bl uniform distribution GélSia Ly j 53
Gy Aae ) )l oA 288 (e ) g p=1\n g2 oladdll il
A 2L

C(n)= (1*1\2)+(2*1\2)+...+4(n*1\n)=(n+0)\2
O(n) Leadl Av.case daw siadl Aall o <5 anle

i e
Al Jand g Best and worst case dulai e < il Ulle

A8y 44y Hlay LWt 4y seal Average case

el mas ae ) f(n) «—— complexity kil G 58Y Bile
|l e 3

0(1)<O(log n)<0O(n)<O(n log n)<O(n2)<0O(n3)

STV g IV PR PL P RN TRV
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constant computing time <l (e 31 /i

i Y Adeall o lladll gl ) 6 O(1) 4 s

il (I Jpadl Jaalall vie X Read, write Sllee 3 jeday 13
DA Sllee (A g Al daly Aad Jlagul g 48 hne pualie

Liner time bl e 3 /o

g ol Al pas e Laa iy (90 ) i3 Ae 35158 (85 O(n) 4 e
5 e 3l B i) aaa B )

Linked list 4laic 4ai8 8 jualiall aaf sy cilidee 8 Dlid

Logarithmic time <& te I (e 3l /z
udu\uSJj\u\JMJJ\JQ\ ‘).\S‘JAZ_IMJJ\JAA‘M}O(IOgn)dJLMUj
Aa )l sa 48 i (gl gl e JB1 LS Lgie Jghal g ) zlias il

_ gL.; g ld

 Binary search tree e\ﬂiiw\ die :U\Al‘ o3 edihlb

J\MMMM\ u‘j\;ﬂ\ s O(n log n) eMLﬂ\ﬁGA.HJLQJﬂ\j

merge sort

polynomial time 23l sl (31 /o

A8l gl Gl 2gandl damla juailes de Sna duie SN ABDRll o oS Ladie 138 g

51 O(n?) quadratic =8 Jaras 32 3

0O(n?) s O(n3) cubic

daa )l 55 40 a i Lae ST Jlacly o 585 O(n2)8e LSl culd A 3 1 sal) (8 4le
0(n3) Le) (i Laa slagl &30
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1\ The Bubble Sort Algorithm
for(i=1; i<=n-1; ++i)

For(j=n;i=1; --i{{
If a [j-1] > A[j] then
Temp = A[j-1];
Alj-1]=Aljl;
Alj]=temp;

}

SIS Y el a5 ) The critical operation 4a sl 3 ghadldl o)f Jaad

T(n) =(n-1) + (n-2) + (n-3) + ... +3+2=
[ ((n-1)+2)(n-2)\2=
[ (n+1)(n-2)]\2 = (0.5 n?)-(0.5n)-1

O(n?) et sl O oy 13¢5
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2\ The selection Sort Algorithm..

e 10 i 1 5
For(i=1; i<=n-1; ++i)

{find the smallest element in the unsorted part}
Min=X[i]

Position =i

For(J=i+1;j<=N;j++)

If X[J]<min then

Min=X[j]

Position =J

End; {if}

{swap the smallest element (x [position with x[i]}
Temp = x[i]
X[i]=x[position]
x[position]=Temp
end{for}
Clalate (sl 9a JA1a B2 s sall 5 jf A5 Alaa 8 s jall clileal)
& saxall g if &) dlea i S5 2xe g pested loop
T(n)=(N-1)+(N-2)+(N-3)+(N-4)+ ...+ 3+2+1 =
[ N* (n-1)]\2 =(0.5* N2)-(0.5*N)
O(n?) Q& adde

1\ complexity of insertion sort
Worst case:-

T(n)=1+2+...4(n-1)= [n(n-1)]\2=0(n?)
Average case:-

T(n)= (1\2)+(2\2)+....+(n-1)\2 = [n(n-1)]\4=0(n?)
2\ Marge-sort
T(n)=nlogn = O(n logn)

is jelogn glisi Wils A AUl 8 sie n ok il S5 T(n) OF g2
.. »=ale n ey pass OS2 4 Cusy passes
O(nlogn) ¢4l
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Sy g Agsliiall jualiall (e Ae gara Wil o array ) s
(e gana o) Wgda Jauld o) dy3ay ol Al dagd (46SE () ualiall
. A
s Al i e (e ) cilgaial) Cilal g

. ( 2alg 23 &i3) One-dimensional array -

. matrix Aa¥ amia cilgata oY

( ) sAoalal) culd giaal) o
. Linear array a! Wale (3l (lal) (i A
Let data be a 6-element linear array of integers such
that:-
Data[1]=247 data[2]=56 data[3]=429
data[4]=135 data[5]=87 data[6]=156
1 sty play daall 138 AU (S
JLass <Y1 A sHorizontal vector -
Data=247 56 429 135 87 156
. N Vertical vector -Y
247
56
429
Data=| 135
87

\156j
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(i ALY LS&MU&M‘ S Sal) Ao dadall o ggda rraagil g

380l dudd a2, | lad) s
i) ) i !
, 2
§3§ 202 20.15 |A
204 A ———203 14.7 | B
209 B »204 65 | MARK(1)
MARK 205 17 MARK(2)
y ;gg 59 | MARK(3)
41 | MARK(3)
208 89 | MARK(4)
209 77.3 | MARK(5)

v

BSIA A sale ol ol g Ll gy daay ) Aalad) Alalaal)

the address of any element of o]
array
LOC (MARK (1) ) = LOC ( MARK ) +1-1
Where
The name of array: - MARK

The absolute address of array: - LOC (MARK)
The index of array: - I
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- b WS mark(5) ol sie luad Jbs
LOC (MARK (5)) =204+5-1 = 208
LOC (MARK (2)) =204+2-1 = 205

( tow-dimensional array ) s ALl e ghuaal)

c&l.};'alﬁjjz\ﬁ.mbd&b\yﬁﬂa@ﬁu% d}h}um@jwz\mﬂwﬂu\wﬂ

Cesle ¢ el
o sie el Clualyy | Al sl
72 43 85 Sezes
22 55 63 S pans
47 82 93 2aa]
77 40 50 S
s3] 8y rows L shu @l G Bsiian 9 S5 M anl Sladle o (Bl
Math Phs Since
1 2 3
s MI1,1] 85| M[1,2] 43| M[1,3] 72
agaas | M[2,1] 22| M[2,2] 55| M[2,3] 63
sal| M[3,1] 47| MI[3,2] 82| MI[3,3] 93
Ahaa M[4,1] 77 M[4,2] 40 M[4,3] 50
mi[l,;j] Db Las 48 gluaal) Glad i
index of row S GIVEN

index of columns  :j
_&#‘9&‘\1\ Y By ol Sale daa ) cilad
F(gaseadl) okl Jiiall

| ML Al BUl Bl 2l 22l B2 B2/ 131 231 B331] [43]]

column — major ordering

L Y Sl

row — major ordering

| ML 2] 3] 241 221] 231] B B2 331] B4 32] 431
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G N (e ddgSiall g dlag) Al 4B huaa alag) ¢ (4L
A[N*M] 43sian gl A(i]) siSa 3aesY) Ga M g b
i eV ARy jlay 5_SIAY) & A(i,j) saindl a8 ga
-" @m\ Adalaall

LOC [A (i, j)] =LOC (A) + (J-1) N+I-1
. A dghaal) (a pais Jg) @8 5a LOC(A) S
Jshadl A8y hay a3 S0 B A(f ) saind) g ga (5Sss
-t z\gdlﬂ\ Aokl D

LOC [A (i, j)] =LOC (A) + (I-1) M+J-1

( three-dimensional array ) ASNEN b ghaal) o
| Column |
row
levels
YERTIEPRTY
M (i, j, k)

ssbud) a8 Sy ald Jula -
saas Yl o i ald Bl - i
by ghasal) a8 A1 (ald Jula - 1k
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w2 AiIM(3,3,3)-: il s ENMG g daas) EMi g glams &G

M(1,1,1) M(1,2,1) M (1,3,1)
M(2,1,1) M(2,2,1) M(2,3,1)
M(3,1,1) M(3,2,1) M(3,3,1)
M(1,1,2) M(1,2,2) M(1,3,2)
M(2,1,3) M(2,2,2) M(2,3,1)
M(3,1,3) M(3,2,3) M(3,3,2)
M(1,1,2) M(1,2,2) M(1,3,2)
M(1,1,2) M(1,2,2) M(1,3,2)
M(1,1,2) M(1,2,2) M(1,3,2)

3] 2200 430 gaall (30 45 )b 8 L jais alige

Ll
iy

MARK [I, L, K] =LOC (MARK) + (K-1).N.M+ (J-1).M+J-1
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eo¢ 4adY) 48y Jally 45 380 AN

1 2
3 4
PaG2 5 6
7 8
9 10
PaG1 11 12
13 14
15 16
17 18

: (Baaetl ) okl Jilaily ¢ a3

Baac) afl AUl dadiall 3aes) LAAT &3 J6Y) dadiall aes) ¥ gl LA
JENEY dadall

131517,141618,7911,81012,135,246

p (el ) (A Jhailly ¢ A

A dad A N dadiall (e J Y chaall B dad Sl (AT Eua

Js¥ chall (e A gY) Al of AN dadal) B J6Y) Chall (a

&L AN dadall
1371,1482,1593,16104,17115,18126
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: Array Al adl ga jaal
int A[5]
float B[4]
char [3]

s Alite pualic JAY
int A[5];
for (i=0; I<5; I++)
cin>>A[i];
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Sequential search in array

int key; //key is value you want to check if it in array
cin>>key; //to give key any value
Boolean found = false;
For (i=0; i<5; i++)
{ if( array[i] ==key) //check if value is found
{
Found = true;
Break;
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&bubble sorting®
#include<iostream.h>
main ()
{

intA[5]={9, 4,6, 8, 2};
int temp;
for (int i=0; i<=4; i++)
cout<<A[i] <<" ";
cout<<endl;
For (i=1; i<=4 ; i++)
for (j=1; j<=5-i; ++j)
{ if (A[-1]>A[]);
{Temp= A [j-1]; //swap the value
A [j-1] =A[j];
A[j] =temp;
}
} //end for
for (i=0; i<5; i++) //to print the array after sorting
cout<<A[i] <<" ";
} //end of main
: matrix adse aal

int A [5] [3]
float B [5] [3]
char C [5] [3]

s Oy <) A8 ghuaa JLA) o) B) 3
for (i=0; i<=5; i++) {
for (j=0; j<3; j++)
cin>>A[i] [j1;
}
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Sorting & search

sorting JAl

SO sl (saelat JS il g 5 ) e il 8 dlee (ol
Lo bl 038 yealie day i dghad 4idle e falaie

- Lo il g Sac il dolesd

g 1S s 2l Al ke ) s el il 48 a ge JOEYI )
Aalladll

(o2 83 el bl 85 e oSl Sl g 21 A s JAaY! didee e JOEYI -V
( blocks ) 3_S 4l jd las g

il (A Gure geaie e Eall dlae U clgll g8 Y

M\M&d#\b&u@jJﬁ\mgemdﬁm;ﬂM -
DO ohg Le A e Gkall o3 Al o (Saygeae gal b

REVENIPSR LT

. gl s 8 Y

5 e a3 aaal) Y

i lad G e o8 () Al Al (s @

: internal sorting methods A3/l 58l -
5803 3 aldl) e e il (Sl 13 51 (e g gl 138 andiuy
¢ COladl s (o el dl 285 (S el 5 (At N ) Adadall o gudal)
Adaiinl (S W stre Sl dae (S5 Ledie aadiny 5l e g 5l 1
A 1 8 st ) gl 5,813 W
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: external sort >l 5l =Y
9 o8 o el alall & el (e e € aae dm g Al b aadtiun
A gl 8 Calll s maes il (e o suilall 3_SIA Ky Y L
L Ol Y e ¢ Bacluall (G Al dail gy et Qi AT
: insertion sort (A AN Y
AR AL], A[2], .., AIN] e n e 45SEe A 48 haall i 8l
B,SIal
& A[K] raie JS 32 A[N] A A[1] 0 A gosey B2V 54l (A8
Wle 4044 5 A[1],A[2],...,A[K-1] subarray 3 (8 aiSlall Lead sa
passl. A[1] by itself is trivially sorted e
Pass2. A[2] is inserted either before or after A[1] so
That : A[1],A[2], that is sorted
Pass3. A[3] is inserted into its proper place in
A[1], A[2], that is, before A[1], between
A[1] and A[2], or after A[2], so that:
A[1], A[2], A[3] is sorted .
Pass4. A[4] is inserted into its proper place in
A[1], A[2], A[3] so that:
A[1], A[2], A[3], A[4] is sorted .
passN. A [N] is inserted into its proper place in
A[1], A[2], ..., A[N-1] so that :
A[1], A[2], A[3], A[4] is sorted .
The algorithm is simplified if there is an element A[j] such that
A[J] £ A[K] ; otherwise we must constantly check to see if we
are comparing A[K] with A[1]. This condition can be
accomplished by introducing a sentinel element A[0] =-« (ora
very small number ) .
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pass | A[O] | A[1] | A[2] | A[3] | A[4] | A[5] | A[6] | A[7] | A[8]

K=3 | - 33 | 77 | 44 | 11 | 88 | 22 | 66 | 55

K=6 | - 11 | 33 | 44 | 77 | 88 | 22 | 66 | 55

K=s7 | - 11 | 22 | 33 | 44 | 77 | 88 | 66 | 55
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Algorithm : (insertion sort ) INSERTION (A,N) this is algorithm
sorts the array A with N elements
1 —set A[0] =-* [initializes sentinel elements ] .
2 —replat steps 3 to 5 for k=2,3,...,N .
3 —set TEMP=A[K] and PTR=k-1.
4 — repeat while TEMP<A[PTR] .
A . set A[PTR+1]=A[PTR] moves element forward
B.set PTR=PTR-1
[End of loop]
5 —set A[PTR+1]= TEMP insert element in proper place
[end of step 2 loop]
6 —return

INSERTION (A,N)
A[0]=-=;

FOR(K=2 ; K<N ;++K){
TEMP =A[K]; PTR=k-1;
For(;TEMP<A[K] ;){

A[PTR+1]=A[PTR];

PTR=PTR-1; }

A[PTR+1]=TEMP ;}
Return ;
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selection sort ¢ LSay) j 4l -¥

. A[1],A[2],...,A[N] abiadl (o N (e 45 5S05all 5 A Al (yin il
o1 b LSy g lEay 5 all s
il S 2 ol ge Jgl (B drazal g LN 8 jeale aal 2n3 Y
e gt (i 138 5 (Ul sall (8 dracai y AU e Gn e
. _yabiall

Passl. Find the location LOC of the smallest in the
list of N elements
A[1],A[2],...,A[N], and then interchange
A[LOC] and A[1]. Then A[1] is stored .

Pass2. Find the location LOC of the smallest in the
sublist of N-1 elements
A[2] ,A[3],... ,A[N], and then interchange
A[LOC] and A[2] . then
A[1] ,A[2] is stored , since A[1] < A[2]

Pass N-1. Find the location LOC of the smaller
Of the elements A[N-1], A[N], and
Then interchange A[LOC] and A[N-1]
Then A[1],A[2],...,A[N] is sorted
Since A[N-1] < A[N]
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palic 8 (g gind Al g A 4l o)) il
Lolisl 3,4 877 ,33,44,11,88,22,55

A[1] | A[2] | A[3] | Al4] | A[S] | A[6] | A[7] | A[8]

K=1,10C=4| 77 | 33 | 44 | 11 | 88 | 22 | 66 | 55
K=2,L0C=6| 11 | 33 | 44 | 77 | 88 | 22 | 66 | 55
K=3,L0C=6| 11 | 22 | 44 | 77 | 88 | 33 | 66 | 55
K=4,l0C=6| 17 | 22 | 33 | 77 | 88 | 44 | 66 | 55
K=5,L0C=8 | 11 | 22 | 33 | 44 | 88 | 77 | 66 | 55
K=6,l0C=7| 11 | 22 | 33 | 44 | 77 | 77 | 66 | 88
K=8,L0C=7| 11 | 22 | 33 | 44 | 55 | 66 | 77 | 88
Sorted 11 | 22 | 33 | 44 | 55 | 66 | 77 | 88

MIN (A, K, N, LOC)

An array A is in memory. This procedure finds the location LOC

of the smallest element among A[k] , A[k+1], ..., A[N]

1.set MIN=A[k] and LOC=k initializes pointers
2.repeat for J=k+1, k+2, ..., N

If MIN>A[J] then set MIN=A[J]
And LOC=A[J] and LOC=J

[ end of loop ]

3.return
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Selection (A,N)

This algorithm sorts the array A with N elements

1.repeat steps 2 and 3 fork=1,2, ..., N-1

2.call  MIN(A,K,N,LOC)

3.[interchange A[k] and A[LOC]
Set temp=A[k] , A[k]=A[LOC] and A[LOC]=temp
[end of step 1 loop]

4.Exit

p SRS gl
Void sort (inta[ ], intn)
// sort the integers a [0...n-1] into no decreasing order

{

Intl,j, k,t
For (i=0;icn; i++)
{

J=1;

// find smallest integer in a[ j...n-1]
For(k=j+1 ; ken ; k++)
If (a[k] < alj]
J=k ;
// iuterchange
T=ali]
Aljl=all]
Aljl=t
}// end fori
}// end for sort
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shell sort s LEAY! j,dl =¥

(D.L.shell) 4asan (N ot an¥1 13gs 3 80 £ 531 e & 50l 138 s
Nana LIRS 8 ey g
dSu.uA.u_u;c_a\.cjmé\ub\_\.ﬂ\ palie e.mmés@j:ﬂ\a& Aalal g
Les e ganall 238 aan 138 aayy AV 50 aladiuls W ey de sana
DA

Coa ) Slelhadll e k A (¥ Aa pall A 48 il anndi o5 43 Cuia 3 518
A W) sl (e kA (5S35 ) Jiimdy S (a0 8 220 Jia
N st 4 shndl palic 23e i 5 (prime number)

LIS (o Lo Jomad G Al 3l ) (8

A[1], A[k+1] , A[2*k+1] , ... o1 Al
A[2], Alk+2] , A[2*k+2] , ... Al Lataly
ALK], A[2*K] , A[3*K], ... K el

Lol 3 pemie (S aay e gl ity s al il se Jiai (o -2 4diade

a3 ) sA0 IV el dey alld aa e A e A8 S ) 8 Ay 4l Layg

b LR ) Al (e B K Bayas A LAY a0 Al A el b

ail sall 028 aae (Jay g apaadl a3l 8l 8 jealiall dae ol 3y el g A 5Y1 5l
S Al i lede Jpeandl o3 ) e

DA el sa Budai 1) (g gl K Al s dleall 028 it
(3 508) i e 4la¥l 48 ghadl o Juanid 5 AT5 50 Ay
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sl 5 Hall sl
o 2 ealinll G k pandl Lgaany o W sualic 2215 2l s 55
Glb agily | 4 sadl 8 el axd se N Aoy puaindl Juay O Alaial
Ala jall (43 iy 138 A[T] 48 shanll 4oy (8 haa 08 gl 2gay ) puad
SV Aoy it 4 iay Lae A[2K+1] o o5 Afk+1] go Cotins Y
Ad ) 4
ol Al Al ol A A (s s it a1
A1 A2 A3 A4 A5 A6 A7A8 A9 A10A11 A12 A13 A14 A15 Al6
80 32 381936452116 12 6 40 7 72 90 50 15

Lol faae K U808 K laase G jall 20 g3l (e de gana ) Al a1 Al all
ot LS 0 sSi I Al i S b e 5K=7 JUell Jass (e

A[1]=80

A[K+1]=A[1+7]=A[8]=16

A[1+2K]=A[1+14]=A[15]=50

A[1+3K]=A[1+21]=A[22]

paaie VT s 5 A 3l A hiadll aaa e HSI geaisll 13 xual

80, 16,50 aai sY daiEl adde

L A de gendl yalic
A[2]=32
A[2+K]=A[2+7]=A[9]=12
A[2+2K]=A[2+14]=A[16]=15
A[2+3K]=A[2+21]=A[23]
(i 555) 43 ghadll ann o LS
32,12,15 il A b
ZAEY de genddl yalic
A[3]=38
A[3+K]=A[3+7]=A[10]=6
A[3+2K]=A[3+14]=A[17]
2 giaall ana o SI il i
32,15, 12 4 Al jealic 4de
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L te Jraniade 5 0
80, 16,50 RPN
32,12,15 Al sl
38,6 A Al
19, 40 dayl Il Al
36,7 Al Al dailall
45,72 Aol dalsll
21,90 alud) dailall

e daand Juilly s oY1 5 al Aol 5y 4 1 200 g8l (e dailE S gl i Al

Do LS A e i gl

16,50, 80 SV
12,15, 23 il
6,38 A4l
19, 40 dat
7,36 dalAll
45,72 Al
21,90 dagludl

Dot LS A al aay KN A st dile (L @
16,12,6,19,7,45,21,50,15,38,40,36,72,90,80,32

- a4l syl

Jlall Jaas (e 5 K=7 Aaall el (g saaal 5 Adline K (g A) Aad s
() 2ae &0 Cun) K=3 U sl

b WS i Y1 AQE) palic
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A[1]=16
A[1+K]=A[1+3]=A[4]=19
A[1+2K]=A[7]=21
A[1+3K]=A[10]=38
A[1+4K]=A[13]=72
A[1+5K]=A[16]=32

Sle Jrani K=3 AN 4@l s SE e

aadli16,19,21,38,72, 32 s Al
12,7,50,40, 90 )
6,45,15,36, 80 A3 datal

;Qsd@\hés%\ﬁdﬁ&&qw#)ﬂ\m

16,19,21,32,38,72 By
7,12,40,50, 90 daldl)
6,15,36,45, 80 e

(o LS 4l Aldl) gag ade
16,7,6,19,12,15,21,32,36,38,40,36,32,50,45,38,90,80,72

DAY Al Gkl s K=1 ded (I Jial (i Al plee 5 S5 0
LS Lo L L 53 43550 Agurt M1 A e Juand laaay 5 MY
(ot
6,7,12,15,16,21,32,36,38,40,45,50,72,80,90
K=1 4 SHELL SORT o4 4ilgill dall o583 o)) oy 4daadla
Procedure shell sort (A, K, Num }— 5 @désoadi i jaliall o
dpadle Ty il
Set k= num/2 S 2
Repeat while k>0
Call insertion algorithm
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K=k/2  s,S0 ety kies JB
[end of loop]
Return

quick sort o dl Al
A 48 saiadl Lual i 3l
A[1] A[2] A[3] A[4] A[S] A[6] A[7] A[8] A[9]
8 22 30 16 20 18 12 14 25

o) 58 A8,

A[5]=20 o iai ksl Juall (4

Ao gaaall jualie o pdlll (J1) Oxpdise Opaly o s -7
) 121 el Aandll Al o (o) Al Ayl e il Janiy | &ua
20 DAl b el A o o 8 gt e el i

22 30 16 20 18 12 14 25

T |

1 pivot J=9

n—>0

Gl e | ey 4} Uil 48 gl jmie Ao 4l Adee fag ¥
il (e (el ) gl g il (o SY1 puslial sl 8 il

A Jpant oy Cadallll A o Sl uainll dad S 3 4 JlEe S 85
LS 8 peaiall @ iy M eainll uid Al 1l | gl

138 5 kil A o S) Al juale I Joal Loie & laal) ddee Cal gt *
G abiall e gl ) bl e pall 65 O g Al 038 S O ny
(bl e e 2y 3

il (e S 1ga 5 22 eaiall N Jiad (M A8 i Uil 6 -
20
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) il yeaiall (o A3 R Alee 10 A8 shunall (gAY Agadl ey *
) 4l elly g sl e Y aaliall syl g8 Caagll s aladll e ) ydisally
Oafl o Al bl (e dad S puaie N ady ) il Of Ll g o sl
aliadl e g Jadl 138 8 Gl puaiall ) JESDU el g j05all dad e 1

L\j\.ﬁ.ﬁ& °

J e 1 oy LgilSa 8 (S o aag 131 20 kel e 5S) 25 (o aadu
e ol dlee il g5 AN 20 adadll e Ji 14 O s 14 ) it
DAl sl e Jiani g ) sl

/ \

25

K pivot / N

Gladll b e (5685 o) eay il e J31 Lt A pealiall Of Ly
pill a8l s Jiadi g 48 el (e ) G S) Lgiad (I ualinll
14,22

Z— N\

8 14 30 16| 20| 18 12 22 25

I= =7
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8 14 12 16| 20| 18 30 22 25
! \

=4 1=6
D3l 33l Sle Janid 20 0o BB 16 O Lass 20 asdll ae 16 dedll ) )l
iy 20 Al ) ey | el ey Sumy 125 O (6 1l |
20 O vy 20 haill e 20 (o8 5 dsall el ey () Al 45l el
Ot A Alee B g | Aad e 30 1kl Y 43l 20 (e B
L 20 Aalll g | pdially L) el il

O e ) el Agall (ol 4 imdll (o (gAY Agall ) Jii o3 o
Las . J e 1ol o 20 (e S) diad guaie I judy ) disall
20 (e S Sl (18 el (gl ) Jisalls Ll Ll Hiigall
18,20 aiall pn Aobaall a8 0¥ 5 | J 4ad o padii g T day ¥ 4ll8
ol 1 ey J e el SIS 5 =6 paal (o) 1 latay | dag oo i
J=5
8 14 12 16 18| 20|30 22 25

J=5 I=
A gall el Jiay 138 5 | dsell el e ) Canpal [ Aad T a0 o
JS 20 il by (e Gt Ja Gl e Juani e 5 Y
@l 4 81 g Loy il i il Cppay (a s ¢ Ade JBY1 jualiall
| A A el 0 e Jomn
8 14 12 16 18
20 30 22 25
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Dl Ao DA el a4 8l e dabdl Adaadl ) S5
8 14 12 16 18
=1 pivot =5

8 14 |12| 16 18
=2 J=3 =4 J=5
S i o)E S

8 12 14 16 18

)=2 1=3
1<l
D Lad 5 s il da el e Juand Wild J<f o L
8 12 A8 e b
14 16 18 4ixw
&yl Aaila)) Ll datall A ye ) Al 320
8 12

&) 5ally Leghatiot Wil 5 A0 ooy Dl (0 e (g (5S35 Ll Ly
(o 5 Al Ay el Al 23U ay

20 30 22| 25
=1 pivot J=4

20 30 | 22| 25
=2 )=4
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20 30 22| 25
J=3

20 22 30 25

J=2
20 22 45 4
2530 Juanii (pyaic e ey S0 bendas 30 25 A e

M€ A yo 4 ghaaall e Juans il
8 12 14 16 18 20 22 25 30

A0 48 gl 38 [ Jlia

Alll A[2] A[3] A[4] A[5] A[6] A[7] A[8] A[9]

7 23 29 15 19 18 13 14 24
Pivot

!

([1]+[91)/2=[5]
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Dol oA eyl sa
PROCEDURE (A: array type, N: number of element in the array)
{recursive quick procedure to sort an array A of integer
numbers in an ascending order }
First: integer
Last: integer
PROCEDURE Qsort (first, last)
I,J {arrayindices }
Pivot { middle array value }
Temp: integer {temporary variable}
BEGIN
I=first
J=last
{pivot —ladll anati}
Pivot = A [(first+last)/2] {find middle array value}
Repeat
While A[l]<pivot do
=1+1
While A[J]<pivot do
J=J-1
If 1<=JTHEN
BEGIN {switch A[l] with A[J]
Temp =A[l]
All] = A[J]
A[J] =temp
I =1+1
J=J-1
END
Until 1>)
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{ Lt 50 L33 Qsort o dind e (o ST e (g ) Al gind 131
If first < J then
Qsort ( first ,J) { make recursive call to Qsort with same first
value and last value setto J }

{ Wi LiIa Qsort o inl yaie (o 8T e (5 pd) AlEl < gial 131}

If |<last THEN
Qsort (1, last)
END {Qsort}
BEGIN {Quick sort}
Qsort {1 ,N}
END {quick sort}
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heap sort el Al
3 B By JSE e Aled) UL 40350y al g 5La) 138
(o ) Aira al 2
alion ()55 Al g a5 ol pall pualiall Jsad e Y 581 138 ¢l sa) J8 Sl
o34l AL 8yl o gl Bl o 45 8 e ) 4 ghnma S5 Lo
DAl Gal Al s g (heap )
CALlS Al 5l 0 oS () ey )
Jioal 3l a8l ga 8 (node ) @ JS (g A A el 083 (g -
3 &dsall 13¢) (parent ) JaY! Sy sl & sall 8 A 3A) Aagall (e
L 4 gl
P A o e
A[1] A[2] A[3] A[4] A[5] A[6] A[7] A[8] A[9] A[10]
16 19 14 10 15 7 20 8 12 18
- 4daa M
) G Y1 QIS y b sall b s e | puie il L ) alas LS
AL 3yl iy ja (e a5 138 5 (2141) @sall (B ady Chgas (22

Sl ol o S35 48 gaiaall JAJo 3ol 5 e il U] dudee g

saia A0 By o yiie ) 5 16 dadll o sing A5 J5Y1 yeaiall 34 )
. (16) 4l 2l g pale o (g giad

& A shadll A& 5 5V G eaindl e saiie AL Byl ()5S Y
(16, 19) Csiassll

Sl o s A shiadl 3 AN jualiall e sae 4l 5 i S T
(16, 19, 14) adll 5 gias

S (o8 3l 3yl W s eaie Al elld s dleall a3 S
aliall s e (g gind saie 4l 5 pad o Juand ¢ ok
Lele 5l o sllaall
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syl pale o gogindonie 4053 pad (L) &4 dladl 42
Bl odgd Jaall o ity s JUall s A[1]=16

A[1]=16 o 4 (5S35 A[2]=19 il S 220 400 5 gladl) b -y

Al1]= 16 A[2]=19

Shal i1 a8 o ol ) Bl 5l Galgd e Jailas o sy oS0
a3l odgd e ol VY g8 A[2] OF Lars (A Aagdl 4 glisa
19516 OY Uandl Lagaiary aa (g painll (i Jaas
saiall AU 3yl e Jiand 13ga g

A[1]

Al2] /

16

19

A[3]=14 32U A& 5 gladl) &Y
A[1]H O bayl 568 14<19 O Wy

A[2i] = A[2*1] = A[2] 0= Aot @ sall Caus A[2] / 423l @
8l muad 13ga s ) Y1 sed A[3] = A[2i+1] = A[2*1+1] Wl
o LS

All]| 19

Al2] | 16 14 | A[3]
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a 13 Jaaaill (5 a5 A[4]=10 AN paiall Canat dayl I B gladl) 4y -t

Y|
A[4]=10 f 25

A[4] = A[2*i] = A[2*2] 4Y 138 5 A[2]3 sl cof & ()
o ol iy Y el 10 < 16 Of (Y
- e Joan il

19

A[2] | 16

/

10

Al4]

A[1]

14

A[3]

Aalaall ¢l ya) aad e JS (A o jeaie adlialy 135 odle ] cllaall S5 (0
Badall AU 8 il dpals e ddadladll 31 a3l e ((Jandl))

A[2]

A[4] | 10

19

A[1]

/

16

:

-. www.sarah4all.worldpress.com

14

A[3]

5 |A[5] | 7

A[6]



TR

19

A[1]
/
A[2] 16 14 A[3]
SN
A[4] | 10 15 |A[5] 7 |A[6] | 20 | A[7]
J
19 A[1]
N
A[2] 16 20 A[3]
SN N
A[4] | 10 15 |A[5] 7 A[6] | 14 | A[7]

I
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20 AL]

N

SN TN

A[4] | 10 15 |A[5] 7 A[6] | 14 | A[7]

19 AL1]

N

SN LN

5 |A[5] 7 A[6] | 14 | A[7]

A[4] | 10

/N

A[8] 8| AlSl| 10
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A[5]H sl 0ol Wt T A[10] = A[2i] = A[2*5] (A5 A[10] <nai o
A el e Jeand

20 AL2]

16/ \19
VAUINAN

5 |A[5] | 7 14

12

/2

8| | 10 | Al20]

iy

20

/N

16| . 19

/ \\M / \

12 18 |A[5] | 7 14
1

ol | 15| A[10]

8
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20| A[1]

A[2]

18 19
Al4]]| 12 16 |A[S] | 7 Al6]] 14 |A[7]

SN

Al8]| 8| Aa[9]/ 10| | 15 (A[10]
(s 853 50 Aagd €1 O Jaa DU Bl Al 8 Bl el Ailee (e elglYT aay
DY Al e S 138 5 A[1]=2 saiadl
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(¥ Als yall 2l 5l dse ol 55

PROCEDURE Build heap
I,J, K {indices for nodes
For K=2 to N {N: number of elements in the array}
I=K {initialization | to index anode}
J=1/2 {initialize J as an index to parent node }
While(l<>1) AND (A[J]<A[l])
ltem = A[J] {switch contents of node | }
A[J]=A[l] {with that of its }
A [l]= item {parent }

I=)  {setlto pointto its parent }

IF I>1 then

J=1/2 {setl]to point to ints parent }
END

END

END {procedure Build heap}
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o DY) @isall b SV peaiall Jadiy a6 A Ads pall 3 o
O R &l gall 33 sall peaiall aa 3all Jiay 31 5 48 shiadll
© 48 gainqll

A[10] =15 &= A[1]=20 Ulbs b5 e
D oh LS 4 ghiadll mual il
Al1] A[2] A[3] A[4] A[5] A[6] A[7] A[8] A[9] A[10]
15 18 19 12 16 7 14 8 10 20

sliy asliy moual juaie HSI4Y A[10]=20 5 paie Al ol o
L Alg] QA[1] O el 4RI (Kg1 ) e Baiie A0S 3 pa

Al1] | 15

Al2] / &\sz A[2] s

18 9 |A[3]

AR

Al4]]| 12 16 |A[S] | 7 A[6]] 14 |A[7]

SN

Al 8 20
[8]] 8 ALO] 10 A[10]
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/N
/\ [\
/\/

danid  Alg] e A[1]=19 Ll dad Jas

s A[1] |10
A[RI>A[3]>A[1] %/ \
A da
A[1] &A[2] s A[Z] 15 3
SN
12 16 | 5 76 |14]7
8| 8 19 20 |10
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A[R2]>A[B]>A[1]

All] aA[2] Jaw / \

FIRFFORETNEY

A[10] , A[9] s\ifiuds badia sy i

Al8] SA[L] 0= !

8

1

2
12

/

5

15 | 3

L\

6
10

716 |14~

I

8| 18 9 || 2010
A[7] SA[L] (3280 3 pads As
A[8], A[9], A[10] s\l
16
2| 8 15 | 3
4112 10 |5 716 14 | 7
8| 18 9/ 19 | | 20 |10
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A[3]>A[2]>A[9] 14

LN
VAU AN

12 10 716 16 |A[7]

N\

A[8]| 18 | AI9]| 19 20 |A[10]

A[4]>A[10]>A[2] 15

LN
/\\ [\

12 716 | 167

/\f

8| 18 19 | | 20 |10
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\
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10 716 16 | 7
20 (10

o

12

7\

4

/

\

14 | 3
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20 |10
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Z4IN

2| 12 7|3
NIV ERN
al 8] 5|10 156 | 16|
/N
8| 18 9| 19 20 (10
[410
7N
2| 12 7|3
SN TN
4| 8 5| 14 15 (6 | 16 |7
/N
8| 18 9| 19 20 (10
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12

AN

21 10 713
/ RN
4| 8| 5|14 156 |16 |7
/N
8| 18 9| 19 20 (10
/ 8
/N
21 10 713
SN LN
4|12 5| 14 156 | 16 |7
/N
8| 18 9| 19 20 (10
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... Ad glaall gelalll i il o Ulaa Ul

S ) aly gl 5 sl (K3l e Joamil o) ja) S oSy @
D o LS( A ghnn 8 Al jualiall 65 Cuny ) 2 JulS (g yad

This procedure adjusts the nodes with indices from1

through M-1 so that the nodes again from a heap.

M: index of last node that was put in to its final position.
PROCEDURE Adjust Heap (M)

Element to move: integer {index of element to move

I {index
S:integer {child index
Done = Boolean {true when A [1] was not switched

Start

Element to move =A [1]

Done=false
=1 {initialize | to root
S=2 {initialize S to left child of root

While(s<M) and (NOT Done) Do
If(s+1) <M Then
S=S+1

If element to move>=A[s] Then
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Done= true
Else
{switch contents of node | with that of its child
A [I] =A[S]
A[S] = element to move
=S  {set|to index to child
S=2*| {set S to index to left child of new node |
END
END

END
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=i oAl 5 2l 5 A LSl el lh Al i S5 (Y1
Ol ol )
N=100 {number of element in the array to be sorted

ArrayType=ARRAY [1...N] of integer

{Heap sort-Procedure to sort an array of integer
Numbers in an ascending order using heap sort}

{Parameters

{A: Entire integer array to be sorted
{N: Number of elements in data Array
Procedure Heapsort (A, N)

ltem: integer {an array element

J:integer  {index
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Insert Build Heap and Adjust Heap procedures here w

Start

Build Heap {create the initial N-element heap
For J=N down To 2 Do {exchange element
ltem=A [J] J with root

A [J=A[1]

A [1] =ltem

Adjust Heap (J) {Adjust elements 1 through
J-1 so they reform
A heap of J-1 elements

End

End (heap sort)
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Ao i) Al gk

External Sorting Methods
el 5l A5yl o sl A Gk aal e
Merge sort

ULl el 4l el dalall die il e sl e aadtiy
Aoa Al o oadl Wb g aad e el

Ol ghad andli (K 5 O lawall o jaS 230 e Bale Calall Sy
(o LS anlly 5 al

F>F1, F2
EeF1 O aaie O Enmy HAYL) Gudlall 45 5l6e o35 clld aay — ¥
gtaall a5l s Lemad @ o (g L F2 (2 A) juaic
- AU

S siny s e lall oAl Ll aal e U jas ke JJass 4l
A el e

[4,8,5,1,6,33,25,10,13,21,23,40,16,60,30,47,32,11,37,14,
15,20,7,90,70]

Lo lal Leadl iy e fig
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© S 5 ghadl)

F2 5 As¥) pde AW pualiall o (ggings F1 Gile I LaY)

L

F1:-[4,8,5,1,6,33,25,10,13,21, 23,40]

F2:-[16,60,30,47,32,11, 37, 14,15,20,7 , 90, 70]
- 43l 5 gladll
e 23a ) oSl F2 (e eaie ae FL (e AT jualie 331 44
o 4ndi sl g | Lt e pealinll o 753 IS 0550 G ¢ jualiall
o glsoY) oda ALK g jealiall (e ai el 21550 g (0S5
laie 5 A2 5 AL Ledrend (e Cpaaa Gpile (M il paliall

-

Al:-[(4,16),(5,30),(6,32), (25,37), (13,15), (7,23)]

A2:-[(8,60),(1,47),(11,33),(10,14), (20,21), (40,90), 70]
- JEEY B gladlly
A2 e zs)y b dliy jualic g JS Jsh cilelad o <5 ol
o3 iS5 Gl dmyg ¢ 4 po palic £ algh gl o 68Ty gLl
: u—‘a LS F2 9 F1 cotalad) b cule Uaall
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F1:-[(4,8,16,60), (6,11,32,33), (13,15,20,21)]
F2:-[(1,5,30,47) , (10,14,25,37),(7,23,40,90) , 70]
+ dagh 1) 5 gl

ey F1 alall (o pualic day )l 3855 sy jualic A JS apend Qi
o A e ALY jaliall (iS5 g F2 Calall (10 jualic 42 ) s
e danid sl A2 5 AL il

| |

A1:-[(1,4,5,8,16,30,47,60) , (7,13,15,20,21,40,90)]

A2:-[(6,10,11,14,25,32,33,37), 70]
: :\.».».4\;.“ 3)&\

tw\@(ﬂ&/\‘;‘céﬁéﬂ\j)p‘lt}ad;j\tw\@dé

F1 bl ) 2anlll paliall 0SSy g

= Al (B palic A e S5 gl ) (G g UaSl s oy SIS
A algh gl o Jpanll A2 o SN pUEN & ain gl jeaiall
A8 e 0 palie 580 Cumy F2 aldl) 6 yalic

-. www.sarah4all.worldpress.com



SR

F1[1,4,5,6,8,10,11,14,16,25,30,32,33,37,47,60]
F2[7,13,15,20,21,23,40,70,90]
Lwsal ) 43 gl

Ll A2 el muay Wadie g AT ol 8 Sy g baelas
Al:-[1,4,5,6,7,8,10,11,13,14,15,16,20,21,23,25,30,32,33,37, 40,
47, 60, 70, 90
MERGING (A, R, B, S, C)

Let A and B be sorted arrays with R and S elements, respectively .This
algorithm merges' A and B in to an array with N=R+S elements.

1. [initial2e] set NA=1, NB=1 and PTR=1
2. [compare] Repeat with Na<Rand NB<s
If A [NA] <B [NB], then

A) [Assign element from A to C] set C [PTR]=A[NA]

B) [Update pointers] set PTR=PTR+1 and NB=NB+1
[End of if structure]

[End of loop]
3. [Assign remaining elements to C]

If NS>R, Then
Repeat for k=0, 1, 2,..., S-NB

Set C [PTR+k] = B [NB+k]
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[end of loop]
Else
Repeat for k=0, 1, 2, R-NA
Set C [PTR+K] =A [NA+k]
[end of loop]
[End of if structure]

4. Exit

MERGING (A, R, B, S, C)

// let A and B be sorted array with R and S elements
NA=1; NB=1; PTR=1;

While (NA<=R &&NB<=S) {if (A [NA] <B [NB] {
C [PTR] =A [NA];

PTR=PTR+1;

NB=NB+1 ;}

}

If (NA>R)

For (k=0; k<=s-NB; ++k) {

C [PTR+k] =B [NB+k] ;}

Else
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For (k=0; k<=R=NA; ++k) {

C [PTR+k] =A [NA+K] ;}}
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Rt -

d_alla
introduction

- Lgaa Jalaty O qalall (i (A 5 ) gually 55 pa g Apland) Blal) 8 il piiall ad 0550 La LS
Of Jal 0 agdishal ol ad jlas | o Galll] Cisiuad of Lilan plondl) qusi s o jall 2 gy La 1 88 Siad
S LS laa g 580 cullad g gkl (e e ) 138 Juall) 3kl o pbad LSy o) g3 cdad) g

2 ol e
Bubble sort program S gaelaill i gl g 5 Al

@asbail) a2l 1 (07) Jie 1

6,5,3,9,77,78,66 : Lislual Ly i oY) i i A geall a5y

/* Example (52) BUBBLE SORTING OF NUMBERS */
Main ()
{
Intn[8], m,1i,j,z
Printf ("input the number of values = ");
Scanf (" %d", &m);
Printf (" \n input the all values \n ");
For (i=1; i<m; ++i) Scanf (" %d", &nl[i]);
For (i=1; i<m-1; ++i)
For (j=i+1; j<m; ++j)

If (n[i] >= n[j]) {

Z= n[i];
N[il = n[jl;
N[j]l =z;

}

Printf ("\n the values after bubble storing are \n") ;
For (i=0; i<m ; ++i) printf (" %d \n, n[j]);
}
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input the number of values = 8
input the all values
665039777866

the values after bubble storing are

O ouUTwo

77
78

string Bubble sort program 4y pland o8l ;A1

: =Wl AN (53) gabisd

cAjay U g e duia s ¢ cilidaal) MR gb Gabad) geali ] g gali ) 138 (e (341
Db U Lga i 30 sall planlllg

Ammar , Fatimah, omar, ahmad, jamal, saeed, yousef , mariam

/* Example (53) BUBBLE SORTING OF names */

#include <string.h>

main ()

{

Char *z;

Intm, I, j;

Char *st[ ]={"Ammar", "Fatimah", "omar", "ahmad" , "jamal", "saeed", "yousef",

"mariam" };

M=8 ;

For (i=1; i<m-1; ++i)

For (j=m-1i<j; --j)
If ( stremp ( st[j-1], st [j1) >0) {
Z=st[j-1]
St[j-1]=st[j];
St[j]=z;
}
For (i=0 ; ixm-1; ++i) printf ("% s \n", st[j] );

-. www.sarah4all.worldpress.com



Slae ) Al g liludl (oSt 57 R

L;@u_x_n "'l

ahmad
Ammar
Fatimah
jamal
mariam
omar
saeed
yousef

selection sorting JLEANL LA : (54) JUe

/* Example (54) selection sorting */
Main ()
{
Char *z;
Char *name[ ]={"Ammar"
,"Fatimah","omar","ahmad","jamal","saeed","yousef","mariam"};
Int nmax =8;
Registerintl, j, k;
For (i=0 ; i<nmax-1; ++i) {

K=l;

Z=name]i];

For (j=14+1 ; j<nmax ; ++j) {

If (strcmp (namelj], z ) <0) {
K=j;
Z=name[j]; }

}

Name[k]=name]i];

Name [i]=z
}
For (i=0 ; i<nmax ; ++i) printf (" %s \n, name][i] );

}

L;@t_u_n -

ahmad
Ammar
Fatimah
jamal
mariam
omar
saeed
yousef
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selection sorting JANL Al (55) JUe

*\ program 55 : Sorting by tnsertion *\
Main()
{
Char *z;
Char *name[ ]={"Ammar"
,"Fatimah","omar","ahmad","jamal","saeed","yousef","mariam"};
Int nmax =8;
Register intl, j;
For (i=1; i<nmax ; ++i) {
Z=name][i] ;
J=i-1;
While ( j>=0 && (strcmp ( z ,name[j] ) <0)) {
Namel[j+1]=name[j];
-
}
Name[j+]=z;
}
For (i=0 ; i<nmax ; ++i) printf (" %s \n, name][i] );

}

-,

ahmad
Ammar
Fatimah
jamal
mariam
omar
saeed
yousef
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shellsort (Rl o) ) ial) Ul ) (b Ay g ) ]

Jd 43y ks ; (56) Jbia ]

\* program 56 : shell sort *\
Main ()
{

Char *name[ ]={"Ammar"
,"Fatimah","omar","ahmad","jamal","saeed","yousef","mariam"};
Int m[]={9,5,3,2,1};
Int nmax=8;
Register int a,b,c,t,v;
Char *z;
For (v=0 ;v<5 ;++v) {
C=m[v];
B=a-c;
If (t==0) {
T=-c;
T++;
Name[t]=z;
}
While((strcmp (z,name[b] ) <0) && (b>0) && (b<nmax)) {
Name[b+c]=name[b];
-=C;
}
Name[b+c]=z;
}
}
For (a=0 ; a<8 ; ++a ) printf (" %s \n, name[a] );

}

L PRt

ahmad
Ammar
Fatimah
jamal
mariam
omar
saeed
yousef
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quick sort 2o ) AN 1 (57) Jlia

.d’ﬂh\}\‘;\shﬁﬂ\dﬂ\&)ubmig&\g

/* program (57) : Quick sort */
Main ()

{

Intl;

Int data[]={80,50,40,30,15,35,70,90):
Int nmax=8;

Qstor (data, 0, nmax-1);

For (i=0; i<nmax ; i++) printf (" %s \n, data[i] );
}

/*quick sort function */

Qstor (number. Min , max )

Int number(];

Int min, max;

{

Register int | ,j ;

Chara,b;

i=min ;

J=max;

A=number[{ min+max)/2] ;

Dof

While (number[i]<a && i<max) i++
While (a<number[j] && j>min ) j--;
If (i<=j) {

B=number[i] ;
Number[i]J=numberlj] ;
Numberl[jl=b ;

I++;

J++;

}

} while (i<=j);

If (min<j) qstor (number ,min ,j);
If (ikmax) gstor (number, |, max);

}

L;@t_u_n -

15
30
35
40
50
70
80
90
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string quick sort o) AN 1 (58) Jlia

((ad ) L gal® L 5 cilalSl) iy 430 (B Al (o galipd) 138 (Al

/* program 58 : string quick sort */

Main ()

{

Int I, nmax=8

Char *name[ ]={"Ammar"
,"Fatimah","omar","ahmad","jamal","saeed","yousef","mariam"};
Qsorting (name ,0-1);

For (i=0 ;i<nmax ; nmax-1) printf (" %s\n, name[a] );
}

gstoring (string ,min , max)

char *string|[] ;

int min, max;

{

Register int | ,j ;

Char*a, *b;

I=min ;

J=max;

A=string [ (min+max)/2 ];

Dof

While (strcmp (string[i],a ) <0 && i<max ) i++;
While (strcmp (string[i],a ) >0 && j<min ) j-- ;
If (i<=j){

B=string[i] ;

String[i]=string|[j] ;

String[jl=b ;

++;

J--;

}

Ywhile (i<=j ) ;

If ( min <j ) gstoring (string , min .j) ;

If (1 <max ) gstoring (string, 1, max)

}

SN

ahmad
Ammar
Fatimah
jamal
mariam
omar
saeed
yousef
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sequential search e e bl Eall) (59) JUa

Tl A Aligal Sang e de gana (i (3 Gra 338 (8 Caadl il 138 Jartiy
sy Qi Slall) (e A gana O (0 Al (0 Siall

/*program 59 : sequential search */
Main ()

{

Int data []={7,4,5,6,3,2,10};

Int nmax=7;

Int key=3 ;

printf (" %s \n, sqsearch (data,nmax,key) );
}

sqsearch (data,n,k) ;

int data ;

intn;

intk;

{

Register int|;

For (i=0;i<=n; ++l)

If ( k==datali] ) return (i+1);
Return (-1); /* no match exist */

}

L PRI

binary search (AU &agl) : (60) JYa }

/* program 60 : binary search */
Main ()

{

Int data []={3,4,5,6,7,9,10}

Int nmax=7;

Int key=7 ;

printf (" %s \n, bsearch (data,nmax,key) );
}

bsearch (data,n,k) ;

int data[] ;

intn;

intk;

{

Int min, max, mid ;

Min=0

-. www.sarah4all.worldpress.com



FIRFFORETNEY

searching method ) 3k

13 s g dlla A paliall (e de sana i (e pale (e ok Eadll
J.;A\_bd\alh

sequential method (ALl Gaand)-

a8 ol it s A s SV 5 86l JBYT (5 5kl (e 44y skl 020
sorting i yill el (ol 050 4 A ()5S Laie

O s T oo e Calall dlaes (pe Janns JS 31

138 Y1 Jaudl (3 23 sall sl ae test key ol peilie 45 e ot
_d;uﬂ\ Y cﬁj.o Ay g 4_1;_\3\ ugj_,_, 25; { Lf Cw\ RS “ S\ s

ol Jie 45 jleall dlae (8 Jad) A alilie cosill ~like (331 5 a1 13) el -
Aol dlee las ol Al A s 13 5 40l (Al

o

¢aat) dllad*

Efficiency=Rec/2
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(A ) Al oA

Sequential search

anl (e ol Cha ) A5y yla aladial 2y 5 g AN plandVl A8 Ll f (2 )

NAJIB
=
Test key
10 SAEF 3-3)\3-65\ ey
1
20 ASHRAF R /
2
30 Mohamed R
3
40 Raed S
4 Aol o gl L
50 NAJIB R 50
> |60 | HASAN .
° 70 AOMAR R
7

KEY DATA &
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N=100 number of element to be sorted

{Global declaration}

Elements=record
Key:integer
Afile=array[0...n] of element
Procedure seqsearch(a:afile, i:integer, n , k:integer)

{

This procedure search a set of records,may be in a file, with key
values

A[1].KEY, A[2].KEY, ...,A[N].KEY , FOR record such that
Ali].KEY=KEY

If found , iis setto s

BEGINE

A[0].KEY=K

{dummy record to simplify the search

I=N

{

Which elements the need for end of file test}}
While A[l].KEY <>DO

I=1-1

END{of sequential search procedure
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binary search (AUl i ¥

Laebal L 55 48 je B9 palic A (e Ul Laital) cudae | Sl ja il
- Yo dadll e daally 2 i

(LAST) ddell e 4afi (FIRST) Agall s 4o 2ani o)

1 2 3 4 5 6 7 8

. AR 1 YA Yo A\ vy Yo
First point=1 middle point= last
point=8
(first+last)/2

A Coun Ja gl dda8s o Y
Middle point= (first+last)/2=> (1+8)/2=4

Caat Al Aadill (e jral (&5 VAL Middle point=¢ 4w Of Jaadli -t
éséjuyw(ié\\)QA)AUA\Q\A&M}YO@jL@;
.4-19‘:;’3-.‘3\3\‘)43\*0 }a.uj\

O @ 5 Al pualiall 3 ad) 4l 1S 50 ealall (U dgle oliyg

(o S YO dde Gt oMl A8 ) o Ly [ast sl s Middle point+)
Al paiall N first Aol jdige chy jaty o o8 Lild Gl YA Jaws gll puaiall
ro b LS Al muaié first= Middle point+1 483l aladiuly Jau sl aily
sauaall cildanall Coun Caatiall piige Jaand

1 2 3 4 5 6 7 8

. AR Al YA Yo Y9 Y Yo

first point= middlepoint=  last
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gt cas

a8 YO 2o Y4 ol sina Lﬁmj middle point=6 bou ol piatall dad ) anid

T sl U o 2 puaiall ) [ast R ik a5 dgle 2Ly Yo<Y4 )
A8 aladiuly by 3 il

Last=middle point=-1 => 6-1=5
first=last=5  (Sed muad iy

1 2 3 4 5 6 7

. W[ v YA Yo [ ya [ vy [ ve

T

First=last=5

middlepoint=(5+5)/2=5 uall Jau sl Clusy 2 585 -1

_W\A'J\}sﬁsc’;\;.)}éﬂ\YO M\gyou@mg}q}m
[Adaade*

el Lodie Chall el ety 43 AEN 8 2 gn 9o 2 pealall IS 1A
Jast 4 e S first d4ad

EFFICINCAY=(Lognumber Rec)+1
2

log 8 +1=3+1 ode! JUdll
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PROCEDURE BIN SEARCH (KEY:INTEGER;VAR:IIM:DATA
ARRAY;VARFOUND:BOOLEAN)

First=1;
Last=actual
REPEAT
MIDDLEPOINT= (FIRST+LAST)/2
IF KEY>info [middlepoint].key then
First=middlepoint+1
Else if key< info [middlepoint].key then
Else {key found}
ltem=inf [middlepoint].data
Found=true
End
Until found or(last<first)

End{binary search}
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#include<iostream.h>

Int linearsearch(cost int[], int, int);
Int main()

{

Cost int arraysize=100;

Int a[arraysize] , searchkey , element;
For(int x=0 ; x<arraysize ; x++)
A[x]=2*x;

Cout<<”enter unteger search key”

Cin>>searchkey;

Element=linearserch(a, searchkey, arraysize);

If (element 1=-1)

Cout<<”found value in element”<<element;

Else
Cout<<”value not vound”<<endl;

Return O;

}

Int linear serch (const int array[], int key,Int sizeofarry)

{
For(int v=0 ; v<sizeofarray ; v++)
If(array[n]==key)

Return v; }
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(SN Eind) mall

//binary search

Int binarysearch (int b[], int searchkey , int low, int high , int
size)

{

Int middle;

While (low<=high)

{

Middle=(low+high)/2;
If(searchkey==b[middle])
Return middle;

Else if(searchkey < b [middle])
High=middle -1;

Slse low=middle +1;

}

Return -1

//searchkey not found

}
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-1 ASalial) JSbgl)

(e 4lé queues Lulshlls ¢ lists a8l ¢ stacks Sl e Cuaall J
el S 8 antie ) Aol (gl e pana e Cunall (5 55 puall

-: Pointers < _i‘gall

(e tind grmj C++ 4xl Ly i L;'ﬂ\ dagall Jatbiadll (el piigall yiad
L bl S g Caa o) a5 g8

(o B_SIA sl s AWV (g gl o Aliai e sl e Y gl agdl
ddee Jigwudl g il e 8-bits (333 (e 308 Bytes (] ulall
<l A J s sl

s (LS e gl) a8 address Ul sie ey <ol JS Lo o plladll
N1 0 e Asthaadl sl (6 p s bl aae f L gl

ady dny pald yuate (8 Cpae e Of ghay BLEAY) dlee e 43l Ul
. pointer e aul (aldll juidl iy e 3l laviad  Jocation & sl

el Cum p=2 il (B = 10101111 aiell Of siay Liladial gl Diad
GRS i el ) el cise p O ML Aige ) el Y

P=2 - i=10101111
CSIAN 8 il qige a Jiaip 5 5SIAN 8 il da Jia j s
b WS Gt A1 (B dsall g e oy
Int *p ;
ol g sill e e ) s e p il O Q& sl o3 A
Jio il _riiall e Adlina g il ) 5 L0 ol i sall aladiined Sy g 18
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Int *p ; // pointer to integers
float *q ; // pointer to float
char *r ; // pointer to characters
- () sinal Jalaag (&) O sind) Jalas

s & BV A Ct Al 8 liagw (la] aladiinal oy < yisall aa
JEal) Jasn And 3 SN 3 patia (f sie plac Y andind

Mem = &x ;

@sall B x dad CulS 53 SIA (0 1000 adsall A Ladly x aiall IS 13
1000 4!l 428 50 & mem _waiell laat d8Lull (il dlaa @ 3 o
wy‘fmem &siﬁﬁ@\@md&@kjﬁﬁ\ﬂ\&x Q\j.lcgsﬁj
X Olse

mem = &x = 1000
(X 4 (o) 4l JLiall) ydigall juaiall dad elae Y anding Lgils * 3aY) Ll
S R i W
mem = & x
..y=3 Y=*mem ;
SIS S galipll b odle Ml
Int x, * mem ;

mem= &x ;
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#include< iostream.h>
main()
{
int a[2], * pl, *p2 ;
P1l=&a;
P2=pl +2
cout<< *pl<< *p2 ;

}
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ol lpdany ae Lgday 3 (Al jualinll (e de gz (e B ke o S il
Dliad Cilphaall ddlide ¢ 5 o 585 ) (Saall o ualiall o3 g 435 cliNle

struct {

int i ;

float f ;

char z ;
bos o

b LS s ol alad) AN
struct type{

varl ;

var 2 ;

} structure name ;
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#include< iostream.h>
struct weather {
float temp ;

float press ;

} climate ;

Main ()

{

Weather climate ;

Climate . temp=25.3 ;

Climate . prees=755 ;

Cout<< "\ n temp=" << climate . temp ;

Cout << "\ n press=" << climate . press ;

}
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JEal Jus Ao structure array <SIil 48 ghins aladinly ot o4 4ad
#include<iostream.h>
#defin m 30
Struct address {

Char name[20] ;

Char street[30] ;

Int pox[8] ;
} information ;
main( ) {

address information[m] ;
for(i=0; i=30 ; i++)
cin>> information[i] . name ;
cin>> information[i] . street ;
cin>> information[i] . pox ;

}
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classes —<iliaY!

Al dipall 5, bl dallae 8 Aadll 028 Ol e adl (e ot (8 hiiall any

class class name {

closed function and var. of class

public :

open function and var. of class

} list of objects ;
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#include<iostream.h>
class myclass {
int a;
public :
void set _a(int num) ;
int get_a() ;
Yo
Void myclass :: set_a(int num)
{ a=num ; }
int  myclass :: get_a()
{ return a ;}
main()
{
Myclass obl , ob2 ;
obl.set a(10) ;
ob2.set_a(99) ;
cout<< obl.get a()<<"\n" ;
cout<<ob2 .get a()<<"\n"

return 0
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Classes are generally declared using the keyword class,
with the following format:
class class name ({
access specifier 1:
memberl;
access specifier 2:
member?;

} object names;

By default, all members of a class declared with the class
keyword have private access for all its members.
Therefore, any member that is declared before one other
class specifier automatically has private access. For
example:

class CRectangle {
int x, y;
public:
void set values (int,int);
int area (void);

} rect;
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The only members of rect that we cannot access from the
body of our program outside the class are x and vy, since

they have private access and they can only be referred
from within other members of that same class.

Here is the complete example of class CRectangle:

// classes example area: 12
#include <iostream>

using namespace std;

class CRectangle {
int x, y;
public:

void set values
(int,int) ;

int area () {return
(x*y) 7}

J g

void
CRectangle::set values
(int a, 1int b) {

X = ay

y = b;

-. www.sarah4all.worldpress.com



FIRFFORETNEY

int main () {
CRectangle rect;
rect.set values (3,4);

cout << Marea: " <
rect.areal();

return 0O;

One of the greater advantages of a class is that, as any
other type, we can declare several objects of it. For
example, following with the previous example of class
CRectangle, we could have declared the object rectb in

addition to the object rect:

// example: one class, rect area: 12

two objects
rectb area: 30
#include <iostream>

using namespace std;

class CRectangle {
int x, y;
public:

void set values
(int,int) ;

int area () {return
(x*y) 7}

J g
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void
CRectangle::set values
(int a, 1int b) {

X = a;
y = b;j
}
int main () {

CRectangle rect,
rectb;

rect.set values (3,4);

rectb.set values
(5,6);

cout << "rect area: "
<< rect.area() << endl;

cout << "rectb area:

<< rectb.area () << endl;

return 0O;
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In order to avoid that, a class can include a special
function called constructor, which is automatically called
whenever a new object of this class is created. This
constructor function must have the same name as the
class, and cannot have any return type; not even void.

We are going to implement CRectangle including a

constructor:

// example: class
constructor

#include <iostream>
using namespace std;
class CRectangle {
int width, height;
public:

CRectangle
(int,int) ;

int area () {return
(width*height) ; }

J g

CRectangle: :CRectangle
(int a, int b) {

width = a;

height = b;
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int main () {
CRectangle rect (3,4);

CRectangle rectb
(5,06);

cout << "rect area:
<< rect.area() << endl;

cout << "rectb area:
<< rectb.area () << endl;

return 0O;
}

// example on rect area: 12

constructors and
rectb area: 30
destructors

#include <iostream>

using namespace std;

class CRectangle {
int *width, *height;
public:

CRectangle
(int,int) ;

~CRectangle ();

int area () {return
(*width * *height);}
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CRectangle: :CRectangle
(int a, int b) {

width = new int;
height = new int;
*width = a;

*height = Db;
}

CRectangle: :~CRectangle
() |

delete width;
delete height;
}
int main () {

CRectangle rect (3,4),
rectb (5,06);

cout << "rect area:
<< rect.area() << endl;

cout << "rectb area: "
<< rectb.area () << endl;

return 0O;
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// overloading class rect area: 12

constructors
rectb area: 25
#include <iostream>

using namespace std;

class CRectangle {
int width, height;
public:
CRectangle ();

CRectangle
(int,int) ;

int area (void)
{return (width*height);}

J g

CRectangle: :CRectangle
() |

width = 5;
height = 5;
}

CRectangle: :CRectangle
(int a, int b) {

width = a;
height = b;
}
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int main () {
CRectangle rect (3,4);
CRectangle rectb;

cout << "rect area: "
<< rect.area() << endl;

cout << "rectb area: "
<< rectb.area () << endl;

return 0O;

In this case, rectb was declared without any arguments,
so it has been initialized with the constructor that has no
parameters, which initializes both width and height with
a value of 5.

Important: Notice how if we declare a new object and we
want to use its default constructor (the one without
parameters), we do not include parentheses ():

CRectangle rectb; // right

CRectangle rectb(); // wrong!
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// pointer to classes a area: 2

example
*b area: 12

#include <iostream>
*Cc area: 2

using namespace std;
d[0] area: 30

d[1l] area: 56
class CRectangle {

int width, height;
public:

void set values
(int, int):;

int area (void)
{return (width *
height) ;}

J g

void
CRectangle::set values
(int a, 1int b) {

width = a;

height = b;

int main () {
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CRectangle a, *b, *c;

CRectangle * d = new
CRectangle[2];

b= new CRectangle;

c= &a;

a.set values (1,2);
b->set values (3,4);
d->set values (5,0);
d[1l].set values (7,8);

cout << "a area: " <
a.area () << endl;

cout << "*b area: " <<
b->area () << endl;

cout << "F*¢ area: " <<
c—>area() << endl;

cout << "d[0O] area: "
<< d[0] .area() << endl;

cout << "d[1l] area: "
<< d[1l] .area() << endl;

delete[] d;
delete Db;

return 0O;
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Next you have a summary on how can you read some
pointer and class operators (*, &, ., —>, [ 1) that appear
in the previous example:

expression can be read as

*X pointed by x

&x address of x

X.y member y of object x

X->y member y of object pointed by x

(*X).y get::er y gf object pointed by x (equivalent
previous one)

x[0] first object pointed by x

x[1] second object pointed by x

x[n] (n+1)th object pointed by x

// vectors: overloading 4,3
operators example

#include <iostream>

using namespace std;

class CVector {
public:
int x,vy;

CVector () {};
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CVector (int,int);

CVector operator +
(CVector) ;

J g

CVector::CVector (int a,

int b) {
X = a;

y = b;

CVector
CVector::operator+
(CVector param) {

CVector temp;
temp.x = X + param.Xx;
temp.y = y + param.y;

return (temp):;

int main () {
CVector a (3,1);
CVector b (1,2);

CVector c;

.. www.sarah4all.worldpress.com

FIRFFORETNEY



FIRFFORETNEY

cout << c.x << ", " K
C.VY;

return 0O;

It may be a little confusing to see so many times the
CVector identifier. But, consider that some of them refer
to the class name (type) Cvector and some others are
functions with that name (constructors must have the
same name as the class). Do not confuse them:

CVector (int, int); // function name
CVector (constructor)

CVector operator+ (CVector); // function
returns a CVector

The function operator+ of class Cvector is the one that is
in charge of overloading the addition operator (+). This

function can be called either implicitly using the operator,
or explicitly using the function name:

c =a + b;

Cc = a.operator+ (b);
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// this

#include <iostream>

using namespace std;

class CDummy {
public:

int isitme (CDummyé&
param) ;

J g

int CDummy::1sitme
(CDummy & param)

{

1f (&param == this)
return true;

else return false;
}
int main () {

CDummy a;

CDummy* b = &a;

1if ( b->isitme(a) )

cout << "yes, &a is
b";

return 0O;
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It is also frequently used in operator= member functions
that return objects by reference (avoiding the use of
temporary objects). Following with the vector's examples
seen before we could have written an operator= function
similar to this one:

CVectoré& CVector::operator= (const CVectoré&
param)

{
X=param.x;
y=param.y;

return *this;

// static members in 7
classes

#include <iostream>

using namespace std;

class CDummy {
public:
static int n;
CDummy () { n++; };
~CDummy () { n—-—-; 1}

J g

-. www.sarah4all.worldpress.com



int CDummy: :n=0;

int main () {
CDummy a;
CDummy b[5];

CDummy * C = new

CDummy ;
cout << a.n << endl;
delete c;

cout << CDummy::n <<
endl;

return 0O;

}

// friend functions
#include <iostream>
using namespace std;
class CRectangle {
int width, height;
public:

void set values

(int, int):;

int area ()
(width * height) ;}

friend CRectangle

duplicate (CRectangle);
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J g

void
CRectangle::set values
(int a, 1int b) {

width = a;
height = b;
}

CRectangle duplicate
(CRectangle rectparam)

{
CRectangle rectres;

rectres.width =
rectparam.width*2;

rectres.height =
rectparam.height*2;

return (rectres);
}
int main () {

CRectangle rect,
rectb;

rect.set values (2,3);

rectb = duplicate
(rect);

cout << rectb.areal);

return 0O;
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// derived classes
#include <iostream>
using namespace std;
class CPolygon {
protected:

int width, height;

public:
void set values (int
a, int b)
{ width=a;
height=b; }

J g

class CRectangle: public
CPolygon {

public:
int area ()

{ return (width *
height); }

J g

class CTriangle: public
CPolygon {

public:
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int area ()

{ return (width *
height / 2); }

b

int main () {
CRectangle rect;
CTriangle trgl;
rect.set values (4,5);
trgl.set values (4,5);

cout << rect.area() <<
endl;

cout << trgl.area() <<
endl;

return 0O;

// constructors and mother: no parameters

derived classes ,
daughter: int parameter

#include <iostream>

using namespace std; ,
mother: 1int parameter

class mother { .
son: 1nt parameter
public:

mother ()
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{ cout << "mother:
no parameters\n"; }

mother (int a)

{ cout << "mother:
int parameter\n"; }

J g

class daughter : public
mother {

public:
daughter (int a)

{ cout <<
"daughter: int
parameter\n\n"; }

J g

class son : public
mother {

public:

son (int a) : mother

(a)

{ cout << "son:
int parameter\n\n"; }

b

int main () {
daughter cynthia (0);
son daniel (0) ;

return 0O;
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// multiple inheritance 20
#include <iostream> 10
using namespace std;
class CPolygon {

protected:

int width, height;

public:
void set values (int
a, int b)
{ width=a;
height=b; }

b
class COutput /{
public:
void output (int 1);
b

void COutput::output
(int 1) {

cout << 1 << endl;

}

class CRectangle: public
CPolygon, public COutput
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int area ()

{ return (width *
height); }

J g

class CTriangle: public
CPolygon, public COutput

{
public:
int area ()

{ return (width *
height / 2); }

b

int main () {
CRectangle rect;
CTriangle trgl;
rect.set values (4,5);
trgl.set values (4,5);

rect.output
(rect.areal());

trgl.output
(trgl.areal());

return 0O;
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// pointers to base 20
class

10
#include <iostream>
using namespace std;
class CPolygon {
protected:

int width, height;

public:
void set values (int
a, int b)
{ width=a;

height=b; }

J g

class CRectangle: public
CPolygon {

public:
int area ()

{ return (width *
height); }

J g

class CTriangle: public
CPolygon {

public:
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int area ()

{ return (width *
height / 2); 1}

b

int main () {
CRectangle rect;
CTriangle trgl;

CPolygon * ppolyl =
&rect;

CPolygon * ppoly2 =
&trgl;

ppolyl->set values
(4,5);

ppolyZ2->set values
(4,5);

cout << rect.area() <<
endl;

cout << trgl.area() <<
endl;

return 0O;
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// virtual members 20
#include <iostream> 10
using namespace std; 0

class CPolygon {
protected:

int width, height;

public:
void set values (int
a, int b)
{ width=a;

height=b; }
virtual int area ()
{ return (0); }
b

class CRectangle: public
CPolygon {

public:
int area ()

{ return (width *
height); }

J g

class CTriangle: public
CPolygon {

public:

int area ()
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{ return (width *

height / 2); }
b

int main () {
CRectangle rect;
CTriangle trgl;
CPolygon poly;

CPolygon * ppolyl =
&rect;

CPolygon * ppoly2 =
&trgl;

CPolygon * ppoly3 =
&poly;

ppolyl->set values
(4,5);

ppolyZ2->set values
(4,5);

ppoly3->set values
(4,5);

cout << ppolyl->area ()

<< endl;

cout << ppolyZ2->area ()

<< endl;

cout << ppoly3->area/()

<< endl;

return 0O;
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// abstract base class 20
#include <iostream> 10
using namespace std;
class CPolygon {
protected:
int width, height;
public:

void set values (int

a, int b)

{ width=a;
height=b; }

virtual int area
(void) =0;

J g

class CRectangle: public

CPolygon {
public:
int area (void)

{ return (width *

height); }
} i

class CTriangle: public

CPolygon {

public:
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int area (void)

{ return (width *
height / 2); }

b

int main () {
CRectangle rect;
CTriangle trgl;

CPolygon * ppolyl =
&rect;

CPolygon * ppoly2 =
&trgl;

ppolyl->set values
(4,5);

ppolyZ2->set values
(4,5);

cout << ppolyl->area ()
<< endl;

cout << ppolyZ2->area ()
<< endl;

return 0O;
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// pure virtual members 20

can be called
10

// from the abstract
base class

#include <iostream>

using namespace std;

class CPolygon {
protected:

int width, height;

public:
void set values (int
a, int b)
{ width=a;

height=b; }

virtual int area
(void) =0;

volid printarea
(void)

{ cout << this-
>area () << endl; }

J g

class CRectangle: public
CPolygon {

public:
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int area (void)

{ return (width *
height); }

J g

class CTriangle: public
CPolygon {

public:
int area (void)

{ return (width *
height / 2); }

b

int main () {
CRectangle rect;
CTriangle trgl;

CPolygon * ppolyl =
&rect;

CPolygon * ppoly2 =
&trgl;

ppolyl->set values
(4,5);

ppolyZ2->set values
(4,5);

ppolyl->printareal) ;
ppoly2->printareal) ;

return 0O;
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}

// dynamic allocation 20
and polymorphism

10
#include <iostream>
using namespace std;
class CPolygon {
protected:

int width, height;

public:
void set values (int
a, int b)
{ width=a;

height=b; }

virtual int area
(void) =0;

volid printarea
(void)

{ cout << this-
>area () << endl; }

J g

class CRectangle: public
CPolygon {

public:
int area (void)

{ return (width *
height); }
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class CTriangle: public
CPolygon {

public:
int area (void)

{ return (width *
height / 2); }

}i
int main () {

CPolygon * ppolyl =
new CRectangle;

CPolygon * ppoly2 =
new CTriangle;

ppolyl->set values
(4,5);

ppolyZ2->set values
(4,5);

ppolyl->printareal) ;
ppoly2->printareal) ;
delete ppolyl;
delete ppoly?Z2;

return 0O;
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// arrays example 12206

Arrays

#include <iostream>
using namespace std;

int billy [] = {le¢, 2, 77, 40,
12071} ;

int n, result=0;
int main ()
{

for ( n=0 ; n<5 ; n++ )

{

result += billy[n];

}

cout << result;

return O;
}
// arrays as parameters 5 10 15
#include <iostream> 2 4 6 8 10

using namespace std;

voilid printarray (int argll],
int length) {

for (int n=0; n<length;n++)
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cout << argln] << ;
cout << "\n";
}
int main ()

{

int firstarrayl[] = {5, 10,
15};

int secondarrayl[] = {2, 4,
6, 8, 10};

printarray (firstarray, 3):;
printarray (secondarray,b);
return O;

}

// null-terminated sequences Please, enter your
of characters first name: John

#include <iostream> Hello, John!
using namespace std;
int main ()

{

char question[] = "Please,
enter your first name: ";
char greeting[] = "Hello,

char yourname [80];
cout << question;
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cin >> yourname;

cout << greeting <<
yourname << "!I";

return 0O;
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~:(stack)de sl
(last in Yeam da 3l e Galaty Ale 5 (Adailh)ast s Cashe (e adall g ALyl dplee
first out LIFO)

aJal)

maxstack
1 4 3 [ =N
Top or head 2 5 N1
> ’ 6 < Top or head
\ :
3
alb|C|D|E > BBB
12 3 45 n 1 | AAA

Const int maxstack=10;//small value for lesting
Class stack{
Public:
Stack();
Bool empty()const;
Error_code pop();
Error_code top (stack_entry&item) const;
Error_code push (const stack_entry & item);
Private:
Int count;
Stack_entry entry[maxstack];
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Error_code stack::push (const stack_entry & item)

//if the stack is not full,item is added to the top of the stack.if the stack
is full,an error_code of overflow is returned and the stack is left
unchanged

{

Error_code outcome=success;

If (count >=maxstack)

Outcome=overflow;

Else

Entry[count ++]=item;

Return outcome;

}

Error_code stack::pop()

// if the stack is not empty, the top of the stack.if the stack is removed,if
the stack is empty ,an error_code of underflow is returned

{

Error_code outcome=success;
If (count ==0)

Outcome= underflow;

Else

--count;

Return outcome;

}
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Error_code stack(stack_entry & item) const

//in the stack is not empty ,the top of the stackis returned in item.if the
stack is empty an error_code of underflow is returned

{

Erorre_code outcome=success;
If(count ==0)
Outcome=entry[count-1];
Return outcome;

}

Bool stack::empty()const

//if stack is empty, true is returned .otherwise false is returned
{

Bool outcome=true;
If(count>0)outcome=false;
Returned outcome;

}

*the other method method of our stack is the constructure . the
purpose of the constructor is to initialize any new stack object as empty.

Stack ::stack()

//the stack is initialize to be empty
{

Count=0; }
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Ctt Aady eaSall Ty i 5

#include<stack>
int main()

{

int n;

double item;

stack<double>numbers;//declare and initialize a stack of numbers

cout<<”type in integer n followed by decimal numbers”<<”the numbers

will be printed in reverse order “<<endl;

cin>>n;

for(int i-0 , i<n ,i++)

{

Cin>>item;
Numbers.push(item);
}

Cout<<endl;

While(!numbers.empty() )

{

nn,

Cout <<numbers.top()<<"”;

Numbers.pop();

}

Cout<<endl;

}
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Linked Stacks

Top-node
@-» Node| @ (:)7
New-top Stack of size 1
Empty stack
newnode | o - 0Old top node ® Old second nod¢ @ Old bottom node ®

Error-code stack::push (const stack-entry & item)

//stack-entry itemis added to top of stack ; returns success or returns a
code of overflow if dynamic memory is exhausted

{

Node*new-top=new node(item,top-node)
If(new-top==null)return overflow;
Top-nod =new-top;

Return success;

}
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Top-nodeg

®

o
O?E—node

Error-code stack::pop()

v
L
v
L

//the top of the stack is removed . if the stack is empty the method
return underflow;

Otherwise is return success.
{
Node*old-top=top-node;
If(top-node==null)return underflow;
Top-nod =old-top->next;
Delete old-top;
Return success;
}
- push 5 pop ALY e+ JI 8 GeoSall Slilee (any
Error_code stack::(stack-entry&item)const;

The top of a npnempty stack is copied to iteam,a code of fail is returned
if the stack is empty.

Bool stack ::empty()const();
A result of true is returned if the stack is empty;

Otherwise false is returned;
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Sl pladiiud

J oSl aladiuay syl enil) Aa slagl/y

Infix notation gl g il Prefix notation
(s 51 postfix notation (dl
5+9 59+ +59
A/B AB/ /AB
A+B-C AB+C- - +ABC
A*(B+C) ABC+* *A+BC
A+B/C ABC/+ +A/BC
(A+B)/C AB+C/ /+ABC
SINX/X SINX X / / SINX X

il el UK 550 e
el bl
(/¢*) Aanadll g 0yl -
(4) Bl gy

Oedad @ ys A Bl ol 3 e Aot sac il Gl Y1 ol s g
ol 58l llia (5 o Lo Gl g el 1) s
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ol ) o gl sUaill e g gl

(Converting infix to postfix)

...prnor postfix 4ty dnbuall jubadll Jiadl uall aladiul

el Ran 5 8 Cllan il Ladiiint L oo A&y yhall 038 ol 5,83 aall e
G Al LgTigs 5 Al

(M\)M\w‘;ﬁm\)md\&jmﬁ@#\ DJA‘\LM\}.}JAIC;}MJ
Jsdl Al infix notation

(s> postfix notation

~igaml¥1 () nll e il Al Al 50 < gladll o

Jalsall AV 5 postfix Sl gl e sll Ladaal GpuaSa 2igs -
.the operation 4xtuall

DAY a1 e Cpadll il (e oliaall el o ) -

el 0asSe Y push 4adai | e gl fase el S 1Y) -

hlaall uxSa ) push 4xdai s Jalaa a1 (IS 13) £

oeSa G Lgadal g dglisall Jal sall (0 Al Clleall (e g 8 -0
5 el B ganaall Al ) Jusal (i (o Sl Ll (gl
Sl G @A Jalall (e dglizadl J8Y1 dadll 8 Jalall () oS Laie
| il G5 e A ) nd]

e Sllaall uaSs pop &Jﬁ arall @w\ il —— el ale -
sl Sae sl GuaSe 8 g JS push @dal s 4kl =
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: 4l 43y jal)

operators duluall Jal gall GuaSa -
operands stack <l siall g slac ) (uaSa -

Infix notation dapa & el dad Cludal oy

341l Juwlud | operands | operators | Infix notation
stack stack Ay dia
1 3+7%2
2 3 +7%2
3 3 + 7*%2
4 37 + *2
5 37 +* 2
6 372 +*
7 314 +
8 17
9 17 -
10 176 -
11 11
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7%8-6%*3\2 suxill da aa f
— (e <))
postfix I infix Zauall (e dagaill 4a ) )5
Procedure convert (infix:CHAR; VAR POSTFiX: CHAR,
M:integer , VAR P: integer)
S: stack; J: integer; Element: stack Data;
Stack create(s); p=0;
ForJ=1Ton
IFINFIX [[]IN['*','\', '+, '] Then
If not stack Empty(s) Then
While (PRIOITY(s.Data[s.Top]>= PRIOITY
(infix[j]))AND(s.TOP=0) AND
(s.Data[S.Top]="(' )Do
Pop(s,ELEMENT);
P=p+1,;
Postfix[p]= ELEMENT,;
End;
Push(s,INFIX[J]);

End
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Else if INFIX[J]="(' Then
Push(s,INFIX[J])
Else if INFIX[J]=")' Then
While(s.Data[S.Top]="(" ) Do
Pop(s,Element );
P=p+1,;
POSTFIX[p]=ELEMENT
End while
If S.Data[S.Top]="(' Then
S.Top=S.Top
End
Else
P=p+1
Postfix[p]=INFIX[J];
End
While not Stack Empty(s) Do
Pop(s.Element);
P=p+1

Postfix[p]= Element
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End while
End converting
Function PRIRITY (operator : stack data)

// finding the priority of an operator

CASE OPERATOR OF
', '\' : PRIORITY=2;
'+, '~ : PRIORITY=1;

(' : PRIORITY=0;

End : CASE

End : PRIORITY
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Recursive function (Recursion) (4 sle i) /¥

:Jlal Jaw e

Factorial
Nl= 1 ifn=0
Nx(n-1)! If n>0
4! = 4*3]
= 4*(3*21)
= 4*(3*(2*1!))
= 4*(3*(2*(1*0!)))
= 4%(3%(2%(1%1)))
=4%(3%(2))
= 4%(6)

=24
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Factorial (5) =5*factorial(4)
=5*(4* Factorial (3))
=5*(4*(3* Factorial(2)))
=5*(4*(3*(2* Factorial(1))))
=5%(4*(3*(2*(1* Factorial(0)))))
=5*(4*(3*%(2*(1*1))))
=5%(4*(3*(2*1)))
=5%(4*(3*2))
=5*(4*6)
=5%24

=120

int factorial (int n)

{
If (n==0) return 1;
Else return n*factorial (n-1);

}
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There is an almost equally simple iterative version
Int factorial (int n)

// factorial iterative version

N is nonnegative integer

Return the value of factorial of n

{

Int count, product =1;

For(count= 1; count<=n; count++)

Product*= count;

Return product;

}
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I ple i1 ol ) 355 die (Sl diga
il s e
Fact (2)=2*fact(1)
=2*(1*fact(0))

=2%(1%1))=2%1=2

fact(0) <les o4

=0l =1 N=1
N=2 N=2
n=1 dad oy i n=2 4ad (a3 Owasall
e
(Push) (Push)
Fact(1)= fact(0) 4ad V%) s
1« 1
g pop
2 2
v
2*fact(1)

=2*1

|

LéJlé u.uds.d‘&uﬁe

-~

-. www.sarah4all.worldpress.com



FIRFFORETNEY

fact2 Jiall Juw Ao alaal 8 stack ) aladiad dae ) )l s

Function fact2(n:integer)

. 6, walall _au e
F__integer SRt B

S stack

Stack creat (s);
Leabel 1: if n=0 then
F=1;
Else
If not stackfull(s) then
Push (s,n);
N=n-1;
Go to label 1;
While not stack Empty(s) do
Pop(s,n);
F=f*n;
End while;
Fact2=f

End function;
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S ele i) alaaiuly Fibonacci Numbers At Ja
0,1,1,2,3,5,8,13,21,.... ——Fib (n) =fib (n-1) +fib (n-2)
Int Fibonacci (int n)
// Fibonacci recursive version
{
If (n<=0) return O;
Else if (n==1) return 1,
Else return Fibonacci (n-1)+ Fibonacci(n-2);

}

Int Fibonacci (int n)

// Fibonacci: iterative version

{int last_but_one // second pervious Fibonacci number
fi-2

Int last_value;// Fibonacci number fi-1
Int current; // Fibonacci number fi

If (n <=0) return O

Else if (n==1) return 1;

Else {

last_but_one =0;
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last_value=1;

for (int i=2;i<=n;i++){

Current= last_but_one+ last_value;
last_but_one = last_value;
last_value= current;

}

Reyurn current;

1}
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Towers of Hanoi ¢ 7l ga I3 sle i) a ggda

1 2 3
o d
o
R
1 2 3
z S -
j
1 2 3
%‘“
A o
!‘il_\ \
z
1 2 3
S
G (o
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2 3
a
dl
(- i

aladind Ual 53 ) 3 gandl (Y 2 saadl (e Gaal 81 eyt 2y s 1380

JE Y s Asle 3 ga sall alailly al Y1 08 Jadind of Aday 3l e ¥ 3 sanll
DR S el pan ¥ Oy el sl sl pa e S
i s e A 4l il

Towers of Hanoi = (314 sle Xy gali
Const int disks=64
// make this constant much smaller to run program
Void move(int count,int start,int finish, int temp),
Main()
{
Move(disks 1,3,2);
// the recursive function that the work is
Void move(int count,int start,int finish, int temp)
{
If ( count >0){
Move (count -1,start, temp , finish);

Cout<<" move disk"<< count<<"from"<<start<<"to"<<finish<<"."<<endL;

Move(count-1,temp,finish,start);

1}
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Gelb a5 g uaSall JAks ) ad de gane JLASL 4 5% (o3 el ) i)
| el iy ging

(bl

#include<iostream.h>
Int size=9;
Int a[ 9], top=-1;
Int pop();
Void push(int[],int ) ;
Main()
{inti, k,;
For (i=0;i<size; ++i)
{cin>>k; push(a, k)
For (i=0; i< size ; ++i ) cout<<pop() << " "
Getch();
}
Void push( int a[],int k)
{
If ( top==size — 1) cout<< " stack s full " ;
else

al ++top ] =k;

Int pop()
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{
If (top< 0) cout<< " stack is empte " ;
else
return af top - -1];
}

FIRFFORETNEY

All & ey GuaSall () il (e 4o game Jlaaly a5y ald 0 S

#include<iostream.h>
Int size =11,

Int pop();

Int a[11],top="-1;
Void w(int[],int )

Void push( int[],int);
Main ()

{

Inti,k;

For( i=0; i<size ; i++ ){
Cin>>k; push( a,k) ;

}

W(a)

For (i=0; i<size ; i++ ){

Cout<< pop()<<"";
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Getch() ;

}

void push(int a[], intk)

{

If (top==size-1) cout<< " stack is full "
else

al ++top 1=k;

}

Int pop(){returnaftop--1];}

Void w(inta[])

{

Int b[ 11],c[11], top2=-1, top3=-1;

While ( top>=0) b[++top2]=a[top--] ;

While (top2>=0) c[ ++top3 ]=b[top2--];

Whil (top3>=0) a[++top]=c[top3--1];

}
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queues gkl

ol B A e e ALY JiE finked list Alaaic Aald e 3 jle ) gilall
front _stall dedie e cadall Jiig yd%e 2 5) rear or tail oud Sl
(¥ »5) orhead

Max Max
max
Payroll
Rear=2
Font=1 Newton Rear=1 Newton Front=1
Rear=0

rear=rear+1 <us
Queue(rear)=item
Rear=0+1=1
Queue(rear)=item=newton
Rear=rear+1
Queue(rear)=item
Rear=1+1=2
Queue(rear)=item=payroll
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D sl G cidal) dles

O paiadl 138 Cada (S aild ysidall ) Aol jeaiall dallas At Lexie 4]

irst in first fifo 1o aly 138 5 ) sihall

asfiLilld odle )l & Newton _seaisll dallae &8 JUal Juw e

Item &-‘\ASMM\UJLUAQJ;_}
\ ltem=queue (front)
hetwton Front=front1l

Rear=a Newton= queue (front)

Payroll < Front =1+1=2
Front=2 - AU A waad S Gas e e el
aﬂ;;l‘ l=~}jﬂ‘
empty <3l e Y Rear Front
queue
aaly Jaser sl Front= Rear
OY pas Ala) e Y Rear =max

. !.. Jﬁu\

Dol Jia ol e Sllia

Queues < siaaall alasiuly Jially o Lo i siall aiill Jid
Do WS 2all dpalaf 48 ghne JSO o sl Jilad s 25 Cusarrays

fron

O i

1 K R I B y 5

rear

35255 Maxsize paas dalliiay sllall il o Tasall 138 2 68
o2 & maxsize (sl Y 4l (Sl allall 3 ja5e (A ey o grear

ALY Cllee ¢ g e dtad aaai Ll 5 Al
Ccaiall llee oy 208 4508 SFRONT:

Queues as linked lists dlaiall ail g8l aladiuly ) silall Jiia

Front
O A Cp e Ol aFront sRear L

asll 23ad Lale faae Jath 3 SIAN 8 jaay 4l il Jaadll (e Jaadll e alisy

A 4

A 4

i b Y
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Ailal (Say Y Al gl At 1) ALYl e oy Ledie 1 cilliadla
<6 dilebeg ol () seldall YA sl i 5 Al Bale) 5 S8 s jala
osal (MU (52558 A all 5 dadiall (& O pdipe Slaatuly 15 (g sl Sl
doans Lild G seircular Queue 4 ils Aaild Ll o 48 saaall dlabaa 5
circular Queue ok e

rear front
8 /3
front rear
3
X N R A C J 8
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Priority Queues

LN gk

Slleall [y 8 o sulall Aassl 5 e V1 ams Andlae Yo anball (1
ek (Ml g s sh Aadlee iy ) ling el Lol J iy ) s,y

Cdalleall ey b o gl A

Priority Queues (o e yeka A

+ leae Jaladll AUl sl Wl o (e el

LY | geddll | AN | paddd
1 X 2 B
4 K \ R
3 M 4 S
2 D 2 ]
4 | 3 N

:e\m\Mﬁ\#\ww\bﬁm

3 A shiae aladinly ddad A8 JSS o gl Jiiad 1 Y1 ol

A8 jidie Aliate A aladinl (Kay | aal g da

front ¢ R » X | 1 2 —I|>J —»| D 2
/
N > M| 3 4 —'|'|< 4 > || 4 r||il
(S il Sy ¢ Asl WA o (Aaidll ) Jsia EOB Craia Cas
. multi _ linked lists &S _jisie a8 aladiul (Say f
ron
3 4 5 7 8 9 10
e b j d n m S K I
2 2 2 3 3 4 4 4
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b (e A3 JS) Ganady Ui g AU G sieadll aladialy ¢ S gl

. a!n“ zuéig SS i,43\¢5L= S Lﬁu V}Eﬁﬁj Lﬁs*“A —a aﬁjﬁjig\

Al ) sidall 3 5350 ) 3 LIDU Laaaa] Ciua K1 0y yiie panadd ol
) (d&mJﬁ\-kM\g_As«—%mdid&eJ)RearM\

front 1 2 3 4 5 6 7 Rear
1 R X 2
1 B J D 3
1 N M 2
1 S K i 3

Q53 | Gasll [ Tyl 31 | pmadl

) X Y B

¢ K ) R

\l M ¢ S

Y D Y J

¢ I \l n

double —ended queues(deque) 4> 92 3l i ghal)

Gl NS e adall s ALY et Ll 1l shall (o AT ddle dana b

X2

X1

endl - 4l
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End1=2

End2=0

X1

endl - 4l

End1=3

End 2=0

End1=0

End 2=0

Az el



Endl

End 2

endl (el

Endl

End 2

X2

X1

end2 -4l

FIRFFORETNEY

Endl

End 2

 Aleaiall il gl aladiuly A ga )yl glall il oS

end2 (el
Front
End 1
left
—» R |1

»

Queue operations in c++

1) Queue::queue( Jthe queue has been created and initialized

to be empty.

2) Error —code queue ::append ( const queue- entry

If there is spaes x is added to the queue as its rear .other wise

A

A

an error —code of over flow is returned.

3)Error_code queue::serve

If the queue is not empty the front of the queue has been

removed .otherwise an error code of underflow is returned.
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4) Error code queue:: retrieve(queue &x) const if the queue is
not empty the front of the queue has been recorded as x
.otherwise an Error _code of underflow is returned .

5) bool queue ::empty ()const,

Return true if the queue is empty, otherwise return false.
Linked queue

//Basic declarations

Class queue {

Public:

//standard queue methods

Queue ();

Bool empty () const;

Error_code append (const queue entry & item);
Error_code serve ();

Error_code retrieve (queue_entry & item) const;
//safety features for linked structures

~ queue ();

Queue (const queue & original);

Void operator= (const queue & original);
Protected:

Node*front,*rear;
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2
Queue::queue ()
//the queue is initialized to be empty

{

Front = rear =null;

}

//add item to the rear of the queue and return a code of
success or return a code of overflow if dynamic memory is
exhausted

Error_code queue:: append(const queue_entry & item)
{

Nonde * new_rear==null) return overflow;

If (rear==null) front =rear =new_rear;

Else {

Rear—>next=new_rear;

Rear=new_rear;

}

Return success;

}

Error_code queue::serve()
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//the front of the queue is removed if the queue is empty,
return an error_code of underflow

{

If(front ==null) return underflow;
Node*old front =front;
Front=old_front—>next;
If(front==null) rear=null;

Delete old_front;

Return success;

}

1- consider the following queue of character, where queue is a
circular array which is allocated six memory cells:

QUEUE

, REAR=4

FRONT=2

* describe the queue as the following operations take place:
1- f is add to the queue front=2 rear=5

(T.E. fis added to the rear)

2- A and c are deleted front=4 rear=5
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3- K,L and m are added to the rear of queue front=4 rear=2

4- D and f are deleted front=6 rear=2

5- Ris added to the rear front=6 rear==

6- All letters are deleted front=0 rear=0 1 2 3 4 5 6

2- Consider the following dequeue of characters where
dequeue is circular array which is allocated sex memory cells

Left=2,right=4 dequeue slelel |

1- f is added on right left=2 right=5
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Note that the two right letters f and d are deleted so right is
decreased by 2

2- fand d are deleted left=2 right=3

A |C

1 2 3 4 5 6

3- K, L, M are added on left left=5 right=3
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iy o1 5¥) 48 ghiaa Jiail 53 jiad) Aailll) aladiin
One-way list representation of a priority matrix

The following figure shows a schematic diagram of a priority
queue with 7 elements

One-way list representation of a priority

ddd diis coc 2 A5l V) s ‘fu &P 5 XXX, 2 48l S8 gl
|nf0[2] (.5’5} @J\ﬁ 4-\53 d}i ‘f uﬁ XXX &u\-’j

Al Aoyl AaN 4 Gl inf[7]  «—— yyy,3 Adla) 40 5 ghaall

o 222 ORI 5 XXX, 2 25 yyy,3 Jd A5 727,2 Alca) AU B gladll
info[10]

info[11] <«——www aaa,1 25 bbb,2 Jé (;’L www,1

start

Aaa |l |1 Bbb 2 | 6 Ccc|2 3 Ddd 4 4 Eee

A\ 4
A 4

Ff U |8 Ggg|5 |o
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Info Pr Link
) Bbb 2 6
Y
start
. Al Ddd 4 4
Eee 4 9
° Aaa 1 1
1 Ccc 2 3
\%
A Ggg 5 0
4 Fff 4 8
free Ve
\ AR
2 X,
Describe the structure after xxx,2 yyy,3 zzz,2 and www,1 are
added to the queue
Xxx 10 o Zzz | 2 7 Yyy B
WWW
start
Aaa 11 Bbb Ccc|2 Ddd|4 | 4 Eee (4
5 —» - ] M B —
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start

free
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12

Bbb 2 6
Xxx 2 10

ddd 4 4

\ Eee 4 9
Aaa 1 11

Ccc 2 2

Yyy 3 3

Ggg 5 0

Fff 4 8

Z2z2 2 7

\ WwWw 1 1
0

oDl | Aglull Aslay) aay ) sldall (e aaa,www, bbb <l -
free () bt 4l 18 Caday L
Info[5] «—aaa
Info[11] «—www
Info[1] «—bbb

Describe the structure if, after the preceding insertions, aaa,
www, bbb are deleted
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free

12

info pr link
11
Xxx 2 10
ddd 4 4
Eee 4 9
12
Ccc 2 2
Yyy 3 3
Ggg 5 0
Fff 4 8
Z22 2 7
5
0

Algorithm deletes and processes the first element in a priority
queue which appears in memory as one-way list

1- Set item=info [start][this saves the data in the first node]
2- Delete first node from the list

3- Process item

4- Exit

Algorithm adds an item

1- traverse the one-way list until finding a node x whose
priority number exceeds n insert item in front of node x

2- If no such node is found insert item as the last element of
the list
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Array representation of a priority queue
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1 2 3 4 5 6
Aaa
Bbb Ccc Xxx
Fff Ddd Eee
g88
Front Rear
2 2
1 3
0 0
5 1
4 4
Describe the structure after
Rrr,3 sss,4 ttt,1 uuu,4 vvy,2
1 2 3 4 5 6
Aaa Ttt
Bbb Ccc Xxx Vvv
Fff Sss Uuu Ddd Eee
Ggg
Front Rear
2 3
1 4
1 1
5 3
4 4
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First delete the element with the highest priority in row1l, since
rowl contains only two elements aaa and ttt, then the front
element in row2 bbb must also be deleted

1 2 3 4 5 6
Ccc Xxx Vvv
rer
Fff SSS uuu Ddd Eee
g88
front Rear
0 1
2 4
1 1
5 3
4 4

array queue 2 <l 4wl A
1- [Find the first non empty queue]
Find the smallest k such that front[k]! =null
2- Delete and process the front element in row k of queue
3- Exit

array queue (s 4Lyl dw ) A
1- Insert item as the rear element in row m of queue

2- Exit

.. www.sarah4all.worldpress.com



FIRFFORETNEY

gsUall ¢y oSl mald

#include<iostream>

Int size=11;

Int a[11] , tail=-1, head=-1;

Int pop_queue() ;

Void() add_queue(int[], int ) ;

Main()

{

For(i=0 ; i<size ; ++| ){ if( tail==size -1)

{ cout<< " queueis full " ; break; }

Add_ queue(a, i+1);}

While( tail>=head)cout<< pop_queue()<<" ";
Getch() ; }

Void add_queue(int a[], int k)

{ if( tail==-1) { head=tail=0 ; a[tail]=k ; }
else

a[++tail]=k ;

}

Int pop_queue() { return a[ head ++ ] ; }
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#include<iostream.h>

Int size =11;

Int a[11], tail =-1, head=-1;

Int pop_ queue() ;

Void add_queue( int[], int);

Void delet( int[], int ) ;

Main()

{

Inti ;

For( i=0; size; ++i ) { if( tail==size -1){ cout<< "queue is full";break;}
Add_queue(a,i+l);}

Cout<<" enter the value delete\n" ; cin>>i ;
delet(a,i);

While( tail>=head) cout<<pop_queue()<<" ";
Getch() ; }

Void add_queue(int a[], int k)

{

If( tail==-1) { head=tail=0 ; a[tail]=k ;

}

else

a[++tail]=k ;

}

Int pop_queue(){ return a[lhead++] ; }

Void delet(int a[],int k)

{

int b[11],top2, head2, m=head ; top2=head2=-1;

if(tail==-1!! Head>tail)cout<<" queue empte\n"

else

while( m< = tail) {

if( a[m] !=k) {

if(top2==-1) { head2=top2=0; b[top2]=a[m] ; }
else

b[++top2]=a[m] ;

}

M++;

}
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Head=tail=-1;

While( top2>= head2 )
{

If( tail=="-1)

{

Head=tail-0 ; a[tail]=b[head2 ] ;
}

else

a [ ++tail = b[head?2] ;
head2++;

}

}
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(Graphs) Glalad ol

~iled Gaud ) O e O5S0 Bale Jalada gl

o3 anby Jeale 3Ly 5 (elements or nodes) _saliadl (e de sena -
.V W 3« (vertices)
2a) g8 laladall g o paie n da 5 A8l IS (Edges) <ilsall (e Ao sana -Y
Spsplslse o

[ Al S Jie (undirected graph) 4sie sl iy

Glal & el S Ml (B,A) A (A,B) Al b JEa i e 4l inay
Lede Baaly 83 (S

/ Aal JSE Jis (Directed Graph)4sial alaali-y

GHSIY(A,B) Calall a5 ol A8ay Led Ly il sall claladl aa gy 3l inay
olad] 2 ga ol Jaladlall (il ga (e Adla (i (A B) Adlalt s JSEN s g 40le 5 (B, A)
Adlad) ohgd olad) 3 ga g aael abadldll 3 Adla Jia Y (B, A) A8 (K1 sl
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POty Oy sl 2a gy Sillaladal) Jia]
((Linked representations) Jas )l < ydige Ao g Jaladall Jiiaie )

-l Tt L a
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Info NEXT Adj dest link link link

p:
A 4
A 4
A 4

nil

dest link

nil

v

dest link

dest link

nil

-

(q))
v

dest link

nil

A
w
4_
v

E nil nil
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il Gaaludt Jalad ol (Adjacency Matrices)J\);.“ 38 gima Aol o alad ) JiSaS

m OO m >
OO0 |0 |
OO0 O|Rr |
OO0 OO
O|O|R|FR|FL|O
Olr|kr|lo|lom

s Ladie b ) lé Jabad ) (ol g ) 48KS f ) 5 f ddlial nie
) s e Gl gall ) 350 an 01 3531 028 5 (NEYWORK)ASulL

.oh S (Cost Adjacency) ) sadl () ) st 4 shiany e Lo AU (Ko iaic

B C D E
A 300 100 20 0
B 0 0 50 0
C 800 50
D 0 0 0 200
E 0 0 0 0
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(Trees) Ja&y)

(o Aald A eyt o g llll oo S 5 e B jle a5 2l
Cdalad )
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Root (parent) @

-

TOOHE &
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parent X5 V! (5 siwall i sinal children i (AU (5 siwall
S (g ghuall (g ginal
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/(uncompleted binary tree) &S e 46l 3 2l -

sale 4 (head tree) 3aiall iVl (Value tree) dadll jlail-¥
Jasall 5l Ll aadin
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(Linear Representation)

il Aalaall Lual o) i il

(A-B)+C*(D/E)
o LS Al 5 5 0S8 e Alalaall o3 (i ¢y

[i=1]

[2*i+1=5] 0
[2%3=6] °

i=3

[2*7=14]

[2*¥7+1=15] i=4

21.1= b palic sae (568 ) cond ALK 5 45 3 gha 3 pandll el o sE s

4%-1=15
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[esk WS Jicin 2all dpalal 4 saaddl i adde 5 paic V0 o g giad Ll 4

1 2 3 4 5 6 7 8 9 10
11 12 13 14 15

-* A B |IC |/

JATE A 5 el Gl K 1]

(0]
P

¢
Index Info Left Right
1 A 5 :
2 B p -
3 C 6 5
4 D 0 5
5 E 0 5
6 F 0 5
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(Binary Tree Traversal)asiill ol jal jiul
AN s Gl il Bkl (e 1 s G aa gy

A AUl 3 il Wl o el

iR
O

N

1-Preorder traverse: @

a) Visit the root

b) Visit the lift sub tree
c) Visit the right sub tree
Solution:- ABDEHCFG
2-Postorder traverse:-

a) Visit the lift sub tree
b) Visit the right sub tree
c) Visit the root
Solution: - DHEBFGCA
3-Inorder traverse:

a) Visit the lift sub tree
b) Visit the root

c) Visit the right sub tree
Solution: - DHEBFGCA
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#include<iostream.h>
Struct tree{intd, tree * left, tree * right ; }
Void insert ( tree * , tree * ) ;
Print( tree * ) ;
Void main()
{
tree *node, *s, *p, *root=nill ;
for(inti=1;i<2;++1){

node=new tree ;
cin>>nod—>d ; node—>left=node—>right=0 ;
if ( root==nill ) root=node ;
else
insert( root, node ) ; }
print( root )
getch() ; }
void insert ( tree *root , tree *node) {
tree *p, *s;
s=root ;
while( s = nill )
{
p=s; if(node—>d > s—>d) s=s2>right ; else s=s>left ;
}
If( node—>d > p—>d) p2right=node ; else p—~>left=node ;
}
Print ( tree *node)
{
If( node I=nill){
Print( node—>left) ;
Print(node—>right) ;
Cout<< node>d << " "

1}
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III. STACKS

Stacks are commonly used Data Structures while writing
code. It's concept is

really simple which makes it even simpler to write it in
code. Consider this

situation. There are a pile of 5 Books on a Table. You want
to add one book to

the pile. What do you do??? You simply add the book on
the TOP of the pile. What

if you want the third book from the new 6 book pile? You
then lift each book one

by one from the TOP until the third book reaches the top.
Then you take the

third book and replace all the others back into the pile by
adding them from the

TOP.

If you've noticed I've mentioned the word TOP in Caps.
Yes, TOP is the most

important word as far as stacks are concerned. Data is
stored in a Stack where

adding of data is permitted only from the top.
Removing/Deleting Data is also
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done from the top. As Simple as That. Now you may ask
where Stacks are used?

Stacks are infact used on every Processor. Each processor
has a stack where data

and addresses are pushed or added to the stack. Again
the TOP rule is followed

here. The ESP Register adds as a Stack Pointer that refers
to the top of the

stack in the Processor. Anyway, since the explaination of
how the Processor

Stack works is beyond the subject of this Tutorial, let's
write our Stack Data

Structure. Remember some Stack Terminology before
continuing. Adding Data to the

Stack is known as Pushing and deleting data from the

stack is known as Popping.

cpp

#include <iostream>
using namespace std;
#define MAX 10 /I MAXIMUM STACK CONTENT

class stack

{
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private:
int arr [MAX]:; // Contains all the Data

int top; //Contains location of Topmost Data pushed onto Stack
public:

stack () //Constructor

top=1; //Sets the Top Location to -1 indicating an empty stack

j
void push(int a) // Push ie. Add Value Function
{

top++. // increment to by 1

if(top~MAX)
{

arr[top|=a; //If Stack is Vacant store Value in Array
j
else { cout<<"STACK FULL!!"<<endl;

top--;
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int pop() // Delete Item. Returns the deleted item

if(top=—-1)
{
cout<<"STACK IS EMPTY!!!"<<endl;

return NULL;

else

{

int data=arr[top|; //Set Topmost Value in data

arr[top|=NULL; //Set Original Location to NULL

top--. // Decrement top by 1
return data; // Return deleted item
j
j
s
int main()
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{

stack a;

a.push(3);

cout<<"3 1s Pushed\n";
a.push(10);

cout<<"10 is Pushed\n";
a.push(1);
cout<<"1 1s Pushed\n\n";
cout<<a.pop()<<" is Popped\n";
cout<<a.pop()<<" is Popped\n";
cout<<a.pop()<<" 1s Popped\n";

return O;

OUTPUT:
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3 is Pushed
10 is Pushed
1 is Pushed

1 is Popped
10 is Popped
3 is Popped

Clearly we can see that the last data pushed is the first
one to be popped out.

That's why a Stack is also known as a LIFO Data Structure
which stands for "Last

In,First Out" and I guess you know why.

Let us see how we implemented the stack. We first
created a variable called top

that points to the top of the stack. It is initialised to -1 to
indicate that

the stack is empty. As Data is entered, the value in top
increments itself and

data is stored into an array arr. Now there's one drawback
to this Data

Structure. Here we state the Maximum number of

elements as 10. What if we need
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more than 10 Data Elements? In that case we combine a
Stack along with a Linked

List which will be explained later.

Now once you've got this one right, let's proceed to the
Queue Data Structure.

IV. QUEUES

There's a huge crowd at your local grocery store. There
are too many people

trying to buy their respective items and the Shopkeeper
doesnt know from where

to start. Everyone wants their job done quickly and the
shopkeeper needs an

efficient method to solve this problem. What does he do?
He introduces a Queue

System based on the First Come, First Serve System. The
Last Person trying to

buy an item stands behind the last person at the END of
the queue. The

Shopkeeper however is present at the FRONT end of the
queue. He gives the item

to the person in FRONT of the queue and after the
transaction is done, the

person in FRONT of the Queue Leaves. Then the person
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second in queue becomes the

First person in the Queue.

Do you get the point here? A Queue is similar to a stack
except that addition of

data is done in the BACK end and deletion of data is done
in the FRONT.

Writing a queue is a lot harder than writing a stack. We
maintain 2 Integers in

our Queue Data Structure, one signifying the FRONT end
of the Queue and the

other referring to the BACK end of the Queue.

Let us use the same coding style as we used for the
Stack. We first initialise

both the ends to -1 to indicate an empty queue. When
Data is added to the queue

both ends get respective postive values. When New Data
is added, the back End is

incremented and when data is deleted the front end is
decremented. This works

fine but it has a major drawback. What if the Maximum
capacity of the Queue is 5

Items. Suppose the User has added 4 items, deleted 3
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Stack wont permit him to add the last half of the data as

items and adds 2 again. The

it will report that

the stack is full. The Reason is that we are blindly
incrementing/decrementing

each end depending on addition/deletion not realising that
both the ends are

related to each other. I leave this as an excercise for you
to answer. Why will

our proposed Stack report the Stack as Full even though
it's actually vacant?

So we need another approach.In this method we focus
more on the data than on the

addition end and the deletion end.

What we now use is the grocery store example again.
Suppose there are 5 items in

a queue and we want to delete them one by one. We first
delete the first data

item pointed by the deletion end. Then we shift all data
one step ahead so that

the second item becomes the first, third item becomes
second and so on...

Another method would be to maintain the difference
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not practical. Hence we stick to our previous method. It

between the two ends which is

might be slow in Big

Queues, but it certainly works great. Here's the code.

cpp

#include <iostream>

using namespace std;

#define MAX 5 /I MAXIMUM CONTENTS IN QUEUE
class queue

{

private:
int tf MAX];
int al;  // Addition End
intdl; // Deletion End
public:
queue()
{
dl=-1;

al=-1;
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j

void del()

{

int tmp;

if(dl—1)

cout<<"Queue 1s Empty";

Else

for(int j=0;j<=alj++)
{

if((j+1)-—al)

tmp=t[j+1];
t|j|~tmp:
J

else
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j

void add(int item)

{

if(dl-—1 && al-—1)

dl—i——i—;

al++;

j

else
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{
al++;
if(al=—MAX)
{
cout<<"Queue 1s Full\n";
al--
return;
b
b

t[al|=item;

void display()
{

if(dll=-1)
{

for(int iter=0 ; iter<=al ; itert++)

cout<<t[iter|<<"";
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else  cout<<"EMPTY";

}
s
int main()
{

queue a;
int data[5]|={32,23,45,99.24}
cout<<"Queue before adding Elements: ";
a.display();
cout<<endl<<endl;
for(int iter = 0 ; 1ter < 5 ; iter++)
{
a.add(dataliter]);
cout<<"Addition Number : "<<(iter+1)<<":";

a.display();

cout<<endl;

j

cout<<endl; cout<<"Queue after adding Elements: ";
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a.display();

cout<<endl<<endl;
for(iter=0 ; iter < 5 ; iter++)
{
a.del();
cout<<"Deletion Number : "<<(iter+1)<<": "

a.display();

cout<<endl;

return O;

OUTPUT:
Queue before adding Elements: EMPTY
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Addition Number :
Addition Number :
Addition Number :
Addition Number :
Addition Number :
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1 32

: 32 23

1 32 23 45

: 32 23 45 99

1 32234599 24

Queue after adding Elements: 32 23 45 99 24

Deletion Number :
Deletion Number :
Deletion Number :
Deletion Number :

Deletion Number :

ua A W N =

: 2345 99 24
: 45 99 24

1 99 24

1 24

: EMPTY

As you can clearly see through the output of this program

that addition is

always done at the end of the queue while deletion is

done from the front end of

the queue. Once again the Maximum limit of Data will be
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extended later when we
learn Linked Lists.
V. LINKED LISTS

The Linked List is @ more complex data structure than the
stack and queue. A

Linked List consists of two parts, one the DATA half and
the POINTER half. The

Data half contains the data that we want to store while
the pointer half

contains a pointer that points to the next linked list data
structure. This way

we have a dynamic data structure as we can add as much
data as we want within

memory restrictions. And yes, pointers play a major role
in Data Structures...No

Pointers, No Data Structures...So Knowledge of Pointers is
a basic must before

continuing.

Look at this diagram that explains the Linked List:

Items Added in Link List : 12 15 29 45

i g BN e R o O - B
1 2 3 74
Last
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Here the data stored within the Data Structure is
12,15,29,45.

As you can see, the pointer with 12 points to the next
linked list which is 15

which points to 29 and so on.

This is just a conceptual idea. In Reality all this data is
stored in random

places in memory. Using Pointers help us to get all the
data in order.

While Adding Data to a Linked List we check for previously
added Linked Lists.

Then we reach the last node of the List where the pointer
value is NULL and

point it to our newly created linked list, else if there is no
previously

existing linked list we simply add one and set it's pointer
to NULL.

Deletion is more complex. Suppose we want to delete the
data 15. Then we first

find 15. Then we point the pointer which is present with
12 to the data in 29.

Then we delete the node which contains 15 as it's data.

Studying the Following Source code will help you
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Linked List:

cpp

EIRFIRSREY

#include <iostream>
using namespace std;

class linklist

private:

struct node

int data;
node “link;
P
public:
linklist():
void append( int num );
void add as_first( int num );

void addafter( int ¢, int num );
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void del( int num );
void display();
int count();
~linklist();
s
linklist: :linklist()
{
p~NULL;
j
void linklist::append(int num)
{ mnode *q,*t;
if( p==NULL )
{
p = new node;
p-~data = num;

p-~link = NULL;

else
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q-p

while( g->link '= NULL
q = q-~link

t = new node

t ->data = num

t->link = NULL

q-~link = t

void linklist::add_as_first(int num

node *q
q = new node
q -~data = num

q-~link = p
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void linklist::addafter( int c, int num)

node “q.*t; int1;

for(1=0,q=p:i<c.i++)

q = q-~link;

if( ¢ — NULL)

cout<<"\nThere are less than "<<c¢<<" elements.";

return;

t = new node;
t->data = num;
t->link = q->link;

q-~link = t;

void linklist::del( int num )
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node “q.*r; q=p;

if( g¢->data = num )

p = q-~link;
delete q;
return;
j
r=q.
while( q/=NULL )
{
if( g->data == num )
{
r->link = q->link;
delete q;

return;

r—q.
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q-— q->link;

j

cout<<"\nElement "<<num<<" not Found.";

j
void linklist::display()
{
node “q.
cout<<endl;
for(q=p:.q!=NULL :q=q-~link)
cout<<endl<<qg->data;

j

int linklist::count()

{

node “q.
int ¢c=0;
for(q=p.q!=NULL : q= g-~link )

¢ct+. return c;
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linklist::~linklist()
{
node “q.
if( p=—=NULL )
return;
while( p = NULL )
{
q - p-~link;
delete p;
P—q
b
b

int main()

{ linklist 11;

cout<<"No. of elements = "<<Il.count()

1l.append(12);
Il.append(13);

1l.append(23);
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1l.append(43):

1l.append(44).

11.append(50):;

1l.add as first(2);

1l.add as first(1);
11 addafter(3.333);
11 addafter(6.666);

11.display();

cout<<"\nNo. of elements = "<<Il. count();
11.del(333);

ll.del(12);

11.del(98);

cout<<"\nNo. of elements = "<<ll.count();

return O;

j

OUTPUT:

No. of elements = 0
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12
13
333
23
43
666
44
50

No. of elements = 10

Element 98 not Found.

No. of elements = 8

FIRFFORETNEY

Here as you see, the class contains a structure node that

consists of an integer

type for data and a pointer pointing to another node

structure. Here we maintain

a node pointer p that always points to the first item in the
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list of the functions that are used in the data structure.

list. Here is a

Ccpp
linklist(); // CONSTRUCTOR
void append( int num ); // ADD AT END OF LIST

void add as first( intnum ); // ADD TO BEGINNING OF LIST

void addafter( int ¢, int num ); // ADD DATA num AFTER POSTION

C

void del( int num ); // DELETE DATA num

void display(); // DISPLAY LINKED LIST

int count(); // NUMBER OF ITEMS IN LIST
~linklist(); // DESTRUCTOR

Many places you will see statements like g=g->link inside
a loop. This statement

just shifts the pointer from one node to the other. the

Destructor as well as
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the del() function use the delete operator to deallocate
space that was

previously allocated by the new operator. The Rest should
be clear if you have a

basic understanding of pointers.

The advantage of using pointers is that you dont have to
worry about wasting

space by allocating a lot of memory beforehand. As the
need for data increases,

memory is allocated accordingly. But the flip side is that
to access each node

we have to iterate through each node till we reach the
desired node. That's why

linked lists have different forms of themselves for easier
access. For example

Circular and Doubly Linked Lists. Circular Linked Lists are
those in which the

last node always points to the first node in the list. Doubly
Linked Lists

contain two pointers, one that points to the next node and
the other that points

to the previous node.

I shall only give source code for Circular Linked List, while

code for doubly
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linked lists is given as an excercise. However, if you cant
write it...you are
free to contact me at born2c0de AT dreamincode DOT net

VI. STACKS USING LINKED LISTS

Here, we use the same concept of the stack but eliminate
the MAXIMUM data items

constraint. Since we shall be using Linked Lists to store
data in the stack,

the Stack can hold as much as data as it wants as long as
the data is within

Memory Limits.Here's the code:

cpp

#include <iostream>
using namespace std;
struct node { int data; node *link; }:

class Istack

private:
node™ top;

public:
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Istack()

top=NULL;

void push(int n)
{
node “tmp;
tmp—new node;
if(tmp—=NULL)
cout<<"\nSTACK FULL";
tmp-—>data=n;
tmp->link=top;
top—tmp:;
b

int pop()

if(top=—NULL)
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cout<<"\nSTACK EMPTY";

return NULL;

j

node “tmp;
int n;
tmp—top:
n=tmp--data;
top—top--link;
delete tmp;
return n;

j

~Istack()
{
if(top=—NULL)
return;

node “tmp;

while(top!=NULL)

{
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tmp—top:
top—top--link;

delete tmp;

3
int main()

{

Istack s;
s.push(11);
s.push(101);
s.push(99);

s.push(78);

cout<<"[tem Popped = "<<s.pop()<<endl;

cout<<"[tem Popped = "<<s.pop()<<endl;

cout<<"[tem Popped = "<<s.pop()<<endl;

return O;
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VII. QUEUES USING LINKED LISTS

Similar to the one above, the queued linked list removes
the maximum data limit

as well. Here is the code:

cpp

#include <iostream>
using namespace std;
struct node

{

int data;

node “link;
IR

class lqueue
{
private:

node *“front, “rear;

public:
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lqueue()

front=NULL;

rear—=NULL;:

b
void add(int n)

{

node “tmp;
tmp—new node;
if(tmp=—NULL)

cout<<"\nQUEUE FULL";
tmp->data=n;
tmp-~link=NULL;
if(front=—NULL)
{

rear—front=tmp;

return;
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rear-~link=tmp;

rear—rear-~link;

int del()

if(front=—NULL)

cout<<"\nQUEUE EMPTY";

return NULL;

node “tmp;

int n;
n—front->data;

tmp—front;
front=front->link;
delete tmp;

return n;
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~lqueue()
{
if(front=—NULL)
return;
node “tmp;
while(front!=NULL)
{
tmp—front;
front=front->link

delete tmp;

3
int main()
{
lqueue q;
q.add(11);

q.add(22).
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q.add(33):
q.add(44).
q.add(55):
cout<<"\nltem Deleted = "<<q.del();
cout<<"\nltem Deleted = "<<q.del();
cout<<"\nltem Deleted = "<<q.del();

return O;

j

VIII. CIRCULAR QUEUES

Circular Linked Lists are just like normal linked lists except
that the pointer

of the last item in the list points to the first item in the
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wondering...Why would anyone ever want to do such a

list. You must be

thing? Well...did you know

that circular linked lists are used almost in every situation,
they are infact

used in Electronic Advertisements where each ad is added
to the list and is

displayed. After the last ad is displayed the linked list will
automatically

display the first ad in the List.

Now let us see how we can implement the Circular Linked
List. I've written this

code in much more detail plus I've included a SLIDESHOW
Feature that shows the

Data in the List after a time-period is elapsed. It goes on
displaying the data

until a key is pressed. Have a look:

*Note*:

If you aren't using Windows, follow these steps:

1. Remove #include <windows.h>
2. Remove #include <conio.h>
3. Remove the slideshow() and wait() function from

CL_list class.
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4. Remove the slideshow() function call in main().

cpp

#include <windows.h>
#include <iostream>
#include <conio.h>
using namespace std;

class CL_list
{
private:
struct node

{

int data;

node “link;

s

struct node “p;
public:

CL_list():

CL List(CL_list& 1);
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~CL_list();
void add(int);
void del();
void addatbeg(int);
void display();
void slideshow(float.int.int);
int count();
void wait(float);
bool operator ==(CL_list);
bool operator !=(CL _list);
void operator =(CL _list); }:
CL_list::CL_list()
{
p=NULL;:
j
CL lList::CL _list(CL_list& 1)

{

node *x:
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p=NULL;

x=1.p;

if(x==NULL)
return;

for(int 1=1:1<=1.count():;1++)

add(x->data);
x=x->link;
b
b
CL_list::~CL_list()

{

node “q.*t;

q-p:
t=p:
if(p==NULL)
return;

while(q-~link!=t)
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pP—q;
q:q->link;

delete p;

Pq

delete p;

void CL_list::add(int n)

if(p-—NULL)

node “q;
g—new node;
g-~data=n;
q-~link=q;
P4

return;
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node “q;
q-p:
while(g->link != p)
q—q->link:
node “t;
t=new node;
t->data—n;
t->link=p;
q--link=t;
j
void CL_list::display()

{

if(p==NULL)

cout<<"EMPTY LIST\n";

return;
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node “q:

q-p.

for(int 1=1;1<=this->count( );1++)

{

cout<<q-~>data<<endl.

q:q->link;

j

int CL_list::count()

node “q:
q-p:
int ¢c=0;
if(p==NULL)
return O;
else
cHt:

while(q->link |= p)
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ctt.

q—q-~link;

return ¢,

j

void CL_list::del()

{
if(p==NULL)
return;

if(p--link——p)

p=NULL;:

else

node “q;

q-p.
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while(q->link '=p )
q—q->link:
q-~link=p->link;
q-p:
p—(g-~link == NULL ? NULL : p->link);
delete q;
j
j
void CL_list::addatbeg(int n)
{
node “q.*t;
q-p:
while(g->link!=p)
q—q->link:
t=new node;
t->data—n;
t->link=p;

q-~link=t;
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p—t

j

void CL_list::slideshow(float dlay.int x.int y)

{
/% if(p==NULL)
{

gotoxy(x,y);

cout<<"EMPTY LIST\n";
return;
j
node *q;
q=p;
while(!kbhit())
{
gotoxy(x,y);

cout<<" "

gotoxy(x,y);

cout<<q->data;
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wait(dlay);
q=q->link; }¥/
j
void CL_list::wait(float t)
{
long time=GetTickCount()+(t*1000L);
while(GetTickCount()<=time)
{
/* WAIT !!! */
j
j
bool CL_list::operator =—(CL _listt)
{ if(t p==NULL && p=—=NULL)
return 1.
if(this->count() '= t.count())
return O;

node “q:

q-p.

-. www.sarah4all.worldpress.com




FIRFFORETNEY

bool flag;
flag=1;
node *a;
a-tp:;
for(int 1=11<=count( );1++)
{
if(a->data!=q-~data)
flag=0;
a—a-~link;
q—q->link:
j
if(a->data!=q->data)
flag=0;
return flag:
j

bool CL_list::operator '=(CL listt)

{

return !(this->operator—==(t));
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j

int main()
{
CL lista;
a.add(1);
a.add(2);
a.add(3);
a.add(4);
a.addatbeg(128);
a.del(); // 128 1s deleted
cout<<"\nLIST DATA:\n";
a.display();
CL list b=a;
if(b!=a)
cout<<endl<<"NOT EQUAL"<<endlI;
else
cout<<endl<<"EQUAL"<<endl;

a.slideshow(1,13.13);
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return O;

Here once again we have made sure that the last node
always points to the first

node. Everything else seems fine. Comments should be
enough to explain the code.

The interesting part of this code is the slideshow()
function. It plainly

displays the list in an infinite loop which can be

terminated by pressing a key.
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The wait() function allows the delay while the kbhit()
function checks for a

keypress.

Now comes the test. Write a similar linked list only with
the following changes:

1) Structure node should be like this:

cpp

struct node

{

int data;
node *next; // Pointer to Next Node

node “prev; // Pointer to Previous Node

|5

2) Remember that while adding and deleting the next and
previous pointers have

to be set up accordingly.

3) Include a display function with a parameter like this:

Ccpp
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void linklist::display(int type)
{
if(type=—1)
{

// Code for output from First Node to Last node

j

else

{

// Code for output from Last Node to First

j

This function is really easy to write if you understand how
to use both the next

and previous pointers.

If you still cant write the code mail me with your
difficulties at my email add:

born2c0de AT dreamincode DOT net

IX. BINARY SEARCH TREES
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Uptil now all data structures that we have covered
(Stack,Queue,Linked List) are

linear in nature ie. they have a definate order of
placement. Now we shall study

Binary Trees which requires a different thought process as
it is a non linear

data structure.

A Binary Tree consists of a main node known as the Root.
The Root then has two

sub-sections, ie. the left and the right half. The data
subsequently stored

after the root is created depends on it's value compared
to the root.

Suppose the root value is 10 and the Value to be added is
15, then the data is

added to the right section of the root.

The Basic idea is that every node can be thought of a
binary tree itself. Each

node has two pointers, one to the left and the other to the
right. Depending on

the value to be stored, it is placed after a node's right
pointer if the value

of the node is lesser than the one to be added or the

node's left pointer if
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viceversa.

Let's take an Example. To add the Following List of
Numbers, we end up with a

Binary Tree like this:

321634187137 18 14 19 23 24 41 5 53

p \/ \,.-f' . \,.-f -
01 18 a7
S S e

™ ™ ®

1 Mg 11
R \ )
Y Y Y Y

‘o7 f14 1 {53

) L

‘o5 N

Here's How:

**: KEEP ADDING DATA IN THE TREE ON PAPER AFTER
EACH STEP BELOW TO UNDERSTAND
HOW THE TREE IS FORMED.

1. Since 32 is the First Number to be added, 32
becomes the root of the tree.
2. Next Number is 16 which is lesser than 32 Hence 16

becomes left node of 32.
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3. 34. Since 34 > 32, 34 becomes the right node of
the ROOT.

4. 1. Since 1 < 32 we jump to the left node of the
ROOT. But since the left node
has already been taken we test 1 once again. Since 1
< 16, 1 becomes the left
node of 16.

5. 87. Since 87 > 32 we jump to the right node of the
root. Once again this
space is occupied by 34. Now since 87 > 34, 87
becomes the right node of 34.

6. 13. Since 13 < 32 we jump to left node of the root.
There, 13 < 16 so we
continue towards the left node of 16. There 13 > 1,
so 13 becomes the right
node of 1.

7. Similarly work out addition till the end ie. before
Number 53.

8. 53. Since 53 > 32 we jump to the right node of the
root. There 53 > 34 so we
continue to the right node of 34. There 53 < 87 so
we continue towards the
left node of 87. There 53 > 41 so we jump to the
right node of 41. Since the
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Right node of 41 is empty 53 becomes the right node
of 41.

This should give you an idea of how a Binary Tree works.

You must know that:

1. The linking of nodes to nodes in a Binary Tree is one
to one in nature
ie. a node cannot be pointed by more than 1 node.
2. A Node can point to two different sub-nodes at the

most.

Here in the binary tree above there are a few nodes
whose left and right

pointers are empty ie. they have no sub-node attached to
them. So Nodes 5,14,18,

19,23,24,41 have their left nodes empty.

There are three popular ways to display a Binary Tree.
Displaying the trees

contents is known as transversal. There are three ways of
transversing a tree iw.

in inorder,preorder and postorder transversal methods.
Description of each is

shown below:

PREORDER:
-. www.sarah4all.worldpress.com



FIRFFORETNEY

2. Transverse the left leaf in preorder.

1. Visit the root.

3. Transverse the right leaf in preorder.
INORDER:

1. Transverse the left leaf in inorder.
2. Visit the root.

3. Transverse the right leaf in inorder.

POSTORDER:

1. Transverse the left leaf in postorder.
2. Transverse the right leaf in postorder.

3. Visit the root.

Writing code for these three methods are simple if we
understand the recursive

nature of a binary tree. Binary tree is recursive, as in each
node can be

thought of a binary tree itself. It's just the order of
displaying data that

makes a difference for transversal.

Deletion from a Binary Tree is a bit more difficult to
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remember that for deleting a node, it is replaced with it's

understand. For now just

next inorder

successor. I'll explain everything after the Binary Tree
code.

Now that you've got all your Binary Tree Fundas clear,
let's move on with the

Source code.

cpp

#include <iostream>
using namespace std;
#define YES 1 #define NO 0
class tree
{
private:
struct leaf
{
int data;
leaf *1;

leaf “r;
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s
struct leaf “p;
public:
tree();
~tree();
void destruct(leaf *q);
tree(tree& a);
void findparent(int n.int &found.leaf™ &parent);
void findfordel(int n.int &found. leaf * &parent. leaf™ &x);
void add(int n);
void transverse();
void in(leaf *q);
void pre(leaf *q):
void post(leaf *q):
void del(int n);
s

tree::tree()
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p—NULL: | tree::~tree()

{

destruct(p);

j

void tree::destruct(leaf *q)

{

if(q'=NULL

destruct(q-~1);

del(q-~data);

destruct(q->t1);

j

void tree: findparent(int n.int &found.leaf *&parent)

{

leaf “q;
found=NO:

parent=NULL;
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if(p==NULL)
return;
q-p.

while(q!=NULL)

{

if(q->data=n)

{

found=YES:;

return;

if(q->data>n)

parent—(;

q-q-L

else

parent—(;
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q-q--T.

j

j

void tree::add(int n)

{

int found;
leaf “t, *parent;
findparent(n.found, parent);
if(found==YES)

cout<<"\nSuch a Node Exists";

else

t=new leaf’
t->data—n;
t->1=NULL;

t->r=NULL;

if(parent=——NULL)
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p—t.
else

parent->data > n 7 parent->1=t : parent->r=t;

void tree: transverse( )

int c;
cout<<"\nl.InOrder\n2.Preorder\n3.Postorder\nChoice: ";
cin>>¢;

switch©

case 1:
in(p);
break;

case 2:

pre(p):

break;
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case 3:

post(p);

break;

j

void tree::in(leaf *q)

{if(q=NULL)

in(q--1):
cout<<"\t"<<qg->data<<endl;
in(q--1):
j
j

void tree: :pre(leaf *q)
[ iflq=NULL

{

cout<<"\t"<<qg->data<<endl;

pre(q-—1);
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pre(q--T1);
j
j
void tree: :post(leaf “q)
{
if(q!=NULL)
{
post(q-~1):
post(q--T):
cout<<"\t"<<qg->data<<endl;
j
j
void tree: findfordel(int n.int &found. leaf *&parent leaf *&x)
{
leaf “q
found=0:
parent=NULL;

if(p—NULL)

-. www.sarah4all.worldpress.com




FIRFFORETNEY

return;
q-p:
while(q!=NULL)

{

if(q->data==n)

{

found=1:

x=q;

return;

j

if(q->data>n)

{

parent—(;

q-q-L

else

parent—(;
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q-q--T.

j

void tree::del(int num)

{

leaf “parent. “x,*xsucc;

int found;  // IfEMPTY TREE
if(p=—NULL)
{

cout<<"\nTree 1s Empty";
return;
b
parent=x-NULL;:
findfordel(num,found.parent.x):
if(found==0)

{

cout<<"\nNode to be deleted NOT FOUND";
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return;
j
// If the node to be deleted has 2 leaves
if(x->1 = NULL && x->r != NULL)
{
parent—x;
XSucc—X--T;
while(xsucc->1 = NULL)
{
parent—xsucc;
xsucc—xsucc->1;
j
x->data=xsucc->data;
X—XSUCC;
j
// if the node to be deleted has no child
if(x->1 == NULL && x->r == NULL)

{ if(parent->1 == x)
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parent->r=NULL;
else
parent-~1=NULL;
delete x;
return;
b
// if node has only right leaf
if(x->1 == NULL && x->1r = NULL )
{
if(parent->1 = x)
parent->l=x->r;
else
parent--r—x--T1;
delete x;

return;

// if node to be deleted has only left child

if(x->1 '= NULL && x->t == NULL)
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{
if(parent->1 == x)
parent->1=x->1;
else
parent->1—x->1;
delete x;

return;

j

int main()
{
tree t;
int data[]={32,16,34.1,87,13,7,18,14,19.23.24 41,553}
for(int iter=0 ; iter < 15 ; i++)
t.add(dataliter|);
t transverse( );
t.del(16);

t.transverse( );
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t.del(41);
t.transverse( ):

return O;

OUTPUT:
1.InOrder
2.Preorder
3.Postorder
Choice: 1

1

5

7

13
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14
16
18
19
23
24
32
34
41
53
87

1.InOrder
2.Preorder
3.Postorder

Choice: 2

32
18
1
13
7
5
14
19
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23
24
34
87
41
53

1.InOrder
2.Preorder
3.Postorder
Choice: 3
5

7

14

13

1

24

23

19

18

53

87

34

32
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Press any key to continue

NOTE: Visual C++ may give Runtime Errors with this

code. Compile with Turbo C++.

Just by looking at the output you might realise that we
can print out the whole

tree in ascending order by using inorder transversal.
Infact Binary Trees are

used for Searching [ Binary Search Trees {BST} ] as well
as in Sorting.
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The Addition of data part seems fine. Only the deletion bit
needs to be

explained.

For deletion of data there are a few cases to be

considered:

1. If the leaf to be deleted is not found.

2. If the leaf to be deleted has no sub-leafs.
3. If the leaf to be deleted has 1 sub-leaf.
4. If the leaf to be deleted has 2 sub-leafs.

CASE 1:
Dealing with this case is simple, we simply display an

error message.

CASE 2:

Since the node has no sub-nodes, the memory occupied
by this

should be freed and either the left link or the right link of
the parent of this

node should be set to NULL. Which of these should be set
to NULL depends upon

whether the node being deleted is a left child or a right
child of its parent.

-. www.sarah4all.worldpress.com



FIRFFORETNEY

CASE 3:

In the third case we just adjust the pointer of the parent
of the leaf to be

deleted such that after deletion it points to the child of the
node being

deleted.

CASE 4:

The last case in which the leaf to be deleted has to sub-
leaves of its own is

rather complicated.The whole logic is to locate the inorder
successor, copy it's

data and reduce the problem to simple deletion of a node
with one or zero leaves.

Consider in the above program...(Refer to the previous
tree as well) when we are

deleting 16 we search for the next inorder successor. So
we simply set the data

value to 5 and delete the node with value 5 as shown for

cases 2 and 3.

That's It! *phew*

Binary Trees are used for various other things which even
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Compression algorithms,binary searching,sorting etc. A lot

include

of Huffman,

Shannon-Fano and other Compression algorithms use
Binary Trees. If you want

source code of these Compression codes you can freely
contact me at my email.

X. CONTACT ME

That wraps up this Data Structure Tutorial. There are
plenty of other data

structures which I'd love to mention such as Sparse
Matrices, Graphs, B-Trees,

B+ Trees, AVL Trees etc. but since the aim of this tutorial
was to give an

introduction to Data Structures I decided not to include
them in this text.

Maybe I can save them for another Tutorial which I may
write in the future.

If you have any problems in understanding the text or the
source code, please

post in the forums instead of mailing me.

However, if you have any comments, suggestions or error
reports, feel free to

contact me at: born2cOde AT dreamincode DOT net
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*Update* : T'll be submitting a sequel to this tutorial that
discusses many more data structures very soon. Keep
checking for updates.

For the downloadable text version, download the text file

below.
= datastruct.txt ( 36.81k ) Number of downloads: 5168
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