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LET’'S GO



Thought protess o sole & pwblen- W1-L1
— Undevstond o P‘robeem

- ﬁ,d af)P'roac{/L

vough
Poblem [—> Sol. Sool,. :-:‘ —A Gde| a,..‘r;le.f S zl;tl.
on beod Pee lang.
l
md ;MP

ﬁeﬂo-n“wlm— Se.‘luenc,e o,e 5-‘2(9,&
Flovochart - %—mr&u'cﬂi W”t"‘#‘m O‘F alﬁo

Cowm roﬂ¢"l"’5‘

D Aerminahor for sturt [end
LT A inpt foukpet vesdd furite

comrui'ai"m/ prrocass | dedavabion

ue decision  makKi na bloek.

Julkesr  tondibon
folse

=T v




&v\neb‘h”f
tokes «ﬁmd’\'ﬁ\f\

feendo Code- genem'c woy of wyiting algo
D-r:j Rin. =0 Va:j ’MFO'(M 4 udevstond any ‘f‘OFio

W1-L2

IDE- Replit,vS-lde

# nclude < iogfream > > ?ve&\udex F

wsina namesrﬁ__k,'hb’m of kej word
int /main (){ >us;ﬂd SJ‘QY)JAYJ mmﬁg@

;mPle,me ntah'ov °)c

ut < ¥Nam le Blayat p : :
‘50 <, as = J ‘hoobiﬂa f’m Mu-Lb’?(e, ‘QFQJ
} \ o)c -;wme.sFac,e
v
-rCﬂl.d'V\ wheve Swfe b end a\nJ .s.(an-ew;en{'
of ke,‘-jvomfd 1A J&Fnecf > 54rinJ

used o F'n'wl' o tonSole /
Standaxd d n'.sP{o:\j

toub << endl | > {'v-( mexnt Uae

COIA£<< '\ﬂs; /




int o ; > o s an integes |év,—~> Gonbage
volue

a
Cin>> a > inpt a fom  usen >
en—7 o
Vosiables
Mamed- W\emo'r‘j eoca».‘b'm
mt a=S,
z) (-‘ >> value
dp.la.l:.l Vonioble
P Nome
'Dai:o.lape,&
fpe of detn
Built - in / rﬂm‘.Bue, eeve De‘(’,-ﬂu{
|
iwf Vo;A closs
double. ™y o
chox —

flook  sbett, eo.ﬁ, Borﬁ eona

int = Hbyte — 32 bits n Wmﬁ
J 2l 3l ; \ cl At
— -2 4o 2 - ) SIvme, )

— 0 4o 232-—1 n unsl'ﬁned l./l‘t

chay - ;CBJJ.Q_-— gLits in W\emo‘)'v
L— 58 J.‘R'eu—enf chovs.



ASCTT
s choy ww.Ps with  ~umevial ASCTI T value

choy &> ASCTTI value —> gfove in vvuemo‘l':j

bool —> 1 byte —7 8 biks ;:;"_(f;
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if (cond 1 of (cond 1)

e.xewbe.J_ e,ne,m:t'e-i.
&xew:lzez. 1ok

else ;f(... ¢ )1}

else ()

else } L}
enewte M
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LooFA
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Iy
Flow -
3«\1’#@1-'2:1{!.6\4 ——  condihm > et
J,hue.
exe,wi:"na BOJJ
l
wrda:l‘im
int-hall zabon
Gwdibiea vone 6 anda
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Fo&efn,s =
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t
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}
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§

R
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}.

else {
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§
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for all input values of Mum
J

O, 4$ve , -ve

' will mot a'ave evyo¥

oukput -
r 0
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ALL - H:’Dt\ leveld l_onauaﬂe,
L_> buuwmman veadable. and user »fﬂuﬂlj Wl_L4

c++, C - Middle Level lawauaae,

rnam&SFM > 40 avoid w llision
)
mu.l.HPLL be'v\l'HM o.)c- a Sin‘jee, kerofJ
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foot  f= 2.0t 109
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variable = (wndib‘m)? e,nfnuzsfmz . e,m.fne/séim3
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\,4 1/ ERROR
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bd Jezfaul;{r-
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Bitwise Orv'la:hﬂﬁ WZ_LZ

L wee on bit lewel

And (286D 1 if it bits are L
Or La'lb) i | Lf any or bolh bits ave 1
Mot (va) *ncﬂai'e— He esult

Nov (a"b) same values — O
d({f. voluesa —> 1

~5
L—» 5 — o0...0101

NS —> ... 0)©
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0
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So ~S= -6
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>>
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/53 2 (mot in every wse)

L) m -

.s::fl- oAl bits to left
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ae accb o lfb shifts, b bmes vesult —> ax 2°
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————

2
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a= 0.¢%< 2 a=20
in ight shift — filled wiHe
O ov 24
in 4ve Mo. & /
;V\ ~ve No.
Tl‘ah-l: ,slu‘-f-(— A -uve Mumbey
-ve No. in m&movs — 4 .....
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s—> 0-.--0101 11,
-¢— 4...1011

k,sian&d bit is used 4o —ﬁll

-s>>1 —> 1 ..-40f —>-3 e vatart bit

- >>1L —> -l

left shift in numbey wheve MSBis L

and 2nd MsSB 180



fre- Popgt —> TIncneament [ Decneament Ormabf

Fre— in Cream ent

Ls ++a
Lo flesk incneament by 1, then wse

rosl: - imtneawment

L a++t
(. ‘fm.—l- use taen incneament bJ 1

rre— deuneament

Ly --a
l—) g'-r.s‘(' Je.cneame.n‘t bj :L, then wusge

rosl- - decneament
L— a--
l——) ,,Ci-r.s‘l' use. then decmeament 53 i

it a= 6§,
- Oukrui' -
ouk <c F+a) ™ (++a) ;
’ Hq
Ly due 4o OFG’JWE""

rr,eo&ndcnce

b'feﬂk MA mb.ﬂu& > Ll."\ké . 'bt'k v 7-@_’:0
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L—> et «frm ot aooP
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— .skc'() Hat  tevabon



Vavioble Scoloina -
int a: 2_,6;
int wmain () {

> al,obal variable

mt al > dedavoebon

int b= S, > inibalization

b= 10 p- > urc[A‘HO'V\

/| int b}‘ > yedefinibon & ot allowed
int ¢= T,

3=30;/_\

tout << §, > 20

if ( Me_)i

mt b= ls',(/"\

out << b; > 15

> 7

cout €< <,

a=50;$:\

out << §, > 50

¥

ouk <& &) > v
ouk << b, > 10
ioud L4-& § > 7
out << 9 ; > 50

§
]"(akina 8Lobal vastiable  is

ey BAD PRACTICE



Openatoy frece dence
| ovder wf r'r-'a-n'l:j Q.F ore::a:fvy
L 5 oo meed A vemembe¥

wse brockets P F%lj

Spiteh  Cope
switch (exrressim){ con also have
mested switeh
cose volue l .
oAl

enewtin a bodj b A

R /x

NH’&OW“? L-ve.a.k
_sall below exewbing body will also  exewde
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N
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Funcbon - WZ-LB

[ proguom  linked il well defined  fask
‘_> >-re,u.sa.lobe.
vyeadable

—— Without

— b\d-kj

—> Le—nﬁ‘l‘c\d

_?b“'aaj ;jc mistaKe jn a.v\:j Flacz,
.S‘jn‘bau‘x"

yeturn fype ,fhm,b'm'nme, ( 3-«‘9»«‘1: Pa.xa.me,ttﬂs)i
eze,ub‘na bo:LJ
¥
void —* cmrfj /-m value void 2t} s ERROR
out << s.‘ze.of-(n'n{') > 4
cout << s.‘zeof—(void) > ERROR

iwt  main()] /whwvs O 4o Of"”mﬁna System
vebwrn 0; >0 isn used ax wmeans O-F
i sucessful  execution

— a cfp f‘l& cont love wove than 1 main f\moﬁw
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Funcbom Gl Stack,
,)(an,‘b'm coll € —flmc/c\'m mvoke

Stock.
L— losk Tn Fivst Ouk

tells —»p&a{‘ -Fdn&‘('\‘ﬂvl.é ave ochve

| 5 local  vasiobles of funchion
5 veturn ‘l'dpe, of function

en-
at a) { void Inivrf:..lo (iat b)

L,in*: man () { /7 void P‘ﬁ\d‘f,a (i
int a=s; out << @) 3 ,
LP?\'nt,a.(a») Liv\-l— b=3; %L})‘ tout &< b
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t
} ~eturn
s DS (—J Oué'ow(’— S5 3
—_> — int-b()-
% print-a0) > £ 7
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Z
—
P‘Yin‘b-&()-7
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Pass bﬁ volue —> value 5 [:a.s/se,d 4 anothey wvariable

L—} a copy will be  created o-f vasiables

Pa'mme,fmr
iﬂ-‘t wain () { Void r'n'nf[\lu.mbe.‘l L‘“‘b 0‘){,
int a=5, touk <4 o —> 5
P-n'v[‘t NU.\M.'OQY ( a') ', at+t
coul: E4.05i—— ik

toutk << a \ 5 a:raumen{’

} s

A
5

b
Aﬂ-
JLB—'. wwwun:j MNew wfj
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Addvess OFf Olwlab'( A
mt m=5,

ut -
e M, — O“tf
e address D'P 7

K} > int add (vt a, mt b)i

int  main ()1
mt a= 3 &fv\-l: resuwlt = atb;
int b= “, /—\“te,{u?n ‘re.SuL-E}
k__V—‘—/

Vint Sum= a.clcl(oqb)} } ‘Te-{"-l“(ﬂl'ﬂa o VDJM&
Couk ¢< Sum ; - ﬂz
veturn 0}, A J
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V -
OS S« ‘re,{'u'rm'nﬁ value. in Suwm



Function Ovdev

Ovdey 1 Ovder 2
b' .
int add (int «, int b){ ,)de.,'m > ﬁ"“' g Je.cla‘ra.bm
veturn a_+53 Ae.cjava.‘“m {in‘f’ odd (_fn‘l’ a , it b),
} ::f‘-“; Ken int main () {
int man (){ it a= 3,
int a=3, int b= 5;
int b= 55 mt sum= a.dd (a,b)
I.V\.‘b sumw = aJJ Lao b) : ‘oui— < Sum,

toul ¢¢ sSum

veturn O

}

ﬁnc,h'm (int
dbffnib'o'v\ i
L }
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veturn O

add (int a, int b) 4

yeturn oatb)

L 4o hj bo wuse it less
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L W2-L4

it Aunm=95;
A
Smeol toble 5

5 Mmum
Mt Mum p‘

I \ \)memo"'d LDCA{"M O)C \/a:r{ab'&

v
detotype  vaviable mame

vaviable oddvess 'W“'fP""ﬁ s stoved
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I A e (aJA'm> (Value)
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b abl > In > 4
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i “P
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e
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U.FJ etobon)



left+ and right shift openators

wt a= 2,
a<< i | >mo  chonge
out ¢¢ o > 2
a=a <<l > clumac,
out << 0.; > 4
1.'5{A‘ Sfm')cal— in —v& Mo.
— b'nk., %) lu’v\ké-‘bt‘k
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g = =(at i) ond @Rz =G

e — Q= 5;_> 0...0101
Q= ~ o’
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Numbey System
J W2-R
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|—-> base 10
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Decimol to Bn’v\a.'tj
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— ‘7efea.‘t' obove S-"CP/S unbl 7o. s 0 ovli

5 yevevse the bils so obtaived



8 l'vm:tu 'l:D DGCA‘\MG.L

—> mul‘h'rfj eoch bt with s rlaLe_ value
L, ba.ae,i

S— GAA a.u r-roJu.c‘*Z

Time & Space Complexity

W3-R
Time Gamrle:dlj
—> Awount o)c twme  taken bd an A-[So

a5 a ,f,nc.l'n'mfl of lo_nd‘l't o)c )'vnru."t'

—> ot a.c,{’w:i time
— “— befv\e,/s CPU oFe)la.b'M

> we wse -

——> 4o ke eﬁc\'u'en‘l' rwovams
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Units 4o "o‘zlrvw“",’ comPLewB

> u.FFe.Y bound — Wwovst cade

gu’a 0

Toeta O —— avenage case

Ome_da. 0O — lower bound > best caxe
i lesiBes
Ba 0 Comrc o)
oc(1) >  (onstant Awme ) 0 ('V‘)
0 (m) > Lineay +wme o
: : : o(d=)
o (bgn) —> Loaam%tmm time /'o(l,ﬂn)
0 (n*) — Quad'ra:l'\b Hwme -
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S
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ARRAY W3-L1

> Data .S-‘Vud‘uve, ) .S"UYG’, Sty  Hewrs
L came da.b:ldpe,

—> Conbuwuous memovy location

—> upe oAe
L—%)eﬂ wtulb'F(e, game Kind o-f data
s 30000 Vaviobles &ve ‘)’eaAj

't alz00007;

conbnuous mmo‘vu allocation
I—} ‘Y\ACMOYJ w«sbaae, .
l')c meedable wne.mo*fs 14 P‘YQ.SQV\"? but ot in

onbuuouws 1y

int a= S, .sdmlool table

A nt a «— A

int avr <> A

a
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a'h_—\)
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|—> Cmngwu.ou .Sloau,
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address Ojc -)cffSJ' indeast of awaj

Lout ¢¢ oy ) > Ay > oddvess of integer

toul 2< &omr; > A, ; base add~ess of- a't-ras axy
address of avvay ,\

TInitialization

du‘ﬁ. ‘fﬁinas
mt avr [1= {2»’4; 6, 9, Io}',

IV\‘L' aw?.fﬁl-‘- {2,‘4, és @,‘D};

mt avvr3[lo]= ig_’q’ 6, 9, |°}" > -re,vnm'm'na S sl be 0

//int aw4luyl =124, 6,8, 105, > ERROR
m¥ avwrs[lo] = {0}; > ;vt'll'{al.\'z;ﬂa all VaLueA
with O
M.Akina avray of Funtme
int mn’,
Cin >> M,
mt avr[wn]; > BAD PRACTICE

Tndex ond Acess Memo’rj
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axy )
yy
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avvr[2]
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> value ot odolvess [ A +(3x4)]

Arats w&j O based ivv.le:xiwd ki (datotype Size)
‘hm“a in’ou‘l:‘ % amra:,j\m to iv\‘lﬁ‘rvto..l. M‘fkina
k-" cin >> axy [i];

avs [i]
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L_> ‘ﬁmo ( mt a:r‘r[], mt .Sl'ze,)i
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an arrey, it s
fohnkr Poin#na +o Auf)c‘a:h.m wm astual axYoy
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-
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¥ -



sneoflomy, —2 20— by
> mot 8 ( size of ’oofwl'e'()
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—> to {\V\J wmin, Stoxt ang  with INT-MAX

?

2 roiwl:ef a_rr-rmb[&

use O'F 2 Vaviables o5 extreme Foiwbs

To .{;’Md Size o-,a a.'rraj
mt ar[1=11,2,3,4F;

int size = sizeof (avv) / sizeof (iut)
L datatype.



Vectov W3_L2

—s Data sthucture

> Same oA a:rmd but d J noami c

L size mot fined
— default size =20

s if ae,bs full and new ilms ave inserkd
Size 86+6 doubled

— pass b‘j value  in )dev‘ms

Tnil'io.lc'zaﬁm
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aTY ror- back () s — ATy, MPM;}”“ —_s 0

Size -
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oV s Cﬁrwl’\'j )y — *IDJ 2 if ary 8&!’4 f"u_‘j ﬁuQA
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TR T

OAAM = avd
>OA0=O

'ﬁ"'eﬂc—"-twr
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wuk ¢<€ val <<,
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—> arvay of avrays
— Wie (b

I_) Y
o wwk_ N 'ww.lh’:le, YoWA an& wLu.mnA
‘De,da.'ro.'(':\'o"’l—'

. /,m*m elements
int oxyy [mIlnd;

| L— > cols > 0 o m-1
> Yows >0 40 m-1
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> wls
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~ 'marrm asy \ -
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Twnitielizakon -
ik avr [31037= { {10, 20, 30}, {40, st} ; — same
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visualize - i wmemory -
> wls
(o]
10| 20 | 30 > o2 3 4 5 °
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wetd I'af' don{' kﬂoW, rw{: La_-fae’ VOJJAL
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ﬂv\a( mt a [1[3], it ows , int wlé){

¥

int

ut << 4o,

> add- of a — A4

cout << a )

cout << afol;

wut << 4 alo],

wout << & alolfol;

cout << alo) [l > 40
out << .Siz.eof( a); > 4
tout ¢¢ Sn'z.eo—f ( “’EOJ), > 12
main (){
it avr [21[02] = {10, 20, 30, Ho, S0%;
f‘nc, l avxYy, 2, 3);
A
nehon 0 Y 1 40 | 20 | 20

Az “qo0 | so (v)
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2D Vectoy

Dedoyation -
in memoty

vectoy <Cvectoy € int 77 avy, /
> avv[0] > vectoy
> avy [1] > vectoy
> avy [2] > vectov
> avy [3] > vectoy
> avv [4] > vectov

axy
Dedoyation —

vector < veckox Lint >7 avy /—>'y\0, °‘F Fowd

veckoy < vector <int 77 avy (™),

Number o‘F ~owAs Numbex o# eols

a~v. size () aw[i].&ize,()

Tnitialization size  tmibial value in 20

T T vectoy

vechoy < veetoy cint > > axy (mons , (vechow int 7 (cols V“L‘“‘D}
N J

\/f
~Yows —> Mo. o-f ok in avy inihalization OF iD
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veehor S vectoY < it > > avy (2, veckov<ink >(4, 101));

&» 101 | 104 | Lto1 | 104
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aAvy

aute ked word -
‘—> MbmaB ca..”.j ‘rcr ZO.CL wlf&. 7e?u41e,d Ja:f‘a, '6’)@_

int  arr (4]

fm’( aub 1=20) ¢4 1+4)
tout << avy [i];

: Orena.‘bY

> Lelonﬁs o o’oeha:bﬂ
> (70‘"7“[3 used fo'l se.?ue,nb'a.L access
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tout ¢« —> 12 3
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cout <<t
jcw(_ auto I o /SQ‘H«')

cont <<i;
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Liveay Seanch

it linear Seanch ( vector cint > avy, int ‘bo:rde;b‘){
mt m = arr. sizel);
fof(l'n-t' iZ0y lem | i.H-)i
if (tavget == arr[i])

vetuyn 1
5
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}
TiC = [Oln) S G —eL)
Biﬂm'j Search -
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while ( £<=e) §
mt elewent = avvrfmidl;
,'.F [‘l‘aa'ﬁe‘f' = = element)
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else
A= amid +_£,-—>Ae.anc,h " Yl'af/l‘t'
Su.bo.wa.j
wid= £+ (e—,g)/z;
1
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j ¢ e= mid; seanch
7‘3“{: Seanch }
seanch

tout << (iat) (-3:74)" W4"‘L3

L [t (3.74)]
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void 4seleckon Sost ( int avv[], int M)
«fv-!(im‘: 1203 iem-1; i++)]
Mini = 1;
fw( it j= 41 J'z.'n; J*"')i
,LF ( avy[mini] > a‘ﬂﬁj])

Mwinl = J,‘

I
'5wa.f> (a.wfi],awf‘minﬂ),'
} ;
ut .M\ covrect zlﬁme'ft

here

i
soited e— unSovted ——>

i & 0ln®) Se, ofL)

Use (ase - f’wr Small Size avvay

|_, ut ith  lwest element o iks  correct
F rosi‘h'm



Bubble Sort -
|—> m it ound ,Du.‘b 1 La:rﬁe,s{: elewent

b its  ovvect FO/sib'm u/sina od J'a.ce.nf wmrar:’&im

Void bubble Sovt ( int owr[], iat m)]
froliat iz0; icm-2; i+4)f
bool swapping = felse
Ffrlint j= 05 jem-i-1 5 j++)]
if (avr[j1 > avr[j+1])]

Swap ( avy [J'], avy £j+i]),'
swa_moina = due |

}
if ( swapping = = folse )

break
— Yevevse Bovted
T.Ci— 00D > Wovst oand average  case
0 (m) > best case —> o.breaJJ Sotied
SC. = Ditl)

Uge Cose - To Pu’b 11 l.avae.&é element b it5  covvect

loo.éfﬁm



Tnsevbom Sovt -

l—> toke an element and ngert £t en  I1ts
tovvect Ipo,sib'o'n "’3 5&.‘{’41'“6
void  ingerbon Soct ([ int avvr [ ], int m)i
‘Frr( mt 1= 4 iem | i++){
int eury = avwr[il]
int J’: 2% ;
frl j720 5 -2
i‘F(aw[J] > YY)
avy [j+1] = awljl; // s&.‘f«t{n@

else
break

§

arvljt1d="wury; [ inserkag

!

e~ Oln?)

> wovst 4 avevage cose

O(m) — best cake

Sc.- 0(1)

Uee Cose- Wwhen m"ro.d is Small ov when a*rrad
i ra-:b'a!.lj sovted



Tobuilt  sort  funchion
> sort (arr. beginl), avr. end (3);

L alao used 14 Iwh;o Sovt

‘Ub’ﬁd oja ?u.fok So:'/‘t, Le_a.r .SOY'l', ;wse’(‘l';lﬂl Sovt

5 win.,  Ahwme  then any O-f ofhey sovt

R AR Oémloﬁﬂ)

S.C.- Not Defined

Stable and Unstable lq’[(jo'ri&m

Stable —— pvdex presewve a.f-k‘r ‘Soﬂ‘ina
|—> O)C same values

Stoble  Sovén § ﬁ‘fgo

£ ALl AL{D , i<
2 4 X 2 3 'f J J

P Hen Afi]l comes f'f:& laedor&
\(/ajt‘k.‘r St ﬂa A EJ' | a.jfkg Sorknz $oo
1.2.80 2% B
Stable - Bubbe Sovt, TInserdm Sovt, /Vlerae Sovt,
Count Sovt
Othey (unsheble) so—fb‘na a.lgovi{ﬁm.s can be wade stable

b._‘f Somée o&ana&s



T8, and S . C SorgnJ Abo-ril’&m Table

Algo S: G Worst T.C.| Avg. TC. | Best T.C.
Selechom o (1) 0(m?) O(m?) O(m?)
Bubble 0 (1) 0 (m*) 0 (%) o (=)
Tnserbm 0(1) 0(m*) O (m*) o (M)
z':':i f;’; ) Zfﬁ-v.&a O lnlogn) | Olnlogm) | 0 (nlogm>
merge O(m) O (mlogn) | Olmlogn) | O (mlogn)

a[u..‘ok, 0 (m) 0 ('nlo(j'n) 0 ('nloa'n) Oim*)




CHAR ARRAYS 4 STRING \y& |1
C bhax ﬂYYayé‘

L“‘* Dato. Shuctuye — used Ho stve data

Not Da-f‘a. fJFe, s fells ﬁf& OF data

chay ch[57], gv19vigv|gvlag
ch

[ UL N B A |

chay et L3240 0w bE (0]t Wa! ] §v

char C,Lt[]= "({U'wa—[" 3 'Uv 'J-l ljl 'w'l'a! ! '\ol

ch
‘Euqnﬁ iant in char aJYAﬂ

chay e (7]

cinn >> a(q. [,'],

cn > (,& ; > 63 J&f‘ﬁ(&f NULL chay wi Ll

\_7 I\ol

insext at end

l

NULL chay YefCYA s‘h'n'na fevminatbon

> et reads wunbl 3t ae,i'A any white space

|_, SF&O& £
tob ‘\t°
endl ‘\m’

OOw{' ¢ cta ; > cou.f f‘l’;’w‘l’ uwn b.l l.'t' 96‘{'4 AdlM etey



chay b [iOJ; /—~) allocote as  chh [10]= "L{]J‘“d

Cin 2> cel; _ LwaQL
\54016 n buﬁ%y memavy
N

Ul IJ-I 'J" W a ILI '\Ol

'U' IJ'I IJ'J cw: 14' 'l' ‘\O’ 6\/ 5\/ 3\,
ch o 41 2 3 4 S 6 7 7] q
tout ¢<¢ e | > ({ﬂ"’”’t > stps afier 'l
because of \0' chay
Ove'rflow—

chor cth [H]}

cin >> ch :

> U‘[]’wa.’,

cout ¢¢ ch ) — COmFiler D&fenJenf

sSizeof (char arvay)

chor ch[l= " Ujjwal”; char cal1= {7V w2, ')
out << sizeof (ch) ; cout ¢¢ Aizeof (ch))
l_> 7y —&

+1 ok theve 156 o
Le'nj‘“‘ L NULL chay NoLL chay ot last



get Lne

Cin. ad:fn'vle, (,d«av a.wa.:j, mart ctta:r -h: wm‘l—e, Je,h‘me:ler);

chor  wheve 'L’akfv-ﬁ M/Ou.t Stops </

by default  \p' — enber

ex- cin, 85&.-.4@ (e, 50);

cint. ae%ﬁ'ne, Cels 56, “ Y

O"O.'{ avyvra J i) 6
oY 56 an 'ﬂ‘ coom 7abwj Fa,&/.S 63

|—> poss l’j ‘rejcereno& — Value, lut ch
4 addvess , &o
»)QML( chay cL[J){ any daaw‘jb octa
ok J’M’S Ly

) refereoce

Size °‘F char avyay s Sizeof (ch) ST

sizeof Cchar)
;>1

Some inbwlt ﬁncHW o)[' chay avray
strlen(ch) ;
shc,mr(o(ai, ch2);
shepy (ectht, chz);



/\l o‘k Da.‘{'p. 54mc4um

— DjnAMic chaxy avyoy

,shfna st

cin>7 &

Mi- << A“V; — °2
co UJJwaJ.

> U JJwAL

——> NULL chay ot last O'F S'{'Yn'nd
> mrb‘s 841’:"10 G‘Y'Qﬂ-‘bed-

'Ut IJ-I IJ'J h)”a' lll ‘\O'

LAy

loat'SS Afv. LLnJ‘H\C),'—P 4 ' mot 7

aeé&‘ne, -
,64‘":'\4.6 ,&\“Y)
a&'[‘fine ( cin , Ar ):

char avvoy

chay e[ 1="B.abba-v”;
tout << b

tout << avy.&ize ()—> 9

— B_abba_y

cbl11= '\O’,‘
ch[63= '\o;
wut cb > B

shops  just ax it gets NuLL chay

/SJYl'Vla
shiwg shy = “B-abba_v?,
out << &ty ;| — B_abba¥
cout << stv. LEnd'HaU — ¢

out << gtv. size () > @
s [1]= "\0';

My [6]= '\O';

tout << £tv | > Babbay

Runs 4l e llmﬁ*ﬁ of sivind



Sort ﬁm&b’m m .s-(-rinas— WS_L3

sting st = Y babbar ";

Sovt (&1 beﬁm(), str. end (), > aabbby
sovt ( Adv. loeﬁi.n[), . end(), awen.l:ev <chay> (1)),
N ¥bbbaa

Custom &m ,QQ‘YO.{D'Y =

boo cmp (chay a, chay b){

yeturn @ <b ) > can be any fmalv'zm
[ \:‘*“o‘f JM& o meed
boo ( omrz (chay a, char b) )

pscend ith ovdey

Yeturmn a>b

[
;n": Mmain () {
.Sh.'vtﬁ sty = Y babbay™;

Sovt ( stv. beaml), str. end (), cmp)',

tout << £tv > aabbbY
shing shv2 = "babbay":

sovk ( st lpeain (), st.end(), emp2),
out ¢< st 2 > wbbbaa

Yeturn 0}



Pore,f':?t Ancj Su 547(,

—— SE—
fw)&ﬂ Suﬁ‘x

Hosk  Map > WILL LEARN
> Data Shucture LATER

S e.:lo.‘l'a. 8-‘012.3 M l(e\'j' value f’“»l"(

Tnid alizabon

wmap < kej Jad’a.ﬁ’oe, value Aa‘l’aéﬂae, 2 Wf—’mmeai

fma.F<inl:, chay > w ! > ovdeved ma.p

mfol= "a';

m[1]="b",

w(28]="2"}

cout ¢« mlo] > 'a

wut ¢ wm [25]; s 2

wut << m[ao]; > » NOLL chay
wout €€ Cint ) m[20]] > O



SYMBOL THBLE Wé6-L1

s Data Structure

> Stoves 'maﬂpina °‘F variable name | Ja.{'a.(moe

A memory locakon addvess —> Dome by 0S

s endries in Smeol table cant be c,lmnde.

Ai
imt a=5, 5 Sdm'ool, Ta.bte
Qa An. Mmame > aJJ‘r&M
I.n‘t' L‘—' 59 5 Q Al
b b A,
A cn"f\y ojc Qa In SJ'mbol table
K made
cout << a > S
R Address O{' OFera.{'o'/ hexade cimal
T
out << La | >A — address o—f
il 2 A, L ; . A Vaﬂ'abl& a )
= r\me,vnm'j
Not 100/ A, = A4 — because of tonS cutive
Su.re vaviables in memory

mt Ao:l‘o.tjpe,
D-F a and b



POTNTERS
4 .s+mezs acicl-re./.v.s

> NOT a Aa'(‘a.{-y pe, Ju,s—l- a Vaviable
Shovin g addvess of anothey vaviab le
;n'{: a= 5;

int ""Fl'—‘ sa Pi £ a Poiv\ky 4o 'nvn‘ede‘v Jarf'a.{(ffe
int ""Pl‘—'- sa,

a(afu«‘JFe, - I \\
5meol ﬁ-‘!— Poiwk’Y .IaJJ‘res,g = Va’fl‘a.b l& “'D h"td;oc\
d

enferevace, P °Jc f’oiw%ev I:o;u{-s

]?oivu‘er o[,v‘dw ormaJw

creathon

shring 4= " Ujjwal 2327 "

Aﬁ'nﬂ *F'h - &6 >F4¥ s a ]Do'm-te'l 4o -Sh"wna claﬁ'ﬁf’e
mt a=35;
k¥ f"{y = 4a; stboL table
tout << a} > S nt Q Al
out ¢¢ * a3 —> ERROR A nt* pv Az

S

cout <<  a; > A i
out << I>+r; — A 2 ')
(,ou{' << ¥ F"’V ') — 5 A J“S+ b vyisualize it

'l- Py & h ’ as roinJe‘r
on '0 3 > A:- %y mot a Je-rc-fz-remu.
ore)mJ-w



> value at (addvess stoved in F‘h)

> devefevence openatoy

bph — addvess of pH

5 J,_Fean oV

avelitechire
. tompiley  jmplementahon

Size Of fo’“k.{ ‘me.v{:ofd o’fganiza.b'n\-

, : > Plways
.SiZerOf (Fh) 9 7L/g ‘L 'j

64 bit architecture + store s aJvaeSS,
A,,Au-b pe does mot madlers

Use caxe o{' Poiwie'(

mMECcE
wh * by = VERJ. BHEL RARC A

cout << phry — g T

> A\\j'nam;c, '\MQWIO’!J a.“oCaJ')sw

> M™méwm m'd Mman &a'men‘f:

—> Fo vtey  aviHhwmehc

L 80 »)cmm ove lowbon 4o ofber
[ Fa&s bj 7@f€rence m aﬂa:j
> o cyeate Foiw#’-v 4o -ch.h'o'w

|—> fass{wg a ﬁnc_#m imside  anothey

ﬁznc—l\'m as  on mrdumevrt

> 5eamen+asm {’mw gv



F»h Fo;vﬂ".s o a memory locobion Haak way mot be b‘{:
s Frolj‘ram

Soﬂ-m &n‘t‘a.‘km *)pa.u H‘ -
|—> uinﬁ other's 'vwemo'rj

NOULL FPoiter
o A e
int PH = 0, 0 . 0
wt * o2 = NULL R pve
mt * F‘HB = Mu“fﬂ’(; A
cout << pty | 0

P % 10 x F‘h3
tout << *F‘fY : > ERRoR

l > ses-w\en‘,’a-‘,‘)o‘w

V

Ay {muf

ﬂw‘ Hmehe Ofe‘ra’h'm.s :’?n ﬁ) inters

tout << &FJY;

mt a=35; 4
FAY
a ++;
) o A, +o A +3 bas
mt * f'h = La, Az a.l-mpJJ be aken
BT p,+|4 > b -
*F,H*.{-; .o J NHL%CY a,
P g0 vext addvess

o+
i will be A+4



I o A ®@ O B A

_ 40—+4+41—>12—13 A -
Hl‘t *PH - &a_, \L
A 44 & 30 &— 15 *ptr
® & &
a 1o D *f""’ = 20

da Al @ (rph)+t 10

pr B @ ++(*ph) 12

*ph 10 B a-ars 132

gr,ly A, @ *PH':“‘P‘H +2 14
® pl = d *a 30
@ *ph = Tph 1
*(fhﬂ-) 18
@ *(*+F47) 8V

mt a= 5;
ink *ph = a; > ERROR
Copying & poie A Aa
mt a =5 5 _I° A
) o G *FJY
bt *ph o =boa )[ \
it * phr2 = pt; A
{ r F , ’ nl Aq

int * ph 3= 0; * phz 2 A
F'H3= F‘H', *FJY.S



ARRAYS f POINTERS W6-L2

mt  avwr[] = {10, 20, B0, Ho, 50} :
| B
L3 CONSTANT Po;v‘-l-e‘r b He ﬁ‘fS“' elewen + O-F a'rraj

l

44an+ c'nanﬂe a.lSo does mot bLave servta.-l-e MG.MO'YJ

s elemenrt at index i A
Jo |20 | 30 |40 | So

& avt[i] —> addvess °‘)C ary[i] ayy o 41, 2 3 4
Az\

avv[i]

Lout << avy [o], > 4o

B | Az

ut << A ayrfo]; —> A

*pH
> A

> array mame vehorns add. of
15% index of a¥iay

tout << avy —

cout << Lavy > A

——— from Sumbol table (add.of avray)

Sawme add~ess unli ke ’ooiwl-e‘rs Sjmbql, s
int ’yff = avr, 4:”:5 mome  address
tout << * P»{y 2 > 1D mt(*)(5] avy A
tout << f"’f ) > A mt * pH Az

towt << S pk —> A,

tout << * ayy | > 10

tout ¢¢ * (L avy)y —> 10

cut << * (4 avr[0]), —— 10



out <« ¥ ayy +1; —> 414

tout << *(ave + 1), —— 20

out <€ * (avv+ 2) ) — 30

tout << avy [2]; > 30

wut << 2 [a_-y'y]; —> 30

avy [i] < > *¥(arv + i) e——— i[ov]

Ay + +) > ERROR > Enh\xj n SJMLOL table
f»f‘r it > A, +4 cant be c&o.nae.

— You cAawn acecess .SuLFarI' a-f an a.‘r-ra:.f u,s,‘,ﬁ foinkvs
> ph = ary;

tout << *(ph-l- 2); > Ho
> gv / seﬂmen‘f‘a‘l’ﬁ'ﬂ\f\ —Fa.uU:/

out vf bound error

tout << ¥ (ph +100) ",

Awa.‘j.s / A’Ha.u roin"‘CYS Poivlevs /[\lo‘tma-l roin-(-e‘rs
mt ary [1={10,20,30F; int * phr = avy;

(D) cout << avy 3 ——p ], (D) tout << ptvy, —— A dif
out << Lavr;, —— A, cout << & phv > Ay

@ Yy + + > ERROR @ rJy.}.r', > VALID
Size (Q'Y'f); é3‘*1‘f=12 Siz ( JY > 8

() sizeof () sizeof (ph 1

Size of addvess



mt ri = avv;

n

meé ¥ p2 d avy > ERROR

mt *

p3 & ary[o]

CHAR ARRAYS A POINTERS

Al
&07 &E] = g a " I L PN ] 1
c c Babé Y ., B a 6. b' 1o ‘o' '\o’
chex 7 v St : \
P )
Az
choy * F'—' d ch s — 7 E RROR A
N Y ph
chay PZ = 8 chufo], — valid
out << cb ’ > Babbey
5 ot an  addvess
cout << f"" v ———> Babbay
;‘na{‘ an addvess
whole .S+ﬁn8 ﬁom Hrat cout ;mrleme_n‘ta‘b'm
locabom  undl NULL chay i« diff- ia chav
roin"-eu and chay aY‘ro.:j.S
cout << 8 ch > P
lout ¢<¢ chlol; > B
tout ¢¢ £ eh(o]; > Babbay
cout <« *'[:fY,‘ > B

tout << &Ph', > A,



ch[il e&——— * (.t +1) &— i[ch]

— ch, 4chlol, and P‘h values ave oddvesses
but due o J,'#, tout iMfle.men“‘a:ﬁ'd'V\ m  chay PoinJ'e'LS
avd chay ax Yeys,

cout << b

, tout << Leblo]l and r_owi-«fn‘v
will 81\;& Babbay

chay e [1= "Sherbam”,

chay *PH = Ctl,'

cout << ch > Shevbano

cout << *ch > S

tout ¢c L eh ) > A

tout << ¥ (ch +3)] > n

out << P ] > Shevbano

ut << Bpt; > A,

out << ““(rh+ 3); > f

cout ¢« f’h +2, > evbano

cout <« ¥ Ph ; > S

tout << ph +8; > NULL chay

cownt << f""*q', > av



wutb << Ctl [O] ; > S
out << L chlo]; s Shevbano

cout << 8 (* ch) > Shevbano

CHAR AND POINTER

chay ch = 'k';
c,laa.-r *rhz &(.&\,’

wu‘k ¢ce ch 5 > k
cout << £ ch, > k....-
> ]V
> Fvivrl— unbl F aeh '\o'
cout << pdv > k....- :
F | > ]V
tout << & ph; > Ay > print unwbl i ae#s '\o'
Lou.‘L' << *Fh; > k

Bebind “The Scenes

slaw elel10] 2 "Babbeyx "}

L 5 2 step process

(D ['8]'a]'6 | |'a| w0
4em mMemovr
P & )cpfy

@ [sla[e] e a[=]w]s]s]s
ch




char * b = "Babbay"

L2 s;ep process
|
D [ ['a]6 ]| 2]

demp memory

@ A,

* b

> Foivr"Q‘Y ’)oiw"’s fo

Hfewn povary memovy
!

BAD PRACTICE

POINTERS WITH FUNCTIONS

> f)a..ss bj value

a  wpy of Fon‘w-kv is made

— but  simulates pass bj Tecferew&b
|_,, as n cake o‘)c a'na\ys A »fmo‘b'ms

/———> Fo‘mlre'l 'S FasSeJ

int éfuv\c ( int avxl']){ Ay
A
w“_‘t' << avy, > AI !
o " are
k" i< andis ¥ AP topy ajc Poivrf?'l
cout ¢« Lavr, > Ay o ovented
cout << sze.o-f (avy) > 0




int {waz ( int * a-rv){ /7 Pomkv is rassecl
w“"t‘ << D:(T; > A, AB A
I
Lout << > ayy; > 410 »*
avy
onck e Bare; " Ly of pirde
cout << size.o-f(a.-n); > §
14 c-reml-e«f
; Al
mt Mainf)i 10| 20| © (o] 0o
int avy [8] = f10, 20}, avy
wq;t' << avy, > ﬂ'
tout << *ayv; > 10
cout ¢« Lavy), > A
cout << Sl'ze.o-,[(a:n); > S*4= 20D

j(.'mc (avy);
jctnc ( avv 2);

veturn 0,

- w&o le awaj will wot f&SS
- O'V\l\lj avvay Poin"'EY / base addvess pill Fa.ss
il Fa‘gs b_'j mﬁYCV\C—e: ]‘DY awﬂ.j
; b ill b veated
- uFJ o.F FOM‘k" rom'bf’g +o basS& addyess w e cC



main () { void u.rJa:‘le ( int * P b1t ]

mt
int @z 7; (1) #=pi=i S #X0,
ik * ok = Ba & pHe;
u,PJa:lc (f#)} }
A
Ye.'luvn O; // ? A( A+ 4
s
Al e~ A . .
7 |e——[ A (A)) = *(A) + 10
o 17 *P.H *(A,): 7+ 10 =117
6= 17

IFunchm P Fojnters in HIA)I

Basic Mathemahcs fox DSHA W6-L3 R

Sieve o)c Evatosthenes Theovem

|_> iy )[,-,,A Mo- °F r-n'w\p, mumbers between 1 & m

SJCFS' /—> seive

)-wmke, an AWG.\\I oF Size M a.ngl

mavrk Hem all as ,n:'me,s ﬁow» 2 b m

s> Stavt «from 2 4l enJ, mark ol mo. 72
tomes ™ Hhe able 0-7( 2 a$ men Fn‘me,

> Do above skF ﬁw pumbeys 2 4o <m if
‘me:f aye wmavked F‘h'mg,

_>Cou.n‘{' all 7emau'nj 'wm'rke,:l f"rfw.e, Mum)oe.'r,s



it  ount Primes ( int ’YI){

if (me¢=1)
yeturn O,

vectoy <int 2 is Frime (:y\’ "Yue)',

4 Prime, [01= is Prime [1] =0, // making both O
=

mt an& =0; /——)- i
ks 2 orb'miz,e, T.C:

for Cint =2 ieny i+t)] e 2 b (D" are

;-f ( isBime fl]){ already mavked when
iz 2 4o (i-1)

ans ++,
-Fﬂ[ int J: 2%, A \jc-n : J+: ()
18 Prime [J]: »fa.bSe.‘,
}
t

yefuyn ang)

Same it | segmended .sie,ve,l—'* C\a.vina &iah S low




GCD[UCF and LCM

>qm-l-e,5+ Lovamen Divisor
s 8CA (A;b) - ﬁCC‘La’b ' b) a?b
8cJCa,b)= 304(5'% o) b?a

takes wmove

hwme bez

acd (ay b) = ﬁcc‘(a'/.l,, b) a>b
of /. op-

SCA(Q,b)= 3¢A(b'/.a,a) 670.

Use fwsJ- metod as 4 s ""‘“"J o’aemaulw

and wm,oq{ﬁ? tokes wmove Hme

Afflj above ,ﬁy mula 4l ove O‘f the Favamek‘i

Lecome/s D
Mnd  ofhey esme will ke 460

l:n{' acJL 'nn‘f a, ;n% BJ {
if(a==o)
vetuyn b,
else if (b==0)

76“‘4713 a ',

while L a>0 48 b >0)1
if (a>b)
a= a.‘b',
else

b=b-a'

?



veburm (a==0)% b ! a

TC- O( win(a, b))

ISV
lem ™ ﬂcJ= a™ b
lem = a™ b

Modulo Avithmehc

> Lo, m)

> (@t b) s m = (af-m) + (bfm)
(a-b) /. m = (a/ m) - (b')m)
@*b)/m = @l W) * (b w
(@l m)/™M).../n) = alfm

Fast Exrone.n-l:’al-:' oN

ab - [ab/z i ab/z]_,,,a



mt »fa.s% Emronenﬁals'm ( vt a, intb)]
int ans = 1,

while (b)]
if (b4 1)

ansS = ans Q'

b s>=212; // b=b>>1 or b=b/2

feturn ans

¢

o!‘fj qun wde on 25, n'f confasi on

e = O(loa'n)

Leayn 1 ld - void and Ja.nolu'na Poin-le'rs ﬁmm dashboard
sz'r '.e.ﬂwnina JJ namic  allocaben




MULTI LEVEL POINTER W6-L4

int az=95,
in‘(’ *PH = & o ’,
i'\‘E = *P""{Z = X« F‘,'( 7 Joubl& Folhﬂ‘l'e‘r

|—-> F‘f"rz 15 a ,:03\0491 4o mt ¥ data

int ***Fh3 = &PHZ',
L F#3 5 a Foim‘ev o int ** dota

A Aa ﬂ3 AH
s e[ 4 ——1|A. [ 23
7] ""F}Y **f‘HZ ***f,Hg
o > 5 f‘h A’ F}Yz_’nz_
ba —s A, &f"l"_>pz &PH2_> Az
*f)h—>5 *PHZ_>A|

Ad a—s ERROR s
P‘I'VZ._’ 5

a.Fplg Jere«fevena, ofe*ra-fv? 2 +Hmes

> A

> 5

P'H3 > Az **P,H?,

***FWS
*th —_— Az



int  avain ()-{ void ‘F‘"CC ik f){

mt a:= S, 0) (* * F) £t
mt ¥ ok = a
int ** ov2 = Lptv;
P P ©, +4
gy,
me [ phr 2),
7“ ‘ F both ave }
nefurn 0; Samée
} rfunc(éph);

P > ERROR



“’*Fh' S P'H —

RENCE VARIABL
REFE B S e §

> at‘b’fﬂ&-‘&@ hn-‘-e'fs wmemory loabion.
OF f° L w”\'j cowfksinj

> Jiff. mames o]c same  vayijoble
|—> Samé 'me.ma*lj Lom.bovl

> Oﬂlj new en&j m SJMLOL {‘a.lale.,

vio other memoy will allocete

— > can  awess a variable by diff mames

fnt az 5! A' Sa'mbol Table
5 o A,
int bb = Q,
a; b b A
Use (Crse

S nfennc,e, vastiable cant be get o NULL

f’a'M texs can be sef o NvULL

So  wmove Swfeﬂ wn 'ybferenc,e, vaxiable
A lwa.JS Fo;n{'S b valid oLJeLf / vaviable

—> roi ntevs ave di Ff-w.l%- +  understand 5

™ove ’YQD.J abi l“j m wfefenc& variable

> ae.ne,m[[j used Ao iwlPLemeni— PAsS BY



PASS BY REFERENCE

> ‘re,—fe-renc& vaviable ’:o.SSeA N fmb“‘im
—— does mot c-re.a%e c,ofj
int  main (){ void u.,)AaJe( it 4]
nt = 95 ' —
wpdade (27 f REFERENCE
quo.JceZ (£a), J (
Vo d 2 int "
;"‘t'*f‘hf‘-‘(&a; @ ( ufa- | P){
* o) Ear,
pdete s ( 4 a3; —>ERROR i PRss B
A t VAL VE
uracla.-‘e3(FJ'l),' add. in A
ﬂe;"u'rn o pass bj r /
vef‘evenw 5 ‘
P
A void u.f)cla-"63 (in‘l’ e 4 P{'){
>0 @ "I@ ® (*phy++;
g

a A
)K}
A3 A
y
A, A’

*F{_




vectoy < int > fmc( vectoy cint > Lavy){

int

tnt

ﬁ,., (,-,lf 120 i avy,size() : j++)
ary[i]+¥F;

neburn avy;

>
solve ( int & avr ){

(,ou.t' €< avyyvy,

s 1S Teff*renoe. vaxiab le.

of ‘*jfﬁ iat

imt Solve (int A arr[1)

main (){ \

* ERROR
vechoy <int> are { 1, 2, 3, 4% axvoy of refevence
is not allowed
vechor <int> ans = fmo (avvr);
fm’ (anto {: ans)
out << () > 23 %5

Ll tat
solve ( avy ) > ERROR vechoy 12 in

int apy2 [ 1= 11,2,

Solve ( avr2); > ERRoR  int [3]1= int

neturn 0,



RETURN BY REFERENCE

> gehvn 4 varviable , mot a  value

— To iMFLemen'l' atleast 1 o—f 2  wnditims
wmus ¥ be true .

1. fa.SSEAa a reference vaxiable

2. fo.ssinj a aLoLa.l vaviable

Fa.ssing a —re)Qrena, vayiable

int maim ()] mt & vef ((int &i) 1
mt a= 10; netuvn i)
it Sbs a 5
mt =20,
nef (a) = %,
n ++,
vef (b) = ™,
r A 2

mt 4d = W]L(a-))

91&1-\411\ 0 ’



10 20
o, b «
A, Az
10+—->20 20 -
Q,b, x
A, Az
20+—=>21 23
a,b,i A
A, A
21 2.2
o, b, "
A, Az
21 22
a,b,i,d x
A, Az
2 22
o,b,d x




Pa.s.Siwg a 6Lobal. vayiable

mt A= 85)

int wai}‘/ B &7 | Ye]c(){
vef O 10, /}y(;

\\

N
x=10; it vef 2(){
Ye-f 2,(): 20-,_ ’ERKOR } ‘Y’&‘l’NYV\ %,
~eturn 0
} >"c&1"u'tnin6 a value, fuo{' vaxiable
Ar 10 = 2.0,
5 T—~do L #at's why ERROR
A

fa.S.S bj Vm but 73“1&7” l"J Tfﬁ’reﬂw

int  main (){ L/—— int J. TQ»)C (iw‘l: {em’:){
it a= 10; snomnma/ mehirn temp ;
int Ab= a;

ERRoR

b = 20, whvwiwa o vaviable stoved
wef(a) = % in Aemporavy  wemory
n++,
vef (b) = ™,

aH++;



mt

(&

= hef

(a);

mt 4d = Wf(a');

netuvn O,

!

lets assume it will Twn | then s would tbappen

A

10
a,b

Ai

10

a,b

A

10

a,b

A

10

a,b

Az
20
2
Az
204+— 21
2
Az
2LiT ™22
2’
Az A3
24. 10
o &

Az
iO\——’? 21
+eM,>) /
¥ —
'fv'aw' W’f(b)
Au
10
-l—evwf

mt c= vef(a) = {emp ]
mf ¢ = 10



A' AZ A3 Al-f

10 22 10 o
) b o
. g -&emr,al

d (Va-w'a.bl.e. o{:‘ m™ain Af:.mc,'h'o—n YeerS o 2’/

o Hewm FO‘raer we.mmrj

;> BAD PRACTICE

Uave. Simi lan’ly
DoN'T Do THIS

AT HOME <\
\%
IMP QUESTION

int main ()1 it ™ cole ()]
int ph = solve () ; int az85;
~veturn 0} ;"+*F:&a;
] Az vehuorn P
A \}A' As
> | 5 Al

*
Ph J/ a "'f
fo)nﬁﬂd o a Aemp

memovy ‘a’ vaviable ——s ggp PRACTICE

w:ll f.‘m'sLe,J Ot(l’Sicle,

solve func,‘b'm so value
of 'a' can be c,fna.nje, with Hwe



Some. j:'mro-rtan‘l: Questioms W 6 A
— m+ *rH =0;
mt a=lo)

""’J‘f’f= o > yunbme ERROR

out << *f'l" >

—> chay ¥ U= oy
chay * P“'f * 30-':

cht+)

tout ¢¢ *PJ’Y )

—  iat all={1,2,3, 4,sf

(nt p= att; > ERRoR

o f”
ave constant Ioofn-k'rs

ntey o-)t shahe vaniables

Lou-l'““P',

— Folvﬂ’e'( of cldnamio
mewmor | allocabon  weriables

con be o&ande,

— hay ch=" lello " Mame °‘)c‘ avvoy ’fdeﬁ
> tiello o base address

wu% £< Gct ;

chet; > ERRoR
tout ¢¢ ch)




—

double avy [J=12:S, 7.9, $0-25} ;

clou.b(&. a FH = oY

> £RROR
L foiw‘ff aYithmebe DP'

can mﬂlﬂ be dome

M.Siné ;Wk'ﬂe'(S

FH = /H‘Y + 025,

out << /oh 5

int  awr (= {1.,2,3'11,5}3
mt ¥ phl = avv;

mt ¥ th.: avr + 3
3, NOT 12

out << 104\‘2' r*’i;

iv\‘}: a = 5',
int “'F*"’ ba )
mk *7 ph2= Aph;

> ERRoR  — int ¥% cant tonvert

PHZ"—‘ & a;

it 2¢ *th; b vt ¥

it a=5;

‘WE : ' A Ao Az
mt P:' &aj 5 le // ” A A’
: & : o

ks q= LP» j AH —n#q
lalk b= 20, A}I p

* 9= 4b, 2.0 |21

*p)++, b

tout: & acc'' ¢eby —» 5 21



—> fat a-= 5,
int *fH= 4 a,
Mk X F’d 0= &Fh;

int ** ph 3= A(Aa), >ERI\<10R
out << ** Fh’S; ddvress .,.)C (addvess ia

'W\e,mrn\\l LO‘—“-BM )

(doc.sn'-l- wake GMJ sense )

POITER IMP DoUBT | WO O

(IN DASH BOARD)




RECURSION W7-L1

— When a ﬁnob‘m calls ikself

—> Joben  sol of "‘56“ f‘xo‘ol.em aefemis oV
similay Smalley fvolplem (&)

/2'n = 2% Zn‘l smaller
blem
biaﬂv( — ml= m* (m-1)! ///rm

blem
F‘m T f?rM'E Ntol = F"lw{'/\l and fwivrf.' N-1 4o 1

»ﬁ‘bovw.cci (m) = ﬁ‘bonacc] (n-1) + ?-A'bohaw' (m-2)

A-3A| ‘Az_, :

4rl-a1..§-l-e.fs (A B) = 4 .;-Ief: +  dofal Steps (A, o B)

Comf:o-ne.nh of Rewrsion
—> Bage Case / Shfaf)inﬁ tond. —> vreburn Statement

——> Rewrvence Relabon (rewursive  call)

> P‘rbc,cs.sfna

> o,:inmal
Head Recursion
l—»’ veeurvence ‘elabovt  befove Fwoe,ssinj

Tail Rewvsion

I—) veeuvvence ‘helabow afkf )ow (RSSin (7



vt wain (){ void r'r-'vl‘tc it m){

mt m = H4; // bose condihon
r-n'wl.' (m); 'lf (‘n:;
Neturn’,
hirn 0,
e ’ / / necnryvence ﬂ&ﬂaf{m
frriml: ('n'i);
// ’)m(,&SSl‘nﬁ
Cout << M,
f
Reeursion Tree Coll Stacks
Mam()
J )5\@ ‘
» {_ F"nv\‘t' (0)(,
f y@w r'n'w'l: li) k
P’n‘vt{'(Z) «>® p . 2

it (3)4 B R
F R i =

vt (2)—>2, ’m‘n{— (‘0(>@ @ &
r' main () ﬁ‘
\p\. 5 ID

r”hw‘é’ ( i)

J/ D@D@ Output - 1 2 3 4

F‘lwl‘l:' (OJ




it wmain(){ int bl vt M|

it m = 4, i (m=z0 1l m==1)
ik ans = b (o) S
towt << ans’, nehern Fb(m-1) + fb(n-2);
neburn O; [

} m—>0 4 2 3 ¥4

ﬁb('n)—>o 1 1 2 3

Rewivsion lvee /“>3
o ®
2N
£b(3) fb(2

A RAY

fbl2) ey

—}I‘b(i) £ib(o) base cases

Maaicn.( line  for  Rewsim
Ek case Solve k'rc_lo, baaki ~yewrsion sambbial Leda.

> Just  believe o it dont  doubt

on  YeuwrLrSien



s e (veshor <intrave, iati, it bon)  \NMITLLD

pass "’j w)@nnce,é/

if we want o yetoin  value o)C ans ajqev fuanm

call

— Try 4o pass e.ve'rj-t&o'na LJ yefevence  IF PosSIBE

l—? Sc  Jes
TC les (mo wr\\jina of vaviables aﬂa-l'n & 480-;‘4)

— b Yeveyvse anSwWer, jou can use YecuySion

Toteger lteval with o le.o.Jivﬁ 0

m= 0£00 ; —— ""kff""e#&l as an ecfal  mum bey
> G4 —> tonvert 0100 ocvtol o decdwmal

tout << M

Cin >>'";—>(0_f,00)

cout ¢« my; —> 100 —> mo cwnversion as

cin veads 0100 as 4100

Ev\HJ in fmd”'m call stack W7 L3
L, Eomfuéer has tack  of vaviables of
ot —}Q nebon about teir me mar\tr lOCﬂ-‘boYl ancl
all m SJ-mbol table



m—D Eo«f—mss:om can P Be, ’)ass Ioj 7eferenc&

LSMbseQuena/s
—> Made bJ eithey ind,ucffn(j oY exo[MdinJ

c,ve'(\’ e.lemen'l: ) lpu‘{" ofder ryémains Ssamée

"

— E&n- obe” 2 s abe ‘
Piokka"
bc obe
"N
& be a{\gbc
ubsequences o /\ /\ /\ /\
554,:; "abe" f «—— """ ¢ b b a acab ape
>€Mr"y Sl’h’ng
|_> 2"’ o — leﬂdm O'f sHina

Avith mehc Ofwa-ﬁms on 5#5085

out << "Ujjwa” + "2327", > ERROR

sl = AL + 52,

cout <« A1 ), —— "%'wal2327" ——> (loncabnate

=%, /e ——> NOT VALID in .shinﬁs



Coin c&ande fm:blem W7_L4

|—> ’F"A Mmin. oINS e:iuivalawf: b aiven amount

mt aoimCCwmde,( veckor ¢int >avy , int  amount) {

if (amount == 0)
neturn O;

i—f (amount <0)

nedurn INT-MAX, /] means INVALID or
cant be ohangecl

int  wmint = TNT_MAX;

7471( m€  iz0, i< avr,size (); it+){

min] = wMmin ( mini, w;nc&awae [aY'f, 't‘“'ge’t' - ary U]):

§
//Ylovo MmN, (omS 79.7. has been ﬁuna/

;'-F( wimi ==z TNTMAX)

9\6““7” INT, MA X, // means INVALID o7
cent be cfaangecf
else

netuvn  mini +1 :

"Gre 8- indusion  excdusion Fa:l'l'exn —>ﬁv u.s'md
eithey this oy ‘fﬁa‘f‘ Sub.se?uenc.& 7IA&S‘I7‘0'VL5

'TBPe, 2 )[,,‘« Loo’) M  PewrSisn



—> If the ~vemrsion ques  seems 419:436-.,

wse void ﬁn(z“fd\’l anJ PG-SS ans bj Tef&rence,

L ,ffm chon

SEANEE S Cliof Rewvsive  Solubons W7—R

TC. — Con be «f"uncl ‘93 ~ecursive  velabow

oY veuwrsive  tree

8.C. —> found wsing max .Jer#\ Of f-mc#m eall stack
|_> ot _sra.r_e, wsed  in any Fo:tb'ular fime
msStant in ﬁnoﬁ'm call Stock

Liveay Seancdr
fea)= k t fln-1) Base case —> fox m=0
Recuvsive  Relobon Method -

TM) = k + Tln-2)
= k + T(‘V\‘Q-)

T(w-1)

T'(O) = kl

Tin) 2 mk + ki
Tln) = 0(w)

T.C.- 0O(n)



Retuysive Tree Method - Best  wethod

f(n) > k)
fn-D — k
\L m hwmes
Fn-2) > k
l
£C1) > K
!
»PCOJ ? k.,

T(n)= mk T ki
T (n) = O(m)

Sf)a.be. Comlal,ew'{:‘ -

Flo)  1—> w space
fLD  4—> mspace
m and m,
,f(»"\—l) 1 wm space constants
Fln») > m space
main ()
SC- mm + M
SC - 0(m>

L 5 wman Ae.{:‘l"l



Bin ary Seaveh

fr)= k¢ Fn/2) base case —> fox m=0
Rewrysive Relabon  Method
T) = k + T(n(2)
Tlnf2) = k+ TM/4) o Les
T(1) = k+ Tl(o)
T{o) = k, Az o
T(n) = ak + ki
T(n) = kloaz’“ + k,
T = O“"az"')
Rewysive Tree e thod
£n) — k
b
Fln[2) > k a Hwes
: a= M
fte) > k.

TC - klosz‘n + k'
TC et O(Logz-n)



Sfa.ce. Com f:Lew' %\n, -

£(0) Il w, Space wi and m,
£(1) > m Space ave tonStants
. a bwes
;F(ﬂ/z) T/ m .SFO-C—C-
f('n) — > M Srace_ A= loaz_'n
mam ()

SC - Mloag_‘n + m,

SEi= 0(1082_%7
|—> wa Agf-k‘

Fibonacei Series

jc(‘n)z le + jc(ﬂ—l) +jC(-n—-z)

base case —> for M =0 ov £

Rewrvsive TTree Meﬂ\oJ

> k
Flwiz) > ktk = 2k
m
7\3) +l'n -3) C*n -y) — Hlk = sz Hwmes
/\ o
.s«l-nrs when m=0 ordl y



TC £ [kt 2k + zzk, g — +2""k,]
IJ\> assume
'ﬁf .s'vmrb'u'bj
a.nJ —fv—r lanrae.

’V\umbc-f.s

T.C. € ke * [ 14+ 24 2% ¢ ... 4 2™
TC € lk*(2"-1)

T - ol2Y)
L expcmenb'o.l e
L very bad

Y ax

-
+ (o) w‘ F1) > m,sPa-L& el S
max

. Jeka-
Fln-2)  _ > m Spacel
Fn-1) > wm space 1 ©
j‘-(‘n) > m  space
wainl)

St - m(m-1) + M,

st - O(n)

> ™Man cb—f‘u‘



'»f His A such a case

F""(OJ > m* Sra.r.e,/_é,-me’
fun (1)

> m?* SFa.bL/ A

jcun('n—i) %
fW' (m)

mamn ()

m Sf%/ e

>k space [ bme

SC. - m* n3
|—> man SC in anj call
i
TC.- M m
|_> wanx T1.C. ' anj e,a.u,



D ivide 5 Con7ue'r

|—> u.sinJ Teeursion

Mexﬂ& Sovt

—> Divide +he avvay in 2 talves
— Sort them

—> Mexac, Hhose 2 sovted sub arvays

Standand  TV]evge Sovt

void weyde( vechry <int >B avr, ik s, int e) ]
mt mid = e- (5t e))2)
mt lend = 5- mid +1
it len2 = e-wmid;
vectoy <int > le,-f{- (len 1) ;
veetor <int > v»’a&{- ( len2);

ont =0, J':'-O, k::/S;

uile (ic lend)
Le_)C-l— [1+4] = avv[k+t],

while Ljélen 2)
night [j++] = arv[k++],

i=0,J=O, k=4,

W8-L1



while ( (¢ lenl L& j< len2) 4
f ( left [i] <= might (j1)
avy [k+4] = left [i++¢];

else
avy [k+4] = 753&1: Lj++l;

}
wB\:L&L i< lend)

avr [k++] = left [i+t];
phile (.Jc len 2.)

ave [k+¢] = m‘ﬁc\‘f [.j++]}

t
void  mewge Sevt ( vechor cint> & avr, int 4, int e){
f (£>=e)
vetuvn |,

int wmid = &+ (e-8)/2)

me_'rde.&r{' (avy, A, wmid);
'Me:rae&rf ( avr, mid+t1, e),

mevge (avr, #, e);

due 4o copy n evevj Level
¥ > in besk cose oo —

MR = 0('““@7)—\'"%59.1 of levels

S.Ch= DCv(—\'s (nt % ¢ 'D‘_-f.p %4. KU 1)

IMPLACE MERGE SORT - GFG



Qu.c'bk' Sort W 8 = L 2
—— Parbbow
Cloose one element mamed ,ofvot and

le’ f‘l.’ on ;‘[’/S w*(-re.c‘l' FOS;#G\A

Put elements (ess  Hian ,9( vot In lErf‘l'
Suw bawaj and othevwige " 71'(7&{’ sub a.YYo:y

— Sovt lﬁf_ﬂ' A 71'35‘*: 6ubar7a.J,5 ‘)'emrsfvefj

int ’om'b'h'sv\( veckor <int > L avy, Iat s, mt e)d

> Thicn ls ome """:‘_j

int fivo*f: Tnden = 4
Dttey wa.\lj-f ~ clwose (st

int P vot = arvisl; - thoose vandow

J
int ent =0, ‘Y‘anclom;sed
| quick sovt
fr L ink i=g4d; jc=me ] iet)]

.)Cé avv[i] > rlvo{:')

ent +4

f

ot covvect Posibon = £ ¢ (,nt‘,

swap ( avy[pivot Index], avv[ covvettfosibom]);
rivo'f' Inden = wvrectfosibon



mt 124, J — ¥
Dlile ( 1< covveetPosilon 44 J > tovvect Fosikion) |

while ( avy [il < fivo{—)

[+ +)
while ( aY‘YLJ] >= Pivo{')
J5=5

,jC( 1< covveck Tnde 42 j> covvect Inden)
swap (avy [i++] . avy Cj":’);

¥

neturn  covvect Posibion |

f

void  quickSort ( vechor <int > farr, iat 4, int €]
fCA>=e)

neduvwn |,

iV\‘{T F; Fad‘l':'“m’\[ avyy, A, eJ,’

c,w’oks:w%( avy, A, f"'l);
qw'ck- Soxt C avv, f+'t y €J;

}
T L= O('nloa'n)
O(n*)

> Loa‘n ‘Vleloe‘Y oA]C va.nc,«l')'o'\f\ Cﬂ-u[)

> fw botta asc.enJing 4 Jesce.ml;'ni

- Sovt
SC- A 2w vumber of fnmc-"»'m calls



Backtvace ke nd
— .sred f‘c ﬁ'\'w\ ojc Yeul s oM
 — e'nr love a.u looss; ble SoLu.{'fU'V\S anJ

Ly dont  check e  solubiom you have

a['re.& d .j dis caxd

— b‘YwLe fvf&&

[ 5 used fm 're,femenc& vaxiables ’:asse.A v f‘mon.s

Perwutat on in a &tin 3

As= "abc" Fe:(mu‘f'a‘l’\'GVVS - oabe, acb, bac, bea,

ca_b’ C—ba.
L> total - !

a,b& ’ iz 0 120 ‘l.'O < .S‘Y. len L)

0 . a J‘“. o < st lede\U

= swap (st [i1, sh(;]

abc,i=1 bot,i=1 chba,i=t T ! ‘

J/\I J /\\

a.ba acb ba—‘* bea cba-

T.C- !

J;ZJ/ Jsz‘l [z2 jz2 J'$2J, J'sz.\ll SiC = s-lenJ‘Rt()

a.bc a.Gb b&c bw oba. Cd.b

=




Time ComrLe"U'ﬁ W 8" L7

—> mMax. hwme 7¢?w~reJ bJ an a@o-n'{ﬂm
as o -F«nc‘l‘ftﬂl of ;'nFu{’

’\ﬁv wovrst case

> 2w ber o-)c calls * T.¢,- 4me a 1 cal

L . T.0. - btadl bme wm L level ¥ vumber of levels

s AmaX sra_(,e, ‘{:'a.ke'n bj an a.laof;"'&m at a.nj
Favb‘wlm inStant

L5 & space m 1 cal * omax Je,)o#\

—> Remembey  man space ond twme can be 0(1)

vot 0(0)

_TBFC 1  Lvesy Tree
fon ]

pass b\‘j value

7
/ 1 vamable m s

Ba.se, &56 kﬂj }
ke ke, cve,avl—f%
F'rowSSM kz
a \A Fass b Tejfevenu.’,
fun (m-1) J

} ™Miv s(.w.oe, 'S
con 5+av1{7



ke
ey

- mle + e,
= 10 m)

12 O @O

Coun b’na
Pactorial
power of' 2
chece sovied

Want N ammj

Mmin in aﬂﬁj

Non

’I:jlpe.Z

k ke kkk

Linesay “Tree

n
max cle,(ﬂ'& n #Lon&(;c[ 2



Teo. - k+ 2k + H4k+--- -:—@

ReN=ot2 )

SC.- mk
gs.c. - O(n)

ﬁbonac.c.i
Ju_mr .sl-a.:'rs

sub sec(u.o,w ces

Loa'n
bwmes @ k. e =

» kK " | o
v 1) a*rva.j " [;a..SSma vecltoy 3 L/aLU.&

T.C. - Lﬂﬁ‘" *le Sully = lo(j‘rl 7 Sils = Loéﬂ Y m
e D (loa-n) S:C= O[loa‘n) SiC = ““’3“

| avvay [vector vectoy pass
Iomo:rj Seavelr pass Bj Tef‘*'e"“' B\Y va.lf(e,



Me.rab SO‘T{' > ™M we, e \nc, [w de;‘nﬁ n
/ lﬂj’{'[/ 7;561{7 D-WauJ.s)

[ " me‘rde f-'mc i

} " ["j cor'jma
YU ‘L’ oYyvelys
/2, } n 5& aﬁ )
Loa"‘ M/;,f
ﬁrz
/8 } n

I u.r%o siwale. element P

T 0. - bwme i L level * sumber o-f levels
T.¢.- ™m7¥ l,oa‘n

T O o(mlogm)

Sc- BB ez

e = (et



B acktrackin 9 Questioms

Peymutobons oF a Stn ng

> N dde.ckfwg base case and

.SWo.ffiﬂ 8

A= a.bC.

) A A A A

abc b
L a.ckl ba.LK b(,a,k c,bo.k ca.bk v (n-12 (m-2)
calls

T.C.— k+ mkt+ mn-Dk + nin-1)(n-2
n- —)k+--~+@

TC = Dfnl)

S.C. - m*k

SCc - @)



m  Yows .)ch,( )

4H vyecursive Ca.u.é

Ls down , left, vight, up

M* m (EVG(A

T C.- ket Hiet H%+ - +Hk

e = OCHY)

/_’def{“"
.o e Mﬂ/-—~>ofw5rl-ed 2D avray £
pass "J ?eference,

s.c. — O(m*m)



Sudoku  Solve

fune () {
T mabix base case
.S»l'a.ﬂJaYcl i vewursive calls + i.ssaﬁ f:mc.
L—-)‘n::q }‘

T.C.- k+ kn + n® o k,'n‘"*”
e = O(m‘na)
—
SC - k* (m*m) -
g.¢. - 0ln*)

f ow s a.l-rep.a(j given 9. T.C=01) A Si=06)



l\l QueeM

Jane ()
k { e bose case > k }.O(n)
ez n s .S'a.fe_ fAnc#dvz — 0(m)

v vewrsive calls

SN\E
=
3/ 3
é
=

k7 A .
K ,nz
"
n

T.C.~ ni1) + m(m) (M) +-. . _,,,,(_n‘n)

> worst cose

—c.- o)

TC0. - O0(ml) — average case

3 n OF’h'V"iZE.J

SC. - k™ m S.C. — k™™ + m Sob i cmk'a
S.L. = O(m) 8.C.= Olwn) 3 maps
—> n* mnl can be written /V.S wm)

CAN be v Hen as 2“



Phone .KP-J,:MJ Paoblem
fan (D {

41 2 3
abe  def base case k.

H S 6 L stove owFPu‘(' i and aray
i ot max A vewrsive calls
7 @ g
P47 fuv wWityz }

4

l-'

K ©u?
.

T.C.- k+ Hk+ Ak +---+ 4"k

s 0(:—1"’)

T J&P H, Iﬂ-ngf& of 1 Io\ulpuf ,sh,',.a
1\
&: 0 (k+.2.k,+ .-+ Mk,) + (q'" S 'r\)
\ )
stove v ';t,o . o.f strin as
Dulrm‘" in toved i an
SoCo = Gl base case S '

QWAJ



OPP W9-L1

— O(ﬂ'ep{' Oviented P'rog-mmmiw‘?
> r?og‘ra.mmin(? {echv 7ue, " whiich eve‘vjﬂn'rﬁ
erolue/s avound o J'e.c:f"[s s creabow
—>  inderachen
—> aceess
> changes
> 2 'f'(m'wa.s g
— f)‘rof)e'l‘f'j / state > varviables
——> Lebaviouy / wethod > »ﬁna’fp'n_s
> wﬂy ?
— mJab le
—> Yeusable

—>  eas! lj man‘l:afn

L  easi l_‘j o undevstand

Class

—> b  wmake usey Je.f"ne-J / s bom da.{:o.{jfe.
> has  shucture cjejamlwm

class - Jesi‘jm V4 blue.’yrm{'/ (Jea

oli]'e.o{' - actual e"‘géj

|—> instance of class

I > has enistence




T Cla_sg anJ OIU'eci' 60"'51 ‘t‘ake 'memov'j

c-re_a:kwa a cla.ss

class  className 1

/] skates
S“’r’-'na mame |

// m&‘HfIOA
void Sle.erl){

§
Fs

s.'ze,of (OIQM) -

class animal 1§

¥

tout << s:’zeof (a"i"mL)i — > 1 L Jive existence
-ﬁ-, ialen«‘-»'fjinﬁ this
class, So wmin,

class animal 1 .
Foss}ble, memory 1S

i a.ﬁe.', allocated
TS

Lout << sizeof (anima(),’  — I |



olaSS anima.l {

shvin i mame

L §
tout ¢ sizeof (animal) ; _>@ wﬂj?

LlaSS anima.( {
int aﬂe ',
chay ch;

§ 5
tout << .Sizeof (a"i""“”; —> @

|—> due 4 r;a.JJinj

and 37‘66&‘3 alZ'n ment

class anima.l )

547:»08 name ,

states / opevhes / dota. wem bevs
Strin g age } FeF
void .slee,r (>

ut << mame << " is sleef‘ﬂg "; weﬂ\oc(/
QQ{AO.VI'OU.Y/



Stobc OIU' ect  Coeahon

anim al Yamesh >

Acf,essina state  and  meth od oF oéj'e.c:é
e

o%jeci‘ Noame. , sthale ; not  class

ol:jed' Name . methad ( ;’ATAme-k-rs) :

ex- ~Yamesh. 0-36;
vamesh . sleeF();

Access Modi f‘evs

—> J&fl’ﬂ&/& access  swpe of stote / method

_gﬁﬁ“

Full;u'c private ( by default) " mﬁlﬁeJ
can  occess that can  oaccess that sawe, B
shale / behoviouy shade / behoviouy private  but
meide as  well ax onfj inside e can be
outside e cass class, mot outside occess

te class inside  class
child



alaSS anima.l {

> o.f%-ev mmrk.'vﬂ,
all be low stote /

bebaviouy will be o.f
Jrat ‘5["'

public

5h:na name |
.sh.‘na age
void  sleep SR

wu‘l-' << vame

}
F‘n'va.-‘:e :

void eat ()]

§
¥

’TS o tLehs ID‘n'va.%e- wuembe.'r oul'side, class

I—> use ru bl ~methods ae,{-le-f ond  Setter

class animal {

sﬁna name
Fublic :
S*ffwﬁ ge;{: Name () { de,y:e‘(

vehurn  wmame



void set Name ( sh,‘nj mewName) ] — seHey

mame = mnew Name}
55
it wam () {
animal  vamesh ;
cout << vamesh. mame > ERROR
tout << vamesh. getName (); > qu
~yamesh . setName ( "Lion ")
out << ~amesh. 38} Name (); > Lisw

Dgﬂam{c, Memo"g Allo cation
2 Hypes of memovy
|

! ]
stack lﬂen.r

lmrae.

Sma“.
d\nj namic menmory allo ceb'on

mew kedmrcl

Stob'c wemmj allocabon

/

a.lloca.{-e 'me.mmr:j " (Amr

and sehrns it memovy locabion addvess



int a=85;

iﬂ‘t’ 3* o = new iﬂt

5
a
A
A >
a mew iml;eﬂ ey
statbe "‘5‘*/’
meaol memovy

int ¥* f)nl-r = vew mt £5J ’

A

rh‘

— sra(,e, allocated in Cte_a/) ‘memmj ’ cannot  be
:,Lenned au'fowab'cﬂl{j even af-k'f —ﬁm'.stn'n(j o-f )ch..

—> fheve & Mo aa-rbo.'je, w lleckor m C++

Allo catio De allo cation
mt ¥ a:z mew int delete  a

int * ary = mew int [5], delete  ayr [];



0 Eye.c.‘{' Grewb () a4\ usin ﬁ J Jnamfc. 'me,mo'rj allo oa.-b'm

. * - »
animal suvesh = mew animal |,

suyesh. mame ) > ERROR  as suresh 1s &

pointes, * suvesh s ofu'ed'

Q?sqyesh). mame } 15+ wa.J Ojc acess
(* suresh). sleelp (A

suvesh = mame } Zna’ Woj o)c spesarn
suvesh — sleep();
A
/"’—ﬂ shin‘j name
A int age
Siesh void .slee.f( )
Stack 'W\emo'rJ cout <<"slee/> “)-
§
Huis  keyword beap wemovy

|—> Foin-le-r fo  wrrent o%j ect
class  animal
it oge
ru.bl.'o .
void Se:f'ﬂae, ( nt aﬂ&){

this — ade = aﬂe_; } both ave covrect
[ (*40is). age = age;



Ob Jea‘f' Cr cobon

L,

|COVI.$1-I|AL4Wl Coll (v both stabe and d Y namic  allocabion)

—> inibalize e o[y’eci‘
> ‘chHw with 20 vehurn {']Pe'

> its wame is gSame as class

—— creat ed LJ J#a.u.lé

closs  animal |
nt aﬂe. 5
nt we-l'ﬂwr;
// Je,{a.u lt  constructor

ammal () { mow built-in

cout << “Lonstuctor Called”; conshuctor  does vot
called, 1+ will be

celled

this — we,iafarl' = 20, J
} \"7 aa,e,ssfnj membeys ond welthods
u.sina Has kéLJ wofA A Q’OOD PKHCT(GE

// me medevised Constructor
aniww-l ( int aae) {
-&n’.s-—éa.ac = aae;

cout << " favameterised constructor called " ’



// pava mederised ConStructor 2,
animal Cint age, int weiglet )]
-tfm’.s-,o.ae = agc,’
—lﬁ:.s—’we.idln{- = we.idla{",
tout << "faramedterised onshuchr 2 called "

f
// co‘oj c,onslvudm [w'rona waj)

onimal &)

animal bz wew Animal;

anima.l (a.m'ma.L o'oJ') { Al e R

animal d (a))
animal e= * b,
Hhis — we.ialm‘: = 0bj. wu’aH:; awimal £ (* b)

cout << ! Co/’j Lonstructor C:a.lle,d”,'

this — 0.85 = obJ'. a-'je.i

} Lacom tons fructoy eall
// ety GO ) Cipess byabue
co 7 & vi
f’j tonS ¥ a way Y

anima.l (a.m'mo.’. 5 oBJ') { 'lnﬁn;-fe (ooP

this — 0.85 = obJ'. aﬁe;
this — weialml: = obj. wu'a(m‘:;
cout <« " &fj lonstructoy Called ",



D&S"‘Yu&“‘ﬂ?

> «fr&e, ™Mewm OTJ

— 'F'Y Stabe  ob J'eo‘l' creabhown
destructor 864;5 called au.l'oma.h‘w.lg

where  ob J'e.ci’ 'K  Seo [)e e.nJ)S

— »F:‘r J J 'namn;c, 0 lzjeo{' C‘Y‘e,af\'o'\n. )
Jou bove b do it wanua.lij u.s'ma
delete o bJ'N ame.

— ™Mo "Ye,‘l'wrw JUfe_

—> Mo in P ut paTa mwetey

&laM avu'\ma.l. {
int age ;
it we-l.ﬁ Ut ;
// desbructoy

~ animal () {
cout << " destructor called " ;



H Filevs o-f OOPa W9_L2

— E nw.P.Su(aer

—> Tnhevitence

> f O(J w\drfa&fsm

> Absfrachm (P»"bj{ of all 00Fs filler.s)

En capsu lahiow

—> l«)?a.[) Aa:t‘a. 'memloe-us avncl mew Le;( fun (A"'Ms

in  one Pa:renf e,wh'l:j C class)

— Obj""“"c — Data V(idina

s se.urv”:j

b rvaa.cj

- can ‘wake ‘renclmlj

> can decdde what 4 kide and
wﬁw.'f -l:o sfaow
—> Work with Fa-ren‘{: e.WB(y i$ simrle,

OIcJ'eJ'fve o)c class —> Enm.PSulaJ:fm

Fexfect / Full / 1007 EnéafSulab'm

I—> when all data wembers ave wWarked f‘rfvwéca

and oLl lhA 'ltlem u.s:'na ae,‘k'r amc} .se,-uc-r



Tnbenilence
—> inheritk some FTofe1ﬁeS ( dote. wewmbers and datn

funcbims) ‘Frm Pamen{' / Su.fe-r/ base class o
sub/ ehild / Jevived class

 — Objecb'\,e, — Re_u.Sa.(a;ll'L—j

—> £ a velabm s&.‘P

> clA:UName 14 Q. fa.'re_ﬂ’"Name.
— S wl-n.-x_
J L class childNome @ model ra-rewl'Namel,

mee N Fd\'ev\‘t‘Name, N {

*

//addiboval  studes  and  waetbiods

class Prnivmal { class Doa . rubl.l'c Animal{
int age : i
Fubh'c'-
int we,'ﬁfnt . Doj s a Avimal
F‘ro'l'eo-icd :

class cat : fu.u.c'c. Awima-l,
void eat O] F'vo-lecJeJ Dod{

cout << "e_aHnS" ;

}i



Access Mode of inhexitence
Mod if.'ev
Base class Public Protected Private
Pub lic Pub lic Pyolected Po svate
Prodecled Protected Profecled P ivate
P ivate NA NA NA
NA — nNot Accessible
L,s cant be mherited
P-vodeJ
I—> Sawme ah ’rn'v ode a.ctess Moclfﬁe‘r
but caen be " tte.‘h'-l'eJ
L
can be  accessed  jpside child  class
Private
—>  can acltess msSide class but mot outside
—> camot  be  inherited
!
Larmo{‘ J:e, aa.e.sseal t'nS:'Je. c.’m' lJ cfa.&s




- Vaven C- child
Type of Tnherilence <1 Feotie

> Sin le giRine
6 . / \—-3 Lov
> Muld level T'B”\ I
L'gey

= Muw’)l& d

[ Heivay chical

> Kj(m'd —> maitdure of all  above 4

Single Mulblevel Mulbiple Heivaychical

P P P, P p

| /N
€ d G Cy

|

Ca

Diamond FProblem / Tnbevifence AWLfaw'{'J Prob lem
|_7 I.F mu H"‘fé l& {)a.nn‘b& Lt ave Same F’ro’:e-rfy
Ahen tow b atss thew

|_> OQjeo{'NAme . Poavent Class Name ! f"ﬂfe'/{'j ’

I v
.s:ore ‘rnsolwl';m ore-raa’w

P Pa

/




— _’_l':f Fa-ren{' and  ild have same ,nofmlj , then
r:a.-ren‘l: r‘yo Fe.ﬂa nside i d class aill ae,{'
ovevwYide bj child f'ro fm'lfﬂ

= Muu:irle, mbhevilence XS Posgible m  C+t,

ot in  Java



P°{j‘”’“fw5m
o
enisted in many -fwms
R:BWOVPMSM

Com]:il& Towe Fbl\'jmatfbc'l'sm

N

0 PexroJO'l
Ovev loadn'vﬁ Ovev loaJx'nj

Funo#d‘ﬂ

Funcbm Ove,vloaAa'nd
Lo e fanchimn  exisbing o
ssﬁﬂa}ww
s Mulbple  Signahires
Lo aiff i cither mo of pavameter
vot  dif. i vehem  Hype

> double
5-127’-’ — -fboad:

— 501—2

Run Tome. Blgmorptiism

'mulk)olc, -ﬁms p 4

oY LJ re 0)0 ra'ram&k'fs ’



class Ma:wns {

F3
int

Fubkcf

I‘V\{' Sum (in{' a , ;ﬂ‘f L){

nehvw a+ b,
}

—)c(oa:{: sum ( int a, Jou‘ole.){

yeturn o+ b;

¢

int Sum( iat a, mt b, e)d
veturn  at b+c¢,

¥

wajin (){

Mathrs wm ,

cout << mm, sum( 5,2), 7 7

cout << m. Sum(s, 2‘5); > 7.5

cout << wm, Suwm ( S; 25 i 29 2 > 44

Yeturn 0 ,




Ofeva.{w Dve loa-cl"n(j g
I—> W  wake mew iMPle.men‘l-a:B'm GF an ofzenv.-lov

o[gjec:[' L op vaviable 2,

> Same os

oloJ'eml: & 0 op ( variableZ )

> olﬂ'ecl:i. —>  eurvenrt a{;]e,cl':

 — or > ywethod

> variable 2 —> iwfuf' Faramck‘r
class fava {

rubl\'c .

mt val',

fova (int Val){

s —> val = val,
t
imt o'aeva.{oy + ( Pava oLJZ)-[

neturn s = val - ol?jz, val |
}
int ore*raiw + (char ch)f

cout << s — val + 103

ks



int  main ()‘I

fava a(5)!

Pa.'ra. 6(2),’

tout << a +b; s same as a.+(b)
—5 3

At ¢ > 45

at 7", > 15

neturn 0

J

¥

— ”oPeYa.-(w + ‘FAV)C‘I"‘D'VJ wiust  lhave e.'xa.cl'fj

1 Pa“mme:\‘ﬁ’ as + ' £ b aY_‘/ o) })ew:lm’

12
2 oreYa.ﬂJS

/\

WWC.W-" obju‘t’ o'nFu“' rac(a.me-k‘)’

Run Time ﬁ;ldmo-:rw.sm -
|_> PoﬁmﬁrhpSM 0<f-‘<1 @(emé;m

Funeben Ovey 'Yv'Jind -



Funcbon / Mettrod Ovev -'rid.'na

—>  when .{;m chon o«F famm‘l' class vs o(‘yfivlcd
Se?e‘m:le{j ins "Cl& child c,la.SS

— 'Yel&Sa.ble. + usl'om loe,f«av(owr wﬁere evey Jou. wanﬂ‘

class Animal {

class  Aniwmal §
F M.b{llc.

f)u.bl:'c:
void speak O]
cout << "Sfcak s
t
I
class  Dog @ public Animal {
fubHCG
void speak ()]

cout ¢« "bavk" ;

b
t'n'f wain () 5
Anival a
wut << a. Sfeak[);
Doa d;
cout << d. Sfeﬂ-k'();



// quo.s%‘nj

Anivnal * b = mew Dog ,
a .)Q,,\c,b'm °f
tout << b. Speak 1 > speak, —> pavent  elass
called

Animal * b = mew Dod;

tout << b . s}oeaJc ). > bark.

/] dowm c;tsfma
Doa * . = vew Animal |

couf & C. Sfeﬁ-k' ;

eril&‘r d&fenden'b
(ERRoR ov hot)

g

> bavk

-

Doa ¢ = wmew HAnimal ;

O0PS lleek is mot completed



Abstrachon
—> Oky'e,u'-ive — ImflememMM ‘1 l'dl'nj

—— Talk about a la:rae-r scale
ot -ﬁw on detail



LINKED LIS T W10-L1

—>ﬁ>jnam-'c. lineay Jata Stucthure b shve  similar data

—> vion - Coﬂ‘k\ﬁuo% 'VV\&MO‘YJ a”o c.a.-é'm

— a'nsev'l'fm Ana’ o/e 16‘6'014, L8 ea.sj

O(i) f-F Jou ave &‘l"amJ;wd o  that viode. /Foi.n—l:ev

——> Mo (on &e.r‘t' o—)c v Jc‘m'v\j,
it has COY\CE.’D't of addvesses

> wllechbom o»{ modes
I—) ik roi«d-cv +o

anpfthey Mode

4 . -;,I +—> NULL

viode  creabion (,simrle.s-l.')

cloass mode §
Fu.b“c .
mt  data :

vode * e nt ;



—5 (S;nﬁl\\j L L
4 ——>| ——>| > +— NULL
—> Civewlay LL
—> 'Dou.blj LL
NULL <— '(_’_‘ . _'_’l B > 4+— NULL
prev wode m;lde ” Mefd: mode
fb:'w-l-t‘r Jaa‘a. Fo:wk?

—_—D C.‘vcu.[a‘r Doubb L.L

\;

L — pa

N

[E—————

By LL s 'vxo‘lfm'wa but P[.'nJv' (“"'J othev lanauoﬂe.)

—? Livear Data Sthucture

L, s:‘w‘jle, descendent



w I» LL ques there are 3!-'5’4 chances o]a eTroY,

so check eJae cases ( tead, +oil, size=1, mot »fbund,

and  wove ) éﬂdoﬂ Submit.

W10-L2

Doutblj Linked list

— "VlDJC CM’BM

class 'ner— {
fublf'c a
nt Ja:f'a.‘,
vode * et 3
'Moc‘& * r'rev;
f
ﬁ?mlad L:'v\.‘(eJ LI'A‘{.'
s o Jesd  and Tl

—> insevdon 4 deleb'on 73 6\’\15 o the  basis

of  value

o Conve.-rb'no looP wde b yewrsion  code

—  Add ?a-ra.me;bﬁws that ave ob\anainz n eooP

— Skrr:'na condibsn in loor oacts as  base cose



W10-L3

fo'm-k"l aPFna.ca

Tmbi&e Al‘j owi{ﬂm

> fast and  slow

s 3&% widd le
it get Middle ( wmode * tiead) ]
if (tead == NULL)
vyeturn A%
vode * fost = tead ;
Yode™ slow = head
while (fast [ = NULL){
fast = fa./s+ — ment ;
if (fast 1= NOLLD{

fws-l: = fast —5 menty
slovw — mext ;

slow =
!
t
neturn sloyw — Jam"a. 2
¢
mid
Oﬁ)O_’O—*O {(O—O {O— NuLL
A, f . £
s 15



F toJJ s C\ljoh‘c_ Dedechm /Rﬁnim.m
F—> 4o detect  pnd  delete (ao}b in  linked List
—> Jedect  the looF v linked Ust
find s%wl—.'na /Jm'w‘f of loop M~ linked Ust
delede Ahe  loop from  Lnked Lst

—t T
Q_’O_ 07 2
1 K
| 4
R s Tntevsechon poiat

distance (£) = 2% Jictance ( slow)

At B+ %C = 2 (A4 B + 4

AtB= (i-g)C

A+B  wmade Some cjdas
B- @t—j)C— A

Lo Oﬂf-‘e"( B S-le)S 'ﬁovw ey sechov /Om'wl:,
sovwvie  NO. o-f cdz}[e/s 9"0741\4(7 ﬁavvy .So{'m’ﬁ'»ﬁ

poi nt 3&4' corm rLe;lecJ



So Indevsechsw Fm‘vl‘l’ t A = veach ﬂaf%'vﬁ ,o:n‘v\‘t

Also bead + A = 7ep~c.!4 .SJ’a.Y%'wa Fon'n‘f

R+ zC =A

removeloop(n
head==

$

ode* fast = hé&xd
v | *

i slow = head;
loopFound =

fast->next;

= fast->next;

slow = slow->next;

fast==slow
loopFound =

.y

loopFound
slow = head;
fast!=slow
fast = fast->next;

slow = slow->next;

cout << " p start fronm << slow->data <<
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