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CRNEY gﬂrjc

—> L‘AW"WN\ To amon limeay <”r’1ta Shewcdute

Aiven e e ment fn tmley Connected e b od
. ‘r ; YOU ) @
) (/

= “the a"lemcnh C,ql)@(‘, Y)o(lf’@ in-lel (';mmr)p(‘lf('l

Q'la_rﬂ‘?lef—

2 ) \Vertices
(0%)
Nodes

[ &clcje% :

©

@J Cbarac {-Q{T_Cl”[ c\

. Arb?’—\aﬂf Conpe Cttont

» Dve cted fundirecb@d

K L\Jefcihh’d { unwﬂ;c’fmfd
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i

19

i
i

2

]
1

g
. |
i

-

FlLFD —~ ek fn r{r(g[f out-

i) !\”\“‘[5 ~The

L?\‘ L’\[hf\'g ‘“’\*‘ QIQ,M(?ntk C{etehed r\q -—f'ant’"

rare = —| , Jront =
”’)t“ ,;‘{efvg

_\ L

-
Chaueue
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)
Seosching. 7 ) N Y e D { "\ (7 k {"\ © L | v en
SQO‘GCh'\Y\a‘ SGQ“Ch\ﬂS "5 fal PBD( 095 (\‘ r“'\d\Y\J W) he ‘}
Pasxticulas ke element is pyesent N ithe collection of elewment s
A 3 C

0% not: Theye ase two tﬁpes of S@a?«c\-\‘m(\‘} ‘l(’f‘\ﬂi‘]u(ﬂb‘-ﬂwj ave.
L LINEAR SEARCH.
L BINARY SEARCH.

MLINEAR SEARCH -

; % . ' (6 W
Lineay Seasch is a Semc\q\nf) technique, also known a

|
Sequential Seaxch, (s {he Simplest seavching alqosithm that |

) ‘;Sectuenticxl\%j checks each clement of an asxay os list until

the tavget is found o the end is seached.

3
, \ The Lime Comp‘ox;tj of lineay Seaxch Is OCn) in the

Wotst case and AVeyaqe case,bocause fn the woyst case,
it May have 1,

the elemont i
i
En'heﬁ\‘c(ent fox lm;ae data Sets.
ess:

fi)JNt\'q\'\zQ index {:z0.

A\S oﬁhm P¥oc

|
inCOqune cn“msq'j[i]w'\th thaqt ‘LQU'

)T f equal, ¥ o byyn i(Position found).

;"W)IF Rl I

é E\OIF ead yveturn ~-((Npt -Four\d\

} fAljov\‘t\\m . Linﬂx-Ses_mch CA&kng)
| Algorithm Lineas_Seasch(Ain oy

‘ I'Beg‘m-

| ,?3.u3\ni\e \¢n Do /continue while within bounds.
| |MIF ALID s key then

5. Retusn 1 // Found i yetusn Index.
|

%6‘ End If

|
§
!
Rk i




e

ﬁ, le— j+| /) Move to next element
2. End while
A.Retuxn -1 //Not Ffound.

10 End

Flr\cmot\'on gf A\Sms‘\im PsocweSS:

. . (4? 120
I. Stavt the algo¥ithm and initialize the index vawiak

(begin fiom +the fivst element of the axray),
2. Check the condition i<n to male suve the index 1S
within +the asvay Size-

3‘C0mPaxe the cuyrvent sig-element A[;7] with the 3""Gﬂ
ILQU element-

H4Tf ALilis equal to lcey, setuwn i (the position whese the

element (g Found) and Stof the q\aozithm,

5. ITf not equalincyease the index by 1 (= 41 /it +) and

vepeat -the P¥ocess.

6.Tr 'DOP end s (all elements Che clce

d) and the ke«j 1s not
'Found, Yetusn —|

to (ndicate that elomant is nok presaent
in the a¥rsay,

Detailed P‘Joie_ss St_gﬁ—sz-_§£ep: l
Step 1.8et index Countexy 1zo (Start fxom fivst elemen t). %
Step &icheck if (¢n Camsaj bounds valid).

Step3icompare ALi] with {qraet ey .

Step y:If equaly ¥etuyn curyen t inde x (\CSuccess-ﬁu\ Seq‘sch).
Sters‘-IF not equaly incsement bj 1.
&QF 6" Repeat fyom Step 2, un )

™Match foun o ; s
end ¥eached . i

o |Step 3TIF loop e '
P P endsg (uzh) ) ¥etuwyn ¢ (unsuccess-!i ] |
| o




[Solved Example:d [ELEMENT FOUND]
| Olve »

: 5 2 8,165 (n=- )
/\IM\LJ At 312,u5,23,51,19,8, §

! LQ’3 =23 | | |
| | = J) | Action |
i ot © “3 ! ‘\ ! /\[ i ’J_“ ‘AL 1} ‘-7“—:‘? ‘:’ » { ' ( ?
= | ] %) | » !

. ] ©o |12 | 12%23 =i j

Vé 1\ s QB?EEQ | =2
a | W 5., T |
M?) i 7. 13 13 = 23 Return2 . |

Explanation: Ste_P_\:
Set index | :o

| Check Alo] =12

Compase 12 with 213 liz%2 3[—-not equal.

' So,move to next index (j=ny,

’Stgy_zr

' Now .y

Check A[1]=us.

Compaze ug with 23 [US+23Y\ Snot equa).

(ndQX C]:l')

Check A[2]=23

Compare 83 with 23 [22=23]»equal.

Element found at index g .
So,

Resu\tzE\emenb R3 “found at indox g aftey 3 Compqﬂs'\or\&

Solved E:mmP\e-.l [ELEMENT NOT Eq
A*Yq'j ALE 10,20, 3,

k‘e.lj-. QA5

UND]

L\O)SQ %C“:E)




[—bt”ep i \ DAL | ALiJskey? /\.( tlov

L o | | oras | i

‘3. s Q0 QOF 35 fl |

5 o | 30 | soxas | i3 |
4. |3 | 4o | Hokas | ‘=4
5. |4 | 50 | 50%a5 | =5 }
6. | S | - 1 ,,_iZ,D,, | _Retusn -1. |

Explanation:

Stg_E'\;

Set index jzo.

Checl Afo] =t10.
%Compqm@ \© with a5 [loF2a5]-) not equal.
| SOy move to next indexw Ci=0).

%Ste_&&:

' Set index =1
EC\'\eclL Al1]=20.
( Com‘)onse 20 with as [&o#&B] ->not Qiqq(.
' So,move to next index (i=2).

t Step 3:
} Now inde® 1=z 2

Check Al2]= 30-

Compare 30 with 25 [%o#agthot QQLuo\.

; Soymove to next indexn Ci=2),

"*Step__g:

Set index (=3.

checle ‘A[g]:uo-

Com,)qre uo with 8k [“D“#QS’S—Ath‘Q,CLQQL

Soymove to next index (V=)
Ltap b

Now indexr =y

Check Aly]:=5O.

tompare 50 with a5 [so FA5] snot equal.
S0, move to newt index Ci=5).

K e et




S{.QP 6
Now i-6

Sinte +2n(hz2KH), Lhe hm'r) Sto po-

lement 19 not {ound

- RN
‘ KCSLI\kf (\omm\( 25K not ~(‘ound aoltes K cnmruo\ Ston 9.

Solved Caample 31 [BEST CASE |
A A’§\6\22‘2ﬂnu?>gc“:“*
\kej

Step ,i,
\ 0
ExP \‘q_nat ion:

Step_\'-
- Set index (=0
check A[o0]:15
| compaze 15 with 15 L\§:|S]—)2£LuQI'

Element found.

A[|] ,AD_] ](e':j Arl\or\ __
|15 L1 E&Wl‘“ Sl

i

- Resutt: Element 15 found at index O aftey lwmpaﬂe;ow

|

'} Co

j Mplexity Aha\g_is'

{ Best Cace: O(1)— Element at position o,

Avaw\ﬁe Case: O(N[2)% O(CN)

Wosst Case: OCN) - Element at ond oy obsQnt:

iSpace complexityy 0 ().
f Advontaae S and D\Sadvc:m'toﬂes -.
AdVOhthQS

¥ ume\@ to |mp\em9nt'

[ Wotks pn unsosied mm:js.

3. \No P‘rQPiOL,Qgg;n{) B'QCLul'rqd.
3

€Y




"éV'e?tj Slow fov lavqe awyays.

Q% A\wcujg Scan SQCluQﬁ”HCK\\Q g

Applications: Small ax¥¥ays, neasly sovted data, linked lists

Recuysive Uneaqx Seaxch:

| It conveyts itevative Whneay seaxch into wecursive foym by

' U9Ing function calls {nstead of (oops.ln this method, the

Function theclls one element at o time and then calls iteelr to

3
| Checle the neqt element ty the Wray.
i The process Continueg untif the element is found

|
{

ov the bagse cago 'S ¥eached .Tf the cloment Matches

he
key, 't Tetuwng the index .IT¢ the ond o

{ the A¥5aYy \S ¥eqched

U End i ¢

B, Xk qrx[fndex] :keutho_n llBase case 2V €Element found.
6 Retusn index-

3 End (F

q. End.




o

. -*‘t@p
Y ce & ~. by -5
DG{.L\i\ed Px_‘_)g(‘g ) .t,(:‘ U\

53 o nY " / 1t wnds exceeded =
l'Base case | (index zn): Avvay bo

¥eluyn -t (not found )

R Base case ,'Q(qn[\‘ndo?(]:l‘ﬁ'j-)‘. Match found 9vet wrns

Current index.

3:Recursive case: No match o call sam e Functiron with

ind oy + )

L\-Resmt P‘QPD‘SC\M’S bacl th?oqa\q call Stack Eo main

Calley -
In the Aqor i thy
Avy -5 Tt s a Avray that Contains the \istk of elemants-

N—>ei3 e CMumbey of elements)

Solye 4 Example ! LELEMENT FOuND]

A"C“ﬁ A % |2.u‘§,a3.s‘|m

Key- a3
Initial Call) s

i%»C\B} LN say

Recu'vswe_uneqr Seqvch( A,Y } 28 C))
{ :




: 1 iS(CP z Action
Call . asv (indedd| €xecuted
_’_‘Q\'Q‘ ‘H’\dQ'x‘ : ) : -

‘ —"T . _ |Stepg: 041 vV | Recuwsive Calf

' 0O |

!Cd\\l | {:s | oo =g N

| | |Step e 1223 | Lindex=t)
) | L e—
[ ; ’bt—QPa '\ ‘ Vv L '\‘f'(ll‘\f.;\a(‘ k|‘”

f -— | \

| [ |

§ callll & ] 2 0 iStQpﬁ‘.MS 90 t (indext =2)

, .

;‘" Stepl: nc3 v : .
| | call 3 ) S Returyn &
. j | Step e 23:3q

Retuyn to I E x v _ R “ |
\ Call a | . Recjeves 2| Return 2
Return to \ _ | . l R X
_Sql\__‘_ "% i { Recieves & ‘ \h,et(,“.n 2
Explanation
[ Catlt 4 (index =0
J check tindex 2172 50721->NO.
.l ‘ Cﬁm?mse Al0)] =12 with 33 — Not ecluq\.
] Action: Malce yecursive call with index =1
The function starts at inded 6 and compaves va with |

3 9% Since ’c\nelj aye vnot eoLuq\ it maltes a vecussive call with

‘ findex A

H

, &? Call 8% Cindex =1)

' checl: index 2195 4723 5 NO
%Compqxe‘ ALl =us with a3 5 Not ecluq\‘

‘: ‘0 & [} S )
;.PtCh N Malce vecussive call with indeoxy -1,

The fun chon checles index 2 and compares 23 with

| 4B7 Since they avenot equal it maltes a vecu¥sive Call
‘with inde 21

i i

.%CC\L'E)—C!Y\dQ:i = Q)

' Check:indexz399273 5 Ng

E !COMPQ"Q A[2]= 23 with a3 — E—C,'qu\.

B <7 i




1, ’Ek\‘é nﬁon\‘ {ound

| Rewt Rotusn 2. [ind ox |
The Hdunclion Checks index 2 and LOmPoBQS Q3 with 2 :

' Since -{hmd Qv e mlua\ the clement is found and [ndo x 51

is »oturned.

Retuy Mncl Baclc ®

Call 2 vecoives the Value & fvom call 3 and setushs
2 to the Previous calt.

Call

Eal] 1

anNswe -

Resuit Elemont found at index 2

So\ved gxcmnp\e a‘.[ELEME\\\T NO

| Teceives g — Tetarns &

Yeceives the value 2 and ¥Yetuyn § as the {inql

- Successful Search,

T FOuND]
AT’(G N
(d A %l@l lO) 30)q0) go;&@,‘k&
LQtj - a5 (n=s5)
Ca . Step
U leve) | indey ary Lindex) eNQ ey ke o Action
4] call A @) le} 10 xanx Callindex = | “!
Caw y \ QO A0=*aF Call index =Q |
Call 3 2 30 30 +ay | call cndex,_-,,,j_,,;
Call y . 4o Yo= as Call index -y
, Call v 50 SO0 d R Call index =5
Stepa- 525
Call g4 +5 ] ' Retwrn -1

5)




T R GGE, SO

e e

E’LP\Q_"\_Qj(ion !

l Call 12 Cindex -0)

|

| Check incloy 2h 50> 9NO

iConr\pqv © Alo)}: 10 with Q5 - Not Eq_uq\
Recuvsive Call s indew =t
The function stayts at
it {s not as, ¢ moues to next
Q. Call @ Cindeox =)

index.

C\nQC\Q:\‘ndemzn_)@Z 125 -3yND-

Compare ALl)=20 with a5 wNot Equal.
Recussive call9 fndey =3.

"ﬂ\e ‘Punctfon Stavyts at inde x

inde2 0 and checles

Loy Si'nce

| and Compares Q0

with 25, S'nwe ‘t\-\etd avye hot QCLLqu y E mMoves Forvywar d -

3. Cq\__3: C'nd ey =0

Check: ing CLEZNo 25 5 SNO.

Compave Al2Y 236 woikh Q5 3 Not Fgual:

Recuwsive cally tndoy _—
| The funcBon Stayts at index
30 with 2as , Since -t\netj ave not qcluq\
Y. Call ut (indexz2)

checlkvindex zno 2325 NO.

Compare A[3]:=u4p with &5 - Nopt Equal

Recussive cally ndex = y.

uo with 25, Sinco H‘Qt\ aye hot €qual,

§

4 and Com?qTQS

1
]

y\t moves forward.

The function Staxts at indexy 3 and ComPQ'rQS

it moves foyward: |

& o
e etk
sy




e

5~CC\L5 Cfnd(,] - LQ\

| Check ~

index 2N 2 HF _yNO

- Com .
O PAYe ALWITE0 with 955 Not equal
;Recmsive Call > index =5

i
i
i
]

\

d:’\“\\’\ﬁ Eng of avr¥a

]
t
1
i

v

i
I e

1 with 28

\ 6 - qu_l__@: (l‘naelzg)

1 Calt A+ Cindex = 0)

The fanction Checks

tinde® L and Compare s e

1 Since t\‘Q‘;) aye not equal it moves forward

checl - ndeyg ZN0 o 5>

5 2 YES (Base Case)

13 'cecxc\qed-SD) RKetuyn -

The indeoy becomes 5 which {g equal to M,

] Us. So
vetuyn . )

S0\
| ved Emep\e 3;[BEST CASEQLEIRST POSLTtoMﬂ.

AYYQU A:%‘G,ll)31)HBgCn:

<
‘LE':) = \5.
Call \eve) | O S R ] T |
inded |[Arvylindex] €xecuted | Actton |
LAV RS
Call A O [R5 Step6tIssyg fetuwn O |
i

Explanation

Chect indetzn 50> 5 5 NO

compare Al0}=1p with s — Equal.
Return O [inden].

Result:® 15 s found at

index 080, %etuyn . [ Element
{ouna]h__

e bt s et bt




COm;\QDU‘Uj Analysis

Time Comp\qm‘ha " O(N) > Worst Casoe.

%SPQ(Q CDmP\QN"t\j "O(N) due to Tecursive Staclk.

Bost case- O (1) - fivst eloment match.

| A\!Qaaae Case: O(N/2)® oCn),
|

CO“"EQ"SS‘O“" Recuwssive \Is Ttevative

|
|

| ; pect | Ttewative Recursive
| Time O(N) OCN)
| Space 0 (1) OCn)
| Code LOOP Function calls-
Stack | No sisk- Stack Oueytlpw Tis\c. i

. BINARY SEARCH.

|
I

i :'I’ceaatwe method
i . — —

1

Blﬂcnlj Search wos ke onl.j on a Soxted arvay. First

it finds the middle element of the Arvay and Compaye s it

element - If both aye echq\, the element 15
‘rOund'I{l the ke«d

with the lteg

IS SMales than the middle qumth) the

Seavch Continueg in the left hal{ of the AxsaY. T £ ELhe k@j
¢ |

la¥gex s the seavch “Wntinees in tie ‘élaht halesthie

Piocess o d.\v'\c‘\'\r\ the Arvyay \n +w o
9 Y 'nko 0

A cexe of dlivi &
elemeont s found oy

Search .




@
carch 15 | ( h)(\ & )H@Uu_‘ < e

Tinw LUH\"\(‘ :H‘(t\ of "““”:}

yeduced <o hatF- Thic malie s

in each step the Scawch cpace i€
sch fox 107(}("

axs S ea

b:v\(‘\luj Search Much fastiew than ling

datacels: In the best case,when the element is found in the
fivst comparision, the time complexity is 0.
ijithm,suu%‘step:

f\\aoﬁ‘l\nm -foy E)‘manSoun»

Find Ta!ﬂek n Sosted avray -
1. Imt‘\qlibg ‘ou);o)h\'%\q:n_y

Q. wWhile 'ow(tkic\‘h
3 Caleulate miq :‘0w+(h{3h—\0w3/1'

WTIf Q'b?SCUj[ﬂ\\‘d}: = thaet) yeturn mMid.
5.else If ““’Q‘J[mid]vtaTaQt,SEt hqa\q:m'\d'l
6. else set loLy=mid 41.

. Tf loop end g setusn -1 (hot found),

PSEUDO CODE:"

int b\‘nmcjseoxch(\nt azzay( I An £, ink tqfﬂ e t)

Step |: Initialize bounds.
int bu):o,\n'uﬂ\n:h-\',
Stepiuwnile seasch space eists
while (low <:h"3h\-
Step 3 calculate mid
Mt mid = (pw+ (Hﬁh‘lom)[z y
Step u- Tavaet -found
¥ Carraymid):: tazjew
1efurnmid
Step 5 Search loft halp
! elee if (aan\j[‘m.’,;‘}?ta‘n]o'O

i RSPy
) I




l\IC\\n “mvd -1
SLE“’ b\ Seaxc \'\ "o\(\\h\ half

elge
low=mid 1]
T
Step?: Not €ound
pelbturn =l

g
| EXE\omqtion:

‘*T"‘g main function_call:

e Low=The very fivst wndex (o),

¢ Hi%\n:ﬂﬂe Vevy last index (n-0).

. kea =The numbey You aze Seqrchir‘\?) -fov-

;:&. The execubion steﬁs (The loﬁ.‘c):
| E\;mnd time, the funckon yuns it follows these 53‘0&‘03'.

| 'Stip It eheclt the base CQSQL“T‘ne exit Rule).
| T4 lmovh'\cah,lt means Seavch avea has vanished and
'the numbex {snt thexe.

Kesult: Retusn -1 (Not found).
- *Step d: Calcutlate the mid \lalue.

™mid: (\ow-i-\'\iﬂ\n)/l Cov) ‘ONT(\'\ijh*\owﬁfl'

3 Thyee possible Decisions:

TS /\[ma'd]<Le§j'.The middle numbey 1s small. The koj
mMmust be on "s\‘ﬂht.

Action: Recusse ;ahb ,,
| (New vongerhigh=mid +1)



|

1

| @ I{‘ {\[Th\'d] 7‘:93_—'}"-\9 middle numbex IS hijfﬂwp l(ocj ™Mu g |

be on lert.

Action Recuyse loft -

(Nom bQY\C‘]C rlow=myd - ‘3-

EuomE\oS | Recy ssive] -

Oov ted qwqm$§ 10,20, 20,40,50, BO)JOE

CY\::()
ko‘jz 50

Initial Kcmje tIndex 0 to 6.
Call Toee Visualization:
Cal ' To, 67
Mid- C’Otu-&—h‘\a\q)(p_ = (0+6)[2 = 6[2= 3.

Mfd: 3
af3]=1 yo.

Comfcwe wth \thj 50 - 50>Y40.
S0, the kej must be in .zn‘aht hat £ Now

%‘0)20) 30, Y40, So,go,vkoj
tow=zo i

Mid keLJ

afwmidl=al 3]
50 Yo -

/ ]
5 ’°|2—0,803

DiScand left
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