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Unit- 1

®crf:o. ;Y R, _
Data may be delmed as ~aw Fqc.t.s o #lqu'res 4

obSeWQho‘zs Obouio ghfs:cq(, Phenomenq CAAZA RIS

,,Shgﬁfa ‘:z_/f ’'s . method f;oi m’[@-rp-re't q{:hc ;Qfaa
1PCS ;

ave divided into thyee catec &’wé‘s

Data Types
§ 7

s
V‘@c’" ived Types Usev-defined Tipe
LA ’,783":;*, - - Sivuctuve.
~ Functions - uniens
Lpsinters L&nvmevation:

Absi--rqct TDat‘& %*ﬁgaﬁo'r)' 2 7 V__v

A U.SCXUI too ‘\3/‘._,-,- Swpec'f 'ng  the qu,caL pre pertic
o)c a datautypc Js called the Jbsf‘racf Oata f’jpes Se

| of integeri togethex with epevation of vnion, Tntersect

an. Sef dﬁc—vencc from a simple example o[ ADT T

may Aot even be possible to 'Mplemen(‘ a ﬁq'r{vcolq":
Y a oqrrb cola~ So/«(-wo'-rc Sc,stem.

2 [ A "RDT hqvc both (-hc set.of Value.s o{a Tve

¥ 5 and the set Fa b hat con ¢ o7
\t}ge o! ope ons {¢hat c ,oe'rL me
| on those valves. . [

Yhe impoxtant p‘ronCvp’e Fo-r the e{:mz‘:on cn"ﬂov

involves fwo operations |

: 'DGSC-r-pﬁorL_b/ the U_JQJ in which the CQm,oonenz‘ arec
N




www.studynotesnepal.com

| yelated to cach othev. . % o T
2. Statement of the ope—m{-r'on that can be )Oe-r/gj_ngﬁd
| the clements of the ROT. s e

w _Fov eq ,arvay Can be consideved as an ADT , ¢

—— 2.

| have the Jollow in opeyaﬁons: R - (S
')!,‘/0"/?5 . adeved list of elements. & =
2)| Ope'raﬁ'ons > : : 7
% ] ad Ipsertion:add the new element to an _c::vvaj.
; \ b) Deletion: delete an clement fFyom a_n-_g’rij.

¢) Tyaverse :access cach an d ever element a/o*wg

| dhe Rational number as an BDT s ,
b values 1 takes the ‘nteqer ‘' the form ol numevato
| and denominatoy.
-?)1i OPe—(a-}"'on& -
D RAddrtlen. add "_/'-Cq_Oz-_
: b) Sybtrachon .
| ) HU\“HP\I'CC\‘hpn:
&) Division:
\e) Exprrentiation :

ahonal num bes o n f-caje'w_

Dat can be ,ovjcm:;-))cd in mMany wojo; the Igy.‘cq] o

ma the matical model of fbo'rﬁculq'r ovjonijoﬁ'or) o/
FuC- Jhe selechog

i :

l Data structre !
i

E

data s known as Fthe data Stive
| o! o ,Qiaoﬁ'c,u’a" data meade! depends ypo 9 two éeq
3) Jhe Jata model should é@;jf"c‘) Cnou_gh in stroctvye
Kshow the actual velahoaships o& the odata in fhe s

.(_,L_')O"I,C) : .
b) Hhe Stuct e should. be simplest sofhat ons'can
|

1=
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| thern Koa an el/ech'vc data /gvocess:'nj when veguived.
Example - Arvay, stack, Queve, list, etc.
. Data Shvectvres a~e no—:mal\/] divided inte koo
;Ca*fegov:'es D Pyimihve

iy Non - Paimitive

Lj)cn"q Shucture!
|

! 3 A3 2 WA ZIREA, A
v]rp'n'm:'h've lchrfa Strve tu:(;] 77_“] Non - pw%@ﬁl‘ve Oata Shuctu
; il Lo | 275 ]
{Intggg lﬁlcg_i‘l E_‘QQdacteyl xR'"a}.sw“ 2 \{rsts| [F'/'/e\s,

= .+_l e

W nearlists  (Non-linea~ lis¥

i e
P T e
o (Stact] |Queoe| [Taee| |Grap)

Fi'g ' classifcahion of data Sthocture,

_ ) Pryimitive Data Shuctvre :
Jhese ave basi'c stuctures and ave divectly opevated up
| bfj the machine ins brochons Fov g /nfcage-r, Float, etc.
..74 Non- P'n’mfb've Data styvcture :

\!;’he;se QY€ moTe Sophis ticated data Shectres Jhese ave
devived &’Qm Lthe primitve data stvyvetuves. Jhe nen-pPYiMI'
\data Structuaes €m phasizec on \Sf‘rUc+u'7:'r>j of 97p o/
hemogCneous or hete vogencouvs data /tems. Fox eq: Arvay,
| Structure, lists, etc.
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Data Strvcture Ope’Yaﬁ'o(\@ ;

|

- 2 | — L
. Jhe data as:s_;jnod to ov~ SJata shuclure can be
ipdoceSSGd by fhewry o cevtain Ope#qﬁbnq-lnj_@_cgqt

l Hheve ave KOc_/-y- Ope‘fah'ons that come inte P‘Q\y when
@) | Tvavevsiags Oncc the data Stuctuie is yeady, weSe
hme s nNeed to access €ach and €vevy clement . I+ is

!wo«c‘én'nj on data shuctre.

‘\f)’YOCC‘"S.S o/ accessing gach ecovrd exactly opce so that
ot *Ce—(j:ain team s in the Yecoxd may bepvogag_seg/-

®! Sea-fchgfpj . Wheve we need to find the égcav’v'or;o{/he yec
|wi Hh a given key valve, ov Anding éhe lecation of all Yec
{which SQIL:;SFJ one oy movc conditions Ove knowaqn as

‘\3@07,05"0:_7-
@\ Insevtion : When we add new vecord o the stbuchure.

@ | Delehon : Ft 137 the pvocess of delete on ek:;shnj il Clel
| bhe Shucture.

- Rlgovithm

AN
_\
|
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}mPMf java. vtil . Scannecr,
_ ’closs NewRryayp
publ{c static void main (Stvin o’fjsﬂj)f
Scanney I'n = Nnew Scanner (S\tjsfem- .'n):
S\jéf‘(‘n’% out .Pﬁl'an ["fnl‘("r 61\36 af ovvgj ");
in b 0
N - ipinextIngl)
Int a £J > 0new intLn] !
Sj\g tem. out: pvintln (2" Enter fivst clement B
E _ alel= in nexbl'nt()'/
@;j,S'(‘em. out. priotln (" Enter last glement”) -
aln-1J=n.next () C.J
System.out: printin ("last elepentsss “+ o (n-11)
5\73 tem.ovt. print b ¥ ‘q'_%sf' element s vyalol) :
int m ey
Sjs+em ' out~/3-y/'n+)n ["héin(c‘—f Tndex of o-rrqj )
™M= in.nextInt ()

Sjsfem- ov it pv,‘nf’n [“(fﬂlLFY elpmen'/:'n “am~+ ‘Index
alm3 = in-nextInt() >

5‘3\5*6”’ avt: P"'”f‘ln (4 "Inde ¥ has " +alm] +"elemen
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| Rv~aa Reve~se
ll im Po—it-d'c_lv_g- vh'l- Scannev ;
| class Revevse?

‘, Pub_l_n»g,'s""oﬁ'c void mairn [Sh,‘nj g-,j;_‘[JJ

?

int 4, n

f-“tSCOnnP'r in@ = New ScaAnnNew ({SJQ*’(“M'}'ﬂ);
7 '_§é.]5+em. oUt-P—y;an (" Entevmelement 20 QN
n=in. nextInt();

! int alb Jzonew N WAk B

SJ~5 +em . out. P'ﬂ'th (" Entex all g_lemepj? 4%
‘FO’Y (’ e 5 oy Yy l.'t"f_) 4
? @ O

arlrlz= in-nextInd())

ot -(j”ﬁ",'f_qj after va‘*vs»'nj ; U
foo V=it N N Ay > AR s & s

> -

> * A

"N [ Tnsevhon:
il iMmpo~vt JQ\/O' vh'l. Scanmy
' public class Tnsevt ¥

‘. pub\ic stah'c void main (S+1:'nj 01175 L‘J‘)ly

l.nf n/ P.O‘SI L,

Seanncr in = new Scanncx (system:inl,
S:’S"'em Ouf- P‘fl'n*,h ("éni‘@'t‘ no- OF (a)g,npn{
N = o nextInd () ;

{
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. Frserh
, Int aCd=new int [rn+43]1 "
. Sys+em. out. P intln ( “Ente~ all elemeng ") o
For (int ¥=0 °, 1<D 5 J++)7 L.
aril= in: nextInt (), -
J >
5\‘754’(“0'\- Ouf-p"’"n”“ (" Enter pasition foinsexrt ")J'
pes=_in. nextInt (5
Sjs*h’"% Sats P'y,'nglln (" Entesr element You want ") :
¥ X = in. nextIn¥()] Lo
1%7 (int v = (n-1) SYofr s (pos—.z) i r'--) f
arivs) = a il -
3 A’
QEPOS-J:]—‘-):') y
3_5\57%" m. out: pw-‘nf’n & Aj_*.p7 "nSﬁh'nj i s
Fortmbalas '\ Sy ns gy T tr) °
Sjsme .out: pgl'n_‘{-_ln (atid+ “, ".);
bi ! el
-Sjas*}'fm. ouvt. P—ln_f’n (
=
J

Deletion’
' import Java:- vh'l- Scannev:
lﬁfgdut_)hb class Delete £
_ Pubh'c stahc Void main (Shfnj aag s EJ,);v -

int N, Pos/'

Scanner 'z New Scanney  ( System - i'n) ;
-75';7:§-}cm.0u+,o-1.'/1f1n [ "Enter Si3e o!d‘r'iaj o8 A
n= in.nextInt ().

7 int al):zncw /nt1 Ln3

’-
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| 4 " a” I@ f'nf' q) -/. L g
| S:’\Sv}—em. OUf' Pd,ﬂf’h ( (gﬂ'f(“"’" i ecLement

\ -Fc:'v(t'ni'f:'O:J n'<n;r'+—*)l’ D) oSN 50

alils in: f\extinf() ; =

e delefe
ovt pv»‘an["é'm‘P'r Pasi e ng e want Jo delere
Los = ‘n. nextInt () ¥
t"f '€¥ . S

J—F‘ovﬁint'f: (Pos-l) B A ',"\'f‘)(v N

aL’,‘J-:C\EH'I]/' P e B

J e 9
J —- - - —

| catch (Ex cep#m )Y
| S\ysh‘m- ouvt: P'Y,'nH N é
]

1‘. System:

vogyvox ")
Sysrem: outgrintle (A [ter Jeletng')
for (intuig'e Jixn=1., F )0
'~ : 6\\7§+Q@-0ut-an'n tln (o C

| 3

Jale 2) 5
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, Complex:"{y Rnalys /s
| Con?pufaﬁ'onal camplem'@ fndi cates how, much G’/X@‘H" s
necded fo apply an algovithm ox how costly [t is.
_ Nhen QL?o’”#m 1S developed 't must be onnbjcd, an
4o)\9mn’4hm 's cmal\tjjcd in terms of i'ts com,;lex;':b-_ﬂ isvey
| convenient to C'assff‘y Qljo—,,',q-,ms based on the velative
‘amount of Hme o7 ~elatve ameont of Space M@J Yeguivec
Land specify e grow th of +ime /space ve guidements a
o ‘RJnc‘h'on of the fﬂpuf‘ Siye.
Jhus we have Me nokon of ;

Y Time C‘om,o’ex:’fy: Rummg FHme of the L£reg~am Qso.,/unc
_OA/ Fhe S[))e of input.

.Sf)qce Compiex:“{j: RAmount of compute~ memo‘rj Yegusiy
,du"’"”j the pfoqram execuhon as a Jynchon %/I'n,oot Si'ze
Fo7r &xample : ﬁlgo-n‘/-hm:fp !:'nd !ac*o-n'a/ o/numbp., .

Fart

Stepd i Start W

‘ _S'/'ep 2 2 Inpuf ‘chf‘:_l and /=1

S cp 3 . TRy F<=n 507’05‘/‘@,99 else ge Yo Step g
S e O 1 HU_lh‘p\I] fFact with £
Stepé . Incvement / and 9° Yo Step 3.

L Feps - Yetvan the valve of fact,
S O

+ b Haot-1;

1 4 i o e 1 3 < n At r)

le e fact - facf g
vetvan fact
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R
l‘l F~om pthe above Factovial algawithm ; 7

5| Avst assigrment statement “exccutes 4 Gimes. 4

| Lloop €exgcutes Nl

35| Body inside loop

| Re vt state ments
_msPl _7‘_0"'0) Comp'g)u'fy 7

TCn) = 1+t 140+
& _o?n+3 - ' = |

Limes o ————
exegcutes N FMES . L =

exccvtes Y AMES: precTo S
01\907"*’7@ IS e —

jie. lineaw Hre : ¥ AN

i‘ q'mwi‘h of funchon -, 2
8

\
i) Big °oh (0) notahon: . : ,
| When we have on\lj GSJMg'b‘HC_ uppeY bound Hhe.
lwe uvuse O notaton. P ”Funch'o,) F(-nr):o(jC'x))

‘;J‘FF Fhe~e € xists Hd o AIpOSi'HV@ﬁC‘on;'}gn?@ c Qad %o

| Such. ithad- Foy ouhny'=%p. OX= Feud <z e *gem)
Jhne above yelotion sajs that 3('71_) IS Qn vppe ¥

 bound of FEN
C % ‘j(’n>

/
S

T #(m)

x = Xo e

e above Shows that Lo |l valve of
£ex) lie s below He fonch

£ Pln).

| Shé iU
l. X 7:)(0({,#4'7@ funation

3('5\). 807,73(‘%) s vppeT bound ©
| 1o
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n> an omega (L) notation
_ Biqg omega noetahon 'Ves . as mp’bh:_qﬂlcl&%?’?'
bound:- A /unch'on e ) = (3 () ) TFF Mheve ©xists
con Stants c and X, Such thgt for ai

+eoo Posi Hve
X3P 3. Xp D= c*gf’n) =t Fen).
=2
| —F W)

ST c ¥ j (,3(\

ki Foos Q2 (9em)

, Hhe Jiguve aQbove shows quxov all valves 01X7=v
 He /unchbn Fen) Jie s above H—)e/unch'onj('x.). Soj(-:
L is lower boond of f£(=).

1) B,j The ta (@) notatos ,
, When we need asymptrotically tight bovnd Men e
uselnotaken A Punchon £ix) - 9 (x) ) PPF Hhere exis#
Fhvyee ‘o_o_s,‘—h'yc Constants Ci1, € 2 and Xo Such Mat for alj
Ny=Xo 4 OC =y *gn) <= Fln) < ~c, ¥%39lxn)

,QZ *’('1,); r" )

— CI‘ &ﬂ( " \/

- I - —

L Fe» all valves of ny-ns , plot Shows cleaxly HFhat

F(n) lres ben < $9(n) and cz# gtnl.
n
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P~ ope~r bes of 8\'3 o notaton
H Transihvity 1 £(%) =0 (g(2) and.
g (m) =0 (h(n))
= £ <0 (h(M).

"5; Re Flexivity : £ (=) =0 (F(x))
| Exam ple !
let F(n)= n?+ 2n® 1, then F(r) Is O (n*)
_j Since , £(ndz n*+32n +1 Pov Nny=1. P
P(n)z= n?*+2n+ 1 <= Nty 2n?rn? =4n% .

e, Fen) is oCn®). N\

| P’To’ocw-h es of Big L2 no+—nhor)
1) T""GhSl'h\rl'f“\—! F(%)‘ Q(f}("‘)) and
() = Lh () 4
B () B < (h(m)) fog

2 Reflexivity 1 Flodz €2 (F(n)) e o
Example ' o
| fet BCYSALY 204 1, then £n) is @ (%)
7-=)-S|‘nce y p(n) -'n’l-)— 2n+1, foriays 1.
FloY=ne ¥ 2nt 1)%® n1 B e o
i-e. F(n)\'s .Q_(n")

; —

P’Yopc"rﬁes of 5*‘3 8 notation :
1) Trvansihwhy . F(nd= 6 (j(‘x))andj('n) © €h(m)) =) ftm)=6 (K
2)| RePlex:va ; F(-n)” © (f(n)),
3) Symmetyy ! () -s(j('x)) REs 3(0\) & (f(m).

| Example ..

let F(n) = 3n? +‘1r)+?
3»(‘/7):/"Z the prove Mat £Cn)= & (j(‘n))
) ¥
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| Pyoaf: (et vs choose Cjy,emidCq ond no valves 14,71«
\ | 4 vespectively then we can write, .
F(n) < =Cy ¥9gln), N> no as In?2+49n+7 14 #n® ane
F(n) D= Ce »3(n), Ny nNe asS, 3n2 +4n+3 >, .1.:-\«'72
fo~ all n2/1 (in both <ases)
Cz2 #g(n) & FCn) Sc1x 9Cn) rs ¢rivial.
Hence, £(nd:= © (50’)),

Some commonly used funations Tn o'go'n'#wm,; _cgmplexﬂj
[Reuy = of 1) Constant

L) = cx Ioj'z_ JOJQm‘;Uvmfc

F(n) = ¢ 4 = Iinea~

Am)y = c = ')z_loj-l lineq~ i Fhmic A
Fln) = C » %2 g vadwratic
Fla) = € % x3 cobic

£ | FPlad = € w %k polypomial ink
. F(n)= cx KXW | exponcnhal ink.
 Ovdevr of Grtewth
(0(1) < C HlogtI< & % x < C#x ’O\?'l,(cg %% ¢ xndccr
Q(k>3) K P*hXicy > 1Pvaloeof k. ohebid 33 Vo lieatng
O7d e,

£

A ljgm‘;‘-hm validateon -

. | Once <n O'gom'#hm has been devised 1t become

_ N€cessawvy to Show Fthat i't works in compuiter correct

o all Po;s.‘b/e,[egql npvt . One woj IS 7o c ode ;ate
.C_lepyi'e"r p"fogrrclm, HowR Ve 5 convevl-i,-,J qn Q(j?‘i’ﬁq

_*_*i"o C‘-"”’PU?"C") p’rajﬂrom IS a Hme ConSUm,'zzj pProcess

2
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i+ is essenhia) 1o be ‘Y(“aSona.blj Suvac abouvt }
Q{jov;’kh‘m be!o"re jt is coded. Th
's called "validation

| Hence
e Aech'veness o&/ Hhe
| Fdace‘ss, at e oalgerithm level,
i

1

'\ﬂl ol then :

]. AN oljo—n'*hm ‘s o Jinvte ‘set o
.l'nl nirte hime  jo pdoblem SO‘VJ'nj oY Pp_,/(nvm,-nj
| Compulah'on: To Yepresent an algovithm «¢ vse psevdo
|ced ¢ Hhat can e p'f&sc*nf an 01.9"‘7"_{‘}11” o clean

manne~ like i'n Fnj/,'s/; /ijque an d qVes et the
;o'mFJE’meni-nﬁ'On view @s  Hmonibs P:ro:?:rarnm.'nj lanjuaj¢

I'ﬁS Pruc hions execut

-3 P'fope'vh'es o/ an Rlgevyithm
< )| Input/ovtput = RN Aolgoz,lf,._/’ﬁ has inpvt ov set of Pt
i‘ |values ~om the Set. that ha s Possib/(‘.‘ jn put valve s
Lo cach setho /_'r_a_,ow‘s an aljom‘}hm /o—yod(zcr-g the
soluh'en @Z Hhe Pﬁwob’em Jhat ave I'n the set % o uhpu

? |valves .

xz); Deb/:,'m_'fe,ne.ss : Lach arep must be clea> and @namb

D &Y
B Cowectness ;

An Qljo'n’y-,_,,, produced ouvtput must
eovye ct lo’v ceach set oz input valves .

)| Finitenes s & Jhe alsom'}hm s - teyminate a/fe»l{,‘n
| @moun t O‘/ hme A/o'-r‘ S Po;s:‘b/e set 04/ input_vall

|

hme .

55 gé{ecﬁvcne.ss Fach Step mws + be ©xeccotablein l/,'m‘

'Y
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P | Complexity Analysis case .
1 «| Best casc Complexaty qgives lower bouond on e vyunnin

[ | l'ﬁ‘me o Fhe aljo»,,'}-hm /o-v onj |nstance o/ inputls): T
W | indicates phat e algorithm can never have lower vunn,
h'™Me Fhan best case /c)w pq'rh'culav class o/ roblem:

|
o Novst case Complexity gives vpper bound on the vuonnin
 Hme og 'mc_g!jov:'{hm Zo—r all Me instances oji/%e mpum&

| This 'nsurxes Hhat no "ﬂpvt can oOvVer come C’YU"'”,"”j

1. 5
. | Hime I;rp.'f_‘go_.sc’cj by twovst cosSc coryplgx:';‘j 1

=1 . N o4 9 L

L | - Avevage case complexi+ \9"ves av;emj@ number o/ Stv,
1 L a1 (Nstance o AN Py (ST .

- : — — &

-1 g

L1 * .ﬁmngr}ed Complexrt

- - Heve, the time Yequived fo peﬁ;{ovm 2 SCgence o{(’relcri-e
ERS - .QPE?’YQ"".O/IS I's QY’G"VQ\?id over all the operahens pevformed-

’[ ) |ﬁmovﬁ39d an‘a\lysn‘_s can be vsed %o Show Fhat e averag e
1 4 4 ;Coéi' o/an_op_e_-rohbn s small , 1F one ave 'Yojes aver a

2 |Segvencd of Opcyathons, even thogha sSimple operationm

be ©x pensive - AmorHred analys:'s vy n tees *he avera
| (&% OR/NS) 3 J § )

4 p_g'z,z@vmanoc o/ each operahan /n the wWorst case.
|

-+ ———

® Com plex .’+j classes:

| Class P (Poldh amial)
| dhe class o) decision problems that have po'&ﬁommb

determinishc algoxithm.
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« | Class NP: [Ncm—dg*ke-rmfn ish'e Polunom:’ql)
iﬂi’\e class og decision p’ioblems that ave Seolvable /h/oo@nc
;mp'a/_§ Hme on a non-determinish'c oiyom}hms.

e| NP-Havd class
'R p_mblem i’'s NP-havd if an ole""iH)m /0‘7 solving I'F can b

| translated into onc lov SOIv;'nj any NP-pvoblem .

!

__*I NP - complete : - N
| In g}ompu‘/‘aﬁ'onal com ple x:'fj }heovj, o SJ@_C iSion ,o'job/em

i's NP- complete whea i+ i's both in NPang NP- havd .




Unit-3
Stacks and @ueves

 Stack

- A stack /s an ovdeved collection o/ ,/tems 1in which new
Citem's ate inserted and Sterms ave deleted at
one end, called the Zop o/ the stack (ros).

! & < Top of Stack

Yorm which

. Fig i Stack containing girack r'temns

. A qood ~eal- I;Zc example oé/ a Statk s Hhe P,’/e a!dl'nnm

plates that Jou Cncovn ter (ohen yo4 cat at e oaA/et‘e'n'a.

Hhen you vemove o Pla‘)'c vom Me P'k" you fake Hhe
o iplate o the top o) prle. But phis s exacly e plate
Hhat was added ,g;'pse:rfed) most ’7@c¢°n{'/‘(] o the p;'/@bj
 the dishwashew iQIH‘“‘ want te plate at the bolfem:
Fhe P:'/@, oy must Yemove all Fhe plates on fo,oa/jfeffo‘
B N N :
In stack, bhe elements ave Yemoved 037

’'n Jhe InYEn

B 2 79%'3;3_?__ thery arvival e, the last inseated elemeat ;s
g : .”’f !f’fst‘ of all, so it hay |asé jn Jfivst ouvt (¢LTFe)
:’5? ie”

- b 1] - PepCor errive)
T f@’rim,'-ly'v*e_gp_;j)?}mn.onx5+qclr /"‘@ oy
) __topal® R en| topsl g
L. e & | 5 €

% e o _— G
] iE; e :

Fig ! Representat’on of Push <f Pop PSTahbn an s¥a

2

_
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5 Push(S,%): Adds the item % fo the top of Stack

")\;“-:7p,op(;)?: Removes the top element and aetuvs vl as fhei
NNy . Junchonis Nalves . 1‘
| Nl stack contains a Sl./zj}e ytem and the S7act is
 pepped, the vesuiting back contains o /tems called the
| Empjfi Stack. Hhe ~esvlt cg an fllejc,/ attempt to Pop

*g-r‘qgcessi' an rtem &dom <N empij Stack ;s Ca”ed S+°C,(T

Unde'r/loa); ' f AN

u;) é'rnpf'd (s) I/ the stack /s Gmpi:jl Gmgﬁ 8) vyetvvns

the valve TRUE v Othevwise FALSE . |

/
| : X
' Jhe Stack as an ADT 7
An RDT is & scet of valyes,woell deg»“npd set of

V,o-fope-r'h‘cs oé e vdlvesﬁnd_ se+t o/ OPP‘VO'h'onJ néeded!@y

 Hhe 'ofroces\sfnj of these valves - A stack Con be €xpressed
~_las an RDT as: Y -

D Valves . OYder list o/ jtems .
2) Properthies : 2070 &+ modc items, items ave added and

e | 7 'dglef'ed A?omo Hhe one end called the {-op?/\g,«qck,;
~3) operakions |

__u)_pe:fc'rm-‘ne the SYack. IS empb‘o-r not .
i Qc_’fe:rm;'nc’ the Stack I's /ul) or not.
e _1_115-711 the stack s not empty then ~etrive the /tem atits ¢op.
. l_Q :[1 Hhe stack is no-/-!ul) Fhen insevt a new jterm altone

__end 0.0/_”’@ Stack colled top. . : 3

i

12
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 Stack Implementation
. | Stack can be implemented in hoo wWays .

N Stah'c Implemen+a+1‘on (Rvvay rmple mehﬁﬁ'of’) P I¥ uses
avvays to caeale Stack . Stahic ;'mp}em@n+ah'on Fhovgh a ver
Simp‘c’ +echn,'7uc bot is not a Jlexible (sa oA/ cveahon, as be
5.‘3@ cg SHtack has to be declared du’ﬂnj Lregram JesSi'9n,
_ /+ev tat e Size cannot vavied. Movcove?, Static imple-
mentahen s not ko egdbc;‘rm‘" CWerret memoﬁjuh'):'}qh'on

,7): Dynami'c implementation (linked list vepreseniation)

w Deél'n;'nj class Kov Stack
' class Stek
¢

fnal int MRXSIZE = 20

ubl'c int item 3 5 0€w int [MAXSIZE]
public int top.,.
Publ;c - stek ()

P i
top's-1
¥

PR A

o{g (reda¥ing Emphy Stack .
' Dhe valve o/ top=-1, indicates the empiy Stack .

Vord empt, - Stack()

t

s B i, £ 8

13
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¢ | Stack Unde“rglocu . Jhis I's He  giptvaten when the Stack
' contains po element: At Hus point the top op/ &Nt
| pwesent at the bottom o/ the stack. Tn av7ay Imple-
| mentah'on o} Stack +top = -1, jndrcates }fhe emp/j S tack.
| he /gl}ow.'nj mg¢ thod - wetvrns 1 7/ }the Shack is
! Cﬁr')pf-j__/ o Vq}he'rw;ise e

T
gi_‘_i'ye',UWr) +OP = -1 2

J

.| Stact Rl o OV(-"zr//ouJ', A
| Dhis is e sS'tvahon when thesr stack becomes/u//
land no move element cqgn.be added Jndo F+he stacs .
| A+ Hhis point e stack Hop /s pvesent at the At
_}‘,1'9}'@; £ lecation (MRAX STZE - 1) a/ the Stack
| o= She o;louafn_j_ﬁ_ve}-hod TeteTn 1, ;;/ Mhe sHtack s
.Zyi’.,,. oHherw. sc O,
| _égoie_an TsFoll ()

¥
| €

R - -

* Yedrn top = MRYXSIZE a1

o i

W, e | j

F— %

o | Implementing the push opevah'on;_ir"‘f’s“’””””""‘325{333'3”‘

F\Bo‘zfgw_m /d'?' push a,oe'rah'on - Y;‘:l-op trfopoFSf‘ock.
| Stepa NEldop - MASIZE . 3 hen ([t SHRMINE ROV
‘.Sff’f’ 2 - Paint the message stack oveyflow F exit.
| Skepd cclse
| Stepq ! L¥ncvement top by 1] e Setjop s topta;
|Step 6 ° [_}’nScrt}’ jtem innew fop ) Set Staqod ('fop) & item

9.1




) e Method foor Push oPe—fah'on:
We can de/:"ne the push me thod as:

Pubh‘c void Push (int element)

v _
i tstopte)f (1S VISFu()) T Setop ¥

5. item [S- topl = element
3

else 1 2
Sj\s-hom-ou{ ‘ /_y-r/n{lr; (" Stack overflowt)

J
$oy :

Q,Tmplemen'ﬁ'nj Pre peop oPF’VG'Hon.

Vﬂ\jom'{‘h Xo’v pPoP (’/’)Gf"ﬂh'on 4

IStepd 11 fop = - I ¥0TN
S+€P R 4 Pxwnt Phe VmGS,Sqﬁ e stack Unde"r!o"u_) ??e,n'z‘
L SiCP 2 rretoeig S—’fﬁ-e—‘@-[—éerg‘g extyact item From top
s+e()‘1 - Dedvement top by 1 e Top = top 21 5

Tl He‘{"?oé: fo pop opeFation
""‘P"bh‘c Vo d pop O2int Qfertq
o
if (stop-==1)1
S'j,$+€m cout: ’0 ‘rl'nf’n {"S+Q5k‘ und(""r[(/an ") j
‘ 3
| else 5 int e_lgmeni‘: S-itemLS- top)d %
&Mb.fcf) --3
topa=ry S eto?nelamenty

; Sjstem .qout-p'r,'nt/n G Poped elemen is= " +elemraf);

a E
| J 23 :
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.i Jhe I’?é"," , Pvefiy, Postfix Notation:
Application of Stack
y To P“—ef‘i‘}"'?""f chavacters / s_'}n'rvj tn Ieverse arder

2) Checg _Fhe Pavpn%es,'3 /' Hhe P‘\’/JYPS;S)'OI)_
3) Jo evaglvate jfhe avithmeha Cxpicssions Suchas "’?/:"(‘

;7 P—rggn'x and 'oosz)'X-

{ A~¥ithmehc expression

; | BAn expression is defined as @ Number 6/ opevants o
‘data itemis comb’ned u\sfnj seveval ogpevators. Uheve

aTe bn\Sf'COUU Hhree '{-,]pe.s o/ notatons go'r an (O‘rpvﬁssa'onv

0 ‘I"Av"’( nataton o S

2) Pre/ix notation
3) quﬁé/:'x Nno#aron

» Ingix notaton : .
| I+ I3 most commaen notah'on /N LJJhI.(“;) e Ope'vq)vjr rs
.gQ7FﬁPn oﬁ‘Phaqu kg-bPﬂOﬁW7/h€ oo qP€70nd5.
| For example:, Jhe expvession fo add koo Nnumbers A
| and B is waitten in Infrx potahion ag,

Opeﬁand} -\

| - -

L S\ ) A+ B :
! I.Opevqﬂav

AT Phis example , the opeTatey is placed In- betwoec

e opevands A and 8. Ihe Teason wh y fhis notahon g
- called ',',Q/"'X'
2 Pﬂe!l'x Ng'f'a‘b'on .
T+ /s alse called plish netdhian, nNamed aftex in s

 honer 0! Fhe mathe mahcran Jan lvla siewicz, 7?9

R P




fo the notahkon in tohich Jhe oloe-raf—o-:r /s p/ac‘fd bcjc»ve
 the opevands as +RB. e
| ARs Hte oPeva"/'o'r ‘+! rs placed be/ove e ope Fonds A
and B, Mis potation s called /o—nojrx.

2) Posf!;‘& Notation:
se > AbA Tn Yhe Ioo.s#[fv notakion the opevator ave wiyitten altex
the epexratosr apevands, se it 1's called Fhe ,oosf/fx notation
|!+ ,;‘5770150 known oS -Su/!r'x notahon owr Tevevs e ,OGI:LS‘)
!nofaﬁ'on. Jhe grven f’n/rx nofakon can be we presented in

iposfl{:'x retation as R 4+ .

| Opetator Paecedence

T < - —

gpeFator - _?S)‘mecl Pascedence |

| € xpopential $ J | Hf'jbesr‘ ?
__|Muthplication /Divisien | * / Next hgb&sf ‘
_ |Addrtion /subshackeny e | lwest |

o Conyersion af InFry Cxpression /‘opasfF?'x exypressi’on
i ﬂ)jo’-u‘['h_mf

L wATten A /oa\sf/:'x notaton and fos /s top of Stack Q/
| Spstack . -

T >
\Stepl : Scan one chawacter at a time OX -Qn r'n/;'x € xPTESS ion
|  Fom leFt+o vight.

gSl‘ep? : Opstack = an empty Stack ~
Step 3 : Re peat ill theve is data in infix expression

5 | 3.1 IF Scanned chavacter is 'c ! then pPush it o opstace

S| 32 'f Scanncd chavacter s opevand then push 14 4 P.

3% jf Scanned chavacter is of)e—ra‘i‘o‘: ten

22




while (p-fc’ccdencc (tos char>, precedence (Scan Chov))
pep and pesh it into P

" O therwi'se,
E push Scanned chavacter into opstack.

3-4% iF Scanneyg chavactke> is )’ then pPop and push
| & y P qn.},-l 'C' s Nnot Xound and {'jna-r@ Lotk .
IStep4 ! Pep and push into P until opstack wsnak e p3

Step 9 = Stop a3

| TYace of Conversion ﬂl\c/o-v»il‘hm A
| Example + Convert e Zo)).w,'nj -:_'n/.'x © X pression nto posir
Cxpression, 7
BN rce D fEda T od oo

ISNd  Symbol scan -If opstack | P( posthx expressios
- | s A,R - 3 i A
2% X s N e URLGA
3. B < - . AB
sl \ -/ | A8
. ae ; > N W g | AB
6“3‘ X C | il /( | ABC
3 ?*__ * eV | ABC
83| 7 D it [ #* 4 ABCD
9 | $ -/(* $ .| ABCD
Y T ~ /(% | nBcDE
i1 Sl | ~/C#» ! ABcDE Y .
12. & | ~4C | ABcOD E$*
' 13 =y RBcoE *
; Y b - R8coE 3 +/
1 1h | ABcoE $*/-

<. Ohe Fina) posth'x @xpression is RBcDE $*/-

| L ”
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Example : Convext the l("”“‘””j m/"" expression ,'n-lopasfg/'y
BERAL L o - i v

Sol™ ((A- (Brc)) xD ) F(€+F)

C.A Symbol Scan opstack ‘ ,P(’?oﬁtﬁ.xefﬁ’f_'z).
2- ( TR { e
3. A s 0C S
e - ¥ A
I 5. ( T N bl
I e 2} e g Bk ]
Tl % e Blplor . | AB
_ ((=(+- ) ABC
Fa ] ) Faplle(, ARES
| 1 | ) ! (4 | ABLt
= " | .(" A "‘:,CT"
L N (o | A BEE - D
o T N,
. 5 $ BCt=DH
4 1 ( $( AR ct—=D ¥
' 1 % P [hRBEE- Uy
12 | 3 $ (4 AR cy—1) # ¢
= £ P4 ABCt-0 #EES
M) ) ! ‘.\ RB ce-( » EEF
w } RQee~DwEREY
} a1 | ‘ : e R ARG s£Fy §
The 1)) ‘ + C=QEF
!




\

@ (ArB) * {c-D) 1 4

| SN Symbol scan \1 opstack 1 P (Postfix ©x pyession)
P - e (¢ |
12 A : ( |~vf8
3 * (+ A
| = o - | (+ L
| 8- i) ‘1 - R8+
| €1 - ' ¥ | RBEN
|3t ¢ . A8
| T £ eile « PNAS
9. — ¥ (= . R8T C
| zo-| D * (- AB+CD
13- ) w4 | AB+CD-
12- | ~ ' AB+cD - *
i sepilne fnal . pqs-LFa'x expic ssion IS AR+ ch -~ *
g., (fA+8) #c - D-€)) $ 0epa) ~ 4 AR =
|Sd L Symbol Séan | opstack | __P(Posthix expressi
s A\ ( :
2L \\A b¢ _
_t 2* # A (( | A
P | ((+ | 'R
7 LY 8 | e L
N ) ( - | mBt
ca * ( » . RB+
3 | C ( » . AB+C
3' oy e (- iRB'rC* s
10| ( ol | PBYcx
a1 | D €6 | AB¥C *¥D
12- = (-C- . RB t+c D




\

! 13 £ ; (-C- 1 AB+ c ¥DE |
| lq-i ) S | RB tcrpE- ‘
5. | ) l RB+C ¥DE-~ |
3 14| $ e d $ | parcwnE=- |
! 13- ( ‘ $( | AB+c ¥ DE-- ‘
12| F $C  ABtc ¥DE-- F |
: 19'i o e l' $(+ ;HB-rc-roF—-F ‘
» .| G $C+ |AB +c ¥ DE--F4 ‘¥
I 23.| = S $ | AB+C ¥ DE--F4*+ v
: = A | | PB+c ¥ DE--FG+E |

—

2 - L f:‘nal posthix expyession is AB+c¥DE--Fg+$

‘E_v_a‘liq.“hfnj Qa pestzu'x expression:
; 7__’__-_6139—1.'}hm Zo'r c-’va)uofv'nj 'Po*\stf"'.x eypression.
— B NRIS an cxprvessionMggWiEo )'n Fo-sf!f’( exprEssion
D Stack = cmpty Stack(
2) Scan P Jwom ’%f___@_v::?h* and vepcat Step 3. and 5:/07 Cac
*_,_‘%;S\ljmbql n P. vnh! end og G‘/\'/)'iﬁs&/'on :
__3) 1) an opevand ’'s Sncoun teved, push it S LT
"7 I[ an,_ OFC"!G‘}O" ® s encountered éher)/
Q) OPe'fond 2 Pop (s+ack)
__b) Opevand 1 Pop (stack)
<) Nalve:= opetandi @ opevand 2.
_ d) Push valve oo Stack.
5) Return the ~alue at  top cz/ the Stack .

&) Exit.

[Note @z, -, ¥, /,fJ

27




lvacmﬂ oz o\ oy Hhm . B |
P ER1Fak= 392/-**953* L

v a\ue S+ac

?N; L\Q\oo\ soog Oggw‘ondi OEe"rand? L Srac
13-4 6o , L i oo A oy L e
- 2. 2 7 | ek e 1 ‘6‘24
3 3 |l YRR e - o SRR | €23
4 . 3 1 ), e - A5 ' 65
5. | - “' T @ ha R
| o 28 . AE 113
* 8 \ lf; o ;}39
g- 2 L ;1382
4 9. | / B T [o 414239
—_ P | & G Y M Rtz g
|33 X - Ny I s ey F l:}
j12.| 2 | g2~ ot k7 2
i 13- $ 3 sl 2o gud | 34
: At | Ltas , yg. 3
Lok » - e R o 63 \ 1 SR

_Q ‘g\/cﬂua'}e e gollow-”j pas-f!.x Sxpncosiond K

)Hgf-c-amq-c;;- 1 324 F~2IN

2) RBc * ¥ cgR - T ¥
=4 e
wher ﬂ=l/3: 2 7 CiER

39




p | AGEEaZ4dRIS. G e

E M :

mbol scan | opevand 1 |opevand 2| val
e o |

1 fes o = T G A en

A\ si[rad sie _.,%»\. RTINS 25 A B S “SHe o bad ¢ ¢ L9
R G - otA IS Dersall ik o 2104t %e ¢ |58
e O T = i | e i Ly A P 7

i ez ooy

D
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o o A ol Ry T g2
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Conwcms:on From In}:x fo P-veav

Rlgavrithm -

Stepi

- Scglone ch a-mo'i-e'r at a ¥me _{'rgm ~ight to le/t.
T o

Step 2 . Repeat ynh) theve is data .

a) I} t)| Puvsh ynhb op~5+qcé

~

b) I&Ope’fond posh ¥k pPrestact

c) I opemter -] Stack )5 Empty pmi,fmﬁ‘oﬂn}od

&lge

e O
..vepeq (- wh:le (p-reac ( tos chan) >wa«m o’:ﬂw)_)
Bk and posh b prestqct. o J =B ‘

-Pop and push foﬁ‘fﬁsf‘aci ‘L /3 8

= =

= PD&}’ Sconchav o Op%

&y o E g found Pop andﬂgoahjnpﬂesSf'ac(' vnt) ke

rmatching £91 ate w& 1 9nove (cancel) both.

[ Step 3.1 Pop and posh h%ﬁjﬁck onb'l sYack s empy .

Sﬁ‘p % Pop and disp :

e

f mpqcsheé uni) s+aclms c-rnp%v}L

Y

‘Ififacfn 9 o/ a \qo‘qg s =L
 Exam i ,D CB/C)) ¥ (D x ¢) - F’)
L3 So\ pe : :
: SNe. "{%ﬁ'n Symbel | Prefiystack | . opstac k.
RN O\l ) ¥
_;ﬁgp_,‘_ ol h )
=L oA ETREL W = i B
B WRS- 4 ) Rk F =)
oo L0 £ FE B i
7 6 ox B ) =)
7 D FE D ))&
. gt e (. FED % A= 3
e el . A S < 2 Rl

2%



10 * T e P N : 31 &
c}... 5!‘)-! - F'R@Q*ﬁ-\ .,;. < AN ») '.\. V :':[
P e e ek e B3 b e

13 ¢~ HEBEDw B *)) 1
TS e A+ R FEQRF ST +H *_)")‘«/ g, =1
e g L FEO N -9 ; x—))/ T A
o = | papwregyss Voo :

L
2
%

¥

G0 meB o ] e) s T &
SEED macBhn - _".—.1._‘4,'.”\,:}@ > 4

FED x=cB/R-" ~ | »
20. FED * -cB/R- »_
‘.'A,,_i'l gh& ,ma}xWﬁq@ﬁsﬁion - A s

wWAYSRGaR /£ o / —
CHGrE/E = & s
"("l G‘PF/F/D . 7* i

12‘: o B L ,»\..')‘\. f“n%,* F/ﬂo + : 'A"»—i* 4 ‘: ¢
B8 . ARAgamgrrigbie Dl St
3 i1y * I HMQGQ+F/&hrc -x £x

8.1 LB T % TnBNGFREID+ R ey 0 kY
DX IS e i ah o' Py ? > )
{ ' !‘ \




1¢- $ - | HgrF/E/DY¥CB - -%$

17 A = HatF)E/D¥cBA - +$ ;
BLCE b | HMGYF/E/DYCBRS | T 4

o 19 |~ | HGHE/E/DYCBAS % F o
_:j‘?o R H<31-F/£/t)+c3n§j— ‘

'Jhe 1mal €9g exp-fe.s.s.on s = #¢ﬂ8c1-0/£/£ T‘;H

CO’)V?'&S:on

Q- Tﬂaoe ~atlyah'os odqov»fbm krr the qwen ;3,_-"'

(Cn-re‘)*c/o *6’)4— ig_

_“ﬂfg;_;* o \|zsuge pe0ey kd= R
327 £\ s\(34gegf0es i) wlE

I 0 B, 1 GF$EDc/B +) -8

s oYk B | GF $£p</8 - %) T
gg. | -~ "R - | GF3EpesBA )= A F

16 RT3 " GF $EDC/BAT TN
i3] SR [CGRISE0c/BA +¥ - |
Lo 38 ke a5 uNGEEEDRNBAT » - Tol® | SR

Hhe /"nal Sx P Yessi'on 'i ¥+ - .\;...ne/col-'u‘t?a,
¥




] E'Valva'hm of Pre i
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exp’rcacaon . f as ot
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Repeat :

21.IF char is opeswand &_d*b p"&g‘hﬂf—‘k

o~

'72 ITFchar ope"(%’-o-r i 3

0.8.1: Opevand 1 = pop prestack

D) Reo.d _péfix capression }‘vom 7.51,[- fo I%funfﬂ Hnew s data.

P 2.2 ‘opetand 2= pep prestact

" 2.2.3 ; 4esvolt #valve O/kv 0pph,mq ope-y

Ope-rond 2.

omdi{

X 2.2.4: Push the 7esult into gg@%\wf
3) Pop. prestack 3_& 70qw‘«ml:l valve.

€xamg)e . Tvace evdoa‘hon alqo-nl‘-)m

oo
g

- l-he iven pve 2, Caxpnryess:
Ihe given jprefin cxpy

t- %+ AB/cDE$ Fq whe'rP

ﬁ.t 3 2, =3, 0=2,

250
e w2 - ) A
136,14 -° -
1¢,1,2
i 16,1,2.3
3 2 857 816,495
3 R 416,111'52”
ax I 8,198 2.1
1 2 3 e, I, 53
3 1.5 Y5 |16,1,95
T e TR 3:5 |16, 3.5
S 1é - B 5O
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vnt- M

Recl.mrs:cn

'Del'nlﬂj_ o./uncz'von /rnelhods /N terms %/ :{se/ /s called
‘Wcuv\s)on Nefc_al\a‘, m e Hhod that calls )fse_lb/ 'S Q YyecLrs)
- me thod .

Recurvence s dc—rwcd /—rom latin,
7e = ba ck + covvence =ftoYun o7 happen again ,

foch Yecorsve call has its own d:sﬁnc{- set o/ pavam

‘c+e~15 ana local variabls. R Yecuvsive callfs @ sepatate

en'hrj on Mhe €xecuhon s%qcé i § N VERT
W Earer g Jhe ~ecu7sion _)oqoc ess has foq a'1+3>'° 5
| ~
o Loaf al 3 A $£74 N .
D) Dhc’ Basc case: Qi

| In ovder go-v 'recu'ls.an ‘PO w&t CO”'"QGF’J, eve'rj
YecuTsive method ™Must have a basis case .

=) Ohe basis casc s an, i_ﬁuf’!o’7 which Hha Method does
net mate a vecing_s_g_o_c_a” + Ohe basis case prevents

;'(Zl'm"t‘c YCcvrsion i

2) Recu—isn/e case that wovkj fo /-he base case .
Hhe shuchwc o{ a Vecursive me thod Mmay be Jdescr be

|Q$ o N Ny Ry
|

MG’”) g Yec. meh ( lnt C0un'¢‘) i Q@cu’ns'VG n’>e/~hod 8

_¥ecC -~ f”@”" (count s e @gu?&f\f(‘“ call

T ) Tiiad
p— - =

;___1 . IO e T o P

I lefvorile: "
g l int power (-ni» quc , int exp)
[ T

#

|

|

if (el{p 22 ©) "t BQ&QHQ;‘S&
. 2



'te*u'fni BOVE S GD D
ileae, g ah o aosued S Vet ooflel\oeh
2 ek 7&*}7 n (b%c e powe T (baag, . xp-:)), - ;/hg}ﬁms-?zc call).
g OV b -:- P Risios 4Ty A PIOPOINBHA
-\'.A..\»‘;Dg_s_&gmmg: Sy Qe‘cwaft,e\Qrﬁb;»gy-gm ! s
= ¢ e v‘em, _YecuTsive call must eithex salve a paw

@ogl@‘m or Tedvce the 3:3@
Redveton pwst lead 4o o édlu'hm

S Steps io ... \

g

e Sn . =,

* F:-xsf defe'rmmc e base case.

* Dedermine the qenoffql ccusc'uz S a0 Gl il 4
rx v ﬁ,%bmﬂp M mo to. P}Q f‘he. Q\qomlvbm &
X% > NGE L o Ak o s .mgw’r
2 Coursion ok
5 M o 5
y R
vcﬁ KT
e 5 sadksr
> QWJ ofF R‘bonocc.' -U&'nvg YEcuvsion - ;i
~_int Rb (intn)
! " §‘, DR & 3 V7 ) O . 9%
PP (n=x0) - iy
! Yetorn O
GL‘%e iF(ns=1) 02 ¥ o
Yetwrnl ;\ ¥ vy s 3 o
else %

Yeturn Ab (ﬁ&z)-r Ab(n- 2,)

J at |
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. ijhe Multiplication of Natwa) Numbers A
4' Jhe P'roduo-/:'on axb, Wheae a and b ave positve intepe
may be de/:’n@d as a added fy ;'-As@(/ b times. Yhis I's an
| rte yahve de/;%:'/rbn: An eci'u:'vo)eo't YCcuYS Ve g)p/."m' 0N can
| be dc}ﬁ/med e toy, R,
| Basis case !
axb:za Ff b=1

axbz=0, if azo o b= 7
Recuwsive case : (b>1) \ &7

|

{
“;méihod: N
Cint mult C:'n_f‘ a,inth)
l

B T Y T "3 e
' jiefu‘rno; # -

else iF (a==20 thbero) |

|

] ] vekan 8
| else o
YelTh a+mult(a,b-1) g

J

L b J"’G_ Towers of Haro: Prob lem (ToM)

1 l il 39me Pdoblem, develope’d b.j “Edovard (lvcas in 182
[Theve (il be du‘g_eient Siged Jisks. Each disk hasa hole in M
Cenhe. so that <an be stacked on any of e peges. Call
! H?"“'Q PE€9s as R,B and C. A+ the bﬁ&"”,",l"gj ‘;/ he 30’,”88,

,__“'QQ ditsks A7¢ stacked on the peg A, Foart s the [qyefsf
:L\E';g@d disk on the bettom and the Smallest 93 ed d,:,(,,‘o,,,/b,:

| 7
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,R‘U‘Q_Q(@gs_m_e‘:iv» il 60\cy g M 5 1R

s SARALY ) .Iﬁm/e-r?!'f? _Hhe disks y

£ the isovree peg fo L
: &sfv'ttza'ﬁ'ofl_;p_e_g Sveoh that at any Qo;’o-f’.;g/_ ‘/'rarzs_ malis,
02 lysgem: Size sk s placed on the smalleyone’

EY m#%mag__ 5¢ moved at o direes S

h d e < ho -
— 81 Each disk muck b Sta ckeal on Anyone of he pe s
s S S ST YT o L K =5 A 5
- . ’ - S M - oo 4
2 Recvrsive De [i'nihon lor Fon Problems.

70 solve e ey
) s ),
 diskS fyo,,

Qvob'@'ﬂ_é(g?'l) o,

15t peg A CSouvee P9

ﬁi@ o move n
Ihi ngeg’(‘d&sh‘naﬁb’
ecg) uil""g Second l'n'}e'rmecﬁg'fe )

B as qux ey ;. A
T move Single ofs & r/_dor_?'@_{!; % C and Stop . (Base case) .
e HoVC‘ioPn-'J disk s "

s ® JJ%LQWQ&,Q"L"’_'&Q.\;
3 Move mm;m;zw;_ v :

R Y  Move é?l’i"_l_ oisks SO, ?;&l'ng,. VAl a;\ap:rg,'qu A

a— S B
e o TvamLhL@H Q907 thm  for p- 3 (Hisks)

——a
— $ o

s il e

Yo m :







L4 qug_sA o'F Rccu‘rstm; o
D Dmfeo'f Recursion : A merod i's called direct vecunsive

ol (r calls diveetly
s'a Hs/led -

__condithon is nct

Fowen mple :

mi Pact Cint num)

?

i (nom ==0)

2)

YCcursive 1/ "f ans

netw mede calls o it
Fo ednamg’lfg- g @

>
Nramns
: .
5.2 C\B"l?
) Ve.‘lu'vn m_’( (Y-J)

Ao
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3>: Tarl Qecy'?'sfo_n . ‘
. A method that veyvns the Valve o! fts Yecuwsive call i'ssai
o be tail acconsive oy a mathod is said 1 be Fail vecorvsive
; :l __H‘\e"fé ave Nno any C’qlcvlah‘qn_s'_gccgvc °n Hhe ~ecorsive S'iqu
and it only ~vetrns Fhe valve .
. For example:-
‘ g _l'nf_fach_nbl_cmt'n)f

f —L N

#a Y iFCn_—:O)§ 3 S
E S ‘},* L yetkorn g R AR L
i - S5 Snls, S
’ Factovial_§ (n.1) :
3 : 7 ’:\’-~~:_) et

int Fqc+'o"n'al._.-p (int.cn -, "ntsum)f

}. 'F (en == 1)7

el e\ . ,
‘  Yeduovn factorial_ £ ("'1/,306’?‘*,"’»), ‘_
; b g\ J : e

! ' PY aa L . ¢

il 3 NN .
‘f-)j_(“egi‘id{_.'&_ec,_,.rs',on setep |
8 T 5!”6 AP’IOcesS oé Nnested Tecursion /s Sueh a TS CuTsI =
whicha me kthod S not onlj deK"ﬂBd o {_c”m:vo/ I'*'Se// ¥
L Qlso vsed as one o) the P vameters | Hhe /O“ow'.”j_deo/im‘ﬁo,
_[1s.an' example o! svech nesh'ny 5 '

— Bl AR, 4055 ) 71'-pn=o i
—tes — . b fgnk, ,(L, 3 ! ‘r N 7 ‘I ¢ : A g
- = FlR+Fean))  ppong Yy

| ¢
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 DifPevences between Ttevahion and wecovsion

_Tdevateon e badiood o o <Reenisidn
Ttevahon means vepetibo, V| Tn Fecursion, funcion call
of process onhl the . itsel) until the base condirHon
Condihion Jals. || 48 weachegukit nps -
X+ involves Jour steps. @ Tn YCeur sive Junchion, Only

“@)

2

X

2

ini#alization, condition, base condrtion /3 Specijied.

incvemen t/ Jdeerement. ‘_*:?,1'.‘.".",,“,“ ééfd:l V4 2% e

T+ makes code longer. | Tt keeps codg Shovt & Simple.
P : , =X Wi # - “.;;\ - - :
T+isg ZQsStCL_._ |42 T#is Slower than itevabion
R wwe 4o overhead g maintainiagSlect
i T,‘-c:rrlrc&s )ésé memoTy . T T +akes move memery
% 8 3 L= g
Backtvac k_-fng_.;ﬂ € o, R o e

| TIn solwng \Some problems, aSitvation a¥ises where
theve ave dijjérent ways leading [vom a given position, none
o] them known o lead to a solohion. AfFe™ rying one path.
9?!’39-055&8%“3 , We detura fo Hrs cressvyeads and .*73 7o

% Fi‘ﬁg,i,_‘o. Soluien 0sing aAnother path. However,we moust

| ensuvre +hat such a Yetrn is passible and thatall paks

| can be hieg. This technigue iscalled backhacking.
| Using backtvacking, we can always Yekn oo position
| Hhat offexs other possibilibies Jov successfolly. Sohilgle

problem. This technigue is used in RI, and ene o) the
pioblems in whrch back z’mc"si_nﬂ is L(’Vj*véﬁg.ul I's ez'gb;*,, r

| ?Ueens )kovoblem‘ “r

|
|
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_Queue , —
A A queve /s an oarde'red collechoo fo) ihe /+cms rn wh:cb » Q
_add:hm o

b/ items ave made at ‘one end called Mhe vear, and

_Oher en ‘vont of

the. q;ueue A iueue =) /czyrcauy a 4,7\9,4 A ng,t out(FIFs
'QL ol Iist- Quewe means o line . ©g. people wa,hnj_‘fo., £~

39 ﬂmq hcl:H-s o cnema ha'_’lpa.ssenqev bus ete.

In Compute™ apphcatlon, Fheve maj be qugu‘%’ o/ fasks

ann-hnq oz Fhe li'ne Itne printe?, Jov the access o ks \9‘/0‘709.
W £ Qcces:
kN oY even in fime shaving System, Jor uSe o JEPO.T
gy j A \ o el S
5 __L;Q“gge as i:m ﬂDT ol % - e s A e
An RDT isq Set ot( values well &“A/Ined sSet o F{e't E"ﬁf’.s

g{Jhe valves and e+ of o,oe-/%ab&g needed  foy Mhe processin

(%)

1)

o) these valves. A A
i L

? be e»r,aress@d as an ADTas
valves 1 07des [is# o

)

Aﬁm i

Properties : zero oty fﬁuoj{% ,f—em.s Items are dddod a:ﬁ one

en J g‘a"f%d Year and Jdele ted /—mm another

3)

€eNnc

glle’d‘ A/—roni_g(__[ﬁe (}ucuc’
C’De'fa'bons ,'&‘ )

)J}@iembe he q,ueqe i's emp}y 0’7noz‘

,Mgvmme Hhe _gueder Vs = ﬁzlia_"gvof

) the gueue is ot T Crmphy Fhen dg_le-le the If'E‘m
4t |vont end . -

/YOn,

d\# the Gueye I's not‘j/ull H”é’n :nse-rz‘ =} ”f"olt‘emm‘ one

enof pg f‘hegueue C.‘QI)Pcl Yegy.

Ope'ra-hon on @ueqe

veue @ and ane/elmsor‘ x o/ Gris Aot

‘q‘\/en

Wy Pical_dperatons jobe) applicd . on @ Goedc aves

-3
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- |Insert (@ x) @ Add x b e vear o) @, the New Hement
% becomes the vea?, Sige oD/ Que e IS
incvement by 1.

- 2 = Delete(d) - thpfn in x, Fhe Z'vont— e lement o/ S,
Fhe b/—mn{ element s deleted, elemm+
Next to it becomes j:vonf el@eofs size

iy £33 @Fq’decvc’asc‘dbql Do _%
| E‘mjgh (@) Retvrns Hruve J Q‘S gmv )

-\ Feil /@) Rervn s trve 1/ g is E’W?V”*«SC /Q!S&

e Declaﬂfcrhoﬂ o/ Quene ,p; ,ig £, Sl Urs
a0 ab lass que < e TR
C 9 ueM 3; ¢ & Reh
€ ¥ i ‘t N y L% sh _',\:/‘4{‘_‘[-;

~ fnal W-wa- . Srom AL
‘nb.gul 3= pew qu L“.s.tzg:,) ,

k@ _,e;:.v . Pont

queuel) o s iR [
(4

Font=0: R i | T

g

v

¥ Implementahon of Queue ; _
: dheve ave +wo 'Fecbm'g \Les*"'m;.w.alemeah»i ! /"\e g
) ﬂ'*f*fa'i] Iimplementakion Be oy - B 8 P
wY Lenked his £ Im plementakon : j )

b i il
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1

x
fiﬂj’*mj Irnplernen-}nhbn of Queue. ¥
- In avvay  implementation aD/ GUeUES , an arTray ;5 us eds
| f shre the date elements. Avvay implementation is also
& v ther dr ‘vidled! mfo hoo ‘/3293 .
b T l) —(inear avvay omp'ef"ﬂ'fﬂ’o,(!"_"??? veue)
,ﬂg.‘v_?cu!w arvay implementation (ervevlas goeve)

L ellinea~r amay ZR)
| An C‘Mg/a gvmo Same. f‘_‘i‘j&"; a'r_'r;‘; ,-5;
e 'SU""ab"-’ cho/ee /O"’ Fhe membe~ Jdata 3{0! the gueue. W

|canuvse an a-r'raj date [cysIZé‘Jf»eg s;‘&m@d dota fype. TL
| va~viables {'ronf- and Y@~ are us &*o porat e elements in )

L G e NSV Srorply. 0 S
po= g ‘ = ;.
| Ry Jata - N [
Qs & N o Aedor iR RSP

fnr lyally qg_qﬁrqﬁs Set 7b e 4 ~ark:! /ront is set ¢ fo o
md:ca'fe e gueue I's em i

PR S , T . T
A\ [] T T T ] cmpty cenvim

i )] l sl @saze.
O bt R e X, et -

i Inse"’f' (gv'a-)
! L Yeay=..1l ]

_fFont=0 |5 |10
S =3

TasertL@ 450

S,m;[aﬁl m;seﬂ‘ 15 ;2—;‘30'

| oy
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Thnsert(c,15): - s A T AR
el o _soregwend SkedF | LS 1 Ee g5 Sa ng >
" X Hoat’ o_——‘ p 5 . Y 4 . " ) . {oty
o] '~l; 2, 3 Y 5_ s 4
D@’e‘be ‘yé’r*ems - 'A_-,,"‘;___]‘ \ ¢ L | of l‘ ' Y
Reav=§5 |
- fPones 2
PS8 -T . P 2 S8owp A SUBBEEE
- > s fon” ond—relwo g
s ’ ke "CQZ"'I ’. : E
~ ) gveue (vea»] = item -
2) Stop g - FyE
» quo'nl-hm for Delehon of an item ,("rovn the gogae (DQ;ueue
B D Ié vaar < Font _.___ o & gy
p—nnt "Queus empty” c’mg{ -ne+wn D oA
= else o phem= queve (ho
s ftem = greue Fhos L Bont ¥+ SEEs ‘i&j?t‘tf}
. . Pyint "item ' as a deleted Clement
2| Stop
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s 3
MO = o~ 1 2 W
s TS AL A T 4 iy

g \ ' _ .

Nelr’nod Io‘v !h&ev-hon VR AL EE G P ot BN o

~

jmzb“é- void insert (Fintitem) 0 o

g A *
"‘L; L I h Toie WO e

l‘F ( veqn'oﬁ e"’q&xze‘z) AR S5, S0

, grv. s o}

System. out- printin ["Queu@ s -‘ﬁdn"i

$ 5 . A,
- e T
5 - \ ’

X
@ else
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" » & CJq ~Y o X (\@c“*r*dm*’ . ..,,:_\ AP

‘;(h‘ i ;.\.. ¥ h%’m EWCQ'J"; '-"'-GM S8 "

T

s}om out prinklrs (¥ Bk iBsedbed Clementis " 4 itam):
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z

2 ! S g Nk 2 -
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Stack im ple mentathon
- : I'mpo—vt_d'_qVQ,. vl Seanner ; : -
class shek ¢ AW S o f )

L s o0 Bl dat gS_'_zg Lo X R
”"LLIQ”’ L]_netu int [slch

— gt bop e A0
_‘L__ SO ) § 50 et e

top = -1 A = O
o icaca dos gds o mBenk o g NN
e vord push ()f A f“‘Tﬁﬁ**‘—-—

e T 787“@”7 0_._¢_Q Qtln ‘ "Cn 'f'é? an !Ff o 1S

VS Sconnc'y ooz Dew S 5
Scanner ‘ %SMM m)
I IE ;_,’__ s "‘: (top-=-s 2¢ < 1)¥

___t. Sq.s-*fm ovt. pyintla (" \943& :fkpon ")

-2 Y o > X,
= else é'_ _ % ¢ ' ¥

——— Pop et o Y Rob s

_*_‘f‘__ _item Ltoplds @i hexi.l’n{t) \7 $ T
| ORI e g L__‘_ D W et B TE g ; \ 1

_ﬁ,_*_; Wo:dﬁmi 3 - ﬁ ' 3 = e

ln t‘d@me t

S¢ +cm OUf p'l)/)f,a, ( 'S"‘dcf ,gx-e&% n) '

R G)ement- :tcm‘f{;‘el,
= N DSt g T e
— §9s'tem ouvt. owintln [&gpecle/emoz "-i-elomené)'
1 e e TR e
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class PushPop?
public stakic veoid main (Shing a4gsL3)D
Scanner i'n: new Scanher (s\‘js-l-em- ),
Stck S = New stcé()
B TOA et ;
\SJ_J tem . out: p"h'th ("Enter 1 v push , 24
T pop 3 fo display and Yt exit D
Jdo ¢
: Sj.s'f'cm out- P-nnf)n ["Erte > jouq cho, ce )
Xz in.nextint ()
Switch (=)f L >
case 1: o, N\ Seflos
S .push ()
brieqk
case g :
S:.popl )
b'/eab
Case 3
Fbrr(m[‘ o g S bop_a>= o a—-)f
&js-i'em out- P'i”’."”” (_; rtem lal) |

S

b-/eak‘,f

| PN M eas ey

Sds+em Q@ xi' { (o)
= 3 ' 3
3
while (n<y4)

g cas oM viden - Loyl O
3 o
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- Queve implementabon

'impo-ﬂ’ java. vhl- Scanner

C O

class @;;ge? T ELAS TS

Q'no!'-l‘nt Size =10

int qu Lz Pew int Csized;

; 4
int vean , Font:

3ﬁu’_bﬁh‘c::- Queue ()

"@_

Tean 2=1:

;-»6‘011-#’:@,". A e B

343;"‘

vord cngueug_(){ Tl ) 'é

Scanner iI'n = new Scanner (’Sqwm m)
if (~ear == size-1) _ag-

System . out P-wq;_/éz Poeae is o)

else ¢ ,*%'

Yeay s N §

_\L’é"rm hou%gp'rmﬂ {"-En#e-r item foinser +")

rcay ] = in- nextInt (JL

(W F (:rear < Rfoﬁn%) {

J

System.outprintln ("Queue is Empty )

!
: E els s .
> Int elements qulfrontl;
5. : E)'r ('ml-'eo, ’'< = 'veg;r"l%-t'.)s -
o TR Qu c/l =qu Lr +al
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i . Sj\s*‘crm out. ,o-ymtln ('"Decleted rtem " telement) -
]

=
j
(class GueueDemo ?

; vblic stah’'c void ma'n (\Shm ar §£J ¢
P s

S

Scanner ia 2 new Scaanew (8yStem iin);
Queue g, ST e Qreae )}

N "\\
int x N

& Sé;&}cm- o::l--,,o_—n'an ("Enter 1 *omsevl Qo delete
25 o 3 #o display aed_}v“:*a.em:f- )
o '
Sj\s-)'em ovt: P-nan ("é’n-ﬁe'rjouw cho: Se ™Yy
= In.nextIni() :
\Swn‘ch (=)§f

[Case T

- G -cengueue (25
breqk ) "
9 deq,ueqe()
, : _ bveax;

b KRS y
for (int a=o0; A<=q -veas ; a,.,.)f'
Sj\s**em-o:.;(“- Pw‘ﬂ%'n [$.$u[qj))

1
:
! SoasEd
|
|

R -

|* break , . K

| Hale o o

| S&S*em exié (o)

) ol ’
While ¢ x< 9) Bt e, ap
J

J Sy
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Civeuvlanr Queue
A cireular GWEUT b slona iaihich ithe insestion
a new element is done aqt Nexvy [ivst [ocalon of e
__|Qusue i) the last location o/ phe gueuc is Jull < Khen the
|Year part T<aches ¢he last index ,%ﬁeav gueue but
vont patt is not at Frst index o) the gueus then in s
_ [cascifwe .yl insest Some €lemeats, then accovding
|t e logic when Yeay = QSIZE ~1 then Ll @ncounters an
_oveflow sitoa Z‘eo_ . But Here gve some elements left
blank at the beginning pati of queve . Tovhlize Mose
_left over §pﬁ_;§m9"f% fzﬂncg/n Z!.f; s O_Qf_k,ﬂngg@m_niL_
implemented in a gueue e prescatahon. Jhe cirvcular 3
| Jashion .9} -queuc weassigns the-deqmuitbfoNy it Yeaches
L Q@s1z€-1 and beginnin 2 ‘elements MW gug the proces
| i's contineed Jov delehon alse iSoch queues ave called
Civcular gueue.

—_———— e - -

A _civeolar gueuelovgngemes the problem of vnohlizd

Space in_linear gueue ipvplementahon as avvay . In

Cireolad queue we. Sacwi/ice one €lement oy the Qrvdy.
Fhus fo _insevt n Glemerts in civeuvlay quede we Need an
_lartay of Size p+d (o7 we caninsevt one less element
than the siye o[ an avvay in circdar goeae)

2 AN i s ™ s T
L Oo | P oy e TP il -
“ars) T § o
aray [ nsell
o n Y SRR LR, A0 9SS T , ;
fScrRterg - tizdt . Frg: cirevlar e presestation .
Fi'g :{inear Vepnesentation = %% Gueue &3

of Queye,

£
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|
|
|
Bl EIm'ﬁa'qu_qn of circolar Queue
J vear = fiont -@size-1 AR o
~__* Dlgovithms fov insevtng an element in @ circvlar gueus
" Dnis algovithm assumed that ~ear and Font ave
o2l VPRGN e SO M6 SWSBTRS B IPN SOTY a
Stepi . Check queue full condition as,
ik (Bent == (vear +1) % 9512¢) 3
e SRR g R R el e B0 e e PRI,
Mea 2t | e e'SC’ SRS Lo e 8N k A b4 =3
ol Enl ey s (aldy¥y) W QRTZET PRNS
. |Step2 : Cgvewe [vea%]": dakaP g i WS * .~
Step3 1 Stop Sl N ONI
| Blggoithm gqff_de' ebfn} an clfBent friom'a cireuvlor guéqe.
" Ynis algevithm assumed that Y€av and fyont av e
o USRIy CSEC S GORER W, AT TR
| Steps i Check Gleue, emphy’ condibon as
gy Sies i fokse Ny Riar ey icd
. dasva e WX Guekdis empr andieRre) T
B ‘_@‘St"u Q_’% M RANE o JAS LAl ¢ (v, by T “
- 4 W hRont = (Ront +1)° 4 @ST2E
- tep 2. data = cquewe Lhont I =
. Stepi3 1 7CHvn bhe valve of data .
RECe T i SFep. . C a4 R RS e -
o Declavation of citeslam queue S e 3
Class azeeyex™ 4 2lvea¥]l sudus S WES ST
final it gsize-s. e e
__peblc int av1 [] = new avy [@S1z£ ] & ki
Public int vear , front e
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(S Me Hho d Ao'f Jdelefyn g (’/Pmé’ﬂ*lvoﬂl QiTe l_'r Quexe.
. T 3 Fubhc vord el vl iy MR i > 4w R E LT
gt g {43 g »
L e e ('rcm-— Ffon{)f RALI AN

e Ch SJS'}'CYY\ out: IO'Y//)J')nL Qreve 15 ¢ emptyj

D lvalugs slak?
s ﬂ 7_'Ffonf_. (Franf‘f-z)/. QSIZE 3
- ¢ item = equeue Cfontd, a5 -
; Systern vt gvin Ha("Deleted ster isbly item)
{ _}7 EEs x \ 0T DA oy R d

e " R —

x F PT'O‘T) "j c;ueu e

- B priorihy _gueac s a_g,‘_gouechog_gl elements Such
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linked U%st

. ulinked list ave Special. hups. of Wit of <ot inwhic

data elements qae l'nked 4o one® ancther.

! R linked list con 3"2’.@5“91 nodes of data tohich ave
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| freid s Fata ( info) and the dink Cnext ) Jhe no des axe a3
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3) An algerithm to delete a noede atl the specflred
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~-Set , Sta~¢ = Iqsgj = nvull

® : T —T = ’
6) else, Rlne 28 3 S e 'y bed coued i =
“."[’" o3P '»‘ @e\ﬁﬂ V%‘efhp\\_ sfa Vé - B 8% AN \ ! : ",-.“' ¢ }. :
Qo A 2 -\wbﬂc ¥ bemipineadd sllast) 4 HoM 36508 F

14 pes 25 b Set ,temp = temp - ne‘&;‘" $hil Fpt aben

| Paind the deleted Clement = /th‘ "”'5'6 3

Set last = temp
Set lqst pext = Stavt. ;}
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oid de\e\-eEndC) qﬁve dg_hob

'f e W R o

%
§
e

W f'ema new cLel); Pé‘ } A o 3§
I (ﬁjavt::nun) :

R) rer Aelehon

s o e ,_;;;';-A_, 0 oty : ]
System.out println (¢ l'nked 1,61. is’empi )" ]
B 5 \NJ 7 : :
; s PN, (3o 5 (oL iy PSR F
Clsc if ( Stavt == last) B
;.t_—‘ _ Shaxtopull, ol LR b ™ 7 N |
ECRI WK L lastz nun; —“*;1 Vil TS ‘
. J e \ SRR e )
__Plaee. s g T by *“:’; oo - 1R
; - \’:emp S'f-cn't }3 = Jio % 2,00 :
| while (tem,g ng‘ = lqs-t—) »
E . 2 e |
] temp s temp. rext
_ P : e -
— { ? . . .’ . \ & 77‘ |
| | =
_4 : iﬁsf ﬂcxt St ot 2T , e
’L 3 -'—m ouvt: ﬁ"mi"n/” Dclef‘ed C"/é'mehdv v «!—la.sé indd)s

| »
l < > N
G . . N L
¢ 3 % - .

Dovblq linked l.s-t (ooc) L B

A doublu linked list & s»mvav&nqh, l,mked Wsd

except Mhat it linkes nodes in bok d"rec*wns I'e. cach

node has links (bomte ws)fo its onext node as wellqs

its P"re\nou;_node in the hsf I-b Y Qia.a called hoo-ta 3




Luslds h& Foﬂﬂm?j( Iiou-'te Shows t‘he \Sd"ruc-lv-ae o/ Hﬁ& "‘Hpe :

FeadE""'—r";)L'ﬂ‘ .n{’q ij:jm“ Ln#clnewt t:"__lgv,ev L.A"#O lmj—-;

..-._1,_,

- \“-‘ ! _.!"‘ ¥, an? F'L ﬁ dow'L‘tlhdeﬁb:gf o RaC T
Jhe /ollowmq p-ro&e-vbes chaqaem,”sa the d@ubh,

linked Isi: - i g 2

: D Node aae linked on both [cwwowd and beckég? d di'rechor
ie. ecach node has onc addvess o pcmt@ the pext
node and another addvess fo pam? g .rwbo,s

2) lastnecke, next pomfe-y as well as . @é&de ) PYevious

pointesaastupull. Y54SR EAEN o =

3) Scavching jor a nadc can b;d0n® i'n e»H-se'r wag,lhus ré
‘s /ast‘e"' than St ‘ '

=4 £ \p‘obhc OLLNode() o =

info > O;
prev < null

== 17'__..

Nex¢z= nvil
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SR g T e i a _Gclc ot Sl Ut b e
< o by oty

— PiCrcate’a newnede. "bj’ .ngy _qus,s__qm ass :
— s s Clgss o ste Newnede: new class - nqmeC)

_\_3) @ch_lhe cata 1tem o be inserted sa &'do'lo' el
.LSef : Newnoede mfo::am\q 5 R

Saammee SR S N

Bl _Se?d, Newnode . prey = Newnode next. nu”.
) If + Ay, Ist ==nol) U then ' ' g 4

ISed IReabrb lasit s Newnof
L 5') | else , se¢ Naonode next = Rvg;t

See Fogge 49"9"-’\’% N

‘*’ gt O ——

. - Sed F"ﬂ:t‘: Nc‘,_m‘,ﬁ.,i f e T ¥

& ‘ 1=y § RS S TS _‘._Qs ‘
_Mel-hod: db;rL_l \ gai ]

e . & AN e

RJ%@_&%(‘ID*QI < W
ﬁ_...L, e *&_-:L*J s 'LFL%»_ sl 8

\,—‘M&dG Newn_ €2 New DL Nogel de(): | Newnade
H_,*__JewnOQP- n = dqm‘:_‘ ;

| ﬂ____H °§h prev= nun-:ﬂ;'b— '_qlw ] yl“

| g d’b neXf-nu” Af e~
—A——— _Whey ingevhon
%AMQhU'L 3 et
- 4% A " ’.."" ¥ 3 ————— st e . 1
| e F\'fsba Ncwnode._ — ST
P S AR AT AR
T —adaoks Neyfade; L 8F W
4 4‘ S DN e
gited & g, oy —— G

t«;ft;pve V= Newnod e %
_— 6 vt = Ncwnode- s
| — -
S Sidgin
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&éa,w‘g'm*“‘

|Cveate a newnode by vsing class.name as:

F“qe-wbh {uunvse'vf a node € at e end. 0{
1|§l' -

olqss name ﬁewnode new Class..namg-()

Read the data item to be mse'réed e it be'dqfa'

set, Newnode.inFo=data: =  +. . a0

Set, Newnode. prevs Newnode.nex = AN

ARSI RN

I R [vs tz = null hen

scb B-rsf‘a las = Newnode

t last nex b= Newnode Wx&&

elee , Set

Set  Newnode. prev= last &

set last = Newno Jde 'k**mm’b ak

5

:,,5..[

Method !

o] g

vo i d 'nsevt&n d(a’ﬂ'f‘dqfﬂ)‘} r ';f 5 Refo~= insevhon

20

£

Newnadl .

Dilnodc Newnod!’- new ¢ Mﬂodet)

b

T

5

Newnode. info=data | |5

2o
—

<3 n Nade "=
Newnode. prevanull; S Previinsertion TS

Newnode - n(»nvu!‘rﬂ~ nuu

i F (-F;ds&:)_ﬁuu)z

fws t= Newno de

et . iasjf:./qewno.de¢*

o

3

v

.
last.next:=Newnode;

Newno de . pvev =last;

las ¢ = Newnade ;,

i

T




*‘i ﬂl qorithm to delete a nede gfom bed.rm.nj /a
dogbly binked lis¢. , 85~
1 IF Arst #snon t—hen Qs O

[ ‘ o P'vn’r% é'mpt:.' st and C’x:t o , =3
,,,glﬁ_s,_ X B . e e O - el 2 |
]. Set, Rust 2 Bt next SL L SIS |

. set, Rvst s prev=nui ; s 53 2 .

B el a - ' !‘5 S lo ﬁ‘ ] =X |
Mefhod* Y21 37ekF Befye sl p 8T T |
Noid delefe Bﬁf,) o @A roR A ofers FEERN PSe i . |
Lo AN NI

if ( Avst ==nun) 2 \ Algey delehon T

Fa — W S g ]
SJS"fm .out: pmn'f’n/ "émg Ea'nlr h&f ") '

L i : £ MO e Zov o |
| ,,,g\sc i 2 K N ] ViR
v RO WAL 9T, SRS oo SORERE S |
B'Y..st Gvat next' PESLeFIAF CosAISE T ¢ |
) -}F"Yéat prey = nuilly | . |
}._,_.;L_A s e APty I
"0: ﬁ! o—}f}hmﬂ) dele‘l‘c a node X’Yom end O/a doulemkedhai
E F (Avst ==noil) bhen, e
TR Dnsplq‘y Hhe mesaq(jc "éts* s emp{y and exn‘ - .
a_)l else oF ( Avrst== IQQ(') then FOW= A2 LIS
B Wi - get+ B 'r\s*—letynul) ‘9 FeafwIV\ - S o
?}: Slse: T e, VN & Nar . a3
_A_J____Sef ' C‘Cmp Rysé 3 . |
_ While (fm/a-next!t'?gf) FCREY, < i

temp = temp next -
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- _set, tempunextzouis | oL e

- SR - __‘5__9_’:@@* :SMUEW%Q:QN,;{W) ‘f‘g‘\"‘:s\* = '“’ _ Qs
seamacms PG SR8 '\.‘Z.'J"ﬁﬂ‘-*’ B o 2 Lo ' e . !"""’ oA a% e :

a8 'Ww M 4 5 b Atk ";ﬂn ""9\8«&-*'@: S

vord deletebnd() -~ .zw‘ AW bk ERAN,

-"z;gfjgémmwgq :
@?‘p %%%_Q“,agf)' n\.‘,3\"1) ')t“ i
s QMMNN;«\"&# -~ "‘f""'v‘v*'f‘v"%t")"ﬁﬁq‘

last= ml&' & o : t‘v’kjm&""‘ #
- "'«%U y ¥
° éiée f g sl ’ b 425
Ll o ey _,ym.\\n’* =1 HUQ
—— lastd oS 5 idel
@ i e, 740 gt 0 T AN gl -
3 2t el 3 R R 2 O M s& oe:

- ‘(o\ _.‘1,-‘,
c%nm.: Aol ‘wm_ Vg B W
+ las t= fempl QLA o b T i &
J &
. y

= \ j B e L N ™ Aaadyg _f,

“*q;_\_.{‘, 5 D ko éf\.f\n Pm'{ PN } 5 Shaaay & *‘\Aaf\x “_}T' m:\‘\l‘roo r\ %

8. - A Syed hadal vab\w

fo Doty e ) -s_\ WS -y ',r‘.< N X R 'a-’rquyr\) G

(D oILHN 2 :’(_-!»"ﬁ \_‘-5)\ - o\ﬂgﬁ A ‘“yf“\.'(\.rfan\...')
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Civeulay Douvbly Linked st (€0Le) .
A croculay  doubly  linked his? s one which has

i : ] la manocy. |
Svuccesser and  prcdEcessor pointer jn Circular momey.

It 1's o douvbly (linked hst where Hhe next )inkof last F

'_ngdg_ 'p_on‘n‘is fb" e é‘#sé nede and previovs l.o‘n‘_{:v °,/ y/:‘vct
lnode poats fothe lastnedeiay the bSY- . 1 1

- Ve
el > 8

R e el e e
P — b

.

- : Fig: Civeular Doubly link WK\‘ Ae
o o s o gb% -

it W~ Lt SRR . _,;k_ ». TR =

_|Repuvesentahen oy cloubly circvaw l_n}:-i Tisg ‘

| . class CDltNode . oz eyt P 0T TET
B ? X V-7 :

L (i . S & -G -”‘é, Y‘pl
iy T B o Y

public COLNede pyev.:. =

. Public coibNede next s ap i Tl |

P . ) Vo LNode ( e A
% PUb-ﬁ&&! A | ) = .. :
- . - % é_,s-_—-“ v Bl =S o IS

7 L ’l'nFo:oJ' e s
.,_,.,__7_%_.—&»41— o =7

.'\

A Y =n 4
- Cm N P7°T L T R RRaad S
J next =nun; ST ]
2 N I - -

| el o B e M -

Velonilsly Linlcued lrat: i

C'rea“uj-}e_g Newno ok l_:n; vsing class_name ag

class_name N,“‘",’l?de:“. new cnloss- nq}me_()r

»
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2> REa& ﬁhc ola+a volue 70 be msewted Sai‘dé-l'a‘
3 Set, Nyewnode- Infe SaPa Aot R G0 S EQS X
() IFL Frﬂf’. g.hun) Hwon} -__ .._'i.'_ JAR A R NG N

"~ get, fvst= lastz Newnode. =

o set, Newnode. next: Pkt PiAgh Newnode |

_set, Newnode . pYV: kdst  Newnode -

6) else Aasl
Set, Newnode. next = me R AP, \A
Set, Rast prev =-Newnode -~ . = ﬂ‘*
Set, E""‘E’f";'ﬂﬁywade Clpnasia A0 S ‘
Sct, lastonexts fraty o BINEGP Yo |oE=ats] F
Set, Rystpver = last {J : sy Tase .
i Sk hoi] s . Gﬂﬁwe imseitan
Method: =
”"s‘"d '"Sevt&‘qfinfd’aﬁ'a) r 2 (2] | s E
cDLL Node New,—}f A Fre~ ‘Asevdhon
Newnode. infe o, TRy g
LF(R¥st = mw) (ool 571 ) b A3 ‘
ﬂﬁfﬁ;ﬁwmde
- 5 ‘ =
- Clse ¢ i R S ) e
Newno de. next= Rmsin S\ =4 v A
fvs pYev = Newnode - o by -
Q"S ;.: Newnode - 2 > &

last-next = g‘-ts{-;

___gt'vs‘ﬁp’f\“’:"lq&f*},~'ﬁ A RS S vl

jj »



‘ﬂl\jo'ri}‘hm 10 insev+ Fhe nNode ot  He Endu:T_QlA
civevlay doubly linked hist,
1. Coeate a Ncu)noclc. <in C)ass name, ~ Sl
- ~ class.-name’ N&unoaj = new Class. nqrnct)
2. Read me T T say Hata'

3-, Set; New no de . mlo- datag

e TR Frst== nul) bacn, , : 45, |
’ set, Bvst: last: Newnode A
| Set, Newnsde fpnewt o Newnode _ )
= n et Newmdeﬂev~ Newnoqg*u ; Ried il
JGIOISC Lo o NN > e

-~

|Ret, last next:s Newnode * “_*Mn , ==
Newpode . pyev= lo s g = ;
Newnodesnext 278} |

Rvst. previe N@wﬂ‘iﬁ ) OTVTES:
lqst- Neul‘i!? .

= == Sh—=b e
T T N\SE T P
o T,’:"?“’"’ d LT S Befo'vew Inseyhion 7
vord mSCWQEn d_(lnt dq-fq —_— !

@,
i_"_

NSRS 2 . E TN I | J
Dg LLNOie Newno de New OCtZNOdEC)_ Qét& ‘nser Hon

P Newnode. infoz data A e
:FCF\Ystz-nuH)f S BRREEIA — |
. hRvst = Newnode ;,
- las t = Newnode, e
_ Newnode- nex t = Newnode |
~ Newnode- pvyev:z Newnode ;

QLse B St B e g B0 T San i REACANNIIRY |
last: next: Newnade} v




B O “Nwhode~perev= lasf" 8B ot oadsasd

Neu)nad9 nexf‘- Fﬁml’, ‘7*"-\‘_'; WA I.j;\'f"

Rvst prev: Ntwmvd@;’ﬂ A § Niea B

3 _3:‘_) ;N “-.3 jﬁit N@)W@dﬂi - & T

’\.

-~ S Y

dauth l{inice d hoé k2 !,\'.

TR( ‘#mfa--nus) F R

St
RN G L DS ‘*‘v

Print Mlnked Ut s cmpty"\'“t\%\(

. else if Cﬁ‘vst:- lg&\‘-‘) AN e

Set Rvst= last=nogerfimt . o o lost
clse z ‘ = Jee ‘F:i " 3
Set hHrsts R+st. next & 5 S ol
set lastinexts Brgta N (st o biest
set P»r‘sfw ’x';-» 3 z
_Aftey delehion
Merod - “1‘ w\ e e o ATSE s B
VO;d del (){ " _T
iF nuﬁ)f ¥zl 2 B %eed | Vi 8
Systen 'on' oviotln ("linked 10St s empty”) ;
. s 2 Lllaey =R EY
Eé iFCRvsts=last)] Jllso 25 ‘
3 Rvs¢=null; X :
last=nuil; 2 S
j_‘ D ABDNAAD, e am /=y o & LN OAT S
else ¢ "z AL A 3

Avst = &E"*"ﬂ?&f”; e o ) Do

last-next = tq"'rsi-; e B

A'vst. prey ¥ as#g~oT = Q0N

B - 2y



ww‘aﬁ'gémd}'nﬁtemepalcnm

iﬁlgow thm -{o dcle'*e, a nodeéﬂ'om /hé‘ end QALa S8

civcula~, I/ ;l’) koo e 7

2

DN B b 5o ) RBER N

=

3

S S

print “linked list s emphy " _g_q»d*‘ex:f'
i £ First=:last)
__Set, fyst= Jast=nuH

) clac

Set, temp= Rivst; LT ] %ﬁ |
whole(‘{'Cmp Nextd o lase) R LET —

set temp = temp.next
Set last= temp

set last next: Bivsé

e e sebByst gayeyslashin- 3 — i
255 3 2. . _u_;,, 5
Me Hhod : o
Noid . el Ead (T~ N ‘*»
E Rad Fo.-r\s_f null) \ 5
- ,HL:;S—JJ.'S*G"‘, ouﬂ_e”ﬂn!ln[ <§m_pﬁ.1 cpiL "l;__
= e __3 . Y AT 5 ‘— . —a
else ,-p(ﬁw -2= lao+) ’ Mg 4 A
k ?x‘\gL 2T ORRREY Moo D, ! 3
E e el o W 416"‘ n_vll,‘ = 5 )
| A! last= null; 7 ¢ £ \%s S 215 s
e izl S Fy s i <
- COLLNOde l-emp- Nnew COLL;/;JG—C—) $ i
. _ temp= Avsé - k%50l
B o5 ewhile (temp.next !=last)
o i : 6 I,
€omp.s bemopelt vwrovhee g SEE L 1
j P neat, .V '.
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3 LS eDéeNode mm New co:a_mv QA A

Rl P (B SMOIIAS Al g en
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BN o me SSES N
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em aoi;mnffh [la&é'. m'f’g)
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* S‘fack as linked list (Linked Wst imp’emcnfohoools-lac)
Coancmmc impie mentation o&&tach)

dhe dynamic oepreseatahion o)a Stack, commenly '
{e-fmed as linked Stack, is move suitable ) an
accurate estimate o) the stack's size can not be
{made in advance and Hhe data c’lcmenl-;a-ye Ia-ge Y€ coids.
| Tn the linked list wepresentabien., the stack s represented
,‘os a linked list wheve each nede coentains ;rg/o and
_ next. cavk. « o ot S QRGN T
E . Ohe top Pomte"l o/ /-he stack s’ vgpvesenécd ‘?J
Stavt Po: nter o/ the kacd lustm_.}"/ Fhe Sfavépomtea
s null, then it shows tat the Stack is empry- Y e
last node link Jield contains null then jt Shows be
:boﬂ'OIn o/ the stack , {74 B!
\w he ol\cwmj Znﬁuve Shows H‘\e lmked lr'st o

- ddnqrmc e prE S sentation o/ Svack.) *i;

SHeRR R

F’@ :Djhamlo e presentahon o/ Stack wtl‘b /‘wee elrmi 7

v

A Stowto v tep

e e

e Method v Push opevation:

| ~ord push (int data)
.

Node Newnode = new Nodc ()} 8.1



Newnode. info - data ;
if (bop = 2num)

r, ANewrade hap

Newnede . next = Nk ; :o' 8
i‘op “Newnode : [—“ Y
; Lol T,
clse T
s %

Newnode. pext = toyo -
fop = Newnode -
J
b

o | Me thod for Pop aperakion:
void Rog()

i (L"Op: :nu_n.-)";

S\'T\Sferp-gqt./o—y,,ﬁn ("Stack i's emphy ,'),'
5
clsed N\
Node f(-?mp: New Node (J;
e mp - top -
éop 2 f‘o/o nex ¢ .
Js\ysﬁ"m out: /o'rmf'/n i Uhe,oo/opd It I's :igte mp it ):

J

83‘—




x Queue as a linked Iist

o Anserhton o/oe'vo'f-fon_.
Pubh'c void Eznq,uee("n‘t data)

i

Node newnede - new Node ()/
Newnode. 'nfo = clcria)-
iF ( veay = = null cfcf Fyont ::nuu)

TCaY = Newnode:
Ffonf = Newnode ¢
k]
Clsc ¢
YRaVe YeaY: nexli = New nodey
Yeay = Ne€wnode
5 J

e Declethon Qperation :
Pub‘ll'c vo.' o deq,uee ()

o 1 v
iF (mw = :hu)l)
?

jSJS'fcm-ouf-Pﬁianl A F""p’j -ivt’l{c"))'

» €lse §
Nede temp s new Node();
term p= Front;
Pron+ - Fron't- Nex
S ystem- out: println (*Ine Jeleted item s ttony |

J n




Trees

f -Frecs

A tree is @« Non.linear data Stvvectvre /o whic h
data jtems ave g-r-ranjed 2 a hi'e varchical Jashion
 Formally, €vec <an be de /ined as /'t Is az,‘n,'-z‘e set o!
Lone - o» move data rtems called node (vertex) gnd Seto/
: _Q‘-dvjes which hn ks nodes Such that? Aode? Lot o

"y Jheve i's a \s_chfql data jtem called the voot _cvé_/ﬁc_a:/rvc
w) And its Yemaining cata sjtems are pavirhosed 1970 pumbe
& 0 0/' g Ny exclusive (ive. Jigjormt) Subsets, cach o
_which is itsel) atvec, and theyha%e ealled Subbrees

v

_ Fo examph

F'af.’_v.T"fgfew"YcP'Ye sentation. 2% 3 ) ,
Bl M L 2 ’s called Yoot (pavenw‘)node and olhers awe
| _callqd ¢ hsid redes o/ A.
o e fevm:'nOIOJJ

Ievol. O

Lev;l 1 '

level 2

le vel 3

£ 3



path:Segvence o! e d:]e.s )

# | Root 2 I+ i3 specr‘anj desraoned data item in trce. IT4is

e Frvst in the hie vgychica l cw-ronjcment o/ Jata items.
A

¥ Node * Each data rtem ina tvee is called a node. T+
_Specf yes Mhe data valve and links (bvanche\s) to oMhe
data items. Theve ave 13 node s ,n the aboeve tvee |

X D?J'*@C o/ node : It is the numbevr 9‘! §bbhcr30/a')oddu
Ina giva tvee. ITn +he above tvee \ ]

%‘ Jhe dejwee oils heole B IS & 3

5 Jhe degvee o/rode C IS 1.

- Jhe deﬂrrcc o/ node B i's 2

3 Ohe dcd‘lce Oj node £ 1S O,

.

- - |

* DCj'Yc’e o/ fvce ! T+ is Hhe maximum degvmol nedes /nq |
VSchn tvee. Se th e ded'fee OZ QbO\/e tvee 'S 3 .

X Lea! node A nodc with O’eﬂ‘vc’e ge'ro s called aleay/
node. dn _the ‘above fvee theve ave 190/ Nnedes: Uhfy
OZME Y, G, Ho kil M,

"‘i Bsp;h She leng}-h oé /Q'Yges{. puﬁ,[rom yoot o terminl
s Sard fo be e depm og/ free. Depih o/above tree s
1 3.

¥ Dephh of nede : The depth of a nedc rsthe lengthof e
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Step 6 . Conbnuvc fhiI'S process wuntrl all e vestices
1= c£ welghfed greph aze /abe/led =

| 8tcp * 1 Twace kthe Pan of cumo lative 1 IDimum ;
u.J@:ghtr hom the Inihal vevtew fo desie
vevtex.-

SC{Jdo COde (O'J ’45*7&‘5 ﬂlao’n/‘h"l_ = ~
Diy ksta’ (Gl wp»ahfed Conncclted Simple grogh,
il all ver hces have positve —UJPIS}'R‘)

2l q has vevhees az VeV, sV 2z and Weights WOV, V5)




www.studynotesnepal.com

Y AN | S SR = N

u.Jheve luCV:,vJ) oo '.{ (v, J) is not‘ unedgc:nq

7&)_7 i=1 fton o A S B
-4 (W= » ¢

._'(: (a) - o
<Ll

[

| Q_ is O and all o/-hevs lobel ave ‘e , and SJSA b‘;e

L l=Craupty sck J L0 T N
= SR CITEST =l &
Yz a vev(‘rac no't‘ ’n 5SS W th L Cu) pALmEm

e S s DG, . <o A
Bz ol verbees N A0S NN
1 Llu)*wilu,v) 2 L (A Hveb_ - e
SN A ELVvIZOL(LY) vt F= " 8
\~ (M'S adds a vertex fo S w:/h minimom Jabel and
" updaﬁ’s rhe Iaqbe/% q'z‘mevﬁ ces net /P S)

*, C‘- C2)= ’Phj»‘h _! e Shortest path A/'rcam a bs2)

i

ﬂ” parvs. Shertest PoH’l

Es o m‘i__%Pg ; q{ pFoble m asks us -éa!md fhe S hovtes t

Jtpa!-h Lﬂm e all vevhices fo all other VeYh'ces ina conpecta

o T

P‘tob)em Find #*he sho-,tg;f- Pq{-h bcﬁoeer) eve'j par’> o{

 wewtices o/ Bgmaph o E T o Y
= ,,,,,Lieph  may contain negative edge,s but no ncgahive

_cgcies S ; el = A =

Repvesen*fn-hon . R uoe'dh-f mat7ix wheve -
Clos
w0, )=S F e e . - 4 e
w C:',J') =@ I'f there s no clges bdmeeo ,q,,dJ

Ml o™ e T R —

A5



www.studynotesnepal.com

CF‘oqd »_ Lavshall]

Ny p F’/ S ﬂhqe-nfhm o j.nd l-he Shortest paH\ Fov all
Paivs _é ve-:-l-:ces o MR - ;
(G2 me-\ghfcd Simple 31419*;) o = { | |
¢t G has vevbeces M, Vz,--.. vn and wei ights w Vv et
wlve,vy)=@ iF (vwW,vy) /s not edge, and w Cw,v,) =0
L - “*i-p“78| 1 2N 3 L P SRNY slod ol s Z \
-~ For izl ton - <
e for ;=1 ton *?‘/}_&
D (Vi ,vy) = @ Cvi V.:) o
dor k> t ton = Jlusc :h+em"d-'a,fe§'l.;_ﬁ§um
for iz 1 ¢on N From I - ';K)‘<
_ 675&’ 1 ton A/ tQJ . r-"\ b
e iF( DX i, 30Nt L, a,]*xoﬁ_gk A1) =
en DX :4.J<—-—D“‘ig ;ga"‘rb,.l 2
S @18 @ AT T o N Aty - Sl
(& DX L7y 3o e QR BT
1 e <y
| Exampie ;. Sl S, 3 .
\ - ¥ Soe. B
4 P = S >t 2 .kl O s
O g y P ng o |
B RN e e
4 e J
j fo k"l;‘;z 3 PR R
‘ ooty geoy =gt es | 5 o rarts, oW L@ Yol
] i;’ e 2| o Lo pts A 2 jo | F -
] SR T e e g Y Y
_j - ‘ F oY [bg;‘:ﬁwﬂo‘[%a] ,0°2,1) 'D.Clt’ZI
| e, Ko - mia(c, 2+5)
] ik 2 3. B2 S
i o o o S mvodh gAEe, "73'3'""“’{,0'f3435,0‘£3:1)*Qié_zlﬂ)_
J "5 S F a0 S e 4 9)
‘ =3
1 d




www.studynotesnepal . com

. ewy W ko R
gy .= k-1 Xt
min (diy *°%, dik +dkj ) s P> =1
fak=2 . o 3 o e
- < [ ESE ] . 1 iIfT® |z |s
pg - 212 |o |3 0> 2 2z e |2
e T .~ 0 T )

0%[1,3] =min(0*r1, 37, DLI,2J700%3]

y &rz.z:s , 612, 30003.5)
fQ_l ;‘ T Gl)




N

www.studynotesnepal.com

iﬁ,*.{ E—
peasin SPOﬁmnj Tree:

i | A _Spanhing fves o/ =¥ Swaph G=(Vi &) s its s«:ijoph
which: -

O IS a tiee —
® Contarns all Vevgces ‘-’Z G-

=i
lM-mmum @,Ponmnj Tvee CHST): >
A mMifmum qoannmj tree (CMST) o{ s‘mph de/me;
| the Ch@apcat* Subse ¥ O/edjes that kcgps_lhe\y-rQP“
_in ONE€ connCcted gompane"f"s £ 2. X

==l PR A minimoum \SPoanf\j tree oé_ ?-fgph roa. tyee which
B C0n+om5 all vertices of the JJ,') and /he cost (Weight)
}oj the tvee is Smallest among all He trecs.
i . Maiest amo 2k Py

"6y constauet the MST of the’ Jollowding geph .
| #

— K—YUSkq“ X 0'30"; #'m/o-r N\ST

_,;,,v_uiej'c a~ve Seve-‘ol Ojowﬂsmc % Solve H»c minimum

|§P°"" s, Arec 0{ 3"09" OnE o/ Svah aao‘nl'hm 's Krvskalls
s olgo'n thm .

L. Ohe ba\s,c ldegi.bgbfnd s 02,70‘:”/4‘:’7! s
¥ - - I+ Selects /mhoﬂy n Nodes as r

vee s re. Jfovest Wik
| freest,

-~ It <ombine s fwo trees b connec'hnj éhem lzjo. /owm-f-
cost edges that Jdoes no¥ fo oy ele.
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@nd chosse the edgec w'bh Minimum weight ‘nerdest
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Eq‘-fo_ph Toa versal ot g 3
| __Tvoversiag a gmph .means wisihing il the verhices
_ | to Guegmoph @xacHy once. In tvee douswsalipiheas /o g
i@Pec-‘al node voot A/-~,c>r-»-3 which the baversal stavd, pot
_in gwaph all nedes ave ¢veated eggually. So, fhe
_Stavh'ng node in guaph can be chosen axbrhavily.
. Two commer dpproa ches o travevsalavey
- * Bread Hh  Jivst traversal
| ¥ Oep#h !'.76* trqv,c."'}i‘}._(. i — NN
l!_B'readH’w Z;’nst traversal CEF M N N ‘
_ Ja.sasceed BFT, the, bayveraatsinuiotutginede v, |
) TQéf‘e:'r qu':r__lgl'nj bhe node he braversal visits all yneident
:eésg; fo _node Y and then meoving fo an adJncen{'node
ond ~epeating the precess - Jhe f(ravevsal continues
- |luntl gll unmarked nodes in the gvagph have been
_\Visited. A guewe. s maintained in the fechnique fo
maintain the. list. og incident eoi?es anad marked no/&e.s/

// S rr;eoos \S_f'o-r hbj \;e-rt'e/(

el = 185 /ledge list
Fanc e
. Engveue (@.9)
e chaile (@l @) o o =1

? ,

v :‘j‘)gg,ucue Q@)
_fov cach neighbosr W oV
Il W lwge £& WgT)
L o

Efnrq;‘ieue C@ W)
}T': T vdwd 3
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8
F - .

G > R """ e | p ~ |R&ARAs,
| Be,FE, S0

D e 6‘ S . aa ﬂfB)-F?,q 1978,‘9 ,d" p “.\_ Bx o= 2 g AB, AF, A<, B¢,

‘:_;- A d - "=€qu

S—% g == ———

ba T ?E;NF, ﬁé

§ >5- k = P,G,F,G;C:E' D : = o =
= Nt =P 5
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Depth Fitst tvaversal (DFT)

B depth fivst ¢vaversal o/ an gvaphcan be used b
\penlene o (veypusal of gmdval gugeh. Tee fec huiger
'ink_s_o_g_gfnogle and rmavks /'t. An vnmarked ad ja cent
 node fo previovs node /s then selected ond mavked,
 become s the new Starl node, possibly leaving the pycviees
nodec with unexploved edges (e e present: The

 tvaversal conbinwd e caq\s,-vcb, un¥’l all unmay ked
! Node s Qé‘ the curvent pakth are Visited. -p’,,‘g,@o;ess ’s
Conhnucd fov all the pathoy the guaph. T thrs cannet
‘be done , move back to another Vevéex and repeat
| the pvoce ss . The whole process  /si<onhnued untlal
ﬁfhe verh'ces gve wisrted. Thi's mehod is also calle d
|back tvac king. A Stack data Struetusc /s maintfained
L In Aas’s hqvev\s»_‘rnyp;&@@@M bre st q_g rnerdent
edges and Visirted vewrbtes.

)

54 |

! P‘ljow't‘hm: " \

! DFT (;5 »S) S is S+<1~+-'nj Vevtex
| §_._.L_l_n T R T

| T s} ; >

f o Tyoverse (s) ;
| ~

! T_’rQVQ-rs_e Cv)

1

t

Ry cach ew ad jacent foV _and not yet in T

O e 3

T=To Wi . //pot edge (viwd
Traver se (W ),
3

5

Y4
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Shariting vevbexs A

Se+ o/ vevhers (¢ ) Popped clement A d javent e.éfje_h'sf €T
| ofstacé(v) vevtex

AL P AN
b i - —— . s R TS

- B & el N fmeee .
T M & omn s 20 Ch2 "1 EEeso-
&5 Lo wl D D > G RB,8¢, c.D &F 04

R,8,C€:D, G G A 2y g__-: —;_ T AB,BC,cD, DG .5
R,8,¢,0,6, € £ - ad = RG.GC,cv?.DGAF,FF
R/8,C.D, 6, EF F r "G - A8,8c,C0,04.5E,8F

' L —‘ e,

e Connec'hv»

fyee —refv-rned 'n te

ty in Graph

L" P, 3 < 9;4} EF Qnd H’)e 73¢U|hn3 OFT Spemmnj
set T = fA8,8¢,cD.0G,GF,6F ]
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Gvaph

Ne‘h.oo-rk F/ou_) P! blema ‘ %5,
1F'low Nehwo ok .
~

— ”e"‘*"’"k O é‘*ﬂ”&povf nefwovk Isa
connec ted divected S-Ioph q:(v,e-) (ha'l- dees net conhi,
onj 'ooPS such that i <
f_ Jheve are exquJ oo d»sbnawshed vevbleceS Sand D
called Souvec and desHnabbs CSint) 74 S,OP;, (6)
| € Spec hve@
= Jhew s a non- ne:;q*rve -veeol valves Jonchon k
de/med on edge & called lhe _copacy fi/uncﬁooé/(;,
S \ b P i

; \']henL(q 0 ca!led "/anSpayz“ nehocrvk and/ uoc'ho.,
Ikv‘s called capacihy foncHon ©f G . "‘Uhe vertees oishnet
~om S and D ave called: “*m ‘eyme diate vevh'ces, JZ
cec€&€ £ Hen k(e) is called caPac: cz/e y

S
P " 4 s -

;Foﬁ'e‘a '.'7_' soaTmwIETT Y e -

= Sy 8 & P S S

|
4

LF/Ow et (G.k) bea fvonspa-vf- network  the Q/ %)

in &G s o non—ne\’jaﬁvc fnchon ‘Fde/;ﬁed on @d\ye

ISchh t-hq'é ,,,,,

e F(G) L kK(e) /ov each eddc e ef
| wheve Fled = > Flow o the edge e.
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iF'mm ch‘o_l_;gsg 3‘,,-,6 /—he !lgu.)-:n oz vertex ‘o' ¥s
FCsiayk FCCia) .= 34224

_Bhe Jlow-out of Vewtex ais
F (abk) +F (ad)= 34124 and sSo on.

'Sa.*hrfa‘t'cd and un-sa-l-u-ra‘bed sdges

. ool

| Ohe edges (m cwohich H‘)e/low and capacity ave

~equal called satvvated edges. OtherWise they are

‘calle d uvn satvrated edjes.
‘ F”’Om the above i ﬂoPh i 3
! cdges Ca.b) , Cerd ) and Cd,o) are sq-luvah-d and

Eyemq,rnn? ohlhers ave called Uﬂéﬂm@d ecbes

¢

»

— = — =

Slock °£ ed\?c: n { S

"

ﬂhe Slac k. Oé edge 'e Vi the du/lc’renc(' o!capac:‘ly
iand mMmaximum flow 6/ _Hhat edge. The Slack ol Satvrated

—

&edge -

 For example, \ -
She  slack o) cdge (s,902 2

~ Slack o!eaae('ofb) o

,,ﬁ,.s‘ Qg - - L
 "In a Jlow nethoork, an 3-D cm‘- 'S o cut, thal

ve quires fhe Souvec !'s' and Sink 'D'fo be 0
'd'zgc yent Svbscets and V¢ con St o/ cdjes 3a:'nj
wom fthe Souvrec Side fo Sink Side (destnaton)

dhe cqucnfy o‘/ an S-D cot s de/med bj 1‘6@

Sum o/ capacity of cach edge in the cut sef.

- e

| Fomagg: Frad the S50 gud St ey the JolEs/ng gunph,
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v

== 5N o 3. T s - £ i T S——
= - g Sy i) = SRR
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Flow augmcnémj pakh &

| A J(ng- Qu;menfm? ﬂot'b g"’om SOU—ch__s_fu Son*
;D I's a Se guence o! Gd$3 fyom S o D Svch w’-hqf, &
| Cach edje 'n. thi's /oq)h te /Iaw F(e)<‘< (e) on

sSlack add(s) S/ack. f""‘w S

| ;oquvd edges and F(e) o en backwavd €d lges .

It means that Suveh a path is net gphimally vsed yet,

1y

W Jhe ex'stence o e minimal cut €%, tde o
W The ex's tence o g 0marimal flow £

lhas govwavd PC\M'S onls

‘alnd it can (‘rdnﬁ)g'r move wni'ts than it is cuvvenflj
ans{e'rr: nJ _T[ e Alog, g-, at least oaetec&ge a/ﬂ,e
L ’oqrh  acaches i cgpocd'u, the ohb V'M& }hé//owcanoo-f

b (4 QUjmen ted . $ 3 &« Fr. s ! %
J Cl bl Sl 4 __r—'i..:’;.,_,,:_"_'_ =
| MQx—PIOw om0 T T we J_e N

I any nemwe the valve o/ the max Z)owl_g
egual te the vale of min cut:
Ohis thepvem asserts the JO"°@"”J:

Jhe egq vality o/ F  and c(Cx, :u)/c,,7 any ’"Q*r'malﬂog,
F _and Qf"} minimqgl cot CX,x1)

Flﬂd H'\t,‘ mammmé_l"w lo~y Fhe Zo”ow/? N@'I‘u)ov&
graph . it

So)":;_ ™ v \ :
At !o‘vst we sec Zﬂg ‘edaes Hhat ave un sakrated and

He"e, unsatuvated !oqu-rd Patb

P.:slc d-D

Now,
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Slack of ($,¢) =16-io =5 e
Slack o) C<Cid) =F- B2y 5
Slack o/ (d:p=1e-% =3

Mintmurm Slack valve s 3, So, Gdd 3 to each edoes
Se ,above ,,zgzgg_ég__mgs__

a .‘COa ). ARG i
(_‘5\\‘3 R ; "'t‘) ] S iiskbinl
- = — s g ‘l‘l g _— B\ < g b- -
— e - N —
SN '?_'5 ‘&yg)‘ A
773 CH = =55 = (i)
c (7-,2) =

Now, look Jev edges which are onS 1
) . ¥ 5 : \_ZM
back ward edges.

Pz = S-a-Ff-ce- D
Pa = s-¢- d-e-p

Py = S-c-d-b-<e - '&
e S Ps = S-a- *‘F’—‘ e e

= F'O"'JLSlaclg ch,a) =€ l.s-u; T ~

of Ca¥f) = 9?»‘1:\5‘

o\ S!gekdey Cfoys S-arg

hx Slack of (bied= 1562 ¢

C. “a " Slackof (e, ) =10-4= ¢ 3
Ngj add 1 to A@vwnvd edjes Ond s..vbtvqc.{,— S o

backward edg es . Dhe gvaph ‘becomes,
a AR ‘
: s

ﬂq:nn Slac & of (s,a) Vg < 5
Stack of (f)=- % .
Slqe k °1 CHb) 2




i o

-

2 L"C'f'_);- = :‘!;"

d }(-J

(8,c)=15-13= 250\

NAR
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Sa”' ‘ \
At Jirst we sec jov edges that ave oﬁs'aﬁ;fra@; éﬂ Jhas

_%%vd ng\a_Qﬂ!j,,,, —— —MY}%__,

b _ Heve, unsatrated

Now, Err A
Slack of ;

76w |

an{mg lve s 2 . §_g 1d’d 2 o cach @dJPS 5
3 Se becames , :

(3,2)

0, . 3 10) = {H,d

Fo~ Pz’ —
Slack oF ($.€) = 6-0=¢&
Slack of (C19) = 3-0=23
Slack of (&, D)z Y-0=4
_— P~ = G}\Jé‘u

Cl/ap ™ - N"l—'
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So~tin 9

S'O-r’ﬁ-nj I's the process Oé O'Yde'n'ﬁj glements rnan
s T SPGC'Z"C o7der jle. ©'ther ascending orJdesce-
'nd'.nj on fhe sbiasKs Ol valve, ch "fonolo\yfcal o ab-n'nj o/
| YTecorids* #* :
| Jhere ave +wo @pes o! do*rz‘l'hj

® Internal s°"'f""’df Tnternal smﬁt:wj means WE Qre arron-

ging the numbers within the ariay only which is I'»

-

| Comm pulse iRy ("G.MO"?J.
@ External \Soztr‘v'n‘j,r External Serting is the sovhing %
Nnumbe 73 Zfrom e external /""‘—’_.‘3]"‘_”@?1&{7",1'* 4‘/709—,

 S€con dcwj memm‘jiri

ot

| let P be alst of n'elements Pi, Pz,....., Pn in memory.

\_591'f7'n3 P means a;rvang‘)ﬁ'nj_)-he contents o) P in

| @rbher incveas rng @ deeveasing order e

Py s Py Py B5 5. T =,

1D Bubble sovt P

| In bobble sovt, each clement- /s compaved withits
ad facent element- If e irst elemepts s lavge> than
Fhe. Second one then the posikion of /the ele menits ave
\snip changed, Otherwise, 1t 3 TNoficciange o - Then next
element S compaved with 'ts adjacent element and
SamC precess /s ,’76,0?0*00’ 16-7 all e elements /n the
Lavvay . During the pass, e Secend. /d':yes{- elemen +
L occv Pfed Fhe second /QSf' Pos-o'h‘c)n. The Same pPrOCess I3
~e peated unhl no Mmove element s are lef¢- /o-r COmpari-
Si'on. Finally /*Eiovvv rs Sarvted.

.Nljo'n'thm .

Hhis oljowﬁbm Sorts the arvay @1 wWith n ! element

e ) ™
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® get /=0

® Re peat Step 3o Founkd ' IXpamaz e

@ Set jzo0; :

@ Repeat Step 5 o vnh'l j<n-i-1

G| If oyl D agytil]
Set. temp - aryd
set acid: acyti) X
_scetaly+i]= temp A . A Y

@ g=j*1 s
@ |z il - . .
@ ex't—t—r < s % ey T EE A el N "§ ;; »

| Complen’hj anbsfs _g! Bubbke Sovt
| _TIn _bubble sovt, thefivst pass veguires (n-1)
CompariSions fo g:‘x the highest elernent to /'ts locahon
'Hﬂe Secona PASs FESguire s (D= 2D, - ) pas’ vegosves
!Cn-—-k)qnd I-hg_vl‘gié__uﬁgs; "’Icc;uh'es 9”{_‘] oNne companisien
to be Jixed at 1ts proper position.
_ Jhenejore, the fotal comparisionsaxc : A
- Lln)zn-aptn-2)+ Cn-3) F.... +3+2 41
! = " RCn-1)
ST - B
BT EnTS s Rl Ly el
CHence, time complexity ¢f bubble sovt I3 OCn2).

- Example : Y s ya3g
| T~ace the bubble sovt q’do‘n'f'hm !Q'Y /onow.‘nj olotq

Nvalve | o o - ,
R[] = 32/ 51,2? /7!751 ‘6/ 734 1315';- -

So\"’ Obhe given awwvay s, ag
AL =82, 52 Z?,{S, 66,23, 13,57

‘ ;Vow OPPIJ»‘::i bubblc 307t aljovﬂhfp!
<
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| FPass 1 : Comf:a—re RLO) with AL1], s.ncc 32<5_1 do
| Nnot inteychange.

= Pdwywmpme Ar1] woibh A T2], Since 5:) 27,
interc hange 531 and 273.
32, 2%, 61,85, €6, 23,13, Shee

<y Compa're Al2] ewith ﬂ[33; Since 51 < &5.do no'/
intérchange.

i Coqu're AL3Jwith RLY) ,8/ncec 85 >66,m+evchoz7¢
35 and €6

32,23, 813, ¢c¢, £5 23, 33 57

- | Lompane ARLHI av'th ARLST, Since "!’_’5%@3;,'nf9706onj,
35 and 23. b R

; 32 ,2% 51, €6, 23, #5, 8,°5%

= Compa®c "ReBY ith-RLeIRSake,” 257 13, Intevehonge
25 and /3.

B2 2%, B Tt "'}* V3, 35, 57

(OMPQ'YC A [‘J OJIH'} ﬁ[-?J SI'nce £5 > 5;/")}-67‘(‘[’0':]6
j 25 and 57

; FANY 51 ¢, 23, 13 5-7:5
ﬁf“ H‘N.‘? fnd of Passl, the /a'rjmv‘ E’/ement‘ 35 1S in '+'SP°")+'°"
Pass 2 " Com pate RLo) with AL3], sincc 32 > 23 m+em.3,
e N NG Nan S L a8
\}w 2%, 32, 51, €6,23,13, 53, £5
.= Compa~e RZL1] with AL2] since 32< 61,n0m+e-rcha.2]r
% Compave ALzl with R[3] ,8'nce 61 <€6,no intercha
— Compane AL3] with RI4), S'nce 86723, inteYehange
2%,832,61,23,6¢,13, 5% 25
i COm,oCI'VG ARL] Ca.n'h ﬂ55‘~J , since C€>13,1n+e-rchQnJe
2%, 32, 61, 23, 13,66, 5%,&5
% . Com pave RLE] with ALs], sincc cs)sz,mfe—'chonqje
- , 27,32 ,61, 23,13, 57,6¢,285
| 8t Hves=enyl o[ Pass 2, e hwo lavmt‘ clement i's
'nrts LPToper Fas;hon ; ) 1
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P ass 8!
= COMFG'TG ALel woith RL1] , Since R32<32 no ,‘n?‘t’rckay

= C'omf,qve AL1] with R[2], since 3¢ &1 ,no;_nj}evckcrje.

g C’ornpqve R[2] eorth RI31,SincC 51523, fatevchange,
27,32, 23,581,113, 6%,66, &5

-~ C’omPa—rc R(3]) with RZ49]) ,since 51713, "”*"”ﬁ"""”d'f‘
27,32 ,23,13,5), 573, 6,35

— Compave AEH] w,rh ﬂEs] Sinee 5l<5¥mmm‘evc5°ve

Pass 4! £ SN
COmPade RIol with RL1], since. 23 <32 ,n0 m+e'reJ.o:]

- Campoﬂc R[1] with R[2], srnce 32223, i terchaon e,
2%, 2& 232, V85 5*1-&_"5 3, £6,85
= C'Omfpo—te RL2] with RL3]),8)nce 32713 /nf'e—vc‘-;ovp
23 23, 13,35 ?, 66,85
~ Compaxe A [3] with REI4], since 33 <61 ,n0 »'nh--rchotyp_

.
Pass & -3
- ComPa'le\ RIo] with RE], Sincc 2+ 72235 "n*P'Yc"iQod e
 '23,2%,13,32,51,5% 66,35

- Compqae AL1) w:/—ﬁ n[zJ Since 2-7>l3,;n7"evc’vov
\ ¥ 23,18 23, 32 64358, 665,
- Compea~”c R[2] with RL3], Sinece 2+ < 3 2,n0 interchoge.

Pas:s € A=
A Companme n[oJ w,H, K11, Since 23))3,_;n~levb‘zo'jp

13 523 2%, 3%, iG)) 666785 S
% COmpq've RL1) wikh R[], S'n«-23<24 no:nfercln,b

Hhe A.‘noli Sovted da'\-a AL 4 X+ DRSS
13,83, 258,32, 84,:5 7, 66¢35 , =

Ny : ; - IA
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o

InserHon Sort) . cArat o w : i =
An :ndc-rtlon SO'/f )3 one mets a set 0{
cleme nts bw nse "/['Iﬂq
‘8","3—5‘3-<°“ Qvrray A with Nelemen B R rCol, ALJJ
Al2],..-... ALn-1T. Ohne inseybdrn Sovt 0136.,,#,,,, P

| S Rgdom RLO) ¢o ALN-1] , InSevhng each eleme’n'l'fnb > its
R Qoawhon 'n Mhe Pﬂewoush, ao-r(-ed Sub !,,m,_

- =

Fo~ exomplc : AN

Passy . Aced byitsel) s f"nwoud ﬁgy&_d_
’%511; /s I'nsexted C'Nhe-r e/ 7 altgé_ A
£ Aol , So that RLol, AL - ,
Pass 3 . Alz] s insew tod int ¢S proper posibion In
"_""'——__- RLo3, RLIT JSe. befs . .};\beh,aem R[] and
ﬁTIJ ‘o7 ajter R[1)So ALe3,AL1], AL2] 15 serted.
R ‘H‘

Pass &_-MQ&N JJ s ‘nsevted into Jts P"IOpe'r 1y
pasition in R[6l ,Rr1l, AL2], ..., ALN=-72], S0
_M whole avw\j,, g e T R AL

) AR Sy e PR L
) 5 b P 3y fee Ty RSSO "‘7 -
- Ipsevtion (R,n) : =
~t =
; For i'=1 ¢o n-1 S
S e TSR 8 o e
R key LY R =
e T RNGES T ek s S
o whv'e((; >0 ) ond (acLJ g;))
g e 4 - e
haicl 4 @L)s3 ) =R EfY = Tarw’Pe
S JEYEYT W Ra
e e L h3 B M T LB
?R Lyj+3d=-key L
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___Aamah -Sovt Hae /ollbuanq dota valve using insevtion
= !

= HOQA BB NS et 3 Ly
= . ol & ke '?Y“"o."i\

i{" S, ‘q ‘85«1';13"2\/3.‘\

r n[l]-nzoj 3‘1

. ‘.
SPAS ; =

f'zfﬁrl}’;ztl L.-—*l, ﬂf 'v"&‘Q:. \J:~n$.
ﬁ[-.l-ru.] ey v 5o o 2

while ( (220 £4 (a[z'ﬂ*E <Cy i@
. £y EIET

E (g nm ARL23 .
ez eiad : AT :
p LQ-"'L'I > kﬁg‘ e - {e A ; =
A [8d = 51 B\ e -
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~whrle (15,0 £ £ (alzd D kc_y e, .\3.11'*>3%))
AC1+1l=key
ALzl = 51
A Lids PL,_&Q;; ¢4, uj =

Pmsa‘l: 45 L rnis , ,
kcg-al'fd: 832 &
RSN ——

while (37,0 f{c\[,'a] >’<'~'-"r re
N .)LE, ‘1;'?.4&' P’SJ

MJ?/QJ{Q[JI >‘¢’3 e 34322 )

N\’ A[.n b2 e

: I3 o ——
Hfd-&l::’kéy
A 3] - 32‘

while (07,0 4P QCgﬂ)k!b.e g7 32
RAlo+12d = RI1] '

A1) =key 2

. I i - R W )
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Selecton Sovt

Consider an array A w:M I e)em@n'é-s NCOJ to AL -0

Iﬂhe selech'on Sort Olqavrl-hm LS Sexting ALJ wovks
| Qs Jollew SFIYs#™ find Mre sSmalle s ¥ elements in the

av'raj and put 1t oan ?‘hc A/:‘-rs'ﬁ Losrhen . %en/z%d e
1c3e<_-,ond smalle st element ano/ pw‘ ¢ in Fhe seconcy

positon ond Soon. ie.

In Avst pass fnd e locatior, L oo/}he Small@;f elemes
| In_av7at - s elements anoa fhen /o{-e'nchan}_@ ALLI
Iw:l—h ArLoJ. Se, RLo] /s Sowted. i .

 Irn Second pass: find fhe IOcoﬁOn oé the smallest

__‘_ element in the Qrray o) n-1elgments Ond”ﬂ'c'rcbcn

it with AL31]. So, RCoJ, RT1)yis \Sewted. i'e. Afedcs

Aty and seen, N

Froally, /o pesd 073 the locoh'on Loy the
S mallest element yn  the“ay SIERE%-37), Abn-33
| bhen ntevehange ALLINeoMh A Ln-2] . ThuesA fol, A1),
Aln-1] s Sevted.

B =S, o i !

ﬂjo’n Hhm 'B'r selec hion Sovt g

Selechonsgyt (82) _ . - .
S‘i‘epz Lloop for r pass] R -
—. 2 -@lspea* Step2 o 4 fo+ pass=0 b n-x
L__SP‘? [.mha/gjej c—— o W VB e

. m»n _indey = rass ;

&
—t
1
|
I

: ﬂ’un = NE,OQ-SS]

J:Sig,_o B o /_/ooss +1 - ton-1 do : :
BN ) L < AR [m'o ;ndex J H’W),
m"‘i .nde*- ;
|Step 4 fochonch e R ey S il e
o= IF (min_ indes Uzpassy thes 3
R LCpass]: R Lrmin _index ]
A [mminindey ] =m"'>w;7— s

ls'f-pp S EXe J ‘ '

-
v
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- Smalier o7 cg val fo the pivet element ave kept inone
_all_he elements gweater than o> egual Yo prvet elements
ave kept i'n onores Suvblsts cwhick 3 placed after the
_PiVQt element. So q&f-e")- chdes"nj He k@] "Ie'ﬁfni'z*,
:’quh'h‘om’nj r's pcv/o'vm'ed”. ¢

let % be an awrvay,and N be the numbe> o
elements 'n hhe q'rquJ fo be sovéed. choose ap element
| T | K |ovom a SFGC'Zg‘c ,Oos"ﬁ'on wi'h°n _an azve ('!o'v

i _L,e&qup_lv_,_ig con be choosen ,0_3&5_!£7’f elemen?t so

_that k= %Le1) . Suppose Hat Hhe elemests waol xave
_lpay h'honed sSo phat k s plq¢@3_l'hh_p031'h'04d~ Qnd be

__Jolloea'ng conditions hotd :

e @ Each oé e clements _r'n_/y_os:'/r'on o throvgh ;14

e less boo-ox eouadl b M F L S .
k- :,\ . @ &ach ‘o;/ e "élerho{lf{}‘ig posirhion J+1 /"rwc«(?l) n-1,8

. ,,.\9."90'*“'7' than 79':;_6’9‘_7._13( vo: JeNtuaa o ", :
Bt I+ s alse caled Pfq-rh'ﬁ'oqf excho(:,]e,_ SovE -
PERRIRICERRE | S T S
véxamﬂe_: == R e
Trace Mhe quick Sowt algomthm Jox the b/ol’w_';”.jy*’,‘q
~alve: — s

25, 57,4083, az ;S PRGEEE", 68
__” .- : T:t;'é;le-ral Idea !crr PG"’/'l'h'am‘nJ;
2 Take flvst €lement QS pivot.

B "~ Auaed le‘t “P_Q!,',’ka”, at 7@@;7:‘%’3;‘0\7 and 8'71'7}# Ioo{nh-*rd‘ end
9 Tnevement (Mmowe vight ) /e{é pornte> un #l Hhe Pelement
_ a'f',oo.‘n-v‘e'r Jocaton s nofk?r@o*-e—r Fran prvet o eny

e og st D oy > _SiL
7—>”__7:_~:f€q\3_{ _(moggnle'ﬁ\‘r.) Fhe "n:?h‘f‘ porntes unkl e
_Clement at pointe> locahon 1's not less Fren prvet.

¥S s
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:«SOIQL_ mc’let =25

2\ [N s .2,5 53 Qcaf .ﬂx%ﬁh‘ l boedid
A l 2
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Me'fqe Seovt - Co-—nplem!-q Analysigs s OC’\'an)

Nc'rqe Sovt ¥S g Gé/;clen'{' sovting alya-nlhm

which nvelves mer9ng koo or move Sovited l'/ps /nfoa
Pivd Sovted [;Ie Nevq.nq s Phe process o/Combn)o9 |

l
oo or Meve éovf-cd /ﬂe: inko a Mhrd eov'h-dzﬂe

The me_ﬁe SoY ¢ quo'n/hm /s ba..sedco divide Qo -

CO’?Quev method. = Pogelod o) "W « &
f:}he p—tocea.soé me—rqe gavf can be /o-rf@;!%af into
three bqs: < opeva hoaget . = ik o :} |

Divide bhe awvay [fnio toe sk awvays .

Recursively sort the foo Seb amraf

@@@

M@'ch e newly Sovted Sub o'r'mj%-
E ;cample

Divide e - T T 8

| 2 [z |sh|

Dj 'V'Daﬂq = .I/

L s iMere, -
27 8 = 14 W9 3
F g
| N’ e
'. T3 ylelg ik le 1
i e wtale |& g
kao-m%m TN :
‘me-quSo-vé' Cﬂcj TQMp ELM&,'V@'&*_)
5’
if (1ef+ <"n e ) \
e .

1% |



Mldh(lcﬁj,‘.{,q‘ﬁ@(i s RLE 7,:2,}"‘

mg#qe&s‘r%’éﬁpfemp, lejt., m,*_l S
c : 'ﬁm m*dﬂ,wqhé)?? 2 gq

(A, remp, lejt. ridd ) -

:—i’ﬂﬁ i -y kbf

i€ (e mopddesl 215 CEAS WY

M‘kﬁ*m’w%&vﬁ%&f e
ALk = Temprkl =Y S S B

S y-FQ >,7:9h£3 ] 3 | s "5\\ 4

= s k:w_ '.Eg/, Bl = - :

ﬂ- [‘J,--J ﬁ[k.._,l.j - //ﬁcgrmrkl‘\

%n; { e ..:.‘,. ™ fo L= =

ALkI= Temp £kD ; 1-:.
J
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—— P N . ol e et B >

— 0 _laudi | SiFai el q 42D TS b s el
P . o S ‘. » g 3 ot il ] ;

= left = © , 'ﬂgh*-' S0, ‘ =4 h’i?et‘.o m:d’(@f’h)‘ts .s) |

o\ L s LA Weccn :3*:, !

while 0g 3 $La$?)

if(Rrted S AL4T)

‘3‘ §—"§l >3 ’;_ =

Clse

Jejrl=Yri=5

‘&q"?ef o "I’ls <P

1

~ Temp [11: Aot |
t-=9ix.!, ’A”?eh o
. ® | while (L 3, 24 5 < ;.) | =
HNg 3 o Semite—
Ry ’*gj Templ'z] nESJ e 2 - v j
: - Jis 45+) __get _’2‘*.# 7 |
- G uhie(2<3 z&Ax S <
== yvF(RL11 S A["J)
<1 $5 = —

?emp[GJ - hﬂj' e

: ;o= 1+1=2% {-qqqet _——
@ while (23 ¢¢6¢3) - ' 1

1P (e Jud Ape Y TS T o .
8 \cis X S = 3 -
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" i s 1 = 1
‘~..\.s - 2 w -_ L& Aﬁ

C\Sﬁ " aas % y
P e jﬁﬁp’f"TME‘J‘“&é‘" R ANl o -

i € ‘-J“:*é'ﬂ"ﬂ?‘ Mahghts SHt a5t oo s
i

@ while ( 2 3
oF(ﬂtz:\ < A[31)

\—j - = i 3—; $ '_“'" =T S AL S S -,\_\‘ DTN N -

clse St B e

e Tem p Lo O L A ""i’;?—%' ==
ey : Y e L J '33‘+L-‘_‘i',.,.-‘f‘n"‘yg‘t‘-_-‘-Ss-k_a . |

- ‘*qu\x Sevt {Emzaif’mh analysyt *’0@”

J
~I} the vadix Sovt is u.sed o Sovt e lis+ o{decimql

- num be-vs Hhen 10 buckets ave ’V#g;%d and IA/ we want

-te cwonqe Hhe names in Merr G/phabehbqﬁ ovder then 26

‘bucke+ S ave cquived N B

Tn ~adiX Sovit the hist o( @Iermn&s Jbbesdrﬂd

I's bvoker down infO Seveval boakets and Hte elements

| e a.s.s:’qn@d to M bociet acco-rd,/y o phe pa&; ‘hon

)73
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!c,/_ the clement in e Jdig/t. For examp/e Haed)q:l-s

J
|O-yc CLSanned /:ms:" aoco'idlnq fo the least 6;9}){/,@9,;1!
e'c:nenf then fo e next /eam‘ sﬁ/{mom‘ clement
ano So on. :

| 3 LS

Example : Sovt the list 2% , 33, 29, 31,95 £7, 26,25
} , QQA{?.’L» He vadix. Sext. e &

| #Seil, . ad

Pass 1 ﬂasuqn Hhe elemnts b e.g;h,b.,Gw ?ﬁ‘ﬁdﬁ_

il B B to unot‘ poslhon (IGQS* S&na{nca‘g{ ler i.)%
chq.fs ;

_Input Ale : 23,38, 29,31, 45, £3,
Bucket Eoﬂ

Pass 2 ;. Read ths clements from cach bucket Stasting hem o, |
| bucket © o bucket 9. me'n:/bm! Fheinput fonext
pass i w31, 25_, 45, 2¢,2%, 3%, 38,29
NOow assign phe elements fo eqch buckef:dcc.cﬂd"f)q
fo the ten's posrhon (re. Second least S:c;m/;cam‘ |
| digt ) % e Cleme nt. o , i

. [Bueket Lo] ¢ o : 4
: _+ Bocket 1] S el
|Bucket £23 |25 ¢ 27 23 , ‘

| 17
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Seq-rch»"nj

%eomhnnj IS Q. process oj /lndlf‘JLQn element

= geq,venﬁo_l Seavch "mhig S

within the list oé elements s'fo-r'cd in 0?7 arder av
'Tondomlq Seavching js divided Inte fuoo cakgovies:
guem‘aq/ and/ bmq'rq Seavch.

Seq,uenha) seo'f& t'echmgye is s-mpb-r Sca

’C‘cchmg‘ue 3513 ch'fchnnﬂ 'l:echmgtuc /s egua” l'ed 1
to a f’ab/c o-rqam-{ed N @rther as av“-myﬁ ed st . e |
In H‘N S Se SGQ'rc,h f’Gc}')n)?ue )Lhe v*gavdhﬁbe S?avo),e,:]

is Conpq'-rcd 7o each vecord in /'he  table on bl it

not in any So"rt‘ed ovder. .~

(et ﬁ[] I's an av'rqyialsn key \Ia\ues ﬂfoJ tALn-i],

|7 is Yecord tobe Seaveh within aqvvay ALT _

dhe 913071.' Hhm ‘/ﬂggg_ugnﬁa/ Serch i -

Stepa-t

int SeguentialSeqch (int~3,RL1)
el

E.: i psarr e o !

e = 2 ]
] ™.\ =)

| e Yern £ 5o
6’ = = - 3_7 =t — — UA 4

iegslsens - : u

) ¢ == F i

B NS Ao - g oy edurm~mlanai s ‘ Al

Ihis a\acrﬂ'ih[rne}-bod\ Jor seavech ~eturn s Phe ynde x

poesition a[ scarched clement in sga-rehmqaﬁvqy

(e, AcJ) ;‘1 Search I's Succp.sx/ul %q/bgmlg!fr—yefuu‘s_:l ‘

+o Indicate CmSUcce.ss[u).
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Ea cfe,nc o! se?uenba/ Scovc)\ CTW’@ ComP)emw
5qse case r oC1y . \
Worst case : oln)
Bm;; Se§vch: Time Conp)em'b 2 o(-')ojn)
It s the e&({.'cxfent S€arching {Ec.hm'»iue go‘ra data

item [yom an Sexr red CJTYQJ. Thi's f’ec""l'q,be com Paves
‘data item to be Seaych ith middle jtem /nh Hhe ovdere d

Iist. Ié not Mmatched /& chec ks ei'Mner the data jtem fo

| beSearehed s 'gueateptiorismalier Man e ddie Jata
Sterm In Hhe st - ey it is sSmalle >, Seavch i's shy/ted
to the. leftshalfothewoise shi/toMaly 7h¢ half oecursively,

-

:RlJo‘ri:‘-hm fo~ bina~ Scarch W

= ,Y;§\\ ? -0 - ==
\"‘; ”_ Set mfd [(8:7 t-é'nel) %y

BinSeaveh (AL 3,  Begy &nd , key)
'EIrzf"‘l‘Q’faoJ P e
Beg: O, ofndshad);

_wh:‘/_@ (66: < ?nd)

Dl'qo/aj SearchSuccessfol MESsage
YehiTh Goidl
S i om
clse if (key < ALm9d) E
Set €nd = mid-1
6)59 7 : o e
S 8%9 =i 1 il e A

5 L o o

D SP'aj Secnch Ln successzué m°3°qjt
IERoeah-L) ¢ = -

e 24 4
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kY WM*#“,{%L\ *'\ ',h"‘" q"!:‘
ERA) D o+ virid cod ower
. = 3 ‘ﬂx a s Eix"‘ Hﬁ?WFJJJ
el Nl e A e AT
mid = (M+6) /2 = 5 X o 2 1
e ~€={ Moz DYSH g oo Vor A5 o SR D
Clse if (wo < 45)

‘\n*d-? 5:-‘8_*
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}

- idabiafe i) oot o R s
_ omid= LY vy) /2] 2 4 - it
_tFf (Mo == AL4]) Jpees
T |- X5 R — S |
— gl acd STlGe S Teag D - o0 — PR |
- Toy N , i = agmesey ]
S Gej z Mubl 2.5 S ho - e
= sobile 66 & Y)e A TELR_< .-
Search s unsvec e&sgol >4 P & i
o Veﬁnn —,1 . . . ym——
— =N -
e Ha&b@ S, . :

~ Hashing is an YfreventaScarching techingoe in
which e key of te vécerds to be seavchad js
obtained bejoxs fiading Me desired vecord- A key

1S SOpverted dnto 'F““‘?Q'!’gg_e,"‘ wikhi'n o hiry fﬁd,zmg =

ning. hash -/omeWNgn 020> i gr VT S
B hash funchon is one bransfor ms o key into

a t Gbrg’iﬁ% eigs Lie hws o bash “funchbmand & 43, ., |

the key; M (k) is called the hash o/ the key qnd 15
_ ealled phe Lindex at which Y¢cord with the
Moy k should be phced:

= . Cleanly twe Yecords Can not occovpy the
same posihon. In dizeet addwessing, /¢t Teguives |

~the lavge ameount of space. Since the key may be
—extremely large but the itemS o prcsenhng by keys
__may be limited So using hashingfechnigue, we
can Nansjorm the key inte limrted table [ndex
. Yhe Jacters hat conirol bansfoy mahon [n
_Rafing: Vo5 c R =L Sl aF N BRI ST ot
® Jhe ro. o/ astd vess % bequof-ed.

12D
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’ She divect SPUCG 'vc?'w'rcd
@ Jhe direct access fo Sf-ovﬁnj odd'vcas

Collisron ¢

Some hmes fwe or monc veeevds key ane ban sfrmed
inte same addresses, which g called collision
Csynonyms) . o

Ha&bwy mjo 'n#:ms s
@ Fo)d:n? In s me}hod y @ key valve i's 4wob/olded
e, Jdyvided !vorn o..'op'raxlmﬂ‘f‘e!y cente» and e addition
o) two pavts s address osed g‘-r 6+o—1q3e= ;

A Foér cxamplk 1 6215495 o ey =
\ £ -4 L
= ae P9t
e e s e
‘5/ F‘o/du'nj 7S q,_iﬁﬂp./e- me Hhed which mqj cauvsce (ﬁgz_a_}
collV'siops. 2 N
A4

@ fx t‘mcﬁ‘on: In Har's meMod Hhe d:\y'l‘s G Ol'f‘ernaic

_fiq've_?ﬁye'rlqv rn@d. _'lh@ '785‘-’”"'7?“ valve i's Usoddfq‘Y qdchca.s.
For example :
: Vkej i e i e b S
Pi'qlt Jotl b i o Bt e

4 ~ - - = —_—

2 = B e Bl ol T i i o= i) it S
537 O “—'5107?7e Jocakon

be ﬂ_‘@ &d Foiding * In Pis me bhod | a key /3 o/o/de Yom

bot end o /:'fﬁgﬁg?ﬁcﬁ'ﬁ'gfc Jocahon |
For e xample 1 10 <igrt key as
lia2 3 4 5 & 1 Satvo
el A ® e

B < ., TAN-CTEUS

3 283
101 G 2T storage locatron
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'Reducc fo ﬁf’ 50,000 deca hon s'/o*raye

_F"c_:rr_ example

if vesult > 50,000 sebhact 0,000

Msd S_guq'le hqshms In rmcl ec;uq-fe Aqshuy }heke!

1

- = k_%t.. _ Squore. “aeldiessty -
= S __1,"55 2119956 19 \
TRy e e, v & 2 3579664 79

etey _BSEeFYON T3S dqaiago o e
2434 5324356 24

—

o

Co n.s.on Re moved in Hashoraq: @"\wesolwng Hasb -clash
In hash'ng,we. can vs e"an& q\jo‘n hm fo/:hdﬁbe
sfovade loc ahon o4 a FocorS For ecach aljor,Hm we
have o hash /unoh on” Fhar hansforms kc:} inte Fable
fndex . Clearly W, lwo vecords cannet cccupy the

S ame )acqhon.,:@lj wd'"j hash Kvnoﬁgn o +he ‘e@& Hewe

be

dvp]: < afei;irid»c')g .cgc-rafed. I f- mo e
Index,

has same /'t is kmoewn as

Fhan ané '

i ok s Acollr%cgov ’70.94‘) clash - et S

ceovkl ; o= example let vs cons:de'r ha 3b/anaﬁm piae . |
o I h ks k % 106 3 > S Y 3

T e T fo keys B3I2 and 3997, h(k) Jives e

same voluc 92. So, QA collision ocecovr , 3o W< have® |

yesolve /b . Jherc ave severa) me;ﬁhod-s ./oo 7ese lving

Suvc'h q' hash - clashs . Jhe si'm plest mquec‘/s-__:{ng -

Ye s ]v;nq Sveh colli'sions are -

S@pg'ro‘}e chas/ni'ng .

@ %gpwqdd’f&ss:n 9.
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J)iSepg’thc chai'n :‘rzy [ S
| TIn Separvake chaing me thed, a Sepavaie lin ked
list of elements is maintained thot have Me same inder

To scasch an clement, we [ivst obtain he ndex vsing
the applied hash ‘/unc h'on then covrespondimg list /s
taversed fo &ef- the aequite element.

- Fow exomp)el let Phe hash /unc‘)"l'on ‘7(?‘)'_5::/(’ ihed as:

_ ) = % 10 g

.~ we have e key valoes 13, 4, 26,2, 16,64,86,9,49,1,
81,96, 65, Shen vsing Se pgrate chaining the Siovage
locaton and celliaron lists can &_c{g@rﬁh:'ned as |

— = , :
v s Hau [ {3 =

2 — i

3 FoT M_\: - = S
|ty o N e 7 i
| 5 —{s5] —{ss] 1
| i . '“\'ﬁr—l—!mj——{asl e 171 B e ¥

R U

IS P
P Ch A e s T e

-wh;n = 11 .

4 M) Sus % g0l 2 i
- Insev € key 11 in hash table in Jocation 1.
when n=¢4 nl4d= 4°%hlo=% P

| Insevt kg “ in "Qfs')‘ fabk‘; ’n |O¢Qh'£f': <
(hen 7n =25 ME2SI= 28 Yelo=S5
| Insext key 25 inhash table. in bocabion S
[When M= 26 - hfgg): Y% 10= 6

_| Togent k,ej 26 'n hash table I'n locahion &,
When = ,1¢, hCl16)= /6 /slo=- &

13 Trheaevr+ kew 16 y'a hach table inlocoh'@on € and similavl
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: Rdvorsfq €S, e _

9| g 1) freaolves the hash clo.sh Sven K/m"r Ionrje, numbevjz |
kess

2) Xt has {med i'ob’c and djnarruc data S’chtmcS/o'r
lls‘é can be vsed , So, unlimited.

.3) Betier Za'r number og ool S 3"°°"'°3 bejoadfhehble

I%e \ PG

Vo =R N e —

D»ead vontQJc e Sl L

) Nec d extya spass fov hash tabls and pomte?

:z) Irm plermentahen o/ second datq ~§- Y WC(""W’lst)
s 9 o/;cul'l‘ . - __'. >

J;‘), If eve ave mMany keys colidingiat sSame lecation,

H’\en bfavevs.nj his ¢ [chgu;:) ) Eme carxswnmj
.2] Open oddfres\ssnj
\_ S€pevrate Wj 050‘"6’*’"’ {ov ovo-dmj haab-cbab
’qu,U-‘YGS pPointe~s so it 'S Slow ajo'nl'hm Jue b hme
{’YC(}U:'YC'C/L‘}Q_OHOCQ{'C new cclls and implementahe
7lo g Second data shuctue Clist ). Obe open addressing
|hqsh4n5 \?éjstem ’'s an Glfernative way i'n whi'ch celis ave
tricd uvntlon emphy cell Vs !ound re. ho(m), hytx),
[ Resdmidy o v QTS bred In succession .

B whe'fe, =
hiCm) = (hCm) + FCY) ) withe i (o) o

Ohe (unchon F is Jor collision ~csoluhon: Becgue

oH data ge inside the table, a bwcv toble ;s necded
Zov open Odd'rc.s\s:n\j fhan SGPe'ratG obmmy

Jhe most common Melhod Used /o-, Mhis collisio,
‘YeSoluhOn woith open add ves srng a»e: |
‘> Onfqv ,oqobtn‘ e = .
) Quadwaks probrng :

M



www.studynotesnepal.com

Bl = | [.neq'r P'fobyrzg JZ e z«;nchon f'éa'r Con;dlah -resoluho',

g = s Wnean , bhen It s known as )incar ,0'701""‘} In
 linean pvobfnq EECi)=w - =

_ Example : Conside the keys 419,29, 39,63, 69, 39, 99 Ihat

a%e v be nser ted [nke hash table vsing Some hash

R e 1

/tmchan Say ‘C’C—;‘-) héa) =2 % IOX_.'

_*__!, 2104 3 % C e MERTR AR T B a2 af o R
= | Iﬂ?ﬁ?_"‘ = & 3 2 3 % S -
S - i*- _gmpb *be - - < mrt _z:_ = - -
2 | “3 238 89 see N6y -7 I35
B =3 T fee s feads 89 [33] [
AS 3y 1 iy 6B (24 68
= z : 3 ) €9 | |69| |69
= _— 3 e i s, NP =N 221 |33
- [ 4" 39
Bk fa He = 3 , S i
| 6 v’- s
= Rt 5 —i
| 2 T 28| |es | [22] |22 [2¢] |ze
‘. 9 ' 49 49 49 Gg) {4ysl |49 | |49
C‘Jhgnim W : ~e

mmM Y3 % lo= 9
Lanser

QQ’Y& ke., Y43 10 hash fnble n lccqhm ‘9.
en ?l: 2

2 (z2= 2¢ Y lo = 8 _'l'nse—rf key zam‘w.s'b table mlocohon 3.
when x= 39 S

Hgaa) =39 %IO- ‘9 (Cblhc'on occv-v)
g 77#77_6:5&9 collision occvr at index 9. So, nex& position conbe
&« - ealevlated as,

ho (x> =((39%10 +OMEG not emphy (49
A e (h gl v Viio o mae
/ 7 J ,,Eiel 39 ",s,f/"c’ = 91‘ /'ﬂi{f o ;

12




7 :, and iim»‘ladlj.

" Q va dva t-c :P-:éoé",”j 3 T;_'e /rndrz_ro'r PA;absr?jim;’IhOd ‘c;_—r

1 .~ probing! 9,28, 39,62, 69,739,939

www.studynotesnepal.com

when A= €8, : 3 - e
h(ea)_-ﬂs‘z Yo 1O = & (colli's 'on occe™) ]
Since, collision ocevr at index 8, So next posihen
can be caleylated as, e 1

ho(Cm) = ((6‘8 %o o jro) .‘:/-VIQ =& not emply (afis 1
hi(xd) = ((€3%7s10 v1) Vi) = 9 not empty (93)
he (%) = ((62% 10 +2) 7:le) =10 Yolo= o not empty
ha () = ((€8%1018) %oto) = 11 /110 = 1 e mphy,

| So,62 is placed at jndex 1. o i

lewhen =263 ,

e

W6 ) i St 10 =48 (collision OcCqu ¥ , »

Since ,collision occvr at in dcx'g So next posito,

- can be calculated as, ”~ -
ho(~):((63 7104 0) %i0)z & not cmpty

 haln) = (69 %10 +3) Vel0)=107/l0-0 not emphy
he(n) = ((63%i10xD 7 10)=11%102 1 not cmpty .

b 52 = (( 6 3% lor3)Y10)s 1271022 emphy

X

C,O‘L’_-l,:,s—‘h.o_'!;"'g‘s"' Ui‘}"'z c7eq tes clus +cm'?j‘ ,O"Iable ™msS Since
e _collisiop js demoved Using lineaw Jisplacement.
| In_guadvat’e probing the nesoluhon funcion £ /5 guadhehe
Lgpnch'on /'z_ collision Occours - :
i H,‘C‘m)i (Cf’f"l) +FCr7)) VAR

e BON®e  Feid it

. Saqmp]e ! Cansicke » the above example with ?"Qd',’f’l’c,

Soim»

|
O N T o
|



www.studynotesnepal.com

= 49 23 39 T <, 29 A9
- o : 89 | =8, ST 33| |&
i S S i et e B " g S
2 | B L . 68 |- Mpgpifiss | ¢z
S aad 31 A saise 1631~ 169 | I€3
i | 4 P =t 193
5 Y - |79 |99
SRSELES 5 :
s 5 e S 28
. |- g 4 2Z
e ! 8** ‘18 ’9,’

ch) Hs % 1o= 9

—_—_— e T -— P

Insa-rt- keq *9 43 in hash fnblg.' i %ohcn 9.
When M= 23 6‘\

h(28) =22 4o lOo= &

1

>

~
>

o
”&&_

[
-
3 e
-—

v__w R . o o

| Tnsevt key 28 vn«hﬁ%’@ in locakon 7.

= e

when = 39
_L h(39):= 3.9 % Jo Sw“?e"t 80N pcoum.
i Slnce, CQH;g1 N ocecu~> a'[‘ index 9. Sonexf' /abs: ﬁ_'o:) 2an

et

_Ti, be caml ated qs

8 ho (“\QW([ 39 '/-Io + o) °/QJO) = &G~ notempth,
Mx(x@g) {-{33 %lo 1% - Yelo) = o not empty

h(ga) = 628 '/0'0" b4 co)hs;an ocep . -
snnce, collision ccecun al' fndez & . So ne,n‘ stHroocqo
 be colcvlated as, -

L\e:n("3 = ([68 %10 -t'o) ‘Alo) ? no+-emlp!3

hul6D = ((68% 101D Yta): I not-Crph,

~

L hy (89) = U&'a:’-:of--?’) Yw)zltsilo =2z cmply .
| angl S’ﬂ'u!a'iJ . !

i

| - AT .

|84
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Mu e ~way Tvees

~ Multi-coay search -é-ree g O'Yde'r m (07 an m~way

RS scarch trec) Vs a Scarch ¢vec with the éo\\l?'-:?_"'j
qupeq-hcs =
() Each node can contain m -1 key elemen'*S,whe-vc m
1S ¢he ovder of the Tves. : -
@ Fach node can ")GV@ m b'-ranchcs CSubheeS)
&S It qus!«es Hhe p'vope"l'g a{ BST , he clemeots w'lb
Smaller Hhan e key ave positioned . inko %q,,,Jez/ut =
Subtdec and the clements with Jweaﬁ?'r oxcgral valves
are pcs:ﬁooed ‘nto the vjhi subtvec. a‘/‘(fg key .

% @ AN lcq‘/ Nnodes a_vevop_fhe Same &vg 2°’ﬁe fiee /S

balanced. e, S

.

@ R Svbtrces ane [hemselvc.r o - ooczj frees-

8 - tvee ¢ e &
The B -tvec oé ‘okder M canbe deZnedqs/ollow
e # A B- twe is e m-way Scaveh trec.
% Jhe ~oot is eithe» a lea/ o~ it has 2 /Om 8ubhees
whe e f?kls the ovdev of He B- tvee :"‘_’""”’ [rval- 1

* Al modeS‘ cqn contain maximuvm m-1 me clewen ts. {
|

- x my node; cxcecpt the 700t and the leaves can hawe

* FNI )eq" ﬁode; ,0"'3,_0”,,”"@ §quc-7’C'7vcf So_/‘hre_kie‘_.)s_'
; balance d . i :
o2 0l T TR g .S Hne Jene—rol p'vape'rt_'y ‘2/ BST
o E’ach nede con+<nns the key element and he P?!:’_tie,vs
o the chiidven.
*',,);‘,lhe"‘ a new key is /n\se'rted /nfb /ull node (w:Mm 2 |
clements) , ¢hon the nede /s Spht inte hoenew Nodes
at he Same level and the key with  the medi'q n

valuwe is InSerted in the Ioa«renf node iI'm Case e

quenf node »rs M€ voot ; & n€w Yoot will be’cvcm‘ed..

Ty {



9"*;} ————a - J = - — o —— . :
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* Al the key Clements anvc Qrianged in a defined ovder
~ (ascer d'."’j ,‘?f'de"‘_),"""”"." He pede.
For example:.

F_’_J A B-tec og ovder 4 &

Insevtion yntbo the B-éree : Ww N

O First, Find the Posx’ﬁ'on in the tree wheve the clement
can be inserted. I the :,_civdc'_«doesno't vorlate e B-tree
condition, that is ).’& H‘le Pca_;'*l’on /s /ound at non-/uﬂ node
Hen insevt the element into that poa;'b'on e Prope?
ovder- A, § 7

@ 12 the node /'5*96/11'11‘ nodc then the node Splits at e

© median element info hoo nedes on the Same leyel, @ach
carhh e minimom pum be of clemenbs . Ihis process
Contfinves vecursively vp fo e tree vnt'l e voot s

o 'rgaghedi;f/ e qoot /5 Split then a New Yook /5 crveaty

& Ihe mechan kgy 1S 10t put inte Cikher of the koo new
Nodes, buf /'S inStead Sent vp fo e free 1o becomeq

Nnew oot and o be /nserted inte the pavent node.

@ I, He ovder of B-t7Se is an odd number, then the
median i's Jound bj ﬁ"’?j M/2 +1 . And j/ the order i's
an even number then me dian ]';/qqnd égj usz‘:7 M2

£ ,@f‘,"a,"?p!,‘" e - ki M s v

B Glgeboct the 8- trSsopouger GPoF He jollowing

€lements :

1, ¢, Z, 7,9,7/_7*,7/5, 7 /,’_:/ 3"4170

169
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SO’D'A; 0":1'2 9' lz '5, ,II, 3 9;20
Since the orders of the - B- “tree i 4, so eooh nock

A | Ycehildven. : =t ~

can contarn maximum 3 clements an'd can have maximum

=

Stcp: Tnsevt it =

f - DT,

empty pewnode, - {

| Step 2: .Tnscvt hexi- l;»oa cleggem‘s(ge G'and !}R\gatnde {

:”"&’e G'e"’?ﬂ‘h’ can bb ’Meﬂ*g‘d into m'i‘p de bowue

b elaw

: ;
: 6{:;:9 3 : Now, )nsgw ;A’L’&, .e}mn'{s (‘2) :nh I'he hec("anf j
x

Since oot 1

.

e ‘Sr[tm ;So it sphits ‘nte oo new-

L nodes at ihe level-at Hie mid clemen t |

b £ 0vz.2.2 Ql-he clemen-i- at positon 2 /s €) And ,

re d_) Qn ﬁIS Senit‘ upwo-vdl Soe cveate Fhe as j

Lo ;

O fice. 9,12 :

i & B
NS 5

I
N




3 =K

Step 6 - Inseat 2 , :

2.~ o0 g Y S LNRJREI,
> & % . s 2
OPT

- ! 4‘ <0j B s

e P o : atB ¥ y “"‘4' =
. ; 2T e : e —

2 Step 10: Insevt 20 '
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) 4 {95
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guerflow 's a citvahon in whith mea can

. insew = MOISTElOM
wheve we cant ¢ a =S
-
B
1 E;J' o.:h_—' -
@, ) . ‘ e L=
) 2. = S Frog 2L TN
= i e - - . —
- . » -.-§,;” T ’:1_ L 5 _,i z _.-__
e = Sie =g - e —— =
; - - -.‘:— - e -
: - - — - .
e —— - e SES
= - - = . eEE—
——————— n 5 — - e
S 3 > e SEEED i e ¢
3 Ty - 2
S < S K ga i £ >
| el o 2,
E ' i1
= = 7 = s
S = 5‘!‘8 o
pE—— - 5 -
Step s . a
e T 4‘\: T 3 - =
= = & - 3 e e, <k
Sy | 2 -
1= e rp 2 ——
3 G # - N FF=
. = e - : - =
e 9 Y
A : 1 S :"7' jers 2
= ‘ —== : ‘L s o g e -aw,ﬁ"‘ ==
' |8 z e~ o
o - x WSS -_ o s . T O
Bew SRR = % y 13
R N o — -4 ) 3 B

=



R e Y S— 0







/i 2
P R e iz
: = > =y e
g “o"
(e, 20 ) (F¢9,90,

‘_‘\‘m b ﬂiml*“ x '_.*_st
. s "‘ = 4 b

e

.
St | [
. s

A1 - kgg{%ﬁmws o7 der

> -

; } N Suvb- Tvees
_ st m*«lcbst ‘r‘% '

)

and 'f"% 3 -z %

; M ot
] S A4 = = = L~
E- , N ¢ -y
B e ccnlet . h SN2l L B
z A >
et e, : o i s
_ = % . S
‘_ = 3 l_: < = P e = ;'a = W - z . .
= b 4417 2,020 129
! ’ i ey g3
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y

Divected Acyclic Graph(0AG)
Divected Ac‘d"’"c q"vae (0RG) s dhecred s vaph

LCY'E ) workhout CJclg :

| FPor cxomple’ —_TE @ : e

Tops I@ana‘
A z‘opg__e&)_c&7~501€' orders ver

acycle q,ma.gk Such Hat | 1 hee Is\a parh A-nsm u' o :

= @ 'ﬂ-dgdce ge'fo- 2N LY : 3

:; _j | Stepd: Dglete e vertex cé, - deqvggfﬂ *ﬂ”d all its -
. g \ c ,,Mpb \_“kloe it raithe |

Sl /'

Example Find fapobﬂ_ca/ ovde” o 4 —— oé .&Howc -
d. 'noted qcycloc qvg.@










