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¥ Deletfon 7o 'w_}fo HmF

-
el

Il n: Nunmber o’g elorvunds 2, MF bedo’f&" deletfon -
la : Pmavd' ﬁ elopunts
A{am’&m Delete (a,n)

i 2 =afr); o 0 |
&[1]:0[“1} ‘ 1 Rl
n=n-1;

anthafthi(o,l,n);

Aetun(x):

[la Awwﬂ oae elonents

figt. ¢ ?hp. l)oghon ,whm we  Stout Fu.ﬂ.f)(f?
Prlaoﬂﬁ\m MmHmhf«é(a,‘,n)

L

d=g*®t s v=2"i41;
Smallut = ¥ ;.
'-(f(d-’-n and a[ﬂé@[m&utﬂ
Smallist = Js
q[('rzﬂ and a[q'] ¢ a[w&ﬂuﬂ)
Smallyt=v; '

(f(%mauut +i)t.
Swap(a[ T, a[swlﬂuf])
% Y MPn Heaps aui, (o, gmattest 'ﬂ..)
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Y bop up(@eaty’s o(w= 00q0).
¥ ~3)C0ns'trud:fon' aJL a  heap.= O(“ Loa i

.H) Delete oy Heapdown.. ov He.ar'i'ﬁ :O(wj”)

5) Bulid Heap = 0(»r),, - | ‘
" Note:—

Hm‘f’ & “Bfnor o Mg o

' *APPlfco.tfons 'Bgnojf;fﬁeafu’ Y R
; Dimplammﬁon % hm‘f Sovt
. &) @nrlmmtaﬁon , 431; F’rfm?ﬁ& uesLe.
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Vo ~08-omg ¥ ‘
T'L'tan‘r-"i (:1\% .*

‘.. A faya.[ak s a Puf*r of (V, E) of sets.

« The elements cﬁ V ave called veriftes and <he elements of E
edqes-
jl

V= ia;b,c,d;e%
E- ie,,eueg, 84,85 ,8¢
(‘if g:i{a,cﬁ,ia,b?(,ib;cﬁ, ‘{C:dzl!
*'%ﬁ&s %r %!5_%“:, ib,?‘?f,-ib:e?[?(
theve ase mafnhd Two {ﬂf)es GE am,gm:
I Undivected G\ka
3. Divected /Du‘ G,men
¥ Undsected araph:-
- T an  undfvected favaffn ) edades do not have MH Adfrection
assocated eith  Ahem.
« Facl edcae ex  awoclated  with  unordered Pcu?w iu,vﬁ c:g vertices

- s % W
% @ //l\b, \f" Ecﬁﬂe 85 jo?ns b §(d_

e e,‘b" Cx Qdfde ec jolns d & b.

(C_,} ey @-) band 4 are end Fo’m‘nﬂ cﬁ'e €5
f Divected  graph:-

+ In o divected vaffa , edges  have  dection:

» Fach edlﬁe 0 amnclated with  ordered pafr (u,V) nrf vertices
S @ \/:{a,b,t,dﬁﬁz{

e ] ’ E= ie‘nezf% ,eq,eg,eezj
- e " ”QG ey Gri(-?;e),-(a,d),f_d;b) ,(a,b)c,e(d:_;-)
o) G g op fsdomavc ®

d % source / fitfal node of edge €c
m ta desiteaton ] tevmfnal node Gf-sch
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X Adfacent vartfrest-
+ Tn an  undivected ro.]')h , two votlces uw and v are sald to
QCU”’ar_mt i’k theve S an edic between -those two vertices o and V.

% 6, ave adeamn‘f
e =]
O b,d are CLdJGLCP-ﬂt

o,d ore not acﬁj’af—m‘?

d,e ave oot o,&j’auﬂ'&

* In o _ divected am]ok , vertex v 1S safd to be ad\raunt 4o veters
?IT theve %5 an edcde Fom uw o V.

ey

%&’ a is adjoﬂmt t0 &
e i odjacent 0 £

> e o §¢  mnot ad“’aomt'h’ b

A % not Q&J"mnk to b-

* ’D%vee %F o vetex:-
+ Numbey o‘ﬁ edaes dvawon 1t o veder M Called deﬂmcli vaitex v
and f¢ denoted btd deﬂ(v).

deq(@) = o deg(4): 3

deg(B) =) deq(9)+ 3
deﬁcc) =3
deﬂ (d) =06
deg(®) - 2

O—
% Tsolated verter:-
« A vertex of degree 0 A called Poolated  vetex.

A4 % fsolated vetkex
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X HNd e deaxee U’f vettlees  Jn  the b—otﬂow?na jrafhr

deq(,a): 3 de;l ()= 2
deatb): 3 dﬂf{(ﬂ)= 1
d&aﬂc'): 3

dera(d) =2

duﬂ (e)=2

¥ Requtps.  qraph-
Glmf*l am  which ol Ahe vetles o Oﬁ some dcﬁw'u_ ¢ called

I ki
o

2 - vequlay mfu — :
%% dec,_.r_-i—e’f’ L Q.__a\_/g_:_t‘gi:- 3 'Ma&fﬂl ?m,r

‘=f
o Numbey t)'[i ?ncomfnﬂ ©dges dvawon to o vetex fs v called fndeaw
dﬁ_vutaft v and (s denoted bhx dea* (v).

:E:j’ o dgi*‘el): o d”!"@: 3
degt(b)= 2 cle,j‘f ($)=0
degt (€)= 0 deq+(9)= 0

® O deL:]J*(d): 9 K

{qudvu%g_ vasteri-
o Number OE OuifaOfna P_dlﬂes drawn 10 o veitex v $S catted  putd:
ou’cd.eram eﬁ vatex vV and 7S denoted btf deﬂ'(V)-

deg-(a): o
dt‘a'(b).: o
deﬂ‘“(c'): 2
deﬂ"(d): |

“(e)= 0
deﬂ“(&?): !

dea-(9)=]
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¥ dncident vertees:-
* In an undrvecked carafk, .‘f e s an e&ﬂe_ belween tivo verties t
ond v, dhen we Say -that the ed‘fle o %5 {ncdent with u &V

o, L €
%/Y 0 o @ Ed?e_ e 1 fneident with aEfC
e | 2 e €dge 5 T Tockdent with bhd .

()

%—08_‘ [ - ¢
NMHMZQ.S e In o divected CJ'ra_Ph, 16— e (¢ an edge Hiom vertezr U

— 7 bV, den  we QCU-d, that the edge e s Eneident form

U and fneident 1o v,

T O

Edifaa ey s ’ncident from £
fncldent 1o €

Edtﬂe. e, fs
* Path:—

r})&tﬁ' P fiomm o vetex u t0 verter v fe o Seqjummzﬁ
P=§.V°"V"'V1' Vg, o Vo g 0% ny vetles  Such Hot u=vo ,V=Vn and
Vi is  adfaunt to Vp- for all $=1,2,...,M-
b-d-e-f s o P:Ltfn frorn bTOS

a-d-c-d —f %s o path from o to
o-C-d-f—-e s o Ym&f« £fom ato

c
i o pt
+dhe  numbe of edtaex mooa Paﬂ» P % called hnaiﬁﬁfPﬂt“F

%" lanﬂtfn 5f e Fa.tﬁ\ bed —e-£ 95 3
.Lmta-{-k 6&'1‘&1 ’Prrl'& a-d-c-d-F sl
,Le.n{-&, -— ]DOL'HA- a__c...d-ﬁ-c..-e_ '&J-f'

« A ch'k with Mo frajpmt'gd vetlees  except at ends -
Path - b-d—e- £ is a stnple Fa‘cﬁ»
| Poth d-c-a-b-d 1% a Qfm]pbe F:Lf:f»
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fth a-d- e-f-d-C % not o si’m[)lz ru‘t&
Path a-d-a-c-d-f % not o ,s?m?La Po-tﬁ
Hlosed  path:-
*R Fo.‘tﬁ o wiich end vatfces oare Same
% " Pth d-c-a-b-d P closed path
Pat. b-a—c-d-a-b 0% dosed Fad‘e\.
Path o -d-g-c-d- £ S mot Cchsed pats
*

closed Fo.fh ) wePecd:ed vertfees emrt at encx

3- T8 o

d-c-a-d awb d—d‘.- O-b-d-a e —f —od -t

*_%_‘ Hk—-

e ﬁark Res, R cddfc' ‘dmf‘b‘- ;i, Hure eafsk & c-dcte T

s G— G—@
*ig.%cﬂfc@_f_&gbi*‘ w éi

v A rﬂm[ak wiffout ‘mﬁ cﬁw fs catud Af_ddjc cmek.
i

¥ (onnected  Graph:—
» AN undfrected ﬂfafk s called Safd o be Connected ?*—mn
| 15 o Pa’ch between o_uwé ]jo,ff 6Jl VesHes -
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% DlS connected gy, i

‘ An utdwe_cteﬂ Ero.f&. whichk s not Cconnected.

A I

|* How +o 'refnvsent @ r
s here o 3 Standmd uxuds represent o qrap G = (V, €)
1. f-‘rd\j’acmud matitr

QA AdjaQLnUd st

3- Incidence  mati®L

* pr% acnay matréx:-

vhet G= (v, e) be o quaph with v\ =
o Let e vetfces ave numbered 1y 2.

v dhe odjmu& matwie miawsmted gﬁ o sdmrlk @ consfsts b‘E o
nxn ot . i‘ o €

. 50

-

A= [m;,".lnm ) wheve O =

0 otherwlse

s

20 0 -—omn
600 —9ge®

.
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*ﬂdjaum% List:—

*do  thes T@.Fmsentatf'on we create an axy ;
€ack  etement cf awaa s a (fked (Bt sf odjacent Vertts
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of SPze n wohere
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oy
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|
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X

K Tnc?d@ncz mafyfxs

e AN fncidence  matix s a
and  Columns  corvespond 10 Qcﬁ?e,g.
. Each  elimunt am the matrfx.

matfx wheve TOWS COTTES Pond 40 veytw

fndfeates whether o Fmt:'c,u.tm veitex

& nddnt 0 o Fa'rtfu_dcu edﬂg.
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* Trees-

* A  connected cdro.f)h without ounb! Cld_dt& 8 called ree
A tree with n ovettess Wil have n-o) edﬂe,s.

=

X §1)¢nn?n% tree :{—
A ree (n e, connected ,a_ud.du.‘c am,;h) whitch  contafns all 4he

Vertices ‘e  graph-
Ggem"-*- iy SPann? dree

QO LB IJ
{9 O/))’@
¥ Graph oversal aiggr_?_____ﬁms
-—l—ave'rsma o mf

S s’cemq;hcaﬂ;d follow  the ecﬂcdax GE a ﬂ'rofh to viett he
| Nerces of
. S{an{w.d Yoph 'tmum sal aowt@wms
. Bread#hr — Frvst  Seasch (BFS)

2 Depth, —First Seatels (DFS)
1-%& dtﬁﬁwnrx between  Hae  twoo
' whick —I-Bmd Qfxflma unvisited edaes of -the 8“’1"«
NO{,‘U’-— Fhew s mafnl% Fuoo a)udo*n’chms o fnd o chmn?ﬂﬂ

66? awm dyee . %TCLFD\

l. BFS Q.- DFS

ofthms L P fhe order f

“Hee
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¥ Breadth  Fivst Tree (BET):
« BFS P‘(oduces o PBreaddf - Fvst dee  wolth oot S +hat contalng

al qeachable  vertices:

. For ant& vertex Vv 7eachable élom g, Hw .S’Pmru_ Pa-t—fa o, e

BET fom & +o v Cowe_&lvonc\s 40 o Shovtest 1rltfm Ko S

o v n G-
Shovtest ‘3_5_1%_9\'. Pathh r:on’rafm?n% Hhe  Smallest  number o&f e&:ﬂa'
o :

Grapl
% Breadth Fust Seach (BES)-
~« BFS __olcdort{hm discovers all  veatlces
drsw”“?“‘} Q"'& veshices ot distance KAl
+ Mafo  fdeoo-
-Ilﬁm}t W' as  visfted . Add S 4o the gueue:
F?efxa:t +the Fotlow?n% HU the cpuarte {4 empttg..
Rermove o veitex (Smd m') from *l‘h: cbu.nuL%
Fory each net"ahbowr 4 of cy  that s not (ﬂ
Moak *x 0% visfted
Add « 1o <the e
moak o ab Pmu_,ssed»
\/ g 4o -the (foLLou'sf’na, c(lxcx‘:\n (o7)
¥ APPUJ( BF
Fnd -the E',Pc:mnf'r\cz1 drer U& +the bDUM?ﬂﬁ cdmrh “'ﬁ"a BFS?

ot distonce K fom S before

¢+ wisited
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G) /5/ 6 J oo 1213048
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U il
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L3) 24y 93
9 [Fnse e

SPa.nn?nfa tree

-

0

BFS taversal

h 2

112;3
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12,345
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Queue giF BFS

a, ¢
Jf) Eb e J’) o, c,d

5) U{S‘&Jf h 0,¢dr b
6) DZQP‘ ﬂ o, Crdbye

) [—-ﬁ-’-ﬁﬂ}——] a,¢d, be,f

9 F ]

he

A

a, ¢ d b,

a,c,;d,b C/S!"I; };

. A
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* Dlogin HrSt BN et &

—

] let G s +the cdmrk R fs the Souree mode
ﬂ{aoﬂtﬁm 8rS (619)

t

let § be %u_m;;

Q. &cblmw¢(57

Mark s an  visfted.
while (G s not emPtL&.)

t

V= @.‘Dubuuz( D)
for ehesc
 (w fs not visited)
@.Encbu.ﬁ.uf_ (w)
Maask w0 a»  visited.
4
PTfﬂt'(v);
| 1
-
j *Angh‘g‘fs:—'
= Lo t Ad facent Adfacenty
G‘th with n vetices | 9 J )
m Qdﬂes m&ﬁ??l | Lisk
Space 'r&cbu}fu:l o(n™) Ome'))
.T’me Tequived o(0*) g

ok Tepth fist Jeoach (DES)-

_I dhe 'Shateﬂid followed 58 'De.PtﬁL - Fivst  Seasch §s 4o Seasch

dep.fu o arafh wheneves Fombu-

1 Mofn Idsa

 Mask ¢ asn vistted . Ruh & on 4o the  Stack.

Re]oml: Hhe Jotﬁowha HUt <he Stack 6 e,mphdi

| Rp() o vestex LSaH w) (Pwm Hhe  stack. .
For each mag\;@u g og G sphat T8 not H“"_
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Mogk o on  visted.
Add » 4o the Stack:
Maak w o ocessedt
¥4ph} DFS 4o +he  followfng  qaph:
Frrd  the 8T o& DFS  for (fouow?na:

ST BrS Thaversal

——

Stack
Ll ] :
9) um ® |
ld S
-"‘7 | 1,245
'i’ E ea |

‘5) \"i‘ (1) 1;%%3
; y & )

) M‘é\ 2 LY S5 Y

: (

:i) lg e l;a.,g;%,q,(,

\ HO® |

_ The Strateqy  followed a(\g clopth — st Seoach s o seuch dape
o the a»mf:h ohanever FO%TBLQ.
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/b G s E]ra.rfm & s s Source vertex
DFs(§,5)

Mok S s  ulsited
Jm each -m?akbowr W O& S amfk &
.'5 Lw {s oot U?Sﬂ‘ﬁco
BES (&)

% Recunsfve  DFS ngu_;!gp code—

 Depth Phot Smch (DFS): pieade et
/j Let G 1S amrk g § fs Source 2, X2

Graoriﬁ%m DFS(Gi S)

i

Let S be Stoek

S. Pu,w]_(s) // ﬂddfna g +o stack
Maak § as utsited
eohtle (s ¢ rot empty))

i :S-Popt')
flposh et e
for eoch rne/falnbw o U% Vv

i (w s mot vosird)

1

t
F',hat-— ae no
'ne_fahbb'fs Oﬁ v o stacl ’VFS'I")‘CC

P admrl/\ &

Mak w o vigited

A

. frTﬂt(Vr)

y

o Vestex N pmwed
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¥ Digint sets-
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«€Eoach St hes o TQF‘rmntaHve_ whtelhh s oo nmumber Of set

(u,gunﬂx& the ™min ?& the  elemeni  ave ComPaxabli)
% OFuaJ:fons on dfsj'afnt Qe —

l) Make ~ Set ('Q‘-"

Cveatis o nw et whew x

.—Hm fre.PTU,m‘raﬁW Lﬁi set)
.n) Union (2, 4 )

¢ it oty elomant (&7 0 1 is

Onites  the dzfnamcc Ser that contatn K Er‘d 'J

ot . mew  Get which L union c& 2 Qeft-

8) Fond (1)t~

Retun  the 'raf)‘ramtaﬁ% 011 the

é‘ar Matntafn o gefb
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s embe 7S -
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f3!§*4}; iq,z,s?, i‘!}, i,,g&
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