cS 24\ - Ngori’d\ms , Sp(lng 2017 . Ur\lverST*é of  Wateclbo
Lecture S : Breadth {iest seacch
\We EQS‘M *to Sbmh% Q\ww\?& gYo\qu (A\&O(Tt\nm& boged on gmw SJZO\(CMV\&,

There are  —two  most  Common  search methods @ sne is  bresadth %(st caarch (BFS) ond  anstler X

d\u‘)‘ck first geacch (PFS)

ka% we  study  BFS  onmd See  Some QTWNL applications.

Gr(agks

Mana problems in Computer Sdene  Con be wnodeled ac ame% Pro‘ohzm. Seo LKT 30D for olisussions.

CTro.P‘\ \'ﬂ\? (2 Contationg

Lot G=(VE) ba an undicected ngL\- Wao  use tR{oka\ouﬁ that = |V| and m=]El.
There ore two tondard Y2 prosentotion of & g(qPL.

One is the adjatency matix 2 T T o nxn matix A i ﬁ{:,j]:’y i and W(é if U‘eg

(G\v\d\ f\i?;ﬂ:o ﬁ[ and m(a T{ JJ%‘E)

Anctlec 1o the O\djmumca Nst @ Eoch verkex wainteins a  linked Ost o+ Tte mzrjﬂows,

(]

(pictue from Tare))

=W

Wa \A&m\ta wee  the ud]m%no% RSt ropretentatism . as it space usape depends o tle  number of
Mj/d‘ Wwhile  we need ™ ue B Space v fore an Qd]m&nma adyix

The adjacency Vst veprosentailion  allows ws o okutgn Q\\E}U‘(\‘thMS with {mn‘mg tme O lmn).

Grmﬂ\ Crnne v‘-hcq’

Griven  an  undiCacted gw\?%, we  Soy Hat two et Wy el afe comected ‘\’f Heco TS o

ymcH\ %sm w ot v

A Subset SV IS ceanected k\{ w,ve 8 afe  cemnected ~ all wveS.

A E(QP\(\ 7S¢ Cownnectad \\f <t eV are Comnected ’fb\r all S, teV. Q }—C
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A cennected mewnnt

s o mm‘w\mﬁa Cennected  Subsel e{ Varticeg - theee  componente

Qswme o—f thke most basic wgﬁw; obouwt o ngPLW AL
- ‘f\) Oufﬂ_ rming wmtur T‘t U< Cesmne d’ﬁ.o{
= to {“Tmi ol The Covmected CWFWQV\tK ;

Tt dutecmine  whsther WU are  covnected  fer K;M wu el

~ to Aetermine  the  hovtect Paﬂ\ Cmnuﬁng w and Vv

{W ngn VRVEAVAS

%Ymdtb\ %rﬁ ceaxah (BFS) an be wged v answee  all  Hege a{b\ﬂs“h‘mé n OC“*W’) Hme .

Ryeadth  {Scst Search

To mofvate  byeadth ﬁ(sf Qe arch . \\maginz \Aou as Szmrc\r{mg ‘fb\f & persen In oo Qecal netwsvk

B natucal - ghategy 30 ds sk Youc friends o and  then ack Your frieads b ack e fiands

ond So tn.

A bacie  Versiom bjy RS can ba descerbed as ’Eu((nws.

IY\?\[(: GJ(:(\/,\‘E> . geV,

Ouﬁt\)ui : ol veeticeg Ceachable %{M N

leﬁo‘[?slhﬁwﬁ Visited L) = folce %\( ol eV,

%u\m«x Qi zmpf% . Qh%w_ux(@,gv weited Cs) = true

\/\)\/\\\L Q i JZW\K)J(E Oko
U= da%(,&u ()
{W 2o m?ghbw Ni a{ w
\fg vitited Ty = \co\\sz

Qh%{,@u\k QQ\/> . wittted TV = tcuae

Ting Cw‘p\qxﬁ\a : Eoch vertex g er\agwu,\md\ at  most ene -

Whan oo vertex w3 d\ugGmLuLU\, tha fv( LDU? TS oexecluted M&(‘Q imec.

o the dotml Complexity s O( n*z\) ou&mﬂ = O(n+m)
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Cleam  There s o path  from < to v v and s\,\% T{ visited ()= tvue ot the end.
v S We prove by Tnduefion e tha wnumbec of ehepe of ke alpudthm that 3f
visited Tv) s frus then tlere T o pokh fxom S to V.
The bose cate s The \m%\nm\(\& when s‘nt\a visttad US)= tvue .
Now Quppose Vigked Tv) ¢ sef o be tue in tle  Carvent S%QF L inside tlo {W LmF
of W Then  Uisted Cd=te at that B (becaase T was put e the quaue).
BZ +le InducBon \awﬁu\:s, tlete ¢ o PadL\ —f\rm S oW
Em;u)ok?n& ths Pzﬁlﬂ with 10’\&{ wv, flere ¢ o Poﬁvt\ -{l(m N SRV
:3) Let U be the b of verus  with  Uistted Tu) = free at dke 2nd of tha qtgw‘%m.
Then  there are o edges  with one endpsint i U and sne endpotnt  In V=S ag otlerwice
we wowld  have Qh%t&wﬂ}\ the otler JLv\o{Po‘wK and ¢t Tt o Avue. »o%i:
Suppose v comradiction that  Thece 1 o path fesw S v but  visiteh W)= false.

\ 2/
Than  tlace axists an Vac)\gp_ T the PQ’H/\ tlat crostes 4l et U L & condradichm . g

With thic claim, we 2ee hal RFEC can be wsed t  determine o letlar [N gfqp‘n ¥S Cwanegted oy nol
Cby checkmnp whetler uisitad Tu) =t for all velU D, Hnd e comected Component eotaining v
( whe oot of vertios with Wistted Tl=true D, and  whetter tere 18 o path L & b L
L\)\a CL\J«U{:"\S Wetler vigted TH=4ue ) all in Lnear Bme .

Bxeccite s Find all conmeted  componante o{ G in Olntm) Hime.

BES  Nes

How 4o e back o path o v o 8 ¢

This Hlows Hrom tle \)wa{ o +le clam above.

e can add  on ar Coy parent Lul.

Whan & wvertex vooie et Vistted | withan ke foc loop o Vertex W, than we Ceft Fawﬁt\ﬂ:m.
Now — de o ot ov path from v v 3, we just ned o wette o for loop that  <hactc

—%«m Vo, and kQa? ga“w\& o te PO\(RV\-t unt | < S (roached .

e all Ver®eee v trachable  fysm < tha  odoss (\/,vmwf[\/]\ Lo a vz | colled +le BFS vee
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_FSY all vericee v Yrachable ﬁ'w NS tla QQ\@LS (\/, '?O‘(G'V\_t[‘/\/’)j ‘me a teee | colled +tle BF L ~hvze.
6

uka Wt o Avee In tle Cennecteod Cw?e\,\m\f o S ¥ ﬁf}a
g
N ke ected ovaPsnen ha 2c . \ \ &
oy tle  Comnected  Coveperment ¢ N vertios \@"‘L/
5

E\Jﬂ.ﬂa vertex has  ene Qd&i_ o s Pc\wﬁ
These zo{g,@s Cant %\(m a cndz bo camse  the \)Q((Lv\f e{— oo wvartex s wistted  zacliec .
QD/ e ngts {w\«m on c\uad\‘g meg(q\ak and. +tlere are n-4 Q&\&{g (§ hat  no })q{@ﬁ()

7l\a(¢$¥9~ tla Mg’ts (\/) 'PD\(CV\JCE\/—J> —ﬁv\ﬁv\ oo tvee  in tha CWPDMQV\% Cﬂ*‘a\m\wn& <.

glnwtut Qm’H\S

Not fm\\g Con  we Aow back o Pcﬁtlﬂ o Vo g mslhg the RBEC Avee . thic Pqﬂ\ o
indesd a  Shevteck Paxk Lom VvV b el

o gee this. ltc think about  how the BFS dvee s craated

These uigag o ovd  the %(ﬁ( ;u\gu ~ wiat o wvertaw | 5

Imb‘aklg, S e the omly wactex n tle quane , and then 2vay neiphboy o{ < f%%b
1o wetted  with ¢ g theie qut, and e Lclgas are put Tn e BVBFS tveg .

At this time. all veerbae  with  distane one fyom € ace Uisited and ave put n e geees .
befoce  otle vertices (uath distanee ot least 4o ) are put n tha Grinm e -

A Vectex Vs sdid ke have olistana K TS 0 TL 0 tle ghovtest path lengbh from U ot € s 3

Then, ol Verins with  distane sne will be d\wguuuk \airsf , oand ol verDeeg /ZX;(?\L&\
with  distance  tuo will b ,Qv\%wuw_é\ \;JU{WL all otle r vortiac u'& dctane = 2. j%{ f&%\

R@:PM% +his (Mgumav& \\AMRVQR& will Qhow That the dAistanws ave m?wrut mucﬂ&,
Ord o §hetest \)K‘H\ Com be Tawd back \p\rm The BEC  dcee .

Thie T oo \/ML,A Tntbuaive ("\T‘runds \oe{wg {\(\wxd@ o’]c —F{Tﬂm}\s B&ﬂ’w@ \(\w‘\gmﬁs D‘f f\f?amﬁ\s a‘f \bemks_)

(o gwﬂma(‘\%gj beleww ¢ o BES a\gw\\ﬂwm whith  the —Fubuzs Tncluwded -

Ih’\?\;ﬁ(: C—/I:(\//TC> ’ gé\/.

Ouf\)vkl ol verticas  rachable %w Q ond et ghevtoct ?p\HI\ Avgtance ‘ng\ S
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(Titiatimion)  vistted Tul = false  Hor all veu.
qrawe QG5 empty - QH%MJL(Q/Q Wetted U] = tyue . distane ()= 0
While. Q* empty  do
w= d[%\&uuv Q)
{w 2ol m?ghbb\f Vi a{ “u
W visteA V) = fale

engreus (Rv) | vieted Tv) = vuw Pmm[ﬂ:u . Aistom@ TV )= distane (V) +1

Execace Wite tle code {w ?\rinﬁng o Shovtest \)ofv% {\rw (VAR N

RiDactite  Qvaphs
1 3 N\
Ovne a?\vh&b‘w c'{‘ Br ¢ s b chodk Whetler o gra?k s ‘DIFMH\‘L
Thete 38 not much Qmw&h?“g Ya%\,SYu\ + duzs\gh on alﬁuﬂﬂ\m 1@« CUAKM& E?Pmﬁtww%&

Crivan o vertax < all Tte natghbws  must ba on the otlec Vde | and. then  reiphbers o
\ §

<

Y\Q\\g]ﬂbﬁs must be en the Same ide L ond o tn. o

With tWis Jdea, we Coan cun  the RIS a\gb—‘/‘ﬂ\m above , and Puﬁf all verB

with 2usn distane on the Same Ve wWith S and other werBes o He stoc side.

ﬂm (et L::{‘UG\/‘ dist (s u) T¢ lV“‘j ond Riig\lé\/\ Alst (s,u ) s odkokzj

1{— “lece  ove gok&%g betwetn o Verbee 3n L oy hus verBes S R ceturmn \\Y\Dm/\o\?m(ﬁ‘u’/‘

O%L\E(\M\\SQ , (z‘b,\(n ( LJ{) Qas e b\\?o\ (T\\{\\W .

We  oCume tla gro\FK s Comnelted . as steiw'i<e woe Can Solve the P\'OL}\JZV\,\ %« a0ch C/memn\f

TMMM 16 Olman) as Lo Just oo a BFS and  check 2uary edqe onte

Correckne 86 : TL s clear that T—( tle akgwit%m vetwens (L,RY as  the E?Pmﬁﬁm _Ylan th
gv m\v\q is \QTFQ(&H';L as Here ave no nggg withvn L an R
TE temaing b chek  whethee the algoithm  Sous S nen- bvpactite 7, the ngl\ vs fmué bipartite,

\M\Qn Con  wo SD&(\j fw twre QA g(o\\;k\ XS nw»\g??acﬁ\“ag
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) Q i N J [}

when Can we Qo Twre A aph  FC nome by arﬁ“ﬂzz.
J gtap P
One {QSZB Condit™ T vohen  thez grqP\«\ hat an sdd Qn(,kq‘ & @

We will how that  low  the a\gﬂi—tkw\ Souﬂg \\hoh~b?\>at‘ﬁ“ka}/‘ e gqu)\ has on sdd CL:BLLQ,

W oo < oV

guvwo&z tlece 18 an sz\JiL botwaen  two  vertet  w,u a L. ol odd_
9 &—
e Pows
Wa lesle at +tle RES  Avee . P\MN w Od\d\/e\lLV\
et w ba tle (swegt commmm  ancestor 0{» VOAVE S

Since At (S,W) and ASE(S,U) are eodd . mgacti\ass E{ whetlo ¢ Aot Cw,e? 3 odd o ousn,
Ll Qum nf e PR%L\ KQV\EH\S q% Ww  anch VW ts  uen
This ‘vm?hm “that PUW L Prw u{md} IS an odd cﬁldz‘

Se. when tha A\gw\.%km g’ﬁuﬁg \\y\m\_\gT\bo\r—HT;LN/ Yt oTc Cpvrect bo camse . gqugl\ has an odd CL\)IC(G‘D

_Remack: = This also ghms a lneac Bme alpdthm o ik an odd cyde Tn tle graph.

- \We Qave o a\gw?tbwv\‘\c vao{» tlat o grqPM I BiPo\rﬁch \\\ﬁ awd mlﬂ 7{ T Kag
no odd %c&ag.

Hm‘m& on sk %Lu e oo NSheet Pmeiy ” that o %m?L S nw~\ot\5qrﬁw.

W N 4
Tt T A vwuch eetter ix?lamx*?sw +loun SUMS ‘5{% all \jaSS\b‘\\TTYQs but d\\«O\n/T w K.

R{{xrtnus: LKT 20.22)  (pPy 4.42) 0 [CLRS 220,220 ),
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