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$ome Notakion:

G: O C‘(‘(\/,E)
V= <ot sl entices

= §,2,3,4,5%

E = <et of edqes
— { (l,'Z_)’ (\,S), (2,3), (2/4'),(215), (-3’45/ (4’5)}

D/\Mno('def@ci M(‘
abuse ek nolardn (L 2) =(2\)

§€.\c \OOP = (V,\/) olyen ot allswed



Sizz o.f a %{ap‘l\ not 2.71%..

Commpn noabhbn: n= \\/\, M= \E\ o€ e.=\E\

%oo\c mses V=\Vl E=\E\
albuse c&(— Nnorz e, ‘\'yga t\'\Qereok Lam c@/tk&x'c

0< E<V®

e, @(E\ Cunnng Yime e betrer Ahan 6(\/2)



M\ﬂdi(@C'\CA'- ('U,V) = (\/,?/{) 11._————-—\0/
Dicected:  (W)# (vn) e

acycliic = mo cycles
fﬂﬂc’[\‘rec_{fd grophn

connected = for all verhices w,veV flere i<
a path from w o V-

A Conpected acyelic wndirecied g.mp}«: - C

an ac/vc/ic unclirected gmplr =7



pmndicedeA  graph: deq(v) = # of edges edent onv”

ae =
d‘\racked\ %{‘ase\/\:

’indeﬁ(v} = & sl edges W v /><:

surdeq(v) = ¥ of edses ot o v "
ndeq (v)=3

ou’fdéé (v)=2



'Pg%@é (cont’d)
Airected gragh:

z indeﬁ(v} = \F_ \ - ZOUL* éeé(v)
ey el

AANAL e ke g(‘a@/\:
z deq(v) = 4 \F_\

QW\MV\Q ‘ime propoctizaal Ho degree at each vntoc
s O(8),



K\)a\'& Skeu UGS gar 6(‘6\’9‘/\5‘-

Ac‘fl&c.@u\oa hisy

pos! running il Q(V*E\ Yo \eok ol enery edQe
Cens:  YWore Complicaded

A Ayacency Modrix

Pm';: S\\M-@\-Q(“
CENS': Takes 6(\/?'3 o look at every edae
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%(@QC,\"W\’ Firs’( Searc\r\ :%;‘_S
Exploce qaph Srom swaltventex s.

/_ES Ahe ﬂrap\/\ Cannec e 7

I of connected cowpsrents 7




Clagsifying_20ges ofter "DFS

(\_(\/‘\=M means BFS vigt lesm w oV
X make (Uv) a tree ease

)/B*('“:V) is a4 back edse il v is an ancestor of n
takes mo@ [N the BFS tree and ””;V')GE

=omce W direckeA %mehs
(1) 1s a frwad edse if u is an ancestor of V-
e

not j in the BFS tree, (2v)eE and (uUv)
PDS‘SLD\&
is mol a tree edge.

all other elges afe CreS edgés.
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BFS(G, s)

1 for each vertex u € V[G] - {s}
2 do color[u] — WHITE
3 dlu] — oo

4 mu] — NIL
5 color[s] — GRAY
6 ds]—0

7 ts] — NIL

8 Q-0

9 ENQUEUE(Q, s)
10 while Q # @

11 do u — DEQUEUE(Q)
12 for each v € Adj[u]

13 do if color[v] = WHITE

14 then color[v] — GRAY
15 dlv] < du] + 1

16 mv] — u

17 ENQUEUE(Q, v)

18 color[u] — BLACK
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QoSS edges

g Keaph
ot L e 4
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%F S Ovzovatins

AWty = unexgored.  4rey = in FIFO quane.

black = a\\ Aok o
’(AV\\'ESS v \5.

5 nevesr VE\\'eA

Every il qoes Lo Wil Yo grey Yo black..
Tme Yo aeploe medooes of ar = deg(v)

Twme o 2xplore qraph = %Vdeﬁ(ﬂ T \V\

B (v+E)

Il



Prowe Haot BFS avorke.

\,\ & 007?7 RIS sharted W

g

c\[\f] S e \e,wg(h o(: sSome ;c;rha g‘om S Yo v

SV = ¥ of cages i shortest paih Lo s Yo v

Yeove Twat afier a "&Fs, Av] = (V)
j‘;sr a\\ '\FQV.



Angther shsecvadion:

_

remove Lem ahl 54 ik
baC.K
Q = (V\’VQ_,V_BJ v Ve )
\/\,hJ\./—v'\—’

Arv;i- L AW = G\

connsl have ATv;]= Q+2

Remove 17 with drvide £
Add 7 new veilex adpcost Yo U Yo Q.

Tnen 73] = ATV



Yool ouk\ne:

/

T At BFS, ATwil- $sv) & all vieV

——

lemma !l Tor a\\ (w,V)e E, S (s\) < S(S,‘M* \.

Lemma. For cacw ve V¥, S(sv) =dlv].

l:emwmal’i .Du(ins %FS; peatices \n Q heve AT valura
ot westy 1 apat.

hewmad T( x is enquened befere Yy, then A1 < Ay,

lemma s For a\\ eV, $(s,v)= AW ),



Lemma l__ Yor a\ (uv)e B, SGVv)s Ssuy+\ .

Shortest ’POI'H’\ i A
Lrom s o v .
S\‘hs\e
5 edae (w, W)
£ K
Shor test
< ton

Shertest

pati one
5 { _445€
1€ é(-s,v*)z (s W) + Q} Ahen pedlh e —25.

s w L

Whee [evgh/t Ssu) + | ana & sShorter than



_EQW\W\O\} For cach U’e\[, 6(S,V)5dtvj .

PL: Avl s e leagth of pedh Leomt s Yo -
LoVlowms reee edges. TC v s mov reachabte
Lo s, Then ATvI=00 and £(5v) = AW e wewe

g(S\/—):l@V\f)’hf\ ol sShoriest oxh Lo s Y2\
< length of any  pon Lom s b
< drv]



L@W\WLG\@_ (DU\V‘W\S%?‘SI vertices '\ R have

AT 1 values BF mest A gpact.

_E:(g’t VYOO o2 vahion |

i\Qm\MG‘% 1§ x e @mqw&wﬁd Yelsce Y, Then Ax12Alv],
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L@W\W\QS For a\ V’é\z, g(sf\l’ )= S\LAY
E:VC_L %\/ LEmma R, We kwvow g(s,\rB < AL,

I S5v) < AWl fxgoss'\\ole? Showd o’ by CONMNAANTEHIN |

what

Lot BAD=1 x| Sex) <apa). sl

C\/\oose e BAY o smallest (V).

Co’Vls‘\c\Qr shortest pain M’Z“_—B:’"

,@sms’va\rf

lot U e ke vertox prior Fo UT @ Shorfst @ath.
S5 = SN~




et cooC was V- adhen U was c\@w&uﬁl&?

O L v ois while , Anen
A De cowes prede cessoc o5 v

AW «— Atud~ \

Swce S(SU) < S(s,v), UEBAD.
So SCS,MBT—&\Y_M-}

Then AVl = AT\ = 5w | = S5 V)



© I v is qey, hen v = SN W &

(Ey lewmma S Av] salw) «\ |
e ALT vales in © & west \ agant.
Then, AV < S(sV) , since Al = & (sw)
ond A x| = SEwW s\ = §6V) .

® 1€ v ie Vadk, Ahen v s been dequarseck .
= AWl<Atwl by hkewmma &
= AVl < Adx\ = $EW | = 2BV .
= arXL GlEyy ===
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