Succint Grmfh Sructuncs @
Lec‘l'u‘r‘c y - La!:@li\n) Qhemes

Tntrodnetion

H:Jh - ,el/tl 1/“.95'[';0}']: I—'ow ‘\‘o thf‘f.}e"r}' a Jraf)h Z
C onventione o”"ﬁac h;

- Give He vertice arLi?lH\j
D('ﬂh)-lsﬂ- dentifiore . Vertex haheg
SU, n UNig e Ak M EV)] " w\cqh}n!lexg
~ Ute Somre U\Khm” Cpn'}mhi\g&
ernS*’”'\'Whm (W{)’Mconﬁ o/ Jist J

To}\dé', Lal,ehh) Sc;\.?h‘es'. “Mean'mgﬂﬂl Nane S !
( \|D;S+V;!Qﬁ+€1 nFr‘&SPn‘J QI';On//)




®

Adjanoncy La[:re’im SchameS
i < /

Par of Otljor\i)r}lvv\S :

O Encshor s = g 6= (VE), M=n
ShoulA mss'ljv\ o Short kel }ZT(V) ls eoch veV.

G — Ene |[—> Lﬁi'\r — {o,ng
| ¢ Hhe lalel /ewq{’h
St o V""Y"IM'lz_eV'.J—

@ Tl«en, Oecal-er qu_g -]‘uo IaLe|g ]_(U)/LCV)
an{ glmu A,p—l-#rmif‘@ d WV ogre “Lja”"’"n(r

LG(M) — 1 & (WwyeE
,2,[) | Pec|— 550 v w9y £F

EVI[DAEV‘ ) ‘beca)-o'f“
-~ Ynoit e goop) ( DoesnT Liow the oo

|.!3"‘Jf kveasl  whd 0 He ﬁlfoirdl]

(_anS’l"l/V\LJ‘S 0‘13-6,5 A-VI\JE"/L %M’*‘*S J.Len 'ﬁlels



G«nera, a})an[{’m& \mLelQ

Claim, A a}j@n(j ]Mel;? gr_kmne Lo

eneral  n-verfex g (§ g l’\m\/(
l?—enjﬂ\ = Q). JY

O ——

Define Y. [F — {or'gQM
\()(G-) < (LC_(I), ]__6(1)/ - L([(n))
Given ?(G)/ can  vrconstructk G My D_e_(oﬁ&\
= ¥ 5 2-1 )
= 2" =z |G| = 2(2
= L=-00 @

Proo—L Lot E’ _‘(:”‘”‘.b UPJMF}IS \,J';’H\ /= [VlJ

EXPY‘" SLéLJ O(n)-la'nL ao{)an(en(] /aléls,



0,

Tree qzl/',ol nceniy /a £e| S

7
What # resvd affention t ﬁam',}j A trees Z

There  ar }’)W—? ‘['th& on ]:VIJ ((a eb's ‘Cd’f“MM}o\)

=5 lebel length 1B of oy (1) (1-50) by v

\(;\vr\ a\Law\' U.L% Z

Claim: Thore ¢ an ali. labelin cchenwe
Fer treec with ’mlgj endt ) 11_10 h‘l.

_P/@oi? M@rl jeﬁ T= ([m‘]/E) and  chooSes

ar6’|+r0\rj Yoot

" Fer verbex je[n], lot o)) de s prot
(Cor + rood v we can AeFine F(r*):r“).

- Label oF {1 e U06) = (4, p0) )

Ml Lyvcln L(Y), )_9) |
chen “adimed’ = 1=pG) or J=P0) W

WL’) P atlention (ongl—ay]ig?.—



Uh'l\n:r\ilf‘/ qul'lS ®
o

Deb: broph U=(vE) is wiersl b groph family = if:
\[6‘ Ef, BMM guL]ﬂT}l a'F U -”\of" S ?Samor)oh}c-l'a G,
/

nhncel Sv\?ﬂ‘f’l\: choosih  Sohe  verdex-subpet X SV
'l'mkq d//_ﬂ X" 'f‘a—X E|J)»f_3 -ﬁrbm _U_
(COn/'l o(hSCC“’ll X-to-X el)os)

e Pl ) U

Thn | Famon, Meor, Rulch | 23]
Lot F be a }jmfh ‘me}-lj. )
F ha aoy. 'nLe'nnj .Sch_ame /=5 F }’”‘S & Unitog 4

Wikh Len)‘}h ] jr‘oflw T with 2'Q verhcey
[+hA oss) unigoe laLels _]
4, 4 vesrties of ony GeS The avrforici
o o P""W\h?'
Coro”o\r.\os- 72”7 o

- o n“)-;rl'f)( univer Sl yhzlnh for  M-verdey Hrceg )

- Eed +he Q&JG_S of o flanar jmrh Con Lr@"'o iﬁ/@

= "lﬂgh]-k# l,j. la) ek (E)(-PY(;Q?‘, Vi 1)
= d“q)- verfu nn ez Sal )V‘@FL ‘I-\af f:lanw JhrLs

- O(?‘o$l)_Wr+eX un'llx(VQA] 9;/)\,;}1 -ﬁ;r ,)_HWLL‘f j)'ufl) 'arf: m—fnh’ciﬁ a,




Prost, =
(:)) vertlcCs A T are {Dfljl
P[,\J 91)? Leiaen X, é{p,l}Q AL He Jeced o
oot “absmcent’ fen sk P iy s et
For G€F, e qulgoph ihucel on §1.) |veyrs) 3 i ism
(&) Ewle: g GEF
'ka .gomor;f))ic mo{ll«(sﬂ sul Cr' ot T
-~ label oh vertec of G by
of S cores Fm X‘.’)y vertex from G“
Dewler gren Ly(w, L)
- yetuvn aL)'omPvﬁ & vartices X=L0(u),j=L&(ﬂ
are aAJ'aCenﬁl— m .

Neke: Deoler knas T (port of Yo sdheys)
390—9,3)],-[- )(“01\/ Gl

Nol—c'u & 'aein) \MACPQ Sl/\l?mfh 'S cﬂ/«c{m)

For cc)r‘f‘Ccl")eSS |

Y,j al)', m U i/=? )(,) ab', h - i/:) u v aJ'. n 6—

- S::\‘ %’.M:;M }.5_ isowrfﬁwﬂ @



@

Thformatie )—albcfin, SCl'LQMGS

Mpse ve s ggh G = ()

c:u'hl fome fumc},oy, ot m;,pml 1@ V 7{0”54

]_:Xawr]es; b=2
- fl"S‘I'Mff | 1%(“/‘/) = O{;S‘lé_[M/V)

_ ao\ljaw(a hf)', ,{:fr(u/\/) — fi (U,I/)QE
- Flowi £(y) = wax # o elje-disjoint u-vpd

laLehn’ _(c)\am for  Fanction £
Freoder: ):B —> L — Z’o |§ﬂ\

Deaalof‘} LG,C(V') \>
D

Lgt(v) 7 y

w Lol Z:)




D?S'}ance IacL@l}mq m hees

’abe’inq cchane For Hes

Thi,  Tlee s an O(lvzn)-éﬁ lickanc

J

Ybol'e(l

Reminder, HeaVJ-L;thr Dpcumf. BL\@;U, T
- Tl 1‘\60\9 Ch}’A ht) of verbex v

< Ho il uth ot verhd i ik sultrte

- Ec{)e_s of A Form (vh(d) ar }\gb\ﬂ e’,*)‘&
TLP V‘émv\'mii\/ e}fu. arc /jh}“ CAJQS

- I(i'L 'Pz—ofer'):; e\/':? CS'lW'rle) 'I-rco 1:4\”\
Cantaing On'j D({OJH) IU}nL calc;

Encoler: for wverky v, ld Ty L
+He FmH\ bram He rob + bo v

_Pm,l.;—l-',on 4+ +o Sefnenks of only he cA S
with Zn/-Uf‘IEav}n)J I,j})Jr e g "j A

TRY) = P,"QI"IDz°Q2°P;°eb°"' aPL
The [abel L1lv) e “comfkfaco&” T(ryv)e
— each P rcfl&('ﬁl aHh s Leanrl iy
110 = (], e, 0 20, o IR])
foy *leg profedy’, /f-O("J n) = lengh 1y

r
f
e~ )
F, ]"7(“-
e, Ch5e=S
Fy A
13
@
2N



..D€C¢1(‘V5 J'IVCH LT(“), LT(V)
obs 1 Can compee doplhle) = ()] ond - dapth () 11 ()

Olu 2

i an ﬂn(zgl-ar ot v iff v

W
@ doptiv) 2dept(v), an | }*f”f“)
@ {1 o n )Y < (I eles i )] ety

—> (Cam Jz‘,'ec{' 18 U\,V )'lM W’l(eéﬂj r'tln“'iohs n
— £ fI—kj Jo, return |olofH.(v) _Ler“,(h) , }.l:;l{u,v)

Acsime hou Hhad  uy A_or{} hae an(esJD e lotions

0 Jid (wy) :Jerﬁ; (\1)4(10191‘110) _2°\lﬂ%)
=/ A{’f“l of Lch(ny) /

dle Ca”eal Sef Lovel (,v)

(2 of loagt ome o 2, €0 s lfjh—H.
Sl\j :4—3 Q(L

= Gn debed QL) (Bf R g )
= (an compte He Iw.Jn\ o te commhon
rh"f\')r of T[(V,v) am‘ T]‘(Y‘/[A) ;
Thi¢ & SP)OLa,V‘C) (x,v) |

Col"o"m;', An o(lgjqn)-éijr |ml=e[1/1jr S(}\ow
for— Sefmr\er.'on leve m  hees




(9

FIOW |mle’}n} &cJLKMe_

(> wih

We nou  Focks on  m-veriex yoohc
.lmlym’ 91]3 carmc'r}}ai (mwlﬁr]ic'r}—[qs) " f]lzl._jfj
Rocll s He Flow Lotugen +uo VerticeS v

= wmayx +H e(oye-o(g, W-v  pathg

2 3 MY 6
1l 1 212 11
2 o 6 22 2
3 o 2 92 2
C 0063-
S| S\ oo 5
G; X




Lowma;  Fom g K =0, W
0,7 § 6o Vv | P fxg) 2 k3

1S an eobm'wmlf’nce reladion.

Prood:  Refloxive 4%m,,€,1r;c,- Yrivial
Tmns'r;i\rt'- Su”b&f -/-\’oW(Y,J) 2}4 aml -”W\(jlij 2 }4,
By woy oF comralidtitn, osse Flog(x,2) < b
&D WY'-CU\)‘ W\o\X-‘F\oN ”l‘m y 'H'U"C s o Cth (S/V\S)
ot C”‘fﬂ‘c"l‘b <Kk LI‘I'H\ xes/ ge'\/\g,
- £ DES/ 'l‘l-?h (S,V\S) i{ an 3-2{0\"‘,
So LD m'm-UR\' MOX—‘-hJ J‘h'm, F‘ON(E),?_) <|< —Cd'frahc"'l‘ﬂ".
- te coye 3@_\(\5 s Shalar, . B

\.?‘\‘ Zilé L’f HQ eq/l/\'lmipn(e CIASSES a.f_ Rl(.
Nk hat Cl{-‘«l ¢ a NL'IHPHY\«\ OJ: Ck

Conshud tree g

Cnokes in level b oare He claties in T,
- parent o pole ceCpy i c'et, sk cec

— me\\rLS cor‘f‘esfanj fo g’mjlefth
— Dh'j O(V\'I\J) /.elrt ,5 (M “« canm”' hawo leev— ‘HO\»JS)



Let/cl 'T6
I

O L., &
l,...,6
/
1 | 2, C
> 2, /5-/
|
Ll 2’5 Ll,g",g
¥ 1/5 (l/flé'
SRt
6 2,3 3
N\
7 2] ] [V

&19 S -‘: ,DWG_(\(/j) = go]o Le\A\T £ Ieor(T&(x] , ]e.\-FTG[j j)
Can  LSe laéefs LC (v = LT (leafgfx))
G

= dhere 14 () e Seplevd ek
%

engt: O kg vepl) = Ol (rw)



Dfslanfe ]J‘&e{;”J awﬂ S@ramlw’g

[ 4

A separor of o grph = (VE) NVin s
a veaey gu!;,g.é Sev s&ch Ho& Y PMoWn) S —[rnm 6'-
|0YC—”‘I‘5 .IJ' mto  connesed c.dmfom’n,lg ech of Si2e

Cl_il\”;; Ev-cD +rce hat_g G S—ef&”"’“i”' of &He 4.

H" The ‘FD”WD m') flfinJaS o Safo\w'\'arf

e av
chil

) d—7

Ve The ool
o ho] hae 2 verkites s subtree:

V&~ h(v)
refurn v

—Thlﬂ (P|mw gt’f“'”\ "”)" EWD flhhw Jnrh oh n V‘err‘iw\g

\(\0\5 A Sefmra)ﬂf D’L Si120 {)(\IW)

% An «fnm‘.l) ot )ﬂrhs F o has r(n)-Soparaors  iF

evtr) G—E.j: ath n \/‘L'P-J’i(e_g hﬂ N QQfGFa4Dr ot Size <),

- Trea v(n) =1
- Plnur Jr}TL\S ' V’(n) = D(ﬁ)




/'-}l‘m'- 16" j: )3? a Sl/:L)W'PlI-C,QSrl -Qf\m,b \,Ji‘H] r‘(n) &?f"'ﬂﬂ’“’é.
T&w 5 ang a Alghn/a ]'d:-ehy fcke;re L,,'r”? leny”

O(Rl)lyn +log™) R = f"f(")r(%)iw)
el =

(o]

L> Ri=1 For JF= thes]
R()<0F) for = Splarar Jn?‘us}

z&l CoM"‘VlI\L‘I‘ | ‘\‘,'fte ot &r’um‘\'u’:s//.'

- oot nole confaing sefmrl«r\ S %Hr

- crese on dje fr exh comectl @i of G\ S
— recqrs'-l'e)) aﬁlj treo wngflmgfion on each Snch conufonwl
S :afamlw for (-

Sefnrwh r
" A s

Jd

@ Noles Tar‘fi’fiol) Y,
D-pno'l@ Vb}lﬂ(\’) fer b ol Cnl'l*‘”"mti"j \/E_\r



O
Creofmgi lobe] L) of v condeins.:
O seplerd bkl o e+ Ol bk
O Lt LMol e rd kO pdh
/ -y, .

()
st disle(v©)  Fir e SEJS

1=

S 2 e((Bn) = o RMkgn) ks

Deml‘ma? j'llrfh lokele L(v) , L(¥)
- v mﬁeqlf-_g in He o-nceS*\'rrj O‘F NOJQ(U')/
}on ol'.g\(m,v) < found )_.([A)

- L —_ — nalde(v)
— 11 L[V)

- O’l')-eﬁ-“Q : LC’,' 47/ = S‘rl-z"f'(lﬂad-e u) na,lp(v))
('D), - S(a') - ©hroa Moy o V)arle(c. halo(\,)
Bj CD"I(“'rud‘nJh u ﬂul V agve m d‘ﬁcﬁ'ﬂf} Covlo hen)g of G—\Ugt)
: CU\D U-v fﬂl’Hl in G’ }dﬁ HWOUL' US()

= reharh  win § dist(u, g),rjg—)@v) } <e USC)%

% \
m L(g.) in LC(/)



