



































































































































Summary ofwhatwedid online primal dual analysis today
finishup online

Primal Dna matching analysis

Max E xij min 2it pj secondmomenti EE
method

Emi El fi
aitpsj l Fli EE randomgraphs

xijel VJ percolatenasEND a o y trees
Xij o VTijeE Pj 0 Hj

Weakduality feasibleprimal 5 OPT Efeasibledual

Eiger E
c

i Edit pj

As vertices arrived weconstructed near feasibledual

by ensuring that VT EE 2 tps I te
x fi pi Iff Kj1 te

is feasible dual
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e EditEp
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Integral Online Matching

Ranking Algorithm Sleet random total order ITgelts JL
when new vertex in R arrives match it to Ioniest ranked
neighbor according to it

Reinterpretation

Fi EL pick Yi NU 91 independently

when j arrives match d to argmin Yi if NuntDmatened

Proof that this alg has an l te
Build feasible primalsoles Xi iDEE xijetoB

and not necessarilyfeasible randomized dual sdn
ai pi f ich JER

l P
p
xij 3 D dit Bj

2 E Dz feasible dual fan
I 12

This suffices since

P D ELI ELI 3 OPTT
weakduality

ECP cost I E OPT








































































































































Probabilistic Method

Firstmoment method

r v takessomevalue 3FIX
EK

X 30 intvalued PrCX 1 e E X
EH I 11 0 w hp

Proving Pr X l large
F X large insufficient conidbe

HUGE with negligibleprob

2nd MomentMethod

Chebyshev'sInequality

V 2 o Prc IX pl a eat
Anotherversion Pr X o e Vm

ECXj2
PI PrfX o ePr IxMsp s Y a

Corollary If Van o ECHTthen Pr X o L ou

commoncase
X X tX2t tXn

Use Var X EIVar Xi t.fyg.ca Xi Xj EN E CYEL'DLorXY
Ecy EDEN

Pf
Var XtY E Xi y ECxyD2

CNN.it o YX Yindep

E XEWTHENT t 2NECWEl'D
Van Vana 2Coral4

Often Xi's areindicator r.vn's XinBerlpi
VanXi p l pi Epi F Xi

von x FIX t
g
CaroliXj



Example 1 Consider Gmp graph on
in vertices whereeach edge present
with prob p independently

For what p is Gmp likelyto haveclique
with 4 or morevertices

Claim almostsurely doesn't for p o n
almostsurely does for p w n

Proofof

4 possible 4cliques C enumeration

xiffcio.w.mu X x 4 cliques

Proof of
For p wfi ECX insufficientbyitself

as n 520

So we'll use 2nd momentmethod

we'll show VarCX o E X

needto compute Van X

Coo Hi X

typo Cinco 4
0

type Icing1 1



types Kinsit 2
µ

type first 3 0

µ
Von s Efx maxiX



Evolution of Random Graphs

The following statements hold almost surely withprob 1 as n a

c I

p off p e en p th
forest largestconnected largestcc
no cycles componenthas has size O n

size Ollogn

c I

p en p lnf
largestCC graph is connected
has size 04 has Hamiltoniancycle
giantcomponent contains perfectmatching

Graph property closed under isomorphism PrGmp f A PrrandomgraphfromGmp
y property holds renamethe nodes stillholds hasproperlya

Monotonegraphproperty A or L as addedges
e.g beingconnected

a having mindegree10
containing a perfectmatching
containing Hamiltoniancycle

Coil Everymonotonegraphpropertyhas asharp threshold

Afn p pn is a
threshold for a monotone
T property A y
negimoPrGmpHt

Ey p n thresholdfn forKyO L 213 4
paan ps nI g noKy K4



Graph properties expressible in Firstordertheory ofgraphs

language vars x y z representvertices

equality x y
adjacency xny
s Fp

Examples

Gcontains triangle

no isolatedpt
diameter 2

G Hamiltonian Gconnected not to properties

Thm Fagin Glebskiietal
tf fixed p o pet and any 1 0 graphproperty A

fine PrfGCmp A 0 or I

Thm Shelah Spencer

irrational x Os Lal setting p pCn h
d

and for any FO property A
nbhf PrfGln.p f A 0 art

this is about threshold fns

EI p n thresholdfn for Ky
213 213

pan pan
noKy K4



Another 2nd momentinequality

PRIX o EMI
EXd

Follows from CauchySchwartz

XY ZECH EAT Preff
wog ElmoF Ya 0

Let U
qy V fap

2µV e wat Va

2 IENVY a 2E Wh
E F U2 te v2 2

Etuyte
Percolation on Tree HD e FCHECK

complete binary tree ofdepth n
each edge present witn prob p I

t

Is the tm Y hN dt

X leaves reachable from root

X X.tl zt tXn

Xi indicates if
it'm
leaf is reachable

F X
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Let's provethat this is the right orderof magnitude
p T

ff
d I

gsia D
D


