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Regular or eager walk
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PI rewrite
Pu G a WPn an
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claim II Ii a W is non sing
We show all eigenvalues of II l Dw 70

Let Me phm
Def 4114 set of all eigenvalues of M

Hml max 4h11 he Hml
Note In general eigenvalues vectors may be complex
Def lat ib l faff
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Max row sum then 141171155

PI suppose heHM i e MX XX some X
Whoo Hnl 311141 Hn I
Let Sn sum of row n in M

Now nMHn nXn
LHS is a convex combination of EX Xn

Thus 1 131 or HISSES a

Note W AD 30 each row sum L

Thus b HI WIKI
1h14 a WII si h 4
HI Ci a WH 0 Ht

thus Pu I fl DW d U since inverse exists
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Recall the spectral thin
Thin Sym Me Rn'm then M MIHM
where UTM s I his diagonal

thusifme.IM
then CI MJ's It M t M't I

Note Ws AD is noisy rn but
Pu a

o
Ii NtWtu

Thus Pu can be expressed as a

sum of deprecated lossy
random walks from U
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Idea 1 Start with a bucket of paint
at vertex v

2 Let r bewetpaint at time t

3 At time t we spill 2 T t
paint

it dries sticks
4 We move the remainingwetpaint to

avandomneighborI
Let s't r LD be dist of dryIwet paint
Thus our evolution equations are
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thus Pn So
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claim Reg hazy walks differ by at
mostaconstantforlocalpagerankI
Recall Eager We D

Lazy W Ik t wth
Final stuck paint
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Pushingwet Paint 8

Suppose we have s dry r wet paint
If we run Paint Spilling from 15 r we get

B r St x oH a twtr ca

stalI h dwl.ir drypain
Consider a partial update at some ueV
Det Update V E unweighted ease
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riv theNH

Here we are doing eager walks

let Is r Updateul s r
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PI See Spielman's notes

Alg Approx Painting fu a e

Init s O r Xu
while Trev raise dat
Pick

argnefax Ndtv

Update v

Thin Alg AppoxPainting terminates
after Yea iterations

Hopf



UnderstandingthestationaryPr
O

forwalkswithresets fromV

Consider 8ulv PulVVdlv
d V E degree ofV

Sort 8 u giving 8 Iv 38,143 38mW

Let Su Vertices I K

We consider two types of flow in the
stationary Pu

1 Beset How back to u

2 Graph flow flow on edges of G

Note Total flow is a circulation
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stationary as a flow circulationthe
Nose 8 i Patil prob of leaving Vi
on some fixed edge out of Vio

fig l x i 81M netprob of traversing
ciders toD c E

Let fij be the graph flow

Since 8Ci 81s for i s j all
Graph flow on edges is left to right

yo o

V N

Since graph flow 1 resetflow is a circulation
Intuitively the reset flow should be from
right to left



Iain V is the reset vertex U
K

PI All graph flow is outof V
Thus V must be the reset vertex

Consider graph flow crossing V a

minoece.cc
Vi VK s Vn

flow reset for VK.i.to Vn
911 t Pn 1 7

Observe that P s a



13

Mainthmy
Inw ords If CSV is of low conductance
and we do LPR from random Ufc this
one of the sets 5k will have low
conductance

Thin CSV d K s dNK Tek s d
d Okc boyn If we pick u by degree
inC them withprob 3 k
FK s t
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