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1. Suppose : L T =AZn}n>1
. i In gn = gn,p,q,...
2. Define { i A

3. Analyze : ) JPr {1 = J} - times(J) = poly(n)
€Yn

3 : lepgn{A(/) = OPT(/)} = 1 — 0,(1)
A
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for Min-Bisection

(Ganp.r: for Min-Bisection)
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Gon.p.r for Min-Bisection

c>1 p>clogn/n p/r>c

o Br {6=0PT(G)} =1~ 0,(1)

Vi€ {L,R}, Vv,V € V; [Pr{(v, V) € E} = p]

Vv e VW € Vg [Pr{(v, V) € E} = r]




in the Planted Solution Model
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satisfiable 3CNF formulas”, SODAOQ3, 2003.

Min-Bisection A. Coja-Oghlan “A Spectral Heuristic for
Bisecting Random Graphs”, SODAQ5, 2005.
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Spect by Coja-Oghlan [SODAO5]

Spect(G = (V,E),p,r) // A G

{

Let U< A~ ((p+r)/2)J;
Calculate the largest eigenvector €; of U;
Let { bi=+1 ¢€(i)>0

b= -1 0.W.
repeat UPDATES times do {
for each i € V do (in parallel)
bi =+1  #Pos(i) > #Neg(/)
b,' = -1 O0.W.

}

output (b, ..., bay);

16 / 43



( ) 17 / 43



(Coja-Oghlan; SODA05)

p—r=0 ('Og”) ., UPDATES > log n
n

( ) 17 / 43



(Coja-Oghlan; SODAO05)

P—r:Q<|ogn) , UPDATESZ|Ogn
n

- Gegzrn,p,, {Spect(G,p,r) = ¢} =1—0(1)

( ) 17 / 43



(Coja-Oghlan; SODAO5)

p—r=0 ('og”) ., UPDATES > log n
n

- Gegzrn,p,, {Spect(G,p,r) = ¢} =1—0(1)

Coja-Oghlan [SODAO5] p—r=Q(1/n) ie., E[|E|] =Q(n)




Spect by Coja-Oghlan [SODAO5]

Spect(G = (V,E),p,r) // A G

{

Let U< A~ ((p+r)/2)J;
Calculate the largest eigenvector €; of U;
Let { bi=+1 ¢€(i)>0

b= -1 0.W.
repeat UPDATES times do {
for each i € V do (in parallel)
bi =+1  #Pos(i) > #Neg(/)
b,' = -1 O0.W.

}

output (b, ..., bay);

18 / 43



Spect by Coja-Oghlan [SODAO5]

Spect(G = (V,E),p,r) //A G
{
Let U A~ ((p+1)/2)J;
Calculate the largest eigenvector €; of U;

Let b = +1 el(l) >0
b,' =-1 O.W.

( ) 18 / 43



U
)
€
€

19 / 43



( ) 19 / 43



( ) 19 / 43



Sgn(é\l) ~ sgn(el) = ¢
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(Coja-Oghlan; SODA05)

I
p—r:Q(oin), UPDATES > logn

—  Pr {Spect(G,p,r)=¢} =1-0(1)

G€g2n,p,r

N. Alon and N. Kahale, “A spectral technique for coloring random
3-colorable graphs”, SIAM J. Comp. 26, 1997.

U. Feige and E. Ofek, Spectral techniques applied to sparse random
graphs, Random Structure and Algorithms 27, 2005.
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repeat-procedure

repeat-procedurel:

{
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for each i € V do (in parallel) mp-procedure(/);
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MP-threshlod

p—r=SQ(logn/n)
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Q(l)’

Q
I
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p-r=2( ") — [ - Qntogn)
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Spect, Pseudo-BP

MP-threshold

Spect

Pseudo-BP

MP-threshold : max{MAXTIMES1, MAXTIMES2} = Q(log n)

Pseudo-BP : MAXTIMES =2
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Spect, Pseudo-BP

MP-threshold

Spect

Pseudo-BP

MP-threshold : max{MAXTIMES1, MAXTIMES2} = Q(log n)
— E[|E[]] = Q(nlog n)

Pseudo-BP : MAXTIMES =2
— E[|E|] = w(n'?)
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Pseudo-BP

[ dof h+0+ z > 0+
fi(z) = hi(=0.) z<0.

h.z 0.W.

b= filb)+ Y £ "
N: h_6_ z>0_
Jj€ JEN; def

f(z) = h_(—0_) z<6_
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b= fi(b)+ Y f(b)

i

JEN;

h.o6,

hi(—0-)
h,z

h_0_
h_(—6-)
h_z

zZ > 0+
z << 0+
O.W.

z>0_
z < 0_
O.W.
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.y
\ Aol — b~ e, as k — oo
[A1] > [Ao] b™ ~ A1 cie

(Coja-Oghlan)

Pr {sgn(é;) =~ ¢} =1—0o(1)
Gean,p,r
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repeat-procedure

repeat-procedurel:

{
%

repeat-procedure2: // 6

{

for each i € V do (in parallel) mp-procedure(/);

b,-:9 ifb,‘>9,
b,-:—H ifb,‘<—(9

for each i € V do (in parallel) mp-procedure(i);

apply thresholds: {

2
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error(G) ' error, U errorg
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( ) 40 / 43



error(G) ' error, U errorg
error, £ liev: b (i) < 9}
errorg = Jic Vg b (i) > —9}

(Watanabe and Yamamoto)

Pr {lerror(G)| = o(1)} =1 — o(1)
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(Watanabe and Yamamoto)

c gr {Repeat1(G) almost recovers} = 1 — o(1)
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Pr {Repeat1(G) almost recovers} =1 — o(1)
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Pr {Repeat1(G) almost recovers} =1 — o(1)

Gean,p,r

(Watanabe and Yamamoto)

Pr {Repeat2(G) = ¢|Repeatl(G) ~ ¢} =1 — o(1)

Geg2n,p,r

(Watanabe and Yamamoto)

Pr  {MP-threshold(G,p,r) = ¢} =1— o(1)

Gean,p,r
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Pr  {MP-threshold(G,p,r) = ¢} =1— o(1)

G€g2n,p,r
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Pr  {MP-threshold(G,p,r) = ¢} =1— o(1)
Gean,p,r

MP-threshold

Spect

Pseudo-BP

MP-threshold : max{MAXTIMES1, MAXTIMES2} = Q(log n)
Pseudo-BP : MAXTIMES = 2
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MP-threshold(G = (V,E),p,r) // repeat

{

set b; = 0 except for by = 1;
repeat MAXTIMES times do {

repeat-procedure;

b
}
repeat-procedure: // 0
{

b,-:€ ifb,‘>9,
bj=—60 if b; < —60

for each i € V do (in parallel) mp-procedure(i);

apply thresholds: {
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