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Graph Bisection Problem

Input: An undirected graph G = (V, E), where |V| = 2n for some n.
Task: Find an equal size partition Vi and V; of V' with min. # of cut edges.

Remark. Find one of them if there are several solutions.
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> (Boppana, 1987): deterministic polynomial-time but not so simple
> (Jerrum and Sorkin, 1998): randomized O(n?) time

> (Condon and Karp, 2001): randomized O(n + m) time

> (F. M°Sherry, 1999, etc): simplified spectral method
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program PseudoBP(G = (V, E), p, r);

set all x; to 0;
repeat MAXSTEP times do {

T1 < +00;

for each i € V,

mio— Y, AlE)+ D0 folx);
JEN() JENG)

if all beliefs are stabilized then break;
}
output(zy, ..., a,); // Classification is (sign(zy), ..., sign(xsy,)).

end-program
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hy - 04, if 01 < z, —hg - b, if 0y < z,
fl(Z) = hl *Z, if —01 S z S 01, f(](Z) = —ho * Z, if —00 S z S 90,
hi - (—(91), if z < —91, —hg - (—90), if z < —(90,
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1. o={1,...,n}, Vi={n+1,...,2n},and V =V U V4.
2. Put an edge (¢,7) into F
with probability p if C; = C}, and
with probability r if C; # Cj,
where C; =0 <— i€ Vyand C; =1 < i€ V.
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Pr[ the algorithm yields the planted solution ]| > 1—2n-e °

HRN

For any 6 > 0 and any pand r, cp <r <p < 1,

p—1 > con log(1/(d(p —1))))
= the algorithm answers correctly with probability > 1 — 9.
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(Boppana, 1987) p—r = Qn"?) (almost!?)

(Dyer and Frieze, 1989) p—1r = Q(n"Y2) when p is large, e.g., (1)
(Jerrum and Sorkin, 1998) p —r = Q(n~/%)

(Condon and Karp, 2001)  p —r = Q(n~1/2%9)

ERERERERERNIN

e Most Likely Partition O O O with Onsjoeld
e MAX2SAT OOODODODOODODODOOwithOODO
e JO0DOODOOODODODODOODO
OO00D00O00OO000Ooooooon
oood
R. McEliece, D. MacKay, and J.F. Cheng, Turbo decoding as an instance of Pearl’s “Belief

Propagation” algorithm, IEEE J. on Selectead Areas in Communications, 16(2):140-152,
1998.

10



