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Motivation



Statistical Physics

Ground state of spin glasses under the Ising
model
Under this model the Hamiltonian of the system is de-
fined by >
H= Jij i j
hizji

i is the i-th spin.
Jij is the interaction energy between the i-th and
the j-th particles.

The goal is to find the lowest energy state.
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Max-cut

Max-cut
Given G = (V; E;w) the max-cut problem calls for a partition (W : V nW) of
the node-set defining a maximal-weight edge-cut.

X

1
max — wij (1 XiXj)
1qV 2
x2f 1;1g ij2E
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Algorithms:
Subgraph sampling
scheme



Subgraph sampling scheme

Select randomly a point
%2f 1;1g".
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Subgraph sampling scheme

Select a “suitable” setU V
contracting the nodes V nU.
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Subgraph sampling scheme
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Apply switching to the nodes in
V nU if needed.
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Subgraph sampling scheme

Solve max-cut over the
“contracted” graph Gy .
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Subgraph sampling scheme

Until a maximum number of
non-improving iterations is not
reached, select a new node-set
U V andgo to step 2.
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Subgraph sampling scheme

Perturb the current vector % and
repeat from step 2. until no more
improvements take place.
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Subgraph sampling scheme
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Subgraph sampling scheme

If additional computing time is
allowed, the node assignment is
randomly generated afresh and
the process is restarted from step
2.
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Algorithms:
How to select U?



Algorithms:
Planar subgraph



Planar subgraph
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Planar subgraph
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Planar subgraph
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Algorithm (F. Liers and G. Pardella, 2012)

For arbitrary weighted planar graphs max-cut is solvable in O(jng log(jVj))




Algorithms:
Negative subgraph



Negative subgraph - general case
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Theorem (S.T. McCormick, M.R. Rao and G. Rinaldi, 2003)

For graphs with all the non-negative-weighted edges adjacent to a single node,
max-cut is solvable in polynomial time.




Negative subgraph - 2d toroidal grids
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Negative subgraph - 2d toroidal grids
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Negative subgraph - 2d toroidal grids
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Negative subgraph - 2d toroidal grids
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Numerical results



Data for the experiments
2d toroidal grids with 316 316 nodes.

Graphs generated with rudy with edge-weights:

bivariate 1, with proportion p of negative edges.

following a standard Gaussian distribution.
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89848.00

49715.80

6457847194.60
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6476848337.70
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89772.60
89779.
89735.80

69780.00
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69749.00
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Conclusions

Over “bivariate” graphs:

Negative subgraph presents solutions within a relative difference between
0:21 and 0:42.

Complement slightly improves the solution.

Over “gaussian” graphs:
The results with both algorithms are weaker.

Negative subgraph can be extended any graph topology.
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