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For the problem of computing the Ising partition function of a graph, we
focus on graph parameters such as branch width and rank width, and present multiple efficient
algorithms which are quite efficient when those parameters are relatively small. We extend computing

such invariants from the Ising partition function to the Potts partition function and then to the
2-variable Tutte polynomial of the graph. We also obtain results on the number of acyclic or
totally cyclic orientations by orienting each edges of the graph. The smallest counterexample in
which the unimodality of the Tutte polynomial does not hold is given. With regard to quantum
advantage, we verified the violation of various Bell inequalities in the IBM quantum computers. We
demonstrated nonlocal qunautm effects these near-term approximate quantum computers, which lead to
shoing the quantum advantage in shallow quantum circuits.
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