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This research aimed at harmonzing matroid theory and combinatorial physics
to analyze combinatorial and physical problems by developing efficient algorithm for their
computational analyses. We devised FPT algorithms for computing the partition function of ice-type
mode with respect to the carving width of a target underlying graph. We also developed an FPT
algorithm to evaluate the partition function of Potts mode. Concerning the Merino-Welsh conjecture
on the Tutte polynomial, related to Lieb"s square ice constant, we preformed computational analyses,

and obtain counterexamples to its variant.

Potts Tutte



(Combinatorial Physics)

20 Ice model

Kuperberg

Ising model Kasteleyn

constant

Ising model

ice model

(Combinatorial Physics)

Tutte
Lieb square ice constant
Merino-Welsh
Tutte
Potts
(
)
( )
Merino-Welsh
(orientations)
ice model Eulerian orientations
acyclic orientations
PEPS
(1) ice model Eulerian orientations
Lieb square ice constant ice model
ice model FPT
( 5 [3.6])

FPT
carving FPT carving
model

(3]

Eulerian orientations

(6]

Tutte

FPT

square ice

Ising/Potts

MPS, MERA,

ice



(2) acyclic/totally cyclic orientations

acyclic orientations, totally cyclic orientations [9,13,20,21]
acyclic orientations chip-firing parking function
Lieb square ice constant
Merino-Welsh 2 orientations
Eulerian orientation orientations
2 orientations FPT

(3) Merino-Welsh

2 Merino-Weish
Merino-Welsh 2 Tutte

Tutte 2 log-concave

(4)

FPT

[1]

[2]

(3]

[4]

(5]

(6]

[7]

[8] Ising
Ising

Ising

( [4,5,11,19,22])

14
Farley Soares Oliveira, Hidefumi Hiraishi, and Hiroshi Imai: Revisiting the Top-Down
Computation of BDD of Spanning Trees of a Graph and Its Tutte Polynomial. IEICE
Trans. Fundamentals, Vol.E102-A, No.9, Sep. 2019, to appear.
Farley Soares Oliveira, Hidefumi Hiraishi, and Hiroshi Imai: FPT Algorithms to
Enumerate and Count Acyclic and Totally Cyclic Orientations. The X Latin and
American Algorithms, Graphs and Optimization Symposium (LAGOS 2019),
Electronic Notes in Theoretical Computer Science, to appear.
Hidefumi Hiraishi, Hiroshi Imai, Sonoko Moriyama, Shuma Okamura, and Shinya
Shiroshita: Smallest Counterexamples for Convexity and Log-concavity of the Tutte
Polynomial. The 11th Hungarian-Japanese Symposium on Discrete Mathematics and
Its Applications, Tokyo, May 2019.
Hidefumi Hiraishi, Hiroshi Imai, Yoichi lwata, and Bingkai Lin: Parametrized
Algorithms to Compute Ising Partition Function. IEICE Trans. Fundamentals,
Vol.E101-A, No.9 (2018), pp.1398-1403.
https://doi.org/10.1587/transfun.E101.A.1398
Hidefumi Hiraishi and Sonoko Moriyama: Excluded Minors of Rank 3 for Orientability
and Representability. IEICE Trans. Fundamentals, Vol.E101-A, No.9, 2018,
pp.1355-1362.
https://doi.org/10.1587/transfun.E101.A.1398
Kanto Teranishi, Hiroshi Imai, and Hidefumi Hiraishi: Simulated Quantum Annealing
versus Breakout Local Search for Benchmark Dataset on NP-hard Problems. 18th
Asian Quantum Information Science Conference (AQIS 2018), Nagoya, 2018.
Naosuke Shindo, Hidefumi Hiraishi and Hiroshi Imai: Parameterized Algorithm to
Compute the Partition Function of Potts Model with Branch Decomposition. The 21st




Japan-Korea Joint Workshop on Algorithms and Computation (WAAC 2018), 2018.

[8] Farley Soares Oliveira, Hidefumi Hiraishi, and Hiroshi Imai: A BDD Approach to
Counting Problems in Graphic Arrangements. Proceedings of the 21st Japan-Korea
Joint Workshop on Algorithms and Computation (WAAC 2018), Session 4:2, 2018.

[9] Shinya Shiroshita, Tomoaki Ogasawara, Hidefumi Hiraishi, and Hiroshi Imai: FPT
Algorithms Exploiting Carving Decomposition for Eulerian Orientations and Ice-Type
Models. Proceedings of the Workshop on Algorithms and Computation (WALCOM
2018), Lecture Notes in Computer Science, Vol.10755, 2018, pp.216-227.
https://doi.org/10.1007/978-3-319-75172-6_19

[10] Hyonsoku Chang, Hidefumi Hiraishi, and Hiroshi Imai: Comparing Simulated
Annealing with Simulated Quantum Annealing on Max-cut and Other NP-Hard
Problems. 17th Asian Quantum Information Science Conference (AQIS 2017),
Singapore, 2017.

[11] Hyonsoku Chang, Hidefumi Hiraishi, and Hiroshi Imai: Experimental Evaluation of
Annealing Metaheuristics for NP-hard Problems. Proceedings of the 20th Korea-Japan
Joint Workshop on Algorithms and Computation (WAAC 2017), Session 4:2, 2017, 8pp.

[12] Shinya Shiroshita, Tomoaki Ogasawara, Hidefumi Hiraishi, and Hiroshi Imai: An FPT
Algorithm for Counting the Number of Eulerian Orientations Exploiting Carving
Decomposition. Proceedings of the 20th Korea-Japan Joint Workshop on Algorithms
and Computation (WAAC 2017), Session 3:4, 2017, 8pp.

[13] Jean-Francois Baffier, Vorapong Suppakitpaisarn, Hidefumi Hiraishi, and Hiroshi
Imai: Parametric Multiroute Flow and Its Application to Multilink-Attack Network.
Discrete Optimization, Vol.22, Part A (2016), pp.20-36.
https://doi.org/10.1016/j.disopt.2016.05.002

[14] Akitoshi Kawamura, Sonoko Moriyama, Yota Otachi, and Janos Pach: A Lower Bound
on Opaque Sets. Proceedings of the 32nd Symposium on Computational Geometry
(SoCG 2016), 2016, pp.46:1-46:10.
https://doi.org/10.4230/L1P1cs.S0CG.2016.46

9

[1] , , : Simulated Quantum Annealing Breakout Local

Search NP-hard . )

\Vol.2019-AL-172, No.7:1-4, 2019, .

[2] Farley Soares Oliveira, Hidefumi Hiraishi, and Hiroshi Imai: Parameterized
Algorithms for Tutte Polynomial Specializations in Graph Orientations.

, Vol.2019-AL-172, No.4:1-5, 2019.

[3] Farley Soares. Oliveira, Hidefumi Hiraishi, and Hiroshi Imai: Graph Orientations and
Their Use in Modelling the Physical Sciences. 3rd ETH Zurich-UTokyo Strategic
Partnership Symposium on the UN Sustainable Development Goals and Innovation,
January 2019.

[4] : ( ). OR

, , 2018-06.

[5] , , , :

. , 104, 2017, pp.5-10.

[6] Hidefumi Hiraishi and Hiroshi Imai: A Note on Extended Formulations of
Lower-truncated Transversal Polymatroids. The fifth International Conference on
Continuous Optimization, Tokyo, August 2016.

[7] Sonoko Moriyama, Bernd Gaertner, Hiroshi Imai and Hiroyuki Miyazawa: Geometric
Optimization Related with an LCP with SPD-matrices. The fifth International
Conference on Continuous Optimization, Tokyo, August 2016.

[8] Hidefumi Hiraishi and Sonoko Moriyama: Q[x]-representable Excluded Minors for
Q-Representable Matroids of Rank Three (invited talk). 2016 International Workshop
on Structure in Graphs and Matroids, Eindhoven, Netherlands, July 2016.

[9] Sonoko Moriyama and Hidefumi Hiraishi: Excluded Minors for Matroids of Rank
Three (invited talk). SIAM on Conference on Discrete Mathematics, Atlanta, USA,
June 2016.

0



http://qci.is.s.u-tokyo.ac. jp/~imai/

@
@

(Moriyama, Sonoko)
( 2 1

(Hiraishi, Hidefumi)



