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About MI Lecture Note Series

The Math-for-Industry (MI) Lecture Note Series is the successor to the COE Lecture
Notes, which were published for the 21st COE Program “Development of Dynamic
Mathematics with High Functionality,” sponsored by Japan’s Ministry of Education,
Culture, Sports, Science and Technology (MEXT) from 2003 to 2007. The MI Lec-
ture Note Series has published the notes of lectures organized under the following two
programs: “Training Program for Ph.D. and New Master’s Degree in Mathematics as
Required by Industry,” adopted as a Support Program for Improving Graduate School
Education by MEXT from 2007 to 2009; and “Education-and-Research Hub for
Mathematics-for-Industry,” adopted as a Global COE Program by MEXT from 2008 to
2012.

In accordance with the establishment of the Institute of Mathematics for Industry (IMI)
in April 2011 and the authorization of IMI’s Joint Research Center for Advanced and
Fundamental Mathematics-for-Industry as a MEXT Joint Usage / Research Center in
April 2013, hereafter the MI Lecture Notes Series will publish lecture notes and pro-
ceedings by worldwide researchers of MI to contribute to the development of MI.
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The 6th RIKEN-IMI-ISM-NUS-ZIB-MODAL-NHR Workshop
on Advances in Classical and Quantum Algorithms for
Optimization and Machine Learning
09:30-11:30 Session 13
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Ralf Borndérfer (zis)
11:00-11:20 Coffee Break
11:20-12:20 Session 14
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Uwe Gotzes (Open Grid Europe GmbH)
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09:30-11:30 Session 13

« 09:30-10:00 Thorsten Koch (ZIB)

“High-Performance Solving of QUBOs to Proven Optimality”
« 10:00-10:30 Joao Doriguello (NUS)

“Quantum algorithm for stochastic optimal stopping problems with applications in finance”
« 10:30-11:00 Ralf Borndorfer (ZIB)

“Multicriteria Shortest Path Algorithms”

11:00-11:20 Coffee Break

11:20-12:20 Session 14

« 11:20-11:50 Pierre-Louis Poirion (RIKEN)

“Randomized subspace regularized Newton method for unconstrained non-convex optimization”
« 11:50-12:20 Akifumi Okuno (ISM / RIKEN)

“Minimax Analysis for Inverse Risk in Nonparametric Invertible Regression”

12:20-13:50 Lunch Break

13:50-15:10 Session 15

« 13:50-14:20 Niels Lindner (ZIB)

“On the geometry of periodic timetables in public transport”
« 14:20-14:50 Inci Yuksel-Ergln (ZIB)

“Improving data quality in the presence of superhuman complexity in data errors”
« 14:50-15:10 Jaap Pedersen (ZIB)

“Optimal discrete pipe sizing for tree-shaped CO2 networks”

15:10-15:30 Break

15:30-16:50 Session 16

« 15:30-16:00 Uwe Gotzes (Open Grid Europe GmbH)
“Spotlights on success stories of public-private partnership”
« 16:00-16:30 Ying Chen (NUS)
“Deep Switching State Space Model (DS3M) for Nonlinear Time Series Forecasting with Regime Switching”
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« 16:30-16:40 Osamu Saeki (IMI, Kyushu University)

“Institute of Mathematics for Industry: its uniqueness, strength and prospects”
« 16:40-16:50 Katsuki Fujisawa (IMI, Kyushu University)

“Closing Remarks”
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Construction of Mathematical Basis for Realizing
Data Rating Service

September 21-22, 2022, Fukuoka, Japan

Data and Mathematics Business Needs

Masao Yasui
Chief Digital Business Officer, Mamezou Co., Itd, Japan

The importance of mathematics in socio-economic activity needs no further mention.
Furthermore, the environment in which mathematics is utilized is evolving day by
day.

In the world of software where mathematics is the powerhouse, the current focus is
on cloud and smartphone applications.

However, in the era when the era of IoT is coming in earnest, the amount of data will
increase more explosively than it is now. In situations like these, a mathematical
approach to data becomes increasingly important.

So, what kind of environment will mathematics-based applications run in?

In this session, we will discuss the distributed environment and MEC (Multi-access
Edge Computing) that utilize various types of data, and consider the new
environment where mathematics will be used when the current business enters the
full-scale IoT era.
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Construction of Mathematical Basis for Realizing
Data Rating Service
September 21-22, 2022, Fukuoka, Japan

Platform for combinatorial
optimization and Standardization of
business data

Takuji Hiraoka
CEO, Fixstars Amplify Corporation, Japan

The company [1] develops and operates its own cloud service for solving
combinatorial optimization problems. It supports hardware from various companies,
including annealing machines developed in-house that take advantage of parallel
computing with GPUs and quantum annealing machines from D-Wave, Inc. In
addition to hardware abstraction, the company has an established reputation for its
Python SDK that simplifies QUBO formulation.

This presentation will provide an overview of these solutions and share the
challenges and efforts in applying combinatorial optimization solutions to the
manufacturing industry. In particular, we will present activities in an industry
association on how to standardize objective functions and constraints for specific
applications.

References

[1] Fixstars Amplify Corporation Web Page:
https://amplify.fixstars.com/
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Construction of Mathematical Basis for Realizing
Data Rating Service
September 21-22, 2022, Fukuoka, Japan

Few-shot learning

Pei-Hsuan Lin
IT Consultant, Mamezou Co., Itd, Japan

Few-shot learning refers to a learning method that aims to recognize novel targets with
only a few or even without the corresponding annotated learning data. As a result, it is
regarded that few-shot learning could be applicable for shortening Al production,
especially in the aspect of annotation tasks. Few-shot learning imitates the way that
humans absorb novel knowledge (i.e., learning how to learn), and several approaches
have been proposed to achieve few-shot learning. These approaches include deep metric
learning-based networks (e.g., Siamese networks [1]), and models based on transformers
[2] (e.g., CLIP [3]). In this presentation, I will present the outline of few-shot learning
and introduce the approaches that are proposed to accomplish few-shot learning. Also, I
will denote the common challenges among these approaches.

References

[1] Koch, G., Zemel, R., & Salakhutdinov, R. (2015, July). Siamese neural networks for one-shot
image recognition. In ICML deep learning workshop (Vol. 2, p. 0).

[2] Vaswani, A., Shazeer, N., Parmar, N., Uszkoreit, J., Jones, L., Gomez, A. N., ... & Polosukhin, I.
(2017). Attention is all you need. Advances in neural information processing systems, 30.

[3] Radford, A., Kim, J. W., Hallacy, C., Ramesh, A., Goh, G., Agarwal, S, ... & Sutskever, I. (2021,
July). Learning transferable visual models from natural language supervision. In International
Conference on Machine Learning (pp. 8748-8763). PMLR.
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Data Rating Service
September 21-22, 2022, Fukuoka, Japan

Data-centric Explainable Al

Shin-nosuke Ishikawa

Graduate School of Artificial Intelligence and Science, Rikkyo
University, Japan

Chief Consultant, Mamezou Co., Itd, Japan

In recent business applications of Al, explanations or interpretations are often
desired in addition to inferences by complicated machine learning models such as
deep learning models. There are several cases that explanations by methods called
explainable Al (XAI) are valuable, and one of the motivations for XAl methods is to
provide additional information to confirm a reliability of the model. Many XAI
methods focused on processes of inference, and some methods are based on
approximations or unrealistic assumptions [1]. There is another approach that
focuses on what and how much data the model trained on. This would be an
example of a data-centric point of view for Al development instead of traditional
model-centric approach [2]. In this presentation, I will present data-centric
approach for XAl, and introduce a method we developed based on this concept.

References

[1] C. Rudin, “Stop explaining black box machine learning models for high stakes decisions and use
interpretable models instead,” 2018, Arxiv:1811.10154

[2] DeepLearning.Al, MLOps: From Model-centric to Data-centric Al by Andrew Ng
https://www.deeplearning.ai/courses/#h-resources
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Yokogawa’s DX Strategy, Al and BI
Utilization

Yukihiro Funyu

Senior Vice President (CIO)/ Head of Digital Strategy
Headquarters/ Head of DX-Platform Center in Digital Solutions
Headquarters, Yokogawa Electric Corporation, Japan

Yokogawa Electric Corporation provides advanced solutions in the areas of
measurement, control, and information to customers across a broad range of
industries, including energy, chemicals, materials, pharmaceuticals, food and so on.
We started digital transformation (DX) activities from 2018 as part of its three-year
business plan “Transformation 2020 (TF2020),”.

In this talk, I will introduce Yokogawa’s Approach to DX, Al/Data Utilization use
cases with 4 detailed examples, and mention data integration, which is likely to
become a growing need in the future.
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Construction of Mathematical Basis for Realizing
Data Rating Service

September 21-22, 2022, Fukuoka, Japan

Organizational AI Applications

Naoko Nakayama
Chief Consultant, Mamezou Co., Itd, Japan

Al is becoming more prevalent among most corporates, and there is a growing
interest in organizational Al applications. In this talk, I will present the current status
of Al applications analyzed according to numerous research reports. The content
will include a discussion regarding the demand for in-house production of Al, and
the key points for the organizational Al applications.
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