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Development of ‘Shinayaka’ Systems Making Creative
Collaboration between Human and Machine

Building Mathematical Methodology for Finding the Most Satisfactory (Optimal or Appropriate)
Solutions Under Given Circumstances
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In every aspect of our daily lives, from grocery shopping to
dealing with the COVID-19 (novel coronavirus) pandemic, how to
make decisions and take actions involves navigating a complex
and confusing blend of factors. Recently, there has been an
increasing amount of research which aims to help people by
investigating mathematical modeling of the processes for
finding solutions to these types of problems, examining the
answers derived by machines (computers), and searching better
decisions. Professor Yeboon Yun of the Department of Civil,
Environmental and Applied Systems Engineering is engaged
in researching the development of theoretical methods for
decision support and their applications.
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Research Front Line

Expressing the Process of Human Judgment
in Mathematical Form

—— What kind of research are you involved in?

For example, think about the issuing of an evacuation advisory
due to heavy rain. Advisory notices are issued taking many factors
into account, such as records of past damage due to heavy rain and
the amount of rainfall at that time, and forecast changes in rainfall,
as well as judging the timing of evacuation. Could it be possible to
transition these types of complicated decision-making processes,
which humans have had to handle to date, to mathematical models?
We have been creating programs based on these models, developing
theories and methods that assist human decision-making by enabling
computers to process a wide range of data and solve problems.

Particularly, | have been researching on multi-objective optimization
and its applications.

—— What is multi-objective optimization?

Optimization means finding the most suitable solution within a
given set of constraints with regard to some value judgement. For
example, when thinking about grocery shopping, people have a
range of attitudes, such as "the cheaper the better” or “the higher
quality the better." In this case, price and quality are the criteria of
value, and the best solution would be either the lowest price (for the
price criterion) or the best quality (for the quality criterion). But it's not
often that the cheapest grocery store also has the best quality. In this
way, circumstances where there are multiple objectives are called
multi-objective situations, and finding a solution there that meets the
preferences of the decision maker is multi-objective optimization.

— In your grocery shopping example, as some people want quality
products even if they are expensive while others want cheaper prices
at the expense of quality, there would likely not be a single answer.

Depending on who the decision maker is, | believe that the
objective will change and the price and quality constraints will also
change. Therefore, in multi-objective situations there are a range of
conceivable solutions, such as compromise solutions that inevitably
make concessions in light of reality, or satisfactory solutions that are
acceptable if the decision maker is pleased.
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Applying Multi-objective Optimization Methods
to Create Value for Society
—— What got you interested in your current research?

My undergraduate degree was in mathematics, but after |
entered graduate school | felt more and more that | wanted to
move from theoretical aspects to practical applications of math.
While studying for my doctorate in engineering, which was from a
Japanese university, doing multiple criteria decision-making research,
| found it fascinating to learn about evolutionary algorithms and
machine learning, and how knowledge like that could be used with
computational intelligence to model the behavior of humans, animals,
and birds to solve problems.

— You are also involved in applying mathematical methods to real-
world problems.

Since coming to Kansai University, | have been engaged in the
development of methods for the maintenance and management of
core social infrastructure, such as helping to study tunnel excavation
methods through joint research with other professors.

One of current topics for my graduate students is trying to
forecast the heat stress index. The heat stress index fluctuates due
to sudden changes in climate and also changes in human economic
activity, so forecasts must make corrections incorporating a wide
range of factors. The current levels of summer heat and humidity in
Japan can be life-threatening. When making forecasts, it is important
to predict the areas where the heat stress index will be high as
precisely as possible. However, it is not a simple case of the higher
the numerical accuracy, the better. Another way of thinking about
the situation is forecasting a higher heat stress index to warn people.
The significance of information varies depending on how figures are
used in different situations.

—— What do you do if the machine outputs an unexpected result that
- even if it seems correct based on the mathematical model - makes
you think "where did it get these figures from?"

In that case, there are two possible approaches. The first is to
discard the results as outliers. The second is to retain the results
and monitor what happens in the future. While a forecast may seem
superficially unreliable, something significant may be occurring in the
background that has led to that result. Alternatively, the result could

be a sign alerting us that something new is happening.

So, if it can be interpreted that something may happen in the future,
the mathematical model may need modification. The critical point is to
not simply build the model from past experience, but how much the
certainty of forward-looking forecasts can be increased over time.

If the environment has changed, minor adjustments may be
made in response to the change or additional machine learning
carried out. If past data continues to be used unchanged, the model
may not be able to adapt to the new circumstances. In that case,
unnecessary data is dispensed with. Do we humans not do the
same? Sometimes our experiences limit us so that we are unable
to attempt new things. In such situations, | believe that we should
abandon past practices and be determined to move forward.

The Ultimate Decision Still Lies with Humans Themselves

—— Will this research ultimately mean allowing machines to make all
the decisions across a wide range of areas?

| feel that society is already rapidly becoming dependent on
machines as artificial intelligence improves rapidly. But | think the
role of machines is to help people make decisions and that humans
remain the key decision makers. Humans begin the search for
solutions to the problems at hand, and they also make the final
decisions based on the results provided by the machines. Put
another way, if a machine makes a decision, it ultimately cannot take
responsibility for that judgement.

—— What do you aim for and what do you value in your research?

| think that it's important to think critically about something every
day, even if that means continually thinking about the same thing.
But when you are captured by one thing, you end up stuck in your
own world and cannot see any new ways forward. Researchers must
always take a flexible approach. And when you encounter something
different to what you have in mind, you should always say two things
to yourself: "Why did that happen?" and "OK, maybe that is possible."

—— What are your ambitions?

| want to make something which is useful to people - | always
have practicality in mind. | would like to continue creating ‘Shinayaka’
systems which make mutual collaboration between human and
machine by leveraging each of their strengths.
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