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Mathematics and its Education for Near Future
가까운 미래의 수학과 수학교육

Kim Young Wook* 金英郁

Recently industry goes through enormous revolution. Related to this, major changes
in applied mathematics are occurring while coping with the new trends like ma-
chine learning and data analysis. The last two decades have shown practical ap-
plicability of the long-developed mathematical theories, especially some advanced
mathematics which had not been introduced to applied mathematics.

In this concern some countries like the U.S. or Australia have studied the chang-
ing environments related to mathematics and its applications and deduce strate-
gies for mathematics research and education. In this paper we review some of their
studies and discuss possible relations with the history of mathematics.
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1 Introduction

Recently demands from industry and disciplines using mathematics changes con-
siderably. Actual demands may not be seen to many of us but one short glimpse
into the neighboring disciplines already shows the changes in their interests. Most
repeating words are machine learning and big data. What are these? Or what is hap-
pening now?

1.1 A new problem

As a geometer I first heard about these new problems about two decades ago
from a statistician. At that time and all the while statisticians tried to see and de-
scribe high dimensional data in some tangible way. The first question that I have
heard was if there is a way to evenly distribute the finite number of directions to
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look at one point in 3 or higher dimensions. This problem is equivalent to find-
ing optimal positions to put fixed number of points on a unit sphere which fills the
sphere most evenly. This is not an easy problem usually called the sphere packing
problem and/or sphere covering problem. This may have some nice if not perfect
solutions, their ensuing problem is how can we put them in one line so that one can
scan the whole directions in one journey. If this is in n-th dimensional Euclidean
space, then we want to see the 2-dimensional projections and these 2-dimensional
projections form a space called Grassmann space G(n, 2), a generalization of pro-
jective spaces. And we are looking for a way to pack in this space and then put
these points in a sequence. These days this kind of thing is called a grand tour of
the space [11].

Such problems are very difficult to solve. I don’t mean to solve with mathemat-
ical precision. It is still very hard just to get a rough acceptable solutions like engi-
neers do. Almost nothing is known about high dimensional spaces and it is espe-
cially true if the dimension is very high. Actually we see many peculiar examples
related to high dimensions. It is just that we are not used to visualizing high di-
mensions and our experiences with 2 or 3 dimensions are far from enough.

1.2 Changes we meet

Recently we confront with changes of large scales in many areas. The most no-
ticeable ones are seen in the society and in the industry. Many business which had
prospered fades away and some totally new kinds of business emerges. New tech-
nologies replace old ones and we swiftly get used to the new life style. Such are
no exception to the demands on mathematics. Especially there emerges dramatic
changes in the educational platforms. Many nations, trying to understand what is
happening to us, perform studies on such changes and their effects on the research
and the education in the future. In Korea we performed a two-year study on the
changes needed in the contents of mathematics education to cope with the changes
in our society and industry [3]. We heavily relied on the existing research of sev-
eral other countries. Among them the most useful was the research on the futuris-
tic mathematics of the United States [4] and Australia [1]. The report of the United
States will be referred in this paper as US2013 report. Many other countries per-
formed similar studies from various viewpoints including the one by China [2].

These studies show how much the the environment in and around mathematics
is changing and in how desperate positions are we mathematicians to survive in the
next decade or so and also to cope with demands from outside. Mathematics will
survive alright but we are not sure what it will look like in 10 or 20 years.
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1.3 New challenges

As is mentioned everything is changing. Most prominent ones reduces to the
followings: One is the automatization of most of human jobs. Everything is being
computerized and the robots are emerging to replace human jobs. The other is a
new paradigm in solving problems, and learning by machines finds its way toward
mathematics. These trends pose new kinds of problems in every discipline.

First one is computer automation and robots. We already see what will come and
are trying to build a new society with them. We see many movies which deal with
robot problems or AI problems. But another one recently emerged starting from the
name AlphaGo, which is a game program playing go1). Go has known to be extremely
hard to program into a computer algorithm. But recently a fast machine equipped
with a simple algorithm could by itself analyze the records of 100,000 or so games
played by human and learned how to play it. It turned out to beat practically all of
the prominent world renowned professional go players and showed that AI’s can
outperform human beings.

In only one year everybody is talking about AI and the following words are hot:
AlphaGo, TensorFlow, data mining, neural network, bioinformatics, Bayesian infer-
ence, classification problems in machine learning, regression problems in machine
learning, etc.

If we summarize what is happening and will happen in mathematics, there will
be big changes in research and problems, in applications and in education. If we
recall from the 1960’s to 2000 we did not face such big changes in the structure of
research and education in all the disciplines and therefore they did not bring about
huge changes in mathematics. But now the situation may be different.

In this paper we try to summarize the changes we encounter worldwide and to
recognize possible problems to be raised to mathematics community especially to
the historians of mathematics.

2 Research

If we look for recent changes in mathematics research we have to look at applied
mathematics. There has appeared many new applications of mathematics and now
it is not easy even to sum up all the methods of applied mathematics. This is clearly
revealed in a recently published book or dictionary named The Princeton Companion to
Applied Mathematics [10]. It lists all the major methods of applications of mathematics
in vast disciplines. If a normal pure mathematician looks at this list he can hardly
make sense out of the book. Even if he has seen several application of mathematics

1) Go is a Japanese name for an old Chinese board game.
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FIGURE 3-1 The mathematical sciences and their interfaces. SOURCE: Adapted 
from National Science Foundation, 1998, Report of the Senior Assessment Panel for 
the International Assessment of the U.S. Mathematical Sciences, NSF, Arlington, Va.
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Figure 3-1Note that the central ellipse in Figure 3-1 is not subdivided. The com-
mittee members—like many others who have examined the mathematical 
sciences—believe that it is important to consider the mathematical sciences 
as a unified whole. Distinctions between “core” and “applied” mathe matics 
increasingly appear artificial; in particular, it is difficult today to find an 
area of mathematics that does not have relevance to applications. It is true 
that some mathematical scientists primarily prove theorems, while others 
primarily create and solve models, and professional reward systems need to 
take that into account. But any given individual might move between these 
modes of research, and many areas of specialization can and do include 
both kinds of work. Overall, the array of mathematical sciences share a 
commonality of experience and thought processes, and there is a long his-
tory of insights from one area becoming useful in another. 

Thus, the committee concurs with the following statement made in the 
2010 International Review of Mathematical Sciences (Section 3.1):
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mathematical sciences enterprise has proven not only extraordinarily effec-
tive, but indeed essential for understanding our world. This conundrum is 
often referred to as “the unreasonable effectiveness of  mathematics,” men-
tioned in Chapter 2.

In light of that “unreasonable effectiveness,” it is even more striking 
to see, in Figure 3-2, which is analogous to Figure 3-1, how far the math-
ematical sciences have spread since the Odom report was released in 1998. 

Reflecting the reality that underlies Figure 3-2, this report takes a very 
inclusive definition of “the mathematical sciences.” The discipline encom-
passes the broad range of diverse activities related to the creation and analy-
sis of mathematical and statistical representations of concepts, systems, and 
processes, whether or not the person carrying out the activity identifies as a 
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FIGURE 3-2 The mathematical sciences and their interfaces in 2013. The number 
of interfaces has increased since the time of Figure 3-1, and the mathematical sci-
ences themselves have broadened in response. The academic science and engineering 
enterprise is suggested by the right half of the figure, while broader areas of human 
endeavor are indicated on the left. Within the academy, the mathematical sciences 
are playing a more integrative and foundational role, while within society more 
broadly their impacts affect all of us—although that is often unappreciated because 
it is behind the scenes. This schematic is notional, based on the committee’s varied 
and subjective experience rather than on specific data. It does not attempt to repre-
sent the many other linkages that exist between academic disciplines and between 
those disciplines and the broad endeavors on the left, only because the full interplay 
is too complex for a two-dimensional schematic.

Figure 1. NRC Report, 2013 ([4] pp. 61–63). These diagrams respectively depict the disciplines
which apply mathematics in significant ways in the years 1998 and 2013. It shows a dramatic
increase in the number of disciplines applying mathematics.

he will recognize only a small portion of the methods. This is summarized in the
US2013 report by diagram comparison as in the Figure 1.

These diagrams respectively depict the disciplines which apply mathematics in
significant ways in the years 1998 and 2013. It shows a dramatic increase in the num-
ber of disciplines applying mathematics.

The US2013 report also lists major advances in mathematics research both in fun-
damental theories and in applications. They are explained in a booklet accompany-
ing the report [5]. The report also claims long-term investments into mathematics in
the last 50 years or so resulted in solutions of many major problems of mathematics.
Changes, reportedly, are also seen in dramatical expansion of the range of applica-
tions of mathematics. And it raises the emergence of a new area of problems, namely,
the big data.

The report also reports on the aspect of changes in mathematics. The most promi-
nent one is the eroding boundaries which used to divide disciplines and the integra-
tion of many subjects within mathematics. This suggested to the researchers of the
report that connection will be the most important virtue in the future of mathematics.
And there will be more collaborations between several disciplines. Another impor-
tant aspect is that the core mathematics will be more and more essential in overall
applications. Future applications of mathematics will not concentrate on numerical
computations alone but will also get enormous outcomes from direct applications of
pure mathematics. Actually these applications of advanced and pure mathematics is
actually happening in the field of data science like topological data analysis and many
others. Such phenomena calls for centers for computations, they foresee. These centers
will be for mathematical and symbolic computations as well as numerical compu-
tations and all the advanced and abstract mathematics will be needed to do these
computations.



Kim Young Wook 331

3 Applications and problems

According to the researchers of the US2013 report, recent advances in pure math-
ematics have evoked many applications. The following list in the report shows what
has attracted attentions of those researchers.

1. Prime Numbers are linked with Secure Internet Commerce.
2. Hilbert Space are linked with Quantum Mechanics.
3. Quaternions are linked with Satellite Tracking, Video Games.
4. Eigenvectors are linked with Page Rank of Google.
5. Stochastic Process are linked with Financial Math (Black-Scholes Equation).
6. Integral Geometry are linked with Inverse Problems (MRI, PET scans).
7. Connections are linked with Gauge Fields.

3.1 Changes in mathematics

As is explained in the report this list shows that there are changes in the applica-
tions of mathematics. We list some of them from the report. First of all there emerges
new types of mathematics and statistics in both pure theories and applications. Most
noticeable is the emergence of the big data. It had already been foreseen to be im-
portant everywhere and we are seeing it happening. They argues that computation
is essential in applications more than ever. This means not just fast and routine nu-
merical computations but those involving high end algorithms and also theoretico-
numerical ones. As one looks at mathematical package programs like Mathematica or
Matlab, unlike usual programming languages they are equipped with thousands of
mathematical functions. And to use only a handful of them one may need to learn
state-of-the-art mathematics. This will probably be the biggest barrier for the future
appliers of mathematics. This kind of reasoning led the researchers to announce that
‘Core mathematics is more and more connected to applications’. This means the fu-
ture applied-mathematicians need to understand more and more advanced mathe-
matics. This also means that future needs more professionals who are affiliated to
more than two disciplines. It is also a new trend that each new application needs
wide mathematical theories. All these suggests that when we train mathematics-using
non-mathematicians we need to train them with more theoretical mathematics in the
near future.

Regarding what kind of mathematics is needed in applications, the US2013 report
mentioned the 1996 research of SIAM [6]. It reflects the applied mathematician’s
view of mathematics. They see mathematics as modeling and simulation, algorithms
in software, problem-formulation and problem-solving, statistical analysis, verifying
correctness, a way of analyzing accuracy and reliability, etc. These viewpoints can be
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interpreted as the demands of our society to mathematical community. People wants
us to develop such tools to deal with new problems like data science and we need to
analyze the possible problems raised by such new fields from these viewpoints.

3.2 Changes in problems

Currently we face two emerging problems in mathematics. One is how to deal
with data, especially big ones.2) The other is how to perform the computational tasks
needed in many disciplines. Regarding big data we hear the following words often:
statistics, algorithm, simulation, image analysis, shape analysis, text analysis, search
algorithm, inverse problems, dimensionality reduction, network science, cryptogra-
phy. These words are from the fast growing and fast advancing fields in applied
mathematics and many disciplines of science and technology. On the other hand,
from the machine computation field we expect to split into two directions. One is us-
ing technical computer languages for computations. This requires developing algo-
rithms and much coding. The other is ‘how to use general-purpose applications for
mathematics?’ This requires quick and efficient ways to understand advanced math-
ematics (at least in concepts) for those who had not been trained in it. For exam-
ple, even pure mathematicians like myself finds it hard to efficiently understand the
mathematical meaning of a programmed function in Mathematica. These two prob-
lems are entwined with each other and we have to solve them as soon as possible at
least partially.

A new methodology in dealing with a data with many dimensions is to let the ma-
chines do a simple but many tasks to compose and sum them up to reason and judge.
This sometimes turns out to be an effective way to use the computing power. The so
called machine learning technic, however, poses a new problem that we need to un-
derstand in a logical and humane way the learned knowledge by the computers or
the machines.

Many people says that the future jobs will have whole new appearances. They pre-
dict that computers will take over many simple and/or complex tasks. Also robots
will take over many of the physical jobs including delicate ones. As was mentioned
above we will want to make sense out of what machines do: for example, recently
go game players are trying hard to understand the AlphaGo’s moves. We mathemati-
cians used to convert the natural phenomena into words, especially mathematical
words. (We will come back to this point later when we deal with education.) Now
we will be asked to convert machines’ behavior into logical and humane words and
it is very likely that this will be one of the jobs for future mathematicians.

2) Big data does not concern the size of the data much, rather their dimensions.
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Figure 2. Scatterplot of a 5 dimensional data. [11]

3.3 New ways of communications

A new aspect of near future lies in needs for new languages. We live in a world
of communication. We digest more informations than ever and we need to do it
fast. Because of this we take brevity in place of details. A good replacement for old-
fashioned language is a visual symbols like icons. Today we find visual symbols ev-
erywhere which facilitate instant cognition.

Recent researches in statistics show increases in visual tools which is more com-
plex than ever, through which, however, people get more complex informations eas-
ily. Development of visual applications accelerated the inventions of many new vi-
sualization technics. We give a widely used example of scatterplot which depict high
dimensional data seen in 2 dimensional projections. This is not sufficient for high
dimensions but gives a glimpse into the data. Figure 2 is a 5 dimensional example.

In recent years the data science tries to visualize not 4 or 5 dimensions but more
like 1,000 or 1 million dimensions. In such cases our traditional methods does not
work. Many scientists have been having hard times to devise a new tool for such use.
There has been a few succesful results and we introduce one in the left figure of Fig.
3. A highly theoretical mathematics is used in reducing the dimension and capture
the topological nature of data as is seen in the diagram. On the right is another good
example of high dimensional data of price changes of items in Ebay.

3.4 Suggestions for education

In the studies by the US and Australia, it is suggested that there need to be many
changes in the environment of math education.

Our first response to machines’ replacement of human jobs will be that we will
need more and more people with mathematics skills. And this is not just simple com-
putational skills but high level mathematical-thinking skills. Also changes in the way
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Visualizing FunctionalData with an Application to eBay’s OnlineAuctions 889

Figure .. [This figure also appears in the color insert.] Rug plot displaying the price evolution

(y-axis) of  online auctions over calendar time (x-axis) during a three-month period.The colored

lines show the price path of each auction, with color indicating auction length (yellow, three days; blue,

five days; green, seven days; red, ten days).The dot at the end of each line indicates the final price of the

auction.The black line represents the average of the daily closing price, and the gray band is the

interquartile range

the curve) and via color (different colors for different auction durations). Notice that
the plot scales well for a large number of auctions, but it is limited in the number of
attributes that can be coupled within the visualization.

Finally, trellis displays (Cleveland et al., ) are another method that supports
the visualization of relationships between functional data and an attribute of inter-
est.This is achieved by displaying a series of panels where the functional objects are
displayed at different levels (or categories) of the attribute of interest (see for instance
Shmueli and Jank, ). In general, while static graphs can capture some of the re-
lationships between time series and cross-sectional information, they become less
and less insightful as the dimensionality and complexity of the data increase. One
of the reasons for this is that they have to accomplish meaningful visualizations at
several data levels: relationships within cross-sectional data (e.g., find relationships
between the opening bid and a seller’s rating) and within time-series data (e.g., find
an association between the bid magnitudes, which is a sequence over time, and the
number of bids, which is yet another sequence over time). To complicate matters,
these graphs also need to portray relationships across the different data types; for ex-
ample, between the opening bid and the bid magnitudes. In short, the graphs have

Figure 3. Left: Analysis of basketball players (Ayasdi). Right: Analysis of Ebay price changes
over time. [8]

mathematics is applied requires changes in the curriculum of mathematics. This is
especially seen in that there emerges various methods other than calculus. And many
of these are related to the ability of mathematical computing. This computing ability
is not just numerical computations using computers but those including theoretical
computing using variety of softwares. Also new models of web education will replace
current university model.

They suggest that we have to teach mathematical thinking. This is done through-
out the curriculum through modeling practical problems (Fig. 4). Also we have to
teach how to use computers in mathematics. It is suggested to teach algorithms and
teach how to simulate a situation using computers. People also need very much
to use basic mathematical methods like counting and visualization. To be efficient
we have to teach computations, statistics and mathematics together as one thing. All
these can be summed up in a course involving projects solving interdisciplinary prob-
lems.
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Figure 4. A typical diagram of mathematical modeling. Such methods will be more and more
important in the future. (From a textbook of COMAP [9])
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4 From a historical viewpoint

4.1 What do we need?

In order to figure out what is needed to cope with problems posed above, we have
to start from scratch because this is a whole new problem. Thus we are led to look
back and see why and how we learn mathematics. Learning mathematics has a few
stages depending on the complexity of the objects we want to learn. The most simple
stage is that one sees something and understands it immediately by intuition. If this
is not possible people calls for a variety of tools or methods. They turn to abridged
and abstract versions of the situation namely formulas or they try to memorize rea-
sonable explanations or proofs and get some intuition from them. In the process one
usually communicates with the proofs or someone explaining the proofs. This also
typically happens with (and within) himself. That is, one asks oneself questions and
then answer it. In the process the meanings in the object reveal themselves. Ulti-
mately one has the feeling that he understands the situation which comes from sen-
sual interconnection of various materials like proofs, examples, counter-examples,
formulas, similar theorems, etc.

Therefore in order to make people understand new situations/problems we need
to devise some models of the problem and let people understand the situation through
such models. In many cases these models are practical problems or visual models.
The former is achieved through modeling training and the latter is possible through
visual representation of the situations like ones we have seen above. Since our envi-
ronment gets more and more complex, the demands for simple models and visual
tools will increase accordingly. But the problem is how do we do it? Do we have a
good model of developing new methods to communicate with abstract mathematics?
To answer this we have to resort ourselves to the history of mathematics.

4.2 Use of history of mathematics

The most important purpose of studying history is to find good answers for the
problems at hand. Our analysis of our past makes us wise. This was already known
more than 2,000 years ago by the Confucius saying that 溫故而知新 (Study old and
from that understand new). This can be rephrased as ‘Communicate with the past
and also with the future’. Considering this, what do we need from the history of
mathematics?

From the history of western mathematics, especially the 19th century history is im-
portant. It has many examples and also records. Just looking at the most prominent
progresses we can name most of the modern mathematics. For example one of the
most important progresses made were the new idea of group theory made by Ga-
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lois and Abel and then the succession of this idea into geometry and analysis by Rie-
mann to Poincaré, Klein and Lie. Through extensive research on the history of these
prominent mathematicians we understand the emergence and development of the
theories.

But thinking of all those who will need mathematics in the future, it is not sufficient
for them to understand how they found the one in a century discovery made by genii
like Galois or Riemann. Probably it will be much more helpful if they understood
those who first learned about the new discovery and applied them to their works.
Such knowledge will be achieved by researches on the relatively unknown scholars
who accepted and benefitted from the changes and possibly initiated small changes
in their fields.

4.3 A few examples

In a talk by Professor Tilman Sauer3) he explained the comparison by Galileo Galilei
of catenary and parabola and the proof by Huygens that they are not same. This
shows that even if Galileo Galilei used numbers to approximate the x and y-coordinates
of the points on a catenary but later in Huygens it is still the line segment algebra
used in the proof. This suggests that with all the numero-coordinate ingredients
were there but no one could grasp the modern idea of coordinates for a long time.
We need to understand more on how people came to accept the modern concept of
coordinates.

In another talk by Professor Catherine Goldstein4) is compared two mathemati-
cians in the number theory in the 19th century. One is a mainstream mathematician
Charles Hermite and the other is an amateur mathematician named Henri-Auguste
Delannoy of Ecole Polytechnique. For the general researchers who do not do research
on pure mathematics this history of Delannoy will be much more important. There-
fore we historians will need to uncover more of such histories, namely, the histories
of users of mathematics. This suggests one way of shifting our paradigm as is pro-
posed by Professor Qi Anjing5).

Such rather ordinary people contributed to mathematics and its application is also
very important in history of mathematics in that initiations in new viewpoints does
not only come from the inventive genii but also from the original problems and ap-
plications posed by the ordinaries.

3) Tilman Sauer, Christiaan Huygens and the Catenary. Talk in [7].
4) Catherine Goldstein, Number theory in the second half of the 19th century: a reappraisal and its pedagogical

consequences. Talk in [7].
5) Qi Anjing, Similarities between the theories of algebraic equation of Lagrange and Gauss—A case study of a

new approach to the history of modern mathematics. Talk in [7].
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Abstract

We introduce a model that learns to convert simple hand drawings into graphics
programs written in a subset of LATEX. The model combines techniques from deep
learning and program synthesis. We learn a convolutional neural network that
proposes plausible drawing primitives that explain an image. This set of drawing
primitives is like an execution trace for a graphics program. From this trace we use
program synthesis techniques to recover a graphics program with constructs such as
variable bindings, iterative loops, or simple kinds of conditionals. With a graphics
program in hand, we can correct errors made by the deep network, cluster drawings
by use of similar high-level geometric structures, and extrapolate drawings. Taken
together these results are a step towards agents that induce useful, human-readable
programs from perceptual input.

1 Introduction

How can an agent convert noisy, high-dimensional perceptual input to a symbolic, abstract object, such
as a computer program? Here we consider this problem within a graphics program synthesis domain.
We develop an approach for converting natural images, such as hand drawings, into executable source
code for drawing the original image. The graphics programs in our domain draw simple figures like
those found in machine learning papers (see Figure 1a).

(a)

for (i < 3)

rectangle(3*i,-2*i+4,

3*i+2,6)

for (j < i + 1)

circle(3*i+1,-2*j+5)

(b)

Figure 1: (a): Model learns to convert hand drawings (top) into LATEX (bottom). (b) Synthesizes
high-level graphics program from hand drawing.
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Figure 5. New example of converting inputs into languages.

The characteristic tools of these less gifted mathematicians are crude arguments
and brute-force computations using short knowledge of the state-of-the-art. They
usually reinvent old theories and even incompletely. But this will be what most of
users of mathematics will likely be in the future. Especially when one comes to com-
munications with machines and to understanding their works and to trying to apply
those to their fields, even the genii will feel like ordinaries.

4.4 Examples of the future

Even now we encounter such totally new kinds of incidents. Here we just intro-
duce two very recent cases which happen to meet the author’s eye.

First one is rather well-known to everybody.6) In June 2017 Facebook came to rec-
ognize that some of their AI bots were communicating each other with some strange
language which was obviously derived from the human language or the computer
language installed on them. The background was that the researchers were training
the (chat-)bots how to negotiate using the language installed on them. Through some
unsupervised process the bots developed their own machine language and the new
one turns out to be more efficient for the bots.

This is a fascinating/horrifying glimpse into how machines will communicate in
the future. And we are not ready to understand the meaning of such an incident. In
fact Facebook abandoned the experiment after the incident. The language the bots
were using were like this:

you i i i everything else.

Another example is a new paper7) uploaded to the arXiv in August of 2017. This is

6) http://www.dailymail.co.uk/sciencetech/article-4620654/
Facebook-accidentally-invents-new-machine-language.html

7) arXiv:1707.09627
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about a model of learning machine which was trained to write up a computer code
by looking at a picture. In more detail the machine is given a complex hand-drawn
figure consisting of basic building blocks of circles and lines, etc. Then the machine
is to write up a LATEX code which generates a similar figure. This is achieved using
machine learning technics called the convolutional neural network (CNN). This is sim-
ilar to many applications of the neural networks but this is more explicit in the lin-
guistic output. This paper seems to be the first one explaining machine converting
natural/analog inputs into language form.8)

These examples shows us what is likely to happen in a near future. We will likely
be communicating with machines and meet many unforeseen situations. In many
cases we will probably want to have tools to make sense out of new languages.

5 Conclusions

It is over-simplifying but there are times in the history of mathematics when one in-
vents new methods and when one cultivates and improves the existing theory. From
mid 19th century to beginning of 20th century seems to be closer to one of the for-
mer, and from 1930’s to 1980’s seems to be closer to the latter. But the end of the 20th
century seems to be the beginning of another of the former.

For the 2nd half of the 19th century, the changes in mathematics were really fast
and were seen in all over the discipline resulting in bunch of new problems and new
methods. During the second half of the 20th century, the mathematicians had been
given problems and also 90–99% of methods (tools). But from now on it is more like
new and/or unknown problems with unsure and/or no tools. We are back to the
19th century.

Obviously old math and problems are still important and so are old application
methods, but we need whole new ideas. For this one needs to be more systematic in
incorporating non-professional’s problems and ideas. And it probably takes histori-
ans to do the job.

Scientists and engineers will need more math than ever. And if one wants the deep
mathematical ideas, actually he can learn them with less or even without much com-
putational trainings. People can also search mathematical knowledge easily through
internet.

This suggests that we continue to train our students with old computational skills
but with computer programs and train them with new communication tools espe-
cially the visual ones. Also, they need to absorb advanced mathematics without too

8) This is in a way very similar to voice recognition which converts analog voice into characters. But
our example gives a command to generate it. That is, it gives not just what it is but how to do it.
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much rigor and apply their ideas in practical problems or use them to understand
results in applications. At the same time we will need to develop how to do higher
mathematics using computers.
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