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Educating engineers skilled in system integration
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Shinobu Yoshimura Professor in the Department of Systems Innovation, School of Engineering
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Professor Nakasuka, who has developed a nano-satellite weighing
only 1kg, has opened the doors wide for young researchers
interested in space development research. Professor Yoshimura,
on the other hand, has worked on open source simulation
software that operates in a parallel computing environment,
and is engaged in the planning and design of new social
systems based on “intelligent simulations.” They claim that the
commonality in their research is system integration. We asked
them about their studies and attempts to utilize research in
education.
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@ Conversation Shin-ichi Nakasuka & Shinobu Yoshimura

Shin-ichi Nakasuka

Professor Nakasuka earned a Doctor of Engineering in aeronautics from Graduate School
of Engineering at The University of Tokyo in 1988. The same year, he joined IBM Research-
Tokyo, where he worked on artificial intelligence and automated factories. In 1990, he
became a lecturer in the Department of Aeronautics at The University of Tokyo, School
of Engineering. After serving as Associate Professor at the Research Center for Advanced
Science and Technology at The University of Tokyo, Research Fellow at the University of
Maryland in 1996, and Visiting Researcher at Stanford University in 1999, he was appointed
Professor at The University of Tokyo in 2004. His research interests lie in space engineering
and intelligent systems.

BhIh - LALS

1988 £, HRAFAZRIFRMARMMELERBLRRET (T2EL). 88F. BHE
IBM RRERFRATICAF L. ATHEXEBELTEOMREZFHNITS, 90 F. RRAFT
FEMEZRERME 4 ) RERNERMAR LY 5 —BER, %6 FEXY -5 FREEE
MEE, 9FRY Y7+ — FREZEMRELRE T, 2004 FRRRPEIRICHE. FFEF
HI%, MEETH

Shinobu Yoshimura

Professor Yoshimura earned a Doctor of Engineering in nuclear engineering from the
Graduate School of Engineering at The University of Tokyo in 1987.The same year, he
became a Lecturer in the Department of Nuclear Engineering at The University of Tokyo,
School of Engineering. After serving associate professorships in the Department of Nuclear
Engineering, RACE (Research into Artifacts, Center for Engineering), and the Department of
Quantum Engineering and Systems Science, he was appointed Professor in the Institute of
Environmental Studies at the Graduate School of Frontier Sciences in 1999. Since 2008, he
has been a Professor in the Department of Systems Innovation at the School of Engineering.
He was a visiting researcher at the Computational Mechanics Center at the Georgia Institute
of Technology from 1985 - 1986, and a visiting researcher at the State Materials Testing
Institute(MPA), University of Stuttgart, Germany, in 1994. His research interests include
computational mechanics, intelligent simulations, and system design.
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Simulation studies with a wide range of applications,
nano-satellite research shouldering the responsibility of both education and practice
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—— Please tell us about your research.

Yoshimura: My field of expertise is simulation. Initially | began with
research on the strength and safety of materials for nuclear power plants
and fusion reactors. Later, | moved on to develop tools for high-speed,
high-accuracy simulations and conducted research on using these tools to
design artificial materials. After moving to the Institute of Environmental
Studies at the Graduate School of Frontier Sciences of The University of
Tokyo Kashiwa Campus, | further expanded on the subject of simulation
and came to be involved in the simulation and design of environments
and human social systems in their entirety. It may seem that the range
of my research is too broad, but regardless of subject matter, the process
of properly understanding and evaluating the underlying phenomena is
necessary when modeling or planning. It's the same in the sense that you
carry out plans and designs that are appropriate to the subject matter
based on this process. So you see, my research is applicable. Actually, |
am also currently working on a lifetime assessment simulation for the
engine combustor of the H2A rocket, which is one area of Prof. Nakasuka's
expertise.

Nakasuka: For my part, | conduct research on novel space systems for
the future. | originally started in a field called Navigation Guidance and
Control. Now | conduct research on systems design and control of space
vehicles, a specific example of which is the development of nano-satellites
(NanoSats). A NanoSat is a satellite weighing less than 30kg. In 2003, we
succeeded in developing and launching the 10cm cube, 1kg CubeSat
“XI-IV (Sai-Four),” which at the time was the world's smallest satellite.
In 2005, we successfully launched satellite no.2 “XI-V (Sai-Five),” and in
2009, we further succeeded in launching satellite no.3 “PRISM,” which is
approximately 20cm per side and weighs about 8kg.

Actually, the development of nano-satellites initially began for
educational purposes, but from midway onward we have also been
carrying out research with practical applications in sight. Space utilization
has not become widespread because of the high threshold for launching
conventional large-scale satellites, which require, among other things, an
astronomical budget of up to tens of billions of yen and a great deal of
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@ Conversation Shin-ichi Nakasuka & Shinobu Yoshimura

time for development. On the other hand, | think that NanoSats, which can
be developed on a low budget, can become the tools for many people to
realize their dreams of space development.

—— What motivated you to become engaged in research?

Yoshimura: My underlying motivation is the realization of “safety.” |
experienced the oil shock just around the time | was in middle school.
Having painfully felt the need to shed our reliance on fossil fuels, | majored
in nuclear energy.What | found to be most important about nuclear power
was safety. As a result, | began my career by conducting experiments on
the strength of materials and research on simulations for the purpose
of enhancing safety. That motivation remains consistent today as well. |
think that the more complicated the subject matter becomes, the greater
the necessity to enhance safety by accurately predicting performance
characteristics with detailed simulations and appropriate planning. This
sort of basic approach to simulations can be applied to various fields. It is
for this reason that my research topics have gradually expanded to where
they are today.

Nakasuka: Although | have been involved in space development from
when | was a student, there was in fact a period when | felt that this
research was not interesting. The reason was that opportunities to launch
satellites occurred only occasionally, and cutting-edge technologies
studied at places like universities were rarely, if ever, adopted; only
established technologies were being loaded onto satellites. A big dilemma
for me was that no matter how much research we did, it inevitably took a
long time for practical applications to be realized. However, in 1999, when |
went to Stanford University as a visiting researcher, | saw students developing
small hand-made satellites in the laboratory, and thought, “Wow, why didn't
| think of that approach?”, and the scales fell from my eyes. At the same
time, | also thought, “the Japanese could make them even better.” As you
know, Japanese people are skilled at making small things because they are
creative and good with their hands.

Incidentally, the parts for the nano-satellites being built in our laboratory
are almost all consumer products we bought at Akihabara. Even if they
are consumer products, if the system design is done properly, they work
perfectly well in the space environment. In fact, it has been 7 years since
the launch of the first satellite and 5 years since the launch of the second,
and both are still operating smoothly. Given the effects of radiation, for
example, we thought at the time that it would be nice if the satellites
worked for about 2 months, so this longevity is unexpected. This means,
however, that even without a huge budget, satellites can work well if you
are creative.

Particularly in the case of Japanese space development, | feel that in
spite of the astronomical amount of tens of billions of yen invested, the
results are not being sufficiently utilized. The desire to create a satellite
that is very adaptable to demonstrate the antithesis of current space
development—Dby proving that small satellites can be used, improving
cost performance, reducing development time, and mounting cutting-
edge technologies, for example—is in fact one of the motivations for this
research.



Open technologies will increase Japan’s competitiveness
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— Please tell us the specifics of your research.

Yoshimura: | am currently working on developing “ADVENTURE,” a
computational mechanics simulation software that can demonstrate its
full potential in a large-scale parallel computing environment, much like
next-generation supercomputers. A characteristic feature of this software
is that in addition to its high computational power, it is open-source
software. In other words, it is distributed for free. Thus far, 6300 users
throughout the world have downloaded the software.

One of the cases in which this software was used is a study to model an
entire nuclear power station—from the main facility down to the ancillary
facilities—and simulate in detail how the entire facility is affected by an
earthquake. It examines in detail how large an earthquake must be for the
power plant to break down, and which portions are affected in what way.
However, since a massive amount of computing power becomes necessary
for simulating a nuclear power station in its entirety, operation on next-
generation supercomputers is essential. Therefore, we are now in the
process of making preparations at a rapid pace toward partial operation
on a next-generation supercomputer starting in 2011.

Incidentally, in the case of the Kashiwazaki-Kariwa nuclear power station
that was hit by the Niigata Chuetsu offshore earthquake in 2007, the main
body inside the nuclear reactor building directly mounted on bedrock
was undamaged. However, fire damage did occur, for instance, to the
transformer facility built on a soft foundation. The major issue raised at this
time was that an earthquake far larger than anticipated during planning
had occurred. Although the main body fortunately was not damaged, |
would like to clarify—through simulation—why it was not, how large of an
earthquake would have damaged it, and the approximate margin of safety.

—— Why are you making it open-source software?

Yoshimura: A computer program is a “form of life,” and always requires
maintenance depending on changes in the environment in which it is
used. Furthermore, a great deal of effort is required to implement and
test new functions and algorithms in accompaniment with advances
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@ Conversation Shin-ichi Nakasuka & Shinobu Yoshimura

in research. In doing so, if problems can be extracted and improved by
making it open-source software and having many users, it is possible to
maintain reliability while saving time.

Of course, there is the option of applying for a patent and making the
software intellectual property, thus rendering the technology closed. However,
making software that is to become the foundation for a broad range of
research closed is to risk hampering the development of research, education,
and technology. Depending on the case, even the person who developed the
software by him/herself may be unable to use it for a different study. In the
private sector, there are those who have tweaked the software we developed
and made it into a commercial product, or used it to develop a new product.
All such activities included, | think that the improvement of technologies
through use by all will lead to Japan’s increased competitiveness.
Nakasuka: | agree. Once a technology becomes closed, it dies out. In that
sense, | think nano-satellites are greatly meaningful in that they have
opened the door of space development to many students and to those in
industry who have had no connection to space until now. In fact, | almost
feel frustrated that | was not able to do this when | was a student (laugh).

—— How do you launch a nano-satellite?

Nakasuka: We have it launched in ride-along style when a primary large-
scale satellite is launched. Thus far, we have had satellites no.1 and no.2
launched by a Russian rocket, and satellite no.3 by Japan's JAXA (Japan
Aerospace Exploration Agency). For the next round, we are scheduled to
launch with a Ukrainian rocket. Although the price varies with the size,
purpose, and rocket, it is possible to launch a nano-satellite with as little as
several to tens of millions of yen, as opposed to up to 10 billion yen which
is needed for a normal satellite.

Ever since we succeeded in launching the NanoSats | have had many
inquiries from people in various businesses. My impression was that in
the future, we will see the emergence of new ideas for space utilization
that previously had not been imagined. Incidentally, the satellites we have
launched are all equipped with small cameras, and photographed images
of earth are sent to us on the ground. It was a student’s idea— we are
performing a service where we distribute these images to mail subscribers.
In addition, satellite no.3,“PRISM”, is a remote sensing satellite that can
photograph images of the earth at a resolution of 30m. With this degree of
resolution, it will become possible to provide photographs of earth taken
from space at a low cost.

Furthermore, “Nano-JASMINE,” which is scheduled for launch in 2011, is a
satellite we are developing in collaboration with the National Astronomical
Observatory of Japan. It is Japan’ s first “Astrometric satellite” whose
purpose is to create a detailed 3-dimensional map of the stars. If this
succeeds, it will become a nano-satellite (approximately 30kg) capable of
conducting nearly the same level of observations as the Hipparcos satellite
launched by the European Space Agency in 1989.

NanoSats are also very effective for educational purposes. As well as for
middle and high school education, the great appeal is that it is possible to
consistently cover from manufacturing education to project management
education in a short period. In this way, NanoSats are on the verge of
making great contributions to space utilization from education, to
practical applications, and to top-tier science.



Demand for engineers with strong system integration skills
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Yoshimura: Despite the differences in approach with Prof. Nakasuka's
research, my research is similar to his in that it is open to many people. A
simulation is a technology that is easy for anyone to use. With it, you can
obtain new insights by testing it on a computer, even on a subject matter
for which it is difficult to conduct experiments. On the other hand, Prof.
Nakasuka extracts the essentials from complex, gigantic, existing space
development technologies and replaces them with technologies that
students and laypeople alike can handle. The consequence is that this
feeds back into currently existing space development.

Nakasuka: That's exactly right. Instead of sealing up complex objects in all
their complexity within a portion of the community, | think it's important
to figure out how to handle these complex objects by grasping the simple
operating principles within them. Indeed, the development of nano-
satellites connects with simulations in the sense that it involves working
on complex objects to make them visible.

Yoshimura: | wonder if many people become confused when they
encounter a complex systems, or perhaps fall into a state of suspended
thought after seeing only the events on the surface, and then become
disinclined to look inside. In simulations, you step inside, and when
modeling, it is desirable to carefully substitute each relevant event with
theory and then further integrate this theory. By doing so, the mutual
relationships that were not visible to the eye in the real world become
clear, and this leads to new knowledge or planning and design. In other
words, a process of effort to understand complex systems becomes
necessary. | think that this is precisely the sequence of thoughts that leads
to enhancements in the engineer's abilities to unify, apply, and deploy
systems.

Nakasuka: Even in nano-satellite development, it is indeed the ability
to synthesize systems that is demanded. It is necessary to understand
various phenomena well, and to conduct planning in a balanced way
by combining knowledge from areas such as electrical design, structure,
thermodynamics, and structural physics. | feel that this is very helpful in
nurturing the ability engineers. Furthermore, we are currently advancing
modularization and standardization to realize a simpler interface. You
could say that this is a level of systems integration that is one stage higher.
In other words, our basic philosophy is to take a complex object and see
how much we can simplify it, because complex objects may fail or cause
accidents at the most unexpected places.

Conceptual drawing of “PRISM” in  Photographs of Earth taken by “XI” and “PRISM”
orbit [XI] ¥ [PRISM] &% LI-#IRDEE
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@ Conversation Shin-ichi Nakasuka & Shinobu Yoshimura

Yoshimura: Standardization of technology is very important. In the
aforementioned simulation software “ADVENTURE" as well, what |
struggled with greatly during the planning stage was the thorough
standardization of the data structure upon having anticipated changes
in the future computing environment. If your only concern is to improve
performance, then all you need to do is to create something special by
specializing a particular function, as you might do for a racing car. However,
this makes it difficult to generalize. In “ADVENTURE,” at an early stage in
development, we thoroughly standardized aspects such as the input and
output of data. As a result, we have hardly needed to change the basic
design structure thus far, and the software has become one that is easy
to customize for many people. Those with analytical expertise have been
involved in the development of simulation software to date. However,
in the future, | think that the ability to synthesize systems will become
necessary.

Nakasuka: Just as you say, engineering in the future will demand the ability
to synthesize systems such as in converting to open-source software,
standardization, and systemization. | think that Japanese people, in their
obsession with manufacturing and craftsmanship, have neglected their
abilities to synthesize. A great challenge is to acquire the ability to bundle
various technological elements and to finish it into a single system with
certain functions. Furthermore, we need talented individuals that not only
unify single systems, but grasp things from a bird's-eye view at a higher
level, such as in thinking about the role of a single satellite project within
the whole of space development to contribute to society and science. |
call such people “project scientists.” In other words, we need people who
study ways to advance projects and have the ability to picture the entire
project scenario and move it along.

Yoshimura: Japanese people are skilled at making superior products within
their own groups. However, they often become unable to demonstrate
their full potential as soon as they cross into another organization or field.
We will need to cultivate an attitude of promoting projects that cross over
barriers between fields, and of seeking an understanding of different fields.
I also think that it may be important to reflect upon projects with which
one has been involved, and analyze the problems by clarifying what was
accomplished and what was not.

Nakasuka: Project analysis is also extremely effective for firmly establishing
our experiences. | sincerely hope that we might tackle such work within
GMSI as well.

Reported and written by: Madoka Tainaka
Photographs by: Yuki Akiyama
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Research Assistant
Kazuyuki Ide
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My five-month international internship at Purdue University started
from Oct. 4t, 2010. Purdue's main campus is located in West Lafayette,
Indiana, and Purdue University has four regional campuses within Indiana.
Purdue University, a public land grant university, is well known for its great
educational programs and good achievements in engineering nationwide
and globally. Purdue also has many legendary alumni. Most notably, Dr.
Neil Armstrong, the first person to walk on the moon, got his bachelor's
degree in aeronautical engineering here in 1955. Recently, Dr. Ei-ichi
Negishi, a Purdue chemistry professor, excited all of Japan by winning the
2010 Nobel Prize in Chemistry.

Lectures and researches are organized for each fall and spring semester in
Purdue University. Ph.D. students here have to take some specific courses
and pass qualifying exams during the first three semesters to go on to
their Ph.D. research works (there are also language requirements for non-
native English speakers). In solving some problems which they bump into
along a course, we can find some cultural differences. While Japanese
students usually try to solve them on their own, here in the US, people take
close communication with each other for home work or some problems,
and try to get them solved completely as a team. This difference is quite
interesting because it seems to reflect some basic thoughts and systems of
each country. | expect that there should be a lot of such things and believe
we can make our system better from such experiences.

Life in the US is very fascinating and full of what | didn't know. | want to

bring as many things as possible to Japan, and feed it back for the future.

Colleagues at Purdue University

International Internship
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Research Assistant
Nobuaki Takahashi
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Atomic diffusion mechanism in alumina
ceramics
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Transport phenomena in materials are widely known as elementary

processes which can control various material properties such as
deformation, chemical reactions, ionic conduction, and so on. The
understanding of these phenomena from the atomic scale is quite
important in a scientific and industrial sense. Owing to the significant
advance in the performance of measurement hardware, it is expected that
nano-scale material design controlling atomic-scale transport phenomena
may become possible. However, only from the experimental approach it is
still difficult to understand atomic diffusion, which is essentially a dynamic
microscopic phenomenon, and there has been only qualitative discussions
in previous researches.

I am studying mainly the atomic diffusion mechanism in a-Al20s (alumina)
ceramics using not only conventional experimental approaches but also
computational simulations. As part of that, | conducted studies on the
orientation dependency of chromium diffusion in sapphire (alumina single
crystal) by secondary ion mass spectroscopy (SIMS) and first principles
calculations. We found from both the experiments and theoretical
calculations that chromium ions migrate preferably in the parallel direction
to the (0001) plane.These results validated the calculation methods of this
study. Furthermore, it was revealed that the chromium diffusion occurs via
vacancy sites rather than interstitial sites.

Recently, | have also worked on investigating the diffusion behavior in
the vicinity of grain boundaries. In addition, | have been using a new
simulation methodology to include temperature effects so that the
properties or phenomena of the materials in a practical environment may
be uncovered.
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Cr diffusion profiles after heat treatment at 1350°C for 50 hours
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Yutaro Takaya
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Field observation
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Searching for a suitable site for CO, geological
storage in Japan
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Global warming due to the increase of greenhouse gas emissions by

human activities has long been a serious social problem of the world, and
various researches and developments for the reduction of greenhouse gas
emission are ongoing. On the other hand, CCS (Carbon Capture & Storage)
technologies, especially CO, storage in geological formations, are receiving
much attention. In Japan, large scale implementation of CO, geological
storage may play a key role in resolving CO, problems because of the
difficulty of drastic reduction of industrial CO, emission from the fact that
high energy efficiency has already been achieved.

In CO, reservoir formation, the injected CO, (liquid or supercritical phase)
changes to more stable phases (ions, minerals) through reactions between
aquifer water and the host rocks. The speed of this reaction process is the
key factor for the security of CO, storage from a long-term perspective. |
have been researching this interaction to define the reaction speed using
various rocks in Japan, and have performed computer simulations of long-
term interactions. From a series of researches and experiments, the Green
Tuff region, that is the green tuffaceous rock broadly prevailing from
the coast of the Japan Sea to western Hokkaido, seems to be the most
suitable site for CO, geological storage in Japan, and now | am conducting
experiments with tuffaceous rock sampled from the Green Tuff region.

I made it the theme of my study to build a practical storage plan including
CO, capture, transport, and storage, and will work hard to contribute by

advancing the CO, storage project in Japan.
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The First GSISH-GMSI Summer School
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@ The First GSISH-GMSI Summer School

The First GSISH-GMSI Summer School “Recent Advances in Biomedical
Engineering” was held at Abtei Frauenwdrth, Chiemsee, Frauenchiemsee,
Germany, from Sep. 13t to Sep. 17th, 2010. The number of participants
was 34, and 22 PhD/MSc candidates and 12 professors joined the school,
mainly from the Graduate School of Information Science in Health (GSISH)
of Technischen Universitat Miinchen (TUM) and the GMSI program of the
University of Tokyo.

The topics were biomedical imaging, medical robotics, etc., and the
program was composed of 12 lectures by the professors with different
research backgrounds, 10 hours of group activity, lab tours to four
institutes including a hospital, and “get to know each other” excursions
such as boating and hiking. The summer school was characterized by the
content of the group activity which was an exercise on proposal writing.
Specifically, each group (5-6 people) had to propose an international
collaborative project on an innovative medical device/service. “The
budget of the fictive project is 300k Euro, and the duration is 12 or 18
months, starting from Jan. 1st, 2011. Each group had to give a 20 minute
presentation about their proposal of more than 6 pages containing the
planning of research tasks, human resources, and budget. Professors
evaluated the proposals and presentations. The team that won the best
presentation award was given surprise gifts.

| participated in the summer school and experienced the difficulty
of international collaboration. | also learned a lot from the practice of
academic writing and presentation, and now | feel I've become stronger
through this experience. | wish to express my gratitude to GSISH and GMSI
professors and organizers. | want to make the best use of the experience
obtained during the summer school for the future activity in GMSI.

Lab tours to a hospital of TUM
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Assistant Professor

Kanako Harada
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As Mr. Wei wrote the details of the Summer School, here | want to write
about it as its coordinator. | had stayed in Italy for three years as a Post-Doc
and got very impressed by EU international collaborative research projects,
where young researchers and students of different cultural and linguistic
backgrounds work together. Since it's difficult for Japanese students to
learn about the EU project scheme or activities, | wanted to organize the
Group Activity of the first GSISH-GMSI Summer School to provide a nice
opportunity for getting familiar with the EU's research framework. So, we,
the organizers of the school, prepared a fictive Call for an international
collaborative research project based on an existing EU project and
prepared a proposal template with an example. In addition, the GSISH
organizers invited an EU project coordinator as a lecturer to provide
the basic knowledge and vision of the EU projects, and a researcher of a
large German company served as an adviser of the Group Activity. The
students forming groups of 5-6 people discussed their ideas to propose
an innovative medical device or service, filled out the proposal template of
more than 6 pages, and gave presentations on the last day of the school.
The students worked very hard until midnight, and the quality of all the
submitted proposals and presentations was excellent.

| think some students realized that their group members listened to
their technical opinions regardless of their English proficiency and other
students felt frustrated with their own poor communication skills. | hope
that such experiences motivated the students to broaden their mind.

Visit to a castle

The First GSISH-GMSI Summer School @
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@ Domestic Internship

Research Assistant |

Hiroyuki Hishida

| guess that most students reading this article don't have any experience
working in a company. | do, so | wrote this article for them and hope that
they read between the lines.

In September, | stayed at Toshiba Medical Systems Corporation for an
internship. Its main work is the development of medical systems, and its
headquarters are located in Nasu, Tochigi. | stayed at a dormitory during
the internship. Nasu is in the countryside, but some convenience stores
and restaurants are within walking distance from the dormitory, and
people commute by car or motorcycle. The main products of the company
are CT scanners, and they have the 4t largest share of the world market.
Since they collaborate with partners worldwide, you can find your reports
reviewed by colleagues abroad the very next day after you submitted. |
cannot write the details of my work there, so | write what | felt during my
stay.

As you can guess from the photo, the working environment is very nice,
and many foreigners and women with small children are working there,
which is not so common in Japan. They proposed a research topic for
my internship and kindly explained it in detail. | belonged to a research
department, and the research there is different from that in academia —their
priority is contributions to new products. | could ask their opinions
without hesitation, and technical discussions between young and
senior researchers were quite active. They told me that there are many
documents to prepare for work — perhaps similar to academia, but writing
skills are important as well.

Last but not least, I'd like to thank the colleagues in the company,
especially Mr. Fukunaga, and the GCOE office.

With my colleagues
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Evening seminar

A PhD candidate has to focus on his research topic for long periods of
time. While this focus is desirable from the point of view of successful
writing of his doctoral thesis, there is a significant danger of his losing
sight of the bigger picture outside his field of immediate interest. | first
heard this when | was doing my B.S.,and now that | am in the final stage of
my PhD, | can confirm from experience that it is absolutely true.

It is therefore necessary that a PhD candidate doesn't lose sight of where
his research actually fits in the bigger scheme of things. Having attended
evening seminars during the last two years under the GMSI program,
I can confidently say that they effectively address the above dilemma.
The difference between the monthly evening seminars and the more
frequent morning/afternoon seminars is that while the latter typically
focus on technical details pertaining to the speaker's research, the former
aim at improving the research assistants' insight in terms of the qualities
required for a successful career in industry. These qualities include broad
vision, foresight, and an ability to identify and define problems, not just an
expertise to solve already defined problems.

In addition to producing researchers for academia and research
institutions, all educational institutes must also prepare their graduates
for leadership positions in industry as well as inculcate in them motivation
and foresight to start innovative business ventures. Listening to first-hand
experiences of engineers and managers in diverse leadership positions in
industry goes a long way towards achieving this goal. | find GMSI evening
seminars informative as well as stimulating, and always wait for them with
eager anticipation.
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