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« numerical methods, including applications to ordinary
and partial differential equations
T The first three of these are required by current
accreditation criteria for all engineering disciplines, e.g.,
chemical, civil, electrical, mechanical, etc. The relative
importance of the others varies by discipline and level of study.

8 As this century draws to a close, the environment for

[P

8 or

i [ [
T ®

ork

il [iiry

[

i
ha
Ve
m
apphication, close Nteracton wWith nausoy, broad use o
information technology; and a faculty devoted to developing
emerging professionals as mentors and coaches, rather than
all-knowing dispensers of information. The required knowledge
base will change little, but students must understand the
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¥ Genetic Engineering (morn)

Abridged from Wikipedia — Genetic Engineering

Genetically Medified Organisms
A genetically modified organism is an erganism whose genefic
material has been altered. Examples are diverse, and include
commercial strains of wheat that have been modified by

irradiation since the 1950s, experimental animals such as mice,

or various microscopic organisms altered for the purposes of
genetic research.

The practice of genetic modification as a scientific technique is
not restricted in the United States. Individual genetically
modified crops (such as soybeans) are subject to intense study
before being brought to market and are common in the United
States, but estimates of their market saturation vary widely.
Some countries in Europe have taken the opposite position,
stating that genetic modification has not been proven safe, and
therefore that they will not accept genetically modified food
from the United States or any other country. This issue has
been brought before the World Trade Organization, which
determined that not allowing modified food into the country
creates an unnecessary obstacle to international trade.
Consequently, genetic modification within agriculture is an
issue of some strong debate in the United States, the European
Union, and some other countries

Currently, there is little international consensus regarding the
acceptability and effective role of modified "complete”
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Abridged from Wikipedia — Genetic Engineering

Genetically Modified Organisms
A modified is an whose genetic
material has been altered. Examples are diverse, and include
commercial strains of wheat that have been modified by

or various microscopic organisms altered for the purposes of
genetic research.

The practice of genetic modification as a scientific technique is
not restricted in the United States. Individual genetically
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Abridged from Wikipedia — Genetic Engineering

Genetically Modified Organisms

A medified isan whose genetic
material has been altered. Examples are diverse, and include
commercial strains of wheat that have been medified by
irradiation since the 1950s, experimental animals such as mice,
or various microscopic organisms aftered for the purposes of
genetic research.

The practice of genetic modification as a scientific technique is
not restricted in the United States. Individual genetically
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The snakebot is made up of modular vertebral units that "snap”
together to form a snake-like body.

Each unit contains three separate "muscles” running down its
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U rl'he robot is build out of ,oudular units, each
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improve itself.

The program starts off with a population of 20 digital
chromosomes, with each consisting of an initially random
binary digit that corresponds to a muscle wire - where a 1
represents its activation and a 0 its deactivation. Each of these
chromosomes forms the basis of a series of movements in the
robot.

"™You end up with a cyclic pattern of muscle activation," says
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Educating Engineers for the 215t Century: Will the Current Math

Suffice?

JohnW. Prados, The University of Tennessee

1 From its roots in the irrigation systems of ancient Egypt
and the roads and aqueducts of the Roman Empire,
engineering has been based in a sound understanding of
mathematics. As mathematical knowledge has developed
through the centuries from simple geometric and trigonometric
concepts through calculus to modern statistical and numerical
methods engineers have employed mathematical techniques
of increasing sophistication in designing and analyzing useful
devices, systems, and processes.

How Engineers Use Mathematics

2 To understand how engineers use mathematics, it is
helpful to recognize the difference between engineering and
science. The goal of science is knowledge, to understand the
physical universe. The goal of engineering is to create a
device, system, or process that will satisfy a human need.
Engineers often develop mathematical models of the devices,
systems, or processes they seek to create. These models
allow the engineer to estimate the cost of different designs and
to compare their probable behavior under various conditions of
operation. Statistical techniques permit one to estimate the
effects of uncertainties in model parameters. Once the device,
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order, despite known examples of natural genetic crossings
occurring throughout history. While some would like to see it
banned, others push simply for required labeling of genetically
modified food. Other controversies include the definition of
patent and property pertaining to products of genetic
engineering and the possibility of unforeseen global side effects
as a result of the proliferation of modified organisms.

Some oppose genetic engineering on the grounds that genetic
modifications might have unforeseen consequences, both in
the initially modified organisms and their environments.
Activists opposed to genetic engineering say that with current
recombinant technology there is no way to ensure that
genetically modified organisms will remain under control. For
example, certain strains of maize have been developed that
are toxic to plant eating insects. However, when those strains
cross-pollinated with other varieties of wild and domestic
maize, the relevant genes were passed on. This introduced a
new gene into the gene pool of the maize population. In short,
the use of this technology outside secure laboratory
environments carries unacceptable risks for the future.
Proponents of genefic engineering argue that the technology is
necessary in order to maintain food production that will
continue to match population growth and help feed millions in
the third world more effectively. Others argue that there is
more than enough food in the world and that the problem
food distribution, not production, so people should not be forced
to eat food that may carry some degree of risk_

Proponents of current genetic techniques as applied to food
plants cite the benefits that the technology can have, for
example, in the harsh agricultural conditions of third world
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¥ Educating Engineers (noon)

connections between mathematics, science, and engineering,
rather than view these as isolated subjects.

Goals for Engineers’ Mathematical Preparation

9 What does this mean for the mathematical education of
engineers? Although the new engineering accreditation criteria
are less prescriptive, strong mathematical preparation is still
essential. To support the new engineering education paradigm,
mathematical study will need to:

« emphasize concepts beyond symbols (many students
can integrate dx/x, but not dp/p)

infroduce mathematical principles in the context of
physical applications, with numerous graphical
illustrations

+ make maximum use of interactive futorial systems

use modular, multidisciplinary, team-taught courses
where possible

emphasize active, collaborative learning, holding the
group responsible for the learning of each individual
maintain dialog with engineering faculty who may be
leaders in educational innovation, e.g., participants in
various engineering education improvement programs
and members of the Educational Research and
Methods Division of the American Society for
Engineering Education.

10 Realistically, there is no simple formula for the
mathematical preparation of engineers. We can teach our
students fo integrate dx/x, and perhaps even dp/p, but our real
challenge is to enable them to integrate their knowledge and
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Robot spy can survive battlefield damage

Duncan Graham-Rowe
20 August 2003 - Exclusive from New Scientist Print Edition

A military reconnaissance robot being developed at a British lab
can keep moving even if it gets damaged on the battlefield.
When any of the snake-like robot's "muscle" segments are
damaged, clever software "evolves” a different way for it to
wriggle across any terrain.

The serpentine spy is a research project funded by aerospace
company BAE Systems to make a low-cost military robot that
can be dropped out of helicopters to carry out reconnaissance
missions. Because it is not wheeled, the low-profile,
ground-hugging snakebot should make a versatile battlefield
5py. The team behind it has also developed a shape-changing
antenna that broadcasts high-quality video and audio.

A self-healing robat has long been a dream of robotics
engineers, not least because the machines are notoriously
unreliable and absolutely terrible at dealing with unforeseen
circumstances.

"When a dog loses a leg it's got a clever enough brain to allow it
to adapt,” says computer scientist Peter Bentley at University
College Londan. But robots still lack this adaptive ability and so
tend to give up the ghost when circumstances change.

Shape-memory alloy

Bentley and his colleague Siavash Haroun Mahdavi borrowed
a trick from evolution to allow their robot to adapt to damage.
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The snakebot is made up of medular vertebral units that "snap™
together to form a snake-like body.

Each unit contains three separate "muscles” running down its
length. The muscles are made out of wires of a shape-memory
alloy called nitinol, an alloy of nickel and titanium whose crystal
structure shrinks when an electric current is applied to it.
Usefully, it regains its original shape and length once the
current is removed.

To make the snakebot move in a particular direction, a gurrent
is applied to certain wires. VWhen the current is removed, the
wires spring back and the robot will jump forward.

The software for making a robot wriggle like a snake is fairly
straightforward. But ensuring that the snake will keep moving
even if a segment 1s damaged is trickier, and relies on different
segments taking over from the damaged ones.

Genetic algorithm

So Bentley and Mahdavi have created a genetic algorithm
(GA) - a software routine that takes a "survival of the fittest”
approach - to produce a system that continually evolves to
improve itself.

The program starts off with a population of 20 digital
chromosomes, with each consisting of an initially random
binary digit that corresponds to a muscle wire - where a 1
represents its activation and a 0 its deactivation. Each of these
chromosomes forms the basis of a series of movements in the
robot.

"You end up with a cyclic pattern of muscle activation,” says
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NYNNYN Y DPARNM R0 DMXNN DY 1Y T HY YRR YV Mynwn naav pard

RPN YR MM NPDVINIP-AVN NPV

19N ,HVNY 72 .DMWN DY WYY VIV MR 1Y NYR DIRNIP PPARY N0 IpNND IRNNN
DYYINI MNY MKRPDA JPNI IR NNR IPDI TN DMWY DYPARL VINYYI GPpRYNY DNYY NY*asn
10N M MY DI Highlighting™a NMpP09mMY INR PAa VOPYL PINDN IAYNN DNV

(Engler & Berger, 2001) RPN Y¥ 129 NMIYN NPNIAN M (MVINP) YTNHN TIY NrNan

TMIY Y7ON2 NN R7D2 DNRMP PN DVITIVON 1792 DINY DY VINVN YV N1 R¥NN
M 1IPNNA LDATIN IMNA D991 WINYWN MIRY WP (2003) Obendorf RXNW NNY N7'N0A
DMIVARY N 1) L Highlighting JM¥Y DY DPIN] DUYI VINY MIVAR DaNNwnh

9N PN 1IN2Y YHINY NN NNN DIPYIAND WINWA MTTN D RYNI 1191 wNNwnd

N2 Obendorf RXNW NN MR Highlighting=a NN 19IRY JYR1 R”D1 NRYNY 7N NRY
977 DATIN ININA TWRN K7D NYVINY INY MNPPVYINT WIN'WN NNW DNY N2, 097NN

VINYVN D ORYNN TINN DY 1D IVIVORL DVNANWNN TRNP DAARNA DAV DIRYNN
MYNYN NN NN ,RIPIN TN PIIR MIVNAY PAIY DVITIVDN 172 1Y2PpNNY MIYHa
1935 RPN T 9N MIYH NND HY YN NN NIPHRa LARMIPN PYINA NRpon npom
TPIN MIYIN 2921 VINY YV AT ND DT JINY YT W INN RNPM L, YTNN TV N9N0Y
DN LTMYN T YY NINNN MY YT ORI, IVDDVMIIVONPA ATNYR NIAID»Iaa
nPYHI NBYN NPIVIVOR AW AT NON TINYD D 1Y (Papert, 1980) VIARS DYRI D)
P0NY 1NN NRT NRY 29RAD YT DINDN MPNNNN ,NVPNPRN NION N (general strategies)

DOTMYN 272 MDVPRI PP NV RNW IRMP AT R7ONY
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