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First-Pass System Success, [def.,
Engineering] The accurate prediction of
the behavior of a high-performance
electronic product design before
committing to hardware.

At Ansoft, we are committed to delivering
design and analysis software to achieve
First-Pass System Success. We deliver
the power you need to solve the
fundamental physics accurately and
quickly and to use these correct
models at the circuit and system
levels to precisely predict the
performance of your design. By
leveraging our industry leading
electromagnetic field simulators
dynamically linked to our next-
generation circuit and system
tools, Ansoft has taken high-
performance electronic design to a
new level of accuracy, speed and
precision. We deliver the
capabilities you need to balance
high-speed, low power, high
density and process variability

to get your product to market
faster, at lower-cost and

with higher performance.

y %

i S,

Contact us, we will be happy '
to show you how to achieve _ PR
First-Pass System Success.

ANSOFT.COM

a subsidiary of ANSYS, Inc.
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EASY AS AED:
Engineers
foolproofed the
defibrillator so
that anybody can
use it [top left];
Fatima Mansouri
[top right] helped
link Morocco’s
power grid with
Europe’s; the U.S.
Marine Corps’
Expeditionary
Fighting Vehicle
[bottom]is
expected to take
20 years to field.
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“...2months to
15 days...

With MapleSim, systems are described in a compact
and intuitive component diagram using next-generation Maglev Train Controller Design

physica modeling tecniques, making them easie t e o e
build and understand. Model equations are automatically comfortable ride.

generated and simplified, yielding concise models and
high-speed simulations of sophisticated systems.
With MapleSim, you will produce better products and

dramatically shorten the product development cycle. ' *...3months to .
. : Sl L 10 days...

‘ ¢ Full Vehicle Dynamic Model of Hybrid Electric Vehicle
‘ Team produced a full-vehicle dynamic model for studying the
“ N effects of retrofitting hybrid drive into existing vehicle platform for
‘ real-time simulation.
: “...12 months to
High-Performance Multi-Domain Modeling and Simulation K 4 '_ : 60 davs_"”
Multi-degree-of-freedom Flexible-Arm Robot
: imi : for Space Applications
LOOkI n g for simi Iar resu Its in Vour Researchers produced a high-fidelity real-time simulation of a
n ext p roj ect? 15-dof flexible-arm robotic platform for training and task planning.

For a free evaluation copy of MapleSim or to request
your Physical Modeling Information Package,
visit www.maplesoft.com/ieee

“...1month to
3 days...”

- Analysis of Engine Vibration in Diesel Engine
M I \C ft © Maplesoft, a division of Waterloo Maple Inc., 2008. Maplesoft, Engineer a”a|}’_zed lumped-parameter mOdf” t0‘|dentn‘y and‘
an eso Maple, and MapleSim are trademarks of Waterloo Maple Inc. address conditions that produced severe vibrations on engine
Mathematics » Modeling « Simulation All other trademarks are the property of their respective owners. ShUt-dOWﬂ, WithOUt resorting to FE analysis.
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THER&D 100: STILL
SPENDING BILLIONS

Economies crater from time to time, but companies must continually
spend more money on R&D [above] or be left behind when the

inevitable upturn comes. Despite spending growth in India and China,

this year’s list of the world’s top 100 spenders is dominated by firms
from the U.S., Japan, Germany, and the UK. Who topped the chart?
Which U.S. telecom giant boosted spending by 341 percent? Which
German colossus slashed spending by 32 percent? Read the list, then
use our interactive R&D 100 Graph-o-matic to compare spending
across companies, industries, and countries.

ONLINE FEATURES: ALSO ONLINE:
NEW BLOG: Starting this month, Senior - Webcasts

Editor William Sweet and veteran energy - Podcasts
journalist Peter Fairley analyze cutting-edge - News
alternative-energy technologies and provide - Blogs

perspective on climate-change issues in - Jobs

their new blog, Energywise. - Career Accelerator Forum

- [IEEE Xplore® digital library
- White papers

- Opinions

- More!

TECH GIFT GUIDE SUPPLEMENT: Exclusive
video and Web-only reviews of the hottest
holiday gadgets for geeks of all ages.

WWW.IEEE.ORG/
THEINSTITUTE

AVAILABLE 7 NOVEMBER ON
THE INSTITUTE ONLINE

IEEE HONORS
INNOVATORS

From the microprocessor to the World
Wide Web, the contributions of this
year’s recipients of IEEE medals and
awards have had a major impact on
our daily lives. Check out highlights
from the IEEE Honors Ceremony.

TWO NEW IEEE
MILESTONES

The newest IEEE Milestones recognize
the Edison West Orange labs in

New Jersey and the Japanese word
processor in Tokyo.

|IEEE ENERGY
CONFERENCE

The first conference of its kind, the
|IEEE Energy 2030 Conference

will bring together experts from

a broad range of disciplines to
discuss the technology, policy, and
economic framework required for
the creation of a global sustainable
energy infrastructure by 2030. The
conference will be held 17 and 18
November in Atlanta.
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TheTies
ThatBind

OME 2000 years ago, North

Africa was an integral part

of the Roman Empire. Those
early ties with Europe are apparent
from the Roman ruins that remain
there, including those of Leptis
Magna, in Libya. The spectacular
theater of this ancient city was
one of the few tourist sites that
Contributing Editor Peter Fairley
[above] was able to take in during
his journeys.

Fairley spent two years planning
his fieldwork in North Africa to
investigate the region’s role in the
emerging Mediterranean Electricity
Ring, or MedRing. But a week before
he was to leave home, a promised
Algerian visa evaporated amid that
country’s deteriorating security

situation. So he quickly had to redi-
rect part of his focus from Algeria
to Morocco. “It gave me ulcers,”
Fairley says. His revised itinerary
turned out for the best, however,
opening his eyes to some of the
vast differences within the region.
Fairley observed firsthand that
parts of Casablanca, Morocco’s
main economic hub, could easily be
mistaken for a bustling European
capital, whereas Tripoli, in Libya,
suffers from decades of isolation
under Muammar al-Qaddafi’s rule.
More recently, in the wake of
Libya’s renunciation of terrorism
and abandonment of its efforts to
obtain weapons of mass destruction,
the country has been working to
rebuild links with the international
community. Some of those ties, as
Fairley details in his feature article,
run at hundreds of kilovolts: they
are electrical interconnections of
the Libyan grid with countries to
the east and, very soon, to the west.
Completing these interconnections
will be a key step in bringing about
the MedRing’s long-awaited closure.
With greater electrical stability,
the countries of North Africa may
gain a measure of economic security,
as more reliable electrical supplies
begin to improve the quality of life.
Further in the future, the inter-
continental ties might allow North
African organizations to sell “green”
electricity northward: there are rich
potential sources of wind and solar
energy along the Mediterranean’s
southern flank and ready markets
for it across southern Europe. Fairley
hopes that the increasingly robust
connections with Europe may even
eventually strengthen democratic
institutions within North African
countries. “Despite the patina
of democracy,” Fairley explains,
“for the people who live there, it’s a
dangerous place to be critical.” w}

CITING ARTICLES IN IEEE SPECTRUM

IEEE Spectrum publishes two editions. In the international edition, the abbreviation INT appears at the
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Learn more!

> Go to comsol.com/intro for
a free multiphysics intro kit
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ENGINEERING LAB ARE REGISTERED TRADEMARKS OF COMSOL AB.
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The COMSOL® environment empowers you to conduct
realistic technical simulations using multiphysics modeling
capabilities. CAD-import and application-specific user
interfaces make problem set-up easy. COMSOL’s ability
to model any coupled physics, along with its multicore
parallel solvers, facilitates best-in-class flexibility, accuracy

and speed to your simulations.
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ROBERT N.
CHARETTE,
an IEEE Spectrum
contributing editor,
is a self-described
“risk ecologist” who investigates the
impact of the changing concept of
risk on technology and societal
development. In writing the cover
story, “What’s Wrong With
Weapons Acquisitions?” [p. 261, he
spent over 18 months interviewing
dozens of industry and government
defense-acquisition experts.
“Everyone knows the acquisition
process desperately needs to
change,” he says. “Unfortunately,
no one I spoke to believes it will
change until there is a major
national crisis.” Charette writes

Spectrum Online’s Risk Factor blog.

ANNA DEMIAN

is a New York City-
based independent
art director and

<l = illustrator. Over the
past five months, she has created
illustrations and information
graphics for several feature
articles in Spectrum, including this
month’s “Weapons Acquisitions”
[p. 26]. Demian holds a B.S. in
biology, and her work is influenced
by a lifelong interest in science and
the natural world.

DANIEL DERN

has amassed quite

a collection of small,
now outdated

.=l computers in his
quest for the perfect portable
machine. In this issue, he writes
about Toshiba’s new Qosmio
laptop [p. 20]. “Technology is
interesting both for its own sake
and the uses it gets put to—what we
can do with it and what difference
it makes in business, our lives, and
the world,” Dern says. “Plus, we get
to play with cool stuff.”
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MARK W. KROLL, an electrical
engineer, and BYRON GILMAN,
a chemist, share a long his-

tory of developing medical
devices. In 1991, they realized
that with available technology
they could build a simple, auto-
mated external defibrillator to
treat cardiac arrest. But first they
needed a creative mechanical
engineer to round out the team.
They chose KARL KROLL, who,
coincidentally, is Mark’s brother.
Together the three founded
Survivalink Corp. to deliver the
device. They chart the creation
of the first self-testing, single-
button AED in “Idiotproofing
the Defibrillator” [p. 34].

CHRIS A. MACK
considers double-
patterning lithogra-
phy in “Seeing
Double” [p. 40].

Dr. Mack (yes, even his mother
calls him Dr. Mack) is recognized
worldwide as a leading expert in
lithography. He is an adjunct
faculty member in the electrical
and computer engineering and
the chemical engineering
departments of the University of
Texas at Austin.

ANA NANCE
photographed
Fatima Mansouri,
network project
manager at
Morocco’s state-owned electric
utility, for “Closing the Circuit”
[p. 46]. She then spent the rest of
the day wandering around
Casablanca, getting shots of the
city. Since it was Ramadan, the
normally bustling Old Medina
was completely empty, she says.
Nance regularly shoots for
Spain’s highest-circulation
newspaper, E/ Pais, as well as
Marie Claire and Bon Appétit.
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Driving the DOD
Toward Change

“DOD [the U.S. Department of Defense] is not receiving expected returns

on its large investment in weapon systems. Since fiscal year 2000, DOD

significantly increased the number of major defense acquisition programs

and its overall investment in them. During this same time period, the

performance of the DOD portfolio has gotten worse. The total acquisition

cost of DOD’s 2007 portfolio of major programs under development or

in production has grown by nearly $300 billion over initial estimates. |

Current programs are also experiencing, on average, a 21-month delay
in delivering initial capabilities to the warfighter—often forcing DOD to

spend additional funds on maintaining legacy systems.”

0 BEGINS the introduction to a
S report by the U.S. Government
Accountability Office (GAO) to a
U.S. Senate subcommittee with oversight
of federal financial management in
September, just as the world’s financial
markets began to crumble.

The facts contained in the report are
appalling enough in their own right, but
what’s even worse is that the GAO has
issued dozens of reports like these and
trudged to the Hill dozens of times over
the years to deliver the same bad news.
Why does the problem continue to spiral
out of control? Why can’t it be contained?

Well, as Contributing Editor Robert
N. Charette explains in our cover
story, “What’s Wrong With Weapons
Acquisitions?” the reasons are myriad
and messy. And as he points out, these
defense-acquisition problems have
existed for decades, but now the cost of
every project that goes off the rails is
staggering—and many projects do.

The two most obvious culprits in
this debacle are politics and money.

The DOD’s base budget for FY 2008
was US $480 billion, while the bud-

get for FY 2009 is $515 billion, a

nearly 74 percent increase over 2001—
and that’s a lot of loot. This budget
supports military readiness but doesn’t
even include the billions of dollars

WWW.SPECTRUM.IEEE.ORG

in expenditures—
$189 billion this
year alone—for the
Global War on Terror.
Lobbyists and members
of Congress are all
jockeying for part of
the pot. And once DOD
projects get started, they
are very difficult to stop—even if they are
obviously failing—because there are jobs
and economic development and elections
at stake. Defense contractors compound
the problem by routinely promising the
moon and then failing to deliver, leading
to costly project delays and overruns.

But then there are also real engineer-
ing problems. Many of the projects the
DOD takes on—large integrated “system
of systems” defense efforts, for example—
require brand-new technologies, which
means that the course of their develop-
ment is uncharted and unpredictable—
and late and over budget.

Another issue, according to Charette,
is the “gathering storm” problem. In
the United States it’s hard to maintain a
skilled engineering and scientific work-
force for big, complicated projects. And an
economic environment like the current
one, in which the big defense contractors
may be looking at defense-contract cut-
backs—and layoffs—won’t help matters.

Previous Page | Contents | Zoomin | Zoom out | Front Cover | Search Issue | Next Page

During our long prosperity, there
really hasn’t been much incentive to deal
with the DOD problem, or others like it—
and the federal government has plenty.
Yes, there have been the requisite hear-
ings and righteous (yet toothless) leg-
islation, but no results. But now, with
space for new digits added to the
National Debt Clock and a national debt
fast approaching $11 trillion, perhaps
the will to change will begin to stir in
both the public and private sectors.

The United States is certainly not the
only country with weapons-acquisition
trouble. Many others suffer from sim-
ilar issues of bloat and bad manage-
ment. But with a new president on the
way, and a historically bad global econ-
omy running its course, this could be
the time for verifiable oversight, true
accountability, and rigorous project
management to be finally given
credence at the DOD. After all, a billion
saved is a billion earned.

—SUSAN HASSLER
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Extremist Eng

WHO CHOOSES
ENGINEERING?

HAD HOPED to

find more data in
“Extremist Engineers”
[Careers, September].
Without knowing how
many college-educated
people there are in the
pool of people who
become jihadis, how
can one reach any con-
clusion? My suspicion
is that many of the
college-bound from
the Middle East select
engineering because it
is a profession where a
bachelor’s degree can
get you a decent job in
a Western democracy
based on your skill,
knowledge, and intel-
ligence. Those who
major in religion, psy-
chology, and similar
fields where cultural
differences, connec-
tions, and prejudices
make it more difficult
to find employment
don’t migrate or other-
wise acquire the skills
and knowledge to func-
tion in the West. And
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SPECTRUM \ Previous Page | Contents | Zoomin | Zoom out | Front Cover | Search Issue | Next Page

while contact with the
West and advanced
technology directly or
through academia may
allow one to acquire
the skills to become

an effective jihadi, I
believe that only a very
small percentage of
engineers who migrate
to Western countries
become jihadis.

J.P. FITZSIMMONS
IEEE Member

Newburyport, Mass.

s IT really so surpris-

ing to find engineer-
ing so well represented
in extremist organi-
zations? What other
profession would we
expect? If the research-
ers did a survey of the
U.S. defense indus-
try, my guess is that

CORRECTIONS

they would get simi-
lar results. Would that
surprise anyone? I
don’t think so. Isn’t the
primary purpose of
every militia to apply
technology to defeat
the perceived enemy?
So why is it so surpris-
ing when a so-called
extremist organiza-
tion requires technol-
ogy? And what is it
that makes an orga-
nization extremist?
IEEE Spectrum and the
researchers may call
them extremist, but

I'd say they see them-
selves as freedom fight-
ers or even liberators
and see the cause as
righteous. By the way,
isn’t liberation one of
the many justifications
we in the United States
were given for our inva-
sion of Iraq? The war
has applied a massive
amount of technology
attempting to defeat
our perceived enemy.
It’s not so surprising
that groups who see us
as the enemy would do
the same. Extremists,
terrorists, freedom
fighters, defenders of
democracy—whatever
tag you hang on them—
require applied tech-
nical skills, and who
better to supply that
than engineers?

MARK CARANGI
IEEE Senior Member
Livingston, N.].

SCAT, CAT!
BEGONE, BOMB!
H AVING READ
“Countering IEDs”
[September], I remem-
ber that in 1958 Varian
Associates had a project
to perfect a microwave
device to find plastic land
mines. They tested this
system in a wooden shed
containing a large sand-
box and an apparatus
that moved the micro-
wave antenna at a con-
stant height. The results
showed that the system
was able to find plas-
tic land mines. However,
stray cats had found a
hole in the shed, gone in,
and used the sandbox.
The system could not tell
land mines from cat scat!
A physicist at Varian
told of being asked to
evaluate an experiment
in which trained dogs
were to find land mines.
The dogs were confined
in a wooden pen while
men buried the mines in
an adjacent plowed field.
The dogs would find the
mines and be reward-
ed with a nice piece of
meat. When the experi-
ment was performed,
other observers watched
the men burying mines,
but my friend watched
the dogs. The dogs were
watching the mines
being buried through
holes in the fence!

ROBERT J. RORDEN
Los Altos, Calif.

In “Battery Czar” [August], we wrote that “the software algorithm that controlled
the firing of the spark plugs had to ‘know’ the position of every cylinder to fire at
the optimal time.” The algorithm had to know the position of every piston.

In “Energy-Efficient Ethernet” [Update, May] we stated, “In 2005, all the network-
interface controllers in the United States—computers, switches, and routers all
have them—burned through 5.3 terawatt-hours of energy, enough to keep 6 billion
100-watt lightbulbs shining all year.” The figure should have been 6 million.

WWW.SPECTRUM.IEEE.ORG
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High Speed Down Under

Australia invests in a multibillion-dollar national
broadband network

N AUSTRALIAN national
/A\ broadband network

began as a 2007 election
campaign promise. Liberal
party Senator Helen Coonan,
then communications minister,
said it couldn’t be done. The
Labor party’s telecom expert,
Senator Stephen Conroy, thought
otherwise. Now that Conroy’s
party is in the majority, he’s taken
over as communications minister,
and Australia plans to invest
AUS $4.7 billion (US $3.1 billion) in
anational network. After numer-
ous delays and worry that the gov-

ernment would not follow through,

the project seems to be on track—

WWW.SPECTRUM.IEEE.ORG
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telecommunication companies
vying for the job are to submit
their proposals by 26 November.
The government plans to pick a
winner in early 2009.

The Australian plan calls
for a fiber-optic network. But
because of costs and practicality,
analysts say, it will likely include
a mix of fiber, WiMax wireless
systems, and satellite services.
How much of each nonfiber
technology the government will
go for is the big question that
bidders are struggling with.

Building a national broadband
network is a daunting task for
any country, but particularly for

Australia. The combination of a
large land mass (slightly smaller
than the contiguous United
States) and low population
density—just 2.7 people per
square kilometer—make
broadband infrastructure both
a technological and economic
challenge. Serving Australia’s
scattered coastal cities—where
85 percent of the population
lives—is one thing, but bringing
broadband to the outback, where
people often live kilometers
from one another and hundreds
of kilometers from the nearest
city, is quite another.

The national network must
deliver broadband to 98 percent
of the population at a download
speed of 12 megabits per second.
Those targets might be hard to
meet, given Australia’s current
average speed of 1.7 Mb/s and a

NOVEMBER 2008 -
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HIGH FIBER:
Australia’s
broadband
scheme must
cover a sparsely
populated

continent.
PHOTO: TELSTRA
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100 BILLIO

Liters of gasoline that might have been conserved in 2007 if every U.S. car had been outfitted
with a device—invented by Temple University researchers—that thins fuel with an electric field

update

penetration rate of roughly 60 percent
of households, according to a report

by the Information Technology and
Innovation Foundation, in Washington,
D.C. While 12 Mb/s would be a huge
improvement, it would still leave the
country lagging behind others in

its region, notably Japan and South

likely to be used only in the more densely
populated areas, can come in two flavors,
fiber to the node or fiber to the home. In
fiber to the node, fiber-optic cables form
most of the network. Then copper wires
branch off from node stations—usually
serving a few blocks’ worth of buildings—

Instead, analysts say, a combination
of technologies makes the most sense.
Budde says the best mix would be
fiber to the home in all major metro-
politan areas and smaller cities, with
WiMax linking the homes up to 50 km
outside the cities. For the 3 percent of
the population living in remote rural

Korea, where speeds of 63.6 Mb/s and g areas, satellite is the only option, says
49.5 Mb/s, respectively, are average. o P 2 i Budde. Satellite would be a great deal

Two main bidders have emerged. ' slower than fiber and wire-
One is Terria, a consortium of telecom "] (KN Jess—with download speeds
companies including SingTel Optus, ( - Fﬂ"'sf, between 800 kilobits per sec-
Australia’s second-largest e ond and 1.5 Mb/s, and upload

w2 4
carrier. Terria will o h' Port Hedland NORTHERN Mack speeds of around 500 kb/s,
compete against Telstra, ratfia TERRITORY - says analyst David Gross
Australia’s principal TR of Telecom Pragmatics.
telecommunications ™ WESTERN QUEENSLAND The Australian
company. Telstra, in AUSTRALIA Br ehand. { plan demands a fiber
which the Australian JGeraor AUSSQI'UR-I/-AI?_IA « network, so it is unclear
government held a con- NEW SOUTH M whether the government
trolling interest until ot Euveig ers  hort 1d t 1
8 ) 0 Augusta WALES Newcastls would support proposals
Frerayms B AT . 3
2006, :already has much U _ . . A Sydney.. t.hat include a large
of the infrastructure for . Population Density (SLA) sfeae Yoo wireless component. Peter
a broadband network in o u <1 persquare klometer <2 Moon, managing director
place. Paul Budde, managing °10 000 perkm* e of Horizon Bgrofdband
: ’ | ) e ; 4 tansdae . . N
director of BuddeComm, in Bucketty, Source: Australian Bureau of Stafistics  Portland o Communications in
Australia, estimates that the Telstra fiber - Ballarat, Australia, says the
BIG EMPTY: Australia’s human TASMANIA . Hoeee

network could be expanded to serve all
of metropolitan Australia at the required
speed in early 2009. The challenge, he
says, will be providing service to the
suburbs, small towns, and rural areas.

Telstra has a clear edge, but in the
event Terria snags the bid, it will push
for an open network so that it can access
Telstra’s infrastructure. “From a national
economic point of view—just like elec-
tricity, water, and gas—it does not make
sense for that infrastructure to be dupli-
cated or tripled to serve the same func-
tion,” says Ravi Bhatia, CEO of Primus,

a company in the Terria consortium.

The bidders could not disclose the
exact details of their proposals because of
a government-issued gag order, but both
bids most likely include a combination
of fiber optics and wireless services such
as WiMax, which, ideally, has down-
load data rates of 10 Mb/s to 70 Mb/s,
but in practice is more like 1to 2 Mb/s.

The fiber part of the network, which is

10 INT - IEEE SPECTRUM - NOVEMBER 2008

geography makes a national fiber
network difficult. rcusrrarion: arvano veneziano

to service the individual customer. The
use of a neighborhood’s existing copper
greatly reduces the cost. But broadband
speed over copper cables is limited by
distance and the number of subscribers.
Fiber to the home eliminates
the need for node stations but
requires running new fiber lines
to each building, something that
makes economic sense mostly in
greenfield developments, says
Vince Pizzica, special advisor on
technology strategy for Telstra. An
entire network of fiber to the home
would be extremely expensive. Mark
Lutkowitz, a cofounder of Telecom
Pragmatics, in Nashville, estimates
that it could cost Australia as much
as AUS $30 billion—well over the
government’s AUS $4.7 billion subsidy.

government’s position seems

to be shifting as it becomes
evident that wireless is a more cost-
effective solution. The government is
thought to be expecting a proposal
with 8 to 10 percent wireless, says
Moon. But the general consensus
in the industry is that wireless will
compose 20 to 30 percent of the
system. The government “should
have been technology-agnostic from
the beginning,” Moon says. “That
would have been the smart thing.”
Moon is hoping to have his antenna
technology incorporated in the wireless
component of whichever bid wins.

Once the bid is awarded, the winner
will have to rush to roll out the network.
Optimists still cling to an April 2009
time frame for most of the network to
be up and running. But some analysts
estimate that it will take as long as
15 years to deploy a full network.
—MonNIcA HEGER
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Bad News For \
Supercomputers & e\

Adding cores slows data-intensive

app[ications TROUBLE AHEAD: More cores per chip will slow some programs [red]

unless there’s a big boost in memory bandwidth [yellow]. source: sanpia

ITH NO other
way to improve
the performance

of processors further, chip
makers have staked their
future on putting more and
more pProcessor cores on
the same chip. Engineers
at Sandia National
Laboratories, in New
Mexico, have simulated
future high-performance
computers containing the
8-core, 16-core, and 32-core
microprocessors that chip
makers say are the future
of the industry. The results
are distressing. Because of
limited memory bandwidth
and memory-management
schemes that are poorly
suited to supercomputers,
the performance of these
machines would level off or
even decline with more cores.
The performance is especially
bad for informatics applica-
tions—data-intensive pro-
grams that are increasingly
crucial to the labs’ national
security function.
High-performance
computing has historically
focused on solving
differential equations
describing physical systems,
such as Earth’s atmosphere
or a hydrogen bomb’s fission
trigger. These systems lend
themselves to being divided
up into grids, so the physical

WWW.SPECTRUM.IEEE.ORG

system can, to a degree, be
mapped to the physical
location of processors or
processor cores, thus mini-

mizing delays in moving data.

But an increasing number
of important science and
engineering problems—
not to mention national
security problems—are of
a different sort. These fall
under the general category
of informatics and include
calculating what happens
to a transportation network
during a natural disaster and
searching for patterns that
predict terrorist attacks or
nuclear proliferation failures.
These operations often require
sifting through enormous
databases of information.

For informatics, more
cores doesn’t mean better
performance [see red line in

THE FUTURE: Intel's experimental
chip has 80 cores. eHoro: inTeL
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“Trouble Ahead”], according
to Sandia’s simulation.
“After about 8 cores, there’s
no improvement,” says
James Peery, director of
computation, computers,
information, and
mathematics at Sandia. “At
16 cores, it looks like 2.” Over
the past year, the Sandia
team has discussed the
results widely with chip
makers, supercomputer
designers, and users of high-
performance computers.
Unless computer architects
find a solution, Peery and
others expect that super-
computer programmers will
either turn off the extra cores
or use them for something

ancillary to the main problem.

At the heart of the trouble
is the so-called memory
wall—the growing disparity
between how fast a CPU
can operate on data and
how fast it can get the data it
needs. Although the number
of cores per processor is
increasing, the number of
connections from the chip
to the rest of the computer is
not. So keeping all the cores
fed with data is a problem. In
informatics applications, the
problem is worse, explains
Richard C. Murphy, a senior
member of the technical staff
at Sandia, because there
is no physical relationship

NOVEMBER 2008 -

between what a processor
may be working on and
where the next set of data it
needs may reside. Instead
of being in the cache of the
core next door, the data
may be on a DRAM chip in
arack 20 meters away and
need to leave the chip, pass
through one or more routers
and optical fibers, and find
its way onto the processor.

In an effort to get things
back on track, this year the
U.S. Department of Energy
formed the Institute for
Advanced Architectures
and Algorithms. Located
at Sandia and at Oak Ridge
National Laboratory, in
Tennessee, the institute’s
work will be to figure out
what high-performance
computer architectures will
be needed five to 10 years
from now and help steer the
industry in that direction.

“The key to solving
this bottleneck is tighter,
and maybe smarter,
integration of memory
and processors,” says
Peery. For its part, Sandia
is exploring the impact of
stacking memory chips
atop processors to improve
memory bandwidth.

The results, in simulation
at least, are promising
[see yellow line in “Trouble
Ahead”].

—SAMUEL K. MOORE
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Self-Healing
Hulls

Electric current could be the
key to self-healing carbon-
composite smart materials

MONG THE claims to fame
/A\ of Switzerland’s Ecole

Polytechnique Fédérale de
Lausanne (EPFL) is Alinghi, the yacht,
which won not one but two America’s
Cups. Part of that success can be
attributed to the state-of-the-art carbon-
fiber composites that make up Alinghi’s
hull. In many cases, such composites
can substantially heal themselves
following a collision. Now a graduate
student has invented a way to juice the
self-healing with a little electric current.

EPFL doctoral student Eva Kirkby
is developing a better way for carbon-
composite materials to heal themselves.
Carbon-fiber composites, made from
many layers of lightweight carbon fibers
and epoxy, offer a strength-to-weight
ratio much higher than that of similar-
weight materials. They’re often found in
Formula One race cars, and they make
up 50 percent of the Boeing 787 airliner.
But one weakness of these superstrong
materials is a tendency to separate
internally, or delaminate, when big
impacts cause cracks parallel to the
surface of the material. Delamination
damage can decrease the composite’s
strength by an order of magnitude.

To counter this, a self-healing
composite material is impregnated
with hundreds of tiny, evenly
dispersed bubbles filled with healing
liquid-monomer molecules (about
10 bubbles per cubic centimeter) and
smaller particles of catalyst that
harden the monomer. When the
material sustains a sufficient impact,
the delamination cracks cause some
bubbles to rupture and release their
monomer and catalyst. The monomer

12 INT - IEEE SPECTRUM - NOVEMBER 2008

PHOTO: JAVIER SORIANO/AFF/GETTY IMAGES

fills the crack and hardens, and the
damage is repaired. The problem with
this approach is that for maximum
material strength, you want to keep
the concentration of bubbles and their
size to a minimum. But when the
bubbles are too small, their payload
doesn’t completely fill the cracks.

So Kirkby found a way to close the
gap. She incorporated wires of what’s
known as a shape-memory alloy, or
SMA, into the composite. When
electricity flows through an SMA wire
that has been bent, it snaps back into
shape. That forces the delamination
crack shut, constraining it to a size
that can be effectively filled by fewer,
tinier monomer bubbles. In initial
tests, Kirkby’s electrically activated
material performed beautifully. The
crack openings were reduced from
120 micrometers to about 17 pm.

Kirkby says that among the key
issues is how to get this material to
autonomously pulse the current to the
SMA wires. To do that, the composite
must first figure out where it has been
damaged and then send current only
to the SMA wires at the damage site.

Kirkby embedded optical fibers
in the composite. When a shock

TOUGH COMPETITION: Now carbon-fiber composites can take even more of a pounding.

pulse from an impact compressed
or tensed the fibers, the light that
passed through them dimmed or
intensified in response. By tracking
the pulse as it transected the fibers,
Kirkby was able to pinpoint the impact
site to within a few centimeters.
“What’s interesting about this
is that it merges the two different
directions structural composite
work has been going,” says Iowa
State University assistant professor
Michael Kessler, who coauthored
a seminal 2001 paper on self-
healing composites. “I like the
idea of combining a healing and a
sensing function.” But he cautions
that a lot more work is required to
create the damage-sensing logic
devices that would make self-
healing materials autonomous.
Kirkby says one obvious appli-
cation for her new material is high-
performance sports equipment like
racing bikes and, of course, Alinghi. The
aerospace sector would benefit from
autonomously healing aircraft wings or
meteor-proof satellites, and for injured
soldiers returning to duty wearing
prosthetics, self-repair could be essential.
—SALLY ADEE
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Water Goes Off the Grid

A Canadian company rethinks atmospheric-water generators

HE ESCALATING cost of electric-

ity has sent a growing number of

consumers in search of ways to
generate electricity at home. Element
Four, based in Kelowna, B.C., Canada,
is betting that with bottled-water con-
sumption increasing and aging water
distribution systems, water will be
the next commodity consumers will
want to produce at home. The com-
pany has done what it says is a top-to-
bottom reinvention of the atmospheric-
water generator—a device that pulls
water from the air by cooling it to the
point that condensation forms and then
keeps it sterile for drinking.

Element Four’s WaterMill is a
300-watt generator that makes up to
12 liters of drinking water per day—
enough, it says, for your typical North
American household. At Kelowna’s rate
of 6 U.S. cents per kilowatt-hour, the
cost comes to about 3 to 4 cents per liter.
The technical innovation is in two areas,
according to Richard Weisbeck, chief
technology officer. The first, a system
of temperature, pressure, and humid-
ity sensors that feeds into a microcon-
troller, makes the device automatically
adapt to its environment. The micro-
controller fine-tunes the flow of air and
refrigerant in the machine to match
its surroundings so that it continues
to work in extremes of heat and cold,
inside or outside. “From Toronto to
Ecuador, you can pull it out of the box
and the machine will search for its peak
efficiency and then run that way,” says
Rick Howard, Element Four’s CEO.
The control system’s improved effi-

ciency lets the machine use a bare
condensation coil, unlike other such
devices, which use cooling fins. Finned
coils could harbor bacteria, says
Weisbeck. But a bare coil can be kept
sterile using the same ultraviolet lamp
that kills bugs in the collected water.

14 INT - IEEE SPECTRUM - NOVEMBER 2008

Market trends appear to be in
atmospheric water’s favor. Consumers
around the globe are turning away
from the tap, Howard notes. Though
he hopes they’ll start turning toward
atmospheric water, right now they’re
buying bottled water. According
to the International Bottled Water
Association, global consumption of
bottled water has grown 7.6 percent

HAPPY NOW? Will the chance to generate
drinking water from the air make consumers
smile? proro: eLemenT Four

per year on average since 2002,

reaching 189 billion liters in 2007. The

United States led consumption, with

33 billion L, but was followed closely

by populous developing countries like

China, Brazil, and Mexico. China’s

market grew 17.4 percent per year.
But bottled water is widely thought

to be too energy intensive to pro-

duce and deliver. According to esti-

mates by the Pacific Institute, a think

tank in Oakland, Calif., just produc-

ing the bottles, caps, and packag-

ing for the 31 billion L of water sold

in the United States in 2006 ate up

the equivalent of 17 million barrels

of oil (about 106 billion megajoules),

not to mention 62 billion L of water.

Even though they’re buying more
bottled water than ever, consumers in
the industrial world are still trained
to turn on the tap. But the drinking
water infrastructure is in serious need
of attention. According to a 2005 U.S.
Environmental Protection Agency
report, most drinking water systems
in the United States contain pipes more
than 80 years old. The agency estimates
that the country’s distribution pipe
infrastructure needs an investment of
US $183.6 billion over the next 20 years
and a further $24.8 billion for drink-
ing water storage. “We’ve gone 100
years without really giving [the system]
much attention,” says Vanessa Speight,
an expert on water-distribution sys-
tems in Washington, D.C., who works
for environmental engineering firm
Malcolm Pirnie. Getting the funding
to repair or replace the country’s old
pipes, especially with water utilities
burdened by higher energy prices, is
going to be a real challenge, she says.

Infrastructure funding is even
more of a challenge in the developing
world, and the need is even more acute.
The United Nations estimates that
880 million people lack safe sources of
drinking water. Atmospheric-water-
generator companies are looking
to make inroads there too. Element
Four’s other product, the WaterWall,
is targeted at supplying a developing-
world village or neighborhood. The
device, which the company will
start manufacturing in early 2009,
is made up of a scalable number of
generators, each of which is essentially
a bare-bones form of the WaterMill. In
places where the power grid is delicate,
a kilowatt-scale water generator could
easily draw so much power at start-up
that it would cause a blackout—one
reason atmospheric-water generators
have failed in the developing world
in the past. So Weisbeck designed
the WaterWall to start up in stages,
gradually increasing the load and,
one hopes, sparing the local grid.

—SAMUEL K. MOORE
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Gas Pains

Russia’s dominance of Eurasian markets
means long-term trouble

USSIA EXPERT Marshall Goldman
’:\D has dubbed the country a
“petrostate,” but with all due

respect, that’s somewhat misleading;
Russia is really a gigantic natural-gas
company backed by a huge nuclear
arsenal and an increasingly proficient,
conventional military [see The Data,
in this issue]. Though it’s also a top
oil producer, it uses almost all of its
oil itself and has little influence on the
world market. But with its seemingly
boundless gas reserves, Russia is in
a position to dominate the Eurasian
market for at least a generation to come.
Why can’t the European Union
just adopt a strategy of energy
independence and wean itself from
Russia and the “stans”? After all, the
EU has its ambitious 20/20/20 program,
aiming to obtain 20 percent of its
energy from renewables, increase
energy efficiency by 20 percent, and
cut carbon emissions by 20 percent,
all by 2020. And the EU has also been
trying hard to diversify gas supplies.
In mid-September, for example, it
informed Nigeria of its interest in
cofunding a proposed 4300-kilometer
pipeline to bring natural gas directly
from Africa to European markets.
Here’s the problem: from any
viewpoint, natural gas is such an

WWW.SPECTRUM.IEEE.ORG

attractive fuel that no matter how much
you try to reduce your consumption

and diversify your supply, you're

always going to want more. Since the
1990s, gas has been the fuel of choice for
electricity generation, because of high
turbine efficiency and its cleanliness and
relatively low carbon content. Per unit

of energy produced, gas emits no more
than half as much carbon as coal, which
means it makes good sense to replace coal
with gas plants to meet emissions targets.

Gas is also a very attractive home-
heating fuel and is increasingly
being used for motor vehicles too. In
compressed form, it’s powering public
transportation and fleet vehicles in
cities from New Delhi to New York.

If fuel cells ultimately power most
cars and the vision of a hydrogen
economy is realized, a lot of that hydro-
gen will have to come from natural
gas—or from water hydrolyzed using
electricity generated by gas plants.

Under the circumstances, Europe
will want to keep importing all the
gas it can persuade Russia to sell at
reasonable prices. But Russia will be in
a position to manipulate the Eurasian
markets, playing off fast-growing East
Asian demand against Europe’s needs.

Europe’s dependence on Russian gas
would not necessarily be a big problem

Previous Page | Contents | Zoomin | Zoom out | Front Cover | Search Issue | Next Page

BIG CHILL: The relationship between Europe
and Russia is cooling. eHoTo: Fronor savinTsev/wen

if the Europeans trusted the regime
running Russia. But, increasingly, they
don’t. Russia has repeatedly shown

its willingness in recent years to cut
off gas supplies for political reasons,
basically to bring countries it considers
its satellites to heel, notably Ukraine.
Of course it wouldn’t dare cut supplies
to a country like Germany, which gets
about half its gas from Russia. But
where German and Russian interests
and values collide, Russia could
manipulate markets to get its way and
use the threat of its market power to
ward off diplomatic or military action.

For some years, as the Putin
regime has consolidated its position
and eliminated opposition, European
unease about Russia has grown. But
there has also been fierce determination
to avoid a renewal of Cold War tensions
and a tendency to focus on U.S.
misdeeds. Important turning points in
European elite opinion were the arrest
in October 2003 of oil oligarch Mikhail
Khodorkovsky, who had been pouring
millions into oppositional groups and
toying with the idea of challenging
Putin for the presidency, and the
murder a year later of the crusading
journalist Anna Politkovskaya, Putin’s
sharpest and most persistent critic.

A recent survey by London’s
Financial Times found that European
mistrust of Russia has increased
sharply in the past six months:
the proportion of respondents who
consider Russia the greatest threat
to world stability rose from just a few
percent in July to nearly 20 percent in
September, putting it well ahead of Iran
and almost as high as China. It may
come as a shock to many American
readers, however, that the United
States still ranks in European minds
as the greatest threat to world stability,
scoring over 25 percent in September.

—WILLIAM SWEET
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the big
picture

ARACHNOID
AFFAIR

Early in September,
a gigantic
mechanical spider
took to the streets of
Liverpool, England,
drawing a crowd of
tens of thousands
that paralyzed the
city center. It was all
partofanartsand
culture celebration,
and for two days
the 15-meter-high
arachnid paraded
through town
accompanied by
musicians and other
performers. Built

by the French group
LaMachine, the
robotic beast had
asteeland wood
frame powered

by 50 hydraulic
actuators. A

dozen operators
strapped to the
spider controlled

its articulated legs,
and a wheeled
crane supported its
37-metric-ton body.
The arachnofest was
pricey—it cost nearly
£2 million—but it
left Liverpudlians
exhilarated. Some
kids even cried
when the spider
vanished in a cloud
of smoke. There are
rumors that it will
emerge in another
city next year.

PHOTO: MATTHEW ANDREWS
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The Blinking Light

WAS CONSIDERING buying

a new desktop computer,

and I thought I had found
the ideal model. That is, until
I noticed that one little thing
was missing—the activity
light for the hard drive. The
manufacturer probably
saved a few cents by leaving
it out, but that little light
was of some psychological
importance to me. How could
I possibly buy a computer
that was just going to sit there
and not give me any indica-
tion that it was working?

A very long time ago, not
long after the dinosaurs went
extinct, I was working on
modem design. At the Bell
System, we had designed
modems the way they were
supposed to be—big, heavy
clunkers with a telephone
handset and an embedded
rotary dial. They were just

18 INT - IEEE SPECTRUM -
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what the users needed to
connect to their time-shared
mainframes. But one day, a
competitor came out with
a small modem that had
an array of LED lamps on
the front panel, indicating
control signals like clear-to-
send as well as data activity.
“What user could possibly
care about such things?” we
joked among ourselves.
Well, it seemed that
people did care about such
things. That little company
sold a lot of modems, and
pretty soon we had indicator
lights on our modems too.
As a consequence, I learned
a key principle of design:
people want blinking lights.
Too many electronic
gadgets are inert steel boxes
with stickers on the bottom
that say something like
“no user-serviceable parts

NOVEMBER 2008

inside.” Often, you have no
idea whether or not the gadget
is working. When it doesn’t
do something you expect it to
do, you stare helplessly at the
box. “Are you alive in there?”
you ask plaintively. But such
entreaties are a waste of
breath. You'd think that the
box could at least hum or
vibrate to communicate life.
A blinking light makes
all the difference—even
though you have no idea
why it’s blinking the way
it is. Over the millennia,
humans have evolved a
subconscious ability to rec-
ognize and categorize mov-
ing visual patterns, like the
flash of tiger fur seen through
dense foliage. So it is with the
activity light. I've had several
cable modems go bad, as well
as several routers, and in
every case I've recognized the
problem by the unfamiliar
blinking patterns of the
activity lights. “Aha,” I say to
myself. “That box is sick.”
Quite often there is no vis-
ible activity on my computer
screen, but I see the hard-
drive light blinking furiously.
What is it doing? I wonder.
At least the little light tells
me that it is alive, though I
worry about why it is so busy.
At such times I often wish
that there were a special key
labeled “What are you doing?”
I've always found the task
manager rather useless for
this purpose, and no human
being could possibly interpret
the gibberish that fills your

screen following the dreaded
“blue screen of death.”
Instead of an unintelligible
binary dump, my imagined
key would give a simple
English explanation: “I'm
busy at the moment reformat-
ting your hard drive,” it might
say, “but I'll be through in a
jiffy.” Or perhaps, “I'm just
finishing the installation of a
new virus.”
Back when dinosaurs
ruled the planet, computers
had lots of indicator lights,
showing the activity on many
of the backplane signals.
When you walked past a
computer center, a dynamic
light show was taking place
inside. Tapes spun and
everything hummed. “Wow,
look at those things think!”
you said to yourself. But
now it seems that the only
indication of life is the roar of
air-conditioning.
So the computer I picked
out had joined the growing
legion of gray boxes devoid
of charisma, its only outward
manifestation of personality
having been sacrificed for
a few cents. Maybe I'm the
only one who cares about
that light now, but I'm not
buying that computer. Its
designers are probably
joking among themselves,
“What user could possi-

bly care about such things?”
Well, I'm one who does.

For want of a cheap little
light, they lost a customer.
Hopefully, they’ll put it back
in their next model. Q

WWW.SPECTRUM.IEEE.ORG

RANDI SILBERMAN
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WORLD’S CLEANEST DIRT BIKE

The Electric Zero X has zero emissions

IRT BIKES aren’t
the cleanest vehicles.
There’s the noise, oil,

and grease, and the noxious
fumes from the combustion
engine. And then there’s all
that, um, dirt. The Zero X
electric motorcycle, from
Zero Motorcycles, in Scotts
Valley, Calif., can’t do much
about that last item, but it’s
got to be the quietest and
least polluting off-road bike
around—and the lightest.
With an aircraft-quality
aluminum chassis, the
64-kilogram Zero X is less
than half the weight of a gas-
powered motorcycle. That
helps its 20-horsepower
electric motor go from

0 to 48 kilometers per hour
(30 miles per hour) in less

than 2 seconds. Its lithium-ion

battery pack runs for about
60 km on a 2-hour charge.
The Zero X is the
brainchild of Neal Saiki, a
former aerospace engineer
who holds a master’s in
aeronautical engineering

WWW.SPECTRUM.IEEE.ORG

from California Polytechnic
State University. While
working at NASA’s Dryden
Flight Research Center,

in Edwards, Calif., he
participated in a state-
funded panel looking at
transportation alternatives.
In terms of environmental
impact and cost, the

panel concluded, electric
vehicles overwhelmingly
made the most sense.

Saiki left NASA in 1991
and started designing
mountain bikes. He never
forgot the lesson about
electric vehicles, though,
and he kept tabs on
developments in battery
technologies. Finally, in
2005 he saw that lithium-
ion packs had achieved
sufficient power density
to make a good electric
motorcycle. He figured
motorcycles offered a much
easier entry into the electric-
vehicle market than cars.
Then, too, he’d always
had a passion for riding.

Since coming on the
market in April, the Zero X
has won over quite a few
veteran bikers. “Off-roaders
value a lighter-weight bike
because it’s maneuverable
and can handle higher
jumps,” Saiki says. When

former motocross champion

Jeff Emig first rode a

Zero X, the bike’s speed
and acceleration surprised
him, and he wiped out
almost immediately, Saiki
recalls. “He jumped up, all

bloodied, and he said, ‘I can’t

believe I just got thrown
by an electric motorcycle!
Ilove this thing!” ”

But the Zero X is also
good for complete novices.
Just flip a switch and you
can reduce its top speed
by half; a second switch
decreases the acceleration.

At US $7450, the Zero X
runs about $1000 more than
a conventional 250-cubic-
centimeter bike—but you’ll
never spend a dime on gas
or on filters for the oil and
air. The battery pack should
last five to six years with
normal use, and it takes
about 30 seconds to swap it
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ZERO X

US $7450 plus shipping ($300in
the U.S.; $1000 to Europe).
http://www.zeromotorcycles.com

out. “The battery industry
is advancing all the time,
with new chemistries and
new technologies,” Saiki
says. “We wanted to make
it really easy to upgrade
the battery pack.”

Currently, the Zero X
can be ordered only from
the company’s Web site,
and there’s a three-month
waiting list, which the
company hopes to eliminate
by tripling production. For
those who must ride before
they buy, Zero has models
available for test drives at
the company’s headquarters
and 15 other U.S. locations.
Bikes for test drives will be
available in Europe in 2009.

Kits are also available
to convert the Zero X into a

“streetable” bike, Saiki says.

A more powerful street-legal

model, the Zero Supermoto,

will be introduced this

January, and the company

is already taking orders.
—JEAN KUMAGAT

FORREST ARAKAWA/ZERO MOTORCYCLES
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ALAPTOP ON
STEROIDS

The Toshiba Qosmio is
more powerful than some
desktops—and heavier

OSHIBA’S NEW Qosmio G55-802
notebook computer packs so
much power, it can peel the
paint off many of today’s desktops.
Of course, at a hefty 4.9 kilograms,
it ought to.

The specs for the Qosmio
(pronounced “KOS-mi-o0”) look like
a desktop’s—and then some. It uses
anew chip developed by Toshiba,
the Quad Core HD, which acts like
a video supercharger for an Intel
Core 2 Duo CPU with 4 gigabytes of
RAM. And with its 18.4-inch screen
and an Nvidia GeForce 9600M GT
graphics card, it makes a darn good
gaming computer—but, stresses
Toshiba product manager Mark
Lackey, “the G55-802 is designed
for multimedia enthusiasts.”
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The Qosmio is indeed a media
maven’s dream, with its high-end
graphics card, enormous screen,
gigabit Ethernet, high-definition
multimedia-interface port, 802.11b/
g/n, and Wi-Fi. And did we mention
its Harmon/Kardon stereo speakers
(plus subwoofer) and Dolby Home
Theater compatibility?

The Quad Core HD is based on
the Cell Broadband Engine, jointly
developed by IBM, Sony, and Toshiba.
The Cell is famous as the backbone
of Sony’s PlayStation
3, but so far it hasn’t
been used much
for general-purpose
computing. The high end
of Cell-based systems
is the IBM-built
US $120 million
Roadrunner
supercomputer at
Los Alamos National
Laboratory, and Cell technol-
ogy can also be found in products like
IBM’s BladeCenter QS22. But
the Qosmio is the first PC—
desktop or notebook—to use
the Cell, says Lackey. The
company also plans to
incorporate the technology
in LCD televisions.
Lackey says the
Quad Core HD gives
the Qosmio a welcome
10-fold speed boost for
video-encoding tasks
like downloading from
an HD camcorder,
converting from
videotape,
and

TOSHIBA QOSMIO G55 SERIES
US $1299.99-$1549.99 and up
http://explore.toshiba.com/laptops/qosmio

upscaling your DVDs from standard
to high definition. In addition, Toshiba
has written or tweaked some video
software for the new

processor. One program
helps users find and
select video frames that
include a specified
face. Another reads

hand gestures

made in front

of the Qosmio’s
built-in webcam to
let you play, pause, or
fast-forward a DVD or CD

without touching a keyboard or a

remote controller.

The Quad Core HD processor
doesn’t work automatically with
existing applications like Adobe
Photoshop, although they will
run just fine on the computer’s
Intel processor. So far only a few
programs use it, including Toshiba’s
webcam gesture-control software
and its Ulead video-editing software,
which come with the computer, and
Microsoft PowerPoint.

The Qosmio G55-802 lists for
$1549.99, as if adding that extra penny
might push potential buyers past
their price limit. The Qosmio G55-801,
omitting the Cell processor and some
other features, is $250 cheaper. If you
need to do serious video work, the

G3553-802 currently stands alone in
its field. And if you don’t mind
lugging it around, either machine
can act as a mobile media cen-

ter for family trips. “It plays games
great,” Lackey confesses. “I've used

it for Gears of War, Call of Duty, and
Dino Crisis.”

TOSHIBA (2)

—DANIEL P. DERN
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WOWWEE
FLYTECH
BLADESTAR

US $50

http://www.
bladestaronline.com

LITTLE FLYING

WONDER
A $50 flying toy avoids
obstacles on its own

HAT’S THIS THING?” my
editor asked me the other
day, pointing to the FlyTech

Bladestar sitting on my desk. It took me
a minute to explain.

The Bladestar, by Hong Kong-
based WowWee, is a remote con-
trolled rotary-wing flying toy—
nope, not a helicopter. It doesn’t use

Previous Page | Contents | Zoom in | Zoom out | Front Cover | Search Issue | Next Page

a motor to turn its blades. Instead,
two little propellers, facing opposite
directions, cause the whole craft to
spin; the angled blades generate lift.

The manual emphasizes that
the Bladestar is for “indoor use
only,” recommending a gymnasium,
shopping mall, or garage. I settled
for our executive office. Good
thing the CEO wasn’t in.

The basics of flight are easy:
slide the infrared controller’s throttle
to climb or descend, and press the
direction buttons to maneuver forward
or backward, left or right. Yes, the
craft performs all these maneuvers
by varying the speed of the two
propellers. (Can anyone work out
the control equations for that?)

One cool feature is the autopilot
mode. The Bladestar uses two infrared
sensors to hover away from ceilings
and walls. Nonetheless, the Bladestar
has the usual flying-toy fondness

for obstacles, and controllability is
a bit haphazard. Look out for the
vaaaase! But that’s part of the fun.

I set as a challenge taking off from
the CEO’s desk and landing on the
conference table across the room. It
took me a few tries to succeed. One
thing I couldn’t test was the mid-
air battle, for which you need two
units. The idea is to fire infrared
shots at your opponent; the first to
get hit three times goes down.

The toy is made of cheap Styrofoam
and plastic, but it proved quite crash
resistant and, despite warnings about
the fast-moving propellers, it did no
damage to walls, furniture, or my
hands. You get only 5 minutes of flight
time; recharging takes 20 minutes.

At US $50, it makes a good holiday
gift. Is the Bladestar a “revolutionary
indoor flying machine,” as WowWee
claims? It certainly revolves.

—ERico Guizzo

CANDID
CAMERA

A video camera that
fits into a purse is
always there when
you want it

HE FLIP MINO
series camcorder,
by Pure Digital

Technologies, is a little
gem, and I do mean little.
The Mino is even smaller,
lighter, and sleeker than
last year’s Flip Ultra.

In one short month, this
90-gram gadget, measuring
10 by 5 by 1.5 centimeters,
has transformed me into
a candid-camera mama.

I now have images of a
3-year-old’s first gasp at
the towering bones of a

WWW.SPECTRUM.IEEE.ORG

T. rex and a 6-year-old’s
madcap rainy-day “I like
mud!” dash through same.

The Mino’s resolution
is a grainy 640 by
480 pixels, but when
played in a YouTube-size
box, its movies look fine,
even on a high-resolution
monitor. More important,
the camera self-adjusts to
light. Also, the 2x digital
zoom works well, and
the sound is terrific,
with great filtering of
nearby noise. Sure, I
could have gotten better
images from a bulkier
camcorder, but so what? I
wouldn’t have had it with
me in the first place.

The Mino is always
in my purse or pocket;
I've even worn iton a
lanyard. What makes

such convenience possible
is the confluence of
inexpensive and virtually
weightless 2-gigabyte

NOVEMBER 2008 -

Secure Digital flash
memory cards—a single
one can hold an hour of
video at the Mino’s modest
resolution—and better
battery technologies.

I was still on the ini-

tial battery charge after
taking 58 short videos,
about 45 minutes’ worth.
Good software helps as
well. Moving videos to a
Mac or PC is effortless,
and the Mino walks you
through the installation
of some additional video-
editing software.

The Mino lists for
about US $180, but it
shows up regularly on
Amazon for under $150.

—SHERRY SONTAG

FLIP MINO
US $179.99

http://www.theflip.com
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GOING MOBILE?
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CONFIDENCE FOR A NETWORKED WORLD

Mobility Research Center
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“OUR ROLE IS TO BROADLY RESEARCH THE ISSUES RANG-
ING ACROSS LIFESTYLE, TECHNOLOGY, BUSINESS AND
POLICY; TO IDENTIFY TRENDS AND PARTICIPATE IN
FORMULATING STANDARDS AND SUPPORTING TOOLKITS
AND INFRASTRUCTURE; TO FOSTER ENTREPRENEUR-

SHIP AND COMMUNITY; TO OFFER LEADERSHIP AND
TO EDUCATE STUDENTS AND FACULTY, TO ACTIVELY
PARTICIPATE AND LEAD IN THIS AVALANCHE OF CHANGE.”

- MARTIN GRiss, CO-DIRECTOR, CYLAB MOBILITY

RESEARCH CENTER

VISIT THE WEBSITE:
HTTP://MOBILITYRESEARCHCENTER.ORG/

Mobility is integral to the future of computing, and at Carnegie Mellon University’s CyLab Mobility

Research Center, the future has already arrived.

MOBILITY ISNOT A BUZZWORD. “Speed” and “ease of use”
are buzzwords. Mobility is a transformational concept. There aren’t
all that many of them, “PC,” “World Wide Web" and “Information Age”
stand out. Mobility ranks with them. And like those other transforma-
tional concepts, Mobility has shattered one paradigm and is birthing
anew one. “Anywhere, anytime”- that’s the computing vision evolv-
ing all around us, right now.

Once upon a time there were telecommuters, road warriors and
desktop users. But they have all been swallowed up in this great
transformational concept. Now there is only you: you at home, you
on the road, you at the office -- “Anywhere, anytime.” Wherever you
are, whatever you want to do, work or play, this transformational
concept has brought you a new culture both in the physical and cyber
dimensions -- “Anywhere, anytime.”

Mobility is a technological imperative which is re-shaping human
culture, and a cultural and economic imperative which is re-shap-
ing technology. Mobility is integral to the future of computing; and
in some places, the future has already arrived. One such place is
Carnegie Mellon University’s CyLab Mobility Research Center, based
at the Carnegie Mellon Silicon Valley campus in the pulsating heart
of the entrepreneurial ecosystem.

“Our role,” says Center Co-Director, Dr. Martin Griss, “is to broadly
research the issues ranging across lifestyle, technology business and
policy, to identify trends, participate in formulating standards, sup-
porting toolkits and infrastructure; to foster entrepreneurship and
community; to offer leadership and to educate students and faculty
to actively participate and lead in this avalanche of change.”

Mobility is one of the most dynamic areas of technical research
and education for the 21st Century, and the CyLab Mobility Research
Center is positioned to lead the way. That's why a group of movers
and shakers, C-level executives, representing Adobe, Bosch, Cisco,
Google, HP, Intel, Microsoft, Motorola, NASA, SAP, Sun, and Yahoo
gathered to brainstorm at the Center’s Mobility Research Summit.
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Which companies will have the resources to capitalize on this moment
and establish the foundational underpinnings of the new mobile digital
universe? Which technologists will have the vision, fortitude and oppor-
tunity to move at the forefront of the advancements that will come over
the next few years?

“This is where we can make a difference,” Dr. Priya Narasimhan, Center
Co-Director explains. “While industry faces these time-to market pres-
sures, we can act as a proofing ground for newer technologies, e.g., secu-
rity, privacy, reliability. We can answer these more difficult questions that
the market needs and that our industrial partners can leverage, even as
they continue to develop and release new products. At the Center, we
believe in solving real problems in the real world. We're exploring all of
these systems concepts -- infrastructure, devices, user interfaces, data,
networking, operating systems, file-systems -- through large-scale pilot
and testbed deployments. This is a significantly different approach from
building small one-off lab projects.”

“We take a holistic perspective, integrating issues such as business, pol-
icy, ecosystem, security, usability and technology in choosing projects to
work on, partners to work with and in how we educate and guide students
to think about the problems,” Dr. Griss adds, “while many other programs
focus only on technology or a small number of items.”

Technology companies searching for ways to compress the arc of time
are looking to the CyLab Mobility Research Center as a collaborative part-
ner in vital research.

Technologists searching for a competitive advantage in the market-
place of ideas are turning to the Center for Ph.D. degrees in Electrical
and Computer Engineering and Master of Science degrees in Information
Technology - Mobility (MSIT-MOB), offered in conjunction with Carnegie
Mellon’s Information Networking Institute (INI). The Center is also a
beacon for those looking for promising faculty and post-doctorate
opportunities.

Join them all and travel to the future.
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THE CyLAB MOoOBILITY RESEARCH CENTER IS FOCUSED ON
“ENRICHING ANYWHERE, ANYTIME COMPUTING’

THE CENTER’S RESEARCH GOALS INCLUDE:

NEXT GENERATION OF MOBILE
APPLICATIONS, DEVICES & SYSTEMS

MULTI-DISCIPLINARY RESEARCH

HoUISTIC, SYNERGISTIC WORK

LARGE SCALE, EXPERIMENTAL PILOT(S)

CREATING A COLLABORATIVE COMMUNITY

THE CENTER’S RESEARCH THRUSTS INCLUDE:
CONTEXT-AWARE SERVICES
MOBILE MIDDLEWARE
SECURITY & PRIVACY
DATA AGGREGATION & DATA MINING

NETWORKING

LIVING TESTBEDS FOR RESEARCH

(K) Electrical & Computer Inl Carnecie Mellon
ENGINEERING  peeiion SILIGON VALLEY

arnegie Mellon

http://mobilityresearchcenter.org
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A SOULFUL
DINOSAUR AND
A SOMEWHAT
OBEDIENT DOG

Sensor technologies come
of age in a pair of pricey
holiday toys for tots

OW ABOUT taking home a
H baby triceratops that growls,

munches leaves, moves its horns,
and plays such classic songs as “I'm
Gonna Catch a Baby Dinosaur”?

True, it doesn’t walk, and

at first my kids—Sam, 3, and
Coby, 6—were disappointed. Still,
the 1-meter-long triceratops was
long enough and strong enough for
even the older boy to ride Kota’s
spring-loaded seat in place, making
her (the kids quickly determined
that Kota was a girl) hipper than
any hobbyhorse. After some pretty
soulful looks, far more than anyone
would expect from a mechanical

beast, my kids would say goodbye
only after lots of dinosaur hugs.

Sam has not yet decided if Kota should
be his holiday gift this season, and Coby
is trying to talk me into an iPhone instead.
They grow up so fast! Parents, too, have
a decision to make. Hasbro, Kota’s
manufacturer, refused to discuss the
dinosaur’s projected life span, of some
concern when getting ready to fork over
US $300 for a prehistoric pet—especially
in light of reports of durability problems
with a Hasbro 2006 pet, the FurReal
Friends Butterscotch Pony. Perhaps by
Christmas one of Kota’s many blogger-
admirers will have hacked into her and
documented her 11 embedded sensors.

HASBRO KOTA

US $300

HASBRO BISCUIT
$180
http://www.hasbro.com

Nearly as cool for the kids—and
electronically much more interesting
to Mom—was Biscuit ($180), a sort of
golden retriever puppy who answers
to six voice commands. While he only
reacted correctly to “speak,” “lie down,”
and “shake” about half the time, he
responded to anything he didn’t
recognize with an endearing blink of
his eyes, a quizzical tilt of the head,
and a bark. What real dog obeys every
command anyway? I was impressed
that Biscuit did as well as he did
without being trained to understand
individual voices. Still, both boys
would rather have Kota “cause
dinosaurs are just cool.” —SHERRY SONTAG

hands on
Free the AAAA Six!

Inside every 9V battery there are

six AAAA batteries

You may not have seen many
AAAA batteries yet, but you will.
MP3 players, glucose meters,
penlights, remote controllers,
Bluetooth headsets, and even
toothbrushes are increasingly
using the smaller size, according
to Jon Eager, an aptly named
marketing director at Energizer
Holdings, in St. Louis.

Weighing only 6.5 grams,
AAAAs are as much as
43 percent lighter than AAAs.
That makes a big difference
when wearing a headset.
AAAAs are the same voltage
and almost the same length as
AAAs but 20 percent thinner.

Naturally, AAAAs don’t last
nearly as long. Eager says
that in a 25-megawatt test
at a continuous drain with
a noise-canceling headset,
“the run time for a AAAA
is approximately 24 hours,
versus a AAA at approximately
55 hours.” At about the same
cost, that makes AAAAs
relatively expensive to use.

So here’s a little trick we
picked up from the Web sites
Xkcd and Makezine (Metacafe
has a nice video report as well).
Cut open a 9-volt battery and

yoU'll find six AAAASs wired
in series. Xkcd reports that
you need to keep track of the
polarity because the individual
batteries aren’t labeled, and
you might want to use some
silver or aluminum foil to ensure
good contact, especially if you
use them in place of AAAs.
Naturally, Energizer advises
against the practice, noting the
difference in length and the risk
of personal injury.

A twin pack of AAAAS
costs US $4 or more. A single
9V battery costs about the same,
so freeing the AAAAS within
yields four free batteries. Because
of the difference in run times,
when AAAAs are used in place of
AAAs, your “profit” is roughly two
free batteries. —Steven Cherry

AAAA BATTERIES
US $6.95 (six-pack)
Metacafe video: http:/
tinyurl.com/2rbubo

TOP: HASBRO; BOTTOM: RANDI SILBERMAN
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iIPhone Accessories

iPhone
Earbuds Suck

Pardon our bluntness,
but they do. They're ill-
fitting sound sieves, and
people you phone ask if
you're calling from inside
a NASA wind tunnel. You
can't use an ordinary
music headset for phone
calls because it lacks a
microphone, or even for
regular music listening,
because the iPhone’s
audio port is too deeply
recessed to provide a
proper connection for
most 2.5-millimeter
audio jacks.

Griffin Technology
solves these problems
in two different ways. Its
US $39.99 TuneBuds
Mobile earbuds offer
a better microphone
for speaking and three
sets of rubber ear tips
for better listening.

Its $19.99 SmartTalk
audio-jack adapter has
its own microphone, so
you can use it with any
earphones at all.

=

GRIFFIN SMARTTALK
US $19.99

GRIFFIN TUNEBUDS
$39.99
http://www.griffintechnology
.com/devices/iphone

T
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Two FM Transmitters
For Your Car

N IPHONE OR IPOD would

sure sound sweet through

your car’s stereo speakers,
but how best to do it? Cassette
adapters wear out, a tuner that
broadcasts to an unused radio

station has to be reset to —

new frequencies as you -
drive around, and
tapping into

the stereo’s wiring |

is expensive ‘
-;

or messy.

This summer,
we tested two new

auto-tuning trans-
mitters, the Griffin

iTrip Auto with SmartScan,

and the Belkin TuneBase FM.
The Griffin was considerably
better than its predecessors. The
Belkin was darn near perfect.

BELKIN TUNEBASE FM (LEFT)
US $99.99
http://catalog belkin.com/ipod/iphone

GRIFFINiTRIP AUTO

WITH SMARTSCAN (BELOW)
US $69.99
http://www.griffintechnology.com/
devices/iphone

Both devices draw power
from the cigarette lighter outlet,
not from the iPod, so you can
end your road trip with a fully
charged iPod. Both come on thick,
easily adjusted, flexible stalks.

Both units do their own
searching for unused radio fre-
quencies. The iTrip’s SmartScan
technology finds the quietest
frequency and tells you exactly
where to tune. It sets up two
alternate locations in case you
want to switch, and you can
also store favorite locations.
Unfortunately, the small OLED
display is extremely reflective
and nearly impossible to read in
bright sunlight. And the three-
button interface and menus are
not intuitive.

The TuneBase doesn’t
choose a station for you. It has
two buttons for seeking up and
down the dial, just like your
car’s stereo, except that your
stereo seeks frequencies with
strong signals, while the Belkin
seeks the reverse. When

it finds one it likes, the
. frequency is dis-
played in large,
easy-to-read dig-
] its. You can then
| manually change
to that station on
the car’s radio,
~ or—and this is the
B best part—you can
use the radio’s seek function,
because the Belkin unit is now
broadcasting a strong signal on
that frequency.
—STEVEN CHERRY & TEKLA S. PERRY

Recharging
Onthe Go

Your iPhone battery is
so low on power that
a telephony coma is
imminent, and you
need to run some
errands. It’'s no problem,
though, if you have the
Mophie Juice Pack.

The pricey “pack”
is an 84-gram lithium
polymer battery,
measuring 10 by 11 by
2 centimeters, that
looks like half a carrying
case. My wife so enjoys
the added heft and the
hard-rubber texture
that she wants to keep
her phoneinit all the
time, a practical enough
idea if she remembers
to recharge the Juice
Pack every few days.
According to Mophie,
the Juice Pack extends
a first-generation
iPhone’s battery up
to 250 standby hours,
8 hours of talk time,
or 24 hours of audio
playback. For the
iPhone 3G, the stats are
said to be even better.

—S.C.

MOPHIE JUICE PACK
US $99.95
http://www.mophie.com/
products/juice-pack
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WHAT'S

WRONG

WITH

WEAPONS

ACOUISITIONS?

» ESCALATING COMPLEXITY,

A SHORTAGE OF TRAINED
WORKERS, AND CRASS
POLITICIZATION MEAN THAT
MOST PROGRAMS TO DEVELOP
NEW MILITARY SYSTEMS FAIL
TO MEET EXPECTATIONS

By Robert N. Charette
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STEALTHY AND STEEP: The US $137 million
F-22, officially fielded in 2005, has yet to fly
a mission in Irag or Afghanistan.
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THE VAST AND VARIED WORLD of advanced
military technology, the U.S. Army’s proposed
Aerial Common Sensor aircraft was neither the
Digpestnor the sexiest. Butitwasveryimportant
tothe US. Army. The Army desperately needed
the ACS to replace its Guardrails, a fleet of small, piloted
reconnaissance aircraft that first began flying in the mid-19/0s.

The Army was so keen on the ACS,
in fact, that it showcased the program to
Congress and the American public as an
example of cost-efficient and timely pro-
curement. The service was still smarting
from several high-profile failures, includ-
ing the cancellations of the Crusader how-
itzer and the Comanche helicopter. And so,
in August 2004, when the Army awarded
a US $879 million five-year contract for the
ACS to a team from Lockheed Martin and
the Brazilian aircraft company Embraer, it
had high hopes. Lockheed did too: it stood
to earn an additional $7 billion once the
plane entered production.

Almost immediately, things started
to go wrong. Barely four months after
signing the paperwork, the contractors
revealed that their aircraft, based on an
Embraer commercial jet, was rated for
only 9 gs of force, not the 16 that the Army
wanted. Fixing the problem drove up the
plane’s weight, putting it 1400 kilograms
over its safety threshold.

A panel brought in to assess the ACS
concluded that the program was “un-
executable” and estimated it would cost
at least another $900 million and two
more years to get it back on track. So the

1T
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Army canceled the program 18 months
after it formally began, paying Lockheed
$200 million for its trouble. The Army
is now faced with spending $462 million
over the next eight years to keep those
old Guardrails flying.

To summarize: a big, basic technolog-
ical problem emerged long after such an
obstacle should have been spotted and
resolved, in a program that would have
been hugely over budget and behind
schedule had it been left to run its course.
But those factors aren’t what made the ACS
unusual. The Government Accountability
Office, the U.S. Congress’s investigative
arm, recently scrutinized 72 major defense
programs and found that only 11 of them
were on time, on budget, and meeting per-
formance criteria. No, what set the ACS
apart was that it was not allowed to lin-
ger for years, racking up more costs and
delays—it was actually canceled. Less
than 5 percent of major defense programs
ever suffer that fate, the GAO says.

Problems in defense acquisitions have
existed for decades. What’s new is the eco-
nomic scale. The Pentagon now spends
about $21 million every hour to develop and
procure new defense systems. As recently

as the mid-1990s, the largest of these cost
tens of billions of dollars. Today, some, like
the Army’s Future Combat Systems, now
range in the hundreds of billions. Topping
the charts is the F-35 jet fighter, which is
expected to cost taxpayers an astounding
$1 trillion to develop, purchase, and oper-
ate. That sum is close to what the United
States spent to fight both the Korean and
Vietnam wars.

The spiraling costs are linked to sched-
ule delays that are equally troubling. In
2007, the GAO estimated that current pro-
grams in development were experiencing
an average delay of 21 months, with a few
programs nearly a decade behind sched-
ule. A 2007 GAO report to Congress noted
that because of such delays and cost over-
runs, “not only is the buying power of the
government reduced and opportunities
to make other investments lost, but the
warfighter receives less than promised.”

Behind the deterioration is a conver-
gence of factors, say analysts both inside
and outside the Defense Department. New
military systems are more technologi-
cally complex than ever before, and they
rely increasingly on unproven technolo-
gies. Defense programs are now “so mas-

]

TOTAL COST OF F-35 FIGHTER PROGRAM
WILL EQUAL THE COMBINED OUTLAYS
FOR FIGHTING THE KOREAN AND VIETNAM WARS
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Politicization of
a technical process

-
8

AT

Reliance on
unproven, exotic
technologies

sive and so fanciful we don’t know how
to get there,” says Katherine Schinasi, the
GAO’s managing director of acquisitions
and sourcing management. And engi-
neers, scientists, and technicians skilled
enough to design, build, and debug such
complex systems are scarce. The ranks
of DOD acquisitions managers have also
been thinned, even as the number of
major military programs has risen.

Too often, also, politics trumps tech-
nology and even common sense. DOD
managers and service brass aren’t the
only people who have a stake in which
military systems get developed and which
don’t: congressmen, defense contractors,
lobbyists, and economic development
officials are all aggressive players in the
weapons-acquisition process, all pushing
for their own pet projects. The result is a
proliferation of development efforts that
the Pentagon cannot fully fund and that
are nearly impossible to cancel. Politics
also leads contractors to overpromise
on what they can deliver and leads DOD
staffers to turn a blind eye when those
promises aren’t met.

The situation has become so dire that
even former top defense officials are
weighing in with uncharacteristic pessi-
mismand alarm. “The [U.S.] military has
been living in a rich man’s world,” says
Jacques Gansler, a former undersecretary
of defense for acquisition, technology, and
logistics. “Very little attention has been
paid to cost. We’re coming up against a
very serious fiscal crisis.”

WWW.SPECTRUM.IEEE.ORG

Enormous complexity
and interconnectedness
of new military systems

Why Doesn't

't Work?

SETBACKS
AND FAILURES IN

WEAPONS-ACQUISITION
PROGRAMS

This month, U.S. voters will elect a
new president. Whoever takes office in
January will need to make reforming
the weapons-acquisition process a high
priority. “The next president is going to
need to set the tone very, very quickly,”
says David M. Walker, who was head
of the GAO until March. “If we don’t
make some fairly dramatic and funda-
mental acquisition reforms soon, we
could find ourselves in a situation in the
not-too-distant future where we have a
lot of things that people wanted but not
enough of what we really need.”

RMY GEN. EDWARD HIRSCH was
/_\ a blunt-talking man who spent
many years after retirement try-
ing to improve the acquisition process.
Among other things, he was instrumen-
talin establishing the School of Program
Managers at the Defense Acquisition
University. The DAU, at Fort Belvoir,
Va., provides mandatory training for the
Defense Department’s 140 000 military
and civilian acquisitions personnel.
Shortly before he passed away last year,
at 85, Hirsch told me that he was deeply
troubled by the present state of affairs. He
felt that the process the Pentagon uses to
develop and acquire new military sys-
tems actually works against those who
try to follow it. “Put good people into
a system that is designed for failure—
it isn’t going to work,” Hirsch said.
On the surface, at least, it’s hard to
see why Hirsch felt the way he did: the
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Shortage of skilled engineers,
program managers, and
contract oversight staff
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Lowballed cost projections
that allow too many programs
to be approved

defense-acquisition process looks per-
fectly logical. Acquiring a major defense
system generally consists of nine steps,
each step having multiple criteria that
must be met before moving on to the next
step. A “major” program in the DOD
realm is any acquisitions effort whose
research, development, testing, and eval-
uation costs exceed $365 million or whose
procurement costs exceed $2.19 billion, in
FY 2000 constant dollars. There are now
roughly 95 such programs on the books.
It’s a traditional top-down approach that
should be familiar to any engineer:

First, you determine and validate
your national and military strategies and
ensure that they align;

Second, identify the missing defense
capabilities you will need to carry out
your strategies;

Third, identify alternative approaches
and their technical feasibility;

Fourth, select the best approach in
terms of technology, cost, and schedule;

Fifth, get the budget and schedule for
your approach approved;

Sixth, design and then implement the
system;

Seventh, test the system in operational
conditions;

Eighth, produce the vetted system in
the quantities needed; and

Ninth, support and upgrade the sys-
tem until its retirement from service.

Repeat each step as necessary.

The process is intentionally long and
iterative, each step aimed at reducing the
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F-22: Success, Failure, or Both?

HEN THE first of the U.S. Air
Force’s F-22 Raptors was
officially fielded in 2005,

it was without question the world’s
most advanced fighter, far surpassing
any of its competitors. It was also, in
many ways, an acquisitions failure.
This fighter jet had been conceived
inthe1980s as a counter to two hypo-
thetical Soviet aircraft that military
analysts believed likely to be fielded
by 2010. To meet the projected threat,
the F-22 was designed as a “fifth gen-
eration” aircraft having stealth tech-
nology, supercruise capability, high
maneuverability, and a state-of-the-
art avionics suite. In other words, it
was a fighter pilot’s dream machine.
At a projected and highly optimistic
cost of US $35 million per plane (or
$74 million in today's dollars), 750 of

them were to be fielded by 1995.

“The F-22 demanded a step ahead
in technology across multiple fronts
that had not been done before,” says
Ralph Heath, executive vice president
of aeronautics for Lockheed Martin,
the lead contractor on the F-22.

After the collapse of the Soviet
Union in 1991, however, the biggest
threat to the F-22 was no longer those
two as-yet-unfielded Soviet fighters
but the Air Force’s own “fourth genera-
tion” F-15 fighter. Many analysts argued
that the F-22 was no longer needed
and that upgrading the F-15 was more
than adequate. Others countered that
the F-22 was “twice as good” as the
F-15 and therefore worth pursuing.

To damp down the debate, then
Deputy Secretary of Defense William
Perry directed the Air Forcein 1993 to

ready a prototype F-22 for a “fly-off”
against the F-15. If proven sufficiently
better than its predecessor, the F-22
would go into production.
Throughout the F-22’s devel-
opment, Lockheed experienced a
number of technological problems,
particularly with the plane’s avionics,
its stealth capability, and its engine.
“We had to refresh [technology] early
in the production cycle, actually even
before we concluded development,
because of obsolescence of some of
the electronic components,” Heath
says. By the time the first F-22 went
into service in 2005, its avionics sys-
tems had undergone at least three
such refresh cycles. As development
costs rose, the number of F-22s was
repeatedly cut, to 648in1990, 442in
1994,339in1997,and 276 in 2003.

The fly-off was never held, but
the F-22 did perform well enough
in its operational tests to go into
production—10 years behind schedule.
Even so, the Pentagon further reduced
the order to 183 planes in 2006 to save
money. The cost of each F-22 (the total
cost of its development and produc-
tion divided by the number of aircraft
procured) is now over $300 million. To
help pay forits F-22s, the Air Force has
scaled back on upgrades to the F-15
and other aircraft and also cut per-
sonnel. And it continues to argue that
it needs at least 381 F-22s to meet its
mission requirements.

Others are less enamored of the
fighter. The late Edward Hirsch, a
leading proponent of reforming the
acquisitions process, considered
the aircraft a failure, because in not

SPECTRUM

risk of failure and increasing the likeli-
hood of meeting cost, schedule, and tech-
nical promises. You might expect then
that the normal outcome would be a suc-
cessful defense system. In fact, though, the
process has nearly the opposite effect.

It now takes years—more than
110 months on average—for a major mili-
tary program, once funded, to wend its
way through this process. Some pro-
grams last even longer: the Marines’
EFV amphibious vehicle is projected to
take more than 20 years before it gets
fielded. While the weapons program
makes its way slowly and methodically
through the nine steps, the defense
strategy that gave rise to it
moves on, in response to new
threats, shifting geopolitics,
and changing imperatives.

So why does the Pentagon
stick with such a slow and
flawed system? Because many
in the DOD believe that following
“hundreds and hundreds and hundreds
of regulations that say, ‘do this and not
that’ and ‘check this over five times’”
means that acquisition risk is under con-
trol, says the GAO’s Schinasi.

Moreover, the best way to protect
yourself from accusations of failure is to
simply follow the process, says Thomas
Lassman, a historian with the Pentagon-
sponsored Defense Acquisition History
Project. “Then you can’t be blamed,”
Lassman says, “because you followed
procedures correctly.”
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HE COMPLEXITY of military systems
stems increasingly from their inter-

connectedness to other systems. One
of the Pentagon’s biggest, most ambitious,
and most controversial programs is the
Future Combat Systems (FCS), a sprawl-
ing effort to digitally link battlefield vehi-
cles, sensors, and communications gear
and improve their interoperability. The
FCS consists of 14 individual systems,
including manned and robotic ground
and air vehicles, software radios, and sat-
ellites, as well as an overarching network
and operating system tying those com-
ponents together. Developing such enor-
mous “systems of systems” poses technical

and management problems that are nei-
ther well defined nor well understood. The
software alone—95 million lines of code
for the FCS, at last count—poses a daunt-
ing challenge. Nobody has yet figured out
away to develop reliable, secure software
for much smaller projects. Yet now the
DOD is contemplating systems beyond
the FCS that would require more than a
billion lines of code.

Another factor contributing to pro-
gram failure is the shortage of technically
trained people, especially systems engi-
neers. A systems engineer translates tech-

LLION

AMOUNT THE PENTAGON SPENDS PER HOUR
TO PROCURE NEW DEFENSE SYSTEMS

nical needs into an overall system archi-
tecture that creates the best operational
capability at the most affordable cost. As a
project proceeds and goals or needs shift,
systems engineers have to determine the
difficult but necessary cost, schedule, and
performance trade-offs to keep every-
thing on track. As programs get bigger
and more complex, the need for rigorous
systems engineering increases.

But the ranks of DOD systems engi-
neers have not increased. “One of the
reasons we have such problems in sys-
tems engineering today is that we don’t
have people with the training and expe-
rience,” says Paul Kaminski, a former U.S.
undersecretary of defense for
acquisition and technology who
recently headed up a National
Research Council study on the
state of systems engineering in
defense. “Gaining the needed
expertise,” he adds, “is not a
3-year proposition but a 10- to 15-year
proposition.” In canceling the contracts
for the U.S. Navy’s Littoral Combat ship
program in 2007, Pentagon officials cited
inadequate systems engineering as one of
the main causes of the huge cost overruns
that prompted the cancellations.

Systems engineers are not the only
professionals in short supply. Over the
past two decades, the DOD has out-
sourced much of its scientific and engi-
neering expertise to industry. In many
of its programs, the Pentagon now has
one private contractor for every full-time
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HIGH FLYER: The F-22 is without question the world’s
most advanced fighter. But multiple technical problems during

development delayed its deployment, drove up costs, and forced
the Pentagon to cut the number of planes it could field. The U.S. Air
Force plans to field 183 F-22s, at US $137 million per plane,
ormore than $300 million apiece when
research and testing are factored in.

meeting its cost and schedule objec-
tives, it drained off funding from other
worthwhile programs. “The warfighter
expects to have a platform capable of
supporting his mission and the mission
of the Department of Defense,” Hirsch
said in an interview shortly before his
death last year. “If that program is so
costly as to jeopardize all other plat-
forms, you can’t consider it to be an
outstanding success.”

Even Defense Secretary Robert
Gates has questioned the plane’s
necessity, pointing out that “the F-22
has not performed a single mission”
in either Irag or Afghanistan.

The F-22's troubled procurement
hasn’t stopped the Air Force from
planning for a “sixth generation” air-
craft to be built in the 2020s.

—R.N.C.

civilian employee. In some cases, the DOD
has admitted, contractors are doing jobs
that should be performed only by federal
employees, such as weapons procurement
and contract preparation. The DOD has
also outsourced the systems integration
and management of some of its most crit-
ical programs, including the FCS.

The Pentagon believes outsourc-
ing saves money, but the practice has
depleted the ranks of technical, manage-
rial, and contractual personnel who can
provide effective oversight of the depart-
ment’s defense acquisitions. As Norman
Augustine, former chairman of Lockheed
Martin, told me, “If you’re not smarter
than your suppliers, you can’t manage
them effectively.”

The situation will only get worse.
This year alone, nearly one-fourth of the
United States’ 637 000 aerospace work-
ers are eligible to retire. Both Northrop
Grumman and Lockheed Martin, two
of the biggest U.S. defense contractors,
report that well over half of their workers
will reach retirement age within the next
five to 10 years. The same is true of DOD
federal employees. Younger workers are
not rushing in to replace them. Many stu-

£ Definition

Next-war-itis 72: The creation of com-
plex and expensive machinery for possible
future conflicts while ignoring the present
need for affordable weapons.
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1980s: F-22 conceived as
a counter to two hypotheti-
cal Soviet fighters. Lockheed
Martin wins contract for 750
F-22s, at $35 million per plane.

1990: Pentagon cuts order
0 648 F-22s, citing rising
development costs.

-
1991: Collapse of the
Soviet Union.

1994: F-22 order cut
again, to 442 planes.

1997: Order cut to 339.

dents who pursue scientific and technical
disciplines don’t want careers in defense-
related work. The implications for the
DOD are grim.

HOUGH PERSONNEL skilledinthearts
of managingacquisition programsare

onthe wane, the programs themselves
are on the rise, along with the Pentagon’s
budget. The FY 2009 defense budget of
$488billion is the largest in real terms since
World War II and 6 percent higher than
this year’s budget. Meanwhile, the total
projected development costs for the 95 or
so major weapons systems currently in the
pipeline have more than doubled in the last
seven years, from $790 billion in 2000 to
$1.6 trillion in 2007.

There are no quick or easy solutions to
labor shortages and escalating costs, but
the standard response in the private sec-
tor is to lean more heavily on automation
and information technologies. But the
DOD seems not to have benefited from
technological advances that would make
development less expensive. “One might
have thought that more efficient produc-
tion methods, including computer-aided
design and manufacturing, microminia-
turization of components, and the employ-
ment of greater computing power, all
would have reduced costs or at least held
them level,” former DOD comptroller Dov
Zakheim told a Washington, D.C., audi-
ence in January 2005. The fact that they
haven’t, he said, is “not easy to fathom.”

Ironically, the solution supported by
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2003: Order cut to
276 planes.

2004: Operational
testing completed.

2005: First F-22 officially
fielded, 10 years late.

2006: Pentagon announces
it will purchase only 183 F-22s.|

2008: U.S. Defense
Secretary Robert Gates tells
Congress “the F-22 has not

performed a single mission”
in Irag or Afghanistan.

the DOD and military service chiefs, as
well as some members of Congress, is
not to make acquisitions more efficient
but to spend even more money. They
advocate setting aside an amount equal
to at least 4 percent of the annual U.S.
gross domestic product for defense. At
the current GDP of about $16 trillion,
that would mean an annual defense bud-
get of $640 billion.

Would even that much be enough?
The wars in Iraq and Afghanistan have
revealed that U.S. military strategy still
focuses on winning conventional force-
on-force wars and that it lacks the sys-
tems to fight asymmetrical or irregular
wars against, for example, insurgents and
militias. Secretary of Defense Robert Gates
has criticized his own agency for what he
calls “next-war-itis.” The military services
and defense contractors, he says, are too
focused on creating complex and expen-
sive machinery for possible conflicts far
into the future and not sufficiently atten-
tive to providing affordable weapons that
the military can use right now.

So, given the fast-changing military
imperatives of these times, what consti-
tutes a successful acquisition program?
There is no straightforward answer to
that question, partly because in the realm
of military acquisitions, there is no uni-
versally agreed upon definition of a “suc-
cessful” program. Jacques Gansler, now a
professor of public policy at the University
of Maryland, has a definition that seems
as good as any other: one that “satisfies
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STICKER SHOCK: After major cost overruns on the Littoral Combat ship [left], the U.S. Navy suspended the entire program in 2007. The contractors,

Lockheed Martin and General Dynamics, built only one prototype each. A prototype of the Non-Line-of-Sight Cannon [right], just one piece of the U.S. Army’s
vast Future Combat Systems program, fired its first artillery projectile in September, but the GAO says that a costly rework of the cannon may be needed.

a military need for an intended cost and
intended schedule.”

By that definition, most major defense
programs would be failures. The fact that
only 5 percent ever do get canceled means
that the defense community doesn’t hold
itself to a high standard.

“The definition of success in DOD is
to start a program,” the GAO’s Schinasi
says. “That turns on the program’s fund-
ing. [Success] has nothing to do with the
eventual fielding” of a system.

Ronald Fox, professor emeritus at
Harvard Business School, adds that after
a program gets funded, the definition of
success changes again. “A successful pro-

says Fox, who has studied defense acqui-

For one thing, cancellation means lost

jobs—and votes. Loren Thompson, a

defense analyst at the Lexington Institute,
puts it this way: “Most of the time what [the

acquisition process] is trying to achieve is

only partially ‘equipping a soldier in the

field.” It is also concerned with getting a

congressperson reelected, advancing the

career of a bureaucrat, and making cer-
tain that the defense-industrial base is

sustained during periods of low demand.”
Politicians, urged on by lobbyists and

defense contractors, routinely support

programs that should have been killed or

should never have been funded, he says.

acy extends to the wildly optimis-

gram is one that hasn’t been canceled,” ‘ HAT SORT OF COLLECTIVE conspir-

sitions for over 40 years.

Defined that way, “success” can look an
awfullot like what many people would call
failure. Seven years ago, the U.S. Air Force
awarded a $3.9 billion contract to Boeing to
outfit its C-130 cargo aircraft with digital
cockpits, which are equipped with mon-
itor screens rather than analog gauges.
But Boeing grossly underestimated how
much engineering work it would require
to modify the C-130’s many different con-
figurations. By last year, the program had
gone so far over budget that it triggered
a congressionally mandated review. The
Air Force’s response was not to cancel the
program but rather to cut the number of
planes getting the upgrade from 519 to 222,
thereby “saving” a projected $560 million.
Nevertheless, the total program still came
in $1.4 billion over budget.

Why not just cancel such a program?

32 INT - IEEE SPECTRUM - NOVEMBER 2008

tic promises that contractors make
to win funding. Such optimism usually
takes the form of “understating the cost
[ofa program] and overstating the technical
requirements,” says Fox. For example, com-
pany A claims it can produce its widgets
for $1apiece and that they will accomplish
X, Y, and Z; it will win out over company B,
which pitches its widgets at a more realistic
$5 and says they will do only X.

The contractors are not solely to blame
for this shell game. “Before you know
whether the system will work, you have to
define the price of all the units you expect
to buy,” notes Ron Kadish, former direc-
tor of the DOD’s Missile Defense Agency
and now a vice president at consulting
firm Booz Allen Hamilton. The cost esti-
mate is always going to be wrong, he says,
but everyone, including the DOD and mil-
itary service procurement officials and

Congress, pretends that it is correct. This
intellectual dishonesty leads to expecta-
tions that can never be met.

“The bureaucratic incentives at work
in the acquisition system militate fairly
strongly against honesty,” says the
Lexington Institute’s Thompson. “Until
a weapon system is put into operational
test and then must perform, there are
lots of rewards for understating costs, for
understating technical challenges, and for
exaggerating the speed at which costs and
technical problems can be overcome.”

To be fair, part of that exaggeration
stems from the real engineering problem
of designing a system that has to meet
some theoretical threat 5or 10 or 15 years
from now. If you had to design a car of the
future, what technology would you put in
it? Would it rely on just what’s available
today, or would it need to accommodate a
power source or steering mechanism that
doesn’t yet exist? Even when you settle on
adesign, innovations will inevitably arise
during the many years that your system
is in development.

Dependence on unproven technology
is anathema in the commercial world, but
it’s common in defense programs. The
design for the Army’s Crusader howitzer,
for instance, relied on 16 “critical” tech-
nologies, including advanced armaments,
ammunition handling, and mobility. But
only six of those technologies had ever
been demonstrated outside the labora-
tory when the Crusader entered develop-
ment in 1994. Subsequent problems with
those untested technologies contributed
to the doubling of the program’s develop-
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ment cost—and ultimately to its cancella-
tion in 2002.

In their landmark 1962 book, The
Weapons Acquisition Process: An Economic
Analysis, Harvard professors Merton
Peck and Frederic Scherer noted that the
fundamental objective of acquiring any
military system is that it either create a
qualitative superiority over an enemy’s
weapon system or neutralize the ene-
my’s superiority—not only today but into
the future. Thus the eternal push for bet-
ter fighting technology, from sharpened
stones to GPS-guided bombs.

Each technological advance a coun-
try achieves should not only enhance its
own military position but should also
degrade the enemy’s. For example, mak-
ing abomber stealthy enables it to be more
destructive to the enemy’s key installa-
tions. This situation is quite
different from the commercial
world. Buying an iPhone may
rock your world, but it won’t
have any ill effects (except maybe
envy) on your friend who owns a
Motorola Razr.

This mind-set tacitly encour-
ages the DOD to demand, and contractors
to propose, ever more sophisticated tech-
nology. As one former senior military
program manager put it, “to sell a pro-
gram today, you need to claim that it is
‘transformational’ in some way.”

But that quest for the “transforma-
tional” is now colliding with the hard
reality that many of the fundamental
technologies in today’s weapons systems
are already very advanced. The engines,
avionics, and flight controls in military
aircraft, for instance, are all close to the
limits of what is possible. Even incremen-
tal advances come at enormous cost.

And so the infatuation with imma-
ture and exotic technologies, with their
high costs and risks. James Finley, dep-
uty undersecretary of defense for acqui-
sition and technology, admits that in
many programs “technology is being
pushed too fast, too soon.”

The widespread inability to meet
promises creates a vicious circle: low-
balled cost projections allow too many
programs to be approved; as the projec-
tions for each program repeatedly get
revised upward, the defense budget bal-
loons; eventually, cuts have to be made,
resulting in what military critic Chuck
Spinney has termed the “defense death
spiral.” In congressional testimony in
2002, Spinney described the spiral as

“shrinking combat forces, decreasing
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rates of modernization, aging weap-
ons inventories, with the rising cost of
operations creating continual pressure
to reduce readiness.”

VER THE LAST six decades
Q a dozen or so blue-ribbon panels
and at least a hundred initiatives
have called for detailed, concrete reforms
in defense acquisitions. So there isn’t much
doubt that something is fundamentally
wrong. What is most disheartening is that
everyone knows it and nobody—not DOD
management, not the military services, not
Congress—has done much about it. “The
problem in Washington isn’t what we don’t
know but what we don’t want to know,”
says defense analyst Thompson.
The most recent of these reform
efforts was the 2005 Defense Acquisition

DERC

Performance Assessment, led by Ron
Kadish. The panel came up with 35 rec-
ommendations in all, some repeating ear-
lier committees’ findings, some new to that
report. Among the people I interviewed
who had read the Kadish report, nearly
everyone said that three of the recommen-
dations in particular would have an imme-
diate impact on the acquisitions process,
without having to change existing regula-
tion or win congressional approval.

The first of these involves trying to
break the defense death spiral by return-
ing to a “block program” approach, in
which systems would be built incremen-
tally in capability, instead of trying to
satisfy every mission requirement in the
first increment. The second recommen-
dation is that programs be “time certain,”
meaning that most programs would have
to deliver some useful operational capa-
bility within five years. That require-
ment would force contractors to use only
technologies that are essentially mature,
rather than ones that would need to be
invented on a schedule.

The third recommendation is to fund
only those programs that have an 80:20
cost confidence level, meaning the pro-
gram has an 80 percent chance of meet-
ing its estimated cost target. Traditionally,
the DOD has aimed for a 50:50 confidence
level, and some programs don’t even reach
that cutoff. The Army’s FCS program,
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for instance, was approved in 2003 with
“somewhere down around [a] 28 percent
chance of success,” according to then
Army chief of staff Peter J. Schoomaker.

If the DOD were to implement all
three recommendations—funding only
those programs that it deemed to have an
80 percent chance of succeeding, could
deliver operational capability in five
years, and could be developed incremen-
tally—it would effectively cut the num-
ber of new programs by up to 25 percent.
Unfortunately, the Pentagon and the mil-
itary services have shown no great will-
ingness to scale back, even though it
would likely mean getting systems out
into the field more quickly.

Still, the DOD’s Finley insists that the
department is at least attempting to imple-
ment all of the Kadish panel’s recommen-

dations. But will they in fact
fix a broken system? Finley is
quite optimistic, but even he
admits, “I can’t predict the will
for change.”

Indeed, if there’s one sen-
timent that has been repeated
more often than any other in the
past 60 years of failed attempts at acquisi-
tion reform, it is the need for “the will to
change.” That quality always seems to be
in short supply.

In this election season, neither of the
two presidential candidates has had much
to say about reforming defense acquisi-
tions. That’s disappointing but not sur-
prising. No politician wants to be accused
of not supporting the troops. Any sugges-
tion that defense spending be reined in has
become, like Social Security, a political
third rail. Most defense experts are skep-
tical that the Pentagon or Congress or the
White House will fundamentally alter the
current way of doing business. There is too
much money and too many jobs at stake.

But reform will have to come. Each day
that the acquisition process continues to
operate ineffectively and inefficiently is
another day that the troops are not get-
ting what they need, the country is less
secure, and much-needed programs, both
civilian and military, don’t get funded.

The next administration will need to
choose wisely, and soon. Q

TO PROBE FURTHER An extended dis-
cussion of this topic—including a look at
successful procurement efforts, defense-
acquisition problems in other countries,
and some words of advice for the next U.S.
president—is available online at http://
spectrum.ieee.org/novo8/acquire.
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PROOFING

THE DEFIBRILLATOR

T ITS BEST, the human heart is a supple machine. When the

hydraulics work as they should, an electric current rhythmi-

cally moves blood through the heart’s four chambers. Electric

impulses travel along specialized fibers and then dart from

cell to cell, causing the muscle fibers to contract and relax
as regularly as a second hand ticking around a clock face. When
they contract, the muscle fibers create high-pressure regions
that push open the heart’s valves. Blood pours out of one
chamber into another, and just ahead of the blood travels
the current, methodically exciting the right fibers and
cells in sequence.

But when things go wrong, that current can incite
incredible chaos. If a heart is stricken by ventricular
fibrillation—a common type of cardiac arrest—then
its once-orderly conduction devolves into a scattering
of impulses. These impulses travel through the heart
as little wavelets, causing unsynchronized tightening
and releasing of the muscle fibers in the ventricles, the
two lower chambers of the heart. Without synchroniza-
tion, blood flow ceases; starved of oxygen, other organs
rapidly begin to fail. Within 10 minutes, the victim will
almost certainly die.

About one-fourth of all deaths in the developed world can be
attributed to cardiac arrest—an astounding figure, and one that now
has a chance to drop, in no small part because of the automated external
defibrillator. AEDs are designed to shock a heart that’s in ventricular
fibrillation back into a healthy rhythm. The device is now so easy to use
that even an untrained bystander can administer this time-critical and
highly effective medical procedure. AEDs, which fit into a case the size

How a device
that shocks a failing
heart back to life
became one of the
greatest engineering
success stories

in Medicine

By Mark W. Kroll,
Karl Kroll &
Byron Gilman

JASON LEE

o
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SIMPLY SAVED: The automated external defibrillator, which shocks hearts out of cardiac
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passing minute, which doesn’t bode
well for your coworker. You remem-
ber seeing an AED hanging on a wall
nearby, and you dash off to retrieve
it. Defibrillator in hand, you struggle
to keep cool as you try to recall how
this strange device works. You’re
under immense time pressure in an
unfamiliar situation where every sec-
ond counts.

Luckily for your colleague, the
rest of your actions couldn’t be more
straightforward. From the moment
you open the AED’s brightly colored
box, audio instructions prompt you
with simple commands. First, they tell
you to place two adhesive electrode
pads on your coworker’s bare chest,
following the diagrams on the pad
wrappers. The defibrilla