
T
he nation’s 100-year preeminence in avi-
ation is in serious jeopardy. So, too, are
the medium- and long-term health and
safety of the U.S. air transportation sys-
tem. The peril stems from a lack of national
consensus about the federal government’s
role in civilian aviation generally and

about the National Aeronautics and Space Administration’s
(NASA’s) role in aviation technology development in par-
ticular. Aeronautics—the first “A” in NASA—is now vastly
overshadowed in resources, managerial attention, and polit-
ical support by the agency’s principal mission of space
exploration and discovery. Indeed, most people have no
idea that NASA is the leading, and essentially the only,
agency that is organizationally and technically capable of sup-
porting the nation’s leadership in air transportation, air
safety, and aircraft manufacturing.

The aeronautics community supports an expansive pub-
lic R&D program, with NASA playing a lead role. But dur-

ing the past seven or eight years, successive administrations
and Congresses have reduced NASA’s aeronautics budget with-
out articulating how the program should be scaled back. In
these circumstances, NASA has tried to maintain a sprawl-
ing program by spreading diminishing resources across
existing research establishments and many objectives and
projects—too many to ensure their effectiveness and the appli-
cation of their results.

With its plans to return humans to the Moon and even-
tually send them to Mars, the Bush administration has
added to the problem by further reducing the aeronautics
budget. The budget request for fiscal year (FY) 2006 and suc-
ceeding years anticipates a 50% reduction in NASA’s aero-
nautics R&D spending and personnel by 2010. The cur-
rent NASA management understands that such resources will
not support an expansive program and proposes to refocus
efforts on fundamental research, avoiding costly demonstra-
tion projects. That may appear to be a reasonable strategy
given the current outlook for funding, but it risks losing the
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Glide Path to 
Irrelevance

Federal Funding for Aeronautics
Aeronautics within NASA is too important to neglect in favor of space.

But that is just what the federal government is doing.
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support of industry stakeholders and other intended users
of NASA-developed technologies. They operate in a risk-averse
environment and often depend on outside suppliers to
deliver well-proven technologies. This is especially the case
in public goods research, such as safe, efficient air-traffic man-
agement and environmentally benign aviation operations,
in which the argument for NASA involvement is strongest.
Thus, with either its previous peanut-butter-spreading
approach or its current fundamental research focus, we
believe that the agency is on a glide path progressively lead-
ing to the irrelevance of the first A in NASA.

T
he administration’s 2006 budget proposal
exposed the lack of agreement between the
government and the aeronautics community
about the federal government’s role in aeronau-
tics. NASA’s former associate administrator,

Victor Lebacqz, acknowledged as much in defending the pres-
ident’s budget request before the House Science Commit-
tee. He said that there currently are two contending points
of view. One point of view, reflected in a host of remark-
ably consistent blue-ribbon commissions and national panel
reports, is that the aviation sector is critically important to
national welfare and merits government support to ensure
future economic growth and national competitiveness. This
view implies an expansive public and private R&D pro-
gram. The other view, reflected in the administration’s
budget submission, is that the aviation industry is approach-
ing maturity, with aviation becoming something of a com-
modity, and that the government can therefore retrench
and leave technology development to the private sector.
Lebacqz neglected to mention what in our view is the most
compelling case for reinvigorating national investment in
aerospace technologies: clear public-good objectives—
mobility, safety, and environmental protection—served by
NASA’s R&D involvement.

At any rate, the proposed retrenchment had a galvaniz-
ing effect. Congress rejected the proposed cut and restored
NASA’s Aeronautics Research Mission Directorate (ARMD)
budget. At the same time, Congress passed the NASA Autho-
rization Act, which called on the administration to prepare
a policy statement on aeronautics as a basis for further dis-
cussion with Congress. A new NASA administrator and
associate administrator withdrew proposed plans to scale
back support for aeronautics and set to work on a new plan
for ARMD.

These were encouraging signs that a potentially fatal
retrenchment could be avoided. But in his FY 2007 budget
proposals for NASA, the president proposed a further 18%
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Carolyn Russo

Artist’s statement:

“Defining a curve on the human face or abstracting elements on
aircraft and spacecraft technology—it’s the same to me. It all
comes down to revealing the simple beauty in all that is seen.

I have walked by the aircraft in the Smithsonian’s collection thou-
sands of times and have seen them just as most people do—flying
structures made of metal and rivets.The magic happens when you
sit alone with them—as I have done during my photography 
sessions at night. It’s as if the aircraft come to life and their per-
sonal features surface. I strive to capture the art within them that
may otherwise pass away unnoticed.“

The iconic aircraft and spacecraft in the Smithsonian’s collec-
tions embody a century of historical and technological mile-
stones, from breaking the sound barrier to landing on the
moon. However, a new photography exhibition from the
Smithsonian shifts the focus from the achievements of flight 
to the aesthetic attributes of these flying machines. In Plane
View: Abstractions of Flight will feature 55 color photographs
taken by Carolyn Russo that redirect our attention to the sim-
ple beauty of aircraft design.Visit www.sites.si.edu for exhibi-
tion tour information. A companion publication will be avail-
able from powerHouse Books in 2007.

Carolyn Russo is a staff photographer at the National Air and
Space Museum. She received her BFA in photography at the
Massachusetts College of Art and has exhibited her work in
solo and group shows nationally. In 1997, she was the regional
chairperson for the Women’s Committee of the National Press
Photographers Association and resides in Washington, D.C.



cut in aeronautics, to $724 million. This is in comparison
to the $16.8 billion total NASA request, mostly targeted on
space. If enacted, the resulting aeronautics budget in real
terms would be less than one-half what it was in 1994.

Thus, it is long past time for a sustained high-profile
national dialogue about the public value of national invest-
ments in aeronautics, distinct from space, and the very
real continuing threat to NASA’s unique role and capabil-
ities in aeronautics.

W
orld leadership in air transportation
and aircraft manufacturing is widely
viewed as a cornerstone of U.S. eco-
nomic welfare and national security.
Department of Transportation statis-

tics are revealing. U.S. residents already have the highest
per capita level of air travel in the world, and use is rising
steadily. Domestic commercial flights, the backbone of the
U.S. travel industry, carried 660 million passengers in 2005.
The Federal Aviation Administration predicts one billion pas-
sengers by 2015. General aviation already flies 150 million
more passengers than do commercial flights. Air cargo has
grown 7% annually since 1980, by far the fastest-growing
mode of freight transportation during the past two decades.
It now accounts for more than one-quarter of the overall
value of U.S. international merchandise trade, steadily gain-
ing ground on the maritime sector, which has a two-fifths
share. JFK International Airport alone handled $125 billion
worth of international air cargo in 2004; this total ranks ahead
of the value of cargo through the Port of Los Angeles, the
nation’s leading maritime port.

Aviation’s national economic impact does not stop with
the air transport system. Aerospace exports in 2005 made
up nearly 30% of all U.S. exports in the category that the
Department of Commerce labels “advanced technology
products.” Census Bureau trade figures indicate that aero-
space, mainly airplanes and parts, delivered a surplus to
the United States of nearly $37 billion in 2005, which sig-
nificantly defrayed an $82 billion deficit in all other advanced
technology categories. Indeed, for years aerospace has reg-
ularly logged the widest positive trade margin among U.S.
manufacturing industries.

As for aeronautics’ military significance, the Department
of Defense’s (DOD’s) guiding doctrine relies significantly
on air superiority and aircraft rapid strike and force-deploy-
ment capabilities. Moreover, a variety of aeronautics tech-
nologies, such as stealth and unpiloted remote-sensing air-
craft and airborne command and control systems, have
transformed military operations not only in the air but on

the ground and at sea. The centrality is reflected in procure-
ment strategy: A 2005 RAND analysis found that the DOD
spends on the order of a third of its procurement budget
on aerospace, including about $40 billion every year to buy
aircraft and other air systems.

Nonetheless, recent signs that the nation’s preeminence
in aviation may be imperiled have occasioned deep concern.
At least 12 studies of U.S. activity in aeronautics published
during the past half decade by the National Academies and
various industry and government bodies have called atten-
tion to the vulnerability of the United States’ traditional
leading position. In its final report, the Commission on the
Future of the United States Aerospace Industry, widely
known as the Walker Commission, stated that “the critical
underpinnings of this nation’s aerospace industry are show-
ing signs of faltering” and warned bluntly, “We stand dan-
gerously close to squandering the advantage bequeathed to
us by prior generations of aerospace leaders.” In 2005, the
National Aerospace Institute, in a report commissioned by
Congress, declared the center of technical and market lead-
ership to be “shifting outside the United States” to Europe,
with a loss of high-paying jobs and intellectual capital to the
detriment of the United States’ economic well-being.

The clear message is that the United States must overcome
a series of major challenges—to the capacity, safety, and
security of the nation’s air transportation system, to the
nation’s ability to compete in international markets, and to
the need to reduce noise and emissions—if the nation’s
viability in this sector, let alone international leadership, is
to be ensured.

N
ational needs fall into four broad areas. The
first three involve classic public or quasi-
public goods in which there is little dis-
agreement that the federal government
should play a central role. These categories

are air traffic control, emissions and noise reduction, and
air safety and security. In practice, the central federal role
falls to NASA. No other organization remotely has the capa-
bilities. Were it not for NASA, little R&D would be per-
formed, key supporting infrastructure would not exist, and
new technologies would not be developed because the ben-
efits appropriable by private enterprise are too limited or
too widely diffused to attract investment. The fourth cate-
gory centers on commercial competitiveness. Here, there is
much more policy debate about the role of the federal aero-
nautics enterprise. And the ideological tone of this debate
carries over to, and dwarfs and distorts, discussion of the
other three areas.
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The following discussion highlights the four categories
and the related policy debates.

Modernizing a strained air transportation system. Air
transportation in the United States has, in a sense, fallen vic-
tim to its own popularity. The system is severely strained because
of capacity limits, delaying tens of millions of passengers and
many billions of dollars in cargo. In the face of growing demand,
passenger airlines’ on-time records have been deteriorating.
Only slightly more than three-quarters of all flights on
major U.S. carriers in 2005 arrived within 15 minutes of being
on time. To improve on-time performance records, airlines
have extended scheduled flight times. Over short-haul routes
(less than 500 miles), air travel is essentially no longer faster
than earthbound alternatives: door-to-door travel times
amount to between 35 and 80 miles per hour. The Walker
Commission calculated that barring transportation system
improvements, the delays will cost the U.S. economy $170
billion between 2002 and 2012, with annual costs exceed-
ing $30 billion by 2015.

Yet demand represents only one side of the equation.
The air-traffic management system, although generally
judged to be safe, reliable, and generally capable of handling
today’s traffic flow, largely relies on 1960s technology and
operational concepts and resists innovation. The system’s lim-
itations, along with other factors such as airport runway capac-
ity, place severe constraints on future expansion. The skies
and landing patterns will become even more cluttered as hun-
dreds of air taxis join the fleets annually during the next decade,
thanks to the introduction of relatively inexpensive so-
called microjets. In a 2003 report, a National Academies’ com-
mittee was emphatic: “Business as usual, in the form of
continued, evolutionary improvements to existing tech-
nologies, aircraft, air traffic control systems, and opera-
tional concepts, is unlikely to meet the challenge of greatly
increased demand over the next 25 to 50 years.”

Significant technical hurdles remain:
• The need to accommodate an increased variety of vehi-

cles and venues. Such aircraft include air taxis, unpiloted air-
craft, aircraft that use tilt-rotor propulsion systems to achieve
nearly vertical takeoff and landing,“lighter-than-air” aircraft,
and other aircraft that do not need runways.

• Heightened security and reliability of voice, data, and
video connections to in-flight aircraft.

• Increased use of automation and satellites in handling
traffic flow.

• Use of synthetic vision, cockpit display of traffic infor-
mation, and controller displays to improve awareness of
aircraft separation.

• Systems engineering and real-time information man-
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agement and communication for moving from local traf-
fic control to regional and nationwide traffic flow control
and optimization.

• Prediction and direct sensing of the magnitude, dura-
tion, and location of wake vortices.

• Safety buffers against monitoring failures and late
detection of potential conflicts.

Curtailing environmental degradation. Efforts during
the past half century, primarily supported by the federal gov-
ernment, have paid off in significant reductions of both
the noise and emissions emanating from turbine engines.
But the growth of air traffic over the period has more than
offset technological progress. In fact, objections to aircraft
noise and emissions have been the primary barriers to build-
ing new airports or adding new runways at existing air-
ports. These two steps are key to relieving pressure on the
nation’s overburdened air transportation system, simulta-
neously increasing system capacity and travel speeds.

Technical needs here include:
• Low-emission combustors to reduce emissions of nitro-

gen oxide and particulate matter
• Alternative energy sources
• Structures and materials to reduce drag and improve

aerodynamics
• Understanding aviation’s effect on climate and the need

to balance nitrogen oxide and carbon dioxide emissions
• Improved dispersion models, which look at how pollu-

tants disperse in, react with, and interact with the atmosphere
• Standardized methods for measuring particulate

emissions
• Improved engine and airframe noise-reduction

technologies
• Reducing sonic boom to enable a new generation of com-

mercial supersonic transports
Enhancing safety and security. The air transportation sys-

tem has an excellent safety record. From 2002 to mid-May
2006, U.S. commercial aviation, both passenger and cargo,
saw a total of 59 fatalities resulting from eight events, yet car-
ried well more than 2 billion domestic passengers on more

than 40 million flights. However, as forecast demand accel-
erates during the next 25 to 50 years, there is little assurance
that historical trends will continue. Indeed, National Trans-
portation and Safety Board Chairman Mark Rosenker
released a report in late 2005 suggesting that near-misses
between passenger jets at the nation’s most congested air-
ports occur “with alarming frequency.” At least 326 “run-
way incursions,” close calls that could have led to accidents,
occurred at U.S. airports in 2004. Rosenker put much of the
blame on the technologies currently in use. Moreover, the
9/11 terrorist attacks did more than show the vulnerabili-
ties of the air transportation system; they focused attention
on new homeland security requirements that call for sys-
tem capabilities not previously anticipated.

Looking forward, the roadmap of safety-related tech-
nology needs involves:

• Fault-detection and control technologies to enhance air-
craft airworthiness and resiliency against loss of control in
flight

• Prediction, detection, and testing of propulsion sys-
tem malfunctions

• Technologies to reduce fatalities from in-flight fires,
post-crash fires, and fuel tank explosions, including self-extin-
guishing fuels

• On-board weather and hazard identification
• Systems using synthetic vision and digital terrain recog-

nition to allow all-weather visibility
• Technologies to reduce weather-related accidents and

turbulence-related injuries
• Understanding human error in maintenance and air-

traffic control
• Blast-resistant structures and luggage containers
• More sensitive, accurate, and faster technology for pas-

senger screening
• Intelligent autopilots able to respond to anomalous

flight commands
• Reduced vulnerability of Global Positioning System

guidance
Increasing the performance and competitiveness of
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TO COMPETE IN INTERNATIONAL MARKETS; AND TO THE NEED
TO REDUCE NOISE AND EMISSIONS.



commercial aircraft. Several recent reports share the view
that European competition, which already has eroded U.S.
dominance of commercial large jet sales, threatens one of
the nation’s few standouts among value-added exports.
The U.S. share of this global market plummeted from 71.l%
in 1999 to about 50% today, with the U.S. company Boe-
ing and the European company Airbus now trading the
market leader spot from year to year. In 2005, Airbus took
orders for more aircraft (1,055) than Boeing (1,002), though
Boeing’s aircraft were higher in total value. One positive note
is that Boeing’s new 787 Dreamliner appears to be compet-
ing well against the Airbus 350. U.S. companies that man-
ufacture military airframes continue to dominate world-
wide, in large part because of the sheer size of the Pentagon’s
procurement budgets. But these companies rely increasingly
on foreign suppliers, particularly those in countries targeted
for sales, squeezing the second and lower tiers of the U.S.
defense industrial base.

Two indicators of industry health are employment and R&D.
Trends in both areas are worrisome. In February 2004, total
U.S. aerospace employment hit a 50-year low of 568,700
workers, the majority in commercial aircraft, engines, and
parts. This level was more than 57% below the peak of 1.3
million workers in 1989. By the end of 2005, employment
had nudged back up to 626,000 workers. Meanwhile, the
aerospace share of R&D investments dropped from about 19%
of the total in 1990 to only 5% in 2002. The comparable fig-
ure in Europe was 7%. Although the United States can obtain
advanced aircraft and air-traffic management systems from
foreign suppliers if U.S. manufacturers fail to remain com-
petitive, the implications of such dependency are troubling
well beyond the clear national security concerns and beyond
the aeronautics industry itself. These sectors have the high-
est economic and jobs multipliers because they draw on a
wider variety of other high-value sectors—computers, elec-
tronics, advanced materials, precision equipment, and so
on—than nearly any other industry.

In terms of providing public goods, the technical issues
in this category relate primarily to improving aircraft effi-
ciency and performance. Technological advances may help
increase high-technology employment and reduce imports.
Other potential positive public externalities include trans-
portation time savings, increased system capacity, reduced
energy dependence, reduced environmental impact, and
reduced public infrastructure needs. Related technical chal-
lenges include:

• Improved propulsion systems, both the evolution of high-
bypass turbofan engines burning liquid hydrocarbon fuels
and the development of engines using hydrogen as fuel
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• New airframe concepts for subsonic transports, super-
sonic aircraft, runway-independent vehicles, personal air
vehicles, and uninhabited air vehicles

• Composite airframe structures combining reduced
weight, high-damage tolerance, high stiffness, low density,
and resistance to lightning strikes

• High-temperature engine materials and advanced tur-
bomachinery

• Enhanced airborne avionic systems
• The application of nanotechnology for advanced avion-

ics and high-performance materials
• Passive and active control of laminar and turbulent

flow on aircraft wings

A
dvances in each of these areas would be wel-
come. But given the severity of budget con-
straints, advancing every area is probably not
possible. So where to set priorities? We urge
focus on cross-cutting enabling technologies

and on maintaining and upgrading NASA’s unique national
testbed faculties. Some technologies under development
will have application primarily in one of the four major
categories described above. Other technologies, crucial in
more than one area, play enabling roles across the board.
The interrelation is such that improvement or lack of it in
each technology can affect improvements in one or more
of the others. The following general technical capabilities
or enabling technologies are particularly central:

Modeling and simulation. A 2003 National Research
Council report provides a detailed set of recommendations
that would provide “the long-term systems modeling capa-
bility needed to design and analyze evolutionary and revo-
lutionary operational concepts and other changes to the air
transportation system.” Modeling and computer simulation
are also significant factors in lowering manufacturing costs,
which could help make commercial supersonic aircraft eco-
nomically successful. Taking a broader view, modeling and
simulation, among other information technology applications,
will contribute not only to automating and integrating the
air transportation system but also to reducing aviation tran-
sit time, fatal accident rates, noise and emissions, and the time-
to-market product cycle times for new technologies.

Human factors. In aviation safety, human factors are
critical and need more support. Air traffic controllers are
central to the efficiency and safety of the airspace, espe-
cially during periods of inclement weather and poor visi-
bility. Unfortunately, the stereotypical controller, harried
and perhaps burned out, has a significant basis in aeromed-
ical research reality. In addition, pilot errors, often related

to fatigue, regularly lead to fatal crashes, including an Amer-
ican Connection commercial flight in late 2004 that left 13
dead. Such errors are particularly problematic in general avi-
ation, leading to, for example, the accidents that killed U.S.
Senator Paul Wellstone and John F. Kennedy Jr.

With the expected increased automation in both individ-
ual aircraft and the total air transportation system, signif-
icantly better human interfaces and decision-aid technolo-
gies will be required to deal with the decisionmaking
complexities and data overloads such systems will generate.
The Walker Commission, concurring that human factors
research could help “enhance performance and situational
awareness . . . in and out of the cockpit,” predicted it would
be a “primary contributor” to tripling the capacity of the U.S.
air transportation system by 2025. In addition, research on
the impact on people (and structures) of the sonic boom
pressure waves created by supersonic flight is needed to
inform both vehicle design and safety regulations.

Distributed aeronautics communications networks. In
the final analysis, the most complex problem of all may
well be the integration of national and worldwide air, space,
and ground communication networks. A highly automated,
high-throughput, secure, and accident-free national air-
space system will be extraordinarily information-dense and
highly geographically (and spatially) distributed and will meet
decisionmaker needs for essentially real-time data analysis
and presentation with worldwide on-demand availability.
Technologies currently in use have only just dented the
needs. To help in moving ahead, the National Academies’
Committee for the Review of NASA’s Revolutionize Avia-
tion Program recommended exploring “revolutionary con-
cepts”related to distributed air-ground airspace systems, includ-
ing the distribution of decisionmaking between the cockpit
and ground systems and reorganization of how aircraft are
routed, with significant implications for airspace usage and
airport capacity.

Even if NASA aeronautics program expenditures were
stabilized and focused along these lines, managers of ARMD
will continue to face severe constraints. The first limitation
is high fixed personnel costs. Total expenditures (salaries
and fringe benefits) for aeronautics workers, including large
contingents of civil service personnel as well as contractors,
were slightly more than $400 million in fiscal 2006. This
total is in the neighborhood of 45% of the aeronautics
budget, even after assuming that NASA-projected workforce
reductions occur.Yet even that assumption is in jeopardy, because
the latest congressional authorization of NASA’s budget
restricted the agency’s ability to reduce its workforce.

The second limitation is that certain fixed administrative
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costs incurred by the agency arise from its responsibilities
as defined in the Space Act, obligating NASA to maintain cer-
tain critical national facilities (wind tunnels and the like) and
aeronautics core competencies. Overhead such as general
administrative costs (G&A) are normally determined for
each center and applied as a percentage of labor cost involved
in the program at that center. G&A costs in the proposed 2007
budget total more than $250 million alone at the four major
aeronautics-related NASA labs: Ames, Glenn, Langley, and
Dryden. G&A costs at the labs are high because of the obli-
gation to support their aging facilities and equipment.

A third limitation is that an ever-growing part of NASA’s
extramural program is earmarked by Congress for partic-
ular projects. In the past decade, the number of earmarks
in NASA’s budget exploded more than 30-fold to 198. Ear-
marks totaled $568.5 million in fiscal 2006, fully eight times
more in dollar terms than a decade before.

The issue is not so much whether any particular ear-
marked program or institution has technical merit or will
substantially help a favored local constituency. Many surely
do in isolation. But when it comes to effectively managing
technology and ensuring maximum returns on public invest-
ments, NASA is rapidly losing the flexibility to optimize—
by field, or level of risk, or potential users and suppliers, or
time horizons, or national systemic needs, or core compe-
tencies, and so on—across its R&D portfolio. In our view,
this risks making NASA’s aeronautics activities not so much
a coordinated strategic national portfolio but a hodge-
podge collection of unrelated pet projects.

In short, after earmarks, personnel costs, and fixed G&A
costs, NASA for fiscal year 2006 was left with roughly the
same amount of money for discretionary R&D spending that
several multinational high-technology firms each spend
per week on R&D. At times, the results in the research
trenches seem almost surreal. Langley administrators recently
sent a memo to employees cutting all spending for gas on
agency-related travel and for new wireless connectivity, as
well as pushing back—again—roof repairs and badly needed
information technology maintenance and upgrades. Out-
dated computers, no more wireless connectivity, and bad roofs
at one of the nation’s premier research institutions?

To us, this is stunning neglect of the national interest in
the future of aeronautics technologies. At current and pro-
posed funding levels, NASA and the nation cannot hope to
come close to fulfilling national needs in the face of an

already strained air transportation system; fierce and increas-
ing international competition in aircraft markets; the envi-
ronmental challenges of noise, emissions, and fuel effi-
ciency; and demands for improved air safety and homeland
security. NASA’s ARMD is the nation’s only organization-
ally and technically capable option for overall leadership in
aeronautics technologies. Unfortunately, it is largely hidden
from public view, structurally, financially, and politically
buried in a space agency on a mission to Mars. How many
additional hundreds of millions of delayed air travelers, or
how many more national commissions warning about the
perilous future of U.S. aeronautics, will it take to get poli-
cymakers to put the A back in NASA?
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