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R
From: PPD <PPD@csis.org>
Sent: Wednesday, January 16, 2013 11:56 AM
To: PPD
Subject: CSIS Invitation | Forum on Innovation for Government Effectiveness | Jan. 24

To ensure receipt of our email, please add us to your address boak.
<http://CSIS.informz.net/z/cjUucDStaTOYOTEZNDESINAIMSZ1PTEWNDA3NDgONDQmMbGKIMTQ50TUxMzI/index.htmi>
Forum ¢n Innovation for Government Effectiveness

Introductions by:
Carly Fiorina, Former Chairman and CEQ, Hewlett-Packard and Co-Chair, U$ Leadership in Development, CSIS

Daniel F. Runde, Director, Project on Prosperity and Development and Schreyer Chair in Global Analysis, CSIS

Keynote Speakers:

General James “Hoss” Cartwright, Harold Brown Chair in Defense Policy Studies, CS1S and Former Vice Chairman of the
Joint Chiefs of Staff

William Lynn, CEO, DRS Technologies and former U.S. Deputy Secretary of Defense

Panel 1:
Steven Kelman, Harvard, and former Administrator, Office of Federal Procurement Policy, OMB Stan Soloway, President,
Professional Services Council Steven Schooner, GWU Law School, and Co-Director of the Government Procurement Law
Program

Moderated by Rhett Dawson, Principal, Ervin Hill Strategy

Panel 2.

David Zolet, Executive Vice President, Computer Sciences Corporation (C5C) Stephanie von Friedeburg, CIO and VP for
Information Management and Technology, Warld Bank Representative from U.S. Department of Homeland Security
(Speaker TBD}

Moderated by James A, Lewis, Senior Fellow and Director, Technology and Public Policy Program, CSIS

Thursday, January 24, 2013 9:30a.m. to 1:30p.m.
B1 Conference Room, CSIS
CSIS 1800 K. St. NW, Washington, DC 20006

With budget constraints, we need to radically re-think how we deliver government services. Technological power
marches on, but we are not thinking enough about how technology could streamline government performance. The
power of technology to allow government services to run faster and better is unparalleled and this is the right moment
to focus on these issues.

Please join us for discussions on lessons learned from turnarounds of spending and budgets will offer key lessons for the
federal government and leveraging technology and business model! innovation for efficiency across the commercial and
governmental sectors.



Please RSVP to PPD@csis.org.

<http://csis.informz.net/CSIS/data/images/csis_email_template_footer.gif>

To unsubscribe from all CSIS emails, please click here
<http://CSIS.informz.net/CSIS/default.asp?action=u&email=PPD@csis.org&mi=2913419> .

Informz for iIMIS
<http://pod4.informz net/z/cmVkOCS5hc3A_dTOxMDQwNzQ4NDQOIM1pPTISMTMOMTkmbDOx/index.html>

<http://CSIS.informz.net/z/cmVkNiShe3A_bWkIMjkxMzQx05Z1PTEWNDA3NDEONDQMYjOOM|Yz/image.gif>






Dr. Gordon Adams, Distinguished Fellow, Budgeting for Foreign Affairs and Defense, Stimson Center

Mr. David J. Berteau, Senior Vice President and Director, International Security Program, Center for Strategic and
International Studies

Mr. Todd Harrison, Senior Fellow for Defense Budget Studies, Center for Strategic and Budgetary Assessments

Dr. Michael E. Q’Hanlon, Senior Fellow, 21st Century Defense Initiative, and Director of Research, Foreign Policy,
Brookings Institution

12:00 - 13:00 WORKING LUNCH AND SPEAKER

Introductory Remarks: Dr. John ). Hamre, President and CEO, Center for Strategic and International Studies
Keynote Speech: Mr. Stephen J. Hadley, former National Security Advisor and Principal, RiceHadleyGates LLC
13:00-14:15 THE FUTURE INTERNATIONAL SECURITY ENVIRONMENT

Dr. Mathew Burrows, Counselor and Director, Analysis and Production Staff, National Intelligence Council

Dr. Michael §. Chase, Associate Research Professor, Warfare Analysis and Research Department, U.S. Naval War College
Dr. Peter W. Singer, Senior Fellow and Director, 21st Century Defense Initiative, Brookings Institution

Dr. Micah Zenko, Douglas Dillon Fellow, Council on Foreign Relations

14:15-14:30 BREAK

14:30 - 16:00 CONSIDERATIONS FOR THE 2014 QUADRENNIAL DEFENSE REVIEW

Lieutenant General David W. Barno (Ret.), Senior Advisor and Senior Fellow, Center for a New American Security
Dr. Barry M. Blechman, Co-founder and Distinguished Fellow, Stimson Center

Mr. Thomas Donnelly, Resident Fellow and Co-Director, Marilyn Ware Center for Security Studies, American Enterprise
Institute

Mr. P. Stephen Stanley, Vice President of Cybersecurity/C4, Northrop Grumman
Mr. Barry Watts, Senior Fellow, Center for Strategic and Budgetary Assessments
16:00~ 16:15 SYNTHESIS & CLOSING REMARKS

Dr. Clark A. Murdock

Please RSVP to Kelley Sayler by e-mail (ksayler@csis.org) or by phone (202-741-3895),

http://csis.informz.net/CSIS/data/images/csis_email_template_footer.gif



To unsubscribe from all CSIS emails, please click here
<http://CSIS.informz.net/CSIS/defauit.asptactionsu&email=ksayler@csis.org&mi=2913597> .
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From: PPD <PPD@csis.org>

Sent: Tuesday, January 22, 2013 3:52 PM

To: PPD

Subject: Reminder | Forum on Innovation for Government Effectiveness | Jan. 24

To ensure receipt of our email, please add us to your address book.
<http://CSIS.informz.net/z/cjUucD9taTOyOTIAMjA2InAY MSZIPTAmka9MTUwODglNTQ/index.htrhb
Forum on Innovation for Government Effectiveness

With Introductions by:

Carly Fiorina
Former Chairman and CEQ, Hewlett-Packard Co-Chair, US Leadership in Development, CSIS

Daniel F. Runde
Director of the Project on Prosperity and Development William A. Schreyer Chair in Global Analysis, CSIS

Keynote Speakers:

General James “Hoss” Cartwright
Harold Brown Chair in Defense Policy Studies, CSIS Former Vice Chairman of the Joint Chiefs of Staff

William Lynn
CEQ, DRS Technologies
former U.S. Deputy Secretary of Defense

Panel 1:
Steven Kelman
Albert ). Weatherhead 111 and Richard W. Weatherhead Professor of Public Management, Harvard University Former

Administrator, Office of Federal Procurement Policy, OMB

Stan Soloway
President, Professional Services Council

Steven Schooner

George Washington University Law School

Co-Director of the Government Procurement Law Program
Moderated by:

Rhett Dawsaon

Principal, Ervin Hill Strategy

Panel 2:

David Zolet



Executive Vice President, Computer Sciences Corporation

Michael J. Smith
Executive Director, NASA Shared Services Center

Moderated by:

James A, Lewis

Senior Fellow and Director

Technology and Public Policy Program, CSIS

Thursday, lanuary 24, 2013 9:30a.m. to 1:30p.m.
B1 Conference Room, CSIS
CSIS 1800 K. St. NW, Washington, DC 20006

Description: Description:

https://csis.informz.net/CSIS/data/images/twitter_bird_2 jpg<https://csis.informz.net/CS1S/data/images/2012_05_10/d
yrdzstq6754545947727986023.jog> Follow @CSIS
<http://CSIS.informz.net/z/cjlUucD9taTOyOTIAMjA2INAIMSZ L PTAMbGKIMTUWODgINTU/index.html> for live updates.
#GovEfficiency ‘

with budget constraints, we need to radically re-think how we deliver government services. Technological power
marches on, but we are not thinking enough about how technology could streamline government performance. The
power of technology to allow government services to run faster and better is unparalleled and this is the right moment
to focus on these issues.

Please join us for discussions on lessons learned from turnarounds of spending and budgets for the federal government
and how to leverage technology and business model innovation for efficiency across the commercial and governmental

sectors.

Please RSVP ta PPD@csis.org

<http://csis.informz.net/CSIS/data/images/csis_email_template_footer.gif>

To unsubscribe from all CSIS emails, please click here
<http://CSIS.informz.net/CSIS/default.asp?action=u&email=ncollins@csis.org&mi=2928206> .

Informz for iIMIS <http://podd.informz.net/z/cmVkOC5he3A_dTOWIm1pPTISMjgyMDYmbDOx/index. html>

<http://CSIS.informz.net/z/cmVkNi5hc3A_bWkIMjkyODIwNIZ1PTAMYjOOM]Yz/image.gif>






Informz for iMIS
<http://pod4.informz.net/z/emVkOCShc3A_dTOXMDESMTIINjQwIm1pPTISMjgdNDQmbDOx/index.html>
<http://CSIS.informz.net/z/cmVkNiShc3A_bWkIMjkyODgONCZ1PTEWMTkxMjU2NDAmMYj00MjYz/image gif>






Please RSVP to Paul Nadeau at PNadeau@csis.org or call 202-775-3292 to let us know,f you can join us. It will be a small

group for a single-table discussion. We look forward to seeing you.

Best regards,

Norm Augustine John Hamre
Former CEQ and Chairman President, CEQ and,
Lockheed Martin Corporation The Pritzker Chair
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From: Jon B. Alterman <middleeastprogram@csis.org>
Sent: Wednesday, August 07, 2013 10:58 AM
To: Broitman, Elana SES OSD ATL
Subject: CSIS Statesmen's Forum: Irag's Minister of Foreign Affairs Hoshyar Zebari

To ensure receipt of our email, please add middieeastprogram@csis.org to your address book.

<http://CSIS.informz.net/z/cjUucD9taTOzNDAWNDEWINAIMSZIPTEWNTAINjgwMTUmMbGkSMTgzMDIzMjM/index.html>

CSIS invites you to a Statesmen's Forum on

A View from lrag and
the Region

with
His Excellency Hoshyar Zebari

Minister of Foreign Affairs of the Republic of iraq

Maoderated by
Dr.Jon B. Alterman

Brzezinski Chair in Global Security and Geostrategy and
Director, CSIS Middle East Program

Friday, August 16
10:00 to 11:00 a.m.
1800 K St. NW / B1 Conference Center

Hoshyar Zebari serves as the Minister of Foreign Affairs of the Republic of Iraq, a position he has held since September
2003. Prior to taking up his current position, he was head of the Kurdistan Democratic Party (KDP)'s International
Relations Bureau for eleven years. In that role, he carried out public diplomacy and media outreach and organized
conferences for the Iraqi opposition. He was also a member of the Iragi Opposition Coordination and Follow-Up
Committee in 2002.

Mr. Zebari has had a long career in international and domestic diplomacy. He has held several elected positions within
the KDP since entering its leadership’s Central Committee in 1979, including as its chief foreign representative between
1988 and 1991. He acted as the KDP's spokesman during the Gulf War and then as its liaison with the coalition’s

1
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From: Jon B. Alterman <middleeastprogram@csis.org>

Sent: ‘Monday, August 12, 2013 1:46 PM

To: Broitman, Eiana SES (US)

Subject: Reminder: CSIS Statesmen's Forum: Irag's Minister of Foreign Affairs Hoshyar Zebari

To ensure receipt of gur email, please add middleeastprogram@csis.org to your address book.

<http://CSIS.informz.net/z/cjUucD9taTOzNDEWMDKOINAIMSZIPTEWNTA3NjgwMTUmMbGkIMTgzNzUONzk/index.html>
CSIS invites you to a Statesmen's Forum on

A View from Irag and
the Region

with
His Excellency Hoshyar Zebari

Minister of Foreign Affairs of the Republic of Irag

Moderated by
Dr. Jon B, Alterman

Brzezinski Chair in Global Security and Geostrategy and
Director, CSIS Middle East Program

friday, August 16
10:00 to 11:00 a.m.
1800 K St. NW / B1 Conference Center

Hoshyar Zebari serves as the Minister of Foreign Affairs of the Republic of Iraq, a pasition he has held since September
2003. Prior to taking up his current position, he was head of the Kurdistan Democratic Party (KDP)'s International
Relations Bureau for eleven years. In that role, he carried out public diplomacy and media outreach and organized
conferences for the Iragi opposition. He was alsc a member of the Iragi Opposition Coordination and Follow-Up
Committee in 2002.

Mr. Zebari has had a long career in international and domestic diplomacy. He has held several elected positions within
the KDP since entering its leadership’s Central Committee in 1978, including as its chief foreign representative between
1988 and 1991. He acted as the KDP's spokesman during the Guif War and then as its liaison with the coalition’s
Operation Provide Comfort and Military Coordinating Centre in Zakho until 1995. He has also served as an elected
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Moderated by

Steven Grundman
M.A. and George Lund Fellow
Atlantic Council

Please join the Atlantic Council for the launch event in its new speaker series, Captains of Industry. The event will feature
an address by the CEO of Exelis, David Melcher, on "The Business of Defense in an Age of Austerity: Perspectives from
the Mid-Tier.” Following his address, Melcher will sit down with Steve Grundman, a former US deputy undersecretary of
defense for industrial affairs, to elaborate on his remarks and take questions from the audience.

The business of defense is at an inflaction point formed by the confluence of severa! factors now in flux. Allied militaries
are receding from more than a decade of counterinsurgency wars. Fiscal crises are sharply constraining investment in
national defense. Commercial technologies are transforming the locus and leverage of antagonists. In turn, the growth
story that had inspired capital markets' support of the post-cold-war defense industry is in its last chapter, and the
sequel yet lacks a thesis.

Set against this backdrop, the Captains of Industry Series aims to be the preeminent ptatform from which senior
executives whose businesses contribute to national security can address the public interests their companies serve and
the public policies that shape participation in these markets. The Series will build a record of perspective and thought-
leadership about solving problems that iie at the interface of defense ministries and industries. It also will cultivate a
transatlantic constituency for the adoption of practical solutions to these problems.

Representatives of the press are welcome, and all the proceedings of this event are on-the-record.

DATE: Wednesday, October 2, 2013

TIME: 10:30 a.m. - 11:45 p.m.

LOCATION: Atlantic Council
(Metro: Farragut North [Red Line], MacPherson Square [Orange/Blue Line])
1030 15th Street NW, 12th floor, West Tower
Washington, DC 20005

ATTIRE: Business attire is requested.



To register, please click here

<http://click.icptrack.com/icp/relay.php?r=62219691& msgid=512778&act=YKOG&c=453911&destination=http%3A%2F
%2Fwww.atlanticcouncil.org%2Fevents%2Fupcoming-events%2Fdetail%2Fthe-business-of-defense-in-an-age-of-
austerity-perspectives-from-the-midtier> .

David Melcher is CEQ and president of Exelis Inc., a global aerospace, defense, and information solutions company with
$5.5 billion in sales across four continents. After joining ITT Corporation in 2008, Mr. Melcher served as president of its
defense business and led the October 2011 spin-out of ITT Exelis as an independent public company. Prior to his career
in business Melcher served a thirty-two-year career in the US Army, from which he retired as a lieutenant general. He
commanded battalions and brigades and held the most senior positions on the Army staff responsible for program and
budget development. He holds a Master of Business Administration from Harvard and a Master of Public Administration
from Shippenshurg, and is also a former White House Fellow who served as executive assistant to the director of the
Office of Management and Budget. Dave Melcher's unusually broad background, encompassing government, the
mititary, and business, qualifies him as the ideal chief executive to launch the Captains of Industry series.
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From: CSIS <externalrelations@csis.org>

Sent: Thursday, September 26, 2013 10:23 AM
To: Broitman, Elana SES (US)

Subject: Our New Home

<http://CS1S.informz.net/CSIS/data/images/header.jpg>

September 26, 2013

Dear Colleagues,

After more than 35 years in our 1800 K Street lacation (and 15 years at Georgetown University prior to that), we packed
up and moved into a new state-of-the-art headquarters at 1616 Rhode Island Avenue. Constructed to establish a
landmark destination for the development of bipartisan policy solutions, our new HQ is a permanent home that we are
excited to share with you.

Here is a sneak peak

<http://CSi1S.informz.net/z/cjUucDStaTOZNTEONzUSINAIMSZIPTEWNTA3NjgwMTUMbGKIMTkxMzczMDY/index.htmi>
at our new facilities:

<http://CSIS.informz.net/z/c]UucDStaTOzNTEONZUSINAIMSZIPTEWNTA3INjgwMTUMbGkIMTkxMzczMODY/index. html>

Under the leadership of CSIS President, CEO and Pritzker Chair John ). Hamre, and with our world class policy experts,
dramatic new conference space plus state-of-the-art communications capabilities, CSIS has never been better poised to
provide solutions to the world's greatest security challenges.

Please note all telephone numbers and email addresses remain unchanged, but the mailing address has changed. It is
now 1616 Rhode Island Avenue, N.W., Washington, D.C. 20036

We hope that you can drop by soon to explore our new home.
Warmest regards from your friends at CSIS.

<http://CSIS.informz.net/CSIS/data/images/footer_generic_2013.gif>












The business of defense is at an inflection point formed by the confluence of several factors now in flux. Allied militaries
are receding from more than a decade of counterinsurgency wars. Fiscal crises are sharply constraining investment in
national defense. Commercial technologies are transforming the locus and leverage of antagonists. In turn, the growth
story that had inspired capital markets' support of the post-cold-war defense industry is in its last chapter, and the
sequel yet lacks a thesis.

Set against this backdrop, the Captains of Industry Series aims to be the preeminent platform from which senior
executives whose businesses contribute to national security can address the public interests their companies serve and
the public policies that shape participation in these markets. The Series will build a record of perspective and thought-
leadership about solving problems that lie at the interface of defense ministries and industries. It also will cultivate a
transatlantic constituency for the adoption of practical solutions fo these problems.

Representatives of the press are welcome, and all the proceedings of this event are on-the-record.

DATE: Wednesday, October 2, 2013

TIME: 10:30 a.m. - 11:45 p.m.

LOCATION: Atlantic Council
(Metro: Farragut North [Red Line], MacPherson Square [Orange/Blue Line])
1030 15th Street NW, 12th floor, West Tower
Washington, DC 20005

ATTIRE: Business attire is requested.

To register, please click here
<http://click.icptrack.com/icp/relay.php?r=622196918&msgid=512778&act=YKOG&c=453911&destination=http%3A%2F
%2Fwww.atlanticcouncil.org¥%2Fevents%2Fupcoming-events%2Fdetail%2Fthe-business-of-defense-in-an-age-of-
austerity-perspectives-from-the-midtier> .

David Melcher is CEO and president of Exelis Inc., a global aerospace, defense, and information solutions company with
$5.5 billion in sales across four continents. After joining ITT Corporation in 2008, Mr. Melcher served as president of its
defense business and led the October 2011 spin-out of ITT Exelis as an independent public company. Prior to his career
in business Melcher served a thirty-two-year career in the US Army, from which he retired as a lieutenant general. He
commanded battalions and brigades and held the most senior positions on the Army staff responsible for program and
budget development. He holds a Master of Business Administration from Harvard and a Master of Public Administration
from Shippensburg, and is also a former White House Fellow who served as executive assistant to the director of the



Office of Management and Budget. Dave Melcher's unusually broad background, encompassing government, the
military, and business, qualifies him as the ideal chief executive to launch the Captains of Industry series.
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From: David Berteau {(D)(6) [@csis.org>
Sent: Wednesday, December 11, 2013 12:04 PM
To: Broitman, Elana SES (US)

Subject: RE: Can we chat before mid-afterncon?

Calling you now.

David J. Berteau
CSIS

Note: CSIS has moved to 1616 Rhode Island Ave NW, Washington DC 20036-3206. Phones and emails did not change.

----- Original Message-----
From: Broitman, Elana SES (US) [mailto{{B)(6
Sent: Wednesday, December 11, 2013 11: 57 AM
To: David Berteau

Subject: Can we chat before mid-afternoon?
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From: Andrew Schwartz <externalrelations@csis.org>

Sent: Monday, December 16, 2013 4:59 PM

To: Broitman, Elana SES (US)

Subject: New CSIS iTunes U Course: Cyber Threats & Technology Policy

To ensure receipt of our email, please add us to your safe senders list

<https://CSIS.informz.net/CSIS/data/images/csis_generic_blank_new.jpg>
Dear Colleague,

CSIS always seeks to foster and inform the dialogue surrounding today’s most important domestic and global issues.
Technology has a prominent place in our lives and with revelations of spying from both government and non-
government actars it is clear that these wil! be persistent concerns. To address these critical topics, and to coincide with
last week's "Hour of Code," CSIS' newly named Strategic Technologies Program
<http://CSIS.informz.net/z/cjUucD9taTOzNjkwNTgwInASMSZ1PTEWNTA3NjgwMTUMbGKIMAOMTEWMDc/index.html>
and CSIS' Project on Cybersecurity
<http://CSIS.informz.net/z/cjUucDStaTOzNjkwNTgwInAIMSZ1PTEWNTA3NjgwMTUMbGKSMIAOMTEWMDg/index.html>,
both led by my colleague Jim Lewis, have created a new course for iTunesU: "Cyber Threats and Technology Policy."

The course provides comprehensive insight and fascinating discussions on cyber-security, internet governance, drone
warfare, the political and security dimensions of space, U.S. preparedness for cyber attacks, the impact of cyber
espionage, and more. It features events and interviews from some of the top minds in the country ranging from Director
of the NSA Keith Alexander and former Department of Homeland Security Secretary, lanet Napolitano to CEOs of
fortune 500 companies, journalists and representatives from USAID and the UN. Below is a direct link to this material on
iTunes U. | hope that you find it an informative and thought-provoking source for understanding some of today’s most

pressing challenges.

Access Cyber Threats and Technology Policy on iTunes U
<http://CSIS.informz.net/z/cjUucDOtaTOzNjkwNTgwInAIMSZ1PTEWNTA3INjgwMTUMbGKIMJAOMTEWM Dk/index.htmI>
<https://CSIS.informz.net/CSIS/data/images/subscribe.jpg>
<http://CSIS.informz.net/z/cjuucD3taTOzNjkwNTgwINAIMSZ1PTEWNTA3NjgwMTUmMbGkIMJAOMTEWMTA/index.html>
As always, | welcome your feedback.

Sincerely,
<http://csis.informz.net/CSIS/data/images/social_media/aschwartz,jpg>

H. Andrew Schwartz
Senior Vice President for External Relations Center for Strategic and International Studies (C51S) www.csis.org
<http://CSIS.informz.net/z/cjUucDStaTOZNjkwNTgwInAIMSZ1PTEWNTAIN jgwMTUMbGKIMAOMTEWMTE/index.htmi>

<http://CSIS.informz.net/z/cjUucDotaTOZNjkwNTgwINnASMSZ1PTEWNTA3NjgwMTUMbGKIMJAOMTEWMTI/index_htmi>

<http://CSIS.informz.net/2/cjUucD9taTOzNjkwNTgwInAIMSZ1PTEWNTA3NjgwMTUmMbGKIMJAOMTEWMTM/index.html>
<http://CSIS.informz.net/z/cjUucDStaTOzNjkwNTEgWInAIMSZ1PTEWNTAINjgWwMTUMbGKIMIAOMTEWMTQ/index. htmil>
<http://CSiS.informz.net/z/cjUucDOtaTOZNjkwNTEWINASMSZ1PTEWNTA3NjgwMTUMbGKIMAOMTEWMTU/index.html>









Atlantic Council

CAPTAINS OF INDUSTRY
Save the Date:
January 15, 2014
10:00am Registration
10:30am -11:45am Program

1030 15th Street NW
12th Floor (West Tower Elevator)
Washington, DC

The Captains of Industry Series is a platform for senior defense industry executives to address the public interests their
companies serve and the public policies that shape their markets. By engaging the perspective of business leaders about
issues at the interface of defense ministries and industries, the series will cultivate a constituency for practical solutions
to these problems.

Elten Lord is president and chief executive officer of Textron Systems, a Textron Inc. company, as well as a member of
the Textron Executive Leadership Team. Prior to taking this position in October 2012, Lord was senior vice president and
general manager of Textron Defense Systems, an operating unit of Textron Systems. Lord took over the leadership of
Textron Defense Systems after serving three years as the senior vice president and general manager of AAI Corporation,
another operating unit of Textron Systems. Prior to joining AAl, she served as vice president of integration management
for Textron Systems. In that position, she led the team responsible for managing the integration of AAl into the Textron
family of businesses.






informz for iMIS
<http://poda.informz.net/z/cmVkOC5hc3A_dTOXxMDUwNZY4MDE1Im1pPTM3NjQOOTEmbDOx/index.html>
<http://CSIS.informz.net/z/cmVkNiShc3A_bWkIMzc2NDQSMSZ1PTEWNTA3NjgwMTUMY|00M;jYz/image gif>






<http://CSIS.informz.net/z/cmVkNiShc3A_bWkIMzcAMTAIMCZIPTEWNTA3NjgwMTUMYj00M;jYz/image.gif>
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From: CSIS <externalrelations@csis.org>

Sent: Saturday, February 15, 2014 10:29 AM

To: Broitman, Elana SES (US)

Subject: "War Front to Store Front’ CSIS hosts Paul Brinkley's Washington Launch

To ensure receipt of our email, please add us to your address book.
<https://CSIS.informz.net/CSIS/data/images/csis_generic_invitation jpg>
The Center for Strategic and International Studies invites you to the Washington launch of:

War Front to Store Front:
Americans Rebuilding Trust and
Hope in Nations Under Fire

<http://ecx.images-amazon.com/images/l/51QQCVeEZIL.jpg>

Featuring a discussion with author:

Paul Brinkley

Co-Founder and CEO, North America Western Asia Holdings
Former U.S. Deputy Undersecretary of Defense

Moderated by:
David Berteau
Senior Vice President and Director of National Security Program on Industry and Resources

“Paul Brinkley helped engineer one of the few success stories in America’s occupation of fraq. He built on that successin -
Afghanistan and now has reflected on both experiences—and more—in this intelligent, interesting, and important
book.” —Fareed Zakaria

War Front to Store Front reveals why American foreign policy has left these nations in the Middle East and Africa
disappointed, resentful, and suspicious of American intentions. Optimistic that America can deliver on its economic
promise, Brinkley outlines the necessary changes in U.S. foreign policy if we want to rebuild and revitalize an economy
under fire.

**Thursday, February 20th, 9:30 am - 10:30 am**
Greenberg Conference Suite - 1st Floor Conference Room
CSIS 1616 Rhode Island Ave, NW, Washington, DC 20036

Please click here to RSVP
<http://CSIS.informz.net/z/cjUucD9ta TOzODEZNjMSINASMSZ1PTEWNTA3NjgwMTUmMbBbGKIMjEzMTgxNzA/index.html>



Note: You must log on to your CSIS account to register. If you do not have an account with CSIS you will need to create
one. If you have any difficulties, or do not receive “password reset” emails, please cantact imisadmin@csis.org

<http://CSIS.informz.net/CSIS/data/images/footer_generic_2013.gif>

If you prefer to unsubscribe from future CSIS emails, please click here

<http://csis.informz.net/CSIS/default.asp?action=u&email=|(

&mi=3816639> .

Informz for iMIS
<http://podd.informz.net/z/cmVkOCShc3A_dTOXMDUwWNzYAMDELIm1pPTM4MTY2MzkmbDOx/index.html>
<http://CSIS.informz.net/z/cmVkNi5hc3A_bWkOMzgxNjYzOSZ1PTEWNTA3NjgwMTUmMYj0OMjYz/image.gif>
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From: Andrew Schwartz <externalrelations@csis.org>
Sent: Tuesday, February 25, 2014 4:25 PM

To: Broitman, Elana SES (US)

Subject: Dr. Zbigniew Brzezinski Speaks on Ukraine

To ensure receipt of our email, please add us to your safe senders list

<https://CSIS.informz.net/CSIS/data/images/csis_generic_blank_new.jpg>
Dear Colleagues:

CSIS counselor and trustee Dr. Zbigniew Brzezinski published an important commentary in the February 24 edition of the
Financial Times entitled “Russia needs 3 ‘Finland option’ for Ukraine.” I asked Dr. Brzezinski to read his original column
aloud into a microphone so that we could produce an audio podcast of it for our iTunes and CSIS.org
<http://CSIS.informz.net/z/¢jUucD9taTOzODMAODU2INAIMSZIPTEWNTAINjgWwMTUmMbGKIMJEON2zU3MTE/index.html>
audience.

You can hear Dr. Brzezinski's voiced commentary by clicking the link below. There is also a link to the written version in
the FT here
<http://CSIS.informz.net/z/cjUucD91aTOzODMAODU2InAIMSZ1PTEWNTA3INjgwMTUmMbGKIMJEONZU3IMTI/index.htmi>
(behind paywall).

Listen here

<http://CSIS.informz.net/z/cjUucDItaT0zZODMAODU2INAIMSZIPTEWNTA3INjgwMTUmMbGKIMJEONZU3MTM/index. htmi
>

<http://CSI1S.informz.net/z/cjUucD9taT0zODMACDU2InAIMSZIPTEWNTAZNjgwM TUMbGKIMJEONZU3MTM/index.html
>

| hope you find this podcast as compelling as | do.

| always welcome your feedback.

Sincerely,
<http://csis.informz.net/CSIS/data/images/social_media/aschwartz.jpg>
H. Andrew Schwartz

Senior Vice President for External Relations Center for Strategic and International Studies {CS1S) www.csis.org
<http://CSIS.informz.net/z/cjUucD9taT0zODMAODU2InAIMSZIPTEWNTAINjgwMTUMbGKIMIEONZU3IMTQ/index.htm!>

<http://CSIS.informz.net/z/cjUucD9taTOzZODMA40DU2INAIMSZIPTEWNTA3NjgWwMTUMbGKIMEONZU3IMTU/index.html>
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Innovation in Aerospace and Defense
Introduction to CRA'’s Innovation White Paper?

+ |mpetus for the study
— A proud history of innovation

- Anecdotal evidence of problems
+  High profile execution failures
« Too little capital invested towards innovation
« Difficulty in attracting the best and brightest talent

+ Focus of the study

- What is the state of innovation in the industry? THE
INNOVATION

+ Is the innovation process broken?
+  Are we investing enough?
«  What are the trends related to innovation?

- What changes should be implemented?
« Conduct of the Study
- Aviation Week Executive Summit

—~ Interviews with aerospace and defense
executives and academics

- Literature research

> IVPIRATING

' Sae hitp.//www.cral.comvPublications/listingaetails.aspx?id=11957&publypes C ‘ Ch“h‘_s R ner
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Our study’s findings can be organized around three basic questions

What is innovation? What is the state of lnnovation?

—something new, different. and betier. ~=not in crisis; it is being traneformed.

. 8o what?

- —companies mu adjust their be

C Charles River
2 & 2009 CRA Intemational, Inc. Associates

Product-driven innovation: “higher, faster, farther’
Product-driven innovation is a hallmark of the aerospace & defense
industry

+ Higher, faster, farther was literafly the primary focus of the Cold War and the Space Age
- F-86 ’
- Sputnik
~ Aflas ICBM
- U2
- SR-71
- SatumnV
"= Apallo
=~ WVulcan
~ MiG-31
-~ Concorde
- F-22
+ Product-driven innovation is associated with relatively young industries
- Multiple concepts compete to establist & dominant design
-~ “Creative destruction” takes place through competition on product features and performance

IA Charles River
3 © 2009 CRA Intemational. Inc. Associates



Process-driven innovation: “better, quicker, cheaper”
Process-driven innovation marks a relatively recent emphasis in
aerospace & defense

» Better, quicker, cheaper was born of shrinking budgets and ballooning program costs
~ MRAP
- JDAM
— Predator
-~ LUH
- JHSV
- PTDS
— MC-12 Liberty
~ Falcon SLV
- Watchkeeper
- FRES
- M-346

+ Process-driven innovation is associated with maturing industries
- Primary bases of competition are along dimensicns other than technical performance
~ Affordability, responsiveness to the customer, and "process competencies” are key

ey .
Charles River
4 ©2009 CRA International, Inc. Assaciares

Incremental innovation is linear
Incremental innovation occurs gradually, has a sustained and moderate
competitive impact, and will continue in its importance

* Working definition -

= Progressive technologiical or other improvements in those metrics along which a product or
service is rated by those who derive value from it

+ Examples

Higher-bypass ratio turbofan

Greater-range fire control radar
Higher-bandwidth communications satellite
Lower-cost composite manufacturing process

|

» Typical features of incremental innovations
— Extensions of exisfing capability
~ Can be explicitly planned for within the context of a technology roadmap

~ Reward for first adopter is an incremental gain in market share or margins,
with a2 proportionate penalty for competitors

C Chatles River
5 @ 2009 CRA intemational, Inc. ‘ ASSOCLEY



Disruptive innovation is non-linear
Disruptive innovation occurs discretely, has an infrequent but dramatic
competitive impact, and will increase in its importance

Working definition

— Unprecedented capability developments that recast the metrics along which products or services
are rated, disrupting the established value framework

« Examples
- Vertical flight (helicopters)
— Satellite navigation (GPS)
— (lobal network-based digital communication (the internet)
~ Hijacked commercial aircraft as guided weapons (9/11)

« Typical features of disruptive innovations
— Gannot be readily compared to existing capabilities
- Cannct be explicitly planned for within the context of a technalogy roadmagp

-~ Reward for first adopter is highly unpredictable, with no a priori upper bound,
with a similarly unbounded penalty for competitors

h"}QA( harles Rivas
5 2009 CRA Intemational, Inc. b A Boctaes

Our study’s findings can be organized around three basic questions

What is the state of innovation?

-0t IN Crisis; it is being transformed.

Sowhat?

Chardes River
7 ©2009 CRA Intemational, Inc. ] ASSOCEITR'S



The value of innovation has evolved
Today’s environment features less value creation through product
innovation

Fluid
(few small firms)
A

Transitional
{many medium firms}

Rate of Innovation

Time

Provase Innovatnes

Product Innovations

Specific

{few large firms)

= As an industry matures, the focus of innovation shifts from products to processes
+ For an increasing number of sectors in aerospace & defense, the industry has found a
dominant design, passed through the “transitional” and is approaching the “specific” phase
- Vehicle platforms: launch vehicles, main battle tanks, ships, manned aircraft
- Mission systems: aero engines, rocket engines, radar, missiles, artiliery

8 © 2009 CRA Intemational, Inc.

The focus of innovation has evolved
Today's environment features more value creation through process

a 71 b] e
Cinartes River
Assngiaws

CR

innovation
Cast/ Schedule
a e
H .
§
Q| ‘, ~
2 787 \
g """ Sy Systems FCs
' Glgbat Hawx Falcon P JSE i
g ¥ :
R B ttegrated System :
T §2 :
x §l " Watchkeeper. -
< §° e MRAP
T i Systam Solutiens
’ Biowateh
| .:.' P T T -
E | ements .
L P L e
x Hmlne Bhd_e_qw‘

Scale / Scope

« Process innovation emphasizes "better, quicker, cheaper” over “higher, faster, farther”
« On the margin, customers’ attention is shifting to “Integrated Systems” and “System

Solutions” over "Systems of Systems”

« Process innovation enables delivery of cost-effective, rapidly responsive integrated system
and system solutions, not clean-sheet designs for “exquisite” large-complex system of

systems.
& © 2009 CRA Intemational, Inc.
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The rate of innovation has evolved
Today’s environment has a higher rate of global knowledge diffusion

The rate of knowledge transfer has increased as a result of two dynamics

— Technolagy: “Information Revolution,” as embodied principally by the Internet

— Socioeconomics: Globalization, as embodied by global supply and demand networks

*

— Boeing 787
— Sukhoi Alenia SuperJet

Complex system developers are relying on international supplier networks for I[P

Technology transfer and technology proliferation occurs across international lines

— C4ISR technology shared between US, UK, and partners on F-35 JSF
— EW technigues used by Hezbollah in Lebanon War; insurgents in Afghanistan

Disparate technologies and IP sets are easier to access and recombine

— Aircraft platforms, data processing, comm links, and high-res EQ/IR sensors

— Explosively-formed penetrator munitions, detonators, and comm links

« Dynamic of easier “recombination” will drive more frequent disruptive innovations

10 © 2009 CRA Intemational, Inc.

The resourcing of innovation has evolved

C Charles River
Associates

Today’s enviranment requires and rewards greater networking and

collaboration

CEC/CTO

Centralized Corporata :
t L
(top-down) | | 2e5 labs i

Organizational Principle

{source of innovation)
Distributed : H , ;
{battorw.up) § ameeemararraraarreestares s s b aeintasenstaas esneeeraang |

High-risk Lowrisk
(long-term, low TRL) {shart.term, high TRL)

Project Focus
(timeframe, technology maturity)

1 © 2008 CRA Internationat, (nc.

» Global knowledge diffusion has
made networking and collaboration
the most important element of A&D
innovation organizations today

-+ An effective network harnesses,

coordinates, and balances internal
and external innovation sources

.+ Leading A&D suppliers use

networks to sustain and stimulate
innovation

- EADS (GIN}

Thales (Key Technology Domains)
MBDA (Technology Network)

BAE (Capability Augmentation)
P&W (individual systems engineers)

C Charles River
) . ASSOCTATECS



The financing of innovation has evolved

Today’s environment requires accessing more diversified sources of
investment capital

+ The pursuit of innovations in aerospace and defense will continue to
attract government funding
* Private risk-taking will play an increasingly vita! role in financing innovation
in aerospace and defense
» However, attracting an efficient aflocation of public and private capital to
innovation will require appropriately matching risk classes with capital
sources
- Venture capital
~ Corporate development
~ Supplier risk-sharing
- Leverage

Clarfes River
12 © 2005 CRA Intemational, Ine. Associates

The management of innovation has evolved
Today’s environment requires better tools with which to exercise “risk
awareness’

» The traditional "flagship” A&D programs are hobbled by the risk-aversion characteristic of
mature sectors
—~ Programs are specified by customers requiring challenging capability improvements
- Programs are executed by organizations optimized for customer-guaranteed stability

— Operation in the "specific” phase of the product lifecycle creates a focus on efficiency and stability,
but likewise engenders a fear of technical failure and of cost risk

- The performance requirements on large-complex programs are predicated on outdated
innovation models
- The risk associated with system of systems innovations was in the past borne by governments

~ Today's budget and defense planning environment shifts more of the risk to suppliers, who lack the
tools and mindset to manage it

+ "Risk awareness” must match system capability objectives with the supplier's innovation
business model
— Successful innovation demands a balance of fiscal discipline with tolerance for failures
- If targeting meaningful capability improvements, firms must innovate outside the “specific” phase

C Charles River
13 © 2008 CRA International, Inc. Assocoes




Our study’s findings can be organized around three basic questions

Whatisinnovation? N Whatis the state of innovation?

- —something new, different, and better. - ~-notin crists; it is being transformed, -

So what?

—campanies must adjust ther behavior.

C Chardes River
14 & 2009 CRA International, Inc. Axsocares

So What?
To respond to the transformation of innovation in aerospace & defense,
companies must adjust their behavior

*

Embrace the economics of “quicker, better, cheaper” solutions
- Invest in other forms of innovation besides linear perfarmance improvement
— Innovate around processes—design, integration, praduction, support—as well as products

Develop leaders to manage and finance complex innovation and risk
- [nvest in educating a new generation of systems engineers to manage system interdependencies
~ Invest in educating a new generation of managers to measure and balance risk and return

+ Organize around functions that nurture the momentum of innovation
- Align your organization with the imperatives of control, autonomy, and collaboration
-~ Networking and collaboration is the best insurance against accelerating disruptive innovations

Invest in the building blocks of a younger, more diverse, more creative workforce
-~ Market the aerospace & defense industry more aggressively to graduates entering the waorkforce
- Leverage networking in talent development by engaging with other industries and with academia

C Charles River
15 2009 CRA International, Inc. ASSOCTICeS
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EXECUTIVE SUMMARY

This past July, Aviation Wesk hostad an Executive Summit in Sarta Fa, New Mexico, which

L ORGANIZING FCRINNOVATION .38 was attended by leaders from acrass the aeraspace and defensa industry, Aviation Week a
designed this summit to address the issues thought most critical 1¢ the indusiry today Key
51 CHAPTER SUMMARY .......ccc. oo ravomaecoriosiacois o1 e nins armens oreiae oen ceriniorrs e cane s sssnon oenene s 39 amorg thesa issues was that of innovation. Specifically, the summit sought ta understand the
52 PROBLEM AEROSPAGE AND DEFENSE FIRMS ARE NOT ORGANIZING TO INNOVATE . ............ 40 state of the industry's ability to innovate and fiow to preserve and foster tha industry's ability

to continue innovating into the future. Senior membiers of the Aerospace & Defense

s ONAL SUBO TC UNE-OF-BUS)
53 Convenr WiSDOM. RED AS BEEN ROINATED INESS Consulting group at Charles River Associates (CRA} attended the Executive Summit to

OPERATIONS .
facilitate thass discussions. A few key themes emergsad from this exeraise. It 15 the purpose of
S4. ASSESSMENT INNGVATIONIS MARE THANRAD. ..o o 8 this White Paper to explore these themes in mora detail by way of praviding the editors of
55 ORGANIZE AROUND FUNCTIONS THAT NURTURE THE MOMENTUM OF INNOYATION. ................ 47 Aviation Week a foundation for their preparation of 8 Special Repon on innovalion in
aernspace and defense that 53 being published in the double issue of Octcber 26 / November
6 POWER FROM THE PLOPLE . - e e e 55 2, 2008.

6.1 CHAPTER SUMMARY ... ..ot oot i e i e - 55 Specifically, the White Paper exarninas five factors that participants in the Executive Summil
6.2, PROBLEM: ATTRAGTING A MORE TALENTED AND EMPOWERED WORKFORCE . ... ... ... .56 thought would determine the aerospace and defanse industry’s abitity to innovata and foster

. T . °
63  CONVENTIONALWAMSDOM THE SNDUSTRY HAS TROUBLE ATTRACTING THE BEST AND innovatian into the 217 cenlury

BRIGHTEST.
64 ASSESSMENT. THE ASD INDUSTRY IS AT A COMPETITIVE OISADVANTAGE

«  The flexibilily to adapt to changing customer nesds.

« The willingness to take risks by undortaking complex projects with uncertain cutcomes.

. TO ATTRAGT AND RETAIN MORE TOP TALENT. . . .
65 STRATEGIC AGTIONS «  The provision of adequsle resaurces through the raismg of capital and ipvasting m R&D.

APPENDIX. A ICONS OF INNOVATION e el e BT ~  The structunng of organizations te promate the davelopment of new techrology. and

« The altraction of fog telen! who bring a fresh perspective and new ideas

As depicted in the illustration tha! appears as an Appendix ta this psper, the asrospace and
defanse industry has kong been a source of great innovation and cantinues today ta produce
culting edge technclogies that push the envelope of human achievement. However, at
present, 1he ndicators of inmovation in asrospace and defense are mixed. Some, such as
high prefile program fedures and an aging workforce, would suggest a tooming crisis of
innovation mn the industry. Still others, conceming how innovators secure the necessary '
financial end human rescurces and then organize those resawrces for optimum results, E
underscora that the nulas of the innovation game in asrospace and defense are changing
Together, these mdicators are upsetting conventional sttitudes toward innovation, and the
natural friction and wavail sssociated with the process of adapling to change are stoking
anxieties. But upen closer examination ona finds that there are at least a5 many encouraging
indicators of risk-taking. innovative achievernant, and successiul adaptation to cast doudt on
the reflexive conclusion that aeraspacs anx defense today is experiancing a crisis in its
propensity 10 innovate. The state of innovation in aerospace and defense is not in crisis; it s
being transformed,

To expiore the changing naturs of innovation from the 20™ 10 21 canturies, from the Cold-
War to a post-9/11 world, Charles River Assaciatas undertook a comprehensive study to

’ ‘F:v'ajg»e. i ’ ) Page it
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EXECUTIVE SUMMARY

This past July, Aviation Week hosted an Executive Summit in Santa Fe, New Mexico, which
waa aftanded by leaders from across the aerospace and defense industry. Aviatian Week
designed this summit to addrass the issues thought most cnitical to the industry today. Koy
amoryg these iasues was thal of innovation. Specifically, tha summit sought to wriderstand the
state of the indusiry’s ability to innovale and how to preserve and foster the indusiry's ability
to cantinug innavating into the future Senior mambers of the Aerospace & Defense
Consulting group at Charles River Associates (CRA) attended the Executive Summit 1o
facilitate these discussions. A few key themes emerged from this exercise. It is the purpose of
this White Paper lo axplore lhese themes in more delail by way of provding the editors of
Aviation Waek a fcundation for their preparation of a Speciat Repert on innovalion in
aerospace and defense that is being published in the doubls issue of Octoker 26 f November
2,2009.

Spacifically, the White Paper examines five factors 1hat participants in the Execubive Summyt
thought weuld determine ithe asrospace and defense industry’s ability 1o innovate and foster
innovation into the 21* century:

»  The frexibiiily fo 6dapt to changing cusiomer naeds.

*  The willingness 10 take risks by undertaking complex prosects with uncertain outcomes
« The provision of sdequate resources through tha raising of capital and investing in R&D
« The structunng of organizstions (o promote the developrent of new technology, and

» The aitraction of fop talent who bring a fresh perspective and new idaas

As depicted in the fiustration that appears as an Appandix to this paper, the aeraspacs and
dafenise industry has long been a source of great innovation and continues today 1o produce
culting edge @chnologies that push the envelope of human achievement. However, at
presant, the indicators of innovation :n aerospace and defenss are mixed. Soms, such as
high profile program failures and an aging workdorce, would suggest a looming crisis of
innovation in the mdustry. Still others, concaming how innovators secura the necessary
financial and human rescurces and then organize thosa resources for optimum resuits,
urverscore that ths rules of the innovation game in aerospace and defensa ere changing
Togather, these indicatars ara upsstting conventional attitudss toward innovation, and the
niatural friction and tavail associaled with the process of adapting to changa are stoking
anieties. Bul upon closar examination one finds that there are at least as many encouraging
indicators of risk-{aking, innovative achi I, and st ful adaptation to cast doubt on
the reflexive conciusion thal aerospace and defense loday is experiencing a crsis nits
propensity ta innovate. The state of innovation in serespace end defenss is not in crisis; it is
being transformed.

Yo explora tha changing nature of innovation from the 20 ta 21 centunes, from the Cold-
War lo a post-@/1 1 world, Charles River Associates undertook a comprehensive study 1o
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asgess the state of innovation in the aernspace and defenss indusiry today. The study
analyzed the trends and identified changes thal are fostering the innovations that will bacoms
the 21* century icons of progress. This White Paper is the culmination of ihat study. it draws
R axpertise fram both academia and industry and includes tha fincings from recent
interviows conducted with iop executives at more than a dozen top biar firms.

The pages that follaw specify the character of the challenges confronting the pursuit of
innovation in asrospace and defense. They rapor how conventionat atiitudes toward these
chalienges have framed tha issues. The Paper relates the outcomes of CRA’'s assessment of
the situation. 1t alsc makes specific racommencdalions sbout how better to facilitate the
nnovative capacity of 1he asrospace and defense industry in the future

The findings reported in this pager suggesi that effective and sucoessful asrospace and
deferise firms are adapting existing technologies quickly to address new needs and
requirements. Thay are improving the processes by which curent products and services are
defivered. And tiey are developing belter ways of managing the risks associsted with large-
compiex programs. In adaition, thass firms take a longer term view of invesiments and mora
effectively utilize private sources of investment capital. Moreover, the organizational
structures of succasstul firms balance control, autanamy, and collaborstion to foster
innavation. Finally, these firms are stepping up o redress tha anachronistic aspacts of ther
organizational structures and cultures to better attract bright young talenl.

Nona of these sanguine obsarvations should obscure the fact that in this transfarmation there
will be iosers as wel as winners. But for every such company struggling to adapt, thers are
new fems emerging 10 pitol modeds of innovation that are achiaving success. For the industry
as a whole, this pattern of agila firns progressively displacing umbering ones on innovatian's
edge s nol 30 much a crisis as an indicatar of heaithy renawal.
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1.  INTRODUCTION

1.4. A PROUD HISTORY OF INNGYATION

Innovation has long been a hatimark of the aerospace and defense induslry, both in
achieving unprecedentad technical advances for the fields of science and enginaering and in
allowing individual companies la remain compstitive in an uncertain and rapidly evelving
market environmsnt. kn fact, no industry is more readily associated with the development of
1achnology and innovation than the aercspaca and defense industry. This success hes
yielded tremendaus bensfits. The serospace industry directly employs more than 800,000
people, and ils $57 bikon foraign trade sufplus is larger than any cther manufacturing seclor
nthe U S Batween 3 percent and 5 parcent of the U.S. grass domestic product fypically is
comprised of aerospace saies.’ As depicted in the illustration that appears as an Appendix ‘o
this paper, # is the iconk imovations spawned in the aeraspace and defense industry that
dafined society's progress in the 20" century. H is ihe inspiration these innovalions gave to
evern popular culture thal explains how monikers drewn from these achievements—jet age,
ruciear age, space age, infonnation aga—have come to express the entire zettgeist of
modem tirfes,

By the same token, there may b8 no Indusiry more dependant on continued innovation than
the aerospace and defenss industry. Contemporary indicators that the industry retains the
capacity to innovate are not unoommon. The Global Posilioning System (GP§) has literally
transformed entire industries, and sacisty itseff in many ways. Other innovative
achiavements—ihe Bosing Jomt Direct Atlack Munition {JDAM]}, the Airbus A280, and
SpaceX's Falcon 4—demonstrate that the capacity to innovate remains alive within the
aeraspace and defenssa industry.

Yet there also are troubling indicators that all is not wall. Compared to other pars of tha
econamy, asrospace and defense is not what it ance was. in the 1970's aeraspace was
nearly 3 parcant of thea Standard & Poor's 500 market capitalization; # is now only 1.8
percent.2 In addition, as Figura 1 1 below illustrates, funding for R&D in aerospace as a
portion of the U S. Grass Domestic Praduct has droppad dramatically i the last two decades,
while the gpvemment portion of that total has declined.

Worge, there is a percaption that industry’s ability to innovate is broken. Years af poor
parformance on maeny programs have led to ever louder calls for acquisition refarm. The
Gavemment Accountability Office {GAO) is a persistent critic. ts 2008 repont on Depanment

! Agrugpace ang {Jetersy (he Sranath to LR Amercs, Aercspace induatiies Assodation, 2008

2 Aerospace's Perfact Slorm, Aviation Week, August 10, 2639
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1.2,

of Dafense acquisition programs found that that “total research and development cosls are
now 42 percent higher than originally. estimated, and tha avarage dslay In delivering initial
capabilities is now 22 months. In addition, 42 percent of the programns reported a 25 percent
or morg increase in acquisitian unit costs *3

20% -
e ppraspace - Tolal Funds
s pETOS pBCE - Company Funds
15%
a
8 o
w 10%
=
5% 4
0% T ——r —r—

1978 1982 1086 1990 1994 1998 2002

Figure 1.1—Total U.S. RRD Spending as a Percentage of GDP4

At the samae time that the aerospace and cefense industry shows signs it may be losing its
capacity to innovate, the need to innovate is bBcoming More important than ever. Given the
backdrop of giobal aconomic challenges ark changing market conditions, defanse budgets
that are shifting to meet evolving thraats, and sweaping new environmental requlations, the
industry is facing what is perhaps the most demanding period in its modem history.

THE CHALLENGES

Charles River Associatas undertook this collaboration with: Aviation YWeek 1o assess the state
of innovation today in the aerospace and deferse industry, to analyze the trends, and to
racommend changes at the industry-wide or company level that wil' foster the nnovations
that will becams 21* cantury icons of progress.

3 pssessmants of Sefedted Woapon Programs, GAC-18-2355P, March 2009

4 Source: AIA Factbook. Note: Sawcad from Nalional Science Foundation, *Annual Study of industrial R&D*
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1.3.1.

To maet thase abjectives, CRA led a research Initiative that involvec conducting mare than
30 interviews with prominent aerospace and defense executives and academics. The
executives represented the full range of enterprise scale, from original egquipment
manufacturers {OEMs) and their tiar-one subcontractore, through startups, in both North
America and Europe. They generally heid responsibilities that included tachnology,
innovation, research and development (R&D) or business planning {and with corresponding
titles such as Chief Technotogy Officer or Senior \iica President for Engineering or Straiegy).
CRA also participated in Aviation Week's Executive Summif in July 2002 held at Santa Fe,
New Mexica. The Surmniit gathered together about 80 induslry leaders to discuss a range of
issues important to the industry, and to develop a common perspective and plans for
addressing those issues, ane cotlectian ¢f which concermad innavation in aerospace and
defenss.

The results of this research identified a number of challenges that impede the industry's
capacily to innavate, which in turn framed the several key issues ihat animate this report:

+ High profile program exscution failures
« Too litlle capital invesled lawards innovalion
« Aerospace and defensa firms not affectively organized to promote innovation

« The aerospace and deferise indusltry siruggling fa attract the best and brightosi talent

[NNOVATION IN THE AEROSPACE AND DEFENSE INDUSTRY

Innovation permeates all industrigs. His a fundamental source of growtk, adaptability,
renewal. and economic reward. In spite of its importance and ubiquity, howaver, innovation
was not a really an abject of study until the twentisih century when Jaseph Schumpster put
forward his theories of entrepreneurial driven aconomic growth. Indesd, it was not until the
18605 that ipnavaticn hecame a separate fiak of research, ® and it Is that resaarch that
heiped articuats the importance of innovation to the economy and society. The result of this
foaus has besn a vast literature that documents much about tha form, function and issues
related to innovation.

Innovation defined

To facilitate innovation in the aerospace and defense industry, the nature of innovatian must
be better understaod. its nature must be understood so that sofutions to and improvements
on the challenges that prevail in this industry can be made within a cammon framework af

5 The Oxford Handbaok of Innovallon, Editea by Fagerberp, Jan, David Mowery, Richard Nelson, Oxford Universly Press,
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thirking about the probiem So, what is an innovation? For the purposes of this paper,
nnovation is defined as:

An mnovatian is something naw, different, and better.®

Al firs! glance. this definition of innovation is seductively simple; commeon sense. It is a part of
human nature,-after all 1o innavate, to buik tools that interact with and shape our
arwironment. As is discussed below, howevear, by contrast with the detinttion, the actual work
of raalizing "new, different, and better” is in fact a very complex undertaking with many
permutations and subtieties thal confound attempts te understand it and promote a capacity
1o create beneficial innovations. Accordingly, CRA's perspective on innavation in aernspace
and defense is informed by two conceptual models about the dynamics of innovation and the
range of innovation ohjects, hoth of which help o put the complexity of innovation into
perspective witnout oversimplifying it

Product innovation lifecycle

it is important to understand that innovation in a product markel (e.g., f ghter aircraft) and the
competitive dynamics within that product market progress over time through an identifiable
process of evolution. James Ulterback in his book, Mastering the Oynamics of Innovation,”
has developed a thiee-phase framework for understanding the evolution of innovation in
peoduct markets over time. The first phase of Lterback's framework encompasses the very
nascant stages in the lifecycle of a product, when, typically, the market is being floaded with
new concepts and product styles to address cuslomer needs. The product market
experiencas an influx of innovations from competing producers seeking to capiure custcmers'
favor with superior product performance atteibites. This phase, that Utterback cafls the *fiuid”
phase, is charactarized by a high rate of product innovation and by an initially small but fest-
growing number of small firms, as illustrated in Figure 1.2 balow.

8 Webster defines ioes @8 1: the ian of

thing new, 2: 3 new kiea, mathed, o davice: novelty. A quick
search of business and innovation Ktevature will find slmilar defknitions. We have combined the Ideas into the simple
definition presented here, and add that we are interested In new things only if they are also iy some way ‘hetter

7 Utterbick, James. Magtering the Dynamica of Innovatien. Harvard Husiness Schonl Press, 1924
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Flgure 1.2—A model of innovation dynamits across the fifecyete of a product market 3

Qver time, out fram the rough and tumble of competition among altematives emarges a
“dominant design.” That is to say, tha market eventualy ralifies lhe basic product form and
features that customers' preferences coalesce around, after which the fundamenta) altributes
on which compelitive advantage can be attained stabilizes.

The smergencs of a “"dominant design” marks Lhe star of the second phase, which Utterback
denotes as a “ransitional” phase. The transitional phase is characterized by a declining rate
of praduct innovation, a subsequent decrease in lhe number bul increase in the average
scale of competing firms, and ar increasing competition to achieve efficiency in
manufacluiing. In this phass, the focus of innovation transitians from product performance to
aranga af what Utterback calls "process innovations®, such as sctivities that facilitate mass
praduction and reduced cost of the product. These efficiency impravermants take on many
forms, from improved manufacturing machinery and improved design srocesses that reduce
raw material requirements, to lean manufacturing processes that reduce steps in production
and elimnate wasle, or that accelerate the speed or reduce the cost of lterating the product
for ever mors narrow segments of customer demand. Indeed, process innovations may
ultimately encamrpass initiatives 1o customiza the product’s application to distine! customer
requirements.

As the product market continues to mature, the rate of both produed and process innovations
declines and the market maves towards the third phase, which Utterback denotes as the

“specific’ phase, In this final phase in a product’s lifecycle, the siructure of the induslry necks
down dramatically and competitian between firms increasingly focuses simply on prica. In its

3 Adapted fram Mastering the Dynamins of Innovatinn, James Utterback
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pure form, this is the phase of inravalion dynamics that wouk! be traditianally eharactarnized
by a so-called commoditization of the product marksf.

Throughaud tha 267 century, as it made its way thraugh iha tked and fransitional phases of its
key products’ kfecycles, the asrospace and deferse industry made its maek with a host af
astounding product innovations, achievemaents orianted on the quest 1o make things that go
“highar, fastar, farther.” However, most product markats of this Industry have long since
witnassed the smergence of their dominant design. Modern commercial aireratt, for all their
complaxity, have been remarkably similar from manufacturer t manufacturer for decades.
The market has retified most of tha key configuration choices aboul wing location and swseep,
1ail corfiguration, landing gear, eavironmental control, and avionics. While product innovation
continues 10 b8 an important dynamic in the vibrancy of the industry, process innovations that
change customers’ relationships to those praducts, beginning with their cost, are emerging as
the more daminant basis of compatition and, consequently, are incraasingly the facus of
innovatian dynamics in most of the indusiry's product markets.

To see an application of Utlerback’s innovations dynamics la 2 aerospace produtt, consider
Figure 1.3, which shaws how the evolution of fighter airoraft producis and tha structure of the
industry introducing these aircrafi raughiy mirrors the dynamics of product imnavalion posited
in Uttarback’s model. Mereover, if ona could quanttfy process innovations in tectical fighter
&ircraft o a common scale, the graph could squally depict, beginning around 197G, the
ernerging importanca of design and marnufacluring innovations—laan, "DFMA," integrated
produd! teams—and, talar, of advanced mission systams—wnapons, sensors,
communications—which were slaborately integrated into an aircraft system to acapt the
tachcal awerafl platform to users’ ever mora customized parformanca requirements

#Fighler Fims

@ fNaw Fighler Prograns

1926 1830 1040 4350 1960 1970 1980 1006 00

Figure 1.3 —introduction of new fghter praducts and fighter firms?

9 Sourta’ CRA, Analysis
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1.3.3.

On the one hand, Utterback's modal is a useful fool for comprehanding the complexily of
innovation dynamics, sven i geraspacs. On the ather hand, exirapotating the single-product
orientation of the modet to an enlire indusiry does introduce complications that may limit ks
simpistic application:

»  There are farge scale and compexity differencas across product markeds. Some
individual *products’ cansist of hundreds or even many thousands of component
tachnologies, each of which is expeariencing its own fifecycle and innovation dynarmic

~ There are lterally thousands of product markets at many levets of abstraction, and
sach lavel of the supply cham is creating product and process innovations.

«  Major segments of the industry comprise very different product markets that are at
potentially different sieges of maturity (cf., launch vehicles (mature specific staga)
and unmanned serial vehicles (nascent fluid stage}

in spite of thass compiications, & remains sufficient for the purposes of this paper io
appreciata that as product markets mature, companiss progress naturally from competing
prmarily on product innovations aimed at capturing the claim to dominant design to
competing more an process innovations aimed.at capturing market shara and extracling
econaimic value from the innovation, It is a gensralization, of course, but one 1hat stitt is useful
for undersianding the dynamics of mnovation in aercspacs and defense and the bases of
competition in ils product markets.

Objects of innovation in aerospace and defense

The asrospace and defensa industry has a proud history of creating innovations. For 1s first
75 yeacs or $0, thess innovations wers dominated by the quast of “higher, faster, farther”,
product innovations aimad at improving performance. Qver the coursa of this run, the industry
introduced numerous new-to-the-wortd innovations, such as commercial air trapsport,
suparsonic flight, and spaca flight, and then ralentlessly parfected tham. Many of these
innavations were ambodiad in larga systems, sudt a3 aiccrafl, that perform a complax
function, like communications, air traffic control, or satslite navigation. These innovations
were ihe result of collactive development efferis that cornbined numerous technotogies from
multiple disciplines to create complex systems. S1il today, portions of the asrospace and
dafansa industry are pussuing innovations for new, large-scale, complex systems. The Joint
Strike Fighter is a gaod sxample of a contemporary, large-scale, complex system. While
introducing some naw-1o-the-world technalogy such as its k4 fan, JISF alse wil intagrate a
host of functicns and innovations into an avionics Bystem that is repertad to require 18 milion
fines of source code. Innovation challenpes of simifar scale and complexiy confront other
cantemporary programs, such 39 the Airbus A3BC, Boeing's 787, NASA's Constelistion
program, and the now defunct Future GCombat System. It suffices 1o aay that innovating within
the contaxt of solving tho challangas inherent in large compiex programs is the halimark of
this ingustry and remains an imponant customer naed.
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However, thet particular object of innovation—Ilarge, complex systems-—is hardly
representative of all innovation the industry requires. Figure 1.4 conceplually depicts a wider
range of the objscls of innavation in aeraspace and defense, from simple, small innovations
1hat add only increments to a product's pedormance 10 entire systems thal are gargantuan on
all three dimensions of the arvay—complexity, scale/scope, and cast/schedue. For instance,
at the opposite end of the spectrum from farge-complex systems are groduct improvements
that simply adapl o refine existing products/senvices or production/delivery systems, The
advance of turbine blade technologies, far example, represents such en incremental
improvement to & component technology. The reaim of this amay labeied infegrated systems.
an 1he other hand, represents a diverse set of the compiex Systems (hat sre commeonpiace in
aerospace and defense. Thesa systems combina many alements together into subsystems
and vehicle platforms 1o perform relatively saphiaticaled muiti-function missions. A list of good
examples of innovative integrated systems might melude Northrop Grumman's Global Hawk
unmanned aerial vehicle, the severai variants of Mine Resistant Ambush Protected {MRAFP)
ground vehiclas, and Space Exploration Technologies’ Falcon 1 faunch vehicie. The system
solutions reatm typically combines less complex elements together (o perform a pacticular
missgion or function But aver a very large scale of scope. An example of such an innovative
pursuit of system selutions would be the Department of Homalana Seeurity’s BioWatch
program, which seeks 10 develop more advanced capabilities to monitar major u.s
population centers for airbome pathogens.

Cost / Schadule

Giobat Haws Faicon 1

Intagratad Systam

Axapdwoy

Scale / Scope

Figure 1.4—Diversity of | tion Types in pace and Dafense

The point of this second framework is simply 1o underscara the diversity among innovation
objects and organize their comparative significanca in tarms of the different kinds of
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10 Secrptary of Geferse Rabert. Gales, Opening Statement, Monday 'April 5, 2009,

winovation that different customers value. Speeding up product development or imposing fly-
before-buy mandates, for instance, may make sense for less complex of incremental
innovations, but may not be appropriate or even passible for some farge-complax
inaovations. Instead, there needs to be & More nuanced approach toward Innavation that
reflocts an understanding of how 1he dynarnic interaction of complexity, scalefscops, and
costfschadule frames the naturs of lhe problem. A singls, uniform approach to fostering
higher rates of innovation risks wasling monsy, or, pernaps worse, risks sctually undemining
indusiry's ability o achieve the innovations required to retain technological and economic
leadership.

Like Utterback’s model of innovation dynamics. this modsl of innovation helps put
abservations of what's actually happsening in the market into an anaiytical context that
facilitates understanding. Consider, for exampis, the several pravocative indications inth.S.
Sacratary of Defanse Robert Gates' statament accompanyirg the fiscal year 2010 budget. in
it, Seceatary Gates emphasized a reseive not 1o “spend limited tax dolfars (0 buy mors
capability than the nation needs.” He then movad to terminate & number of programs "where
the requirements wera truly in the ‘exquisite’ calegory and the tachnologies required were not
reasonably availabls to affordably meet . . . cost or schadule goals.” 10 Seen through the
prism of the models of innovation dynamics and innavation objscis, these statements can be
seen most generally as the kind of customer sentimant thal is characterstic of an industry
that is procesding through & relatively ature stage of its overall lifecyde. They signal a
significant change in the kinds of innovation Pantagon customers value, change that favors
tzilored solutions at lower costs and less risks achieved by facusing pursuits in the reatms of
incremental product improvements and integratad systems rather than farge-comptex
systerns. Gales also signais that as regards integrated systems in particular, the abjects of
innovation that customars valus is shifting toward lower complexity “satishicing” solutions.
Companies that want successfully to pursue innovations respongive to Gatas's indications of
custorner need might tend to focus on process innovations that enable the delivary of cost-
eftective, rapidly responsive intagrated system and systemn solutions, nit clean-sheet designs
for atl-encompassing large-complex integrated systems of systems.

STRUCTURE OF THE WHITE PAPER

The balance of this White Paper addresses several issues related 1o innovation within the
sontext of the innavalion dynamics and inhovation objects desaribed above. The Papers
examination of thess issues is organized into the fallowing five chaplers:

Chapter 2: The New Gama of Innovation—discusses how undeilying customar needs are
changing the rules of compedition through innovation it aiso explairs how tompanies can
mafry entrapreneurship to management {0 create evoiutionary and revolutionary innovalicns.

kitpHimiitarytimes. P pdf o
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EXECUTION OF LARGE-COMPLEX PROGRAMS

CHAPTER SUMMARY

Problem: Many large-complex aerospace and defense programs are experiencing
severe execution problems.

Many large commercial and mititary programs hava recantly suffered significant increases in
cast ard schadule, lower-ihan-expeciad pedormance, and, in some cases, outright Failure.

Conventional wisdom: E ion probl are d by = failure to manage the risk
associated with programs requiring iInnovative technaology development.

Convertional wisdom suggests that problematic jarge-complex programs are targsting
capabiiitias that are too far beyond the state of the art, espaciafly for the given hudgeis and
timelines, and tnus result in major cost and schedule averruns rsflecting an excass of
ambition and risktaking.

Assessment: Execution problems are caused by growing complexity rather than
imprudent risk taking

Conventicnal wisdom overlooks the inavitabilily that asrospace and defense systems are
becoming more complex as ever increasing capabilities are demanded of them. The real
issue is that tha tools needed to davelop these complex systems have not evolved as quickly
as the systems {hemseivas. Furthermors, axecution prablems an many recent programs have
spawnsd a nsk-averse culture that in tum is a refiection of today's failure-intolerant, buzgst-
constrained anvironment Sueh a risk-avarsion is instead stifling innavation and even prudent
risk-taking.

Saolutien: Develop better tools to manage the pursult of complex innavations and
fostar a “risk-aware™ mindset,

Industry must undergo both a technical and cultural shift lo better manage the increasing
complexity that is inevitable in large-complex, innovative programs.

« First, mofs resources mus! be davoled to development of systems engineering tools
both as pdrt of a program’s development funding, and through greater invastmant in
research that is not tied to a specific program. Industry must also Isam how most
effectively to utilize these iools for managing different types of large-complex
programs.

« Secand, industry must also undergo—some night say, rediscover—a culiural shift
from “risk-averse’” to ‘risk-aware”” understanding, evaluating, and minimizing risk
usging the locls and epproaches described previously; then, onca thesa steps are
camplete, accepfing risk and the failure thal may anse from #. Indeed, failure is an
integra! part of the innovation process for large-cornplex systems.
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3.2

PROBLEM! A CRISIS N EXECUTION OF LARGE COMPLEX PROGRAMS

The aerospace and defense industry has a storied history of crealing revoluticnary
innovations. Innavalions such as the jet engine, spacecraft, nuclear weapons and nuclsar
power, spacefiight, comgulers, and the Nternet each transfarmed our sociely. Where o such
innavations come fram? Some ceme from those entrepreneurial individuals and smedl frms
that invent "the next big thing,” such as the Wright Flyer and Generat Atomics’s Predator
unmanned aerial vehicle. We are night to celebrate their success. In cslebrating these signal
stories of successful nnavation, howaver, the process of innovation itself is at risk of being
oversimplified. Tha assumption implied by these exemplars—that the entrapraneur-inuonier is
the scie font of innovation—is, of course, only a part of the larper story of innovation in
aarospace and defanse.

The most iconic innovations of ine asrespace and defense industry, the kind that transformed
saciety, were generally niot created by individual entrapreneurs. instead, thase innovaiions
reflected oollective development efforts, the result of large-cornplex pregrams that typlcally
featured technologies and innavations in multip'e disciplines and consumed vast resourcas
over long periods. The Manhaitan Project and Apollo Program. far exampla, each consumed
about 4% of GDP during their peak funding years. Large cammercial programs 8IS0 rsguire
subsiantial resources. The Airbus AJB0 has taken over & dacads to bring to market, ard
development costs are expected to be as high as $158.

Despite the prevalence end impeontance of larpe-compiex programs in the 'andscape of
aerospace and defenss innovation, there are many recent exampies, across ail sectors of the
industry. of large-camplex systems that have suffered fortured developrent paths—
significant incraases in cost and schedule, lower-than-expactsd performance, and in some
cases, outright failure. The defense seclor is rife with programs thal have recenily been
canceled only after consuming vast sums of research furling: the VH-71 Presidential
Haliconter. Future Gombat Systems, Transformational Satelite. and the KEI missilo defense
intarceptor, just to name a few. As shown in Figure 3.1, several mgor defense acquistion
programs routinely face cancellation due to parformancs that fails to mest the cost, schedule,
andvor parformance requirements st out for them at their establishment.

But the probiams are hardly confinad ta defense programs. The multipte delays and technical
hurdies of several recenl civi aircraft programs, ranging from the Airbus A3B0 and Bosing
787 1o the Eclipse 500 Very Light Jet, are aiso aft too well known. Even NASA's Ares | launch
vehicle, whose architecture is heavily based on existing Systems to lower cost and risk, stil
has a ten-figure development cost and is unlikely ta launch a human crew before 2017, six
years afier the retiremen of the Spacs Shuitle and more then a decade fallowing the starl of
the program.

Thase high erofile examples, together with many others, are stoking the percaption that the
aarospace and defarse industry is enduring & orisis in the execution of innovative technology
davelopment necessary to the realization of large-comptex programs.
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Numbar of Programs

Bignificant (1525% Critical {>25%)

Near Breach {<15%)

Figure 3.1 - Major Defense Acquisition Programs - Nunn-McCurdy Breaches (May 2009)*7

CONVENTIONAL WESDOM: EXCESSIVE RISK TD SEEH INFEASIBLE CAPABILITIES

Conventional wisdam suggests that problsmatic large-complex programs are pursuing
capabilities 1hat are too far heyond the state of the ant, especially for tha given budgets and
timelings, and M the procass ara taking on risks that ultimately lead to majar overnums in cost
and scheduls, plis unmet perfarmancs, or ai three. This is perhaps most prominent in the
defense sector, where he pursuit of *sitver bullel® capabilities is commonly less budgst-
canstrained than commercial programs. In March 2069, the GAQ stated that many major U.S.
weapons programs have “far lass techrology, design, and manufacturing inowladpe than
best practioes suggest and face a higher risk of cost increases and schedule delays.” '8
Similarly, a 2007 RAND study of weapon system cost found thet “weapon system tatal cost
growth is higher that that of rail, fixed link, and road projects . . . [bocause] DoD defense

17 Source: L. Axtedl, "SARs & Nunn-McCurdy ~ An Updale®, 2009 Business Manager's Conference, May 13, 2009

18 GAQ: “Detense Acquisitions: A s of Sefcted Weapons Programs®, March 2009
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programs invalve much highee levels of new technology adaptation and thersfore rasuit in
inherently higher levels of cost and scheduile uncertainty.”12

in the commercial sector, investors are often highly critice! of innovatians that encounter
technolegical hurdles. Bosing, for one, has sndured withering criticisnt of some of its key
innovations on the Boeing 787 program—composites and outsourcing—despita the longer-
term fechnological and economic banefits that these are likely to provide Boeing and its
airline customers.

There are cerlainly other causes of poer program performance. For example, programs in
which customers have changed key system requiremants during development typically incur
R&D costs three times greater than programs with no requirsments changes, and twice the
average delay in reaching initial operational capability. ?" However, exceasive risk is still the
fault far which cantractors (and {o a iesser extent, customers) am most frequently criticized.

ASSESSMENT: INCREASING COMPLEXITY IS MAKING US RISK AVERSE

1he problem with the conventional wisdom is that it dees not address the trus underlying
causes of poar program performance, nor daes it-offer satisfactory proposals to resolve them.
Additionally, conventional wisdom fails to resoive or to explain how this industry, which is
{frequently dismissed as inherently wraught with failure and mefficiency, 1s in fact stilt creating
many essential, even extracrdinary innovations. Excessive fisk is not the real issue plaguing
the industry. Rather, it is the increasing complexity of acsrospare and defenss systems that is
mast frequently the cause of poor program performances, as ever more capebifities are piled
an to axpactalions of what technalogy ¢an achieve. This prob'lem is compounded by
execution problems on arge-compiex programs that haye—perhaps understandably—
spawned a risk-averss culture. Paricuiarly in a budget-conisirained and economically
pessimistic envircnment that has a near zero-toleranca (or failure. innovation gets stifled.

Historically, 1he complexily and scale of large projects drove tha DoD and NASA, among
other institutions, to develop and to utllize systems enginesring toois, Thess lools inciuded
new techneingies (e 9., digital computers for interactive information pracessing and process
control) and also new processes {e.g., centralized R&D and {echnology management
methods) aimed at halping sciantisls and angineers manage-complexity and scale. 2’ Phased
planning and configuration management techriques, far le, wors first d pad and

19 1s Weapon System Cost Growth ing?: A Q) i af &

and Onpang Programs, RAND,

2007

20 GACX0D-326SP Ausassments of Major Weapon Programe, pp 22

21 Hughes, Thomas P, Resculng Prometheus: The Stacy of the Mammath projects —SAGE, IC8M, ARPANET/rternet, and

Boslon's Central AnernyTunnel—That crealed rew styles of f, new forms of eravizaton, snd a new
+ision of fechnology. Pantheon Books, 1998
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submarines. Rather, companies like Australia’s Austs!, which focus on scmewhat larger
numbers of both commerciai and military sfwps, have won the contracts in compatitions fike
the U.S. Littoral Combat Ship (LCS) and Joint High Speed Vesssl (JHSV) programs.

Alliancas and incentives for cantinued innavation

Soma smal and nonHradgitional firms are thriving indepsndently under condtians such as
these, but others hava recenlly found thal they racuire belter access to capital and customers
than their limited horizons allow. At the seme time, 2oms of the larger firms in the indusiry are
looking to restart their irtenal enginee of innovation by adapling a corporete strategy that is
in tune with today’s batter-quicker-cheaper chatlenges. Togather, the new standards and the
heterogeneous structure of the indusiry present firms farge and small with weighty strategic
choices. What 1o do? Dissimilar alliances offer ane way forward. 'S From discussions and
study of how several of the mora successful entrapraneurial defense firms have confrontad
thesa choices, another sel of conditons ana revealed by which the establishment of efficient
alliances between amall, nascent and farger, establishad suppliers.

Succassiul allinnces, ratter than mergers of anms-tength supplies relationships, lypically
accur undar markel conditons in which the following condilions heid-

Considerable change with ragard to governing processes and ultimate goals, Consider,
for exarnple, Foroe Dynamics, the joint venturs of Force Protection and General Dyriamics
addressing ihe MRAP program. This arrangement endurad for several yaars in part because
# aliowad both companies the flexibility for closer or more distent invalvemen! as custemar
requirements and design solutions quickly evoived. Whan the program had clearly run ts
course, the JV had as well, and without toe much entangiement on either side.

A maoderate dagree of ki ** of b dedg ither sa leaky as to praclude
partners from managing thele formal linkage, nor sa restricted as to preciude
meaningful cooperstion. The unmanned aircraft industry, and particularly the U.S Navy's
Small Tactical Unmenned Aerial System (STUAS} competition, provides today an excellen?
illustration of this condition in opersilion. Moderalely leaky knowledge about arframe and
payload designs has encouraged caoperation between smat! aircraft manufaclurers and large
systems integraiors. Smaller firms like Swift Engineering and Insitu brought devaer airframe
designs ihat more establishad aifframars had not fully considered, or maoved lo put into
production. (n thasa cases. bigger fims fike Northrop Grumman and Boeing, respectivaly,
brought the ability 10 Quickly and reliebly integrate sophisticated sersars onta the aircralt. tn
time, Noithrop Cacided it fiked the airplane so much that & just bought the whale product line
{Swiit's main line of business, after all, was racng car bodies): At abowt the same time,
Boeing canchided that it tiked Insitu so much thal # bought the whele campany.

% Hasik, 2008, op. cit
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A moderate potentia) for tha farger firm to shake down the smaller one and capture 2
disproportionate share of the profits. Spacifically, where the structura of the produci's
value chain or cusiomer acquisition stralegy cedes some advantage to 1he ierger fimm, the
success of an altiance 1s mors likely, With the LCS, Austal's iormal attiance with Ganeral
Dynamics has succesded in part because the larger contractor's combal sysiems are s large
pert of the attractivensess of the ship to the customer. At the same lime, the commaercial
demand for car ferries provides Ausial continuing alternatives shoold GD drive too harda
bargain in negotiations.

Implications for the defense industry

Applying these approaches to the situations of individual companiss and cusiomers can
require considerable affari, and often just when thay are least prepared to address their
challenges. The impsrative for change, howaver. should be appamnt by now, as the rules of
competition have clearly thanged Achiaving balance within defense postires, as Robert
Gates has besn making clear since his semmal ariicle in Foraign Affairs, 18 wifl require hard
choices. Many of the “exquisits” systems bam of higher-fastar-farther thinking are being
raded off to fulfill more immediate needs. Some of thase tradeofis, ihough, can be less sharp
whan respansive contiactors offer innovativa solutons. Lately that has disproparlionately
inchaded smalier companias, So encowraping Ihis sort of cooperative compelilion can be goor
policy fof govemments and good business for contractors of all types and szes. On the
whols, the defense industry can be responsive, innovative, and cost-effective when properly
structured and Incentivized. Smart docisions regarding how 1o strugture and manage
programs can creato specific incentives, and the resulting corparate behavioss can faciltate
successful programs. The aerospace and defense indusiry has not [ost #s way on innovation;
It is now just finding cut all over again what kinds of imovations customers value

p ing e Pentagon for 3 New AQIe.” Foreign ANSIrs, Janusry-Febriery
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been relaxed, given the short timas of Aight in which they might need to porform indepandent
of GPS.

The MRAP program, on the othar hand, has succeeded wildly in spite of (he fact that it has
nat revolationized product perfarmance. Rather, MRAP succesdad because it focused not on
soing ks of ground vehicles' problems with breakthrough technologies, but because it
focused instead on paning back the sat of problems (o be solvad, and then attacksd thie
fTocused subset with abanden. Tha vehicies' designars acknowledged that today's battiefiekis
featurs only threa key threats: the Kalashniikov rifle, lhe rocket-propelied grenade [RPG), and
the impravisad mine. Vehicles like BAE Systems’ RG-31 and Forca Protaction's Cougar do
not resist cannon sheils, but gueriilas do not carry them; nor dees il dafaat wireguided
missilas, bt aimost rothing one could put an a fruck doag. Insiead, within vehiclas with spai
finers, it is undarstood that penatrating RPGs can generally only praducs fimited fatatitas
Howsver, by designing MRAPS for ballistic resistance ta threats no haavier than machine gun
rounds, their makers could cancentrate on tha critical attribute of the traq war: blast
resislance. The resulting v-shaped stesl-hulled vehicles could then serve as anything from a
bomb disposai vehicle to a mortar carier ta an annored ambulance

This approach reveals how tha new rulas of innovation demand new thinking. The military-
industrial paradigms of both the MRAP and the JDANM are faunded on efficient, iess-is-mare
retaxation of constraints ance thought obvious. bul which have proven ali-too-obviously
cansiraining over time. In the case af the MRAP, selactivaly relaxing the quality canstraints
wes essential to success of the design. In the case of the JDAM, the technoloegical advance
itself pushed back the constramnts, and cost-effectively at that. Coming to derms with this
dynamic requires same systems thinking, for design canstrainta influence the range of
possibla product qualities, while performence levels themselvss defina constrainis. indeed,
once in this frame of mind, a critical first step s often gaining clarity about whether a given
atiribute is 8 featurs or a frailty.

Tral is, in tha conslrainis of the curent environment, breakthrough performance will ba
sought most often within the "JDAM saiulions madel”. in it, the revolutionary is basad on a
small set of advances so inexpensive arx compatiing that they suppress okl ideas sbout
qualily consirainls. More common, hawever, will be solutions within the “MRAP salutions
model” Hare, svolutionary improvements are both relatively inexpensive and assential, and
based. again, on the selactive relaxalion of old constraints.

A aew imperative for entregreneurship

Sa where do we find this new thinking? A recent book by Charlas River Assaciates' Senior
Conzultant James Hasik offera some indications. '3 Many of the mosl vakiable systems of

recent campagns hava come from new entrants to their respeclive markeis. Thess hava
frequently been nascent arganizations, enjoying internationai perspectives from the start, and
accusiomed to taking fresh approaches to problems for compalitiva advantage. ™ This is net
lo say that large companies have heen absent from tha innovation process; it is simply that
for avery Boaing with a JOAM, there has been a Force Protaction with an MRAP, an Austal
with a calamaran ransport, or a General Atomics with a Predatar drone. But what explaing
the emarpence of such transformative defense products from small or non-traditinna!
suppliars? Good timing has surely played a role. But. there is more to the stary than gooo
tirning. The common denominator between thase small innovating companies is their posture
towaras risic 1 is 1his posture that has enabled them frequently 10 leagfrog their larger, mare
astablishad competitors,

More specifically, smatl and non-iraditional suppliers anjoy competitive advaniage in markets,
or laward oppariunities, where three conditions hols:

A rapid rate of Innovation bined with a relatively low degree of R&D intensity and
high uncertainty about future market or technology trajectories. This set of conditions
has generally held in the developmant of many families of systems that have provan usefu in
those smailar wers around the world—and blast-resistant armored vahicles have besn an
arute exampla Insurgents themselves have quickly devised new ways of attacking iroops
and their vahicles, such as explosively-formed penelrators, and withou the benefit of large
laboratories. Contraciors and govemment agencles have responded iteratively, with efforts
like that of the MRAP, and with fealures like RPG cages, remote weapon stations, end
composite amor, All these moves and countermoves have {aken place in an environment
short an good forecasts about the future,

Skill-intensive production that exploits the local network effects svailable within smal
firms, UAV puilder General Atomics has been an excellent example of this dynamic The firm
is famously vertically integrated, producing in-house many components that larger
compstilors putsource. The relatively smail woridorce thus understands encugh datails sbout
the design that GA has been able 1o quickly add new sensors, communications systams, ard
waapons o 13 daesigns in response to specific campaign requiremants. In the process, ils
Prodator and Reaper seriss of aifcraft have evolved in a decade and a half from relatively
single-purpose reconnaissance drones 10 the parliest versions of the long-awaited unmanned
combat air vehiclas (UCAVS)

A fragmented structure of compatitors, all facing medium-speed leaning curves that
enabie small flirms to find niches between the scale and scope of larger established
suppliers. it is notable thal few of the compelitive designs for naval vessals designed for
litioral aperations have come from largs firms that buikd aireraft carriers o nuclear

1 14 Eor » cramsndustiy vew of this phcnamenon, se¢ Gary A, Knlght anid 5. Tamer Cavusg, ‘Innovation, Organizationsl
Hasik, James. Asms and tnnovation: Entraprenaurship and Aliances in the Twmnty-First Century Defense Industry Capabliitres, and the Bom-Giobs! Frm,” Jouma! of Intermebona) Business Skudies, Vol, 35, No. 2, March 2004, pp.
{University of Chikaga Press, 2008) 124149
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PROBLEM: THE AEROSPACE AND DEFENSE INDUSTRY HAS LOSTITS IDENTITY AS A
LEADING SQURCE OF INNDVATION THAT PROPELS HUMAN PROGRESS

The greal accomplishments of the 20th century in aviation, the romance of tha golden aga of
NASA in space, and the technological dynamism of NATO's defense industries in tha Cold
War—all now are past Aerospace, and cerhaps aven defense, are seen 10 be mature
industries, experiencing decline in the industrislized world; their best days behind them,

CONVENTIONAL WISDOM: THE AEROSPACE AND DEFENSE INDUSTRY IS
EXPERIENCING A CRISIS OF INNOVATION

Industry veterans may have much fo lament in the state of business today. But at its core, the
crisis in aerospace and defense, it is thought, is rooted in the loss of this industry’s once-
vaunted propensity to innovate.

ASSESSMENT: CUSTOMERS VALUE INNDVATIONS THAT DELIVER BETTER- QUICKER-
CHEAPER

A fernperad and factual analysis of the market contradicts this dour assessment. While some
of tha players ara new, and the game is clearly drfterant, the nead for innovalion remains.
And, the industry’s response hias actuslly been quita vibrant. Yesterday's nules of how io
innovate have nat baen forgotten. However, they are not completely applicable to the carbon-
consirained, spaceflight-skeptical, and decidedly post-Cold War requirements of today's
customers Whis many of 1he iconic projects of the pasl have iost their relavance and priority,
new challenges remain. Global air commerce must go an, earth orbit hag vilal uses, and the
mayhem of what's heen called the *non-mniagrating gap™—that semi-iawiess expanse from the
Maghrab to the edge of india—continues unabaled What thase challenges demand today
are increasingly clever and enterprising selutions. Mereover, today's tight budgets dictate that
the solulions must ba inexpensive.

Relativa to thase imperatives, much of the problem with 20th century expectations of
innavation is their cbsession with parametic performance. Many people in the industry—
particularly i the R&0 functions—are oftén mos interested in doing those things at which
they have technically excelled, and for which their peers have admired them. This has
substlantially meant building to the "higher-fasterJarther” paradigm. The obsession with ths
paradigm admittedly did faed the success in acrospace markets throughout rauch of the 20th
century.!! However, thass standerds are increasingly antiqusted, unable to facilitals alf the
types of innovation necessary to meet 21™ caniury neads. More important, this problam is
parlicuiarly acute in the U.S. defense market. Five years infe the campaign m fraq, the Army’s

11 uoha K. McMasters and Russel M, Cummings, “Alpisne Design—Past, Prasent, and Fukse.™ Joumal of Alscraft, Vol. 39,

No. 4, Jaruary-February 2062, pp 10-17
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Future Combat System vehicles wera still being designed with huilt forms vuinerabis to
improvised explosiva devices

Today, what customers increasingly need is “better-quicker-cheaper.” As the preceding
example shows, this is true even when the intermediate customer, the acquisition
bursaucracy, is a part of the prablem. Fortunately, industry's responses to the requiremsnts
of the wars after the Cold War have in many cases bean leading those of the customers.
Eventually, the services agraed with their suppliers' new perspectives on intemational
securty, and bagan edding mere economical and operationally effective systems to their
tarce structures. Orie of the earlisst examples of this trand came in the 1990s with the Jaint
Direct Attack Munition {JDAM), buitt by Boeing but conceived by a smalf group of enginears
at the weapons laboratory at Eglin Alr Force Basa in Florida. More recently, this phanomenan
has included iconic platforms tke tha Mine Resistant Ambush Protected (MRAP) saries of
piast-protectad vehicles. built initialty of a South African heritaga by Force Protection and
BAE Syslems; the Pradator reconnaissance-strike drone, an adaptation of an Isreeli design
by Genaral Alomics; and the small, multi-huiled. High-Speed Vassels, built initially in Australia
by Incat and Austal.

NEW MODELS FOR INNOVATION: THE JDAM anp THE MRAP

Recent military experience in the Balkans, Afghanisian, and rag suggests a new paradigm of
innovation 12 Appropriate answers for the compaeliing problems of (hese types of conflicts
may largely follow tha pattern of two of the decisive weapens of these wars: the JDAM and
MRAP.

Consider first the JDAM. Boging's design for this now-famous guided bomb was so cost-
effeclive a product that it has dominated the precision weapons market, Tha JOAM later
maerphed info the entirely analogous Small Diameler Bomb (SDB). This successful innovatian
revolutionized the performance of a product that analysts have termed the single most
valuable lina item in tha entive U.S. military budget, Now, stealihy attack astrafl with smalt
bomb bays can engage half a dozen targets on single sorties, and with firs-and-forget
weapons. Because GPS accuracy is indspendent of range, bombs can be tofted from safe
zones thal are many miles away. Importanily, JDAMISDE'S innovations come at roughly the
price of a pickup truck. The cost is kept low becauss the satellite navigation system already is
‘nstalled, separately paid for, and its signal is nearly ubtquitous. Laser, infrared, and pattern-
malching seekers atill make interesling additions to weapons with GPS-pius-inedial guidance,
bt they have become much fess expansive given the proximity to the targat into which they
will be delivered. Even the specifications for the inertial guidance systems themselves have

12 james Hasik, *Asming the Bug Hunt: why the ecanomics of the JDAM and the MRAP e changing customes demand, and

how contractors can to adapt fo susceed,” Hasik Anatyie LUC, 8 January 2009. For a suppocting view, see Sandm |,
Enmin, "Message to Weapons Buyers: Make it Cheaper and Faster,” Natinnal Defonse, March 2009
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Chapter 3. Execution of Large-Complex Programs—addrasses the issue of percelved faiuures
of some high profile targe-complex programs to innavate, and seeks to explain and 1o
proposs solutians for improving success.

Chapter 4: Financing Innavation —examines the problem of financing |args capitef
invastments, and affers solutions to improve tha functioning of the capital markets to batter
support innovative initiatives.

Chapter §: Organizing for Innovation—dentifies the key organizalional factors that impact
innavation, and describes haw innavative companias seesk o balance control, autonomy, and
callaboration as they design their organizations to innovate.

Chapter & Pawsr From the People—ooks ai the role of a talented workforce in fostaring
innovation, the challenges faced by the industry in attracting the very best and brightest, and
recommends concrete stepa thal will help make aerpspace and defense companies more
competitive in the fabor market.
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THE NEW GAME OF INNOVATION

CHAPTER SUMMARY

Probiem: The aerospace and def: industry has lost its [dentity as a leading source
of innovation that propels human progress.

The great accomplishments of the 20th century in aviation, the romancs of the golden sge of
NASA in space, and the technological dynamism of NATQ's defense industries 1 the Cold
War—all now are past. Aerospaee, and parhaps even defense, are seen ko be mature
industries, expariencing decline in the industrialized worid; their besl days bshind then.

q

Conventfional wisdom: The acrospaca and def industry I8 exf ing a crisis of
mnovation.

tndustry veterans may have much 1o lament in the state of business taday. But al ils core. the
crisis in aerospace and dafense, it is thought, is rooted in e loss of this indusky's once-
vaunted propensily 1o innavate.

A | ion in aerosg and def: s not in a state of crisis, but tis
belng transfarmed.

The state of innovation in this industry is not so much in a state of crisis 9 it is experiencing a
normal evolution in the kinds of innovation its customers value Indicators of risk-iaking and
innavalive achievement still abound, but their manifestation is playing out throwgh some new
rutes of the innovation game. The conventional view of a crisis of innovation rests on an
antiquated obsession with parametric peformanocs impravement— the drive ta build syslems
to a *higher-faster-farther” paradigm. The innavations loday’s cusiomers requing most are not
of the “higher-faster-farther” variety but rather “better- quicker-cheaper—sclutions that meat
tightening budgets and the distinctive milkary requirements of tha post-Coid War. In addition,
the conventional wisdom too aften conkeses the nalural friction and traval of an innovation
game in transformation with distress ar dysfunction. Risk-taking, afier all, can ba a messy
business that litlers the landscape with mors failures than successes, But risk-taking is the
necessary condition for innovation, and of that there remains much to admire in this industry

Solution: Embirace the economics of JOAM and MRAP solutians, and marry
entregrensurship to management,

Indusiry must grasp how underlying customar needs arg changing the rules of competition
through inncvation. In the near future, innovation will ofien ba sought to raplicals a so-called
*JDAM solutions madet,” in which breakthrough performanca is achieved based cn a small
set of advances that are so inexpensive and comgalling that they suppress old idsas aboul
quality constraints. Mora common sill wili be instances of a so-called “MRAP solutions
model” in which evolulionary mprovements that are refatively inexpansive bacoma essential
and faasible based on customers’ seleclive relaxation of ald constraints.
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succeasfully used by the U.S. military in bailistic missile development pragrama, then were
later integrated into the managemert of the Apolle lunar landing program. 22

There is no dautt, however, that asrespace and defense systems are growing ever more
complex. Aemspace and defense systems are not only required to have Increasing
capailitios per se—higher speed, altitude, range, accuracy, paylaad capacity, fuel efficiency,
dala rates, sensitivity, resolution, precisa sffects, stealth, and so on—but also must ba
dasigned to oparate seamlessly with an ever-increasing range of other systems. Although
complexity, like innovatian, is very difficult ta measure (and beyond the scope of this paper)
we car absarve several factors that reflect complexity, such as functionality, number of
subsystems, interfaces, and part counts. Together, these factors can be used as a proxy
measwre of complaxity. More simply, avionics complaxity is correlated with software lines of
code, and therefare cost. Figure 3.2 below Ulustrates the growth in complexity of military
aireraft, using as @ proxy the avionics cost as a percentage of fiyaway cost

25
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Figure 3.2 - Incraasing Complexity af Alrcraft, as Expressed by Avionics Cost??

¥ measuring complexily is hard, managing it is exceedingly difficut. One reflection of this
challenge is in the trend of aeraspace and defense system prime contractors who choose to
characterize their identity at the top of the defense contracting food chain as that of systems
integrators, rathar than mersly aircraft, spacecraft, or weapons systems manufaclurers. In

22 Thp Seceat of Apolio: Systems In and Space Programs, Stephen B. Johnson, The Johns -

Hapkins University Press, 2066

23 goyrce: Gompalition and Irnovation [n the U.S. Fixed-Wing Military Alreraft Industry, RAND MR1656-2 4, 2002
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tumn, these same prima cantractors increasingly rely upon sophisticated suppliers ta design
and develop the subsystems and components which the primes integrale into systems.
Indeed, as systems integrators, prime contractors sirive 1o maks managing complexity a core
competency.

Despite thesa efforts, preblems in sxecution persist in large-complex programs becausa ihe
tools necessary to effectively manags this complexity does not readily exist at this time. Since
the 1960s—the heyday of the asrospace and defense industry's innovation celsbrity—the
complexity of large systems has outpaced the development of the systems engineering tools
needed to manage them. Newer tools—real options, spiral development, advanced
simulation, and complex adaptive systems, among others—have not evolved at a sufficient
pace, or heve not been successfully applied, to mitigate the execution problems on many of
loday's large-complax programs. In analyzing weapons systems cost and schadule overruns,
for example, analysts have ctted “decline of American experlise in systems engineering, the
science and art of managing complax snpinsering proiects to weigh risks, pauge feasibility,
last components and ensure that the pieces come tagether smoathly.”24 Similarly, the
Defense Science Board in 2003 investigated the cost growth and schadule delays of a vanety
of critical weapons programs, and conciuded that “ Government capabililies io lead and
manage the acquisition process have serously eroded . . . (including] ineffactive systems
engineering.”25

IMPROVING EXECUTION WITH BETTER TOOLS AND DIFFERENT MINDSETS

How should the industry overcome these issues? First, it needs to increase investment in
systems engineering tools and approaches that can better manage moedem levels of
compiexity. Next, it needs to understand how and when to smploy them apprapriately.
Concurrently, alf industry stakeholdars—nat just cantractors and customers, but also
investors, taxpayers, and govemments—need to undergo a cultural shift from “risk-averse” 1o
"nsk-aware," accepting that some unforeseeable problems are inevitable during develapment
of large-complex systems. Such a cultural shifi does not equate to condaning
underperformance. Unchecked cost and schedule overruns, and/or failure to meet
specifications, are still unsatisfactory. Instead, the industry's challenga is to find, or simply
rediacover, the fina tina that balances evolving program objectives, the limited resources
available to achieva them, and sometimes diverse stakehalder interasts.

24 i Death of Spy Satelite Progeam. Loty Plans and Urrsalistic Bids, The New York Times. November 11, 2007

25 Detense Science Board’Air Foice Scienlific Advisory Board Joint Task Force on Acquisiton of National Sequrity Space

Programs, 2003
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3.5.1. Developing new tools to manage complexity

More resaurces need to be devoted to development of systems engineering tools. For
example, contractors and cugtormers should expect, even insist, that a portion of a pragram’s
development funding shouid be devoted to developing the necessary oals particular to that
program. In addifien, investments need to be made in basic and applied research (i.¢.,
research that is not ied to a spscific program} on 1he development of 1ools that advance the
stats-of-the-art iIn managing large-complex programs. More broadly, the industry must also
increase its awareness and undarstarting of the way in which thesa teols should most
effeclively be utiized to appropriately manage the development of various kinds of large-
complex programs. After all, innovation and complexity occurs across a broad specium, and
requires a comresponding spectrum of tools 1o effectively manage them, Tools and
approaches that work for one project type may not be appropnate for others.

For example, many critics of troubled large-complex systerns claim that that the overarching
sofution to execution problems in these programs is simply to ensure that the customer nat
purchase anything until the contractor has proven tha systems’ capabililies. This approach is
valid for relatively simple or less cutting-edge systems and components, but would be
urreasonable for targe or higher—isk systams whase camplexity will inevitably lead 1o
unforeseen problems duning development, production and even operalion, no matter how
wel! Ihe program is managed. As systems engineer and formar NASA Adminisirator Michel
Griffin slated in 2007 " bacames unreasonable to expect, other than through the harshest of
hindsight, that a particular failure made might have been or ought 1o have heer anticipated,
Indead, results from the medern study of complexity theory indicate that complex systems
can exparance highly non-linear departures from normnal state-space trajectories—i.e.,
‘failure’—without anything being ‘wrong. " 25 In other words, customers of large-complex
programs who wait until systems are “proven” may wait for a very long time.

The betier-quicker-cheaper paradigm described in Ghapter 2 is nal so we!l suited ta large
complex programs since their desired capabilities entail complexity, which in tum, enteil
higher cost. Certainly, some of the best practicas that have arisen with successfut better-
quicker-cheaper programs are applicabie to any deveiopmentat effort, no matter how simple
or complex. For example, an unrelenting focus on customers’ neads, and encowaging
conservative customsrs to consider newer, more alegant, and more entreprenaurial concepls
is as appiicable a precept in large-complex programs as it ia in expedient ones. However, the
application of evolitionary improvements and selecliva relaxatian of constraints that are so
affective in programs such as MRAP will be ineffective for programs that are seeking to push
the state-of-the-art well bayond current limits, such as the F-22 Raptor.

26 Michael Griffin, then-NASA Adminisirelor. delivering the Boeing Lechira at Purdiia Univarsily, March 2007
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3.5.2. From “risk averse” to “risk aware™

The high incigence of problems in large-complex development programs, compounded by the
plobal ecopomic crisis, has led to a nsk-averse aerospace and defense culiure. Increasingly,
the stakehokiers of thase companies and programs are driving industry, at the margin, to
adopt mature, proven technelogies through continuation and incremenlal upgrades to existing
systerns over development of innovative pew systemns. A racent editorial in Defense News,
for example. advocates the purchase of further F/A-18 Super Hamets over the Joint Strike
Fighter since "the Super Homel is already in production, has a well established cosi, and is
batile tested *27

The danger wiih this type of thinking is that it is driving the industcy away from innovating and
teking risks, particularly on large-complax programs. After $1.5 billion of investment, tha
NASA-Lockheed X-33 VentureStar demonsiratar program was cancelled when s composile
liguid hydrogen tank failed during a test. This failure made the program too high nsk for some
sven though altemative solutions to that specific problem ware already in the works. Despite
this setback, the program was creating many significant innovations 11 a aumber of
technology areas, such as engines and thermal protection systems. Cancelling the X-33
probably kifled any chance of delivering leap-ahead space vehicle innovations for years io
come,

What needs to happen is that industry siakeholders must undergo—aor again, perhape simply
radiscover—a cullural shift from "risk-averse” to “risk-aware.” Risk-awarenass involves
understanding and evaluating risk as thoroughly as possible and then minimizing it by the
choica of appropriate 100ls and approaches. Mosi importantly, risk-awareness means a
commitment to accept risk ence the measures to mitigate and minimizs # have been
established and implemented.

Furthemnore, stakehotders in these pregrams must remember that many of the celebrated
successes of the past were praceded by major failures. In fact, tailure is an integral par of
the innovatian process for farge-complex systems. There is, of courss, no better way ta
underscore this point than by reference 1o the U.S. space program. What many forgel is that
the U.S. program was fraught with failures. Table 3.1 presents the launch record over a shon
12 menths during the heat of the Cald War competition to demonstrate tachnotogical
superionity. Vanguard, ihe firgt U.S. ettempt to launch a satellite, came 2 months after
Sputnik's sucoess, and very publicly faited, causing il to be derided as “dudnik’ and
“kapuinik.” Worst of all, the Apollo program lost three astronauts on the launch pad in a fire
sarly in 1967,28 In Lhe and, however, ihe Apollo program recovered, leamed important

27 Rridging the Fighler Gap: U.S. Navy Han Easy Sakution: Buy More Homets, Defansa Nawa, June 29, 2009, pp 21

28 Apollp 1 suflered a Pash fire during a leunch pad test on Januvary 27. 1967, kiling all tee members of Hls Gew,
Commander \irgd (. (Gus) Gilssom, Edward H. White 11, and Roger B. Chaffee
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iassons from those failures, and 30 short months later triumphed with one of the most nolable
events in human history, the landing of humans on the Moon.

Early Space Launch Record

. October 4 USSR: Sputnik 1launched
B Novembera USSR: Sputnik 2 launchad with dog Laka as
= passenger
Decembor 6 Fallure  USA: Vanguard TV-3 explodas on launch pad
. Janvary31 USA  Explorer 1 discovers the Van Allen rachation
o belts
@ Fgbruary 3 Fallure USSR: First try to launch Spuinik 3 fails

Foebruary 5 Fallure USA A second Vanguard try fails

March 5 Failure USA' Explorer 2 (ails lo orbit

March 17 USA Vanguard 1 successfully orbils

March 26 USA: Explorer 3 orbits, collects radialion and
rmicrometeoroid data

April 28 Failure USA: Another Vanguard fails to orbs {third failure}

WMay 15 USSR: Sputnik 3 arbits, canying lerge array of
instruments

WMay 27 Fallure USA Vanguard fails for the fourth time

Juna 26 Fallure USA Vanguard fails for Gfth ime

July 26 USA Explorer 4 orbrs and maps Van Allsn
radiation beits

August 24 Failure  UJSA Explorer 5 alls to orhit

Septemnber 26  Failure  USA Vanguard fails for tha sixth lime
Table 3.1 Farly Space Launch Racord2®

Despite some perceplions to the contrary, society wil continue to depend on innovation in
largs-compiex programs ta salve difficult, important technalogical problems of our society—
from defending against ballislic missite aftack, in exploiting high-resclution satellite imaging,
explaring the univarse, and balancing rising air transportation demand with energy security
and climate change. The successfd exacution of such programs is crucial for the aerospace
and defense industry f it is 1o continue fo prosper. The major steps necessary to overcoms
the existing crises of axacuton in targa-complex programs—improving the tools needed to
manage complexity, and shaping the industry's culture from risk-averse to risk-aware—will
urxoubtedly be challenging to accomplish. But, success is within our grasp, and will require
only a few visionary leaders 1o convey the resousces, enargy and cultural flexibility needed to
drive these changes forward.

29 Source: NASA History Divislon NMIQU/AWWYY. K. nE8a DY him)
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4.1.

FINANCING INNOVATION

CHAPTER SUMMARY

Problem: tnvestments in the pursuit of innovation are expensive, risky, and up-front.
Tha pursuit of Innovation in technokegically-ntensive industries is frequently expensive and
abways risky, Within aerospace and defanse, inmovative pursuits can require particularly large
ressarch and development (R&D) investments expended over tong development periods. In
addition, the technica! challanges ere often compounded by poiticat undenainty over
demand: an excellant and innovative product may ultimately not yield an altractiva retum if
the national security threat changes o ff the federal fiscal balance impaws the program‘s
progress to fruiton. All of which is to say that investment in the pursuit of innovative
achievemeni is not just coslly, it requires an expense up-frant, ofter years in advance of
when the return on that investment can bs recogrized.

Conventianal wisdom: There is no source of fi ilable to tha aerosg and
defonse sector to offset tha dramatic reduction in public fundinvg for R&D.
Canventional wisdam holds that tha primary traditicnal sources of funding—nationat
govermnments—are loaing intereat in funding R&D for the aerospace and defense industry.
.. federai funding for agrospace has declined praciptously since the end of the Cold War.
And while 1he privalely financed proportian of aerospace RED is much greater than it was 20
years ago, its absaluie |evels are not sufficient to offset the reduction in federal, cuslomer-
funded inftiatives. Eventually, the corwentianal wisdom fears, the scarcity of govemment
funding will lead to the dewnfali of the U.S. and pogasibly European serospace industries

A There ins 3 wide array of investment capital to finance the
aerospace and defense industry's pursuit of innovation in the 2 century.

The simple fact that federal spending on aerospace R&D has come 1o rest at § substantially
lower level (han prevailsd before 1890 should nol; unta itself, constitule a crists in the
financing of innovations that customers-vakue. There remains a sound impetus for
government investments in the pursuit of innovations In aerospace and defense, although the
particular range and focus of those investments are changing. It addilion, the agrospace and
defansa indusiry now Bnioys a wide fange of firiancing techniques that played litte or no part
in the pursuit of |afe-20™ contury inhovations in asraspace and defonse industry—venture
capital, corporata development, supplier rigk-sharing, and even levarage.

Solution: Attracting capital to finance 21* cantury serospace innovation requires more
modern attltudes toward risk and return from industry, investors, and government
Industry shouid relearn that long-run discounted cash flows are a bstter measure of intrinsic
value than shori-run accounting profit. Investors should rediscover the diversity of the
aercspace and defensa sector. Government officials shoukt reform regulatory and acquisition
regimes lo encaurage a betlter funclioning private capital market o finance innovation.

Page 27




Innovation n Asrospace & Defense

October 2009 Charles River Associales

4.2.  PROBLEM: INVESTMENTS IN THE PURSUIT OF AEROSPACE INNOVATION STILL ARE
EXPENSIVE, RISKY, AND UP-FRONT

The pursutt of innavation in technolagically-intensive industries is frequently expensive and
always risky. Within serospace and defense, innovative pursuits can require particuterly laigs
rosearch and development {R&D]) invastments expendead over long developmant periods.
Investment in R&O is clearly riskier and more difficutt to finance 1han investment in capitat
equipmenrd with definad amartization schedules, new staff with estimable skils, or marger
targets with known revenues. 30 in addition, the technical challenges are often compounded
by political uncartainty over damand:-an axceilent and innovetive product may ultenatsly not
yield an atiractive raturn if the national security threat changes or federa fiscat balance
impairs the program’s progress to fruition. 3' Moreover, even though R&D investments are
interded o realizs monetizablo capital, thers is still good reason thal the eaddy stages of
Innovation are recorded by accountants as a simple expense and by federal budgsteers as a
current obligation. It is only when there is a high likelihcod of commerciat reality thaf the
assets cart be broughi onlo the balance sheat and capitalized. All of which is to say that
investment in the pursit of innovative achievement is not just costly, il requires an expense
up-front, often years in advance of when the retum on that investment can be recognized.

4.3, CONVENTIONAL WASDOM: THERE i8 NO SOURCE OF FINANCE AVAILABLE TO THE
AEROSPACE AND DEFENSE SECTOR TO OFFSEY THE ORAMATIC REDUCTION IN PUBLIC
FUNDING FOR R&D

Conventional wisdom holds that the primary traditional sources of funding for innovation -
national gavernments—are losing interest in funding R&D for the aerospace and defanse
ncustry. U.S. federal funding for *aerespace” {i.e. NAICS code 3384) has declined
precipitously since the erd of tha Cold Yar, end while the privately financed propertion of
asrespace RED is much greater than it was 20 years ago, iis absoiute levels are nol sufficient
to affset the reductian in federal, customerfundad initiatives. This creates a particularly acute
problem for asrospace companies that have grown dependent on federal funding fo finance
their pathe to progress. These statistics compert with the conventional wisdom, which holds
that this drop in public funding will not be made up by investments of private capital. Big
projects, it is thought, appaar to have become too hard to attracl and sustan public interest
in, and aeraspacs necesearily means big projects. Eventually, this reasoning holds, the
scarcity of gavemment funding wilt load to the downlall of the 1.8, and possibly Evropean
serospace induslries, and the wholesale transfer of skills, production, ard prafits te China
2nd other emerging powers—or 80 goes the conventions: wisdom aboul the problemn of
financing inmovation i aerospace and defense.

0 i, B. K. (2002; “Tha Snancing of RED.” Oxford Review of Eonomic Moticy, 18(1), 35 51, and Ozken, N, (2002) "Ettacts
of inancial onR&D i An " Apphied Fwencra Fronomics 12,827-834

B Wizston, P, J. (1995 "Defence R&D: encouraging private venture R&D with option stratagies,” Defence snd Fasca
Eoonomucs 7, 313-324.
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Figure 4.1—Federal and Company RAD in Acrospace (NAICS 3364)32

4.4,  ASSESSMENT: THERE REMAINS A WIDE ARRAY OF INVESTMENT CAPITAL TG FINANCE
THE AERQSPACE AND DEFENSE INDUSTRY’S PURSUIT OF INNOVATION

The future is &t ieast more complicated, and probably brighter, than conventional wisdom
waoukd suggest. Ta begin wilh, the relative loss of governmant funding may not be the crisis
hal its past beneficianes proclaim. Assuradly, govemnment asgsistance with R&D has
teaditionally benefited padicutar U.S. industries, such as softwara and biatechnology.3? And,
indeed, asrospace was among the prmary recipients government funding in the 20™ century
However, white tha rationale for broad govemment support of sirategic indusiries 1s an old
ane, 34 recent empirical research suggests government supporl is of dubious econemic
sfficiency. For that reasan alone, it might have been expacied to decline.?®

32 Gounce: AlA Factbuok. Mote: Sourced from NSF *Annusl Study of incustrial RED"

I Bea. far examius, D. Mowery and R  Lengiols s, Spl'mhg off and Spinning.on (7): Tha Federsl Govemment Rola in
the D ot the LS. In s Foiicy 25(6): pp 947-66; and G.5. McMMlan, F.

Narin, and . Desda (2@0} ‘k‘ Aralysis of the Crifical Role of Public Sden:s In tnnovation: the Case of Blotach-
nakigy,” Resesrch Policy 29(1): pp 1-8

34 Yre inecrsncat case starls with Richard Nelson, The Simpls Econamics of Basi Sclarhfic Research,” Jaunaf of Pofitical
Froonary 77: 297-306; and Kenneth Arow (1982}, "Economic Welfare and the Allocation of Resources for Inven-
tlon,” in Richard Nalson, ed., The Rate and Dvechion of invanfive Actrity, Princatun Uniersty Pregs, pp 609.628

kL Austan pricas, and the supply of capitel goods = Quarterly Joumal of Economess,
August 1887 and ‘Doos R ernd D polcv itmariy benefts scientsts anc engneers ¥° AZA Papers and Proceadings,
Mey 1098
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Moreover, In comparing lavels of R&D spending in aerospace and deferse over time, it is
important to recell thal the express pepose of many of these expendituras in aorospace
during the latter helf of tha 20™ century had baen oriented on the developmant of military
capabilities to counter the Soviet threal, Seon from thet perspectiva, soma raduction in the
magnitude of U.S. faderal funding for aerospece R&D since 1990 has been en appropriate
response to a world with a different range and type of public priorities. Accordingly, all other
things baing equal, it shouk? expact to achieve a level of innovalion that is responsive to what
customers now require ai a lower overall level of gavernment expenditure than we did during
tha Cold War.

Finding the *right" or ecanomically efficient level of povernment invesiment in aerospaca and
defense in this new era is hard 1o discern with any precision. After all, importani new thrests
to national and intemational security have emerged to compel tha public’s altention since the
outset of this new century. Still, the objects of govemments' need for esrospacs innovalion
are appreciably smaller, and with more and more aercspace products crossing the {hresheld
into the mature stage of therr lifecycles, e particular scale of investmants that once were
required ta discover dominant design in every product segment is no longer required. The
simpile fact that federal spending on aercspace R&D has come to rest st a substantially fower
level than prevaiad before 1930 shawid not, unte itself, constiluie a crisis in the financing of
innovations that customers value.

The pursuit of innovations in aerospace and defense will continue to attract
government funding

This s not to deny e continued importance of govemment financing of asrospace
innavation here in the post eold-wer era. Tha pursuit of innovations in aerospace and defense
will continue to altract govemment funding. Howevsr, the oardicutar range and focus of those
investmenls are changing.

Satellite navigation is a cass in point whogs features are instructive about the enduring role
for govemment funding in promoting aerespace innovation in the 21" century. Whils lhese
orbital kghthouses cousd plausibly be privately financed, € all of the sysiems in use or
construction today (GPS, GLONASS, Galileo, Compass} have been {unded by national or
{ransnational govermiments Why?

35 For the famous argument ss 1o why lighthouses are not property a pubiic poed, sas Ronald H. Coase, {1874), "The

Lighthouse in Econamics.” Joums! of Law and Emonm 1742): pp 357-376. Fos more recent criticsm of the article,
see David E. Vean Zandt (1993), *The Lessons ofths L ' o Private’ of Goods.”
Joumat of Legal Skudles 22013: pp 47-72: and Elodie Bemnu(zons), “The Cazsean natysis of Lightouse Flaanc-
ing: Myths and Rasiitles * Camindge Jownal of Economics 3031 pp 135402, For karther explanalion =a ‘o why
sataliita navigatan senvicas are a beiter exampls, bamiag the ineria of tha inatelied base of frea-access squipment,
see Fred E. Foldvary, "The Lighthouse as a Privata-54ctas Colective Good.® The independent insdtute, working
paper #4B, 1 October 2003, Far a consideration incorporating said ineria. see Aran Pinker and James Hawlk, ‘Priva-
f1zatan and C of GPS,” Pr dings of the 9ih it Teachnicat Meeng of the Salstfite Divi-
sion ol the larstitinte o Nawigatinn (10N GRS} 1986
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International security. Defense of the realm ig the classic “public good*—non -excludable,
non-ivalrous, clearly in demand, and potentially quite costly. Until the Galilkeo project, avery
major electronic havigation system (Decca, LORAN, Transit, Tsikada, GPS, and GLONASS)
has had its origin in military objectives (generally long-range precision bombing). 37 Providing
for the nationai defense will remain & compeiling impstus for invastments in aerospace
innavation {although the perticular kinds af innavations even military customers value ara
changing, as discussad in Chapler 2).

Commens. The provision and protection of commons is a classic response of gavarmment to
tha sconomic “extarnsiities” arising from tha fact that individuals’ consumption of a resource
hald in common may impose collective coste or throw off collective benefits Provision of
national parks and pretection of the ervirconment are familiar 20" century investments of
govemnment in the commons. In the 21 century, the govemment's investment in innavations
that snhance positive exiernalities—think satsliite-basad air traffic contral--and contain
negative extemnatitisa—think cybersecurity and sustainahle energy—are (ikely to grow both in
scals and scope. Indeed, the advance of technology together with a growing magnifude and
complexity of commans value in the 21% century have raised ta the realm of national security
the consequences of modem threats to the commans. Whather the govemment's nvostment
in commons will tum out ta involva significant participation by what we now regard asthe
asrospace ard defense industry depends in part on its compantes’ ambilions o address
thase adjacent domains. Some surely will. To do so, for instancs, s the ostensible raticnata
for many "defense conlractors™ which aiready have rebranded themselves as *global sacurity”
companies.

Uncertainty. The giobal financial crisis of ihe past two years notwithstanding, the private
markats are generaily good at allocating capital to the pursuit of innavation. Syndicates of
private captal are atiracted ta even large-scale, compiax innovetiva initiatives like GPS,
provided, however, that their ex anfe business cases are competiing and calculable and heir
fisks can be widely spread among opsn-eyed investora, Conversely, where an asymmeiry of
knowladge about the project batween financier and entreprensur is stark, 38 whera the costs
of breaking down those bamers ar assembling a syndicate are high, and where the feasibility
of calculating outcomaes is low, uncenainty will prevail to pravent a privately financed salution
to the opportunity. Sgace is one such realm that traditionally failed to attract private
investment and which the government itse¥f has therefare provided, including the provision of
a satellits basad navigation signal. Of courss, as the uncentainties asscciated with space and
lhe uses of space have recedad, private capital emergerd {o finance commercial space
ventures—everylhing from communications satellltes to earth obsarvation systems and, now,
tourism. Nevertheless, there will remain realms of ambition addressable by the asraspace

37 Gee Michae! Russett Rip and James M. Hasik, The Precision Rewhuticn. GPS and the Future of AsPai Warfas, Nava

institnte Press. 2002, espedially chapier 2, ‘A Briel Histery of MiRtary Aic and Space Navigation®.

A0 aesrospace, e problem of is acute, See U.E. Remhandt, ‘Break.Evan Analysis for

Lockheed's Tri Sian An Application of Financtal Theory Jounat of Fmance. September 1973 (28 #43, p 830
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arxd defense industry tha! ere 00 fraught with uncertainty {or oo costty to reduce that
uncertainty) to atiract private capital. To achieve 1he innovations necessary to raaliza such
appartunities, govemment wil continue making investments either for govemment's direct
provision (e.g.. exploration of guter spack) or to improve informalion flows or redlce
transactions costs sa that the private capital markets can function more normally {e.q.,
investments in science and technology tat raise or accelerate the basis of knowledge on
which commercial veniures can build}

Private risk-taking will play an increasingly vitai role in financing innovation in
aerospace and defense

Since government involvement in the serospace seclor is likely la be mare restrainad and
focused than in was in the 20" cantury, private risk-teking will ptay an increasingly vitat sole in
financing innovation in this industry. Going forward, privata risk-taking not only continue ic
provide capitat {a the commercial aerospace industry, but even military success undar
dynamic technological change will attract praater private financing than it has in the past. The
aerospace and defenss indusiry now snjoys & wide range of financing techniques that played
fitths or no part in the pursuit of late-20™ century imovations in perospace and defense
industry

W pital. Star, for pxample with the venture capital market. This market was just in
ils infancy at the very end of tha Cold War, yet it has already shown an appstite for
opportunilies in the asrospace and defense industry. Venlure capilal thrivas on high-yield
invastments in potentially game-changing systems. Indesed, it aiready has shown an appetite
for opportunities in asrospace and detense that fil thie profile. Robotics is ane such field that
has attracted this most demanding type of private finance. Consider, for example, the
capitalization history of the robotics icon iRobot, depitted in Figure 4.2,

~ . | N L L .
T 1 T T 1L
1900 1997 1908 201 203 213
Foundad  Inltist DARFA Initial venture Venhre Vantuse PG
funding capital raise capita raise Capital ralse
~37M raised by SMramedby $13Miedby Raksed >§100M

Acer Technologry Azer, Fareay.  Tricent Capha)

Vertures, Fenway aodfor First with existing 4.3M shares
Pantners, andior Apany rvertim regresent 18% stake
Fesl Abany

Figure 4.2—Capitstization history of iRobot Corporation, 1990 - 2605

From a start-up bootslrapped in 1950 by iis founders, Massachusetts Institute of Technology
robaticisks Colin Angls and Helen Greiner and their professor, Dr. Redney Brooks, iRcbot's
growth and inmovations initially wars financed by govemment funded R&D but later by three
separate infusians of veniure capiial totsling aimost $30 milion. Following its $100+ million
init:al public offering of squity in 2005, iRobot has continued (o grow and now generatss maore
than $3C0 million in revenue and employs more than 400 of the rebot industiy's top
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professionals. Important lo this story of iRobot's financing is the fact that its inventions
address hoth cammercial—home and industrial segments—as wall as government
custiomers. {is two best kniown producis are, on the one hand, the Roomba, which is a
household carpet cisaner, and, on the cther hand, the PackBot, which Is a tactical mobile
robots that enables dangerous search, reconnaissance and bomb-dispasal missions that
keeping personnel ot of harm's way.

Cormporate development. As govemment funding recedes, aerospace and defense
companies’ own balance sheets and operating expenaes will piay a mare important rale in
financing the pursuit of innovation. For exampls, it is freguently said that acquisiticons ars the
hotlest new source of R&D for established mililary suppliers. Given the dsk-reward
approaches favorad by large established firms, paying the esrly winnings from a venture lo ils.
antreprenanrs and their financial backers may feel efficient, at least in the most risky, ground-
preaking fiskis. After all, technotogical breakihroughs oftan favor new firms because
astablished enterprises sametimes have physical human, and even social capital guite
specific te long-term, established programs rather than programs and fechnologies that are
working at {he cutting edgs. 9 SH, an sntrepreneurial drive may eventually find an efficient
home within an enterprise with the scate and scope to bring it 1o fruiticn, Not surprisingly, it is
oftan acquisitions that are used o offect thess conjunctions.

Just short of mergers, carporate aliiances between farge and small fims also are increasingly
amployad 1o facilitate the developmant of new systems. 42 At least a part of the appea! of this
approach is due to the flexibility it allows in financing, as parners can contribute relatively
more or 18883 10 a projact ({for relatively more of less retumn, of course) as befits the particutar
stage of its development and the partners’ comparative competancies. Consider, for exampie,
the case of tha small UAV supglier insitu, whose capitalizalion history is depicted in Figure
43,

¢ t s notnbée that the Iformation technotagy firms lisled by the Canters for Research in Securities Prices (CRSP) database in

1968 specincularly underperformed the matkel By oligh 1996—well before the rine of fre IT bubble i 1he lals 1900s
bunt not before ther astets and skis had become stale. Sae 8, Jovanovk and J. Greemwood , 1999, “The Intorma-
ton Technology Revolutien and tha Slock Markel,” Amencan Fcanomic Revgw 83(2): pe 118-22.

48 james Hasi, Arms nd Innovation. Entrepreneiurship and Alliances in the Twanly-Frst-Cortury Defonss inauslty |

UnesarsRy of Chicage Prass, 2008
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Figure 4.3—Capitalization history of Insitu in¢., 1992 - 2008

Founded in 1394 to develop miniature robolic aircrafl for offshore weather reconnaissance,
Insitu now sgecializes in the design, development and manufacturing of several high-
performance and low-cost UASs for intelligence, surveiltance, and reconnaissancs (ISR). The
applications of its technology span military reconnaissance, the creation of internet natworks
n remots areas, border patrol, coastal monitoring, anti-soipar systems, environmental
manitoeing, search and rescue, and disaster rslief. Like iRobel, Insilu’s business modet
providad its technology aexpasure to both commercial and govemment customers. Insitu's
{amity of unmanned aircraft inciudas the ScanEagle, which it developad in parinership with
Boeing for military customers, and tha Georanger, which it 0evelopsd with Fugro ta service
that company’s geophysical survey sernices business. Since 2003, Boeing has figured
praminantly in the growlh story of this company, cuiminating in the outright ecquisition of
Insitu by Boeing in 2008,

Suppglier risicsharing. While conventional wisdom suggests there are inadequate sources of
funding availabls to replace government spending on R&D, today thera are in fact more ways
for creative aeraspace and defense fams o financs their pursuit of inncvation, approaches
thal were largely urtnown, or at least uniried in aerospace and defsnse, as little as 20 years
age. For example, supplier risk-sharing is still ancther new source of finance for nnovation.
Boeing and Embeaar have famously embraced this financing approach, and Airbus clearly
wants to do so. Even if this mew form of financing is producing uneven results in its inifial
trials, most of the dispassionate criticism of it focuses on oversaching implications for
operations—notably, of Boeing's ambilious 787 program—rather than the efficacy of supplier
risk-sharing as an instrument of financa.

After ali, it is not like this is an indusiry bareft of cash it couid responsibly deoloy towand
profects that offered relums exceading its comparatively low cost of capital. As depicted in
Figure 4.4, the cash on the baiance shest of just a sselection of a dozen large-cap, public
companies has more than triplsd since the beginning of the vecade and has been halding
above 330 billion since 2006. After several recent yaars in which cash deployment has
feakured generous programs of share buybacks, aerospace and defense is an industry whose
sharehokiers now aiso are lopking for smarl daptoyments of cash that hoid the promise of
favorably repositioning the firm within low-growth product markets or of gaining for the firm an
exposure to segments that ere projected ko enjoy high growth. An extrapolation of those
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figures to the industry as a whola implies a stors of capital potentially available to pursue
innovative pursuits that would add a significant increment of *dry powder” to tha sums
projectad to be spent on asrospace REO by the U.S. federat govemment, lat alona the
existing levels of company-funded R&D.

2000 2002 2004 2006 2008

Figura 4.4—Cash on the Balence Sheet of 12 Selectad Defense C 4

Leverage. Finally, not all innovation requires equity-financad or customer-funding RaD.
Indeed, daebdt rather than equity cften better inducas the implementation of process
innovations that can dramatically adapt the ecanomics of production, distribution, and suppart
to mes! the characteristic customer requirements of products in thsir more mature Sfecycle
stages. For instance, in the mid-1990s, with few immediate avenues for growth and a
Pentagon customer encouraging consolidation, military suppliars in the U.S. quite efficiantly
leveraged their capitsl structures, both to take advantage of the tax savings provided by debt
shielids and lo gain produclion scals and product scope efficiencies. 42 As svidenced by the
Carlyls Group's leveraged buyaut of United Defenise LP, the discipline of debt was the
impetus o enhance factor efficiency in praduction by facusing managers’ attention away from
alturing but ultimately underperforming ideas, and towards praclical cost efficiencies. *? By the

41 Compantes included: BA, LMT, NOGC, RTI, G0, BAE, EADS, HON, ATK, UTX, LLL

42 Goyal, V. K., Lahn, K., & Raclc, ., 20602, "Growth opportunitien and aorparate debt policy: The case of the U.S. defense
ndusky Joumd omeandal Eooromics B4, pp 15-59. Simia, if less pranounced, keverage wes found in France by
Jean Belin and Mardanne Guilie In "Defence and $mm Erancial sucture In France,” Review of Financial ECOMOMICS
17(1): pp 46-61.

43 . Jensen, 1985, “Takeovers: Mk Causes and G " Joumat of Perspectives 2(5Y, pp 2148, Y.
Spiegs:, 'The Rote ai Dedt in Procurement Contracs ' Jeewmat of Coanomics and tionagement Stredegy. Aubimn
1996 (5 #3}, pp 379407, and interviewa with management at the farmer United Defenss LP. Tha rels of debt in fo.
cusing managerial M‘?ﬂ s o weilunderstood excepton to the Madigitant Miter theorem's assortion of he krede
vance of capital structure—and much of the uiility in Ihe theorem 18 kound in understanding s excepbons. Ses
Feanco Modigiiani and Mertan hiler, 1958, "The Cost of Capital, Gorporation Flnance, and the Theory of vest-
" Amancan Foonamic Revew 48(3) pp 261-297
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time the military campaign in lrag commenced i 2003, and the 1} S. Army bagan ordering
huge volumes of armorad vehitle upgrades, UDLP's factories were regarded as models of
fean manufaciuring in the defense ndustry. an achievement resuiting from the institution of
pracess innavations that were at [sast induced, if not actuslly financed, by debt.

4.5,  ATTRACTING AN EFFICIENT ALLOCATION OF PRIVATE CAPITAL TO THE PURSUIT OF
INNOVATION WiLL REQUIRE MORE MOBERN ATTITURES TOWARD RISK AND RETURN

So, while a generally lower lavel of governynant investmert in asrcspace and deferise than
prevailed during the Cold War is likely to persist through the early decades of the 21
century, there will be new impetus for govemmsnt invesiment and also Naw sowcas of
private capital available to finance the pursuit of innovation. Promoting an efficient allocation
of capital ta this sactor will require better information and, most importently, the adoplion of
mare modam aftitudes toward risk end reward on the pari of industrialists, investors, and
govemmerit officials alike.

4.5.1. Industry should reiearn several of the fundamentals about risk and return

Industry would benefit from relearning saveral of the fundamentals about risk and retumn. To
begin with, it aught to quit the commen refiex that runs all investmants through the wicket f
eamings accretions and thal subjects mergers and acquisitions to sxpeciations of year-one
paybacks. L.ong-run discounted cash flows are a better measure of inlrinsic value than pext
year's accounting profit. Moreover, real options models provide stif more meaningful insighls
mita the value of leng-term prejacts {unless, that is, managers doubt their own ability 1o make
sensible decisions in the future as loday’s unknowns progressively ara resolved). Finally, be
careful not to misread osisnsible markst signals when entrants and entrepreneurs are afoot in
your markst. When stock prices are battered. it is commonplace simply to prasums that
investors do not understand the industry's prospects and potential for mnovation. Less
common is the perapective that appreciates how the entire the aerospace and defense
industry's share of stock market capitalization couki as easily bs depressed on the good
news of a pending technelogical breakthrough—just not one propagated by the large. fisted
firms. 44

4.5.2. investors should rediscover haw the diversity of the aerospace and dafense
sector may work in their portfolios

Investors, on the other hand, would benefit from rediscovering the diversity of the aerospace
and defense seclor in their portfolios. Following the heady days of the early pant of this
decade, soma may now need 10 remember how capilal deplayed fo RAD projects must be
patient. 1l is spread over time as an intangible investment, and much of it comas o reside in

4 Hobijn and B; Ji . The T Jon and the Stock Markel: Evidence ” Amerizan Ezonomsc
Review 51(5). 1203-20
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tha tacit knowledpe of a potentially mobita workforce that appreciates ongoing challenges 45
Those investors wilh potentialy high adjustment costs—short time harizons of liguidity
challanges—should nat find themselves surpeised at the long product development cycie
characteristic of this indusiry. 4% On the other hand, as noted abave, innavation in agraspace
and defense also encomprsses mora than the high science of clessic R&D. For those with
room in their portfolic for hardnased bets, the rewards from mnvesimeni in aerospace and
defense can ium heads. in 1997, Robol recaived its first customer funding from DARPA,
followad by several rounds of venture financing. At the fime of #s initial public offering of
shares in 2005, the average rate of return on those initial investhents exceeded 500 percent

4.5.3. Government officials should facilitate @ better functioning private capital
market for these investments

Ghort of spending more an asrospace R&D, govemmant officials can promote the financing
of innovation in serospace and defense by encourrging & batter functioning private capital
market for thess investments. To do that, they should work especially on improving’
Information flows and reducing the uncenainty surraunding both the costs and expected
outcomes of innovative pursuits. Sustaining irvestiments in fundamental research are a part
of that work, but a! the same time, these sams officials shoukd resist any refiax to menage the
pace and diraction of too many innovative pursuits in this sactor and instead iake confidence
from the fact thal technologicaily dynamic industries in the aearly stagae of thed development
typically depend on extemal finance, and thus thrive in countries with relatively well-
developed financial markets 47 Indeed, the appropriate saurces are fypically diverse: bank
and stock market financing have both been shown o be efficient sources of funding
goonomic growth acrass national economies. 48 Far more important 1a the procass is a siable
and well-functioning regime 1hat regulates custemers’ and competitors' conduc! to the end of
mare efficient markel ouicomes. Improving the effectiveness and transparancy of the expori
controt and planning-programmng-budgeting regimes, for instance, would go a long way
toward promoting the market for private financing of innovative solutions 1o the U.S. military’s
21" caniury chatienges. In addition, govemment officials, and, not least, Congross, also
should reconsider the regulatian of profit demelbpmariai projects and break-down still more
of the batriers to procurements undertaken on a commercial basis, so that mvestors can

45 Hat, Brarwyn M., 2vi Gifliches, and Jerry A. Hausmen, 1886. "Patents end RAD: is There n Lag?* Inlemational Economsc
Rawview ZT. pp 265-83; Lach, Saul, and Mark Schemkerman, 1988, ‘Dynamics of RAD and investment in the Scien-
tific Sectar,” Sournal of Podtice! Fconomy S7{4): pp 480-804

46 B crvwyn H. Hall, “The Financing of R4D," In Shane, 5. [£d.), Biackwes i ot T gy and
Oxford: Publa Lia,, 2005

.,

47 R. Rajan and L. Zingsles (1958), Finansial Gependence and Growth,” Amarican Ecunoméc Raviow 88(3)pp 555-85.

487, Buck and R. Levine, 2002, industry Growth and Capiisi Alacation: Does Having a Market- of Bank-Based System
Matter 7" Jownei of Frrencial ECOnomes BH2): pp 147-80; and A, Demirgag-Kurt and V. Maksimovic, 2002, “Furding
Grawih in Bank-Based and Merkel-Based Financial Systenm: Evidance from Firmdevel Oate * Jowraf of Finanos! s
€5: pp 337-53.

Page 37




Innovation N Aercspace & Defense

October 2008 {harles River Asscciates

fnnavation in Asrospace & Defense

October 2009 Charles River Assacral

make more money. Seeing the potaniial for sxposurs to still higher retums, investors will
have mare reason (o deploy capital on the asrospace and defense sector, which i turn may
offset some increment of the fiscal rescurces of the government that are necessary lo realize
the innovations govemment cusiomers value.

Breakthroughs not foresean or foreseeable are possbis, for the range of aerospace and
defonse products spans the fifecycle dynamics that James Utlerback describes. But & will
taka the adoption of more moderm sttitudes toward risk end retum across all thres comers of
the markei—industry, investors, govemment—io realize a 21 canury of innovative
achisvements 1o rivel those of the century now past.

Page 38

514

ORGANIZING FOR INNOVATION

CHAPTER SUMMARY

Problem: Aernspace and defense firns are not organizing to Innovate.

{n the current business and aconomic envirenment, there is a parception that gerospace and
defenss antities, on average, ar@ no longer organizing to innavate, but rather, are using
organizational siructures ta facilitate and perpetuate the status quo.

Conventional wisdom: R&D has been subordinated to line-of-business operations,
The convention wisdom atirbutes thks problam to the balief that companies are orgarizing
waproperly for innavation. H suggests that whersas the rasearch and devalopment funclion—
a primary ingredient of innavation—was once centralized and indepandent, it 1S now toa often
decentralizad, fragmented, and subordnated to production-focused business units.

Assessment: Innovation s more than 1 and devetop:

Conversations with a representative group of industry exscutives as well as academica reveal
that in order to promote and sustain meaningful innavation, the organizational structure must
first be buili around 2 meaningful definition of innavation—a definition that exterkis beyond
the stersotypica! cloistered research laboratory. and explicily iderdifies, includes, and
balances several competing operating modes and functions. Thrae implications stand out:

* Overly cendralized innovatian is as inctfoctive as overly subordinated innovation.
* Successful organizations take a holistic view of innovation.

» Successful organizatans balance control, autenomy, end coflaboration in innovatan.

Solution: Organize around fi that nurture the momentum of innovation.
Tha effectively innavalive organization 1s structured to preserve the momentum of new
concepts as they iravel through the innovation lifecycie. Tha ineffective organization is
siructured in a manner that siows or disrupts the momentum of a given project. Imovative
mormentur is best preserved ihrough twa principles:

»  Align the organzation's functions with tha imperatives of control. autonomy, and
coliaboration, by establishing “centralized,” *distibuted " and “netwarked” elements
of the inncvation process.

« Ensure that collaboration in particulsr is a keystone of your organizational design, by
desgning ard building a robust network 1hat conmects not only slemants within the
company, but pravidas s link o the outside world and its vast mtellociual resources
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PROBLEM: AEROSPACE AND DEFENSE FIRMS ARE NOY DRGANIZING TO INNOVATE

Innovation in @erospace and defense aimost always culminates at a scale greater than the
individual. Thus, organizational structure plays a key role n the success or failure of efforts 1o
innovate. Indeed, one of the fundamental challenges of an enlity cperating in the asrospace
and defense induslry is how 10 organize for innovation. To be sure, a fim's organizafion has
impacts on all ts activities, of which minovation is just one. Bul while some organizational
designs have the impact of slimulating and sustaining innovation, others can have the
reverse effect. Therefore, if mnovation is to cominue (o play a dafining role in aerospaca end
defense, as it has in the past, industry participants must remain aware of the impact of ther
organizational structures on thewr ability 0 innovate.

fn the current business arud economic environment, there is @ perception thai aerospace and
defense entities are no longer organizing lo innovate. In a corporate setling, the design of
organizational siructure should be used as e tool to stimulate and sustain innovation.
However, it is in tact being used only to support the continued production of goods and
services. Instead of faciilating and parpeluating innovetion, organizational structures faciitate
and perpetuate the status quo.

To the extent tha! the above percegtion is valid—that irms are prganizing improperly for
innovation—a question arises: whal are they dornig wrong and how could they improve?

CONVENTIONAL WisSDOM: R&0 HAS BEEN SUBORDINATED TO LINE-DF -BUSINESS
CPERATIONS

The cenventional wisdom asseris thal companies are organizing improperly for nnavalion by
allowing the R&D function—a primary ingredient of innovation—to be decentralized,
fragmented, and subordinated to productienfocused business units. Rather than being
dirgcted by forward-thinking, longrange imperatives that anticipate and respond to customer
needs, R&D at aerospace and defanse companies has inslead diminished in importance and
influsnce relative 1o other parts of the firm. Rather than “pushing the envelope” of
technological capabilty, R&D has instead been retegatad to a role that is subordinete 1o
cirent busmess operations. The RED function has bacome a coliection of cost centers
agsignad to support individuatl lines of business, becoming a component of overhead whose
cost is meant to be mirsmized. As a result, real innovation is stifled and ignored, as individuai
lings of business consider only thair naar-term profitabilily targets at the expensze of
overarching techrokegy developrrent goals 10 be pursued through the combined rescurces of
he entire firn. Or 80 goes the conventional explanations of how and why firms ars faiiing to
orgenize affeclively 1o produce innovations.

To some degree, this conventional wasdom simply reflacts the normal evolution of aeraspace
and defense technolegy (o a stage in the lifacycie of most of its products that no longer
places 2 premium on a high rate of product nnovations te sustan compelitive advantage.
Tha 20™ century has seen multiple successive waves of innavations lsading k muttiple
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dominant designs that offer evidence of industry maturity: long-rangs passenger aircraft,
tactical military aircraff, commurications satellites, armored vehicles, nuclear submarings,
and many others. These daminant designs illustrate industry sectors in which much
innovation—at least technical and product-lavel innovation - has occurred in the past, and
successive present-day system designs are relatively similar from one to the nest. The focus
of aclivity has accordingly shifled from R3D te production and through-fife support, And, there
has been a conmesponding shitt in the primary objectives—and structure—of the firm's
organization, leading to the cost centers subordinated to lines of business described above.

ASSESSMENT: INNOVATION IS MORE THAN R&D

Convarsations 1 industry and academia about this phenamenon highfight one central point:
in order to promote and sustain meaningful innovetian, the orgarizational structure musi be
built around a meaningful defimtion of innovalion. This definition must extend beyond the
sterectypical cloistered ressarch laboratory 1o explicitly iderdify, inchuds, and balance several
compeling operating modes and functisas

Overly centralized innovation is as ineffective as overly subordinated
innovation

To be truly effeclive, innovation must address the entire spectrum of a product {and service)
life cycle, trom resaearch to development, industriatization, fielding, and operation, Infovation
is rarely successful if it does not link &t least two of the elements of this spectrum. And, any
arganizalion whose innovation facus is eithar overly centralized or excessivaly subordinated
15 unlikely to make such links. Innovation is more effective when a broadly-scoped upstream
function {such as research} is combined and integrated with a more narewly-scoped
downstream function {such as developmant, industrializetion, or througit-life support} that is
coordinated with and supporlive of the organization's operating lines of business.

Organvzational structures that place excessive focus on the centraiization and independsnoe
of their innovation function risk isalating the innovators and lsaving projects, technolagies,
ard initialives stranded short of transition into a product cantext. DASA, ons of the
progenitors of EADS, had a notably centralized organizatonal structure. Research and
1echnology was an imporiant topic for DASA's executive commiltee, and it was priorilized,
orgenized, and cantrolled from the top down, generating mulliple projects executed in the
centrally located and staffed R&D faciity. However, the organization lacked an expiicit
mechanism to %ink the genrerally “upstream” research a(:'iivily {0 the operating groups. As
result. fow of the ceniral R&D projects were ransilioned o procucts Similexy, at BAE
Systems, the prioritization and allocation of the budget for innovetion was in the past
concenirated in a single functional discipline—engingering—which in management's view
limited the company’s ability to svalurts and identify prospects that wouid create not just
techmeal performancs, but value in their execution.
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At the other end of the organizational spectrum are examples of aerospace and defense
entities that aligned thair innovation functions too closely with thetr business operations. This
organizational moxdel too often precludes early-stege and potentially breakthrough
innovations from ever entering the oipeting or ever being incubated for devalopment and
gradusi incorporation into business operations. Adrospatiaie, ancther predecessor of EADS,
head a strong connection between its R&D function and its opsrations. The tocus of R&D
efforts within Adrospatiale’s organization—which included missile, space, and airceaft
manufacturing units—was primarily downstream, smphastzing developments of incremental
benefit far specific praducts at each operating unit. As a result, innovation, whose agenda
was dictated by each individus! aperating group for itself, wgs on the margin consirained 1o
the. immediate-term and incremantal, rather than long-tarm and revalutionary

Successful organizations take a hofistic view of innovation

In contrast to the sxfremes discussed above, an aerospace and defense campany may
instead seek to judiciousty balance and exphicitly link mulliple componerts of the innovation
lifecycle. This spproach is built by recognizing that innovation does not end with a proof of
concept, or & technology demonstration, or even a pralolype development. Rather, innavation
lasts wall into and through the tooling ang industrialization, the marketing, the manufacture,
and operation. Equally, innovatien doss not begin with technology development aimed at a2
specffic and quantified market opportunity, but rather it is founted on conceptualization, bask
research, and tundamerttal scientific inquiry

A useful sxample is Lockheed Martin's legendary Skunk Works, which is often hek! up as the
modet of how effectively to organize innovation in aerospace. The legandary dasign and
devalopment bursau was rasponsibie for a succession of some of the most stumning
accomplishments in aviation: the U-2 high-altitude, long-endurance reconnaissarce aircraft,
the SR-71 that flew higher thar the U-2 and faster than any manned aircrait before or since,
and the F-117 that created a new dimenaion in military alrcraft design—steatth. But, in
canirast to the arguments abova against sxcessive ceniralization, the Skunk Works
arganization was in its heyday secretive and isoiated. The Skunk Works organization was
almost entirely cut off from the sircraft development and production enterprise that was the
Lockheed Aircraft Company, later Lockhesd Markn. Neithar rasources, nor designs, nor
employees were shared—except through occasional ransfers—and financial operations
largaly were not sharad. One could seemingly not find a better exemplar of ‘centralized’ and
‘independent’ than Lockheed's Skunk Works. And yet the Skunk Works was phenomenally
successhul. iis success owed partly lo certain very specifi; circumstances that allowed the
arganization to flourish, but the best explanation of how the Skunk Works innovaled so well
was in its integration around ths antire innovation Ifecycle. Kelly Jonnson, s cefebrated
chief, creatad a fully funciional entarprise out of the Skunk Works. R was a combination of
sciance laboratory, development and prototype shop, manufacluring and assembéy line, and
customear support organization. Instead of isolating the snovation function, Kelly Johnson
integrated it into a microcosm of his entire parent company.
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At the same time, there were sevaral key differences belween Skunk Works and Lockheed
Gne, the Skunk Works was many limes smatler. Second, the elements of ita product
lifecycie—from concept design through operational support—waere very tightly integrated.
Third, the Skunk Warks co-located its emplayeas and equipmsnt. Fourth, s owners
[Lackheed management rather than Lockheed sharehalders) and its customers (of which
there was lypicafly only one—tha CIA} treated it with absohute trust and near-absokite
fresdom of action. Thus, the conditions encountered by Skunk Works were unigue, unike
those facing most aeruspacs end defense fitms. Nevestheless, the Skunk Works's primery
organizing prnciple—internal integration and coliaboratiocn—underscores the importance of
incorporating a holistic view of innovation info organizatonal design.

To capitalize on the anlire ifacycle of innovation, the firm must make an informed decision
about how ta organiza itself m order 1o fully realize its sirategic potential Yet, itis rot
necessary, and often inefficient or impossible, ta create an arganization that spans the entire
innavation lifecycle, like ths Skunk Works wag abls o do However, a holistic view of
innovation aliows the firm to define in explicit terms how & can address and sngage each
stage of the innovation lifecycle. This engagement may come, for example, through a
cantralized organizational structurs or throeugh distributad, subordinated functions. Or, this
engagement may came through links, direct or indiract, with axtarnal entities such as
academia, customers, suppliers, and other industry pariners.

Successful organizations halance control,
Innovation

Y, and collalx (i in

In his back on arganizational theory, *® Robert Kerdel describes ihree compsling pricriies that
must be managed and traded off by any organizationat form: hierarchical control, indiid.ai
autcnomy, and spantaneous coaparation. Some situations call for an smphasis on one or two
at the expense of the other(s). But, in all cases, an awareness and apprecialion for the role of
all three mades of organizational behavier is crucial. Convarsely, the organization that sither
xnores aif three or makss no explicit provision for these functions is likely 1o be inaffective.

Keidel's framswork can be applied equally weil to the organizational structures used by
companies in the context of innavation. One balanced approach. for axamgple, devotes
resources and top-down strategic direction to aarly-stage technolagy resesrch {*control’}
while also providing operaling business units with a tangible ¢onnection and input chanels
by which to influence and contribute to the innavalion agenda {*autonomy”). This way, the
business units find their near-term development needs met whita the overall firm generates
valus fram its early-stage innovation invastments. The firm generates valus by seeing the
early-stage investments transition from research through development and inte ite business
operations, where they ultimalely generata a financial return. The cocperation mode,

43 Keidel, Roberi W. Seeing Organizationsl Patisms: A New Theory ang Language of Grgenizational Design. San Frandisco:

Berei-Kaehler Publishers, 1985
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rowever, must remain & central component of the organization, as it stmutatee crestivity
through the interaction of individuals and groups working in collaborative teams. In fact,
conversations with industry participants reveal thet coliaboration is often seen as the central
ingredient of a sucoossful innovation organization. Coliaboration is the glus that makes a
solid whele from muitiple parts.

For exampls, at EADS the balancing act between control, autonomy, and coahoration is
porformed thraugh a combination of organizational slements and links, the most visible of
which is the Innovation Works group. Innovation Works belongs te no single business unit.
Instead, Innovation Works is a cantral comporient of a Group-wide network of innovation,
whose purpose is both to effact and coordinate new solutions that create value for the
company. Additionally, Innovation Works reporls directly 1o the Chief Technalogy Officer.
Notably, Innovation Works is responsible for leading innavation efforts that are too sarly-
stage for the operating Divisions of EADS to creats a sufficiently low-fisk buginess case, but
that have the potential for eventual incorporation and vaiue creation in ihe business That
said, the multiple Divisicns at EADS acs equally as invalved in the mnovation process. Fach
Division has its own innovation organization, with subject matter specialists purscing
techinalogy devstopments relevant to their products. However, each Divisien is also cafled
upon to help sheps the comporate-level innovation process. To do 8o, tha Divisions participate
inhree organizstional constructs: (t} the Group-wida Exacutive Technical Council, which is
chaired by the CTO and sets direction for mnovation in the Group as a whals; (2} multple
sxplicitly defined *Global Innovalion Networks,” vistual working groups of managerial and
technical representatives from across all Ohvisions, and from Innovation Works, that focus on
@ach of several key technology eroas; and (3) the Group-wide R&T (Research & Technology)
Council, which includes the Divisions' R&T Dicectors and lhe Head of Innovation Works, 1o
franslate the top-levs! guidance of the Executive Technical Council into operationat actions.
The Divisions® participation in these groups, and resulting mteraction with the staff of the
CTO, drives the identification of opportunities for working jointly on common objectives,
sharing rasources where it is efficient, avoiding duplication of effort, and coordinaling mulliple
Division-leve! efforts with the CTO's long-lerm technology readmap.

The end result at EADS is a corporate-level insovation partiolio driven by tree sets of inputs
Top-down inputs include wha! areas to emphasize and where ‘o focus resources. Top-down
inpids ariginate from the office of the CTO. Next, bottom-up inputs inciuds what
improvemnents and developments must be brought to industrial maturity to add value to
operations and these inputs are sourced from the Business Units. Lastly, cooperalive inputs
include those that are idantfied and championed as common causes betwaen several
cperating units. Cooperative inputs are generatad by cross-Business Unit integrated teams
and projects 1hat anse from the EADS Innovation Networks and the nnovation Works graup,
respeciively. indeed, as compared to the original innovation organizations predating the
current one, the managers and executives interviewed by Charlas River Associales agreed
that the mosl important and valsable effect of the new organization has been the
improvement in company-wids nelworking and coltaboration. Athough no two companies are
the same, the example of EADS highlights the dynamics of the control-autonomy-

coilaboration balance in general, as well as tha occasionally outsized mpontance of the
collaboration element. which is easy te neglect and difficuit to perfect.

Other aerospace and defense companies sisa understand and seek o improve the three-way
balarce between control, autonomy, @nd cooperation in their respectiva imnovation
organizations.

Qineti, traditionally intansaly focused on developirg and protatyping advanced, high-
{echnology coricepts, recognizes that while its culture is steeped in innovation, its
organization must evolve further to facilitate the Ink between research, development, and
indusirialization. T date, the organization has been driven by individuat aulonomy, with
business units identifying and deveioping new ideas, sometimes customer-funded and other
times intemally-funded. Today, the company sees a need for greatar collaboration, both
across exisiing business units and with external partners, in order to ccordinate company-
wide ressarch initiatives as well as to secure robust pathways and resources for bringing the
inttiatives 10 market.

BAE Systems zlso strives to altain the nght balance. Management observes that mandating
woollaboration between disparate business units simply for collaboration’s sake is ineffective.
Rather, callaboration must be encouraged and developed as a means o an end, where the
end is defined at leas! partly by a centralized component of the innavation arganization. In
BAE's ¢case, this is known as Strategic Capabifity Salutions.

Management at MBDA recognizes hat excessiva lop-down conlial risks stifling individual-
ievel creativity and innovation instead of exploiting it. Al the same lims, manegement points
out that “strategy starts from the top,” for innavalion and techndfogy as much as for business
operations. The development and maintenance of a clear Group-leve! technalogy roedmap
has improved MBDA's innovation process by providing a common stratagy and girection to
be followed by ressarchers in pach of its mult:ple Directorates and four home nations.

Finaily, at Thalss, nnovations that are incremental in natuce are gssigned as the primary
responsibilify of its constituent Divisions. Longer-term, higher-risk innovations thal have he
potential to be disruptive. causing a significant changs in the business mode|, are
investigated by a centealized group, Thales Research & Technology. Meanwhile, the
company ensures that caliaboration across and betwsen company-wida affarts is maintained
through the CTQO's management of a set of Key Technical Domains, which represent the core
alernenis of the company’s long-ierm technology girategy.

‘When il comes to the spacdic element of callaboration in innavation, many companies have
fourd that il need not be limited to intemal coordination and cogperation of etforts. Rather,
collaboration is often dramalically improved by locking beyond the boundarigs of the
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cornpany. in a recent study 3¢ conducted by MIT an the role of industry-academsa
coliaboration in innovatian, the researchers found thet the effactiveness and ultimate
corparate impact of research projacts wera positively comrelated with the extent to which the
industrial and academic partners integrated thetr respective resaarchers Into a single team
with a common understarcing of the project goals, with a shared access to relavant data, and
with a shared network of individuals resident in bath communities—ihe university and the
corparation—with whom ta discuss and review ihe project,

Another method by which companies have engaged in collaboration to innovate i by turning
to the supply base axs by using the pool of other industry participants as a source of ideas,
cancepts, and lechnologies. Boaing, EADS, Lockheed Martin, MBDA, Thales, and BAE
Systems. for axample, are among 1he numerous large, well-rascurced fims that—each i its
own way—have functions specifically dedicated to identifying and developing relationships
with amaller-scale suppliers pursuing promising technologies and innovations. The mosi
obvious sxamples of such retationships are those Ihat lead to an aquity nterest or sven an
autright acquisition, several examples of which are recounted in Tabie 5.1. Howavar, an
ownership stake is not by any means the only form a relationship can take. A wide range of
aclivilies is possible, from strategic parinerships to joint pragram participation, 1o joint
investigations, to various forms of fimited support and interaction. As in the case of
cooperalion with academia, the primary goal is to enhance the firm’s intellectual capital
portfolio—both forrmat and undecumented, in the farm of personal experiance—by sxpanding
the firn's knowledge network to include more externat nodes. The network becomas more
effactive at generating innovation not just as a functian of discrete new kieas contributed by
the extemal nodes. but also simply as a function of its larger size. As explained in MIT's
study, the larger the network, the more effective #t is at iterating, changing, improving, and
maluring ideas and concepts.

30 pertuze, JA . ES. Calder, EM. Greitzer, and W. A. Lucas "Best for (nchamtry-l < fion,” 2009

{Intemat MIT draft paper)
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5.5.

AcOuTE” Technciogy

Jun-0¢  FLIR Sysiens Salvador Imaging 13 Visible and low-light imaging
aystems

Jun-08 Caradyne QOiaphomn Technolagies 20 Polymer-based balistic  hei-
mets

Msy-09  Goadnch Cloud Cap Technology 20 UAV avionics and GNAC sys-
temns

AprG8  Cobham Argotek 36 Intelligence nformalion Bssur-

Bnce

Apr-08 Northrop Grummen Switt Engineering (Killer NA Sinall UAVs
Bee)

Mar-08 BAE Systems Advanced Ceramics Re- 15 Small UAVs, advanced cera-
saarch raics
Now-08  Baeing Digital Recewer Techno-  N/A SIGINT /! electranic warfam
logy racaivers
Now-08  1-3 Chesapeake  Sciences 92 Sonar data acquisiion and
Comp processing sysiems
Jul-08 Boeing Insitu 300 Smafl UAVs
Jul-08 Raylheon Teismus Sotulions 20 Information securfty and inlel
ligence saktions
Mar-08  Rockwell Coliins Athana Technologies 107 Advanced flight contral and
GN&C for UAVs
Table 5.1. Te gy Acguisili by Tep-Tier A&0 Companies

ORGANIZE AROUND FUNCTIONS THAT NURTURE THE MOMENTUM OF INNOVATION

The mosi successful projects underlaken by upsiream research organization are often those
leading to a technology demonsirator. They are succassful, t is said, because the
demensirator embodies *moamentum.” This concepl of momantum is a fraguent obsarvation
about the dynamics af the innovation process. Effective. organizaticns are structuredte
preserve the mamentum ganerated by new, pramising concepls as they travel through the
inncvation lifecycle. Ineffective organizations have structures that stow or disrupt the
momenium of a given project.
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5.5.1. Allgn organizational functions with the imperatives of control, autonomy, and often implemented as a structured set of inferactions between different stakehoiders in the

colfaboration

Our conversations suggast Ihat to preserve the momentum of innovation and convert it into
value, the sffective innoveting organization must combine several functional elements, These
etements clossly paratiel the implications of Keidel's framework. which suggests priarities are
crucial to any effeclive organization. 51 Whila the details of thess elements can vary, the
fundamentals remain the same:

= A “centralized” function. which shapes innovation activity from the top down,
according 1o direction set by a central entity

« A "distribuled” funckion, which shapes innovation aclivity from the bollom up,
aceording to directions set by individuals or operating groups

« A’“nstworked” function, which shapes innovation aclivily acrass the organization,
accordmg 1o directions that ererge from internal and extemal networking

In a typical asrospace and defsnsa company, the "centralized” function carresponds to
organizational elements such as a central R&D lahoralory, a lechriology strategy team led by
the CTQ, or other resourcas, typically cost centers, not explicitly subordinated to eny
operating group, but rather a part of corporate overhaaxd. In Keidel's framework, it is the
element thatmanifests the priority of controd. This function tends te ansure that, at a
corporate level, innovation is maving the compacy slong a particuler long-term path of
evolution, consistent with the context of & particular strategic vision that is broader than day-
to-day nperations

The “distributed” function, in a typical asrospaca and defense company, would be more
typically associated with business unit-levei development organizations, which frequently
focus their innovations on ¥nproving the products and processes that are relevant lo today’s
core markets and core customers. The analogous pricrity in Keidel's orgenizational model is
sutonomy. This function is just as important as the “centralized” function, but it operates ona
much shorter cycle time and &= results are immediate. Indoad, a lapss in this functen is likely
to risk gradual, bul aceelerating, detarioration of the company's near-term competiliveness in
its core business

The "networked" function takes perhaps the mosi numerous forms, bul it serves to create
finks, both across muttip's instances of the distrituted function as well as between the
distributed and centratizad functions. Comrasponding io Keidel's cooperation prionty, it
ensures thal the distributed functien does not result in projects thet are isolaied it also
ensures that the ceniralized function does not promots projects hat are imelevant. | is most

51 Keidat, 1098,
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innovation process. commitiees, councils, networks—fommally organized groups whose span
is both horizontat (. g., across business units} and vertical {@.g.. batween leveis of hierarchy)
Thus, the CTO might regularly convens a meeting with the head of a ceniral R&D laboratory
as well as (he hards of innovation at oach of several business wnits, or the lead rasearcher in
a spacific area of innovation might chair a group comprising technical specislists in the area
of interest from each business unit. Equaily, the networked furction may wall nvolve
formalized links with a university, or a supplier, or a combination theredf. In ali cases, the
networked function creates and stimuiaies knowledge networks—interrelationships based on
information flows—both intermally to the company and extemally.

Figure 5 1 iflusirales the primary focus areas associated with aach of the above three
functions, starting with three overlapping “realms" of business planning:

» The aperture of the distributed innovation function is best fotused on supgporting the
immediate needs of the enterprise as il exists today.

« The aperture of the natworked innovation funclion is wider, aiso spanning the
evolving dyramics of the marke! in which the enierprise operates as well as the
shifting fandscape ihat forms the social technological, financisl, and geopoiitical
cordext for the snterpriss.

» The aperture of the cantralired innovation function ia best focused on adapting to and
preparing for the long-term but profound shifts in the business saviranment
fandscape

Similarly, each of the three innovation functions is assaciated with a preforential focus in each
of savaral different spectra: organizatianal mode {as discussed above), primary activity,
timescale, risk, and markels/products. This is not 1o suggest that the charactenzations below
are mulually exclusive—enach function may well be suited for mulliple purposes—but the
functions are particutarly effeclive for those purposes shown belaw.
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Ensure that coliaboration is a keystone of your organizational design

Collabaration may ba the most important, and perhaps most changed, compenent of
successful nnovatian in aerospace and defense today.

And, in respect 1o colfaboration, systems enginsering plays a key rola. indeed, the psople
and funclions within the organization moat importancs to innovation are those wha have the
systems-level purview to make innovetions work, or, as #'s been said, “those who idantify the
value, as well as the interdepandencies in the system.” For this reascn, collaboration is vitat,
and systems enginaering ltrives or: collabaration. Whather the collaboration is within a fim's
boundaries ar oceurs with extemnal partners, it is critical. Thus, an organization thal creates &
clear rola and position for the systems enginaering function, as weil as for systems enginaers
thamselvas, is mora likely t0 gensrate meaningful innovation.

Collaboration requires a network. One head of aninnovation group commaented that
“innovation is all aboul networking.” Systems enginesnng, it should ba pointed out. is a
sbuctured and formalzed approach to netwarking within the context of a particular system.
Taken mare broadly, netwarking is about disseminating and “soclalizing” infarmation between
and among relevant atakeholdars, whether they are within the specific group working an a
project, the targer organization to which the group belongs, the company as a whole, of the
company's suppliers, pariners, and academic contacts. Done indiscriminately, information
dissesination is fikely to waste lime, dilute valus, or polentially even compromise
competitively significant data. Applied deliberately. in accordanes with a predefined
technology sirategy. networking acceterates and improvas the innovat:on process.
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Figure 5.2 illusirates the effoct of creating a netwark—that is, the purpose of the “nefwarked”
mnnovation fupction—in hamessing, coardingting, and balancing muitiple sources af
innavalion, both intemal and extamal tc a company. Tha implemerntation of this network
differs wadely Dy company, but ils inportance is widely acknowledgad. The sharper ts
dafinition and goveming struciure, and the ciearer the links betwaen the network and the
ntemat and extemal resources, the more value lhe company is likely 1o derive from its
innavation process.

Cantraiized [P~

tog -Gawn Corpe

{1op gawn R4D 1abs il
Sroamzationsl Principie

fsugton of inau o)

Qistributed
{botiem-up}

High risk Low-sick
{iong-term, low TRL} {shon-tarm. high TRL}

Prosct Focos
(Hmetrame. taehoOgy MauTRY)

Flgure 3.2. Role of the Retwork in an innovation Organization

A particularly important role played by the *networked” innovation function in many
organizations is that of ensuring innovation initialives survive the so-called “death vallsy”
hetween sarly-stage research and late-stage devselopment. As iflusirated notionally in Figure
5.3, early-stage nnovation sfforts focused an low-tachnolagy readiness levals (TRLs) are
most likely to receive support and direction from the centrallzed innovation funclion of the
campany, such as a corparate-level R&D lab, or from a company's interactions with scientific
and research institutions, whather in academia or govemment. By contrast, innovation
pursuits foaused on high-TRL technelegies, whase potential product applications are
relalively well-understoed and quantifiable, are most jkely o recetve supporl and direction
from the distnbuted innovation function of a company—typically, its operating business
units—which can build a tangibla business case around the affort. # i3 in the critical trensition
stage, howsever, batwesn low-TRL and high-TRL projecls, that there is a risk tha! tha abssnce
of a sponsor within the company will consign the project to ohiivion. The sustainmant of 8
project through its transformation fram a high risk with uncertain application and fow maturity
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{0 a lower risk with defined applicatians and sufficient malusity for an operaling business unit
10 take ownership oftens gets acoomplished through the “netwarked” innovation function.

At Thales, tis function (s axpressed as the govemance and-management siructure
specifying disaele Key Technology Domains to be pursued across the company. At Pratt &
Whitney, it is found in individual systems enginaers who have the talent, sxperience, and
company-wide breadth of view b identify ihe value of a technoingy and the
intesdependeries that musi be managed over time atross multipie disciplines and
businessas to realiza its vaiue. At EADS, it is sxpressad through the Global Innovation
Networks bringing together technical and managerial repressntatives from all the Divisions
At MBOA. it s the Technology Network framewerk that formalizes links between muliiple
internal and exiernal innovation stakeholders. Finally, at BAE Bysiems, networked innovation
18 expressed through the Capability Augmentations Program, which uses joky funding from
cantrat and divisional sources to transition new and transformationat lechnologies into
operating lines of business.

Cevermiment labs Comperate
academsa Business
Units
Corpovate
RAD iafs
Typical
Ivestment
|
Lﬁ
Technology Readiness Level
Figura 5.3, Trend of R&D Investment 2t Corporats and Goyer dem)

The network requires a link to the outside world. The importance of networking in
innovation has been assened by severa! authors, including Harvard's Herry Chesbrough,
who described the external networking process as "open innovation.” 32 This carsept, which
sirassas the importance of inchuding entities beyond thoss within the company’s walls in the

52 Chasbrough. Henry W. Cpen nnovation: The Naw imperaliva for Crealing and Froffing from Yachnology, Harvard Business

Press, 2003
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innovation process. strongly resonates with industrial, as well as acedemic, participants in
aerospace and defense innavation.

Reprasentatives from both a prime-level systems integratar and a firsitier supplier confimed
that, as ona of them put if, "We are fiving in an age of distributed inteligance.” Just as in the
information techrology revolution, as well as in 1he svolution of defensae platforms into
network-centrc gystenis, 80 00 Must the innavation process take advantage of the
dramatically axpandaa range and depth of the global information flow. This frequentiy means
adjusting an organization to access information ard innovative [deas literally from around the
waorld—often by taking advartage of information systems, but sometimes atso by physically
astablishing offices, canters, (eboratories, of universily parinerships woridwide. Moreover, it's
what companies, from Prait & Whitney lo GE, Bosing to EADS, and Cobham to BAE
Systems, are doing

‘Without opsn innovaton, a company risks being blindsided by e disrupiive new techralagy of
the kind dacumerited In nis book by Clayton Christensen. ™ While the company's rescurces
are proparly focused in thair core business and core cusiomers, en innovation may appear,
often enjaying supporl from an extemat entity, one that is typically not it competifion with the
company but instead aims at a niche market that is compelitively insignificant by size
Furthermore, the new technology is usually aot cccupying the same compelitive space with
ihe incumbert (at least in sespect ta those allributes lhat matier 1c ils core customers); rather,
its sigrificanice is arienied on piher fealures that are of primary importance ondy to the niche
markel. However, as the new technoloDy graws, evolves, and improves, € may one day
chalierge the incumbent's tachnology, having “caught up” to the originaliy significant product
atiributes while retaining the supenor “secandary” attributes that had alowsed it fo grow in a
niche market 1 the first place.

AS Christensen argues, a company that strives to innovate by continually improving its
existing products and services for its existing customers is effectively dsomed to faiture in the
face of a disruptive technology (innovation} devalopmant. The way ta miligate this risk is
through the *contral” function of innovation described above—an erganizational consiruct,
whatevar its details may be, that has the top-down autholity and fraedom of strategic action
lo recommend and drive innovation mitiatives that have no '/mmadiate and cbviocus benefils
for the zompany's oparating groups. These initiatives mst originale not in the opsating
groups, which are focused on today's businass, but elsewhere. Shon of staffing the
“centralized” funclion with proghets, the company's best oplion is 10 daveiop a strong Petwark
of open innovation—ane thal remams connected to and aware of a broed range of innavation
aciivitins angaing in lhe werid at large

Consider how this is done at the firm Technology Watch. The Technology Waich process is a
deliberate review of multiple sources—literature, academia, suppliers and partners, subjact

83 ¢y

Clayton M. Tne ‘s (Memma Harverd Business Schoa! Prass, 1987
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matier experis inside and outside the company—to identify the status of a certain technalogy.

one that may or may not be in use today at the company, with regards to ks development, 6. POWER FROM THE PEQPLE
maturity, thaught learers, leading edge researchers, and potential to creats new value in core

markeis, adacent markets, or pther markels entirely. For this company, Technolagy Watch

serves as a tueing function for the innovation organization to flag areas of inguiry for 6.1, CHAPTER SUMMARY

potential incorpaoration into the innovation pipeting.

Other forms of apen nnovation are built around direct engagement and parinering with either
suppliers or, fraquently, acadamia on specific research of technolegy projacts. In partnering,
firms access ihe pawer of & broader knowladge netwark for more than just cueing of
innovatian, but the refinement, devalopment, and risk reduction of a particular concept. These
engagamants take & vansty of contractual and arganizational forms, but all involve—to
varying ¢egrees—iint teams, or at least joint efforts, in pursuit of 2 common goal,

White this form of opan innovation is a powerful too}, it must be appiied carefully and
comectly. So, oa the one hand, and as indicated by the findings of MIT’s cotlaboration
sludy, 54 a projsct’s ultimate impact and vatue to the company is directly cormalated with the
degree to which its pariners are integrated into the laad company's internal community of
resmarchers and managers. The stikly suggests that the larger and more robust the netwark,
ihe better tha resulis. Occasionally, exiernal innovation networks are created or stimulated by
governments or consortie, such as the Franch “poles of competitiveness” and the asscciated
industriat chusters that have been estatlished with industrial and academic involvement, or
the Canadian Aéro Montréal consortium and its members’ codlaborative efforts 1o structure
anc promote innovation, among other regional industrial initiatives.

On the other hand, and as affirmed by EADS and QinetiQ, for example, it is crucial for a
company ta have Uk undarstanding and internal consensus on its technology strategy prior 1o
engagng with the external network. If thete i8 N6 clesr definition of what constitutes the
company's coma tecinologies and basis of competitive advaniage, working with exiema!
partrers wilf at bes lack in direclion and at worst rob the company of its polertial fugure basis
for competition. Accordingly. open innovation must be accompanied by an explicit of implicit
technolagy roadmap, which specifies what capabiliies and mnovations must ultimately be
held in-houss, as well as a detiberate strategy and approach te intelleciual property
managemeant betwean the cormpany and its external partners.

> Peraize, JA. £.S Celder, EM. Greltzer, and W AL Lucas. “Best Pracik for indusiry-L Fo? » 2009
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Problem: Attracting the right people is a key challenge for fostering innovation at A&D
companies.

Thera is a consanaus that altracting the right people is a key challenge for fostaring
innavation at aerospace and defense companies. And a significant fraction of tho aerospaca
and defanse workforce soon wik be aligibie to retirs, meking it all the more critical that the
agrospace and defense industry find ways te attract top-fiight graduates.

C # i : The industry has troubis attracting the best and brightest
There was consensus smong participants at this year's Aviation Week Executive Summit that
attracting ths right people is a key challenge for fostering innovation al A&D companies.

Assessment: The ABD industry Is today ata petitive disadvantage in attracting the
very best and brightast new tatent.

The sowrces of this disadvaritage lie in the relative maturily, cuitural differences, and
compensalion inequities compared ta ather high tech industrias. The indusiry’s maturity
means it is lass able to offer rapid advancemeni oppariunities. And aerospace and defense is
stit primarity a manufacturing irdustry and may be perceived as less siable and offering less
upward of lateral mohdity than other sectors. The contrast in culiure between the isading
firrns in the asrospace and defanse industry and “rewer” high tech firms, most especiatly the
(T/softwara industry, could not be more stark. Average compensation for aerospace and

. defense workers in the most common engineering refated disciplinas lags bahind other

profassions that attract youthfu! talent with technical backgrounds and quantitative problem-
salving skills.

Solutlon: Invest in the building blocks of a younger, more diverse, mors crealive
workforce.

The asrospace and defensa industry should: devetop a compiehensive public relations
campaign ta improve the image of the Industry; invast in other, adiacent services businasses;
devslop “innovation think tanks™ in leading academic-technology centers, such as Boston and
the San Francisco Bay Afea, and should offer regton-leading compensation. These ideas
reprasent incremental steps that can be accampiished within the industry's axisting oractical
constrainis and help move it loward a pasition of greater competitivensss to altrsct and retain
an sven brightar and mors lalented workforce,
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PROBLEM: AYTRACTING A MORE TALENTED AND EMPOWERED WORKFORGE

tnnovation is the reswit of new ideas made inte reality For innovation to happen, therefore,
firms need to generate good new ideas, and ihey need to provide 1he means by which these
ideas cen be regiized. To gererate good new idess, firms nesd smart and talented pecple
wha can bring a fresh perspeclive. Bul just having a smart and talented workforce wili not
guarantee that tha best ideas a e cultivated, or that new ideas will be developed to their fuill
potentiat The talenled workforce in tums needs an envirenment in which they feel
empaowered to prass far change, and in which ihey foel thal their contributions will be valued
without fear that they'|f ba penalized for epeaking up or for making bad suggestions

Givan the cential and yreplaceabie role of a talented workforca in the innovation process, 8
fallows that the atiraction and empowerment of talenied people must necessanly play 8 key
role in fostering more inncvatian 1 the aorospace and defense industry. To pul it simply.

mare taient + more empowerment = more innovation

So how then can tha aerospace and defense industry develop an sven more tafented and
ampowserad workforce?

CONVENTIONAL WISOOM: THE INDUSTRY HAS TROUBLE ATTRACTING THE BEST AND
8RIGHTEST

Thers was consensus amang participants at this year's Aviation Week Execufive Summit that
aftracting the right peopla is a key chatlenge for tostering innovation af asrospace and
defense companies. Surely this notion of the “peapia problem” is a familiar sentiment
expressed by manapemant across many industries, and particutarly those industries in which
intellectual capital plays such & central role, But a numbsar of factors combine fo make thic a
particularty formidable task for \he aerospace and defense indusiry.

The bigh school students most gitled in math and scence are not winding up at big ARD
fims. Indeed, most of them are ot choasing 1o pursue degrags in aerospace sngineenng. At
the same time, the top graduates from the top aerospacs engineering programs ars not
necassarily choosing to work at the big aerospace end defense firms. instead, these lop
graduates may be going to starl-uos. or into soma other fisld altopether. Why is this?

ASSESSMENT: THE AZD INDUSTRY 1S AT A COMPETITIVE DISADVANTAGE

Simply ma, the aeraspacs and defanse industry is today at a compelifive disadvantage in
atiracting tha very best and brightast new talent. However, this disadvantage is nether
nsumountable Nor itreversible. By understanding this competitiva disadvantage, we can
develop maore effective strategies for isveraging the asrospace and defense workforce to
foster more innovation. To tnderstand just what the nature and extert of this disedvantags is
it is first instruclive ip understand what it is not. It is not, strictly speaking, aboul a shortage of
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traned enginears. Nor is the aerospace and defense industry's disadvantags, st least as #
perlains 1o the U.S. industry, simply abowd there being foo many engineers being trained
overseas in places like China and India. The sources of this disadvantage, rather, be in the
reiative maturity, cullural differences, and compensation inequities compared to other high
tech industries. Each of thesa issuss is discussed further belpw.

Are there enough skilled workers?

The U.S. posi-sscondary education system remains the finest in the world. Science and
engineenng programs have greatly expanded over time and continue to altracl students, al
all tlevels, from every olher cauntry in the world, [n fact, in scince and engineering in
particuler, there are disproportionale numbers of foreign studants enrolied in U.S, degree
programs, and by and large U.8. studsnis are not seeking education in these areas cuiside
the U.S. 50, it would seem that the guafity of our sducational system is not a problam. But, is
it producing esough talented workers to supply the needs of the aerospace and defense
industry?

At present, the absclute number of angineers is not the problem. Recent, significant job cuts
have meant thal, if amything, there are likely more engineers being frained in1he U.S. than
there ara johs availabis. indead, the frenda in the number of graduates reflect the trends n
menufacturing industries in general and trands in the aeraspace industry in particuler. These
industriss have become increasingly automatad, both in design and manufacturing. This has
meant that fewer workers are required ta produce 2 given level of output. These inguslries
have also become increasingly globalized, which has msant that fewer workers are roquired
in the U.S. as more and more design and production capacity has moved overseas.

But these recent trends don't fel! the whole story. Al the sama tima, the aerospace and
defense workforce has been getting older. Af present, the averags age of enginaers in tha
industry is 45 and, as shown in Figure 8.1, fully one-fourth of the R&D workforce will be
eligible for retirement wilhin the next five yaars.33 To the extent that these demographic
factors reduce the supply of available workers faster than the afcrementioned trands are
reducing demand, the asraspace ard defense industry will find it hard to find snough
onginesrs in the coming yaars. This addilional consideration only further serves to reinforce
ihe importance to fostering cantinued innovation in the industry by attracting and refaining the
best and brightast workforce.

VWhila ths aging of ths workforce presents a formidable chalienge io the Industry, it is at the
same time a polentially posttive developmaent. As a large segment of ihe clder workforce
relires, this will create more promolion and advancemant OpPOTtunitios fOr Younger workers.
and il raay foroe the industry b begin recruiting senior tajent from outsida the tradilionel
channals, or outside the industry altogether. A youngsr, more diverse workforcs wilf make the

55 +Avintion Week 2009 Workfaroe Stdy”. Aviation Wiash & Hitachi Gonewlfing, Aogust 24, 2009
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indusliry more atiraciive to the best and brightest yaung talent. This wifl likely help spur more
innovation in tha jong run.
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Figure B.1- Eligibility for Retivement among U.8. Asrospace Workers in Enginesring and R&D

6.4.2. Has the growth of science and engineering programs gverseas hurt the 11.8.7

Stalin once famously observed that “quantity has 2 quality all #s own.” He wag referring to
tank production, but this aphorsm hag likewise been epplied, at least implicitly, ta the science
and engineering warkforca. Conventional wisdom has held that the sheer numbers of workers
Baing trained in China and India, for instance, are a thraat o U.8. competitiveness. This is
presumably because these numbers imply—sat {east in the abstract—a capacity for design
and deveiopment of new pradixts and services thas could far oulstrip that of the U S.

But s it? The shart answer is no, &t least as it pertains to the ability of the U8, aerpspace
and defense industry 1o innovate. As we hava described, many of the oest and brightest fram
other countriss often coma to the U.S. for their education. Msny skiled workers trained in
tachnical disciplines in these cther countries coms to the U.S. for evaplayment after they
finish their education, becauss historically there has been mare demand for thair skills in the
4.5, than in their home countries. This migration only serves to expand the pool of tadent from
which U.S. firms can recruit. indesd, ¥ there is & prablem it is that gicbalization and repidly
growing aconomies in places like China and India have increased oppoftunities for science

S8 Source: Aviation Weak 2009 Workiorce Shidy.
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and engineering graduatas in thesa countries, and thus these foreign bom workers may naw
ba more likely to return to thaic home country soonar, thereby reducing the size of this
availabls talent pool 57

Whila foreign born workers provide an additional resource for U.S. firms generally, however,
the aerospace and dsfense industry is lass able to compets for thase workars compared to
other high tech industries. According to a recent study, fully 67 percent of asrospace and
defense sactos jobs in the U.S. were open only to U S. citizens. 58

6.4.3. Has the agrospace and defense industry passed its prime?

Pachaps irorically, the hiohast of the modem high tech industnes is in fact also the oldes:.
The remarkable culting adge technologies now commonplace in the asrospace and defensa
industry are the resufi of a vary long lived legacy of innovation. While powered fight has
axigted for over 100 years, human aviation bepan just waeks after the treaty was sighext that
officially ended the American Revolution. Yat, the seeds of moderm asrospace enginesring
were planted much sarlier still: Lecnardo Di Vinei designed s working parachute five
centuries before the modem version was developad

it is almost hard to imagine given asrospace and defense's inextricable and vital relationship
with contemperary society, bul the zenith of the industry’s attention in the popular and
poiitical imaginalion octurred fully half a century ago.38 While segments of the industry are
slill growing and protucing exciting new praducts, it is fair to say that asrospace and defense
is, on the whole, a matune industry. As a resul, the industry is less able 1o offer rapid
advancement opportunities, which is what many top young graduates are focking for of even
expecting when cheosing a career. in addition, the prospecis of landing a man on the moon
ar winning lhe Cold War, which mofivated so many younyg people to enter the industry
aecadss ago, have largely given way o causes not directly conaectad with sitnar aerospace
or defense, such as those addressing enviranmental and humenianan concems. 5¢

§7 See Amercas Loss js the Word's Galn Amonca’s Naw immgrent Erfreprapews, FPart iV, Ewing Marion Kauffmas
Foundafior, March 2009

58 *pvintion Week 20600 Worklorcs Study”, Aviation Weok & Hitachi Conguling, August 24, 2009

58 Ir5 warth noting that while the ALD ndustry is unusual In this regard. 1 Is not uniqua. The LIS mollon picre industry, slas
inseparable fusm tha fahsic of aur modem cutture, reached its psak outputin 1345,

60 See Buiding and g tha 3 Report and K iaskde An
Forum for Avistion and Spece Leaders, 12-13 May 2009, af p. 5., which nates that at MIT, * _seraspace ematiment
roppea again in 2008 due to enhanced student inteeast in targe sucio-technical Issues such 2s enargy, envirahment,
heglthcase, and ransportation”
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Mareover, despite the significant growth of the services segment in recant years, the
aercspace and defense industry remans, slill ioday, by and large about manufaciuring, And
manufacturing industries, generally speaking, may be iess appaaling thase days to tha top-
fight graduates Manufarluring industriss tend to be thought of as baing more cyclical, and
thus more susceptible to apisodc job cuts. As the ecanomy has become increasingly
globalzed, manufacturing has daclined dramatically as a percentaga of U.5. GDP, as shown
in Figure 6.2. This, In tum, created he perception that manufacturing related jobs are
perpatually at risk of being “outsaurced,” and these factors have contributed to a negative
image of the ARD industry among potential employsss 5t

The servicas sector, by virtue of it represeniting a larger shere of the U.S. economy,
represants greater numbers of job oppartunities, both for new graduates as well as those
wanting 1o change jobs after gaining some exparience. Importantly, asfvices saclor jobs may
also be mare “fungibla®—tha functional rather than industry odentation of much of the service
sector means that a given skilf set will more easily *anslate from ons indusiry to anolher. So
sameons with training in torporaie finance or accounting, for exampla. could find
appariunities in an insurance company, in real estate, or in banking, while 2 skilled aerospace
engineer might have a hard time landing a job in the automotive incustry.

The "newer” high iech industiies (8.g., softwara or af bintech] more closely resembie services
businesses rather than manudaciuring, While these newer high tech industries *meke things.”
the fabar required io make lheir products ferwds to be dispropartionaiely highly skillad and
have a significant services component that is integral to the delivery of the products. To the
extent that this espect of these industries makes exparienca gained thers more fungbie to
other incustries, i may make them more attraclive lo top talent.

6.4.4.
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Figure 6.2 - Manufacturing and Services as a Share of U.S. GDP: 1943.2008 82

Given these considerations, the cantinued exparssion of AZD firms into services is a good
thing, @rd the further deveiopment of a services orientalion will help to attract new talent io
the industry. A particularly posilive development in this regerd is the defense secior's
diversification into non-traditional defense roles that encompass the broader national security
concerns associated wih “soft power," which incomorates diplomatic- and development-
related missicna. These types of humanitarian-oriented functions are likely to be particularly
aifractive ta today's young people, and may help byidge some of the cuitural barriers 1o
sitracting a wider range of young taleni. This tatter issue is discussed in mora detail below.

Is the culture of asrospace and defense getting in the way of recruiting talent?

The contrest in culture between the leading firms in the aerospace and dafense ndustry and
1he “newer” high tech firms, mast especiaily the ITiscftwars indusiry, could not be greater.
The software industry. {or instance, is well known for ts ukra—casual dress codes, infinitely
flexibie schedules, and pet-friandly offices witheut walls {sven in some cases for senior
management). Additionally, the software industry, owing to the nature of the scftware
dsvelopment process. tends to have a much fiatter structure with lass hierarchy. in contrast
stands the more rigid and hisrarchical struchae of most aerospace and defense companies,
which ara perceived by ihe current generation of graduates as ovarly complex and

61 See A uvpuce Industries Assotistian, L aunehing the 21" Cantucy

darce, O« 2608 .p5 €2 gource: US Oepartment of Commerce, Bureau of Ecoromic Analysis, Annual InGistry Accounis
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inefficient. 5 A mors "contemporery” culture of the kind often seen in other high tech
industries ia therefors likely 0 be quite atiracfive to the best and brightest young graduates.
Thus, this type of cuttures is an imporiant seliing point for companies that have it.

That said, coser examination reveais that the dichatomy in corporale culture is not actuatly
batween the asrospace and defense industry and other industries. Rather, the cultural
dichotory s batween oid-iine big fitns and smallsr, more entrepreneurial venturas. The
culture described abova is probatly more fairly dascribed as the cuiture of 8 start-up.
Software or biotech industrias are 50 relatively new and have been growing so rapidly thal
thase indusiries tend to have more start up veniures {and evon the world's largest software
company didn't yet exist just thirty five years aga} Nevertheless, start-up ventures in the
asrospace and defense industry, though 1ess bountiful, are also more likely to have a more
modern, entrapreneurial culture.

Af an even more fundamental level, howaver, the culture of an organization will necassarnily
refiect the culture of ts people. While the asraapace and defense induslry is truly global in
reach and scops, ils workforce daes not yet raflect the diversify of 1hat globat community. As
shown in Figure 8.3, this lack of diversity is sirking, even in comparison with other historically
white male dominaled industries such as investments, computers, or madicine

§

¥
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63 Sme Making the Ganeratinn Gap Work 1 AD's Advasage, Hitachi Consulting, 2009, o 4

84 sauce. US Deparyment of Labos. Women in the Labar Force: A Databook, Devember 2006
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This lack of gender and ethnic diversity has for some time boen racognized as a significant
issue for tha asrospace and dsfense indusiry. Despits consistent efforts to cormect this
imbalance, there has been litle progress over the last ian years.85 To be fair, however, This is
a formidable chalienge becausa it may weli be that the historical iack of women and stanic
minarities in aerospace and defense itself contributes to the continuad lack of atiraction in a
vicious circle. That is, diversity begets diversity, but # this is irue, how do you achieve
diversity if you don't have much lo siart with?

Diversity is an imponiant cuPural diffsrentiator. Mareaver, the influence of diversity on
cerperals culture is ot limied to just gander or othnic backgrounds. Conventional wiscom
hes long held that inmovation must abviously coma from engineers, because enginaers
design and buiki things. Other industries from biclech to maragement consulting have
racognized, however, that a divarsity of perspective can in fact be extremely vatuabie to
innavation, and have therefore made concarted efforts to recnait for even technical positions
from other disciplinas. McKinsey and Company, for axample, has been knawr ko recruit
senior staff membars with no formal busmass training (but with soms axperience
demonstrating top-notch aritical thinking abitity), nd insurance companies haye recrutted
Ph.D. physicists to davalop risk management software. While aerospace snd defense hss in
reconi yaars begun recruiting owutside of the traditional disciplines from which it has hired, the
indusiry has genarally baen very siow to adopt this approach, 88

Finally, among ithe demographic trends of the last half century has been the migration of the
U.S. poputation from the center of the country 1o the twa coasts. Consistent with this trend,
financial and academic centers fike New York, Bosten, o the Sen Francisco Bay Area are
very pepular with young people. Firms in these cilies thus snjoy 8 compelitive advantage in
recruiting new young talent. One legacy of A&D’s manufaciuring orientation, however, is that
many aerospace and defanse firms are stif located in more rural areas. Other things being
equal, these locations will be less attraclive to today's top young graduates.

Does money matter?

The profit mergins in aerospace and defense have, on average, tended o lag ofhar high tech
industries. Other things being squal, we should expect thess diffarencas (a be refiected in
compensation. And in fact, notwithstending the many high wage jobs in lhe industry, Figure
6.4 shows that average compenaation for aeraspace and defense workers 1 the mosi
common enginaering refatad disciplines lags behind other peofessions such as software,

65 According to the “Avistion Week 2009 Workforce Study”™, “the numbers of women and under-tepresanted minosities has not

changed significanily over the course of this siuily”, Women make up 12% and undar—epresenled minorifies 18% of
the engpneering wotidorce

66 2AD fxms have begun foaking fekis such s enespy. i . prysics valiy, and biclogy. See rnside
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pharmaceuticals, law, and madicine that atiract brigh, young iafent with technical
backprounds and quantita:ive problam-solving skills.

E Financiai haseger: SRR
H 1 eargres
}7 - B Lewpes
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Figure 6.4, Average Annuat Pay for Q 5 in Sel d (ndustries: 2008 7

The figure alse shows thal the averape pay of engineers at aerospace and defense
compsnies is sigrficantly less than that of those in management positions in business
generally {many of whom likely have advanced degrees in business, accountng, or other
technical discipknes}. Taken logether, these figures suggest that additional schocling in
disclplines other than angineering may be an attractve option for engineers wilh a few yesrs
of experience, bacausa it can lead to much higher pay in the fonig term. And certainly the
retalively high altrition rates obseived in the aerospace and defense induslry are consistent
with this suggestion 58

While there are many faclors thal go into the choice of a career (07 job), 1t is probably fair to
say that maney does malter—it probably matters a lot. So this inability to compete on
compensation is likely putting asrespace and defense firms at a disadvantage in both

67 Source: US Department of Labor, Natonal Industy Spackis Occupational Ermployment and Wage Estimates, May 2008

8 Thy yoluntary etrition rste for AAD smployees wilk fivs of fower ysars experionce was almust 16% in 2008 scrding 1o the
Aviation Week 2009 Workiorce Shudy, compared 1o the average rute of les than 10%. Sse “ARD Cunpaniva YWork
to Ratein Younger Employees.® Aviston Wesk and Spece Tachaolagy, August 20, 2008
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sitracling and setaining the best talent and Is therefore a barrier 1o fasteting further innovation
in the industry.

6.5. STRATEGIC ACTIONS TO AYTRACT AND RETAIN MORE TOP TALENT

Recruiting a diverse workforce af the bast and brightest young 1atent will help the aerospace
ard defense industry fosier mors innovation. The steps taken now to make the industry more
attractive to tap young talent will also pay dividends in the coming years when significant
rumbers of retirements will increase the need for skilled labor.

The industry faces a number of challenges to attracting young talent. awning to its relative
maturity, anachranistic culture, lack of diversity, and jess than compeslitive compensation.
These obstacles are by no means universal, however, end the smaller, younger aerospace
and defense firms pursuing entrepreneurial ventures more cosely resembla thair peers in the
sofware and biotach industries than their much larger and older competitors in the aerospace
and defense industry.

More specifically, the space sector of aerospace and defense would seem o represent a
notabla exception o' the challengaes we have described facing tha indusiry more genarally.
‘While spaca flight has been around for decades, il is only very recently thai space has come
te hald the reaf prospect of a viable commercial eniemrise with private citzens as its
customsss. Al the same time, there continues to bs interest in spate sxploralion, now
rmotivated on a philpsophical jevel by the balief that human consumptipn will one day exceed
the sarih’s available resowrces. This combmation of circumstances has malivaled a new
braed of young entrepreneurs, whoss youth, energy, and passion for a noble cause has
begun {o praduce new entrepreneurial ventures with many of the altractiva features most
1acking i1 Old hine aerospace and detense firms. Firms {ike Space-X, Virgn Galsctic, and?
Space Adventues may provids just the kind of environment that will motivate the best and
brighlesi young talent io choose careers in the aerospace and defensa industry.

Using thess new space-related ventures Bs a molivating example, there are a number of
things that firms i the asrospace and defense indusiry can do to help atiract and retain an
aven higher qualily woridorce.

6.51. Develop a comprehensive public relations campaign

Aviation Week’'s Executive Summit identified the need 1o reshaps the image of the asrospace
and defense industry among the population generally, and among students in particular. A
multi-pronged approach combining moderm public retations vehicles and direct engagement
with the ‘educational system could heip better convey both the tutting edge nature of
tachnological achievement in the indusiry, and the noble causes that have begun lo reignite
interast in the sector among successiul young entreprenewrs. Such a campaign would also
involve mora aclive recruiting, not st at universities that are local to the laading aerospace
and defense production centers, bul more specifically at the very finest technical institulions
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anywhera. Moreavey, this campaign would seek 1o atiract the best crilica! Thinkers from a APPENDIX A: ICONS OF INNCVATION
braad ranpe of disciplings, across gender and ethnic Ines. To this end, it was suggested that
a lask forcs of tha mast senior woman and minarity executives in the industry be formed to

Na industry is more readily associated with the devel ¢ i H
both spearhead the recruitrent effort and provide the public voice ‘or the campaign. 4 Y i opment of teohnology and innovation

than the serospace and dafenss indusiry. The industry has builkt this reputation cver more
than one hundred ysars of continuous innovation. Thess innavations nave revoiutiornized the

6.5.2. Invest in adfacent services businesses performance of vehiclas and systems and also expandad the techniques by which those
X ) . systems are manufaciured and employed. The figure below, Asmospace & Defense: icons of :
Expanding the partfofia of farge aefospace and dafense fims to Nchuds 2 wider amay of tanavation, celebrates this long and storied histary by highlighting a selected set of oo

complementary “modent” servioes businessas wauld provide both more diversity and more
appsal to bright young graduates. in turn, these naw internal resources could be leveraged to
help increase the diversity of backgraunds within the firms’ traditional Ines of business, while ;
at the sams tme providing a broader range of functional skills 1o the enterprise. To ensure P
that these adjacent businesses serve effectivaly a8 vslushle talant resources for the widsr E
aerpspace and dafense enterpriss, they should offer sectar-lsading compensation and

banefits in thoir respactive disciplinas, and encourage retention through tuition

reimbursement, stock awnarship, and other programs now commonplacs in competing high

tech industries.

achievements that redefined the state of the art and created value through increased
performance and lower costs.

6.5.3. Develop “innovation think tanks"

Osvelop "innovation think tanks” in leading academic-technology centers such as Boston and
tha San Francisco Bay Area and siaffed by top greduates across a range of disciplines from
the lsading schoals in these areas. Compensatian levels at these centers of idsa genseration
would nead to be competitive with or fiigher than thoss offered by the most desirable jobs in
thess areas. The output of these organizations coukd be used to feed the existing R&D e
process at aerospace and defanse comparies, and they caukl be funded by a dedicated i
“innovation fusd” thet woukl be established and controfied by ihe companies’ most seniar N
management, Over time, mors of the compantes more fradilional engineering and R&D
functions coukd be located close to these centers 1o spur furlher creativity, provide a more
altractive offer for area graduales, raise compansation fevels, and fadililate the networking of
ideas that s dizcussed in Chapler 5.

Thesa ideas will not instantly transform the mast traditional aerospace and daefense firms info
the top choica of '0p taient. They do, however, represant practical steps that can be
accomplished wihin the industry’s existing constraints that wilt help move it toward a position
of grester campelitivenass teward an even brighter and more talented workforce.
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Babak Ali Naraghi

Head of Project, Health Care in Danger, International Committee of the Red Cross

Jason Cone

Director of Communications, Doctors Without Borders/Médecins Sans Frontiéres

Nancy E. Lindborg {invited)

Assistant Administrator, Bureau for Democracy, Conflict and Humanitarian Assistance, USAID

Moderator:
Talia Dubovi
Associate Director and Senior Fellow, Global Health Policy Center, CSIS

Morning Breakout Sessions Il; 11:00 a.m.—-12:15 p.m.
I. The Defense Industrial Base and Federated Defense

William J. Lynn 1l

CEQ, Finmeccanica North America and DRS Technologies,

and former Deputy Secretary of Defense

Robert J. Stevens

Executive Chairman, Lockheed Martin Corporation

Clayton M. Jones

Former Chairman and CEQ, Rockwell Collins

Pierre Chao

Managing Partner and Cofounder, Renaissance Strategic Advisors,
and Senior Associate, Defense-Industrial Initiatives Group, CSIS

Moderator:

Andrew P. Hunter

Director, Defense-Industrial Initiatives Group,

and Senior Fellow, International Security Program, CSIS

{l. Iraq in the Balance

VADM Robert S. Harward (ret.)
Chief Executive, Lockheed Martin UAE,
and former Deputy Commander, U.S. Central Command

Colin H. Kahl {invited)
Deputy Assistant to the President



and National Security Adviser to the Vice President

Moderator:

lon B. Alterman

Senior Vice President, Zbigniew Brzezinski Chair in Global Security and Geostrategy, and Director, Middle East Program,
CsIs

1. Military Innovation and Changing Ways of War

Arati Prabhakar

Director, Defense Advanced Research Projects Agency

LtGen Robert E. Schmidle Jr.

Principal Deputy Director, Cost Assessment and Program Evaluation,
Office of the Secretary of Defense '

Moderator:
Maren Leed
Senior Adviser, Harold Brown Chair in Defense Policy Studies, CSIS

IvV. Expanded U.S. Engagement to Combat Ebola in West Africa

Tom Frieden

Director, Centers for Disease Control and Prevention

Anne A. Witkowsky (invited)

Deputy Assistant Secretary of Defense, Stability and Humanitarian Affairs
Ambassador Donald Lu

Deputy Coordinator for Ehola Response, U.S. Department of State

Moderator:
J. Stephen Morrison
Senior Vice President and Director, Global Health Policy Center, CSIS

Lunch: 12:15-12:45 p.m,

Mid-Day Plenary Session: 12:45-1:45 p.m.

Looking Ahead to 2017:
Creating a Renewed Vision for U.S. Leadership in the World

lake Sullivan

Oscar M. Reubhausen Distinguished Visiting Lecturer in National Security, Yale Law School, former Director of Policy
Planning, Department of State,

and farmer National Security Adviser to the Vice President

Kori Schake

Research Fellow, Hoover Institution,

and former Senior Policy Adviser to the McCain-Palin Campaign

]



David E. Sanger
Chief Washington Carrespondent, New York Times

Moderator:

Bob Schieffer

Chief Washington Correspondent, CBS News,
and Anchor, "Face the Nation"

Closing Plenary Session: 2:00-3:30 p.m.

A Simulated Crisis with Russia:
European Energy and Other Unconventional Challenges

Richard L. Armitage

President, Armitage International,

and former Deputy Secretary of State

Michéle Flournoy

Cofounder and CEQ, Center for a New American Security,
and former Under Secretary of Defense for Policy
General James E. Cartwright {ret.)

Harold Brown Chair in Defense Policy Studies, CSIS,

and former Vice Chairman, Joint Chiefs of Staff

lohn E. McLaughlin

Distinguished Practitioner-in-Residence, Johns Hopkins School of Advanced International Studies, and former Deputy

Director of Central Intelligence

James B. Steinberg

Dean, Maxwell School, Syracuse University,
and former Deputy Secretary of State
Charles B. Curtis

Senior Adviser, Energy and National Security Program, CSIS,
and former Deputy Secretary of Energy

Joshua B. Bolten

Managing Director, Rock Creek Global Advisars,
and former White House Chief of Staff

Moderators:

Kathleen H. Hicks

Senior Vice President, Henry A. Kissinger Chair,

and Director, international Security Program, CSIS
Heather A. Conley

Senior Vice President for Europe, Eurasia, and the Arctic,
and Director, Europe Program, CSIS

Contributing CSIS Experts:
Frank A. Verrastro

Senior Vice President and James R. Schlesinger Chair for Energy and Geopolitics, CSIS

Sarah Q. Ladislaw

Director and Senior Fellow, Energy and National Security Program, CSI5

Edward C. Chow
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From: CSIS Harold Brown Chair <securitydialogues@csis.org>
Sent: Thursday, October 30, 2014 10:06 AM

To: Broitman, Elana SES OSD OUSD ATL (US)

Subject: Talking Technology Conference: Second Agenda Update

To ensure receipt of our email, please add us to your address book.

<https://CSIS.informz.net/CSIS/data/images/brownchair_invitation_new.jpg>
You are cordially invited to

Talking Technology
A Conference and Workshop

Friday, November 7, 2014

8:15 a.m. to 9:00 a.m. - Registration

9:00 a.m to 4:00 p.m. - Conference

CSIS 1616 Rhode Istand NW, Washington, DC 20036

Though research and development, and science and technology in particular, are critical to our nation and our national
defense, many policymakers who make decisions about S&T investments are not technical experts. As such, key
concepts are often lost in translation. This conference will focus on best practices and lessons learned for
communricating about science and technology.

Please note that the conference has two parts: morning speakers/panels and afternoon breakout sessions. During
breakout sessions, participants will collaboratively brainstorm initiatives their respective organizations might undertake
to enhance current communications efforts. To RSVP please use the below link and include in the email your title,
affiliation, and expertise/background. (This will allow us to eptimally plan the breakout sessions.)

RSVP Here <mailto:securitydialogues@csis.org?subject=Talking%20Technology%20RSVP>
Agenda - November 7, 2014

Welcome
9:00 a.m.
Dr. Maren Leed, Senior Adviser, Harold Brown Chair in Defense Policy Studies, CSIS

Morning Address
9:00a.m. - 9:50 a.m,
Ben Riley, Principal Deputy, Deputy Assistant Secretary of Defense for Emerging Capability & Prototyping

Pane! I: Consumer Perspectives

10:00 a.m. - 11:00 a.m.

Moderator: Mary Lacey, Deputy Assistant Secretary of the Navy for Research, Development, Test & Evaluation Paul
McLeary, Pentagon Correspondent, Defense News* Dan Adams, Professional Staff Member, Senate Armed Services
Committee Dr. Kathleen Hicks, Senior Vice President; Henry A. Kissinger Chair; Director, International Security Program,
CSIS ‘










































THE UNDER SECRETARY OF DEFENSE

3010 DEFENSE PENTAGON
WASHINGTON, DC 20301-3010

0CT 2 9 2014

TECHNOLOGY
AND LOGISTICS

MEMORANDUM FOR SECRETARIES OF THE MILITARY DEPARTMENTS
CHAIRMAN OF THE JOINT CHIEFS OF STAFF
UNDER SECRETARIES OF DEFENSE
DEPUTY CHIEF MANAGEMENT OFFICER
COMMANDERS OF THE COMBATANT COMMANDS
DIRECTOR, COST ASSESSMENT AND PROGRAM EVALUATION
DIRECTOR, OPERATIONAL TEST AND EVALUATION
ASSISTANT SECRETARIES OF DEFENSE
DEPARTMENT OF DEFENSE CHIEF INFORMATION OFFICER
ASSISTANTS TO THE SECRETARY OF DEFENSE
DIRECTOR, NET ASSESSMENT -
DIRECTORS OF THE DEFENSE AGENCIES
DIRECTORS OF THE DOD FIELD ACTIVITIES

SUBJECT: Long Range Rescarch and Development Plan (LRRDP) Direction and Tasking

I am tasking the Deputy Assistant Secretary of Defense for Systems Engineering
{(DASD(SE)) to lead the development of the LRRDP. The LRRDP shall identify high-payoff
enabling technology investments that could provide an opportunity to shape key future US
materiel investments, offer opportunities to shape the trajectory of future competition for
technical superiority, and will focus on technology that can be moved into development
programs within the next five years. The LRRDP is looscly modeled after a similar effort that
was conducted in the 1970s. That effort led to the maturation of the suite of capabilities the
United States relies upon today. The LRRDP will be completed in time to allow inputs to the
FY17 budget submission.

The effort will be organized into five core working groups and an integration group. The
five core working groups are the Space Technology Working Group, the Undersea Technology
Working Group, the Air Dominance and Strike Technology Working Group, the Air and Missile
Defense Technology Working Group, and the Technology-Driven Working Group. The
Integration Working Group will oversee, coordinate. and integrate the five core working groups
and report to the USD(AT&L). The Integration Working Group may create additional working
groups as required. The LRRDP will be overseen by a steering group that 1 will chair. Other
members of the steering group will be the Assistance Secretary of Defense for Research and
Engineering, the Assistant Secretary of Defense for Acquisition, and the Director of the Defense
Advanced Research Projects Agency. The steering group will convene a scenario aind
implications team that will provide a framework for the LRRDP’s analysis effort.

Each working group will be comprised of a small set of technical experts drawn from
across the Department, working collaboratively to meet the deliverables required under this




tasking. This effort is of the highest priority and requires full and immediate support from across
the Department.

The LRRDP will solicit inputs from across industry and academia. LRRDP working
groups will assess these inputs and consult with experts inside and outside government to
identify technology opportunities that offer strategic advantage.

My point of contact for this effort is Mr. Stephen Welby, DASD(SE), at 703-695-7417 or

unclassified email at stephen.p.welby.civ@mail.mil (NIPR) and classified email at
stephen.p.welby.civ@mail.smil.mil (SIPR).

Frank Kendall



Long Range Research and Development Plan
Focused on Future Peer/Near-Peer Competitors

Steering Group
USD(ATEL)
ASD(R&E), ASD{A), Dir of DARPA

Integration Working Group Scenarios
DASD(SE} & and
Working Group Leads implications

Space Capability Undersea Capability A Air Dominance & Air and Missile Technology-Driven
Technology Technology o Strike Technology Defense Technology Capability Working
Working Group Working Group ' Working Group Working Group Group

Separate tasked study evaluates
products generated by the integration
Working Group
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From: CSIS Homeland Security and Counterterrorism Program <HS-CT@csis.org>
Sent: Tuesday, January 06, 2015 9:06 AM
To: Broitman, Elana SES OSD QUSD ATL (US)
Subject: [EEMSG: Marketing] WATCH LIVE: "Holding the Line in the 21st Century" with Chief

Fisher and Assistant Chief Schroeder

To ensure receipt of our email, please add us to your address book.

<https://CSIS.informz.net/CSIS/data/images/homeland_invitation_new.jpg>
Watch Live at 9:30 AM

<http://CSIS.informz.net/z/cjUucD9taTOONDg1MDALINASMSZ1PTEWNTgyMzexNTgmbGkIMjY1MjI5Mjg/index.htmi>

"Holding the Line in the 21st Century"

A conversation with

Chief Michae! Fisher
Chief of the Border Patrol
U.S. Customs and Border Protection, Department of Homeland Security

Robert Schroeder
Assistant Chief and Author, "Holding the Line in the 21st Century"
U.S. Customs and Border Protection, Department of Homeland Security

Moderated by

Stephanie Sanok Kostro
senior Fellow, International Security Program Center for Strategic and International Studies

In recent years, transnational criminal networks have grown increasingly sophisticated with the potential to converge
with terrorist organizations, resulting in a rapidly evolving border environment. The U.S. Border Patrol has worked to
adapt its strategies and capabilities to meet these emerging risks and vulnerabilities.

“Holding the Line in the 21st Century” - a trilogy of articles recently published by the Border Patral
(http://www.cbp.gov/document/publications/holding-line-21st-century-0
<http://CSIS.informz.net/z/cjUucD9taTOONDg1M DA1INAIMSZ1PTEWNTgyMzexNTgmbGkOM;Y1MjISMjk/index.html> ) —
offers an in-depth examination of that office’s on-going evolution, as well as its risk-based strategy to target illicit
networks and risk indicators to measure progress in securing our nation’s borders. Please join the CSIS Homeland
Security and Counterterrorism Program for an on-the-record discussion with Chief Fisher and Assistant Chief Schroeder
regarding the important and timely issues raised in these three articles as the Border Patrol moves forward with its
strategy.

Tuesday, January 6
9:30-11:.00 AM















Peter Lengyel
President and CEOQ
Safran USA, Inc.

Judy Marks
President and CEO
Siemens Government Technologies, Inc.

Alan Pellegrini
President and CEQ
Thales USA, Inc.

MODERATED BY

Steven Grundman
M.A. and George Lund Fellow
Atlantic Council

June 24, 2015
4:30 - 6:00 p.m,

Atlantic Council

1030 15th Street NW

12th Floor

West Tower Elevator

washington, DC

<http://image.sb.exacttarget.com/lib/ffcf14/m/1/spacer.gif>  ATLANTIC COUNCIL CAPTAINS OF INDUSTRY SERIES

Coming to America:
Global Suppliers for Defense and Security

The Atlantic Council is pleased to announce a special event in its Captains of Industry Series en Wednesday, June 24 at
4:30 p.m. when a panel of four chief executives will convene to discuss how foreign-owned companies address the
opportunities and challenges of their participation in the business of defense and security in America.

The United States relies on global sources of supply to meet a growing share of the materiel requirements for its defense
and security. The upstream end of this supply chain is replete with imported components, assemblies, and even sub-
systems. In addition, the preponderance of Europe's preeminent defense and security companies have invested in the
establishment of indigenous businesses in this country both to facilitate these imports and to manage US operating
companies. The panel will address the business strategies underlying their companies' respective participation in this
market and the public policies administered to shape their engagement.

The Atlantic Council Captains of Industry Series is a platform for senior executives in aerospace and defense to address
the public interests their companies serve and the public policies that shape these markets. By engaging the perspective
of business leaders about issues at the interface of defense ministries and industries, the series is cultivating a
constituency for practical solutions to these problems,

v



Be sure to join us on Twitter by following @ACScowcroft

<http://cl.s6.exct.net/?qs=422aa19b887acd1028de2bb3a5e73865fba7e0a7e88a5de482e8c4f5f07546754afca09f2ed647
d7> and using #ACDefense for this event!

REGISTER ONLINE

<http://cl.s6.exct.net/?qs=422aa19b887acd1048101ed4a83550cd0ac135e9e6c26fcd 1e24¢255fc05d621fbib5c69cfdefb
b4>

Or email Alex Ward <mailtoi(}

This event is open to press and on-the-record.

VISITING THE COUNCIL: Metro and parking info

<http://cl.s6.exct.net/?qs=422aa19b887acd 103dcab2eccOe2eff4a87d96dc1ec6e52101721136d90a2ffbaed4ae82d1861d
09>

This email was sent to:|{(b)6)_ [@atlanticcouncil.org

This email was sent by: Atlantic Council

1030 15th Street, NW, 12th Floor Washington, DC 20005 US

We respect your right to privacy - view our policy
<http://cl.s6.exct.net/?qs=422aa19b887acd102871014deb69c6e848e4b8040883829443a7a87967a93d54b47757e6b51f
51a5>

Manage Subscriptions
<http://cl.s6.exct.net/?qs=422aa19b887acd10f2b2317a38e6a3528a047e60141828c5492ebeS5ebb64611a83c0641005b69
9042> | Update Profile
<http://cl.s6.exct.net/7qs=422aa19b887acd10c7f11cc11b0d2cee2fad633fc0193ae42750bb03375b11304b8e0cc279a095
a3> | Unsubscribe
<http://cl.s6.exct.net/?qs=422aa19h887acd1081c0b2a17b0292bfa9b4a568044ab3852134bf57477622fe2cfb7c6dfd596d
be>

<http://cl.s6.exct.net/open.aspx?ffcb10-fe8f15707¢63007f7c-fe2e1771706d017d771173-fe971272756c017d76-
ff69157377-fe4c13777d620178711d-ffcel5>















Manage Subscriptions
<http://cl.s6.exct.net/?qs=422aa19b887acd10f2b2317338e6a5283047¢60141828c5492ebe5ebb64611a83c0641005b69
95042> | Update Profile
<http://cl.s6.exct.net/?0s=42223a19b887acd 10c7f11cc1 1b0d2cee2fad633fc0193ae427500b03375b11304b8e0cc279a095
a3> | Unsubscribe
<http://cl.s6.exct.net/?q5=422aa19b887acd1081c0b2a17b0292bfa9b4a568044ab3852134bf57477622fe2cfb7c6dfd596d
be>

<http://cl.s6.exct.net/open.aspx?ffcb10-fe8f15707¢63007f7c-fe2e1771706d017d771173-fe971272756¢017d76-
ff69157377-fedc13777d620178711d-ffcel5>

















