









































































































































ICE Methodology \echnornics

Unadjusted Point Estimate Unadjusted Point Estimate
e Air Vehicle e Support Elements
— Global Hawk Block 30 and 40 — Global Hawk actuals
actuals e G&A, FCCM, & Fee
* Learning curves — Global Hawk actuals
* Averages

e Payload (MP RTIP)
— Analogy to AESA

e Ground Segment
— Analogies for hardware

— CERs for software development
e Manmonths
e Burdened salaries from Eurohawk
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Quantity Profile

~\Technomics

’ ] ]
* NATO AGS's position on Cumulative Block 30 & 40 Air Vehicles
Iea rning Curve influenced ? 60 - Includes 6 AGS Production Units
§ 207 Includes 2 AGS Qual Units
by & 40
® 30
. ® 20
— U.S. Global Hawk production S5 B ﬂ H
=SS I =~ N 0
—_ BAMS development a nd © FYO5 FY06 FY07 FY08 FY09 FY10 FYil FY12 Fy13
. Year
production
Buy Year; TOA Funding FY02 FY03 FY04 FY05 FY06 FYO07 FY08 FY09 FY10 Fy11 FY12 FY13
U.S. Global Hawk LRIP Lot 1 Lot 2 Lot 3 Lot 4 Lot 5 Lot 6 Lot 7 Lot 8 Lot9 Lotl10 Lotl1l Lotl2
Block 10 Aircraft 3 3 1
Block 20 Aircraft 3 3
Block 30 Aircraft 1 4 5 2 2 2 2 3 3
Block 40 Aircraft 1 3 3 2 2 2 2
Total
DON BAMS
SDD Units 2
LRIP 3
APN
Notional: AGS schedule has slipped
NATO AGS
Assumption #1:
Design, Development, & Qualification 2
Production 2 2 2
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Example: Airframe Wing Asnomics

 Wing fabrication, assembly, structural testing

— Vought Aircraft Industries

e Unit-learning curve; yields median value

Unit Cost in FY10$M

Estimated Unit Cost (FY10$M) of Airframe Wing
Y = |x (Lot-Midpoint Quantity)*®: R®=0.9 : F = 69

(t = 525) (t =-8.3)
ot Actual Unit Estimated Unit Costs
Lot 6 — il —— ——— e

FY10 FY11 FY12 FY13

Learning-curve slope =94%

0 5 10 15 20 25 30 35 40 45 50

Lot-Midpoint Quantity

— Graphite & epoxy materials; high-modulus unidirectional tape
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Example: Airframe Fuselage Asromics

e Northrop Grumman’s Unmanned Systems Center
— Moss Point, Mississippi

e Fabrication and mating of fore, mid, and aft of fuselage
e Cost estimated using unit-learning curve

Estimated Unit Cost (FY10$M) of Fuselage

Y =[ Ix(Lot-Midpoint Quantity)**: R*= 0.9 ; F = 6.2
(t=115) (t =-25)

| Lota Actual Unit Costs Estimated Unit Costs
\

Lot5
Lot 6

T oE g ————————

FY10 FY11l FY12 FY13

Unit Costin FY10$M

Learning-curve slope =93%

0 5 10 15 20 25 30 35 40 45 50
Lot-Midpoint Quantity




Elements of Risk

e Exchange rate

— Swing of 93% from low to high:
$0.83/€ 1o $1.60/€ in 2008

e |nflation

— Could accelerate with economic
growth

e Affordability

— Ceiling price denominated in 2007
base-year Euros

— Many countries have dropped out

e Schedule
— Slipped already

AGS Risk Elements

~\Technomics

Elements of Risk
e Software development

— X.XM ESLOC
e Large from U.S. perspective

* Includes requirement for
user exploitation elements
(mobile and transportable
ground stations) covered
by DCGS in U.S. for GH

Radar

— R&ND problems could
translate into higher
production costs

e International Participation

— “Best value,” but each
nation demands work



Exchange Rate M\Technomics

“Random Walk” Theory

 Phrase coined by Karl Pearson in 1905

— Trajectory based on successive random steps
— 15t order Markov chain

& 0% confidence
Py . mit from Oct 2010

W

USD/Euro Exchange

o
©

I | | l i I | I I I | | I I | I I
06
Jan05 Jul05 Jan06 Jul06 Jan07 Jul07 Jan08 Jul08 Jan09 Jul09 Jan10 Jul10 Jan11  Jul11  Jan12 Jul12  Jan13  Jul13  Jan14  Jul14  Jan15

Fiscal Year 52
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Inflation Rate

Threat of Rising Rates

If economic recovery gains traction in Europe
— Aerospace inflation higher than in general economy
— Baseline 3.0% per year

Annual PercentChange

5% -

4%
3%
2%
1%
0%
-1%
-2%
-3%
-4%
-5%

Inflation and GDP Growth in the Euro Area

Changein the EU's
Consumer Price Index ©

Global financial crisis

!

1997 1999 2001 2003 2005 2007 V5009 2011

Changein Real GDP

Source: raw data from Eurostat

f\Technomics




3

nted at the 2012 SCEA/ISPA Joint Annual Conference and Training Workshop - www.iceaaonline.com

‘\‘\.

Affordability e

FFP Ceiling in 2007 Euros

PMOU required years to
negotiate
< 50% participation in AGS
— Down from high of 23 out of
26 nations
Mixed fleet scrapped in
2007

— Modified Airbus A320 and
Global Hawk UAVs

Bulgaria, Czech Republic, Estonia, Germany, Italy, Latvia, Lithuania,
— TOO expensive Luxembourg, Norway, Romania, Slovakia, Slovenia, United States

e Schedule delays increase

costs in then-year USS,
Canadian$, and Euros o



Software Development Ajereri

H
e Growth in ESLOC

— Requirements Growth in Count of ESLOC

ghest-Risk Element

=
[¢)}

=
N b

CV=95%

e Configuration Management Median CGF = 114 ﬁ
— Across many companies

e Different levels of CMMI
certification

=
o

Frequency

o N B O

=

<025 050 075 1.00 125 150 175 200 225 250 275 300 325 350 375 4.00 >4.00

* Integration of Components

_ SOftwa re mOd ules ESLOC Count Growth Factor (Final/Estimate); Bin Endpoints

— Hardware with software .
“The first 90% of the code accounts for the

— Other ISR assets and with first 90% of the development time. The

: . . remaining 10% of the code accounts for
mtelllgence gathermg and the other 90% of the development time.”

analysis systems (e.g., MAGIC) (Tom Cargill)
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Highest-Risk Element
e Demand for “Noble Work”

— Software versus laying coaxial cable

— |ITAR-free for ground segment
* Knowledge gain
* Leverage for follow-on work
 NATO owns design but not code
e Schedule for MOB Development

— Test facilities and equipment for
software
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International Participation e

Prime: Northrop Grumman Integrated Systems Sector International, Inc

NorthropGrumman
Integrated Systems 2n¢ Level Subs
Sector International

Northrop Grumman
Systems Corp CzechRepublic '

Estonia

3¢ Level Sub
Nations

Cassidian (EADS) Latvia

Lithuania

Kongsberg

Slovenia

Potential subs to Cassidian: Retia ICZ (Czech Republic); Aktors (Estonia); Dati

(Latvia); Elsis (Lithuania); Konstrukta (Slovakia); Hermes Soft Lab (Slovenia) -



AGS CV and Scenarios  Ajner

Choice of CV Scenarios
e AGS a NATO rather than U.S. * Baseline
acquisition program. But, — Mostly likely
— Direct commercial sale to Northrop ® Pessimistic
Grumman

— Unfavorable yet plausible
e Total System Performance
Responsibility

— Based on U.S. Global Hawk — Tomeet ceiling price

— Most of costs to be incurred in U.S.

e Resource-Constrained

e Many risk elements

— Therefore, robust CV of 51% used

e Quantity-adjusted in then-year
dollars (and Euros)

e Based on complete sample at MS B
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Scenario Parameters Ao

Resource-

Baseline Pessimistic .
Constrained

Exchange rate: $1.35/Euro X% deviationin exchange rate

Increase in the rate of inflation of xxx

H . 0,
Inflation: 3% per annum basis points per annum

Quantities: 8 UAVs and 15 ground- No change in quantities

segment vehicles

Schedule: contract award by end of Slioin schedul
CY2011 ip inschedule

91% learning on radar Decrease inleaming on radar

Quantities decreasedto fit within

ceiling price

No impact for building in NATO Increase in SE/PM due to multi-national
environment environment
No growth in ESLOC X% growth in ESLOC

59



/\Technomics

S-Curve for NATO AGS

v The Science of Informed Decision Making

Estimated Acquisition Cost of NATO AGS

100%
ey A Baseline Scenario
e o - -| @ 5$1.35 per Euro
g 80 A’ e No growth in ESLOC; learning on MR-RTIP -
o o Inflation at 3%; no delta for NATO work
o
¢ 60% @ Pessimistic Scenario
k= ® Sx.xx per Euro
=] ® x% growth in ESLOC
& o ® x% learning on MP-RTIP
3 40% ; ® Cost delta for NATO work
. o 23% probability . o
© Baseline CV of 51% of cost increase 1 ¢ Inflation at x% per year
et with 95% Confidence Interval :
C —
£ 20% ;
=
1] 1
L '
Mean . | . |
0% + f — T ; {

Estimated Acquisition Cost in Billions of Then-Year Euros

Cost values not displayed because of business sensitivity
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Nonfiction

 With the Old Breed, E. B. Sledge

— Wall Street Journal calls this book one of the “top five” ever in
describing any battle in the 20t century. A mortarman (MOS 0341) in
the First Marine Division gives his account of fighting on the front lines
in the Pacific campaigns of Peleliu and Okinawa.

Unbroken, Laura Hillenbrand

—  The author of “Seabiscuit” chronicles the ordeals of Louis Zamperini,
an Olympic miler, who survived incredible hardship and torture when
his B-24 Liberator crashed in the South Pacificin WW II.

Ambush Alley, Tim Pritchard

— According to many, “the most extraordinary battle of the Iraq war. “

Inside Delta Force, Eric Haney

— Agripping account of the formation, operation, and skills of America’s
elite counter-terrorism unit.

Horse Soldiers, Doug Stanton

— U.S. Special Forces defeat the Taliban in Afghanistan shortly after 9/11.

Mlllta ry Read|ng I_|St A\T_!eﬂnom'cs

Fiction

e Ender’s Game, Orson
Scott Card

— Aliens have nearly destroyed the
human race in two attacks. Our
survival now rests entirely in the
hands of a young genius, Ender
Wiggin.

—  Officially recommended as
“professional reading” by the U.S.
Marine Corps.

— | picked this one up at Quantico.
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