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Overview

Goal: Develop alternative or additional ship cost modeling methodologies

| * develop a comprehensive cost modeling strategy and approach
* can be used to empirically predict, forecast, and model ship costs
* not based on weight alone but complements weight-based methods

* helps triangulate actual cost that may be stochastic

* Used the Arleigh Burke Class Guided Missile Destroyer DDG 51 Flight |, Flight 11, Flight IIA, and Flight Il as a basis
for the cost and schedule assumptions

* information and data were obtained via publicly available sources and were collected, collated, and used in an integrated risk-
based cost and schedule modeling methodology (using high-level publicly available data; need more specific data to ensure
accuracy)

* results will be used to develop recommendations and develop a cost modeling toolset on how to implement ship cost forecasts

* Methodology provides a roadmap for modeling costs for any ship to be developed and built by the U.S. Navy

* should result in improved cost savings without sacrificing effectiveness

_ \1 » Related to Flexible Ships project (Thursday presentation) where we identify, model and justify the higher costs
AT to prebuild growth margins and flexibility for implementing future unknown requirements to face future

s‘_'f L)
E unknown threats
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Summary Points

* Current approaches are usually weight-based methods although other approaches are considered or used

* Weight-based is efficient and simpler to model and approximate but in most cases inadequate as a stand-alone
approach (e.g., buying apples at the store)

* Weight alone does not account for complexity (e.g., density)
* Modularity and flexibility may not be linked to weight alone — modular and flexible ships as a case example
* LCS mission bays (steel is heavy and expensive but air is free) — cost alone may not imply value

* Bottom-up Process Cost Model approaches may also be important as these account for efficiency and
complexity vs. Top-down Econometric Models

W » Total Ownership Cost (TOC), Lifecycle Cost, Acquisition Cost, Ship-Alt Cost are important in justifying strategic
L options and margins for flexible ships

"t ¢ Cost Risk and Schedule Risk are the two related and major uncertainties

* Analyzed multiple approaches: ARIMA, Econometric Modeling, Fuzzy Logic, GARCH, Genetic Algorithms, Monte
Carlo Risk Simulations, Multivariate Nonlinear Regression, Process Models...
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Overview of U.S. Navy Ships (DDG 51 Destroyer Class)

Cost Modeling

The Navy Ship Models Reviewed: Arleigh Burke
Class Guided Missile Destroyer DDG 51 Flight |,
Flight Il, Flight lIA, Flight 1, and also the Joint
High Speed Vessel (JHSV), CG 47 Ticonderoga,
DDG 1000 Zumwalt, LPD 17 San Antonio Class,
LHA 6 America Class, and Nimitz Class Aircraft

Carrier (CVN 68), among others warship models.

In the cost analysis models, we will consider the
full build of the ship, with its accoutrements
such as weapons systems, electrical systems,
radar and electronic warfare systems,
communication and navigation systems, aircraft,
and other extra add-ons.

Cost-Schedule estimation follows a bottom-up
approach, and the Multivariate Analysis
(parametric) follows a top-down approach.

DDG-51 Flight Il

Red: Changes at Flight Wl
Black: Introduced in fiscal 2010-14

Combat Information Center
* UPX-29 (V) AIMS Mk XIIA
* Integrated AN/SRQ-4

AMDR-S
* Replaces AN/SPY-1D(V)

Aft VLS
+ Ballistic Missile Defense Electro-Optical Sensor System
/ Forward VLS
b + Ballistic Missile Defense

Electric Plant:

* 3 x Amegawatt, 4,160VAC
gas turbine generators replacing
x Imegawatt, 450VAC units
* Hybrid Coglag (electric motors to
aliow generators to provide low-speed
¢ AN/SQQ-89 Upgrade
* AN/SQQ-89 ARR-75 Replacement

WWW.NPS EDU



( _ NAVAL

POSTGRADUATE

N SCHOOL

Department of Defense (DoD) Budget Data (DDG 51 Destroyer)

Information and data were obtained via publicly available sources and were collected, collated, and used in an integrated cost
modeling methodology. Due to lack of proprietary data, we used publicly sourced information and applied subject matter expert
opinions. The objective of this study is to develop a comprehensive cost modeling strategy and approach, and Notional Data were
used to perform Rough Order Magnitude (ROM) estimates.

ACTUAL ACTUAL ACTUAL
FY2012 Total FY2013 Total FY2014 Total FY2015 Total =
DDG 51 AEG'S DeStrOyer QTY Million§ | QTY Million 3 QTY Million § EeEREEE 1T E _%
Procurement :
Shipbuilding & Conversion NAVY 1 208143 3 4497.01 1 198512 2 279595 g =
Ship Modifications NAVY 126.37 407.71 285.99 324 22 S S
Completion Costs NAVY - - 100.00 129.14 B E
Qutfitting & Post Delivery NAVY 49.10 7.30 1.30 6.50 8
Total Procurement 1 2,256.91 3 491202 1 231241 2 3,255.81 i g
RDT&E (Hybrid Electric Drive) NAVY - - - 7.95 J
Total RDT&E : s = 7.95
W Total Program Spending 1 2,256.91 3 4912.02 1 2372.41 2 3,263.76

Download Official U.S. Department of Defense (DoD) Budget Data:

Shipbuilding & Conversion | DDG-51 AEGIS Destroyer

WWW.NPS . EDU
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~ Process Flow: Planning, Design, Construction, Integration, Trials & Commissioning

. . Machine Shop . Sheet Metal Electrical Shop
> > —> —> >
Planning Procurement Pipe Shop (PS) (PS) Joiner Shop (PS) Shop (PS) (PS)
A
OUTFIT SHOPS
\ 4
Engineering and Navy
Requirements
HULL CONSTRUCTION SHOPS
v \ 4 B k/‘S' ” » Pre-Outfit: Hot
Yard Definition > Prep. & Fab. »  Sub-Assembly > ock/>ection » Pre-Outfit: Cold
Assembly
A
- » Blast and Paint
_ Sections _ .
> finiti » Transportation
Definition Erection Process
and Equipment & [«
INTEGRATION AND TESTING * Wet Berth
Quality Control Trials Plan (Sea Trials, Energy Systems
& Approval < Delivery, Sail Away, T T v
(Commissioning) and other trials) ‘ Communication and Navigation Systems HM&E Global
Radar and Electronic Testing
) Warfare Systems |

(PS) = Purchasing and Storage
HM&E = Hull, Mechanics, and Electrical Armament Systems
* The elements in this section, including launching and christening, are
described individually in the following slides. Aircraft Extras
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Applied Analytics and Risk Analysis
(Bottom-Up Cost & Schedule Estimations)*

*Based on publicly available cost data
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WBS and Global Network Diagram of Warship Building

p 2 [MMClient Projects\Mavy and Department of Defense\2016-06 Cost Estimation for Ship Building\Models\ Cost Estimation Models - Draft 2.rovprojecon] - PROJECT ECONOMICS ANALYSIS TOOL
File Edit Projects Report Tools Language Decimals Help

- x

Welcome to the ROV Project Economics Analysis Tool (PEAT). This tool will help you set up a series of projects or capital investment options, model their cash flows, simulate their risks, and run advanced analytics, perform forecasting and prediction
modeling, and optimize your investment portfolio subject to budgetary and other constraints.

} Project Management  Applied Analytics  Risk Simulation  Options Strategies  Options Valuation Forecast Prediction  Dashboard  Knowledge Center

Ship Building  1CT Mavigation Weapon Systems  Aircraft  Electrical Systems  Radar Systems  Extra Systems  Support Processes  Portfolio Analysis
Select the Project Schedule & Cost Risk Model to use: (7) sequential Path

(®) Complex Netwark Path Project Mame MNotes:
Metwork Diagram  Schedule & Cost

@ oor—-»m N O o [ Gemresd |

Edit Madel | | Copy Diagram
Joiner Shop Shest Matal Electrical Shop
Flanning
Task 1 Task 2 Task 3 Task 4 Task & Task & Task 7
Procurement Pipe Shop Machine Shop
Added Sub
Requirements Task & Task 3 Task 11 Task 12 Assembhy
Yard Definition Prep & Fab
I I Asszmbhy
Task 14 [
I——I Precutfit Cold
Sections Definition Transport Erect/Wet
44 Task 15 |—4 Task 17 Task 18 Berth
Precutfit Hot 1
e
e
Blast & Paint Electrical
HME Global
Task 20 Task 19 Testing

Task 21 [
I_[‘ Radar & EWS

Comm & Nav System

Task 22 |4
l: Sea Trids T 7
Task 27 |4 I Task 26 I“ I Task 23 I“
QC & Approval 1 Weapon Systems Aircrsft
Task 24
I ek I-

Task 25

7

Extras

8
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Cost Modeling (Research and Data Analysis)

Cost information on Navigation, Weapons, and Aircraft were obtained and is illustrated below:

| Min Unit  Aveg Unit Max Unit
Category tems Quantity Cost Cost Cost Total Cost ($M)
Mavigational Equipment AN/WSN-5 Inertial Navigation System; AN/WRN-6 ; ANISRN-25 (V]; MK 4 1 8 14 20 14.00
MK 6 MOD 4D Digital Dead Reckoning Tracer
AN/URN-25 TACAN; AN/SP5-64 (V) 9 | Band Radar
Mavy Standard No. 3 Magnetic Compass;

Total Navigation system 1 15.84 19.8 23.76 19.80
Chronometer Size 85; Flux Compass
Total 2 23.89 33.80 43.76 33.80
Weapons
RIM-66 Standard Missile SM-2MR; RIM-67/RIM-156 Standard Missile SM-
2ER
RIM-161 Standard Missile SM-3 74 3 3.249 10.07 239.76
Wertical Launch ASROC (VLA) missiles;
MK 41 Vertical Missile Launch Systems (VLS) 2 38.2 110.1 182 220.20
BGM-109 Tomahawk 1 0.4552 0.569 0.6828 0.57
MEK-46 torpedoes (from two triple tube mounts); 6
Close In Weapon System (CIWS), 1 3.04 3.8 4.56 3.80
Mk-45 (Mod.1/2) 5/54
RIM Evolved Sea Sparrow Missile (ESSM) 1 0.84 0.905 0.97 0.91
MK 38 self--defense guns
Land-Attack Guns
Other type of Guided Missiles (Guided shell) 10 0.025 0.0375 0.05 0.38
Other type of defined Guns and Torpedoes, missiles, being part of the ship's 1 541.40344  796.77  1296.242 796.77
Total 96 686.96 915.42 1494.57 1262.38
Aircraft MH-60 B/R Seahawk LAMPS IIl helicopters with Penguin/ Hellfire missiles 2 27.693 30.77 60 61.54
MK 46/ MK 50 torpedoes

WWW.NPS . EDU
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Expected Project Schedule (Shipbuilding)

2 [MAClient Projects\MNavy and Department of Defense\2016-06 Cost Estimation for Ship Building\Models\Cost Estimation Models - Draft 2.rovprojecon] - PROJECT ECONOMICS ANALYSIS TOOL — 4
File Edit Projects Report Tools Language Decimals Help
Welcome to the ROV Project Economics Analysis Tool (PEAT). This tool will help you set up a series of projects or capital investment options, model their cash flows, simulate their risks, and run advanced analytics, perform forecasting and prediction
modeling, and optimize your investment portfolio subject to budgetary and other constraints.

Project Management  Applied Analytics  Risk Simulation Options Strategies  Options Valuation Forecast Prediction  Dashboard  Knowledge Center

Static Tornado  Scenario Analysis
Tornado or static sensitivity analysis is performed by perturbing the inputs a
preset amount one at a time to determine the impact on the output variable.

=
Start by selecting the Option and Output Variable to test, then set the = W E li‘ -
sensitivity levels and dick Compute to run.

FEHELI I EEALLTT L O & Ao - B8

Ship Building: Expected Preject Schedule
Select the Option and Output Variable to run: Task 22| Time Schedule (Wesks) Most Likely 5400 I 5500
Ship Building: Expected Project Schedule w | Task 21| Time Schedule (Wesks) MostLikely 4500 [N 55.00
Sensitivity +- Reset | Task 23| Time Schedule (Weeks) Most Likely 4320 [T 5250
Show the top Task 20| Time Schedule (Weeks ) MostLikely 3950 T 4340
i - 2 N 5
Show results with Task 24 | Time Schedule (Weeks) MostLikely
Task 25| Time Schedule (Wesks) MostLikely 2150 [N 26540
Select the granularity of the sensitivity analysis:
2 & el Task 19| Time Schedule (Weeks ) MostLikely 900 M 100
O Individual Unique Inputs Task 1] Time Schedule (Wesks) Most Likely 720 MW 830
Line Tte
Oline Items Task 26| Time Schedule (Weeks) MostLikely 720 M 880
(@) Variable Groups
Task 11| Time Schedule (Weeks) Most Likely 540 MM &80
340.00 ' 350.00
34500 36600
Cwee [ ee [ comomn |
Show results with 2 % decimals Name: | Ship Build Schedule Impacts
[ Ship Building: Expected Project Schedule | Base Value: | 348.00 Changes ~ = Modd]
Chart| % Up | % Do.. Inputs Output Do.. | OQutput Up Range Input Down | Input Up | Base Case Ship Build Cost Critical Success Factors
I7 10.00% | 10.00% | Task 22 | Time Schedule (Weeks) Most Likely 342.00 354.00 12.00 54.00 66.00 &0.00 cts
Edit
I7 10.00% | 10.00% | Task 21 | Time Schedule (Weeks) Most Likely 343.00 353.00 10.00 45.00 55.00 50.00
[v | 10.00% | 10.00% | Task 23 | Time Schedule (Weeks) Most Likely 343.20 352.80 9.60 4320 52.80 43.00
I7 10,00% | 10.00% | Task 20 | Time Schedule (Weeks) Most Likely 343.60 352.40 8.80 39.60 43.40 4400 Delete
I7 10.00% | 10.00% | Task 24 | Time Schedule (Weeks) Most Likely 344.40 351.60 7.20 32.40 39.60 36.00
w
- S Y - . F . e S . _— - _—— -
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Risk Simulation with the U.S Air Force Cost Analysis Handbook

U.5. Air Force Cost Analysis Handbook (AFCAH)

Fitted Distributions
Distribution PEI Probability 15% Mode 85% Min Likely Max
Triangular Low Left Mode 1.0 (75%) 0.695 0.878 1.041 0.482 0.878 1.247
Triangular Low Mode 1.0 (50%) 0.834 1 1.166 0.633 1.000 1.367
Triangular Low Right Mode 1.0 (25%) 0953 1122 1.305 0.753 1122 1.518
Triangular Medium Left Mode 1.0 (75%) 0.492 0.796 1.069 0137 0.796 1.412
Triangular Medium Mode 1.0 (50%) 0.723 1 1.277 0.388 1.000 1.612
Triangular Medium Right Mode 1.0 (25%) 0.931 1.204 1.508 0.588 1.204 1.863
Triangular High Left Mode 1.0 (75%) 0.347 0.754 1.103 0.000 0.754 1.550
Triangular High Mode 1.0 (50%) 0.612 1 1.388 0.142 1.000 1.858
Triangular High Right Mode 1.0 (25%) 0.903 1.236 1.711 0.442 1.236 2225
Triangular EHigh Left Mode 1.0 (75%) 0.3 0.745 1.15 0.000 0.745 1.657
Triangular EHigh Mode 1.0 (50%) 0.509 1.004 1.5 0.000 1.004 2.100
Triangular EHigh Right Mode 1.0 (25%) 0.876 1.367 1.914 0.258 1.367 2.553

: - 11
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Expected Project Cost (Risk Profile)

c 52 [MMClient Projects\Mavy and Department of Defense\2016-06 Cost Estimation for Ship Building\Models\ Cost Estimation Medels - Draft 3.rovprojecen] - PROJECT ECONOMICS ANALYSIS TOOL — X
File Edit Projects Report Tools Language Decimals Help
Welcome to the ROV Project Economics Analysis Tool (PEAT). This tool will help you set up a series of projects or capital investment options, model their cash flows, simulate their risks, and run advanced analytics, perform forecasting and prediction
modeling, and optimize your investment portfolio subject to budgetary and other constraints.
i
) “I Project Management  Applied Analytics  Risk Simulation ~ Options Strategies  Options Valuation Forecast Prediction Dashboard  Knowledge Center
Simulation Results  Overlay Results  Analysis of Alternatives  Dynamic Sensitivity
Select the Option and Output Variable to view the results: Statistics Percentie ~
Trial
| ship Buiiing: Project Cost | Lo
Median 2,639.7344
= EE -~ b HF el IEDLE M F R B SCirvecolor Stdev 354.7040
cv 13.4408%
Bar Type: |Ba V| | Bar Color | Line Index: v =A =A At Al-| Data Labels || Custom Text Properties | Skew 00361
. _— . Kurtosis -0.4957
Ship Building: Project Cost Minimum 1,633.9266
1,200.00- Maximum 3,578.7564
Range 1,944.3298
1,000.00 0% 1,633.9266
5% 2,042,9830
10%: 2,158.2773
500.00 20% 2,326.3332
g 30% 2,447.4998
z 600.00 0% 2,546.4428 v
E —- e e
o000 e | Ship Cost All Indusive 90% CI
“aw New Model
s
200.00 ship Cost All Indlusive 90% CI
ship Schedule All Indusive 30%: CI
0.00. — Ship Cost PROB Under Budget
Show vertical lines at: |P'DF Histogram e | | Update | Compute and Show lines at: |Two Tails w |
Percentiles %: | | | | | | | | Percentiles: | 5.00 |% | 95.00 |% When saving, indude simulated data and results (this may result
in sl Span: d | file si
Certainty Values: | | | | | | | | Value: | 2,042.99 | | 3,222.89 | in slower response and larger file sizes)
| Copy Chart | | Show Gridlines | | Extract Simulation Data | | Open | | Save |

12
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- Project Cost by Sections (Overlays and Stochastic Dominance)

52 [MMClient Projects\Mavy and Department of Defense\2016-06 Cost Estimation for Ship Building\Models\ Cost Estimation Medels - Draft 3.rovprojecen] - PROJECT ECONOMICS ANALYSIS TOOL — X

File Edit Projects Report Tools Language Decimals Help

Welcome to the ROV Project Economics Analysis Tool (PEAT). This tool will help you set up a series of projects or capital investment options, model their cash flows, simulate their risks, and run advanced analytics, perform forecasting and prediction
modeling, and optimize your investment portfolio subject to budgetary and other constraints.

Project Management  Applied Analytics  Risk Simulation ~ Options Strategies  Options Valuation Forecast Prediction Dashboard  Knowledge Center

Simulation Results  Overlay Results  Analysis of Alternatives  Dynamic Sensitivity

Select multiple Option and Output Variables to view the simulated probabilistic chart results side by side. | Copy Chart |
Mame "
= T
[ Ship Building: Project Cost = EH S m-~ P REEALTFos M F s S-B-® Data Labels
[[] ship Building: Project Schedule |1 v| | S-Curve Color | Line Index: o oe=f =A AT AL | Custom Text Properties
@ ICT Navigation: Project Cost
[ 1T Navigation: Projec.t Schedule PDF Curve Overlay — ICT Mavigation: Project Cost
|:| Weapon Systems: Project Cost Aircraft Project Cost
[] weapan Systems: Project Schedule 1,400 rc.ra- -Project o
@ Aircraft: Project Cost — Electrical Systems: Project Cost
[ aireraft: Project Schedule 12001
[~] Electrical Systems: Project Cost '
[ Electrical Systems: Project Schedule
1 Radar Sustems: Proiect Cnst h 1,0004
|PDF Curve Overlay ~ |
Selected S-Curve: & 300, \
C
|Elech'1'm| Systems: Project Cost ~ | %
Percentiles %: E 600
Certainty Values: | | | | 400
| Update | I Show Gridines | 2004
B Mame: | ICT-Electrical-Aircraft |
"y 0 +
Mew Model 40 &0 140
ICT-Electrical-Aircraft

Weapons-Radar has Major Impact
Edit

ICT Navigation: Project Cost and Aircraft: Project Cost Overlap 98.51%
ICT MNavigation: Project Cost and Electrical Systems: Project Cost Overlap 0.98%:
Aircraft: Project Cost and Electrical Systems: Project Cost Overlap 43.35%

13
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Project Schedule (Sensitivity Analysis)

52 [MMClient Projects\Mavy and Department of Defense\2016-06 Cost Estimation for Ship Building\Models\Cost Estimation Medels - Alternatives - Draft 3.rovprejecon] - PROJECT ECONOMICS AMAL...

- x

File Edit Projects Report Tools Language Decimals Help
Welcome to the ROV Project Economics Analysis Tool (PEAT). This tool will help you set up a series of projects or capital investment options, model their cash flows, simulate their risks, and run advanced analytics, perform forecasting and prediction

modeling, and optimize your investment portfolio subject to budgetary and other constraints.
L- ! Project Management  Applied Analytics  Risk Simulation ~ Options Strategies  Options Valuation Forecast Prediction Dashboard  Knowledge Center

Simulation Results  Overlay Results  Analysis of Alternatives  Dynamic Sensitivity

Dynamic Sensitivity is run by first performing a Monite Carlo Risk Simulation to model its dynamic interactions and impacts on the selected output variables. To get started, make sure you have a simulation already run, then choose the Option and
Qutput Variable you wish to test and dick Compute to run the analysis.

Select the Option and Qutput Variable to run:
|Bhip Stripped Donn: Project Scheduie

Copy Charts

v| Show Rows |

EES M- +rHHp S REEALEODFD S O F R W @

Ship Stripped Down: Project Schedule

w Madel

Nonlinear Rank Correlation

Contribution to Variance

EHHEE

Task 19| Time Schedul e (Weeks) B 00
Task 26 | Time Schedule (Weeks) B 000 ers
Task 1| Time Schedule (Weeks) B el
Task 14| Time Schedul e (Weeks) B e
Task 2| Time Schedule (Weeks) B Ak
Task 27 | Time Schedule (Wesks) . 15
:":‘jf Task 11| Time Schedule (Wesks) B B3
Task 18| Time Schedule (Weeks) . 4
Task 7| Time Scheduls (Weeks) W 012
Task 12 | Time Scheduls (Weeks) W 12
Task &| Time Schedule (Weeks) . 11
Task @| Time Scheduls (Wesks) I .10
Task 18| Time Schedule (Weeks) W 0.0C
Task 17 | Time Schedul e (Weeks) I coE
Task 15| Time Schedule (Wesks) | 0.08 ) . ) . 73% ) . . ) i :
0 BT1 D!Q B!E’u D!4 BTE B..B ;} D.;}E B!1 D.I15 D.IZ B.I25 DI.3 0.:?:5

14
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Econometric Analysis (Top-Down Cost Estimations)

Multivariate Analysis (Warship Prices)

Unit Cost  Displacement  Speed

ID Navy Ship ($M) (Tons) (KMH) Length (M) Crew Year Value qQ
1DDG 51 2133 9648 56 155.2 276 2012 2,133 1
2 DDG 51 1353 96428 26 135.2 276 2012 3,106 2
3 DDG 51 1884 S648 56 155.2 276 2012 1,884 1
4 DDG 51 1423 9648 56 155.2 276 2013 4,269 3
> DDG 51 2372 9648 26 135.2 276 2014 2372 1
6 DDG 51 1615 S648 56 155.2 276 2013 1,615 1
7 DDG 51 1330.5 9648 56 155.2 276 2016 2,661 2
& DDG 1000 3354 15720 26 185.9 148 2007 35354 1
S DDG 1000 3010 15730 56 185.9 148 2008 3010 1
10 Joint High Speed Vessel (JHSV) 185 2357 80 103 11 2010 185 1
11 Joint High Speed Vessel (JHSV) 184 2397 80 102 41 2011 184 1
12 Joint High Speed Vessel (JHSV) 376 2397 80 103 41 2012 376 1
13 Joint High Speed Vessel (JHSV) 207 2397 20 102 11 2012 207 1
14 LHA 6 America 3204 45695 37 114.91 1,687 2007 3,204 1
15 LHA 6 America 3213 45695 a7 114.91 1,687 2011 3,213 1
16 Littoral Combat Ship 1077 3292 87 115.2 435 2010 1,077 1
17 Littoral Combat Ship 1147 3293 87 115.2 45 2011 1,147 1
18 Littoral Combat Ship 1858 3294 87 115.2 45 2012 1,858 1
19 Littoral Combat Ship 1821 3293 87 115.2 435 20132 1,821 1
20 LPD 17 San Antonio Class 1503 25300 39 208.5 360 2009 1,902 1
21 LPD 17 San Antonio Class 2088 25300 39 208.5 260 2012 2,088 1
22 USS Ticonderoga (CG 47) 1000 9754 26 173 30 2008 1,000 1
23 DD-21 Zumwalt 2700 16000 56 170 150 1956 2,700 1
24 Nimitz Class Aircraft Carrier (CVN 68) 40435 99800 56 332.8 358 2005 4,045 1
25 Nimitz Class Aircraft Carrier (CVN 68) 3421.3 55800 56 332.8 558 2011 3,421 1
26 Nimitz Class Aircraft Carrier (CVN 68) 4568.8 99800 56 332.8 5358 2012 4,569 1
27 Nimitz Class Aircraft Carrier (CVN 68) 4738.2 99800 36 332.8 338 2016 4,738 1

Similar methodology in "Why Has the Cost of Navy Ships Risen?" RAND Mational Defense Research Institute 2006
Data Source: http://www.bga-aeroweb.com/Defense/DDG-51-AEGIS-Destroyer.html
http://www.globalsecurity.org/military/systems/ship/ddg-51.htm
http://www.defenseindustrydaily.com/adding-arleigh-burkes-northrop-grumman-underway-06007 /

WWW.NPS . EDU
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~ Econometric Analysis (Multivariate Regression Statistics)

Regression Analysis Report

Regression Statistics

R-Squared (Coefficient of Determination) 0.8260
Adjusted R-Squared 0.7943
Multiple R (Multiple Correlation Coeficient) 0.90838
Standard Error of the Estimates (SEy) 585.1570
Mumber of Observations 27

The R-Squared or Coefficient of Determination indicates that 0.83 of the variation in the dependentvariable can be explained and accounted for by the independent variables in this
regression analysis. However, in @ multiple regression, the Adjusted R-Squaredtakes into account the existence of additional independent variables or regressors and adjusts this
R-Sguared value to a more accurate view of the regression’'s explanatory power. Hence, only 0.79 of the variation in the dependent variable can be explained by the regressors.

The Multiple Correlation Coefficient (Multiple R) measures the correlation between the actual dependent variable (Y) and the estimated or fitted (¥) based on the regression
equation. This is also the square root of the Coefficient of Determination (R-Squared).

The Standard Error of the Estimates (SEy) describes the dispersion of data points above and below the regression line or plane. This value is used as par of the calculation to
abtain the confidence interval of the estimates later.

Regression Results

Displacement

Intercept (Tens)  Speed (KMH) Length (M} Crew
Coeflicients -11837.1869 -0.1034 80.4366 555622 6.0975
Standard Error 4077.1440 0.0365 295533 15.4242 17271
t-Statistic -2.9033 -2.8328 27217 3.6023 35306
p-Value 0.0082 0.0087 0.0125 0.0016 0.0019
Lower 5% -20292.6660 -0.1791 19.1467 235743 25158
Upper 95% -33g1.7078 -0.0277 141.7265 87.5501 96793
Degrees of Freedom Hypothesis Test
Degrees of Freedom for Regression 4 Critical t-Statistic (99% confidence with df of 22) 28188
Degrees of Freedom for Residual 22 Critical t-Statistic (95% confidence with df of 22) 20739
Total Degrees of Freedom 26 Critical t-Statistic (90% confidence with df of 22) 17171

The Coeflicients provide the estimated regression intercept and slopes. For instance, the coefficients are estimates of the true; population b values in the following regression
equation ¥ = b0 + b1X1 + b2ZX2 + . + bnXn. The Standard Error measures how accurate the predicted Coefficients are, and the t-Statistics are the ratios of each predicted Coefficient
to its Standard Error.

The t-Statistic is used in hypothesis testing, where we setthe null hypothesis (Ho) such thatthe real mean of the Coefficient = 0, and the alternate hypothesis (Ha) such that the real

mean of the Coefficient is not equal to 0. At-testis is performed and the calculated t-Statistic is compared to the critical values at the relevant Degrees of Freedom for Residual. The

t-test is very important as it calculates if each of the coefficients is statistically significant in the presence of the other regressors. This means that the tiest statistically verifies

whether a regressor or independent variable should remain in the regression or it should be dropped.

The Coeflicient is statistically significant if its calculated t-Statistic exceeds the Critical t-Statistic at the relevant degrees of freedom (df). The three main confidence levels usedto

testfor significance are 90%, 95% and 99%. If a Coeflicient's t-3tatistic exceeds the Critical level, it is considered statistically significant. Alternatively, the p-Yalue calculates each t-

Statistic's probability of occurrence, which means that the smaller the p-Value, the more significant the Coefficient. The usual significant levels for the p-Yalue are 0.01, 0.05, and

0.10, corresponding to the 99%, 85%, and 90% confidence levels.

The Coefficients with their p-Values highlighted in blue indicate that they are statistically significant atthe 90% confidence or 0.10 alpha level, while those highlighted in red indicate

that they are not statistically significant at any other alpha levels. 16
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Regression Analysis — Auto Econometrics (Parametric Nonlinear Models)

Auto Econometrics

Regression Statistics

R-Squared (Coefficient of Determination) 0.8383
Adjusted R-Squared 0.9198
Multiple R (Multiple Caorrelation Coefficient) 0.8687
Standard Error of the Estimates (SEy) 365.4465
MNumber of Observations 27

The R-Squared or Coefficient of Determination indicates that 0.94 of the variation in the dependent variable can be explained and accounted for by the independent variables in this
regression analysis. However, in a multiple regression, the Adjusted R-Squared takes into account the existence of additional independentvariables or regressors and adjusts this R-
Squaredvalue to a more accurate view of the regression’s explanatory power. Hence, only 0.92 of the variation in the dependent variable can be explained by the regressors.

The Multiple Correlation Coefficient (Multiple R) measures the correlation between the actual dependentvariable (Y) and the estimated or fitted (Y) based on the regression equation.
This is also the square root of the Coefficient of Determination (R-Squared).

The Standard Error of the Estimates (SEy) describes the dispersion of data points above and below the regression line or plane. This value is used as par of the calculation to obtain
the confidence interval of the estimates later.

Regression Results

Intercept vard ward vars In{warz) In(war3) In(wvar4d)
Coefficients B6373.8318 -0.3741 3021790 4.3955 7108.9055 9778.0160 -46327.8077
Standard Error 47165.1882 01184 108.1814 20715 1589.3175 18524014 16303.5560
t-Statistic 1.8313 -3.1603 27933 21220 44729 52786 -2 8416
. p-Value 0.0820 0.0049 0.0112 0.0465 0.0002 0.0000 0.0101
[ s S e Lower 5% -12011.0457 -0.6211 T6.5165 0.0746 3793.6472 59139744 -B0336.4289
“ Upper 95% 184758.7092 -0.1272 527.8414 87166 104241637 136420575 -12319.1865
a o "
Degrees of Freedom Hypothesis Test
H Degrees of Freedom for Regression G Critical t-Statistic (99% confidence with df of 20) 2.8453
3 Degrees of Freedom for Residual 20 Critical t-Statistic (95% confidence with df of 20) 2.0860
Total Degrees of Freedom 26 Critical t-Statistic (90% confidence with df of 20) 1.7247

17
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~ Data Analysis and Probability Distribution Fitting

Multivariate Analysis {Warship Prices)

Unit Cost  Displacement  Speed

1D Mavy Shi Length (M Crew Year Value
vy Shp ($M) (Tons) (KMH) gth (M) a
1DDG 51 2133 3648 Distribution Fitting Result - O X 1
2 DDG 51 1553 9648 2
3 DDG 51 1884 9648 Distribution I Test Statistics I P-Walue I Rank ~ 1
Gumbel Madmum 0.07 1
4 DDG 51 1423 9648 2 3
5 DDG 51 2372 9648 Cosine 0.0s 2 1
PERT 0.09 4
6 DDG 31 1615 9648 Parabalic 010 5 1
7 DDG 51 1330.5 9648 Laplace LR 5 p)
Lognormal 011 7
8 DDG 1000 3554 15730 Triangular 0.12 ] 1
9 DDG 1000 3010 15730 | |gumbel Minimum 012 H 1
amma 012 10
10 Joint High Speed Vessel (JHSV) 183 2397 [lzglgnormal 3 g.g 1; 1
12 Joint High Speed Vessel (JH5V) 376 2397 Pearson VI 0.14 60.747% 14 1
o Exponertial 2 015 5593% 15
13 Joint High Speed Vessel (JHSV) 207 2357 Double Log 0.16 46457 16 w0 1
14 LHA 6 America 3204 45695 < > 1
15 LHA 6 America 3213 45695 Statistical Summary 1
i i ( ) Mormal
16 L'_ttoml Combat Sh'_p 1077 3252 r4‘|"}h_eoretical\rs.EmpiricaI Distribution | | pesn < 199074 1
17 Littoral Combat Ship 1147 3293 T Standard Devistion < 1250.26 1
18 Littoral Combat Ship 1858 3294 & 1
19 Littoral Combat Ship 1821 3295 22 I Kolmogorov-Smimoy Test Statistic 1
20 LPD 17 San Antonio Class 1503 25300 ) Test Statistic: 0.03 1
) 2y P-Value: 98.49 %
21 LPD 17 San Antonio Class 2088 25300 151 1
22 USS Ticonderoga (CG 47) 1000 9754 amll Reasl ThEmelks 1
Mean 209670 1990 74
23 DD-21 Zumwalt 2700 16000 051 ‘ | ‘ o e ega 1
p— i 1 0.0 + + + + + |
24 Mimitz Class Aircraft Carrier (CVN 68) 4045 99800 L 2000 0 2000 4000 6000 80) Skewness 0.39 0.00 1
25 Nimitz Class Aircraft Carrier (CYN 68) 3421.3 99300 \ ~ ) Kurlosis -051 0.00 1
26 Nimitz Class Aircraft Carrier (CVN 68) 4568.8 99800 ] Automatically Generate Assumption ok ] | 1
27 Nimitz Class Aircraft Carrier (CVN 68) 4738.2 99800 1

Similar methodology in "Why Has the Cost of Navy Ships Risen?" RAND Mational Defense Research Institute 2008
Data Source: hitp://www.bga-aeroweb.com/Defense/DDG-51-AEGIS-Destroyer.html
http://www.globalsecurity.org/military/systems/ship/ddg-51.htm

1
http://www.defenseindustrydaily.com/adding-arleigh-burkes-northrop-grumman-underway-06007/ 8
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Monte Carlo Simulation and Uncertainty Analysis

Parametric Simulated Cost - Risk Simulator Forecast

FA+LrPLHLELA D00 DO D028 -0 K0 v - 8- M5 o

ped

Mormal View

50000 Parametric Simulated Cost (1000000 Trials) =11
- 1.0
50000 r0.9 Z
r0.63
C
dg}m FOT g
r0.6E
0000 048
r03g
10000 r0.2=
ro.1
= 0.0
%32 1,832 2,932 3,932 4,938

Type [Two-Tal || 7.018509 | 3660618 |Certainty % [ 90.00-3]
Chant Type |Bar vl 'DverlaleDF'l ;I‘u’iewl |

Min Len s Tide |Parametric Simulated Cost (10
e I ) ~
e s | Save Default Colors |

Distribution Fitting

Actual  Theormstical @ Continuous
Distnbution — Mean __ —_ O Discrete
Stdev —_

Skew - Decimals
PNValue: — Kut —_

Histogram Resolution

Faster ' Higher
Simulatien ., .V . ..., Resclution

Fit Stats: —

Data Update Interval

Faster Faster
Update , .. .0 . o o000 Simulation

Statistics | Resutt |
Mumber of Trials 1000000
Mean 2
Median 2,197 5254
Standard Deviation 8121175
Wariance 605,534 7620
Coefficient of Variation 03612
Mazimurm 3,999.9804
Minimum 850.0050
Range 31495714
Skewness 0.2108
Kurtosis 05211
25% Percertile 1.582.8012
Th% Percertile 28676844
Percentage Emor Precision at 95% Corfidence 0.0708%

Data Filter

(® Show all data

() Show only data between -Infirity | and | Infinity |

() Show only data within 6= standard deviation(s)

Statistic

Precision level used to calculate the error: Iw S
Show the following statistic(s) on the histogram:
[1 Mean [ ] Median [ ] 1stQuartile [ ] 3rd Quartile
Show Decimals
Chart X-Auis| 0 [$1| Confidence Statistics
Display Control
[] Always Show Window OnTop | Close All | | Excel |

[1 Semitransparent When Inactive
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| Yes, there’s tons of advanced math involved...

The Brownian motion random walk process takes the form of 5_5 = u(5t)+ oenfor for regular

Z,~ Neormal Distribution Z.~ T-Distribution . ) . . ) 55
GARCHAL y,—e+r A+ v —ciioi vz options sumulation, or a more genernc version takes the form of == (g —c*/2)8t + oe for
Variance in £ =02 £ =02, for a geometric process. For an exponential version, we simply take the exponentials, and as
Mean Equation o = w5, + e, o7 =c+ag, + o, an example, we have % —cxp [‘u(a )+ ggﬁ} .
GARCH-M y.=c+Ao,+&, Y, =c+io, +¢g
Standard £ =02 £ =0z The following are the variable definitions:
Deviation 2 2 2 2 2 2 . .
in Mean Equation o, =w+as + o, o; =w+rag, + o, S as the vamable’s previous value
GARCH-M ¥, =c+Aln(c))+¢, v, =c+Aln(c]) +¢ &5 as the change in the variable’s value from one step to the next
. Log ¥ atance &=04 & =04 4 as the annualized growth or drift rate
in Mean Equation o.!2 — s agf_l " 50.!2_ , 0.!2 - o+ M,2_1 L ﬁaf_l . B
¢ as the annualized volatility
Y. =Xy +é& Y. =& .
GARCH i , i _
o =w+as_; + o, £, =04
2 2 2 . - . . .
o =o+as,+ o, In order to estimate the parameters from a set of time-series data, the drft rate and
Y =¢ Y, =& volatility can be found by setting /7 to be the average of the natural logarithm of the relative
} ) g/ g g
& =0z £ =01 returns [n S, , while 1s the standard deviation of all 1n S, values.
]n(of)= w+ﬁ-]n(of_1)+ l.n(o-f)=w+ﬁ-].n(o-f_l)+ S Sia1
EGARCH . . €. £, B _ oo Avernoe or I : :
a E - Ele) |+ r 22 « O_L —E(s ] |+r=2 Autoregressive Integrated Moving Average or ARIMA(p,d,q) models are the extension of
- “‘ G ot ot the AR model that uses three components for modeling the serial correlation in the time series
(Ao 2 Elle = 2¥V=2 T(v+1)/2) data. The first component 1s the autoregressive (AR) term. The AR(p) model uses the p lags
E(|gx =,.]— (|£x D - T(v/ ’J_ - . . . .
! 7 (v-DI'(v/2Nx of the time series in the equation. An AR(p) model has the form: 2= aryer + ... + agee + &2 The
second component 1s the integration (d) order term. Each integration order corresponds to
Y= & Ni= & ditferencing the time series. I(1) means ditferencing the data once. I{d) means ditferencing the
£ =0k £ =0k data d times. The third component is the moving average (MA) term. The MA(q) model uses
2 2 2 2 .
GJR-GARCH O, —@+as  + O —@+oE + the qlags of the forecast errors to improve the forecast. An MA(q) model has the form: = e
reld_ + pol, reld_ + pol, + Diers + ... + Dyerg Finally, an ARMA(p,q) model has the combined form: y: = a7 jer + ... +a;
J 1 ife_ <0 4 1 ife,_ <0 Jept et brea+ L+ hyen
“1 o otherwise = o otherwise

20
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Conclusions

e This Cost Modeling methodology and supporting toolset can be used
to monitor project activities, costs (total, fixed, and variable), and
schedule to build U.S. Navy Ships within an integrated risk
management approach.

* Based on publicly available information and aligned to our estimations
(bottom-up and top-down), the next generation of U.S. Navy Destroyer
Ships could cost between $2.04B and $3.18B each (90% confidence)
o including managerial, administrative, support, and commissioning
activities. Prices decrease with bulk orders due to synergy and flatter
learning curves.

* The project implementation (schedule), considering the complex
integration of the Air and Missile Defense Radar (AMDR) systems, the
Electronic Warfare Systems (EWS), and the Fire Control Systems (e.g.,
in the AEGIS and MK), could be completed between 107 and 147

o weeks (90% confidence).

g * The literature and our estimations reveal that the development and
integration of Radar and Weapons Systems, and the assembly and
erection of Warship sections are critical to successfully develop U.S.
Navy Destroyers.

21
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Recommendations

e Although this study relies on publicly available information for the
cost and schedule modeling, it requires updated and more specific
project management information from the incumbent decision
makers, previous DDG projects and Navy Ships specifications, and
Contractors & U.S. Navy project controls and deliverables to better

. calibrate the models and to improve the estimations.

* Using the proposed methodology and cost modeling approach,
decision makers can accurately visualize the milestones and risks in
U.S. Navy shipbuilding. Therefore, the U.S. Navy can make use of
these project economic analysis tools (cost and schedule,
multivariate analysis and auto econometrics, risk analysis,
simulations, and project portfolios and sections management,

o among other aspects) to better control its acquisitions, capital

i investments, and capital budgeting in warship building.

22
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Next Steps

| e Collecting and using actual cost data and better cost estimates going forward in order to better
calibrate the inputs based on real-life conditions. (We can provide inputs and suggestions on how to
d generate a database and methods to capture said required data.)

* Using the simulated probability distributions to determine how well the vendors are performing
(e.g., running at 92% efficiency etc.), thus creating level of performance metrics for the organization.

* Using control charts (based on simulated results) to determine if any processes and tasks are in-
control or out-of-control over time.

* |dentifying critical success factors to start collecting cost and schedule data for better estimates.

* Incorporating learning curves and synergies when more than one ship is in order and the unit cost
per ship would be lower.

- 23
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Abstract

This research project pertains to the development of alternative ship cost modeling methodologies. Most ship cost
modeling has been traditionally weight-based. This approach drives the U.S. Navy to select smaller ships that,
consequently, require custom-designed shipboard components. This research project is intended to help
determine if there is a more accurate way to empirically predict, forecast, and model ship cost. Current and
forecasted Department of Defense (DOD) budgets require identifying, modeling, and estimating the costs of
shipbuilding. Information and data were obtained via publicly available sources and were collected, collated, and
used in an integrated risk-based cost and schedule modeling methodology. The objective of this study is to develop
a comprehensive cost modeling strategy and approach, and, as such, notional data were used. Specifically, we
used the Arleigh Burke Class Guided Missile Destroyer DDG 51 Flight I, Flight Il, Flight IIA, and Flight Il as a basis for
the cost and schedule assumptions, but the modeling approach is extensible to any and all other ships within the
U.S. Navy. The results will be used to develop recommendations and develop a cost modeling tool on how to
implement ship cost forecasts. This example will provide a roadmap for other new ship cost modeling by the U.S.
Navy, thereby improving effectiveness and increasing cos