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Abstract

With the provisions of the Weapon Systems Acquisition Reform Act of 2009, or WSARA, raising the importance and
visibility of risk analysis, it is an opportune time to revisit how risk benchmarks based on historical data are both
derived and applied. This paper will focus on two key summary risk metrics: (1) the cost growth factor, or CGF,
which captures historical cost growth for individual programs and is used collectively to capture the pervasive
tendency to underestimate cost; and (2) the coefficient of variation, or CV, as a measure of the uncertainty in both
historical and new estimates. In particular, it will examine the central question of how best to derive historical CVs
to apply to new programs. It will build on work developing an S-Curve Tool for the Naval Center for Cost Analysis
(NCCA) and recent papers by the authors on that subject: “Development and Application of CV Benchmarks”
(DoDCAS 2011) and “Testing S-Curves for Reasonableness: The NCCA S-Curve Tool” (SCEA 2011).

The paper is divided into three sections. The first section briefly summarizes the basis for the historical benchmarks
developed, namely Selected Acquisition Report (SAR) Summary Sheets for Department of Navy (DON) Major
Defense Acquisition Programs (MDAPs). We discuss the development of a SAR database, compare SARs to Contract
Data, and examine the provenance of the SAR Baseline Estimates.

The second section presents issues in SAR data analysis affecting how the benchmarks are derived. The CGF
calculation is often dependent on a quantity adjustment, and we explore the Laspeyres, Paasche, and Fisher index
approaches. We show the standard deviation, percentiles, and CV of the CGFs, and present an alternate method of
deriving benchmark CVs using maximum likelihood estimation (MLE) regression.

The third section discusses some of the algorithms by which the benchmarks are applied in the NCCA S-Curve Tool.
These include specification of baseline S-curves via various combinations of distribution parameters; the application
of historical CGF and/or CV benchmarks to adjust the baseline S-curve; and solving an ancillary issue of graphing
“noisy” empirical probability density functions (pdfs).

Throughout, we examine the so-called “perils of portability” and what information about the underlying historical
data is maintained, distorted, or lost when we excerpt only summary metrics like CGF and CV. We illustrate these
discrepancies numerically and graphically using the Milestone B and C subsets of the DON SAR data.
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Too Many Ideas, Not Enough Papers

* This paper is an outgrowth of “Testing S-Curves for
Reasonableness: The NCCA S-Curve Tool”

— AKA “Getting Your S Together,” “Pimp My S-Curve,” “Where Did This S
Come From?” “When the S Hits the Fan,” etc.

* Alternate title: “Cool Stuff We Learned While Building the NCCA
S-Curve Tool”

— ...and are still learning...

* Naturally builds on “Development and Application of CV
Benchmarks,” Dr. Brian Flynn, et al., DoDCAS, 2011

— Department of Navy (DON) Selected Acquisition Report (SAR) data
analysis

— North Atlantic Treaty Organization (NATO) Alliance Ground Surveillance
(AGS) case study

* Some content also overflows into Training Integration Track
— IN 06B “Probability Distributions for Risk Analysis”
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ldle Thoughts on Portability

e

* Cost Estimators love a factor? Like CGFs
— “SE/PM is xx% of Prime MissionEquipTLand CVs!
— Eminently quotable, memorable, and portable

— Ditto rates (e.g., hours/SLOC) and ratios (e.g., Glue Code SLOC/COTS package)
e The problem(s):

— Why do we so readily believe a zero y-intercept??
— Factors convey neither quantification of uncertainty nor statistical significance

 The two main advantages of regression-based parametrics!

e Even CERs with standard summary statistics lack the ability to convey confidence and
prediction intervals without the sum squared deviations of the Xs

— Factors become readily divorced from their basis (or never had any to begin with!)
— Factors are quotients, and quotients are generally statistically ill-behaved
* OLS regression coefficients, by contrast, are distributed t
* The solution:
— Include all the original data with “live” analysis instead of just the resultant equations

— No longer any practical restriction of computer storage and computational capacity
— Still need to protect sensitive data by restricting direct access and/or “disguising” programs

1. “CERs — Rates, Factors, and Ratios” in Cost Estimating 2. “‘To b or Not to b’: The y-intercept in Cost Estimation,”
Body of Knowledge (CEBoK), Module 3 Parametric R.L. Coleman, J.R. Summerville, P.J. Braxton, B.L. Cullis, E.R.
Estimating, SCEA, 2010. Druker, SCEA/ISPA, 2007.




Presented at the 2011 ISPA/SCEA Joint Annual Conference and Training Workshop - www.iceaaonline.com

S-Curve Tool Development Epiphanies

* Probability distributions

Legend:
. . Blue font signals
— Lognormal: Better understanding of the lognormal and related normal broader
* CVrules of thumb for shift from median to mean or mode application

* “Pivoting” on the median vs. “pivoting” on the mean Previous paper “Testing the

— Alternate specification: Normal and Lognormal Reasonableness of S-Curves” and
 Any two of: tralr.nng. session IN 0§B Proba!mllty
Distributions for Risk Analysis”

« Lognormal two solutions U IEENTEE UMEI UG
8 lognormal is even harder

— Mean and percentile, or mode and percentile than we’d guessed, it
. sometimes has two
e Data analysis

solutions

— Standard deviation vs. CV vs. pseudo-CV (s.d. divided by median) for historical CGFs
— CV of CGFs vs. CV of Cost
— Empirical percentile of 1.0 CGF vs. implied percentile given CV and CGF
— SAR Summary data vs. SAR data vs. Contract data
 Model

— CGF-only historical adjustment: not just a translation, because we determined to believe
the CV not the standard deviation

— Graphical sampling

— Mean, median, or mode; CV; and any percentile

* Developed to solve noisy PDF problem (got worse, not better, with more trials)
* Reduces size, increases speed of model

* Order of operations: transformation of stats quicker than stats on transformed data 4
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CGFs and CVs Outline

SAR Data, or What’s our basis?
— SAR database, or How do we keep all these numbers straight?!

— SAR Summary data vs. SAR data vs. Contract data, or How much did the program
really grow?

— Provenance of Baseline Estimates, or Dispelling the myth that we never budget to the
ICE

SAR Data Analysis, or Deriving our benchmarks
— Quantity-adjustments, or Who the hell are Laspeyres, Paasche, and Fisher?!
— Standard deviations and percentiles, or Perils of Portability part 1
— CGF and CV derivations, or Perils of Portability part 2
NCCA S-Curve Tool algorithms, or Applying our benchmarks
— Specification of distributions, or | got to use the quadratic formula at work today!

— Historical adjustments (CGF and CV), or Perils of Portability part 3
— Graphing of probability distributions, or Why does my PDF look like an EKG?!

Open Questions and Future Work, or Where do we go from here?

Warning: There is a lot of ground to cover, so please forgive
us if we put the spur to the horse (including ourselves)!




Presented at the 2011 ISPA/SCEA Joint Annual Conference and Training Workshop - www.iceaaonline.com

SAR Data

* SAR database
— Database contents summary (n = 100, DON MDAPs)

* Initial hypothesis testing results

— Transition from Excel to Access
* Data integrity gains
e Data anomalies
* Coding a database median function!

 SAR Summary data vs. SAR data vs. Contract data
— F/A-18E/F Super Hornet example
— RAND data and Development / Procurement split

* Provenance of Baseline Estimates
 Future SAR data collection efforts
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SAR Database —

Source

SAR Summary Sheets

Total program acquisition
cost
— R&D, procurement, MILCON

Tied to acquisition
milestones

— Planning Estimate (PE) for
MS A

— Development Estimate (DE) for
MS B

— Production Estimate (PdE) for
MS C

— Historically, equivalent to
milestones |, I, and IlI

Base-Year S and Then-Year S
From 1985 +to 7009

DON Programs

Focus

* DON MDAPS only

* 83 programs, 100
observations

e Baseline Estimates date from
1969 to 2003

— Mostly completed programs,
but a few on-going such as
LPD 17 and LCS

— Ships, submarines, missiles, and
aircraft predominate

— Excludes notables such as
A-12 and Presidential Helicopter

3. “Development and Application of CV Benchmarks,” Brian
Flynn, Paul Garvey, Peter Braxton, Richard Lee, DoDCAS, 2011.
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MS B: All DON MDAPs

® = . . Cost Growth Factors & CVs for All DON MDAPs at MS B for 1969 & Later; n =50
DIStrIbUtlon Skewed to (Without Qty Adjustment) (Quantity Adjusted)
r| ght Statistics Base-Year$ | Then-Year$ | Base-Year$ | Then-Year$
Mean 1.48 1.84 1.23 1.36
* Adjustments for -
Standard Deviation 0.94 1.60 0.44 0.69
changes in quantity and
. . cv 0.63 0.87 0.36 0.51
inflation decrease
values of CGFs and CVs Acquisition Cost Growth from MS B for "All" DON MDAPS
L . (Quantity Adjusted in Then-Year Dollars)
 (CVs sensitive to outliers 18
. . 16 Median CGF = 1.18
E.g., removing Harpoon " spteaintets
decreases quantity- - 12 CV=51%
adjusted TYS CV to 0.45 glg
* 2nd oldest datum T o6 -
(1970 baseline) 4 ] I I l
2 -
. I - -
Cost Growth Factor (Current Estlmate/BaseIme Estlmate)

3. “Development and Application of CV Benchmarks,” Brian
Flynn, Paul Garvey, Peter Braxton, Richard Lee, DoDCAS, 2011. 8
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MS C: All DON MDAPs

>=2.76

° CVs un IfO rm |y IOWE r Cost Growth Factors & CVs for All DON MDAPs at MS C for 1969 & Later; n =43
(Without Qty Adjustment) (Quantity Adjusted)
° Cost growth fa ctors IESS Statistics Base-Year$ | Then-Year$ | Base-Year$ | Then-Year$
Mean 1.11 1.08 1.11 1.10
compared to DE values
— Mean (1 10 versus 1 36) Standard Deviation 0.50 0.58 0.21 0.28
— Median (1.07 versus 1.18) v 0.45 0.53 0.19 0.26
— Similar trend for the 9 programs
with both DEs and PdEs o
Acquisition Cost Growth from MS C for "All" DON MDAPS
° D|St r|but|0n |ESS SkEWEd (Quantity Adjusted in Then-Year Dollars)
25
. ens Median CGF = 1.07
CVs for Total Acquisition Cost: MS B and MS C 20 Mean CGF = 1.10
1 - V= 26%
S 15
(]
0.87 CVsfromMS B 3
<08 l\\.\% g 10
q‘;_“ 0.6 3 5 I
o - 51 . I
504 0.53\. \A\ O B <0.75 0.75-100 1.01-125 1.26-150 1.51-—]_75 1.76 - 2.00 Z.(:B 2.26 -250 2.51-275
g e 0':/|55 . \.\\‘ s Cost Growth Factor (Current Estimate/Baseline Estimate)
(J] sTtrom
8 0.2 026 —=
Quantity Unadjusted Quantity Adjusted 0.19
0 % : |
Then-Year$ Base-Year$ Then-Year$ Base-Year$

3. “Development and Application of CV Benchmarks,” Brian

Flynn, Paul Garvey, Peter Braxton, Richard Lee, DoDCAS, 2011. 9
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Summary of Findings

Conjectures Conjectures
e Estimation Consistency * Adjustment Decline
— CVs from ICEs jibe with acquisition — CVs decrease when
experience adjusted for changes in
 Ad hoc observation suggests guantity and inflation
underestimation of CVs, at times, in the « Strongly supported

international defense community
* Decline During Acquisition
— CVs decrease throughout acquisition

e Secular Invariance
— CVs steady long-term

it | * Rejected
ITECYCIE * Evidence of secular
* Strongly supported (MS B to MS C) decline
e Platform Homogeneity * However, small sample

sizes lessen confidence

— CVs equivalent for aircraft, ships,
3. “Development and Application of CV Benchmarks,” Brian
ad nd Other platform types Flynn, Paul Garvey, Peter Braxton, Richard Lee, DoDCAS, 2011.

e Strongly supported, especially for MS B

10
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SAR CVs by Milestone and Era

Estimated CV Bands by Milestone
All data & Data=>80s @ Data=>90s
14 e .
: 1.2 I ;-__Q___t'_t_-l
! I uantity 1
1.2 ! | ' random |
c ' ‘ I ‘v oBYST | .
o 10 : 0.9 ' : . o
'4(_30 I 0.8, : : Quantity ! Quantity |
‘= : & 0.8 . ' Exogenous | 1 random !
o 0.8 N . T t T t
= | ¢ B | 06 TV5 BYS[ITVS BYS
kS '0.8 0.8 | os|i ' nc 1 0.5 . Quantity
= 0.6 " Quantity . ; . || L I r ! 0.5: Exogenous
:g ' random : - & : A : 0.4 || T ' TYS  BYS
£ 04 e By 05 057 05 I 03
““““ ! | ' 0.2
S 0.2 Quantity A 2 | s ®
' Exogenous PR 03 53 e =_
/ TYS BYS lmmmm o 0.2
0.0 _ ) ) : 01
/ Milestone A Milestone B Milestone C

Note: Milestone
A numbers are
“by analogy”

11
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SAR Data — Initial Excel Format

* Mix of programs (e.g., DDG 51) and estimates (i.e., PE, DE, PdE)
 Mix of source data and calculated values

* (Quantity-adjusted indices calculated in additional rows instead

of additional columns

— Some ability to detect anomalies

* For Phoenix AIM-54C, the quantity adjustment was paradoxically greater than
the current estimate, leading to a negative Laspeyres index!

* Blank and near-blank rows cause problems for sorting and

filtering
Cost Growth Multiplier | Cost Growth Multiplier |
Name of Program Base |Baseline Type Baseline Estimate (Without Qty Adjustment) (Quantity Adjusted)
Year Type System Base-Year$ | Then-Year$ Quantity Base-Year$ | Then-Year$ | Base-Year$ | Then-Year$
1987 | PdE Ship $16,953.7|  $20,117.5 23 3.34 4.00 1.22 1.21
PdE 1.60 1.70
PdE 1.40 1.44
1984 | DE Ship $12,454.4|  $18,479.6 18 4.04 4.35 113 117
DE 1.47 1.63
DE 1.29 1.38
Before

12
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Filters:

Commodity: Aircraft | Clear |

Electronics
Gun
Missile
Satellite
Ship
Torpedo
Vehicle
Submarine

Baseline Type (Milestone): |DE (M5 B) IZI

Year (»=): IZI | Clear |

Program Mame (includes):

Data & Calculations:

[::E View Stats: Fisher

Include Calculations

Izl Y| Use TY Dollars

Allows

\

filtering by

era (e.g.,
= 1980)

)

I

1.26

SAR Database (Access)

Allows grouping of
commodities (e.g.,
Ships and Subs

xcel

8]
0.69

Relational database, stores information once and only once
Stores source data (e.g., BE, CE, QA, BYS/TYS), calculates derived data (e.g., CGF, CV)

Ccv
0.51

Displays key statistics and
exports query results to

Required
custom

unctiont
Median

1.18

After

°

* Flexible ad hoc queries

 Dataintegrity: Detected several minor errors in Excel analysis (e.g., inadvertent
transposition of Laspeyres, Paasche, and Fisher indices)

ExceIRow| Program | BaseYear | BaselineType |Commodity| BaseYear$initial | ThenYear$Initial |
1 DDG-51 Destroyers (Arleigh Burke Class) 1987 PdE Ship $16,953.70 $20,117.50
2 DDG-51 Destroyers (Arleigh Burke Class) 1984 DE Ship $12,454.40 $18,479.60
3 DDG-51 Destroyers (Arleigh Burke Class) 1981 PE Ship $6,443.50 $10,953.50
4 DDG-1000 Destroyers (Zumwalt Class) 2005 DE Ship $31,547.90 $36,296.30
5 CVN-78 Aircraft Carriers (Gerald R. Ford Class) 2000 DE Ship $28,701.20 $36,082.10
6 CVN-77 (1 ship) from CVN-68 Aircraft Carriers (Nimitz Class) 1995 PdE Ship $4,557.10 $5,540.80
7 LPD-17 Amphibious Transport Dock (San Antonio Class) 1996 DE Ship $9,018.10 $10,761.80

ﬁ
n
50
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SAR Data vs. Contract Data

F/A-18E/F Super Hornet example

NCCA Contracts database quantity 472, SAR quantity 515

NCCA Contracts database reflects growth on contract
— Removed Baseline and FMS growth to reflect only unanticipated changes
— Includes all program contracts and subcontracts, including those not capture by SAR
— Reflects actuals, not EAC, though Production values adjusted pro rata

SAR Summary Total Acquisition only

RAND SAR data BY only Achieving an “apples-to-
apples” comparison is

1.200

1.000 -

0.800 -

0.600 -

0.400 +

0.200 1

0.000 -

_— gifficuit

F/A-18E/F ACQUISITION CGF
-0.3% F/A18-E/F Contracts
Database Acquisition Cost
Growth by Category

1.130 0.0%
1.070

0.4%

M Baseline Growth % Cost Growth % M Technical Growth %

M Schedule Growth % B FMS Growth % M Unknown Growth %

NCCA Contracts Database SAR Summary (NCCA) SAR (RAND) 14
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SARs vs. SAR Summary Sheets

 NCCA analysis of SARs for DON MDAPs based on SAR
Summary Sheets

— Total Acquisition only

e S-Curve Tool allows option of historical benchmarks
broken out by Development and Procurement

— By Phase (R&D / Production) or Appropriation (RDT&E /
Procurement)?

— Many users demand this, but Occam’s Razor might say
(initial) comparisons are best done at Total Acquisition level

— One solution is to add SAR detail data to the database
— Corresponding DON guidance TBD

* RAND study* offers Development / Procurement split
— Mostly non-overlapping set of MDAPs (primarily AF)

4. Sources of Weapon System Cost Growth (MG-670), Joseph G. Bolten, Robert S. Leonard, Mark
V. Arena, Obaid Younossi, Jerry M. Sollinger, RAND Project Air Force, 2008.
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RAND Study Quick-Look

* Little correlation between Development and Procurement CGFs
 Seems reasonable to use Acquisition CVs (lower bound) and

CGFs (middle) as a proxy o0% - -
80% -
7 7 70% -
* 60% -
‘ 0,
6 - 50% -
40% -
30% -
> r 20% -
.s. 10% A
£ 4 - ¢ w/o Qty adj. 0% -
o
5 w/o Qty adj. Laspeyres Paasche Fisher
) * B Fisher
& M DevelopmentCV M ProcurementCV M Acquisition CV
] "
© e s 20 -
] ] 18 - CGF
2 " o, m
on N i - 1.6 -
3 4T 14 -
1 " 0- ¢ 1.2 A
' n' o 1.0 -
0 T T T T T T 1 08 1
0.6
0 1 2 3 4 5 6 7
CGF Development 04 1
0.2 A
0.0 -

4. Sources of Weapon System Cost Growth (MG-670), Joseph G. Bolten, Robert S.
Leonard, Mark V. Arena, Obaid Younossi, Jerry M. Sollinger, RAND Project Air Force,

w/o Qty adj.  Laspeyres Paasche FisfieGr

7008 M DevelopmentCGF M Procurement CGF M Acquisition CGF
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Provenance of Baseline Estimates

 Comparison drawn for programs for which data were available
— 6 ACAT ID programs (OSD CAIG ICE)
— 4 ACAT IC programs (NCCA ICE)

* With one exception, SAR BE, POE, and ICE were quite close

— Attributed in part to Reconciliation process

Analysis of Deltas

Program Office's Ratio of | Ratio of | Ratio of Ratio of
Acquisition ICE (CAIG for ID; |POACEto|POACEto| ICEto ICE to
SAR BE Cost Estimate NCCA for IC) SARBE | SARBE | SARBE SAR BE
inBYS | inTy$ | inBYS | inTy$ | inBYS | inTv$ | inBYS | inTYS | inBYS in TY$
$2,877 $3,093 $2,817 $3,032 $3,130 0.98 0.98 1.09
$4,123 $4,310 $4,123 $4,104 1.00 1.00
$45,633 $71,081  $45,500 $47,400 1.00 1.04
$8,636 $8,400 $8,580 0.97 0.99
$26,494 S$31,429 S$24,490 $26,810 0.92 1.01
$31,548 $36,296  $32,800 $39,100 1.04 1.24
$10,627 $11,425 510,727 1.01
$43,490 546,826  $43,000 0.99
$4,263 $4,890 $4,245 $4,349 1.00 1.02
$2,977 53,290  $3,019  $3,284 $3,505 1.01 1.00 1.07
Means = 0.99 0.98 1.07 1.03

1.03 without outlier
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SAR Data Analysis

* Quantity-adjustments:
— Laspeyres, Paasche, and Fisher $ and indices

e Standard deviations and percentiles
— Standard deviation vs. CV vs. (median-based) pseudo-CV

— Empirical percentile of 1.0 CGF vs. implied percentile given CV
and CGF

e CGF and CV derivations

— CV of CGFs and pseudo-iid mental models

— Confidence intervals for CV (normal or lognormal
assumption)

— CV of Cost and CE vs. BE graphs
— White test for heteroskedastic error terms
— MLE regressions, error functional forms, and the size effect
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Quantity Adjustments

 Quantity viewed as either:

— Random (no adjustment); or
— Exogenous (adjustment)

* Three possible quantity adjustments:

Wethod | Descrptin | _Baseline$__ | _Curents | CoF

Laspeyres  Adjust current

estimate to reflect BE CE-QA CE-QA

baseline quantities BE
Paasche Adjust baseline CE

estimate to reflect BE + QA CE

current quantities BE +QA
Fisher “Split the difference”

between baseline and (CE _ QA)- CE

current quantities VBE-(BE+QA) /(CE-QA)-CE \/BE-(BE+QA)

3. “Development and Application of CV Benchmarks,” Brian
Flynn, Paul Garvey, Peter Braxton, Richard Lee, DoDCAS, 2011.

Geometric mean is used for
multiplicative comparisons »
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Cost Growth Calculations

Example: CG-47 Class (MS B) Cost Growth Factors

* Unadjusted for quantity A

— Then-year dollars
> $23.28B/$14.08B = 1.65

. R — Base-year dollars
* Baseline Estimate (BE) of 1978 > $14.11B/$9.01B = 1.57

— 16 ships at $9.01B (BY$) and , _

51:_0'§§?TY5) Brelan e Adjusted for quantity A,

* Current Estimate (CE) of 1992 using OSD methodology
— 27 ships at $14.11B (BYS) and — Then-year dollars

$23.288 (TY$)
. Deltas in BYS > §20352088/($14.088 +$11.748)

« $5.10B total & $5.49B quantity

+ Deltas in TY$ — Base-year dollars
o zaéznciiiotal & $11.74B > $14.118 /(39.01B + $5.498) =
0.97

3. “Development and Application of CV Benchmarks,” Brian
Flynn, Paul Garvey, Peter Braxton, Richard Lee, DoDCAS, 2011.

20



Presented at the 2011 ISPA/SCEA Joint Annual Conference and Training Workshop - www.iceaaonline.com

CGF Calculations Illustrated

Quantity Increase (CG47), MS B

$30 — e

/Paamunadjusted
$25 : ]
Laspeyre __
Fisher
@ $20
M BY
$15
W TY
S10
$5 -
S-

BE BE Mean BE+Qty CE-Qty CE Mean CE

BE BE Mean BE+Qty CE-Qty CE Mean CE Qty
9,013.7 | S 11,4344 | S 14,505.1 | $ 8,620.2 | S 11,0293 S 14,1116 | S 5,491.4
14,083.5 | S 19,070.2 | S 25,8225 S 11,5379 S 16,388.0 | S 23,2769 | S 11,739.0

1.57 0.96 0.96 0.97
1.65 0.82 0.86 0.90
unadjusted Laspeyres Fisher Paasche
Qty 16 27 16 27 11

21
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CGF Calculations Illustrated

SB

$100

$90

$80

$70

$60

$50 -

S40 -

$30 -

$20 -

$10 -

—_—

Laspeyres

Quantity Decrease (F/A-18E/F), MS B

Mnadjusted

N\

e / \\Fisher

A\
\

BE

BE Mean

BE+Qty

m BY
mTY

BE Mean BE+Qty CE Mean Qty
53,959.6 | S 44,068.9 | S 35,991.1 | S 54,5382 S 44,659.2 | S 36,569.7 | S (17,968.5)
94,583.0 | S 79,503.6 | S 66,828.2 | S 75,846.2 | S 60,3949 | S 48,0914 S  (27,754.8)
0.68 1.01 1.01 1.02
0.51 0.80] 0.76 0.72
unadjusted Laspeyres Fisher Paasche
Qty 1000 515 1000 515 -485

22
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CV — A Means to an End

 We want to answer questions such as:
— What standard deviation should | put around my cost estimate?
— At what percentile is my point estimate?
 CVisaconvenient, portable quantity that helps us answer these
guestions
— Under certain distributional assumptions
* First we divide by the baseline estimate to obtain CGF
— Attempt to normalize programs of different sizes and outcomes
— WEé'll return to this shortly as Peril of Portability #2
 The standard deviation of CGFs is our key proxy for the spread of
our estimates

— We can take it as is, or express it as a multiple of the mean (CV) or median
(“pseudo-CV”)
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Determination of Standard Deviation

e Standard Deviation is CV times Mean
— CV derived from standard deviation of CGF divided by mean of CGF

A CV-like measure (“pseudo-CV”) could be derived from SAR data:
— Standard deviation of CGF divided by median of CGF
* Applying lognormal distribution yields similar but not identical
results
% Put another way, the empirical mean-to-median ratio is different from that

implied by the CV [Peril #1A]
| | J1+CV?2
— Ships and Submarines example below
Blue = CV of CGFs
) . Red = Addl| delta to
2 » Median-to-Mean (LogN .
o7 . v (data) account for median-
0.60 0.070.607 Median-based CV (data) to_mean faCtOI' for
050 — ———————— 0.52
b lognormal (see next

040 +——— ————— — ;
030 +— - 064 . | S“de)

0.54 0_010'29
020 +—— — I 045
010 4— | ] [ e 0909 | -
0:00 ' ' ' 5. IN 06B “Probability Distributions for Risk
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Related Normal Example

Mean = 100, CV = 20%
— Mode shift =-3.8% (wrt median)
— Mean shift = +2.0% (wrt median)

Presented at the 2011 ISPA/SCEA Joint Annual Conference and Training Workshop - www.iceaaonline.com

cv mode shift | mean shift | percentile
(lognorm) factor factor of mean
10% 0.990 1.005 52.0%
20% 0.962 1.020 53.9%
30% 0.917 1.044 55.8%
40% 0.862 1.077 57.6%

2.8 A
2.6 A

24
2.2

1.8
1.6
14
1.2

0.8
0.6
0.4
0.2

Mean =In(98.0) =

Related Normal Check
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5. IN 06B “Probability Distributions for Risk Analysis,”

Peter Braxton, SCEA/ISPA, 2011.
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CGFs and Percentile of 1.0

e The Percentile of 1.0 for historical CGF data is of interest

— Roughly speaking, the proportion of programs that come in at
) or under budget

Empirical percentile of 1.0 is different from percentile of 1.0
implied by CGF and CV [Peril #1B]

— At what percentile would the “point estimate” have to be so that
multiplying by the CGF would bring it up exactly to the =

— Parametric, assume normal or lognormal (different answers)
— Tables for related conversion of percentile to CGF in Backup

* Interesting side note: There is no universal definition for

Percentile®!
— Excel’s PERCENTILE() function does not even use the NIST-recommended

method!
— We favor linear interpolation between closest ranks
— Thankfully, all methods give about the same answer for large datasets

6. http://en.wikipedia.org/wiki/Percentile
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Confidence Interval for CVs

e Since we are using CVs as a benchmark, we’d like to know how
close the true CV is to our sample CV

— If the CGFs are in fact normally or lognormally distributed (as in Mental
Model #2), the known confidence interval (Cl) for CV can be applied

* Itis not immediately clear based on the previous histograms that this is true
for the DON SAR data — see subsequent Kolmogorov-Smirnov test results

» Cited paper gives exact and approximate formulae

— Normal or lognormal distributions
— Exact formula involves non-central t distribution!

* Not readily calculated in Excel

— Approximate formula uses chi square distribution instead

— Web calculator is also available http://www1 fpl.fs.fed.us/covnorm.htmi
http://www1.fpl.fs.fed.us/covin.html

 Requires only a, n, x-bar, and s

e |ssue: For low confidence levels, the approximate confidence
interval does not contain the mean!

— Cl formulae appeal to asymptotic properties, but we often have small samples

7. “Confidence Bounds for Normal and Lognormal Distribution Coefficients of
Variation,” Steve Verrill, Forest Products Laboratory, Research Paper FPL-RP-609, 2003.



http://www1.fpl.fs.fed.us/covnorm.html
http://www1.fpl.fs.fed.us/covln.html
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Example CV Cls (TYS

)

0.7
o Cllow
0.6 T o Clhigh
0.5 £ mCV
0.4
0.3 £ i
0.2
0.1
0 T T
MS B normal MS B lognormal MS C normal MS C lognormal
exact exact exact exact
approximate exact
90%| Cllow | Clhigh | Cllow | CI high mean | std dev Ccv
MS B I 0.42 0.61 0.42 0.64
norms 136| 069 051
n =50 |lognormal 0.43 0.63 0.43 0.63
MS C |normal 0.22 0.31 0.22 0.32
1.10 0.28 0.26
n =43 |lognormal 0.21 0.31 0.21 0.31

28
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Application of Cls — Secular Decline

We can conclude that the
secular decline is
statistically significant at
a = 0.10 for = 1990

MS B (TY$ only) and MS C

0.6

0.5

0.4

0.3

0.2

0.1

Normal Confidence Intervals

o Cllow
8 o Clhah
\l} A | Illsll
I ECV
®
Xall'years

o—m—

o—m—o
o—
@ i

0.6

_ ~nnen X > 1990 !

Lognormal Confidence Intervals o Cllow :li ; ; k
| sc;!MsB  MsB  MsC  MsC

Y$) 1L (BYS)_ (TY$) _ (BYS)_ _(TY$)

"]

X all'years
\\/Effect more pronounced

(D mCV
:
L

R

in TY$ due to exclusion
N of stagflation in the late
\? N “70s and early ‘80s

0.1
""""""" " [ Lognormal a
00 21980 . 21990 ] slightly better fit
IMSB  MSB MSC MSC, IMSB MSB MSC MSC| for SAR data
L(BYS) _ (TY$) _ (BYS) _ (TY$)! [(BYS) _ (TY$) _ (BYS) _ (TV$)!
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CV of CGFs —iid Programs

 Mental Model #1
— All historical programs are independent and identically distributed (iid)

— Each program has the same point estimate (EST), $100M, say; the same mean
cost, S120M, say; and the same standard deviation, $24M, say

— We test both normal and lognormal distributions
* In this case, the CV of the observed CGFs is a good predictor of the CV of
original cost (524M/S120M = 20%)

— In fact, the CV of observed CGFs is identical to the CV of observed costs for each
set of trials (tautological, since simply scaled by a constant factor)

— Note that we have not yet examined a distribution of CVs, nor constructed a
confidence interval around the sample CV

25% 21.5%

20% \MMVAVAVQA'CVMVNW-M#VA'%AWMWM&M‘?A‘I 21.0% A

L
10% If Wt
— 0,
Norm CV 13.5% Norm CV Smooth
=] 0gnorm CV
5% 19.0% === ] ognorm CV Smooth
Underlying CV )
Underlying CV
0% . T . . ) 18.5%

0 20 40 60 80 100 0 20 40 60 80 30 100
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CV of CGFs — Pseudo-iid Programs

e Mental Model #2

— Historical programs are of varying sizes, say EST is uniform between $50M and
S150M, but they experience identical (percentage) cost growth, say with a mean
of 1.2 and a standard deviation of 0.24 (same as previous)

— We test both normal and lognormal distributions
* |In this case, CV of CGFs is (tautologically) identical to CV of cost (for each
program) and is a good predictor of true CV

— CV of cost for the sample is no longer comparable to CV of cost for a program due
to the variation in size

— Note that we have not yet examined a distribution of CVs, nor constructed a
confidence interval around the sample CV

25%

20%

15%

10%

5%

0%

21.5%

__AAM..A.rI. A’\AAA.AA‘\MJMAA AA..L/)M | | 210%

vt e U LR T Y
Norm CV 19.5% VW

20.5% A
P A GG
20.0% o e

N N/ M v === Norm CV Smooth
e | 0gnorm CV

19.0% === | ognorm CV Smooth

Underlying CV
Underlying CV

18.5%

0 20 40 60 80 100 0 20 40 60 80 31

100
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CV of CGFs — Pseudo-iid Programs

e  Mental Model #3

— Historical programs are of varying sizes, say EST is uniform between S50M and
S150M, but they experience identical (dollar-value) cost growth, say with a mean
of S20M and a standard deviation of $24M (same as previous)

— True underlying CV is no longer constant:
e S$24M/S70M = 34.3% for smallest programs
e $24M/S170M = 14.1% for largest programs
* S$24M/S120M = 20.0% for average programs (same as previous)

Note asymmetry
due to quotient;
average = 21.3%

— We test both normal and lognormal

* Inthis case, CV of the observed CGFs is not a good predictor of program CV

— Skews high, because same symmetric error for smaller program causes
disproportionately bigger swing in CGF

30%

25%

20% A

15%

10%

5%

0%

24.0% I \\
23.5% A M\M]\\/‘W
. N 23.0% - N4 \
22.5% - —\W
| ¥ 22.0% -

21.5% A

Norm-CV

Norm CV Smooth

= | 0gnorm CV 21.0%
=== | ognorm CV Smooth

Underlying CV (avg) 20.5%

Underlying CV (avg)

20.0%
0 20 40 60 80 100 0 20 40 60 80 32 100
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—
§ i

CV of CGFs — The Peril

As Mental Model #3 illustrates, CV of CGFs can be significantly

different from CV of cost and therefore may not be a good proxy
[Peril #2A]

In any case, we should never compare to CV of observed costs,
which is overstated, since it includes both:

— Variation in program size (BES), and

— Variation in program performance (overrun/underrun, captured by CGF)

This is related to a central issue of risk analysis:

— We are trying to characterize within-program risk

e But “Cost is an unrepeatable experiment,” and we only ever get one
observation for each historical program

— Thus, we are stuck using data from cross-program risk

— We must cleverly devise a model that explains the former, while using
historical data from the latter

33
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CV of Cost — Theoretical Framework

* Neither Mental Model #2 nor #3 is very satisfying, as
they fly in the face of historical data

— Variation in cost cannot be a fixed percent (#2), because the
well-established “size effect” says that larger programs have
a smaller percent variation

— Variation in cost cannot be a fixed dollar value (#3), because
clearly larger programs have a larger dollar-value variation
* Thus we need a model that will accommodate both
these observations, which bring us to... [drum roll]

e Mental Model #4

— Current Estimate is a linear function of Baseline Estimate with
a heteroskedastic error term

* Variance increases linearly with program size (BES)

 We explore this model using the DON SAR data
themselves
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CV of Cost — SAR Data

* White test conducted
— Reject null hypothesis of homoskedastic error terms at a = 0.10

 Maximum Likelihood Estimation (MLE) regressions

— Error functional forms tried:
' o2 = kx, error bands too tight (shrink to zero) for small programs

o2 = kx?, error bands are linear, too wide for large programs, constant
CV regardless of program size

o’ = ky+k,x, error bands “just right,” models prevalent size effect
reasonably, greater S errors but smaller % errors for larger programs

The previous CV of CGFs method does not allow for a size
effect [Peril #2B]

* Because this method uses dollars and not (unitless)

quotients, it is somewhat problematic with TYS

— Even BYS need to be normalized to a common BY!
35
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CV of Cost — Scatterplots
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CV Comparison — CGF vs. MLE

1.80

1.60

1.40

1.20 |

1.00 |

0.80

0.60 |

0.40 |

0.20 |

0.00 |-

CV Comparison: CV (CGF) vs CV (MLE)

MS A MS C
M CV (CGF) KMLE method\
extremely
H CV(MLE) MS B sensitive to
Quantity-unadjusted BY quantity B
Quantity-unadjusted TY

changes
Fisher BY > J

Fisher TY I /

|
i
LU L
I

ON All DON Ships Aircraft Missiles Other All DON Ships Aircraft Other
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CV Comparison — CGF vs. MLE

* A paired t-test shows a statistically-significant difference
between the two sets of factors

— This is a bit artistic, since we don’t believe either comes from a consistent
population

* So which is better?
* As of this writing, NCCA S-Curve Tool still uses CV of CGFs

— Thought to be a reasonable proxy

 MLE Regression may prove to be an improvement

— Most importantly, models within-program risk using cross-program
historical data

— Also accounts for widely-acknowledged size effect
— Presently lacks measures of statistical significance and uncertainty
* May explore bootstrapping
e Secular decline notwithstanding, both methods effectively
convey the key message that our CVs are too low!

— On the previous chart, CVs are seldom below 30%, and hardly ever below
20%, but when’s the last time you saw CVs that high?!
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NCCA S-Curve Tool Algorithms

* Specification of distributions

— Normal and Lognormal, any two of:

 Mean, median, or mode; CV; and any percentile

e CV and a percentile case independently derived for eSBM
— Lognormal two solutions

 Mean and percentile, or mode and percentile

* Historical adjustments (CGF and CV)
— CV historical adjustment: “Pivoting” at the mean vs. median
— CGF-only historical adjustment: not just a translation
— Historical adjustment for empirical data
— Normal or lognormal distributions (parametric) vs. empirical distribution
of CGFs (non-parametric)
* Graphing of probability distributions
— Graphical sampling
* Developed to solve noisy PDF problem

* Reduces size, increases speed of model

* Order of operations: historical adjustments and summary statistics
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Alternate Specification of Normal
Gven | Mean | SDev | V.

Mean,
cV S

X
Mean, Xy —H p _1j
Percentile (X, p) 7 r

p
oV X, X, CV
Percentile (X, p) 1+7 -CV 1+Z -CV
P Y

5. IN 06B “Probability Distributions for Risk Analysis,”
Peter Braxton, SCEA/ISPA, 2011. 40
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Alternate Specification of Lognormal

Gven | Mean | swoev | o | w | o

Mean,

cv E(X) CV-E(X) ¢V ln( ﬂ%] Jinfi+cv?)

Mean, E(X) Lot

Percentile . 2 I X

(X, p) SO OV-EX) Ve n£V1+CV2j\/Z§_2'”(E(§)j
Z,=d(p)

cv,

InX -
P il +2 : : ?
(Xeplzcs)ntle ST CV E(X) CV 2 finfirov?) Jin(L+cv?)

5. IN 06B “Probability Distributions for Risk Analysis,”
Peter Braxton, SCEA/ISPA, 2011. 41
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Two Lognormals Example

* Mean = 100, 80t percentile = 120
— “Regular” solution with 26% CV

— “Extreme” solution with 258% CV!

1 80" percentile = 0.025
Mode =47 L_ — 20— §

| Mode = 90.7

0.8 - 0.02
I
I

0.6 : 7 anac

) g\/ / MMedian =96.8
Median = 36.1 v \ / / \

0.4 ' / \ 0.01

I \ / \
\ \

] . / .
| N [

0.2 S N 0.005
| I~ \
| / S - - o \ -
| / I

0 - T T T 0
0 20 40 60 80 100 120 140 160
\/
Mean =

Peter Braxton, SCEA/ISPA, 2011.

5. IN 06B “Probability Distributions for Risk Analysis,”

42
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Historical Adjustments

* Three ways to apply historical adjustments:

— CV Only: We believe your Risk, but your Uncertainty is off

— CGF Only: We believe your Uncertainty, but your Risk is off
— CGF and CV: Your Risk and Uncertainty are both off

* Two modes in which historical adjustments are applied

CVeer (

X

x—X)}\

X =CGF - x

— Empirical
X =CGF|X+—
/ cV
o~ OV [/ -
S =X+ —S6F (x =X
X oV (% —x)
— Parametric

I

p=pu o =CV .-pu

U =CGF-u o =CV -u \

u =CGF-u o =CV-u

* Inthe CV Only and CGF Only modes, historical adjustments
inevitably cause shifts in other parameters [Peril #3A]
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Beliefs Drive Results

Choices can trigger the law of unintended consequences
The below tables show what our choices imply

Results assume CV increases (top) and CGF > 1.0 (bottom)
— If CV drops, or CGF < 1.0, reverse the cited effects
I o

For the Lognormal, the median is the natural “pivot point”

— We still favor Case 1 over Case 2, since the Mean is what we care

about
CV Only mode Maintain $ of Mean Maintain $ of Median
Pivot Point Choices (Case 1) (Case 2)
Normal No Effect No Effect
Median S Drops Median Constant
Lognormal Mean % Rises Mean $ Rises, Mean % Rises

CGF Only mode —y

Normal/Lognormal SD Rises CV Shrinks
44
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Confidence Bands

100%

80%

60%

40%

20%

Estimated Cumulative Probability

0%

Estimated Acquisition Cost of NATO AGS

— | ®51.35 per Euro

A Baseline Scenario

e No growth in ESLOC; learning on MR-RTIP
e Inflation at 3%; no delta for NATO work

@ PessimisticScenario

® Sx.xx per Euro
® x% growth in ESLOC

® x% learning on MP-RTIP

e Cost delta for NATO work

. o
23% probability * Inflation at x% per year

Baseline CV of 51% .
of cost increase

with 95% Confidence Interval

Estimated Acquisition Cost in Billions of Then-Year Euros

Cost values not displayed because of business sensitivity

45
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Case 1: Mainta

Created chart by applying Mean = $6.3 and CV = 51%,42%, & 66%

N o O

Mean

:
CV=>51% | Comparison Chart
14| CV=42% |
[~
CV = 66% |
0.9
Base Estimate (CV=51%) | Adjustment (CV=42%) [ Adjustment (Cv=66%)
Distribution Lognormal
Mean $6.3, 59.5% $6.3, 58% $6.3, 61.8%
Median (50%) $5.60 $5.80 $5.30
0.7 4
0.6 -
Eo.5 - Note shift of y
percentile of Mean
0.4 - (% constant)

0.3 -

0.2 4

0.1 -

IﬂcvvvvvvﬂcOQIOcuﬂccﬂcccvvﬂvvuocuﬂc‘il

uuuuuu"u"nnnnnnnnnnn\v

P IV IIIIVIVIIIIIIIIVIIIIIVIVIVIVIIIIIIIIIIIIIY

Pivot Points

Acquisition (RDT&E + Procurement) - Cost (TY $B)

$6.3

©

0.74 -
0.73
0.72
0.71
by |
0.69
0.68
0.67
0.66
6.70 6.80 6.90 7.00 7.10 7.30 7.40 7.50
Acquisition (RDT&E + Procurement) - Cost (TY $B)
median shift to CV
from CV 10% 20% 30% 40% 50%
10% 1.000 0.985 0.963 .
20% 1.015 1.000 0.977 0.947 0.912
30% 1.039 1.024 1.000 0.969 0.934
40% 1.072 1.056 1.032 1.000 0.963
50% 1.112 1.096 1.071 1.038 1.000
46

Cost values notional — correspond to tick marks on previous graph
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Case 2: Maintain Median

Created chart by applying CV=51%,42%, & 66% and percentile=($5.6,50%)
Same chart as shown on previous slide

| CV=51% | Comparison Chart
| EVZ42% |
l_CV_ - 66% | - —
0.9
Base Estimate (CV=51%) | Adjustment (CV=42%) | Adjustment (CV=66%)
Distribution Lognormal
Percentile $5.6, 50% ~
Mean _ $6.3, 59.5% | $6.1, 58% | $6.7,618% —— NATO AGS w/ Base CV
7=

— -NATO AGS w/ Low CV
$0.4,2.3% — -NATO AGS w/ High CV

Note shift in
Mean ($ and %o)

$-0.2,-1.5%

q Care must be
5 taken to compute
s.d. = CV * (new) Mean,
not CV * Median

03 - ; mean shift toCV

ti 3| fromCv 10% 20% 30% 40%|  50%
02 - 10% 1.000 1.015 1.039 1.072| 1112
: 20% 0.985 1.000 1.024 1.056]  1.096
: 30% 0.963 0.977 1.000 1032] 1071
0-1 1 Pl 40% 0.933 0.947 0.969 1.000]  1.038
foif i sow| 0899 0.912 0.934 0.963]  1.000

0- ' $6.1]36.3[$6.7] ' ' '

0 2 4 8 10 12

Acquisition (RDT&E + Procurement) - Cost (TY $B)

Cost values notional — correspond to tick marks on previous graph 47
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Case 3: CDF Passes Through Coordinates of Base Estimate Mean

Created chart by applying CV=51%,42%, & 66% and percentile=($6.3,59.5%)

T — — — —

fale]

Comparison Chart

Base Estimate (CV=51%) | Adjustment (CV=42%) | Adjustment (CV=66%)

Note shift in

Distribution Lognormal o
Mean $6.3, 59.5% $6.2, 58% $6.5, 61.8% -~ Mean.($ Ee )
Median $5.60 $5.70 $5.50 0.65 _P!VOt on

(original) Mean
0.7 -
$0.2,2.3% 0.63 7
- _ - 0,
0.6 S 01, 15/) 0.61 -
b Wa: -
0.5 - Pt 0.59 -
0.4 4 0.57 -
0.3 - 0.55
§E 6.00 6.10 6.20 6.30 6.40 6.50 6.60
0.2 - ——NATO AGS w/ Base CV
o1 — -NATO AGS w/ Low CV
— -NATO AGS w/ High CV
0 4 RN
[$6.236.3[36.5]
0 4 6 10 12
Acquisition (RDT&E + Procurement) - Cost (TY $B)
Cost values notional — correspond to tick marks on previous graph 48
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, S-Curve vs. Stair Step

The aforementioned methods preserve the “shape” of the baseline distribution
and ignore the “shape” of historical (cross-program) risk [Peril #3B]

 Parametric approach ~
.. ) ) ) ) For a=0.10, n>40,
— Normal or lognormal distribution with historical CV K-S critical value is
— Distributions diverge as CV increases approx.® 122
* Non-parametric approach n++/n/10

— Empirical distribution of CGFs (non-parametric)

— Does not circumvent Peril #2, that distribution of CGFs may not be the right thing to
look at in the first place

* Comparison graphs for MS B (CV = 51%) and MS C (CV = 26%), TYS

I 2
n=50, crit val = n=43, c_rlt val =
0.17, reject null W MS B CGFs 10 MS C CGFs 0.18, rejgct null
hypothesis for hypothesis for

ormal anly
0.8 \ 0.8
/ K-S stat = 0.19
K-S stat = 0.10
0.6 0.6
/PK-S stat = 0.20

0.4 0.4

= empirical K-$ stat = 0.16 = empirical
0.2 0.2

e—norm = horm
0.0 —Ilognorm . 0.0 —Ilognorm .

0.00 0.50 1.00 1.50 2.00 2.50 3.00 0.00 0.50 1.00 1.50 2.00 2.50 3.00

8. Practical Nonparametric Statistics (3™ ed.), W.J. Conover, John Wiley and Sons, Inc., 1999.

Table A13 Quantiles of the Kolmogorov Test Statistic. 43
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Graphical Sampling

* Graphical sampling approach

— Define min and max x-values for graph
* Empirical case: based on actual extreme values
* Parametric case: -30 / +30 for Normal; -20 / +40 (unit space) for Lognormal

— Subdivide into number of equal intervals (say, 200)
* Use each “fencepost” to look up a single adjacent x-value from the empirical data set

* If many trials and x is dense, several x-values will be skipped, avoiding PDF spikes for x-
values very close together (constant probability divided by very small Ax)

* If few trials and x is sparse, x-values may be repeated several times, but no matter

* Reduces size, increases speed of model

— Only need an order of magnitude fewer points for graphing
— Summary statistics performed on original data set (trials)

* Order of operations: historical adjustments can be applied to sampled values
to again save memory and computation
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Graphical Sampling lllustrated
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Open Questions and Future Work
Additional SAR data

— Development / Procurement breakouts for DON programs

— Army and Air Force program data
 SAR Database update plan with USD(AT&L) ARA and OSD CAPE
* Integration of SAR Database and S-Curve Tool
— Provide greater flexibility (“live” queries) for Historical Adjustments
* Implementation of era (secular decline), size effects, confidence
intervals in S-Curve Tool

* Inflation®1% — not nearly as straightforward as we thought!

— Contributions of inflation and time-phasing to difference in TYS and BYS
factors

Might be one
reason analysts

* DON Guidance for Cost and Acquisition Communities | traditionally jump

tio !
— Probability of Program Success (PoPS) update, e.g. SHEgDS D e

 Toward a common Cost Growth taxonomy (SAR, PARCA, et al.)

— Decomposition of Risk and Uncertainty into components

9. “The Use of Inflation Indexes in the Department of 10. “Then Year Estimates: Is There A Better Way?”
Defense,” Stanley Horowitz, DoDCAS, 2011. John McCrillis, DoDCAS, 2011.
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Perils of Portability Summary

—~
ﬁi

Perils of fit (#1A/1B and #3B)

— Differences in empirical and fit distributions of CGFs

— Mean/median ratio affects portability of CV

— Fit distributions overestimate proportion of programs that underrun

Peril #1A -- Mean/Median ratio

Peril #1B -- Percentile of 1.0

empirical normal lognormal empirical normal lognormal
ae) 1.11 1.00 1.06 26.0% 29.7% 38.7%
(Vp)
= 1.16 1.00 1.12 24.0% 30.1% 39.5%
&) 1.02 1.00 1.02 23.3% 29.4% 37.5%
(Vp)
= 1.01 1.00 1.03 30.2% 36.1% 43.3%
MS B CGFs MS CCGFs
1.0 1.0
0.8 / 0.8
0.6 0.6
04 / 0.4
= empirical = empirical

0.2 = norm 0-2 —0rm
0.0 —Ilognorm . 0.0 —Ilognorm .

0.00 0.50 1.00 1.50 2.00 2.50 3.00 0.00 0.50 1.00 1.50 2.00 2.50 3.00 53
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Perils of application (#2A/2B and #3A)

— Adjusting CV causes a median shift in the lognormal when “pivoting” at
the mean (and vice versa)

Perils of Portability Summary

— Applying CGF causes an increase in standard deviation (even for fixed CV)

BE (BY $B), Fisher

-1.0 -

BE (BY $B), Fisher

BE (BY $B), Fisher

CGFs MLE
small medium large small medium large
(MIDS-LVT) | (EA-18G) | (DDG51) |(MIDS-LVT)| (EA-18G) | (DDG 51) 4 Need to
CGF 1.23 1.23 1.23 1.35 1.18 1.16 examine
a Ccv 35.4% 35.4% 35.4% 290.8% 44.8% 18.3%| extremes of
= CGF 1.36 1.36 1.36 1.80 1.21 1.13 size effect
cv 50.6% 50.6% 50.6% 255.8% 56.6% 26.5%
CGF 1.11 1.11 1.11 1.17 1.10 1.09
3 cv 18.8% 18.8% 18.8% 182.4% 41.5% 13.1%
= CGF 1.10 1.10 1.10 1.05 1.11 1.12
cv 25.5% 25.5% 25.5% 170.6% 43.6% 14.0%
: T MS B : T MS C
: N P ; ‘o.
;o ] s
+) 05 -000[,/ ¢ 05 1 //,
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Final Thoughts on Portability

e Portability is a noble goal and not in and of itself evil
— CER Libraries, Secondary Data, SCEA papers (!), and other
information sharing are the embodiment of portability
* Portability can be a slippery slope or a crutch, so we
exhort you to:

— Use the “correct” functional form, which almost always
includes a non-zero y-intercept

— Use the “correct” probability distribution to model
uncertainty

— Retain and use measures of statistical significance and
goodness of fit

— Retain and scrutinize basis for all estimating relationships

— Integrate data collection, data normalization, data analysis,
and estimating, wherever practicable
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1. “CERs — Rates, Factors, and Ratios” in Cost Estimating Body of Knowledge (CEBoK),

Module 3 Parametric Estimating, SCEA, 2010

2. “‘ToborNottob’: The y-intercept in Cost Estimation,” R.L. Coleman, J.R.
Summerville, P.J. Braxton, B.L. Cullis, E.R. Druker, SCEA/ISPA, 2007

3. “Development and Application of CV Benchmarks,” Brian Flynn, Paul Garvey, Peter
Braxton, Richard Lee, DoDCAS, 2011

4. Sources of Weapon System Cost Growth (MG-670), Joseph G. Bolten, Robert S.

Leonard, Mark V. Arena, Obaid Younossi, Jerry M. Sollinger, RAND Project Air Force,
2008

5. IN 06B “Probability Distributions for Risk Analysis,” Peter Braxton, SCEA/ISPA, 2011
http://en.wikipedia.org/wiki/Percentile

“Confidence Bounds for Normal and Lognormal Distribution Coefficients of
Variation,” Steve Verrill, Forest Products Laboratory, Research Paper FPL-RP-609,
2003

8. Practical Nonparametric Statistics (3rd ed.), W.J. Conover, John Wiley and Sons, Inc.,
1999.

9. “The Use of Inflation Indexes in the Department of Defense,” Stanley Horowitz,
DoDCAS, 2011

10. “Then Year Estimates: Is There A Better Way?” John McCrillis, DoDCAS, 2011
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Acronyms

ACAT = Acquisition Category

AF = Air Force

AGS = Alliance Ground Surveillance

AIM = Air Intercept Missile

ARA = Acquisition Resources and Analysis

BE = Baseline Estimate

BYS = Base Year dollars

CAIG = Cost Analysis Improvement Group
CAPE = Cost Assessment and Program Evaluation
cdf = cumulative distribution function

CE = Current Estimate

CEBoK = Cost Estimating Body of Knowledge
CER = Cost Estimating Relationship

CG = Guided Missile Cruiser

CGF = Cost Growth Factor

Cl = Confidence Interval

COTS = Commercial Off-The-Shelf

CV = Coefficient of Variation

CVN = Nuclear-powered Aircraft Carrier

DDG = Guided Missile Destroyer

DE = Development Estimate

DoDCAS = Department of Defense Cost Analysis Symposium
DON = Department of the Navy

EA = Electronic Attack [aircraft]

eSBM = enhanced Scenario-Based Method
F/A = Fighter/Attack [aircraft]

ICE = Independent Cost Estimate

i.i.d. = independent and identically distributed
K-S = Kolmogorov-Smirnov [test]

LPD = Landing, Platform, Dock [ship]
MDAP = Major Defense Acquisition Program

MIDS-LVT = Multifunctional Information Distribution System -
Low Volume Terminal

MLE = Maximum Likelihood Estimation

MS = [Acquisition] Milestone

n = number of observations

NATO = North Atlantic Treaty Organization

NIST = National Institute of Standards and Technology
OLS = Ordinary Least Square [Regression]

OSD = Office of the Secretary of Defense

PARCA = Performance Assessments and Root Cause Analyses
PdE = Production Estimate

pdf = probability density function

PE = Planning Estimate

POE = Program Office Estimate

PoPS = Probability of Program Success

QA = Quantity delta

R&D = Research and Development

RDT&E = Research, Development, Test, and Evaluation
SAR = Selected Acquisition Report

SCEA = Society of Cost Estimating and Analysis

s.d. = standard deviation

SLOC = Source Lines Of Code

TYS = Then Year dollars

USD(AT&L) = Under Secretary of Defense for Acquisition,
Technology, and Logistics

w.l.o.g. = without loss of generality
wrt = with respect to
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Master Data Query (!!)

[ExcelRow] Program [ Basevear | [c dity| Change| ThenYearSChange | QtyChange | BaseYear$Current| ThenY [ V[ Current-Qty_BY | Current-Qty_TV] SARDate | PercentComplete] CGF_BY _|CGF_TY| CGF_BY_Fischer| CGF_TY_Fischer|
1 DDG-51 Destroyers (Arleigh Burke Class) 1987 PdE $16,953.70 $20,117.50 23 $39,638.00 $60,290.20 48 $56,591.70 $80,407.70 71 $29,384.90 | $46,139.50 $46,338.60 $66,257.00 $27,206.80 $34,268.20  31-Dec-09 Last SAR 334 4.00 1.40 144
2 DDG-51 Destroyers (Arleigh Burke Class) 1984 DE $12,454.40 $18,479.60 18 $37,855.42 $61,928.10 53 $50,309.82 $80,407.70 71 $32,054.40 | $50,331.09 $44,508.80 $68,810.69 $18,255.42 $30,076.61  31-Dec-09 Last SAR 4.04 435 129 138
3 DDG-51 Destroyers (Arleigh Burke Class) 1981 PE $6,443.50 $10,953.50 9 $38,281.74 $69,454.20 62 $44,725.24 $80,407.70 71 $33,605.10 | $52,765.96 $40,048.60 $63,719.46 $11,120.14 $27,641.74  31-Dec-09 Last SAR 6.94 7.34 1.39 178
4 DDG-1000 Destroyers (Zumwalt Class) 2005 DE $31,547.90 $36,296.30 10 ($13,900.40) ($16,524.90) -7 $17,647.50 $19,771.40 3 ($14,932.50) | ($19,450.20) $16,615.40 $16,846.10 $32,580.00 $39,221.60  31-Dec-09. 0.56 0.54 1.05 113
5 (CVN-78 Aircraft Carriers (Gerald R. Ford Class) 2000 DE $28,701.20 $36,082.10 3 ($706.50) $4,463.40 0 $27,994.70 $40,545.50 3 $0.00 $0.00 $28,701.20 $36,082.10 $27,994.70 $40,545.50  31-Dec-09. 0.98 112 0.98 112
6 CVN-77 (1ship) from CVN-68 Aircraft Carriers (Nimitz Class) 1995 PdE $4,557.10 $5,540.80 1 $709.70 $725.00 0 $5,266.80 $6,265.80 1 $0.00 $0.00 $4,557.10 $5,540.80 $5,266.80 $6,265.80 31-Dec-09 Last SAR 116 113 116 113
7 [LPD-17 Amphibious Transport Dock (San Antonio Class) 199 0E $9,018.10 $10,761.80 2 $5,331.60 $7,897.40 1 $14,349.70 $18,659.20 1 (51,325.10) | ($1,478.10) $7,693.00  $9,283.70 $1567480  $20,137.30  31-Dec-09 159 173 180 194
8 |Littoral Combat ships (LCS) 2004 3 $1,172.70 $1,211.70 2 $2,176.70 $2,52080 0 $3,349.40 $3,732.50 2 $0.00 50.00 $1,17270 $1211.70 $3,349.40 $3,73250  31-Dec-09 286 308 286 3.08
9 LHA-6 Amphibious Assault Ships (America Class) 2006 DE $2,877.40 $3,093.50 1 $2,988.70 $3,733.30 1 $5,866.10 $6,826.80 2 $2,816.60 $3,413.50 $5,694.00 $6,507.00 $3,049.50 $3,413.30 31-Dec-09 2.04 221 1.04 1.08
10 T-AKE Dry Cargo/Ammunition Ships (Lewis and Clark Class) 2000 PdE $4,262.60 $4,890.20 12 $1,130.30 $1,999.00 2 $5,392.90 $6,889.20 14 $669.20 $1,002.50 $4,931.80 $5,892.70 $4,723.70 $5,886.70 31-Dec-09 127 141 110 119
1 SSN-774 Attack Submarines (Virginia Class) 1995 DE $45,633.10 $71,080.80 30 $17,351.30 $20,313.10 0 $62,984.40 $91,393.90 30 $0.00 $0.00 $45,633.10 $71,080.80 $62,984.40 $91,393.90  31-Dec-09 138 129 138 129
12 LHD-1 1982 DE $2,931.80 $4,451.00 3 $4,413.90 $5,550.20 5 $7,345.70 $10,001.20 8 $4,225.60 $6,952.90 $7,157.40 $11,403.90 $3,120.10 $3,048.30 31-Dec-04 Last SAR 251 225 1.05 0.77
13 AOE-6 1986 PdE $2,332.50 $2,834.80 7 ($274.60) ($410.10) -3 $2,057.90 $2,424.70 4 ($865.30) ($1,222.30) $1,467.20 $1,612.50 $2,923.20 $3,647.00 31-Dec-96 Last SAR 0.88 0.86 133 139
14 CG-47 1978 DE $9,013.70 $14,083.50 16 $5,097.90 $9,193.40 1 $14,111.60 $23,276.90 27 $5,491.40 $11,739.00 $14,505.10 $25,822.50 $8,620.20 $11,537.90  31-Dec-92 Last SAR 157 165 0.96 0.86
15 CVN-72/73 1982 PdE $5,265.50 $7,418.90 2 ($34.80) ($1,262.70) 0 $5,230.70 $6,156.20 2 $0.00 $0.00 $5,265.50° $7,418.90 $5,230.70 $6,156.20 31-Dec-91 Last SAR 0.99 083 0.99 0.83
16 CVN-74/75 1988 PdE $5,911.00 $6,966.00 2 $614.30 $55.70 0 $6,525.30 $7,021.70 2 $0.00 $0.00 $5,911.00 $6,966.00 $6,525.30 $7,021.70 31-Dec-97 Last SAR 110 101 110 1.01
17 Landing Craft Air Cushion (LCAC) Vehicles 1982 PdE $1,103.30 $1,610.70 60 $814.00 $774.80 31 $1,917.30 $2,385.50 91 $557.40 $842.10 $1,66070  $2,452.80 $1,359.90 $1,543.40  31-Dec-94 Last SAR 174 148 119 0.97
18 LSD-41 Landing Ship Dock (Whidbey Island Class) 1981 PdE $3,223.90 $4,849.90 12 ($1,174.60) ($2,401.60) -4 $2,049.30 $2,448.30 8 ($928.50) ($1,476.40) $2,295.40° $3,373.50 $2,977.80 $3,924.70 31-Dec-90 Last SAR 0.64 0.50 0.91 0.77
19 LSD-49 Landing Ship Dock (Cargo Variant) 1988 PdE $1,356.90 $1,695.10 6 ($625.30) ($870.40) -3 $731.60 $824.70 3 ($672.50) ($859.70) $684.40 $835.40 $1,404.10 $1,684.40 31-Dec-91 Last SAR 0.54 0.49 1.05 0.99
20 MCM-1Mine Countermeasure Ships (Avenger Class) 1982 PdE $1,466.30 $1,737.40 14 $50.50 $43.30 0 $1,516.80 $1,780.70 14 $0.00 $0.00 $1,466.30 $1,737.40 $1,516.80 $1,780.70 31-Dec-93 Last SAR 1.03 102 1.03 1.02
21 TAO-187 Fleet Oiler 1984 PdE $2,607.70, $3,190.70 17 $2.60 ($282.90) -1 $2,610.30 $2,907.80 16 ($128.30) ($200.00) $2,479.40 $2,990.70 $2,738.60 $3,107.80 31-Dec-94 Last SAR 1.00 0.91 1.05 0.97
22 Trident Il Submarines 1983 PdE $10,548.90 $14,085.20 7 $1,848.40 $160.10 3 $12,397.30 $14,245.30 10 $4,367.20 $6,288.60 $14,916.10 $20,373.80 $8,030.10 $7,956.70 31-Dec-95 Last SAR 118 101 0.80 0.63
23 SSN-688 Submarines 1971 DE $5,126.80 $5,747.50 32 $6,579.40 $22,314.80 30 $11,706.20 $28,062.30 62 $5,628.00 $22,306.60 $10,754.80 $28,054.10 $6,078.20 $5,755.70 31-Dec-93 Last SAR 228 4.88 114 1.00
24 CVN-76 1995 PdE $3,910.80 $4,297.20 1 $579.60 $293.40 0 $4,490.40 $4,590.60 1 $0.00 $0.00 $3,910.80° $4,297.20 $4,490.40 $4,590.60 31-Dec-99 Last SAR 115 107 115 1.07
25 |MHC-51Mine Hunter Coastal Class Ships 1992 pdE $1,457.40 $1,548.30 12 $211.10 $202.90 0 $1,668.50 $1,751.20 2 $0.00 5000 $1457.40  $1,508.30 $1,668.50 $1,75120  31-Dec-98 Last SAR 114 113 114 113
26 T-AGOS 1978 PdE $1,127.80 $2,031.30 28 ($267.70) ($535.40) -4 $860.10 $1,495.90 24 ($286.80) ($631.20) $841.00 $1,400.10 $1,146.90 $2,127.10 31-Dec-94 Last SAR 0.76 0.74 1.02 1.06
27 Strategic Sealift 1992 PE $5,088.90 $6,588.40 20 $292.60 ($433.80) 0 $5,381.50 $6,154.60 20 $70.30 $24.10 $5,159.20° $6,612.50 $5,311.20 $6,130.50 31-Dec-93 Last SAR 1.06 0.93 104 0.93
28 Strategic Sealift 1992 DE $5,693.80 $6,588.40 20 ($312.30) ($433.80) 0 $5,381.50 $6,154.60 20 $70.30 $24.10 $5,764.10 $6,612.50 $5,311.20 $6,130.50 31-Dec-99 Last SAR 0.95 0.93 0.93 0.93
29 CVN-68 Class (two ships) 1995 PAE $8,467.90 $9,838.00 2 $1,104.80 $450.30 0 $9,572.70 $10,288.30 2 $0.00 $0.00 $8,467.90 $9,838.00 $9,572.70 $10,288.30  31-Dec-02 Last SAR 113 1.05 113 1.05
30 CVN-68 Class (one ship) 1995 PdE $4,557.10 $5,540.80 1 $709.70 $725.00 0 $5,266.80 $6,265.80 1 $0.00 $0.00 $4,557.10 $5,540.80 $5,266.80 $6,265.80 31-Dec-09 Last SAR 116 113 116 113
31 FFG-7 1973 DE $2,620.40 $3,244.50 50 $1,733.20 $6,203.40 1 $4,353.60 $9,447.90 51 $104.40 $307.60 $2,724.80 $3,552.10 $4,249.20 $9,140.30 31-Dec-86 Last SAR 1.66 291 161 2.74
32 [Battleship Reactivation 1982 Pde ship $1,476.70 $1,876.60 4 $63.10 ($135.50) 0 $1,539.80 $1,741.10 4 $0.00 $0.00 $147670  $1876.60 $1,539.80 $1,74110  31-Dec-88 Last SAR 104 093 104 093
33 SSN-21& AN/BSY-2 1990 PdE Submarine $20,119.90 $21,739.10 12 ($7,787.80) ($8,582.60) -9 $12,332.10 $13,156.50 3 ($12,545.00) | ($15,562.80) $7,574.90  $6,176.30 $24,877.10 $28,719.30  31-Dec-99 Last SAR 0.61 061 142 168
34 A-6E/F 1984 PdE Aircraft $3,102.20 $3,224.40 173 $2,780.10 $1,375.10 32 $5,882.30 $4,599.50 205 $779.90 $189.20 $3,882.10° $3,413.60 $5,102.40 $4,410.30 31-Dec-88 Last SAR 1.90 143 1.58 1.36
35 AN/BSY-1 (Submarine Advanced Combat System; SUBACS) 1984 DE Electronics $2,972.40 $3,827.60 0 ($1,628.40) ($2,321.10) 0 $1,344.00 $1,506.50 0 ($57.00) ($62.10) $2,915.40° $3,765.50 $1,401.00 $1,568.60 31-Dec-92 Last SAR 0.45 039 0.47 0.40
36 /AN/SQQ-89 Anti-Submarine Warfare System 1985 PdE Electronics $3,899.00 $4,147.60 120 ($251.10) ($6.10) -29 $3,647.90 $4,141.50 91 ($673.10) ($798.10) $3,225.90 $3,349.50 $4,321.00 $4,939.60 31-Dec-96 Last SAR 0.94 1.00 112 121
37 Airborne Self Protection Jammer (ASPJ) 1984 DE Electronics $227.70 $236.40 o $305.00 $300.00 0 $532.70 $536.40 0 $0.00 $0.00 $227.70 $236.40 $532.70 $536.40 31-Dec-92 Last SAR 2.34 227 2.34 227
38 AV-88 1979 DE Aircraft $5,740.60 $9,125.50 342 ($766.80) ($407.10) -57 $4,973.80 $8,718.40 285 ($544.20) ($1,389.90) $5,196.40 $7,735.60 $5,518.00 $10,108.30  31-Dec-92 Last SAR 0.87 0.96 0.96 112
39 C/MH-53E 1973 DE Aircraft $464.40 $578.40 74 $1,328.10 $4,273.30 148 $1,792.50 $4,851.70 222 $969.80 $2,780.40 $1,434.20 $3,358.80 $822.70 $2,071.30 31-Dec-94 Last SAR 3.86 839 149 227
40 E-2C 1985 PdE Aircraft $5,398.00 $5,921.50 127 $2,795.40 $768.10 14 $8,193.40 $6,689.60 141 $267.00 $99.00 $5,665.00° $6,020.50 $7,926.40 $6,590.60 31-Dec-91 Last SAR 152 113 146 111
41 E-6A 1982 DE Aircraft $1,584.70 $2,251.70 15 $36.80 ($88.30) 1 $1,621.50 $2,163.40 16 $41.10 $61.20 $1,625.80  $2,312.90 $1,580.40 $2,10220  31-Dec-91 Last SAR 102 0.96 1.00 0.93
42 EA-6B 1984 PdE Aircraft $2,239.60 $2,747.80 38 $1,008.50 $1,068.10 24 $3,248.10 $3,815.90 62 ($406.00) ($1,332.50) $1,833.60 $1,415.30 $3,654.10 $5,148.40 31-Dec-93 Last SAR 1.45 1.39 170 225
43 F-14A 1969 DE Aircraft $5,391.40 $6,166.00 469 $2,746.70 $9,308.90 126 $8,138.10 $15,474.90 595 $2,045.40 $7,416.20 $7,436.80 $13,582.20 $6,092.70 $8,058.70 31-Dec-86 Last SAR 1.51 251 111 122
44 F-14D 1986 DE Aircraft $15,103.20 $19,219.80 304 ($9,562.28) ($12,721.60) -249 $5,540.92 $6,498.20 55 ($5,039.32) | ($6,835.21) $10,063.88 $12,384.59 $10,580.24 $13,333.41  31-Dec-88 Last SAR 037 034 0.62 0.60
45 F-14D 1989 PdE Aircraft $21,543.50 $25,021.90 527 ($15,436.30) ($18,523.70) -472 $6,107.20 $6,498.20 55 ($10,528.70) | ($12,956.70) $11,014.80 $12,065.20 $16,635.90 $19,454.90  31-Dec-93 Last SAR 0.28 0.26 0.65 0.65
46 F/A-18C/D 1975 DE Aircraft $8,016.60 $12,875.30 811 $5,949.80 $23,908.10 215 $13,966.40 $36,783.40 1026 $1,116.90 $333.10 $9,133.50 $13,208.40 $12,849.50 $36,450.30  31-Dec-94 Last SAR 174 2.86 157 281
47 Fixed Distributed System (FDS) 1986 PE Electronics $4,352.00 $7,020.20 12 ($3,316.17) ($5,756.70) -1 $1,035.83 $1,263.50 1 ($2,880.79) | ($4,827.10) $1,471.21 $2,193.10 $3,916.62 $6,090.60 31-Dec-89 Last SAR 0.24 0.18 0.80 071
48 Fixed Distributed System (FDS) 1988 e Electronics $5,190.50 $7,847.30 12 ($4,094.80) ($6,583.80) BT $1,095.70 $1,263.50 1 ($3,047.30) | (34,827.10) $214320  $3,02020 $4,143.00 $6,090.60  31-Dec-94 Last SAR 02 016 064 057
49 HARM 1978 DE Missile $1,681.80 $2,409.90 13853 $1,378.90 $3,813.30 5754 $3,060.70 $6,223.20 19607 $456.50 $914.00 $2,13830  $3,323.90 $2,604.20 $5,309.20  31-Dec-93 Last SAR 182 258 149 2.03
50 HARPOON 1970 DE Missile $795.00 $1,031.80 2922 $736.30 $2,713.20 783 $1,531.30 $3,745.00 3705 ($35.10) ($132.20) $759.90 $899.60 $1,566.40 $3,877.20 31-Dec-91 Last SAR 1.93 3.63 1.99 3.96
51 SH-60B LAMPS MK 11l 1976 DE Aircraft $2,396.70 $3,907.60 209 $990.90 $4,151.00 56 $3,387.60 $8,058.60 265 $174.80 $938.20 $2,571.50 $4,845.80 $3,212.80 $7,120.40 31-Dec-90 Last SAR 141 2.06 133 174
52 MK-48 ADCAP 1986 DE Torpedo $5,564.50 $6,314.00 3401 ($2,015.23) ($2,396.40) -1974 $3,549.27 $3,917.60 1427 ($1,978.80) | ($3,594.40) $3,585.70 $2,719.60 $5,528.07 $7,512.00 31-Dec-86 Last SAR 0.64 0.62 0.99 131
53 MK-48 ADCAP 1989 PdE Torpedo $6,347.70 $6,800.30 3353 ($2,435.70) ($2,882.70) -1926 $3,912.00 $3,917.60 1427 ($2,128.00) | ($3,507.00) $4,219.70 $3,293.30 $6,040.00 $7,424.60 31-Dec-94 Last SAR 0.62 0.58 0.94 114
54 MK-50 TORPEDO 1989 DE Torpedo $5,548.30 $6,653.70 7851 ($2,459.50) ($3,633.70) -6670 $3,088.80 $3,020.00 1181 ($2,845.60) | ($4,650.30) $2,702.70 $2,003.40 $5,934.40 $7,670.30 31-Dec-94 Last SAR 0.56 0.45 111 132
55 P-3C 1984 PdE Aircraft $3,735.90 $5,023.60 80 ($2,417.00) ($3,582.10) -48 $1,318.90 $1,441.50 32 ($1,505.70) | ($1,897.20) $2,230.20 $3,126.40 $2,824.60 $3,338.70 31-Dec-89 Last SAR 035 0.29 0.67 0.55
56 PHALANXCIWS 1984 PdE Gun $2,176.20 $248170 620 $605.10 $195.90 3 $2,781.30 $2,677.60 663 $116.00 $56.20 $229220  $2,537.90 $2,665.30 $2,621.40  31-Dec-93 Last SAR 128 108 122 1.06
57 |PHOENIX AIM-54C 1977 0e Wissile $372.00 $46430 735 $1,104.30 $2,608.80 1793 $1,476.30 $3,073.10 2528 $131820 | $4,169.30 $1690.20  $4,633.60 $158.10 ($1,09.20)  31-Dec-91 Last SAR 397 662 087 066
58 SEA LANCE (ASW-SOW) 1985 DE Missile $1,883.20 $2,341.00 o ($1,320.10) ($1,741.40) o $563.10 $599.60 0 ($471.60) ($632.20) $1,411.60° $1,708.80 $1,034.70 $1,231.80 31-Dec-89 Last SAR 0.30 0.26 0.47 0.43
59 SH-60F 1985 DE Aircraft $2,353.30 $3,076.20 175 $88.40 $77.20 o $2,441.70 $3,153.40 175 $0.00 $0.00 $2,353.30° $3,076.20 $2,441.70 $3,153.40 31-Dec-86 Last SAR 1.04 1.03 1.04 1.03
60 SPARROW (AIM-7M) 1978 DE Missile $913.70 $1,258.10 11139 $585.90 $1,522.70 4497 $1,499.60 $2,780.80 15636 $216.40 $561.20 $1,130.10 $1,819.30 $1,283.20 $2,219.60 31-Dec-89 Last SAR 164 221 137 164
61 STANDARD MISSILE-2 (Blocks | to IV) 1984 DE Missile $8,770.10 $11,067.20 13778 ($95.70) ($222.70) -2113 $8,674.40 $10,844.50 11665 ($1,455.60) | ($2,767.30) $7,314.50 $8,299.90 $10,130.00 $13,611.80  31-Dec-03 Last SAR 0.99 0.98 117 127
62 T-45TS 1984 PE Aircraft $3,754.60 $5,462.00 304 $1,075.03 $1,366.20 -81 $4,829.63 $6,828.20 223 ($1,040.39) | ($1,586.57) $2,714.21 $3,875.43 $5,870.02 $8,414.77 31-Dec-93 Last SAR 129 125 167 165
63 T-45TS 1995 PdE Aircraft $5,528.10 $5,599.50 176 $1,207.30 $1,228.70 47 $6,735.40 $6,828.20 223 $841.90 $920.60 $6,370.00 $6,520.10 $5,893.50 $5,907.60 31-Dec-07 Last SAR 122 122 1.06 1.05
64 TOMAHAWK Baseline Improvement Program (TBIP) 1977 DE Missile $833.00 $2,614.30 1181 ($636.50) (52,144.30) -1181 $196.50 $470.00 o ($333.70) ($1,114.10) $499.30 $1,500.20 $530.20 $1,584.10 31-Dec-98 Last SAR 0.24 0.18 0.50 0.44
65 TRIDENT Il MISSILE 1983 PE Missile $24,262.90 $37,645.10 740 $2,532.10 $1,900.90 -179 $26,795.00 $39,546.00 561 (52,502.72) | ($4,234.93) $21,760.18 $33,410.17 $29,297.72 $43,780.93  31-Dec-86 Last SAR 110 1.05 122 117
66 TRIDENT Il MISSILE 1983 PdE Missile $26,556.30. $35,518.50 845 $238.70 $4,027.50 -284 $26,795.00 $39,546.00 561 ($3,970.80) | ($6,719.10) $22,585.50 $28,799.40 $30,765.80 $46,265.10  31-Dec-09 1.01 111 117 134
67 V-22 1984 PE Aircraft $14,986.60 $24,467.00 609 $15,846.58 $28,432.00 -151 $30,833.18 $52,899.00 458 ($142.43) $3,922.32 $14,844.17 $28,389.32 $30,975.60 $48,976.68  31-Dec-86 Last SAR 2.06 2.16 2.07 193
68 v-22 1986 DE Aircraft $23,073.00 $29,662.30 913 $8,626.50 $20,823.80 -455 $31,699.50 $50,486.10 458 ($456.20) $11,818.90 $22,616.80 $41,481.20 $32,155.70 $38,667.20  31-Dec-04 Last SAR 137 170 1.40 126
69 V-22 2005 PdE Aircraft $50,250.40 $53,253.40 458 ($309.90) ($354.40) 0 $49,940.50 $52,899.00 458 $0.00 $0.00 $50,250.40 $53,253.40 $49,940.50 $52,899.00  31-Dec-09. 0.99 0.99 0.99 0.99
70 AN/BSY-2 1988 DE Electronics $2,536.50 $2,855.80 2 $24.40 $148.90 0 $2,560.90 $3,004.70 2 ($13.90) ($16.70) $2,522.60° $2,839.10 $2,574.80 $3,021.40 31-Dec-89. 1.01 1.05 1.02 1.06
7 SLAT (Supersonic Low Altitude Target) 1989 DE Missile $372.40 $367.80 59 ($118.50) ($119.40) -44 $253.90 $248.40 15 ($33.20) ($36.50) $339.20 $331.30 $287.10 $284.90 31-Dec-91 0.68 0.68 0.76 0.76
72 |UHF FOLLOW-ON 1988 PdE satellite $1,479.10 $1,716.10 10 $80.60 $149.30 1 $1,559.70 $1,865.40 9 (590.70) | ($113.20) $1,388.40  $1,602.90 $1,650.40 $197860  31-Dec-97 105 109 112 116
73 [ROTHR (Relocatable Over the Horizon Radar) 1989 PdE Electronics $1,722.50 $1,921.70 12 ($812.80) ($886.80) -8 $909.70 $1,034.90 4 ($551.30) | ($762.30) $1,17120  $1,159.40 $1,461.00 $1,797.20  31-Dec-90 053 054 081 091
74 F/A-18E/F 1990 DE Aircraft $53,959.60 $94,583.00 1000 ($17,389.86) ($46,491.60) -485 $36,569.74 $48,091.40 515 ($17,968.45) | ($27,754.76) $35,991.15 $66,828.24 $54,538.19 $75,846.16  31-Dec-99 Last SAR 0.68 0.51 1.01 0.76
75 F/A-18E/F 2000 PdE Aircraft $38,884.70. $41,637.30 458 $5,847.40 $6,454.10 57 $44,732.10 $48,091.40 515 $2,583.10 $3,261.90 $41,467.80 $44,899.20 $42,149.00 $44,829.50  31-Dec-09. 115 116 1.08 1.07
76 Jsow 1990 DE Missile $6,927.20 $11,205.90 23924 ($5,448.70) ($9,343.20) -20590 $1,478.50 $1,862.70 3334 ($6,337.43) | ($9,861.75) $589.77 $1,344.15 $7,815.93 $11,724.45  31-Dec-03 Last SAR 0.21 0.17 168 120
77 JSOW Baseline/Unitary-108 1990 PdE $3,566.30 $4,898.70 16124 ($2,087.80) ($3,036.00) -12790 $1,478.50 $1,862.70 3334 ($2,059.30) | ($3,204.50) $1,507.00° $1,694.20 $3,537.80 $5,067.20 31-Dec-09 0.41 038 0.99 107
78 Expeditionary Fighting Vehicle (formerly AAAV) 2007 DE Vehicle $8,493.20 $8,725.20 1025 $4,753.20 $6,827.80 -432 $13,246.40 $15,553.00 593 ($2,365.80) | ($2,950.40) $6,127.40 $5,774.80 $15,612.20 $18,503.40  31-Dec-09. 156 178 199 239
79 MIDS - Low Volumne Terminal (LVT) 1992 DE Electronics $924.90 $1,119.50 672 $863.50 $1,023.40 2623 $1,788.40 $2,142.90 3295 $587.77 $750.45 $1,512.67 $1,869.95 $1,200.63 $1,392.45 31-Dec-94 Last SAR 193 191 124 119
80 MIDS - Low Volumne Terminal (LVT) 2003 PdE Electronics $1,824.80° $1,818.90 2964 $289.80 $324.00 331 $2,114.60 $2,142.90 3295 $87.70 $94.70 $1,912.50 $1,913.60 $2,026.90 $2,048.20 31-Dec-05 Last SAR 116 118 111 112
81 Navy EHF Satellite Communications Program (NESP) 1990 PdE Electronics $1,876.60° $2,373.70 393 ($83.40) ($315.80) 114 $1,793.20 $2,057.90 507 $167.30 $200.50 $2,043.90 $2,574.20 $1,625.90 $1,857.40 31-Dec-04 Last SAR 0.96 0.87 0.87 0.79
82 AV-8B REMANUFACTURE 1994 PdE Aircraft $1,843.00 $2,158.40 73 $118.30 ($33.20) -1 $1,961.30 $2,125.20 72 ($16.60) ($20.90) $1,826.40 $2,137.50 $1,977.90 $2,146.10 31-Dec-99 Last SAR 1.06 0.98 107 0.99
83 Cooperative Engagement Capability (CEC) 1995 DE Electronics $2,221.90 $2,573.10 183 $1,451.30 $1,665.30 89 $3,673.20 $4,238.40 272 $263.80 $478.70 $2,485.70 $3,051.80 $3,409.40 $3,759.70 31-Dec-01 Last SAR 165 1.65 151 1.42
84 Cooperative Engagement Capability (CEC) 2002 PdE Electronics $4,123.30 $4,310.70 272 $135.40 $234.40 9 $4,258.70 $4,545.10 281 ($109.80) ($157.10) $4,013.50° $4,153.60 $4,368.50 $4,702.20 31-Dec-09 1.03 105 1.06 1.09
85 E-2C REPRODUCTION 1994 PdE Aircraft $2,627.70 $3,187.90 36 $1,237.80 $1,170.40 8 $3,865.50 $4,358.30 44 $477.30 $578.90 $3,105.00° $3,766.80 $3,388.20 $3,779.40 31-Dec-06 Last SAR 147 137 127 117
86 H-1UPGRADES 1994 DE Aircraft $2,792.50 $3,547.50 284 $3,957.80 $5,180.00 0 $6,750.30 $8,727.50 284 $0.00 $0.00 $2,792.50° $3,547.50 $6,750.30 $8,727.50 31-Dec-07 Last SAR 242 246 242 246
87 MH-60S 1998 DE Aircraft $2,769.00 $3,154.00 166 $3,896.50 $4,821.70 109 $6,665.50 $7,975.70 275 $1,642.17 $2,209.83 $4,411.17 $5,363.83 $5,023.33 $5,765.87 31-Dec-01 Last SAR 241 253 166 1.65
88 MH-60S 1998 PdE Aircraft $5,270.10' $6,093.80 237 $1,395.40 $1,881.90 38 $6,665.50 $7,975.70 275 $572.50 $770.40 $5,842.60 $6,864.20 $6,093.00 $7,205.30 31-Dec-09 1.26 131 115 117
89 TACTICALTOMAHAWK 1999 DE Missile $1,683.70 $1,863.40 1365 $3,844.00 $5,022.00 3375 $5,527.70 $6,885.40 4740 $2,098.73 $2,948.19 $3,782.43 $4,811.59 $3,428.97 $3,937.21 31-Dec-03 Last SAR 3.28 3.70 173 174
90 TACTICALTOMAHAWK 1999 PdE Missile $2,977.30 $3,290.30 2790 $2,550.40 $3,595.10 1950 $5,527.70 $6,885.40 4740 $1,212.60 $1,703.40 $4,189.90 $4,993.70 $4,315.10 $5,182.00 31-Dec-09 1.86 2.09 138 1.47
91 MH-60R 1993 DE Aircraft $4,020.50 $5,636.40 188 $6,561.45 $8,604.60 112 $10,581.95 $14,241.00 300 $2,254.02 $3,373.15 $6,274.52 $9,009.55 $8,327.93 $10,867.85  31-Dec-05 Last SAR 2.63 253 187 175
92 MH-60R 2006 PdE Aircraft $10,627.00 $11,424.70 254 $2,543.30 $2,816.30 46 $13,170.30 $14,241.00 300 $1,152.20 $1,385.40 $11,779.20 $12,810.10 $12,018.10 $12,855.60  31-Dec-09. 124 125 112 112
93 E-2D Advanced Hawkeye 2002 DE Aircraft $12,225.00 $14,982.00 75 $1,168.90 $2,449.10 0 $13,393.90 $17,431.10 75 $0.00 $0.00 $12,225.00 $14,982.00 $13,393.90 $17,431.10  31-Dec-07 110 116 110 116
94 EA-18G (Electronic Attack - 18G Growler) 2004 DE Aircraft $7,662.60 $8,421.60 90 $2,389.30 $3,128.50 24 $10,051.90 $11,550.10 114 $1,419.76 $1,704.40 $9,082.36 $10,126.00 $8,632.14 $9,845.70 31-Dec-06 131 137 112 115
95 EA-18G (Electronic Attack - 18G Growler) 2004 PdE Aircraft $7,530.80 $8,636.40 84 $2,521.10 $2,913.70 30 $10,051.90 $11,550.10 114 $1,774.70 $2,130.50 $9,305.50 $10,766.90 $8,277.20 $9,419.60 31-Dec-09 133 134 1.09 1.08
96 (COBRA JUDY REPLACEMENT 2003 DE Electronics $1,365.00 $1,464.00 1 $161.30 $248.70 0 $1,526.30 $1,712.70 1 $0.00 $0.00 $1,365.00 $1,464.00 $1,526.30 $1,712.70 31-Dec-09 112 117 112 117
97 P-8A 2004 DE Aircraft $26,494.00 $31,428.60 115 $1,546.90 $2,712.30 7 $28,040.90 $34,140.90 122 $1,065.10 $1,419.60 $27,559.10 $32,848.20 $26,975.80 $32,721.30  31-Dec-09. 1.06 1.09 1.02 1.04
98 Mobile User Objective System (MOUS) 2004 DE Satellite $5,738.00 $6,481.10 6 $180.40 $407.40 0 $5,918.40 $6,888.50 6 $0.00 $0.00 $5,738.00 $6,481.10 $5,918.40 $6,888.50 31-Dec-09 1.03 1.06 1.03 1.06
99 SM-6 2004 DE Missile $4,866.30 $5,983.30 1200 $447.80 $616.70 0 $5,314.10 $6,600.00 1200 $0.00 $0.00 $4,866.30 $5,983.30 $5,314.10 $6,600.00 31-Dec-09 1.09 110 1.09 110

100 AGM-88E AARGM 2003 DE Missile $1,339.80 $1,510.90 1790 $210.30 $340.80 129 $1,550.10 $1,851.70 1919 $44.00 $59.50 $1,383.80 $1,570.40 $1,506.10 $1,792.20 31-Dec-09 116 123 112 118
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Laspeyres, Paasche, Fisher — Oh, My!

« (Ernst Louis) Etienne Laspeyres (1834-1913)
— German economist of Huguenot Gascon (SW France, near Spain) descent
— 1871 development of eponymous price index
* Comparison using base period quantities, tends to overstate inflation

— Worote such page-turners as Geschichte der Volkswirtschdftlichen Anschauungen
der Niederldnder und ihrer Literatur zur Zeit der Republik

* Hermann Paasche (1851-1925)
— @erman statistician and economist, died in Detroit
— Eponymous price index
* Comparison using current period quantities, tends to understate inflation
— Worote such page-turners as Wandlungen in der modernen Volkswirtschaft
* Irving Fisher (1867-1947)

— American neoclassical economist
— Eponymous price index
* Geometric mean of Laspeyres and Paasche indices

— Wrote the 1922 classic The Making of Index Numbers: A Study of Their Varieties,
Tests, and Reliability

http://en.wikipedia.org/wiki/Laspeyres_Index#Paasche_and_Laspeyres_price_indices 59
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Implied Percentile — Normal

 Without loss of generality (w.l.o.g.), assume mean of one (1.0)
— Then the standard deviation is equal to the CV!

* We are looking for the percentile of the reciprocal of CGF

O

p:q)((llcslz)—yj :(D((UCGF)—lj

IN 06B “Probability Distributions for Risk Analysis,”
Peter Braxton, SCEA/ISPA, 2011.




Presented at the 2011 ISPA/SCEA Joint Annual Conference and Training Workshop - www.iceaaonline.com

Implied Percentile — Lognormal

e Without loss of generality (w.l.o0.g.), assume lognormal
mean of one (1.0)

* Then the mean and standard deviation of the related
normal are:
In[

ﬁ] o= i OV

 We are looking for the percentile of the reciprocal of
CGF (unit space)

Y-—u

X=e"~LogN(y,0)=Y=InX ~N(y,0)=Z= ~ N(0)
O
In(\/ucvz]
_ (In(L/CGF)-pu CGF
p=of PECE <o Jinrov?)

IN 06B “Probability Distributions for Risk Analysis,”
Peter Braxton, SCEA/ISPA, 2011.
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Percentile-to-CGF Conversion

* This table shows the implied CGF for a given percentile of the
Point Estimate for various CVs of a Normal distribution

NORMAL Coefficient of Variation (CV)

p 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50|
0.05 1.09 1.20 1.33 1.49 1.49 1.49 2.36 2.92 3.85 5.63
0.10 1.07 1.15 1.24 1.34 1.34 1.34 1.81 2.05 2.36 2.78
0.15 1.05 1.12 1.18 1.26 1.26 1.26 1.57 1.71 1.87 2.08
0.20 1.04 1.09 1.14 1.20 1.20 1.20 1.42 1.51 1.61 1.73
0.25 1.03 1.07 1.11 1.16 1.16 1.16 1.31 1.37 1.44 1.51
0.30 1.03 1.06 1.09 1.12 1.12 1.12 1.22 1.27 1.31 1.36
0.35 1.02 1.04 1.06 1.08 1.08 1.08 1.16 1.18 1.21 1.24
0.40 1.01 1.03 1.04 1.05 1.05 1.05 1.10 1.11 1.13 1.15
0.45 1.01 1.01 1.02 1.03 1.03 1.03 1.05 1.05 1.06 1.07
0.50 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00]
0.55 0.99 0.99 0.98 0.98 0.98 0.98 0.96 0.95 0.95 0.94
0.60 0.99 0.98 0.96 0.95 0.95 0.95 0.92 0.91 0.90 0.89
0.65 0.98 0.96 0.95 0.93 0.93 0.93 0.88 0.87 0.85 0.84
0.70 0.97 0.95 0.93 0.91 0.91 0.91 0.84 0.83 0.81 0.79
0.75 0.97 0.94 0.91 0.88 0.88 0.88 0.81 0.79 0.77 0.75
0.80 0.96 0.92 0.89 0.86 0.86 0.86 0.77 0.75 0.73 0.70
0.85 0.95 0.91 0.87 0.83 0.83 0.83 0.73 0.71 0.68 0.66
0.90 0.94 0.89 0.84 0.80 0.80 0.80 0.69 0.66 0.63 0.61
0.95 0.92 0.86 0.80 0.75 0.75 0.75 0.63 0.60 0.57 0.55




Presented at the 2011 ISPA/SCEA Joint Annual Conference and Training Workshop - www.iceaaonline.com

Percentile-to-CGF Conversion

* This table shows the implied CGF for a given percentile of the
Point Estimate for various CVs of a Lognormal distribution

LOGNORMAL Coefficient of Variation (CV)

p 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50]|
0.05 1.09 1.18 1.29 141 1.55 1.69 1.85 2.03 2.22 2.43
0.10 1.07 1.14 1.22 1.31 141 1.52 1.64 1.76 1.90 2.05
0.15 1.05 1.11 1.18 1.25 1.33 1.42 1.51 1.61 1.71 1.82
0.20 1.04 1.09 1.15 1.20 1.27 1.34 1.41 1.49 1.57 1.66
0.25 1.04 1.07 1.12 1.17 1.22 1.27 1.33 1.40 1.46 1.54
0.30 1.03 1.06 1.09 1.13 1.17 1.22 1.27 1.32 1.37 1.43
0.35 1.02 1.04 1.07 1.10 1.13 1.17 1.21 1.25 1.29 1.34
0.40 1.01 1.03 1.05 1.07 1.10 1.12 1.15 1.19 1.22 1.26
0.45 1.01 1.02 1.03 1.05 1.06 1.08 1.11 1.13 1.16 1.19
0.50 1.00 1.00 1.01 1.02 1.03 1.04 1.06 1.08 1.10 1.12
0.55 0.99 0.99 0.99 0.99 1.00 1.01 1.02 1.03 1.04 1.05
0.60 0.99 0.98 0.97 0.97 0.97 0.97 0.97 0.98 0.98 0.99|
0.65 0.98 0.97 0.95 0.94 0.94 0.93 0.93 0.93 0.93 0.93
0.70 0.98 0.95 0.94 0.92 0.91 0.90 0.89 0.88 0.88 0.87
0.75 0.97 0.94 0.91 0.89 0.87 0.86 0.84 0.83 0.82 0.81
0.80 0.96 0.92 0.89 0.86 0.84 0.82 0.80 0.78 0.76 0.75
0.85 0.95 0.91 0.87 0.83 0.80 0.77 0.74 0.72 0.70 0.69
0.90 0.94 0.88 0.84 0.79 0.75 0.72 0.69 0.66 0.63 0.61
0.95 0.92 0.85 0.79 0.74 0.69 0.64 0.61 0.57 0.54 0.51
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