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Early cost estimation methods often result in highly inaccurate
program cost predictions — and it continues to worsen

Table 1: Analysis of DOD Major Defense Acquisition Program Portfolios

Fiscal year 2008 dollars

Fiscal year
2000 portfolio 2005 portfolioc 2007 portfolio

Portfolio size

Mumber of programs 75 a1 a5

Total planned commitments £790 Billion 1.5 Trillion $1.6 Trillion

Commitments outstanding 5380 Billion 5887 Billion 5858 Billion

Portfolio performance —

Change to total RDT&E costs 27 percent 33 percent 40 percent

from first estimate

Change in total acquisition cost & percent 18 percent 26 percent \
from first estimate

grs;mﬁted total acquisition cost 5§42 Billion 5202 Billion 5295 Billion Unsustainable
Share of programs with 25 37 percent 44 percent 44 percent negative trend
percent or more increase in i

program acquisition unit cost In _CO_St
Average schedule delay in 16 months 17 months 21 months predlctlons
delivering initial capabilities -

Spunca: GAD enalysls of DOD oela \ j

Source: Fundamental Changes Are Needed to Improve Weapon Program Outcomes, GAO Testimony Before the Subcommittee on Federal
Financial Management, Government Information, Federal Services, and International Security, Committee on Homeland Security and
Governmental Affairs, U.S. Senate, Sept 25, 2008 GAO-08-1159T
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“DOD’s flawed funding process is largely driven by decision makers’ willingness to accept
unrealistic cost estimates and DOD’s commitment to more programs than it can support. DOD
often underestimates development costs—due in part to a lack of knowledge and optimistic
assumptions about requirements and critical technologies.” *

Funding Shortfalls at the Start of Development for Five Major Weapon Sysfem Programs
Program

Multi-mission

Maritime Aircraft
Warfighter Information
Hetwork-Tactical

Future Combat Systems

Joint Strike Fighter

Global Hawk

1] 10 20 30 40 &0 60 T0 aa 90 100

Percentage of development funding

Lewel of funding established in the FYDP in the year the program was inifiafed

Lewel of funding the program needed o be fully funded in the initial FYDP

Funding required beyond the initial FYDP o complete development

Sounca: OO [data); GAD (analysis and presaniabon).

*Source: A Knowledge-Based Funding Approach Could Improve Major Weapon System Program Outcomes, GAO
Report to the Committee on Armed Services, U.S. Senate s, U.S. Senate, July, 2008 GAO-08-619
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Functional reasons for cost overruns
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Source: December 2009 SAR; analysis by CSIS Defense-Industrial Initiatives Group
Cost and Time Overruns for Major Defense Acquisition Programs, 2010
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The Uncertainty Problem

“"_.programs that breach appear to have the strongest relationship with three factors: the
total dollar size of a project, the quantity change cost category, and the estimating cost
changes.

Much of the data collected now does not help decision-makers determine why a breach or
unit-cost-growth has occurred or what programmatic changes would improve performance.

The available information makes it difficult to assert any conclusions definitively because
all factors appear interrelated, which means that an unconsidered exogenous variable may
be confounding all conclusions.”

The Effect Of The Nunn—McCurdy Amendment On Unitcost- Growth Of Defense Acquisition Projects, By Jacques S. Gansler,
William Lucyshyn, and Adam Spiers , Univ of MD Center for Public Policy and Private Enterprise, July 2010

“Unrealistic estimates are caused by the invalidity of major cost-estimating assumptions,
not methodological errors... PARCA deems an estimate to be unrealistic if it is based on
an uncertain assumption. Such assumptions might concern technical issues, related
programs, organizational relationships, threats, policy matters or the industrial base.”
Inside the Pentagon, Vol. 27, No. 46, November 17, 2011
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Estimating Assumptions Flow from
Framing Assumptions

.................

N C D

Framing Assumptions > fiseen

Consequences > ~ de g Lo

Weight b|||ty Initi
as usua uce pro
cost

aircra

Estimating Assumption;

Responsmle Communities:

ato rs

* adapted from: Observations from AT&L/PARCA's Root Cause Analyses, David Nicholls (PARCA) at DODCAS 2012



How do we address the challenges of early estimation?

Account for change and uncertainty during the DoD acquisition life cycle.
Synthesis of Dependency Structure Matrix techniques, Bayesian Belief Network (BBN)
modeling and Monte Carlo simulation into a method that models uncertainties among
program change drivers as inputs to cost models
Use of domain expert judgment and data-based inputs

DoD domain-specific method for improving expert judgment regarding uncertainty in
program change drivers, their relationships, and impacts on cost drivers.

Expert judgment is optimistic and uncalibrated.

Information available at the start is not in a form typically used in preparing an estimate.

» Program does not yet have detailed scope and specifications.

« Can we model the uncertainties not captured by the estimate?

 Visual depiction of influential relationships, scenarios and outputs to aid team-based
model development, and explicit description and documentation underlying an estimate.

Interdependencies cause problems to cascade.

* When a project goes off the rails there is often a cascade of problems before the
magnitude of the problem becomes clear.
» Scenario modeling and simulation makes impact of changes visible.

=== Software Engineering Institute | CarnegieMellon ez camegicmston unersiy




Information Flow for Early Lifecycle Estimation

Proposed Material Solution & Analysis of Alternatives

- Information from Analogous Programs/Systems

g -

| — =
g Program Execution Change Drivers

3 . J
7)) System Characteristics Operational Capability Technology Development

c Trade-offs Trade-offs Strategy

Q

= *KPP selection *Mission / CONOPS Production Quantity

81 *Systems Design «Capability Based Analysis «Acquisition Mgt

o] *Sustainment issues *Scope definition/responsibility
_3, "t «Contract Award

L | Driver Probabiliti ]

g er States & Probabilities

X

m V

Plans, Specifications, Assessments
/
Probabilistic \\ - %
Modeling (BBN) Program Execution

Cost Estimates ) -
& Monte Carlo L Scenarios with
Simulation 'a"a'°9yt . .Z?E%Zeermg conditional probabilities
pDaramertric o 0
- P of drivers/states

=== Software Engineering Institute | CarnegieMellon ez camegicmston unersiy




Create a Method for Quantifying the Uncertainty of Cost
Estimation Inputs and Resulting Estimates

1. Identify Change

iy Je Explicitly identify potential change due to assumptions & external events.

2. Reduce Cause and
Effect Relationships Use “Dependency Structure Matrix (DSM) techniques to reduce

e complexity of interactions between change drivers.
Structure Matrix

techniques

3. Assign Conditional | BBN modeling of a larger number of program change drivers for

I';Imo?alb“ities to BBN estimation than previous research.
ode

4. Calculate Cost . . . .
Factor Distributions Scenario modeling of alternate program executions to assess influence of

for Program various underlying assumptions.
Execution Scenarios

5 Monte Carlo Monte Carlo simulation applied to estimation input parameters rather than

Simulation to output values.
Compute Cost
Distribution
Technical Problem Modeling Uncertainty Complexity Reduction
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Step 1: Identify Change Drivers and States

Materiel Solution Analysis Phase — Pre Milestone Estimate A

1. Identify 3. Assign 4. Calculate Cost 5. Monte Carlo
ch 2. Reduce Cause and Conditi I Factor Simulation to
nangé | _s 1 Effect Relationships via | onditiona —3| Distributions for |~
Drivers & Probabilities to ; Compute Cost
Dependency Structure BBN Model Program Execution Distribution
States Matrix techniques eeE Scenarios
Change Driver|Nominal State Alternative States
Additional Additional Production Scope Reduction
Scope Stable Users added (foreign) deliverable (e.g. . pe .
R . downsized (funding reduction)
Definition customer training & manuals)
Mission / . i S Program
CONOPS defined New condition New mission New echelon becomes Joint
Trade-offs
Capability Stable Addition Subtraction Variance [performance vs
Definition affordaility, etc.]
Funding delays tie up - . . Obligated vs.
Funding Established resources {e.g. ::SFSEEC ceiling ::scllpgezr:ange for Ez?dlng spread allocated funds
Schedule operational test} y shifted
Advocate ot
avoca Domain-Specific Program Change Drivers Identified
ange
Closing Selected Trade [Technology does not Technoloay is Selected solution  |Technology not New technology not
Technical studies are achieve satisfactory 9y cannot achieve performing as . 9y
. too expensive . testing well
Gaps (CBA) [sufficient performance desired outcome expected
. s o Pt Pt ot P ot Pt P o Pt Pt
. s o Pt Pt ot P ot Pt P o Pt Pt P o Pt Pt
. Pt Pt P ot Pt P Pt Pt Bl Bl Pt Pt Pt ot Pt Pt P ot
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Step 2: Reduce Cause and Effect Relationships via
Dependency Structure Matrix Techniques
Materiel Solution Analysis Phase — Pre Milestone Estimate A

1. Identify 2. Reduce Cause and 3. Assign 4. Cal;::;::: Cost 5. Monte Carlo
Change Effect Relationships via Conditional P - Simulation to

Drivers & - Dependency Structure B Probabilities to = Pgs:gﬁult;:::uft?;n Compute Cost
States Matrix techniques BBN Model gScenarios Distribution

Change Drivers - Cause & Effects Matrix

Effects

Causes

otal

T

Jasing Tedical Gaps (CBA)

Building Tedhnical Capebility & Capedity ((BA
Fundtional Sdution Qriteria (meesure)
RogamMvi - Gotractar Relations
Spply Chain MUnerabilities

PO Rrocess Parfomance

Industry Conmrpary Assessimert

Mssion/ GONOPS

Acqisition Manegement

Charge in Srategic Msion
Rgect Soda / Dev Bwv
Maming a programdffice
Sandards/Cartificatios
Qstanment Issues
Produdtion Quertity:
Cortradtar Farfommance
Nunrber rigt of dagoral

Capetility Definition
Rog Mgt Snucture
° Soope Resporsitility
Irformretion shering
Cortract Anard
Data Onrership
Cost Edtimete
Test & B/alustion
RAgect Crellernge
Product Challenge

Mission / CONOPS 3 3 6 O
Change in Strategic Vision 3 3 3 2 2 2 2 2 3 2 3 2 29 0
Capability Definition 1 1 [¢] 2 2 2 [e] 1 [e] 2 [¢] [e] 16 O
Advocacy Change 1 1 6 O
Closing Technical Gaps (CBA) 2 2 1 1 2 1 [¢] 2 2 1 1 2 2 1 2 34 O
Building Technical Capability & Capacity (CBA) 2 2 2 3 2 2 1 2 2 1 1 1 27 O
Interoperability 1 1 1 1 2 1 1 2 1 1 3 1 2 2 2 29 1
Systems Design 1 1 1 1 1 2 2 3 21 3
Interdependency 1 1 1 1 1 2 1 2 2 1 1 1 1 1 2 2 3 33 5
Functional Measures 2 2 1 1 1 1 1 1 1 2 1 16 O
Scope Definition 1 3 5 0
Functional Solution Criteria (measure) 2 2 1 1 2 1 10 1
Funding Schedule 1 2 1 5 0
Acquisition Management 2 3 1 1 2 2 1 1 1 2 119 2
Program Mgt - Contractor Relations 2 1 1 1 1 2 2 12 2
Project Social / Dev Env 1 1 2 2 1 1 2 1 1 1 14 2
Prog Mgt Structure 1 1 2 6 1
Manning at program office 1 2 5 2
Scope Responsibility 1 1 1 1 6 5
Standards/Certifications 1 1 1 1 1 3 1 0 2
Supply Chain Vulnerabilities 1 1 1 2 1 7 4
Information sharing 1 1 1 1 1 1 7 3
PO I

Sust n ] ] u ]

Cont

= Capturing interrelationships among change drivers and
Data

Indut - n

Cost

reducing the complexity of the network

Cont

Size

Project Challenge o o
Product Challenge 0o O
Totals 4 7 13 4 10 15 18 7 7 8 8 14 17 17 15 12 9 10 13 11 20 19 5 5 17 -
Below diagonal 1 o 3 1 3 2 2 3 1 o] 1 o o) 0] 0] 0] 0] o) 0] 0] [0) 0] o) 0] 0]

o o 6
o o o
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Step 3: Assign Conditional Probabilities to BBN Model

Materiel Solution Analysis Phase — Pre Milestone Estimate A

1. Identify 2. Reduce Cause and 3. Assign 4. Cal:::::::)er Cost 5. Monte Carlo
Change Effect Relationships via Conditional P —_ Simulation to

Drivers & - Dependency Structure ) Probabilities to = p Dlstrlbultzlons i?r Compute Cost
States Matrix techniques BBN Model roggacr:a‘naxr?:su fon Distribution

“E Mission CONOPS
“ Node Probability Table Capability Definition

)

- is affected by
NPT Editing Mode ... |I-.-Ianua| W
Mode Details CONOPS and

0.0 0.1 Strategic Vision
1.0 0.9

af,

MNode States

8 Capability Definition

0%

Mission CONOPS

Made Probakility Takle

Strategic Vision 0.0 1.0 0.0 1.0
0.0 [ 0.4 0.3 0.25 0.2
1.0 [ 0.6 0.7 0.75 0.3

@

Made Constants Node Probahility Table|

)

Nodle Constants

Quantifying the uncertainty of change drivers and the
cascading effects
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Step 4: Calculate Cost Factor Distributions for Program

Execution Scenarios
Materiel Solution Analysis Phase — Pre Milestone Estimate A

1. Identify 2. Reduce Cause and 3. Assign 4. Cal::lat:c)er Cost 5. Monte Carlo
Change Effect Relationships via Conditional s - Simulation to
Drivers & - Dependency Structure > Probabilities to = Pgls::r:ultil)?::u:‘i,t:n Compute Cost
States Matrix techniques BBN Model 9 oo Distribution
An exam p | e Program Mgt Manning at Project Challenge

J!

Scenario With 6 = 1:0 Scenario 1 : 0. g@ 102: 122 = 23%
. . . UUSIW% 0.0 7% —"12.0-320 10%
drivers in nominal |+ s [3 3% o -

State

Interdependency
U.U:= 14% Size Growth
1.0 86%
System Design 0.0-1.0 27%
0.0 1.0-2.0
1.0 2.0-30
Acquisition Mgt 7% [ O 3.0-4.0 73%
NAEGE > 0.0
1.0 10

~ V
[ TScenario 1:00 ) — ‘-f.“'“ L i i *\ S ccccccc oL it \QXJ
- s ?: db A“- - Y Prndl:(;tq:hallenge
Strategic Vision W “"““ ‘ I 1.[] - Q.D -
0.0]5% — o
1-Uhﬁ ;‘ ""“ . 2.0-3.0 32%
“‘ <] \ 30-40
mmetonar ] [\ A /ﬁ \
Bldinu Tech 0.0 3% —

BBN model enables computation of multiple scenarios _
of program execution on cost model factors B

50%
53% s Contractor
47 %
I ———N Y
Funding Schedule _ _ 104
0.0 31% Functional Solution .
1 .0 59% 0.0 53% Closing Technical T

cenario 1 : 0.0

10 47w Moo 72%
1.0 258%
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Step 5a: Monte Carlo Simulation to Compute Cost Distribution

Materiel Solution Analysis Phase — Pre Milestone Estimate A

1. Identify 2. Reduce Cause and 3. Assign 4. Cal::::at:i Cost 5. Monte Carlo
Change Effect Relationships via Conditional PN - Simulation to
Drivers & - Dependency Structure — Probabilities to = PD'St"bultE'ons :?r Compute Cost
States Matrix techniques BBN Model rogram x?cu fon Distribution
Scenarios
BBN output distributions mapped to
COCOMO input values
_ oine Assumption: Cll 3 = Driversf XL | VL | L | N | H | VH | XH [Product|Project
: —— Scale Factors
Name: |Project Challenge % A
oo Do PREC 6.20 Y 4.96 )3.72 | 248 | 1.24 | 0.00 <X>
astom Tistribation FLEX : : 3.04 | 2.03 <X>
= 060- Not for RESL 2.83 <>
g 050 3.29 1.10 <x>
£ o PMAT 6.24 | 4.68 | 3.12 | 1.56 | 0.00 <X>
2 Effort Multipliers
s 083 ] 1.00 [ 133191 [272] X
000 095 | 1.00 | 1.07 | 1.15 | 1.24 X
0.90 120 150 180 210 240 270 300 3.30 360 390 420 450 480 5.10 087 | 100 129 1 181 | 2561 X
N S e e e ~ 1.26 | 1.00 | 0.83 | 0.63 <X>
2.00 3.00 0.22 <X>
3.00 4.00 0.09 —~u 1a 1N <X>
4.00
— Probability distribution used for input to cost estimation model ==
—— links uncertainty of program change drivers to cost drivers
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Step 5b: Monte Carlo Simulation to Compute Cost Distribution

Materiel Solution Analysis Phase — Pre Milestone Estimate A

1. Identify 2. Reduce Cause and 3. Assign 4. cal:::;ier Eest SS.Morllte Carlo

ange ect Relationships via onditiona PN imulation to

D?ir\llerg z | Ei;fpe:lgerl\:y Str::ture > Prc:)bagi:itieslto = PD's"'b”ém“s ft‘.” | Compute Cost

States Matrix techniques BBN Model roggacr::na):?:su ion Distribution
Monte Carlo simulation using program change

factor distributions uses uncertainty on the input
side to determine the cost estimate distribution
A B E D 200,000 Trials Fl::::::::jv::ths 199,650 Displayed
Effect 4o

Not for Commercial Use [ +*
3,900

3,600
3.300

Product Challenge | /I BBN Outputs
Project Challenge

1

2

3

4 Estimated Size (KSLOC) 50 /
5 Product Challenge factors 5

; /
7

3,000
o 2,700
% 24[][]§
2 2,100 §
n:: 0.01 - . 800\2
COCOMO Parameter L WL 1500
Scale Factors PREC 4 1.200
900
4 Val 0.2 600
Mapped >
il
COCOMO EK 5 U.UCD EUCi 00 1 ZUb.UU 1.50‘0 00 1 EUb 0o 2 WUb.UU 2 AUb.UU ’

P |-infinity Certainty: 90.0000 % q [1.854.48
G ty
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Develop Efficient Techniques To Calibrate Expert
Judgment of Program Uncertainties

Step 1: Virtual DoD Domain-Spem

training using ;
reference points
reference

points 1) Size of ground combat vehicle

targeting feature xyz in 2002
consisted of 25 KSLOC Ada

ol )

Solution

Step 2: Iterate
through a series
of domain
specific tests

Size of Army artillery firing

R oo\ Qutcome: Expert coaeted of 18 KaLOC Grr.
100% \[eSt performance ,}\ renders calibrated
E a0% ‘*T’ - estimate of size k /
5 \ e
% B0% lcﬁiﬁ Orverconfidence
e e .
& 70% = L,..- Un-Calibrated
& -7 g Calibrated = more
—_ B0% -i"f = '_E‘auufaw .- .
= . it / realistic size and
b S - rad . ) .

5 50% Calibrated wider range to
<X , reflect true expert
% uncertainty

a0% A0%  70% H20% HO0%  100%

Estimate of SW Size

Assessed Chance Of Being Correct
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Experts Tend to Be Over-Confident

Most people are significantly overconfident

about their estimates, especially educated 90% Confidence
professionals . Interval |
| |
(AIE = Hubbard Generic Calibration Training) A‘
Group Subject % Correct (target 90%)
Harvard MBAs General Trivia 40%
Chemical Co. Employees |General Industry 50%
Chemical Co. Employees |Company-Specific 48%
Computer Co. Managers General Business 17%
Computer Co. Managers Company-Specific 36%

Used with permission from Douglas Hubbard
Copyright HDR 2008 dwhubbard@hubbardresearch.com
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Future Research Activities
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Create Repository for Quantifying Program Execution
Uncertainties

Materiel Solution Analysis Phase - Pre Milestone Estimate

Subject Matter Experts need DoD e
MDAP data about uncertainty to | = [ s "| it | [ e
guantify relationships of program
change drivers and their impact on
program execution.

Information Cloud

o) - Program Rpts: DoD
Why I_-|ard_.. Empirical data need SARS, DAES Repositories
to be identified, accessed, —
extracted and analyzed from a Program Artifacts: ARJ
myriad of sources. Data about e AL

program change is not structured
nor quantified for use in
estimation.

DoD
Experts
MSDAP Data CAPE and
ources Service Cost

Centers

DoD Need: Quantified information
about cost driver uncertainty
should inform estimates.
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Quantifying Uncertainty in Early Life Cycle Cost

Estimation

Program
Change
Factor
Matrix

BBN
Model

BBN

Probabilities

Materiel Solution Analysis Phase- Pre Milestone Estimate

1. Identify 2. Reduce Cause and 3. Assign

Change * Effect Relationships Conditional _)
Drivers & Via Matrix Probabilities to

States transformation BBN Model

Effects

Causes

ission / CONOPS

hange in Strategic Vision
apability Definition
dvocacy Change

losing Technical Gaps (CBA)

teroperability

ystems Design

Change Drivers -

Qasing Techrical Geps (CBA)

«  Buiiding Tehmical Capetiity & Capecity (CBA)

Cause & Effects Matrix

Functionsl Meestres.
Y
N p Soope Dfirition
Furctioral Solution Giteria (measure)
NN
wolml i Program Myt - Gortractar Refatiors
ol i Project Sodial / Dev Erv
wlo Prog Mgt Sncture

NENN

4. Calculate Cost
Factor
Distributions for
Program Execution
Scenarios

e

5. Monte Carlo

Simulation to

Compute Cost
Distribution

BBN
Model
linked

to

Cost
Model

Node Probability Table (Capability Definition)

Inputs

NPT Ediing Mo ..........
Mission CONOPS 0.0 1.0
Strategic Vision 0.0 1.0 0.0 1.0
00 04 03 035 02
10 05 07 075 03

Software Engineering Institute

Project Cl
4%
23%
10%
63%
Size Growth
27%
73%
Product Challenge
16%
53%

N [ H

[ vi | XxH [Product [Project

Scale Factors

<XX>
<X>
<X>
3.29 1.10 <X>
4.68 3.12 1.56 <X>
Effort Multipliers
1.00 1.33 1.91 2.72 X
1.00 | 1.07 | 1.15 | 1.24 X
1.00 1.29 1.81 2.61 X
1.00 | 0.83 | 0.63 <X>
0.74 <X>
<X>
<X>
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Repository: Analyze Existing Data to Model Program
Execution Uncertainties - 1

Materiel Solution Analysis Phase — Pre Milestone Estimate A

. 2. Reduce Cause and . 4. Calculate Cost
1. Identify f _ 3. Assign
Change %’ E'ffellc):t Rdz’tlonShIPS %- Eepariond %’ Distrill:)i(::g;s for
Drivers & via Dependency Probabilities to .
Structure Matrix Program Execution

States . BBN Model .
techniques Scenarios

Solution

5. Monte Carlo
; Simulation to

Compute Cost
Distribution

Example: The Materiel
...................................................... Solution of a g|0ba| network
G°§;:’:s§:f;9e For C2 systems, command and control system
<: how often does \v _ anticipates a possible change
Froa | State {_Driver Stractﬁgl'ncg\e/f'on § \r \ in Strategic Vision which will
ErmEaa : ((,\f include allied participation.

cond 3 CapDef]
JTRS cond 1 InterOp|
cond 2 Prod uc
F22 cond 1 Contract]

Sharing information with allies
creates new encryption

Records show that Strategic
cond 2_| Function) Vision changed in 45% of the requirements (a change in

\___lcond3 |conops MDAPS Mission/CONOPs).

These changes lead to
changes in Capability
Definition.

Driver State Matrix

Problem 1

Solution

Repository identifies historical
probability of change in MDAP

== Software Engineering Institut cost drivers.




Repository: Analyze Existing Data to Model Program
Execution Uncertainties - 2

Materiel Solution Analysis Phase — Pre Milestone Estimate A

: 2. Reduce Cause and . 4. Calculate Cost
. 3. Assign
1 Cll?ae:;l:y Effect Relationships 9 Factor
Drivers & =31 via Dependency_ | Probabilities to Distributions f9r
States Structure Matrix BBN Model Program Execution
techniques Scenarios

Solution

5. Monte Carlo
; Simulation to

Compute Cost
Distribution

Conditional
-S>

The Materiel Solution of a
EEEEE NI NN NN NN NN NN NN NN EEEEN. AN NSNS NN NN NS NN EEEEEEEEEN global netWork Command and
control system anticipates a

Program Change

Reposito 1t Csht;?qtggéc V\Cfé?n @ _ possible change in Strategic
SRR ’ ﬁL@})\‘ L Vision which will include
[opes1|cond1 | conors| \fj{@fﬂr allied participation.
cond2 | System Del -
T - Ime‘:g% Sharing information with allies
cond 2| Prod uctio 70% of the time the creates new encryption
F22__jcond1 | Contreck Mission/CONOPS changes requirements (a change in
e Mission/CONOPs).
~ con - EEEEEEEEEEEEEEEEEEEEEEEEESR EEEEEEEEEEEEEEEEEEEEEEEEESR
<
Driver State Matrix  DSM Cause-Effect Matrix RepOSIt.Ory identifies
Problem 2 : cascading effects of
Solution | |SE 1| | D v change in MDAP cost —
LIS drivers.
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Repository: Analyze Existing Data to Model Program
Execution Uncertainties - 3

Materiel Solution Analysis Phase — Pre Milestone Estimate A

- 2. Reduce Cause and . 4. Calculate Cost
. 3.A .
1. Identify Effect Relationships =sign Factor 5. Monte Carlo

Change . Conditional P Simulation to
orvers & [P yaDependeney =31 probabiesto [P Dettulonsier [ Compute Cost
States techniques BBN Model Scenarios Distribution

Solution

The Materiel Solution of a
------------------------------------ g|0ba| network command and
control system anticipates a
possible change in Strategic
Vision which will include
allied participation.

Sharing information with allies
creates new encryption
requirements (a change in
Mission/CONOPs).

Joint Conditional These changes lead to
r— oy changes in Capability

Probabilities can be -__,_' Definition, which lead to cost
calculated for || impacts.
downstream changes.

Problem 2

Solution
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Create a Method for Connecting BBNs to Cost
Estimation Models - 1

Materlel Scolutlon Analysls Phase — Pre Mllestone Estimate A

1. Identify 2 HEILIE LILGEIT \ 3. Assign = SR S 5. Monte Carlo

Effect Relationships Factor
Change =1 via Dependency

- Probabiliesto [HP] _Distributions for Compute Cos
Problem 1 N A I '7 T ST "[ “Distribution
| J
Create a set of BBN outputs (green) which |
must be mapped to existing cost model e i =
Input parameters (red). BBN
Model

Why Hard? DoD uses hundreds of Cost
Estimation Relationships (CERs) and

models. Each use different data and —
definitions for the many cost model input e XL T L ' L s
parameters. COCOMO S -
_ _ Cost
DoD Need: Pre-Milestone A cost estimates podel _ :
need to incorporate uncertainty and Inputs Loofo -

cascading impacts of program change on
cost drivers.
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Create a Method for Connecting BBNs to Cost
Estimation Models - 2

Materlel Solution Analysls Phase — Pre Milestone Estimate A

1. Identify 2. Reduce Causeand 3. Assign 4. Calculate Cost 5, Monte Carlo
Change Effect Relationships Conditional Bietrim o simulation to
oriversa  [] ;'tan?ciﬁf:dﬁ';%x =3 Frobabilitesto [P Fr(;;r';muEl:::cSUg;n Ed Compute Cost
PrOb Ie 2 States techniques BBN Model ‘ SEETEnEe Distribution )

A repeatable method is needed to map
(red arrows) BBN change drivers

( ) to the new set of cost model oo —
inputs (green) . | e o
Why Hard? Several models are in use o B e[Sy
within the DoD and each program will Joo—e

need to produce its own specific i e NN
mapping.
DoD Need: Need high confidence in

the range of the estimate for budgeting

and efficient portfolio management. , g ca—
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Create a Method for Connecting BBNs to Cost
Estimation Models - 3

Materiel Solution Analysis Phase — Pre Nilestone Estimate A
2. Red C d 4. Calculate Cost PrOblem 1
Solution Changs || recnlatonsips Condidona e e Solution
rivers Sl robabilitiesto  [*P] Distributionsfor gy ompute Cos
oy tse‘:ﬁ‘r‘"igfes”aa* BN todel ) Dstribution (For each cost
model or CER)
Step 1: Understand Step 2: Group similar input
and analyze cost factors based on empirical
model input factors analysis in task 3. Step 3: Use empirical
analysis from Program
/ Y Change Repository as
Product Challenge factors (1=low...5=high) ()t()fSlSé:;noa:cpofiCéilLeal
COCOMO Parameter COCOMO Parameter XL|VL| L|N|H|VH|EH cc;.s.t model insut
Scale Fact PREC 1 3| 5
Scale Factors PREC cale ractors factors to scale (1...5)
FLEX FLEX 1] 2| 3/ 5 .
of newly-derived
RESL RESL | 1 3| 4 3 input factors
TEAM Effort Multipliers RCPX 1| 2| 3| 4| 5
PMAT PDIF 1 5
RUSE 1 3| 5
Effort Multipliers PERS
RCPX Project Challenge factors (1=low}..5=high)
PDIF COCOMO Parameter | XL|VL| L |N|H|VH|EH
PREX Scale Factors TEAM 1| 3| 5
ECIL PMAT 1 2| 3| 4| 5
RUSE Effort Multipliers PERS 1| 3| 5
DRFYX 1 2| 3| 4| 5
Repository informs appropriate range | 3 ° 1)
of cost model input parameters T
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Create a Method for Connecting BBNs to Cost
Estimation Models - 4

Materiel Solution Analysis Phase — Pre Milestone Estimate A

. 1. Identify 2. Reduce Cause and 3. Assign & ca'g:gfrc"s' 5. Monte Carlo
Solution onarcs [P] evenonsvnine 3| rromamiento [P]  Disvibutons for |3 - Smucten
States Matrix techniques BBN Model grsa;:nEatr::tlon Distribution
Retrospective #n L Problem 2
K - Solution
. Retrospective #2 (For each
. MDAP program
Retrospective #1 Prodim
e N After the cost model input factors
"o B o5 e (green) are derived, use empirical
Yy analysis of retrospectives from the
Sy il S Program Change Repository to
o _____Productc establish the appropriate mappings
Iy e (red arrows) of change drivers
— ( ) to cost model input
\ \ factors (green).
BBN supplies conditional probabilities ——
i -

to derived cost model input factors.
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Collaboration Opportunities

» Currently analyzing information gathered from an MDAP retrospective workshop
involving ASP participants — BBN in process.

e Upcoming second MDAP retrospective involves the CAIG Independent Cost Estimate
documentation and personnel.

» Catalog the calibrated mappings of BBN outputs to Cost Estimation models and make
available to the DoD cost community.

» Establish and maintain a repository to benchmark estimation accuracy as a function of
differences in estimation practices including use of QUELCE.

» Create documentation to guide the revision of a program specific BBN for re-estimation
during the life of the program.

* Engaged with AFCAA, ODASSA-CE and NCCA.

» Work with PARCA and CAPE to shadow live Independent Cost Estimate and/or
Program Assessment.

» Data analysis from expert judgment calibration experiments at Carnegie Mellon.
Further studies to follow with defense practitioners, graduate students, and faculty.

We are looking for opportunities to engage with a live action pre-Milestone A
program cost estimate.
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Challenges of “End Nodes”

Four basic nodes identified for CERSs.

» “Size:” each CER has a different sizing measure. BBN nodes that connect to
the size parameter may differ by CER.

* Product Challenge reflects the newness of the technology, the performance
requirements (KPIs) and dynamic complexity of the product.

* Project Challenge reflects the number of teams, locations, skills,
subcontractors and diversity of users.

 Program Challenge reflects the number of sponsors and interdependent
programs.

Delay is a program factor not covered by typical CERs. This kind of
delay causes an overall slip during which a high percentage of the burn-
rate continues but significantly less progress is achieved.

— Part goes end-of-life
— Subcontractor fails to perform and must be swapped
— GFE (or other resource) not available on time
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Benefits of Method in Use

Mitigation of select risks

* Since assumptions and consequences of change are more quickly and
clearly identified, mitigation can be applied to 1) reduce probability of change
or 2) mitigate effects at first impact.

Process Change

 Pilot program identified two process changes that could be employed to
reduce uncertainty. One moved a configuration decision much earlier in the
lifecycle. One added a step to early customer solicitation for a highly
customized product.

Improvement in Expert Judgment

» Results to date are positive when using general knowledge questions and
when using domain-specific questions.

* We do not have enough testing to know whether domain specific questions
produce better overall results.
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