Cost Risk Analysis
“Standards”

Alfred Smith, Dr. Shu-Ping Hu
13 April 2005

m [ 0s Angeles = Washington, D.C. = Boston = Chantilly = Huntsville = Dayton = Santa Barbara

m Albuquerque ® Colorado Springs ® Columbus = Ft. Meade = Ft. Monmouth = Montgomery ®mOgden ® Patuxent River ® Pensacola ® San Diego

m Charleston = Cleveland = Denver = New Orleans = Oklahoma City ® Silver Spring ® Warner Robins AFB  ® Vandenberg AFB




Objective

Describe a systematic simulation based cost risk analysis

approach demonstrating how to model:

e CER risk (including factor relationships)
e Configuration (cost driver) risk
e Correlation (Pearson product moment, not Spearman rank order)

B Propose standards to characterize and present the results

B Propose what needs to be “published” to bring
standardization to Cost Risk analysis independent of the
tool(s) selected

m Compare Crystal Ball, @Risk, ACE and FRisk to an
analytically solved case study and case studies for which
no analytical solution is feasible.

Previously presented to SCEA, AIAA, AFCAA, NAVSEA, USMC, NAVAIR , NASA CSG
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Outlhine

Setting the Stage: Overview of Existing Guidance

B Proposing a Process: A Six Step Cost Risk Analysis
“Standard” Approach
e Show how the NASA 12 Tenets are captured
e Focus on modeling cost risk, configuration risk and correlation
e Identify key decisions required to establish a standard approach

m Available Risk Simulation Tools:

e Crystal Ball, @Risk, and ACE RI$K all give the same results for
the same problem (including correlation application).

e How to ensure fair comparison across tools

B Concluding Observations
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Cost Risk Analysis Publications

® Risk Management Policies from DoD 5000.4-M Cost Analysis

Guidance and Procedures
http://acc.dau.mil/simplify/ev.php?I1D=6388 201&ID2=DO TOPIC

m Department of the Army Cost Analysis Manual May 2002
http://www.ceac.army.mil/ce/default.asp

m (Air Force) Cost Analysis Guidance And Procedures 1 October
1997

http://www.saffm.hqg.af.mil/afcaa/

B NASA Cost Estimating Handbook 2002

http://www.jsc.nasa.qov/bu2/NCEH/
http://www.jsc.nasa.qov/bu2/conferences/NCAS2004/index.htm

m FAA Life Cycle Cost Estimating Handbook v2 03 Jun 2002

http://Iwww.faa.gov/asd/ia-or/lccehb.htm

m Parametric Estimating Initiative (PEIl) Parametric Estimating

Handbook Spring 1999
http://www.ispa-cost.orqg/PEIWeb/newbook.htm

m Recent new AFCAA study by RAND. “Towards a Cost Risk
Analysis Policy”
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General Guidance that Is

heugh te lmplemenit

m “Areas of cost estimating uncertainty will be identified and
guantified.”

B “Areas of uncertainty, such as pending negotiations,
concurrency, schedule risk, performance requirements that
are not yet firm, appropriateness of analogous systems,
level of knowledge about support concepts, critical
assumptions, etc., should be presented.”

m “Uncertainty will be quantified by the use of probability
distributions or ranges of cost.”

B “Detailed back-up material will be provided.”

m “Experts disagree on the sources of uncertainty in systems
acquisition.”
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Seurces of Cost Estimating

Uneertainiby,

B Uncertainty commonly attempted in cost risk models:

Cost estimating relationship (CER) risk

Cost factors such as labor rates, labor rate burdens, etc

Configuration risk (variation in the technical descriptions driving the CERS)
Schedule and technical risk (in excess of that captured in the CER)
Correlation between risk distributions

B Uncertainty commonly missing in cost risk models:

12 April 2005

Potential for massive and frequent requirements changes

Budget Perturbations, Congressional actions

Re-work, and re-test phenomena

Contractual arrangements (contract type, prime/sub relationships, etc)
Potential for disaster (labor troubles, shuttle loss, satellite “falls over”, war, etc)
Probability that if a discrete event occurs it will invoke a project cost

NOT the subject of this presentation, even though NASA Tenet 8 requires it and
most DoD organizations want/need to see it captured in the estimate



NASA Coest Risk Analysis Tenets

1. subset of cost estimating, supports optimum project management
common set of risk and uncertainty definitions
3. joint activity between subject matter experts and cost analysts

Presentation Focus

4. CERrisk plus technical risk plus correlation
5. combine probabilistic and discrete technical risk assessments

6. probability distributions are justifiable, correlation levels based
on actual cost history

7. cost estimates are “likely-to-be” vice “as specified” for optimum credibility
account for all known variance sources and include provisions for uncertainty
. cost-risk can be an input to every cost estimate’s Cost Readiness Level (CRL);
10. integrates the quantification of cost-risk and schedule risk
11. decision makers need to know:
e How much money is in the estimate to cover risk events;
e To which WBS elements are they allocated; and,
e The confidence level of the estimate;
12. tons of stuff to be stored in the One NASA Cost Estimating (ONCE) database.

Index of most recent NASA cost risk papers: http://www.jsc.nasa.gov/bu2/conferences/NCAS2004/index.htm

Description of NASA cost risk tenets: http://www.jsc.nasa.gov/bu2/conferences/NCAS2004/presentations/2
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Common Cost Risk Analyst

@hservations

Analysts want to have...
m Clear guidance on how to conduct cost risk analysis
B Standard expectations for quality and completeness

m Consistent approaches for:
e Interpreting the point estimate CER (mean?, median? mode?, other?)
e Sensitivity analysis vs. stochastic analysis?
e Selecting a distribution and its bounds? Are there defaults?
e Defining dispersion and/or correlation
e Adjusting risk for schedule/technical concerns?
e Planned growth (i.e., weight, power, operational profile, etc margins).
e Risk allocation

e How to sum costs with differing confidence levels (think software +
hardware)

e What/how to present to managers (including BY vs. TY)

Analysts want to improve the quality of their risk
adjusted cost estimates in a more
productive/repeatable way.
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Since 1973

Six Step Cost Risk
Analysis Approach
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Cosit Risk Analysis Approeach

Step 1: Complete
the Point Estimate

Step 2. y Specify Risk

a.) CERs & Cost Throughputs (Cost Risk)

v

b.) Technical Inputs (Configuration Risk)

v

Unsatisfactory Results

c.) Schedule/Technical Considerations

v

d.) Review assumptions for consistency

Step 3: { Final Adjustments

\ 4

a.) Run the Simulation

v

b.) Measure correlation in the model
Apply additional correlation as required
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—»| Step 4: View & Interpret Results

v

Step 5: Allocate Risk

v

Step 6: Create BY/TY Charts
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WBS/CES Description |Appro| Unique ID | BASELIN . E quation / Throughput f".*e‘;" Units
Parload [F/L] Mon ReculSFCDC “P'a_l,llcual:ll $42,071 i |
Payload [48T SFCOC $7E41 7
Integration, Aszembly, T4SFCDC $E6R95* BE 880,764 + 0.159 = PLPME 1992 Fk.
Software Integration SFCOC $1.046% BE AFPLSWS
Payload PME MR SFCOC FLPME| $34.430°
PL Software SFCOC PLSW| $3.735° BE SWPPM$90.682+0.00006" 0c™.32]
Puointing Subsystem SFCDC $ 2h.480
Scan Mirror SFCOC $1.249% BE 70,215 * ScanMinarSea 008300 1992 FK.
Gimbal SFCOC £19.041 #
Gimbal Structure  |SFCOC $3.257*  BE 0215 * GimbalSheaft™0.8300 1992 $E.
totor Drive Electrof SFCDOC $852=° BE AB.033+23. 784 MotorDrvPodwt 1932 £k
LOS Computer SFCOC $7.785° BE 256,875 LosCamplrebft| 19592 Ek.
[k electronics SFCOC $7103*  BE 286873 IMUE lecDewt 1932 FK
FPapload Reference B4 SFCOC $5.130* BE 70.215 * BenchSwt™0.830 1992 F.
Thermal Contral Subsystd SFCDC $h26*"
Active SFCOC $2631* BE 205155 TCSActve TR 0LE3S 1992 L1
Pazzsive SFCOC $2584% BE 205.155*TCPass THW!t 0635 1992 F
*INPUT YARIABLES AM_AR
kanthly Saoftware developmed SFCOC SwPPME 21+ 200 2001 FK.
Software for payload SLOC Loz 80,000 * 30000
Scann Mirror weight ScanMirrorSteadt 23F 23
Girmbal structure weight GimbalStiat 73x 73
Girnbl Drive miokar weight bl atarD v Podint 11+ 11
Log Computer weight LosComplretst 23+ 23
[ wzight IMUElecDewt 2= 21
Senzor Optical bench weight BenchStriwt 128+ 128
Payload active thermal contro TCSActveT Hw't IE* 6
Payload pazzive thermal -:u:untrI TCFazaT hiwt KL 3

Elements of a Point Estimate:

R&D, Procurement, and O&S
Software, Hardware & Personnel
Inherent levels of indenture
Combination of methods:

» Engineering build-ups

 Linear/non-linear CERs

» Pass-throughs, etc.
CERs derived from historical data
CERs (Judgmental)
Inflation, learning, fee/overhead
Phased & non-phased variables
BY & TY phased results

Decision Required: Define what should
be addressed in a risk analysis (vs.
sensitivity analysis). (NASA Tenet 5.)
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m Objective Distribution Selection

e OLS CERs — produce the “mean” (also the
mode/median), error is normally distributed.

e Log Space OLS CERs - produce the “median”,
error is log-normal in unit space.

e MUPE CERs approximates the “mean”, where
the error is normally distributed.

B Subjective Distribution Selection

e Analysts will often declare that risk will be non-
symmetrical about the CER result.

e Risk on non-parametric CERs (analogy, build-

up, through-puts) are almost always subjective.

e Log-normal, weibull, or beta are popular to
avoid a sharp peakness around the mode with
at least some probability of a large overrun.

m Bounds
e Statistical analysis (objective)
e Expert Opinion (subjective)

12 April 2005

Fake Missile Data (Point Estimate SE = 44.5)
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Suggestion (NASA Tenet 6):

» Publish the objective distribution shape
for each regression technique.

» Define how to interpret the CER (mean
or median).

* Provide guidance on what to pick if there
is a basis to depart from the objective
shapes.

S
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Step 2.a: “Standard™” Distribution

Shapes andiBelnes

Probability Density Probability Density
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Bounds on Point Estimate Bounds on Point Estimate

Cumulative Probability Cumulative Probability
100% 100%
0% 4 [ Beta 90% -|
80% 1 |. .- - Triangular 80% 1 |———Beta
70% 1 Uniform 70% 4 |- - - - Triangular
60% 1 |=— = Normal 60% { |=———Uniform
50% 4 |=— =LogNormal 50% -
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0% 20% 40% 60% 80% 100%  120%  140%  160%  180%  200% 0% 20% 40% 60% 80% 100%  120%  140%  160%  180%  200%

Bounds on Point Estimate

m Plots compare different distribution shapes based on similar dispersion (CoV)

Suggestion: CoV — Coefficient of Variation

« Publish “standard” distribution shapes and bounds. = standard deviation/mean

» Develop tables for different distribution shapes by o symTETE e ns:

commodity. (Support for NASA Tenet 6) standard deviation/point estimate
12 April 2005 14




Step 2.a: Use Basic or Advanced

Wizanrds te set Shapes and Beunds

[, Input All Form

Phasing Method; I -I

~ Selected Row Move ltem———  Title: ISUFtware Integration
|15 j' & ﬁ}l N Unique 1D: I F'hasingWigald...l
_| + _| Equation/Throughput: Eunctians...
28 PLSW Ve
+ * Wariables...
W Include Children T CER LG, |

Summaryl FYInputsl Leamingl Beta  RISK |Defs |

| ze[3( e s (@] [ |

§ wBS/CES

§ Pavload [P/L) Mon Fiecuring
= E Pavioad [F/L] Non Recuring
= Payload 144T

0% 100%

=X
05

Paoint Est.

i Input All Form

Normal distribution with High Spread

E Painting Subsaysten g L . . o=
g ] : ) _ ~Selected Row—— [ Move ltem Title: Integration, Azsembly, Test and Checkout (14 Bhasing Method: I I
#- 8 Thermal Control Subsystern [ " NO Risk - Estimate represents the exact actual m * - I -
----- o "~ Estimate offers a close approximation of the actual ~ ¢ | _| > | Uniaue ID: | Phasing izard... |
§ INFUT ¥aRIABLES ¥ Estimate offers a rough approximation of the actual @ | Egggt;osTThurﬁtggghxpl;tLPME —Eunctions...
+ .
. - . ) Wariables...
" Estimate is likely more than the actual <& | =) | ¥ Inclue Chidhen w
" Estimate is lilkely less than the actual —
(" Estimate is likely a lot more than the actual ‘ ==l e 2| 4 |B(em|* | 1] | Summary | Adustmerts | FY Inputs | Leaming | Beta  RISK |DEC | Defs |14
" Estimate is likely a lot less than the actual § WBS/CES RISK Distrbution Form: Im Estimate: |3 6,595,374 (49%) *
" | have defined my own distribution specification § Pavload [FAL] Mon Recuring o }
= E Pavload [P/L] Mon Recuring - Distribution Attributes
. = E Payload 165T Enter low and high as absolute number or percentage (ending with %).
< i | ¥ Undo Bedo Advanced Cloze Help o nibly, Test o Low: |35.3‘3¢ High: |164.?‘3:,
e wsElinicaiation Session’s default interpretation is 10.0% for low and 50.0% for high.
Z Payload PME MR
o PL Software Low Interp: I W% High Intemp: I %
E Puointing Subsystem Defines the probability level {.e., percentile) to interpret the
#-F Themal Contral Subsystem [ loww value of the risk distribution. This input field accepts I .I
- percentage values between 0 and 40.
§ INPUT WARIABLES Adj Std Em: I (Used for Log Normal distribution.)
Use optional groupings to define comelations between rows.
1D: I Gp ID... | Strength: I
— Schedule/Technology Penalty
. Optional penalty factor applied to
Penaty: | high end of distribution.
ral | ] Yl Undo | Fedo | Bazic | Cloze Help |
12 April 2005 -




Point estimate reflects “median” for lognormal, “mode” for all others.
Right click to choose distribution and “default” spread/skew

Permit dispersion to be specified such that distributions scale with sensitivity
analysis....ie bounds that are a % of the point estimate, log SE for log-normal or

CoV

WES/CES Description ”"I'g“f’ BASELINE Equation / Throughput [i':tF::::' Spread L“'EE':‘I"' t‘;: o ﬂ'lg*,‘l o
Pavload [P/L] Hon Recumng *Fayload $ 42,071 [36%) *
Payload [A4T $ 7641 [43%) b edium
[ntegration, Szzembly, Test an $ 6595 [44%) - ga0. 764 + 0,159 * PLPME Momal | High 30.3%  1B4.7E
Software [ntegration $1.046 [40%) = 2FPLSW Mormal Lo
Payload PME MR PLPME $ 34,430 [35%) *
PL Saftware PLSW $3.735(38%]* SwPPM$90.682+0.00006*Lac™1.32 LogMomal 25
Fointing Subsystemn $ 25,480 [36%) * Beta - Beta
Scan Mimor $ 1,249 [453%) = 70,215 * ScanMirorStrat 0,830 '2"3""':"""-3' : '2"1 Mormal 1% 1626%
Gimbal $19,041 (36%) * Momral . Noreal
Gimbal Stucture $ 3.257 [45%) 70.215 * GimbalStewt"0.830| Triangular - Triangular 3% 1B1%
batar Drive Electronics $ 892 [46%) 416.033+23. 754" otarD rvPodwt| Lniform - Unifarm 1% 174.9%
LOS Computer § 7.755 [42%] - 256, 87 LosCompDew P eodl - el L7 1943
MU electronics 7108 [42%) 2hb 873 MUE lecDeiwt Mormal RX 195%
Favload Reference Bench $5.190 [45%) 70.215 * BenchStiw/t™0.830 Mormal 406% 159.4%
Thermal Contral Subsystem [T $h.215([44%)
Active $ 2631 [45%) ¢ 205.155*T CSActiveT hwt 0635 Marmal 8% 1B42%
Pazsive $ 2 R84 [45%) 205.155*TCPazsThw't"0.635 Marmal WL 1B43%

B Bracketed numbers in Baseline column reports point estimate confidence level

12 April 2005
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Step 2.1: Configuration Risk

m Focus is now on the cost drivers (risk or sensitivity analysis?)

m Frequent sources of cost risk: learning slope, lines of code
count, weight, composite labor rates, etc. assumptions
®m Modeling considerations:
e Do CER inputs represent design goals or include allowable margin?

e Do CER inputs represent the mode/mean/median (normal error) or
median (log-normal error) or some other percentile value?

e Are only discrete sets of CER inputs permissible (i.e. is it inappropriate
to model them with continuous risk distributions)?

e Can CER inputs be functionally linked? For instance, can airframe
weight be estimated from the engine weight?

Suggestion: NAFCOM permits analysts to assign distributions to the
inputs. Publish “default” input variable interpretation, distribution shapes, and

bounds based upon commodity type.
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Step 2.c: Schedule/Technical

Conslderations

B Estimating methods capture some “nominal” schedule/technical
cost impact (contributes to regression error term?).

e Compare the project you are estimating to the CER source data.

e Realistically assess the degree to which the schedule and technical
considerations compare to the CER source.

B CERs, estimating methods, analogy and expert opinion estimating
processes are influenced by past, real projects.

m Difficult to isolate schedule from technical cost impacts. Many
approaches assess the impact together.

B Subjective assessment.

Decision Required:
Develop a default method for adjusting risk distributions to capture
schedule and technical considerations:
» Parametric approach - penalty factor, additional distribution, etc
* Employ schedule and EVM experts to explicitly model the schedule risk
(NASA Tenet 10).
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Step 2.d Review for

WBS/CES Description U™ | BASELINE Equation 7 Throughput | Disttbull g, o 5 | LoaNor b ow or ﬂ'lﬂg: o
Pavload [F/L] Mon Recurring| *Payload § 42.071,316 [43%)
Fayload |A&T $ ¥ 641,056 [48%]
Integration, Szzembly, Test ar § B.0095.274 [48%)* ab0.¥E4 + 0159 * PLPME Mormal 3% 1BATE
Software Integration $1.045 632 [B1&%) " 2EPLEW Marmal Lo
Fayload PME MR PLPME | % 24,430,260 [42%]) F
FL Saftware PLSWw $ 3,734 580 [50%) * SWPPM$0.652+0.00006*Loc™.32) Logkarmal 25
Fointing Subsystem $ 20,430,382 [42%]) ¢
Scan Mirrar $ 1,243 665 [49%) ® 70.215 * ScaninorS st ™0.830 Mormal IF4% 16ZE%E
Girmbal $19.041,374 [42%) ¢
Gimbal Structure % 3,256,640 [49%] 70.215 * GimbalStradt™0.830 Maormal 39 161%
kator Drive Electionics § 392,443 [48%] ¢ 416.033+23 784" M atorDrvPodwt Mormal 2471%  174.9%
LOS Caomptiker $ 7784 BO7 [45%) 7 2hE 875 LozCompl et M armal RV 1894.3%
MU electronics F 7007 684 [40%)* 206875 IMUE lecD et Mormal A 195%
Favload Reference Bench $ 5,190,344 [49%) ® 70.215 * BenchStiwt™0.830 Mormal 406% 159.4%
Thermal Contral Subszpstemn [T $ 5215297 [49%) 7
Bictive % 2.630,971 [49%] 205155 TCSActve T hiw't"0.635 Maormal 30.8% 164.2%
Fazzsive [Risk by bounds) § 2,584,326 [B0%] 205.155*T CPazsT hiw't "0.635 Marmal B 140%
I ( Fazsive [Risk by CoY] $ 2.584,326 [A0%] 205.155*T CPazsT hiw't "0.635 Maormal| 3127 1
CBOH] QD Point E stimate Mean Std Dev | Co¥ 3.0 10.0% 20.0% 30.0% 35.0%
same answer Level Level Level Level Level
\ Fazzive [Rizk by boundz] | § 2,584,326 [B0%) § 2586628 $803,312 03106 § 1,263,791 $1.,663,904 §20586.075 §35.618,312 § 3,911,289
! Pazzive [Rizk by Cov) $ 20084 326 (60%) 2586627 $803.288) 03105 £1.263,892 $1.004.177 §25680,161 § 3,618,310 £ 3,911,401

12 April 2005

Bounds expressed as % of point estimate or CoV (unitless):
e Scale with changes to the point estimate
* Provide a consistent basis for comparison
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Step 3a: Run the Simulation

m Simulation tool results are influenced by:

Interpretation of point estimate

Truncation assumption (do you allow cost, weight, etc risk to go negative?)
Number of iterations

If using Latin Hypercube [LHC], the number of partitions

Random seed (impossible to be consistent between tools. Some tools at
least provides for consistency across different machines and different
versions)

m When the above assumptions are consistent (as far as possible),
Crystal Ball, @Risk, ACE and FRisk all produce similar results.

12 April 2005

Decision Required:
m |dentify acceptable risk simulation tools
m Provide guidance on how they should be applied

m Periodically publish “common errors” as new
versions are released

20



Step 3b: Correlation

Measure the correlation already present due to modeling
relationships to determine if correlation needs to be adjusted

m Modeling considerations often overlooked when trying to
assess the correlation already present in the cost model

e Functional relationships between the input variables

e Functional relationships between WBS elements

e More than one CER sharing same risk-adjusted input variable.
(example: same risk adjusted learning slope variable driving more
than one WBS element)

e Simulation tool bias (i.e. how random seeds are generated).

®m [nput variable functional relationships can be simulated using
correlation (i.e.: cause structure weight to “move with”
payload weight)

12 April 2005 21
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$42,071 [36%) $48.955 $15793) 032

Row How
14- Row | Row 19:
WBS/CES Inteqr 51 ?t ':J?I'_ & can
_atiun, :rn" Cnflw HMirror
14  |Integration, Azsembly, Test an 1.00 Q.07 .03 005
15 Saoftware Integration 1.DD 0.0z
17 PL Software 1.00 0.m -0. ) -0. -0. )
19  [Scan Miror 100 002 0.m 0.05 0.03 0.03 ooz 003
21 Gimbal Structure 1.00 0.01 0.01 -0.01 0.03 o4 003
22 Motor Drive Electronics -0.02 010 -0.01 .oz -0.06
23 |LOS Computer Paint 1.00 0.0z no4 003 0.0z
24 |IMU electionics Estﬁ::;te Mean |StdDey| CoV 100 000 003 005
25 Fayload Aeference Ben 1.00 noo 004
27  |Active 1.00 000
28  |Passive $ 42,001 [29%] $£48673  $10.876 0.22 1.00
wosrces |, 10| e | R | O | S | B | A | ow | 527 | Ao |
s [ Sote | P | i |Snbe | By 05 | (MU 24" |actve i
14 [Intearation, Assembly, Test and  1.00 nza .31 032 035 03 047 0.45 028 0.35 035
15 | Software Integration 100051 023 024 023 U U 024 026 025
17 |FL Software 1.00 nia 020 INE; 020 019 019 0.20 020
19  |Scan Mirar 1.00 020 0.21 023 022 020 022 020
21 Gimbal Structure 1.00 0.20 023 022 .21 022 020
22  |Motor Drive Electronics 1.nn 023 0. N2z N2z 021
23 |LOS Computer 1.00 022 023 022 022
24 |IMU electronics Point Mean Std CoV 100 023 023 022
25 |Payload Reference Bench E stimate Dev 1000 022 023
27 |Active 1.00 023
28 Fazzive 1.00

Pearson Product
moment correlation
measured by
capturing results
from every iteration

(Excel CORREL
function can be
used to validate)

Define intention
when “injecting”
correlation.
Correlation after
layering an
additional 20%

across all
elements
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M RISK Grouping and Correlation

Selected Grouping
Group ID: |CER

Hew | Delete |

=

- Alter the azsigned strengths to produce the desired correlation matrix.
-Enter a "D" for a row's strength to define it as the daminant item in the group.
- Pleaze naote: The comelation matrix does not take into account functional correlations.

Abllity to layer additional
correlation across selected WBS
or cost driver elements (or a

Add Rowe... Bemove Row Azzign Comelation af: | 0.z b I d f b th
WEBS/CES Description Total Strength | 14 15 17 19 21 22 23 24 A= e n O 0 )
14 |Integration, Aszembly, Test $ 6,595 (44%) = 4472| 1.000) 0200 02000 02000 02000 02000 02000 0.200f O
15 | Software Integration $ 1,046 [40%) * 472 1.000) 02000 0200
17 | PL Software $ 3,735 (38%) - 4472 1.000 0.200
19 | Scan Minor $1.249 (45%) - 4472 1.000
21 | Gimbal Structure 43,257 [45%]) 4472
22 |Mator Drive Electronics $ 832 [48?] * 4472 S e ; In this example, pair wise
23 |LOS Computer $ 7 765 [42%) ¢ 4472 .
24 | IMU electrorics $7108[422)% 4472 Group D: | Hew Dekte | cOrrelations are entered based
25 |Payload Refersnce Bench | $5.190(453%)% 4472 L | relative to Software. All other
3; ﬁ:z:iie : gggl {:g:ﬂ : ::;g - Alter the aszsigned strengths bo produce the desired cormelation matris. cross correlations are estimated
—’—‘ - - - | -Enter a "D for a row's strength to define it as the dominant iter in the group, by ACE. Some ana'YStS want
- Pleaze niote: The correlation matris does not take into account functional correlations. ablllty to “tweak” each cross
| A . — correlation.
dd Row... Bemove Raw J Azzign Comrelation of: J 03 7
S h AC E . I _f. WERS/CES Description Total Strength | 56 57 53 /@V Eﬁﬁ 1 E2 K] B4 || =
d b 56 |Antenna 50.0000 (20%) = 0.70| 1.000] 0490] 0430 J#420 0.560[ 0490 0560 0700
Ort CUt use y SI m p I Ies 57 |Electronics 92.0000 (20%) * 0.70 1.000] 043¢ 042p0450) 0560 0430/ 05600 0700
58 | Stucture 76.0000 (39%) * 0.70 10| pA20| 0490) 0560] 0490 05600 0700
the entry effo rt and Speeds the 59 |LV Adaptor 18.0000 (50%) * 0.E0 / 1000 04200 0480 04200 04800 OEO0
. . £0 | Pawer Distribution 54,0000 (20%) * 0.70 y4 1.000| 05600 0,490 0.560( 0700
d g1 |ACS/RCS 58.0000 (50%) * 0.80 1.000{ 0560[ 0640 0200
SI m u Iatl O n - H Owever m any WO u I £2 | Thermal Control 22.0000 (20%) * 0.70 1.000{ 0,560 0700
H g3 |TT&C 20.0000 (50%) = 0.80 1.000{ 0800
like to have complete control over | —isiws: 00500 ol
] »
every element. To date, ACE o || i |
Government SPONSOors are not — : _ _ _
tivated to fund thi bilit but Decisions Required: Define how correlation should be applied.
motivated 1o Tun IS ablli y...ou Decide if you should allow the user to “turn off” functional
are not OppOSGd _ correlation.
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View and Interpret

Point 10.0% | 50.0% | 90.0% | 95.0%

WBS/LES E stimate Mean Level Level Level Level
Favload [F/L) Mon Recurring 42,08 $ 49,0688 % 'I?AEG' D.EE' 22111 $26437 $47.830 %70.39600 % 73.692
Fayload [&&T 7R [H5L) $9.3500 $£65372 067 $2241 $3250  $8534 f£16.434) $£18.946
Inteqgration, Azsembly, Test anf $6595 [44%) $8126 $5113 063 $1.325% $2316 $7.339 #1506 $17.155
Software Integration $1.046 (41%]  $1.224 $473 039 £ BOT 708 $1.143 $1.841) $2095
Fapload PME MR $34.430(35%]) $39.718 $125975 033 $18868 f$:22420 $39.297 $56530 %61.649
FL Saftware £ 3730 @8] $£4317 $132370 0322 $2457 $2726  $4.961 $ROB1) $£R935
Fointing Subszystem $20.480(37%] $29.7684 $11158 037 $12340 $15083 329523 44450 § 49257

m Risk analysis will give context to the point estimate

m CoV (Stdev/Mean), confidence of the point estimate (PEcl) and quartile
range are useful measures of the overall risk in the cost model (Tenet 9).
m Observations in DoD Estimates:
e Estimates rich in parametric CERs: 15%<CoV<45%, and 5%<PEcI<30%
e Estimates rich in build-up methods: 5%<CoV<15%, and 30%<PEcl<45%

Suggestion: Identify reasonable, commodity-based metrics the
analyst can use to assess the completeness and possibly the
guality of the risk analysis as it is being developed. NASA has

| done so with the CRL concept.
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Step 5: Allecate Risk

Confidence level results do not add

e Mathematicians are quite happy with this result, budget folks are not.
Results must:

e Be phased in both BY (constant year) and TY$ (real dollars?)

e Addup

Selection of level from which to allocate risk has a significant impact on total

Many issues must be resolved to define a phased, risk allocation method that
yields consistent BY and TY results

Problem is very much exacerbated if policy requires some elements to be at
one confidence level (i.e. 80%) and others at another (i.e. 50%)

Phasing assumptions will have significant impact on TY risk results.

Decision Required:

m Choose a “default” risk allocation approach, including how the cost
risk dollars should be phased along with acceptable alternatives

m  Define how to deal with elements that are at different CLs

Cost models should be flexible enough to phase the risk dollars
consistent with the program managers risk mitigation plans

25




Conseguence of an

Allecated Risk Report:

g ACE 6.1 - [NASA USCM7 Simple Example Jul04.acw - BY Phased Costs (FY2003 SK, Time Ph... | __'X_
ﬂ File Edit Workscreen Calc Tools Window Help - 0 x
DEH Sh =B 7
|
Cost Element Approp Total FY 2005 Y 2006 FY 2007 FY 2008 ;|
* Baze ear of Calculation 2003
* Time of Calculation 0%:26:17
* Date of Calculation 20ul2004
* System Inflation Table for Calcula 04, 29/4PR /2004
* Rizk Iterations 10000
* Rizk Calculation Confidence Lewve il
* Rizk Allocation 2WEBS Elements»
* Time ACE Seszion Last Saved 2351:26
" Date ACE Session Last Saved 13 ul2004
Pavload [FAL] Non Recurring SFCON $5E.873[~71%) > $ 37152 £ 10,443 $8.849 £ 422
Payload 14T SFCOC :511-07]' A — 2 panT TEoTT
Integration, Azzembly, Test ar,  SFCDC $ 9,795 [70%) § 3,977 -
Saftware Inteqration SFCDC $1.381 [B9%) $ 782 $ 34
Payload PME MR SFCDC| % 45,6597 [70%) $5.912 $2518 $115
PL Saftware SFCDC $ 4,755 [E8%) $ 2495 $ 2.260
Painting Subspstem SFCDC|)  $ 34372 [BEX) $ 34,372
Scan Mirrar SFCDC $1.612[6E%) $1.612
Girnbal SFCDC) % 26161 [BEX) % 26.161
Gimbal Structure SFCOC $ 4.040[63%) $4.040
Matar Drive Electronics SFCDC F1.125[63%) $1.125
LOS Computer SFCDC)  $10.,963 [63%) $10,963
ML electronics SFCOC) 410,033 [64%) $10,033
Payload Reference Bench SFCDC $ 6,599 [B6X) $ 6,599
Thermal Contral Subspstem [T) SFCDC $ B.570[EE) £ 205 $ 3652 $2518 £115
Active SFCOC $ 3,325 [EBX) $144 $1.848 $1.274 $E3
Paszive SFCDC F3.245 [BEX) 141 $1.804 $1.244 357 -
| oF
L N

12 April 2005

In this example, risk
funds managed from
the 2nd [evel (70%)

Total project dollars
required are greater
than 70% CL overall

All numbers “add”
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E3 Microsoft Fxcel - TestTwo Stage Liquid Statistics v1.xls M [=1E3 icrosoft Excel - Book1

= Edit.\lrl et e e BOST e e fep dmmwrtmoioon rewx 2] Ele Edit Vew Insert Format Tools POST Data  Window Help Acrobat . - . X
-= 9 = :
REPORT_TI... 'Jv f Saturday. 256 September 2004, 9:54 pm o 0 ' . . X
C | o - I E T F I : T " |3 ELEMCENlT_Z___ - 3 RI;BK Statistics in 12 bmsI _ : _ : _ : . : _
i EJ::IHCETZ?UI‘;L LS S s L A s S Gk T |+ RISKChartfor BASELINE in Antenna Demo Corr For SCEA 04 613.acw =]
6|  [Sziursay s sepemberzove sEepm ] % ?:;‘:d': 8222;0%504 055
7 | & | ", pril 056 pm
E RI$K Chart % RI$K Chart
o] EN
Kl BASELINE &N e
13 Total En Total
| 14 | Calculated with 10000 iterations 14 | Calculated with 10000 iterations
e 100% - %
17 90% - Ka
% o 80% o
% S 70% | 20| n 5
2] | § o% el 5
% E 50% = § g
25| 5 a0 4 25 | g ;;
% g 30% - % % Plot Area %
(28| 20% - 26 | : 2
29 =
50 10% - =]
31 0% EN
% 538,364 5103364 5123364 5148364 5168364 5138384 5208364 5228364 - |2 S o e e 4w
33 3 N N S S S N ;
3_3; BY 2004 $K % & %Q,sg s?“""}‘ %\nﬁf %@g? & %é;a %Q.:L &é‘sf: %é\ﬁs s-‘?$ .;;53‘:\9’ |
[ 36| Cumulative Distribution Function —f3—Fuint Estimate % BY 2004 $K
37 e m- e | o7 |
% " :{:‘;ncoﬂﬁdence Level 50% Confidence Level % mmm Frobability Histogram == Cumulative Distribution Function
% C::: || A Parent | o ~| «Previous Next » ' i CF:::' | arsen [tow | Previous el Jﬂ
W 4 v W.RISK Chart (1) / RISK Cha | «| | _,”—‘ M 4 » W[\ RISK Chart (1) { RISK Chart { Sheet1 { Sheet2 |« | |
Decision Required:
m Identify the standard charts and their contents to be presented to
man agement.
m Ensure consistent x and y-axis arrangements.
H e . .
m Determine “if” a TY S-curve should be presented and if so, define the process
y
to be used (Sep 04, Army funded such a study and a solution is at hand).
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Benefits ofi Clear Guidance

Default positions could establish minimum guidance &
expectations for cost risk analysis — not a cookbook

No need to “over specify” the guidance

Advanced analysts will still develop sophisticated
models to deal with exceptional circumstances

Establishing a “standard process” will:

e Focus analyst’s attention on “building” the risk adjusted
estimate rather than determining “how” to build it

e Enable more risk analysis practitioners to “do” cost risk
analysis with confidence
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Compare Cost Risk Tool

Results

What are the risk tools and which should | choose?

m Crystal Ball, @Risk, ACE RI$K and FRisk results
are compared.... Not their usability or suitability.

B Two case studies examined (SCEA paper has three):

e Published, simple and analytically solved case study
(SCEA paper June 04, Reference 5).

e Second example is based upon a more “realistic” cost
model that cannot be solved analytically (Reference 7).

m |f handled properly, all tools produce similar total
cost distribution results even when correlation is
applied.
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Case Study Page CE V - 80

SCEA liraining Manue2i

Equation/ : Point Analytic| ACE CB @Risk

WBS Throughput Distrn | Lower Estimate Upper Stdev | Stdev | Stdev | Stdev
Electronic System 6.015 6.013 6.026 5.998
PMP 12.50 Normal 12.500 2.569 2.570 2.569 2.569
SEPM 0.5*PMP 6.250 1.285 1.285 1.284 1.285
Sys Test & Evaluation 4.706 0.811 0.811 0.812 0.809
Sys Test & Eval 0.3125*PMP 3.906 0.803 0.803 0.803 0.803
Management Resen 0.80 Uniform 0.6 0.800 1.0 0.115 0.116 0.115 0.115
Data and Tech Orders| 0.1*PMP 1.250 0.257 0.257 0.257 0.257
Site Survey & Activatio| 6.60 Tiangular 51 6.600 12.1 1.505 1.505 1.505 1.505
Initial Spares 0.1*PMP 1.250 0.257 0.257 0.257 0.257
System Warranty 1.10 Uniform 0.9 1.100 1.3 0.115 0.116 0.115 0.115
Early Prototype Phase 1.50 Triangular 1.0 1.500 2.4 0.290 0.290 0.290 0.290
Operations Supt 1.20 Triangular 0.9 1.200 1.6 0.143 0.143 0.143 0.143
System Training 0.25*PMP 3.125 0.642 0.643 0.642 0.642

m Combination of throughput and factor relationships
m No risk applied to the factors
m PMP drives about 70% of the model result, so 70% of the risk is

modeled with a normal distribution making it reasonable that the
total cost is likely to be normally distributed.

B Sys Test & Eval has an additive risk which is unusual in cost risk
analysis. We generally assume the risk scales with the estimate.
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_L- Use this scale if you wish to show that all

models are not bad (FRisk is a little off

Frequency

77 Outliers

Frequency Chart

ppear “normal”.

Forecast: System Total

10,000 Trials

Aungeqoid

at the total level). Note that the simulation tool

because it assumes a log-normal distribution
total result does a

—

SCEA Case Study

«

95%

90%

50%
Confidence Level

10%

B Analytic

5%

$60

$50
$40

Comparing Tool Percentile to Analytic for the SCEA Case Study

50% 60% 70% 80% 90% 100%

40%

1—e—ACE
—a—CB

—@— ACE Diff Seed

20% 30%

10%

1.00%

0.80% -

0.60% -

0.40% -

0.20% -

0.00% -

-0.20%
0.40%

0.60% | —&— @RISk

-080% | —— FRisk

0%

-1.00% -

>

» Use this scale if you wish to show

there are in fact differences amongst

the models.

 However, note that the scale is so

that simply changing the

magnified

initial seed value (ACE is shown, but
all behave the same) noticeably

changes the results!
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=] C ] E H | K W1 ] o F ] R b T il
4 1000 Iterations, L atin Hyper-Cube Comparison
1 Standard Deviation Mean 95th Perce
E WEBSICES Description Inique | Eqn FY | Low | High Risk Simulation CEB ACE ACE:CEB CB ACE ACE-CB CEB ACE
7 |Space System MR $ea0454.07] $157627  $ieaade .44 $533 747 3523507 -no4x] sa7asT [gaTEza
g Program Management!System:s Engingd PMSE 1487 [PLME-SChE] 084 1992 4680 15320 $78.844 48] 450,241 $50.417 0.362] $£99408 $89430 003 #124.204  $134 262
a Fawvload [FIL] Mon Becurring FLMNFR $125,385.99] 457295 56634 -2l 142,375 F42 118 018 $244 566 $242 EBH
0 Fayload 14T $18,7EE.74] $14.536 F14,1280 -2 48 22762 #22E58 -0.41%]  #50,100 49,210
1 Inteqration, fissembly, Test and Checkout (14 250,764 - 0.155 * PLPIME| 1332] a5.30m] tea70x $17,959.81 14,050 $21526 $47.867
12 Software Integration Z2EPLSW| 2001 a0 120 $806.493 #3934 #1132 #1882
13 Fayload FIME ME FLFME FI0EE22.25] 45801  f44 542 -2 T7hl #13.523 13461 S004) 202048 200,086
14 Optical Telescope Assembly [OTA #4517 65 $£3,945 $3.975 0,75 $9,896 $49.882 =014 #16.816 $16,872
15 Structure 70.216 " OTASTRWT 0.820] 1992 #1.90% $6.215.42 $2.955 $6.295 $1E55
16 Electrical 2BEEBE4"OTAELECTR 0.YEY| 1992 1460 $3,302.23 #2034 $3.588 $7.274
17 Fainting Subsystem $22.887 14 $8,04E $3.063 2482 #2474 $24732 S0.01] 40582 40863
13 Scan Mirror T0.216 " SCANMIBRORSTRW T 0.830| 1982 3740 F1121.58 $EEE $5E5 -0.25% #1144 1,145 0,08 F2162 $2.154
1 Gimbal $Ini0348| $rrae gTems a0zz] smas gz ooz ganroe gommsr
20 Gimbal Structure 0215 GIMBALSTRWT 0.830] 1392 38
21 Motor DOrive Electronics H1E.033.: 23 TR MOTORDORYPCDWT| 1982 2610 Crystal B al | I m p | em entat | 0 n
22 LOS Computer ZREATALOSCOMPTUDEWT| 1982 670
s INLL el erztrnices PRR ATRIMLPRATINF W T | 1347 Lo i . i .
M4 b ¥ USCM 7 @Risk * CERs are multiplied by risk distribution
assumptions (green cells)
File Edit Wiew Insert Format Tools Data Window Help Acrobat
- » Forecast cells must drive functional
u7 - A 875281 relationships
" ¥ Z | AA | AB | AC | AD | AE | AF | AG | AH | Al | AJ | AK | AL | AM | AN | A
e Correlation matrix permits eXp|ICI'[
assumptions
z % ¢ g @ & 3§ z g 2 & 5 £ B & =2 L o2 2 £ ¥ T 2 3 4 & @ g 8
g 2 5§ £ 8 ¥ £ B & = 4§ § g £ @B ® ¢ & ® & ¢ g £ & T BT T T E

1| aPMSE [ tooo] ozoo] ozoo[ ozoo] o.zoo] ozoo| ozoo] ozoo] ozeo] ozoo] ozoo] o.200] ozoo| ozoo| n2oo[ o.zoo] o.2o0] ozoo] ozoo] oze0] ozeo] ozoo[ o200 ozoo] ozoo] ozoo] ozoo] ozeo] ozo

2| alATC 1oo0| ozoo| ozoo| ozoo ozoo| ozoo| ozoo| ozoo] ozoo| oeoo] ozoo| ozoo| ozoo| ozoo| ozoo| ozoo| ozoo| ozoo| ozeo| ozoo| oeoo| ozoo| ozoo| ozoo| ozoo| oeoo| ozoo| ozo

3| aSoftint 1000 02000 02000 02000 02000 02000 02000 0200| 0200) 0200) 02000 0200 0200 0200 0200 0200 0200 02000 02000 0200 02000 0200 0200 0200 0200 0200 020

4| aDTStu tooof ozoo] ozoof ozoo] ozoof ozo0] ozoo| ozo0] ozoo| ozoof ozoo| ozoo| ozoo| ozoo oz2oo] ozoo| ozoo| ozoo ozo0| ozoo| ozoo] ozool ozoo| ozoo| ozoo| ozo

Al aOTEle: 1000 0.200{ 0200f 0200f 02000 0200] 0200] 0200] 02000 0.200] 0200] 0200 0200] 0200] 0200] 02000 02000 02000 02000 0200f 0200f 0200f o200 o200 020

E| aScanMl 1.000] 0.200] 0200f 0200{ 0200{ 0200 0200 O0200{ 0200 0200| 0200f 0.200] 0.200] 0200] 0.200] 0.200] 0.200] 0.200{ 0.200] 0.200] 0200] 0200{ 0200{ 020

Tl aGimStu 1000f 0z200f 02000 0200] 0200] 0200] 02000 02000 0200] 0200 0200 0200 0200 02000 02000 02000 02000 0200f 0200f o200 o200 o200 020

g aGimMDE 1000 0200 0200 0200 0200 0200 0.200] 0200] 0.200) 0.200] 0.200] 0200] 0.200] 0200] 0200 0200{ 0200{ 0200 0200f 0.200f 0.200] 0.20

Al aGimLOsc 1000 0200 0200( 0200 0200 0200 0200f 0.200) 0.200] 0.200) 0.200] 0.200] 0.200] 0.200] 0.200] 0.200] 0200] 0200{ 0200{ 0200f 020

10| aGEimirad 1000( 0.200( 0.200( 0.200{ 0200 0200 0200{ 0.200{ 0.200{ 0200{ 0200] 0200] 0200 0200 0.200] 0.200] 0.200] 0.200] 0200 IJ.2IJv

4 4 v W Compare % USCM 7 CB/ @RISK Correlations £ USCM 7 @Risk £ REPORT (4) £ |4 | Sl
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For ecast: Space System

10,000 Trids

Anpiqeqo.g

Compare ACE, CB & @Risk 95th

10,000 LHC lterations

7 < 5
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EEE

0 g
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Config R sk, Config

CER R k Confg CER Risk, Config CER Risk, CER Corr,
Risk, Config Corr

CER Risk

m More than 30 linear, non-linear, throughput CERs and 30 input values

m Compared total cost result at the 95t

percentile based upon a

systematic layering of correlation assumptions
m All three tools produce remarkably similar results in each scenario.
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Comparing Risk Tooels

m |f you are consistent with:

How to interpret the point estimate

Number of iterations.

If using Latin Hypercube [LHC], the number of partitions.
Inflation, learning, and other modeled adjustments.

How functional correlations are modeled

Distribution shape and bound assumptions.

Truncation assumptions.

m If you follow the tool developer’s recommendation for
Inputting correlation:

Crystal Ball, @Risk and ACE will give results well
within the simulation tool error band.
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ACEIT Is Structured to Automate

the Estimating Epvirenment

KNOWLEDGE BASES

T
—

ACE Estimating
WBS Structures

\

structure
specify methodo

B

ACE Cost Estimating
Relationships (CERS)

Web CER Libraries

~

- s
CER
ipa

FCHR, CDSR,
e
n work
red wn structure

ng end normalization
normalized cost reports ACFEIT

attach supporting
S ACDB

automated cost database

EoI

Couyright © 19872004 Tecatite Researih, irs.

copyin quﬂ? tables
raw indices 4 cp|T
welfedinaices Inflation
Jrstarnenn  Editor
iy p—

Comrgte #1103 101 i

12 April 2005

documentation

risk analysis
custom reports

cost modeling
breakdown structure
cost

inflation/adjustments

Ieaming phasing ACEIT

ACE

automated cost estimator

traceability
sensitivity analysis
AOA, LCC, TOC analysis

Copyright ©1992-2003 Tecolote Research, Inc.
This program is protected by US and international copyright laws as described in Help About.

cnlln:l‘m;:ﬁ:'e nnm::.r.rr
AIM
N
& o s v ~
N
Rt e Plug-Ins & Clients
Fatistical analysis (MS Project, PRICE H,
oot SEER SEM, Excel,
ooz ACEIT System Design,
“;E};Lﬁi""‘"""““ S..?.‘,?:.I:ﬁ;rmnn Engineering, etC.) //
- J

Capyright ©1551-3080

Tosalein Resnsnh, bus.

= &) =
i on f
!lbr% base year
share
custom then ACEIT
i ACEIT hted indi, ™,
wles " ACEIT 20255 Inflation
Admin ki Utility
sl (witminintratar YieTT
Copyrass @987 SO0 Tovmiy Brmres b Copwraghn @ 15002000 Turmintn Senearh, i

Results
(BY, TY, Phased,
What-ifs, budget,
Risk, etc.)

Cost Estimate
Documentation
(Narrative Report)

ﬁ

!ﬁ! ‘and dice inputs/outputs
Case Comparison - delta analysis
What If Case Management
interactive, rapid reporting
Dynamic Drill Down,
Phased and Risk Charts

CAIV, cost category
ACEIT

& adhoc reports P o ST

Auto Create/Update
program office support tool

PowerPoint,
Word

Tecolote Research, Inc.

Copyright ©2002 -2003
This program is protected by US and international capyright laws as des(rlbwelp Aboyt.

A Y

COSTAT & Inflation Utility available standalone
ACE CERs not included in Demo and Export versions
KnWS available separately
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Descrption | BASELINE | L0 | o mut | Sione | o Form | Low % | High % | SPread | Skew
44 Procurement $ 56,633 [26%) % Prock
45 b arnufacturing £ 41,543 [30%]) ¢ Manuf$
45 Mon Recuring $ hle [25%] * L rifarm gl 200
47 Recuming 41,037 [30%)] ¢
48 Mizzile $ 23,607 [37%) ¢ B4.59 = \wWigt ~ 0.764 LogMarmal  87.29% 114.56%
49 Antenna $ 15,156 [29%] * Antd 02808 = Aper ™ 1,244 LogMarmal  85.5% 116.9%
50 |nteqgration § 2273 [26%) 7 : Beta Medium  Right
51 SE/PM 10,024 [37%) - 0.2413*M MNormal  54.2%  145.8%
g2 Other F 5.0ER [10%] 7 Tnangular 100% 2005
57
59 |Antenna Lming Slope . 0.0[EF7E]* AntSlp | rifarmm g5 100
Same risk adjusted slope variable for missile/antenna. | o vuen Worry over
possible
WEBS/CES %?w '1'1‘_" '1“5‘_"' '1?,-‘."' HE"JIW 80.0% Level und ere§t| mated
Total | pyocu| Manu | Recu SE/P correlation
37 |Total 100 090 090 090 0ES  $177.979.07
44 Frocurement 1000 097 0487 0.80 F91.714.58
45 bl araf acturin 1.000  1.00 [.EE % 67 BEE.4E
47 | Becuring ° 100 (EE % BEB,224.04 = No ap parent
43 Mizzile 0.56 $ 3563872 concern over
Antenna (TEm 2 : :
;g [ntegration 054 $4.793.61 pOSSIbIe EXCESSIVE
51 SE/PM 100 $17645.23 correlation
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SoS/CES | saseume |Umau|  Eauatin s | Cuve |Disibutio | Low o | Hioh ot 5prcad ko

44 Frocurerment $REEIINEE)"  Proct

45 b arfacturing £ 843 [A1E) ) Manufd

45 Mon Recurring $h06 [23%)F R00 I rifarmmn a0 2005

47 Recurring 41,037 [22%)

48 Mizzile $ 23607 [37%) B4.59 =gt " 0.764 LogMormal| 87.29%  114.56%

49 Antenna £15,166 [29%) Antd 03808 = Aper ™ 1,244 LogMormal 85.5%) 1168.9%

[01] |ntegration $ 2273 [2BE]F 0. 154Nt Beta Mediurn  Right
51 SE/FM $10.024 [34%) = 02413 * Man Marmal  54.2%  145.8%

52 Other $ 5065 10%) * an Triarugular 100% 200%

AT

59  |Antenna Lrning Slope W0EFE]Y Antslp a0 Iriform 25 100

60 tizzile Lrring Slope | 0.0 [37%] 4 Mizz5lp a0 I rifarm ata) 100
Need separate slope variable for the missile. * Missile/ Antenna

correlation now 0.
How Row How
sss | 57 | o | | e | A [T | | B | n |
Total Procu | Manuf | Becur H'ﬂﬂ'l Anten [Integr EE:P ° ReC cost IS now

37 | Total 100 086 085 085 033 082 073 061 $173.903.81 590 |ess.

44 Procurement 100 09 09 053] 07| 068 077 $57.84843 LA

45 Manufan::t.uring 100 100 062 073) 071 058 $6444932 Decisions Required:

47 Hecl..un.ng 1.00 06 073] 071 053 $E3EBER Define Correlation Strength
48 Mizzile 1.000  0ooy -001 036 §235.457.46 « Strong (.9?)

49 ﬂntenr‘@ .00y 087 046 §E28.166E2 . Moderate (.6?)

50 Integration 1.00 042 $4.79861 . Weak (.2?)

51 SE/PM 1.00 $17.29313 When to apply?




Impact on on llotal Cost by, Layering

RISKASSUmMPLHIGRS

100%

Confidence Level

10%

0%

90% -

80% -

70% -

60% -

50% -

40% -

30% -

Impact of Risk and Correlation Assumptions on Total System Cost

20% +

E

- = = = Point Estimate
— — — NoRiskOnWBSRiskOnlInputs
—— RiskOnWBSNoRiskOnInputs
—&—— RiskOnWBSRiskOnlInputs
—<— CorOnWBSRiskOnlInputs
—+— CorOnWBSCorOninputs+LowWBS
CorOnWBSCorOninputs+LowAllElse

,,,,,,,,,,,,,,,,,,,,,,,

A\l

In this model, the impact of
correlating the Gimbal elements is
insignificant. Applying 20% across

all remaining WBS elements and
inputs increases the cost result at
80% by 12%. The CoV of the final
result is 35%.

$350,000 $400,000 $450,000 $500,000 $550,000 $600,000 $650,000 $700,000 $750,000 $800,000

FY2003 $K
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Applying risk to the CERs and inputs in
ACE, before layering correlation, captures
most of the risk. Forcing an additional
20% correlation across all WBS elements
(other than the Gimbal) does have a
significant impact in this model.

Although the CoV of the final result is
35%, it might be excessive. To force even
a 20% correlation across all elements is
contrary to correlation studies on some
datasets.
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