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Outline

Setting the Stage: Overview of DoD Risk Guidance
Six Step Cost Risk Analysis Approach

e Focus on costrisk, configuration risk and correlation

Demonstrate that Crystal Ball, @RISK, FRisk and ACE
RI$SK risk tools give the same results for the same
problem (including correlation application).

Concluding Observations

Copyright © 2004 Tecolote Research, Inc.
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Cosit Risk Analysis Publications

Risk Management Policies from DoD 5000.4-M Cost Analysis

Guidance and Procedures
http://acc.dau.mil/simplify/ev.php?ID=6388 201&I1D2=D0O TOPIC

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

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

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

NASA Cost Estimating Handbook 2002
http://www.|sc.nasa.qoVv/bu2/NCEH/

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

FAA Life Cycle Cost Estimating Handbook v2 03 Jun 2002

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

Parametric Estimating Initiative (PEI) Parametric Estimating

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

Copyright © 2004 Tecolote Research, Inc. 4
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Common Cost Risk Analyst

@hservations

Analysts want...
m Clear guidance on how to conduct cost risk analysis
m 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 BY vs. TY presentation

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

12/2/2004 Copyright © 2004 Tecolote Research, Inc. 5
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Six Step Cost Risk

Analysis Approach

tegrationTes!

oarational Test and Evakdion




Definitions and Sources of

Cosit RISk and Cesit: Uncertainiby

B Risk stems from a known probability distribution

Cost estimating methodology risk

Cost factors such as inflation, labor rates, labor rate burdens, etc
Configuration risk (variation in the technical inputs)

Schedule and technical risk

Correlation between risk distributions

m Uncertainty stems from an unknown probability distribution
Potential for massive 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

12/2/2004 Copyright © 2004 Tecolote Research, Inc. 7



Cosit Risk Analysis Approach

Step 1: Create the
Point Estimate

Step 2: Specify Risk
h 4

a.) CERs & Cost Throughputs (Cost Risk)

Step 3: Run the Simulation

v

!

b.) Technical Inputs (Configuration Risk)

v

Step 4: View & Interpret Results

c.) Schedule/Technical Considerations

l

v

d.) Measure correlation in the model

Step 5: Allocate Risk

Apply additional correlation as required

v

v

e.) Review assumptions for consistency T

Step 6: Create BY/TY Charts

12/2/2004
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WBS/CES Description |Appro| Unique ID |[BASELIN | ' E quation / Throughput Fiscal | ) its
o = sing Year . . .
Pavload (P7L) Non Recu| SFLOC “Payload] § 42071 Elements of a Point Estimate:
Payload 45T SFCDC $7EM
Integration, &ssembly, Td SFCDC $6595° BE ssn7es+ 0159+ PLeME 1932 sk | © R&D, Procurement, and O&S
Software |ntegration SFCOC $1.046= BE 2EPLS W
Payload PME NF: SFCOC PLPME 34,430~ » Software, Hardware & Personnel
PL Software SFCOC PLSw| $3735* BE SWPPM$0E682+0 00006 oc™1.32) .
Pairting Subsystem | SFCDC § 25,480 - e Inherent levels of indenture
Scan Mirror SFCOC $1.249*  BE 70,215 * ScanMinarSteat 008300 1992 FK A .
Gimbal SFCOC $13.041 e Combination of methods:
Girnbal Structure |SFCDC $3.257%  BE T0.215 * GimbalSteat"0.8300 1992 L34 . . .
Matar Drive Electral SFCDC $892%  BE  416.033+23 754'MotoDrPodwt 1992 € * Engineering build-ups
LOS Computer SFCDC $7.785  BE 256878 LosCompDietat 1992 $E : :
MU electronice  |SFCDC $7.108= BE 206,878 IMUElecD et 1992 £ ¢ LI near/non-l Inear CERS
Fayload Reference Bq SFCOC $5.130* BE 70.215 * BenchStiwit"0.830 1992 $K. ° PaSS'th roug hS, etC.
Thermal Control Subsystd SFCOC $h215*
Active SFCDC $2631* BE 205.155*TCSActveTHWIE 0635 1992 | o CERS derlved from hlstorlcal data
Passive SFCDC $ 2584 BE 205.155*TCPazsThwt " 0LE3S 1992 44
SIHNPUT YARIABLES *|N_WAR ’ CERS (JUdgmental)
b onthly Software developmed SFCDC SWPPME $21* 200 200 | o |nﬂat|0n . Iearn”’]g’ fee/overhead
Software for papload SLOC Loc  20.000= 20000
Scann Mirrar weight ScanbimorStiat 23 23 ° Phased & non_phased Varlables
Gimbal ztructure weight GimbalSriat 73 3
Gimbl Drive mokor weight M otarD rePodidt 1= 1 e BY&TY phased results
Loz Computer weight LosCompDietat 23+ 23
[MLI vueight IMUE lecDewt a1 21
Sengor Optical bench weight BenchSint 128+ 128
Payload active thermal contra TCSActiveT hiw't IE* 36
Payload pazsive thermal n::n:-ntrI TCPazzT hiw't 5= 35

12/2/2004
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Decision Required: Define what should
be addressed in a risk analysis (vs.

sensitivity analysis).
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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 usually produce the “mean”,
where 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)

121212004 Copyright © 2004 Tecolote RESEaTCT, e,

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

» 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.

)
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Step 2.a: Define “Standard™

Ristribution Shapes and Beunds

Probability Density Probability Density
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Suggestion:

» Publish “standard” distribution shapes and bounds.

» Develop tables for different distribution shapes by
commodity.

12/2/2004 Copyright © 2004 Tecolote Research, Inc. 1



Step 2.: Configuration Risk

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

B Frequent sources of cost risk: learning slope, lines of code
count, weight, composite labor rates, etc. assumptions

B 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
iInappropriate 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: Publish “default” input variable interpretation, distribution shapes,
and bounds based upon commodity type.

12/2/2004 Copyright © 2004 Tecolote Research, Inc. 12
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Step 2.c:. Schedule/Technical

Conslderations

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

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

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

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

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

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.

Copyright © 2004 Tecolote Research, Inc. 13



Step 2.d: Correlation

B 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. (Most common: learning slope).

e Same CER used in multiple places in the cost model.

e Same phased buy quantity applied to multiple cost
elements.

B Measure to determine if more correlation is required.

12/2/2004 Copyright © 2004 Tecolote Research, Inc. 14



Measure Correlation Present In

IE::" Row | How BI;W Row FIE%W Row | How Hzgw Row | How
WES/CES 1w | 17 - | 21: - | 23 | 24 - | 27 | ze:
Intear | o tiw | PL | 3290 | Gimba | Motor | o5 Active | Passiv
.ﬂtlﬂﬂ, are Cnflhw Mirror 1 P."?E Cnm B
14 |Inteqgration, dszembly, Test an 1.00 0oz 0.08 0.05 011 0.04 ) ) ) .02 .02
15 |Software Integration 100090 o0z o004 o007 ol 003 oot Measured
17 |PL Software 100 o0l o0l 003 000 a0 400 003 000
19 |Scan Mior 1000 002 001 005 0023 002 002 003 Pearson product
21 |Gimbal Stucture 100 ool oM 0o 003 004 003 moment
22 kotar Drive Electronics -0.02 010 0.0 0.03 0.08 .
23 |LOS Camputer e 100 ooz oos oo ooz correlation
24 |IMU electronics E stimate Hean Cid Dev CoY 1.00 000 003 -005
25 |Payload Reference Ben 1.00 Q.00 -0.04
27 |Active 100 000
28  |Passive 42071 [29%) $48673 $10.826 0.22 1.00
wosrces | 00| e | R | 35 | B | 5 | B | Bow | B2 | o | Ao
MeO'| Softw | PL | 323" | Gimba | Mo | 1gs | i | P2le | aciive | Passiv
. - are O nflw (s 1 P."‘"' Comn mlr ] ﬂl_:' = .
14 (reaston fesmb Tostod 00 0@ 03 0m 0% 0d oe e lom om ox Correlation after
15 | Software Intearation 100_051] 023 024 05 W& U@ 024 025 025 layering an
17 | PL Software 100 018 020 018 020 019 013 020 020 -
19 | Scan Mimar 1000 oz oz o0z o0z oz o0z oz additional 20%
21 | Gimbal Structure 1000 020 022 022 021 022 020
22 kMator Orive Electronics 10 023 0.2 0.2z .22 0.2 acCross a”
23 |LDS Computer _ 100 022 023 02 02 glements
24 |IMU electionics Point Mean Std CoV 1.000 023 023 022
25 |Payload Reference Bench E ztimate Dev 100 022 023
27 |Active 100 023
28 |Passive $42.071 [36%)| $ 46,955 $15,793] 032 1.00

12/2/2004 Copyright © 2004 Tecolote Research, Inc. 15
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WBS5/CES Uniqu Equation /£ Curve | Distnibutio | Low or | High or

Deszcrnption BASELINE e |D T hroughput Slope n Form Low ¥ | High % apread | Skew
44 Frocurement $BEE3F[ZEE]*  Prock
45 b anufacturing $ 41,543 [30%)° Manui$
45 Mon Recuring $ 006 [23%] - R00 Uniform a0 200%
47 Recurmming F41.037 [30%)] -
45 Mizzile $ 23607 [37%) ¢ £4.59 *'wgt ™ 0.7645 LogMomal 87 .239% 114.56%
49 Antenna $ 15,156 [29%)] ¢ Antd 03808 = Aper " 1.244  AntSlp LogMomal 8553 116.9%
B0 |rtegration 22732657 015Nt Beta Medum  Right
51 SE/PM F10,024 (375~ 024137 Manuff Momal  54.2%  145.8%
52 Other $ 5065 [10%) * A000 Triangular 100% 2007
57
89 |Anternna Lming Slope . 0.0[37%]* Antslp a0 L rifarm =ia) 100

Same risk adjusted slope variable for missile/antenna. | o vucn worry over
possible
Row Row Row I
WBS/CES a7, | R [ Raw | Row | as: [ Ro® | Ro® | ‘51 | 80.0x Level d nderes_tl mated
Total F‘mc-:u Har;u Flec;u Missil Anten Inte-gu SE:P Correlatlon
37 |Totl 100 090 090 090 ' 0E8  $177.979.07
44 Procurement 1000 097 0497 0.a0 $91.714 53
45 b arfacturning 1.00  1.00 0.6R % 67 BREE.46
47 | Recuring 1.00 0.66 % 6E6.884.04 No apparent

48 Mizszile 056  $35EB38.72 concern over
49 Bntenna Iy 2 : :
1] [Hteqgration 0.54 $4.798.81 pOSSIbI? EXCESSIVE
A1 SE/Ph 1.00 317 645,23 Correlatlon

16



Removing Unintentional

WwWBS/CES Uniqu E quation / Curve | Distributio | Low or | High or
Dezcrnption strELL]E e IEI Tl?mughput Slope n Form Low X High = SfpuEsi | Sl

44 Procurement $HEE3318%)*  Proct

45 b arnfacturing 41 843 1A1E) . Manufd

45 Mon Recurring §B06 [23%) - _00 I rifarri a0 2007

47 Fecurmng 47,037 [22%)

48 Missile $ 23,607 [37%) * 64.59 gt ~ 0.7649 MissSlp] LogNomal 87.29% 11456%

49 Antenna $ 15,156 [29%) Artd 0.3808 = Aper ™ 1.244  AntSlp LogMormal,  85.5%  116.9%

RO [Rtegration 2273 [26%)F 0. 15%ntE Beta tMedium  Right
51 SE/FM £ 10,024 [34%) 7 02413 * Manuf$ Momal  54.2% 0 145.8%

52 Other $ 5065 [10%] * A000 Triangular 100% 200%

57

89  |Antenna Lming Slope 0.0 [3F%]*  AntSlp alll Iniform a5 100

&0 Mizzile Lining Slope | 0.0 [37%]* MizzSip a0 I rifarmm ata) 100
Need separate slope variable for the missile. * Missile/ Antenna

correlation now O.
How How Row
wsres |7 | e | ) o | A7 e | | B p00% |
Total Procu | Manuf | Recur H'ﬂﬂ'l Anten [Integr SE:P ¢ ReC cost Is now

37  |Total 100 086 085 08 033 082 073 061 $17390381 59 less.

44 Pracurement 1.00 095 09 089 075 083 077 $87.84549 //

45 b anufacturing 100 100 062 073) 071 058 $6444932 . L

A7 Recurting 100062 078] 071 058 geaesegd | Decisions Required:

48 Mizsile 100 ool -0 03 g35457.4¢ | Define Correlation Strength
49 Frierna TOD| 087 046 §28166.22 * Strong (.97)

50 Integration 100 042  $4.79861 * Moderate (.67)

51 SE/PM 100 $17.295.13 * Weak (.27)

When to apply?
12/2/2004 Copyright © 2004 Tecolote Research, Inc. l




Step 2.e Review for

12/2/2004

Easier to understand
» Scale with changes to the point estimate
* Provides a consistent basis for comparison

WBS/CES Description | Unique ID | BASELINE Equation / Throughput Distibull | 5, 05q | LooNor | Low of ﬂ'fg";‘ % | Groupin (roup
Pavload [P/L] Hon HEBUIIinE *Payload § 42071 [36%) =
Payload 1&%&T $ 7641 [43%) 7
Inteqration, Aszembly, Test an $ 6095 (443 = 250,764 + 0,153 = PLPME Harmal I 164 TE CER Ad472
Software Inteqgration $1.046 [40%) - AAPLSW Mormal Lo CER 4472
Payload PME MR PLPME |3 34, 430[35%) #
PL Software PLSW  §3.735(38%) " SWPPM$(0.682+0.00006*Loc™.32) LogMormal .25 CER 472
Fainting Subsystem $ 20,480 [36%]
Scan Mirrar $1.249(48%) = 70.215 * ScankimarShtat 0,330 Marmal JEFIE: e | Y o CER Ad72
Girnbal $19,047 [36%]
Gimbal Structure $ 2267 (483 ¢ 70.215 * GimbalStew't 0,830 Mormal 9% 161% CER 472
kd ator Dirive Electronics £ 992 [4B%) * A1E.0233+23.75450 atorD P odiwt MHarmal 2h1% 1749% CER 4472
LOS Computer $7.7BR (427 286, 878 LozsCompDretat Marmal 7% 1843% CER AdT2
MU electranics $708 [42%) - 256 87 IMUE lecD etwt Marrmal BX 195% CER A47e
Papload Reference Bench $5.190 [45%) - 70.215 * BenchShiwt 0,830 Mormal 406% 159.4% CER 4472
Themmal Contral Subsystem [T $ 0215 445 ¢
Active $ 26831 (48%) " 205155 TCSActiveT Ha/t 0,635 Mormal J08% 1Bd2% CER A472
Paszzive $ 2584 [45%) = 205,155 T CPazsT hwt 0635 Marrmal ATE 1Bl 3% CER A47e
*INPUT YARIABLES M _WAR
b anthly Software development cos S PPhA % e 20
Software for payload SLOC Loc 280,000 [32%) = 20000 Triangular a0 130% [nputs 04472
Scann Mirror weight S canbdirmon bt 23[32E) 7 23 Tnangular 0% 130% [nputs 04472
Gimbal structure weight GimbalS it FA[32E) ¢ 73 Triangular 0% 130% [nputs 04472
Gimbl Crive motar weight katarDirePodat 11 [32%) * 11 Triangular 0= 130% [Hputs 04472
Loz Computer weight LozCompD e'wit 23[32E) " 23 Tnangular 0% 130% Inputs 04472
[t weight [MUElecDewt 23277 21 Tnangular 0% 130% [nputs 04472
Sensor Ophical bench weight BenchSthat (RRRE) * 1280 Tramoilar ans 100% Liaru b 04473
Fayload active thermal contral wgt TCSActveT Huwt BOU nds expressed as 0/0 Of p0| nt esti mate are:
Fayload passive thermal contral w4 TCPazaThwt

U T

TPYTTYTTC

OTT

TITTOT
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Step 3:; Run the Simulation

B Simulation tool results are influenced by:
e Interpretation of point estimate
Truncation assumption
Number of iterations
If using Latin Hypercube [LHC], the number of partitions
Random seed

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

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

12/2/2004 Copyright © 2004 Tecolote Research, Inc. 19



View and Interpret

—~
WBS /CES ehont | Mean |suped{cov) S0% | 100X | S0.0% | 90.0% | 96.0%

Pavload [P/L] Mon Recuring $ 4208 $ 49,068 $17.4930 0360 422111 $ 26,437 $47.830 $70960 4 79,692
Payload 148T 7B (8] $93850  $5372 057 $2241 $£3250  $8534 $164334 $18,946
Inteqgration, Assembly, Test any  $6.595 (44%)  $8126 $5113 0EB3] $1.325 $2316 $7.329 $15.016 $17.155
Saftware Integration $1.046 (%) $£1.224 $478 039 £ 601 7028 $1.143 %1841 F2.095
Fayload PME MA F234.400(35%] $39.718 $12975 0353 $13.863 $22420 $39.297 $HEHB0 % E1.649
PL Software $3.730(38%) $4.37  $1.371 032 $2457 $272%  $4161  $E081 6935
Painting Subsystem $20.480(37%) $29.764 $11.158 037 $12.340 $15.083 $29528 $44.450 449,257

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.

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

done so with the CRL concept.
121212004 COPYTO © 2007 TeConE Reoearcm, e, 20




Step 5: Allecate Risk

m 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

m Significant issues must be resolved to define a phased, risk
allocation method with consistent BY and TY results (where TY
inflation rates are developed from assumed spend profiles)

m Phasing assumptions will have significant impact on TY results.

Decision Required:

B Choose the “standard” risk allocation approach, including how the
cost risk dollars should be phased.

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

12/2/2004 Copyright © 2004 Tecolote Research, Inc. 21



Allocated Risk Report

CE 6.1 - S SC Simple Example JulO4.acw - ased Costs 3 5K, Time Ph...
%AFE 6.1 - [HASA USCM7 Simple Ex le Jul(4 BY Phased C FY2003 SK, Ti Ph = [[E] ][]
ﬁ File Edit Workscoreen Calc Tools Window Help - 8 x

DeHd SR =B ?
|

Cost Element Approp Total FY 2005 Y 2006 Y 2007 FY 2008 :I
* Baze ear of Calculation 2003
* Time of Calculation 092617
* Date of Calculation 20Jul2004
* System Inflation T able for Calcula 04, 29/4PR/2004
* Rigk. [terations 10000
* Rigk Calculation Confidence Levwe 70
* Risk Allocation 2WWES Elements:
* Time ACE Session Last Saved 2351:26
*Date ACE Seszion Last Saved 132004 . .
[ |
Pavload [PAL] Man Recuring SFCDC $86.873[~71%) $ 37152 $10.449 $9.849 § 422 I n t h I S eX am p I e 1 r I S k
Payload 4T SFCOC  $11.175 [70%) e R Foao]
Integration, Aszembly, Test arn SFCDC $ 9,795 [70%) $3.977 c fu n d S m an ag ed fro m
Software Integration SFCDC $1.2381 [B9%) $ 782 $ 38 nd 0
FPayload PME ME SFCDC % 45637 [70%) $2518 115 th e 2 I evel (70 /0)
FL Software SFCDC $ 4,755 [68%) %2495 $ 2,260
Painting Subspstem SFCDC 4 34,372 (BE%) $ 34,372 1
Scan Mirrar SFCDC $1.612 [BEX) $1612 ] TOta’I prOJ eCt dOI IarS
Gimbal SFCDC % 26161 [BE%) % 26161 :
Gimbal Structure SFCDC $ 4,040 [B3%) $4.040 r eq u I red ar e g r eat er
Matar Dirive Electronics SFCOC $1.125 [63%) $1.125
LOS Computer SFODC $10963(63%)|  $10.963 than 70% CL overall
MU electronics SFCDC 410,033 [(B4%) $10,023
Papload Reference Bench SFCDC % B,599 [6E%) $E6.599 1 ”
Thermal Contral Subspstem [T SFCDC $ 6,570 [68%) $ 285 $ 3652 $2518 £115 u AI | n u m b erS ad d
Active SFCDC $ 3,325 [BB%) %144 $1.848 $1.274 $88
Pazzive SFCDC $ 3,245 [BR%) $141 $1.804 $1.244 $57| 1=
| b
[ um w

12/2/2004 Copyright © 2004 Tecolote Research, Inc. 22



@ File Edit View Insert Format Tools POST Data Window Help Acrobat
-~/ 0 o
REFPORT_TI - # Saturday, 25 September 2004, 9:54 pm ° ﬁ R .
T | o [ E I F I 3 I ] I j ELEMENT 2. = # RISK Statistics in 12 bins

4 RISK Chart for BASELINE in Antenna Demo Corr For SCEA 04 614.acw . |RI $K Chart for BASELINE in Antonna Dermo COIT| for ;{:Emlmm ;_acw| BT 5

5 Costs in BY 2004 SK |+ |

6 IS::JrnI;z 2% September 2002, 9:54 pm | = SRRl AL
7| B Thursday, 29 April 2004, 10:56 pm
1 7
% S SE g RI$K Chart
| 10 EE

11 T
X BASELINE _:‘2 BASELINE
K= Total KB Total

14 Calculated with 10000 iterations B Caleulated with 10000 iterations

15 e |
| 19 | 15
16 19%% 1 N 1005
L] 90% 12 ‘1
| 18| 1 30

19 n 80% 4 1| 80x¢
% o 70% - 20 Iy g &
| 21 ] ] 2 o ‘8
22 3 60% 1 22 s - g
23 o 50% - 55 T e 3
24 i 24 2 e z
25 £ 40% 4 25 S -
26 E 26 g 40 H
| § 0 2NN R Potueal | 3
28 20% 28 =] £
29 0% 29 O a0

30 ) L& 0%

31 0% I i
% $38,364 5108364 $128364 5148364 $168,364 5188364 3208364 5228364 - % ks

B A 4 . e AP : A 4 v

a BY 2004 $K a4 F g PLANC & 4.:??’ & I g

35 [ 35 | S AT RS ST R -
36 Cumulative Distribution Function —fF—Puoint Estimate % BY 2004 $K
El - W -Mean —#—50% Confidence Level o

38 80% Confidence Level % mmm Frobabiliy Histogram == Cumulative Distribution Function

39 * ]

40 Row | aPaen [row =] = Frevious Nex e 40 e v| «Previous Het -
41 Case | oy &= -
W 4 » W[} RISK Chart (1) { RI5K Cha |« | _.”J W « » w\RISK Chart (1) { RI3K Chart f Sheetl / Sheet2 | «| |

Decision Required:

m Identify the standard charts and their contents to be presented to
management.

Ensure consistent x and y-axis arrangements.

Determine “if” a TY S-curve should be presented and if so, define
the process to be used.
Copyright © 2004 Tecolote Research, Inc. 23
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Compare
Cost Risk Tools
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Compare Cost Risk Tool

Resulits

®m \What are the risk tools and which should | choose?

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

B One case study examined (SCEA paper has three):

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

e Example is based upon a more “realistic” cost model
(Reference 7).

m |f handled properly, all tools produce similar total
cost distribution results.

12/2/2004 Copyright © 2004 Tecolote Research, Inc. 25



E C 3] E H [ K m I ] F o R S T u
4 1000 Iterations, Latin Hyper-Cube Comparison .
|3 Standard Deviation Mean 95th Perce
E WEBSICES Description Inique i Eqn FY | Low | High Risk Simulation CEB ACE ACE:CB CEB ACE ACE-CB CEB ACE
7 |Space System MR $480,484.07] 157627 $188.445 D44] 533747 $533537 04| serasm [gaTaes
& |_Program Management#Systems Engind PMSE 1437 [PLMR-SCHR0GH| 1992] a6e0x] tsszox 00| greatdds| #5024 450417 0as] $oad0s  gEada0 00| $1s4.204  $134.262
9 | Pavload [FiL) Mon Recurring PLMR: #126,308.98) 457295 455604 2atw| #2375 gMang 013| $244565 242,655
10 Fayload 18&T gin7ee7d| #1453 430 245 graTEr $22ERR 04| gm0I00  gdmE0
1 Integration, Assembly, Test and Checkaout (1 GE0.764 + 0155 " PLPME| 1292 35.30%] 164.70% $17,959.51 $14,060 $21526 $4T.563
12 Software Inteqration 2ePLSW| 20m|  som|  tenm £205.93 $293 #1132 #1882
13 Fayload PME NE PLPME $I0EE2226| 45801 44542 275 $MaET #1946 04| gz0z04s 200,086
14 Optical Telescope Azzembly [OTA $O5ITEE| 33945 32978 075 eeses  gosse 00| $esE gEsTE
15 Strusture 70216 T OTASTRWT 0.830) 1902] Hamx] 15a10m $6.215.42 $2,985 $6,295 $11,655
16 Electrical 256,664 DTAELECTR 0.761] 1992 14.50x| 195.40 $3,302.23 $2,039 £2.538 $7.279
17 Fointing Subsystem [ [ aergera] smses g90en sasn] a7 gmeren oot 085 pa08e2
18 Siean Mirrar 70,215 * SCANMIERORSTRW T 0.820] 1992] 27.40m| 5260 g6 sEes $EES 025l #1144 $1ME (INIE:E IR - v LT
1 Gimbal ] §lR 048 s $rass aozn] geaE gean wozn] gaeToe  geease
20 Gimbal Structure 70215 " GIMEBALSTRWT 0.830] 1992 9w 161 $2,925.21) #1461 $2.932 $5.627
21 Motor Drive Electronics $16.033+22. 754 MOTORDRYPCOWT | 1992] 26105 174905 $E01.62 $432 $346 $1,600
22 LS Computer 256978 LOSCOMPTUDEWT| 92 &70m| 194.30m $6,992.34 $4,335 £7.472 $15, 212
i} IBALL electrmnics REATANIMLIPRAATIIOR WTI 1392 R 14R% +F 204 3 44 447 72N +1R 4RR
M 4 » M|\ Compare % WSCM 7 CB/ @RISK Correlations 4 USCM 7 @Risk 4 REPORT (4 n
Ed Microsoft Excel - 4 USCM7 CER Risk, CER Corr, Config Risk, Config Corr CrystalBall AtRisk Apr04.xls M=
File Edit Wiew Insert Format Tools Data Window Help Acrobat - . 3 X
[
i - A 875281
" N z el AE AC AD AE aF AG aH Al Al Ak AL Ak Al AO AP AL el 3] Pt AT ALl A A A At AZ E& BBT
o w
& o w B %ﬂ g & i b B %.:. o
w w g w - [} . = o - @ 2 4 H o 2 2
= = 9 F z & 3 £ 9 2 & 5 E B g =2 b g M ¥ OB 2 2 J ¢ & & o @
3 # 7§ £ = & = B & & 4§ § § £ @B ®» 8§ § & & ¢ =¥ F & T 3 3 T E
4 1| aPIMSE | 1000 0200 0200( 0200 0200 0200 0200 0200 0200 02000 0.200) 0.200) 0.200) 0.200| 02000 0200] 0200] 0200 0200 O0200( 0200 0200( 0z00( 0200 0200 0.200| 0.200( 0.200f 0.20
L] 2| alATC 1000 0200 0200( 0200 0200 0200 Q200 0200 0200 02000 0200 0.200) 0.200) 02000 02000 0.200] 0200 0200 0200( 0200 0200( 0200( 0200 0200 0200 0200 0.200( 0.20
[ 3| aSoftint 1000( 0200 02001 0200 0200 02001 02001 0200 02000 0200) 0200) 0200 0200 0200 0200 0200 0200 0200 0200 0200 0200 0200 02000 0200 0200 0200 020
T 4| a00TSkry 1000( 0200f 02000 02000 0200 02000 02000 0200] 0200] 0200] 0200] 02000 0200] 02000 0200 0200 0200 0200 02000 02000 02000 02000 0200f o200f o200 020
g 8| a0OTElec 1000 0.200] 0.200] 0200{ 0200 0200 0200 0200( 0200 0.200) 0.200f 0.200) 0.200] 0.200) 0.200] 0.200] 0200] 0.200] 0.200] 0200 0200 0200{ 0200{ 0200{ 020
a E|aScanh 1000 0.200] 0200f 0200{ 0200 02000 0200( 0200 0200 0.200f 0.200f 0.200] 0.200] 0.200) 0200] 0.200] 0.200] 0.200] 0.200{ 0200{ 0200] O0z00f O200f 020
10 7| aGimStru 10000 0z00f 0200] 0200f 0200] 0200] 0200] 0200] 0200] 02000 02000 0200 0200 0200 0200 02000 02000 02000 02000 0200f 0200f o200 020
1 2| aGimMOE 1000 0.200] 0200] 0200{ 0200{ 0200 0200 Oz00f 0200 0200 O200f 0200f 0.200] 0200] 0200) 0.200] 0.200] 0.200] 0.200] 0.200] 0200] 0.20
12 | aGimLOSC 1000f 0z200{ 02000 0200] 0200] 0.200] 02000 0200] 02000 0200 0200] 0200 0200 02000 02000 02000 02000 0200f o200f o200 020
13 | 10| aGimIhU 1000 0200 0200 0200 0.200) 0.200f 0.200f 0.200] 0.200] 0.200) 0.200] 0.200] 0.200] 0200 0.200{ 0200 0200{ 0.200{ 0200{ 020 -
W« v WY Cormpare % USCM 7 CB/ @RISK Correlations / USCM 7 @Risk / REPORT (4) 7 |4 | VT
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For ecast: Space System

158 Qutliers
- 215

Frequency Chart

Frequency
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Compare ACE, CB & @Risk 95th

10,000 LHC Iterations
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k, CER Corr,

Config R k Config

%]

Risk, Config Corr

CER Ri k Confg CER Risk, Config CER Ri

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.
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How Many. lterations

Required?

m Use Latin Hypercube and maximize the number of partitions. (Crystal Ball
default is 500 and max is 5000, ACE and @Risk use the same number of
partitions as iterations).

m DO NOT conclude from the chart that ACE stabilizes with fewer iterations
than Crystal Ball. Simply changing seed values (or LHC partition in
Crystal Ball) can cause the results to “flip/flop”.

m Both tools stabilize near 5000 iterations for this model.

Compare 95th Percentile Result to the Analytical Solution
[ICB EEEACE — Analytical (50.87)

52.0
51.5 - T T T T T T T TS oo oo
51.0
50.5 -
50.0 -
49.5 -
49.0
48.5
48.0

Cost

500
1000
2000 |-
5000

10000
20000
40000
50000

Iterations

12/2/2004 Copyright © 2004 Tecolote Research, Inc.
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Comparing Risk Tools

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 |f you follow the tool developer’s recommendation for
Inputting correlation:

ACE, Crystal Ball and @Risk will give similar
results.

12/2/2004 Copyright © 2004 Tecolote Research, Inc. 29
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Benefits of Clear Guidance

Default positions would establish a minimum
expectation for estimates — 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 attention on “building” the estimate rather than defining
“how” to build it.

e Enable more risk analysis practitioners to “do” cost risk
analysis with confidence.

Copyright © 2004 Tecolote Research, Inc.
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Step 2.a: Use Basic or Advanced ACE
Wizards terset Shapes aned BeuRes

lip Input All Form

—Selected Row—— [ Mowve [tem Title: ISthwarelntegratinn Phasing Method: IE 1r|
|15 - - 1" > Unique ID: | Phasing Wigard...l
_| 3 _| E quation/ T hroughput: Functions...
| 2EPLSW —U -
* * Yariahles. ..
v |nclude Children CEF Lib...
E-Iﬁl%l El 3 ||E| # I | I Summar'_.rl FY Inputs | Leaming | Beta  RISK IDefs I
& WBS/CES 0% 100%
_§ Pavlaad [PAL] Nan Recurring 158%
= E Pawload [PAL] Mon Recurring
EIE Payload 44T
@ Integration, Assembly, Test a 05
oo Sofhware Integration Point Est.

= E Payload PME NR ——————
Lo PL Software Mommal distribution with High Spread

E Painting Subsystem

#-E Themnal Contral Subsystern [ MO Risk — Estimate represents the exact actual

Estimate offers a close approximation of the actual

=
0 e

§ INFUT VARIABLES {Fstimate offers a rough approximation of the actual;

Estimate is likkely less than the actual
Estimate is lilkely mare than the actual
Estimate is likely a lot less than the actual
Estimate is lilkely a lot maore than the actual

. W e e e

| will define my own distibution specification

Unda Fedao Advanced Cloze Help |

4 | jifj ] ¥
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WBS/CES Description | "V“® | BASELINE Equation / Throughput Distabuli 15, o5 | LoONor | Tow of ﬂ'ﬁ:ﬁ o
Pavload [P/L]) Mon Becurming “Favload § 42,077 [36%) |
Payload [4&T $ 7541 [43%) M exdiuim
Integration, Aszembly, Test an $ 6,595 [44%) ¢ 2h0. 764 + 0153 % PLPME Mormal | High a0.3% 1B4.7E
Software [ntegration $1.046 [40%) 23FPLSW Marmal Lo
Payload PME MR PLPME $ 34,430 [35%) *
PL Software PLSW $3.735(38%) "  SwPPM$90.682+0.00006*Loc™. 32 LogMammal 25
Fointing Subsystem $ 26,480 [36%) * Beta - Beta
Scan Miror $ 1,249 [45%) - 70,215 * ScanMimorS et 0,830 ':"J""':'f“"-ﬂ' : ':"J MNaormal 1% 1626%
Gimbal $19.041 [36%) - Mo Mo
Gimbal Structure $ 3,257 [45%] * 70.215 * GimbalStewt™0.830] Triangular - Triangular 3% 1B1E
tatar Drive Electronics $ 892 [46%] ¥ 416.033+23. 754 M otarD rvPodwt| Lniform - Unifarm 1% 174.9%
LOS Campter § 7,785 [423%] - 256, 876 LosCompDen eodl - Weibul LTE 19437
MU electronics F7A08[42%) 7 26 B7EIMUE lecD et Moaormal e 195%
FPavload Reference Bench $ 5,190 [45%) 70.215 * BenchStiwit 0,830 Marmal 406% 159.4%
Thermal Control Subsystern [T $R.25 [44%)
Active $ 2631 [45%) * 205.155-T CSActiveT hiw't"0.635 Marmal 8% 164.2%
Pazsive $ 2,584 [45%) * 205.155°TCPassT hiw't "0.535 Marmal J/TE 164.3%

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

Define upper/lower bounds in terms of % of point estimate at specific
confidence levels (may enter absolute values if desired)

m Bracketed numbers in Baseline column reports point estimate confidence level

12/2/2004
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ACE Correlation Wizard

M RISK Grouping and Correlation

Selected Grouping
0w [ 1t | oo | Ability to force the same
- falter the azzigned strengths to produce the desired correlation matris. CO rre | a.tl O n aC rOSS al | Se I e Cte d
-Enter a "D for a raw's strength to define it az the dominant item in the group.
- Please note: The comrelation matix doss nat take into account functional corelations. W B S e I e m e n tS
Add Row... Remove Row Agzzigh Correlation of: ” 0.2
WES/CES Description Total Strength | 14 15 17 19 21 22 23 24 2~
14 |Intearation, zsembly, Test $ 6,595 [445] = 44720 1,000 0,200/ 0200 0.200( 0,200/ 0.2000 0.200( 0,200 O.
15 | Software Integration $ 1,046 (40 * 4472 1.000f 0.200| 0,200 0.200f 0,200 02000 0.2000 O
17 |PL Software $ 3,735 (385 4472 1.000( 0,200 0.200) 0200 0.200( 0,200 O
19 | Scan Mimor $1,249[45%) 4472 1.000 0,200 0.200) 02000 0200 O
21 | Gimbal Structure $ 3,257 [45%) = 4472 1.000f 0.200f 0200, 0.200{ O
22 | Matar Drive Electronics $ 892 [46%] * 472 1.000) 0.200) 0,200 O
23 |LOS Computer $ 7705 [42%) ¢ 4472 1.000| 0.200{ O.
24 | IMU electronics $ 7108 [42%]) = 4472 1.000{ 0.
25 | Payload Reference Bench $ 5,190 [45%] * 4472 1.
27 | Active $ 2637 [45%]) 4472
28 _|Fassive $ 2504 [45%)7_ 4472 v ] Mew | Deme | ‘
< I » | !
the to produce the desired cormelation matrix,
Spply I 0k I Cancel | Help |A}rength to define it as the dominant item in the group.
tion matris does not take into account functional corelations.
Add Row. .. | Bemaowve Row I Azsign Correlation of: ” 0.3
WES/CES Descrption Total Strength 5B a7 58 Lot} B0 E1 E2 E3 b4 =
- T 56 | Antenna a0.0000 (20%) = 070/ 1.000] 0490{ 0450 0420 0490 0B60| 0490, 0560 0700
Abl | Ity tO g e n e rate th e e ntl re 57 |Electionics 920000 (20%] * 0.70 1.000{ 0450 0420 0430 0560 04390, 05600 0700
R . 58 | Stucture 76,0000 [33%] % 0.70 1.000( 0.420( 0,490 0560 0.490] 0.560] 0700
m atrlx fro m a sin g Ie COI umn Of B3 |LW Adaptar 16,0000 (50%)% 0.0 1.000] 0420 0.480] 0.420] 0.480] 0600
60 |Power Distibution 54.0000 [20%] 0.70 1.000| 05E0| D490, 0560 0700
. . 61 |ACS/RCS hg.0000 [50%] 0.80 1.000| 0560 D.E40] 0800
th e d eS| red m atnx g2 | Thermal Contral 22.0000 [20%] * 0.70 1.000/ 0560 0.700
g3 |TTEC 200000 (50 = 0.80 1.000] 0800
_ B4 |Software 30,0000 (193] = D 1.0007 -
ACE Government sponsors not £ £
t_ t t t . Apply I ¥ i Cancel | Help |
motivated to fund more detailed

approach, but not against it
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Case Study Page CE V — 80

SCEA raining Manuzl

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 5.1 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

Combination of throughput and factor relationships

No risk applied to the factors
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.

m Sys Test & Eval has an additive risk which is unusual in cost risk
analysis. We generally assume the risk scales with the estimate.

12/2/2004 Copyright © 2004 Tecolote Research, Inc. 3



All Tools Perform \Well

- Use this scale if you wish to show that all

SCEA Case Study .
$60 ‘,/

B Analytic models are not bad (FRisk is a little off
W R T e 7 because it assumes a log-normal distribution
$40 || D@Risk |-~ at the total level). Note that the simulation tool
Sl total result does appear “normal”.

3 $30 1
(@]

Forecast: System Total

$20

10,000 Trials Frequency Chart 77 Outliers

$10

| | |

%0 A A

5% 10% 50% 90% 95%
Confidence Level

Probability
Aauanbaig

Comparing Tool Percentile to Analytic for the SCEA Case Study
» Use this scale if you wish to show 100% \
there are in fact differences amongst 080% |
the models. — N N
020% |
* However, note that the scale is so 000% 2
magnified, that simply changing the ngj:égE
initial seed value (ACE is shown, but 6 | —i— @Risk
all behave the same) noticeably s | —H—FRisk
changes the results! B A S T v

12/2/2004 Copyright © 2004 Tecolote Research, Inc. 36



Risk By Hand Calculator

Point Distributi
Estimate Mean on Lower | Upper
System X 1250.000] 1,756.00 625| 3393
Antenna 380.00 574.00| Tiangular 191] 1151
Electronics 192.00 290.00| Tiangular 96 582
Structure 76.00 84.00| Tiangular 33 143
LV Adaptor 18.00 18.00| Tiangular 9 27
Power Distribution 154.00 232.00| Tiangular 77 465
ACS/RCS 58.00 58.00| Tiangular 30 86
Thermal Control 22.00 33.00| Tiangular 11 66
TT&C 120.00 120.00| Tiangular 58 182
Software 230.00 347.00| Tiangular 120 691
As Specified Correlation Matrix
m ()] E T > wn
g @ S > o O S o
— = < Q s (0)) o =+
s | s | 2|2 |9 |&B3 | 3|5
2 5 | 3 s |2 | 8|58 [ 3o ls
Antenna 10| 05| o5 06| 05| 05| 03] 07 ] 07
Electronics 0.5 1.0 0.4 0.5 0.5 0.6 0.5 0.5 0.7
Structure 0.5 0.4 1.0 0.7 0.6 0.7 0.7 0.5 0.7
LVAdaptor 0.6 0.5 0.7 1.0 0.4 0.4 0.5 0.3 0.6
PowDistr 0.5 0.5 0.6 0.4 1.0 0.5 0.5 0.5 0.7
ACSRCS 0.5 0.6 0.7 0.4 0.5 1.0 0.4 0.7 0.8
Thermal 0.3 0.5 0.7 0.5 0.5 0.4 1.0 0.5 0.7
TTC 0.7 0.5 0.5 0.3 0.5 0.7 0.5 1.0 0.8
Software 0.7 0.7 0.7 0.6 0.7 0.8 0.7 0.8 1.0
Average 0.59|] 0.58] 0.64 0.56] 0.58 0.62] 0.57| 0.61 0.74|

12/2/2004
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No functional
relationships.

Triangular distributions
only.

No need to force tools to
truncate distributions at
“O”.

Detailed correlation
maitrix .

Entered explicitly into
CB & @Risk

Pick column with highest
average to enter into
ACE.
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HancCalc Case Study

95%

90%

50%
Confidence fevel

10%

BACE

BEcCcB

O @Risk

$3,000

$2,500 + -

o
&+

$2,000 | - -
$1,000 -
$500

st: System X

Foreca:

54 Outl

Frequency Chart

10,000 Trials

FY028K

1,848.84

Augeqoad

m  All simulation tools match each other. Had to use bar chart rather than

“S” for comparisons, otherwise impossible to discern different tool result.

m All simulation tools suggest the total cost distribution is not “normal”.

m Only nine elements and with correlation layered on top, suggests that the

Central Limit Theorem may not be applicable.
m  With this information, we were motivated to produce analytical results

based on a beta distribution.
m FRisk will provide results based upon a Log-Normal assumption.

38
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Noit Clear Which iIs “Right™,

EertlRatElNA e/

Cost

Compare to Average of All Three

are all the “Same’

HancCalc Case Study .
83,000 m Analytic based on beta
@ Normal . - .
os0 | | WBem | distribution compares
WACE “better” to the simulation
$2,000 + - - mcB L t I th 1 In I
0 @Risk ools than “normal” or log
siso0 | EFRSK | normal (FRisk)
o | = All solutions likely well
within the total cost
$500 1 estimate confidence
| - - _
s0 | . m Difference between
> % confidentetevel 7 %% simulation tools less than
Compare Simuation Tool to Average of All Three xpe_cteq noise” of the
1.0% T Ace applications
08% | _ o |
/|- =cB | . . .
08% | 7" arisk » ® NOTE: Detalled. c_orrelatlon
0.2% |- matrix was explicitly
82; modeled in Crystal Ball
A% and @Risk. This did not
-0.6% | “Improve” the result.
-0.8% -
-1.0% T T T ‘
0% 20% 40% 60% 80% 100%

12/2/2004
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TTheoretical Basis for the

ACE Correlation Method

Pearson’s Product Moment Correlation v.s. Spearman'’s
Rank Order Correlation

ACE uses the Pearson’s definition to model correlations in
risk simulations.

Lurie-Goldberg’s Simulation Method'is summarized in the
paper.

ACE uses a modified Lurie-Goldberg algorithm to create a
set of variables that match the user-supplied correlations.

1. Simulating Correlated Random Variables; Philip M. Lurie and Matthew S. Goldberg; Institute for Defense Analyses; 32nd
DODCAS; 2-5 February 1999

12/2/2004

Copyright © 2004 Tecolote Research, Inc.

40



12/2/2004

Differences between ACE

and Lukie-Goldberg

ACE only allows the user to enter a single vector of correlation
coefficients where the correlations are relative to the dominant
cost driver in a particular “Group” of WBS elements. By doing
this, the remaining members of the correlation matrix are “implied”
(and therefore consistent) and the algorithm is simplified.

ACE uses ranks during the simulation process to smooth out the
resulting variables to make them suitable for the Latin-Hypercube
(LH) simulation. Ranking in this context is for the purpose of
generating the LH draws such that they closely resemble the
original input distributions, and it should not be confused with
rank order correlation.

ACE does not iterate on the user supplied “Group Strengths” to
achieve the desired correlations among the WBS elements.
Nonetheless, in our test cases the user-defined group strengths
match the desired correlations very closely, all within 0.5%.

Copyright © 2004 Tecolote Research, Inc. 4l



Pearson’s Product Moment

Correlation
DX =X)Y-Y)
\/Z(X X)2 > (Y -Y)?2
or

| nY XY -3 XY
Joz X=X by -y

I =

number of ordered pairs
standard deviation

mean
first variable of an ordered pair
= second variable of an ordered pair

<XTE a >
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General Steps for the

ACE/RISK Algerithm

m Generate nindependent draws, Z1, Z2, ...Zn, from a standard normal
distribution.

m Construct n correlated standard normal random variables X1, X2, ... Xn using
Cholesky’s pairwise factorization formula.

Xlzzl

Xy=pp L+ 1_,022 Z,
Xy=py i+ 1_,032 Z,

Xn = Phn Zl+ l_pn2 Zn

m Generate the corresponding uniform LH draws for the Xi variables consistent
with the value of the normal cumulative probability for each of the Xi values.

m Invert the uniform draws by the user-defined marginal distribution Fi:

Y, =R (U;)
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Impact on on llotal Cost by, Layering

RISKUASSUMPLIGRS
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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%.
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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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