User Guide
for

S-Curve Tool
Version 1.0

(as of 09/12/12)

Sponsored by:
Naval Center for Cost Analysis (NCCA)

@ Center forCost Analysns*""

GUIDING, STRENGTHENING, AND DIRECTING COST ANALYSIS IN THE DEPARTMENT OF THE NAVY

Developed by:
Technomics, Inc.
201 12" Street South, Suite 612
Arlington, VA 22202

\Technomics

Points of Contact:

Bruce Parker, Bruce.M.Parker@navy.mil, (703) 604-3459
Brian Flynn, Brian.Flynn.ctr@navy.mil, (703) 692-4899
Richard Lee, RLee@technomics.net, (571) 366-1447
Peter Braxton, PBraxton@technomics.net, (571) 366-1431

_{\Technomics



mailto:Bruce.M.Parker@navy.mil
mailto:Brian.Flynn.ctr@navy.mil
mailto:RLee@technomics.net
mailto:PBraxton@technomics.net

Acknowledgements

We would like to thank and acknowledge Dick Coleman, Paul Garvey, Bob Jones, Jack Smuck, Kevin
Cincotta, Lucas Still, and Travis Manning for their efforts in reviewing and refining the S-Curve Tool and
all related documentation.

Table of Contents

Vol 4 o)V Y F=To Fod =Y o Y=Y o (PP PPPPPPPRt 2
LIST OF TADIES ...ttt et s e e s st e e st e e s e e e et e e e e e e naas 3
LiST OF FIGUIES .uvuttiiiiiiiiiitiiiititiiit s 3
T (oo [U T Ao ] o IR TP P PSP PPPPPPPPPPT 4
Useful Tips for the TOO ... 7
L INPULS TAD oeiiiiiiiiiiiii e aan 8
1a. EMPIrical Tab oo 10
2. Benchmarking Tab ..o 12
3. RECONCHTAtION TAD .. e s et e s e 14
4. Tabs fOr POWEIPOINT ....eeeiiiiiiiieiiteeeee ettt ettt e e st e st e e s ssre e e e saabeeeesanreeeesans 16
APPENAIX A, CASE STUIES. ...eeveiiiiiiiiiiiieiiieeieeeeeetteeeeeteeeeeeeereeeerereeraeeeraartatereerrererresrerrrererrerrrererrrrrrrrr.. 17
Appendix Al. Case Study Showing Parametric Estimate Type.......ccccceeeeiiiiiii 17
Appendix A2. Case Study Showing Empirical Estimate Type .......ccoeeeeiiiiiiiiii 22
Appendix B. SNapshots of the S-CUIVE TOOI.........uuiiiiiiiiiiiiiiiiieiieeiiieeeiererereeeeeeeeeeereseeeseerererrrrrrrerrer——————.. 29
Appendix B1. Custom CommOdity.......ccoeeeeeiiiiiiii i, 30
Appendix B2. EMPIrical Case......ccooeeeeeeeee i 31
Appendix B3. Parametric Case .......cooeeeeeeiee e, 32
Appendix B4. Point EStiMate Case.......ccoeeeeeeeiii i, 33
Appendix B5. Normal Distribution vs. Lognormal Distribution...............ccccccc 34

/\Technomics
Ny 2 ©



List of Tables

Table 1: Tabs and Descriptions of Tabs in S-Curve TOOI V1.0.......uuuuuue s 4
Table 2. All Options for Historical Adjustment Inputs in S-Curve Tool V1.0. .......ccvviiieieiiiiiiiiiiciee e, 6
Table 3: Line Colors and Line Styles for Different EStimates .......ccccoeoeiiiiiiiiiiiicicecccccc 7
Table 4: Displayed Parameters in “Benchmarking” Tab ...... ..o 12
Table 5: Required Parameters to Recreate NATO AGS Case StUY ......uuuuuuuuuuiiiiiiiiiiiccceecece e 18
Table 6: Required Parameters to Recreate Sample Aircraft Program Case Study ......cccooeevviieiiiiiiiciiininnn, 24
Table 7: All Possible Estimate Types Incorporated in V1.0 ... 29
Table 8: Commodity Lists for Base Estimate and Historical Adjustments .........ccccoeviiiiiiiiieiiiiiciiiiiceiieenn, 30
List of Figures

Figure 1: Flowchart Diagram of S-CUrve TOOI VL1.0......uuuuuei s 5
Figure 2: Symbols for Derived Parameters in Chart Options. .......ccccooiioiiiiiiiicccccccce e 7
Figure 3: Snapshot of “Inputs” Tab, With COMMENTS .......uuuuiui e 9
Figure 4: Snapshot of “Empirical” Tab, With COMMENTS .......uuuuuni 11
Figure 5: Snapshot of “Benchmarking” Tab, with COMMENTS .......uuuiiiiiiiiii 13
Figure 6: Selecting Estimates to Compare in Reconciliation Tab .........cceeeiiiiiiiiiiiiiiiiciceccccccccc e 14
Figure 7: Snapshot of “Reconciliation” Tab, With COmMMENTS ........uuuiiiiiiiiiiicc 15
Figure 8: Snapshot of “Summary” Tab, With COMMENTS ........uuuuiiiii s 16
Figure 9: NCCA’S NATO AGS CaSE STUAY ...uuuuuuuunuuiniiiiniiiiiee s 17

Figure 10:
Figure 11:
Figure 12:
Figure 13:
Figure 14:
Figure 15:
Figure 16:
Figure 17:
Figure 18:
Figure 19:

Snapshot of “Inputs” Tab to Recreate NATO AGS Case StUdy.........cevvrerereerrereeeeeeeeeeenereernnennnn. 19
Snapshot of “Reconciliation” Tab to Recreate NATO AGS Case Study..........ceuvvvvvvvevvvrveneenennnns 20
Finalizing the Chart in “R Chart” Tab to Recreate NATO AGS Case Study..............ceeeeeeeeennn. 21
Sample Aircraft Program Using Empirical Data ..........ccviiiiiiiiiiiiiiiiiiieiiiiiieieeeeseeesseesesseesesesenee. 22
Define the Number of Trials for the Monte Carlo Simulation in Crystal Ball .......................... 23
Extract the Trial Values from Crystal Ball ...............cooooi i, 23
Snapshot of “Inputs” Tab to Recreate Sample Aircraft Program..........ccccvvvvvvvvvvvveveveveeeneennnnns 25
Extracting Data from Crystal Ball (left) and Inserting Data into the Tool (right) ..................... 26
Snapshot of “Reconciliation” Tab to Recreate Sample Aircraft Program..........cccccvvvvvvvvvvvvnnnns 27
Finalizing the Chart in “Summary” Tab to Recreate Sample Aircraft Program......................... 28

Figure 20: Features in the S-Curve Tool for Selecting Custom Commodity........cccceeeeiiiiiiiiiiiiieiiiiiieeeeeann, 30
Figure 21: Snapshots of “Inputs” and “Empirical” Tab for Empirical Case ......cccceeeieeiiiiiiiiiiiiiiciiieeceeeennn, 31
Figure 22 Snapshots of “Inputs” Tab for Parametric Case........ccceeceeeenececeecee e 32
Figure 23: Snapshots of “Inputs” Tab for Point EStimate Case ........cccceeeeeeeiiiiieiiieeiieeceee e 33
Figure 24: Snapshots of “Inputs” Tab for Normal Distribution vs. Lognormal Distribution ...................... 34

/\Technomics
' 3




Introduction

The purposes of the S-Curve Tool are to allow practitioners to easily and clearly
(1) compare their s-curve to another s-curve;
(2) compare their results to historical coefficients of variations (CVs) and/or cost growth factors
(CGFs);
(3) generate graphics for decision briefs.

Table 1 provides a brief description of every tab in the tool. There are ten different tabs; two are
introductory tabs (red cells); four are user interface tabs (green cells); and four are for PowerPoint
presentations (orange cells). More details/descriptions are provided in the subsequent chapters of this
user guide.

# of Tabs Title of Tab Description
1 Title Title page for S-Curve Tool version 1.0.
5 README Current.tab displaying the purpose of the tool, a list of tabs,
useful tips, and the flowchart for the tool.
Inputs Tab where all the inputs are stored. S-Curve is generated here.
Empirical "Sub-tab" to the Inputs tab. Users input empirical data here.

Comparison between a single estimate and the estimate's
historical adjustment.

Comparison between the 1st estimate vs 2nd estimate and
historical adjustment(s).

Benchmarking

Reconciliation

7 B1 Chart Tab dlspléymg Est|mat.e 1 Chart in "Benchmarking" tab for
PowerPoint presentations.

3 B2 Chart Tab dlspléymg Estlmat.e 2 Chart in "Benchmarking" tab for
PowerPoint presentations.
Tab displaying Reconciliation Chart in "Reconciliation" tab for

9 R Chart . .
PowerPoint presentations.

10 Summary Tab containing all the stored and derived parameters in the tool.

Table 1: Tabs and Descriptions of Tabs in S-Curve Tool v1.0

Figure 1 shows a flowchart diagram of the S-Curve Tool v1.0. For the estimate(s), the user chooses
Empirical (i.e., a set of outcomes from a Monte Carlo risk run), Parametric (e.g., enhanced Scenario-
Based Method (eSBM) or parameters from an external risk analysis), or a Point Estimate (i.e., risk
analysis not yet done).

If the estimate type is Empirical, the user inputs (1) the number of trials, (2) the cost units for the
empirical data, and (3) all of the values for the trial runs. There is an optional feature to assess the
empirical data by overlaying a parametric curve created by the empirical parameters on the raw data.
For the optional feature, the user selects either the normal or lognormal distribution.

f, §Technomics
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If the estimate type is Parametric, the user defines the type of distribution (either normal or lognormal)
and the type of parameters. There are three options for parametric inputs in the tool, (1) Mean and CV,
(2) Mean and Specified Cost (Xp) with corresponding %tile (p), and (3) CV and Specified Cost (Xp) with
corresponding %tile (p). There are other ways to define a parametric curve (e.g., two percents (p) with
two specified costs (Xp)), but they are not implemented in v1.0.

If the estimate type is a Point Estimate, the user defines the type of distribution (either normal or
lognormal) and whether the point estimate is a Mean or a Median. If the point estimate is a median, the
historical adjustment “pivots” on the median. All other cases (including the Parametric and Empirical
cases) “pivot” on the mean when the estimate is historically adjusted.

Historical adjustments are based on the Naval Center for Cost Analysis’s (NCCA’s) analysis of Selected
Acquisition Reports (SARs) and are dependent on five different inputs: (1) commodity, (2) life cycle
phase, (3) milestone, (4) inflation, and (5) quantity. After the user selects these inputs, there are three
options to apply the historical adjustment to the estimate: (1) apply CV only (“shaping” the s-curve); (2)
apply CGF only (“shifting” the s-curve); and (3) apply CV & CGF (“shaping” and “shifting” the s-curve). If
users decide not to apply historical adjustments to the estimate, they can proceed with the base s-curve
that was generated.

Flowchart

. *Users can bring up to 2 estimates
Estimate gue

*Are the data Empirical, Parametric, or a Point Estimate?

¥ ¥

Parametric X X
[re.g . enhanced Scenario-Based Method (e5BM) Point Estimate

.., risk anal t yet d
orparameters from external risk analysis) (e TE O PR R,

Empirical
(i.e., aset of outcomes from
o Monte Carlo risk run}

Input # of Trials

[ Select Cost Units for Data ]

*Type of Distribution?

Lognormal

*Type of
Distribution?

Lognormal

Norma‘

*ForeSBM,

*Type of Parameters? X=Xzp, P=0lge *Type of input?
InputValues for Trials J
(1) Mean (1) Mean (1)cv -
*Optional Feature: (2)cv (2) Specified Cost (Xp) with %tile (p) (2) Specified Cost (Xp) with %tile (p)
Assess empirical data by

overlaying parametric curve \///

*5 Curve is generoted
Optional: Overlay PDF

*Select how * Historically adjusted
*Historical adjustment inputs historical adjustment S Curve is generated
(1) Commadity is applied to estimate
NO Would you YES )
ke e (2) Life Cycle Phase (1) Apply CV Only
e ;_apéo Y ': ?"m (3) Milestone 1 (2) Apply CGF Only
= (4) Inflation (3) Apply CV & CGF
estimate? (5) Quantity

Figure 1: Flowchart Diagram of S-Curve Tool v1.0
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Table 2 shows all of the options that the user can select for the historical adjustment inputs
(Commodity, Milestones, Phase, Quantity, and Inflation). For the base estimate’s commaodity list, only
the first eight entries are available. The commodity list in the historical adjustments portion of the tool
will allow the user to select from among DoD Acquisition, DoN Acquisition, or one of the eight entries
selected for the base estimate.

Commodity Milestones Phase Quantity Inflation
MS A Acquisition
Ships and Submarines (Planning (Development + adj BYS
Estimate) Production)
MS B
Aircraft and UAVs (Development Development not adj TYS
Estimate)
. - MS C
IR T (Production Production
Estimate)
Unmanned Space
Electronics
AlS
WTV

Custom Commodity
DoD Acquisition

DoN Acquisition
Table 2. All Options for Historical Adjustment Inputs in S-Curve Tool v1.0.

ﬂTechnomics
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Useful Tips for the Tool

- Throughout the tool, all of the white cells are user inputs, while all grey cells are “read only” cells. Grey
cells are typically calculated parameters based on the user inputs.
] User Inputs ] “Read Only” ‘

- Practitioners may insert up to two different s-curves in the tool. There are options to overlay the PDF
on the CDF and also to apply historical adjustment(s) to either/both of the estimates. Estimates are
distinguished by the following characteristics.
- Estimate 1: Blue vs. Estimate 2: Red
- Probability Density Function (PDF): lighter hue vs. Cumulative Distribution Function (CDF):
darker hue
- Base Estimate: solid line vs. Historical Adjustment: dashed line
Table 3 summarizes the above points.

Estimate 1 Estimate 2

PDF of Base Estimate

CDF of Base Estimate —_— —_—

PDF of Historical Adjustment

CDF of Historical Adjustment - - -

Table 3: Line Colors and Line Styles for Different Estimates

- For the charts in the tool, parameters are distinguished by symbols and dotted black lines. The figure
below shows the different parameters that can be applied to a chart (more details in later chapters).

---f+ Mean

---@-- Median

««ll-+ Point Estimate
«+3-- 20th Percentile
<3+« 80th Percentile

---+@-- Custom Percentile

Figure 2: Symbols for Derived Parameters in Chart Options.
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1. Inputs Tab

This chapter provides further details for the “Inputs” tab in the S-Curve Tool. This is where the s-curve is
defined and generated. Figure 3 shows a snapshot of the “Inputs” tab with additional comments. This
tab is categorized in five different sections. Depending on the selections and inputs made from each
section, cells will appear/disappear (refer to “Appendix B: Snapshots of the S-Curve Tool” for more
details). All s-curves in the tool are generated from inputs in this tab.

The 1% section requires the user to define the estimate by inputting (1) a title for the estimate, (2) the
cost units, (3) type of dollars, (4) the commodity, (5) milestone, and (6) life cycle phase. When the user
fills in the title for the estimate, all of the charts and labels throughout the tool will be updated
dynamically with this title. There are three options for the cost units: (1) $K, (2), SM, (3) SB, and two
options for the dollars type, (1) base year and (2) then year. The cost unit and dollars type are applied to
both s-curves (the tool does not allow the user to select a different cost unit or dollars type for each s-
curve). There is a list of options for the user to choose from for the commodity (e.g., WTV, Aircraft &
UAVS), milestone (e.g., MS A (Planning Estimate)), and life cycle phase (e.g., development). There is an
option for the user to select a custom commodity. This allows the user to fill in a commodity that the list
does not provide (refer to “Appendix B1. Custom Commodity” for more details).

The 2" section requires the user to define the estimate type (empirical, parametric, or point) and input
the parameters to generate the s-curve. The options for the parameter inputs are listed in the flowchart
in the introduction. Remember that white cells are user input cells while grey cells are “read only” cells.
Depending on the selected estimate type and parameter inputs, different cells within this section will
appear and/or disappear. Refer to “Appendix B3. Parametric Case” and “Appendix B4. Point Estimate
Case” for more details. Special case: If the “Empirical” option is selected, a link will direct the user to the
“Empirical” tab, where the values for the Monte Carlo output can be inserted (refer to “Appendix B2.
Empirical Case” for more details).

Sections 3 and 4 provide sanity checks on the user inputs in Section 2. The 3™ section provides the
derived parameters based on the user inputs in the 2" section. All of the cells in this section are “read
only” cells. The displayed parameters in this section are the (1) mean, (2) CV, (3) standard deviation, (4)
variance, (5) median, (6) mode, and if the lognormal distribution is selected, the (7) mean underlying
normal, and (8) standard deviation underlying normal are also displayed (refer to “Appendix B5. Normal
Distribution vs. Lognormal Distribution” for more details). The 4" section provides a thumbnail for the s-
curve based on the inputs in sections 1 and 2. For more chart options, the user can click on the
thumbnail or the link at the bottom of the page to proceed to the Benchmarking tab. More descriptions
are provided in Chapter “2. Benchmarking Tab”.

The 5™ section allows the user to apply historical adjustments to the s-curve. As stated before, the
historical adjustment inputs, (1) commodity, (2) life cycle phase, (3) milestone, (4) inflation, and (5)
guantity, are based on NCCA’s SAR analysis. The life cycle phase and the milestone selections are
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maintained from section 1. The historical adjustment requires the user to select whether or not the
suggested CVs and CGFs include inflation and quantity risk. The commodity list in the historical
adjustment section allows the user to select from three different options: (1) DoD Acquisition, (2) DoN
Acquisition, and (3) the commodity that the user selects in Section 1. Based on the five historical
adjustment inputs, a suggested CV and suggested CGF are displayed. If the user selects a custom
commodity, the user inserts a custom CV and a custom CGF. The tool allows the user to apply either the
custom/suggested CV and/or CGF to the s-curve (refer to “Appendix B1. Custom Commodity” for more

details).
Inputs
i ESTIMATE 1 1 | ESTIMATE 2 |
/" EsTIMATE 1 TITLE ] TITLE | ™
COST UNITS C 5K - ™ (n 56 COSTUNITS C 5K C ™ C 58
DOLLARS TYPE T Basevear(s) C Thenvesr(s) | DOULARS TYPE © Basevear(S) C Thenvess) |
COMMODITY COMMODITY <
CUSTOM COMM EUSTOM COMM.
MILESTONE
LIFE CYCLE PHASE LIFE CYCLE PHASE
LIYPE  {  Empincal | ©  Paametric [ Point Estimate EST.TYPE  (  Empinical  Pamametric [ PointEstimate
. v
purt aned Derfed Paramet fnput and Devived Paramen,
/" Wiowd you Ik 1o cverlay the POF? m] "Would you like to overlay the PDF? O
1 1 o 3 Fl o
o o — o o8 —7
ot oe a8 | as
Bl o B Historical € B o B Historical €V
N I o I ™
Click image or “Enlarpe Singic Chorts” Ik to enlompe ik image or “Enlavpe Singic Charts” bk to enkope
\ Would (m] o J
g Historical Adjustment Inputs Adjush Inps !
< c | < c |
| C s | | s s |
o v

Section 1. Define
Estimate

Section 2. Choose

::I Estimate Type &

Input Parameters

Section 3. Derived

| Parameters from

Inputs

Section 4. Assess
::l Estimate w/ Chart
Options

Section 5. Historical
Adjustment

Figure 3: Snapshot of “Inputs” Tab, with Comments
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1a. Empirical Tab

This chapter provides further details for the “Empirical” tab in the S-Curve Tool. This tab is a “sub-tab” to
the “Inputs” tab. The S-Curve Tool allows users to input up to a maximum of 10,000 Monte Carlo risk
runs. This tab is where the 10,000 values are stored. When the user selects “Empirical” as the estimate
type in the “Inputs” tab, a link directs the user to this page. Figure 4 shows a snapshot of the “Empirical”
tab with additional comments.

The 1* section requires the user to define the cost units of the empirical data. The green circles in Figure
4 show cells that display the number of trials entered from the “Inputs” tab, the cost units selected from
the “Inputs” tab, and a cell where the user selects the cost units of the empirical data. This will convert
the cost units of the empirical data to the cost unit that is selected from the “Inputs” tab. For example, if
the user selects $K in the “Inputs” tab and the Monte Carlo risk run is outputted in dollars, the S-Curve
Tool will convert the values from the Monte Carlo risk run from dollars to SK.

The next step is to insert the values that are shown in the area within the orange shapes in Figure 4.
These cells are dependent on the number of trials entered from the “Inputs” tab. The cells in the input
columns will become white after the user enters a value into the "# of trials” in the “Inputs” tab. For
example, if you enter “100” into your “# of trials”, the cells corresponding to rows 1 to 100 will become
white. There is also an optional feature in the tool to validate/compare the number of values stored in
the column to the specified number of trials from the “Inputs” tab.

After the empirical values are inserted, the user can either click on the link labeled “Back to Inputs” to
return to the “Inputs” tab or assess the empirical data with the tool’s optional feature. The derived
parameters from the empirical data appear in Section 3 of the “Inputs” tab (refer to Figure 3).

The optional feature in the “Empirical” tab is shown in the purple box in Figure 4. This feature allows the
user to assess the empirical data. To proceed with this option, the user selects either “Estimate 1” or
“Estimate 2” after the empirical data is stored in the tool. The derived parameters from the empirical
data will then appear in the Section 20. The derived parameters include the (1) Mean, (2) CV, (3) Std
Dev, (4) Variance, (5) Median, and (6) Mode. Section 30 of the optional feature section requires users to
select whether they want to overlay a normal or a lognormal distribution curve on the empirical data.
The CDF and the PDF of the raw empirical data will be shown in section 40 of the optional feature
section.
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ESTIMATE 1 [ ESTIMATE 2 of Trioks for
ol Trials {from Inputs] | Wof Trials {from Inputs) [ ‘Back to Inpuls
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@ @ ' Estimatel ' Estimate 2
Trials [} vabuesi) T Thate [J values () w
1 1
2 2 / Meean of Cost Varianca of Cest
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4 4 Std Dav of Cost Most Licely Cost (Mode]
5
5 [ Chart dptions
7 7 Data?
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= Section 1. | o
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- \/ s al
1% 19
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r= Section 2.[1= s e s 11
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| = | 25 PDF
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| | 7
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Figure 4: Snapshot of “Empirical” Tab, with Comments
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2. Benchmarking Tab

This chapter provides further details for the “Benchmarking” tab in the S-Curve Tool, as shown in Figure
5. The purpose of this tab is to analyze a single estimate or compare a single estimate to its historical
adjustment. The s-curves that are displayed in this tab are created by the inputs from the “Inputs” tab.

The first section in this tab shows some of the inputs and derived parameters from the “Inputs” tab. All
cells in this section are “read only”. Table 4 shows the displayed parameters in the “Benchmarking” tab
based on the estimate type selected in the “Inputs” tab. The mean and the CV are always displayed,
even if they were not the user inputs. If the user chooses to apply historical adjustments to the base
estimate, the bottom portion of the section will appear and/or disappear and it will display the five
historical adjustment inputs and how the historical adjustment was applied to the base estimate.

# of Rows Empirical Parametric Point Estimate
1 Estimate Type Estimate Type Estimate Type
2 # of Trials Distribution Distribution
3 - Parametric Inputs Mean or Median
4 Value of Derived Mean | Value of Mean Value of Mean
5 Value of Derived CV Value of CV Value of CV

Table 4: Displayed Parameters in “Benchmarking” Tab

The second section allows the user to select either the base estimate or the base estimate with
historical adjustments. When the historically adjusted estimate is selected, both s-curves (base estimate
and historically adjusted estimate) are displayed on the charts. The model assumes that the user would
never want to see the historically adjusted s-curve without also seeing the base s-curve. Users can apply
up to six different parameters on the chart. The parameters are (1) the mean, (2) median, (3) a custom
cost, (4) the 20" percentile, (5) the go™ percentile, and (6) a custom percentile. This tool allows the user
to type in a label for the custom cost and/or the custom percentile. This label will appear in the legend
of the chart.

The third section contains the chart(s) that are defined by the user in the previous sections. The charts
always display the base estimate CV and the historically adjusted CV in the top left corner. The base
estimate CV is in a box with a solid line border and the historically adjusted CV is in a box with a dashed
line border (refer to “Useful Tips for the Tool”).
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Figure 5: Snapshot of “Benchmarking” Tab, with Comments

13

Section 1. Parameters
from "Inputs” Tab

Section 2. Select
estimate & apply chart
options

Section 3. View chart
based on selections
from chart options

®



3. Reconciliation Tab

This chapter provides further details for the “Reconciliation” tab in the S-Curve Tool, as shown in Figure
7. The purpose of this tab is to compare all estimates defined in the “Inputs” tab. This chart can contain
anywhere from one s-curve (user only inputs one estimate with no historical adjustments) to four s-
curves (user inputs two estimates and applies historical adjustments to both).

The first section in this tab shows some of the parameters for the estimates that were defined from the
“Inputs” tab. The parameters include the (1) mean, (2) median, (3) custom cost, (4) 20" percentile, (5)
80" percentile, and (6) custom percentile. These are the same parameters provided in the chart options
(section 2) of the “Benchmarking” tab. Users can also type in a label for their custom cost and/or their
custom percentile. This label will appear in the legend of the chart.

The second section allows the user to apply options to the chart. The user first selects a comparison
between two s-curves. This is accomplished by choosing one of the radio buttons shown in Figure 6.
Users can apply up to two different comparisons on the chart. Based on the comparison that the user
selects, the cost and CDF differences are calculated and displayed in Section 2 of the “Reconciliation”
tab. Users select the parameters that are displayed in the chart in Section 3 of the “Reconciliation” tab
by checking the boxes in Section 2.

1 2 3

Which B

\4

*Referto “Useful Tips for the Tool” for
patterns on row and column headers

. Pattern on | Pattern on o
# from image above Description
column row

1 B | | Estimate 1vs. Estimate 1 w/ hist. adj.

2 B | B | Estimate 1 vs. Estimate 2

3 B i | Estimate 1vs. Estimate 2 w/ hist. adj.

4 Gl | W07 | Estimate 1w/ hist. adj. vs. Estimate 2 w/ hist. adj.
5 B | i | Estimate 2 vs. Estimate 2 w/ hist. adj.

6 iz | B | Estimate 1 w/ hist. adj. vs. Estimate 2

Figure 6: Selecting Estimates to Compare in Reconciliation Tab
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The third Reconciliation tab section contains the chart that was defined by the user in the previous
sections. This chart displays the CVs for estimate 1 in the top left corner and the CVs for estimate 2 in
the top right corner. The base estimate CV is in a box with a solid line border and the historically
adjusted CV is in a box with a dashed line border (refer to “Useful Tips for the Tool”).

Reconciliation
Parameters b return fo Inputs
Base Extienate __ Base Estimate w)/ Hist. Ad). Base Extimnate __ Base Estimate w/ Hist. Ad). . .
wen [ - [ ] Section 1. Derived
Comomon_ [ ] : 1 |4 Parameters from
B —_— )| Cmeutstta
4
Section 2. Select which
4" ] estimates to compare &
sl o o o o o o apply chart options
Custom Cost O O u] (m] (m) u}
20th Percentile O O u] (m] (m] o
B0t Percentile (] O u] m] (m] u}
Custom %ile (m] O (w] (] (m] o
-~ —— 00— 0/
Recanciliation Chart
l_1 _____ I [ |
09
:F:
o7 - -
P e Section 3. View S:hart
e g .. < based on selections
e —— 0a from chart options
o=~ BOth Percentile oa
- Custom Peroeniie
0z
: 01
— o
: E;‘:‘: 50 50 $0 50 50 51 51 51 51 51 51
\. W,

Figure 7: Snapshot of “Reconciliation” Tab, with Comments
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4. Tabs for PowerPoint

There are four tabs in the tool that are created for PowerPoint presentations; (1) B1 Chart, (2) B2 Chart,
(3) R Chart, (4) Summary. These tabs are highlighted in orange in the S-Curve Tool v1.0.

There are no snapshots of the “B1 Chart”, “B2 Chart”, and “R Chart” tabs in the current version of the
user guide. These tabs contain the Estimate 1 chart in the “Benchmarking” tab, the Estimate 2 chart in
the “Benchmarking” tab, and the Reconciliation chart in the “Reconciliation” tab, respectively. These
tabs allow users to edit and polish the charts for presentation purposes. For example, data labels can be
covered by other data labels on the chart. After users have finished applying all of the desired lines and
labels, they can proceed to the corresponding tab with the desired chart and shift the data labels around
for clarity. Users can also insert text boxes in this tab.

Figure 8 shows a snapshot of the “Summary” tab with additional comments. All of the parameters for
estimates 1 and 2 are displayed within the purple lines. These parameters are primarily obtained from
the “Inputs” tab. The user selects the parameters to display in the PowerPoint table by checking/un-
checking the boxes within the green lines. Once checked, the parameters are displayed in the table
within the orange lines. The user can then copy and paste this table into PowerPoint. For v1.0, the user
can select up to 12 different parameters for the base estimate and up to 10 different parameters for the
historical adjustment parameters.

___ Summary Statistics
[T

T TORICAL AGHSTRET DAL ADRSTIAT

e Section 1. All parameters for Estimates 1 & 2
are displayed

T—-—-_
""—q_.______-
= "~ section 2. Choose which parameters to
display in Table

Section 3. Table for Powerpoint is generated

|DI:IGGDUDDDI:I OO0 Ooooooo i ooopoooodo Dooo  0ooooo 00 0ogooood g |
%1 ZIEFE £ g g SE
g 2 €1 EscGE! LR 1 g% 5388 gLigEs i i3k
H ig ) E 13 g
E - 3

N

. / A

Figure 8: Snapshot of “Summary” Tab, with Comments
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Appendix A. Case Studies

Appendix A contains two different case studies, (1) showing the use of the parametric estimate type and

(2) showing the use of the empirical estimate type.

Appendix A1l. Case Study Showing Parametric Estimate Type

Appendix Al provides an example for displaying an s-curve using the parametric estimate type. We will

attempt to recreate a NATO AGS case study provided by NCCA, which is shown in Figure 9. Listed below

are some key points that are used to recreate the chart in the tool.

Both s-curves have the same cost value at 50%

The blue s-curve has a CV of 51%, while the red s-curve has a CV of 10%
The Mean does not equal the Median, implying a Lognormal distribution
There is a 23% probability of cost increase relative to the mean of the blue s-curve

90%

70%

60%

50%

40%

30%

Estimated Cumulative Probability

20%

10%

0%

Estimated Acquisi
10(]. ............................................................................

ion Cost of NATO AGS

A Baseline Scenario
«$1.35per Euro
+ No growth in ESLOC; learning on
MR-RTIP
+ Inflation at 3%; no delta for
NATO work

Baseline CV of 51%

23%

probability of

costincrease &
—_—>:

10% CV yields
estimate at
99.9995 Cum
Percentile

CV=10%

W Pessimistic Scenario

« $x.xx per Euro

» x% growth in ESLOC

+ x% learning on MP-RTIP
+ Cost delta for NATO work
« Inflation at x% per year

——NATO AGS w/ Base CV
—NATO AGS w/ 10% CV

Estimated Acquisition Cost in Billions of Then-Year Euros

Figure 9: NCCA’s NATO AGS Case Study

The first step in recreating the chart is to fill in all of the required parameters in the “Inputs” tab. These

inputs are shown in Table 5, which is also developed from the tool (“Summary” tab). Since cost values

are not shown in the case study, users can specify any desired “Specified Cost (Xp)”, as long as the

values are the same. For this example, we used a value of $5 for the “Specified Cost (Xp)” for both s-

curves.
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ESTIMATE 1 ESTIMATE 2
ESTIMATE 1 TITLE NATO AGS w/ Base CV ESTIMATE 2 TITLE NATO AGS w/ 10% CV
COST UNITS SB COST UNITS SB
DOLLARS TYPE TY DOLLARS TYPE TY
COMMODITY Aircraft and UAVs COMMODITY Aircraft and UAVs
MILESTONE MS B (Development Estimate) MILESTONE MS B (Development Estimate)
LIFE CYCLE PHASE Acquisition (Development + Production) LIFE CYCLE PHASE Acquisition (Development + Production)
ESTIMATE TYPE Parametric ESTIMATE TYPE Parametric
Distribution Lognormal Distribution Lognormal
Parameters CV and Percentile (with corresponding value) Parameters CV and Percentile (with corresponding value)
Coefficient of Variation (CV) 0.51 Coefficient of Variation (CV) 0.1
Percent (p) 0.5 Percent (p) 0.5
Percentile (Xp, the x value) 5 Percentile (Xp, the x value) 5

Table 5: Required Parameters to Recreate NATO AGS Case Study

Figure 10 shows a snapshot of the “Inputs” tab after all required parameters are filled in. For this
example, historical adjustments were not applied to the base estimate. The reasons were (1) the chart
already provided CVs for both s-curves, and (2) the chart did not display the historical adjustment inputs
(e.g., milestone, life cycle phase) required to obtain the CVs.

f §Technomics
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Inputs

| ESTIMATE 3 | | ESTIMATE 2 |
ESTIMATE 1 TITLE NATO AGS w/ Base CV | ESTIMATE 2 TITLE NATO AGS w/ 10% CV |
COST UNITS C C ™ ® B8 COST UNITS C C ™ w38
DOULARS TYPE ' BaseYear ($) @  ThenYear($) DOLLARS TYPE ' BaseYear($) @  ThenYear($)
COMMODITY Aircratt and UAVS COMMODITY Alrcraft and UAVS
CUSIOM COMM, CUSTOM COMM,
MILESTONE MS 8 (Development Estimate) MILESTONE MS 8 (Oevelopment Estimate)
UIFE CYCLE PHASE Acauisiticn (Develooment + Prodiuction) UFE CYCLE PHASE Acgulsition (Development + Production)
EST. TYPE C P - P C Point Estimate EST.TYPE C P - C Point Estimate
Pavametric Inputs (e.g., eSBM or paramelers from external risk analysis) Parametric Inputs (e.g., eSBM orf p from | risk analysis)
Distributi l Lognormal ] Distributi l Lognormal ]
What parameters? [ CV and Peccentile (with corresponding value) ] ‘What p. s? l CV and Peccertile {with corcesponding value) ]
Mean (E[X]) Mean (€1x])
Coefficient of Variation (CV) 51.0% Coefficient of Variation (CV) 10,0%
Percent (p) S0% Percent (p) 50%
Percentile (Xp, the x value) 5.0 Percentile (Xp, the x value) 5.0
Lognormal Distribution input and Devived Porameters ] f Dis Input and Derived
Mean (E[x]) 5.6 Mean (E[X]) 5.0
V(5. d.(X) / E1X]) S1.0% CV (5. d.(X) / EIX)) 10.0%
Std Dev (s.d.[X]) 29 Std Dev (s.d.[X]) 0.5
Varance (Var(x]) 8.2 Varlance (Var(X]) 03
Median (ery) 5.0 Median (ery) 5.0
Mode (eA{j-02)) 4.0 Mode (eMj1-042)) 5.0
Mean Underlying Normal (y) 1.6 Mean Underlying Normal (i) 16
St. Dev. Underlying Normal (o) 0.5 St. Dev. Underlying Normal (o) 0.1
Would you like to overlay the PDF? Would you like to overlay the PDF? “
1 03 o 1 1 (24
o T " BG‘ g - 08
8oa |1 o1 B Historical CV 8.1 [ - Historical CV
o2 | 4 T oM : o2 ¢ + 02 D
D fomm ‘o 9+ v ]
30 L b » » 0 s 190
Cost (T 58) Cot (1Y 50
Click imoge or “Enlorge Single Charts” ink to enfarge Chick imoge or “Enlorge Single Charts™ Ank to enlorge
Would you like to apply historical adjustments? Would you like to apply historical adjustments? 0
L icart A Lomsored bovpels Herde bt Adisstimant dnpuls
C C C C
C B C C
Links to View Other Tabs
| Benchmarking Chart{s) |
| Reconciliation Chort ]

Figure 10: Snapshot of “Inputs” Tab to Recreate NATO AGS Case Study
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The second step in recreating the chart is to compare the two s-curves and display the desired

parameters. Since we are not comparing a single estimate with its historical adjustment, the

“Benchmarking” tab is not used. The “Reconciliation” tab is used to analyze and overlay both s-curves on

the same chart. From NCCA’s example, one of the displayed parameters is the 23% CDF delta above the
mean of the blue s-curve. Therefore, enter in 82.5% (59.5% + 23%) into the custom percentile cell. The
calculated cost at 82.5% is $7.8 (assuming that the cost at 50% is 5.0 from the “Inputs” tab). The user
will need to enter $7.8 into the custom cost cell to display the difference in CDF (vertical difference). If

the user decides to display the custom percentile, the difference in cost (horizontal difference) will be

shown. Figure 11 shows a snapshot of the “Reconciliation” tab with all the required inputs to recreate

the NATO AGS example.

Reconciliation
Parameters (Read Only: to adjust, retumn to Inputs tab)
Base Estimate TeraTerssta s e Tal Base Estimate Base Estimatew/ HistAdj:
Mean 5.6 59.5% $5.0 52.0%
Median $5.0 50% $5.0 50%
[custom cost 57.8 82.2% 578 100.0%
20th Percentile $3.3 20% 4.6 20%
80th Percentile 37.5 80% 554 80%
[custom %tile $7.8 82.5% $5.5 82.5%
Chart Options
Comparison 1 Comparison 2
Which Estimates would you like to compare? Which Estimates would you like to compare?
7 % 7 2
0 O C O
Z
C C
ACost ACDF Display? Labels? Difference? ACost ACDF Display? Labels? Difference?
Mean 50.6 7.5% | | O O O
Median $0.0 0.0% | | O O O
Custom Cost $0.0 17.8% O O O
20th Percentile $1.3 0.0% O O O O O O
80th Percentile $2.1 0.0% O | | O O O
Custom %tile $2.3 0.0% (] O O (] (] O
Cv=51.0% Reconciliation Chart Cv=10.0%
——————— . —_——————
weewo I MSB [Development Estimate) l |
NATO AGS w/ Base CV 1 ....................
7 H
7 o s
NATO AGS w/ 10% CV . H
P CEC R LS STEEL
0.7
CHART LEGEND W 06 -
=+-d+ Mean =]
Q
---@-- Median 0.5 -
\ B Point Estimate NATO AGS w/ Base CV
asspges 20th Percentile 0.4 4 -
«we- 80th Percentile 03 | NATO AGS w/ 10% CV
@+ Custom Percentile : —
0.2 «- @8-+ Custom Cost
01 - --#-- Custom %tile
E H
0 — T
S0 $5 $10 $15 $20 $25
Acquisition (Development + Production) - Cost (TY $B)
Links to View Other Tabs
Back To inputs
Benchmarking Chart(s

Figure 11: Snapshot of “Reconciliation” Tab to Recreate NATO AGS Case Study
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The final step is to add additional text boxes and edit the labels for the chart. The chart shown on the
left of Figure 12 is the chart that is displayed in the “R Chart” tab in the tool (also shown in the
“Reconciliation” tab). To develop the final chart, which is shown on the right in Figure 12, the following

items were added /edited on the chart.

Edit title, y axis label, and x axis label on chart

Remove x axis and change units of y axis to “%” (The x axis is only removed from this
case study because it did not exist in the original chart due to proprietary reasons. The x
axis should not be removed for other analyses.)

Remove subtitle and CV boxes for historical adjustments

Remove additional series in the legend

Add text boxes (e.g., Baseline Scenario and Pessimistic Scenario)

$0 $5

_|82%
80% 10% CV yields
z ABaseline Scenario es””‘a;e at
= - 99.9995 Cum
B 0% || *$1.35perEuro
B = No growth in ESLOC; learning on Percentile
E MR-RTIP
o % ; Inflation f‘ 3%; no delta for Ml Pessimistic Scenario
2 NATO wor « $x.xx per Euro
'_; 0% * x% growth in ESLOC
E * %% learning on MP-RTIP
3 Baseline CV of 51% « Cost delta for NATO work
- 40% « Inflation at x% per year
—— NATO AGS w/ Base CV 2
© 23%
—- £ % probability of  §
—— NATO AGS w/ 10% CV. ) costincrease
- 20%
-+ Custom Cost
e Custom Yiile 10%
4 ——NATO AGS w/ Base CV
—NATO AGS w/ 10% CV
510 s15 520 $25 o ) R
Acq (0e + Production) - Cost (TY $8) Estimated Acquisition Cost in Billions of Then-Year Euros

MS B (Development Estimate) L | mo°'1, 100%
90% 18%
18% (58)

Reconciliation Chart [_ovewow ] [Cev=sm ] Estimated Acquisition Cost of NATO AGS [Cov=o% ]
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Figure 12: Finalizing the Chart in “R Chart” Tab to Recreate NATO AGS Case Study
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Appendix A2. Case Study Showing Empirical Estimate Type

This chapter provides an example for displaying an s-curve using the empirical estimate type in the tool.
As previously stated, this tool does NOT perform risk analysis. Therefore, risk analysis will have to be
performed with an external program before the empirical data can be inserted into the tool. For this
specific example, we are using Crystal Ball as the external program to run Monte Carlo simulations for a
sample aircraft program. Listed below are some key points about Figure 13.

e Sample Aircraft Program was based on 500 Monte Carlo simulation trials using Crystal

Ball

e Compared Sample Aircraft Program with historical DoN Acquisition Programs

e Displayed the 80" percentile and the mean on the chart
[ ov=eaw [ ovessan_ | Sample Aircraft

MS B (Development Estimate)

0.9 From NCCA's SAR analysis,
DoN Acquisition programs have
a historical CV of 35.4%, The

08 current estimate only shows a
CVof 82.%
0.7
The increase in CV translates
toa $5M (TY) increase at the
w 0.6 80th percentile
[a]
o
0.5 The mean (& ) is at the 50th
percentile, which suggests a
0.4 normal distribution
/
/
0.3
/
I
0.2 /‘
e Sample Aircraft Program
~
0.1 — ~ i — =Sample Aircraft Program w/ hist. adj.
"
0 |— :
B
S0 s10 $20 $30 540 $50 $60

Acquisition (Development + Production) - Cost (TY $M)

Figure 13: Sample Aircraft Program Using Empirical Data-

The first step is to run the Monte Carlo simulations in Crystal Ball. The risk analysis is not shown in this
example. However, we show procedures on how to extract the trial values from the program. The S-
Curve Tool can hold up to 10,000 Monte Carlo trials. For this example, we only used 500 trials for our
sample aircraft program. The image on the top of Figure 14 shows a snapshot of the Crystal Ball toolbar.
After all risk is defined, click on “Run Preferences” in the toolbar and a popup window (shown in the
bottom of Figure 14) will appear. Define the number of trials you want to run for the Monte Carlo
simulation.
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b
= Home Tnsert Page Layout Formulas Data Review View Developer Acrobat Crystal Ball
&) Copy | {1y Select - Toals ] @ Hel
A @ il =T P EWPE @ g [ a0
£ Paste | (G Freeze [sausocRacios @] Resources -
Define Define  Define Start Stop Reset Stfp OptQuest || View Create Extract
Assumption - Decision Forecast (7 Clear @Cellprefs [ Run Preferences | Charts ~ Report~ Data oﬁbﬂut
" Analyze Help

Define

[S5cs

Run Preferences

Trials |Sampling I Speed I Options I Statistics|

l Mumber of trials to run: 10000 l

Stop on calculation errors

Stop when precision control limits are reached

Confidence level: 55

[ oK [ Cancel | [ Defaults. |[ Help |

Figure 14: Define the Number of Trials for the Monte Carlo Simulation in Crystal Ball

After Crystal Ball performs the desired number of Monte Carlo trials, the user will have to obtain the raw
data and insert it into the S-Curve Tool. To extract the raw data, click on “Extract Data” in the Crystal Ball
toolbar (shown in the top of Figure 15) and a popup window (shown in the bottom of Figure 15) will
appear. Check the “Trial values” box and click OK. Crystal Ball will open a separate file that contains all of
the trial values (shown on the left of Figure 17). This is the complete data set that will be inserted into

the S-Curve Tool (more details below).

Review View Developer Acrobat Crystal Ball

o
—/ Home Insert Page Layout Formulas Data
@ Help

7 Copy | Ik Select - Tools ~
A @ = > ab
J)Paste | (3] Freeze L D Save or Restore - I_| Resources ~
OptQuest View  Create] Extract
[ Run Preferences Charts - Report| | Data || O About
Analy; Help

Define Define Define Start  Stop  Reset  Step
Assumption - Decision Forecast &/ Clear R cen prefs

Define

Run

Sy

Extract Data Preferences
Data | Options
Select data to extract: Forscasts
[C] Statistics + -
[C] Percentiles... @ Al
|| Chart bins... ¥ ) Choose.
= Y - -
lz Trial values I @ None
Assumptions
Al
() Choose...
@ MNene
[ ok || cencel | [ Defauls. |[ Help

Figure 15: Extract the Trial Values from Crystal Ball
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After running the Monte Carlo simulations and extracting the data from Crystal Ball (or any other
external program), the second step is to define the estimate and insert the data into the S-Curve Tool.
For this example, the parameters used for the sample aircraft program are listed in Table 6. This table is
also created in the tool (“Summary” tab).

ESTIMATE 1 HISTORICAL ADJUSTMENT
ESTIMATE 1 TITLE Sample Aircraft Program COMMODITY DoN Acquisition
COST UNITS SM MILESTONE MS B (Development Estimate)
DOLLARS TYPE TY LIFE CYCLE PHASE Acquisition (RDT&E + Procurement)
COMMODITY Aircraft and UAVs INFLATION BYS
MILESTONE MS B (Development Estimate) QUANTITY adj
LIFE CYCLE PHASE Acquisition (RDT&E + Procurement) APPLIED ADJ Apply only CV
ESTIMATE TYPE Empirical CV (hist.) 35.5%
# of Trials 500 CGF (hist.) 1.23
Value for Trials Values Equal to # of Trials

Table 6: Required Parameters to Recreate Sample Aircraft Program Case Study

Figure 16 shows a snapshot of the “Inputs” tab after all required parameters are filled in. This excludes
the Monte Carlo trials, which are inserted in the Empirical tab (shown in Figure 17). To get to the

Empirical tab, users should click on the hyperlink labeled “Click to enter Empirical Data” (circled in red in

Figure 16). This hyperlink appears after the user selects “Empirical” as the estimate type.

Based on the five historical adjustment inputs (commodity, milestone, life cycle phase, inflation, and
guantity), a suggested CV and a suggested CGF will appear. As stated before, these metrics are derived
from NCCA’s SAR analysis. In this example, we are comparing the estimate to DoN Acquisition programs.
We can also compare the estimate to “DoD Acquisition” programs and “Aircraft and UAVs”. These

selections are in the commodity list in the “historical adjustments” section of the “Inputs” tab
(highlighted in green in Figure 16).

For this example, we elected to apply only the suggested CV for the estimate. Users can also choose to
“apply only CGF” or “both CV and CGF” (highlighted in blue in Figure 16).
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Inputs

[ ESTIMATE 1 | \ ESTIMATE 2 |
ESTIMATE 1 TITLE Sample Aircraft Program | ESTIMATE 2 TITLE |
COST UNITS O SK ® M C $B COSTUNITS C $K @® $M O 3B
DOLLARS TYPE C Base Year ($) ® Then Year ($) DOLLARS TYPE C Base Year ($) ® Then Year ()
COMMODITY Aircraft and UAVs COMMODITY Aircraft and UAVs
CUSTOM-COMIM: CUSTOM-COMM:
MILESTONE MS B [Development Estimate) MILESTONE MS B [Development Estimate)
LIFE CYCLE PHASE Acquisition (Development + Production) LIFE CYCLE PHASE
EST. TYPE O Empirical C Parametric O Point Estimate EST. TYPE O Empirical O Parametric Point Estimate
Empirical Inputs (i.e., a set of outcomes from a Monte Carlo risk run) ]

Ents i
Click to enter Empirical Data |

Derived Empirical Parameters tnpurtand-Derved Parameters
Mean 25.5

v 8.2%

Std Dev 2.1

Variance 44

Median 25.6

Mode

Would you like to overlay the PDF? Would you like to overlay the PDF? O
1 0.35 1 1 cv
025
W06 £ 02 u L 06 06
Soa f 015 £ Historical CV Sos 0s Historical CV
0.2 — A 3 ;5 0.2 0.2
0 e 0 0 0
0 20 40 50 o 1 1
Cost (TY SM) Cost (TY $M)
Click image or "Enlarge Single Charts" link to enlarge Click image or "Enlarge Single Charts” link to enlarge
Would you like to apply historical adjustments? Would you like to apply historical adjustments? O
Historical Adji Inputs HisterlealAdfustmentinputs
Commodity ‘ DoN Acquisition ‘
el ity SEIECtION IS GCCER|
Include Inflation Risk? @ No O Yes O O
Include Quantity Risk? @ No O Yes O O
Based on inputs listed above

Suggested CV based on Hist. Data 35% &
Suggested CGF based on Hist. Data 1.23 ek
Suggested %tile based on Hist. Data

@ Proceed to apply CV o
How to apply the historical adiustment[ | Apply only CV ‘ ]

Links to View Other Tabs
‘ Benchmarking Chart{s, ‘
‘ Reconciliation Chart ‘

Figure 16: Snapshot of “Inputs” Tab to Recreate Sample Aircraft Program
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To enter in all the values for the Monte Carlo simulation, the user will have to proceed to the
“Empirical” tab. Figure 17 shows a snapshot the raw data from Crystal Ball (shown on the left) and the
location where the data is inserted in the S-Curve Tool (shown on the right). Values extracted from
Crystal Ball are usually in dollars. Users will have to define these cost units in the “Empirical” tab
(highlighted in green in Figure 17). The tool will convert the units of the Monte Carlo trials into the cost
units that were selected in the “Inputs” tab (for this example, converted dollars ($) to millions (SM)).

Users also have an option to assess the Monte Carlo simulation for the sample aircraft program
(highlighted in red in Figure 17).

A D

1 | Trial values Total

21 $32,936,457.5
32 $36,358,235.3
4|3 $34,125,401.5
5 4 $35,952,574.9
6 [5 $41,550,570.9
76 $37,901,690.8
8|7 $35,571,425.6
9|8 $32,050,355.5
109 $36,570,585.3
11|10 $38,563,249.2
12 |11 $38,151,776.7
13 |12 $39,867,133.2
14 13 $30,389,800.4
1514 $39,310,931.9
16 |15 $40,120,955.0
17 |16 $33,856,953.5
18 |17 $33,673,124.4
19 18 $37,947,475.1
20 19 $38,008,435.8
21|20 $33,874,07L.7
22|21 $35,010,499.6
23 |22 $32,682,549.8
2423 $34,267,008.9
2524 $32,010,325.0
2625 $38,024,920.0
2726 $33,128,454.2
28 27 $39,623,680.4
29 28 $33,819,760.2
3029 $37,074,795.2
3130 $32,896,632.2
3231 $33,282,079.9
3332 $34,818,910.5
3433 $32,656,673.7
35 |34 $40,135,513.6
3635 $36,717,315.9
3736 $31,163,539.8
3837 $42,089,855.8
TR

az 523,686,480.7| )

[ ESTIMATE 1 [ ESTIMATE 2 (To change & of Trials for Estimates, return to Controls Tab)
w of Trials {from Inputs) 500 # of Trials {from Inputs) 0 [ Back to Inputs I
Display Cost Units (from Inputs) L - Display Cost Units [from Inputs) SM
Input Cost Units of Empirical Data | [5 N Input Cost Units of uld you like to "check” the Empirical Data? \
Valses Equal to # of Triols Insert Values in White Cells ®  Estimatel . Estimate 2
Trial = ﬁnnrgneﬂ slues ($M] Trialw | values() |Converted Values ($M) \
1 [ |522.040.619.3] $22 1 Empirical Parometers Coleuleted from Rew Data
523,740,360.9| 524 2 Mean () 55 Variance [042) 4
523,991,323.2| 524 3 oV fofp) 8.2% Median 5.6
525,365,757.2] 525 4 5td Dev (a) F Mode
§24,046,257.8| 524 5
526,585,159.7] $27 [ Chart Options
524,627,978.2| 525 7 ‘Would you like to overlay Parametric feat. to Empirical Data? =)
525,959,559.3| 526 8 Distribution | roormad &
$25,265,911.1 525 9
$27,738,294.6/ 28 10
$27,349,303.9/ 527 11 N CDF
$24,044,232.2 524 12
$25,062,328.5/ 525 12 02
| |s26,735,233.7] $27 18 .
| |527,737,860.5) 528 15 08
525,614,648.7) 526 16 o
$25,301,458.7] 525 17 o
$27,586,274.5| 528 18 o4 1
526,372.418.2 526 19
$23,023,292.0) $23 0 02
$25,843,037.4] 526 n
$25,834,824.2 526 2 o
$22,064,358.2 S22 3 o 10 20 40
240 1504306 492 504 24 Cost (TY$M)
25 | 5285066634 s27 s PDF
26 525,550,808.4 530 2% 0.35
27 | |522,393,370.5 522 27 03
28 | 1522,404,454.3 $22 2%
29 | |$23.143,2339 523 Fo] 0.5
30 | |$24.129,124.4] 524 30 02
w O
31 | |526433,852.0 526 31 8
a
32 | [s24,675,385.4] 25 2 015
33| [s239747191 53 ) 01
34 520,681,863.5| 51 Ead
35 | [s27,776,141.8] $28 35 0.05
36 § |$30,113,758.0) 530 36 0 /
37 | | 526,161, 707.6| 526 37
38 | |$28,009,679.6/ 528 38 \ 0 0 Cost |212f SM) 0
39 | |$27.110,044.6/ 527 39 N —
40 | |524,225328.5 524 40
41 | |524,998,510.6 525 41
528 42

Figure 17: Extracting Data from Crystal Ball (left) and Inserting Data into the Tool (right)
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The third step is to apply the chart options on the s-curve. For this example, the “Reconciliation” tab is
used to compare the two s-curves. Since this is a comparison between an estimate and the historical
adjustment to the estimate, the “Benchmarking” tab can also be used for other analyses. The chart
shows the data labels for the mean and the 80™ percentile, and the difference in cost at the go™
percentile. Figure 18 shows a snapshot of the “Reconciliation” tab after all the selections have been
made. Users can also apply other parameters by clicking the checkboxes.

Reconciliation
Parameters (Read Only: to adjust, return to Inputs tab)
Base Estimate Base Estimate w/ Hist. Adj. Base Estimate T
Mean $25.5 49.4% $25.5 49.4%
Median $25.6 50% $25.7 50%
‘Custom Cost
20th Percentile $23.9 20% $18.3 20%
80th Percentile $27.2 80% $32.5 80%
‘Custom %tile
Chart Options
Comparison 1 Comparison 2
Which Estimates would you like to compare? Which Estimates would you like to compare?
7 % 7 %
(@ @ C @
Z Z
7 S s 7 L[ [c
O O
ACost ACDF  Display? labels? Difference? ACost ACDF  Display? Labels? Difference?
Mean $0.0 0.0% O O O O
Median $0.1 0.0% O O O O O O
Custom Cost O | | O O O
20th Percentile $5.5 0.0% O O O O O O
80th Percentile $5.4 0.0% O O O
Custom %tile O | | O O O
CV-8.2% Reconciliation Chart V=
_______ . —_—— ==
LEGEND l. _ _CVLSS_IWD_ ] MS B [Development Estimate) l |
Sample Aircraft Program 14 — ———
V77777771  sample Aircraft Program w/ hist adj 0o | -
Z
U 08 |
0.7 -
CHART LEGEND w 06 -
<ol Mean o
]
++-@- Median 0.5 ‘———Sample Aircraft Program
<@+« Point Estimate
<+ 20th Percentile 0.4 = Sample Aircraft Program wy
- 80th Percentile hist. adj.
5 ‘ 0.3 |
-+ Custom Perc?ntile_
0.2 -
-+ &-- Custom Cost
- - P
— H :
0 m=—— ; b T T ]
]
$0 $10 $20 43 $40 $50 $60
Acquisition (Development + Production) - Cost (TY $M)
Links to View Other Tabs

Back To inputs

| Benchmarking Chart(s, |

Figure 18: Snapshot of “Reconciliation” Tab to Recreate Sample Aircraft Program
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The final step is to add additional text boxes and edit the labels for the chart. The chart shown on the
left of Figure 19 is the chart that is displayed in the “Summary” tab in the tool (also shown in the
“Reconciliation” tab). To obtain the final chart, which is shown on the right of Figure 19, the following

items were edited on the chart.

e The title was changed
“ H n”n “ H n
e CV boxes for “estimate 2” were removed and CV boxes for “estimate 1” were relocated
e Inputs were removed from the legend
e Text boxes were added
Reconciliation Chart [ o ] oesre || _w-mes_ | Sample Aircraft
MS B (Development Estimate) L | MS B (Development Estimate)
_e——=" 1 L ———-
— —
- -
09 09 From NCCA's SAR analysis,
DoN Acquisition programs have
s a historical CV of 35.4%. The
08 0.8 n
current estimate only shows a
r CVof 82%
07 // 07 The increase in CV translates
to a $5M (TY) increase at the
L 06 / E o 06 80th percentile
8
0.5 0.5 The mean (A } is at the 50th
E percentile, which suggests a
0.4 / 0.4 normal distribution
Sample Aircraft Program
03 ; — -Sample Aircraft Program w hist. adj; 03 //
-’ — -’
0.2 / —- 0.2 ’
rd b —— sample Aircraft Program
=4 Custom Cost
01 Z - . P ; 0.1 =2 — —sample Aircraft Program w/ hist. ad
— e Custom Yitile — H ample Aircraft Program w) hist. adj
> i o i
0 ——— i 0 ——— i
-52527 533 $26(|527 533
0 $10 $20 . $30 $40 $50 $60 $0 $10 $20 DSBGD $40 $50 $60
(D +Pr - Cost (TY $M) Acquisition (Development + Production) - Cost (TY $M)

Figure 19: Finalizing the Chart in “Summary” Tab to Recreate Sample Aircraft Program
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Appendix B. Snapshots of the S-Curve Tool

This appendix provides more snapshots/details of the tool. The tool contains many cells that

appear/disappear based on the selections from the drop down menus or radio buttons. An example is

the selection of the estimate type. Table 7 lists all of the possible scenarios for the estimate types. This

table will increase if more options are added to the estimate type, distribution, or type of input in future

versions of the tool.

# of Scenarios | Estimate Type | Distribution Type of Input
1 Empirical - -
2 Mean and CV
3 Normal Mean and Specified Cost (w/ %tile)
4 Parametric CV and Specified Cost (w/ %tile)
5 Mean and CV
6 Lognormal Mean and Specified Cost (w/ %tile)
7 CV and Specified Cost (w/ %tile)
8 Normal Mean
9 . . Median
Point Estimate
10 Lognormal Mean
11 Median

Table 7: All Possible Estimate Types Incorporated in v1.0
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Appendix B1. Custom Commodity

This section explains the “custom commodity” features of the S-Curve Tool. There are currently eight
different commodity class options for the base estimate (shown on the left of Table 8). If the commodity
for the estimate is not listed in the commodity classes, the user can choose to select “custom
commodity” to input a different commodity. The commodity list in the historical adjustment section will
only contain DoD Acquisition, DoN Acquisition, and the commodity that the user selects for the base
estimate (shown on the right of Table 8).

Commodity List for Base Estimate Commodity List for Historical Adjustment

Ships and Submarines DoD' Acquisition

Aircraft and UAVs® DoN? Acquisition

Missiles and Munitions *Selection from Commodity List for Base Estimate
Unmanned Space |:>

Electronics

AlS*

WTV®

Custom Commodity

Table 8: Commodity Lists for Base Estimate and Historical Adjustments

Selecting a custom commodity also means that the tool does not contain a suggested CV and a
suggested CGF. Therefore, there is a section where the user can input a custom CV and/or a custom CGF
if the custom commodity option is selected (shown in Figure 20).

\ ESTIMATE 1 | \ ESTIMATE 1 |
ESTIMATE 1 TITLE | ESTIMATE 1 TITLE |
COST UNITS C SK ) SM ) SB COST UNITS C SK ) SM ) SB
DOLLARS TYPE O Base Year (S} O Then Year (S} DOLLARS TYPE O Base Year (S} O Then Year (S}
COMMODITY Ajrcraft and UAVs OMMODITY Custom Commodity
EUSTOM-COMM- USTOM COMM.
MILESTONE MILESTONE
LIFE CYCLE PHASE LIFE CYCLE PHASE
Would you like to apply historical adjustments to ? Would you like to apply historical adjustments to ?
Historical Adjustment Inputs Historical Adjustment inputs
Commodity l Aircraft and UAVs [~ Custom Commodity l Custom Commodity [~

. I; . - DoD Acquisition
Include Inflatiol : ggz :Eqﬂ:::‘ég: Include Inflation Risk? Dol Acquisition
Include Quantit Risk? i, Include Quantity Risk? T

Basel inguts listed above CustomInpuis Based eninpuislisted above Custom Inputs

Suggested CV bas t. Data o Suggested-CV-based-enHist-Data o
suggested CGF based on Hist. Data (=13 Suggested CGFbased-enHist-Dak CGF
Suggested %tile based on Hist. Data Suggested Setile based-en-Hist-Bak
How to apply the historical adjustment? | How to apply the historical adjustment? |

Figure 20: Features in the S-Curve Tool for Selecting Custom Commodity

! DoD stands for Department of Defense

? UAVs stand for Unmanned Aerial Vehicles

* DoN stands for Department of Navy

* AIS stands for Automated Identification Systems
> WTV stands for Wheeled and Tracked Vehicles
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Appendix B2. Empirical Case

This section shows the features of the tool when the user inputs empirical data. When “Empirical” has
been selected in the “Inputs” tab for the estimate type, a white cell will appear and the user will have to
specify the number of trials. The tool can handle up to 10,000 values. Afterwards, a link is provided to
lead the user to the “Empirical” tab. Depending on the number of trials entered in the “Inputs” tab, the
same number of cells will appear in white for the user to enter in the empirical data. If the cells are
empty, a yellow icon and a message showing “Insert Values in White Cells” will appear. If there are not
enough values, a red icon and a message showing “Not Enough Cells” will appear. If there are too many
values, the values will appear in yellow and a red icon and a message showing “Too Many Values” will
appear. When the user enters in the correct number of values, a green icon and a message showing
“Values Equal to # of Trials” will appear.

EST. TYPE ® Empirical O parametric

Paint Estimate

Empirical inputs (i.e., a set of outcomes from a Monte Carlo risk run)
Enter number of trials loximum # of trials = 10,000)

[ Click to enter Empirical Data

Derived Empirical Parameters

Enter # of

“Inputs” tab

trialsin

—

EST.TYPE ® Empirical ) Parametric Point Estimate

Empirical inputs (i.e., a set of outcomes from a Monte Carlo risk run)
Enter number of trials 5 laximum # of trials = 10,000)

[ Click to enter Empirical Data ]

Derived Empirical Parameters

Mean (p) Mean ()
oV (ofu) v (/)
Std Dev (o} std Dev (o)
Variance (042) Variance (042)
Median Median
Mode Mode
@/[ “Empirical” tab
ESTIMATE 1 [ ESTIMATE 1 ESTIMATE 1 ESTIMATE 1 ESTIMATE 1
wufY I # of Trials (from Inputs) ,,mmah”mm Inputs) “fru als (fr wqua\s[ [| 5
Display Cost Units (from lﬂwﬂl $K Display Cost Units (from Inputs) SK Display Cost Units (fmm Inputs) $K Display Cost Units (from Inputs) sx Display Cost Units (from Inputs) SK
JaRit Cost Linite "
TP eSO O e O -l v - »
Insert Values in White Cells Insert Values in White Cells o Not Emmw Values (=] Too Many Vaiues @ Values Equal to # of Triols
Trial# | values() Jconverted values ($k) Trisl# | Values($) |Converted Values(Sk) Trial# | Values(s) rted Values (SK) Trial# | values($) ried Values ($K) Trial# | values($) rted Values ($k)
1 1 = 31,000 51 1 $1,000 1 1 1,000 §1
2 2 2 2,000 52 2 52,000 $2 2 $2,000 $2
3 3 3 $3,000 5 3 3,000 ) 3 53,000 3
4 a a 4 $4,000 4 4 $4,000 k2
5 5 5 5 $5,000 £ s 5,000 $5
6 s G 6 6

Figure 21: Snapshots of “Inputs” and “Empirical” Tab for Empirical Case
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Appendix B3. Parametric Case

This section shows the features of the tool when the user inputs parametric data. After “Parametric” has been selected in the “Inputs” tab for

the estimate type, there are two other lists of selections from which the user will have to choose. The first list requires the user to select the

distribution, (1) Normal, or (2) Lognormal. The second list requires the user to select the type of parameters, (1) Mean and CV (shown on the left
of Figure 22), (2) Mean and Specified Cost w/ corresponding %tile (shown in the middle of Figure 22), and (3) CV and Specified Cost w/ %tile
(shown on the right of Figure 22). Depending on the user’s selection of the type of parameters, white cells will appear for the user to enter the

corresponding values. After these values have been entered, the grey cells below will be populated with the derived parameters.

EST. TYPE C Empirical (@ Parametric O Point Estimate
ic Inputs (e.g., p Jfrom a Monte Carlo output or method of
Distribution ‘ Normal ‘
What parameters? ‘ Mezn and CV ‘
Mean (u)
Coefficient of Variation (CV)
Percent (p)

Percentile (Xp, the x value)

Normal Distribution Input and Derived Parameters

Mean

o (/i)

Std Dev (o)

Variance (oA2)

Median (=p)

Mode (=p)
MeanUnderying Narmal{14}

EST. TYPE C Empirical @ Parametric () Point Estimate
ic Inputs (e.g., p Jfrom @ Monte Carlo output or method of
Distribution ‘ Normal ‘
‘What p: 7 ‘ Mean and Percentile (with corresponding value) ‘
mean (1 [
Coefficient of Variation (CV)
Percent (p)
Percentile (Xp, the x value)
Normal Distribution Input and Derived Parameters
Mean
v (ofp)
Std Dev (o)
Variance (0/2)
Median (=p)
Mode (=p)
Mean-UnderyingNormal-{j3}

Figure 22 Snapshots of “Inputs” Tab for Parametric Case
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EST. TYPE C Empirical @ Parametric Point Estimate
ic Inputs (e.g., p from a Monte Carlo output or method of moments)
Distribution ‘ Normal |
What parameters? | Cv and Percentile (with corresponding value) |
Mean (p)
Coefficient of Variation (CV)
Percent (p)

Percentile (Xp, the x value)

Normal Distribution Input and Derived Parameters

Mean

o (ofp)

Std Dev (a)

Variance (0"2)

Median (=p)

Mode (=)
MeanUnderying Nermal{p)




Appendix B4. Point Estimate Case

This section shows the features of the tool when the user inputs data for a point estimate. After “Point
Estimate” has been selected in the “Inputs” tab for the estimate type, there are two other lists of
selections from which the user will have to choose. The first list requires the user to select the
distribution, (1) Normal, or (2) Lognormal. The distribution selected will define the distribution applied
to the historical adjustment. The second list requires the user to select whether the point estimate
represents a (1) Mean (shown on the left of Figure 23), or a (2) Median (shown on the right of Figure

23). When the user selects a mean, the historical adjustment will pivot on the mean, and respectively for
the median. Depending on the user’s selection of the parameter type, white cells will appear for the

user to enter the corresponding values. After these values have been entered, the grey cells below will
be populated with the derived parameters.

EST.TYPE (  Empirical (C  Parametric @  Point Estimate ESTL.TYPE (O  Empirical C  Parametric @®  Point Estimate
Point Estimate (i.e., risk analysis not yet done) Point Estimate (i.e., risk analysis not yet done)
Distribution | Normal ‘ Distribution | Noermal |
Mean/Median? | Mean \ Mean/Median? | Median |
Point Estimate (Mean) [ ] Point Estimate (Mean)
Point Estimate (Median) Point Estimate (Median) [ ]
Input and Derived Parameters Input and Derived Parameters
Point Estimate {Mean) Mean
v (o/u) v (o/p)
Std Dev (o) Std Dev (o)
Variance (on2) Variance (on2)
Median (= p) Point Estimate (Median)
Mode Mode

. ¥} nlindarlying Aloes )
earnderhping Normal{} L tH
o+ Ny Hrderhs AL ] 1
e

St Doy Undorhing Morpaal 1o
= = yrg Liar )

Figure 23: Snapshots of “Inputs” Tab for Point Estimate Case
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Appendix B5. Normal Distribution vs. Lognormal Distribution

This section describes the features in the tool when the user selects a normal distribution compared to a
lognormal distribution. In the “Inputs” tab, the only difference is in the “Input and Derived Parameters”
section. For a lognormal distribution, the mean underlying normal and the standard deviation
underlying normal are calculated. For a normal distribution, these parameters are not calculated and the

cells are thus greyed out.

EST. TYPE C Empirical O Parametric @ Point Estimate

Point Estimate (i.e., risk analysis not yet done)

Distribution ‘ Normal ‘

Mean/Median? | Median |

Point Estimate (Mean)

EST. TYPE O Empirical . Parametric @ Point Estimate

Point Estimate (i.e., risk analysis not yet done)

Distribution | Lognormal |

Mean/Median? | Median |

Point Estimate (Mean)

Point Estimate (Median) l:l Point Estimate (Median) l:l
Input and Derived Parameters Input and Derived Parameters
Mean Mean
CV (afp) Vv (ofp)
Std Dev (o) Std Dev (o)
Variance (g"2) Variance (gh2)
Point Estimate (Median) Point Estimate (Median)
Mode Mode
P Mean Underlying Normal (p)
St-Pevdrderying NermaHe) @[ St. Dev. Underlying Normal (o)

Figure 24: Snapshots of “Inputs” Tab for Normal Distribution vs. Lognormal Distribution
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