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Introduction

In today's data driven cost estimating environment, it is critical to understand the
impact of design and systems engineering decisions on cost.

¢ Need for Cost Estimating Relationships (CERS) that relate engineering
design and performance parameters to cost.

¢ New methodologies are needed to understand the cost impact on
Measures of Effectiveness and Measures of Performance.

¢ Engineers also need the ability to visualize the sensitivity of the CERs to
changes in design and performance parameters.

¢ Using new interfaces between systems engineering and cost estimating
tools, this presentation will demonstrate how sensitivity analysis for custom
developed CERs can easily be generated.
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The Current Landscape

¢ In 2009, the Weapon Systems Acquisition Reform Act (S. 454) was signed into law by
President Obama. One of the key principles is getting things right from the start with sound
systems engineering and defendable cost estimating practices.

¢ System Engineering practices must ensure consideration of trade-offs between cost,
schedule and performance early in the process of developing major weapon systems.

¢ One of the key analytical tools available to System Engineering for including cost as a
trade off consideration is parametric estimating.

¢ By amalgamating cost variables into a few cost drivers, parametric cost estimating require
less information than other methodologies.

¢ The cost drivers used in parametric cost estimating often align to engineering drivers,
allowing concurrent development of estimates and design alternatives; no other methods
have demonstrated this ability.

Affordability is now treated as an engineering
parameter and not simply a downstream result.
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What is Needed in Today’s Environment?

¢« Ability to include align CERs within the Measure of Effectiveness

¢« Ability to have both databases of historical data points including
estimating CERs within an integrated framework.

¢ Integration with System Engineering tools such as ModelCenter to
conduct sensitivity, Design of Experiments, optimization studies, etc.

An Integrated Framework between cost estimating tools and System
Engineering is required to fully assess Affordability issues.
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«

Case Study Example

An Integrated Affordability
Framework

Leveraging Data-Driven CERs and

System Engineering Tools In
Satellite Estimating
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Measuring the Impact of Design and Systems
Engineering Decisions on Affordability Analysis

Performance
Models
i Integrated
Cosuﬁgggﬁ'xg ness Parametric Cost
Models

\ \

An Integrated Framework enables
\ Affordability Analysis /

Integrated

. . Systems
Risk Analysis Engineering

k k Models
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FireSat Case Study

¢ Using equations from the Space Mission Engineering The New SMAD )SME-
SMAD) Chapter 11 Cost Estimating (Henry Apgar) the objectives of this case

study are to:
» Demonstrate incorporation of the SME-SMAD CERs within a fully integrated

TruePlanning framework taking advantage of custom CERs and additional cost
Data Driven models

3

S

3\
* Using TruePlanning as a data repository, store historical actual cost history

. Data contained in SME-SMAD and create new Cost Estimating Relationships.
epository Y,

S Determine which design variables drive cost — and to what extent
Analysis J

S dm! Demonstrate integrated sensitivity and risk analysis modeling
Analysis )

» Determine the “surface response” of the model (carpet plot analysis) to design

_ System parameters through integration with System Engineering Tools - ModelCenter
ngineering ’

» Understand Cost/Performance relationships and tradeoffs

Affordability
Analysis )

Space Mission Engineering The New SMAD (SME-SMAD) [Wertz/Everett/Puschell, July 2011] (softcover)

Optimize tomorrow today. ®
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FireSat |l Integrated Parametric Cost Estimating Model -
TruePlanning including UCSMS8, NICM and Custom CERs

@ PRICE TruePlanning 12.1 - [demo FireSat USCME Final] Integrated
. o . Parametric Cost
File Edit View Tools Window Help Models
- g, # L6 h | ==, B A W, &, Y

Simple | Detailed

1 =-C3 FireSat 1T X X

) 5 Program Level } TruePlanning Earar_netrlc Model for

3 5@ Spacecraft Bus System Engineering / Program

4 ‘Jf:fx Structure and Thermal Control (REC) Y Management and IA&T

5 ‘Jf:fx Structure and Thermal Contral (NREC)

b ‘J':fx Attitude Determination 8 Control (REC)

7 ‘Jf:fx Attitude Determination & Contral (MREC)

] Yy Electrical Power System (REC) >— Spacecraft Bus CERs from USCMS8

g ‘J':fx Electrical Power Systemn (MREC)

10 Yy Propulsion Apogee Kick Motor (REC)

1 T Propulsion Reaction Control (NREC) TruePlanning for Software Parametric

12 ¥y Telemetry Trackfng and Command (REC) o Model

13 Yy Telemetry Tracking and Command (MREC) _

14 = Flight Software —

15 5@ Payload IR Sensor CER from NASA Instrument

16 W IR Sensor (Total) } Cost Model (NICM)

17 Ty Ground Supprt Equipment (MREC)

18 iy Launch and Orbital Launch Support (LOOS) } GSE and Launch Support and Launch
from USMC8
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FireSat Cost Estimating Relationships

—~SN 3P s
\ lﬂ ‘) - L FIRESAT TP_Excel Solution vb - Microsoft Excel
Home Insert Page Layout Formulas Data Review View Add-Ins Acrobat TruePlanning
== ¥ cut _ o = 7
Calibri -1 - A ATl =) Wrap Text General - = :ﬁj— MNarmal 2 Normal
j 23 Copy 5| ﬂ
Paste - - - = - - g <0 .00 | Conditional Format alculati
S Eormat Painter | B 7 U~ || S A a3 Merge & Center ~ ||| $ = % o |58 5% S S Meutral Calculatic
Clipboard P} Font T Alignment [ Mumber P} Style:
| K11 - fx | EPS Weight (kg)
A B c 1 K L M
£
=
; {
2 [ &
B ' i
2 = Ei ~ ~
5 & Pii £ 3 £
? g 7 ; § 7 4
5|8 | & é ) : : =
4 0 System Folder FireSat Il
5 1 System Program Level
6 2 Assembly Spacecraft Bus
7 3 Equaticns Structure and Thermal Control (REC) (22.6*x)* 1000 Weight(kg) 291 :inal]
8 3 Equations Structure and Thermal Control {NREC) (646* x*.684)=1000 Weightikeg) 281
9 3 Equations Attitude Determination & Contral (REC) (795*x".593)* 1000 ADCE Weight (kg) 116
10 3 Equaticns Attitude Determination & Control (NREC)  (324%x)*1000 ADCE Weight (kg) 116
11 3 Equations Electrical Power System (REC) (32.4%x)*1000 EPS Weight (kg) 209 = i
12 3 Equations Electrical Power System (NREC) (64.3*x)*1000 EPS Weight (kg) 209 = g - @ -
13 3 Equations Propulsion Apogee Kick Motor (REC) (29*x +0.024*y)* 1000 AKM Weight(kg) 0 Burn Time (seconds) _
14| 3 Equations Propulsion Reaction Control (NREC) (20.0°x0.485)* 1000 RCS Tank Vol {co) 0 <Insert Name»
15 3 Equations Telemetry Tracking and Command (REC) (883.7*x"0.491*1.13"y)*1000 TT&C Weight (kg) 8.1 GTO Orbit (1=yes 2=no)
16 3 Equaticns Telemetry Tracking and Command (NREC) x*1000 TTEC Ave. Cost 26916 <Insert Name>
17 3 Software Component Flight Software
1 =-E3 EFireSat]I
2 =I5 Program Level
3 =g Spacecraft Bus
4 ‘]':fx Structure and Thermal Control (REC)
5 ‘]':fx Structure and Thermal Contrel (MREC)
6 ¥y Attitude Determination & Centrol (REC)
7 ‘]':fx Attitude Determination & Control (MREC)
8 e Electrical Power System (REC)
9 e Electrical Power System (NREC)
SME'SMAD Flresat equatlons 10 e Propulsion Apegee Kick Motor (REC)
imported directly from EXCEL into - e Propulion Reaction Contrel (NREQ
12 Y Telemetry Tracking and Command (REC)
TruePlanning Equation Cost Object 12 ¥ Telemetry Tracking and Command (NREC)
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FireSat Launch Vehicle Historical Data in TruePlanning

@ PRICE TruePlanning 12.1 - [demo FireSat USCMBS Final]

FIRESAT TP_Excel Solution v - Microsoft Excel

Home | Inset  Pagelayout  Formulas  Dats  Review  View  Adddns  Acobst  TruePlanning
== ¥ Cut X . = 7
B Calibri -l - A AT =||®~| | Siwmap Tedt General - }% ﬁ‘?—d Normal 2 m
pate o =525 | Conditional Format Neutral Ca
- Format Painter x{ Merge & Center - ||| § - % » ||%§ 5% S, T eutra E
Clipboard & Font & Alignment = Number &
[ paz - fe | Launch vehicle Data 2012
A B c Al A AK AL AM AN A0
g ¢ s 8
. § § & g
§ & o 3 g &
5 O § F ¥
¢ K £ T ki P e o
2 g & -Ig -g & £ £
P £ 5 £ g H g g
¥ ) g z ] ¥ 3 £ £
SEAE & g & & & 5 =3
22 2 Equations Launch Segment (REC)
23| 1 Folder Launch Venicle Data
24| 2 Launch Vehicle Data 2012 Athena 2 UsA 2085 500 $32688.00  $15.80 $55.40
25| 2 Launch Vehicle Data 2012 Cosmos Russia 1500 0 51838700 51210 $0.00
26| 2 Launch Vehicle Data 2012 Pegasus XL UsA 233 0 $18454.00  $4150 $0.00
27| 2 Launch Vehicle Dats 2012 Falcon 1= Usa 1010 0 51030000  S$10.80 50.00
28| 2 Launch Vehicle Data 2012 Minotaur IV usa 1650 0 $2200000  $1330 $0.00
29| 2 Launch Vehicle Data 2012 Rockot Russia 1850 0 $18454.00 $9.90 $0.00
30| 2 Launch Vehicle Data 2012 shril Russia 430 0 527200 50.70 $0.00
31| 2 Launch Vehicle Data 2012 START Russia 632 0 51021500  $1590 $0.00
32| 2 Launch Vehicle Data 2012 Taurus UsA 1380 448 S25B78.00  S18.80 $57.70
33| 2 Launch Vehicle Data 2012 Ariane 441 Europe 10200 4790 515322500  $15.00 $32.00
34| 2 Launch Vehicle Data 2012 Atlas 248 UsA 8618 3719 $132,795.00  $15.40 $35.70
35| 2 Launch Vehicle Dats 2012 Deha 2 UsA 5144 1800 $7491000  S14.60 54170
36| 2 Launch Vehicle Data 2012 Dnepr Russia 4400 0 $20430.00 $4.60 $0.00
37| 2 Launch Vehicle Data 2012 Falcon 8 UsA 10450 4540 $56,750.00 55.40 51250
38| 2 Launch Vehicle Data 2012 Long March 2C China 3200 1000 $30,645.00 59.50 $30.60
39| 2 Launch Vehicle Data 2012 Long March 2E China 9200 3370 $68,100.00 $7.40 $20.20
40| 2 Launch Vehicle Data 2012 Soyuz Russia 7000 1350 $51,075.00 57.40 537.90
41| 2 Launch Vehicle Data 2012 Ariane 4G Europe 18 18000 6800 $224,73000  $1250 $33.10
42| 2[tsunch Vehicle Data 2012 1 Atlass UsA 20050 8200 $172,000.00 58.60 525.30
43| 2 launch Vehicle Data 2012 Delta & Heawy UsA 22560 13130 5215,000.00 59.50 516.40
23| 2 Launch Vehicle Data 2012 Long March 38 China 13600 5200 $81,720.00 $6.00 $15.70
45| 2 Launch Vehicle Data 2012 Proton Russia 15760 4630 5115,770.00 55.90 525.10
45| 2 Launch Vehicle Data 2012 Space Shuttle UsA 28803 5000 $40860000  $14.20 $69.20
47| 2 Leunch Vehicle Data 2012 Zenit2 Ukraine 13 13740 0 $57,885.00 $4.20 $0.00
Zenit35L Multinational 15875 5250/ $115,770.00 57.20 52210

48 2 Launch Vehicle Data 2012

43

Space Mission Analysis Design Launch Vehicle Data imported from
EXCEL to TruePlanning for database repository and CER development

<> TruePlanning’

by PRICE® Systems

Simple | D d

=" Fle Edt View Tools Window Help
DE-Hta 3.

R .

Program Level

Spacecraft Bus
Structure and Thermal Contrel (REC)
Structure and Thermal Control (MREC)
Attitude Determination & Control (REC)
Attitude Determination & Control (WREC)
Electrical Power System (REC)
Electrical Power System (MREC)

ropulsion Apegee Kick Motor (REC)
Propulsion Reaction Control (NREC)

Telemetry Tracking and Command (REC)
Telemetry Tracking and Command (MREC)
Flight Seftware

1 =03 FireSat I
2 -5

3 =@

4 Y
5 Y
[ Yy
7 Y
8 Y
] Yy
10 Y
1 Yy
12 Yy
13

14

15 = '@ Payload
16 ‘]':fx IR Sensor (Total) g
17 Yy Ground Supprt Equipment (NREC)
18 Ty Launch and Orbital Launch Support (LOOS)
19 N Launch Segment (REC)
20 =-C3 Launch Vehicle Data
21 ,;,‘ Athena 2
2 e Cosmos
23 s Pegasus XL
24 ,;,‘ Falconle
25 e Minotaur IV
| 26 ,g‘ Rockot
27 < Shtil
28 e START
29 ,g‘ Taurus
30 v Ariane 441
Eil < Atlas 2A5
32 v Delta 2 B
| 33 v Dnepr
34 < Falcon @
35 v Long March 2C
36 v Long March 2E
37 < Soyuz
38 v Ariane 4G -
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Example of FireSat Multivariate CER imported
Into TruePlanning

(&3} PRICE TruePlanning 12.1 - [demo FireSat USCMS Final] (=] B [t
File Edit View Tools Window Help X
De-Ho &, %G 4 . BB *# . @
O n Ce th e C E R IS Input Sheet: Propulsion Apogee Kick Motor (REC) ®
. . Simple B Input Sheet
imported into al _ ‘
- - [y Detailed Estimate hd
True Plan ni ng It 150 FreSstD Cost: 0 0.00% Labor Requirement 0.00 hours
become an |ntegra| 2 =G Progemled Preject Cost 221630576 Project Labor Requremert: 58326008 hours
3 T Spacecraft Bus Worksheet Set:  <Inherited>
part Of the 4 ‘]':fx Structure and Thermal Control (REC) :
fram eWO rk CO_ 5 ‘]’:fx Structure and Thermal Control (NREC) T L i
. . . [ ‘]’:fx Attitude Determination & Centrol (REC)
existi ng with other 7 ¥, Attitude Determination & Control (NREC) 1 Sttt Date =
C E R S g T Electrical Power System (REC) 2 ) Quantity Per Next Higher Level 1.00 Ba
9 Yy Electrical Power System (NREC) 2 Additional Units
10 ¥y iPropulsion Apogee Kick Motor (REC) 4 Number of Addtional Production Linits 0.00 g
11 T Propulsion Reaction Contral (NREC) 5 Number of Addttional Prototypes 0.00 @
12 T Telemetry Tracking and Command (REC) £ Define Variables
13 Y Telemetry Tracking and Command (NREC) 7 x Name AKM Weight (kg) @
14 = Flight Software 8| 0 xvale 0.000 @
i 15 =@ Payload 9.y Name Bum Time: (scconds) 24
The_ CER IS nOt 16 T IR Sensor (Total) = 10 O yvaie 0.000 @
subject to breakage v ¥ Gound Supprt Equipment (NREC) B s N> 8
aS In an EXCEL 18 ‘]':fx Launch and Orbital Launch Support (LOOS) 12 @ 2vale 1000 @
19 ¥ Launch Segment (REC) - - <ot Names Y]
Spreadsheet_ 20 =[3  LaunchVehicle Data 0 s oo Y E
21 4 Athena 2
‘ e 15 b Name <nsert Name> [
2 s Cosmos
- P Pegasus XL 16 @ b Value 1.000 B0
3
u & Falcon 1e e = o
= / Minotaurlv 18 Cost Equation (29" +0.024°]"1000 g
% & Rockot 19| @ Labor Equation 0 %
277 4 Shiil 20 O Material Cost Equation 0 L 1)
28 ¢ START 21 Schedule Duration Equation (]
2 & Taurus 22 Other Settings
Lev_e!’ages £ ¢ Arisnedal 23| Activiy Type Development [ v B4
additional 31 ¢ Atlas2as 24 Equation Type Total [ o)
- P ’ .
Trueplannln 32 § Delta 2 25 Integration Drivers
e g . 3 < Dnepr 26 Component Type Hardware | ¥ [
Capablllty e . g’ rISk L v Falcon 9 27 Component Integration Size Small Component | % )]
an a|ysi S 35 4 Long March 2C 28 Component Complaxdty Mominal [ g
3% ¢ LengMarch2E 29 Edemal Integration Complexiy 3.00 (¢ )
) < Senz 30 Optional - Capture Actusls
Bl ¢ ArianedG “| | 31 Actusl Cost 0 s [# Bl 2
Ready : Connected to: '(local)’ as ‘TruePlanningAdmin' NUM Y
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Example of FireSat Multivariate CER imported
Into TruePlanning

() PRICE TruePlanning 12.1 - [demo FireSat USCM8 Final] (=B [
File Edt View Took Window Help X
DE-H@ S, #& # . W, @,
Input Sheet: Propulsion Apogee Kick Motor (REC) S
Ke Beneflt' simple | D B Input Sheet
y : =N 0] | Detaied Estimate -]
1 Fiesatd Cost 50 0.007% Lebor Requirement: 0.00 hours
2 B Program Level Project Cost: $221,680.576 Project Labor Requirement 583,260.06 hours
3 o Spacecraft Bus Worksheet Set:  <Inherited>>
C E R Ieve rage ’S 4 ‘J’:f;( Structure and Thermal Control (REC) T Tras == e =
5 ‘]':f;( Structure and Thermal Control (MREC)
Trueplanning’s 6 Wy Attitude Determination & Contral (REC)
) 7 e Attitude Determination & Control (NREC) 1 Start Date |=3
I nteg ratlon and 8 e Electrical Power System (REC) 2 @ Quantty Per Next Higher Level 100 (X0]
. I 9 Ty Electrical Power System (NREC) 3 Additional Units
TeSt algorlth m to 10 Y iPropulsion Apegee Kick Motor (REC) 4 Number of Additional Production Units 0.00 @I
Contri bute to 1 Ty Propulsion Reaction Control (NREC) 5 MNumber of Additional Prototypes 0.00 @
12 Yo Telemetry Tracking and Command (REC) & Define Variables
Assem bly IA&T 13 Wy Telemetry Tracking and Command (NREC) 7 ¢ Name AKM Weight(ka) ]
14 = Flight Software 8 O xVale 0.000 )|
and System level 15 =@ Paos 3 yName Bum Time (seconds) ]
COStS 16 Ty IR Sensor (Total) E 10 @ yVae 0000 )
I 17 Ty Ground Supprt Equipment (MREC) 1 2 Name dnget Names @
18 S Launch and Orbital Launch Support (LOOS) 12 O 2 Vae 1000 @I
o e Lounch Segment (REQ) 13 aName <inset Name> 9
: I 14 @ avaue 1.000 (o] E
il v Athena
Y, 15 b Name <Insert Name> (i)
22 s Cosmo:
= ‘, Pegasudit 16 @ b Value 1.000 (0]
24 ,‘V," Falcon 1 17 | s
= / Minotadh o 18 Cost Equation (29" +0.024y)*1000 $in 2012 %8
I % < Rockot 15 @ Labor Equation 0 hours [ )
27 ¢ Shtil 20 @ Watenal Cost Equation 0 Sin 2012 @I
28 P START 21 Schedule Duration Equation marths @
29 s Taurus 22 Other Settings
30 < Ariane 1 23 Activity Type Development | v (]
k] & Atas2y 24 Equatio Total [ (]|
32 s Delta 2 egration Drivers
EE] Dnepr > / 26 Component Type Hardware [ ¥ ]
I 34 Falcon9 < 27 Componert Irtegration Size Small Component | W @
35 ) Long March 2C \ 28 Component Complexty Nominal | W [ ]
6 ' Leng March 2E cmal Intearation Compleodty 100 (4 ]
37 'y Soyuz 20
& o ArianedG “) 19 Actual Cost 0 s el 2
Ready Connected to: '(local)’ as ‘TruePlanningAdmin' MNUM v
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FireSat/TruePlanning Launch Segment Database and
Custom CER Development

B i weesgnmn _ Launch Segment CER

20 =3 iLaunch Vehicle Data
a & Athena2 —
22 ,If Cosmos
PE] ,If Pegasus XL
24 ,If Falconle
25 < Minataur IV
26 < Reckot
27 < Shtil
28 < START
29 < Taurus
30 < Ariane 44L
3 < Atlas 2A5
32 < Delta 2 .
2L e TruePlanning Database
B alcon
ES rd Long March 2C 1 1
A — | Repository for Launch Vehicle
37 ,If Soyuz
38 ,If Ariane 4G Data
39 < Atlas5
40 e Delta 4 Heavy
a1 o LongMarch 3B |Input Sheet: Athena 2
42 < Protan = " h
43 ,5" Space Shuttle Input Sheet _\
44 £ Zenit 2 ‘
45 < Zenit3 5L
Cost: 30 0.00% Labor Requirement:
Project Cost: £221,680.576 Project Labor Requirement:
Worksheet Set:  <Inherited> T Pl .
. ruePlanning
Value Units
— Custom Cost
1/ Start Date |=H :
2 Courtry of Origin USA O bJ eCt Database
3 Capacty Payload kg to Orbit - LEO 2.065.00 Ibs [»] re pOSItOl'y
4 Capacity Payload kg to Orbit - GTO 590.00 Ibs [
5 Avg Launch Cost FY105K 32.688 |
6 Launch Cost perkgin FY 108K LEO 158 S/bs W] =
7| Launch Cost perkgin FY 105K GTO 554 shbs [w]ml] __—

© 2012 PRICE Systems, LLC. All Rights Reserved. 13
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FireSat Launch Vehicle CER Development

@ PRICE TruePlanning 12.1 - [demo FireSat USCMS Final]

[=]E [

| Fle Edit View Tools Window Help X
D-Hoa &, £ &0 M, "2, B E w., &,
Chart: Launch Vehide Data X
simple | Detailed LA Chart
- ‘ @ @ @ @ @ B CER FireSatll Capadty Payload to Or... |+
1 =0 FireSatll Cost s0 0.00% Labor Requirement 0.00 hours
2 2@ Program Level Project Cost 5221680576 Project Labor Requirement 583.260.06 hours
3 =@ Spacecraft Bus
4 e Structure and Thermal Control (REC) Capacity Payload to Orbit GTO vs. Avg. Launch Cost (FY10$K) Trendline Equation 5T
5 ¥y Structure and Thermal Control (NREC)
6 1y Attitude Determination & Control (REC)
7 ¥y Attitude Determination & Control (NREC)
8 Y Electrical Power System (REC) 295 _ y= 462.083460543325%(x"0.648931392906719)
L1 iy Electrical Power System (NREC) = %;",?2 o £
10 ¥y Propulsion Apogee Kick Mator (REC) RA2 = 0.823242184308839
1 1y Propulsion Reaction Control (NREC)
12 e Telemetry Tracking and Command (REC) Solve Trendine:
13 ¥ Telemetry Tracking and Command (NREC) Definex = 400 [ sove |
14 = Flight Seftware 17
15 S Payload . % ¥= 22556.8701025724 [ GraphPoint | [ Clear Points
16 v IR Sensor (Total) = @
17 ¥y Ground Supprt Equipment (NREC) & . < -
I 18 1y Launch and Orbital Launch Support (LOOS) = k [ cee |
19 Y Launch Segment (REC) ﬁ o
0 E-E3 iLeunch Vehicle Dato g
Pal Py Athena 2 g oA <& demo FirsSat USCMS Final
2 o« Cosmos S ——— Power (demo FireSat USCMS Final)
23 < Pegasus XL (jn ;
24 < Falconle o
2 < Minetaur IV z
| 6 & Rockot - ©
27 < Shiil o
28 < START
» & Teuns / @
30 o Ariane 44L
31 < Atlas 2A5
32 & Dei2 ¢
33 < Dnepr
I 34 < Falcon 9
35 < Long March 2C
36 ,g.' Long March 2E 0 2000 4000 6000 3000 10000 12000 14000
7 "‘i. Soyuz Capacity Payload kg to Orbit - GTO (Ibs)
38 & Ariane 4G -
Ready Connected to: ‘(local)’ as TruePlanningAdmin’ NUM ¢|

Space Mission Analysis Design Launch Vehicle Data regression analysis and CER

development in TruePlanning
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FireSat - Launch Vehicle CER

() PRICE TruePlanning 12.1 - [demo FireSat USCM8 Final] = | E |l
File Edit View Tools Window Help x
Do -da/d. &2an #M, BB %, @,
_ Input Sheet: Launch Segment (REC) EY
Smple | Detailed [=] B Input Shest |
2 ‘ (] | Detailed Estimate - |
1 =03 FireSat I Cost: $24,904,987 11.24% Labor Requirement: 0.00 hours
2 =2 Program Level Project Cost: 221,669,964 Project Labor Requiremert: 583.198.39 hours
: @ Spacecraft Bus Worksheet Set:  <Inherited >
4 ¥ Structure and Thermal Contro...
5 ¥ Structure and Thermal Contro... Rai L Seed ]+
6 e Attitude Determination & Con..
7 e Attitude Determination 8 Con., 1 Start Date |i|
8 e Electrical Power System (REC) 2 @ Quartity Per Next Higher Level 1.00 (]
9 T Electrical Power System (MREC) 3 Additional Units
10 ¥ Propulsion Apogee Kick Moto... 4 Number of Additional Production Units 0.00 L]
11 e Propulsion Reaction Control (... 5 Mumber of Additional Prototypes 0.00 L]
12 Y Telemetry Tracking and Com... & Define Variables
13 ¥ Telemetry Tracking and Com... 7 xName Spaceraft Weight (kg) o
14 =) Flight Software 8 O «Vvaue 400.000 L]
15 =@ Payload | 9 y Name <Insert Name: L]
16 % IR Sensor (Total) 3 10 @ yvalue 1.000 o
17 Y Ground Supprt Equipment (NREC) 1 2 Name dnsert Names o
18 Y .Laun(h and Orbital Launch Suppo.. 12 O 2 Vale 1.000 o
19 ‘]':fx iLaunch Segment (REC) 12 2 Name clnsert Name:s M=
20 = Launch Vehicle Data
o y Athena 2 14 @ avale 1.000 ]
2 /;x Cosmos 15 b Name <Insert Name: k]
- ‘, Pegasus XL 16 @ b Value 1.000 o
24 ,.5‘ Falconle 7
25 & Minotaur IV 18 Cost Equation (462.083460543325"(x"0.649))*1000 $in 2012 (e]
26 < Rockot 19 @ Labor Equation 0 hours (]
7 s Shil 20 @ Material Cost Equation 0| sn2012 (c]
2 & START 21 Schedule Durstion Equation months £l
| 29 < Taurus 22 Other Settings
30 < Ariane 4L 23 Activity Type Production | W &}
3 ,..g‘ Atlas 2A5 24 Equation Type Total | W i]
32 ,.If Delta 2 25 Integration Drivers
33 ,.Ig' Dnepr 26 Component Type Hardware | v (k]
34 ,:c’ Falcon® 27 Component Integration Size Large Assemblies | % L]
35 ,;4‘ Long March 2C 28 Component Complexity Very High | ¥ (£}
EY 1'.4: Long March 2E 29 Exdemal Integration Complexity 3.00 |+ L}
@ A Soyuz 30 Optional - Capture Actuals 2
A rd Ariane 46 i 4 i v
Ready Connected to: '(lecal)' as ‘TruePlanningAdmin' MNUM Y
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Resultant CER
based on regression
analysis of Launch
Vehicle data is
encapsulated into a
Launch Vehicle
CER cost object.

This can become
part of a library of
CER'’s including the
source data.

Descriptors for
component
integration size and
complexity.

Influences IA&T
cost at assembly
and system level.
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FireSat - TruePlanning Software Estimating

Model

@ PRICE TruePlanning 12.1 - [demo FiraSat USCM8 Final]

SE

| Fle Edit View Toolk Window Help x
D-H@/a, & 8 L EB(E k. &,
lInput sheet: Flight Software x
Simple & Input Sheet
- ‘ 50| |Detaled Estmate = ‘
150  FreSatl Cost. 524,223,534 10.93% Labor Requremert The SOftware Cost
2 =& Program Level Project Cost $221,680,576 Project Labor Requiement .
g 8@  SpacecraftBus WorksheetSet:  <Inherited> eStI mate |eve rages
4 Y Structure and Thermal Control (REC)
Value Units Spread Not P .
5 Y Structure and Thermal Control (NREC) h | g f
6 ¥ Attitude Determination & Control (REC) t € True P annin or
7 Yy Attitude Determination & Control (NREC) 1 Stat Date | =] S fU Y} d I
8 ¥ Electrical Power System (REC) 2 0 are model.
9 Y Electrical Power System (NREC) 3 Application Type Nore (v ]
10 e Propulsion Apogee Kick Motor (REC) 4 Functional Complexty 6.00 [+ ] h 1 | | h
a0 ¥ bropulion escon Contil NREC [—re— p—— — This allows a muc
12 e Telemetry Tracking and Command (REC) 6 Organizational Productivity 1,000 [+ 0] m 0 re ro b u St
13 W Telemetry Tracking and Command (NREC) 7. Development Team Complexty 300[4E) 9 |
u e ol I modeling of the
15 = @ Payload 3 Size Units Source Lines of Code (SLOC) [ Y]
16 e IR Sensor (Total) S| [l @ o o= 5= 38,100/ 8 .I:t N
17 e Ground Supprt Equipment (NREC) 1N SO Ware eStI ma‘te :
lew Size Non-executable 10.00% ]
18 y.;x Launch and Orbital Launch Suppert (LOOS) ' reree oGa Y| e .
19 ¥ Launch Segment (REC) = h d | k
13 Adapted Size N tabl 0.00% 2@
| Lo st | o1 This model takes
3 . Athera2 14 Percent of Design Adapied 0.00% [+ 8] .
a - 15 Percent of Code Adspted 000z (45 8 Into account
; osmos
* 16 | Percent of Test Adapted 0.00% [$= ) ..
3 p Pegasus KL dd t |
. Y Falconle 17 Design Repeat nunj 8] a Itiona
; 18 Reused Code Size 033 29
] & Minotaurlv
% ¢ Rockot 19 Reused Size Non-executable 0.00% 8] param ete rS
7 & Shiil 20 Deleted Cade Size W= [x] ft ..
= & sTaRT 21 Code Removal Complexity Remove cods that is integrated throu... (] oe sortware sizin g y
) vy Taurus 22 Auto Generated Code Size =) 8] ff . I . f
20 £ Ariane 44L 23 Auto Gen Size Non-executable 0.00% X} e eCtlve Ines o
E'l o Atas2as 24 Auto Trensiated Code Size =) ®y d d
2 vy Delta 2 25 Auto Trans Size Non-executable 000% ] code an team
ES] & Dnepr 26 Auto Transiation Tool Hficiency Nominal - 80% [ (0] 3
I = experience.
E .« LongMarch2C 23 Language c [2e X0} _—
6 < Long March 28 29 Language Object Oriented Yes [ v X0
37 & Soyu Bl Froiect Cormirs= 0.5+ [0}
= o ArianedG T |31 Estmate to Comlets 10000% ol 2
Ready Connected to: (local)’ as TruePlanningAdmin’ A
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FireSat Results using TruePlanning

(=] E [

(534 PRICE TruePlanning 12.1 - [demo FireSat USCMB Final]
File Edt View Tools Window Help g
Diz-Hod, $60 A, g (1] W, &
Simple | Detailed [El Results
- ‘ ol (S () 5] [} cost Object by Fiscal vear -
1 E-0@  FircSatd Cost 5221680576 100.00% Labor Requirement 583.260.06 hours
2 = Program Level Project Cost $221,680,576 Project Labor Requirement: 583,260.06 hours
& =@  SpacecraftBus Costs  Program Level - System] Total 2011 012 2073 2074 2075 2076 201
4 ¥ Structure and Thermal Control (REC) Curency in USD (3} fas spert)
5 ¥fe  Structure and Thermal Control (NREC]
6 ¥y Attitude Determination & Control (REC)
; ¥ Atitude Determination & Contral (NREC] 1 Program Level 203301 2347347 375,113 6.049.261 7.391.897 7032443 7.
. W Electricol Power System (REC) 2 Spacecrft Bus 16.448.811 156,935 344,752 1211871 1313.942 1439.257 1550.017 1,
W o W Flectrical Power System (NREQ) 3 Structure and Themal Corirol (REC) 725.342 725382
10 Wi Propulsion Apoges Kick Motor (REC) 4 Structure and Themal Cortirol (NREC) 7.146.229 7.146.229
1 ¥ Propulsion Reaction Control (NREC) 3 5 Attiude Determination & Cortrol (REC) 3.750.873 3750.873
12 Ve Telemetry Tracking and Command (REC) 6 Attiude Determination & Cortrol (NREC) 4.145.192 4145192
13 b Telemetry Tracking and Command (NREC) 7 Hectrical Power System (REC) 746.849 746.843
1 Flight Software 8 Electrical Power System (NREC) 1482173 1482173
15 =@  Payload 9 Telemetry Tracking and Command (REC) 3.076.034 3076034
16 ¥ IRSensor (Total) 10 Telemetry Tracking and Command (NREC) 29.705.679 29705679
I 17 ¥x  Ground Supprt Equipment (NREC) 11 Fight Scftware 24.223534 1346097 1682978 3229.834 4070537 3541182 3,
18 o Launch and Orbital Launch Support (LOOS) 12 Payload 2.019 2019
19 e Launch Segment (REC) 13 IR Sensor (Total) 26.593.390 26,593,390
2 =@ LeunchVehicke Data 14 Ground Supprt Equipmert (NREC) 15.039.690 15.039.690
a & Athena 2 15 Launch and Orbial Launch Support (LOOS) 6.401.135 6401135
= s Cosmos 16 Launch Segment (REC) 24.904.987 24,904,987
= < Pegasus XL 17 Total 221.680.576 360.736 128.958.289  6.649.962 10593037 12901691 12123642 123
F ¢ Falconle
25 I Minotaur IV
E3 & Rockot
27 ¢ shil
38 & START
29 Taunus
30 & AdaneddL
31 & Mas2is o
] G g n b
Ready Connected to: ‘(local) as TruePlanningAdmin’ NUM y
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Total System
Estimate @ $221M

Based on:
SMAD CERs

Launch Vehicle
CER Development

TruePlanning
System of Systems
Estimates

True Planning
Software Estimates
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FireSat TruePlanning Model Integration with System | 'sidems
Engineering Tools | Sadiesing

¢ While the TruePlanning model provide a single “point estimate”, we want
to understand:

— Sensitivity of the model to changes in CER parameters.

— The response surface or “Carpet Plot” of the model to selected
parameter changes

— Which of the design variables drive cost — and to what extent (Design
of Experiments)

¢ Using ModelCenter10 from Phoenix Integration, we can conduct these
(and many other) system engineering studies.

¢ Allows us to determine the response of FireSat CERs within the
TruePlanning model

Complete Integration between TruePlanning and Engineering Tools via ModelCenter

<> TruePlanning’
by PRICE® Systems

Optimize tomorrow today. ®
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ModelCenter - Integrated CAIV Example

4 Phoenix Integration ModelCenter 10.0 - [C:\Program Files (x86)\Phoenix Integration\ModelCenter 10.0\Examples\CAIV.pxc] [Read-Only] - [Model (Analysis View)]

=2 File Edit View Tools Compenent Project Window Help _I=lx
OUH. @[k @ =,
== Model  Model
Component Tree Al -5
- [vave | CAIV Example E
= \=| Speciication £
+ PlatformType Track Yehi.. oy "Cost as independent variable” analysis is the technigue of developing a comparision of cost vs.
» SensarTyps High Apert performance for a potential system. In general, we want to see what level of system performance can
» ThreatType Cruise 2 be achieved for different price points. In this example we illustrate how to accomplish this goal using
#-[2 PlatfomSpec = the Darwin oplimizer. We feed the two key outputs. cost and performance. in as objectives to the
=1 SensarGpes Darwin optimizer, seeking to minimize the first and maximize the later. We then enter the various
- [2 ThiealSpec = discrete design variables into Darwin's design variables section. At this point, you may run the:
=[] DefenseSpstem & Darwin component to solve your system, then open the Darwin tool and press the "Details” button to
+ NumberDiPlatfoms 4 N view your cost vs. performance chart.
>+ DetectionRange 75 <
>+ PlatiomSpeed 72 -z
-+ SensoiCapacity 7
> SensoDensity g
>+ SensoiEifectiveness 04 :
s+ DetectionErvelopeRats 5400 Specification
+r NumberDiSensors 204 :
++ SystemEffectiveness gae : 5
Scenatio : Delensa.syslem !
+4 PicketRange 1000 : : 3
>+ Effectiveness gae [ - E=5) i
>+ PlatformSpeed 72 : Costiodel
+ Sensoflange 75 :
> ThiealLethally 0.35 !
-+ ThisatSpesd 50325 :
%> DetectionRange : Ecenang
% DetectionScore fo
% DetectionTime -
2 e
% TotalScors NOTE: This example requires a licensed copy of Darwin to run. In order to obtain a license,
CostModel please contact Phoenix Integration at support@phoenix-int.com
r NumberDiSensors 204
-+ CostPerSensor 15000
- NumberDiPlatioms 4
>+ CostPerPlatiom 100000
++ TotalSensoiCost 3.36e+006
+ TotalPlatiomCost 400000
+r TolalSystemCost 3.76e+006
& E:l OptimizationT ool i
1 1 L3
% Project Tree | [ Component Tree Fez =
Server Browser 7
& 57 lavarites: FIE % - A A r
© | & @ comen s A K 2 H &5 H IEM 22 8 2 3 B2 9 B
“ $ process Abaqus Adams ANSYS Catis Converger Ercel FLAMES FLAMES  LSDVNA  Mathead Matlsb  MSCNastian [T WNastan  Optimization  Other Probabilistic
& compenent plugin: Analyze Execute aal
@ solution archive:
[ aserMocalhost éb =)
(2] g
ProE QuickWrap Seipt TrePlannin..
P — — =" p—

Affordability Analysis linking Cost Modeling and System Engineering Tools
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FireSat Affordability Example

nnua

onrerence an

@ﬂﬂ CEEED A
\‘&J—/| Home l Insert

raining

Oorksnop - www.iceaaonliine.com

G5 PRICE TruePlasring 12.1 - [dermo FreSat USCM Fisa]
[ e o Took tncon e

Page Layout Formulas Data Review View Add-Ins Acroba
e
& cut Calibri 11 - S Wrap Text ¢
53 Copy
Past - - ~||||= -
avs ¢ 3 Format Painter | B 7 U || & A | |= = VEE & EEiE [
Clipboard (F Font P Alignment (F
B26 - x|
A | B c |
1
2 Parameter New Parameter
3 Structure and Thermal Control Wt (kg) 295.1 32.01
! Attitude Determination & Control Wi (kg) 11.6 12.76
5 Electrical Power System Wt (kg) 20.9 22.99
6 IR Sensor Mass 30.2 33.22
7 IR Sensor Power 35 38.5
8 IR Sensor Data 100 110
9 TT&C Wit (kg) 8.1 8.91
10 SLocC 38100 41910
11
12
13
14 Simple Sizing Parameter 11
15
15

Performance Model Driving
TruePlanning Through
ModelCenter 10
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LT e — ]
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Integrated Cost/Effectiveness Modeling CostEffectiveness

Modeling

4 Phoenix Integration ModelCenter 10.0 - [CA\Users\jasnoff NEWJERSEY\Documents\Conferences\ISPA\2012\demo FireSatllvé. puc*] - [Model (Analysis View)] =S
=2 Fle Edit View Tools Component Project Window Help _[s][= \
DEH. @b Da|lE® Bk

= MadslExcel  component plug-n SOF TWARE\Phoerit Itegrationt Component Plug ns\Excel =

Component Tree ) @ -z
Hame | value | I

= T Hodel =

ER=E e )
e ADS_Wi_kg 6 2
» EPS_Wikg 049 e
o IRSensor_Dats_kps 100
-+ IRSensor_Mass_kg w2 [} )
-+ IRSensor_Pur_w £ )
+ SizingParsmeter 1 = .
-~ sLOC 31/ M » 2K
> Siuc_wi_kg 21 : =
o TTC_Wit_kg g1 Excel
+» Launch_kg 400

= & TruePlanning20125R1
== Program_Level
¥+ EstimatedCost
= (2 Inputs
+ Project_Complexity_Factor 7 TruePlanning2012SR1
+ Numbet_of_Equivalent Require.. 1000 4
®- {2 Spacecraft_Bus
= f2 Papload @
= t2 IR_Sensor__Total_
=t Inputs
3 Value a0z
-y Value 35
- 2 Value 100
%+ EstimatedCost
- [ Launch_Segment_ REC_

AEeDe O &

« i »
¥ Project Tree | (5] Component Tree @z =

Server Browser 2

7 favoites: b6 & % & A A

X g AR 2 E M 8
|| | @ commen: @ET = 7 ¥ LY #gw #Aw [d =~

#iof -3 pracess Abanus Adams ANSYS Catia Converger Exce FLAMES FLAMES  LSDYNA  Mathcad Matlah  MSCNastran [T

(- component pligin Analyze Exetute

@) solution srchive

8| = y r— =
“ | @3 aserv:ocakhost [ - == )
@ &L L2 I@ =) >
MiNastran  Opfimization  Other.  Probabiisic.  FroE Quickwiap  Seipt  TruePlannin.
Tod

Simple EXCEL Performance Model Integrated with
TruePlanning via ModelCenter
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Linkage Between Cost and Performance Model

=5 Link Editor

= | B e

2 & da &

‘it View | Table Wiew | Queny Yisw

2 Walue = Model Excel IRSensor_Data_kps

=~ 3 Model

=[] Excel
=+ ADS_Wi_kg
++ EPS_Wt_ka
+ |[RSensor_Data_}
s+ |RSensor_Mass kg
++ |RSensor_Pwr_w
+ SizingParameter
+ SLOC
+# Struc_Wt_ka
= TTC_Wit_kg
s+ Launch_kg

+ -4 TruePlanning20125R1

=+ 3 Model
- [] Excel
-4 TruePlanning20125R1
=}t Program_Level
¥ EstimatedCost
=l {4 Inputs
-+ Project_Complexity_Factor
-+ Number_of_Equivalent_Requirements
-1 [+ Spacecraft_Bus
=-- b4 Flight_Software
= 5 Inputs
+u Functional_Complexity
+ Organizational _Productivity
>+ New_Code_Size
+- 5 Outputs
%+ EstimatedCost
= [4 Blectrical_Power_System__ REC_
=[5 Inputs
+a x_Value
¥+ EstimatedCost
=[5 Telemetry_Tracking_and_Command__ REC_
= 4 Inputs
+a x_Value
¥+ EstimatedCost
=+ I4 Structure_and_Themal_Control__REC_
=[5 Inputs
+a x_Value
%= EstimatedCost
=[5 Payload
=I5 IR_Sensor__Total_
= 4 Inputs
- x_Value
>+ y_Value
=
¥+ EstimatedCost
=} b4 Launch_Segment_ REC_
= b4 Inputs
e x_Valus

Linkage Between Performance Model and TruePlanning via ModelCenter
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FireSat Sensitivity Modeling — Performance
Sizing Parameter vs. Estimated Cost

Data Explorer (Parametric Study)[Untitled]: 3/28/2012, 14:53:53 ==

File Edit Chart Options Help
& H| | | | I, Standard Plots ~ % Data Visualizer ~ | @) Plug-Ins =

: EstimatedCost
e $510,000,000 F~

$500,000,000 |-

i 5480,000,000 -
' 5430,000,000 4
| I 8470,000,000 |-

— 5480,000,000 --i-
10: SizingParamet.. $450,000,000 -

$440,000,000 -
= $430,000,000 4
5420,000,000
= 410,000,000
400,000,000

g 5390,000,000 -
11: DV 2D Histogram O 5380,000,000 |-
T $370,000,000 -

) o 5360,000,000 -
" E 350,000,000 |-
& 5340,000,000

— LU 5330,000,000
§320,000,000
5310,000,000 1!
$300,000,000 -

12: DV Star Glyph

] / $200,000,000 -
T/ 280,000,000 4-
== 5270,000,000 -
5260,000,000 |-

15, SizingParamel | $250,000,000

m

= . . . SizingParameter

- EstimatedCost

For Help, press FL

Iteration of Sizing Parameter drives TruePlanning FireSat CERs and Estimated Cost
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FireSat Affordability Modeling - Flight Software

[ O Expors oot PotiUnied 1001 SD180 - _ oS ]
Ele Edt Chat  Options  elp
Ll e 3 ) ) M Stanctard Pty = % Data Veualizer = | &) Plugelne 5 @
T Tame : Sl
317w 1775
E 1, Ma-07
9178 5172 response (Model. TruePlanning20128R1.Program_Level.Spacecraft_Bus.Flight_Software.Outputs.Development_Labor_Hours)
281227 ew 008
2237008
1,961 Tdaw008
1. GOGATE+008
VAN Z2e0085
1135565e-0085
W
YA
30
Heles

| £

H

=I w

ST 3

& H

a
5 Sensaity Summacy

N A n g o
TERBDE e e
4 4 0 1 12 Functional_Compiexity =~ ¥ % =

For Help, press F1 )

ModelCenter Carpet plot tools used to example relationship between Organizational
Productivity and Functional Complexity vs. Development Labor Hours
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Sensitivity Analysis — TruePlanning EXCEL

Companion Application- WBS Tornado Chart

Analyze Project Input

=2

Select Input to Vary

Select Project demo FireSat USCMS Final

Select Cost Object

Program Level
Spacecraft Bus

Structure and Thermal Control (REC)
Structure and Thermal Control (NREC)
Attitude Determination & Control (REC)
Attitude Determination & Control (NREC)
Electrical Power System (REC)
Electrical Power System (NREC)
Propulsion Apogee Kick Motor (REC)
Propulsion Reaction Control (NREC)
Telemetry Tracking and Command (REC)
Telemetry Tracking and Command {NREC)
Flight Software

Find Cost Drivers

Mo

Select Input [

Min Value =
Max Value =
25

Lowest Value
Highest Value

Iterations

Select Outputs to Graph

Output Cost Object

Program Level
Spacecraft Bus

Structure and Thermal Control (REC)
Structure and Thermal Control (NREC)
Attitude Determination 8 Control {REC)
Attitude Determination & Control (NREC)
Electrical Power System
Electrical Power System (NREC)

|

Results Iterated Through TruePlanning Interface

Summary
PBS Ttem Cost in Thousands. 9% of Total
Project 221,669.95 100%
FireSat Il 221,669.95 100%
FireSat Il 221,669.95 100%
Input Sheet - System Folder
Number of Protatypes []
Mumber of Production Units 1
Number of System Deployments 0
Learning Curve Type Urit Learning Curve
Production Gap Learning Loss Factor 1

<> TruePlanning’
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\ Ig ) - b TP_SensitivityAnalysis_12_1_NEW_v3 - Microsoft Excel Chart Tools =5 =
Home Insert Page Layout Formulas Data Review View Add-Ins Acrobat TruePlanning Design Layout Format 'QJ - =92 X
uj QG Calibri (Body) -~ 10 - A" A7| | =|[®| | SiwrapTes = ] Ealosum ey lﬁ
e @] Fil s
Outputs - System Folder ‘ s 7 |[B L U5 &2~ A | Merge & Center ~ |[|/$ = % » || %8 %8| B (BEEE R 2 Clear - ;n . SF\ET:d&_
Cutput 1 ,W- Clipboard Font i Alignment Number Cells Editing
ouputz [ | Chart 1 § e ‘ >
e | A B c D E F G H 1 ] K L M
32 Structure and Thermal Contral (REC) 725.3423994
33 Electrical Power System (REC) 746.8492218
| 33 Electrical Power System (NREC) 1482.172993 Estimated Cost
35 Telemetry Tracking and Command (REC) 3076.03363
36 Attitude Determination & Control (REC) 3750.87294 Program Level
37 Attitude Determination & Control (NREC) 4145.191853 Telemetry Tracking and Command (NREC) /s
38 Launch and Orbital Launch Support (LOOS) 6401.134651 IR Sensor (Total)
39 Structure and Thermal Control [NREC) 7146.229493 Launch Segment (REC)
40 Ground Supprt Equipment [NREC) 15039.68951 Flight Software
41 Spacecraft Bus 16444.60523 - SpacecraftBus _fm—
42 Flight Software 2422353436 £ Ground Supprt Equipment (NREC) _Nmm—m—
[=] Structure and Thermal Control (NREC)
43 Launch Segment (REC) 24304.38748 E Launchand Orbital Launch Support (LODS) s M Estimated Cost
44 IR Sensor (Total) 26593.38964 Attitude Determination & Control (NREC) |
45 Telemetry Tracking and Command (NREC) 29705.67935 Attitude Determination & Control (REC) Jm
46 Program Level 57282.23242 Telemetry Tracking and Command (REC) M
47 Electrical Power System (MREC) U
a8 Electrical Power System (REC)
a9 Structure and Thermal Control (REC) =
50 0 20000 40000 60000
51 Costin K
52
a3
54
M4k y .~ Cost Drivers Analyze Input Results ¥ E! i |
Ready Average: 4925999206 Count: 90 Sum: 221669 9643 HE =]} 100%
= — -
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Sensitivity Analysis - IR Sensor CER Cost

Mass (kg) vs. Estimated Cost

Drivers

r=mr e I R TP Sensithitydnalysis 12.1_NEW.3 = Microsoft Excel Chart Tosls ==

i) e rraear
= e e Pagelspout  Formulas Duts  Review  View  Adddns  Acobat  TruePuoning | Deiign | Layout  Format & - = x "
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- = = i | - i |
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o ar Temgiste || Roaveuimn ey |l || s {13 | . . || Mo $226,000,000.00
Tree Dota Chart Loty Chat Styles Location |
| cham1 - &] ¥ $224,000,000.00
A 8 c o £ L& T TP RN T T w_ | n_ W /

1 Input Name Input Value Initial Cost Mew Cost  Sensitivity $222,000,000.00
2 Quantity Per Next Higher Leval 1 26593389, i /
1 3 avalue 1 26593389
| 220,000,000.00
| 4 bvalue 1 26593389, § A == Estimated Cost
5 External integration Complexity 3 26592389,  vvslue
& 2 value . 100 26593389, 5218,000,000.00
7 xValue | W2 26583388, /
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3 ,000,000.
: i /
u H mseriest $214,000,000.00 7
12 5
| 2
I E 5 212,000,000.00 . . . : : : .
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L xValue
17 | |
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e Senithity Index
0

1 Cost Driver Tornado Chart e N GEE e
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$224,000,000.00

Power (w) vs. Estimated Cost

$228,000,000.00 ‘/
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$226,000,000.00 - /
/ $222,000,000.00
$224,000,000.00 /, /
-
$222,000,000.00 /‘ & 5221,000,000.00
/ =—4=—Estimated Cost

& 5220,000,000.00
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@Risk/TruePlanning Risk Analysis - FireSat

Risk Analysis

\*

¢ To complete the analysis, @Risk is run to understand the risk
profile

¢ Through a EXCEL Companion Application @Risk and
TruePlanning are completely integrated

¢ All parameters within TruePlanning including FireSat
multivariate equations are selectable and accessible through
@Risk (and Crystal Ball)

¢ Parameters examined
— All multivariate variables (USCM8, NICM)
— Number of Equivalent Requirements (TruePlanning)

— Source Lines of Code and Functional Complexity (TruePlanning)

‘<> TruePlanning®
by PRICE® Systems
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Total FireSat Confidence Level ~50% IR Sensor Confidence Level ~40%
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Conclusion

¢ The methodology presented today demonstrates how System
Engineering can integrate engineering tools with data-driven parametric
cost estimating models such as the TruePlanning to conduct complete
affordability analysis including sensitivity and risk analysos.

¢« Affordability is integrated as an engineering design parameter allowing
engineers to rapidly conduct sensitivity and optimization studies. Prior
to this integration cost models and engineering tools were for the most
part stand alone or difficult to integrate.

¢ Measures of Effectiveness and Measures of Performance are linked
with Affordability in determining the most cost/effective solutions.
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Zachary Jasnoff

- Solutions Architect, PRICE Systems, Rosslyn VA
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Over 25 years parametric and
detailed estimating experience

Past estimating experience
includes:

¢ Lockheed-Martin
¢ Boeing
¢ UsS GAO

¢ JPMorgan (Risk and Resiliency)

Graduate of Wharton/Penn
Engineering

Conducted extensive consulting
assignments with DARPA, DHS
and DoD

by PRICE® Systems

¢ Presented courses in

hardware estimating,

software estimating,

life cycle cost,

Cost Estimating Relationships,
Information Technology,

risk analysis and

supplier assessment

¢ Developed TCO/Risk model for
the banking industry

¢ Presented papers at DoDCAS,
ISPA/SCEA, ISACA, DJR and
PRICE Systems Symposiums
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