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Research Objectives

 Develop a distributed Investment Analysis System
for MDA

« Develop a methodology and tool set, integrating
key elements of FTI and MDA/DOBI methods and
tools as appropriate

 Develop aresource optimization capability

« Demonstrate the benefits of the methodology and
tools in a realistic problem environment

 Develop / deliver final prototype capability

e Commercialize software tools
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FTI Tools Tailored for MDA
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MDA Investment Analysis Process

Define the Study Alternatives

Develop the Analytical Structure

Includes possible opportunities for

complementary enhancements using
FTI tools/methods

Identify the Critical TOG like Measures| | |-CA|V
Construct the Decision Structure I-CAIV
Establish Weighting Functions for

each Measure I-CAIV
Establish Definitions for Scoring

Gather the Data

Cost the Alternatives ICE
Obtain Effectiveness Data for Each
Alternative
Assemble SMEs for Qualitative — Formal Groupware Scoring for I-CAIV
Measures each Alternative B

Do the Analysis
Assess the Alternatives

I-CAIV
ot on | metoce sy || ROS
ROI Sensitivity ICE
Utility & Drivers Sensitivity I-CAIV
Display the Results I-CAIV |IROS | ICE
Complementary interface with FTI Tools FTI
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ICE Cost Analysis Process

Existing FTI Analysis Tools

CAIV
ICE Cost Analysis Process Decision Trade Space
Supports: Life Cycle Cost |
O&S Savings

Return-on-investment
Business Case Analysis
CAIV Decision Space

Define platform &
system components
ldentify LCC

'
development & Savings

WorgtBre?kdO il production : ROI
ructure P i
characteristics or BUSiEss Case1
r processes
l Acquisition

Define
A&\/’\ operations &
___ support
Cost k f X
VIOQE

Execute
models

Cost Model es 0&S
Knowledge Bases dD Potential Cost
\ ) emoval Models

(AFTOC, VAMOSC,
& Subject Matter OSMIS, etc')
Expert Input
Ul Ops & Support
Calculators Databases
ICE Graphical User Interface L
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|I-CAIV Tool and Evaluation Process

Existing FTI Analysis Tools

Remote
stakeholders
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CAIV Decision Trade Space Inputs

| [
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Resource Optimization System

Budget

Priorities

Optimization
Objectives

Constraints

SAIterninveS Resource Data Files—» oo
PROGRAM [ —System Costs L
INSIGHT Benefits—p Optimization System Run Status Optimization
Scores—» ROS Output Files g GAMS
CPLEX
I

Total Spending - Excursions

Optimized
Capability

Total Spending by Alternative

. Miea X Lo 0
Schedule for Expenditures St e
T Biea WY Low
Ml Operational Dates for Each Alternative T
Start| End | - || 2006 | 2008 | 2010|2012 (2014 20116 [ 2018 | 2020 | 2022 | 2024 10

LB Sensor1_ | 2006 [NONE| |

oA X L

m A X Middie

@
LB Sensor 2 2009 | NONE T T T T T T 0
~. LB Sensor3 |2013|NONE | ; ; : : : .
LB Sensord | 2015 [NONE I : : : ; i
LB Sensor5 | 2015 |NONE s e —— J il N |J] Wty FTI
LB Sensor6 | 2015 [NONE] - | | - H - - |

[ I I I I 1 G MO 208 9 X0 XN AE A3 A4 s
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Refined “Investment Analysis” Process

Performance Data .
(Test Data, M&S, Etc) System
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Criterion Weights for ROS

(Input from [-CAIV)

T I-CAIV C: 0Opt-Risk\Motebook\Briefings\0 ptimize Sensors Rev 3.xm| (File) - Optimize Sensors (Decision Space) - [Tier, Run... EJEI§|
mg Application  Wiew Data  Window  Help - 5 X
Ba-ald e % |
Which of the previous tier runs will be used for the basis of this assessment?
- Optimize Sensors | J
=1 Milkary Likilitsy
=) Military Utility Priarities Include |Weight Acg_N Acg_x Acq_2Z Track_N | Track_X | Track_Z ID_N
¥ [Crteris List] Linda Clemens 1 015 0,125 0125 0.15 0.125 0.1 0.1
+|- fPartivipant fnput] ROS O 1 o,1111111 0.1111111 ©.1111111 01111111 0.1111111 0,1111111 0.1111111
= S Far fungf < 3
* Criterion Weights
RS Weights Acq_N Acq_X Acq_2 Track_ N | Track_ X Track_Z ID N
= Alternative Scores Weighted Resull 0,15 0,125 0.125 0.15 0.125 0.1 0.1
+- fCetaria L]
+|. [Participant nput} Results Graph Participant Statistics ] fggregated Inputs
=1 (Tier funsf
* ROS Alternative Scores Criterion Weights
Weighted Alternative Scores
+-iCosk
+- Risk, 0.2
+|- Scheduls
+|- Resourced Scores
1 [Pecimion Space Runsf T
P
501
i3]
- l l I
Acq_n Acq_x Acg 2 Track_M Track_x Track_Z D Z
Integrated Cost As an Independent Yariable (I-CAIV)

Notional Data FTIT
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Utility Scores for ROS

(Input from [-CAIV)

2 |-CAIV C:\MDA Opt-Riski\Notebook\Briefings\0ptimize Sensors Rev 3.xml [File) - Optimize Sensors (Decision Space) - [Tier Run... g@g|
m. ppplication  Wiew Data  Window  Help - X

I EEEEEEIE
Which of the previous tier runs will be used for the basis of this assessment?
=| Opkimize Sensors |ROS ‘Weights j
=1 Milkary Ukility
- Military Ukility Pricrities Include Weight ONIR UEWR SBX HS FBR XBDish FDR
- fCriteria ListT Linda Clemens 1 1777778 1.777778 1.6G6667 2.223222 2777778 1.66GG667 3
+- fParbicipant fnpwél ROS O 1 1777778 1777778 1.BBEERF  2.222222 2777778 2.5 3
= [Ty Runsf < >
* Criterion Weights
RS weights ONIR UEWR SBX HS FEBR XBDish FDR
= Alternative Scores Weighted Result 1777778 1777778 1.B0GE67 2222222 2777775 1.GEGEET 3
+- fCmtaria Listf
+|- fRarbinant nput? Results Graph Participant Statistics ] Agagregated Inputs ]
- fTiar Runz?
* p05 Alkernative Scores LItil ity Scores
Weighted Alternative Scores
+- Cast
¥ Risk 39
+- Schedule -
+-Resourced Scores 25 -
+- fRecision Space Runzl i
7 -
2
5 4
w
1.5+
1 =
0.5 =

OMIR. LIEWR. SBX HS FER ¥BDish FOR. 3T95_M  5T35_5 SEM

Integrated Cost As an Independent Variable (I-CAIV)

Notional Data FTIT
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Z |-CAI¥ C:\Documents and Settings\mmoorellocal Settings\Temporary Internet FilesMILK5F\Optimize_Sensors_v4.icv (File) - Optimize Sensors (Decision Space)

Application  Yiew Data  Window

Help

T EIEEEE

|% |

o] flntera LRET
41 fPartigpant put]
+ - fTige Rung]
=l Risk
=I-Risk Prioritias
- fliiterra LRt]
- fParticpant faput]
+- fTigr Runsf
=I- Alternative Scores
+ - flritaria List ]
51 fPartipant fput]
- fTiar Rungf
=1+ Scheduls
=I- Criterian Priarities
o] flntera LRET
41 fPartigpant put]
+ - fTige Rung]
=I- Alternative Scares
S fCribera L]
+- fParticipant fnput]
- fTier Rungf
-1 Resourced Scores
=I- Criterion Priorities
+ - flritaria List ]
51 fPartipant fput]
- fTiar Rungf
=I- Alternative Scores
5 fCriberia Lie]
+- fParticipant fnput]
=1 Tier Runsf
*ROS scores Run
=] fRection Space Rung?
* Decision Space Run

[ame ROS Scores Run
Description
Selected Run Yes

Name

Marne or titile of the run, {100 Characters)

-~

Key |Dimensions Tier Runs ONIR UEWR SBX HS FBR XBDish FDR 5T55_M 5T55_5 (SBM

A Miltary Utility ROS Albernative Scares 1.78 1.78 167 222 2.78 1.67 3.00 0.93 1.07 1.33

B Cost | 97,089.00 75,525.00 102,294.00 108,775.00 132,881.00 132,744.00 141,326,00 131,063.00 145,623.00 156,329.00
C Risk Risk Scores Run 0.06 0.08 0.10 011 0.10 0.1z 0.10 0.1z 0.13 0.11

D Schedule Schedule Scores Run 0.15 0.10 0.08 0.15 0.10 0.06 0.15 0.10 0.08 0.08

E Resourced Scores  ROS Scores Run 160.00 160.00 150,00 170.00 0.00 0.00 0.00 280,00 0.00 0.00

Graphs | Trade-off |

Chart Type
3D Graph - Cost vs Miltary Utility vs Risk
X - Axis Data
[Mikary Uiy |
¥ - Auis Data
‘Cast j
£ - Axis Data
[Risk. =l R @ s
= L
S | __“——“___
=]
8 @ s5155s
@ FOR
[ (@) weDis @ Fer L
0
=]
n
-
HS
-5 Shy @ @ oNR =
(=N
=]
=
S
—
@ LEwWR
113
1
2 Al
. isk
Miltary Utility v

Integrated Cost As an Independent Variable (I-CAIV)

L Notional Data
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Summary I-CAIV Results for ROS
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Summary I-CAIV Results for ROS

2 |-CAIV C:\MDA Opt-Risk\Notebook\Briefings\0ptimize Sensors Rev 3.xml (File) - Optimize Sensors (Decision Space) - [Decisio...

®mg Application  Wiew Data  Wwindow  Help - =B X
TN I EEEYFEIF
Key Dimensions Tier Runs ONIR UEWR SBX HS FBR XBDish
— A Miltary Utility ROS alkernative Scares  1.777778 1777778 1.BRBREY 2.222222 2777778  1.BEARET
=|- Optimize Sensors
= Milkary Utilicy B Cosk Cost Scores Run 97089 75525 102294 105775 132881 132744
el il Ll ot e C |Risk Risk Scores Run 00576923 007692307 0.09615383 0,1057692 0,09615383 0,115384
+- Alkernative Scores D Schedule Schedule Scores Run 0.1458333 01041667 0.0625  0.1458333 01041667  0.0625
+- Cosk E Resourced Scores 160 160 150 170 0 0
+|- Risk,
+]- Scheduls
+- Resourced Scores ¢ 3
- fRecimon Space Kungf
* Decision Space Run
g Graphs | Trade-off |
Chart Type . -
Ty - Cost vs Miltary Utility
X - Axis Data 160000 5 @ s
|Milkary Uity - Gy @155
140000 - @ For
¥ - Axis Data 130000 . 5T55 M . wEDish . FER.
|Cost | 120000
= ]
Z - anis Data SRS @ @Hs
| | 100000 3 I
0000 -
80000 -
. @ LEwR
Fo0aa T I Tl 1Tl Tl rrrrrrrrrrr1— 11
0.5 1 1.2 14 16 18 2 22 24 26 28 3
IMilkary Lkiliky
None
Integrated Cost As an Independent Yariable (I-CAIV)
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Input Data for ROS - Total System Costs

Program Plan 2006 - Data (Read-only)
Budget l Schedule l Relationships ] Multipliers l

Properties l Element/Component Status l Criterion Weights l Elernent/Component Scares | Pre-FOC Scores | Synergy Scores  Cosks

Select Budget For displaving on chart: |TOT.ﬁ.L ﬂ

Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year § Year 9| Year 10| Year 11 ~
Tokal For OMIR
Total for LEWR
Tokal for SBX
Total For HS
Tokal for FER

< ?
Ll Sl TOTAL Costs
w| ONIR
LIRS $120,000 =
v SBx ]
w! HS +100,000 =
v| FER . J = NIR
w| ¥BDish @ 450,000 — I UEWR
v FOR. & . -
v 5TSS ™ 5 $60,000 — [ 1 H=
- un
vl 5TS5_5 5 ] [ FER
= < $40,000 - [ “EDish
" [ FDR
$20,000 — ] ST55_M
. B 5T55 S
%= 1 SEM
- = = = = & - £ == = = = - == =T
1) (1] (1] (1] (1] (1] (1] 1) (1] (1] 1) (1] (1] [n1] 1)
o L N U ! = o L U o
L o I S T = e == T = R S N
() — ra () - on
SEMZORS - Program Plan 2006 {af23/2006)

Notional Data FTIT
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Input Data for ROS — Schedule for each System

Program Plan 2006 - Data (Read-only) E]@lgl

Properties l Elerment/Component Skatus l Criterion \Weights l ElementfComponent Scores Pre-FOC Scores | Synergy Scores l Cosks l

Budget  Schedule

Relationships l Multipliers l

[+ Select all

W DMNIR.
LIEMYR. Calendar Year

v 5B = = = = = = = = (= = = = (= = =
H3 = = 5 = = = (] oA pr o = b @ o =

v FER 1 L L 1 1 L L 1 1 1 1 1 1 1 1
®BDish , , , , ,

w| FDR
STS5_M

W ST35_ 5

Ekments/Compaonents

Notional Data FTIT
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ROS Inputs - Criterion Weights

Program Plan 2006 - Data (Read-only)
Eudget l Schedule l Relationships l Mulkipliers l

Properties l Element/Component Status  Criterion WWeights | Element/Component Scores | Pre-FOC Scores | Synergy Scores l Cosks l

Criterion MNear-Term Mid-Term Far-Term
Acg_M . .1500] .1500 .1500
Acg_® L1250 L1250 L1250
Acq_£ 1250 1250 1250
Track_M 1500 1500 1500
Track_x 1250 L1250 1250
Track = 1000 1000 1000
ID_M 1000 1000 1000
IO = L0750 0750 0750

ID_Z osa0 osa0 0500

NN ooo| looo| oo

Criterion Weights

0.2 =

s

Mear-Term [id-Term Far-Term

acg_ M
Acg_X
acg_ZF
Track_h
Track_x
Track_2Z
1I0_M
ID_=
1ID_7

o
-
1

Criterion Weights

ROB0ROONE

SEMSORS - Program Plan 2006 (6/23/200&)

Notional Data FTI
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ROS Input - Element / Component Scores

Program Plan 2006 - Data (Read-only)
Budget l Schedule l Relationships l Mulkipliers l

Properties I Element Component Skatus I Criterion Weights ~ ElementfComponent Scares | pre-FOC Scores | Synergy Scores ] Cosks l

Select Element/Component:

Mear-Term Mid-Term Far-Term
Acg_x 14 7o Fo
Acg_ 7 14 70 70
Track_M 4 20 20
Track_x % z0 z0
Track_7 % 20 20
I0_ M 10 50 50

I0_= 10 50 =11

5T55_M Scores

70
0] o Y
50 — I Acg_
-1 [ #&eg £
£ 40 7 ] Track M
Zag O Track_x
i [ Track_ =z
20 - Em ID_ M
. ] ID_%
L =
0

Mear-Term Mid-Term Far-Term

SEMSORS - Program Plan 2006 (62320067

Notional Data FTI
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Optimization Output - Cost Result Detail

"l Accelerate STSS - Results
Schedule  Spending | Criteria ]

+ Spending Detail {~ Rolup by Element/Component ¢ Rollup by Budget

CY2006 | CY2O07 | CY2005 | CY2009 | Y2010 Cv2011 | C¥2012 | Cy2013 | CYz014 | C¥2015
Tokal For OMIR $4,500 $4,995 §$5,204 $5,419 45,643  $5,876  $6,120 $6,373 $6,637  $6,912
Tokal For UEWR $3,500  $3,675 $3,859 $4,052  $4,754  $4,467  $4,690  $4,925 45,171 §5,430
Total For XEDish $2,000 42,050 45,500 $5,713  $5,930 $9,153  $9,363 49,617 49,855 $10,103
Tokal For STSS_ 3 % 3 ¢ $1,500 $1,53% $1,576 $1,615 $10,000 $10,250
Tokal For SEM $4,000  $4,000 $4,000 $4,000 $14,000 $14,240 $14,455 $13,734 $13,959 $14,249
<

Cost Result Detail

$50,000
$45, 000
. 440,000

iz T

:

—w— Total Budget
OMIR - Operate
CMIR - Develop
LUEWR - Operate
LEWR. - Develop
®BDish - Operate
®BDish - Develop
STSS_M - Operate
5T55_M - Develop
SEM - Operate
SEM - Develop

y Notional Data @TI
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Optimization Output - Schedule Results

¥ Accelerate STSS - Results |'__||'E| ___
Schedule | spending l Criteria l 5
Element/Component Firsk Year Cperational Laskt Year -
CMIR 2006 2006 2020
LEWR 2006 2006 2020
®BDish 2006 2005 2020
STSS_M 2010 2012 2020 n
SEM 2006 2010 2020 bt
Results: Operational Years for Selected Elements;Components and Groups
Calendar Year
P - (L) P2 ra ra P P ) =) P - =) P2 ra
= = [} = [} [} [} [} [} [} [} [} [} [} [}
= = = = —_ — — — — — —_ — — — Moo
(mp) | o0 w0 [} — P (%) = on (my) | [mu) (i) [}
L 1 1 1 1 1 1 1 1 1 1 1 1 1 1
COMIR
L
=
c UEWER
[wr}
(=g
IS
S ®EBDish -
&
éSTSS_M -
D
Ll
SBM =
SEMSORS - Accelerate STSS (6/2512006)

Notional Data FTI
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Optimization Output - Performance Results

" Accelerate STSS - Results

Schedule l Spending  Criteria

Select Type of Display: |F'.'-.-'erage Rollup by Element/Component ﬂ

CY2006 | CYZ007 | CY2005 | CY2009 | CYZ2010 | Y2011 ) Cz2012 | Y2013 ) C¥Z2014 | CY2015 0 C¥20
Toktal For OMIR 160 160 160 160 160 160 160 160 160 160
Total For UEWR 160 150 160 1a0 160 150 150 160
Total For XBDish 225 Z£5 Z£5 Z£5 225 Z£5 Z£5 225
Total For 5T55_M ] ] ] ] 120 420 120 120
£

Results: Average Criterion for Each Element /Component

N

]

o]
]

acg M
Acg_x
Acg_Z
Track_M
Track_x
Track_Z
oM
0%
o 7

[+
i
o

.

Average Score
[
]
o

—
o
o

A0RER00NG

Notional Data FTIT
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Optimization Sensitivity

I SENSORS - [Accelerate SBM - Data] afs
Fil=  Edit  View | Tools Window  Help o=

D= 4 %!Wiﬂ 3 !
S Cpkions n _— .
Derkies l Element/Component Status | Criterion Weights l Element/Component Scores l

—- Program Plan 2006 * Pre-FOC Scores | Synergy Scares l Zosks l Budget l Schedule l Relationships l Multipliers l
Budget Cuk 10%: *
Budget Increase 10%: * Select Element/Component:
Accelerake STSS *
Accelerate SEM Year 1 Year 2 Year 3 Year 4 Year 5 Year & Year
Acg_M 40,001 %
Ao 50.00 %
Ao 7 20.00 % =
< >
STS5_5S Pre-FOC Scores
S0.00 %% -
o 20,00 % =
.:B:. -
= —
""a 3':'.':”:' |"ID ] - AC':I_N
= Acq_x
= ED.DD Dlln' — - -
& " [ Acg.z
i}
O 10,00 % =
0.00 % : : :
Year 1 Year 2 Year 3 Year 4
SEMSORS - Accelerate SEM (6)23/2006)

Notional Data FTIT
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Sensitivity Results

t = SENSORS
Spending Criteria ]

Select period to display in chart: * Mear-Term T Mid-Term ™ Far-Term

MNear-Term | Mid-Term | Far-Term
Tokal For Program Plan 2006 a4 1430 1430
Tatal For Budget Cuk 10%: 430 1460 1460
Total For Budget Increase 10%: 620 1770 1770
Tokal For Accelerate STSS GES 1575 1575

Criteria Comparison for Mear-Term

Jia |

Program Plan 2006 Budget Cut 10%%: Budget Increase 10%: Accelerate STSS

—

jui]

o
|

160
140
120
100

SCORE

a0
=10}
40
20

I Aco M B Ao 1 &cqg 2 1 Track_ N 3 Track_x
0 Track 7 [ ID_M 1 D% B O -

Notional Data FTI
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Total Cost Comparison

=. SENSORS [ BX]
Spending | Criteria |

CY2006 | CY2007 | CY2008 ) CY2009 0 CY2010 ) CYz2011 | CY2012 ) CY2013 | CYz2014
$1 o] y

Tokal Far Program Plan 2006
Tokal For Budget Zuk 10%:
Tokal faor Budaet Increase 10%:
Tokal Far Accelerate STSS ; , , ’
£ >

Total Cost Comparison

$50,000
£55, 000 i |
$50,000 i u M
£45,000 2 i
5 $40,000
= $35,000 B s i i
"5 430,000
E 475,000
£ $20,000
£15,000
$10,000
5,000
§ L
' ' ' ' ' ' ' ' ' ' ' ' ' ' '
— — — — — —= —= — - — — — — — —
L] L] L] L] L] [ o] [ o] [ o] [N ra ra ra ra ra ra
= = = = [} ] ] ] ] [} [} [} [} [} —_
—_ —_ _ —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ na
o | o0 =0 [} — P2 [ru] = n T | [mu] O [}
| [ Program Plan 2006 B EBudoget Cuk 10%: [ Budoet Increase 10% [ Accelerate STSS

Notional Data FTIT

23



Presented at the 2007 ISPA/SCEA Joint Annual International Conference and Workshop - www.iceaaonline.com

Summary

 Robust Investment Analysis capability including
optimization now available for MDA use

« Methodology successfully used in internal studies
as a “proof-of-concept”

e ROS

— Uses a proven military model for capital investments and
force planning

— Powerful interface for easy data entry and management,
and flexible reports

— Evaluates task priorities, system capability, costs, and
schedule parameters

« Methodology and Toolset help provide strong

“Program Justification”
24 &





