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Introduction and Context

* Introduction of Open Architecture (OA) business and technical
processes provides opportunity to improve acquisition

— Increased competition
— Shorter cycle time
— Reduced total ownership and acquisition cost

« The AEGIS Advanced Capability Build (ACB) process is one
implementation of the OA approach
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The ACB Process

—J NS ——

The ACB process provides for software updates to ships within
the program on a two-year cycle

ACBs are identified by the first year in which they will be fielded,
e.g., ACB-14

US Navy CGs and DDGs will be inducted into the process
as they receive computing plant updates during major
availabilities that convert the processors and networks to a
COTS-based configuration

The hardware baseline that supports OA must be in place
to begin execution of the ACB process

Once a ship is inducted, it will receive the scheduled
update plus any previous updates (e.g., ACB 16 ships
entering the program will receive ACB 14 capabilities as
well)
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The problem addressed in this study deals
with risk and value

» Value is realized through fielding of military capability for the war-fighter

* Riskis found in uncertainty
— Cost uncertainty creates budget risk
— Technology risk can lead to schedule and budget risk

» This study provided a pilot implementation of the Knowledge Value
Added + Integrated Risk Management method to represent value and
risk to assist the PM and sponsor in selecting the proper capability mix
to field in a given ACB

 The problem space considered 23 capabilities to be implemented
through changes to 32 software components across three scheduled
ACBs (ACB 14, 16, and 18)

« Given the universe of desired capabilities, the problem is to select
those providing the best value to the war-fighter for inclusion in a given
ACB subject to budget constraints, risk and uncertainty of cost and
timing
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The study articulated a notional value of military value
and used powerful financial and analytical tools

 Knowledge Value Added (KVA) provides ways of representing
outputs (value) in common units

» Real Options provides tools to compare the value stream of
various options in rigorous terms

» Integrated Risk Management considers uncertainties and
represents risk in quantitative, clear and defensible terms
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As ships enter the program and ACBs are
executed, military value is additive

Aggregation of Relative EMV
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One advantage of the ACB process is the
“catch-up” effect

 The ACB process helps manage

risk by aIIowing the PM and Capability Realization by ACB Introduced
sponsor to delay introduction of = ™ | wmerersis

a particular capability until it is 0

ready without waiting many .

years for the next cycle 0

WACB14

* A delay until the next ACB is 0
more acceptable because within
five years the number of ships
with the capability will be the
same .

WACB16
WACB18

14 15 16 17 18 19 20 21 22 23 24 25

Fiscal Year
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The remainder of this presentation discusses the
analysis and results

« Assumptions and constraints
 Measurement of military value (KVA)

» Application of Real Options and Integrated Risk Management
(IRM) to the selection of capabilities
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Assumptions and Constraints

* The study applied the following initial assumptions
— The capabilities were independent of each other

— Capabilities were implemented through changes to modules within
the objective architecture

e [|nitial constraints assumed
— A notional integration budget of $150 million per ACB

— All uncertainty estimates for the initial model were based on cost
volatility

o Future study will include

— Effects of interdependencies (nested options), correlations,
diversification

— Schedule risk
— Opportunity cost and penalty costs of abandonment
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Measuring Value

KVA guantifies the value of the knowledge used to produce
common units of output

Shows decision makers the benefit and cost of each program
or project

Measures how resources are allocated on the volatility of
productivity (e.g., ROI)

Providing ROI volatility inputs to IRM

Military value in this study was postulated to be represented by
capability provided to the warfighter measured in a variety of
ways

— Strategic importance as represented by OPNAV sponsor priorities

— Technical value as represented by acquisition community priority

— Functional complexity represented by Delivered Source Lines of Code
(DSLOC)

— Subject Matter Expert evaluation of complexity and mission criticality,
aggregated from the component level
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Integrated Risk Management Process

0 List of projects Base case projections e Develop static a Dynamic Monte
and strategies to for each project financial models Carlo simulation
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project or portfolio real : and closed-form partial-differential : budgetary constraints... useful for : decisions, and do it all
options are framed... : models with simulation... : strategic portfolio management... 1 again iteratively over time...
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KVA+RO+IRM are a combination of method and
toolset to assist the PM in decision making

Knowledge Value Added (KVA) is a method that systematically expresses non-
revenue activities in common units of output to quantify value

Real Options (RO) provides a way to qualitatively and quantitatively evaluate the
relative value of various courses of action under consideration

Integrated Risk Management combines KVA and RO with a powerful toolset to assist
the program manager in the decision process

Treatment of parameters as distributions permits rigorous analysis in an uncertain
world, where instead of single point estimates, we use ranges as inputs

Monte Carlo risk simulation and process models permit consideration of all possible
outcomes within a reasonable time period

Disciplined processes yield defensible results that can be updated as more
knowledge/ information is realized by the program

Risk simulation, sensitivity analysis, and forecasting are automated (analyses are
efficient, quick, consistent, replicable, defensible, and scalable)
The toolset and method provide a way for the PM to determine the relative merits of the

various options available, to make informed choices based on value streams and risk, and
then to articulate those choices to the sponsor and the acquisition chain of command.
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; ; Common sizing inputs and using weights
Model in P ut assum ptl ons are to obtain the expected military value

entered on a data sheet | | Vo
Commaon Size Factor 1.00 0.10 200 2.00

Al Weighted | OFNAV &

DS:ngE‘:y & Common | Technical

Waighting Scheme ¥% B% 15% 15% Sized Prignity

. SME Mean | Techmical | OPNAV | DSLOC Cost Technical | OPMAV Objectve
Capabilit alue Added| Prio Priorty | Comnplesity | Sivwation | Priority H-L | Prionty . | EMV Score | EMV Score | EMV Scare | -\, | CV
Capabiiity 1 43.00 3 2 278 29.00 2 2 2100 768 43.00 4300 0183
Capability 2 28.00 2 541 126.00 n 23 559.00 4224 45,00 4500 0.0903
Capability 3 g 0O 12.00 1 3 58 700 2 n T1.00 19.78 44.00 400 00719
O 5 4 B35 21.00 19 20 BT5.33 4804 39.00 39.00 Du0sTE
— @) 7 7 134 15.00 i 17 B1LET 21.07 34.00 MO0 00407
C fi"',_ 4 B 392 2700 2 18 2167 3760 38,00 oD 01568
o o 6 5 549 17.00 18 19 599,67 48.05 37.00 o0 0.0481
o — ) 10 11 675 700 " 13 72267 4841 27.00 2700 00689
a O by 8 8 100 16.00 15 16 128.00 20,07 32.00 200 0.0382
w fah] — 11 ] 180 10.00 13 15 22 ET 26,50 Z8.00 Z8.00 Do0e03
Capability 11 o o ' 9 10 8 3.00 15 14 108.00 18.78 29.00 900 0.0707
Capability 12 2 14 12 158 21.00 10 12 186,67 2185 2200 zZon 0N
apability 13 (D L v 12 13 159 11.00 12 11 186,67 2215 23.00 2300 0.0408
o O ()] 4467 13 14 523 27.00 1 0 567 67 1024 2000 2100 0095
—_— O 1767 20 15 134 10.00 4 9 151.67 1477 13.00 13.00  0.0603
Capability 16 iy o 17 67 FI 16 134 .00 3 & 151,67 1417 11,00 11.00 00816
Capability 17 e 'S 34.33 19 17 378 5.00 & 7 #2733 2710 12.00 1200 00454
apabil q — 17.67 22 18 134 £.00 H & 15167 1227 .00 BOO 00372
wn (D 14.00 23 18 B 18.00 1 5 95.00 854 6.00 §00  0.0%0
O 1767 15 20 134 14.00 5 4 151,67 1477 13.00 1300 00188
2267 18 21 144 18.00 5 3 166,67 15,67 2.00 900 QM54
Capability 22 1167 16 22 180 T8.00 B 2 19167 1338 10.00 10.00 00458
apability 23 10.00 17 23 55 000 7 1 105.00 5.3 8.00 B00__ 0.0603
\ J
N\ Y
Intermediate computations: risk-
Starting with 23 capabilities simulation assumption, readjusted
(more to be added later Technical and priorities, expected military score
when there is sufficient data) OPNAV priorities and cost-based risk coefficients

High, most likely, low cost
estimates for running
thousands of simulation trials

DSLOC provides a measure
of complexity
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Running the model provides recommended selections

ACB 14 sample results with $150M budget constraint

- - Selection of EMV
| Expected Military Value: SME Mean Value Added, DSLOC Complexity, Comman Sized, Weighted OPNAV, Technical Priorities [ <— .
calculation method

Capability Reset EMV Cost Rigk & Rigk % Selection
Q $6.91 18.34% 0.0000
Capability [ 4224 | $3.81 9.03% 0.0000
Capability 1 T $1.42 7.19% 0.0000
Capability 2 A $2.77 5.76% 1.0000 Go or No-Go
Capability 3 = 21.07 $0.86 4.07% 1.0000 R
Capability 4 c 5'] 5590 15.68% 0.0000 dE‘CISIOI’lS in the
Capability 5 = 45.05 by $2.31 4.51% 1.0000 portfolio selection
B ) e $3.34 6.89% 0.0000
EEE W 20.07 o $0.77 3.82% 1.0000
Capabily & O $1.62 6.03% 1.0000
Capability 9 W - u - -
Capahlliﬁ' 1':' D- E._:- 51.33 T.D?% tm
Capability 11 =. 21.85 $2.48 11.37% 0.0000
Capability 12 = = $090 | 4.08% 1.0000 _
Capability 13 o 40.24 o $3.65 9.56% 1.0000 Benefits (EMV),
Capability 14 w — c6-85 5-63% 05— Cost, Risk are
Capabiy 15 Y o $1.16 | 816% 1.0000 considered
BT (D o §1.23 4.54% 1.0000
Seenlo Q. Q. $0.49 3.72% 1.0000
g“"agi:.“’ :g = o954 | $0.32 3.40% 0.0000
T = s024 | 1.64% 0.0000
c;,:am,m 1 @ $0.71 4.54% 0.0000
Capability 22 == $0.63 4.68% 0.0000
Capability 23 | 923 | £0.56 6.03% 0.0000
Max EMV Total | 314.51 | $150.00 $6.18 Constraints can be set (budget
Constraints: MAX | 815000 | <—— (budg

capability count, FTE, priorities, etc)

Starting with 23 capabilities (more to be
added later when there is sufficient data)
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Portfolio optimization analysis gives a set of solutions

Optimization Summary

[S5cS

Optimization is used to sllocate resources where the
results provide the max returns or the min costinsks.
Uses include managing inventories, financial

etc.

portfolio allocation, product mix, project selection,

Objective | Method | Constraints |Statistics | Decision Variables |

50328 <= 150 (3D829)
[1sHs28 <= 10 (sHs29)

Ilﬂl‘
Chanae

FE Optimization Summary

Optimization Summary

Optimization is used to allocate rescurces wheve the
results provide the max refums of the man coslinsks.
Uses include managing imveniones, financial
poitfolia allacation, produst mi, projact selection,
el

e

Optimization Complete

1600

1400

1200

1000

Objective
g

Optimization Result

23456738 9101112

Number

Problem Parameters:
Number of variables is
Number of functions is

23

2
objective function will be MAXimized

Starting \
Functions:
Function Initi
No. Name Status Type valu
1 G 0BJ 2848.1C
2 G EEEE RNGE 495.0C
variables:
variable Initi
No. Name status vall

revert to the original inputs?

Optimal values have been found. Do you wish to replace

Redarcted

H10

Lida

EEERREL]

F
!

(Optimization is used to allocate resources where the
results provide the max returns or the min costinisks.
Uses include managing inventories, financial
portfolic allocation, product mix, project selection,
efe.

|0bjective | Method |Cor15t|air115 IStatistics IDecision Variables

@ Static Opimization
Run on static model without simulations. Usually run to determine the
intial optimal portfolio before more advanced optimizations are applied.

) Dynamic Optimization
A simulation is first run, the results of the simulation are applied in the
model, and then an optimization is applied to the simulated values.

MNumber of Simulation Trials I 1DDD3:

71 Stochastic Optimization

Similar to dynamic optimization but the process is repeated several
’ ~ " decision vanables will sach have its own forecast

§ Optimization Chart

itz optimal range.

ulation Trials I 1DDD3:

Optional

Efficiant Frantiar

imization Runs 20

An Efficient Frontier
Analysis provides
optimal selection for a
variety of budget
possibilities
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Risk simulation of cost provides the decision maker with additional data

Risk analysis and
100,000 80~ Total Cost (1000 Trials) -1 50 Total Cost (1000 Trials) -1l
simulation trials 701 [0 0 — [z
on cost B F08 g 507 Hos 8
. . & sp- k07 S T s ko7 S
estimations... g 06 & g o5 &
z Fos 2 g Fos 2
E ] [os % E 307 0.4 %
We can 204 33 E 204 33 E
determine the 101 P 101 Fo1
probability that %350 153.80 153 .50 17380 783 8° 14330 153,80 163 80 17380 T53.8"
ACB-X will
exceed the $150M Type |Right-Tail > v| 1500000 | Infinty | Certainty % | 83.30-% Type |Left-Talc _v|| Jifisily | 171.8440 | Certainty % | 99.00%
budget, \ \

determine what

-

Total Cost - Risk Simulator Forecast

(=/=] = ]

Total Cost - Risk Simulator Forecast =[] % |

Histogram | Statistics | Preferences | Options | Controls |

Histogram | Statistics | Preferences | Options | Controls |

$171M will yield a Total Cost - Risk Simulator Forecast =]=] % | Total Cost - Risk Simulator Forecast EE] =X
99% certainty of : —
sufficient buﬁget Histogram |Siatistics IF‘rdera"lm |Oﬁtions ICor:trols | Histogram | Statistics |F‘réa'enma IDptions |Corn‘.rols |
to cover all costs _ fIE | Resut |
80 Total Cost (1000 Trials) F1.1 Mumber of Trials 1000
~1 F1e 156 5740
We also looked at o0 (082 Median 1558594
: [ Standard Deviation 6.4490
the optlmal E‘ 50 :3'5 E Variance 41.5891
portfolio given a = o5 2 Coefficient of Variation 0.0412
T 2 apd Lgs @ Mazdmum 1745457
0, 30 4=
90% probabll!ty o Lo3 2 Minimum 142.9728
that $150M will be o Loz 2 Range 31.9769
enough 0.1 Skewness 0.3655
9 19350 153,80 163 .80 17380 T3’ Kurtosis -0.4548
25% Percentile 1516747
75% Percentile 160.2705
Type |Lefi-Tail < _v| [ [ 150.0000 | Certainty % [ 16703 Percentage Emor Precision at 95% Corfidence 0.2553%

*Screen shots from Risk Simulator software
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Optimized portfolios are time-sequenced and risks are quantified

Optimal  Optimal AN  ACB 14 + ACB 16 + ACB 18 optimal Optimal [N
_Capability _on Budget Cost-Risk Must-Have Cost-Risk  +rounded to the nearest 0.1 on Budget Cost-Risk Must-Have Cost-Risk

Capability 1 Total Capabilities ACE14 1 1 5 2
Capability 2 - Total Capabilties ACE16 8 7 9 10
Capability 3 a Total Capabilties ACE18 1 2 4 7
Capabiliy4 capa
Capabiliy’5 5 EMV ACE14 31098 | 299.74 115.56 61.02

Sl — EMV ACB16 149.87 | 15158 | 268.03 280,96
Capability 6
Capability 7 0 EMV ACB18 42.24 57.94 127.93 151.58
Capability 8 % Total Cost ACB14 $146.00 | $139.00 | $145.00 | $129.00
Capability 9 o Total Gost ACE16 $141.00 | $129.00 | $150.00 | $137.00
Capability 10 E‘ Total Cost ACB18 512600 | 59500 | 514100 | 5129.00
Cﬂpﬂ hllltf 11 — | Total Spent on ACB14-18 5413.00 4£363.00 5440,00 £395.00
Capability 12 g Probabilly of Under Budget ACB14 29.70% | 97.90% | 41.50% | 90.80%
Capability 13 EH FProbability of Under Budget ACB16 T2.23% 50.90% 16.25% 59.90%
Capability 14 Probability of Under Budget ACB18 54.80% | 99.90% | 72.90% | 90.90%
Capability 15 ﬁ

apabi
Capability 16 O ACB14 Median 50th Percentile on Budge! $153.20 | S142.90 | $152.60 | $132.30
Capability 17 ﬁ ACB14 Median 85th Percentiie on Budge! $160.22 | S146.60 | $166.60 | S146.30
Capability 18 — ACB14 Median 95th Percentile on Budge! $164.30 | 5148.70 | $173.90 | $153.50
Capability 19 g ACE16 Median 50th Percentile on Budget 514540 | 513790 | $156.50 | 5139.50
Capability 20 ACB16 Median &5th Percentiie on Budge! $153.50 | 5147.30 $164.80 | 5143.30
Capability 21 ACE16 Median 95th Percentile on Budget s157.80 | $152.70 | 416020 | $145.30
Capa h!'"."-" 22 ACE18 Median 50th Percentile on Budget 512890 | %9530 | $145.10 | S137.90
Capability 23 ACB18 Median 85th Percentile on Budget $142.90 | $10030 | 15350 | $147.30
ACE18 Median 95th Percentile on Budget $150.20 | $104.30 | $158.40 | $152.70
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More complex options and constraints can be accommodated in the analyses
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Strategy Tree
(Complex Multi-Stage Development)

In reality, an R&D project will yield intellectual property and patent
rights that the firm can easily license off (Abandon). In addition, at any
phase, the project’s development can be slowed down (Contract) or

d (Expand) d on the of each phase.

Super Lattice Solver (Real Options Valuation, Inc.)

&

File Help

Commen t [Case ! Strateqy C

Inclusion of Analysis of

Option Type
’VI' American Option [~ European Option |~ Bermudan Option [ Custom Option

1~ Custom

Alternatives or Courses

Variable Name | Value | Starting Step |
“pansion 1.35 i

~ Basic Inpu

E
Satvage £ i

P Underling Asset (8) [100

Risk Fiee Rate %) [5

of Action using

Implementztion Cast [$] [§

Dividend Rate (%) [0

Maturity [ 2ars) |5

Lattice Steps

Welatiity (%) [25

100 * Al % inputs are ar

Blackaut Steps and Vesting Periods (Far Custorn and Bemudan Options]:

strategic real options
analysis of various

nualized rates.

Example: 1,2,10-20, 35

Optional Terminal Nade Equation (Options A Expiratian]:

M ax[Asset AssetExpansionCost Salvage]

Example: M&{Asset Cost, 0]

=] implementation
e aw | pathways, suitable for

Closed-Form American:  $96.11 $0.00

nested and path

Binomial European: 9611 000

~Custom Equatians (Fer Custom Optionis]

Intemiediate Made Equatian [Optians Before Expiration]:

Binomial | American: 43611 $0.00

dependent options

M ax(@ssetE vpansion-Cost S alvage @&]

Example: M&X{Asset Cost, @)
Intermediate Node Equation [During Blackout and Vesting Periods}:

i~ Resul
Custom Option: $131.1132

(some components and

Example: @&

capabilities are
interdependent)

| Create Sudit Workheet

B | Ceasr |

Sample Commands: Asset. Max. If.And. Or. »=. <=.> <

Inv=520Mto spin off
into new product yiclding

. Risk can be

Reduce R&D spending by
$20M andprofits by 50%

Abandon and sell offassets or
intellectnal property for $15

Spread out R&D investments
overtime. Spend a lttl
time to decide if this

Acquisition Rescarch Program: Creating Synergy for Informed Change

50%higher

mitigated or planned for though

— Budgeting to the amount that the simulator reveals is
necessary to provide a given level of risk

— Improving cost estimate quality and reducing volatility

— Up-front action to change the cost equation

Contractual limits on cost through use of fixed price or
other contract vehicles to shift risk with the vendor
Incentives to the contractor that reward for success and
penalize for failure to meet cost targets

. Capability selection can also be accomplished by applying risk

constraints during the optimization
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Going forward

 More complex analyses to determine which optimization
portfolio to choose

— nested and mutually exclusive options among and between various
capabilities
— expansion options of a base capability into additional capabilities
» Strategic real options approach to generate different
Implementation pathways
— provide strategic option trees
— Identify best decision strategic option pathway
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Back up slides
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Risk Simulation (Risk Management) shows the range of likely outcomes

s . r
Return on Investment - Risk Simulator Forecast |Ml Profit*Score - Risk Simulator Forecast E@u
Histogram | Statistic. | Preferences |Options | Histogram | Statistic | Preferences | Options |
120+ Return on Investment (1 Trials) 14 120 Profit*Score (1 Trials) .44
. 10
1001 08 = 100 Log &
08 @ 0B &
g = 078 & 80 F07 3
& 06 o 5 Log o
g 50 05 2 2 6 g: z
S «f =
201 . 2 102 3
: k0.1
2bas 21625 22625 23605 Ta625 " TIRamEs  T404ds
Type [TwoTal | |EHEZNEH BEBNNMEM Cer=int > [ 90.003 Type [TwoTal | |EEEETING IS Cortminty > [ 50002
L

Return on Investment - Risk Simulator Forecast E@M Profit*Scare - Risk Simulator Forecast |E|E|il
Histogram |513ﬁm.3 | Preferences |01:n‘.ians | Histogram | Statistic | Preferences |Dp¢.ions |
Statistics | Resutt |
120 Return gn Investment {1000 Trials) e MNumber of Trials 1000
Mean 1.244815E+006
1007 = Median 1.244415E+006
- E Standard Deviation 3 342542E+004
) 72 Variance 1.117259E+009
5 & 5 Coefficient of Variation 0.0269
o = Maximum 1.358625E+006
L 407 = Minimum 1.143545E+006
2. 3 Range 2.090798E-005
E Skewness 0.0500
ez 21625 22625 23625 24625” Kurtosis 0.2142
25% Percentile 1.221630E+006
75% Percentile 1.266566E+006
Type Inght-TaiI ,.l I:I:l Certainty % I 52.303: Percentage Emor Precision at 95% Confidence 0.1664%
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Risk Analytics (sensitivity, tornado, fitting, and many other
analytical tools) provide depth of understanding

Tornado Chart Nonlinear Rank Correlation (Net Present Value)
S, £+, Product B
’ ) T e I e —— N
o - S O /5, Procuct A Sals Quariity (0
.44 [ o o - -
Distribution Test Statistics P-Value Rank (N 021, Price Erosion Rate
oma oo (w1 Wl § N O 020, Procuct & Ave Pricednt
— o prrtol . 1 2 475 S 20, Procuct C vy PriceUrit
Logistic: 0.03 97.19 % 4 g = [ = N 018, Product C Sale Quartity ('000s)
Gumbel Minimum 0.05 7391% 5 4 ] )
Gumbel Madmum 0.05 5747 % 6 - - _ — _ 012, Product B Avg PriceUnit
gf_'udﬁ'l 3'3; fg%;‘: ; Wo003, Annuslized Sales Growth Rate
fiangular 1 : 2 15535 5
Chi-Square 0.10 ERIEA 3 00 01 0z 03 04 0s 05 0y
Pareto 0.15 004% 10 fy i 5
T 036 0.00% 11
Exponential g.gg g.% % E wste 0,155 T .1 2 Percent Variation Explained (Net Present Value)
L 100 %
Weibul 1.00 0.00 % 14 sion 0.055 I 0 045 41 0%, Prod.
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