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e Omission Mistakes - Bad
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How we got started

Demand for a guidebook on tradeoff studies from the INCOSE Corporate
Advisory Board.

Not aware of good industry information that crosses the life cycle and aligns
with INCOSE process guidance (Handbook, SEBok, ISO/IEC 15288,

DAG,CMMI).

Refered to the Decision Analysis WG as an initial product within their charter.
— Frank Salvatore, Decision Analysis Working Group Chair
— Dr. Dennis Buede, INCOSE Fellow
—  Mr. Matt Cilli
— Dr. Greg Parnell, INCOSE Fellow
— Mr. Rich Swanson

Decision Analysis Working Group Plan «
— Revise Decision Management section of INCOSE Handbook
— Revise Decision Management section of SEBoK ﬂ/
— Present at INCOSE 2014 v

— Write Guidebook
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Some Tradeoff Studies Have Cascading Mistakes '@E
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Omission: Not have a decision

NCOSE
management process -

June 30 - July 3, 2014

Life Cycle Phase, CONOPS,

s Without such a process, every engineer in the
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— Unsound processes can have a long lifetime.
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Six requirements are necessary and sufficient fycos:

to ensure a quality decision process. N

Meaningful,
Reliable
Information

Creative, Clear
Doable Values and
Alternatives Trade-offs

Elements
of a Good
Decision

Logically
Correct

Appropriate
Frame

Spetzler, C. & Keelin, T. (1992).
Decision Quality: Opportunity for
Leadership in Total Quality
Management. Menlo Park: Strategic
Decision Group
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Not defining the decision frame. NS
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This

decision

looks easy! May be a
challenge

May be some big challenges

The decision frame helps us define the scope of decision.
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Lack of credible objectives & measures

Randomly Listed Objectives

@ § [ o[ e

Objectives appear randomly determined

Metrics (we know data exits) are used and not
value measures (we care about the measures)




Develop Objectives and Measures NCOSE
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Well structured objectives INGD>E
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Problems with alterative generation

* No definition of the solution space

» Advocacy tradeoff study
— Sales pitch

* The use of three alternatives
— Terrible

— The one being advocated
— Wonderful but unaffordable

Minor changes from the status quo




Generate Creative, Doable Alternatives
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Deterministic Analysis Not Credible

 Ad hoc math

— No mathematical
foundation
 Bogus math

— Importance weights

» Lack of credible data
to justify scoring
— No use of modeling
and simulation, test

data or operational
data

NCO

Las Vegas, NV
June 30 - July 3, 2014

Lack of credible
expertise
— Experts not used
— Opinions solicited
from non-experts
Wrong questions
asked of experts
— Top down weights
No sensitivity
analysis




Assess Alternatives via Deterministic
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Impacts
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An additive value model mathematically 'W

defines value and evaluates alternatives. s Vege Y

Normalized swing weights for each value
/ measure j assess importance and impact
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Consideration of uncertainties INGDt
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* No consideration of uncertainty

* No relationship between system/program risk
assessments and tradeoff studies
— No use of risk analysis to focus tradeoff studies

— No feedback between tradeoff studies and risk
assessments

* Improper assessment of uncertainty
— No consideration of cognitive biases
— No use of probability assessment protocols
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conors, 8 Omission/
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lelping identifying better alternatives is a (o
key role for systems engineers. by

Las Vegas, NV

June 30 - July 3, 2014
\f you want
better |
decisions, find

better
a\temat'\ves‘.

If there are nothing but bad alternatives and you just
evaluate alternatives, all your analysis focuses on
determining the “best” bad alternative!




Not Improving Alternatives

®
Las Vegas, NV
June 30 - July 3, 2014

Life Cycle Phase,
Program Plan

Revised
Program Plan

Refined

Modeling,

Simulation,

&TestPlan

P Present
Recommendation
& Implementation
Plan

Informed

Requirements
Communicate

Tradeoffs

Improve
Higher Alternatives
Value
Alternatives
& Risk
Mitigation
Plans
Assess
Impactof
Uncertainty
D
Uncertainty &
Conduct
Risk Probabilistic
Assessments

Performance
Model & Test
Output

HANDBOOK OF

DECISION
ANALYSIS

Gregury S, Puracil
Tarry A, Breick

Soree X, Fani
Eric B, Jobases

- WILEY

Finding System Solutions
That Best Balance Competing
Objectives & Risk

CONOPS,
Use Cases,
System Context

Functional
Decomposition

Frame
Decision

Develop
Objectives &
Measures

LETiormanos

Generate
Creative
Alternatives

Synthesize
Results

Aggregated
Stakeholder Value
Assessments
Expert
Opinion

Edoed by |
rarne |

Omission/

Requirements

Commission

Generic
Product
Structure

(\[o]
improving

Potential selection

Available
Options Per
Product
Structure
Element

of poor designs

alternatives

Expert
Opinion

Cost
Model

Model & Test
Output

BUEDE



nalytical outputs are not actionable Insi

’Qa a9 © M
toa

Finance.xls [Compatib

ility M Microsoft Excel

Home Insert Page Layout Formulas Data Review View Add-Ins Acrobat @RISK -2 X
4 4 i - & & | i -
% % ﬁ .‘. A 1 éé ‘ Iterations 5000 ¢ ¢ J :L;L ¥ summary 7 ﬁ § Library
. - A o= Simulations 1 - L ‘ - 'Y Define Filters 4 Utilities ~
. Defme _Aqd L lnsfrt _ De'fule DIEFF]putIOn Dlstylguflon »Mot!e[ (9.0 =l FEeeanl | . St'?rt /.ldv.an(ed _ RISK B ili=ar—=ioa) ‘Excel. _ Swla_p A
ISK - Output: C10 1=J|2J& | %] @RISK - Scenarios -J[BJE3
NPV (100/0) Sort Inputs For Output Scenario: Display Inputs Causing Output Scenarios, Using:
Regression -Mapped Values ICZZ/Net Income / 2011 >75% ;I IPercenﬁIe Values ;]
|
Number of Competitors / 2014
Number of Competitors / 2015 : I r (= [eme Besahial Sheet1!C22 |SheetliC22 |SheetilC22  |Sheetill>
Number of Competitors /2016 -112664.2563 l Net Income / 2011 |Net Income / 2011|Net Income / 2011 Net Inco
Number of Competitors / 2017 i [C2>75% Percentile Percentile Percentile Percenti
Number of Competitors / 2018 !
Number of Competitors / 2013 | >75% <25% >90% >75%
Sales Volume / 2018
sales Volume / 2018
Sales Volume / 2020 . Capital RiskNormal
Number of Competitors / 2020 =1 c38 Expenses / 2011 |(50000,20000)
Sales Volume / 2017 7
Sales Volume /2015 16139,6359
Sales Volume / 2013 B 161102914
Sales Volume / 2016 I 16066.7505
Capital Expenses /2012 -13063.1703 | Product
Capital Expenses [ 2011 -12319.7169 " RiskNormal
= €35 Development /| (5h000, 10000)
o o o = = o o o o = o o
g b 1] =] *? P ¥ o ~ ¥ |
NPV (10%)
Values in Thousands _I—]‘

ol 3l ¥
-

ISK - Output: €22

g‘lﬁ] llAJ : . i”@'_bj Close I

PEERE]

Las Vegas, NV
June 30 - July 3, 2014

@RISK - Scatter Plot: Output C22/ Input C36

nses / 2011

$45998.8888
$20004.7554
-$95558.8352
$22305.8458

-0.8938

nses / 2011 in

$27145.6258

$12475.2029
-$71629.8333
$11106.3416

-0.7000

nses / 2011 in

$72457.5825

$12595.0574
-$128283.9584
$10834.1504
-0.7077

Close

Net Income / 2011 Net Income / 2011 Scatter Plots
0
-1364 — Net Income / 2011 + vs Capial Bxpe:
S S————— ;
S‘Df‘ | Minimum  -$194167.7308 20 * X Mean
0.1% | Maimun 144124752 40 X Std Dev
Maan -$99598.8352 ¥ Mean
SwdDav 5223098458 <3 60 ¥ Std Dev
Vales 5000 — = Pearson Corr Cosff
& ﬁ 80
— , -5 vs Capital Expa:
Net Income / 2012 o g 0o % Scenario Net Income / 2011
Minimum  -5200063.5376 &= >75%
Maximum  -$53510.2199 25 42 X Mean
Mean  -$130000.3823 e X 52 Dav
SdDev 5201068211 22 440 ¥ Mean
Valuas = ¥ Std Dev
-160 Pearson Corr Cosff
= Net Income / 2013
— S — -180 vs Capital Expas
Minmum  -$72393.6001 o @ Seenaro Net Income / 2011
Maximum  $179570.1675 -200 <25%
Mez $49627.2009
i i i i > s [r)‘ev $35224.7505 g & ° & 2 3 3 8 51 € XMean
2 2 2 S 2 ° 2 8 2 2 2 3 Vahoas 5000 ' ' ) - ™ XS Dev
o ¥ - - ' = = & & 2 Capital Expenses / 2011 ¥ Mezn
ValuesinThousands (8) | ValuesinThousands (8) ¥ Sed Dav
= Net Income / 2014 Pearson Cor Cneff
(o | [ =] k| el VA RS ] axe ||©w]=] %6 v@a
)iz -
o\, — w!




ommunicate Tradeoffs

®
Las Vegas, NV
June 30 - July 3, 2014

LifeCyclePhase,  CONOPS,
Revised Program Plan Use Cases,
Program Plan System Context

Refined H ; Functional

Modeling, g v Decomposition H H
Simulation, >

arestpian o . Omission/

3 Present )
Recommendation Decision

& Implementation

Requirements

Develop CommiSSion

Objectives&
Measures

Informed o o \ Generic
Requrenet B communicai ‘ W e Recommendations not
Results not timely

Tradeoffs \
j Generate Av_allabie . .
] ) Croative [l Options Per Commission
\ suernatves B - strocure or understood
wigner \B Ateratves Loss of SE credibility

Value pel
" Expert
Alternatives 'S Finding System Solutions . o;.n.on
& Risk That Best Balance Competing

M':;&az:)so" Objectives & Risk

implemented

Cost
Model
Assess
Impactof
Uncertainty Performance
n :? s Synthesize Model & Test
ncertai Resuits
% Conduct o
Risk Probabilistic
Assessments Analysis

Aggregated
Performance n Sl:kenolderv?lue
Model & Test ssessments
Cost Expert

Output
s Model Opinion
Output

HANDBOOK OF

DECISION
ANALYSIS

Gregury S, Paracil
Tarry A. Broseck




Use charts that provide insights

Value Component

Cost-Benefit
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and dominated solutions.




Tradeoff Study Recommendations Not S5

Int sium

Implemented L

« Tradeoff Study Problems <« Issues with Decision

— Changing Requirements Maker(s)

— Lack of access to DMs and — Not involved in study

SHs — Analysis results not

— Wrong decision frame understand

— Analysis not credible — Recommendations not

— Analysis not compelling affordable

— Analysis not — Results not aligned with

understandable previous commitments

— Results delivered too late
— Implementers not involved
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Summary: Improve Tradeoff Studies by Using
Best Practices & Avoiding Cascading Mistakes
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