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Attachments

e Attachment 1: More details on example configurations of the formal
pattern:

* Mission Planning potential example
» Stakeholder Needs and Requirements potential example

e Attachment 2: Additional aspects worth considering

e Attachment 3: Observations on the earlier draft (2022) DA WG Trade
Study Example that Help Us Understand the More General Ecosystem
Pattern



Attachment 1: More details on example
configurations of the formal pattern

* Mission Planning potential example
* Stakeholder Needs and Requirements potential example
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Generic configurable ASELCM Level 2 process roles (e.g., Consistency Managers,
Business Processes) and generic 1ISO15288 Information Segments (e.g., System 1
Mission, Stakeholder Requirements, System Requirements, Architecture, etc.)

* No assumptions as to specific S
form of information, use of
MBSE models or legacy
artifacts, etc.

* However, broad classes of
inter-dependent information
are denoted, as “segments”
of overall information base,
neutral as to methodology. =

* Descriptive info “wrappers”
(metadata) are likewise
described, supporting generic
information management
and risk management, digital
threads, and digital twins.
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/ Overall ASELCM ISO 15288 Feature:
Business or Mission Analysis, with
five configurable Capabilities.
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Overall ASELCM ISO 15288 Feature:
Business or Mission Analysis, with
five configurable Capabilities.
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,7 | Overall ASELCM ISO 15288 Feature:
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| S1LDW - System 1__ Ldcal Dra, Qenerated and  (mm— =)
| InfoSegment=MissianSeq Local Data Wrapper_ . Fmrjrical
: Cansistency View, Mission Model-lD-Stakehnldér " Copsisteflcy View, Mission Model-to-Stake| older
i M LD IpfSeg — System 1
_ Describes ¥ Referg
f;cLa?BVataS'\%?;emel_ ) Ldcal Daa, Generated and (@ SRS LS Sysiemid
. PP | Empirical
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: _ Describes T L TTIIEY — J¥SIETT 1
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. : . Eranirinal §
I'_ Cansistency View, Mission Model-to-Simulatich | Consistency Vigw, Mission Modal-to-Simuflation )
: STLD InfSeg — System 1 )
$1 LDW - System 1| Describes
Local Data, Generated and .—J References,
Local Data Wrapper Ermnirical

| Consistenay View. Mission Model—to—Observati;ln

» Idenflify, Authenticate Accessor & Manage Session
- «» Idenflify System of Interest, Info Segments
-1 » Rec@ncile and Apply Consistency Analyses to Mission Model

Consistency View, Mission Model-to-Observation

S1LDW — System 1 L
Local Data Wrapper

" Stakeholder Input on Misswoﬁ

This Capability include

s four interactions of

Process roles and Information roles.

It reconciles the comparisons made by the
other Capabilities, to generate a single

update to the Mission

model and a single

Mission Analysis Report as a Dataset artifact,

with wrappers.
Configuring in this Cap

ability populates those

roles in the overall Ecosystem.
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| Stakeholder Input on Mission |
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S
Local Data Wrapper
ured Mission Experience Pattemn Ar‘tlfact_'

= 51 LDW — System 1 L
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Mission Simulation Artifact |

51 LDV — System 1 L
= Local Data Wrapper
" Observed 51 Data |

Describes 91 LD INTSeg — System 1
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|\ Configured Mission Experience Pattern Artifar
Describes S1 LU INtS&g — System 1
) Local Data, Generated and

P

) I\ Missicn Simulation Artifact l1
Describes 51 LD InfSeg — System

) Local Data, Generated and
i Cranirinal
| Observed 51 Data | |
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Feature: Blmess or
Mission Analysis

I /

| Overall AS;L‘tM ISO

15288 Feature: Business
or Mis#ion Analysis,

| with4ive configurable

| Capabilities.
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Seven Configurable Capabilities of the Stakeholder Needs and Requirements Definition Feature
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Capability :
Stakeholder Informed

System 2 Local S1 Management Process

SA ST <StkhldrReqs Feedback. LS1 LCM -

Excitation Local System 1 Identity of S1
Local Stakeholder . e kel cea,
Advocate for System 1 = Stakeholder Life Cycle Management

StkhidrRegs lnput" Business Process :

Stakeholder Informed . H Stakeholdfr Informed . LS1 LCM —
StkhidrNdsandRegsAnalys Stakeholder, AS!kh\drNdIandRequnalys

stkhldrReqsStkhldiregs . Local System 1
Accessor Indwit % Feedback 'd"";'ltv of Life Cycle Management
> Request Business Process
Identlflcat-lon. ' [1 Y -
and Authentication . s Capability.1ISO15288 BP =
p— Consistency View— Project Assessment and Control
Stakeholder-
Identity of > 831 l;CM 1_ .StkhldrReqs Model ™ )
s1 Model ysiem
Descrfption Local Consistency Stakeholde

S
Ar‘tiiact Manager StkhidrReqd
Wrapper Input
Data ‘ —

Stakeholder Informed .
tkhidrNdsandRegsAnalys

SOA for S1 LTMR

bcal Informatio§ Abou Modeled
StakeholderReqs

L 2
S1 LMW Systdm 1 Describes’ 51 LM InfSeg —

Local Modgl Wrabper S Stakeholder

Local Model
! StkhidrReqs v
InfoSegmgnt=5i rReqsSeq InfoSegment=StkhidrReqsSeg Input

|
a Describes 51 LD InfSeg — Sygtem 1
E;ct?[‘b;\;t S\Xn'srtaem;r el | ocal Data, Generajed and
PP Empirical
Stakgllglder Input on StkhidrReqgs Stakeholder Inp® on StkhidrReqs

vy

ibes 51 LD InfSeg — System 1
S1LTMR IS — S1 LDW—System 1 Descri
System 1 Local Local Data Wrapper M —f) |ocal Data, ngerated
and Empirical
Tr;sted '_\tHOde' Consistency View, StkhidrReqgs Model-to-Stakeholder Consistency View, StkhidrReqs Model-to-Stakeholder
epository
InfoSegment=StkhidrReqsSeg

Interactions :
» Identify, Authenticate Accessor & Manage Session
» Identify System of Interest, Info Segments
+ Monitor, Stimulate, and Capture Stakeholder Information, Inputs, Reactions
« Analyze Consistency of Stakeholder Reqs Model and Stakeholder Reqgs Input

* This Capability includes four interactions of
\\Process roles and Information roles.

* Idgenerates a Dataset-stored consistency
view of modeled Stakeholder Regs versus
the Stakeholder Advocate’s inputs on same.

. Configbr{ng in this Capability populates
those rolés in the overall Ecosystem.

.. |Eeature: Stakeholder Needs
“ |and Requirements Analysis

/| Overall ASELCM ISO 15588 Feature: Stake-
/ holder Needs and Requirements Definition,

/ with seven configurable Capabilities. **




\e This Capability includes four interactions of
\,Erocess roles and Information roles.
<StkhldrReqs Config__ LS1LCM -

. Itﬁgnerates a Dataset-stored consistency
Input Rgst Local System 1 = o o o Jldentityofs1 _ .
suidriess_gy,. Lie Cycle Mansgement & : view'of modeled Stakeholder Regs versus

Config Business Process o

Experience Informed . | Stakeholder StkhidrReqgs A Experieng Informed . LS1LCM— th e Exp\qie n Ce Patte rn i n p uts O n Sa m e .

StkhldrNdsandReqgsAnalys Input Config Stkhldffstkh_\qa\leﬁtql IRspsAnalys Local System 1
Confi
Stakeholder E S1 Life Cycle Management

Inpu Input usiness Process . . . . HH
) Vo ¥ r—— . Conflgurm\g\m this Capability populates
entiicttion [ s > silou- those roles inthe overall Ecosystem.

- Vioael
nd Authentication > System 1 Configured
Loc

Semantic IC X
al Consistency e—SthhldrReqs

L & Status
Experience '_> Manager Experience

Pattern P—
I 4— Pattern

prm—
Expegdence Informed . . .
Stkh|NdsandReqgsAnalys Consistency View—

Life Cycle Manager of Target System Capability :
Experience Pattern Informed

System 2 Local S1 Management Process

SA 81—
Local Stakeholder
Advocate for System 1 e

Experience-

StkhidrRegs Model |

SOA for 51

Modeled
StkhldrRegs.

[System|2 Lodal Igformatign About S1 | Configured

S1 LMW - Systenf1  pescribes S1LM InfSeg — StkhidrReqs
Local Model| § == = System 1 Experience

' v Wrapper Local Model Pattern
\HfoSegment=StkhIdrequeg \nfoSegmenl=Stkh.IdrRequeg | ;

S1LTMR 1§~

iﬁt:t:d 1MLc§|:II Pattern S1 LDW — System 1 . S1LD InfSeg — System
- Semantics Lbcal Data .—Des"-"bes.LocaI Data, Generated arfd

Repository L
& Status \rapper Empirical

InfoSegment-fSthidiRegsSeg &ﬂgured StkhidrReqs Experience g°gﬁ9”f:r‘t’_ f;““‘eqs Experience
attern Ifa

Feature: Stakeholder Needs

ern Artifact ”
" land Requirements Analysis

S1LDW — System 1 . S1 LD InfSeg — System 1
Describes Local Data _Descnbes. Local Data, Generated

Wr@pper and Empirical
Consistency View, StkhldrRegs Model- “Consistency View, StkhidrReqs Madel-
to-Experience Pattern to-Experience Pattern

S1LP - S1 LPW — System 1 /
System 1 Local Pattern

Local Patten | Wrapper Interactions : / Overall ASELCM ISO 15588 Feature: Stake-

InfoSegment=StkhidrReqsSeg InfoSegment=SikhIdrRequeg' Identify, Authenticate Accessor & Ma"age Session
» Identify System of Interest, Info Segments /

« Configure Experience Pattern for Stakeholder Inputs holder Needs and ReqL“rementS Def|n|t|on
« Analyze Consistency of StkhidrReqs Model and Experience Pattern . . o ,
with seven configurable Capabilitiés.




i Capability : V\This Capability includes four interactions of
e Cycle Manager of Target System Simulation Informed Rr(icess roles and Information roles.

System 2 Local S1 Management Process

sAsT_ LSt LoM - | ° It gehe\rates a Dataset-stored consistency

Local Stakeholder Local System 1

e S Lite Cycle Management - : view of mo\deled Stakeholder Reqs versus

Business Process LS1LCM —

1 o ‘ Simulatiln Informed . S 1 1 H
suaebolter s ot ool the Simulation \results inputs on same.
input Feedback _S1 Business Process

§ orewes Y  Configuring in thi¥ Capability populates

Project Assessment and Control

ST those roles in the overa|l Ecosystem.

f . .
Identity of Model | System 1 Simulation

51 Semantics Local Consistency Pata

Consistency View—
& Status p—
r_ Manager - Simulation-

Accessor Dataset StkhldrReqs Model

Identlﬁcat_lon_ Status Dataset Simulatign Informed .
and Authentication Update StkhidrjsandRegsAnalys

Status
Update

SOA for S1

Simulation

Data

System 2 Ldcal Informatiof About S1 Modeled
StkhldrReqs Data

bedribes S1 Lln InfSeg —
Local Model s —t—) System 1
Wrapper Local Model
StkhidrRegsSeg StkhldrReqgsSeg

Simulation

S1 LMW — System 1

S1 LD InfSeg — Sygtem 1
S1 LD%; System 1 Local Data, Generafed and

Describes L
Lgpal Data ® _Empirical
pper StkhidrReqsglnulation Artifact

‘ v . StkhidrReqs Simulation Artifact

S1LTMR IS — S1 LDW - System 1 ) 81 LD InfSeg — System 1
System 1 Local Local Data e DESCIDES ey | 0cal Data, Generated
Trusted Model Wrapper and Empirical

.. |Eeature: Stakeholder Needs

Consistency View, StkhldrReqs Model-to-Simulation Consistency View, StkhidrReqs Model-to-Simulation

{and Requirements Analysis /
Repository

4
<
IntoSegnent=SirRegsSeq Interactions : » | Overall ASELCM ISO 15588 Feature: Stake-
« ldentify, Authenticate A r & Man S ion .
- ldontity Systom of Intorest Info Sogmen o /7 holder Needs and Requirements Definition,
» Analyze Consistency of StkhidrRegs Model and Simulation Data /7 W|th seven Conﬂgu rable Ca pab|||t|é§

+ Generate and Capture Simulation Data /




~ This Capability includes three interactions of
Progess roles and Information roles.

Life Cycle Manager of Target System Capability: System Requirements
Feedback Informed

System 2 Local S1 Management Process

~
* It generates a Dataset-stored consistency

LS1LCM -
SA S1-—
Local System 1 Identity of S1 .
Local Stakeholder ) cosscocebas [
Acvocae for Systam 1 Lt Oyl anagement : view of modgled Stakeholder Regs versus
usiness Frocess
LS1LCM -
[ ] .
Stakeholder A Synafioveec home  Local System 1 downstream feedback from Requirements.
StkhldrmaqutkhI drReqs 'dentity of Life Cycle Management ~

Business Process

InfoSegment=StkhldrReqgsSeg
Interactions :
« Identify, Authenticate Accessor & Manage Session
¢ Identify System of Interest, Info Segments
+ Analyze Consistency of StkhidrRegs Model and SysReqsFeedback

Overall ASELCM 1SO 15588 Feature: Stake-
“ | holder Needs and Requirements Definition,
s with seven configurable Capabilitiés.

I Input 51 B
Feedback . . . o ope
Capability. 15015238 BP = [} f h h I
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I ( 1Lom- those roles in the overall Ecosystem.
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Capability :

Life Cycle Manager of Target

System
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Wrapper
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Local System 1
Life Cycle Management
Business Process

Capability. ISO15288 BP =
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Consistency View—
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StkhidrReqgs Model
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51
Data

Data Modeled I

Artifact
Wrapper

Data
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System 2 Ldcal Inf]

>rmatic[1 About $1

S1 LMW - System 1
Local Model

Wrapper

vy
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| System 1 Local
Trusted Model

Repository

InfoSegment=StkhldrReqsSeg

StkhldrReqs
Modeled

Update

* StkhidrReqgs

S1 LM InfSeg —
System 1

Local Model

D

S1 §DW - System 1
Local Data

Wrannear
Observed $1 Data

—

S1LDW - System 1
Local Data
Wrapper

Describes
—

Consistency View, StkhidrReqs Model-to-Observation

InfoSegment=StkhidrReqsSeg

Describes

Captured
s1
Data

S11D InfSeg — Sysfem 1
=g Local Data, Generatdd and
Empirical

bserved 81 Data

S1LD InfSeg — System 1
Local Data, Generated
and Fmnirical
Consistency View, StkhidrReqgs Model-to-Observation
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Interactions :

1TGT
Observation

§1TGT -

<—
‘e System 1

Target System
Managed 51 1D
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System 1
Target
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Managed S1 1D
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System 1
Target
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InfoSegment=StkhidrRegsSeg

« |dentify, Authenticate Accessor & Manage Session

This Capability includes four interactions of
Process roles and Information roles.

It generates a Dataset-stored consistency
view of modeled Stakeholder Regs versus
\ System 1 observation inputs on same.

onfiguring in this Capability populates
those roles in the overall Ecosystem.

... |Eeature: Stakeholder Needs
“ |and Requirements Analysis

« Identify System of Interest, Info Segments
« Monitor, Exercise, Test, and Capture System Status and Behavior
« Analyze Consistency of StkhldrRegs Model and Observation

Overall ASELCM ISO 15588 Feature: Stake-
holder Needs and Requirements Definition,
with seven configurable Capabilitié$.




o * This Capability includes three interactions of
Life Cycle Manager of Target System  Gapabiliy N Process roles and Information roles.
System 2 Local S1 Management Process MISSIOn Informed \

Lt Lom- * Mt generates a Dataset-stored consistency
SA 81—

Local Stakeholder Local System 1 -f-----
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Adveesto for Sysiem Life Cycle Management : vigw of modeled Stakeholder Regs versus
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« Identify, Authenticate Accessor & Manage Session
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+ Analyze Consistency of StkhldrReqs Model and Mission Model . . L
’ with seven configurable Capabilitiés.
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* This Capability includes four interactions of
Process roles and Information roles.

* It reconciles the comparisons made by the
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Attachment 2: Additional aspects worth considering
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8.
9.

What can we learn from the giants on decision-making?

What can we learn from ISO 152887 from the INCOSE SE Handbook?
Scope of decisions domain of interest

Consistency management paradigm for ISO 15288-oriented decision focus
“Deciding” versus coupled adjacent activities

Level and uniformity of abstraction level

The “Bayesian HUD” paradigm: Decision-essential information, uncertainty,
risk, time urgency

Learning; the role of recurring patterns; System 1 versus System 2 patterns

Negative incentives and non-rational agents

10. The value selection phenomenon, non-linearity and Pareto

11. Information not shared, and other non-cooperative games



1. What can we learn from the giants on decision-making?

Even though the systems engineer might argue that “Hey, | am just trying to optimize along
a numerical value curve, not understand psychology” . . .

It is hard to ima%ine a person more associated with the study of decision-making in the
commercial world than Herbert A. Simon (1916-2001), who won the 1978 Nobel Price in
Economic Sciences for his work in Bounded Rationality. His subsequent pioneering work in
tRe use ﬁf computers and Al at CMU likewise puts him strongly in the space of interest to
this work.

Building on that work in more recent times, Daniel Kahneman (1934-) also won the 2002
Nobel Prize in Economic Sciences for his work on related real human behavior, with Amos
Tversky. Kahneman’s even more recent (2021) publication on “Noise” in formalized
decision-making provides striking evidence that we may still misunderstand what is goin
on, even in formalized decision-making, and ought to proceed carefully with that in mind.

It is also hard to imagine a name more associated with understanding these matters in the
Presence of uncertainty than Thomas Bayes (1702-1761), who illuminated the path later
ollowed by Rudolf Kalman (1930-2016) in explaining how to “perform” best in the
presence of uncertainty.

For a small subset of life cycle decisions ée.g., competitive strategies), we also argue that
game theory from John von Neumann (1903-1957) brings useful perspective.

So, if we aim to make models of practical decision-analysis / decision-making, it should be
with some awareness of the patterns implied by the work of these giants.




2. What can we learn from I1ISO 152887 From
the INCOSE SE Handbook?

* [SO 15288 (and the companion INCOSE SE Handbook) provide
guidance about the Decision Analysis Process, as well as its coupling
with other life cycle management processes.

* For this INCOSE effort, it would appear important to pay close
attention to what ISO 15288 and the SE Handbook have to say about
the subject, . . . even if we disagree with some aspect.




3. Scope of decisions domain of interest

* Given that this work is by and for the INCOSE systems engineering
community, it can be argued that the scope of decisions of interest to
this work should be that set of decisions which are made about and
across the life cycle of systems:

* We risk making the problem too hard if we assume it should be about “making
decisions in general”. (Should | accept this job offer? Should | move to Atlanta?
Get married? .. .)

* We risk providing INCOSE membership with insufficient value if we assume it
should only be about a tiny subset of that life cycle range of decisions—such as
only decisions about design. Just as important are earlier and later aspects of
life cycle management—for example, in manufacturing, use of field data,
understanding the customer, etc.

* By selecting exactly the set of decisions that occur about and across the life
cycle of systems, we have the best opportunity to characterize just what those
systems are, the patterns into which they fall, etc. . . . And aligning with ISO
15288, the INCOSE Handbook, and the INCOSE systems community.




4. Consistency management paradigm for ISO
15288-oriented decision focus

* The Consistency Management Paradigm of the Ecosystem Pattern shows us
how to view all the traditional processes across the entire system life cycle as
instances of managing “consistencies” between information segments.

* From this perspective, all the related decisions across that life cycle fit into the
“consistency management” framework, and become decisions about
consistency--referred to as “reconciliations”.

* This strongly suggests the underlying pattern for decisions across the life cycle.

Consistency Management

as an Integrating Paradigm for https://www.omgwiki.org/MBSE/lib/exe/fetch.p
Digital Life Cycle Management with Learning .
hp?media=mbse:patterns:aselcm pattern --
P consistency management as a digital life cy

cle management paradigm v1.3.1.pdf

|||||| /OMG MBSE Patterns Working Group Bill Schindel 25
04.12.2021 V131 chindel@Ictt.com
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5. “Deciding” versus coupled adjacent activities

* Some of the “decision management” aspects of ISO15288, the SE
Handbook, etc., are not about making decisions, but instead about
managing the assembly of needed decisions, information required,
effectively communicating decisions to those who must implement or

accept them, etc.

* This is especially because those other activities “adjacent” to the
making of the decision itself can fail in the real world, with the result
that good decisions are nevertheless compromised.

* So, it is important to understand what the scope of the “decision”
pattern will be, concerning those related activities.

* And, even if the choice is to be very narrow, it will still be necessary to
describe how the part being focused on is to be effectively coupled to

the adjacent parts.




6. Level and uniformity of abstraction level

* If a pattern or patterns are created for support of decision-making
across some range of domains, there is benefit in keeping the level of
abstraction relatively uniform across that range.

* For example, if the pattern includes a data model for use across all
the life cycle domains, but the data model appears to be specific to
design-related decision data, then we don’t really have the asset we
thought we had.

* The same idea applies to patterns describing process.
* See also (4) Consistency Management Paradigm, above.



/. The “Bayesian HUD” paradigm: Decision-essential
information, uncertainty, risk, and time urgency

* Not only is certain “essential information” required for each such decision, but
it is very common for there to be related uncertainty about that information,
risk of the impacts of wrong decisions, and time urgency to make a decision.

* These ingredients have been shown to fit together in the pattern of the
“Bayesian HUD” (Heads Up Display), in the context of life cycle management:

HUD Metaphor:
The General Setting

TEAM TOP GUN:
‘EIND'ANAE’ APPLYING DIGITAL THREAD

nnovation Ecosyste
Supply Chain Operations

i ACROSS THE PRODUCT
m LIFECYCLE
HUD = Heads Up Display
The general setting . . .
... whether for aircraft pilot, supply chain actor, or other decision-makers . . .
: ... is supporting optimal estimation and control decisions for timely actions,
I N DIANA Technical Interchange f in the presence of significant uncertainty and dynamically changing states.
Meeting (TIM) 5 This includes awareness of current level of uncertainty, time urgency, and

DEFENSE NETWORK June 9-10, 2021 wial  |risk impact.

https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:team top gun idn presentation 06.09.2021 v2.1.1.pdf %°



https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:team_top_gun_idn_presentation_06.09.2021_v2.1.1.pdf

-y

e The first operational American combat aircraft to get a fully instrumented Heads Up Display
(HUD) as it is conceptually understood today was the A7 Corsair.

* The author served as an A7 systems engineer for the team integrating the computer algorithms
(nav and weapons, incorporating Kalman filter Bayesian estimation) and HUD on that program,
in the late 1960’s — early 1970’s.

* The general HUD concept was to allow the pilot to keep attention on the external environment,
providing timely, dynamic information overlays upon, of limited information focused on current
and projected (using models, estimators) situation. (Today would be called Augmented Reality.)

* The following lists key aspects of the purpose, nature, and characteristic of the HUD concept in
a (potentially) analogous manufacturing digital thread setting. .



HUD Metaphor:

The General Setting

Purchase Order

......

Aerospace Ecosystem
Flight Mission Operations

Innovation Ecosystem
Supply Chain Operations

HUD = Heads Up Display
The general setting . . .

... whether for aircraft pilot, supply chain actor, or other decision-makers . ..
... is supporting optimal estimation and control decisions for timely actions,

in the presence of significant uncertainty and dynamically changing states.

This includes awareness of current level of uncertainty, time urgency, and

risk impact.
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“HUD” example for release of materials PO

Flying over terrain: Translates to

A B D E F

1| Digital Thread Pilot

2 Team Top Gun

Mark Seidman Tue, 9/1,/2020

Project Start:

1 1021
4 Display Week:

G | FJ FK FLFMFNFO FP FQFR FS FT FU FV P FX FY FZ GAGE GCGD GE GF GGGR GI| G) GKGLGMNGMNGCGP GCGR GSGT GUGVGWGXGYGZ

Feb 8, 2021

5 46678 9WNR2Z1TBUEEITIBIETHE2TH & # 8

5 TASK PROGRESS START END HHHIH

Feb 15, 2021 Feb 22, 2021 Mar 1, 2021 Mar 8, 2021 Mar 15, 2

23466783107 7121374157%61718

T
7 Gage / Fixture Design Review 100% 2/23/2021|2/23/2021
73 Release Gage / Fixture Design 100% 2/24/2021(2/24/2021
} Kpcioa e
75 Order Sample Material 2/22/2021| 3/5/2021
. EErrar sy s
77 Gage / Fixture Construction 100% 3/5/2021 | 3/8/2021
Gaging / Fixturing Completed -
78 issueto QC 100% 3/8/2021 | 3/9/2021
)RR 100% 3/8/2021 | 3/9/2021
79 Instructions
Schedule Equipment for Set-Up
20 e 100% 3/9/2021 |3/10/2021
o Initial Tool Samples to QC 100% 3/10/2021|3/11/2021
Initial tool Sample QC
a2 Sl 100% 3/12/2021|3/15/2021

M75: Order Sample Material
Go/No Go

Value Uncert

Time to Event
Material Type
Unit Material Cost
Tooling Wear
In Tolerance Yield

Unit Production Cost

2 Days

“fl

ying” over project GANTT chart

Multiple-unit-operations loop
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7
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! I Tool Life
: ( Operaor Skill Jrmm - :
o CComol Simteay e oo -
|
Overview in
Digital Thread
Setting

Innovation Ecosystem
Supply Chain Operations

DlgltaITh éad Items Tracker

Supply Chain

= ¥ i
i/ Digital Thread
= S wHUD” |
Posterior Beliefs
\\X : Euidence

DT Artifact 1 DT Artifact 2 DT Artifact 4 DT Artifact 5

Prior Beliefs




Supported mission

Relating the two analogous situations

= . J

Navigation to / execution of weapon
delivery

Collaboration of multi-enterprise supply chain, to engineer,
qualify, and manufacture system products and components

Persons, roles

Aircraft pilot (also navigator in some cases)

Project manager in each enterprise

Multi-party Not typical, until advent of AWACS et al OEM, SMM, separate overlapping digital threads
Overlaid Partial visible situation, as terrain, terrain Current project state, as PERT / GANTT / CPM (probably PERT
background objects, terrain actors, sky, sky actors, as in most complex case, else GANTT)

visual or radar

Information overlay

Attention flags, predicted weapons aiming
or release point, uncertainties vs ‘lock”,
current attitude and course vs. desired

Attention flags, predicted decision and action steps, what is
missing (e.g., information) to enable them, conditional
uncertainty interval widths; addition of supply chain partner
information.

Time frame / scale

Seconds, minutes, hours (mission)

Days, weeks, months (project)

Update rate

Sub-second

Hourly, daily, or slower (opportunity here for improvement
over current performance)

Prediction

Bayesian conditional estimation (Kalman
Filter) of nav and weapon delivery

Bayesian conditional estimation (KF, BNN, or other suitable)




Thoma$ Bawes

): )
Baues ' theorem — &
-~

P(BJA P(A)
P(A[B)s ——— —/ﬂl
\ I/ P(B’)

R. E. Kalman, 1830-2016, Rev. Thomas Bayes, 1701-1761, Judea Pearl, 1936-present,
winner of the Turing Prize in

winner of IEEE Medal of Honor, Bayes Theorem, !
US National Medal of Science Conditional Probability Computer Science

* This general problem has been very successfully attacked, leading to some
of the 20t Century’s greatest applied engineering triumphs, including
navigation to & landing on the Moon in 1969, and a wide variety of modern
communication systems including cell phones and deep space exploration.

* The general mathematical setting is Bayesian Estimation, concerned with
prediction/estimation in the presence of uncertainty and noisy information.
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Thomal Bcu.xle S

Baues theovem —

P(5/A P(A)
P(AB)e —— |
MY . P['\B/{

\ | () Y 4
R. E. Kalman, 1930-2016, Rev. Thomas Bayes, 1701-1761, Judea Pearl, 1936-present,
winner of IEEE Medal of Honor, Bayes Theorem, winner of the Turl'ng Prize in
US National Medal of Science Conditional Probability Computer Science
That general setting is the following problem: Posterior Beliefs

1. | have a previous, uncertain estimate of my (changing) situation|
2. | acquire new information about that situation, also uncertain;
3. How to best combine information to obtain improved estimate? erior seiits
4. What is the uncertainty of that new estimate?
5. Can this be expressed in a learning algorithm?

Evidence

The more specific tools arising out of it include Kalman Filters and Bayesian
Networks, among others. 35



3. System of Innovation (SOI)

2. Target System (and Component) Life Cycle Domain System

Process Learning &

System

. . Purchase Order
Life Cycle Management * Ove er eW I n = e

FEESTTY 0 Digital Thread

___ == NPy Setting

) e T
Ol —eo

| Innovation Ecosystem
ManagementsProcess

[
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Process Innovat&)n
Environment

el e Target System
nvironment ¢

: Environment Supply Chain Operations

-
-
-
o
-
.
% Level 0 View, INCOSE ASELGM Pattern
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L
a
-
-
L
-
L]

Digital T
= =P

ead Items Tracker
el 5 | = =W i

Supply Chain
Digital Thread
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Posterior Beliefs

~

Evidence

DT Artifact 1 DT Artifact 2 II_I' Artifact 3 DT Artifact 4 DT Artifacts

Prior Beliefs

Model A Model B Model C
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8. Learning; the role of recurring patterns; System 1 versus System 2 patterns

---------------------------------------

------

. INCOSE ASELCM Level 2

Process
A

Deployed
Generic
Model
(Pattern)

Information

---------------------------------

\
1
)
)
)
)
1
1
)
1
1
]
L
|
1
)
1
1
1
1
]
]
)
r
1
1
1
|
)
)
)
1
1
)
!

----

types of

types of,

types

Reference Model

INCOSE ASELCM Level 3 Reference Model—
Consistency Thread Section

Consistency Thread

Consistency
Thread Head

onsistenc

Thread Atom

Object
Metadata
Wrapper

Consistency
Metric

Consistency
Reconciliation

* The general ecosystem

reference pattern for
Consistency Threads includes
the use of learned
experience patterns in the
resulting Digital Threads.

For Digital Threads within
System 2, this describes
learned patterns about
System 1, the Engineered
System, and its environment.

For Digital Threads within
System 3, this describes
learned patterns about
System 2, including its
decision-making processes.
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9. Negative incentives and non-rational agents

 Participants in an innovation ecosystem are subject to incentives that are not
always in the interest of the other innovation stakeholders.

* These can include commercial interests of enterprises, defensive postures of
individuals not supporting the need for transparent decision histories, use of
recorded models and decisions as a “cover” for poor outcomes or underlying
motives, etc.

* These behaviors include unconscious aspects as well as conscious aspects, such
as well-studied in work by Kahneman and Tversky and others.

* The use of explicit models in decision analysis suggests a vision of escape from
the effects of these incentives.

* However, selection and use of models brings its own set of framing errors,
biases, and other factors known to the model credibility community.

* This suggests the use of explicit safeguards addressing these issues.



10. The value selection phenomenon, non-
linearity and Pareto

* Decision analysis implies inclusion of “objective functions” associated with
value to stakeholders, and selection of alternatives scored by such functions.

* In real-world applications, determining what stakeholders and objective
functions apply can itself be difficult, subject to framing errors, etc.

* Use of “weighting” of factors may imply notions of linearity which is not really
present over decision ranges.

* Use of Pareto frontiers to describe selection phenomena can be helpful to
include these considerations.

* |t may also be useful to reverse the typical view: Instead of viewing selection
as driven by value, consider value as defined to be the gradient of selection:
e See the Value Selection Phenomenon, in

https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:science math foundati
ons for systems and systems engineering--1 hr awareness v2.3.2a.pdf



https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:science_math_foundations_for_systems_and_systems_engineering--1_hr_awareness_v2.3.2a.pdf

11.

nformation not shared, and other non-cooperative games

Optimized collaboration, enabled by explicit,
model-based patterns—may be private to each enterprise

Production Performance Model

(differential game)

Coupling

Product Performance Model

A

Production
Performance
(e.g.: unitop
parameters)

Shared Space: e.g.:
* Component Cost, versus...
* Dimensional Variation

Z
Y Coupling
/ - B System
Product
Performance

(e.g., leakage

https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:

patterns:team top gun idn presentation 06.09.2021 v2.1.1.pdf
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Process vs. Information;
Information Segments

Iteration, Process Loops,
Dynamic Trajectory, Time
Urgency

Overlapping Multiple
Processes

Uncertainty

Learning: TO‘opmg Experience
Patterns and Contributing to
Them

Stakeholder Value versus
Technical Description

Range of Stakeholders

Framing the Decision as
Selection, Scored in
Stakeholder Space

Attachment 3: Observations on the Trade Study Example that
Help Us Understand the More General Ecosystem Pattern
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Communicate Tradeoffs &
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Processes
e _l[ (Consume and Produce Information Segments)

System of Innovation (SOI) Pattern Logical Architecture

1. Process vs. Information; = e

Project | [Froject Assessment] [ Decision || Configuration
Planning and Control Management || Management

o [wswromen]

L
Information Segments — E "
(
Organizational A Integrati

RSk Quaiity Assurance | [~ infarm:
0 Process Managy

* Begins with recognizing and formalizing
distinction of Process versus the Information it

consumes and produces.

* That information can be seen as “segmented” in
the sense that it is about different subjects, often
produced by separate sub-processes:

* For example, Requirements information versus Design
information.

* Even when part of an integrated model.
* (Option: For capture in Digital Thread.)

Production

Requirements

* This discussion is concerned with the
“consistency” of the content of those different _
Information Segments

information segments with each other. (Produced and Consumed by Processed)




2. lteration, Process Loops, - . ]
Dynamic Trajectory, Time Urgency - ‘ | B

* Processes iterate (repeat, in “loops”), to adjust information segment contents (model
configuration state) toward desired combinations that are “consistent”:

e Generally don’t think of processes as “linear” or “one and done”.
* It is not the process that becomes “done” —it is the information.

* So, think of dynamic state trajectories through information configuration space—not
checklists of completed processes.

* Decisions are often required with time urgent deadlines—another constraint on
dynamics of this process.

A Stakeholder Feature Subspace

Summary of S*Metamodel
Defines System Configuration Space

System Configuration Space
(S*Space)




3. Overlapping Multiple Processes

* Notice that the Trade Study Example effectively involves several of the
traditional / 1SO15288 life cycle processes: Stakeholder Requirements, System
Requirements, Design, etc.

* Another way to say this: Decision Analysis appears multiple times across
multiple life cycle processes (1ISO15288 says as much).

A EEEE

* Related to Digital Thread vision. ﬁﬁ | -

nstructures
Wish List

Value Revise

e The General Pattern we will see oo | (Z)[

shows the mapping to all those @ [=— e | oo
processes, and their enterprise-

specific cases.

e Also related to the vision for
the Digital Thread.




4. Uncertainty

* There is uncertainty in the inputs to the decision: Requirements, Design,
Measurements, etc.—those inputs should carry an indication of the degree
of uncertainty, such as using MCP Metadata Wrapper in the General Pattern.

* The decision itself can add to uncertainty. ﬁﬁ = =222 @

* Thus, the process propagates uncertainty. | == [=— " — _

* So, the output (decision recommendation) — = | L
should include indication of degree of its =l 4 @R ==
uncertainty. m = e | @

* The decision that follows should include T —
consideration of risks that uncertainty. [ R

* The risks associated with the recommendation include issues of the severity of
impact of a wrong or sub-optimal decision, the degree to which the decision
will depend upon the recommendation versus other inputs, etc.



5. Learning: Tapping Experience Patterns and Contributing to Them

* Virtually every aspect of the example M =], m=SEES
would be expected to draw on the fw |
knowledge of the participants—not just e [ | [
the explicit “inputs” shown: : —l NN
* Knowledge of the specific domain. = : e | | =1 =200
* Knowledge of the processes/methods. | - — o
* Explicit “inputs” shown could be T ——
considered to locally configure the (not | === W ®

shown) implicit knowledge of participants.

* The overall process and retrospective on its impacts should also update learning
and is integrated with uncertainty management through learning curves.

* In the General Pattern that will follow, we will make that implicit knowledge
explicit, in the form of patterns:

e Pattern of the specific domain.
* Pattern of the processes/methods.

e This will be seen to be a Digital Thread with Learning.




6. Stakeholder Value versus Technical Description

* The Trade Study example reminds us to
recognize the roles of both stakeholder
representation and more technical
representation.

* This includes the difference between
stakeholder view of required system
capabilities/behaviors, as well as more
technical / objective representation of
that required behavior.

* And, that is in addition to also including information about the design(s) to

produce that required behavior.

* In the general pattern, we will see all those and other types of information

VVVVV

DDDDDD
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eeeeee

Synthesize

Weight

ccccccccc

ccccccccc

nnnnnnnnnnnn

uuuuuuuuuuuuuuuuuuuu

segments, depending on the decision type.

* But, it is the stakeholder information which provides the “scoreboard” for all
the decision types across the life cycle—if our view of stakeholders is broad . . .




/. Range of Stakeholders

* While the “potential users” shown @ﬁﬁ
in the Trade Study example are an | = [} =~
important subset of the i il | | Y
Stakeholders, the General Pattern | [=] =
will remind us to think more R
broadly about the other classes of | ..; [F1 ...
Stakeholders that are critical to | ©i!M==} TRIEIE

these decisions and their
scoring—even for Trade Studies:

* For example: Maintainers, Supplier Shareholders, Production
Operators, Distribution Operators, Local and Global Communities.

e Stakeholder Features exist for all these and other Stakeholders.



8. Framing the Decision as a Reconciliation Selection, Scored in Stakeholder Space

 Multiple, conflicting interests: The name
“Trade Study” reminds us that many
important decisions involve “trade-offs”,

in which one interest may sacrifice to a :
degree for the good of another interest. ﬁﬁ = T
* Multiple directions: The bottom-up, top- o = |
down, and iteration parts of the diagram e [ | [

- o H 14 :
remind us that “back propagation” may e T e T | [
Scorscard Scatterplot

occur, in which “downstream” (e.g., = 2 e | =12

. . Ll
Design) aspects may influence “upstream” =11 | ——
(e.g., Requirements) aspects. :

 Reconciliations: For these and other
reasons, the general pattern will remind

Specific Product

- Scientist & Engineers
o

3 =

e
<<
£:4n)
]
g2
sa

|§o

c @

o

us that these decisions are in the most

general case “reconciliations” of conflicts,

gaps, collisions, and interests, selected

from the subset which is the Pareto

Frontier. 49
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