CTT o <<Company/Org.

Understand your systems.
Phase | Session 5 Logo>>

Introduction to S*Models, S*Metamodel,

S*Patterns, Mappings to Languages & Tools,
S*Configuration Wizard, ASELCM S*Pattern

3. System of Innovation (SOI) Pattern-Based Systems Pattern Hierarchy for L
2. Target System (and Component) Life Cycle Domain System H - Pattern-Based Systems Y
Process Learning & Englnee"ng (PBSE) Engineering (PBSE. Metamodel for \‘: S‘a\l;\leorﬂder Slake_holder Feature
. 9 * Processes Model-Based Systems | Language Statement
Life Cycle Management Endineering (MBSE : A Y
System Target Learning & : A A
- Functional |
Life Cycle Management Pattern Management : Saerion
- P v Process | [™~—0s,.. O\ e ¢ High Level Interaction)
rocess ! Requiements
poe 1. Target System S 5 s
Learn - @ D
Specific Model GenerieModel fapply 2 S : Every S'Metadiass shown s
Learilfi_(P2Re) E 8 | Twple,., 00 /N : R
w 8 3 E Technical abstraction (class) hierarchy.
A A 4 @ General\  :.--"""°- H World
System N E Language : it
: A A Pattern Configuration Fattery : m { =
I g : Technical 2 \\ : l/
_‘ Process s Detail Level qui . i i s Coupling D,
4 ! Statement 5 == IBecompositd
Process Innovation } (Pr.01e<.:ts, : % =
Environment Target System y Applications) . e esign
Management Process Target System -“ } Carmenet Co:plingB
Environment T RO A h JS s = .
Level 0 View, INCOSE ASELCM Pattern Pattern Class Hierarchy schindel@ictt.com

V1.2.12 Copyright 2025, System Sciences, LLC


mailto:schindel@ictt.com
mailto:lewis@ictt.com

@ @ Licensed under a Creative Commons
@ Attribution Share Alike-License CC BY SA International 4.0

License Link: https://creativecommons.org/licenses/by-sa/4.0/legalcode

Uses are permitted under this license without further permission from the copyright owner, provided each use (1) is clearly
marked to attribute the underlying work to “S*Patterns Community”, (2) provides a link to the CC BY SA license, (3) indicates if
changes were made, (4) does not suggest the licensor endorses the user or use, (5) does not apply legal terms or
technological measures that legally restrict others from doing anything the license permits, and (6) if you remix, transform, or
build upon the material, you must distribute your contributions under the same license as the original.

Permissions beyond the scope of this license are administered through contacting:

Corporate Officer

ICTT System Sciences
378 South Airport Street
Terre Haute, IN 47803
812-232-2208

Systematica is a registered trademark of System Sciences, LLC.


https://creativecommons.org/licenses/by-sa/4.0/legalcode
https://creativecommons.org/licenses/by-sa/4.0/legalcode
https://creativecommons.org/licenses/by-sa/4.0/legalcode
tel:812-232-2208
tel:812-232-2208
tel:812-232-2208
tel:812-232-2208
tel:812-232-2208

Contents

* Recap of Previous Session:
» Take-aways, discussion, questions
* Homework

 Phase | Session 5 Class Content

* References



Recap of Previous Session:
Take-aways impacting actual practices

What consistent practices seem possible to this team,
across different systems, customers, and projects?

1. Bridging different customer’s and project’s semantics
by mapping to a common underlying semantics of

S*MTM. :
Cy . . .« . * Can a creative, talented team align its work?
2. Bridging different tool sets, enterprise info systems, . What should be standard about this, in your

and modeling languages by mapping to a common customer work?

underlying semantic of S*MTM. * What should be configurable about this, in
your customer work?

3. Reading and expressing mappings between semantic
frameworks.

4. Installing and navigating a model in an S*mapped
SysML environment in Cameo Systems Modeler (CSM)
or Enterprise Architect (EA).

5. Recognizing the targeted roles of semantic
technologies.




Previous Session Homework Discussion

|
* In the table of contents of the S*Metamodel Document,
what is the purpose of each major section? .

* In the table of contents of the “S*Metamodel Mapping for w8 |
MagicDraw/Cameo Systems Modeler Versions 2019-
2024xR2”, what is the purpose of each major section?

* |[n the table of contents of the ”Guide, to Systematica

Patterns in Cameo Systems Modeler”, what is the purpose =
of each major section? P

* In the S*Metamodel Document, find the metamodel
segment diagrams for States (Section 2.7), Risk Analysis
(Section 2.24), and Features (Section 2.4). Why does
Functional Interaction appear in all three?

* |f models are created by two modelers using the same
modeling language and tools, why won't they
automatically be compatible with each other?




Phase | Session 5 Class Content

Phase | Class Sessions: Microstructure of Models
and Patterns (6 Sessions, 3 hours each)

* S*Models, S*Metamodel:

* Sessions 1-3
* In Example Model Context

* Formal mapping of S*Metamodel into Tooling
* Session 4

* S*Patterns, Configuration: In Example Model Context

* Session 5

: d . :
* Introduction to 3 Generation Pattern Configurator Technology
* Session 6

* Homework Presentation and Feedback
* Distributed over above sessions




Phase | Session 5
Class Content

Patterns, configurations, frameworks,
ontologies, product lines

S*Patterns, INCOSE MBSE Patterns Working Group  « S*Pattern Configuration, Specialization

Patterns in general e S*Pattern Configuration Algorithm
Patterns background in physical sciences & math » S*Pattern Configuration Rules
Patterns background in engineering * Example S*Pattern

Patterns background in individual & group learning Impact on innovation ecosystem: ASELCM; Phase Il classes

Patterns background in machine learning .

Gestalt Rules for patterns

Pattern Hierarchy for
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S*Patterns, INCOSE MBSE Patterns Working Group

e S*Patterns are S*Models of generalized systems or system families.

T
T

o T

ney are intended to be configurable, re-usable, and accumulate learning.
ney are often patterns of “whole systems”, as opposed to components.
ney are model-based patterns (a long history of other types of patterns).

* As S*Models, they are based on the S*Metamodel.
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The INCOSE MBSE Patterns Working Group

Originated in 2013 as one of the INCOSE-OMG MBSE Initiative chartered challenge teams, advancing in
2016 to a chartered INCOSE Working Group.
Focused on model-based representation of recurring, configurable system-level patterns.

History of projects emphasizing collaboration with other technical societies & INCOSE Working Groups.
Numerous publications and resources available for download from Patterns Working Group web site--
https://www.omgwiki.org/MBSE/doku.php?id=mbse:patterns:patterns (Note this is on OMG Wiki)

You are invited to participate!

N  oiandards .
O VIS S, MBSE Wik

Organization

Search

Recent Changes Media Manager Sitemap

Trace: - agile_systems_engineering_life_cycle_management_aselcm_discovery_project_with_ase_wg - pbse_introduction_basic_subjects_tutorials_education - patterns

mbse:patterns: patterns

Table of Contents

INCOSE/OMG MBSE Patterns Working Group INCOSE/OMG MBSE Patterns

Working Group

The MBSE Patterns Working Group (formerly the Pattern-Based Systems Engineering (PBSE) Challenge Team)

Resources, Projects,

(% http:/Avww.omgwiki.org/MBSE/doku.php ). The approved g@ INCOSE Working Group Charter is a 2016 References by Subject
update of the original 2013 team INCOSE/QMG charter. The base INCOSE working group page for the MBSE Collaborations, Partners,

Patterns Working Group is found

Shared Interest Groups

here: & http://www.incose.org/ChaptersGroups/WorkingGroups/transformational/mbse-patterns. Primary Working Group and

1. Purpose:

1.1. Conceptual Summary:

Partners Meeting Materials--By
Event

Project Working Pages
Working Group Leadership

As used here, System Patterns are configurable, re-usable System Models that would otherwise be like those expected and found in the practice of
MBSE (not limited to, but including, SysML models). Through the availability and use of System Patterns, the outcomes targeted by MBSE models
are made more accessible, in terms of ease (and skill) of generation and use, associated modeling cost, schedule, risk, completeness, and
consistency, etc. Over time, System Patterns become points of accumulation of organizational learning and expertise. Because they are
configurable and re-usable models of families or classes of systems, model-based System Patterns involve some additional methods and
disciplines that extend the ideas of MBSE (e.g., Pattern Management, Configuration Rules, model minimality, etc.).

This model-based PBSE approach has been in use for a number of years, applied across enterprises and domains that include mil/aerospace,
communications, automotive, medical/health care, advanced manufacturing, consumer products, along with business processes including sales,

enaineering, production. and general innovation. The first INCOSE PBSE tutorial was provided at 1S2005, another aiven at GLRC2012._another at

== V1.21

- —. AN
- N
( = International Council on Systems Engineering
l N ‘ O S E A better world through a systems approach
- 4

-

MBSE Patterns
Working Group

PWG Meetings at IW2025:
* Sunday 13:30 PM CET #a&s

T &

INCOSE International Workshop 2025 | Seville, Spain

Copyright © 2025 by W. D. Schindel. Permission granted to INCOSE to publish and use schindel@ictt.com

https://www.omgwiki.org/MBSE/doku.php?id=mbse:patterns:patterns 9



https://www.omgwiki.org/MBSE/doku.php?id=mbse:patterns:patterns
https://www.omgwiki.org/MBSE/doku.php?id=mbse:patterns:patterns

Nearly all our work includes collaboration with partner
INCOSE WGs or other technical societies

Virtual f
Validation, International International
ificati Federation for i

Verification & y Society for the
dAIAA Visualization JAIAA Systems ASME System INCOSE
mm————— Institute KRS e Research (IFSR) - Sciences (ISSS)
AIAA Digital (val) American ASME Model Complex
Thread Institute of vayv : Systems (CsX)
Reference INCOBE Aeronautics & 'NCQ}E Committee INCOSE WG
o Astronautics
Model Enterprise Product Line Systems of
Systems . Engineering = Systems (SoS) .
JAIAA WG neos: (PLE) WG NGOk WG e
AIA¢ 9|g|tal Health Care MBSE Patterns Systems
Ref:r’:err‘\ce WG IN__(;OSE Working INCOBE Science WG
Group -
Model Semantic Aglle Systems Tools Interop.
Technologies for ‘ & Model Life
@AIAA Systems INCOSE gD Cycle Mgmt. INCOSE
AIAA Digital Eng;::;;ng — Critical (TIMLM) WG Very Small
s:\\,/lst:nrln Model-Bassil I:fratstr:ctu: Entities (VSE)
odel Transformation rotection WG
Characterizat Recovery (CIPR)
-ion

Participate! Collaborate!

18



Recent / Current Patterns & Technologies Projects:

RN -

Rosetta Stone : Consistency Management as Foundation for SE, enhanced by DE, ST, Al
Adaptive Learning Ecosystem Pattern—the INCOSE ASELCM Reference Framework
Support for DEIX WG DE Ontology — S*Metamodel and S*ASELCM Pattern

S*Pattern Configuration Wizard m
S*Patterns Starter Kit
Universal Model Metadata Wrapper: Model Characterization Pattern (MCP), w/AIAA DEIC DSM WG

Support for Vision 2035 FUSE Implementation Streams: Innovation Applications, SE Foundations, with SS WG

Recent / Current Publications Projects:

$o ke NoPn o gmw

INCOSE INSIGHT Special Editions, Aug and Oct, 2024: S*Foundations--Impacts on SE Practice

Minimal S*Models—A Primer (including S*Metamodel and its formal mappings to OMG SysML and tools)
S*Patterns Primer (second edition)

ASME Guideline for Managing Credibility of Models for Adv. Manufacturing, w/ASME VV50 Stds Working Grp
AIAA Aerospace Digital Twins Analysis and Planning Reference Pattern, w/AIAA DEIC

AIAA Aerospace Digital Threads Position Pub; Digital Thread Analysis & Planning Reference Pattern, w/AIAA
Handbook of System Sciences, for ISSS via Springer: Chapter: “Patterns in Science and Engineering”, w/ISSS
Handbook of Model-Based Systems Engineering, Madni & Augustine, eds, Springer, Chapter: “MBSE Patterns’
INCOSE SE Handbook, 5t Ed., for INCOSE, D. Walden et al, eds., S*Metamodel and ASELCM Pattern

)




* More broadly, al

|II

Patterns in general

* Recurring across time, or
* Recurring across space, or
* Recurring across some other index.

* All patterns have “fixed” and “variable” aspects:
* The fixed aspects are what makes them recognizable as recurrences of something common.

* The variable aspects are what “parameterizes” their variation.
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patterns” of any sort or representation are recurrences:

* We will often refer to the variable aspects as the “configuration” of an instance of the pattern.

12




Patterns background in
ohysical sciences & mathematics

Newton Hamilton

* Patterns are the heart of physical sciences and mathematics.

e Think much bigger about this than just “recurrences of reusable model parts”.
« Why?

e Because the intended uses of S*Patterns are more than just re-usable parts.

* The very word “reuse” seems to discourage thinking big enough:

* Once Newton’s Laws of Motion or Maxwell’s Equations of Electrodynamics were
discovered, their applications have transformed human life on Earth in ~200-300 years.

* We would not speak of “re-using Newton’s Laws” just because they apply repeatedly!
* Spirit of S*Patterns: Think bigger than just MBSE templates! 13



Patterns background in engineering

* The term “pattern” appears repeatedly in the history of design, such as
civil architecture, software design, and systems engineering:

) ." (), . 2 VY Y
A Pattern Language D(,bloll Patterns
Towns -Buildings -Construction Elements of Reusable
Object-Oriented V,Softw:q re

Erich Gamma

Applicability of
Patterns to Architecting
Complex Systems

Making Imphicit Knowledge Explicit

Christopher Alexander
Sara Ishikawa - Murray Silverstein

WiTE
Max Jacobson -Ingrid Fiksdahl-King
Shlomo Angel

or

* Those “patterns” represent regularities that repeat, modulo some variable
aspects, across different instances in space and time.

 However, when we refer to “PBSE” in this class series, we will usually mean the
use of S*Patterns. .



Patterns background in individual & group learning

3. System of Innovation (SO} (Substantially ail ISO15288 processes are included in all four Manager roles)
Learmning & Knowledge Leamin - -
Manager for LC Managers 2. Target System (and Component) Life Cycle Domain System

Life Cycle Manager of Dagloymants

Del aym ents

of Target System

LC Managers

Learning & Knowledge Learmings

Mgr. for Target Systems
S 5 ,"‘ na
‘ ‘ f .- I:_ @

Olsaryationy

Observationg
: A t
rvations e— \ Olservations \Targe‘t
LC Management Olservations ¥ Environment

e Patterns are also at the heart of the mathematical and other theories of
learning, including individual and group learning.

* There is great historical and contemporary applied mathematics backing this,
including Bayesian learning machines that fit right into the world of S*Patterns.

* In Phase Il of this series of classes, we will study the Innovation Ecosystem (aka
ASELCM) Pattern, which is a generic model of a complex adaptive system, with
acquisition (learning) and application of patterns right at its heart.

* Innovation Ecosystem Pattern
- Targetsystem * (AKA INCOSE ASELCM Pattern)
* ASELCM = Agile Systems Engineering

Life Cycle Management




Patterns as compression

* Pattern extraction is about compression of information:

* When biological brains or machine learning algorithms “learn”
patterns from streams of data, they compress that data.

* Similar to Design of Experiments (DOE) extraction of a few
dominant variables to describe some physical
phenomenon.

* So, the notion of “smallest model” re-appears here.



Pattern configurations are compressions

* A table of pattern configurations illustrates how patterns facilitate
compression;

* Each column in the table is a compressed system representation with
respect to (“modulo”) the pattern;

* The compression is typically very large;

* The compression ratio tells us how much of the pattern is variable and
how much fixed, across the family of potential configurations.

Lawnmower
System

\

Walk- - Autonomous
Behind :":J;% Mowing
Mower System
Self- Rear
Push Propelled Engine Tractor
Mower A
Mower Rider
Model M3 Model M5 Model M11 Model M17 || Model M19 || Model M23 Model M100
Push Self-Propelled|| Wide Cut Self Rear Engine Lawn Garden Auto Mower
Mower Mower Propelled Mower Rider Tractor Tractor

Lawnmower Product Line: Configurations Table

iR,

S &

Units Walk-Behind Walk-Behind Walk-Behind Riding Riding Riding Mower Autonomous
Push Mower Mower Self-Propelled Rider Tractor Tractor Autonomous
Push Mower Self-Propelled Wide Cut Rider Lawn Garden Auto Mower
Model Number M3 M5 M11 M17 M19 M23 M100
Market Segment Sm Resident Med Resident Med Resident | Lg Resident| Lg Resident | Home Garden | High End Suburban
Power Engine Manufacturer B&S B&S Tecumseh Tecumseh Kohler Kohler Elektroset
Horsepower HP 5 6.5 13 16 18.5 22 0.5
Production |Cutting Width Inches 17 19 36 36 42 48 16
Maximum Mowing Speed MPH 3 3 4 8 10 12 2.5
Maximum Mowing Productivity | Acres/Hr 1.6
Turning Radius Inches 0 0 0 0 126 165 0
Fuel Tank Capacity Hours 1.5 1.7 2.5 2.8 3.2 3.5 2
Towing Feature X X
Electric Starter Feature X X X X
Basic Mowing Feature Group X X X X X X X
Mower No. of Anti-Scalping Rollers 0 0 1 2 4 6 0
Cutting Height Minimum Inches 1 1.5 1.5 1.5 1 1.5 1.2
Cutting Height Maximum Inches 4 5 5 6 8 10 3.8
Operator Riding Feature X X X
Grass Bagging Feature Optional Optional Optional Optional Optional Optional
Mulching Feature Standard Factory Installed | Dealer Installed
Aerator Feature Optional Optional Optional
Autonomous Mowing Feature X
Dethatching Feature Optional Optional Optional
Physical Wheel Base Inches 18 20 22 40 48 52 16
Overall Length Inches 18 20 23 58 56 68 28.3
Overall Height Inches 40 42 42 30 32 36 10.3
Width Inches 18 20 22 40 48 52 23.6
Weight Pounds 120 160 300 680 705 1020 15.6
Self-Propelled Mowing Feature X X X X X X
Automatic TransmFeature X
Financials Retail Price Dollars 360 460 1800 3300 6100 9990 1798
Manufacturer Cost Dollars 120 140 550 950 1800 3500 310
Maintenance |Warranty Months 12 12 18 24 24 24 12
Product Service Life Hours 500 500 600 1100 1350 1500 300
Time Between Service Hours 100 100 150 200 200 250 100
Safety Spark Arrest Feature X X X X X X

- Log10 [Pattern Configuration Size / Model Size]

I I | I System Type|

Medical Manufacturing Over-the- Manufacturing

Device Process Road Vehicle Facility
Log (Project-Specific
Compression)
A
4 |
3 —
2 X
X
X
/
1 /
/
/
/
/
it Pattern| 17
A4 . Update
\ | [ \ " Cycle
1 2 3 4 5




Getting down to PBSE Business:
The Gestalt Rules for Patterns

* As systems engineers, we are interested in patterns of “whole
systems”, not just their components.

* What are the essential (recurring) ideas of being an
automobile? A fixed-wing aircraft? A pharmaceutical
manufacturing plant? A market?

* So, we expect that this will involve something more than just
using the same parts repeatedly: System Patterns are also
about how the parts are organized.




Pattern-Based Systems Engineering (PBSE)

« Standard Parts have been a great aid to progress:

 The same part type can be used to make many things!

19



Showing parts in relationships helps recognition
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Can we identify a system from its parts alone?

Obviously not in many cases—and in all cases, the
parts list alone lacks critical information . . .

21



Any systems engineer will tell you . . .

 We need to know the relationships between the parts to
understand what the “system” they create.

22



But. ..

we are interested in much more than Physical Architecture:

Stakeholders
Interactions
Requirements

Design

Interfaces

Modes

Performance

Failure Modes & Effects

Alternatives
Configurability
Manufacturability
Maintainability

Operability
Reliability
Risks

Verification Plans

23



And, in an “information sense’, . . .

we can still think of all these as kinds of “parts™—not just
physical parts of a system, but parts of a system model:

Stakeholders
Interactions
Requirements

Design

Interfaces

Modes

Performance

Failure Modes & Effects

Alternatives
Configurability
Manufacturability
Maintainabillity

Operability
Reliability
Risks

Verification Plans

24



And, once again, it turns out that . . .

the relationships between these information components is
just as important as the lists of them, taken alone:

« Stakeholders « Alternatives
rTTo >+ Requirements €----- >« Configurability
: * Design « Manufacturability
] * Interfaces < - —-—--1 « Maintainability
-~ == Modes L — — — > Operability

« Performance « Reliability

» Failure Modes & Effects * Risks

» Verification Plans * Interactions

Physical Architecture Information Architecture

?7?

page 25




And, once again, it turns out that . . .

the relationships between these information components is
just as important as the lists of them, taken alone:

« Stakeholders « Alternatives
rTTo >+ Requirements €----- >« Configurability
: * Design « Manufacturability
] * Interfaces < - —-—--1 « Maintainability
-~ == Modes L — — — > Operability

« Performance « Reliability

» Failure Modes & Effects * Risks

» Verification Plans * Interactions

Physical Architecture

page 26




Gestalt Rules for Patterns

* What does it mean to say that “System A is an instance of Pattern B”?
* How would you know?

e “Gestalts” are about “whole things”.

* The Gestalt Rules tell us what it means for System 1 to be an instance of
Pattern B, in a holistic that way that we can test—even by automation . ..



Checking holistic alignment to a pattern

» Gestalt Rules express what is meant by holistic conformance to a pattern:
* Expressing regularities of whole things, versus just “parts”

Pattern-Based Systems

Engineerin? (PBSE) e Governing pattern

2% [ x“ Candidate model
TN SR configuration—does it
— conform to pattern?
B s P .
':1 tﬁyn.A"

Pattern Class Hierarchy

28



Systematica™

The Gestalt Rules

Do more with less

Every component class in the candidate model must be a subclass of a parent
superclass in the pattern—no “orphan classes”.

Every relationship between component classes must be a subclass of a parent
relationship in the pattern, and which must relate parent superclasses of those
same component classes—no “orphan relationships”.

Refining the pattern superclasses and their relationships is a permissible way to
achieve conformance to (1) and (2).

Pattern-Based Systems

2%

N

Corfi
rove or ||.g .IH,
ializ

Engineerin? !PBSE)
a"’- 7 .a'\' -----

LT

Individual Product

or System Configurations

Governing pattern

- - """ ‘ Candidate model

configuration—does it
conform to pattern?

Pattern Class Hierarchy
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Example: State Model Pattern—illustrates how visual is the "class splitting” and
“relationship rubber banding” of the Gestalt Rules

Class Hierarchy of Dynamic Process Models (Finite State Machines)

Most Abstract Superclass
Process Model

Dynamic Model

~ (FSM)
A - . ~~Subclassing:
& . Trajectory and

More Specific Subclass State Splitting

Process Models

Even More Specific % iy
Subclass Process B1A BB F
Models " S

30



Example:

General
Aircraft

Fixed Wing
vs. Vertical
Lift A/C

Example: State Model Pattern—illustrates how visual is the "class splitting” and
“relationship rubber banding” of the Gestalt Rules

Class Hierarchy of Dynamic Process Models (Finite State Machines)

Most Abstract Superclass
Process Model

Dynamic Model
(FSM)

: _~Subclassing:

o 4 3 -~ Trajectory and

More Specific Subclass State Splitting

Process Models

v
Even More Specific iy
Subclass Process B1A 2 BB S
Models - A :
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STASE = Semantic Technologies for Systems Engineering

Patterns WG: ST4SE Project

https://www.omgwiki.org/MBSE/lib/exe/fetch.php?medi
. . a=mbse:patterns:aselcm pattern --
 Combines pattern-based model synthesis

consistency management as a digital life cycle man
(configuration of pattern) with pattern-based 2ementparadiem vi3.Lodl
model checking

INCOSE Agile Systems Engineering Life Cycle Management (ASELCM) Pattern

Consistency Management
as an Integrating Paradigm for
Digital Life Cycle Management with Learning
Pattern-Based Systems

Including Computational Model VVUQ and
Engineering (PBSE
? _____________________ Governing pattern

Applications for Semantic Technologies

y fGeneral e T INCOSE/OMG MBSE Patterns Working Group Bill Schindel
A, X ' ?,;;‘:‘{: ‘ 04.12.2021 V13.1 schindel@Ictt.com
Improve gor i. .re' .l"i 7 !:1 = ;‘.
= pgcialize = =S S M
P P St P\ Candidate model

e e ’ .
- NS configuration—does it
Individual Product :‘ ‘5‘:
or System Configurations :\J ", CO nfo r| m 1-0 pa-r-‘-er n?
Pattern Class Hierarch;}
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https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:aselcm_pattern_--_consistency_management_as_a_digital_life_cycle_management_paradigm_v1.3.1.pdf
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STASE = Semantic Technologies for Systems Engineering

Patterns WG: STASE Project

* Combines (1) pattern-based model synthesis
(configuration of pattern) with (2) pattern-based
model checking, using semantic technologies.

*
S°Pattem As practiced by INCOSE MBSE
As practiced by JPL — Patterns Working Group
o g Example: International T T
_ N p N
_,/ Automated N Traveler Power y4 Semi-Automated N\

I' Pattern Conformance Converter Pattern Pattern )
A Checking Agent

A i J "\ ConfigurationAgent
- \ —_—
e.g., using semantic tedhnologies e.g., using pattern

INCOSE MBSE Patterns Working Group Report:

Semantic Technologies for Systems Engineering (ST4SE) Project

Version 1.10.6
Oct 31, 2022

International Council on Systems Engincering

INCOSE Patterns WG Report--ST4SE Project--1.10.6.docx
Copyright 2022 by INCOSE Patterns Working Group

and/or domain specifig - - configuration algorithm
quantitative or other tqoling F Arbltrarlly r Clo“nnfdlgeul rted ? (automated agent)
\Sourced S‘Model S*Model -
v Configuration option
Conformance Manual choices
Exceptions modelin
Report

The models and pattern shown may be expressed in SysML, OWL, OML, or other language,
but in any case map to S*Metamodel — so they are referred to as an S*Model and S*Pattern.

Figure 1:
ST4SE Project Overview

https://www.omgwiki.org/MBSE/Ii
b/exe/fetch.php?media=mbse:patt
erns:incose patterns wg report--
st4se project--1.10.6.pdf
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S*Pattern Configuration, Specialization

Pattern-Based Systems
Engineerin

Pattern

Impro
Patte

Pattern Class Hierarchy

e Specialization transforms from an upper

pattern to a more specialized (lower)
pattern.

Configuration is a “special case of

specialization”, requiring less modeling
skill, less time, and with more “built in”
rigor based on “configuration rules”:
* Populate (including multiple) or
depopulate classes and relationships.
e Set Attribute Values.
That’s all!

* Thisis the “sweet spot” targeted by

S*Patterns—rapid, trusted configugzability.



More

Emergence of Patterns from P

E=Entity
R= Relationship
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] e E S*Metamodel
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atterns: S*Pattern Class Hierarch

Structured or
unstructured
semantic web

Smallest model
of a system, for
engineering or
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System of Innovation Pattern

Agile Sys
Life Cycle

Pattern

ISO 15288
System Life
Cycle Mgmt
Pattern

Terrestrial
Vehicle Domain
Pattern

Manufacturing | Product Service
System Pattern | System Pattern

Pattern

Space Tourism | Electrical Power
Domain Pattern

Aircraft Flight
Control Pattern

Medical Device Distribution
Pattern System Pattern

Pattern

. i Critical
Socio-Technical s
Domain Patter|

General
Definition of Entity-
. M Relationship
Modeling Paradigm Paradigm
Minimal System ‘.'
S*Metamodel: | ,
Definition of S M(—(z:tamodel
(Elementary) System, ore
Material Cause
Emergence & Definition of
System of Innovation, |
Fitness, Value, Purpose,  E| pPattern,
Stakeholders, Agility, Finall  sQ| pPattern,
Cause, Formal Cause,| Fitness, Value
Efficient Cause,
Intelligence, Management,
Science, Living Systems
Emergence & Definition
of Domain Specific Domain Specific
Systems Pattern
More

Specific



Propagation of configuration population is inherent to

the nature of all engineered systems
e S*Feature Space drives configuration

POPULATED METACLASSES ("THEN")

- s sEEs Fitness Attribute Coupling
ngzsl_i;/el cB::t'g?m Decomposition Attribute Coupling
(B) Coupling . . . .
} Statement Characterization Attribute Coupling

Seen -__-Y _________________________________________________ e e e e e eeeeenauy s’ 10 Attribute Coupling

( . 0 . ) - %0 ‘_OED
degrees of freedom / points of variation : e
. : s | |38
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. . . Stakeholder Input
Inherent PLE degrees of freedom configuration propagation: [reatue
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:" Stakeholder Stakeholder “, Role
' World Requirement Stakeholder o Design Component
. Language ) : .
¢ Statement : Requirement Statement
‘ ' State
E A Fiinctional § Event
. Inferaction System | Transition
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Relationship to Feature-Based PLE ala’ ISO 26580

Very similar in the PLE aspects, with a few (specialization) differences:

* |ISO26580 PLE specifies modeling what changes, but specifies omitting what
does not change; S*Feature models include baseline capabilities.

* 1ISO26580 refers to all the points of variation as “Features”, with rules to be
established between them; S*Patterns begins with a smaller set of “Stakeholder
Features” degrees of freedom in stakeholder value space, then recognizes all
the other points of variation throughout the model but connects them with
each other up to the Stakeholder Features points of variation.

* This shows that the number of real degrees of freedom, after considering
constraints, is smaller.

* Effectively complies with 1ISO26580 while making its use simpler and more
integrated.




Primary Key (PK) Attributes—Used in Pattern Configuration Rules

* Classes (and some relationships) can have Attributes (parameters, properties).

* Attributes are variables that can have values (numerical, enumerated lists, strings,
discrete, continuous, etc.)

* To support PBSE, some attributes are special: They are Primary Key Attributes (PK
Attributes):

* A PK Attribute has the special nature that its value differentiates class instances uniquely.
e Other attributes are “ordinary” in that they are not PK Attributes.

* Example:
» US Citizens have Social Security Numbers, First Names, and Family Names.
* All three are Attributes, but only the Social Security Number is a PK Attributes.

* |n S*Patterns, PK Attributes’ values are used to “configure” specializations of classes.

 Example: The Wireless Communication Feature has a Primary Key Attribute of
Wireless Media Type. It also has other “ordinary” attributes such as Bandwidth and
Security Level.

* Classes that have Primary Key Attributes are often “multiply instantiated” at the time
of configuration (specialization).

* S*Metaclasses using those ideas: Feature, Interaction, Role, Design Component
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them) become populated—using Primary Keys.
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within the relationships shown in the Pattern.
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Example S*Patterns mapped into SysML tooling

*\Vehicle Pattern
e International Traveler Power Converter Pattern
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. Consumables Compatibility
Feature

. Consumables Compatibility

FT

Feature

Cost of Operation Feature

Cruise Control Feature

. Environmental Compatibility
Feature

. Environmental Compatibility
Feature

Maintainability Feature

. Military Vehicle Application
Feature Group

. Military Vehicle Application
Feature Group

Bl I S L

" Pattern Physical Systems

Add New == Add Existing...

Srnna fantinnalle

FPK Value

FANY#

FANY*

Local Bluetooth Connectivity
Wide Area Internet

Secure Channel

Local Cellular

IFF

FANY*

Fuel
Lubricating Qil
Engine Qil Filter

Engine Air Filter

Solid Waste

Carbon Dioxide Emissions
*ANY*

FANY*

Low Radar Signature

“" Pattern Interface Contex...

7 Delete 57 Remove From Table !

“" Pattern Interface Contex...

7+ & 2 columns Export B ~

Nran elements from the Model Rrowrser

Interaction
|E| Account for System

IPK Rule
FPK
|E| Travel Over Terrain

|E|Perf‘0rm Application

Interact with Operator

Interact with Higher Control
Interact with Higher Control
Interact with Higher Control
Interact with Nearby Vehicle

B ] ] ]

Configure Vehicle
ERefueI Vehicle

|E| Maintain System
|E| Maintain System

E Maintain System

|E| Travel Over Terrain
E Travel Over Terrain

E Maintain System

|E|Aspirate

|E| Maintain System
|E| Survive Attack

E\a’iew Vehicle

“" Pattern Functional Role ...

Eiltar: | 5/

" Pattern States

- B « S

V'S

T=EHA

" Pattern Interfaces | &= Vehdl P
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* Configuration Rules for Interactions are “IF-THENS” that govern the following:

* For each possible populated Feature type, what Interaction type(s) should be
populated?

* Note that this is a Many-to-Many cardinality—a single Feature type may populate
multiple Interaction types, and a single Interaction type may be populated by many
Feature types.

* What specialization may apply?
* Limited to sub-types of the Feature, indicated by Feature Primary Key (FPK) values?

» Should the Interactions be specialized, indicated by their Interaction Primary Key (IPK)
values?
IF populated ‘ THEN populate

A
| 1| \

i T P Interacti IPK Rul
A tabular view of Feature FPK nteraction K Rule

configuration rules for
Interactions:

/i Feature-Interaction Rules Table

IIIrl/lillIIIIIIIIIIIIIIIIIIIIIIII
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IPK Configuration Rules: Simple Choices

Entry in the IPK Rule

Interpretation

Column
FPK

Means set the IPK of the populated Interaction to equal the value of the FPK
of the Feature.

/<literal string>/

Means set the IPK of the populated Interaction to be <literal string>

FPK+/<literal string>

Means set the IPK of the populated Interaction to equal the value of the FPK
of the Feature, concatenated with the <literal string>

*ANY* Means associate the populated Feature with any Interactions of this type
already populated, but do not populate a new Interaction.
(blank) If no IPK Rule, then populate the Interaction with no IPK value.
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= Vehicle Pattern: Interaction-Role Rules Table Governs Population of Interactions

DER-0B0-6-
Containmen* A Diagrams 1|;|:n Structure
[EE =] O

Diagrams

=g =2 [BlE & Q

K4 % - [[§ Create Diagram

L

B ox

-

------ ==z Configured Functional Interactions
Configured Functional Role Allocation
Configured Interaction Roles
Configured Logical Systems
Configured Physical System Attribute Values
Configured Physical Systems
Configured Requirements
Configured Role Attribute Values
Containment Population Rules

Maodel

Pattern Advocates

Pattern Architectural Relationships
Pattern Characterization Couplings
Pattern Decomposition Couplings
Pattern Des Compons Attributes File
Pattern Events

Pattern Feature Attributes File
Fattern Feature Interactions

Pattern Features and Feature Attributes

Pattern Features File
------ Pattern Features-Interactions File
Pattern Fitness Couplings

Pattern Functional Interactions

Pattern Functional Role Allocation
Pattern Input Output Couplings
Pattern Input-Output Attributes File
Pattern Input-Outputs

Pattern Interface Context File ICT1
Pattern Interface Context File ICT2
Pattern Interface Context File ICT4
------ Pattern Interface Context File ICTS

m

T &t R
; ; Zoom Documentation
Documentation

Documentation of Diagram Pattern Interaction Roles

[CTHT™ML &

=

B ox

""" pattern Interaction Role... X

PR (g i Add New == Add Existing... Delete Remave From Table 1y Columns Bxport @ - (2] g -iw i -iQ iD -
: Interaction IPK Value Role RPK Rule
S [ O—— T -
14 E Configure Vehicle Maintenance System
15 E Configure Vehicle E Vehicle
16 E Deliver Vehicle E Vehicle
17 E Interact with Higher Control E Higher Level Management System
18 E Interact with Higher Control E Vehicle
19 E Interact with Mearby Vehicle E Vehicle
20 E Interact with Operator E Vehicle
21 E Maintain System E Maintainer
22 E Maintain System E Maintenance System i
23 E Maintain System E Vehicle
24 E Manage Vehicle Performance E Operator
25 E Manage Vehicle Performance E Vehicle
26 E Navigate E Global Positioning System
27 E Navigate E Vehicle
28 E Perform Application E Application System
29 E Perform Application E Vehicle
30 E Perform Dock Approach & Departure E Curb & Dock System
31 E Perform Dock Approach & Departure E Vehicle
32 E Refuel Vehicle E Refuel-Recharge System
33 E Refuel Vehicle E Vehicle
34 E Ride In Vehicle E Operator E
35 E Ride In Vehicle E Passenger
36 E Ride In Vehicle E Vehicle Occupant
37 [Fi] Ride In Vehicle [L5] vehicle
38 E Secure Vehicle E Operator
39 E Secure Vehicle E Vehicle
40 E Survive Attack E Hostile System
41 E Survive Attack E Vehicle
42 E Transport Vehicle E Vehicle Transport System
43 E Transport Vehicle E Vehicle
44 E Travel Over Terrain E Local Terrain
43 E Travel Over Terrain E Vehicle
46 E View Vehicle E External Observer t
PR = FP T e F

""" Pattern Features File

" pattern Requirements " pattern Interface Contex... | . Pattern Input-Output Att... " Pattern Interface Contex...

" Pattern Des Compcd b E

Show Description |

Filter is not applied. 47 rows are displayed in the table.
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e Configuration Rules for Roles are “IF-THENS” that govern the following:
* For each possibly populated Interaction type, what Role type(s) to populate?

* Note that this is a Many-to-Many cardinality—a single Interaction type may populate
multiple Role types, and a single Role type may participate in (and be populated by) many

Interaction types. (Creates an “instance mesh”.)

* What specialization may apply?
* Limited to sub-types of Interaction? Indicated by Interaction Primary Key (IPK Rule) values.

e Should the Roles be specialized? Indicated by Role Primary Key (RPK Rule) values.

Graphical view of configuration rules for Roles:

Navigate

IPK Attribute

Detail PK asp
are “inside” the

/d

relationship

Vehicle

| RPK Attribute |

Tabular view of configuration rules for Roles:

IF populated ‘ THEN pi)pulate

IJIIIIIIIIIIIIIJII’IIIIIIIIIIIIII\II

Interaction IPK Rule Role RPK Rule
Navigate GPS System
Navigate Vehicle

A I I E E EEEEEEEER

Interaction-Role Rules Table
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RPK Configuration Rules: Simple Choices

Entry in the RPK Rule Interpretation
Column
IPK Means set the RPK of the populated Role to equal the value of the IPK of the
Interaction.
/<literal string>/ Means set the RPK of the populated Role to be <literal string>

IPK+/<literal string> Means set the RPK of the populated Role to equal the value of the IPK of the
Interaction, concatenated with the <literal string>

(blank) If no RPK Rule, then populate the Role with no RPK value.
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Vehicle Pattern: Interaction-Role-Requirements Table Governs Population of Requirements,
based on combination “IF” of Interaction-Role pairs.

Eontinment R A e iPr i[h | em Add New == Add Existing... Delete Remove From Table B columns P Blexport W - PR (G -iw (F-iQ D -
(=54 i -
® — 94 . —— o # | Functional Interaction | IPK Value | Functional Role | RPK Value | £ Name RSPK Rule| Text
- -[7] 01 Stakeholders i 1 IE Account for System |Operating Hours Accountin Vehicle IE‘ VEH-1002 The system shall record and make available for display the accumulated hours of vehicle operation. -
g 02 Advocates ; ; ; ! - -
3] 2 |E| Account for System Trip Mileage Accounting \-’eh|cle IE‘ VEH-1003 The system shall record and make available for display the accumulated distance traveled since last trip
r'__| 03 Needs reset.
=N D‘i Featur.'es 3 |E| Account for System |\ pe o Mileage Accounting vehicle E VEH-1004 The system shall record and make available for display the accumulated distance since vehicle
B~/ Relations manufacture. L
[ . . . . A 5 " . " A N =
...... = Containment Population Rules L 4 |E| Aspirate Altitude \-’ehlcle E VEH-1005 ;’h;system sTaII :'needt ;J;r‘nfgrnrr]lanfe hrequ|remls_-ntsl‘.ﬁrhﬂe operating with atmospheric air at altitude
Pattern Feature Attributes File ehween sea level and 1o, eet above sea level.
“" Pattern Features and Feature Attributes 3 |E| Aspirate Carbon Dioxide Emissions ﬂ\-’ehicle IE‘ VEH-1006 The system shall meet EPA requirements on exhaust gaseous emissions.
...... "™ Pattern Features File 6 |E| Attack Hostile System|c - Mount--7.62 mm \-’ehicle E VEH-1007 T.he s.ystem ;hall be ca.pab!e ofﬁring 7.62 mm ammunition directed anywhere in a 360 degree firing —
“"" Pattern Fitness Couplings direction while the vehicle is traveling forward or backward.
E-Jll Automatic Braking System Feature e 7 E Avoid Obstacle Maneuverability \-’ehicle E VEH-1008 The sy.stem shall permit the operator to see obstacles in its path in sufficient time at maximum
it [l Commercial Vehicle Application Feature Gro operating speed to safely stop or steer around the obstacle.
= = . Configure Vehicle ) LS | vehicle A The system shall allow the operator to enter personal preferences for all configurable settings,
g il Eonstsu;n;blesfom'fat::hﬂwy Feature a8 E Automatic Reconﬁgurahﬂm. E VEH-1009 identified with that operator identiy.
eIl ost of Operation Feature - -
FI i ) o i Upon operator selection, the system shall adopt configurable settings equal to the personal preference
-l Environmental Compatibility Feature 9 Configure Vehicle Automatic Recorﬂ’lgurahlllt{ﬂVeh'Cle IE‘ VEH-1010 ssttingglast cet for thatfoperasror identity. P g gseq p p
E-Jgf Military Vehicle Application Feature Group 10 Deliver Vehicle \.rg_hidg_ IE‘ The vehicle configuration shall be availlable from manufacturing and distribution no later than June 1,
E+-§ill Fassenger Comfort Feature Group VEH-1011 2014
+-illl Personal Vehicle Application Feature Grou - : - i ian i i i P
B sone . F'.P. p 1 Deliver Vehicle \-’eh|cle IE‘ VEH-1012 The development cost f_o_r the vehicle configuration, including all direct and indirect development costs,
ARl Reliability & Availability Feature shall not exceed $35 million.
t-Rll safety Feature Group 12 IE‘ Deliver Vehidle \-’ehicle IE‘ VEH-1013 The unit production cost of the vehicle configuration shall not exceed $270,000., at the designated
(-l Traction Control Feature production volume.
Rl Vehicle Aesthetics Feature Group 13 Deliver Vehicle \-"ehicle IE‘ VEH-1014 The production vo!ume of the vehicle cqnﬂguration shall be 60,000 over the life of the product, reaching
Ei-JRll Vehicle Delivery Feature an annual prUdl..IC‘tIUI"I rate of.ZZ,DDD unlts,"',fear.
E+-Jgll vehicle Management Feature 14 Deliver Vehicle Vehicle E VEH-1015 The transfer price of the vehicle configuration shall be $430,000.
5 i ith Hi i The system shall accept download and prestore navigational directions and routing information for use
-l Vehicle Performance Feature 15 Interact with Higher (o w21 Mission Route DD“ Vehicle EHEWDH ! ?’ ' p p g a
_____ F] 05 Project Contacts N EEEEEEEE S I I I NS EEEENEN
""" S | Pattern Feature Needs 16 IE Interact with Higher ¢\ o 1 callular Vehicle | VEH-1017 Thets';'stem shall be compatible with Type 4 Cellular Network technnLngfr/ffcellular contact with
..... 5. Battern Feature Overview Diagram ] cenrystdralEtion-Role-Requirement Rules Table
----- S | Pattern Feature Stakeholders 17 |E| Interact with Higher (5o o channel \-’ehicle m ]y, & y The system shall be compatible with R8 SPtcure Encrypted Commupicatinn (jigannels, for secure contact
..... S | Pattern Stakeholder Advocates _ - Interaction IPK Role RPK Requirement | RSPK Rule "
B ] 18 |E| Interact with Higher (Wide Area Internet Vehicle net services.
E}-[7] 02 Logical System Analysis - :
EEI-"»? Relations 19 |E| Interact with Nearby " e \-’ehicle EHW -
..... '::: Pattern Architectural Relationships - |E| " i - [ | E
Pattern Decomposition Couplings Interact with Nearby L5| Vehicle ||
- _:: Pattern Events 21 [FE] teract with Operato) o guetooth Connectvit ] Vehicle [ ] =TverTe Srerator Il worn by the Vehicle
----- Pattern Input Output Couplings : ]
intai i T Hll hlkh i il i I O o hanic in less than 10
----- =" Pattern Interfaces 22 E Maintain System Engine Air Filter \-’ehlcle L EHE#NE TEEn .m:ute;;rh.asf:;noﬂt S Bg 7 & o o/ (o dl rilEhanic in less than
- N " -
""" =% Pattern Logical Systems [Er] intaract with Maark ! [ie] vsahicla The system shall permit the chanae of the enaine oil filter bv a trained mechanic in less than 10 -
----- Pattern Role Attributes File —
L - | Show Description
P S B % Pattarn Ctatac
4 1 5 Filter is not applied. 77 rows are displayed in the table. 53
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International Traveler Power Converter Pattern: Feature-Interaction Rules
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I:[]:ECom:ammem: £ Diagrams | E3 Structure
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B[] 01 Local Pattern
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[ 01 Stakeholders
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B[] 04 Features

Containment Population Rules
Pattern Feature Attributes File
Pattern Features and Feature Attributes

Pattern Features File
------ Pattern Fitness Couplings

E-|all Ease of Use

A3l Fortability

E-|gll Powver Mains Compatibility
- |alll Powered Devices Compatibility
E-{ll Reliability and Durability

EH- gl Safety

----- 7 05 Project Contacts

----- S Pattern Feature Needs

----- ﬁ';'a Pattern Feature Overview Diagram
----- S Pattern Feature Stakeholders

----- S Pattern Stakeholder Advocates
EE}---F__| 02 Logical System Analysis

E3-[7] 03 Interaction Framework

E#-[7] 04 Physical Architecture

:Ir'__| 02 Configured Model

H- [ csv Imports

H- [ Systematica Profile [Systematica Profile.mdzip]
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""" Pattern Featuresand M » El

37-"1 B E =l oY B

iPn i | AddNew == Add Existing... Delete Remove From Table * columns | 2] export @ -
Criteria
Element Type: ]Ir-nr-l:nnr-Hnn:annfnr—.nann f—] Crann fantinnall. NA Caatnrne f—] Ciltrars | 57w
e Feature FPK Value Interaction IPK Rule
1 Ease of Use E Display Status and Information
2 Ease of Use | 'T | Handle Device
3 Ease of Use | T | Set Configuration
4 Portability | 'T | Handle Device
5 Reliability and Durability | 7T | Resist Contamination
6 Reliability and Durability | FT | Tolerate Moisture
7 Safety T | Handle Device
8 Power Mains Compatibility | FT | Consume Electrical Power
9 Powered Devices Compatibility *ANY* | 7T | Convert Electrical Power FPK
IIIIIIIIIIIIIIIIIIIII.
: Feature FPK Interaction IPK Rule ]
|
|
|
|
|
|
|
o T ||
n _ -1 Feature-Interaction Rules Table -
GEEEEEEEEEEEEEEEEEEER
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International Traveler Power Converter Pattern: Interaction-Role Rules

Interaction-Role Rules Table
E EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEETRNE
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g E ::]I::ghty and Durability 14 i Tolerate Moisture FANY™ E International Power Converter
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International Traveler Power Converter Pattern: Role-Design Component
Rules

" Configured Interaction Roles |l # ‘ Design Component DCPK Rule Role RPK Rule &
= Configured Logical Systems

l
L . . .
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In-class Exercises

* Open the CSM SysML model for the example teaching Pattern from prior homework assignments. Find the
Features-Interactions Table for that pattern. Explain what Interactions each populated Feature will populate.
Find the Interactions-Roles Table. Explain what Roles each populated Interaction will populate.

* Edit the Configuration Rules in the Pattern Feature-Interaction and Pattern Interactions-Roles tables.



Population Rules: Editing Interaction Population Rules

The “Pattern Feature Interactions” table under the Interaction Framework package allows the user to edit the
Interaction Population Rules

The values in the FPK Value and IPK Rule columns govern when and how Interactions are populated based on
which Features have been populated.

The FPK Value may be blank, *ANY*, or <constant> and helps decide if an Interaction should be populated

The IPK Rule may be blank, FPK, /<constant>/, or FPK+/<constant>/ and describes how to generate the IPK
Value of the Interaction to be populated.

An IPK Rule of *ANY* will tell the Configuration Agent not to populate an Interaction but to populate a
relationship between the Feature and Interaction if they are both populated from other population rules.

A detailed list of Population Rules is in the Metamodel document reference.

| Feature l FPK Value I Interaction | IPK Rule I

[« RIT, R NR R SR SR g T

7 Powered Devices Compatibilit *ANY=* Convert Electrical Powe FPK
8 |Powered Devices Compatibility *ANY* Set Configuratio FPK

10 |Reliability and Durabilit
11 |Reliability and Durabilit
12 |Safety *ANY*




Population Rules: Editing Role Population Rules

* The “Pattern Interaction Roles” table under the Interaction Framework package
allows the user to edit the Role Population Rules

* The values in the IPK Value and RPK Rule columns govern when and how Logical
Systems are populated based on which Interactions have been populated.

* The IPK Value may be blank, *ANY*, or <constant> and helps decide if a Logical
System should be populated.

* The RPK Rule may be blank, IPK, /<constant>/, or IPK+/<constant>/ and describes
how to generate the RPK Value of the Logical System to be populated.

A detailed list of Population Rules is in the Metamodel document reference.

# l Interaction ‘ O IPK Value I Logical System l O RPKRule I
Consume Electrical Powe =ANY* International Power Converte

*ANY* LOCE 2r Dis 0 ste

FANY* Electrically Powered Device IPK
FANY* I P 0
*ANY*
*ANY*
FANY*
FANY*
FANY*
*ANY*

FANY*
FANY*
*ANY*
*ANY*
FANY*
FANY*
FANY*
*ANY*
*ANY*
FANY*
*ANY*
FANY*

R R I R T S o v ey (v s
Nim|ojble|(N|oo|(bh|le|(R|A|o|@@NIO 0L WIN -




Homework assignment 5

* Use the example teaching Pattern or other pattern from prior homework assignments.

* Edit the Configuration Rules in the Pattern Functional Role Allocation and Pattern Requirements tables.



Population Rules:
Editing Physical System (Design Component)
Population Rules

* The “Pattern Functional Role Allocations” table under the Physical Architecture package
allows the user to edit the Physical System (Design Component) Population Rules

* The values in the Configuration Rule and IPPK Value columns govern when and how Physical
Systems (Design Components) are populated based on which Logical Systems (Roles) have
been populated.

* The Configuration Rule may be blank, *ANY*, or <constant> and helps decide if a Physical
System (Design Component) should be populated.

* The IPPK Rule may be blank, RPK, /<constant>/, or RPK+/<constant>/ and describes how to
generate the IPPK Value of the Physical System (Design Component) to be populated.

* A detailed list of Population Rules is in the Metamodel document reference.

I # 1 Design Component O IPPK Value Role O Configuration Rule




Population Rules:
Editing Reqwrement Population Rules

* The “Pattern Requirements” table under the Interaction Framework
package allows the user to edit the Requirement Population Rules

* The values in the IPK Value, RPK Value, and RSPK Rule columns govern
when and how Requirement Statements are populated based on which
Interactions and Logical Systems have been populated.

* The IPK Value may be blank, *ANY*, or <constant> and helps decide if a
Requirement Statement should be populated.

 The RPK Value may be blank, *ANY*, or <constant> and helps decide if
a Requirement Statement should be populated.

e The RSPK Rule may be blank, IPK, RPK, /<constant>/, or
IPK+/<constant>/, or RPK+/<constant>/ and describes how to generate
the RSPK Value of the Requirement Statement to be populated.

* A detailed list of Population Rules is in the Metamodel document
reference.



Population Rules:

Editing Requirement Population Rules

1

l Functional Interaction

IPK Value

I Functional Role

RPK Value

ReqID

RSPK Rule

| Text

Consume Electrical Power

E] Convert Electrical Power

*ANY*
Convert Electrical Power |, ANY*
E Consume Electrical Power
IE] Handle Device
IE] Convert Electrical Power

FANY*

International Power Converter
International Power Converter

Electrically Powered Device
Local Power Distribution System

International Power Converter

International Power Converter

*ANY*

ANY*

FANY*

REQ 001

REQ 002

REQ 003

REQ 004

REQ 005

REQ 006

IPK

IPK

IPK

The system shall consume not more than
[Max Drain on Mains] of Input Power from
the Local Power Distribution System.

The system shall provide up to [Max
Power Drain] of OQutput Power to each
Electrically Powered Device.

The system shall not consume more than
[Max Power Drain] of Output Power.

The system shall provide up to [Max Drain
on Mains] of Input Power.

The system shall not present a shock
hazard to users when operated according
to its instructions.

The system shall generate Output Power
to attached Electrically Powered Devices
which is compatible with the [Output
Voltage-Power Profile] and [Output
Frequency Profile].
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