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Purpose and scope

* The following material provides an example use of a neutral set of structures and
forms for representing capabilities of systems of engineering, innovation, and life
cycle management for system products and processes of all types.

* |t is based on use of the INCOSE ASELCM (Agile Systems Engineering Life Cycle
Management) Pattern, including in particular use of it to describe:

» Stakeholder Features (Missions, Capabilities, Objectives, Performance Measures) of ASELCM
Systems 2 and 3;

* Logical Roles of ASELCM Systems 2 and 3, whose performance deliver the above Stakeholder
Features;

* Physical Architecture and Desigh Components of ASELCM Systems 2 and 3, which are allocated
the responsibility of performance of those Logical Roles.

* To simplify analysis and planning of future improvements to Systems 2 and 3, this
approach focuses of changes (“deltas”, shown as “4”, ) in the above entities.

* This example is limited to the high level planning that integrates an otherwise
disparate set of improvements into a single systemic plan that can readily be shared
across an organization and teams of individuals.




INCOSE ASELCM Reference Pattern
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System 1 (S1): The engineered product.
System 2 (S2): The environment of S1, including the systems responsible for engineering and
other life cycle management of S1; responsible for observing and learning about System 1.
System 3 (S3): The environment of S2, including the systems responsible for engineering and
other life cycle management of S2; responsible for observing and learning about System 2.




When needed, there are more drill-down levels in the pattern
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System 2 is Modeled Using the S*Metamodel

(15015288

Stakeholder
Requirement
Statement

Stakeholder
World
Language

)
'
'
'
'
'
'
’
'

_ \

. A Functional |
’ Interaction | State — System
s High Level (Interaction) |
s Requirements U |
'
’

System Pattern Learning & Knoyledge|Manpger ) S Stem Of

qirofiedsdvartecr| ' £ . , Interface >

. very S*Metaclass shown is Access
: embedded in both a
' containment hierarchy and an

/
/
/ 5
/ 5
7 .
/ 5
/ . |
Fitness :
A) Coupling” Input/
\ 5
\ 5
\
\
|

B X e R R e g

Computing
Component

(__Instanceid )

(__ supplier )

Software Information Network Facilities E uli_ lrt:1ent
Component Artifact Component| |Component quip
[ D) ! o [ D) [ D) Cogn s
Instance ID nstance Instance ID Instance ID Instance ID
(__supplier ) (__supplier ) (_supplier ) (—_supplier

Component ID

(__ComponentiD_) Component D

Component ID Component ID Component ID

Sy Technical abstraction (class) hierarchy.
S
tem Rol Output
: €s (Res . o ,——(attribute )~ _
: PONsibjjfiaa—— — s
‘ Technical eS) gical system) : Input-Outputy ~
: Detail Level . / Functional R § D) Coupling
¢ Requirements Requirement Role e
: Statement T Vsl
0 SO — =
s S
! High Level Design ' -
¢ Design Constraint c Design
5 g— k Statemen SIRETIENE
NS e s LIUIURIO LS LR --
Person Technology Enterprise po . . .
Component T amodel informal summarypedagogical diagram
Personal ID Instance ID Unit 1D - .-y . -
— ) (formal S*Metamodel includes additional details.)



The planning artifacts: System 2 Features
Capabilities) in Features Overview Diagram

equirements \
Satisfaction Validation \

Verification

Stakeholder Needs
Mission and Requirements
Analysis Definition

M ON ANALY ARG L DER

ANALYSIS CAPABILIT

Effectiveness Effectiveness

System

Requirements

Defintion

REQUIR N

DEFINITION CAPABILITY.

Effectiveness ] [

Business or

Satisfaction
Validation |

Effectiveness

Requirements

. . Transition Support|
Validation I .

Domain Specific Capability
Knowedge

Verification by
Test

CAPABILITY.

R N
DEFINITION CAPABILITY.
Effectiveness

Architecture Design
Definition Definition o
DESIGN CAPABILITY DESIGN CAPABILITY Iasion
. . System T
[ Effectiveness ] [ Effectiveness J .
Integration Disp
— . N RATION
Verification ARG

System Analysis
Feature

by Analysis &

Effectiveness

System

Simulation

CAPABILITY

Construction

rocess
D15288) Competencies

Knowledge
Management

(1SO15288)

Portfolio

Management

System Release
Roadmap

Feature
Human . Sl

Competency

Acquisition
Feature

O
CAPABILITY

-Fabrication
ON RU ON

Effectiveness

e Life Cycle Model

Management
Feature

Quality Supported Group

Management
System

Feature
Benef Performance
Capture and Sharing Management

| __§ N N B &8 8 8 8B &8 B B B B B B |
)

1-----

Technical Management and Agility Features

ment

eme
Capahility

C etecivness ) erecivenes System Security

Capability

The ASELCM Ecosystem Reference Pattern = =
provides a standard set of System 2 :
Features consistent with ISO 15288 and v = B = R
other generic references: = BEE=E=
* You can use these or supply others if you
wish—but they are usually enough.

ASELCM Pattern: System 2 and 3
Feature Overview Diagram
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N The planning artifacts: System 2 Roles
(Responsibilities) in Logical Architecture Diagram
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The ASELCM Ecosystem Reference Pattern
provides a standard set of System 2 Design
Components consistent with the human and
facilities components used to realize a System 2.
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The planning artifacts: System 2 Design
Components in Physical Architecture Diagram




Analysis and planning procedure a ‘!
illustrated by this example Feature Roles <C: Design
ause

) Capabilit Responsibilit
(numbered red circles later pages) ( A V) ( pDe,t;s"y) C°’|;‘:|‘t’::“t

1. Learn about the ASELCM Pattern (see the above reference to start); refer to:
https://www.omgwiki.org/MBSE/doku.php?id=mbse:patterns:agile systems engin
eering lite cycle management aselcm discovery project with ase wg

9 2. Mark up the ASELCM Stakeholder Features to represent desired shift(s) (deltas) in
the current capabilities of an existing organization;

e 3. Mark up the ASELCM Roles to represent implied deltas to those roles necessary to
deliver the deltas to the ASELCM Features;

e 4. Mark up the ASELCM Physical Architecture/Design Components necessary to
deliver the performance deltas of the ASELCM Roles;

9 5. Allocate the deltas identified above to a series of capability releases over calendar
time, as the basis of planning and implementation. (This is very similar to an Agile
Release Train.)

6. Perform 2-4 first for System 2. If System 3 is not already capable of causing those
changes to System 2, then perform 2-4 to identify deltas to System 3.

7. Inthe following pages, the examples of “delta mark ups” listed above as shown as
red overlays of boxes and lines, on top of the related ASELCM diagrams of Features,
Roles, and Design Components. Your project may require different deltas!

9


https://www.omgwiki.org/MBSE/doku.php?id=mbse:patterns:agile_systems_engineering_life_cycle_management_aselcm_discovery_project_with_ase_wg
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AF9: Selective 15015288 AF16: Model Aggregation fgﬁ @

Process Areas Capabilities Securit b4 ‘
AF10: Compliance with MBSE Standards and Frameworks /l Advancement y : — D — €)=

AF1: Foundation for MBSE Integrity

Techhical Process (1SO15288) aryfev lopment Features
" 0 Installation TranSitiOn Support
Domain Specific e Capablllty

Knowedge CAPABILITY

AF3: Tool Agnostic, Interoperable MBSE Busnessor [ Sukcnone e i

Analysis Definition Transition

Feature

AF4: Model Credibility Foundation e Requrements

FINITION INITION CAPABILITY,
MC Capability Type) Effectiveness

Effectiveness D Effectiveness

lveness

AFZ: Foundations fOf Reusa ble MBSE (DesicN capaffiLiTy Ds‘sw‘emcw:muw OS;/rsz:\eig‘ns Adopter Utilization

System Feature Support

TARGET POPULATION

Erfectivgless Efect

Patterns PBSE Capabitty Type = D -

Integration

CAPABILITY Construction Disposal

Example

Effectiveness Effectivelless -Fabrication
AF8: Selective Domain-Specific e oo ] ark U P

7 )
Capabilities Advancement / i System
Human 1 Organizational Features|(1SO15288) System Release Management
Competencies Human Resources Knowledge ortioNo Roadmap ,
Management Management Management Dell bilit —_— ;ﬁ:g‘e;a;w:
. H 1 Feature Feature Feature eliverability i
AF5: Toolchain Integration Roadmap Acguisition (o b R o e

S esmon capRaTY) (_ SUPPLY CAPRBILTY . Human ) etecweness ) {etooweness )
eq uence { ) (e ) competency System Accounting

Enectvencss
L”Me Cycle MO‘:E‘ Infrastructure Quality Supported Group Management
ageag‘er:ween Management Management Capability

u h

‘QUALITY MANAGEMENT

T e =

. I d h b.l. q recieness [ erecivoness Benefit Outcome Pelfzrmance

AF13: Knowledge Graph Capabilities 7 — Capture and Sharing Management
Capahilitvy
" — System

. . / Technical Management #hd Agility Features Configuration

AF14: Information Persistence _ SN e Management
Model Learnin Project Planning Project Assessient Decision Management Capability

9 Feature & Contrei‘eature Management -
—_— 47 Feature UL WEASUREENT
( Effectiveness ) ( Effectiveness ) System Security

B H 1 Management

AF15: Finding Information anagermer

- Information ualit —
System Observation. Risk Management Management 2 v —

Feature Assurance
o
> Feature Feature

RIS MANAGEMERT
"GUALITY ASSURANCE
ChpABILITY i Attention

(" etectvonces T erecveness ) Management Feature

. i
AF6: Asset-Based Learning Culture

Project Outcomes

Feature
AF7: Improved Networking Capability ‘ I p—

Proactive Reactive Information
Leadership Team il Type
A F Situational Agility Feature Agility Feature Capability ype
wareness Awa
wareness
Mission Awareness Response Time Response Time.
. . . (Status Awareness ) (__Status Awareness ) (—_ResponseCost )  (__ResponseCost )
AF11: Responsive M BS EA | ication R Direction Awareness Response Effeciivensss)  (Response Effectiveness,
. < Team Trust Level Response (Response )l
{Seecion s C Level (__Response Scope )  (__Response Scope ) ASELCM Pattern: System 2 and 3
/ _-‘. Feature Overview Diagram

#|V1.2.9 08.25.2019

AF12: Responsive with Rigor




ASELCM S*Pattern: Enterprise System 2 Role As to reach Future State (driven by System 3)
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ASELCM S*Pattern: Enterprise System 3 Feature AAS to reach Future State
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ASELCM S*Pattern: Enterprise System 3 Role AAS to reach Future State (driving System 2) Example

AAR1: S*Metamodel AAR16: : Repositories, tools AAR18: Customers AAR20: Engineering process AAR22: Monitoring Roles- Mark U P
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ASELCM S*Pattern: Enterprise System 3
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Deltas to S2 Features, Roles, Design Component

Diagra
m Hef 4 Short Name Impacted 52 Ftrs Description of Enterprise 52 Feature Delta
Foundations for MEBSE | Model-Bazed Adoption of S"Metamodel Foundation and related methods for MBSE.
AF1 (Inteqrity Engineering Capability

AF2 Foundations For Reusable | PESE Capability Adoption of S"PBESE information framework. For reusable, configurable MBSE S°Fatterns,

MBESE Patterns and related methods bor rapid configuration of "M odels from SFatterns.
Tool Agniostic, Model-Based E=tablish 5"Metamodel mappings for related tools and language schemas. 5"Models and
Interoperable MBSE Engineering Capability | 5"Fatterns are tool agnostic by virtue of minimality of 5"Metamodel, and its mapping into

AF3

each system modeling tool's schema. Models are therefore semantically compatible if
transported, imported, and interpreted consistent with the related mapping and

MMode] I:re-:lil:-ilitL —— Model I:re-:lil:-ilitL - Litilize Model Characterization F'attern&ﬂlfunn_ﬁgied Faor each model, along with related

y 4 \\

[P L e

' Deltas to 52 Features, Roles, Design Component \ ASELCM S*Pattern: NIWWC System 2 Feature As to reach Future State &0
- ,:-g; BT AF1E: Mode| Aggragation t
_ rocess Areas Capabllites :
I | Diagra I AF10: Comphance with MBSE Standards and Framewonks I Advancement Security -
m Ref A Short Name Impacted 52 Firs Description of Enterprise 52 Feature Delta 1 Foundation for MBSE Intearity - — L
Foundations for MESE | Madel-Based Adoption of 5"Metamadel Foundation and related methods For MESE. Ty T TR e Ty
I AF1  |inteqrity Engineering Capability \ Capasiiny
westic, Interoperable MBSE L ! m
I AF2 Foundations for Reuzable| PESE Capability Adoption of S*PESE information framework for reusable, configurable MESE 5'Patterns, - 1
MBESE Patterns and related methods for rapid configuration of S*Models from S"Fatterns. AF4: Moded Cresdiblity Foundation }-"“ '_'_"‘“—'-—-._._.___ m;,
— Towol Agnostic, Model-Based Establish 5*Metamodel mappings for related tools and language schemas. 5*Models and g
I -‘U_"l BAF3 Interoperable MBESE Engineering Capability | 5*Fatterns are tool agnostic by virtue of minimalitg of S"Metamodel, and its mapping inko AF2; Foundations for Reusable MBSE | ) m
= each system modeling tool's schema. Models are therefore semantically compatible if Pattems ]
aQ transported, imported, and inkerpreted consistent with the related mapping and
H ﬂeﬁlb& e ﬁfﬂilit_ *ImEan:rﬂer%P Fiﬁfcﬁ: w ﬁwi k e§=3 Sebactive Domaln-Specific =1
oundation apability el process, 0 that conkigure establishes the provenance ot the model as Capabifities Advancement Tty Tysiem
the hasis For brust,
Toolchain Integration Trusted Madel Trustin a shared model requires trust inits provenance, which is in part dependent on trust in &F5: Toolchain Integration Roadmap || L] SZ Fe at u re S
AF5 |Foadmap Sequence Fepository Feature | the repository(ies] in which it resides or from which it was obtained. Plans for that should Sequende
include a roadmap plan for integration of the related ool chain. -1 C b H I HF
Azzet-Bazed Learning Human Competency | S*Fatterns are information assets representing the collective learning of the organization, AF13: Knowledgs Gragh Capabilities a p a I It I e S
AFG Culture and alzo provide a foundation for individual learning from those 2ame patterns. Required
and optional learning for individual competencies about domains iz reflected by the &F14: Information Persistence

contents of the related S"Patterns, planned and constructed as learning assets.

(S2 Capability Improwv

AF7 Imprawed Metworking Infrastructure Mletwark, connectivity, security, performance, and reliability should be planned, engineered, [ &F15: Finding Information
Capability MManagement Feature | and supported consistent with internal and external information sharing and access
Selective Domain Specific| PESE Capability Priority application domains (2.9, flight, communications, underses, op centers, ete.] are - —
Capabilities Advancement selected as justifying capture of application domain knowledge in the form of system ’ e e S
AFE patterns of values, requirements, design, kest, or other aspects, based on considerations
such as frequency of use, changes in future staff, evalution of the domain, need For | BF7: Improved Metworking Capabiliog
Selective [SO16288 Selective [SONG288 Fricrity 15016282 systems management domains [e.g., Bequirements, Design, Yerification,
Process Areas Process Areas ete.) are selected as justifying capture of related domain knowledge in the Form of system | BF11: Resiponsive MBSE Application
AFS Capabilities Advancement | Capabilities patterns of key information kypes, views and artifacts, processes, stakehalders, sources
Adwancement and uses of information, or ather aspects, based on considerations such as frequency of | AF12: Respoisive with Rigor
:3 Compliance with MBSE | FESE Capability, Careful selection standards, framesarkes, or portions of them, and compliance with them on
AF10 |Standards and Fodel Credibility a selective basis, is based on criteria to improwe speed, quality, group learning, or other
v el e e L T L L LT T A T L T 18



(S2 Capability Improvements)

Diagra
m Ref A& Short Name Impacted S2 Frs Description of Enterprise S2 Feature Delta
Foundations for MEBSE | Model-Based Adoption of S"Metamodel Foundation and related methods for MBSE.

AF1 |integrity Engineering Capability

AF2 Foundations for Reusable | PESE Capability Adoption of S*FBSE information framework for reusable, configurable MBSE S"Patterns,
MESE Fatterns and related methods for rapid configuration of S*Models from S*Patterns.,

Tool Agnostic, Model-Based Establish S"Metamodel mappings for related tools and language schemas. S"Models and
Interoperable MBSE Engineering Capability S°Patterns are tool agnostic by virtue of minimality of S'Metamodel, and its mapping into
aF3 each system modeling tool's schema. Models are therefore semantically compatible if
transported, imported, and interpreted consistent with the related mapping and
Model Credibility Maodel Credibility Utilize Model Characterization Pattern [MCFP) configured for each model, along with related
AF4 |Foundation Capability model VWUG process, so that configured MCF establishes the provenance of the model as
the basis for trust.
Toolchain Integration Trusted Model Trust in a shared model requires trust in its provenance, which i in part dependent on trust in
AF5 |Roadmap Sequence Repository Feature | the repository(ies) in which it resides of from which it was obtained. Plans for that should
include a roadmap plan for integration of the related tool chain,
Azszet-Based Learning Human Competency  S°Patterns are information assets representing the collective learning of the organization,

AF6 Culture and also provide a foundation For individual learning from those same patterns. Required

and optional learning For individual competencies about domains is reflected by the
contents of the related S°Patterns, planned and constructed as learning assets.

AF7 Improved Networking Infrastructure MNetwork connectivity, security, performance, and reliability should be planned, engineered,
Capability Management Feature | and supported consistent with internal and esternal information sharing and access
Selective Domain Specific| PESE Capability Pricrity application domains [e.g., fight, communications, undersea, op centers, ete.) are

AFS Capabilities Advancement selected as justifying capture of application domain knowledge in the Form of system

patterns of values, requirements, design, test, or other aspects, based on considerations
such as frequency of use, changes in future staff, evolution of the domain, need for
Selective 1IS015288 Selective ISO015288 | Priority IS0 15288 systems management domains [¢.q., Requirements, Design, Verification,

AF9 Process Areas Process Areas etc.) are selected as justifying capture of related domain knowledge in the form of system

Canabilities Advancement | Canabilities patterns of kea information tunes views and artifacts oroces<es stakeholders sources

Deltas to S2 Features, Roles, Design Component
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Deltas to 52 Features, Roles, Design Compo il I
Diagra 45201 || 13202 | 20202 | 3Q202 | 45202 192021 20202 | 30202 [ 4Q202
m Ref A Short Name Impacted 52 Firs Description of Enterprise 52 Feature Delta I 1 o o o o 1 1 1
Foundations for MBSE | Model-Based Adoption of 5" Metamodel Foundation and related methods for MBESE.
AF1  |inteqrity Engineering Capability I I
Foundations for Reuzable| PESE Capability Adoption of S"PESE information framework for reusable, configurable MEBSE S'Patte
L= MBSE Fatterns and related methods For rapid configuration of S"Models from S°Fatterns. — o ] bl e el el S ‘
r— Towol Agnostic, Model-Based Establish 5" Metamodel mappings for related tools and language schemas. 5*'Models and
-‘U_"l BAF3 Interoperable MBESE Engineering Capability | 5"Fatterns are tool agnostic by virkoe of minimality of 5"Metamodel, and its mapping inko
= each system modeling tool's schema. Models are therefore semantically compatible iF
aQ transported, imported, and interpreted consistent with the related mapping and
E Model Credibility Fodel Credibility Litilize Model Characterization Fattern [MCF] configured for each model, along with related
oundation apability miode process, so that configure, establishes the provenance of the model as
g AF4  |Foundati Capabili del YILIG h fi dMCP blishes th f th del
the hasis For trust.
E Towolchain Integration Trusted Model Trust in a shared model requires trust in its provenance, which is in part dependent an trust in
(=] AF5 |Roadmap Sequence Fepository Feature | the repository(ies] inowhich it resides or from which it was obtained. Plans for that should
E include a roadmap plan for integration of the related tool chain.
= sset-Baszed Learning uman Competency atterns are information assets representing the collective learning of the organization,
A Eased Learni H C 5P inf i ing th llective learning of th iz ati
p—=8 AF6 Culture and also provide a foundation for individual learning from those same patterns. Required
= and optional learning for individual competencies about domains is reflected by the
= contents of the related S*Fatterns, planned and constructed as learning assets.
'g AF7 Improwed Metworking Infrastructure Mletwork connectivity, security, performance, and reliability should be planned, engineered,
a Capability Management Feature | and supported consistent with internal and external information sharing and access
o Selective Domain Specific | FEBSE Capability Fricrity application domains [e.q., Hight, communications, undersea, op centers, ete.] are
[} AFS Capabilities Advancement selected as justifying capture of application domain knowledge in the Form of system
ol patterns of walues, requirements, design, test, or ather aspects, based on considerations
(75 such as frequency of use, changes in future staff, evolution of the domain, need for
— Selective [SO16288 Selective [SONG288 Fricrity 150 165288 systems management domains [e.q., Bequirements, Design, YWerification,
AFS Frocess Areas Frocess Areas ete.] are selected as justifying capture of related domain knowledge in the Form of system
Capabilities Advancement | Capabilities patterns of key information types, views and artifacts, processes, stakeholders, sources
Advancement and uses of information, or other aspects, based on considerations such as frequency of
v P 9 U
=] Compliance with MBSE | PESE Capability, Careful selection standards, framewarks, or portions of them, and compliance with them an
v AF10 |Standards and Model Credibility & zelective basis, iz based on criteria to improve speed, quality, group learning, or ather
— Frameworks Capability azpects of performance, and minimizing blind adherence inthe abzence of rationale and
3 AF11 Fezponsive MEBSE Proactive Agility MBESE is applied in targeted areas [application domains and process areas) selectedin
+= Application Feature adwance For the ability of MEBSE o improve effective responsiveness,
3]
L] AF12 Fezponsive with Rigor Aaile Methodology | MESE iz applied with rigorous enough model content to azsure that rapid rezponze does
LL Type not unduly sacrifice appropriate technical rigor for rizks at hand.
o~ AF13 Enowledge Graph Truzted Model Tooling makes effective use of graph-bazed technologies to improve systems engineering
v Capabilities Fepository Feature | performance associated with recognizing and exploiting knowledge relationships.
AF14 Information Persistence | Trusted Model Confidence in the persistence of key data is improved.
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Deltas to 52 Features, Roles, Design Components
‘ Diagra I -'Il]:l]l 1l]§l]2 ZH;]‘EIJZ 3l1'..]‘!l]2 -'IH;J‘!I]Z I 192021 ZE;‘!HZ 3E;‘!ﬂ2 -'Il];‘!llz
m Hef 4 Short Mame Impacted 52 Firs Description of Enterprise 52 Feature Delta
Foundations for MBSE | Model-Based Adoption of 5*Metamodel foundation and related methods for MBSE.
AFY  |Integrity Enginesring Capability
AE2 Foundations for Reusable | PESE Capability Adoption of 5*FESE information framework For reus able, configurable MBSE 5P atterns,
IMESE Patterns and related methods For rapid configuration of S"Maodelz from S*Fakterns.
— Tool Agnostic, lodel-Based E=tablish 5*Mletamodel mappings for related tools and language schemas. 5"Models and
_.“_,1 AF3 Inkeroperable MBESE Engineering Capability| S*Fatterns are tool agnostic by virtwe of minimality of 5"Metamodel, and its mapping inta
- each system modeling tool's schema. Models are therefore semantically compatible if
i transported, imporked, and interpreted consistent with the related mapping and
E flodel Credibility Flodel Credibility Ltilize Model Characterization Fattern [MCF) configured For each model, along with related
i AF4  |Foundation Capability model VUG process, o that configured MICF establishes the provenance of the model as
= the basis bar trust,
E Toolchain Integration Truzted Model Trust in a shared model requires trust inits provenance, which is in part dependent on trust in
o AFS  |Roadmap Sequence Fepository Feature | the repository(ies] in which it resides or from which it was obtained. Flans for that should
E include a roadmap plan Far inkegration of the related bool chain.
— Azzet-Bazed Learning Human Competency | S*Fatterns are information assets representing the collective learning of the arganization,
o AFG Culrure and also provide a foundation for individoal learning from those same patterns. Required
- and optional learning For individual competencies about domains is reflected by the
o— contents of the related 5°Fatterns, planned and constructed as learning as=sets.
'E: AF7 Improwed hetwaorking Infrastructure Metwark, connectivity, security, performance, and reliabiliy should be planned, engineered,
o Capability Mlanagement Feature | and supported consistent with internal and external information sharing and access
— Selective Domain Specific| PESE Capability Fricrity application domains [e.q., flight, communications, undersea, op centers, ete.] are
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