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« The Octopus Problem - From Individual Knowledge to Collective
Intelligence

 Aspiration for Model Based Acquisitions
* The case for Reusable Asset Specifications

« Approach and timeline to update RAS 3.0

Goal for RAS 3.0 update is reuse and discoverability, a key enabler of digital engineering
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Knowledge and Skills Transfer in Animals

Essential for survival for all animals Transfer Methods

Hunting for food Copying behavior (monkey see, monkey do)

Evading predators Positive and negative reinforcement

Recognizing poisonous plants Natural Instinct/DNA

Complex Social Skills In person, in the moment, and synchronous
Dominant male behavior Lost knowledge is costly to reacquire

Social bonding May take generations

Acceptable play
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Exception: The Octopus

 Intelligent, excellent at problem solving, uses tools, etc.
« Solitary, with no means of knowledge transfer
 Information skills acquired by one octopus is lost when it dies
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Human knowledge transfer
Ranges from oral to written to digitized, and seeks to preserve the human experience for future
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Synchronous Methods Asynchronous Methods

Animal methods previously listed Written language (Scrolls, Books, Letters, Notes, etc.)

Spoken Language (Epic poems, Conversations, etc.) Libraries — general, technical, philosophy, architecture,

Apprenticeships science, etc.

Song and social events The internet — All human knowledge and information both

Schools and education true and false o~ oo
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Advancement builds on past knowledge

“If | have seen further [than others], it is by standing on the shoulders of giants."
(Newton, 1675)

Past knowledge can be across (m)any of these stores
— SysML profiles and domain specific languages
— SysML libraries and patterns (QUVD for instance)
« SysML V2 emphasizes libraries over profiles
— MATLAB libraries
— CAD Models
— Complex computer simulations
— Technical journals and presentations
— Ontologies
— Systems Engineering models
— UAF NIST Security Controls Library
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1. Architecture Evaluation Criteria (AEC)

Modaling Convanans
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1. The AEC provides model structure for RFP content
and evaluation tools:
. Modeling Patterns
* DO Profiles (i.e. MOSA, Data Rights, certs )
* Interface & Analysis Definitions
. Templates & Schemas
* Evaluation Criteria & Scoring (Section K, L, M)
* Reports & CDRLS

Model-Based Acquisition

2. Objective Architecture Description (OAD)
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< 4. Unified Architecture Framework (UAF) Process Guide for Acquisition =2

2. The DAD is a descriptive model containing the

program requirements, constraints and context

*  High-level Capabilities, mapped to Operational
scenarios, traced to requirements (e.g. CDD, SRD,
Conops)

*  Technical performance measures (i.e. KPPs, K5As,
MOESs..)

*  Any required architectural partitioning including
structural and functional

(Based on UAF acquisition process guide and template)

3. Model-based RFP Package
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3. The Model-based RFP model contains the populated
OAD&AC providing RFP evaluation content, CDRL
definitions for documentation generation and scoring
tools for solution validation and evaluation

4. UAF Process Guide provides the Acquisition Guidance
for using MBAcaq to create, respond and evaluate a
Model-based RFP.
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What is PLE?

Product Line Engineering (PLE) is the f;,

engineering and management of a & = N g S— |

group of related products using a o= = 5 4’]3 : I
Feature Catalog ) foaa g B-otFeatures™

shared set of assets and a means of
design and manufacturing. 5
PLE can include system and software
assets and involves all aspects of
engineering including electrical, ?
electronic, mechanical, chemical, etc.
Model-based Product Line Engineering
(MB-PLE) combines the best of MBSE

Product A
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' Product B
e Asset Subsets

and PLE. Shared PLE Asset
. Supersets Product N
PLE requires: Asset Subsets
1) A Feature Model
2) A Product Model https://www.aerospacemanufacturinganddesign.com/article/what-is-product-line-engineering-ple/
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Octopus problem in Digital engineering

* Problem: Our digital models remain isolated in historical storage,
forcing every system to relearn, reteach, or reinvent models that
already exist.

» Key questions:
* How can we efficiently curate and retrieve digital models?

« What mechanisms enable search, reuse, and updates across g
different model libraries? el

* How do we standardize the sharing of:
 Models & Model Libraries
Reference Architectures

Components & Interfaces
Types & Patterns
Keywords & Solution Elements?
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A Few Requirements — NOT A COMPLETE LIST!!

Searchability & Discovery

Enable advanced search using keywords, types, purpose, and domain.
Support interest registration and update notifications for model changes.
Ensure global element IDs for consistency across models.

Define standardized catalogues and cards

Scalable & Configurable Library Management

Support multiple hosted libraries (Local, Department, Enterprise, Global, OMG, INCOSE....).
Implement configuration management for models, elements, and patterns.
Ensure compatibility with multiple formats (UML, SysML, UAF, vendor-independent).

Curation & Access Control

Provide a standardized API (e.g., Extended SysML v2 API).

Implement multi-level access control (Library, Element, etc.).

Enforce role-based permissions (Curator, User, Creator, Owner).

Enable secure sharing (Black Box & White Box) and collaborative versioning

Ay
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Two Level Data Model

Effective asset discoverability requires a two-level data model:

« Conceptual layer that defines what an asset is and how it relates to
catalogs, repositories, curators, taxonomies, and lifecycle phases;

* Physical layer that governs how this information is stored, accessed,
and exchanged. In RAS 3.0, taxonomy and lifecycle states are treated
as first-class concepts — essential for enabling faceted search,
maturity tracking, and provenance queries.
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RAS Concept Model

® 2021 Object Management Group. All Rights Reserved.

package Concepis| Concepts ]’J
GIT Repository Asset Database Model of Assets Asset Model Library Other Library
.J, Asset: A reusable model, pattern, or
% Searches o Curates C Component. ,
Y ; Ay | PN Asset card: The asset’s self-
iorary User IBrary Lurator g = . n
Contains ¥ Contains = fjescrlblng metadata, including
| | s I identity, purpose, status, owner,

4 Contains < Catalog relationships, license/access, tags,

. 0.* and versioning, with optional domain-
Describes e Contains W e .
< B | 0 specific extensions.

0 croates 01 r—— Uses = Catalog: A curated index, public or

— : . Content Reuser private, that enables faceted search.
Content Creator 0.* cee uses  Assets can appear in multiple
Model
References ® : "N Cata|OgS.
UML Asset SysML Asset| |Reference Architecture | [MATLAB Asset UAF Asset Other Asset

M ciondard
OMG S,
— Qrganization.,




RAS Physical Model

RAS 3.0 seeks to implement the conceptual model via
standard APIs for discovery and access

Alternative: for git-based stores standard file formats primarily
JSON with JSON Schema to support validation, extensibility,
and machine-processability

* This ensures that physical asset metadata remains portable,
predictable, and interoperable across tools, repositories, and
domains.
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A Few Model Library Use Cases — In Progress

uc [Package] Use Cases|[ Library Use Cases ])
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A Few Project Use Cases — In Progress

uc [Package] Use Cazes|

Project Uze Cazes ]J
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PRELIMINARY ANALYSIS

Comparison of options

RAS 3.0 seeks to build upon and simplify the current RAS 2.2, DPROD, and
DOD MSC-DMS specifications

RAS 2.2 (OMG) DPROD (OMG) MSC-DMS (DoD)

Reusable Asset Specification Data Product standard Modeling and Simulation (M&S)
Community of Interest (CQOIl) Discovery
Metadata Specification (DMS)

Purpose Standardize reusable software Enable discovery and Discovery and reuse of
assets for greater reuse interoperability of data products modelling and simulation assets
with standard metadata (within DoD)
Design » Consistency » Semantic web principles « Comprehensive description
principles ¢ Minimalism * Decentralization * Discovery metadata
+ Extensibility » Data governance » Security & trust levels for assets
a7 e
Asset is an abstract class. Core —a N I -
Related Asset o0y ‘ rﬂne:dseft;;fn:;e:ﬂ:::::;%;‘:‘::AS L‘ . e '
I [ Asset introducing additional semantics for N —
specific types of assets. - nsasth e = TR
0. - 5 D Resource-Supplemental
+ [ ] 1 Profile
1| 1 1
Classification Solution Usage — \ )

Figure 9 - Core RAS Domain Model - Major Sections

Figure 2-1 Organization Structure for the M&S COI Y Sp




PRELIMINARY ANALYSIS

Comparison of options
RAS 3.0 seeks to build upon and simplify the current RAS 2.2, DPROD, and
DOD MSC-DMS specifications

RAS 2.2 (OMG) DPROD (OMG) MSC-DMS (DoD)

Reusable Asset Specification Data Product standard Modeling and Simulation (M&S)
Community of Interest (CQOIl) Discovery
Metadata Specification (DMS)

Common Asset |dentification: Name, Unique ID Descriptive Summary Classification & Keywords
metadata Versioning & Status Ownership/Contacts Usage Constraints/Rights
Asset Relationships

Unique - Solution/Artifacts List » Data Product Owner (prov:Agent) » Detailed Point of Contact Information
metadata - Variability Points (Customization * Input/Output Ports & detailed » Security Classification & Constraints
options) pipeline metadata » Verification, Validation, Accreditation (VV&A) status
- Asset Profiles (e.g., Default Profile) * ODRL-based Usage Policies » Configuration Management Metadata & Taxonomy
- Asset Lifecycle state (draft, certified) * Domain Context & Lifecycle Status Citations

* Resource Relationships (e.g., federation)

Structural « Internal artifact packaging & XML + Semantic web ontology (W3C * Federated search focus
difference manifest approach. DCAT profile) » Structured metadata sets (core, security,
« Metadata extensibility via asset * Decentralized schema taxonomy)
profiles + Emphasis on data lineage. * No direct asset packaging.
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Caution...

HOW STANDARDS PROUFERATE:
(S A/C CHARGERS, CHARACTER ENGODINGS, INSTANT MESSAGING, £TC)

M7 RDicuows! | [ [Boow
WE NEED To DEVELOP
NVERSAL STAN
STUATON: || S o e | STUATION:
THERE ARE USE CASES.  vepy THERE ARE

14 COMPETING . ) I5 COMPETING

https://xkcd.com/927/
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https://xkcd.com/927/

Plan for 2025, with a goal to submit RAS 3.0
spec to OMG

Objectives

1.

Update RAS to be suitable for reuse and
discoverability

Enhance participation and engagement in
RAS WG

Learn from and coordinate with related
efforts

Target outcomes

1. Data model and representative use
cases to test RAS metadata options

2. Outreach to different industry groups
and events

3. Coordinate with Cascade, DEMI and
related efforts

Standards
<> . ‘ U Development
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Use Case Topics to Test the Core metadata options for RAS 3.0
Specification

Asset reuse across organizations A product owner must package a model or component for use by a team in
another organization. Reuse depends on shared metadata for structure,
license, and provenance.

An internal asset librarian needs to track and maintain digital assets across
repositories. They rely on metadata to support search, lifecycle management,
and relevance curation.

Curation of an internal asset
library

Before designing a new technology stack, a team searches for existing
models or reference architectures. Discoverability depends on standardized
topics, tags, and usage annotations.

Building a reference architecture

A simulation team requires agent-based models for a novel study involving
human—-autonomous vehicle interactions. Reuse depends on metadata
describing modeling approach, validation, and context.

Reusing models for a new
simulation study

A team updating legacy mechanical systems needs access to both old and
new design artifacts. Effective comparison depends on consistent metadata
for identity, lineage, and format.

Managing technical debt while
modernizing legacy systems

Do you have any other use cases to test reuse and discoverability?
Ay ndar
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Proposed API services for RAS 3.0

Optional API services seeks to improve a range of discovery services such as faceted search and query, retrieval of
asset cards and catalog metadata, submission and update of assets, efc.

. RAS 3.0 Data Model o onforms ; « Platform |n.dependent model
; (PIM) service set mapped 1:1 to
realizes \
e I ----------------------- : . JSON Schema RAS data model
| I Data E i conforms |
““““ " ey
RAS 3.0 API Definition (PIM) ; « REST/HTTP specification as
service Consumer | [ mpemens Platform-specific model (PSM)
(RAS discoveryapp) | wses | oo 3 o REST/HTTP API (PSM) ! :
(Curation app) o i . Governance, Securlty,
(etc.) request | response ] Portability as first-class

export

A
.
—
w
o
=
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®
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O
©
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o
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v
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Meta Card Index (Catalog) concerns

import

RAS 3.0 API and Services architecture <> M G ggﬁc?;d;ﬁent
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|
Action items / decisions

* Raise awareness of RAS 3.0 efforts
— Clear narrative: Use cases - Data model - Format options - API services
— Invitation for feedback (e.g. this presentation, upcoming INCOSE Insight publication)

* Synergy with other OMG efforts
— Proposed workshop at OMG Q3 quarterly meeting in Leeds, UK (Sept 17t)

* Next steps towards a RAS 3.0 specification
— Breaking change to the current spec, and to follow an RFC process
— QOutreach to tool vendors for Letters of Intent
— Open invite for all participants to engage with the OMG RAS WG

M .o dard
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Don’t be a selfish Octopus; Share Your Knowledge!
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Questions?

Want to help shape RAS 3.0?

Matthew Hause, mhause@systemxi.com

Sriram Krishnan, skrishnan@istaridigital.com

Mark Petrotta, mpetrotta@systemxi.com

Michael Shearin, Michael.Shearin@gtri.gatech.edu

Tomas Vileiniskis, tomas.vileiniskis@3ds.com


mailto:cbenson@istaridigital.com
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RAS 2.2 — Core RAS Domain model & UML Model

PRELIMINARY ANALYSIS

Asset is an abstract class. Core
RAS Core is an abstract meta
model. Profiles extend Core RAS
introducing additional semantics for
specific types of assets.

Profile

Usage

Figure 10 - Core RAS UML Model for XML Schema

asset
P Soname : string
@rame sting | a0 sting ‘
&id-history - string hsTaaltn?e._t!s‘:r;ﬂaw Related Asset | 0.
Swersion-major ;int | L - related-asset i
&version - string o !
related-profile bmtsmrrmlnar. int 1 atcess-rights : sing =" [@name : string
“@name : string ference : string &short-description - string &0 : string ) 0.*
&id - string K ference : uriReference .
:-:arsmn-mamr int @relationship-hpe © string
ersion-minor : int
eference : string \
&parentid - string 1 1 .
tlassification solution usage 1 1
{ @reference string
Classification Solution
0.x 0.* 0 ?n * 0
context artifact artifact-activity context-ref assetactivity|  Fj
ure 9 - Core RAS Domain Model - Major Sections
&name : string &name string @artifackid  string | | Scontexd-id - string 9 j
d - string Stype : string &context-id : string
Sreference : string
} &id : string 4
&version : string . 0. 0. 0.*
) 0 . .
&digest-name : string acthity
zdtgesl-walue string Bid - shing
. access-rights : string - &task - string
0. 0.* [] ] } Sreference : string
descriptor-group Rrole : string
&name : string &task-type : string
&reference : string 4 ]
0.-r o 0.*
al‘til’at!-WE artifact-context variability-point-binding
@type - string . &-context-id - string &wvar-pointid . string
o* 0. 0. &binding-rule * string
descriptor artifack-dependency variability-point
Sname - string Rartifactid : string [&name : stiing
Scontextid - string | |@dependency-type - string &id " string
&context-id * string
&reference - string
0.1 0.1
01 description
0.1 01
0.1
0.1
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DPROD

class Data Product Diagram /

outputPort

inputPort

DataService

- endpointDescription
- endpointURL

- isAccessServiceOf

- protocol

- securitySchemaType

Ve

L~

-

Distribution

- accessService
- conformsTo
- description

~—"1- format

access Service
-

e

isAccessServiceOf
(inverse)

- isDistributionOf

/;7

isDistributionOf
(inverse)

Data Product
- dataProductOwner inputDataset Dataset
- description
- domain - conformsTo
- hasPolicy - description
- inputDataset outputDataset - distribution
- inputPort - has Policy
- label - informationSensitivityClassification
- lifecycle status - label
- outputDataset - type
- outputPort
- productionProcessDescription distribution -
- purpose
- type /

PRELIMINARY ANALYSIS

Data Mesh (dcat:Catalog) - collection of
Data Products

Data Product (dprod:DataProduct) -
includes metadata, code and input/output
ports

Port (dcat:DataService) - A digital
interface that provides access to a Dataset.
The can be a HTTP URL, a Database or a
FileShare etc

Distribution (dcat:Distribution)-A
specific representation of a dataset (CSV,
JSON, ADLS etc) which can conform to a
physical model

Dataset (dcat:Dataset) - A collection of
related data that can conform to a logical
model

M .o dard
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dcat_Catalog

+ collection of resource metadata

¢

aggregates metadata

decat_CatalogRecord

+ metadata describing a resource entry

l

describes

«abstracts»
dcat_Resource

+ identifier
+ title
+ description

A

dcat_DataService

+ operations/AFPI endpoints

serves

«

dcat_Dataset

+ curated data collection

0

aggregates

T~

hasDistribution

PROD implements DCAT 3.0

PRELIMINARY ANALYSIS

dcat_DatasetSeries

dcat_Distribution

+ group of related datasets

+ access URL
+ media type

dcat:Resource
adms:status
admsversionNoles
deat:contactPoint
deat-hasCurrentVersion
deal-firss
deal-hasVersion
—
ﬁm‘;m deat-qualifiedRelation
deallast
dcal:prev
deal-previousVersion
deat
deatiheme dcat:Relationship
deat:C deatversion .
1 deathadRole
doterms conformsTo P ﬂfff:‘::f"m“ﬂ'gh's determs:relation
delerms foal: Topic determs:creator |
determs:issued L — detarms:deseription determs:-relation
determs:modified determs-hasPart
delerms:title determs:identifier
P yTophc determs:isReferencedBy
deatrecord determs:issued
'dcterms-language
deat:Catalog determs:license
determs:moditied
deat:catalog determs:publisher
deatdataset determs:relation
deatrecord determs:replaces
dcatresource determs:rights
deat:service determs:title
deat:themeTaxonomy decterms:type
foal homepage odrl:hasPolicy
dcat:Dataset prov:qualifiedAttribution
deat:distribution oy
deatinSeries
deat:spatialResolutioninMeters
deat:temporalResolution
determs:accrualPeriodicity
delerms:spatial dcatservice
determs:temporal
provawasGeneratedBy
r:deat:Resource
adms:stalus
adms:versionNotes
deat:contactPoint dcat:DataService
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sty e ioanen e
‘landingP - - .
ﬁ”ﬁw 98 deat:dataset gmm;m[\gwnwlm 4adms:statu
geatprav dctormstemporal |dcarconiacipoint
deatiprovicusiersion Fr\wmaﬁﬁens«awrﬁv deat-hasCurrentVersion
deat:qualifiedFelation deat:DatasetSeries -dear:Resource deat:distribution dealfirst
deat:theme it ; .
b : L e | [ecmnasverson
determs:accessRights. deat deal-contactPoint deat:accessService deatd r:‘lm 4
determs:conformsTo deatinSeries deal hasCurrentVersion dcaj:la 1 ngrage
determs:creator deat:spatialResolutioninMeters deatirst Goa as
determs:description deat § el hasversion dcal_pm_ Versi
determs:hasPart determs-accrualPeriodicity deatkeywor mm\prwluus rsion
determs:identifiers determs:spatial dcatlandingPage Soatih el
determs:isReferencedBy determs:-temporal doatiast deat:Distribution I
delerms:issued prov:wasGeneratedBy ™ deat:prev " version
o et reouasin o e
determs:license adms:status : h ACCESS
determs:modified adms: m:ﬂ;mﬁ Relation deatbyleSize gciermswa!nt
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dclerms:type decatdandingPage ’ = .
odithasPolicy dcallast determs hasFart dclerms: malgm dctermsiicense
provoqualifiedAttribution ::!:::j.::pm mﬂa .samamday determs:description dcterms-publisher
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MSC-DMS

kC—DMS-Resource

*DDMS Global

*DDMS Geospatial

IC-ISM’ », DDMSZ2
MSC-DMS-Types*
MSC-DMS-

Resource-Supplemental

=

PRELIMINARY ANALYSIS

Glossary®

8 MSC-DMS-Contact

Resource Metacard

MSC-DMS-Taxonomy MSC-DMS-Workflow
«Title Keywords  +ResourceManagement «Person o | *Terms *Task
*\Version <Image +Virtual Coverage g Organization E *Definition g *Manager
«Description +Related *Temporal Coverage S | +Service 8 | (includes g |States
-Usages Resources  +High Level Architecture ] < | Related Term, o | *Releasability
«Dates ‘Related «Geospatial Coverage = >, | Synonym) g Security
*Rights Taxonomies *VV&A E = )
*Sources *Releasability € S %
Type -Security O ® =
POCs -
. L. . . > Standards
Figure 2-1 Organization Structure for the M&S COI Discovery Metadata Specification P Development
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