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Preface

OMG

Founded in 1989, th@bject Management Group, Inc. (OMG) is an open membershiiorptofit computer industry
standards consortium that produces and maintains computer industry specifications for interoperable, portable, and
reusable enterprise applications in distributezterogeneous environments. Membership includes Information
Technology vendors, end users, government agencies, and academia.

OMG member companies write, adopt, and maintain its s
specifications implement the Model Driven Architecfu(®!DA®), maximizing ROI through a fulifecycle approach to
enterprise integration that covers multiple operating systems, programming languages, middleware and networking
infrastructures, and software devel op m®nifiedeviodeling on me nt
Languag€& ); CORBA® (Common Object Request Broker Architecture); C&MCommon Warehouse MetamoBe):;

and industryspecific standards for dozens of vertical markets.

More information on the OMG is available at http://www.omg.org/.

OMG Specifications

As noted OMG specifications address middleware, modeling and vertical domain frameworks. All OMG Specifications
are available from the OMG website at:

https.//www.omg.org/spec

Alof OMGb6s f or mal specifications may be downl oaded with
specifications are available from individual suppliers.) Copies of specifications, available in PostScript and PDF format,
may be obtained from thep&cifications Catalog cited above or by contacting the Object Management Group, Inc. at:

OMG Headquarters

9C Medway Road, PMB 274
Milford, MA 01757

USA

Tel: +1-781-444-0404

Fax: +1781-444-0320

Email: pubs@omg.org
Certain OMG specifications are also available as ISO standards. Please [ttpsifitww.iso.org
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1.Submi ssion I ntroducti on

1.1. Submission Overview

CASCaRél (aborative Artifact, Spetifscaheonegsfonsextoa
RFMa(nti sl/22024

This document describes a metamodeéeint @gd alna yee rogaefd carbti d |
engineering information and d&3boaei tiowmlhwee dneigm mesnligpdsn e e r
CASCaRA Product I nformation Graph (PI G) that serves a

Additionally, CASCaRA provides an APl to operate on t
transformation of information and data from source fo

1.2. Submitters to the CASCaDE RFP

The OMG members listed below are jointly submitting the CASCaRA specification in response to the CASCaDE RFP:
Adaptive Analytics, Inc.

BOEING

GfSE eV

INCOSE

= =4 -4 -—a -

prostep ivip eV
1 RTX

Many other organizations worldwide supported the development of CASCaRA in the CASCaDE Submitters Team
(CST).

1.3. Issues to be discussed

I n this section the open issues of the initial submis
empty.

1.4. RFP requirements table

1.4.1. Mandatory Language Requirements Table

Table 0.1:Mandatory RFP requirements

Req. ID Name Content
MM-001 Universal The metamodel shall universally host a range of domain ontologies used in the
Metamodel of Product Lifecycle Collaboration. Separating the concerns of syntax and sem

the evolution of the ontology (defining entities, relations and their properties) sh
not entail a change in the metamodel.

MM-002 Data is Proposals shall represent product information as a Knowledge Graph.
Represented as i
Graph

MM-003 Formal Proposals shall formally define the metamodel (aka schema). Established tech
Metamodel shall be used for

4 CASCaRA, version 1.2


https://www.omg.org/cgi-bin/doc?mantis/24-12-03.pdf

Req. ID Name Content
1 checking data to ingest, often transformed from one of the supported data
formats, or to deliver.
1 generating software code in many programming languages.

MM-00301 |Model Entities |Proposals shall provide a capability to represent individual entities obtained fro
source model with their properties and provide a distinct representation for eac|
relevant entity from given source data.

MM-00302 |Model Relations |Proposals shall provide the capability to represent individual relations between
entities obtained from a source model with their properties. Similarly as model
entities, model relations shall have a distinct representation for each relevant r
from given source data.

MM-00303 |Model Elements [The metamodel shall not only cater the instantiation of model entities and relat

have Types but also of explicit types (classes) for both. In addittymetamodel shall provide
means to define which types of relations can be applied to which types of entiti
either side.
MM-00304 |Validation of Proposals shall provide capabilities to validate a CASCaDE Data Package (CDO
Models based on its metamodel (schema) and constraints.

OP-001 Conformance |Data Exchange and Invocation of Operations shall follow the standards govern
with Web world-wide-web (internet) from W3C and others.
Standards

OP-002 Standard Data Exchange and Invocation of Operations shall follow the standards govern
Application world-wide-web (internet) from W3C and others.
Programming
Interface (API)

OP-00201 |[Mutable Model |Any entity and relation with their properties as well as their types/classes shall
elements accessible and mutable with elementary operations Create, Read, Update and

(CRUD).

OP-00202 |Access Control |Access to Product Information shall be protected. Parts of a model which are n

intended to be shared, shall be withheld from the CDP.
Access permissions to Create, Read, Update and Delete (CRUD) shall be gran
1 per Organization and User on one hand as well as
1 per Package, Hierarchy and Type of Entity, Relation and Property on the ¢
hand.
Thus, access shall be controlled in two dimensions per class at the granularity
property and per position in the BOM or document outline.
OP-003 Configuration  |Any modetelement (node and edge of the knowledge graph) shall be under
Management  |configuration control. This includes management of revisions and tags for sele

baselines.
Version control for entities and relations shall provide at least the following
operations:

1 create revision (automatically on modification),

i create a baseline with label/tag (deliberately on a certain milestone),

9 retrieve any (historical and current) revision of a meglement or baseling

as a whole.
OP-004 Distributed Based on configuration control, the solution proposal shall have at least the ca
Configuration to
Management 1 create and merge a branch as well as
1 fork and synchronize a repository/package.

CASCaRA, version 1.2



Req. ID Name Content
OP-005 Globalize Term [Terms in specific (engineering) disciplines and natural languages shall be trang
to a unique (‘global’) term as defined by the layered ontology.
OP-006 Localize Term |Unique (‘global’) terms shall be transformed to specific (engineering) discipline
natural languages as defined by the layered ontology.
OP-007 Normalize Term [Unique (‘global’), yet synonymous terms shall be mapped to a preferred (‘norm
term as defined by the layered ontology.
In case of relations, the direction shall be normalized. An antonym shall be use
certain cases to obtain the preferred direction (example: replace 'satisfied by' r
by 'satisfies").
OP-008 Integrate Partial [Partial models shall be integrated in the Knowledge Graph.
Models
OP-009 Extract Product When viewing or exporting product information, the scope shall be selectable f
Information purpose (‘need to know') and within the limits of access permissions of the targ
organization or user.
This is also called ‘publishing’ product information.
OP-009-01 |Extract by Type [Similarly to the definition of access protection, proposals shall provide the abilit
limit extraction to certain entity, relation or property types.
OP-009-02 |Extract by Similarly to the definition of access protection, proposals shall provide the abilif
Hierarchy limit extraction to certain subtrees of the hierarchy (outline or BoM).
OP-009-03 |Extract by Proposals shall provide the ability to extract product information by selecting of
Instance deselecting individual entities, relations and properties.
OP-010 Humanreadable [Product information shall be providédman readable where possible. Preferred
Content formats are those displayable by a webwser, such as HTML, SVG, PNG and J
acceptable is PDF.
OP-011 Overview A humanreadable content overview (outline) shall be provided as an entry poin
humanreadable overview shall reflect the structure of the package content:
1 Header data, including package metadata, with relation to model entitig
1 Source models and metadata
1 Comments related to model entities
1 Model entities, relations with their properties
1 Any other original sources
OP-012 Share and Proposals shall provide the ability to share and review all product information i
Review in a common context.
Common Contex
OP-013 Search and Users and interfaced systems shall be able to navigate, search and query the
Navigate product information (Knowledge Graph), as far as access control permits. This
‘Globally imposes certain requirements on the transformations of partial models to form
consistent andilomogenous (typed) knowledge graph.
OP-014 Collaborate Proposals shall support both online and offline collaboration, where
Online and 1 ‘online’ or 'synchronous' means a muker editing on a single database,
Offline '‘Collaboration Hub';

1 ‘offline’ or ‘asynchronous' means information exchange by file. File bag
exchange shall support and editing on different branches in parallel an

subsequent merging of changes.

CASCaRA, version 1.2



Req. ID Name Content

DO-001 Ontology based [The solution shalprovide a layered ontology based on a widely used informatio

on semantic datgmodel to be defined.

model

DO-001-01 |Layered Submissions shall provide a layered ontology covering:

Ontology 1 Process activities along the product lifecycle with a specification of ent

Coverage (artifacts) provided or required by the respective activity. The technical

processes defined in ISO 15288 shall be used as a reference.

1 Type/class per entity (artifact) such as requirement, function and comp
as well as its property classes.

1 Type/class per relation including a definition which entity types/classeg
be related, as well as its property classes.

1 Typel/class per property including a definition of data type and value ra

DO-001-02 |Synonyms and [The layered ontology shall contain synonym and antonym relationships betweg

Antonyms entries to support normalizing of terms.

DO-001-03 |National The layered ontology shall contain national language and/or despatific terms

Languages per entry to support localizing and globalizing of terms.

DO-001-04 |Ontology Submissions shall support the evolution of the layered ontology over tired|oyet

Lifecycle for reliable and robust use of past and current states.

Management  [Therefore, classes, relations and properties in the ontology shall have a revisiq
lifecycle status such a&xperimental, submitted, released, equivalent, deprecHta
standard exists for such term status values, it shall be adopted.

DO-002 Information Proposals shall support a segmentation of the overall product information into

Packaging packages.

DO-003 Unstructured Some artifacts consist of partly or wholly unstructured content. This usually apj

Artifacts simulation models and simulation results, as well as media documents such as
or videos. For such data, a capability shall be provided to handle unstructured
and ingest these artefactsias

DO-004 Handle Model |Besides handing the entities and relations extracted from the source models, it

MetaData required to understand its context, e. g. origin, purpose, maturity, etc. Such me|
is typically available from the respective data management systems and shall k
supplied as well, if available.

DO-005 Visibility Proposals shall distinguish public and private elements. Private elements can |
referenced from within a package, and public elements can be referenced exte|
internally.

DO-006 Include or Proposals shall provide the ability to include notatimntoolspecific source files in

Reference Sourcladdition to the transformed data. Source files shall either be included as a copy

Files referenced by a URL.

DO-007 Commenting For auditing or negotiation purposes, users and interfaced systems shall be ab
attach comments to any entity or relation without changing the entities or relati
themselves.

A comment shall be always owned by a user and relate to one or several mode
entities, as well as any previous comment.

DO-007-01 |SRC Attributes |Proposals shall provide annotations to capture information originating from the
Stakeholder Request Clarification (SRC) process, such as, but not limited to:

I customer status with defined values
9 customer comment
1 supplier status with defined values
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Req. ID Name Content
1 supplier comment.
DO-008 Semantic Capability to recognize and relate or combine identical entities from different sq
Integration models, even from different notations or formats. Also recognize and integrate
relations between entities found in different source models.
DO-00801 |Unify Entites [The speci fication shall provide the
different source models.
DO-008-02 |Extracted and |Submissions shall provide the ability to represent relations extracted from sour
Created Relationmodels or manually added relations.
Any relation shall be consistent with its type and thus be constrained to the def
resource types for the originating entity (subject) and the targeted entity (objec
TR-001 Transform Proposals shall support (partial) transformations between multiple source
Source Formats [representations and a common representation as Knowledge Graph.
A unidirectional transformation or filtering from a source format to the Knowled
Graph is mandatory, whereas a bidirectional transformation shall be proposed
a full roundtrip is required.
The transformation shall be limited to those entities and relations within a sour
format which are relevant for collaboration or overarching assessment.
The primary goal is to create a common representation for entities and relation
(partial) source models, allowingforanettle nd &6di gi tal thr
Therefore proposals shall provide full or partial transformations with or without
filtering for the following technologies:
TR-001-01 | Transform ReqlF
TR-001-02 | Transform
SysML v1
TR-001-03 | Transform
SysML v2
TR-001-04 |Transform STEP
AP242
TR-001-05 |Transform JT
TR-001-06 | Transform FMI
3.0 and SSP
TR-001-07 |Transform
Modelica
TR-001-08 | Transform QIF
TR-002 Preserve Views [Proposed transformations shall preserve view and viewpoint information contal
contained in source models wherever possible. This shall include but not limited to diagram
Source Models [UML, SysML, BPMN, and 2D, and 3D models.
Proposals shall provide a capability to display such views displayable by web
browsers.

Table 02: Non-Mandatory RFP requirements
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Req. ID Name Content

TR-001-09 |Transform Solutions may provide a transformation of system models from the Architecture
Arcadia Analysis & Design Integrated Approach (ARCADIA) notation.

TR-001-10 |Transform Solutions may provide a transformation of system models from the BPMN v2
BPMN notation using the standardized BPNMWIL data format.

TR-001-11 |Transform Solutions may provide a transformation of system models from the ArchiMate \
ArchiMate notation using the standardized Ogexchange data format.

1.4.2. Mandatory Language Requirements

- Satisfied -by Table

Reqg. ID |Name Satisfied by Comment
MM-001 |Universal Metamodel Designed for purpose Not validated, yet.
MM-002 |Data is Represented as a GraDesigned for purpose
MM-003 |Formal Metamodel Designed as UML model. No implementation for format
checking and code generation, \
MM-003 | Model Entities Designed for purpose Not validated, yet.
01
MM-003 | Model Relations Designed for purpose, Not validated, yet.
02 relationships are reified to allow
O0statement sandn
Oproperties of
MM-003 | Model Elements have Types [Designed for purpose; the class{Not validated, yet.
03 or types are derived from the
ontology, whereas the the
instances hold the payload
must comply with the types
MM-003- | Validation of Models Designed for purpose Not implemented, yet.
04
OP-001 |Conformance with Web
Standards
OP-002 |Standard Application
Programming Interface (API)
OP-002- |Mutable Modelelements
01
OP-002 |Access Control
02
OP-003 |Configuration Management
OP-004 |Distributed Configuration
Management
OP-005 |Globalize Term
OP-006 |Localize Term
OP-007 |Normalize Term

CASCaRA, version 1.2




Req. ID |Name Satisfied by Comment

OP-008 |Integrate Partial Models

OP-009 |Extract Product Information

OP-009 |Extract by Type

01

OP-009 |Extract by Hierarchy

02

OP-009 |Extract by Instance

03

OP-010 |Humanreadable Content

OP-011 |Overview

OP-012 |Share and Review in a
Common Context

OP-013 |Search and Navigate 'Globally

OP-014 |Collaborate Online and Offling

DO-001 |Ontology based on semantic
datamodel

DO-001- |Layered Ontology Coverage

01

DO-001- |Synonyms and Antonyms

02

DO-001- |National Languages

03

DO-001- |Ontology Lifecycle

04 Management

DO-002 |Information Packaging

DO-003 |Unstructured Artifacts

DO-004 |Handle Model MetéData

DO-005 | Visibility

DO-006 |Include or Reference Source
Files

DO-007 |Commenting

DO-007- |SRC Attributes

01

DO-008 |Semantic Integration

DO-008 | Unify Entities

01

DO-008 |Extracted and Created Relatiq

02

TR-001 |Transform Source Formats
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Req. ID |Name Satisfied by Comment

TR-001- |Transform ReqlF

01

TR-001- |Transform SysML v1

02

TR-001- | Transform SysML v2

03

TR-001- |Transform STEP AP242

04

TR-001- |Transform JT

05

TR-001- |Transform FMI 3.0 and SSP

06

TR-001- |Transform Modelica

07

TR-001- | Transform QIF

08

TR-002 |Preserve Views contained in
Source Models

CASCaRA, version 1.2
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2.S5cope

CASCaRA(Collaborative Artifact, Specification, Context and Resource Access) was elaborated in response to the
CASCaDE RFPrhantis/202412-3) which puts the digital engineering collaboration in the focus of consider@tran.
key problento be addressed for a seamlegiaborationbetween engineeis the semantic integratiaf information
connected with the product

CASCaRA defines a metamodel for a grdgased representation of information that abstracts from the semantic
representation using an ontoledyiven approach to formally describe the meaning of artifacts and their relationships. A
design principle of thepecification is to separate the syntax (metamodel) from the semantics (ontology) to ensure a
stable and resilient implementation of the specification while the semantics may evolve over time and new ontologies
may be included for the extension of the staddo other domains.

Additionally, CASCaRA defines a API to allow external operations to connect to the graph in support of queries and
analyses. CASCaRA will also provide a limited set of transformations (mappings) from source formats like ReqlF,
SysML, 3D CAD dTOf STEP, Epbrmats (Excel, ¢&).

The followingscenarios are considered to allindividual preferences aridfrastructure:

Archive
Package

I Y

'h-.|
i

Organization

Figure 1 Long -term Archiving

Organizationgrimarily in regulated industries need to archerggineering data at least for the lifetime of a product,
which maylastmany decade®atarequiresa standardized formatnd ontology without the need for special software.

—/—b{ Package-A }—\—’
Customer Supplier

4—\— Package-A* I

Figure 2 Collaboration Mode 1: Traditional File Transfer

Some organizationgsist permitting access to their IT infrastructirethers and prefer to exchange selected
information by file.In Collaboration Modd. partners operate aeparate databasasdsynchronize their data
periodically.

Customer

Y

Supplier
Package-A

Figure 3 Collaboration Mode 2: One partner provides Hub
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In collaborationmode?2 one of the partnersffers a common database fymchronousransactiorprocessingThe

remote partner receiv@ermission to access the data of interest usdéfigrentiatedfor create, read, update or delete
operations.

_r’/ _ = L‘\\.

) / Hub \:l

.f/' }\I
Customer |« —» ™ i »  Supplier
S Package-A ~N
|'; \ ' Il—"/
. / {
I'\ /r
N [ 7
\_E______,_.\\. ,/

—

Figure 4 Collaboration Mode 3: Hub as a Public Service

Collaboration Mode 3 is very similar to the previous scenario, except thairamon databasgperated by a third
party (sAsedhaSi)

Customer=1 _- Dataspace-A _-""'SUpr__I\ier—Q
P . — — | N
/| Package | [* / > age|
\| < | / o so

Cu#omer-z / Supplierﬁ/
rPackageﬁ. < > {-Package-;/
2 58]

—~
N space-B
~_ patasP -

_R-_—_ _____ﬂ_-—-’”’;f

Figure 5 Collaboration Mode 4: Federated Dataspace

In the most advanced scenario, each pareteinsfull control of her or his data and permiters toaccesdo dataof

interest. Dataspaces with distributed database created for transaction prodegsA part ner 6 s packag:
multiple dataspaces
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3.Conf or mance

This section is TBD

4. Nor matRiever ences

The following normative documents contain provisions which, through reference in this text, constitute provisions of this
specificationFor dated references, subsequent amendments to, or revisions of, any of these publicaticmspiy not

[KerML] Kernel Modeling Language (KerML), Version 1.0

[MOF] Meta Object Facility, Version 2.5.1
https://www.omg.org/spec/MOF/2.5.1

[OCL] Object Constraint Language, Version 2.4
https://www.omg.org/spec/OCL/2.4

[SMOF] MOF Support for Semantic Structures, Version 1.0
https://www.omg.org/spec/SMOF/1.0

[SysMLv1] OMG Systems Modeling Language (SysML), Version 1.7
(currently in preparation)

[UML] Unified Modeling Language (UML), Version 2.5.1
https://www.omg.org/spec/UML/2.5.1

Systems Modeling Language (SysML) v2
https://www.omgsysml.org/SysMP.htm

Systems Modeling APl and Services
https://www.omg.org/spec/SystemsModelingAPI

Requirement Interchange Format (ReqlF)
https://www.omg.org/spec/ReqlF/

Risk Analysis and Assessment Modeling Language (RAAML)
https://www.omg.org/spec/RAAML/1.0/AbotRAAML : The RAAML Version 1.0 specification defines extensions to
SysML needed to support safety and reliability analysis.

Business Process Model and Notation (BPMN)
https://www.omg.org/spec/BPMbhan be used to capture the processes used in preparing, maintaining, and using datase
T for the purpose of traceability and repeatability.

Pedigree and Provenance Model and Notation (PPMN)
https://www.omg.org/spec/PPMdan be used to capture the derivation and chain of custody of a dataset

Ontology Definition Metamodel (ODM)
https://www.omg.org/spec/ODMan be used to represent data structures in ontology and RDF formats

Commons Ontology Library
https://www.omg.org/spec/ COMMON@&ovides a set of reusable ontology patterns for common structures such as
identifiers
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https://www.omg.org/spec/MOF/2.5.1
https://www.omg.org/spec/OCL/2.4
https://www.omg.org/spec/SMOF/1.0
https://www.omg.org/spec/UML/2.5.1
https://www.omgsysml.org/SysML-2.htm
https://www.omg.org/spec/SystemsModelingAPI
https://www.omg.org/spec/ReqIF/
https://www.omg.org/spec/RAAML/1.0/About-RAAML
https://www.omg.org/spec/BPMN
https://www.omg.org/spec/PPMN
https://www.omg.org/spec/ODM
https://www.omg.org/spec/COMMONS

Distributed Ontology, Model, and Specification LanguégeL)
https://www.omg.org/dolgives interoperability a formal grounding and makes heterogeneous OMS and services based
on them amenable to checking of coherence (e.g., consistency, conservativity, intended consequences, and complianc

Multiple Vocabulary Facility (MVF)
https://www.omg.org/spec/MV.RProviding structures for representing glossaries/vocabularies as used by different
communities for common data elements.

Enterprise Knowledge Graph

https://www.omg.org/ekg/Shaping the future of enterprise knowledge management through collaboration and
innovation. At the forefront of this effort is our commitment to codifying industry consensus and best practices into
OMG specifications, reference models, and discussion papers

APIs for Knowledge Platforms

https://www.omg.org/spec/API4KP/1.0/AbeAPI4KP: This OMG specification defines the Application Programming
Interfaces for Knowledge Based Systems and Platforms (API4KP). The purpose of these APIs is to facilitate the
development and integration of knowledge graphs and knowdeaged systems in a broadaterprise framework

Common Warehouse Metamodel (CWM)
https://www.omg.org/spec/CWM he CWMcan be used to represent data structures in different enterprise formats,
including tabular/relational and XML; and its extraction and transformation (ETL) from original sources

System Package Data Exchange (SPDX)

https://www.omg.org/spec/SPDX/3.0/Betal/PFdata exchange format so that information about system packages

and related content (such as software, data sets, Al models, security, licencing, and build information) may be collectec
and shared in a common format with the goal of saving time and inmgrdeaita accuracy

Essence
https://www.omg.org/spec/Essence/2.0/Betal/Atitsgenc&he Kernel provides the common ground for defining
software development practices

Multiple Vocabulary Facility (MVF)

https://www.omg.org/spec/MVF/1.0/AboMVFE: OMG modeling communities include people that may communicate in
different natural or specialized languages. Often the patterns represented in models are reusable, either directly or witt
minor differences across organizations with a business, disciptidentain area. For effective interaction and user
understanding, modethallbe expressed in natural languages and sometimes nomenclatures or in terms of other
business vocabulary appropriate for the intended users.

Information Exchange Packaging Policy Vocabulary (IEPPV)

https://www.omg.org/spec/IEPPV/1.0/AbelEPPV: The vocabulary is intended to improve the accuracy, fidelity,
clarity, and consistency in the specification and design of data assembly and processing rules corresponding to
information sharing and safeguarding (ISS) policies.

Data Product Ontology (DPROD):

https://ekaf.qgithub.io/dprod/The concept of Data Products has emerged as organizations increasingly recognize the
value of data as an asset to be managed and distributed like any other product. As more companies adopt decentralize
data architectures, such as Data Mesh, the needidiodardized methods to describe and manage data products
consistently across platforms has become critical.

5 Terms and Definitions

For the purposes of this specification, the following terms and definitions apply.

Artifact - According to 1SG15288 arArtifact is a work product that is produced and used during a project to capture and
convey information. An artifact may be figgained such as a modelement or more coarggained such as business
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https://www.omg.org/dol/
https://www.omg.org/spec/MVF
https://www.omg.org/ekg/
https://www.omg.org/spec/API4KP/1.0/About-API4KP
https://www.omg.org/spec/CWM
https://www.omg.org/spec/SPDX/3.0/Beta1/PDF
https://www.omg.org/spec/Essence/2.0/Beta1/About-Essence
https://www.omg.org/spec/MVF/1.0/About-MVF
https://www.omg.org/spec/IEPPV/1.0/About-IEPPV
https://ekgf.github.io/dprod/

data objectoradatae t . Pl ease note that in this document the s|
English and OMG preference, whereasi$6 288 uses the spelling o6artefactod.

A Knowledge Graphrepresents knowledge in a structured form, storing entities and their relationships in a graph and
supporting reasoning over the data. RDF provides the-bgded structure (subjeptedicateobject) commonly used in
knowledge graphs

Sources: Paulheim, H. (2017): "Knowledge Graph Refinement: A Survey of Approaches and Evaluation Methods".,
"Knowledge Graphs: Fundamentals, Techniques, and Appl

Property Graphis a graph data model designed to represent and manage complex, interconnected data. It is characteri.
by nodes (entities or objects) and edges (relationships between nodes), where both nodes and edges can have associ
properties in the form of keyalue pairs.

Source "Graph Databases" by lan Robinson, Jim Webber, and Emil Eifrem
Product Informationor System Modetlescribes the product at MOF level MO.
Instancei Used synonymously to Objeahd Entity

Information Model is the metamodel of a system model, thus at MOF level MO1. It is defined by schema and
constraints.

A Schemais a means of representing an Information Model.
A source modebr partial modelconsists of entities, attributes and relations, following a specific schema or metamodel.
A Modelelementis the most general, atomic element of a system model.

Entity - An Entity or Resourceor Objectis an element athe system model (thus a mogdément) or node in the
knowledge graph.

A Relationis an element of the system model (thus a metizhent as well) connecting two resources/entities or edge
in the knowledge graph. Relation is the predicate in a statement.

A Statemenbr Triple corresponds to a pair of resources with a relation used as a logic assertion.

The CASCaDE Data PackagéCDP) stands for concrete product information according to the CASCaDE metamodel
and layered ontology. It may apply to serialized data in a file or to data persisted in a database. Furthermore it can app|
to the full dataset or an extracted subset. Imjaat is that its syntax and semantics comply with the CASCaDE standard.

A Termis the name of cognitive concept, thus a material or immathireg.
A Vocabularyis a list of controlled terms with a definition representing mademhent types.
A Taxonomyis a model whose structure (hierarchy) specifies generalization/ specialization relationships.

Source: ISO/IEC 11178: Information technology Metadata registries (MDR) Part 3: Registry
metamodel and basic attributes, Third edition, 20235

An Ontologyis a model that specifies a rich description of the
1 terminology, concepts, nomenclature;
1 relationships among and between concepts and individuals; and

1 sentences distinguishing concepts, refining definitions and relationships (constraints, restrictions, regular
expressions) relevant to a particular domain or area of interest.

Source: Elisa F. Kendall, Deborah L. McGuinness. Ontology Engineering. Synthesis Lectures on the Semantic Web:
Theory and Technology, Ying Ding and Paul Groth, Editors. Morgan & Claypool, 2019.
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6.Symbol s

Non specific in this document.

7.Addi ti onal | nf or mati on

7.1. Changes to Adopted OMG Specifications [optional]

None.
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8.Specification

8.1. Overview
CASCaRA responds to the CASCaDE RFP requirements to d

T Amet amwdeh schema and constraints to represent opr
ontol ogi es

T A concelpaty ebrosfrdo@ppgpyoach to semantically integrate |
met amodel

T A seotpeofaitn onnspport of synchronous and asynchronou

T A setraomfsf ofmam eowsrcemébamads!| t o t he

Ingeneral, CAS&SCagRhapEhodooapproach for the represemnsakieon
RDF, 1®0Mnd proger tundgerapgtomsi deration. A decision wa:¢
to support all g rnacpl hu dree par ewsi ednet artainognes otfo.t echnol ogi es

8.2. CASCaRA Metamodel

8.2.1. CASCaRA Metamodel Diagram
The following major design goals are pursued:

i Separate syntax and semantics: The metamodel governs the graph pattern independently of the ontology. Any
software depends on the metamodel and doesndt nee
i Simplify transformation: A graph pattern is designed which may be represented in RDFLIGGIQL and
OOP alike. Bidirectional transformations between any of those formats shall be possible withtagdlata
Admi tt edl ys ptohtids hobassw sseatydwinen eainpagex with any of the listed data formats, but
the choice of implementation technologies is maximized. Verification and validation will show that the resulting
expressivity of the graph is sufficient for the purpose.

The metamodel is a 'platform independent model' in OMG terms and defines both the classes (above the dashed line)
their instances (below the dashed line) for the CASCaRA Product Information Batptthe classes and the instances
are data:

i Entity andanEntityare used for model elements, such as a requirement, a function or a system component.

i RelationshipandaRelationshifare used for relations between elements, such as a 'system component satisfies ¢
requirement'. A relationship class may define the classes of entities or relationships, whose instances are eligit
as source or target in a directed relationship.

i Every Entity andRelationshipcan define an individual set Broperty each of which specifies a data type and
range. For example, a requirement might have thre
l ength 96fA, a ADescriptionfi with data tyme ASStriiinmg
with a single choice of ['"high', medium', 'l ow']

i A datatype may be any of those known from XML. As described above, some parameters may restrict the valu
range, such as minimum and/or maximum value of a number, a string length or a set of enumerated values.

i anEntityor aRelationships an instance dEntity or Relationshiprespectively. Each instance usually has a set of
aPropertycorresponding with thBropertyof its class.

Note:

1 "Technical" superlass and sublass refer to the UML elements used in this metamodel by means of
UML:Generalization.
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i "Semantic" supeclass and sublass refer to associations between the real world instances of the metamodel
items as specified by the UML associations hamed 'specializes'.

i As usual, the classes with white background and italic name are abstract.

package CASCaRA Metamodel [ [ CASCaRA Metamodel Diagram | J

ftem

aftributes
+ftemType : String [1]

Classes ‘[
derived from
the ontology. |

ldentifiable

attributes
+id : String [1]

+titie * String [0..1]
~description * String [0..1]

Link
1
o
T
(S 1
enumeratedTargetLink A
enumeratedEndpoint W
enumeratedSourceLink A enumeratedTargetlink &
1
Element - Property
attribuies attribuies
+icon - String [0..1] 0.* 0.% |+datatype : String [1]
0. 0.+ 0. -+minCount - Integer [0..1]
- -maxCount : Integer [0..1]
Entity Relationship +maxLength : Integer [0.1]

+pattern : String [0..1]
~mininclusive : Real [0..1]
-maxinclusive : Real [0..1]
+enumeratedvalue (0.7
o o —|+defauttvaie [0.1] 0.r
0. |+unit : String [0..1]

[X] 1 (KT ]

0.1
Specaizes B specializes - Specaizes B Composes B
hasClass &
0.
hasCiass A aLink hasClass A hasCiass A
1
asourceLink

Instances:

Product information hasEndpoint ¥ M

gathered from

different Sources. aTargetLink

=l hasTargetlink
0 1
hasTargetLink A
1 o.:
anElement aProperty
- hasProperty I attributes
~modified : String [1] 1 0.7 |evalue [1.7]
+revision : String [1] * i .
0. 0. o [ 0
String [0.7] [
anEntity +creator : String [0.1] aRelationship

0.1
composes B

Properties

Element Type Diagram
Notation UML Class Diagram
Statements

CASCaRA Metamod contains CASCaRA Metamodel Diagram
v Link

v |dentifiable

__unit
CASCaRA Metamodel Diagré shows ° enumeratedValue

v aLink

minlnclusive

icon
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" _creator
T title
v ltem

v aRelationship
v Entity

" __minCount
v__anElement
_id
"__defaultValue
" value
_itemType
"__datatype

v Property

v Element

" _maxCount

" description
" _maxlInclusive

"__priorRevision
"__modified

v Relationship
" pattern
v__aTargetLink
v__anEntity
v__aProperty
"__maxLength

v _aSourcelLink
"__revision

8.2.2. v lItem

The technical supeaslass of all CASCaRA metamodel items specifying the type of item to allow for simple schema
checking and transformation.

Details:

T The class is abstract.

Properties
Element Type Class
Statements
CASCaRA Metamod contains v ltem
v Item has part ~_itemType
v__aProperty
v |dentifiable specializes v ltem
v alink
CASCaRA Metamodel Diagr: shows v ltem
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8.2.3. 3 itemType

Here it is modeled as a string, but in fact it is an enumeration containing all concrete metamodel items (represented as
UML classes), thus [Link, Property, Entity, Relationship, aPackage, aSourcelLink, aTargetLink, aProperty, anEntity,
aRelationship].

Properties
Element Type uml:Property
Statements
v_Item has part " itemType

CASCaRA Metamodel Diagr: shows T itemType

8.2.4. v I|dentifiable

All technical subclasses of this class are identifiable, means they have an identifier, a title (hame) and optionally a
description.
Details:

T The class is abstract.

i All attributes are inherited by its subclasses.

1 All class level items in the upper part of the diagram are commonly released and made available with an URL
path including the revision. Hence, multiple revisions of the class set may exist in parallel.

i All instance level items in the lower part of the diagram may have individual revisions with their respective
revision, modification date and creator. The prior revision identifier is memorized to support change history anc
branching. In case of a mergkete are two prior revisions.

Properties
Element Type Class
Statements
CASCaRA Metamod contains v |dentifiable
_id
v |dentifiable has part " title
"__description
v Element
v Link . -
specializes v |dentifiable
v _anElement
v Property
v |dentifiable specializes v ltem
CASCaRA Metamodel Diagr: shows v |dentifiable
8.25. 3 id
Properties
Element Type uml:Property
Statements
v |dentifiable has part T id
CASCaRA Metamodel Diagr: shows T id
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8.2.6. 3 title
Properties
Element Type uml:Property
Statements
v |dentifiable has part T title
CASCaRA Metamodel Diagr: shows T title

8.2.7. 3 description
Properties
Element Type uml:Property
Statements
v__ldentifiable has part " description
CASCaRA Metamodel Diagr: shows " description

8.2.8. v Element
A technical supeclass ofEntity (class of entities) anRelationship(class of relationships).
Details:

1 The class is abstract.
i All attributes and associations are inherited by its technicatkdses Entity and Relationship.

Properties
Element Type Class
Statements
CASCaRA Metamod contains v Element
v Element has part " _icon
v Element enumeratedProperty v Property
v Link enumeratedEndpoint v Element
——=MY .Entlt- specializes v Element
v Relationship
v Element specializes v |dentifiable
CASCaRA Metamodel Diagr: shows v Element
8.2.9. 3 icon
An icon defined with a class can be used to decorate the instances.
Example:

T Folders as sublass of Organizer and thus Entity may specify a \8Tdharacter for use by folders grouping
certain modeklements.
i A dataURL of an icon is also permitted.
Properties
Element Type uml:Property
Statements
v_Element has part " icon
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CASCaRA Metamodel Diagr: shows " icon

8.2.10. v Property

Every clas€Entity andRelationshipcan have an individual set of configurable properties, each of which is uniquely
defined by datatype and range. A Property is an owl:ObjectProperty when enumeratedValues are defined and is an
owl:DatatypeProperty otherwise.

Example: A requirement might have a list with three properties, such as

i Tilewi th data type AString of max. |l ength 961,
1 Descriptionwi t h data type AStringidi w2thout |l ength restr
1 Prioritywi t h data type AString with a single choice of

Details:

i Property class must have a title and may have a description named.

i Property class may define a minimum and maximum count of values.

i Property class must define a datatype and may restrict its range by mininclusive, maxinclusive or or a pattern
defined by Regular Expression.

i Property class may define a set of enumerated values which must of course satisfy its own data type and rang

A property class may define a default value which must of course satisfy its own data type and range.

i Property class may be composed of multiple property classes to form a structured data type (xs:complexType)
The structure must be a tree, thus without cyclic dependency.

=

Properties
Element Type Class
Statements
CASCaRA Metamod contains v Property
__datatype

" _minCount
" _maxCount

" _maxLength

N

pattern
" minInclusive

"__maxInclusive
"__enumeratedValue
" defaultValue
__unit
v__aProperty hasClass v Property
v__Element enumeratedProperty v Property

v Property
v |dentifiable

v Property composes v Property
CASCaRA Metamodel Diagr: shows v Property

v Property has part

v Property specializes

8.2.11. 3 datatype
One of the xs: data typeShall be anyURI.

Properties
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Element Type uml:Property

Statements
v Property has part " datatype
CASCaRA Metamodel Diagr: shows " datatype
8.2.12. 3 minCount
The minimal count an instance may have properties of this t&a85by default.
Properties
Element Type uml:Property
Statements
v Property has part " minCount
CASCaRA Metamodel Diagr: shows " minCount
8.2.13. 3 maxCount

The maximal count an instance may have properties of this [dassbhounded (infinite) by default.
Properties

Element Type uml:Property

Statements
v Property has part " maxCount
CASCaRA Metamodel Diagr: shows " maxCount
8.2.14. 3 maxLength

Maximum length of a property value with datatype 'xs:string'. Is not allowed with any other datatype.

8.2.14.1. Properties
Element Type uml:Property

8.2.14.2. Statements

v Property has part " maxLength
CASCaRA Metamodel Diagr: shows " maxLength

8.2.15. 2 pattern
A Regular Expression that must evaluate successfully with the property valualsGdre used to limit the number of
decimals of a number, as there is no restriction like xs:fractionDigits in SHACL.

Properties
Element Type uml:Property
Statements
v Property has part " pattern
CASCaRA Metamodel Diagr: shows " pattern
8.2.16. 3 mininclusive

The minimum value a property of this type may have. May be applied only for numeric datatypes. It the intrinsic
minimum value of the datatype by default.

Properties
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Element Type uml:Property

Statements
v Property has part " mininclusive
CASCaRA Metamodel Diagr: shows " minInclusive
8.2.17. 3 maxinclusive

The maximum value a property of this type may have. May be applied only for numeric datatypes. It the intrinsic
maximum value of the datatype by default.

Properties
Element Type uml:Property
Statements
v Property has part " maxinclusive
CASCaRA Metamodel Diagr: shows * maxInclusive
8.2.18. 3 enumeratedValue

A property may be assigned zero to many values enumerated by its class. Enumerated values can be defined for all
datatypes. By default all values in the range of the datatype can be assigned.

Properties
Element Type uml:Property
Statements
v Property has part ~ enumeratedValue
CASCaRA Metamodel Diagr: shows * enumeratedValue
8.2.19. 3 defaultValue

Optional default value(s) in case a modelElement's property does not have an individual value. It must follow the
definitions of the PropertyClass, of course.

Here, the attribute is named 'sh:defaultValue' for clarity and may just be called 'values' in an implementation, as all
restrictions and operations of a property's values apply.

Properties
Element Type uml:Property
Statements
v Property has part " defaultValue
CASCaRA Metamodel Diagr: shows " defaultvalue
8.2.20. 3 unit

A unit as defined by the International System of Units (SI). A unit can only be defined for a numeric dBatieRult
the property has no unit.

Properties
Element Type uml:Property
Statements
v Property has part " unit
CASCaRA Metamodel Diagr: shows " unit
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8.2.21. v Link

A Link is an identifiable link class. A Link is an owl:ObjectProperty.
Example:

1 An Organizer (semantic stddass of Entity) may list ModdElements (another semantic stlbss of Entity) to
provide a document outline.
i As such the Link cladsstsis specified as enumeratedTargetLink by Organizer.

Properties
Element Type Class
Statements
CASCaRA Metamod contains v Link
v_alink hasClass v Link
U_E—nm¥ enumeratedTargetLink v Link
v Relationship
v Link enumeratedEndpoint v Element
v Relationship enumeratedSourceLink v Link
v Link specializes v__|dentifiable
CASCaRA Metamodel Diagr: shows v Link
8.2.22. v Entity

Entity is a class of model elements, such as a system component or a requi@nignity is an owl:Class.
Details:

i Entity should have a title (name) and may have a description (definition).

i Entity may specify (configure) zero to many classes of properties its instances may have.

i The definitions of the entity together with those of the properties may be used to build user dialogs with input
verification as well as to check its instances whether all property values have a correct type and value range a:
well as whether all requireshes are present.

Properties
Element Type Class
Statements
CASCaRA Metamod contains v Entity
v Entity specializes —EL
v Element
v Entity enumeratedTargetLink v Link
v__anEntity hasClass v Entity
CASCaRA Metamodel Diagr: shows v Entity
8.2.23. v Relationship

Relationship is a class of relationships between two entities to allow assertions such as 'a system component satisfies
requirement'. All relationships are bilateral and directed. This allows for statements according to propositional logic.
They can be a&sily mapped to many technologies such as RDF or even Regjtg reified, a Relationship is an

owl:Class.

Details:
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i Relationshipmust have a title (name) and may have a description (definition).

1 Relationship lists zero to many property classes its instances may have.

1 Relationship may define (configure) entitiy classes or relationship classes, whose instances are eligible as sou
resp. target in a relationship. If none are defined, all entities and relationships are eligible.

i Relationship is reified (as a rdfs:Resource in RDF), so that it can be a source or target of another Relationship
to make a statement on a statement.

i The definitions of a relationship together with those of their properties may be used to build user dialogs with
input verfication and to check its instances whether all properties have a correct type and value range as well ¢
whether all required onesapresent.

Properties
Element Type Class
Statements
CASCaRA Metamod contains v Relationship
v__aRelationship hasClass v Relationship
v Relationship enumeratedTargetLink v Link
. . . v Relationship
v Relationship specializes
v Element
v Relationship enumeratedSourceLink v Link
CASCaRA Metamodel Diagr: shows v Relationship
8.2.24. v anElement
A technical superclass ahEntityandaRelationship
Detalils:

1 The class is abstract.

i All attributes and associations are inherited by itsdabses.

i Subclasses may have individual revisions with revision id, modification date and creator. The prior revision id
is memorized to support change history and branching. In case of a merge, there are two prior revisions.

Properties
Element Type Class
Statements
CASCaRA Metamod contains v anElement
"__modified
revision
v anElement has part . . -
priorRevision
"__creator

v anElement hasProperty v aProperty

v alink hasEndpoint v anElement
v__anEntity .
- - specializes v anElement
v aRelationship
v anElement specializes v |dentifiable
CASCaRA Metamodel Diagr: shows v anElement
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8.2.25. 3 modified
A ISO-8601 DateTime value recording the point in time of the last change.

Properties
Element Type uml:Property
Statements
v__anElement has part " modified
CASCaRA Metamodel Diagr: shows " modified
8.2.26. 3 revision
A unique string identifying the revision of the entity or relationship instance.
Properties
Element Type uml:Property
Statements
v__anElement has part " revision
CASCaRA Metamodel Diagr: shows " revision
8.2.27. 3 priorRevision

Links to the previous revisions of an entity or relationship instdteea list with

1 zero elements, if it is the first revision,
i one element for a subsequent revision or
i two elements when two branches are merged.

Properties
Element Type uml:Property
Statements
v__anElement has part " priorRevision
CASCaRA Metamodel Diagr: shows " priorRevision
8.2.28. 3 creator
The person committing the last change. Is often-arai address.
Properties
Element Type uml:Property
Statements
v__anElement has part  creator
CASCaRA Metamodel Diagr: shows " creator
8.2.29. v aProperty

Each property belongs to a sin@atity or Relationship A property haso identifier, thus a property update results in a
new revision of the element to which it belongs. Is ‘payload’ having a clear meaning through the respective Property
class.

Detalils:

i A property may be required or not depending on the attributes sh:minCount and sh:maxCount of its class, but
existing property must have a value.
1 A property may be composed of multiple properties to form a structured data set accordiRgdpdtsyclass.
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Properties
Element Type Class

Statements
CASCaRA Metamod contains v aProperty
v aProperty has part "__value
v__anElement hasProperty v aProperty
v aProperty composes v aProperty
v aProperty hasClass v Property
v aProperty specializes v__Item
CASCaRA Metamodel Diagr: shows v aProperty
8.2.30. 3 value
The value of a property.
Details:
i If the datatype of the property's class is string, the value is a language string consisting of value and IETF
language tag.
1 Otherwise the value is a simple value.
Properties
Element Type uml:Property
Statements
v__aProperty has part value
CASCaRA Metamodel Diagr: shows value
8.2.31. v alink
Is a technical supetlass for link instances.
Details:
bl The class is abstract.
i A list of enumerated endpoints (references) per link instance is possible.
Properties
Element Type Class
Statements
CASCaRA Metamod contains v alink
v alink hasClass v Link
v aLink hasEndpoint v __anElement
v__aSourceLink . )
i specializes v aLink
v aTargetLink
v aLink specializes v ltem
CASCaRA Metamodel Diagr: shows v alink
8.2.32. v aSourcelLink

A link instance serving as source for a reified relationship.

CASCaRA, version 1.2

29



From a semantic point of view, there is no need to make a distinction between aSourceLink and aTargetLink at the
metamodel level. The distinction can be doneiamdade at ontology level in the CASCaRA Semantic Infrastructure.
However it is much easier to check the pattern/schema/shape, if the metamodel item type is explicit.

Example:

i A single 'satisfies' relationship can relate one or many function instances to a requirement instance.

Properties
Element Type Class
Statements
CASCaRA Metamod contains v aSourceLink
v aRelationship hasSourceLink v aSourceLink
v aSourceLink specializes v alink
CASCaRA Metamodel Diagr: shows v aSourcelLink
8.2.33. v aTargetLink

A link instance serving as target for a reified relationship.

From a semantic point of view, there is no need to make a distinction between aSourceLink and aTargetLink at the
metamodel level. The distinction can be doneiamdade at ontology level in the CASCaRA Semantic Infrastructure.
However it is much easier to check the pattern/schema/shape, if the metamodel item type is explicit.

Example:

i A single 'satisfies' relationship can relate a function instance to one or multiple requirement instances (targets).

Properties
Element Type Class
Statements
CASCaRA Metamod contains v aTargetLink
v__anEntit :
_—Y hasTargetLink v aTargetLink
v _aRelationship
v aTargetLink specializes v _alink
CASCaRA Metamodel Diagr: shows v aTargetLink
8.2.34. v anEntity

Is used for instances of modelements such as a system component or a requirement. Is ‘payload' having a clear
meaning through the respective Entity class.
Details:

i An entity must have either a title or a descriptiam both. This allows to compose documents including text
paragraphs without title.
i The entity's class enumerates the classes of properties it may have.
Properties
Element Type Class
Statements
CASCaRA Metamod contains v anEntity

v anEntity hasTargetLink v_aTargetLink
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v anEntity hasClass v Entity
v anEntity specializes v_anElement
CASCaRA Metamodel Diagr: shows v anEntity

8.2.35. v aRelationship

Is used for relations between entities, such as a 'system component satisfies a requirement'. All relationships are bilate
and directed. Is 'payload' having a clear meaning through the respective Relationship class.
Details:

i This is a reified graph edge and must have exactly one source and target entity each. The source must be an
entity or relationship with a class defined by an eligible source classRélasionshipThe same applies for
the target.

1 Even though a relationship instance may have an individual title, it is advised to omit it and assume its class'
titte when needed to assure that relationships of the same class are named equally.

i The relationship's class enumerates the classes of properties it may have.

Properties
Element Type Class
Statements
CASCaRA Metamod contains v aRelationship
v aRelationship hasClass v Relationship
v aRelationship hasTargetLink v _aTargetLink
v aRelationship hasSourceLink v aSourceLink
v aRelationship specializes v__anElement
CASCaRA Metamodel Diagr: shows v aRelationship

8.3. CASCaRA Semantic Infrastructure

8.3.1. CASCaRA Semantic Infrastructure Diagram

The CASCaRA Semantic Infrastructure complements the CASCaRA Metamodel by furtiasssibg its items. The

idea is to keep the metamodel as simple as possible without sacrificing semantic precision.

Let's consider the paradigma of separating syntax and semantics with the objective to shield the software from an
ontology under evolution over time. In all likelihood, the CASCaRA Semantic Infrastructure will be used by software for
reasons of simplicityTherefore it is advised to treat the semantic infrastructure similarly to the metamodel: Change it
seldomly and keep it downward compatible. That is, software built assuming an older version shall not break when a ne
version is adopted).

In any case an ontology for use with the CASCaRA Metamodel SHALickss the items of the CASCaRA Semantic
Infrastructure.
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package CASCaRA Semantic Infrastructure [ CASCaRA Semantic Infrastructure Diagram ])
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v Property
v shows

v Event

v Organizer

v Entity

v Model-Element
v Tree

8.3.2. v Property

The semantic foundation for all Property (class) definitions. Is an owl:DatatypeProperty when the value is a literal or an

owl:ObjectPropertyvhen the value is a reference to an enumerated value.

Properties
Element Type cas_meta:Property
Statements
CASCaRA Semantic Infrastructt  contains v Property
CASCaRA Semantic Infrastructure Diag shows v Property
8.3.3. v Link
The semantic foundation for all Link (class) definitiolssan owl:ObjectProperty.
Properties
Element Type cas_meta:Link
Statements
CASCaRA Semantic Infrastructi contains v Link
v depicts
v_lists
v shows specializes - Link
v targetLink
v__sourceLink
CASCaRA Semantic Infrastructure Diag shows v Link
8.3.4. v lists

A Link class for use b@utlineto enumerate eligiblEntity and/orRelationshipclasses.
Properties

Element Type cas_meta:Link

Statements
CASCaRA Semantic Infrastruct contains v lists
v lists enumeratedEndpoint ——~eallonsh Rel.atIOI’lShI
v Entity
v Quitline enumeratedTargetLink v lists
v lists specializes v Link
CASCaRA Semantic Infrastructure Diag shows v lists
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8.3.5. v shows

A Link class for use byiew to enumerate eligiblEntity and/orRelationshipclasses that are visible on a view (e.g.
modeltdiagram).

Properties
Element Type cas_meta:Link
Statements
CASCaRA Semantic Infrastruct contains v shows
v shows enumeratedEndpoint  +  Model-Element
v View enumeratedTargetLink - shows
v shows specializes v Link
CASCaRA Semantic Infrastructure Diag shows v shows

8.3.6. v depicts

A Link class for use byiew to enumerate eligiblEntity and/orRelationshipclasses that can own a view (e.g. medel
diagram).

Properties
Element Type cas_meta:Link
Statements
CASCaRA Semantic Infrastructi contains v depicts
v depicts enumeratedEndpoint  ©  Model-Element
v View enumeratedTargetLink - depicts
v depicts specializes v Link
CASCaRA Semantic Infrastructure Diag shows v depicts

8.3.7. v sourcelLink
A Link class for use byiew to enumerate eligiblEntity and/orRelationshipclasses that can serve as a source of a

Relationship
By further specializing this class, a speaking title can be given to a sourceLink, such as 'employee' in a 'worksFor'
relationship being a specialization®élationship

Properties
Element Type cas_meta:Link
Statements
CASCaRA Semantic Infrastruct contains v sourceLink
v_Relationship  enumeratedSourceLink - sourceLink
v sourceLink specializes v Link
CASCaRA Semantic Infrastructure Diag shows v sourceLink

8.3.8. v targetLink
A Link class for use byiew to enumerate eligiblEntity and/orRelationshipclasses that can serve as a target of a

Relationship
By further specializing this class, a speaking title can be given to a targetLink, such as 'employer" in a ‘worksFor

relationship being a specialization®élationship
Properties
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Element Type cas_meta:Link

Statements
CASCaRA Semaritifrastructure contains v targetLink
v_Relationship  enumeratedTargetLink v targetLink
v targetLink specializes v Link
CASCaRA Semantic Infrastructure Diag shows v targetLink
8.3.9. v Entity
The semantic foundation for all Entity (class) definitioissan owl:Class.
Properties

Element Type cas_meta:Entity

Statements
CASCaRA Semantic Infrastruct contains v Entity
v ists enumeratedEndpoint v Entity
v Enumeration
v ModelElement specializes v Entity
v QOrganizer
CASCaRA Semantic Infrastructure Diag shows v Entity
8.3.10. v QOrganizer

An Organizer is abouiresentinggenuineModelElemens with a target group of users in mind, for example a document
outline, a table or a diagram.

Properties
Element Type cas_meta:Entity
Statements
CASCaRA Sematritifrastructure contains v Organizer
v_Table
v View - .
specializes v Organizer
v Tree
v Root
v Organizer  specializes v Entity
CASCaRA Semantic Infrastructure Diag shows v QOrganizer
8.3.11. v Table

A specializedOrganizewith elements (cells) arranged twiomensionally in columns and rows. Any element SHALL
contain a reference to afntity or Relationship

Properties

Element Type cas_meta:Entity
Statements
CASCaRA Semantic Infrastructi contains v Table

v Table specializes v Organizer
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CASCaRA Semantic Infrastructure Diag shows v Table

8.3.12. v Tree

A specializedOrganizewith elements (nodes) arranged in a strictly hierarchical manner. Any element SHALL contain a
reference to anfgntity or Relationship

Properties

Element Type cas_meta:Entity

Statements
CASCaRA Semantic Infrastruct contains v Tree
v Qutline specializes - Tree
v Tree specializes v QOrganizer
CASCaRA Semantic Infrastructure Diag shows v Tree
8.3.13. v Qutline

A tree (hierarchical arrangement) of references to graph nodes (vertices) to create a reading sequence. Graph nodes
include Entity andRelationship Outline is used at any level of the tree like a directory folder or universally for section,
chapter and paragraph of a document.

Properties
Element Type cas_meta:Entity

Statements
CASCaRA Semantic Infrastruct contains v QOutline
v Qutline enumeratedTargetLink v lists
v Qutline specializes v Tree
CASCaRA Semantic Infrastructure Diag shows v Qutline
8.3.14. v View

A specializedOrganizemwith elements displayed in two or three dimensions such as a-tiegeam, 3D visualization
or piechart.Any element SHOULD reference aiytity or Relationship

Properties

Element Type cas_meta:Entity

Statements
CASCaRA Semantic Infrastruct contains v View
. v show
v View enumeratedTargetLink = SNOW: 0, S
v depicts
v View specializes v Qrganizer
CASCaRA Semantic Infrastructure Diag shows v View
8.3.15. v Root

A root class serves to anchor organizer structures in a data package. While a graph has no start and no end, a root
instance with a subordinated organizer structure offers a way to explore the graph for a given purpose.
Example:

i A document outline anchored at a root element would define a document to read by auditors and perhaps
another one for potential customers.
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i When querying all instances of class Root, a list of available documents is returned.

Properties
Element Type cas_meta:Entity
Statements
CASCaRA Semantic Infrastruct contains v Root
v Root specializes v Qrganizer
CASCaRA Semantic Infrastructure Diag shows v Root
8.3.16. v Model-Element

A Model-Element is an artifacepresentinga genuine part of a system specification in contrast ©rganizemwhich is
aboutpresentingnodetelements.

Properties
Element Type cas_meta:Entity
Statements
CASCaRA Semantic Infrastruct contains v ModelElement
=_depicts enumeratedEndpoint + Model-Element
v shows
v__Actor
v Event specializes v ModelElement
v State
v Model-Element specializes v__Entity
CASCaRA Semantic Infrastructure Diag shows v ModelElement
8.3.17. v Actor

A fundamental modetlement class for actors (e.g. users, functions, systems, components, ...).
Properties

Element Type cas_meta:Entity

Statements
CASCaRA Semantic Infrastructi contains v Actor
v Actor  specializes < ModelElement
CASCaRA Semantic Infrastructure Diag shows v Actor
8.3.18. v State

A fundamental modetlement class for states (e.g. system or process states, information, form, color, ...).
Properties

Element Type cas_meta:Entity
Statements
CASCaRA Semantic Infrastruct contains v State
v State  specializes - ModelElement
CASCaRA Semantic Infrastructure Diag shows v State
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8.3.19. v  Event

A fundamental modetlement class for events (e.g. environmental or process events, ...).

Properties
Element Type cas_meta:Entity
Statements
CASCaRA Semairitifrastructure contains v Event
v Event specializes < Model-Element
CASCaRA Semantic Infrastructure Diag shows v Event
8.3.20. v Enumeration
A finite list of values for Properties.
Properties
Element Type cas_meta:Entity
Statements
CASCaRA Semantic Infrastructi contains v Enumeration
v Enumeration  specializes v __ Entity
CASCaRA Semantic Infrastructure Diag shows v Enumeration
8.3.21. v Relationship
The semantic foundation for all Relationship (class) definititman owl:Class.
Properties
Element Type cas_meta:Relationship
Statements

CASCaRA Semantic Infrastruct
v_lists

v Relationship

v Relationship

CASCaRA Semantic Infrastructure Diag

8.4. Model Elements (Glossary)

Properties

Element Type Model Elements (Glossary)

8.4.1. v Actor

contains v Relationship
enumeratedEndpoint v Relationship
enumeratedTargetLink v targetLink
enumeratedSourceLink v sourceLink
shows v Relationship

A fundamental modetlement class for actors (e.g. users, functions, systems, components, ...).

Properties
Element Type cas_meta:Entity
Statements

CASCaRA Semantic Infrastructi

contains v Actor

v Actor
CASCaRA Semantic Infrastructure Diag

specializes v Model-Element

shows v

Actor
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8.4.2. v alLink

Is a technical supeaslass for link instances.
Details:

i The class is abstract.
i A list of enumerated endpoints (references) per link instance is possible.

Properties
Element Type Class
Statements
CASCaRA Metamod contains v alink
v aLink hasClass v Link
v aLink hasEndpoint v anElement
v__aSourceLink . .
: specializes v alLink
v_aTargetLink
v aLink specializes v Item
CASCaRA Metamodel Diagr: shows v alLink

8.4.3. v anElement

A technical superclass ahEntityandaRelationship
Details:

T The class is abstract.

i All attributes and associations are inherited by itsdabses.

i Subclasses may have individual revisions with revision id, modification date and creator. The prior revision id
is memorized to support change history and branching. In case of a merge, there are two prior revisions.

Properties
Element Type Class
Statements
CASCaRA Metamod contains v anElement
"__modified
v anElement has part \M‘. :
priorRevision
"__creator
v anElement hasProperty v aProperty
v _aLink hasEndpoint v anElement
M specializes v anElement
v__aRelationship
v anElement specializes v __|ldentifiable
CASCaRA Metamodel Diagr: shows v anElement

8.4.4. v anEntity

Is used for instances of moeements such as a system component or a requirement. Is 'payload' having a clear
meaning through the respective Entity class.
Details:
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i An entity must have either a title or a descriptiam both. This allows to compose documents including text
paragraphs without title.
i The entity's class enumerates the classes of properties it may have.

Properties
Element Type Class
Statements
CASCaRA Metamod contains v anEntity
v anEntity hasTargetLink v_aTargetLink
v anEntity hasClass v Entity
v anEntity specializes v_anElement
CASCaRA Metamodel Diagr: shows v anEntity

8.4.5. v aProperty

Each property belongs to a singdatity or Relationship A property hasoidentifier, thus a property update results in a
new revision of the element to which it belongs. Is ‘payload’ having a clear meaning through the respective Property
class.

Details:

1 A property may be required or not depending on the attributes sh:minCount and sh:maxCount of its class, but
existing property must have a value.
i A property may be composed of multiple properties to form a structured data set accordiRgapéts/class.

Properties
Element Type Class
Statements
CASCaRA Metamod contains v aProperty
v aProperty has part ~__value
v__anElement hasProperty v aProperty
v aProperty composes v__aProperty
v aProperty hasClass v Property
v aProperty specializes v__Item
CASCaRA Metamodel Diagr: shows « aProperty

8.4.6. v aRelationship

Is used for relations between entities, such as a 'system component satisfies a requirement'. All relationships are bilate
and directed. Is 'payload' having a clear meaning through the respective Relationship class.

Detalils:

i This is a reified graph edge and must have exactly one source and target entity each. The source must be an
entity or relationship with a class defined by an eligible source classRélasonshipThe same applies for
the target.

i Even though a relationship instance may have an individual title, it is advised to omit it and assume its class'

titte when needed to assure that relationships of the same class are named equally.
i The relationship's class enumerates the classes of properties it may have.

Properties
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Element Type Class

Statements
CASCaRA Metamod contains v aRelationship
v aRelationship hasClass v Relationship
v aRelationship hasTargetLink v__aTargetLink
v aRelationship hasSourceLink v _aSourceLink
v aRelationship specializes v__anElement
CASCaRA Metamodel Diagr: shows v aRelationship

8.4.7. v aSourceLink

A link instance serving as source for a reified relationship.

From a semantic point of view, there is no need to make a distinction between aSourceLink and aTargetLink at the
metamodel level. The distinction can be doneiamdade at ontology level in the CASCaRA Semantic Infrastructure.
However it is much easier to check the pattern/schema/shape, if the metamodel item type is explicit.

Example:

i A single 'satisfies' relationship can relate one or many function instances to a requirement instance.

Properties
Element Type Class
Statements
CASCaRA Metamod contains v aSourcelLink
v aRelationship hasSourceLink v aSourceLink
v aSourceLink specializes v _alink
CASCaRA Metamodel Diagr: shows v aSourceLink

8.4.8. v aTargetLink

A link instance serving as target for a reified relationship.

From a semantic point of view, there is no need to make a distinction between aSourceLink and aTargetLink at the
metamodel level. The distinction can be doneiamdade at ontology level in the CASCaRA Semantic Infrastructure.
However it is much easier to check the pattern/schema/shape, if the metamodel item type is explicit.

Example:

i A single 'satisfies' relationship can relate a function instance to one or multiple requirement instances (targets).

Properties
Element Type Class
Statements
CASCaRA Metamod contains v aTargetLink
M hasTargetLink v aTargetLink
v _aRelationship
v aTargetLink specializes v_aLink
CASCaRA Metamodel Diagr: shows v aTargetLink

8.4.9. 3 creator
The person committing the last change. Is often-arai address.
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Properties
Element Type uml:Property

Statements
v _anElement has part  creator
CASCaRA Metamodel Diagr: shows " creator
3 datatype
One of the xs: data typeShall be anyURI.
Properties
Element Type uml:Property
Statements
v Property has part " datatype
CASCaRA Metamodel Diagr: shows " datatype
8.4.10. 3 defaultValue

Optional default value(s) in case a modelElement's property does not have an individual value. It must follow the
definitions of the PropertyClass, of course.

Here, the attribute is named 'sh:defaultValue' for clarity and may just be called 'values' in an implementation, as all
restrictions and operations of a property's values apply.

Properties
Element Type uml:Property
Statements
v Property has part * defaultvalue
CASCaRA Metamodel Diagr: shows * defaultvalue
8.4.11. v depicts

A Link class for use byiew to enumerate eligiblEntity and/orRelationshipclasses that can own a view (e.g. medel
diagram).

Properties
Element Type cas_meta:Link
Statements
CASCaRA Semantic Infrastructi contains v depicts
v depicts enumeratedEndpoint  +  Model-Element
v View enumeratedTargetLink - depicts
v depicts specializes v Link
CASCaRA Semantic Infrastructure Diag shows v depicts
8.4.12. 3 description
Properties
Element Type uml:Property
Statements
v _ldentifiable has part " description
CASCaRA Metamodel Diagr: shows " description
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8.4.13. v Element
A technical supeclass ofEntity (class of entities) anBelationship(class of relationships).
Details:

1 The class is abstract.
1 All attributes and associations are inherited by its technicatkdses Entity and Relationship.

Properties
Element Type Class
Statements
CASCaRA Metamod contains v Element
v Element has part " _icon
v Element enumeratedProperty v__Property
v Link enumeratedEndpoint v Element
w specializes v Element
v Relationship
v Element specializes v |dentifiable
CASCaRA Metamodel Diagr: shows v Element
8.4.14. v Entity

Entity is a class of model elements, such as a system component or a requidanigriity is an owl:Class.
Details:

i Entity should have a title (hame) and may have a description (definition).

i Entity may specify (configure) zero to many classes of properties its instances may have.

i The definitions of the entity together with those of the properties may be used to build user dialogs with input
verification as well as to check its instances whether all property values have a correct type and value range as
well as whether all requireshes are present.

8.4.14.1. Properties
Element Type Class

8.4.14.2. Statements

CASCaRA Metamod contains v Entity
- v Entity
v Entity specializes
v Element
v Entity enumeratedTargetLink v Link
v__anEntity hasClass v Entity
CASCaRA Metamodel Diagr: shows v Entity
8.4.15. v Entity
The semantic foundation for all Entity (class) definitioissan owl:Class.
Properties

Element Type cas_meta:Entity

Statements
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CASCaRA Semantic Infrastructi contains v Entity
v |ists enumeratedEndpoint v Entity
v_Enumeration
v ModelElement specializes v Entity
v Organizer
CASCaRA Semantic Infrastructure Diag shows v Entity

8.4.16. 3 enumeratedValue
A property may be assigned zero to many values enumerated by its class. Enumerated values can be defined for all
datatypes. By default all values in the range of the datatype can be assigned.

8.4.16.1. Properties
Element Type uml:Property

8.4.16.2. Statements

v Property has part ~ enumeratedValue
CASCaRA Metamodel Diagr: shows " enumeratedValue
8.4.17. v Enumeration
A finite list of values for Properties.
Properties

Element Type cas_meta:Entity

Statements
CASCaRA Semantic Infrastructi contains v Enumeration
v Enumeration  specializes v __Entity
CASCaRA Semantic Infrastructure Diag shows v Enumeration
8.4.18. v Event

A fundamental modetlement class for events (e.g. environmental or process events, ...).
Properties

Element Type cas_meta:Entity

Statements
CASCaRA Semantic Infrastructi contains v Event
v Event specializes < ModelElement
CASCaRA Semantic Infrastructure Diag shows v Event
8.4.19. 3 icon
An icon defined with a class can be used to decorate the instances.
Example:

i Folders as sublass of Organizer and thus Entity may specify a \8Tdharacter for use by folders grouping
certain modeklements.
i A dataURL of an icon is also permitted.

Properties
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Element Type uml:Property

Statements
v_Element has part " icon
CASCaRA Metamodel Diagr: shows " icon
8.4.20. 3 id
Properties
Element Type uml:Property
Statements
v |dentifiable has part !
CASCaRA Metamodel Diagr: shows T oid
8.4.21. v Identifiable
All technical subclasses of this class are identifiable, means they have an identifier, a title (name) and optionally a
description.
Details:

T The class is abstract.

i All attributes are inherited by its subclasses.

1 All class level items in the upper part of the diagram are commonly released and made available with an URL
path including the revision. Hence, multiple revisions of the class set may exist in parallel.

i All instance level items in the lower part of the diagram may have individual revisions with their respective
revision, modification date and creator. The prior revision identifier is memorized to support change history anc
branching. In case of a mergkete are two prior revisions.

Properties
Element Type Class
Statements
CASCaRA Metamod contains v |dentifiable
_id
v |dentifiable has part " title
"__description
v Element
»Link specializes v |dentifiable
v _anElement
v Property
v |dentifiable specializes v tem
CASCaRA Metamodel Diagr: shows v |dentifiable
8.4.22. v |tem

The technical supeslass of all CASCaRA metamodel items specifying the type of item to allow for simple schema
checking and transformation.
Details:

bl The class is abstract.

CASCaRA, version 1.2 45



Properties
Element Type Class

Statements
CASCaRA Metamod contains v ltem
v Item has part _itemType
v__aProperty
v__ldentifiable specializes v Item
v alink
CASCaRA Metamodel Diagr: shows v ltem
8.4.23. 3 itemType

Here it is modeled as a string, but in fact it is an enumeration containing all concrete metamodel items (represented as
UML classes), thus [Link, Property, Entity, Relationship, aPackage, aSourceLink, aTargetLink, aProperty, anEntity,
aRelationship].

Properties
Element Type uml:Property
Statements
v Item has part T itemType
CASCaRA Metamodel Diagr: shows " itemType
8.4.24. v Link
A Link is an identifiable link class. A Link is an owl:ObjectProperty.
Example:

i An Organizer (semantic sutdass of Entity) may list Modetlements (another semantic stlass of Entity) to
provide a document outline.
1 As such the Link cladsstsis specified as enumeratedTargetLink by Organizer.

Properties
Element Type Class
Statements
CASCaRA Metamod contains v Link
v_alink hasClass v Link
ﬂ}/ enumeratedTargetLink v Link
v Relationship
v Link enumeratedEndpoint v Element
v Relationship enumeratedSourceLink v Link
v Link specializes v __Identifiable
CASCaRA Metamodel Diagr: shows v Link
8.4.25. v Link
The semantic foundation for all Link (class) definitiolssan owl:ObjectProperty.
Properties

Element Type cas_meta:Link
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Statements

CASCaRA Semantic Infrastructi contains v Link

v depicts
v lists

v shows specializes v Link

v targetLink
v sourceLink

CASCaRA Semantic Infrastructure Diag shows v Link
8.4.26. v lists
A Link class for use b@utlineto enumerate eligiblEntity and/orRelationshipclasses.
Properties

Element Type cas_meta:Link

Statements
CASCaRA Semantic Infrastructi contains v lists
) . v__Relationship
v lists enumeratedEndpoint :
v Entity

v Qutline  enumeratedTargetLink o lists
v lists specializes v Link
CASCaRA Semantic Infrastructure Diag shows v lists

8.4.27. 3 maxCount

The maximal count an instance may have properties of this [dassbhounded (infinite) by default.
Properties

Element Type uml:Property

Statements
v Property has part " maxCount
CASCaRA Metamodel Diagr: shows " maxCount
8.4.28. 3 maxinclusive

The maximum value a property of this type may have. May be applied only for numeric datatypes. It the intrinsic
maximum value of the datatype by default.

Properties
Element Type uml:Property
Statements
v Property has part " maxInclusive
CASCaRA Metamodel Diagr: shows * maxInclusive
8.4.29. 3 maxLength

Maximum length of a property value with datatype 'xs:string'. Is not allowed with any other datatype.
Properties

Element Type uml:Property

CASCaRA, version 1.2 47



Statements

v Property has part maxLength
CASCaRA Metamodel Diagr: shows maxLength
8.4.30. 3 minCount
The minimal count an instance may have properties of this t&a85by default.
Properties
Element Type uml:Property
Statements
v Property has part minCount
CASCaRA Metamodel Diagr: shows minCount
8.4.31. 3 mininclusive

The minimum value a property of this type may have. May be applied only for numeric datatypes. It the intrinsic
minimum value of the datatype by default.

Properties
Element Type uml:Property
Statements
v Property has part mininclusive
CASCaRA Metamodel Diagr: shows mininclusive
8.4.32. v Model -Element

A Model-Element is an artifagepresentinga genuine part of a system specification in contrast Organizemwhich is
aboutpresentingnodelelements.

Properties
Element Type cas_meta:Entity
Statements
CASCaRA Semantic Infrastruct contains v ModelElement
= depicts enumeratedEndpoint - Model-Element
v shows
v Actor
v Event specializes v Model-Element
v State
v Model-Element specializes v Entity
CASCaRA Semantic Infrastructure Diag shows v ModelElement
8.4.33. 3 modified
A ISO-8601 DateTime value recording the point in time of the last change.
Properties
Element Type uml:Property
Statements
v anElement has part modified
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CASCaRA Metamodel Diagr: shows " modified

8.4.34. v Organizer
An Organizer is abouyiresentinggenuineModelElemens with a target group of users in mind, for example a document
outline, a table or a diagram.

Properties
Element Type cas_meta:Entity
Statements
CASCaRA Semantic Infrastruct contains v Organizer
v Table
v View - .
specializes - Organizer
v Tree
v Root
v Organizer  specializes v _Entity
CASCaRA Semantic Infrastructure Diag shows v Organizer
8.4.35. v Outline

A tree (hierarchical arrangement) of references to graph nodes (vertices) to create a reading sequence. Graph nodes
includeEntity andRelationship Outline is used at any level of the tree like a directory folder or universally for section,
chapter and paragraph of a document.

Properties
Element Type cas_meta:Entity
Statements
CASCaRA Semantic Infrastructi contains v Qutline
v Outline enumeratedTargetLink v _lists
v Qutline specializes v Tree
CASCaRA Semantic Infrastructure Diag shows v Qutline
8.4.36. 3 pattern

A Regular Expression that must evaluate successfully with the property value. Can also be used to limit the number of
decimals of a number, as there is no restriction like xs:fractionDigits in SHACL.

Properties
Element Type uml:Property
Statements
v Property has part " pattern
CASCaRA Metamodel Diagr: shows " pattern
8.4.37. 3 priorRevision
Links to the previous revisions of an entity or relationship instdtéea list with
i zero elements, if it is the first revision,
i one element for a subsequent revision or
i two elements when two branches are merged.
Properties
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Element Type uml:Property
Statements
v__anElement has part ° priorRevision
CASCaRA Metamodel Diagr: shows " priorRevision

8.4.38. v Property

Every clas€Entity andRelationshipcan have an individual set of configurable properties, each of which is uniquely
defined by datatype and range. A Property is an owl:ObjectProperty when enumeratedValues are defined and is an
owl:DatatypeProperty otherwise.

Example: A requirement might have a list with three properties, such as

i Tilewi th data type AString of max. |l ength 961,
i Descriptonwi t h data type AStringfi w2thout | ength restr
1 Prioritywi t h data type AString with a single choice of

Details:

i Property class must have a title and may have a description named.

i Property class may define a minimum and maximum count of values.

i Property class must define a datatype and may restrict its range by mininclusive, maxinclusive or or a pattern

defined by Regular Expression.

Property class may define a set of enumerated values which must of course satisfy its own data type and rang

A property class may define a default value which must of course satisfy its own data type and range.

i Property class may be composed of multiple property classes to form a structured data type (xs:complexType)
The structure must be a tree, thus without cyclic dependency.

= =

Properties
Element Type Class
Statements
CASCaRA Metamod contains v Property

"__datatype
" __minCount
"__maxCount
" _maxLength

" pattern
" minInclusive

" _maxInclusive
enumeratedValue
" defaultValue

v Property has part

__unit
v__aProperty hasClass v Property
v_Element enumeratedProperty - Property
- v Property
v Property specializes - |dentifiable
v Property composes v Property
CASCaRA Metamodel Diagr: shows v Property
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8.4.39. v Property
The semantic foundation for all Property (class) definitions. Is an owl:DatatypeProperty when the value is a literal or an
owl:ObjectProperty when the value is a reference to an enumerated value.

Properties
Element Type cas_meta:Property
Statements
CASCaRA Semantic Infrastructt  contains v Property
CASCaRA Semantic Infrastructure Diag shows v Property
8.4.40. v Relationship

Relationship is a class of relationships between two entities to allow assertions such as 'a system component satisfies
requirement'. All relationships are bilateral and directed. This allows for statements according to propositional logic.
They can beasily mapped to many technologies such as RDF or even Rgjtg reified, a Relationship is an

owl:Class.

Details:

1 Relationship must have a title (name) and may have a description (definition).

i Relationship lists zero to many property classes its instances may have.

i Relationship may define (configure) entitiy classes or relationship classes, whose instances are eligible as sou
resp. target in a relationship. If none are defined, all entities and relationships are eligible.

i Relationship is reified (as a rdfs:Resource in RDF), so that it can be a source or target of another Relationship
to make a statement on a statement.

i The definitions of a relationship together with those of their properties may be used to build user dialogs with
input verfication and to check its instances whether all properties have a correct type and value range as well
whether all required oneseapresent.

Properties
Element Type Class
Statements
CASCaRA Metamod contains v Relationship
v__aRelationship hasClass v Relationship
v Relationship enumeratedTargetLink v Link
, : - v Relationship
v Relationship specializes
v Element
v Relationship enumeratedSourceLink v Link
CASCaRA Metamodel Diagr: shows v Relationship
8.4.41. v Relationship
The semantic foundation for all Relationship (class) definititman owl:Class.
Properties
Element Type cas_meta:Relationship
Statements

CASCaRA Semantic Infrastruct contains v Relationship
v lists enumeratedEndpoint v Relationship

v Relationship  enumeratedTargetLink v _targetLink
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v Relationship  enumeratedSourceLink v sourceLink

CASCaRA Semantic Infrastructure Diag shows v Relationship
8.4.42. 3 revision
A unique string identifying the revision of the entity or relationship instance.
Properties
Element Type uml:Property
Statements
v_anElement has part " revision
CASCaRA Metamodel Diagr: shows " revision
8.4.43. v Root

A root class serves to anchor organizer structures in a data package. While a graph has no start and no end, a root
instance with a subordinated organizer structure offers a way to explore the graph for a given purpose.
Example:

i A document outline anchored at a root element would define a document to read by auditors and perhaps
another one for potential customers.

1 When querying all instances of class Root, a list of available documents is returned.

Properties
Element Type cas_meta:Entity
Statements
CASCaRA Semantic Infrastruct contains v Root
v Root specializes v QOrganizer
CASCaRA Semantic Infrastructure Diag shows v Root
8.4.44. v shows

A Link class for use byiew to enumerate eligiblEntity and/orRelationshipclasses that are visible on a view (e.g.
modeldiagram).

Properties
Element Type cas_meta:Link
Statements
CASCaRA Semantic Infrastruct contains v shows
v shows enumeratedEndpoint  +  ModelElement
v View enumeratedTargetLink - shows
v shows specializes v Link
CASCaRA Semantic Infrastructure Diag shows v shows
8.4.45. v sourcelLink

A Link class for use byiew to enumerate eligiblEntity and/orRelationshipclasses that can serve as a source of a

Relationship
By further specializing this class, a speaking title can be given to a sourceLink, such as 'employee' in a 'worksFor'

relationship being a specialization®élationship
Properties
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Element Type cas_meta:Link

Statements
CASCaRA Semantic Infrastructi contains v sourceLink
v_Relationship  enumeratedSourceLink - sourceLink
v sourceLink specializes v Link
CASCaRA Semantic Infrastructure Diag shows v sourceLink
8.4.46. v State

A fundamental modetlement class for states (e.g. system or process states, information, form, color, ...).
Properties

Element Type cas_meta:Entity

Statements
CASCaRA Semantic Infrastructi contains v State
v State  specializes v ModelElement
CASCaRA Semantic Infrastructure Diag shows v State
8.4.47. v Table

A specializedOrganizewith elements (cells) arranged twiomensionally in columns and rows. Any element SHALL
contain a reference to afntity or Relationship

Properties
Element Type cas_meta:Entity
Statements
CASCaRA Semantic Infrastruct contains v Table
v Table specializes v QOrganizer
CASCaRA Semantic Infrastructure Diag shows v Table
8.4.48. v targetLink

A Link class for use byiew to enumerate eligiblEntity and/orRelationshipclasses that can serve as a target of a
Relationship

By further specializing this class, a speaking title can be given to a targetLink, such as 'employer' in a ‘worksFor’
relationship being a specializationRélationship

Properties
Element Type cas_meta:Link
Statements
CASCaRA Semantic Infrastruct contains v targetLink
v Relationship  enumeratedTargetLink v targetLink
v targetLink specializes v Link
CASCaRA Semantic Infrastructure Diag shows v targetLink
8.4.49. 3 title
Properties

Element Type uml:Property
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Statements

v ldentifiable has part T title
CASCaRA Metamodel Diagr: shows T title

8.4.50. v Tree
A specializedOrganizemwith elements (nodes) arranged in a strictly hierarchical manner. Any element SHALL contain a
reference to anfgntity or Relationship

Properties
Element Type cas_meta:Entity

Statements
CASCaRA Semantic Infrastruct contains v Tree
v Qutline specializes - Tree

v Tree specializes v Organizer
CASCaRA Semantic Infrastructure Diag shows v Tree
8.4.51. 3 unit

A unit as defined by the International System of Units (SI). A unit can only be defined for a numeric dBatieRult
the property has no unit.

Properties
Element Type uml:Property
Statements
v Property has part " unit
CASCaRA Metamodel Diagr: shows " unit
8.4.52. 3 value
The value of a property.
Details:
i If the datatype of the property's class is string, the value is a language string consisting of value and IETF
language tag.
i Otherwise the value is a simple value.
Properties
Element Type uml:Property
Statements
v _aProperty has part * value
CASCaRA Metamodel Diagr: shows © value
8.4.53. v View

A specializedOrganizewith elements displayed in two or three dimensions such as a-tiageam, 3D visualization
or pie-chart.Any element SHOULD reference aintity or Relationship

Properties

Element Type cas_meta:Entity
Statements
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CASCaRA Semantic Infrastructi

v View

v View
CASCaRA Semantic Infrastructure Diag

CASCaRA, version 1.2

contains v View
: v_shows
enumeratedTargetLink —
v depicts
specializes v QOrganizer
shows v View
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8.5. CASCaRA Layered Ontology

8.5.1. Introduction

This chapter describes the data entities used in a CASCaRA package or collaboration scope. It covers individual
information entities that are relevant as input or output to one or several collaboratt@seseThe entities of the

CASCaRA focus on whatnities will be required in order to build a digital thread across domains, organizations and IT
systems. Therefore, the ontology does not represent entire domain models (e. g. requirements models or CAD models
but relevant entities that can be founddesthese models.

8.5.2. Reused Types
Lists all types from other schemas or ontologies used in the ontology.

8.5.2.1. Dublin Core

The Dublin Core schema is a small set of vocabulary terms that can be used to describe digital resources (video, imag
web pages, etc.), as well as physical resources such as books or CDs, and objects like artworks. The full set of Dublin

Core metadataetms can be found on the Dublin Core Metadata Initiative (DCMI) website. The original set of 15 classic

metadata terms, known as the Dublin Core Metadata Element Set (DCMES), is endorsed in a set of standards docume

8.5.2.1.1. dc:identifier

An unambiguous reference to the resource within a given context.

Recommended practice is to identify the resource by means of a string conforming to an identification system. Example
include International Standard Book Number (ISBN), Digital Object Identifier (DOI), and Uniform Resource Name
(URN). Persistent identirs should be provided as HTTP URIs.

URI http://purl.org/dc/elements/1.1/identifier

8.5.2.1.2. dc:title
A name given to the resource.

URI http://purl.org/dc/elements/1.1/title

8.5.2.1.3. dc:description

An account of the resource.

Description may include but is not limited to: an abstract, a table of contents, a graphical representationfexta free
account of the resource.

URI http://purl.org/dc/elements/1.1/description

8.5.2.2. XML Schema

8.5.2.2.1. xs:string
URI http://www.w3.0rg/2001/XMLSchema#string

8.5.2.2.2. xs:dateTime
URI http://www.w3.0rg/2001/XMLSchema#dateTime

8.5.2.2.3. xs:double

URI http://www.w3.0rg/2001/XMLSchema#double
8.5.2.2.4. xs:anyURI
URI http://www.w3.0rg/2001/XMLSchema#anyURI
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8.5.3. Dimensions
Lists all dimensions used in the ontology.

8.5.3.1. Angle

The abstract notion of angle. Narrow concepts include plane angle and solid angle. While both plane angle and solid
angle are dimensionless, they are actually length/length and area/area respectively.

Applicable units are those of guantitykind:Angle

URI http://qudt.org/vocab/quantitykind/Angle
Units http://qudt.org/vocab/unit/DEG
8.5.3.2. Area

Area is a quantity expressing the tdimnensional size of a defined part of a surface, typically a region bounded by a
closed curve.

Applicable units are those of quantitykind:Area

URI http://qudt.org/vocab/quantitykind/Area

Units http://qudt.org/vocab/unit/MilliM2

8.5.3.3. Byte Data Volume

particular quantity of data based on a string consisting of 8 bits

Applicable units are those of quantitykind:Count

URI http://qudt.org/vocab/quantitykind/ByteDataVolume

Units http://qudt.org/vocab/unit/BYTE
http://qudt.org/vocab/unit/KiloBYTE

8.5.3.4. Density

The mass density or density of a material is defined as its mass per unit volume. Mathematically, density is defined as
mass divided by volume.

In some cases, density is also defined as its weight per unit volume, although this quantity is more properly called
specific weight.

Applicable units are those of quantitykind:Density

URI http://qudt.org/vocab/quantitykind/Density

Units http://qudt.org/vocab/unit/KiloGMPERM3

8.5.3.5. Electric Current

The quantity kind

is the flow (movement) of electric charge. The amount of electric current through some surface, for example, a section
through a copper conductor, is defined as the amount of electric charge flowing through that surface over time. Current
a scalatvalued quantity. Electric current is one of the base quantities in the International System of Quantities, 1SQ, on
which the International System of Units, Sl, is based.

Applicable units are those of quantitykind:ElectricCurrent

URI http://qudt.org/vocab/quantitykind/ElectricCurrent
Units http://qudt.org/vocab/unit/A

8.5.3.6. Energy
Energy is the quantity characterizing the ability of a system to do work.
Applicable units are those of quantitykind:Energy

URI http://qudt.org/vocab/quantitykind/Energy
Units http://qudt.org/vocab/unit/KiloJ

8.5.3.7. Expansion Ratio
Applicable units are those of quantitykind:ExpansionRatio

URI http://qudt.org/vocab/quantitykind/ExpansionRatio
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Units http://qudt.org/vocab/unit/ PERCENT

8.5.3.8. Force

"Force" is an influence that causes mass to accelerate. It may be experienced as a lift, a push, or a pull. Net force is
mathematically equal to the time rate of change of the momentum of the body on which it acts. Since momentum is a
vector quantity (haboth a magnitude and direction), force also is a vector quantity.

Applicable units are those of quantitykind:Force

URI http://qudt.org/vocab/quantitykind/Force

Units http://qudt.org/vocab/unit/N

8.5.3.9. Frequency

"Frequency" is the number of occurrences of a repeating event per unit time. The repetition of the events may be perio
(that is. the length of time between event repetitions is fixed) or aperiodic (i.e. the length of time between event
repetitions varig). Therefore, we distinguish between periodic and aperiodic frequencies. In the Sl system, periodic
frequency is measured in hertz (Hz) or multiples of hertz, while aperiodic frequency is measured in becquerel (Bq). In
spectroscopy,

is mostly used. Light passing through different media keeps its frequency, but not its wavelength or wavenumber.
Applicable units are those of quantitykind:Frequency

URI http://qudt.org/vocab/quantitykind/Frequency

Units http://qudt.org/vocab/unit/PERIIN

8.5.3.10. Length
In geometric measurements, length most commonly refers to the longest dimension of an object. In some contexts, the
term "length" is reserved for a certain dimension of an object along which the length is measured.
Applicable units are those of quantitykind:Length
URI http://qudt.org/vocab/quantitykind/Length
Units http://qudt.org/vocab/unit/MilliM
http://qudt.org/vocab/unit/M

8.5.3.11. Linear Thermal Expansion Coefficient
When the temperature of a substance changes, the energy that is stored in the intermolecular bonds between atoms
changes. When the stored energy increases, so does the length of the molecular bonds. As a result, solids typically
expand in response to heagiand contract on cooling; this dimensional response to temperature change is expressed by
its coefficient of thermal expansion. Different coefficients of thermal expansion can be defined for a substance dependi
on whether the expansion is measuredibgar thermal expansion, area thermal expansion, or volumetric thermal
expansion.

URI http://qudt.org/vocab/quantitykind/LinearThermalExpansion

Units http://qudt.org/vocab/unit/PER
http://qudt.org/vocab/unit/MiliMPERK

8.5.3.12. Mass

In physics, mass, more specifically inertial mass, can be defined as a quantitative measure of an object's resistance to
acceleration. The Sl unit of mass is the kilogram.

Applicable units are those of quantitykind:Mass

URI http://qudt.org/vocab/quantitykind/Mass

Units http://qudt.org/vocab/unit/KiloGM

8.5.3.13. Moment of inertia
The rotational inertia or resistance to change in direction or speed of rotation about a defined axis.

URI http://qudt.org/vocab/quantitykind/MomentOflnertia
Units http://qudt.org/vocab/unit/KiloGMVI2
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8.5.3.14. Power

Power is the rate at which work is performed or energy is transmitted, or the amount of energy required or expended fo
given unit of time.

Applicable units are those of quantitykind:Power

URI http://qudt.org/vocab/quantitykind/Power

Units http://qudt.org/vocab/unit/KiloW

8.5.3.15. Rotational Frequency

A measure of the number of cycles that an item revolves per time period.
Applicable units are those of gquantitykind:RotationalFrequency

URI http://qudt.org/vocab/quantitykind/RotationalFrequency
Units http://qudt.org/vocab/unit/PERIIN

8.5.3.16. Strain

In any branch of science dealing with materials and their behaviour, strain is the geometrical expression of deformation
caused by the action of stress on a physical body. Strain is calculated by first assuming a change between two body
states: the beginng state and the final state. Then the difference in placement of two points in this body in those two
states expresses the numerical value of strain. Strain therefore expresses itself as a change in size and/or shape.

URI http://qudt.org/vocab/quantitykind/Strain

Units http://qudt.org/vocab/unit/tPERCENT
http://qudt.org/vocab/unit/NPER MilliM2

8.5.3.17. Stress

Stress is a measure of the average amount of force exerted per unit area of a surface within a deformable body on whi
internal forces act. In other words, it is a measure of the intensity or internal distribution of the total internatfimges a
within a deformable body across imaginary surfaces. These internal forces are produced between the particles in the b
as a reaction to external forces applied on the body.

Applicable units are those of quantitykind:ForcePerArea

URI http://qudt.org/vocab/quantitykind/Stress
Units http://qudt.org/vocab/unit/NPERMilliM2

8.5.3.18. Torque

In physics, a torque is a vector that measures the tendency of a force to rotate an object about some axis. The magnitL
of a torque is defined as force times its lever arm. Just as a force is a push or a pull, a torque can be thoughdtof as a tw
The 3 unit for torque is newton meters. In U.S. customary units, it is measured in foot pounds (ft Ibf) (also known as
"pounds feet"). Mathematically, the torque on a particle (which has the position r in some reference frame) can be
defined as the cross prartuwhere, r is the particle's position vector relative to the fulcrum F is the force acting on the
particles, or, more generally, torque can be defined as the rate of change of angular momentum: where, L is the angule
momentum vector t stands for time.

Applicable units are those of quantitykind:Torque

URI http://qudt.org/vocab/quantitykind/Torque

Units http://qudt.org/vocab/unit/NV

8.5.3.19. Voltage
Voltage, also referred to as Electric Tension, is the difference between electrical potentials of two points. Applicable
units are those of quantitykind:Voltage

URI http://qudt.org/vocab/quantitykind/\Voltage
Units http://qudt.org/vocab/unit/V

8.5.3.20. Volume

The volume of a solid object is the thidienensional concept of how much space it occupies, often quantified
numerically. Onedimensional figures (such as lines) and-wmensional shapes (such as squares) are assigned zero
volume in the threglimensionaspace.
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Applicable units are those of quantitykind:Volume

URI http://qudt.org/vocab/quantitykind/VVolume

Units http://qudt.org/vocab/unit/CentiM3

8.5.4. Data Entities

Lists all classes, attributes and relations in the ontology.

8.5.4.1. Organization

Includes all entities representing a corporate or project organization

Figure 2 Icon

class Package Class Diagram 'Organization’ /

0..n

Person +created by Plant

Actor Role
A
/g_:c'.'mecl by 0..n
/ Organization Unit
+memberof  O..n
/
[
[
0..n
0..n
- Task
Project

Figure 3 Package Class Diagram 'Organization’

8.5.4.1.1. Role

A defined function to be performed by a project team member, such as testing, filing, inspecting, coding.
https://intranet.prostep.org/display/PROJ/Glossary

OCeC.
[

Figure 4 Icon
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class Class Context Diagram Role’

0.n 0.n

‘ Use Case

Component Interface ‘ ‘ Manufacturing Operation | o. "W

Figure 5 Class Context Diagram 'Role'

Delivered by Collaborative Product Requirements Management
Reguirements Engineering
Systems Architecture
Functional Safety
Delivered to Business or Mission Analysis
Attributes
Identifier dc:identifier Unambiguous identifier of the element
Number Legible number or name of the element, i. e. part number
Title dc:title Title of the element
Description dc:description Description of the element

Outbound Relations

part of Role Parent element

used in Role Context element of the usage
specialism of Role More generic item

Inbound Relations

Role part of Parent element

Role used in Context element of the usage
Role specialism of More generic item

Use Case owned by Role owning this element
Requirement owned by Role owning this element
Function owned by Role owning this element
Component Interface operated by Interacting role

Manufacturing Operation

owned by

Role owning this element

Change

owned by

Role owning this element

8.5.4.1.2. Actor

Abstract class for an actor. Derived, specific classes are person and organization unit.

2

Figure 6 Icon
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class Class Context Diagram 'Actor’ /

Actor
+ mail: xs:string
+ phone: xs:string
+ street: xsistring +owned by
+ zipCode: xs:string —
+owned by | city: xs:string 0..nned by
=1+ country: xs:string I~

/C.‘n 0..n
on +owned by E.E;.n Oun Oun

Task ‘ ‘ System Component ‘ ‘ Product ‘ ‘ Operation Incident

Figure 7 Class Context Diagram 'Actor’

Specializations Organization Unit
Person
Attributes
Identifier dc:identifier Unambiguous identifier of the element
Mail E-mail address of the actor
Phone Phone number of the actor
Street Street of the actor
ZIP Code ZIP code number of the actor
City City of the actor
Country Country of the actor

8.5.4.1.3. Person

Represents a real person, nay also be a system user that appears in source data. The FOAF (Friend of a Friend)
Ontology has been considered, but is not used as it does not provide a structured representation for firstname, lastnarr
and title of a person.

Figure 8 Icon

7

class Class Context Diagram Person’

Actor
Organization Unit

actor
Person

¢+ frsmame: xssng 3
. ;

Task Use case Requirement Manufacturing Operation product Operation Incident change

Figure 9 Class Context Diagram 'Person’

Generalizations Actor

Attributes

Number Xs:string Legible number or name of the element, i. e. part number
Description dc:description Description of the element

Title dc:title Title or degree of the person

Firstname First name of the person

Lastname Last name of the person

62 CASCaRA, version 1.2



Outbound Relations

member of Organization Unit Parent organization unit

8.5.4.1.4. Organization Unit
An organization unit is part of a corporate structure. It comprises persons as weloagamibation units.

o®eo
~Y

Figure 10 Icon

class Class Context Diagram 'Organization Unit' /

0..n

Artor
= B 0..n
Organization Unit

+member of 0..n

Actor

Person

Figure 11 Class Context Diagram 'Organization Unit'

Generalizations Actor

Specializations Plant

Attributes

Number Xs:string Legible number or name of the element, i. e. part number
Title dc:title Title of the element
Description dc:description Description of the element
Outbound Relations

part of Organization Unit Parent element

Inbound Relations

Organization Unit part of Parent element

Person member of Parent organization unit
8.5.4.1.5. Plant

A plant that provides manufacturing capabilities and resources and executes manufacuring operations.

Figure 12 Icon
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class Class Context Diagram 'Plant' /

Plant

Organization Unit

+owned by

0..

0..n

n

Manufacturing Operation

Figure 13 Class Context Diagram 'Plant'

Generalizations

Organization Un

it

8.5.4.1.6. Task

A task is a definite piece of work assigned to a person or organisation

Figure 14 Icon

class Class Context Diagram Task' /

Actor

+owned by

Person

0..n

+created by

0..n"

Task

0..n

0..n

0..n

=

+ startDateTime: xs:dateTime
+ endDateTime: xs:dateTime

0..
0..n

+detected by n

Function Failure

Figure 15 Class Context Diagram 'Task'

Specializations Project

Attributes

Identifier dc:identifier Unambiguous identifier of the element

Number Xs:string Legible number or name of the element, i. e. part number
Title dc:title Title of the element

Description dc:description Description of the element

StartDateTime Start date and time of the element

EndDateTime End date and time of the element

Outbound Relations

part of

Task

Parent element

created by

Person

The person who created this element
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owned by Actor

Actor owning this element

Inbound Relations

Task part of

Parent element

Function Failure detected by

Detection task for the function failure

8.5.4.1.7. Project
Represents a project or sploject

Figure 16 Icon

class Class Context Diagram 'Project’ /

Task
Project

+ costCenter: xs:string

Figure 17 Class Context Diagram 'Project’

Generalizations Task

Attributes

Cost center

Cost center of the project

8.5.4.2. Product Architecture

Includes all entities contributing to the product architecture

Figure 18 Icon
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class Package Class Diagram 'Product Architecture' /

Use Case

I I
+realizesd y0..n 0..n

Requirement

+satisfies 0..n
0..n|0..n C..n/ Z}
1

W\

Function Stakeholder Requirement System Requirement
+affects 0..n
0..n
Function Failure
Figure 19 Package Class Diagram 'Product Architecture'
8.5.4.2.1. Use Case
Specifies what the user of a product will do in order to achieve a goal
[ 1]
Figure 20 Icon
class Class Context Diagram 'Use Case' /
Actor
Role Person
7
+owned by 0..n -
/ +created by O.n
Icun E:”n/
+derived from 0..n
Use Casespecialism of 0.0
v .nraffects
+  type: xsistring 0..n ﬁtir}c'“(les
£n-.n
+rea|izest\l+mciucles n 0.nl.n 0..n
0..n 0..n
Configuration Variant -0 Change
D..nIB..n
Function
Figure 21 Class Context Diagram 'Use Case'
Related Standards VDI 2519 Blatt 1 Vorgehensweise bei der Erstellung von Lafdichtenheften
Delivered by Collaborative Product Requirements Management

Requirements Engineering
Systems Architecture
Functional Safety

Product Usage
Maintenance & Service
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Delivered to

Business or Mission Analysis

Attributes

Identifier dc:identifier Unambiguous identifier of the element

Number Xs:string Legible number or name of the element, i. e. part number
Title dc:title Title of the element

Description dc:description Description of the element

Type Type of an element

Outbound Relations

part of Use Case Parent element

specialism of Use Case More generic item

created by Person The person who created this element
owned by Role Role owning this element

derived from Use Case

Inbound Relations

Use Case part of Parent element

Use Case specialism of More generic item

Use Case derived from

Function realizes Use cases realized with this function
Function owned by

Configuration includes Entities included in this configuration.
Variant includes Entities included in this variant.
Change affects Entities affected by this change.

8.5.4.2.2. Requirement

Characteristics that identify the accomplishment levels needed to achieve specific objectives for a given set of conditiol
Requirements can be 'must have', ‘can have' and 'nice to have'.

A. A condition or capability needed by a user to solve a problem or achieve an objective.

B. A condition or capability that must be met or possessed by a system or system component to satisfy a contract,
standard, specification, or other formally imposed document.

C. A documented representation of a condition or capability as in definition (A:) or (B).

https://intranet.prostep.org/display/PROJ/Glossary

V| —
X—
V| —

Figure 22 Icon
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class Class Context Diagram 'Requirement' /
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Figure 23 Class Context Diagram 'Requirement’

Specializations

Stakeholder Requirement

System Requirement

Related Standards

VDI 2519 Blatt 1 Vorgehensweise bei der Erstellung von Lagdichtenheften

ISO/IEC/IEEE 29148 Requirements Engineering

CSA ISO/IEC/IEEE 15288 System life cycle processes

Delivered to Collaborative Product Requirements Management
Requirements Engineering
Attributes
Identifier dc:identifier Unambiguous identifier of the element
Number Xs:string Legible number or name of the element, i. e. part number
Title dc:title Title of the element
Description dc:description Description of the element
Type Xs:string Type of an element
Revision Revisionskennung des Elements

Outbound Relations

part of Requirement Parent element

specialism of Requirement More generic item

created by Person The person who created this element

owned by Role Role owning this element

derived from Requirement

satisfies Requirement Requirement satisfied by this requirement. This is typically
used for a stakeholder requirement satisfied by a system
requirement

related to System Component System Component this requirement relates to.

Inbound Relations

Requirement part of Parent element

Requirement specialism of More generic item

Requirement derived from

Requirement satisfies Requirement satisfied by this requirement. This is typically
used for a stakeholder requirement satisfied by a system
requirement

Function satisfies Requirement satisfied by this function

System Component satisfies Requirement satisfied by this system component

System Component fulfils Requirement implemented by the component. According to

systems engineering bgstactice, a requirement should first
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be answered by a function, and the function will be
implemented by a component. This direct relation should
therefore only be used if no functions have been defined.

Validation Criterium validates Requirement validated by this validation criterium
Configuration includes Entities included in this configuration.

Variant includes Entities included in this variant.

Change affects Entities affected by this change.

8.5.4.2.3. Stakeholder Requirement

[<[X][<

FoN

Figure 24 Icon

class Class Context Diagram 'Stakeholder Requ... /

Requirement
Stakeholder Requirement

Figure 25 Class Context Diagram 'Stakeholder Requirement’

Generalizations Requirement
Related Standards CSA ISO/IEC/IEEE 15288 System life cycle processes
Delivered by Systems Architecture
LongTerm Archiving
Delivered to Collaborative Product Reguirements Management

8.5.4.2.4. System Requirement

v
X
v

@

Figure 26 Icon

class Class Context Diagram 'System Requirement’ /

Requirement
System Requirement

Figure 27 Class Context Diagram 'System Requirement'

Generalizations Requirement

Related Standards CSA ISO/IEC/IEEE 15288 System life cycle processes
ISO/IEC 20246 Bewertungen von Arbeitsergebnissen
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Delivered by Functional Safety
LongTerm Archiving
Mechanical Design
Define Joining Elements
Electrical/Electronical Design
Software Engineering
Plan and prepare Simulation

Prepare Testing
Design product line

Delivered to Collaborative Architecture Design €Idevelopment

8.5.4.2.5. Function
A system, product or component function describes the way a system works or performs a specific task.

Figure 28 Icon

class Class Context Diagram Function’

Requirement l

Function Faure System Component Mosdel Annotation Verification Characteristic Configuration Variant 0 Change

Figure 29 Class Context Diagram 'Function'

Related Standards VDI 2519 Blatt 1 Vorgehensweise bei der Erstellung von Lafdichtenheften
CSA ISO/IECI/IEEE 15288 System life cycle processes
ISO/IEC 20246 Bewertungen von Arbeitsergebnissen

Delivered by Functional Safety
Product Usage
Maintenance & Service
Long-Term Archiving
Mechanical Design
Electrical/Electronical Design
Software Engineering
Plan and prepare Simulation
Prepare Testing
Design product line
Disassembly & Recycling

Delivered to Systems Architecture
Functional Safety
Collaborative Architecture Design €Idevelopment

Attributes

Identifier dc:identifier Unambiguous identifier of the element

Number Xs:string Legible number or name of the element, i. e. part number
Title dc:title Title of the element

Description dc:description Description of the element

Type Xs:string Type of an element

Revision Xxs:string Revisionskennung des Elements
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Outbound Relations

part of Function Parent element

used in Function Context element of the usage

specialism of Function More generic item

owned by Role Role owning this element

satisfies Reguirement Requirement satisfied by this function

follows Function In a sequence of product functions, specifies the previous
product function.

uses Function Function used by this Function

realizes Use Case Use cases realized with this function

owned by Use Case

Inbound Relations

Function part of Parent element

Function used in Context element of the usage

Function specialism of More generic item

Function follows In a sequence of product functions, specifies the previous
product function.

Function uses Function used by this Function

System Component implements Product function implemented by the component

Function Failure affects Product function affected by this product function failure

Model Annotation implements Product function implemented by the model annotation

Verification Characteristicverifies

Function verified by this verification characteristic

Configuration includes Entities included in this configuration.
Variant includes Entities included in this variant.
Change affects Entities affected by this change.

8.5.4.2.6. Function Failure

Represents a system, product or component failure. A failure negates a corresponding function. Malfunctions are

typically managed in an FMEA.

=
iyl

Figure 30 Icon
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class Class Context Diagram 'Function Failure' /

Task

Function

+detectedby  O..n +afr'ec:s/ 0..n
0..n 0..n
!

o +causes 0..n

Function Fail, ;- cijism of 0..n
+used jin0..n—

+  risk: xs:double 0.0 n
+  severity: xs:double 0--”E >
- o S
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0.n—" 0..n 0..n
Configuration Variant Change

Figure 31 Class Context Diagram 'Function Failure'

Related Standards

ISO/IEC 20246 Bewertungen von Arbeitsergebnissen

ISO 26262 Funktionale Sicherheit

ISO 21448 Safety of the intended functionality

ARP4754B Guidelines for Development of Civil Aircraft and Systems

ARP4761A Guidelines for Conducting the Safety Assessment Process on Civil Aircrg
Systems, and Equipment

DIN EN 615081 Part 1: General requirements

Delivered by Long-Term Archiving
Inspection Planning
Delivered to Systems Architecture
Functional Safety
Collaborative Architecture Design €development
Attributes
Identifier dc:identifier Unambiguous identifier of the element
Number Xs:string Legible number or name of the element, i. e. part number
Title dc:title Title of the element
Description dc:description Description of the element
Type Xs:string Type of an element
Revision Xs:string Revisionskennung des Elements
Risk Risk of a function failure to occur.
Severity Severity of a function failure when it occurs.
Outbound Relations
part of Function Failure Parent element
used in Function Failure Context element of the usage
specialism of Function Failure More generic item
affects Function Product function affected by this product function failure
causes Function Failure Product function failure caused by this product function failt
detected by Task Detection task for the function failure
Inbound Relations
Function Failure part of Parent element
Function Failure used in Context element of the usage
Function Failure specialism of More generic item
Function Failure causes Product function failure caused by this product function failt
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Configuration includes Entities included in this configuration.
Variant includes Entities included in this variant.
Change affects Entities affected by this change.

8.5.4.3. Product Design
Comprises all entities for domaspecific product design, including mechanical, electric/electronic and software design.

Figure 32 Icon

Figure 33 Package Class Diagram 'Product Design'

8.5.4.3.1. Systems Design
Includes all entities relevant to the design of a system. The system level is intended to be generic and will finétits speci
implementation in mechanical design, electric/electronic design or software design.

Figure 34 Icon

class Package Class Diagram 'Systems Design' /
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Figure 35 Package Class Diagram 'Systems Design'
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8.5.4.3.1.1. System Component
Represents a generic component of a system

Figure 36 Icon

class Class Context Diagram 'System Component’ /

Requirement Component Interface

+satisfies O.nfils  0.m +prc¢|tle< 0.. m 0..n

Function \\ Actor
Te—
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Configuration Variant Change
C..n/D..n/C..n/ 0..n 0..n
1
Component Connection Component State

Figure 37 Class Context Diagram 'System Component'

Specializations

Mechanical Component
Electric/Electronic Component
Software Class

Software Component

Related Standards

CSA ISO/IEC/IEEE 15288 System life cycle processes
ISO/IEC 20246 Bewertungen von Arbeitsergebnissen
ISO/IEC/IEEE 42010 Software, systems and enterpsehitecture description

Delivered by Functional Safety

LongTerm Archiving

Mechanical Design

Electrical/Electronical Design

Software Engineering

Design product line

Design product asset instance

Definition product asset instance configurability space
Delivered to Systems Architecture

Functional Safety

Collaborative Architecture Design €evelopment
Attributes
Identifier dc:identifier Unambiguous identifier of the element
Number Xs:string Legible number or name of the element, i. e. part number
Title dc:title Title of the element
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Description dc:description Description of the element

Type Xs:string Type of an element

DateTime xs:dateTime Date and time of the element
Revision Xs:string Revisionskennung des Elements

Outbound Relations

part of System Component Parent element

used in System Component Context element of the usage

specialism of System Component More generic item

owned by Actor Actor owning this element

implements Function Product function implemented by the component

satisfies Requirement Requirement satisfied by this system component

fulfils Requirement Requirement implemented by the component. According to
systems engineering begstactice, a requirement should first
be answered by a function, and the function will be
implemented by a component. This direct relation should
therefore only be used if norfations have been defined.

provides Component Interface

Inbound Relations

System Component part of Parent element

System Component used in Context element of the usage

System Component specialism of More generic item

Component Interface part of Parent system component

Component Interface used in Context system component of the usage

Component Connection part of Parent system component

Component Connection used in Context system component of the usage

Component Connection joins Represents the system components joined by this compont
connection.

Requirement related to System Component this requirement relates to.

Component State part of Parent system component

Component State used in Context system component of the usage

Configuration includes Entities included in this configuration.

Variant includes Entities included in this variant.

Change affects Entities affected by this change.

8.5.4.3.1.2. Component Interface
Represents a generic interface of a system component

0O

Figure 38 Icon
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class Class Context Diagram 'Component Interface' /

Component Connection System Component

— A T
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Figure 39 Class Context Diagram 'Component Interface’
Specializations Electric/Electronic Port
Software Interface
Hydraulic/Pneumatic Port
Related Standards ISO/IEC 20246 Bewertungen von Arbeitsergebnissen

Delivered by Functional Safety
Long-Term Archiving
Mechanical Design
Electrical/Electronical Design
Software Engineering
Design product line
Design product asset instance
Definition product asset instance configurability space

Delivered to Systems Architecture
Functional Safety
Collaborative Architecture Design €ldevelopment

Attributes

Identifier dc:identifier Unambiguous identifier of the element

Number Xs:string Legible number or name of the element, i. e. part number
Title dc:title Title of the element

Description dc:description Description of the element

Type Xs:string Type of an element

DateTime xs:dateTime Date and time of the element

Outbound Relations

part of Component Interface Parent element

part of System Component Parent system component
used in System Component Context system component of the usage
specialism of Component Interface More generic item
operated by Role Interacting role

type of Component Connection

Inbound Relations

Component Interface part of Parent element
Component Interface specialism of More generic item
Component Connection provides

System Component provides
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8.5.4.3.1.3. Component Connection
Represents a connection between two components through interfaces

Figure 40 Icon

class Class Context Diagram 'Component Connection' /

System Component

Component Interface

= Fd
+use0..n  +joins 0..n +provides  0..m
0..n 0..+typed..n n0.n
+specialism of 0..n
Component Connection g
+includes 0..nudes 0..nfects 0..n
N 0..n
Configuration Variant

Change

Figure 41 Class Context Diagram 'Component Connection’

Specializations

Kinematic Joint
Joining Element

Electric/Electronic Connection

Hydraulic/Pneumatic Connection

Related Standards

ISO/IEC 20246 Bewertungen von Arbeitsergebnissen

Delivered by Functional Safety

LongTerm Archiving

Mechanical Design

Electrical/Electronical Design

Software Engineering

Design product line

Design product asset instance

Definition product asset instance configurability space
Delivered to Systems Architecture

Functional Safety

Collaborative Architecture Design €evelopment
Attributes
Identifier dc:identifier Unambiguous identifier of the element
Number XS:string Legible number or name of the element, i. e. part number
Title dc:title Title of the element
Description dc:description Description of the element
Type Xs:string Type of an element
DateTime xs:dateTime Date and time of the element

Outbound Relations

part of

System Component

Parent system component

used in

System Component

Context system component of the usage

specialism of

Component Connection

More generic item
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provides Component Interface

joins System Component Represents the system components joined by this compon
connection.

Inbound Relations

Component Connection specialism of More generic item

Component Interface type of

Configuration includes Entities included in this configuration.
Variant includes Entities included in this variant.
Change affects Entities affected by this change.

8.5.4.3.1.4. Component State
Represents the condition of a system component. Can be it a value, a condition, an information storage or a physical
shape.

Figure 42 Icon

class Class Context Diagram 'Component State' /

System Component

A I
+used inl..n O..n

0..n/0..n
1

+changes to 0..n
Component State el

0..n

Figure 43 Class Context Diagram 'Component State'

Related Standards ISO/IEC 20246 Bewertungen von Arbeitsergebnissen
Delivered by Functional Safety

LongTerm Archiving

Mechanical Design

Electrical/Electronical Design

Software Engineering

Design product line

Design product asset instance

Definition product asset instance configurability space
Delivered to Systems Architecture

Functional Safety

Collaborative Architecture Design €development

Attributes

Identifier dc:identifier Unambiguous identifier of the element

Number Xs:string Legible number or name of the element, i. e. part number
Title dc:title Title of the element

Description dc:description Description of the element

Type Xs:string Type of an element

DateTime xs:dateTime Date and time of the element
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Outbound Relations

part of Component State Parent element

part of System Component Parent system component

used in System Component Context system component of the usage

changes to Component State Target state that is reached starting from an initial state
Inbound Relations

Component State part of Parent element

Component State changes to Target state that is reached starting from an initial state

8.5.4.3.2. Mechanical Design
Includes all entities relevant to mechanical design

Figure 44 Icon

P o o Wt )

Figure 45 Package Class Diagram 'Mechanical Design'

8.5.4.3.2.1. Mechanical Component
Represents a single mechanical part, an assembly or the entire product

Figure 46 Icon

Figure 47 Class Context Diagram 'Mechanical Component'

Generalizations System Component

Specializations Manufacturing Equipment Component
Verification Resource

Delivered by Product Usage

Maintenance & Service
LongTerm Archiving

Define Joining Elements
Electrical/Electronical Design
Software Engineering

CASCaRA, version 1.2 79



Plan and prepare Simulation

Prepare Testing

Disassembly & Recycling

Inspection Planning

Electrical/Mechanical Design Collaboration

Perform and document Simulation

Perform and document Testing

Process Planning
Cost Calculation

Plant Layout

Tools & Equipment Design

Parts Manufacturing
Product Assembly
Quality Inspection
Packaging & Logistics
Procurement

Delivered to

Mechanical Design

Attributes

Mass

Mass of the mechanical component

Outbound Relations

used at location in

Mechanical Component

Context element of a located usage

made of

Material

Material assigned to the mechanical component

Inbound Relations

Mechanical Component

used at location in

Context element of a located usage

Body part of Parent mechanical component

Geometric Interference  part of Parent mechanical component

Geometric Interference interferes with Mechanical component instance this interference relates to
Model View part of Parent mechanical component

Model Annotation part of Parent mechanical component

Hole used at location in Context element of a located usage

Gearing used at location in Context element of a located usage

Kinematic Mechanism  part of Parent mechanical component

Kinematic Joint part of Parent mechanical component

Kinematic Joint

used at location in

Context element of a located usage

Kinematic Joint

joins

Represents the system components joined by this compon
connection.

Kinematic Sensor

used at location in

Context element of a located usage

Kinematic Motion

involves

Components involved by the kinematic motion

Joining Element

part of

Parent mechanical component

Joining Element

used at location in

Context element of a located usage

Joining Element

joins

Represents the system components joined by this compon
connection.

Manufacturing Operation

applies to

Mechanical or electrical component this manufacturing
operation applies to

Electric/Electronic

used at location in

Context element of a located usage

Component
Electric/Electronic relates to Mechanical component this electric/electronic component
Component relates to

Electric/Electronic Port

used at location in

Context element of a located usage
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Hydraulic/Pneumatic
Connection

joins

Represents the system components joined by this compon
connection.

Hydraulic/Pneumatic Portused at location in

Context element of a located usage

Assembly Operation

adds

Mechanical or electrical components added by this

manufacturing operation

8.5.4.3.2.2. Body
Geometric representation of the component

Figure 48 Icon

class Class Context Diagram 'Body'

System Component
Mechanical Component ‘ Material

t_ +made of 0..n
0..n

Configuration ‘ ‘ Variant ‘ ‘ Change

‘ Face

Figure 49 Class Context Diagram 'Body"'

Maintenance & Service
Long-Term Archiving
Electrical/Electronical Design
Software Engineering

Plan and prepare Simulation
Prepare Testing

Disassembly & Recycling
Inspection Planning
Electrical/Mechanical Design Collaboration
Perform and document Simulation
Process Planning

Cost Calculation

Plant Layout

Tools & Equipment Design

Parts Manufacturing

Product Assembly

Quality Inspection

Packaging & Logistics
Procurement

Delivered by

Delivered to Mechanical Design

Attributes

Identifier dc:identifier Unambiguous identifier of the element

Title dc:title Title of the element

Type Xs:string Type of an element

Volume Geometric volumen of the element

Outbound Relations
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part of Mechanical Component Parent mechanical component

depends on Body Body this body depends on

made of Material Material assigned to the mechanical component
Inbound Relations

Body depends on Body this body depends on

Face part of Parent body

Hole part of Parent body

Configuration includes Entities included in this configuration.

Variant includes Entities included in this variant.

Change affects Entities affected by this change.

8.5.4.3.2.3. Face
Face on the geometric representation of the component

Figure 50 Icon

class Class Context Diagram 'Face’ /

Body

Figure 51 Class Context Diagram 'Face’

Related Standards ISO 7499 Unigue integral feature identification (UIFI)

Delivered by Define Joining Elements

Attributes

Identifier dc:identifier Unambiguous identifier of the element

Number Xs:string Legible number or name of the element, i. e. part number
Type Xs:string Type of an element

Outbound Relations

part of Body Parent body

8.5.4.3.2.4. Geometric Interference
Interference (proximity, contact or clash) between two component instances

Figure 52 Icon
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class Class Context Diagram 'Geometric Interfe... /

System Component

Mechanical Component

L
+interferes with..n 0..n

0..n/0..n

Figure 53 Class Context Diagram 'Geometric Interference'

Delivered by Plan and prepare Simulation

Delivered to Mechanical Design

Attributes

Identifier dc:identifier Unambiguous identifier of the element

Number Xs:string Legible number or name of the element, i. e. part number
Title dc:title Title of the element

Description dc:description Description of the element

Type Xs:string Type of an element

Outbound Relations

part of

Mechanical Component Parent mechanical component

interferes with

Mechanical Component Mechanical component instance this interference relates to

8.5.4.3.2.5. Material

Material assigned to the mechanical component

vyt
"

Figure 54 Icon

‘class Class Context Diagram "Material’

System Component|

Mechanical Component

Figure 55 Class Context Diagram 'Material'

Related Standards

VDA 231-200 WerkstoffdatensatzSpezifikation von Werkstoffen und Oberflachen in I1

Systemen
VDA 231-106 WerkstoffKlassifizierung im Kraftfahrzeugbau: Aufbau und Nomenklatu

Delivered by

Product Usage
Maintenance & Service

Long-Term Archiving
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Define Joining Elements

Plan and prepare Simulation

Prepare Testing
Disassembly & Recycling

Inspection Planning

Perform and document Simulation

Perform and document Testing

Process Planning
Cost Calculation

Tools & Equipment Design

Parts Manufacturing
Product Assembly
Packaging & Logistics
Procurement

Delivered to Mechanical Design

Attributes

Identifier dc:identifier Unambiguous identifier of the element

Number Xs:string Legible number or name of the element, i. e. part number
Title dc:title Title of the element

Description dc:description Description of the element

Type Xs:string Type of an element

Density Specific density of the material

Thermal Expansion Thermal expansion of the material

Elastic Limit Elastic limit of the material

Tensile Strength Tensile strength of the material

Elongation at Break Elongation of the material at break

Flammability Flammability of the material

Outbound Relations

specialism of Material More generic item

composed of Substance Substances this material is composed of
Inbound Relations

Material specialism of More generic item

Mechanical Component made of Material assigned to the mechanical component
Body made of Material assigned to the mechanical component
Configuration includes Entities included in this configuration.

Variant includes Entities included in this variant.

Reference specifies Entities specified by this reference.

Change affects Entities affected by this change.

8.5.4.3.2.6. Substance

Chemicalsubstance a material is composed of

N’
.

Figure 56 Icon
Attributes

Identifier

dc:identifier

Unambiguous identifier of the element
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Number xs:string Legible number or name of the element, i. e. part number
Title dc:title Title of the element

Type Xs:string Type of an element

8.5.4.3.2.7. Model View

Represents a view of product geometry, including the definition of the viewpoint, and the visibility of components and
annotations

Figure 57 Icon

class Class Context Diagram 'Model View' /

System Component
Mechanical Component

+affects

+shownin  +includes 0 +includes 0..n~0.n
..0n

Model Annotation

0.n_—"
|

‘ Configuration ‘ ‘ Variant 0..n Change

Figure 58 Class Context Diagram '‘Model View'

Delivered by Inspection Planning
Process Planning
Cost Calculation
Plant Layout
Tools & Equipment Design
Parts Manufacturing
Product Assembly

Delivered to Mechanical Design

Attributes

Identifier dc:identifier Unambiguous identifier of the element

Number Xs:string Legible number or name of the element, i. e. part number
Title dc:title Title of the element

Description dc:description Description of the element

Type Xs:string Type of an element

Outbound Relations

part of Mechanical Component Parent mechanical component

8.5.4.3.2.8. Model Annotation
A text annotation, dimension, tolerance, surface specification, etc. with relation to product geometry

Figure 59 Icon
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class Class Context Diagram 'Model Annotation’ /

System Component

Function

Model View Mechanical Component

..n

+implements 0..

+includes 0..+includes

0..n

/
+shown in 0..n

0..n+affects

Configuration

Variant

Change

Figure 60 Class Context Diagram '‘Model Annotation’

Specializations

Datum

Geometric Tolerance

Dimensional Size
Surface Texture

Delivered by LongTerm Archiving

Delivered to Mechanical Design

Attributes

Identifier dc:identifier Unambiguous identifier of the element

Number Xs:string Legible number or name of the element, i. e. part number
Title dc:title Title of the element

Description dc:description Description of the element

Type Xs:string Type of an element

Classification

Classification of the annotation

Outbound Relations

part of Mechanical Component Parent mechanical component

shown in Model View Parent model view

implements Function Product function implemented by the model annotation
relates to Model Annotation Related annotations, i. e. datums

Inbound Relations

Model Annotation relates to Related annotations, i. e. datums
Configuration includes Entities included in this configuration.
Variant includes Entities included in this variant.
Change affects Entities affected by this change.

8.5.4.3.2.9. Datum

Represents a tolerancing datum or datum target

Figure 61 Icon
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class Class Context Diagram 'Datum’ /

Figure 62 Class Context Diagram '‘Datum'’

Generalizations Model Annotation

Delivered by Plan and prepare Simulation
Prepare Testing
Inspection Planning
Process Planning
Cost Calculation
Plant Layout
Tools & Equipment Design
Parts Manufacturing
Product Assembly
Procurement

8.5.4.3.2.10. Geometric Tolerance
Represents a geometric tolerance, such as form, position, orientation, or runout

|//]02] A |

Figure 63 Icon

class Class Context Diagram 'Geometric Tolerance' /

Figure 64 Class Context Diagram 'Geometric Tolerance'

Generalizations Model Annotation
Related Standards DIN EN ISO 1101 Tolerierung von Form, Richtung, Ort und Lauf (LIRlblette!)
Delivered by Plan and prepare Simulation

Prepare Testing
Inspection Planning

Process Planning

Cost Calculation

Plant Layout

Tools & Equipment Design
Parts Manufacturing
Product Assembly
Procurement

Attributes

Tolerance Value Tolerance value of a geometric tolerance
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8.5.4.3.2.11.Dimensional Size

Represents a size
$10 +0.1

Figure 65 Icon

class Class Context Diagram 'Dimensional Size' /

Figure 66 Class Context Diagram '‘Dimensional Size'

class Class Context Diagram 'Size'

System Component

‘ Configuration | ‘ Model View ‘ Mechanical Component

Figure 67 Class Context Diagram 'Size'

Generalizations

Model Annotation

Related Standards

DIN EN ISO 14405 Teil 2: Andere als lineare oder WinkelgréRenmaRe (ISO -14405

2:2018)
DIN EN ISO 14405 Teil 2: Andere als lineare oder WinkelgréRenmaRe (ISO 214405

2:2018)
DIN EN ISO 14405 Teil 2: Andere als lineare oder WinkelgroRenmafe (ISO 14405
2:2018)

Delivered by

Plan and prepare Simulation
Prepare Testing

Inspection Planning
Process Planning

Cost Calculation

Plant Layout

Tools & Equipment Design
Parts Manufacturing
Product Assembly
Procurement

Attributes
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Nominal Value Nominal value of the annotation
Upper Tolerance Upper tolerance of the annotation
Lower Tolerance Lower tolerance of the annotation

8.5.4.3.2.12. Surface Texture
Represents surface texture such as roughness and waviness

—/ Ra0.1

Figure 68 Icon

class Class Context Diagram 'Surface Texture' /

Figure 69 Class Context Diagram 'Surface Texture'

Generalizations Model Annotation
Related Standards DIN EN ISO 21920 Teil 1: Angabe der Oberflachenbeschaffenheit (ISO 21:9P21)
DIN EN ISO 21920 Teil 1: Angabe der Oberflachenbeschaffenheit (ISO 21:9PQ1)
DIN EN ISO 21920 Teil 1: Angabe der Oberflachenbeschaffenheit (1ISO 21:2921)
Delivered by Plan and prepare Simulation
Prepare Testing
Inspection Planning
Process Planning
Cost Calculation
Plant Layout
Tools & Equipment Design
Parts Manufacturing
Product Assembly
Procurement

8.5.4.3.2.13.Hole
A cylindrical or conical hole in a part, typically used as a mechanical interface to other mechanical components.

RS

Figure 70 Icon
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class Class Context Diagram 'Hole' /

System Component

Mechanical Component ‘ Body

0..n
+used at lecationin - ™M0.n

+includes

Configuration ‘ ‘ Variant ‘ ‘ Reference ‘ ‘ Change

Figure 71 Class Context Diagram 'Hole'

Related Standards DIN ISO 15786 Vereinfachte Darstellung und BemafRung von Léchern (ISO 15786:2(
Delivered by Plan and prepare Simulation

Prepare Testing

Disassembly & Recycling

Inspection Planning

Process Planning

Cost Calculation

Parts Manufacturing

Procurement
Attributes
Identifier dc:identifier Unambiguous identifier of the element
Number Xs:string Legible number or name of the element, i. e. part number
Title dc:title Title of the element
Type Xs:string Type of an element
Durchmesser
Length
Outbound Relations
part of Body Parent body
used at location in Mechanical Component Context element of a located usage

8.5.4.3.2.14.Gearing
Gearing specification

Figure 72 Icon
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class Class Context Diagram 'Gearing' /

System Component

Mechanical Component

0.0 includes 0. +specifies

0..n 0..n 0..n 0..n

Configuration ‘ ‘ Variant ‘ ‘ Reference ‘ ‘ Change

Figure 73 Class Context Diagram 'Gearing'

Related Standards DIN 1SO 15786 Vereinfachte Darstellung und BemafRung von Léchern (ISO 15786:2(
Delivered by Plan and prepare Simulation

Prepare Testing

Inspection Planning

Process Planning

Cost Calculation

Parts Manufacturing

Procurement
Attributes
Identifier dc:identifier Unambiguous identifier of the element
Number Xs:string Legible number or name of the element, i. e. part number
Title dc:title Title of the element
Type Xs:string Type of an element
Pitch Pitch of the gearing
Outbound Relations
used at location in Mechanical Component Context element of a located usage

8.5.4.3.2.15.Kinematic Mechanism
Represents a kinematic mechanism

Figure 74 Icon
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class Class Context Diagram 'Kinematic Mechanism' /

System Component

Mechanical Component

Kinematic Sensor

Kinematic Motion

Figure 75 Class Context Diagram 'Kinematic Mechanism'

Delivered by LongTerm Archiving

Plan and prepare Simulation

Prepare Testing

Inspection Planning

Process Planning

Cost Calculation

Product Assembly
Delivered to Mechanical Design
Attributes
Identifier dc:identifier Unambiguous identifier of the element
Title dc:title Title of the element
Description dc:description Description of the element

Outbound Relations

part of

Mechanical Component Parent mechanical component

8.5.4.3.2.16.Kinematic Joint

Represents a kinematic joint between a pair of component instances

Figure 76 Icon
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class Class Context Diagram 'Kinematic Joint' /

+observe
0..

.n

n

System Component
Mechanical Component

F13 T T
+used at location Hoins)..n 0..n

3

+includes 0..r+includes

0..n -n

Kinematic Sensor Configuratio

n Variant

Change

Figure 77 Class Context Diagram 'Kinematic Joint'

Generalizations Component Conne

ction

Delivered by

Long-Term Archiving

Plan and prepare Simulation

Prepare Testing

Inspection Planning

Process Planning
Cost Calculation
Product Assembly

Delivered to Mechanical Design

Outbound Relations

part of Mechanical Component Parent mechanical component
used at location in Mechanical Component Context element of a located usage
joins Mechanical Component Represents the system components joined by this compont
connection.
8.5.4.3.2.17.Kinematic Sensor
Represents a kinematic sensor
{\\\II
Figure 78 Icon
class Class Context Diagram 'Kinematic Sensor' /
Component Connection System Component

Kinematic Joint
+ohserves
~ |

Mechanical Component Kinematic Mechanism

D..n\\

+used at location in

/7 0.

..n

Figure 79 Class Context Diagram 'Kinematic

Sensor'

Delivered by

Plan and prepare Simulation
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Prepare Testing

Delivered to Mechanical Design

Attributes

Identifier dc:identifier Unambiguous identifier of the element

Number Xs:string Legible number or name of the element, i. e. part number
Title dc:title Title of the element

Description dc:description Description of the element

Type Xs:string Type of an element

Outbound Relations

part of Kinematic Mechanism  Parent kinematic mechanism
used at location in Mechanical Component Context element of a located usage
observes Kinematic Joint Kinematic joint observed by this kinematic sensor

8.5.4.3.2.18.Kinematic Motion
Represents a kinematic motion

>

Figure 80 Icon

class Class Context Diagram 'Kinematic Motion' /

System Component

Mechanical Component Kinematic Mechanism

0..n
+involves 0..n

Figure 81 Class Context Diagram 'Kinematic Motion'

Delivered by Plan and prepare Simulation
Prepare Testing
Delivered to Mechanical Design
Attributes
Identifier dc:identifier Unambiguous identifier of the element
Number Xs:string Legible number or name of the element, i. e. part number
Title dc:title Title of the element
Description dc:description Description of the element

Outbound Relations

part of Kinematic Mechanism

Parent kinematic mechanism

involves Mechanical Component

Components involved by the kinematic motion

8.5.4.3.2.19.Joining Element

Represents a joining element such as a welding spot, a rivet, etc.
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Figure 82 Icon

class Class Context Diagram 'Joining Element' /

Manufacturing Operation
Joining Process

+applies 0..n

System Component

Mechanical Component

E
+used at location inoin:0..n 0..n

configuration

‘ ‘ Variant

‘ Reference ‘ ‘ Change

Figure 83 Class Context Diagram 'Joining Element’

Generalizations

Component Connection

Delivered by

Maintenance & Service
Long-Term Archiving

Plan and prepare Simulation

Prepare Testing
Disassembly & Recycling

Inspection Planning
Process Planning
Cost Calculation

Tools & Equipment Design

Product Assembly
Quality Inspection
Packaging & Logistics
Procurement

Delivered to

Mechanical Design
Define Joining Elements

Attributes

Side

Side of the joining element

Outbound Relations

part of

Mechanical Component

Parent mechanical component

used at location in

Mechanical Component

Context element of a located usage

joins

Mechanical Component

Represents the system components joined by this compon
connection.

applies

Joining Process

Joining process used for this joining element
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8.5.4.3.2.20.Painting & Coating
Description of a painting or coating for this mechanical component

Figure 84 Icon

class Class Context Diagram 'Painting & Coating' /

+includes

icknass: d ffects
-
0.0 sincludes 0. +specifies .. -
i
0..n 0..n 0..n

Configuration ‘ ‘ Variant ‘ ‘ Reference ‘ ‘ Change

Figure 85 Class Context Diagram 'Painting & Coating’

Delivered by Plan and prepare Simulation
Prepare Testing
Disassembly & Recycling
Inspection Planning
Process Planning
Cost Calculation
Tools & Equipment Design
Parts Manufacturing

Procurement
Attributes
Identifier dc:identifier Unambiguous identifier of the element
Number Xs:string Legible number or name of the element, i. e. part number
Title dc:title Title of the element
Description dc:description Description of the element
Type Xs:string Type of an element
Thickness Thickness of the painting or coating
Outbound Relations
used in Painting & Coating Context element of the usage
Inbound Relations
Painting & Coating used in Context element of the usage
Configuration includes Entities included in this configuration.
Variant includes Entities included in this variant.
Reference specifies Entities specified by this reference.
Change affects Entities affected by this change.
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8.5.4.3.2.21. Marking & Labeling

Figure 86 Icon

class Class Context Diagram 'Marking & Labeling’ /

+includes  +includes E:+specir'u=_-s
]

+used in 0..n

0..n~0-.n

configuration

0. _—""
|

‘ Variant

‘ ‘ Reference Change

Figure 87 Class Context Diagram 'Marking & Labeling’

Delivered by Plan and prepare Simulation
Prepare Testing
Inspection Planning
Process Planning
Cost Calculation
Tools & Equipment Design
Parts Manufacturing
Procurement
Attributes
Identifier dc:identifier Unambiguous identifier of the element
Number Xs:string Legible number or name of the element, i. e. part number
Title dc:title Title of the element
Description dc:description Description of the element
Type Xs:string Type of an element

Outbound Relations

used in Marking & Labeling

Context element of the usage

Inbound Relations

Marking & Labeling used in Context element of the usage
Configuration includes Entities included in this configuration.
Variant includes Entities included in this variant.
Reference specifies Entities specified by this reference.
Change affects Entities affected by this change.

8.5.4.3.2.22. Heat-treated Area
Heat treatment of a mechanical component

|

Figure 88 Icon
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class Class Context Diagram 'Heat Treatment' /

Configuration

Variant Reference

Figure 89 Class Context Diagram 'Heat Treatment'

class Class Context Diagram 'Heat-treated Area' /

Manufacturing Operation

Heat Treatment

+includes

+includes

0..n 0. +specifies
/
o.n 0..n

configuration ‘ ‘ Variant ‘ ‘ Reference ‘ ‘ Change

Figure 90 Class Context Diagram 'Heat -treated Area'

Related Standards

DIN EN ISO 4885 EisenwerkstoffeWarmebehandlungBegriffe

Delivered by Plan and prepare Simulation
Prepare Testing
Inspection Planning
Process Planning
Cost Calculation
Tools & Equipment Design
Parts Manufacturing
Procurement
Attributes
Identifier dc:identifier Unambiguous identifier of the element
Number Xs:string Legible number or name of the element, i. e. part number
Title dc:title Title of the element
Description dc:description Description of the element
Type Xs:string Type of an element
Hardness

Outbound Relations

used in

Heattreated Area

Context element of the usage

applies

Heat Treatment

Heat treatment operation used for this heat treatment
specification

Inbound Relations

Heattreated Area used in Context element of the usage
Configuration includes Entities included in this configuration.
Variant includes Entities included in this variant.
Reference specifies Entities specified by this reference.
Change affects Entities affected by this change.

8.5.4.3.2.23.Cleanliness

Technical cleanliness of a mechanical component
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Figure 91 Icon

class Class Context Diagram 'Cleanliness' /

+affects

+includes  +includes D4D..n:|f\es 0..n~0.1
..n

configuration ‘ Variant ‘ ‘ Reference 0..n Change

Figure 92 Class Context Diagram 'Cleanliness'

Related Standards ISO 16232 Cleanliness of components and systems

Delivered by Plan and prepare Simulation
Prepare Testing
Inspection Planning
Process Planning
Cost Calculation
Tools & Equipment Design
Parts Manufacturing

Procurement
Attributes
Identifier dc:identifier Unambiguous identifier of the element
Number Xs:string Legible number or name of the element, i. e. part number
Title dc:title Title of the element
Description dc:description Description of the element
Type Xs:string Type of an element

8.5.4.3.2.24. Bending Specification
Represents a spatial bending specification that applies a bending angle around an axis.

Figure 93 Icon

class Class Context Diagram 'Bending Specification’ /

+includes 0..+includes 0..n+affects 0..n

D..n/ 0..n 0..n

Configuration Variant Change

Figure 94 Class Context Diagram 'Bending Specification'

CASCaRA, version 1.2 99



Delivered by Plan and prepare Simulation
Prepare Testing
Inspection Planning
Process Planning
Cost Calculation
Tools & Equipment Design
Parts Manufacturing

Procurement
Attributes
Identifier dc:identifier Unambiguous identifier of the element
Number Xs:string Legible number or name of the element, i. e. part number
Title dc:title Title of the element
Angle

8.5.4.3.3. Electric/Electronic Design
Includes all entities relevant to electric/electronic design

Figure 95 Icon

class Package Class Diagram 'Electric/Electronic Design" /

System Component Component Interface

Electric/Electronic Component Electric/Electronic Port

+joins

Component Connection

Electric/Electronic Connection

Figure 96 Package Class Diagram 'Electric Electronic Design

8.5.4.3.3.1. Electric/Electronic Component
Represents an electric/electronic component

Figure 97 Icon
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class Class Context Diagram 'Electric/Electronic... /

System Component
Mechanical Component

(.
+used at loca+relates tol..n Q..n

0..n|0..n

System Component
Electric/Electronic Component

+joins 0..n

Component Connection
Electric/Electronic Connection

Figure 98 Class Context Diagram 'Electric Electronic Component'

Generalizations System Component
Delivered by Product Usage

Maintenance & Service

Software Engineering

Plan and prepare Simulation

Prepare Testing

Disassembly & Recycling

Inspection Planning

Electrical/Mechanical Design Collaboration
Process Planning

Cost Calculation

Plant Layout
Tools & Equipment Design

Procurement
Delivered to Electrical/Electronical Design
Outbound Relations
used at location in Mechanical Component Context element of a located usage
relates to Mechanical Component Mechanical component this electric/electronic component

relates to

8.5.4.3.3.2. Electric/Electronic Port
Represents an electric/electronic port on an electric/electronic component

J_

Ny

Figure 99 Icon
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class Class Context Diagram 'Electric/Electronic... /

System Component
Mechanical Component

+used at location in

Component Interface

Electric/Electronic Port

Figure 100 Class Context Diagram 'Electric Electronic Port'

Generalizations

Component Interface

Delivered by

Product Usage
Maintenance & Service

Software Engineering

Plan and prepare Simulation
Prepare Testing
Disassembly & Recycling
Inspection Planning
Electrical/Mechanical Design Collaboration
Process Planning

Cost Calculation

Plant Layout

Tools & Equipment Design
Procurement

Delivered to

Electrical/Electronical Design

Outbound Relations

used at location in

Mechanical Component Context element of a located usage

8.5.4.3.3.3. Electric/Electronic Connection
Represents an electric/electronic connection

Figure 101 Icon
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class Class Context Diagram 'Electric/Electronic... /

System Component
Electric/Electronic Component

+joins 0..n

Component Connection

Electric/Electronic Connection

Figure 102 Class Context Diagram 'Electric Electronic Connection'

Generalizations Component Connection
Delivered by Product Usage

Maintenance & Service

Software Engineering

Plan and prepare Simulation

Prepare Testing

Disassembly & Recycling

Inspection Planning

Electrical/Mechanical Design Collaboration
Process Planning

Cost Calculation

Plant Layout
Tools & Equipment Design

Procurement

Delivered to Electrical/Electronical Design

Outbound Relations

joins Electric/Electronic Represents the system components joined by this compon
Component connection.

8.5.4.3.4. Software Design
Includes all entities relevant to software design

Figure 103 Icon
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class Package Class Diagram 'Software Design' /

System Component System Component
Software Component Software Class

Component Interface
Software Interface

Figure 104 Package Class Diagram 'Software Design'

8.5.4.3.4.1. Software Class
A class in source code that represents a logical collection data and functions

Figure 105 Icon

class Class Context Diagram 'Software Class' /

System Component
Software Class

Figure 106 Class Context Diagram 'Software Class'

Generalizations System Component

Related Standards ISO/IEC 20246 Bewertungen von Arbeitsergebnissen
ISO/IEC 19513 Information technologyObject Management Group Unified Profile for
DoDAF and MODAF (UPDM)

Delivered by Maintenance & Service
Plan and prepare Simulation
Prepare Testing

Delivered to Software Engineering

8.5.4.3.4.2. Software Interface
An interface in source code that allows a class to interact with other components of a software

J_

Ny

Figure 107 Icon
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class Class Context Diagram 'Software Interface' /

System Component
Software Component

' 0..n

Component Interface

Software Interface

Figure 108 Class Context Diagram 'Software Interface'

Generalizations Component Interface

Related Standards ISO/IEC 20246 Bewertungen von Arbeitsergebnissen

DO-297 Integrated Modular Avionics (IMA) Development Guidance and Certification

Considerations

ISO/IEC/IEEE 2911491 Software and systems engineerir@pftware testing Part 1:

General concepts

Delivered by Product Usage
Maintenance & Service
Plan and prepare Simulation
Prepare Testing

Delivered to Software Engineering

Outbound Relations

part of Software Component Parent software component

8.5.4.3.4.3. Software Component
A compiled component of software to be used in a product, i. e. executable or library

001101
100100

Figure 109 Icon

class Class Context Diagram 'Software Component' /

System Component

Software Component

Component Interface
Software Interface

Figure 110 Class Context Diagram 'Software Component'

Generalizations System Component
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Related Standards ISO/IEC 20246 Bewertungen von Arbeitsergebnissen
DO-297 Integrated Modular Avionics (IMA) Development Guidance and Certification
Considerations
ISO/IEC/IEEE 291191 Software and systems engineerirf@pftware testing Part 1:
General concepts

Delivered by Product Usage
Maintenance & Service
Plan and prepare Simulation
Prepare Testing

Delivered to Software Engineering

8.5.4.3.5. Fluids
Includes all entities relevant to other domains

Figure 111 Icon

class Package Class Diagram 'Fluids' /

Component Connection Component Interface

Hydraulic/Pneumatic Connection Hydraulic/Pneumatic Port

Figure 112 Package Class Diagram 'Fluids'

8.5.4.3.5.1. Hydraulic/Pneumatic Connection
Represents a hydraulic or pneumatic connection, i. e. a tube or hose

Figure 113 Icon

class Class Context Diagram 'Hydraulic/Pneum... /

System Component
Mechanical Component

+oins 0..n

Component Connection

Hydraulic/Pneumatic Connection

Figure 114 Class Context Diagram 'Hydraulic Pneumatic Connection'

Generalizations Component Connection
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Delivered by Product Usage
Maintenance & Service
Plan and prepare Simulation
Prepare Testing
Disassembly & Recycling
Process Planning
Packaging & Logistics

Delivered to Mechanical Design

Outbound Relations

joins Mechanical Component Represents the system components joined by this compont
connection.

8.5.4.3.5.2. Hydraulic/Pneumatic Port
Represents a hydraulic or pneumatic port on a mechanical component

Figure 115 Icon

class Class Context Diagram 'Hydraulic/Pneum... /

System Component

Mechanical Component

+used at locationin | 0..n

Component Interface

Hydraulic/Pneumatic Port

Figure 116 Class Context Diagram 'Hydraulic Pneumatic Port'

Generalizations Component Interface
Delivered by Product Usage

Maintenance & Service

Plan and prepare Simulation

Prepare Testing

Disassembly & Recycling

Process Planning

Packaging & Logistics
Delivered to Mechanical Design

Outbound Relations

used at location in Mechanical Component Context element of a located usage

8.5.4.4. Manufacturing & Supply Chain
Includes all entities relevant to manufacturing and supply chain
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Figure 117 Icon

class Package Class Diagram 'Manufacturing & Supply Chain' /

Mechanical Component

Manufacturing Equipment Component Control Plan

+Uses 0..n
0..n

Manufacturing Operation

AN TT—

Assembly Operation Heat Treatment Joining Process

Figure 118 Package Class Diagram 'Manufacturing & Supply Chain'

8.5.4.4.1. Manufacturing Process
Includes all manufacturing process operations

Figure 119 Icon

class Package Class Diagram 'Manufacturing Process' /

Manufacturing Operation
Assembly Operation Heat Treatment lJoining Process

Figure 120 Package Class Diagram '‘Manufacturing Process'

8.5.4.4.1.1. Manufacturing Operation
Represents a single or a group of manufacturing operations that lead to a finished, assembled product.

Figure 121 Icon
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class Class Context Diagram 'Manufacturing Dperation'/

o fon Unit] System Component

‘ ‘ Actor

+created by
)

0.n +Uses 0..n +ownedby  0.n 0.n
\ +appliesto | 0.n _—

0..n 0..n 0.n 0..n~—"0..n
+follows 0..n
ing 0 % hused in 00—

+includes  +includes  40..n:ifies  (+affects) E0.n
u.n 0..n 0..n

| Configuration | ‘ Variant

Plant ‘ il Ii i | Mechanical Component Person

+owned b ol
i

| P || T |

Figure 122 Class Context Diagram 'Manufacturing Operation’

Specializations Assembly Operation

Joining Process
Heat Treatment

Delivered by Cost Calculation
Plant Layout
Tools & Equipment Design
Parts Manufacturing

Product Assembly
Delivered to Process Planning
Attributes
Identifier dc:identifier Unambiguous identifier of the element
Number Xs:string Legible number or name of the element, i. e. part number
Title dc:title Title of the element
Description dc:description Description of the element
Type Xs:string Type of an element
Outbound Relations
part of Manufacturing Operation Parent element
used in Manufacturing Operation Context element of the usage
specialism of Manufacturing Operation More generic item
created by Person The person who created this element
owned by Role Role owning this element
applies to Mechanical Component Mechanical or electrical component this manufacturing
operation applies to
follows Manufacturing Operation Preceding manufacturing operation
uses Manufacturing EquipmentAny tools and fixtures used to perform the manufacturing
Component operation.
owned by Plant Plant executing the manufacturing operation.
Inbound Relations
Manufacturing Operation part of Parent element
Manufacturing Operation used in Context element of the usage
Manufacturing Operation specialism of More generic item
Manufacturing Operation follows Preceding manufacturing operation
Configuration includes Entities included in this configuration.
Variant includes Entities included in this variant.
Reference specifies Entities specified by this reference.
Change affects Entities affected by this change.

8.5.4.4.1.2. Assembly Operation
Operation of adding a single part or sagsembly to an existing single part or-sgdsembly
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class Class Context Diagram 'Assembly Operation’ /

System Component
Mechanical Component

+adds 0..n

0..n

Manufacturing Operation
Assembly Operation

Figure 123 Class Context Diagram 'Assembly Operation’

Generalizations Manufacturing Operation

Delivered by Cost Calculation

Plant Layout
Tools & Equipment Design

Outbound Relations

adds Mechanical Component Mechanical or electrical components added by this

manufacturing operation

8.5.4.4.1.3. Heat Treatment

i

Figure 124 Icon

class Class Context Diagram 'Heat Treatment' /

Manufacturing Operation
Heat Treatment

+ temperature: xs:string
+ duration: xs:string

lies 0..
+applies | 0..n

Heat-treated Area

Figure 125 Class Context Diagram 'Heat Treatment'

Generalizations Manufacturing Operation
Related Standards DIN 8580 Begriffe, Einteilung
Delivered by Cost Calculation

Plant Layout
Tools & Equipment Design

Attributes

Temperature

Duration Duration of the heat treatment
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8.5.4.4.1.4. Joining Process
Represents a joining process type such as welding, riveting, etc.

L

—

=1

Figure 126 Icon

class Class Context Diagram 'Joining Process' /

Manufacturing Operation

Joining Process

+applies 0..n

0..n

Component Connection

Joining Element

Figure 127 Class Context Diagram 'Joining Process'

Generalizations Manufacturing Operation

Delivered by Maintenance & Service
Long-Term Archiving
Disassembly & Recycling
Cost Calculation
Plant Layout
Tools & Equipment Design
Product Assembly
Quality Inspection
Packaging & Logistics
Procurement

Delivered to Mechanical Design

8.5.4.4.2. Manufacturing Equipment Component
Represents all kinds of tools and equipment used to manufacture parts and assemble the product.

/

Figure 128 Manufacturing Equipment Component
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class Class Context Diagram 'Manufacturing Eq... /

Mechanical Component
Manufacturing Equipment Component

+uses 0..n
0..n

Manufacturing Operation

Figure 129 Class Context Diagram 'Manufacturing Equipment Component

Generalizations Mechanical Component
Delivered by Cost Calculation
Parts Manufacturing
Product Assembly
Delivered to Plant Layout

Tools & Equipment Design

8.5.4.4.3. Control Plan

Defines what verification and validation measures are used from product development througb tarseries

production.

-

Figure 130 Icon

class Class Context Diagram 'Control Plan’ /

Control Plan

+used in 0..n
0..n

Verification Plan

Figure 131 Class Context Diagram 'Control Plan'

Delivered by Cost Calculation
Quality Inspection
Attributes
Identifier dc:identifier Unambiguous identifier of the element
Number Xs:string Legible number or name of the element, i. e. part number
Title dc:title Title of the element
Description dc:description Description of the element
StartDateTime xs:dateTime Start date and time of the element
EndDateTime xs:dateTime End date and time of the element

8.5.4.5. Product Verification

Verification of a component or the overall product using virtual (simulation) or physical methods (test, inspection)

112
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Figure 132 Icon

class Package Class Diagram 'Product Verification" /

+executes

Figure 133 Package Class Diagram 'Product Verification'

8.5.4.5.1. Verification Characteristic
Represents a characteristic that must be inspected to ensure product function.

Figure 134 Icon

class Class Context Diagram 'Verification Characteristic' /

Mechanical Component
Verification Resource

+l5es 0..n

Figure 135 Class Context Diagram 'Verification Characteristic'

Related Standards ISO 7533 Identification of specifications in the technical product documentation (TPD
VDA 231-300 Digitaler Datenaustausch in der werkstofflichen Bemusterung unter
Beriicksichtigung der 3IDaten
DIN 23601 Verificationr Requirements for measurements to determine the characteris
for size, form, orientation, location and ront

Delivered by Quality Inspection

Delivered to Plan and prepare Simulation
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Prepare Testing
Inspection Planning

Attributes

Identifier dc:identifier Unambiguous identifier of the element

Number Xs:string Legible number or name of the element, i. e. part number
Title dc:title Title of the element

Description dc:description Description of the element

Type Xs:string Type of an element

Outbound Relations

part of Verification Plan Parent verification plan this characteristic is allocated to
used in Verification CharacteristicContext element of the usage

verifies Function Function verified by this verification characteristic

uses Verification Resource

Inbound Relations

Verification Characteristicused in Context element of the usage

8.5.4.5.2. Verification Plan
Specifies what characteristics must be inspected using which equipment for which purpose.

v
— | X
v

Figure 136 Icon

class Class Context Diagram 'Verification Plan' /

Control Plan

+used in 0..n
0..n

+usedin™ n
Verification Plan n@{
/57 +executes 0..n _0..n L
0..n 0..n
Verification Characteristic Verification Run

Figure 137 Class Context Diagram 'Verification Plan’

Related Standards DIN 23601 Verificationr Requirements for measurements to determine the characteris
for size, form, orientation, location and ront

Delivered by Quality Inspection

Delivered to Plan and prepare Simulation

Prepare Testing
Inspection Planning

Attributes

Identifier dc:identifier Unambiguous identifier of the element

Number Xs:string Legible number or name of the element, i. e. part number
Title dc:title Title of the element
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Description dc:description Description of the element

Type Xs:string Type of an element

Revision Xs:string Revisionskennung des Elements

Outbound Relations

part of Verification Plan Parent element

used in Verification Plan Context element of the usage

used in Control Plan Used in a control plan

Inbound Relations

Verification Plan part of Parent element

Verification Plan used in Context element of the usage

Verification Characteristicpart of Parent verification plan this characteristic is allocated to
Verification Run executes Verification plan executed by the verification run

8.5.4.5.3. Verification Resource
Represents a mechanical component used as an inspection resource

"

Figure 138 Icon

class Class Context Diagram 'Verification Resource' /

Mechanical Component
Verification Resource

+L5e5 0..n
0..n

Verification Characteristic

Figure 139 Class Context Diagram 'Verification Resource'

Generalizations Mechanical Component

Related Standards DIN 23601 Verification- Requirements for measurements to determine the characteris
for size, form, orientation, location and ront

Delivered by Quality Inspection

Delivered to Plan and prepare Simulation

Prepare Testing
Inspection Planning

8.5.4.5.4. Verification Run
Represents an inspection run that collects inspection results for each inspection characteristic allocated to an inspectio
plan.
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Figure 140 Icon

class Class Context Diagram 'Verification Run' /

Verification Plan

+executes 0..n
0..n

Verification Run

0..n
0..n

Verification Result

Figure 141 Class Context Diagram 'Verification Run'

Delivered by Long-Term Archiving
Delivered to Perform and document Simulation
Perform and document Testing
Attributes
Identifier dc:identifier Unambiguous identifier of the element
Number Xs:string Legible number or name of the element, i. e. part number
Title dc:title Title of the element
Description dc:description Description of the element
Type Xs:string Type of an element
DateTime xs:dateTime Date and time of the element

Outbound Relations

owned by Actor Actor owning this element

executes Verification Plan Verification plan executed by the verification run

8.5.4.5.5. Verification Result
Represents an inspection result for an inspection criterium

v
— | X
v

Figure 142 Icon
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class Class Context Diagram 'Verification Result' /

Verification Run

0..n
0..n

Verification Result

+ deviation: xs:string

Figure 143 Class Context Diagram 'Verification Result'

Related Standards ISO 22514 Capability and performance
ISO 20170 Decomposition of geometrical characteristics for manufacturing control
Delivered by LongTerm Archiving
Delivered to Perform and document Simulation
Perform and document Testing
Attributes
Identifier dc:identifier Unambiguous identifier of the element
Number Xs:string Legible number or name of the element, i. e. part number
Title dc:title Title of the element
Description dc:description Description of the element
Type Xs:string Type of an element
Deviation Deviation from specification

Outbound Relations

part of Verification Run Parent verification run

8.5.4.6. Product Validation
Validation of a component or the overall product using virtual (simulation) or physical methods (test)

Figure 144 Icon

class Package Class Diagram 'Product Validation' /

‘ Validation Plan | ‘ Validation Criterium | | Validation Boundary Condition ‘ ‘ Validation Result ‘ ‘ Displacement

+executes

0..n
0..n

| alidation Run |

Figure 145 Package Class Diagram 'Product Validation'

8.5.4.6.1. Validation Criterium
A specific validation criterium as part of a validation plan.
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Figure 146 Icon

class Class Context Diagram 'Validation Criterium’ /

Requirement

+validates 0..n
0..n

Validation Criterium

Figure 147 Class Context Diagram 'Validation Criterium'

Related Standards ISO/IEC/IEEE 291191 Software and systems engineerirpftware testing Part 1:
General concepts
Delivered by Perform and document Simulation
Perform and document Testing
Delivered to Plan and prepare Simulation
Prepare Testing
Attributes
Identifier dc:identifier Unambiguous identifier of the element
Number Xs:string Legible number or name of the element, i. e. part number
Title dc:title Title of the element
Description dc:description Description of the element
Type Xs:string Type of an element

Outbound Relations

validates Requirement Requirement validated by this validation criterium

8.5.4.6.2. Validation Plan

A specific executable test that examines all aspects including inputs and outputs of a system and then provides a detai
description of the steps that should be taken, the results that should be achieved, and other elements that should be
identified. St@s explained in a test case include all details even if they are assumed to be common knowledge. Test ca:
are used as a technical explanation and reference guide for systems.
https://intranet.prostep.org/display/PROJ/Glossary

v
— | X
v

Figure 148 Icon
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class Class Context Diagram 'Validation Plan' /

Validation Plan

+executes 0..n
0..n

Validation Run

Figure 149 Class Context Diagram 'Validation Plan’

Delivered by Perform and document Simulation
Perform and document Testing
Delivered to Plan and prepare Simulation
Prepare Testing
Attributes
Identifier dc:identifier Unambiguous identifier of the element
Number Xs:string Legible number or name of the element, i. e. part number
Title dc:title Title of the element
Description dc:description Description of the element
Type Xs:string Type of an element

8.5.4.6.3. Validation Boundary Condition
Validation boundary condition, i. e. force, pressure, temperature or time.

ag

~—_

Figure 150 Icon

class Class Context Diagram 'Validation Bound... /

Validation Boundary Condition

Figure 151 Class Context Diagram 'Validation Boundary Condition’

Delivered by Perform and document Simulation
Perform and document Testing
Delivered to Plan and prepare Simulation
Prepare Testing
Attributes
Identifier dc:identifier Unambiguous identifier of the element
Number Xs:string Legible number or name of the element, i. e. part number
Title dc:title Title of the element
Description dc:description Description of the element
Type Xs:string Type of an element

8.5.4.6.4. Validation Run
Vorgang einer Validierung
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Figure 152 Icon

class Class Context Diagram "Validation Run' /

Validation Plan

+executes 0..n
0..n

Validation Run

Figure 153 Class Context Diagram 'Validation Run'

Delivered by Long-Term Archiving
Perform and document Simulation
Perform and document Testing

Delivered to Perform and document Simulation
Perform and document Testing

Attributes

Identifier dc:identifier Unambiguous identifier of the element

Number Xs:string Legible number or name of the element, i. e. part number
Title dc:title Title of the element

Description dc:description Description of the element

Type Xs:string Type of an element

DateTime xs:dateTime Date and time of the element

Outbound Relations

owned by Actor Actor owning this element

executes Validation Plan Validation plan executed by the validation run

8.5.4.6.5. Validation Result
Ergebnis einer Validierung

v
— | X
v

Figure 154 Icon

class Class Context Diagram 'Validation Result' /

Validation Result

Figure 155 Class Context Diagram 'Validation Result'

Delivered by LongTerm Archiving

120 CASCaRA, version 1.2



Delivered to Perform and document Simulation
Perform and document Testing
Attributes
Identifier dc:identifier Unambiguous identifier of the element
Number Xs:string Legible number or name of the element, i. e. part number
Title dc:title Title of the element
Description dc:description Description of the element
Type Xs:string Type of an element

8.5.4.6.6. Displacement
Displaced point coordinates

class Class Context Diagram 'Displacement’ /

Displacement

Figure 156 Class Context Diagram 'Displacement'

Delivered by Long-Term Archiving

Attributes

Identifier dc:identifier Unambiguous identifier of the element

Number Xs:string Legible number or name of the element, i. e. part number

8.5.4.7. Operation
Includes all entities relevant to product operations

Figure 157 Icon

class Package Class Diagram 'Operation’ /

Product ‘ ‘

Operation Incident

Figure 158 Package Class Diagram 'Operation’

8.5.4.7.1. Product
Represents the commercial view of a product,

Figure 159 Icon
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class Class Context Diagram 'Product’ /

Actor

Person

+owned by 0..n

0..

n

Product

+created by 0..n
u.n--
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ruseu " afects

+includes

0..nudes
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0.n

Configuration

0.n_——""
|

Variant

‘ ‘ Reference 0..n

Change

Figure 160 Class Context Diagram 'Product’

Attributes

Identifier dc:identifier Unambiguous identifier of the element
Number Xs:string Legible number or name of the element, i. e. part number
Title dc:title Title of the element

Description dc:description Description of the element

Type Xs:string Type of an element

StartDateTime xs:dateTime Start date and time of the element
EndDateTime xs:dateTime End date and time of the element
Revision Xs:string Revisionskennung des Elements
Outbound Relations

part of Product Parent element

used in Product Context element of the usage
specialism of Product More generic item

created by Person The person who created this element
owned by Actor Actor owning this element

Inbound Relations

Product part of Parent element

Product used in Context element of the usage
Product specialism of More generic item

Configuration includes Entities included in this configuration.
Variant includes Entities included in this variant.
Reference specifies Entities specified by this reference.
Change affects Entities affected by this change.

8.5.4.7.2. Operation Incident

Represents an incident during product operation, i. e. failure, maintenance, etc.

class Class Context Diagram 'Operation Incident' /

Actor

Person

+owned by 0..n +created by
U..n 0.n_—

Operation Incident

0..

n

Figure 161 Class Context Diagram 'Operation Incident'

Delivered to Product Usage
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Attributes

Identifier dc:identifier Unambiguous identifier of the element

Number Xs:string Legible number or name of the element, i. e. part number
Title dc:title Title of the element

Description dc:description Description of the element

Type Xs:string Type of an element

DateTime xs:dateTime Date and time of the element

Outbound Relations

created by Person The person who created this element

owned by Actor Actor owning this element

8.5.4.8. Context Elements
Includes entities that provide context in which related elements are valid, i. e. Revision or Configuration.

Figure 162 Icon

class Package Class Diagram "Context Elements' /

Configuration ‘ Variant ‘ ‘ Reference ‘ Change

Figure 163 Package Class Diagram 'Context Elements'

8.5.4.8.1. Configuration
Represents a configuration as a context for other elements to be valid. The datdlowdedelected elements to be
related to a revision, i. e. mechanical components

Figure 164 Icon

Figure 165 Class Context Diagram 'Configuration’

Related Standards ISO 26580 Software and systems engineeriM@thods and tools for the featdbased
approach to software and systems product line engineering
Delivered to Mechanical Design

Electrical/Electronical Design
Software Engineering

Attributes

Identifier dc:identifier Unambiguous identifier of the element

Number Xs:string Legible number or name of the element, i. e. part number
Title dc:title Title of the element

Description dc:description Description of the element

Type Xs:string Type of an element
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StartDateTime xs:dateTime Start date and time of the element
EndDateTime xs:dateTime End date and time of the element
Outbound Relations

part of Configuration Parent element

specialism of Configuration More generic item

includes Use Case Entities included in this configuration.
includes Requirement Entities included in this configuration.
includes Function Entities included in this configuration.
includes Function Failure Entities included in this configuration.
includes System Component Entities included in this configuration.
includes Component Connection Entities included in this configuration.
includes Body Entities included in this configuration.
includes Material Entities included in this configuration.
includes Model View Entities included in this configuration.
includes Model Annotation Entities included in this configuration.
includes Hole Entities included in this configuration.
includes Gearing Entities included in this configuration.
includes Kinematic Joint Entities included in this configuration.
includes Joining Element Entities included in this configuration.
includes Painting & Coating Entities included in this configuration.
includes Marking & Labeling Entities included in this configuration.
includes Heattreated Area Entities included in this configuration.
includes Cleanliness Entities included in this configuration.
includes Bending Specification Entities included in this configuration.
includes Manufacturing Operation Entities included in this configuration.
includes Product Entities included in this configuration.

Inbound Relations

Configuration

part of

Parent element

Configuration

specialism of

More generic item

8.5.4.8.2. Variant

Represents a variant as a context for other elements to be valid. The datamodel allows selected elements to be relatec
variant, i. e. mechanical components

Figure 166 Icon

Figure 167 Class Context Diagram 'Variant'
Related Standards

ISO 26580 Software and systems engineeriiiiethods and tools for the featrbased
approach to software and systems product line engineering

Delivered to Mechanical Design
Electrical/Electronical Design
Software Engineering
Attributes
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Identifier dc:identifier Unambiguous identifier of the element

Number Xs:string Legible number or name of the element, i. e. part number
Title dc:title Title of the element
Description dc:description Description of the element
Type Xs:string Type of an element

Outbound Relations

part of Variant Parent element

specialism of Variant More generic item

includes Use Case Entities included in this variant.
includes Requirement Entities included in this variant.
includes Function Entities included in this variant.
includes Function Failure Entities included in this variant.
includes System Component Entities included in this variant.
includes Component Connection Entities included in this variant.
includes Body Entities included in this variant.
includes Material Entities included in this variant.
includes Model View Entities included in this variant.
includes Model Annotation Entities included in this variant.
includes Hole Entities included in this variant.
includes Gearing Entities included in this variant.
includes Kinematic Joint Entities included in this variant.
includes Joining Element Entities included in this variant.
includes Painting & Coating Entities included in this variant.
includes Marking & Labeling Entities included in this variant.
includes Heattreated Area Entities included in this variant.
includes Cleanliness Entities included in this variant.
includes Bending Specification Entities included in this variant.
includes Manufacturing Operation Entities included in this variant.
includes Product Entities included in this variant.

Inbound Relations

Variant part of Parent element

Variant specialism of More generic item

8.5.4.8.3. Reference
Related resource

Figure 168 Icon

= g e

Figure 169 Class Context Diagram 'Reference’

Delivered to Mechanical Design
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Electrical/Electronical Design
Software Engineering

Attributes

Identifier dc:identifier Unambiguous identifier of the element
Number Xs:string Legible number or name of the element, i. e. part number
Title dc:title Title of the element

Description dc:description Description of the element

Type Xs:string Type of an element

Revision Xs:string Revisionskennung des Elements

URL Unique resource locator of an element
Outbound Relations

part of Reference Parent element

specialism of Reference More generic item

specifies Material Entities specified by this reference.
specifies Hole Entities specified by this reference.
specifies Gearing Entities specified by this reference.
specifies Joining Element Entities specified by this reference.
specifies Painting & Coating Entities specified by this reference.
specifies Marking & Labeling Entities specified by this reference.
specifies Heattreated Area Entities specified by this reference.
specifies Cleanliness Entities specified by this reference.
specifies Manufacturing Operation Entities specified by this reference.
specifies Product Entities specified by this reference.
Inbound Relations

Reference part of Parent element

Reference specialism of More generic item

8.5.4.8.4. Change
A change in requirements, engineering, planning or production

Figure 170 Icon

Figure 171 Class Context Diagram 'Change’

Attributes

Identifier dc:identifier Unambiguous identifier of the element

Number Xs:string Legible number or name of the element, i. e. part number
Title dc:title Title of the element

Description dc:description Description of the element

Type Xs:string Type of an element

StartDateTime xs:dateTime Start date and time of the element

EndDateTime xs:dateTime End date and time of the element

Outbound Relations
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part of Change

Parent element

created by Person The person who created this element
owned by Role Role owning this element
affects Use Case Entities affected by this change.
affects Requirement Entities affected by this change.
affects Function Entities affected by this change.
affects Function Failure Entities affected by this change.
affects System Component Entities affected by this change.
affects Component Connection Entities affected by this change.
affects Body Entities affected by this change.
affects Material Entities affected by this change.
affects Model View Entities affected by this change.
affects Model Annotation Entities affected by this change.
affects Hole Entities affected by this change.
affects Gearing Entities affected by this change.
affects Kinematic Joint Entities affected by this change.
affects Joining Element Entities affected by this change.
affects Painting & Coating Entities affected by this change.
affects Marking & Labeling Entities affected by this change.
affects Heattreated Area Entities affected by this change.
affects Cleanliness Entities affected by this change.
affects Bending Specification Entities affected by this change.
affects Manufacturing Operation Entities affected by this change.
affects Product Entities affected by this change.

Inbound Relations

Change part of

Parent element

CASCaRA, version 1.2
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8.5.5. Use-Cases
Lists all usecases.

8.5.5.1. CASCaRA
Collaborative Artifact, Specification, Context and Resource Access

Orgadizatign
Product
Architecture

Figure 172 Required Input

Figure 173 Used Tools
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8.5.5.1.1. Collaborative Product Requirements Management
Establish and maintain a requirements management process in common with the supplier. Approve requirements
specifications ("model based SCD") , get change alerts, manage change requests & releases between OEM and suppl

class Aspect model 'EJ-1 Collaborative Product Requirements Management' /

Role

+owned b-,ri'lr”[:..necl by 0..n
!C..n 0..n

Requirement Use Case

7

Stakeholder Requirement

Figure 174 Aspect model 'EJ -1 Collaborative Product Requirements Management'

Inputs Role
Use Case
Outputs Requirement

Stakeholder Requirement

8.5.5.1.2. Collaborative Architecture Design Co -Development

Establish and maintain a method and tool to collaboratively define a system asybtrh architecture & interfaces
where supplier provided work products are integrated. Including mission, operational architecture, functional
architecture, logical architture and interface (ICD) definition.

class Aspect model 'EJ-2 Collaborative Architecture Design Co-Development' /

Requirement
System Requirement Component Connection

-7 e 7
+typeof ,0.n0.n O.n 0O.n

+provides  Q0..n

Component Interface

T
+provides | (0..nJ..n

Function

+use-+oir+used im1.n0..n ,0..n Hmplements  C+affects 0 &
5 5 .n0.. .nn .1
Vo

System Component Function Failure

A
+used irD..n 0..n

0..n|0..n

Component State

Figure 175 Aspect model 'EJ -2 Collaborative Architecture Design Co  -Development'

Outputs Function
Component Interface
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Function Failure
System Requirement
System Component
Component Connection
Component State

8.5.5.1.3. Co-Simulation & early Requirements V&V

Establish method and tool to @amulate systems, assembling suppliers sygiems into a systems integration model,
used to perform early design and requirements Verification & Validation. Incorporate Supplier inputs into Safety
analysis.

8.5.5.1.4. Collaborative 3D MBD, Electrical and Software Design Co  -Development
Establish method and tool to collaboratively develop and manage 3D MBD-B@dvEconnected to the Requirements,
Functional and Logical Archtecture-BOM)

Figure 176 Required Input
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Figure 177 Used Tools

8.5.5.1.5. Collaborative Manufacturing Engineering
Establish process and tool for Collabrative Manufacturing MBEBOM, manufacturing process planning and model
based work instruction MBI, connected to the 3D MBD

8.5.5.1.6. Collaborative Digital Product Quality Management (APQP)
Establish process and tool for the creation, definition, retention of APQP (Advanced Product Quality Planning ) and
PPAP (Production part approval process) elements, following indutsry standards such as AS9145.

8.5.5.1.7. LOTAR Long -term Archiving and Retrieval
| want to preserve a baseline of system informationt for later retrieval and reuse. Reference: https://lotar
international.org/

8.5.5.1.8. Model-based Acquisition
Reference: https://www.omg.org/communities/meldasedacquisitionusercommunity.htm
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8.5.5.2. Digital Data Package

Joining
Proc

Hea
Trealment

Manufacturing ’;’:‘ﬁm"ﬂ“ lan
Operation Eauipment
Compenent
Manufacturing
Process
Displacement
Validation Manufactur
sl & Supply
Validation @il
Valifon
Boundary
Condition
Validation Product
Plan Validation
Validation
Criterium
Werification
st

Werification

Verification

un
verification
Resource
Verification

;’.'ﬁ‘:‘!a Iﬁr‘\lme«.yeaymamngﬁ .
treated Arbabeling’

Figure 178 Required Input

Figure 179 Used Tools
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8.5.5.2.1. Collaboration Use -Cases

Joining
Process
System
Component
Companent
Stageholder jeeriecs
Requir m Gomponent
Requirbumetion Connectie
Function
Failure Gomponent
Manufacturing State
Process
Systems Mechanical
Design Component
Displacement Bod:
Product ’
Validation Architecture
Resull
Validation
Run
Product
Validalion
Material
Verificaticn
Result Product
Verification Werification
Run
Model
Annotation
Product
Desig
Mechanical
Design
Kinematic
Machanism
Kinemaiic:
Joint
Joining
Clement

Figure 180 Required Input

Figure 181 Used Tools

8.5.5.2.1.1. Product Development

Product development is the creation of products with new or modified characteristics that offer new or additional benefi
to the customer, or comply with new or changed standards, rules and regulations.

Product development may involve modification of an existing product or its presentation or formulation of an entirely
new product that satisfies a newdgfined or changed customer need or market segment.

Description based on: https://eiaki.org/wiki/Product_Development
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Validation
alidion

Boundary
Condition

Figure 182 Required Input

8.5.5.2.1.1.1. Concept definition

In conceptual design, new products or systems are defined through requirements and specified through a functional
structure in mechanical, electrics/electronics, and software domains. A logical structure specifies the future product
architecture in ordeotimplement the specified functions.

Besides new products, existing products may be changed or modified significantly to better comply with customer neec
or to attract new customers. Eventually, the product may be changed or adopted to comply to new standards, regulatio
or laws.

Conceptual design is usually performed at a high abstraction level and low level of detail, using parameter studies,
system models, and rough geometry, if any.

For the Digital Data Package, modrlsed methods and data for product conceptual design are assumed.
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Product
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Product
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Figure 183 Required Input

8.5.5.2.1.2. Business or Mission Analysis

Product Planning is the ongoing process of identifying and articulating market requirements that define a product's
feature set. Product planning serves as the basis for decisions about price, distribution and promotion.

Product planning is the process of creating a product idea and following through on it until the product is introduced to
the market. Additionally, a small company must have an exit strategy for its product in case the product does not sell.
Product planning entails managing the product throughout its life using various marketing strategies, including product
extensions or improvements, increased distribution, price changes and promotions.

Also includes the identification of relevant legal requirements as well as customs and tax regulations applicable to the
product and the respective target markets.

Description based on: https://en.wikipedia.org/wiki/Product_planning
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Figure 184 Required Input

Systems

%

Analysis,

Modeling  Simulation

Software ~ 100Is

& SynthesigAQ Quality

Development Tools Management
Tools Software
Simulation
& Test Data ECAD Systems
Management
Tools
Requirements Enterprise
Engineering Product
Tools Costing
Systems
Publishing
& Visual ERP Systems
Collaboration
Production
Planning MCAD Systems
Systems PDM Systems

Figure 185 Used Tools
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class Aspect model '1.1.1 Business or Mission ... /

Role

+owned by 0..n
0..n

Use Case

Figure 186 Aspect model '1.1.1 Business or Mission Analysis

CEA ISDECAEEE 16288 Sysiem life cyche processes Sysham
life cycle processas (Adopted ISOVECAEEE 15268:2018, first
edition, 2015-05-15) 2016-12-0 akiusll

Organization
L 4 Rale
1.1.1 Bussine Mission Analys —
usiness ar Mission Analysis Product Architeciuns
— Uss Case

Figure 187 Use-case Diagram

Outputs Role
Use Case
8.5.5.2.1.2.1.1. Requirements Engineering

Requirements engineering is the process of defining, eliciting, documenting, and maintaining requirements in the
engineering design process.
Description based on: https://en.wikipedia.org/wiki/Requirements_engineering
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Figure 188 Required Input

Systems  Analysis,
Modeling Simulation

Kinematic Sensar

Software ~ Tools & Synthesigaq Quality

Development Tools Management
Tools Software
Simulation
& Test Data ECAD Systems

Management
Tools

Enterprise
Product
Costing
Systems

Publishing
& Visual ERP Systems
Collaboration
Production
Planning MCAD Systems

Systems PDM Systems

Figure 189 Used Tools
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class Aspect model '1.1.2 Requirements Engineering' /

Role

+owned b-,rfw'.'.fnecl by 0..n
0..n
/
Use Case Requirement

Figure 190 Aspect model '1.1.2 Requirements Engineering'

Organization

Rals —
[ — — 1.1.2 Reuiremenis Engineering —_— Requirement
Use Case —
Raquirsments Engineering Tools

Figure 191 Use-case Diagram
Inputs Role

Use Case

Outputs Requirement

8.5.5.2.1.3. Systems Architecture
Systems architecture refers to the crdsmain definition of functions and logical structures at systems level, that will be
pursued in detail by the individual domains mechanical design, electric/electronic design and software design.
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Figure 192 Required Input

Analysis,
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Software & SynthesigaQ Quality
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Simulation
& Test Data ECAD Systems
Management
Tools
Requirements Enterprise
Engineering Product
Tools Costing
Systems
Publishing
& Visual ERP Systems
Collaboration
Production
Planning MCAD Systems

Systems PDM Systems

Figure 193 Used Tools
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class Aspect model '1.1.3 Systems Architecture' /

+owned by erat0..ny.n “0..n

- +ty'peof!0..m‘| o.n 0.n

+provo..n  a0..n

+realizesd by0..n O..n

+provides } (0..nl.n

-0..nmilements 0..n .
0..n t+used int+0..n inl.n0.n #0..0

+used ii0..n 0..n

0.n 0.n

Figure 194 Aspect model '1.1.3 Systems Architecture'

Praoduct Architecture
Organizstion pr— Funcsian
— Function Failure
bl Product Design
Praduct Architecairs Systems Deasign
i 1.1.3 Systems Architeciurs —
—b System Campanent
Use Case | —
—— Camponent intertace
Stakeholder Requirement — Y Companant Cannesiian
. ‘Component Stae
Systems Modeing Taoi
Figure 195 Use-case Diagram
Inputs Role
Use Case
Stakeholder Requirement
Outputs Function

Component Interface
Function Failure
System Component
Component Connection
Component State

8.5.5.2.1.3.1.1. Functional Safety

CASCaRA, version 1.2 141



class Aspect model '1.1.4 Functional Safety" /

+tvpeof! 0.0..n 0.n 0.n

+owned by erat0..ny.n “0..n

+r+owned by l.n O..n
+provo..n  a0..n

+provides

-0..nmilements 0..n o
i (+use+joins0..r0..n .n0..n

+usedint.n 0..n

0.n 0.n

Figure 196 Aspect model '1.1.4 Functional Safety’

Organization Product Architeciure:
Rale —
pr— Funcsian
Product Architeciure
Use Case —_— E— Function Failure
Sysiem Requirement —_— Froduct Design
Function B Systems Design
Product Design el 1.1.4 Functional Sakety —_—
Systens Design —— System Component
System ! — Camponent nterace
Comgonent Inferface —
E— Campanent Cannecsan
Camponent Connaction —
Companent State — — Companent State

Figure 197 Use-case Diagram

Inputs Role
Use Case
Function
Component Interface
System Requirement
System Component
Component Connection
Component State

Outputs Function
Component Interface
Function Failure
System Component
Component Connection
Component State
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8.5.5.2.1.3.2. Product Design

see: Product Design

8.5.5.2.1.3.2.1.
see: Mechanical Design

Mechanical Design

Inputs

Function

Component Interface
System Requirement
System Component
Component Connection
Component State

Outputs

Configuration

Variant

Model Annotation
Mechanical Component
Hydraulic/Pneumatic Port
Kinematic Joint

Joining Element
Hydraulic/Pneumatic Connection
Material

Body

Geometric Interference
Model View

Kinematic Mechanism
Kinematic Sensor
Kinematic Motion
Reference

Joining Process

8.5.5.2.1.3.2.2.

Define Joining Elements

class Aspect model '1.2.1.1 Define Joining Elements' /

+made of

+used at location +joins)..n 0..n

0..n/0..n|0..n

Figure 198 Aspect model '1.2.1.1 Define Joining Elements'

CASCaRA, version 1.2

143



Praduct Archileciurs

System Requirement

Pradhict Design

Mechanical Design

e 1.2.1.1 Define Joinng Elements — Jaining Elarment
Mechanical Carponent —
Face —
Figure 199 Use-case Diagram
Inputs System Requirement
Mechanical Component
Material
Face
Outputs Joining Element
8.5.5.2.1.3.2.3. Electrical/Electronical Design

In Electrical/Electronic Design, all electrical and electronic products functions will be implemented through electrical
and electonic components selection and allocation, circuit board design, and wire and harness routing.
Electrical/Electronic Design is usually performed using an electrical/electronic CAD system.

"‘0—

Electric/
Electronic
Design

Figure 200 Required Input
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ECAD Systems

PDM Systems

Figure 201 Used Tools

class Aspect model '1.2.2 Electrical/Electronical Design’ /

+typeof  0+includ0..n|00..n.nn

+provides (0..n/
+plov|des! co..n 0..n

+implements  +includesdes 0..nk..n
+usedin  @..n+joinse0.0..n 0..n Q..n P

+used at location in locD..n'lates tol..n10..n
u.n

Electric/Electronic Port +includes

+includes 02"

Electric/Electronic Connection

Figure 202 Aspect model '1.2.2 Electrical Electronical Design’
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Product Archileciurs

System Requirement

Function

Praduct Design

Systems Design

System Component

Comgraent Intertace

1.2.2 Electrical/Blectronical Design

P

Pracuict Design

Electric/Electanic Design

Electric/Electronic Compansant

Eleciric/Elecinonic Port

ElectriciEleciranic Cannecian

Camponent Connection Conbext Elements

Campanent Stite
Coefiguraticn

Mechanical Design

ariant
Mechanical Carponent

b

Body —— Refecence

ECAD Systems POM Systems

Figure 203 Use-case Diagram

Function

Component Interface
System Requirement
System Component
Mechanical Component
Component Connection

Component State
Body

Configuration

Variant

Electric/Electronic Component
Electric/Electronic Port
Electric/Electronic Connection
Reference

Inputs

Outputs

8.5.5.2.1.3.2.4. Software Engineering

In Software Engineering, embedded software is developed that will connect the product to the user, as well as to other
products and systems.

For configuration reasons it may be that software is treated a part to be considered in Bills of Material of products or
systems and to be configured related to mechanical or electronic configurations of a system.
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Software
Design

Software

Electric/
Electronic
Design

Figure 204 Required Input

Software
Development
Tools

Figure 205 Used Tools
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Figure 206 Aspect model '1.2.3 Software Engineering'

Figure 207 Use-case Diagram

Inputs

Function

Component Interface

System Requirement

System Component
Mechanical Component
Electric/Electronic Component
Component Connection
Component State
Electric/Electronic Port
Electric/Electronic Connection
Body

Outputs

Configuration
Variant

Software Class
Software Component
Software Interface
Reference
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