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Abstract

The Webel Parsing Analysis recipe for SysML is a technique for traceable elicitation of
SysML model elements from text extracts quoted from domain source documents. In the
SysMLv1.6 version, each text-extract is encapsulated in a Snippet extension of the
ElementGroup stereotype. A Snippet must have a unique domain source Document with a
known URI.

The recipe has been applied to substantial real-world applications such as
modelling of radio telescopes, particle accelerators, neutron beam instruments,
electronics, robotics, astronomical instrumentation, green rating schemes for
buildings, and for digital twin encapsulation of building and construction projects.

The Webel Parsing Analysis recipe is a meta-process that can be combined with
other Model-Based Systems Engineering methodologies and help amplify them.

The recipe is particularly useful in combination with requirements engineering;

a modelling layer of elicited model elements that includes elicited SysML Requirements
is created before direct treatment of the Requirements. Text statements of requirements
can also be used in Snippets for elicitation of general SysML model elements, including
those that must Satisfy — or are otherwise involved in — a Requirement.

The recipe has benefits for many aspects of the modelling process; because the modelling
is driven by small text extracts, Parsing Analysis Diagrams have a natural scope. Elicited
model elements are then integrated progressively step-wise into robust SysML models that
are guaranteed to converge as long as the chosen domain source documents are
coherent. The technique also offers a highly effective way of identifying and tracking
inconsistencies in source domain documents.

The author suggests that the technique offers a powerful cognitive advantage over purely
graphically based modelling that is not related to source texts; the human brain
understands more when text is presented alongside graphical symbols, which approach
also helps make SysML models comprehensible to more stakeholders.

The modelling recipe as for SysMLv1.6 and as tuned for the MagicDraw SysML and
Cameo Systems Modeler (CATIA Magic) family of SysML tools is presented, with a word
on adapting the recipe for future SysMLv2.
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Acronyms

WPA = Webel Parsing Analysis

PAD = Parsing Analysis Diagram

PD = Presentation Diagram

SIZ = Source Input Zone

TMZ = Target Model Zone

MBSE = Model-Based Systems Engineering

OMG = Object Management Group

UML = Unified Modeling Language (unless otherwise stated refers to UML2.5.1)
OCL = Object Constraint Language

SysML = Systems Modeling Language (unless otherwise stated refers to SysML1.6)
SysMLv1.6 = Version 1.6 of the Systems Modeling Language

SysMLv1.x = The 1.x family of Systems Modeling Language specifications

BDD = SysMLv1.x Block Definition Diagram

IBD = SysMLv1.x Internal Block Diagram

SysMLv2 = Version 2 of the SysML language (under development by OMG partners)
DSL = Domain Specific Language

URI = Uniform Resource ldentifier

URL = Uniform Resource Locator

URN = Uniform Resource Name

ISBN = International Standard Book Number

RDF = Resource Description Framework

RDF/S = Resource Description Framework Schema

OWL = Web Ontology Language

ODM = Ontology Definition Metamodel
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Copyright in example text extracts

Text quoted from Wikipedia and Wikimedia pages was made available under the Creative
Commons Attribution-ShareAlike License: https://creativecommons.org/licenses/by-sa/3.0/

Text quoted from ‘ANZLIC 2019 — Principles for Spatially Enabled Digital Twins of the Built and
Natural Environment in Australia’ was made available under the Creative Commons Attribution 4.0
International License: https.//creativecommons.org/licenses/by/4.0/

Conventions

- The tools formerly known via former vendor No Magic Inc as the MagicDraw® SysML Plugin for
MagicDraw® UML, the MagicDraw Requirements Plugin, and the Cameo Systems Modeler®
product bundle — now offered by parent vendor Dassault Systémes® as the CATIA Magic family of
products — are indicated throughout simply as ‘MagicDraw’, whereby it is understood this indicates
a tool for SysML1.x versions of the Systems Modeling Language (SysML), building upon Unified
Modelling Language (UML).

- Where a UML Metaclass or SysML Stereotype is referenced it is written in PascalCase (a.k.a.
UpperCamelCase) where appropriate. For example: ValueType refers specifically to a SysML
profile Stereotype, whereas value type refers to the concept; Block refers specifically to a SysML
profile stereotype, whereas block refers to the concept.

- Properties and attributes of Stereotypes or Blocks referenced without their owner are indicated in
single quotes. Example: ‘/member’ refers to a derived property of the ElementGroup stereotype.
However, when indicated qualified by the owner ElementGroup::/member the single quotes are
omitted.

- In some cases, additional tool-specific Stereotypes are also indicated. For example, there is no
stereotype for a value property in SysML1.6, but the MagicDraw tool offers a ValueProperty,
indicated here as MD:ValueProperty.

- The per-Element values of Properties (attributes) of applied Stereotypes are referred to as
tagged values.

Introduction

Text documents — frequently also including figures containing graphics, plots, drawings etc.
—remain the primary mode of communication and knowledge sharing between project
managers, engineers, scientists, software engineers, architects, and other stakeholders on
many systems engineering projects. Typically, such domain documents are primarily
written in a natural language style that is easily written by authors and easily read by most
peers. By contrast, understanding the graphical notations of the Systems Modeling
Language (SysML) of the Object Management Group (OMG) requires specific knowledge
of, and experience with, the SysML language.

The simple act of including a Comment symbol on a diagram along with SysML model
element symbols that correspond to the text of the Comment can greatly enhance the
development of robust, accurate SysML models and communication of the model
diagrams to a wider stakeholder audience. Text from domain source documents can also
be used to help elicit various types of SysML model elements, suggest the relationships
between them, and provide quantity data and metadata for model elements, where
modelling metadata may be displayed on element symbols as so-called tagged values of
applied custom Stereotypes.
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The Webel Parsing Analysis (WPA) recipe for Model-Based Systems Engineering (MBSE)
builds on these basic principles to provide a complete strategy for mapping text extracts
quoted from domain source documents to SysML models with traceable elicitation of
model elements.

The SysMLv1.6 variant of the WPA recipe employs a customised extension of the
ElementGroup called a Snippet (identified by the «snippet» stereotype keyword), which
must always have a single domain document that is identified by a URI as a ‘source’,
where the URI may be a URL or a URN (such as an ISBN or other unique identifier).
Snippets leverage the ‘/member’ tracking facility of the SysMLv1.6 ElementGroup to track
elicitation of model elements vs domain ‘source’ documents.

Text extracts flow in; elicited model elements flow out

A text-driven WPA project has two major SysML modelling zones, reflecting the domain
source document text processing workflow:

The Source Input Zone and Parsing Analysis Diagrams (PADs)

The Source Input Zone references external domain sources as Documents and contains
Parsing Analysis Diagrams (PADs) — identified by the «pa» stereotype keyword — which
are used to traceably elicit model elements from the referenced Documents via Snippets
containing quoted text extracts.

PADs are “scratchpad” diagrams only, they are not intended as final presentation
diagrams. They serve their purpose only once, are typically only ever viewed by a single
modeller, they may change after initial use (due to later changes and additions made
elsewhere in the underlying model), and they need not even be tidy or presentable, since
they are not intended for viewing by anyone but a modeller applying the WPA recipe.

A focus PAD always shows at least one Snippet element, including clear display of the
element name of its ‘source’ domain Document, and listing of any elicited /member’. An
index PAD shows an overview of a domain source Document and some related Snippets;
it must at least show the ‘source’ of each Snippet (but need not list their ‘/member’).

Any suitable SysML diagram type may be used as a PAD (except those kinds that can’t be
consistently owned under the Source Input Zone) and a single Snippet may appear in
more than one PAD (and thus in more than one diagram type).

All Packages or Model packages within the Source Input Zone must also have the «pa»
stereotype keyword applied to indicate their role in the WPA workflow.

Any new model elements elicited in a PAD must ultimately always be moved outside the
Source Input Zone, i.e., every model element (except for PADs themselves and any
supporting elements) must ultimately not have a Package, Model package, or other
container Element from the Source Input Zone as owner.

The Target Model Zone and Presentation Diagrams (PDs)

The Target Model Zone includes everything outside the Source Input Zone (except for
general model libraries and profiles required by the SysML language itself or the tool).

Presentation Diagrams (PDs) here may choose to also show Snippet symbols containing
text extracts relevant to the description or explanation of any of the included model
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element symbols. In this case, the ‘source’ of a Snippet must be shown, but the ‘/member’
list is typically not shown (and no other tagged values from the extended ElementGroup
are shown). Presentation Diagrams are the primary mode of communication to all
stakeholders, including those who are not SysML-fluent. The inclusion of such simplified
Snippets containing relevant text alongside graphical SysML model elements symbols is at
the heart of the powerful cognitive reinforcement afforded by the WPA recipe.

In the purest form of a WPA SysML model, every element in the Target Model Zone has
either been directly elicited via one or more Snippets, or has been declared by the
modeller to have been implied by a Snippet (as indicated by the «pa:implied» keyword), or
assumed to exist without support of a Snippet (identified by the «pa:assumed» keyword).
The modeller may choose to employ additional notations or naming conventions to
indicate model elements that were not elicited from a Snippet.

In the case where existing domain source documents offer substantial coverage of
description of all aspects of a system, the modeller aims to increase the number of
traceably elicited model elements and minimise the number of «pa:implied» and
«pa:assumed» elements. Model elements can be upgraded from «pa:assumed» and
«pa:implied» to become fully elicited elements if indeed clearly referenced by the text
extracts of one or more later Snippets.

Webel Parsing Analysis as a meta-process

The WPA recipe represents a meta-process that feeds into, and can be combined with,
any other systems engineering modelling methodology. In particular, WPA precedes
application of any requirements engineering methodology within the SysML model
(although some formal external requirements elicitation may occur before SysML
modelling commences). Under WPA, a SysML Requirement is merely another element
type that falls out of the meta-process. A Requirement element may be elicited from any
text extract from any domain source document; it may be elicited from an explicitly stated
requirement or from a requirement or constraint that is implied by some natural language
text (and not necessarily from a domain source document that is even declared to be a
“requirements document”).

Indeed, text from a domain source document that does declare itself to be a “requirements
document” (or text from a requirements database) can be used as the quoted text extract
of a Snippet. Thus, in parallel with elicitation of a SysML Requirement element, other
SysML model elements relevant to that Requirement (such as Blocks and other model
elements that may be claimed to Satisfy a Requirement or are otherwise related to the
Requirement) are also elicited. This approach helps exploit one of the most powerful
advantages of fully integrated SysML-based requirements engineering over more
traditional text-based requirements engineering.

Webel Parsing Analysis vs freestyle SysML modelling

The WPA recipe does not preclude the creative use of a SysML modelling tool. While it is
mandated that any model element that appears in a PAD must be a member of Snippet
(somewhere), or must be indicated as «pa:implied» and «pa:assumed», it is not mandated
that every single model element in the Target Model Zone must be traceably elicited from
text. As a general principle, the WPA recipe is applied as strictly as possible at early stages
of a project to robustly and traceably populate an initial SysML model from authoritative,
relatively consistent, existing domain source documents. At later stages of a project,
modellers may choose to introduce many new model elements without any traceable
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reference to domain source document text; this should however be performed in a way
that does not undermine the elicited model elements. (It will be shown later how prefix
characters can, for example, be used in model element names to help distinguish elicited
model elements from introduced model elements).

In cases where a modeller wishes to elicit model elements from figures or tables of a
domain source document (rather than from quoted text) the SysML Trace relationship may
be used, as shown briefly later.

The term Parsing Analysis may be evocative of painfully tedious grammar exercises prone
to “analysis paralysis”, with a focus on pedantic syntax parsing sufficient to admit
application of machine learning linguistic methods.

WPA is, by contrast, a practical recipe is intended for pragmatic use by human modellers,
with a simple emphasis on mapping the interpreted meaning of text sentences into
corresponding SysML models, and indeed the process of applying WPA can help a
modeller better interpret and understand the intended meaning of the text from the original
authors of a domain source document. It promotes fluent, enjoyable SysML modelling.

Basics of the Snippet extension of the ElementGroup

In the SysML1.6 version of the WPA recipe for SysML, a Snippet is a customised
extension of the SysML ElementGroup stereotype. It introduces at least a mandatory
‘source[1]’ property for tracking of a single domain source document from which any ‘body’
text extract it displays must be quoted. The Comment-like symbol for a Snippet should
always display its unique ‘source’ as a so-called tagged value.

As tuned for use with MagicDraw, a Snippet employs MagicDraw Customizations to treat a
Snippet as a standalone custom element type with display of most of the properties (as
tagged values) of the ElementGroup hidden by default, except for /member’ and the text
‘body’, where ‘/member|[0..*] is derived from the ‘annotatedElement[0..*] of the UML2.5.1
Comment. Display of the list of /member’ may be optionally hidden in Presentation
Diagrams and index PADS but must always be shown in focus PADs.

An ‘annotatedElement’ for a Comment (or ‘/member’ for an ElementGroup) may be
collected in a tool in diagrams by drawing a dashed line known informally as an anchor
from a Comment symbol to any Element symbol (for those Elements that have symbols).
An anchor is not a first-class Relationship, however the MagicDraw/Cameo tool enables
one to nevertheless navigate from an ‘annotatedElement’ to its annotating Comment and
vice-versa. In the case of the SysML ElementGroup (and thus also the WPA Snippet
extension) it likewise enables navigation from a ‘/member’ to its annotating ElementGroup.

An Element also may be collected as an ‘annotatedElement’ via the specification dialog.
This is useful, for example, for collected States from StateMachine diagrams that can’t be
owned within the Source Input Zone, and for Elements that do not have diagram symbols.

The tool also offers additional ‘/member’ display features in the model containment tree.
In the context of a Snippet, every /member’ is interpreted as having been either explicitly
elicited from its quoted domain source text (held in the ‘body’) or at least «pa:implied» by

it. The grouping of /member’ by a Snippet is purely logical; there is no implied ownership
(This principle will also be carried over to a future SysMLv2 version of the WPA recipe.)
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The domain source Document

Every Snippet has a mandatory single ‘source’ Document with either a URL or a URN
acting as a URI. A URN may be an ISBN or other suitable identifier.

In the WPA recipe as tuned for the MagicDraw/Cameo tool, a domain source document is
tracked using a custom stereotype Document (with keyword «document») that extends the
Document of the UML Standard Profile, which is in turn an extension of the UML Artifact
metaclass. The UML4SysML intersection of SysMLv1.6 does not include the UML Artifact,
but in practice this makes absolutely no difference in the tool, and the decision to use an
Artifact-based extension here is a deliberate provocation; there is a need in SysML for an
element that clearly indicates documents (and hopefully one will be supported in
SysMLv2). One could, however, just as easily extend a Block or any other SysML-friendly
element. A Stereotype icon can be used to reinforce its use for domain source documents.

In the case where a domain source document has a unique URL, a WPA Document
element may additionally have that URL assigned as an interactive hyperlink in the
MagicDraw tool, so that the external URL loads in a web browser (or other client) on
clicking the symbol for the WPA Document in diagrams in the tool.

A WPA Document may optionally also have author : Person and/or
org:0Organisation items assigned as tagged values, where the Person and
Organisation stereotypes extend the Actor metaclass. Additional properties may be
included to indicate, for example, Copyright.

Figure 1 shows part of a typical WPA profile for Snippet, Document, Person, and
Organisation. This is provided as a starting point only; users of the WPA recipe may freely
adapt the Document, Person, and Organisation stereotypes to include any desired tagged
values metadata. The MagicDraw Customizations employed to specify the custom
stereotype keywords for these Domain Specific Language (DSL) extensions and control
the default visibility of tagged values are shown in Figure 23 in Appendix A (p.34).

profile [ Webel Parsing Analysis - simplified profile for SysML1 .6]) k

«Metaclass» N
«problem» . Artifact
«stereotype» The UML Artifact is (UML Standard Profile.UML2 Metamodel) Webel Parsing Analysis - customization
ElementGroup NOT in UML4SysML
(SysML.ModelElements) ]
. attributes k Webel Parsing Analysis - auxiliary
+name : String «rationale» Another SysML-friendly stereotype
+/criterion : String But Artifact works perfectly in the may be extended instead of the
+/size : Integer MagicDraw SysML tool anyway UML standard profile Document
+/member : Element [0..*] 7
+orderedMember : Element [0..*]subsets member,ordered}
B «stereotype» Bty sarcs Dosisroit «Metaclass»
Every Snippet MUST have a Document e ikt Actor
For SysMLv2 see instead :'I"w!ﬂe:g’:;i;:‘i: hsnr::STet (UML Standard Profile.StandardProfile) may be a URL or a URN (UML Standard Profile.UML2
the AnnotatingElement YSiba Show R (includes ISBN or any
9 symbols in all diagrams
< other unique identifier)
«stereotype» (14 N «stereotype» D # «stereotype» & |+person
; +source 4 +author -
Snippet D Person *: +org [*
(webel.pa) 1 (webel.pa) 7 0.. (webel.pa) —
attributes B attributes 7 Is Derived attributes . : i
name : String{redefines name} & |Redefined so can be Juri : String [1Xunion} & — — —|isDerive i fullname Organisation
[eriterion : String{redefines criterion} &~ |customised in the tool to NOT | |url : String [0..1}subsets uri} Is Derived Union +org | _(webel.pa)
Isize : Integer{redefines size} 9~ |show by default (the inherited | [urn : String [0..1}subsets uri} " attributes
orderedMember : Element [0..*Jredefines orderedMember,ordered)@™ | /member list may be shown) title : String L +name
T i 7 =37 % date : date +copyright | «stereotype» M
o \ kind : DocumentKind q Copyright
1 - "
Contradiction " N T > [Artifact]
| Applied ype = <>Ir yp i ~ .
X «enumeration»
P ™ el
«documentation» «documentation» Examples only, enumeration literals
Tracks traceable elicitation of model Elements from a text extract from a unique A unique domain source document that supplies adapt as needed pdf
domain source Document under the Webel Parsing Analysis recipe for SysML. text extracts for the Webel Parsing Analysis web:page
recipe. May also be used to indicate the source web:site
of diagrams, figures, and tables for simplified doc
T based model element elicitati email

Figure 1: Simplified profile for Webel Parsing Analysis for SysML1.6+ in MagicDraw
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Document and Snippets for an English pangram
The Wikipedia tells us:

“The quick brown fox jumps over the lazy dog" is an English-language pangram — a
sentence that contains all of the letters of the English alphabet.’

The ‘source’ URL for this quoted text extract is:

https://en.wikipedia.org/wiki/The_quick_brown_fox jumps_over_the lazy dog

The Document representing the external source, any Snippets capturing the text extract,
and the PADs used to process them and elicit model element must all live under a top
level Package or Model package that defines the Source Input Zone. By convention this
top-level is named 0-source (so that it lists above other modelling zones in the
containment tree of the tool), as shown in Figure 2.

Below 0-source is a Model wikipedia for grouping treatment of one or more domain
source Documents. In this case there is only one Document FoxDogPangram, which is
managed by a dedicated Model of the same name for containing related Snippets and the
PADs used to elicit model elements from them. There is also in this case an Organisation
Wikipedia. The Model packages and PADs all have the «pa» keyword applied.

«pa»
pkg [ B O-source ] ’ EE]

index

«pa» A
wikipedia

2] FoxDogPangram
£ wikipedia
1t Wikipedia

«pa» ’ a

pkg [ [ wikipedia ] B 1
«pa» «organisation»

0-source Wikipedia

«pa» A
FoxDogPangram

52 an English-language pangram — a sentence that contains all of the letters of the English alphabet.
5 FoxDogPangram

52| The quick brown fox jumps over the lazy dog

D FoxDogPangram

Figure 2: Top-level Package/Model organisation for the Source Input Zone
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«pa»
pkg [ . FoxDogPangram ] EEL' E%

«pa» «pa»
0-source wikipedia

«document» D
FoxDogPangram
{org = Wikipedia,
title = "The quick brown fox jumps over the lazy dog",
url = "https://en.wikipedia.org/wiki/The_quick_brown_fox_jumps_over_the_lazy_dog"}
«snippet» «shippet» «snippet»
{source = FoxDogPangram} {source = FoxDogPangram} {source = FoxDogPangram}
"The quick brown fox jumps over the "The quick brown fox ... an English-language pangram —
lazy dog" is an English-language jumps over the lazy dog" ... a sentence that contains all of the
pangram — a sentence that contains ’ « letters of the English alphabet.
all of the letters of the English alphabet, N 7
/ 55
/ % d
L
In index PAD diagrams it may Linked to a dedicated Split into two smaller Snippets
not be necessary to show the focus PAD for the Snippet for piecewise processing
members of each Snippet T
|
% _____ In focus PAD diagrams the
«pa» members of each Snippet
The quick brown fox SHOULD be shown

jumps over the lazy dog

Figure 3: Index PAD with overview of Snippets for the FoxDogPangram source Document

It is usually convenient to have an index PAD for each source Document, as shown in
Figure 3. (Where many Snippets are processed from one Document one may use an index
PAD for each chapter or section.) The «document» FoxDogPangram has a ‘title’, a ‘url’,
and an «organisation» Wikipedia set as its ‘org’. (In some cases Person items might be
set as ‘author’.) The name of the Document element need not be as verbose as the title,
noting that Snippet symbols may also be used in final Presentation Diagrams, but must
always display the ‘source’ by name.

Each Snippet that is processed is linked to at least one focus PAD where model elements
are elicited. An index PAD need not always show the /member’ tagged value on every
Snippet symbol, but a focus PAD should always display the elicited ‘/member’ list.

For easier processing, the text extract is handled as two separate Snippets with partial
text, commencing with:

“The quick brown fox jumps over the lazy dog" ...’

Note the indication ‘..." of ellipsis.
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«pa» ’ EELI k
bdd Th ick b fox j the lazy d
[y Theick DrawmGRIMpS oVl Siasyidog] «pa» Parsing Analysis Diagrams are not final presentation diagrams|

FoxDogPangram
«block» 2 «rationale»
«pa:s?umle d «pa:implied» Enumeration ValueTypes used as a modelling choice.
nima .
jumpee T | T
values A | | |
speed : SpeedKind [ JumpsOver
color : ColorKind d «valueTy.pe» «vaIueT)fpe» «valueT)fpe»
mood : MoodKind q SpeedKind ColorKind MoodKind
] quick q brown q lazy q
operations
jumpOver( jumpee : Animal )3
T «shippet»
«pa:assumed» «pa:assumed» {member = Dog, Fox, Animal, lazy, brown, quick,
SpeedKind, ColorKind, MoodKind, mood, speed,
«block» «block» co!or, JumpsOver, FoxDogI"angramContext,'
quickBrownFox, lazyDog, , jumpOver, Jumping,
Fox Dog Lazing, speed, color, mood, quick brown fox, lazy dog,
values valtiés color = brown, jumpee = lazy dog, speed = quick,
speed : SpeedKind= quick{redefines speed}g~ [mood : MoodKind = lazy{redefines moodig mood = lazy, jumpee,
color : ColorKind = brown{redefines color} ¢ source = FoxDogPangram}
"The quick brown fox jumps over the lazy dog" ...
quick brown fox : Fox lazy dog : Dog «block»
- —JumpsOver =
color = brown JumpsOver mood = lazy FoxDogPangramContext
jumpee = lazy dog
speed = quick quickBrownFox : Fox [1] lazyDog : Dog [1]
:values : JumpsOver :values

color : ColorKind = brown
speed : SpeedKind= quick

jumpee mood : MoodKind = lazy

Figure 4: Focus PAD for elicitation of model elements from a Snippet

The focus PAD, for which a SysML BDD was used, is given in Figure 4. Note how the
‘/member’ list and ‘source’ are both displayed as tagged values on the «snippet» symbol.

Even though such PAD diagrams are only scratchpads for eliciting model elements, it can
help in the tool to use a light grey colour style on the dashed line anchors/handles used to
collect model elements to improve readability.

At least the following SysML Blocks can be immediately elicited from the nouns (using
here a convention that the first letter of the name of a Block must be capital):

- Fox, Dog

There are some attributes indicated by adjectives, which in SysML may typically be
modelled (amongst other modelling choices) by value properties. It seems that a Fox may
be ‘quick’ (it will be assumed that this is taken from a «valueType» Enumeration
SpeedKind), a Fox may be ‘brown’ (from a «valueType» Enumeration ColorKind) and a
Dog may be ‘lazy’ (from a «valueType» Enumeration MoodKind):

We are not explicitly told what a ‘dog’ or ‘fox’ are, but the modeller may use prior
knowledge about the world and the context to conclude that they are types of animals,
which is indicated using the «pa:assumed» keyword on a more general block Animal
«pa:assumed» and thoroughly also on Generalizations from Fox and Dog to Animal. (If
the application of «pa:assumed» to such Generalizations leads to diagram clutter the
stereotypes keywords need not always be shown.)
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It is not always clear whether «pa:assumed» or «pa:implied» should be used in such
cases, the main thing is that the modeller applies at least one of those stereotypes to
indicate that an additional modelling interpretation was required.

The Snippet also yields some general value properties (assumed to apply to any animal):
-Animal: : speed:SpeedKind

-Animal::color:ColorKind

-Animal: :mood:MoodKind

And more specific redefined value properties with default values matching the narrative:

- Fox: :speed:SpeedKind quick {redefines speed}

- Fox::color:ColorKind brown {redefines color}
-Dog::mood:MoodKind = lazy {redefines mood}

There are also Behaviors and Operations. It would seem that a Fox can jump. Can any
Animal jump? Surely foxes don’t only jump over dogs. For now a more general operation
is introduced, where a «pa:implied» ‘jumpee’ is any Animal that another Animal jumps
over:

-Animal: : jumpOver (jumpee:Animal)

There are InstanceSpecifications classified by Fox and Dog (with Slot values
corresponding to the described scenario):

- quick brown fox:Fox

-lazy dog:Dog

An Association named JumpsOver is used to classify an anonymous link : jumpsOver
between the instances. An anonymous Element may be collected as a ‘/member’ of a
Snippet (it is not important whether collected elements list with a clear name under

‘/member’, only that they are traceably elicited).

In a context block there are corresponding part properties (using a slightly different naming
convention) with an anonymous Connector typed by the same Association JumpsOver:

- FoxDogPangramContext: :quickBrownFox:Fox

- FoxDogPangramContext: : lazyDog:Dog

Two States for a StateMachine within the abstract block Animal have also been elicited:
- Jumping, Lazing

As StateMachine Diagrams are always owned by an element that should not eventually
remain under the Source Input Zone they should not be used as PADs; States may be
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elicited instead by adding them via the /member’ section of the ElementGroup
specification dialog in the MagicDraw tool.

Figure 5 shows part of the containment tree in the MagicDraw tool showing the logical
members within a «snippet» ElementGroup. Note that although this appears in the
containment tree it does not imply ownership, it is a logical grouping of /member’ only.

LJ—]—@ "The quick brown fox jumps over the lazy dog" «Snippet»
H-.7 Relations

i Animal «Block» «PA:Assumed>»
] Dog «Block»

¢ & Fox «Block»

=] FoxDogPangramContext «Block»
r—[E] ColorKind «ValueType»

r—[E] MoodKind «ValueType»

r—[E] SpeedKind «ValueType»

i+[€] Hyperlinks

= lazy dog : Dog

=] quick brown fox : Fox

I—[¥ color : ColorKind

I—[¥ color : ColorKind = brown
—L[Rl jumpee : Animal «PA:Implied»
I—[?] lazyDog : Dog [1]

—[¥ mood : MoodKind

—[¥ mood : MoodKind = lazy
I—[?l quickBrownFox : Fox [1]

I—[¥] speed : SpeedKind

[V speed : SpeedKind = quick
/— O jumpOver( jumpee : Animal )
+— (&) color = brown

—© jumpee = lazy dog

+— () mood = lazy

+— () speed = quick

—( Jumping

—( Lazing

— O brown

= 0O lazy

— O quick

Figure 5: Part of the containment tree of MagicDraw showing the logical grouping of
members within a Snippet ElementGroup

The newly elicited elements are then moved out of the Source Input Zone into Packages
or Models in the Target Model Zone, the main modelling area for the project, and can be
used in Presentation Diagrams for final consumption by general stakeholders. For
example, in a focus BDD Figure 6 featuring the FoxDogPangramContext block and some
related elements are shown (with owner indicators displayed). A relevant Snippet is also
included, but with only the ‘source’ (not the ‘/member’ list) showing, and only a few dashed
line anchors to some elicited ‘/member’ blocks.
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bdd [ = FoxDogPangramContext.bdd ]J

| «block» «snippet»
| FoxDogPangramContext |— _"_{r;ource. =kF:xDogl:angram}
| e quick brown fox
| (pangram) jumps over the lazy dog" ...
I
I quickBrownFoxI1 IazyDogI1 i
«block» «block»
Fox Dog
(animal) (animal)
values values
speed : SpeedKind= quick{redefines speed} mood : MoodKind = lazy{redefines mood}
color : ColorKind = brown{redefines color}

I

«block»
«pa:assumed»

Animal
(animal)

jumpee

JumpsOver A

Figure 6 Focus BDD for some elicited model elements that have been moved out of the
Source Input Zone into the main Target Model Zone.

Consider now the language-related aspects referred to in the partial Snippet:

‘... an English-language pangram — a sentence that contains all of the letters of the
English alphabet.’

A focus PAD for the Snippet is given in Figure 7.

At least the following Blocks can be immediately elicited from nouns:

- Pangram, English, Language, Sentence, Letter, Alphabet

It's seems clear that English is a type of Language. More specifically, it is implied that
English is a type of the more abstract AlphabetLanguage, where an Alphabet
references one or more Letter (shared aggregation has been used here). A Pangram
has at least as many letters as the number of unique letters in the Alphabet itis
associated with, and has at least one of each of those letters (this is difficult to express in
OCL).

While Generalizations and Associations may be collected as elicited members of a Snippet
this can quickly lead to clutter in the ‘/member’ list display, and is omitted in Figure 7.
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«pa» ’
bdd [ |Z= an English-language pangram — a sentence that contains all of the letters of the English alphabet]

AN A
E% Parsing Analysis Diagrams are
not final presentation diagrams

«snippet»

{member = English, AlphabetLanguage, Language, “wa»

Letter, , Pangram, EnglishAlphabet, alphabet, FoxDogPangram

alphabet, letter, , EnglishPangram, alphabet, letter, B
letter, letter, , Sentence, «snippet»

source = FoxDogPangram} {member = letter, letter, EnglishAlphabet,

... an English-language pangram — a sentence that isUpper, isLower, isLatin, isLatin,

contains all of the letters of the English alphabet. source = EnglishAlphabet}

The modern English alphabet is a Latin
alphabet consisting of 26 letters, each

letter «block» having an upper- and lower-case form.
26 . * Letter iofior
{redefines letter} | values 26
«block» letter| iSUpper : Boolearg
Senfence T isLower : Boolearg {redefines letter} «block»
N Language
. letter [1..*
Is Unique T
«block» alphabet «block» alphabet «block»
Pangram 1 Alphabet 1 «pa:implied»
alies AlphabetLanguage
isLatin : Boolean [13

T

alphabet alphabet

«block» «block» «block»
= EnglishPangram 1 EnglishAlphabet 1 English
{redefines alphabet} — redefines alphabet}
isLatin : Boolean [1]= true{readOnly,redefines isLatin)c(‘>

Figure 7: Focus PAD for elicitation of model elements for English-language pangrams
The analysis has also been supported by an additional Snippet from another source:

‘The modern English alphabet is a Latin alphabet consisting of 26 letters, each
having an upper- and lower-case form.’

https://en.wikipedia.org/wiki/English_alphabet

In addition to obtaining the multiplicity 26 for the number of letter:Letter in
EnglishAlphabet, partial analysis also yields the following value properties:

-Letter::isUpper:Boolean, Letter::isLower:Boolean
-Alphabet::isLatin[1]:Boolean

- EnglishAlphabet::isLatin[1]:Boolean=true{readonly, redefines
isLatin}

A Constraint for isUpper vs isLower could also eventually be included.
The newly elicited elements have once again been moved out of the Source Input Zone

into Packages or Models in the Target Model Zone, the main modelling area for the
project, and can be used in Presentation Diagrams for final consumption by general
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stakeholders. In Figure 8 a focus BDD featuring the EnglishPangramContext block
and some related elements are shown (with owner indicators displayed). A relevant
Snippet is also included, but with only the ‘source’ (not the /member’ list) showing, and
only a couple of dashed line anchors to some elicited /member’ blocks.

bdd [ = EnglishPangram.bdd]) E%
index
letter «block»
26 .. * Letter
{redefines letter} (language)
«block»
letter
Sentence (& 1
language |\:\ -
(language) s Uni —letter [1..* letter|26
T et {redefines letter}
«block» alphabet| «block»
Pangram 1 Alphabet
(language) (language)
T T )
«block» alphabet «block»
o
EnglishPangram 1 EnglishAlphabet
(language.english) {redefines alphabet} | (language.english)

«snippet»
{source = FoxDogPangram}

... an English-language pangram — a sentence that
contains all of the letters of the English alphabet.

Figure 8: A focus BDD for the EnglishPangram block with a relevant Snippet

The FoxDogPangram is specific to the EnglishAlphabet and the quoted text extract for
the pangram itself can be used to elicit each unique Letter of the EnglishAlphabet (as
done here using a specialising Block for each Letter) as shown in Figure 9.The block
FoxDogPangram defines also 35 letter part properties as {subsets} of its Pangram letters.

There are lots of dashed-line "anchors" from the Snippet symbol to symbols of elicited
members in the PAD in Figure 9. In such cases, once anchor lines have been used to
collect members, they may be selectively omitted from display in the diagram to reduce
clutter.
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«pa» J A
bdd English-language pangram letter elicitation]
[ i) Eng dusge pand ! «snippet» Parsing Analysis Diagrams are not final presentation diagrams|
{member = EnglishPangram, EnglishAlphabet, FoxDogPangram, A, B, C, D, E, F, G,
«block» H,1,J,K,L,M,N,0,P,Q,R,S,T,U,V,W,X Y, Za,b,c,defghijklm,
FoxDogPangram n,o,p,q,rs,tuv,wxyztlht el gl ul, i1, cl, ki, b1, r2, 01, wi, n1, f1, %
02, x1,j1,u2, m1, p1, s1,03, v1, e3, r1, 2, h2, €2, 1, a1, z1, y1, d1, 04, g1,
el source = FoxDogPangram} «pa»
t1: T [1){subsets letter} g
h1: H [1}subsets letter} d "The quick brown fox jumps over the lazy dog" is an English-language pangram FoxDogPangram
e1: E [1)subsets letter} d — a sentence that contains all of the letters of the English alphabet.
q1: Q[1]{subsets letter} g
u1 : U [1){subsets letter} g g % alphabet «block»
i1: 1 [1subsets letter} d 7777 1 EnglishAlphabet
c1: C [1Ksubsets letter} ¢ v {readOnly, r letter} 3
1. foubsets i 4 % 'ﬁt_‘e‘“" 72l : a TA [1]subsets letter} g
12 : R [1){subsets letter} ¢ «block» le = Z u e: «blockn e b 2[1]{8\.‘25815 l‘etlt‘er) 2
01: O [1]{subsets letter} g EnglishPangram /7726 .| Letter 26 3 % D [1]{subsets ]ener)
{redefines letter} : B{1}{subsets letter} ¢

w1 : W [1]subsets letter)q {redefines letter} e: E[1fsubsets-letter} d

n1: N [1}{subsets letter} d f+F [1}{subsets tetter} d

f1: F [1){subsets letter} ¢ ~
02 : O [1]{subsets letter} d ; [ [ | ’ | | g ﬁ [[11]]{{:5;3::: ::g:rr})z
?<‘|1 ZJX[H{KSL;DS?TS‘ liﬂe}r} Z «block» | | [ «block» | || «blocks | || «block» || [«block» || [«block ||'| «block» | | | «block» || | «block» || | «block» || | «block» || [«blocky (|| «block» i [1isubsets ltter} g
3 subsets letter, 2
Ju2 : U [1}{subsets letter} d A B ¢ D E F G H ! J K L M J: J[1){subsets ietter} d
E k : K [1}subsets letter} q
m1: M [1Ksubsets letter}q :
p1: P [1}subsets letter} d «blocky | [«blockn| [«blockn | [«blocks | [«blockn | [«blocks | [«blockn | [«blocks | [«blocks |[«blocks | [«block»| [«blockn | [«blockn ;Lﬂll{ﬁl(’:js;zt'seﬁ:?er;
s1: S [1}subsets letter} q N o P Q R s T u v w X Y z '.N 1 et
03 : O [1){subsets letter} q n N[1}{subséts letter}
v1 :V [1}subsets letter} q 0 O-[1}{subsets letter} q
: > P{1Ksubsets letter} 9
e3: E [1)subsets letter} q P 3
r1 : R [1}{subsets letter} q q..R(‘) [11]{subbselts‘lel§ter) q
12 : T [1{subsets letter} q r B S[1]{Subsets ]e“er} g
h2: H [1){subsets letter} g y s +.8 [1Ksubsets letter}
e2: E [1}subsets letter} d Where dashed line "anchors” t: T [1){subsets letter} 4
1 '.L [}subsets letter} d to elicited members lead to u: U [1){subsets letter} d
at': A [1fisubsets letter} d clutter they may be omitted v 1V [1fsubsets lefter} 9
21:2 [i{subsets letter} d from the diagram once each w1 W [1}subsets letter}
y1 Y [1Ksubsets letter} d member has been collected. X : X [{subsets letter} d

y : Y [1subsets letter} q
z: Z [1subsets letter}

d1 : D [1{subsets letter} d
04 : O [1]{subsets letter} g
g1: G [1){subsets letter} q

Figure 9: A PAD with a Snippet used to elicit letters of the English alphabet and a pangram

The newly elicited elements have once again been moved out of the Source Input Zone
into Packages or Models under the Target Model Zone, the main modelling area for the
project, and can be used in Presentation Diagrams for final consumption by general
stakeholders. Figure 10 shows a focus BDD featuring the FoxDogPangram block and
some related elements (with owner indicators displayed). A relevant Snippet is also
included, but with only the ‘source’ (not the ‘/member’ list) showing, and only a couple of
dashed-line anchors to some elicited /member’ blocks.

Part property symbols in the structure compartment have been used in Figure 10 to
indicate the pangram "a quick brown fox jumps over the lazy dog", with Connectors used
to indicate the order of letters within words. (If the analysis had already indicated the
existence of a Space block and Period block as punctuation characters they could have
been included too.)
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bdd [ £ FoxDogPangram.bdd ])
{readOnly, redefines letter} english language Jndex
letter [ 35
S«bloc;k» letter «block»
entence 12| Letter
? letter [ 26 B
block
F:; > r;n {redefines letter} «snippet»
9 {source = FoxDogPangram}
T "The quick brown fox jumps over the
0 lazy dog" is an English-language
«block» alphabet «block» _ _{pangram — a sentence that contains all
EnglishPangram 1 EnglishAlphabet of the letters of the English alphabet.
‘r {redefines alphabet} |
]
«block»
FoxDogPangram
t1 H h1 H e g g H uvt H 1 H e¢1 H Kl
b1t H M HH ofl H wi H n 1 H o2 H x1
1 H w2 Hm H{ p1 H s1 o3 H vi H e2 H r2
2 H h2 | e3 nm 4 a H 21 4 v1 dl H o4 H 91

Figure 10: A focus BDD for the block FoxDogPangram including an informative Snippet

On a real-world project, a modeller must decide just how fine-grained the model element
elicitation must go. For example, on an electronics project with a board with many
components such fine-grained collection of elements may well be required.

Figure 11 shows a SysML Package Diagram used as an index diagram, with the «pa» 0-
source Model package defining the Source Input Zone and Model packages in the Target
Model Zone listing elicited model elements. The stereotype keyword «pa:from» has been
applied to Dependencies from Model packages to the «pa» 0-source Model package to
indicate that the packaged elements were elicited using the WPA recipe. The ownership
flow of model elements as they are elicited is from temporary ownership within the Source
Input Zone to ultimate ownership outside it within the Target Model Zone; the «pa:from»
Dependencies are in the opposite direction. Use of the «pa:from» stereotype keyword is
entirely optional, and is usually only employed for illustrative purposes.
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pkg [ index] ] = —— 1
war A 5 value A animal A
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0-source N L& ColorKind El Animal
«war A «pa:from» % '\SAOOd:}'(r.'d d 5 Eog Elicited model
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F=] letter english A
! 'y language 7 english
' % Alphabet ] English
AlphabetLanguage i
R —— = LaFr)1 oo guage (L] EnglishAlphabet
containing domain source guag E EnglishPangram
Documents, Snippets, and E Letter E] FoxDogPangram
Parsing Analysis Diagrams El Pangram EJ FoxDogPangramContext
El Sentence

Figure 11: SysML Package Diagram as an index showing final packaging of model
elements that were elicited from Snippets (use of the «pa:from» keyword is illustrative)

Handling synonyms, alternative names, and identifiers

Some entities are known by more than one name, and sometimes the primary human-
friendly name does not match a desired code-friendly element naming pattern. An elicited
Element may also be a member of more than one Snippet. In some cases, a single
concept is referred to by different names (synonyms) in different domain source
documents. An Element may also correspond to an entity known within an organisation by
one or more machine-friendly identifiers.

Synonyms can be handled using, for example, a custom stereotype PA:Term (with
keyword «pa:term») with tagged values such as ‘aka’, ‘realName’, and ‘id’, to carry
additional names and identifiers as known to humans or within an organisation. Especially
where strict machine-friendly element naming conventions are employed such overloading
naming carried as per-element metadata can help communicate with stakeholders. The
specific stereotype properties (attributes) may be adapted according to the needs of a
modeller or their organisation.

In Figure 12 tagged values for the «pa:term» stereotype keyword have been used to
capture such overloaded naming for a model of a children’s story. A code-friendly post-
adjectival naming pattern has been used for the block Giant_big_friendly, which has
tagged values acronym = "BFG" and realName = "The Big Friendly Giant".
For the sake of demonstration here it has also been given an id = "G0O1", because it's
the first giant mentioned. It seems that a Human is (also known as) aka = "human
bean". The human Sophie has been given id = "HO1", since she's the first human
mentioned.

On some real-world projects an entity could be known by different names and multiple

identifiers between different project teams or different software tools. In such cases, such
tagged values metadata in the SysML model can be used to record and unify such name
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and identifier overloading across all projects of an organisation. This strategy has proven
effective on substantial commercial applications of the WPA recipe.

As a general modelling policy, it is recommended that more systematic code-friendly
element naming conventions are used, rather than familiar (yet typically less consistent)
names, which are best carried instead as tagged values metadata.

A typical auxiliary profile including PA:Term is given in Figure 24 in Appendix A (p.34).

wa» e = = — = = — o — — = — = —
bdd [ £ The Big Friendly Giant does not eat human beans]) EE, D | «stereotype» |
«pa» «document» | PA:Term = = «documentation» |
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1 G specific names, |
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- . | rumanBeanFood ~q Eats giant values |
{aka = "human bean"} -~ - — size : SizeKind = big - S e e et e
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\ 2 < big d
A"
ssnippety «block» : TR N
.(memher = Sophie, eat, «pa:term» N «snippet»
b I:OE:,':EH: :::?aiag)s S Giant_big_friendly ~| = |tmember = Giant_big_friendiy,
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oo disposition : DispositionKind [1]= friendly{readOnly, redefines disposition} d ?5:"9:;5' f‘:*n b:;”e"d'
age : Integer [1] = 8{redefines age} d isEatsHumanBeans : Boolean [1]= false{readOnly,redefines isEatsHumanBeans} q h“ 2! Bea F_e S Bt
isGirl : Boolean [1] = true{redefines isGirllg isBefriendsHumanBeans : Boolean [1]= true{readOnly,redefines isBefriendsHumanBeans} | s:::; _e?:er:;Gi 2 2eNiancs;
«snippet» g iy
_ f —— ~ | The giant then says that he will
{member = age, Sophie, age, isGir, e e e e il
isGirl, sophie, age = 8, isGirl = true, . i 4 g
source = The BFG} B hie : Sophi «patriplen bfg : Giant_big_friendly Iz Friendly Giant, or BFG for short.
The start of the book begins with ] age=8 «.p;;::izl:zd» disposition = friendly o s
an eight-year-old orphan girl isGirl = true R e ] humanBeanFriend = sophie’
named Sophie lying in bed .. isBefriendsHumanBeans = true
isEatsHumanBeans = false
size = big

Figure 12: A PAD with tagged values for «pa:term» used to capture overloaded naming

Pseudo semantic triples

The WPA recipe introduces RDF-like subject-predicate-object semantic triples via the
«pa:triple» stereotype keyword, which can be applied to a Dependency from a single
source to a single target, or to a uni-directional one-to-one or one-to-many Association.
They are denoted here pseudo semantic triples (more formal semantic modelling could be
introduced through integration with the Ontology Definition Metamodel).

When the «pa:triple» keyword is applied to a Dependency, the source of the Dependency
becomes the subject, the name of the Dependency becomes the predicate, the target
becomes the object. The target and subject must be SysML Blocks and/or Actors or
Properties typed by them. Custom stereotypes extending «pa:triple» may be used instead
of names to capture recurring concepts after the Don’t Repeat Yourself (DRY) principle.

When «pa:triple» is applied to an Association, the non-navigable end becomes the subject,
the name of the Association is the predicate, and the navigable end is the object. The ends
must be SysML Blocks and/or Actors. When displayed in diagrams, the Association line
symbol should have the name and a direction arrow consistent with the navigation
direction displayed. (The sense of direction is lost when used to type Connectors.)

A typical auxiliary profile including PA:Triple is given in Figure 24 in Appendix A (p.34).
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bdd [ = Giants may eator befriend humanbeans] | =% MY &~ = ™M™  ~—~———— — — — — —
B B B 0 , |
index  bfg «pa» “doCnmGnts I «stereotype» |
«snippet» Be The BFG | Ea:Triple |
{source = The BFG} (0-source.wikipedia.BFG) | [Association, Dependency] \
The giant laughs and explains that most {url = "https://en.wikipedia.org/wiki/The_BFG"} T
giants do eat human beings (which he | |
pronounces as "human beans")... | — — — — — — \I | «documentation» |
| | N i | |A pseudo semantic triple. |
blocice | o eblocks I |in the case of an Association |
: Food Eat iant i 5
«pa:term» humanBeanFoo <« Eats gian Giant | |must be Uni-dirsctional. The |
Human 0.* o values name of the Association should
faka = "human bean"} «pa:implied» size : SizeKind = big | |be shown with a direction arrow. | |
values «patriple» disposition : DispositionKind I |
age : Integer Befriends isEatsHumanBeans : Boolean = true (cf. RDF/S and OWL.)
isGirl :Boolean | ~— ~— — — — — — — — — T 7 isBefriendsHumanBeans : Boolean = false | |
operations «pa:implied» «pa:implied» operations | T T T T T T 7T 7
plead() humanBeanFriend ~ «pa:triple» giant Ieat( :(L;manBeanFood: Human;)
aug|
0--*\ < Befriends «pa:implied>befriend( humanBeanFriend: Human )
s
\ 3
«snippet»
{source = The BFG} «block»
The giant then says that he will not eat her as «pa:term»
he is the Big Friendly Giant, or BFG for short. Giant_big_friendly
| {acronym = "BFG",
. 5 e id="G1"
- - ; bfg : Giant_big_friendly ; ’ . .
sophie : Sophie ««Z?ir:lﬁ::z» fant_big_Trien realName = "The Big Friendly Giant"}
m——— pB. p P p disposition = friendly —
= : Befriends i = i
isGirl = true humanBeanFriend = sophie | | yiqposition : DispositionKind [1]= friendly{readOnly,redefines disposition}
isEatsHumanBeans = false isEatsHumanBeans : Boolean [1]= false{readOnly,redefines isEatsHumanBeans}
size = big isBefriendsHumanBeans : Boolean [1]= true{readOnly,redefines isBefriendsHumanBeans}

Figure 13: The «pa:triple» stereotype keyword applied to indicate Pseudo Semantic
Triples on Associations and a Dependency

In Figure 13 the «pa:triple» keyword applied to an Association named Befriends
between blocks Giant and Human yields these pseudo semantic triples:

- Giant - Befriends - Human (Classifier level)
-giant:Giant - Befriends - humanBeanFriend:Human (Property level)

Presumably a human can also befriend a giant, which is indicated for comparison using a
Dependency named Befriends from block Human to block Giant.

More on indicating implied elicited elements

Formally, if «pa:implied» has been applied to indicate an implied elicited Element, the
'snippet' tagged value should be set using at least one Snippet that the modeller claims
implies the existence of the Element, as shown in Figure 14. (Note, the Snippet should
have identical 'name' and 'body'.) What matters is that this information is recorded in the
underlying model, not that the ‘snippet’ tagged value is displayed, as it can be quite
verbose.

A typical auxiliary profile including PA:Implied is given in Figure 24 in Appendix A (p.34).
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«pa»
bdd [ = Itis implied that a Giant can befriend a Human]

A
Parsing Analysis Diagrams are not final presentation diagrams

|
«documentation» |

Formally, it is recommended that at least
one Snippet that implies the existence of |
an elicited model element is recorded. [
I
|
I

—_— — — —_— —= —= —

\
EEI D «stereotype» \ «stereotype»
«pa» «document» PA:Implied snippet Shippet
BFG The BFG [Element] 1..* | [Comment]
{url = "https://en.wikipedia.org/wiki/The_BFG"} J
«pa:implied»
«pa:implied» «pa:triple»
«b|_°°k» humanBeanFriend < Befriends giant Ablogie
«pa:term» Giant
Human 0..* {snippet = The giant then says that he will not eat her
ek i beant as he is the Big Friendly Giant, or BFG for short.} T
T . «block»
«block» . , «snippet» «pa:term»
«pa:term» Z:Z ,gsg;? _ {source = The BFG} Giant_big_friendly
Sophie et The giant then says that he will {acronym = "BFG",
(id = "H1") ; : not eat her as he is the Big id ="G1"
identical Friendly Giant, or BFG for short. '

realName = "The Big Friendly Giant"}

Figure 14: An Association with «pa:implied» applied and the 'snippet’ tagged value set
(and displayed) to record one Snippet that suggested the existence of the element

Indicating relationships between Snippets in SysML1.6
using tagged values

In SysML1.6, ElementGroups are not directly relatable. Relationships between Snippet
extensions can, however, be indicated using additional tagged values for additional
Snippet-typed attributes on the Snippet stereotype. This can be quite verbose in diagrams
when Snippet names are long, although the tagged values need not always be displayed.

In Figure 15 a modeller has decided that the following 2 proverbs contradict each other:
‘Don't judge a book by its cover’
‘clothes maketh the man’

This has been indicated using the opposing tagged values contradicts and
contradictedBy.
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«pa» ’
bdd [ = Contradictory proverbs ]

O

«document»
Don't judge a book by its cover

=

«pa»
wikipedia

h
Parsing Analysis Diagrams are not final presentation diagrams|

«shippet»

{contradicts = clothes maketh the man,
source = Don't judge a book by its cover}

The SysMLv1.6
ElementGroup is

{copy"right =CC B.Y.-SA.S.O, N . . . ) Don't judge a book by its cover NOT relatable.
url = "https://en.wikipedia.org/wiki/Don%27t_judge_a_book_by_its_cover"} _
-
0 |
«document» «shippet» The SysMLv2
clothes maketh the man {contradictedBy = Don't judge a book by its cover, A{motatlngEIement
source = clothes maketh the man} will be relatable.

{copyright = CC BY-SA 3.0,

url = "https://en.wiktionary.org/wiki/clothes_maketh_the_man"} clothes maketh the man

____________________ -
[ | |
| contradlctidBV «stereotype» G «stereotype» |
| | contradiction Snippet ———  ElementGroup |
| contradicts (webel.pa) (SysML.ModelElements) |
| - [Comment] [Comment] |

Figure 15: Additional Stereotype attributes used to indicate a Contradiction relationship
between Snippets

The following text from Wikipedia is offered as a description of all optical telescopes, but in
fact only applies well to Keplerian reflector style telescopes:

‘The basic scheme is that the primary light-gathering element ... focuses that light
from the distant object to a focal plane where it forms a real image.’

‘This image may be ... viewed through an eyepiece, which acts like a magnifying
glass. The eye ... then sees an inverted magnified virtual image of the object.’

As shown in Figure 16, the modeller decides that this is contradicted by the following more
accurate qualifying text:

‘There are telescope designs that do not present an inverted image such as the
Galilean refractor and the Gregorian reflector. These are referred to as erecting
telescopes.’

The claimed contradiction is again recorded using tagged values for contradicts and
contradictedBy on the apparently contradictory Snippets.

This tagged values approach is robust, but it is quite visually verbose. It is also not as
easily queried or traced as a first class Relationship. Hopefully SysMLv2 will help address
this through introduction of the relatable AnnotatingElement, a candidate for extension by a
v2 version of the WPA Snippet.
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«pa»
bdd Not all optical telescopes are invertin
= P P 9l EEL' Parsing Analysis Diagrams are
Spa not final presentation diagrams
AN wikipedia
«snippet»
{source = Optical_telescope}
The basic scheme is that the primary «document»
light-gathering element ... focuses that Optical_telescope
light from the.distant object 'to a focal {copyright = CC BY-SA 3.0,
plane where it forms a real image url = "https://en.wikipedia.org/wiki/Optical_telescope"}
«snippet» «snippet»

{contradicts = There are telescope designs that {contradictedBy = This image may be ... viewed
do not present an inverted image such as the through an eyepiece, which acts like a
Galilean refractor and the Gregorian reflector. magnifying glass. The eye ... then sees an
These are referred to as erecting telescopes., inverted magnified virtual image of the object.,
source = Optical_telescope} source = Optical_telescope}
This image may be ... viewed through an There are telescope designs that do not
eyepiece, which acts like a magnifying glass. present an inverted image such as the Galilean
The eye ... then sees an inverted magnified refractor and the Gregorian reflector. These
virtual image of the object. are referred to as erecting telescopes.

Figure 16: Another example of recording claimed contradictory text descriptions

Snippet trumps Requirement

The WPA recipe for text-driven model element elicitation is a meta-process that can be
used in combination with other systems engineering methodologies including requirements
engineering methodologies. Application of the WPA recipe typically precedes and informs
the SysML-based requirements engineering process, because it is can be used not only to
traceably elicit general SysML model Elements, it is used to traceably elicit Requirement
elements (from any domain source document or database source), and often
simultaneously the Elements that are to Satisfy a Requirement or are otherwise involved in
it. This holds even when an existing external requirements database is to be incorporated.

In Figure 17 a Snippet for a Policy Note web page about WPA from the Webel IT Australia
site has been used to elicit SysML Requirements, whilst also collecting members relevant
to the Requirements. The source web page is:

https://www.webel.com.au/node/1805

The analysed text is:

‘Webel Parsing Analysis: A Snippet (keyword «snippet») MUST always
have exactly one domain 'source' Document (keyword «document»).’
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This yields 3 Requirements, one of which is claimed to be satisfied by the ‘source’ attribute
within the Snippet stereotype within the webel/pa profile. The /member tagged value of
the Snippet lists the 3 elicited Requirements along with some other relevant Elements.

«pa» | EEL|
bdd [ | = webel:/node/1805] D
«pa»
0-source «document»
webel:/node/1805
{url = "https://www.webel.com.au/node/1805"}
«profile» «snippet»
pa {member = A Snippet MUST always
bel have exactly one domain 'source'
(We e ) Document, Snippet, A Snippet has the
I—- ______ keyword «snippet», A domain source fBract
Document has the keyword - _ s ?o i
«document», pa, —| Snippet
«requirement» __ — 7 |source = webel:/node/1805} (webel.pa)
A Snippet has the [~ - Webel Parsing Analysis: A Snippet
keyword «snippet» (keyword «snippet») MUST always
- - 4 have exactly one domain 'source’
Id = "WCA-1805-2 ~ | Document (keyword «document»).
- T
s
l
«requirement» «requirement» «satisfy» __ source |1
A domain source Document A Snippet MUST always have exactly & — «stereotype» D
has the keyword «document» one domain 'source' Document Document
Id = "WCA-1805-3" SatisfiedBy = O source (webel.pa)
Id = "WCA-1805-1"

Figure 17: A satisfied SysML Requirement for Webel Parsing Analysis extracted from a
text statement

Using Trace to quickly elicit model elements

Sometimes, instead of using text from a domain source document, one wishes to elicit
model elements from a figure, drawing, diagram, graphic, or table (which may or may not
also contain text and/or engineering values). The SysML Trace relationship can be used to
quickly elicit model elements from a Document identifying a non-text source.

In Figure 18 the analysed domain source «document» with diagrams was a PDF that
shows pin allocations for In-Circuit Serial Programming (ICSP) headers for the Serial
Peripheral Interface (SPI) for ATmega2560 and ATmega16u2 chips on an Arduino
Mega2560Rev3 micro-controller board. The elements that were elicited from the diagram
«document» can be nicely listed in MagicDraw using a compartment for the SysMLv1.6
operation Trace: :getTracedFrom(in ref).

The BDD Figure 18 verbosely shows the dashed line arrow symbol and «trace» keyword
for every Trace used; these symbols can be visually removed from diagrams as each
element is elicited to reduce visual clutter (with the information remaining in the underlying
model).

There are currently some minor limitations when using Trace in SysMLv1.6 for the purpose
of general model element elicitation tracing. One issue is that only a NamedElement can
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be a source or target of a Trace, so a Slot, for example, can't be traced this way. That's a
concern when Slots are used to hold elicited engineering values, such as the header-pin to
chip-pin breakout mappings shown in Figure 18.

! block»

bdd [ g ICSP_SPI_Trace | g
Icsp
(spi)

A

Parsing Analysis Diagrams are

parts
1_MISO : MISO
not final presentation diagrams Pl

p2_5V: +5V
p3_SCK: SCK
p4_MOSI : MOSI
p5_RESET: RESET

P6_GND : GND

ICSP_2560 A
(mega2560r3)

I
«block»
«ICSP»

ICSP_2560

parts

Ap2 5V : +5V
Ap5_RESET: RESET

pinUsbToTt [0..1]

«interfaceBlock» «node» @] [«pin»
Mappable K—{ Node K| Pin
(all) (node) (pin)
values
pinMcu [0..1]

«pin»
Pin_opt1
(header.pin)

i
Pin_0pt1_F
| (header.pin)

The verbose Trace

\
- N
symbols can be visually
N
N

\«race»

removed as each model
element is elicited

S = m S
- xSBh =
Pin_SPLE =
(header.pin)

i P i
«control «powen» «power
RESET GND +5V

ports ports ports
«control» : RESET| |«power» : GND | [ «power» : +5v
T
= \ drace» «trace»
;. " \ \
N v

«document»
Arduino Mega 2560 Rev3 Pinout Diagrams (PDF)

{copyright = CC BY-SA 4.0,
org = Arduino,
Sl =

arduino,

TracedFrom =
Elicsp_2560
[Flp1_MISO_PCINT3
[Flp3_SCK_PCINT1
[CFlp4_MOSI_PCINT2

p6_GND : GND il o Elicsp_t6u2
p1_MISO_PCINT3 : MISO_PCINT = pi{redefines p1_MISOg— |- | _ ~ - _«trace» [Fp1_MISO
P3_SCK_PCINT1: SCK_PCINT = p3{redefines p3_SCK} d— |- | — rac «trace» «piny win O = CFp3_SCK
p4_MOSI_PCINT2 : MOSI_PCINT = p4{redefines p4_MOSIg— |- | _ = k] _ «SPhy «SPI» = 3 [Flp4_MOSI
T e, —| —MisO= - Mot L e draces  [EIPS_RESET
[p1:MISO_PCINT | [p3:SCK_PCINT | [ p4:MOSLPCINT | «raeer | (header.pin) = [theaderpin)= = [iheaderpinj= o — Emiso
|pinMcu="PB3“ | IpinMcu:"F’B1" | |pinMcu="PB2" | ports ports ports | Emos!
I problem «SPI» : MISO «SPl» : MOSI «SPI» : SCK QSCK
q »
Can't Trace from Siot value T T T _ 5 Bss
to record where it came from oS prees —om O, 2 Eicsp
ICSP_16U2 a et &P “rgcer [Fpt_MISO
(mega2560r3) «interrupty | interrupt»” = G [CFlp2_5v
MISO_PCINT _  — | MOSLPCINT- — SCK_PCINT 7 [@p3_SCK
«::(I:osc;» _ |- (header.pin) - (Peaderpin)—  |ctrace» | (headerpin) ~ | 7 [Fp4_MOSI
sicsEs - - = 7 [Fp5_RESET
o =x 7 ports s~ p5_|
ICSP_16U2 ™™ . n = [«interrupt» : PCINT «interrupty : PCINT
parts e F # = 3
Ap2_5V: +5V T S . ~ ;
Ap6_GND : GND e B MEOOR, 4 T, £ 7 P %
P1_MISO : MISO = pi{redefines p1_MISO} _ -~ Tk - g )
p3_SCK: SCK = p3{redefines p3_SCK} ~ T «ffacer «SPl & T R
p4_MOSI : MOSI = p4{redefines p4_MOSI} T «trace» spi _ % ce: Y
p5_RESET: RESET = p5{redefines p5_RESETH ~ -  drace» 2
(contract) Z - 7 /
[ p1: MISO 1 p3:SCK | 4 MOSI | [ ps:REser ]
| pinUsbToTtl = "PB3" ‘ | pinUsbToTtl = "PB1" ‘ | pinUsbToTtl = "PB2" | |pinUstoT|| ="pC1" | «SPl» «SPl» «SPh «SPh»
MISO mos! ss scK

_latest.pdf}

Figure 18: SysML Trace used to traceably elicit model elements from an identified diagram
as domain source document

Another issue is that the SysMLv1.6 /tracedTo operation is only available on

AbstractRequirement. However, in the MagicDraw tool you can use a derived relationship
to achieve the equivalent on other kinds of NamedElement, as shown in the query table in

Figure 19.
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# Name ‘ Owner ‘ ¥V Trace target to source

1 +5V 2] pin D Arduino Mega 2560 Rev3 Pinout Diagrams (PDF)
2 GND pin B Arduino Mega 2560 Rev3 Pinout Diagrams (PDF)
3 El icsp 2] spi a Arduino Mega 2560 Rev3 Pinout Diagrams (PDF)
4 £l IcsP_16U2 [] ICSP_16U2 [ Arduino Mega 2560 Rev3 Pinout Diagrams (PDF)
5 £l 1cSP_2560 ICSP_2560 B Arduino Mega 2560 Rev3 Pinout Diagrams (PDF)
6 ] miso 2] spi D Arduino Mega 2560 Rev3 Pinout Diagrams (PDF)
7 MISO ] pin [ Arduino Mega 2560 Rev3 Pinout Diagrams (PDF)
8 MISO_PCINT =] pin B Arduino Mega 2560 Rev3 Pinout Diagrams (PDF)
9 E2 mosi 2] spi D Arduino Mega 2560 Rev3 Pinout Diagrams (PDF)
10 MOSI [2] pin [ Arduino Mega 2560 Rev3 Pinout Diagrams (PDF)
11 MOSI_PCINT pin [ Arduino Mega 2560 Rev3 Pinout Diagrams (PDF)
12 Al p1_MISO B icsp D Arduino Mega 2560 Rev3 Pinout Diagrams (PDF)
13 [?l p1_MISO E] ICSP_16U2 [j Arduino Mega 2560 Rev3 Pinout Diagrams (PDF)
14 7 p1_MISO_PCINT3 ] ICSP_2560 [ Arduino Mega 2560 Rev3 Pinout Diagrams (PDF)
15 Al p2_5V &l icsp B Arduino Mega 2560 Rev3 Pinout Diagrams (PDF)
16 7 p3_SCK =l icsp [ Arduino Mega 2560 Rev3 Pinout Diagrams (PDF)
17 7l p3_SCK EJ ICSP_16U2 B Arduino Mega 2560 Rev3 Pinout Diagrams (PDF)
18 Al p3_SCK_PCINT1 E]11CSP_2560 D Arduino Mega 2560 Rev3 Pinout Diagrams (PDF)
19 [Fl p4_MOSI £ icsp [) Arduino Mega 2560 Rev3 Pinout Diagrams (PDF)
20 [?l p4_MOSI £ ICSP_16U2 B Arduino Mega 2560 Rev3 Pinout Diagrams (PDF)
21 [F p4_MOSI_PCINT2 & ICSP_2560 D Arduino Mega 2560 Rev3 Pinout Diagrams (PDF)
22 [Pl p5_RESET B icsp D Arduino Mega 2560 Rev3 Pinout Diagrams (PDF)
23 [Pl p5_RESET EJ ICSP_16U2 B Arduino Mega 2560 Rev3 Pinout Diagrams (PDF)
24 [® p6 _GND &l icsp D Arduino Mega 2560 Rev3 Pinout Diagrams (PDF)
25 RESET =] pin [ Arduino Mega 2560 Rev3 Pinout Diagrams (PDF)
26 B9 sck 2] spi B Arduino Mega 2560 Rev3 Pinout Diagrams (PDF)
27 SCK 2] pin D Arduino Mega 2560 Rev3 Pinout Diagrams (PDF)
28 SCK_PCINT [=] pin [ Arduino Mega 2560 Rev3 Pinout Diagrams (PDF)
29 £ ss 2] spi B Arduino Mega 2560 Rev3 Pinout Diagrams (PDF)

Figure 19: A generic MagicDraw table with a /tracedTo column for any element type using
a derived relationship

Not every sentence from every domain source
document

The Webel Parsing Analysis recipe adds value progressively and incrementally. The more
it is used, the more correspondence between a SysML model and external resources
describing a system can be achieved. It is usually neither practical nor necessary to
process every single sentence of every single available domain source document.

The recipe works best with high quality domain source documents with little repetition and
a high semantic “signal-to-noise” ratio.

Typically, a domain source document contains key paragraphs that initially yield many
elicited model elements. As one progresses through further paragraphs, the number of
newly elicited model elements per Snippet reduces, a sign that the process is converging
to an accurate, consistent SysML model.
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For example, sentences from a document describing the transformation of signals along
the signal path of a radio-telescope may map well to elements that are eventually
represented in an IBD with parts connected via ports with signal flows.

Indicating non-WPA elements using special character
name prefixes

During highly creative SysML modelling, a modeller who is otherwise employing the WPA
recipe might wish to quickly create elements that are not directly elicited from the text
extract handled by a Snippet. Such elements can be indicated using a special prefix
character such as ‘@’, ‘'$’, or ™.

For example, a newly created block named @DesignIdea could indicate that the block is
not yet related to any external domain source document. If an external domain source
document referencing the same design idea then later becomes available, the modeller
may choose to then apply the WPA recipe to newly sourced text and then upgrade the
element to be fully elicited by changing the block’s name to simply DesignIdea.

In practice, the use of some special punctuation characters in Element names can
sometimes have unwanted side effects in tools, so some care must be taken.

Snippets lend scope to SysML diagrams and modelling

One challenge often encountered by SysML modellers is deciding exactly how much of the
underlying model a particular diagram should expose. The WPA recipe promotes a clearly
scoped modelling workflow.

Since the purpose of Parsing Analysis Diagrams (PADs) is to elicit model elements from
the text of one or more Snippets, they are by nature well scoped. Elements that are not
mentioned by a Snippet do not belong on a PAD for it (except for immediately supporting
general elements of implied Generalizations).

The inclusion of Snippets in Presentation Diagrams can also suggest a clear scope
through the text narrative. Typically, a well scoped Presentation Diagram only includes
elements that are explicitly mentioned in the text of any Snippets shown in the diagrams,
and nearest neighbour elements and/or elements that are relevant to the text narrative.

The WPA recipe promotes robust convergence of SysML models; the more the text of the
Snippets processed covers the description of a system, the more the WPA SysML model
converges on a consistent model of that system.

From DISE to MBSE

The WPA recipe for SysML acts also as part of a broader strategy for migrating from
Document-Intensive Systems Engineering (DISE)" to Model-Based Systems Engineering
with SysML. Through selective mapping of text extracts from multiple domain source
documents into a consistent, centralised SysML model, breakages of Single Source of
Truth can be identified, whilst also compiling a registry of critical domain source
documents, and with complete traceability to elicited SysML model elements.

1 The term Document-Intensive Systems Engineering (DISE) was coined by Prof. Michael Vinarcik.
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Super-relational Policy Note and Snippet web pages

The WPA recipe is supported by a growing list of online Policy Note pages on a Content
Management System (CMS) web site (Figure 20):

https://www.webel.com.au/sysml/parsing_analysis/notes

Each Policy Note page has a unique CMS identifier. The title of each Policy Note page is
verbose and may be more than one sentence. Policy Notes are categorised by type and
policy level strictness using tag links. Each dedicated Policy Note page references one or
more relevant linked content pages and/or Snippet pages and vice versa (Figure 21).

The verbose linked title of a Policy Note page may be displayed embedded in other
content pages — such as tutorial trail pages — in various formats (Figure 22). This approach
— using verbose linked titles — is denoted super-relational in the Webel modelling recipe.

Note also how the verbose title of a Snippet CMS web page represents quoted text, and
may likewise be referenced from other pages as a verbose, specially formatted hyperlink.

While the WPA recipe can be used entirely within a SysML tool such as MagicDraw, the
parallel use of a CMS can be effective especially for tutorial trails and demonstrations.

Please refer also to the Appendix C — Additional examples and resources section
(p.52).
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Index of Webel Parsing Analysis recipe [J Notes for SysML

Currently NOT ordered or prioritised. The format is:

[NOTE_TYPE_TAG, ...]{POLICY_LEVEL TAG} LINKED_TITLE

[ [ASSERTIONKTIP} Humans work well with natural language: Many
stakeholders — including those who are not necessarily familiar with UML or SysML
modelling symbols and diagrams - benefit enormously from having plain text in
diagrams side-by-side with graphics.

O [TIPKINFORMATIVE} In professional applications of the Webel Parsing Analysis
recipe for SysML, a robust reusable profile for «part»/«assembly»/«leaf»
components is used, along with stereotypes keywords like «assembles» for
indicating physical composition hierarchies.

O [POLICYJ{STRICT} Webel Parsing Analysis: A 'source' Document must have one
(only) of a URL or a URN (includes ISBN or other unique identifier) for use as a URT

[ [ASSERTIONKTIP} Translating authoritative technical documents written in
“natural” engineering language (snippet-by-snippet) into Webel Parsing Analysis
diagrams creates consistent underlying systems models and can bridge easily to
existing methodologies.

O [TIPKINFORMATIVE} In Webel Parsing Analysis tutorials, Wikipedia pages are
often used as a placeholder sources to represent authoritative domain source
documents from which text extract "snippets” are sourced, and from which SysML
model elements are traceably elicited.

3 [CONVENTION, MODELLING, TIP{RECOMMENDED} Webel Parsing Analysis: It
does not matter whether you use a Package or a Model package. (The informal
Webel convention is that Models are used for systems engineering analysis with
SysML and Packages are reserved for code-related software engineering.)

[ [ASSERTIONKTIP} Even relatively informal elicitation of model elements using
the SysML ElementGroup and a Parsing Analysis approach is extremely powerful.

O3 [POLICYKTIP} In the Webel Parsing Analysis recipe you are not obliged to map
every single part of a Snippet's text extract to a UML or SysML model, just
traceably elicit model elements of immediate or anticipated interest to your task or
goal.

[ [CAPABILITY, FEATURE, NAVIGATION, TIP, TOOL]{RECOMMENDED} Webel
Parsing Analysis: If you have a unique URL for a domain source «document» you
MAY additionally set it as an external hyperlink in the MagicDraw/Cameo tool (as
well as setting it as the unique 'url' tagged value that acts as the '/uri').

[ [TIPKINFORMATIVE} The Webel Parsing Analysis recipe for SysML1.x does not
use the ElementGroup directly, it extends it as a user-defined Snippet stereotype
with keyword «snippet» and with MagicDraw Customization.

3 [ASSERTIONKTIP} The Webel Parsing Analysis recipe promotes a clearly
scoped modelling workflow.

3 [QUESTIONKSTRONG} Webel Parsing Analysis: SysMLv1.x: Q: "Instead of
using a Snippet extension of an ElementGroup, can't I just use a Requirement and
Trace to achieve the same thing?" A: No! The ElementGroup extended as the
Snippet is far more powerful and fit for purpose.

3 [DISPLAY, MODELLING, NAMING, POLICY, TIPI{STRICT} Webel Parsing
Analysis: Pseudo Semantic Triple: For «pa:triple» applied to a named one-to-one or
one-to-many uni-directional Association, the non-navigable end Property is the
subject, the name is the predicate, the navigable end Property is the object.

O [MODELLING, POLICY, TOOLKSTRICT} Webel Parsing Analysis: As
StateMachine Diagrams are always owned by an element that is not eventually
under the Source Input Zone they should not be used as «pa» diagrams. Elicit
States instead via the /member section of the specification dialog.

3 [MODELLING, POLICY{STRICT} Webel Parsing Analysis: SysML: Pseudo
Semantic Triple: A «pa:triple» may be applied to a uni-directional Association
between SysML Blocks and/or Actors.

3 [ASSERTION, DISPLAY, POLICY, SETTINGS, STYLE, TOOLJ{STRICT} Webel
Parsing Analysis: If you wish to show a «snippet» comment symbol (with its body
text) in a presentation diagram (that is NOT a «pa» diagram) remove the
'/members' tagged value from display so the only visible tagged value is 'source'.

[ [TIPKSUGGESTED} Webel Parsing Analysis: You may create custom

pes applicable to a D or a uni-directional Association to
represent a «predicate» much like a semantic triple (subject-predicate-object) in
OWL/RDF.

@ [MODELLING, NAMING, POLICY{STRICT} Webel Parsing Analysis: Acronym:
PAD = Parsing Analysis Diagram (may be nearly any diagram type, except those
types that must be owned by an elicited model element)

D [OPTION]J{STRONG} Webel Parsing Analysis: Formally, if «pa:implied» has been
applied to indicate an implied elicited Element, the 'snippet' tagged value should
bet set using at least one Snippet that implies it. (Note, the Snippet should have
identical 'name' and 'body".)

O [TIP, TOOLKKRECOMMENDED} Webel Parsing Analysis: If you are processing
lots of text from one source «document» create a STUB «snippet» with that
«document» set as 'source’ and just make copies of it in the model browser as
needed. Big time saver!

O [TIP{SUGGESTED} Webel Parsing Analysis: You do not need to map every
word of every snippet to the UML/SysML model! Extract only the information
required for your domain modelling task to add incremental benefit.

[ [DISPLAY, MODELLING, POLICY]{STRONG} Webel Parsing Analysis: An "index"
Parsing Analysis Diagram showing a collection of Snippets need not always show
the members of each Snippet; a "focus" Parsing Analysis Diagram for one or more
Snippets SHOULD always show the members of every Snippet.

O3 [OPTIONKKRECOMMENDED} Webel Parsing Analysis: Track and display
alternative names, human friendly names, organisation-specific names, and
identifiers using tagged values for a custom stereotype «pa:term» (adapt or extend
as required).

[ [POLICY, STYLEJ{STRICT} Webel «pa» Parsing Analysis Diagrams (PADs) are
"scratchpads" used to elicit model elements traceably from text «snippets». While
BDDs are a good initial choice, most types of SysML diagram can be used as a
«pa» diagram.

[ [CAVEATJ{INFORMATIVE} One limit of the SysML-1.6 ElementGroup for use as
a Snippet in the v1.x version of Webel Parsing Analysis for SysML is that an
ElementGroup is not directly relatable.

3 [MODELLING, NAMING, POLICY]{RECOMMENDED} Webel Parsing Analysis: An
anonymous Element may be collected as a /member of a Snippet (it is not
important whether collected elements list with a clear name under /member, only
that they are traceably elicited).

[3 [CAPABILITY, TIP{INFORMATIVE} The SysML Trace relationship can be used as
a quick way to traceably elicit model elements from an identified diagram or table
from a domain source document. You may visually remove the Trace symbols as
each element is elicited to reduce clutter.

Figure 20: Overview of WPA Policy Note page verbose linked titles

The Webel Parsing Analysis recipe for text-driven MBSE with SysMLv1.6

3 [DISPLAY, MODELLING, NAMING, POLICY, TIP{STRICT} Webel Parsing
Analysis: Pseudo Semantic Triple: For «pa:triple» applied to a named one-to-one or
one-to-many uni-directional Association, the non-navigable end Property is the
subject, the name is the predicate, the navigable end Property is the object.

O3 [TIPKINFORMATIVE} The grouping of member elements by an ElementGroup
is denoted here "logical" in the sense that it does not "steal ownership" of member
elements (as opposed to "physical" ownership of elements in the model)

3 [ASSERTION{INFORMATIVE} Webel Parsing Analysis (with strict traceability of
all elicited model elements) can be used side-by-side with "freestyle" modelling
with incremental benefit the more it is used.

[ [QUESTIONKINFORMATIVE} SysMLv1.x: Q: Why can't a Package with
ackageImports be used as a Parsing Analysis text container? Why is the SysML1.6

El 1t p ( and cu ised as the Webel «snippet») far better suited

for text-driven model element elicitation?

[ [DISPLAY, MODELLING, NAMING, POLICY, TIP{STRICT} Webel Parsing
Analysis: Pseudo Semantic Triple: For «pa:triple» applied to a named one-to-one
Dependency, the source is the subject, the name of the Dependency is the
predicate, the target is the object.

3 [OPTIONJ{RECOMMENDED} In Webel Parsing Analysis if you want to track
elicited model elements that have not been explicitly mentioned in source text you
can introduce Element-level custom tracking Stereotypes with the keywords
«pa:implied» or «pa:assumed».

O [TIPKEDITORIAL} In Webel Parsing Analysis every Package, Model, or Diagram
used to perform Parsing Analysis MUST have the stereotype keyword «pa» applied,
and MUST live under a top-level Model or Package 'source’ separate from the rest
of the project model.

3 [MODELLINGJ{INFORMATIVE} SysMLv2: On the v2 Comment extension of the
v2 AnnotatingElement as a candidate Parsing Analysis Container

3 [DISPLAY, MODELLING, NAMING, POLICY, TIP{STRICT} Webel Parsing
Analysis: Pseudo Semantic Triple: When «pa:triple» is applied to a named uni-
directional Association the name and a consistent direction arrow should be
displayed on the Association symbol in diagrams.

3 [CONVENTION, TIP{STRONG} Webel Parsing Analysis: typically the quoted
extract text (body) of a «snippet» is a short phrase, a sentence, or a couple of
short sentences (but not dozens of sentences).

[ [ASSERTION{STRICT} In Webel Parsing Analysis elicited model elements MUST
eventually be moved out of the 'source’ (or '0-source') Package/Model zone and
under a main project Package/Model area. (Use the owner display option to check.)

3 [TIPKINFORMATIVE} Webel Parsing Analysis: The absolute basics of the
process (SysMLv1.x form)

3 [MODELLING, POLICY{STRICT} Webel Parsing Analysis: SysML: Pseudo
Semantic Triple: A «pa:triple» may be applied to a Dependency between SysML
Blocks and/or Actors or Properties typed by them.

3 [POLICY, STYLEJ{STRICT} Webel Parsing Analysis «pa» diagrams are NOT
intended as final presentation diagrams! They serve merely to traceably elicit model
elements, which may then be shown in other (typically much tidier) presentation
diagrams elsewhere.

[ [DISPLAY, STYLE, TIP{SUGGESTED} Webel Parsing Analysis: If the dashed-line
"anchors" from your «snippet» ElementGroup symbols to elicited elements make a

«pa» Parsing Analysis Diagram (PAD) too hard to read, try making them light grey

using symbol properties.

@ [POLICY]{STRICT} Webel Parsing Analysis: Create a top-level 'source' or '0-
source' Package/Model SEPARATE from your project model. All source «document»
elements and «snippet» extracts and «pa» diagrams MUST be ultimately owned by
that top-level Package/Model as ancestor!

3 [TIPKXRECOMMENDED} Webel Parsing Analysis: MagicDraw/Cameo: In parsing
diagrams use the element compartment properties to only display the features
relevant to the context of a particular snippet's text extract.

O3 [MODELLING, NAMING, POLICY]{STRICT} Webel Parsing Analysis: While
Generalizations may be collected as elicited members of a Snippet this can quickly
lead to clutter in the /member list display.

O3 [POLICYJ{STRICT} Webel Parsing Analysis: A custom Document stereotype
(keyword «document») extends the UML standard profile Document that extends
Artifact (which is NOT in the UML4SysML intersection). Such a Document may act
as the 'source' of a «snippet».

3 [OPTIONJ{RECOMMENDED} TIP: If you use the name '0-source' instead of
'source' for the top-level Package/Model for containing Parsing Analysis elements it
will list nicely at the top of the containment tree.

3 [MODELLING, NAMING, POLICY{STRICT} Webel Parsing Analysis: While
Associations may be collected as elicited members of a Snippet this can quickly
lead to clutter in the /member list display. Often just collecting an end Property as
member is sufficient.

O3 [POLICY}{STRICT} Webel Parsing Analysi Snippet (keyword «snippet»)
MUST always have exactly one domain 'source' Document (keyword «document»:

3 [MODELLING, NAMING, POLICY]{RECOMMENDED} Webel Parsing Analysis:
Where too many dashed line "anchors" from Snippets to elicited members lead to
clutter they may be selectively omitted from a Parsing Analysis Diagram (PAD) once
each member has been collected.

3 [ASSERTIONJ{TIP} Not even the most experienced requirements engineers can
easily state requirements perfectly in consistent requirements-friendly language
first shot; requirements and constraints are often buried in the natural text of
domain source documents.

O [TIP{RECOMMENDED} Webel Parsing Analysis: Relationships between
«snippet» items can be tracked using additional tagged values such as
‘contradictedBy' and 'contradicts'. This is robust, but it can be verbose when
Snippets have long names if the tagged values are displayed.

3 [MODELLING, NAMING, POLICY]{STRICT} Webel Parsing Analysis: The name of
a Parsing Analysis Diagram (PAD) may be drawn from a focus Snippet OR may
simply indicate a topic of interest to the analysis

3 [ASSERTION{INFORMATIVE} Webel Parsing Analysis is a "meta-process" that
can be applied to general domain source documents to elicit Requirements (and
related model elements) or to a Requirements Specification itself as a special case
of a domain source document!

O [POLICYJ{STRICT} Webel Parsing Analysis diagrams do their job once - namely
traceable elicitation of model elements - and are then only kept as a reference! The
elicited model elements are then used elsewhere in the final model.

[ [ASSERTIONSUGGESTED} Webel Parsing Analysis: A stereotype with keyword
«pa:from» may be applied to a Dependency from a Package to another Package
within the Source Input Zone to indicate that all of its Elements were directly or
indirectly elicited from source Documents.

3 [CAVEAT, ISSUEKINFORMATIVE} The markup of Snippet page titles on this
CMS web site is sometimes restricted (especially concerning subscripts and
superscripts such as used in mathematical and scientific notation). Visit the linked
Snippet page for the quote with full markup.

p.32



Home » IT zone » SysML zone » The Webel Parsing Analysis recipe for SysML
https:/www.webel.com.au/node/1805

[ Webel Parsing Analysis: A Snippet (keyword
«snippet») MUST always have exactly one domain
'source' Document (keyword «document»).

Note kind
[PoLICY|

Policy level
[sTRICT]

Keywords
Webel Parsing Analysis | |parsing analysis || WPA:«document» | | WPA:«snippet» || WPA:Snippet::source

Relates to

7 Our first Parsing Analysis diagram about leptons

= Our first Parsing Analysis diagram about telescopes

& Focus PAD for the Snippet "The quick brown fox jumps over the lazy dog'
& Focus BDD for block FoxDogPangramContext

& Simplified profile for Webel Parsing Analysis for SysML1.6+ in
MagicDraw/Cameo (adapt as required)

& Webel Parsing Analysis as a meta-process: Snippets before Requirements!

Related notes

[3 [PROPOSAL{STRONG} Dr Darren of Webel has always opposed the exclusion
of the obviously useful UML Artifact from SysML (but in MagicDraw and Cameo you
can sneak it in anyway). After all, systems engineers do use documents quite a bit.
[ [ASSERTION, CAVEATJ{INFORMATIVE} The UML Artifact and its UML standard
profile extensions such as «document» Document and «file» File are NOT included
in UML4SysML.

[ [POLICYSTRICT} Webel Parsing Analysis: A custom Document stereotype
(keyword «document») extends the UML standard profile Document that extends
Artifact (which is NOT in the UML4SysML intersection). Such a Document may act
as the 'source' of a «snippet».

Related notes (backlinks)

[ [POLICY{STRICT} Webel Parsing Analysis: A 'source' Document must have
one (only) of a URL or a URN (includes ISBN or other unique identifier) for use as
a URI

[3 [TIP]{INFORMATIVE} Webel Parsing Analysis: The absolute basics of the
process (SysMLv1.x form)

[ [MODELLINGJ{INFORMATIVE} SysMLv2: On the v2 Comment extension of the
v2 AnnotatingElement as a candidate Parsing Analysis Container

[J [QUESTION]J{INFORMATIVE} SysMLv1.x: Q: Why can't a Package with
PackageImports be used as a Parsing Analysis text container? Why is the
SysML1.6 ElementGroup (extended and customised as the Webel «snippet») far
better suited for text-driven model element elicitation?

Figure 21: A Policy Note page linked to relevant content and other Notes and Snippets

& Focus PAD for the Snippet 'The quick brown fox
jumps over the lazy dog'

Tutorial

£J TRAIL: Theory and best practices for the Webel Parsing Analysis recipe for
SysML v1.x

Tags and keywords

A Block Definition Diagram (BDD) is used as a focus Parsing Analysis Diagragf(PAD)
for:

[W Wikipedia: ""The quick brown fox jumps over the lazy dog" ..." / ]
e J &
S The auick brows X5 e v tie Iy o0} et Parsing Analysis Diagrams are not final presentation diagrams
e S atonaios
Akt «pacimplied» Enum"mlm ValueTypes um‘u a modelling cnomla
1 1 1
Paed S JamgeOver A walveTyper walueTypor walveTyper
imood : MoodKind ‘SpeedKind ColorKind ‘MoodKind
[ I R R
jumpOver( jumpee : Animal ){
asnippets
cpaassumeds l.p. sssumeds member = Dog Fox, Arma, ey, brown, ke

SpeedKind, ColorKind, MoodKind, mood, speed.

color, JumpsOver, FoxDogPangramContext,

Shiodis Shiodo quickBrownFox, lazyDog, . jumpOver, Jumping,
Fox Dog Lazing, speed, color, mood, quick brown fox, lazy dog,
color = brown, jumpee = lazy dog, speed = quick.
SpeedKind= quick{redsfines speedld~ |mood : MoodKind = lazy(redefines moodd” [ mood = lazy, jumpee,
color : ColorKind = brown{edefines colo source = FoxDogPang
“The quick brown fox jumps over the lazy dog" ...
‘quick brown fox : Fox. «block»
color = brown FoxDogPangramContext
jumpee = lazy dog
speed = quick quickBrownFox : Fox [1] [razypog: Dog 11|
JumpsOver
color : ColorKind = brown Jumpee] Mmo0d : MoodKind= lazy

speed : SpeedKind= quick

/
/

A Webel Parsing Analysis: A Snippet (keyword «snippet») MUST always have ,
exactly one domain 'source' Document (keyword «document»).

@ Webel «pa» Parsing Analysis Diagrams (PADs) are "scratchpads" used to elicit
model elements traceably from text Snippets (extracts from source Documents).
While BDDs are a good initial choice, most types of SysML diagram can be used as
a «pa» diagram.

https://www.webel.com.au/node/3337
66 "The quick brown fox jumps over the lazy dog"

Related content

1= Top-level Package/Model organisation for the Source Input Zone

7= Focus PAD for the Snippet 'The quick brown fox jumps over the lazy dog'
7= Focus BDD for block FoxDogPangramContext

7= Containment tree view of members of a «snippet» ElementGroup in
MagicDraw/Cameo

Source
Wikipedia
Copyright information

Text from Wikipedia and Wiktionary web pages quoted for educational purposes
is subject to the Wikipedia Creative Commons Attribution ShareAlike Licence

Snippet kind
INFO

Keywords
pangram| (Webel Parsing Analysis
Full quote

"The quick brown fox jumps over the lazy dog" ...

URL: https://en.wikipedia.org/wiki/The_quick_brown_fox_jumps_over_the_lazy_
dogor

https://www.webel.com.au/node/1805

[@ Webel Parsing Analysis: A Snippet (keyword
«snippet») MUST always have exactly one domain
'source' Document (keyword «document»).

Note kind
POLICY]

Policy level
STRICT]

Relates to

& Our first Parsing Analysis diagram about leptons

& Our first Parsing Analysis diagram about telescopes

& Focus PAD for the Snippet "The quick brown fox jumps over the lazy dog'
= Focus BDD for block FoxDogPangramContext

= Simplified profile for Webel Parsing Analysis for SysML1.6+ in
MagicDraw/Cameo (adapt as required)

7= Webel Parsing Analysis as a meta-process: Snippets before Requirements!

Figure 22: A content page referencing Policy Note pages and a Snippet page

The Webel Parsing Analysis recipe for text-driven MBSE with SysMLv1.6
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Appendix A — Typical Profiles and DSL Customizations

profile

Webel Parsing Analysis - customization ])

«rationale»
But Artifact works perfectly in the
MagicDraw SysML tool anyway

«Metaclass»

Artifact The UML Artifact is
T NOT in UML4SysML

«stereotype»
Document
(UML Standard Profile.StandardProfile)|

i
| |

Webel Parsing Analysis -

plified profile for SysML1.6 Webel Parsing

«stereotype»
ElementGroup
[Comment]

attributes
name : String

[criterion : String

/size : Integer

/member : Element [0..*]

orderedMember : Element [0..*]subsets member,ordered}

alysis - auxiliary

I

Applied Stereotype = < >>Invisible'Stere()ty!%'

%
«stereotype» M ) «stereotype» ] «stereotype» 13 /
Copyright Zeopyright D SS0lNco Snippet /s
[Artifact] (webel.pa) 1 (webel.pa) 4 ‘ %
attributes attributes attributes @ Applied Stereotype = <> InvisibleStereotype
+url : String [1] Juri : String [1}union} name : String{redefines name} qg _ - - -
+itle : String url : String [0..1)subsets uri} [criterion : String{redefines criterion} g
urn : String [0..1}subsets uri} Isize : Integer{redefines size} g — —
title : String orderedMember : Element [0..*Jredefines orderedMember,ordered)d Applied Stereotype = <> InvisibleStereotype
date : date
kind : DocumentKind =
"‘a""hc"lo--* +°’QJ,0--* ’Applied Stereotype = <<>>Invisiblestereoty|:|§|
«stereotype» & | | «stereotype» Ti
Person Organisation
(webel.pa) (webel.pa)
[Actor] [Actor]
attributes attributes
+fullname +name
«Customization» % «Customization» % «Customization» % «Customization» % «Customization» %
Copyright Organisation Person Document Snippet
(webel.pa) (webel.pa) (webel.pa) (webel.pa) (webel.pa)

«Customization»
category = "Parsing Analysis"
customizationTarget = Copyright
hideMetatype = true
keyword = "copyright"
possibleOwners =

«Customization»

hideMetatype = true
keyword = "organisation"
possibleOwners =

Package Package
Model Model
Class Class

category = "Parsing Analysis"
customizationTarget = Organisation

«Customization»

hideMetatype = true
keyword = "person"
possibleOwners =
Package

Model

Class

category = "Parsing Analysis"
customizationTarget = Person

«Customization»
category = "Parsing Analysis"
customizationTarget = Document
hideMetatype = true
keyword = "document"
possibleOwners =
Package
Model
Class

«Customization»

category = "Parsing Analysis"
customizationTarget = Snippet

hideMetatype = true
keyword = "snippet"
possibleOwners =
Package

Model

Class

Figure 23: MagicDraw Customizations for a typical Webel Parsing Analysis profile

The Webel Parsing Analysis recipe for text-driven MBSE with SysMLv1.6
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profile [ Webel Parsing Analysis - auxiliary ])

Webel Parsing Analysis - customization

Webel Parsing Analysis - simplified profile for SysML1.6

«stereotype»

«documentations PA i «documentation» «documentation»
Bnisicment introducad by the: May be extended to include (webel.pa) Indicates that element is involved with the Webel Parsing Formally, it is recommended that
modelloras Ian ex:m e y attri |putes for_mdm_atmg [Element] Analysis process. Parsing Analysis scratchpad diagrams at least one Snippet that implies

rict elicitad from P y naming and identifiers and P / that contain Parsing Analysis the existence of an elicited model

(not elic el om a source) specific to an organisation. T source Documents and Snippets MUST have this applied. element is recorded.
T
| 4> |
| | I
«stereotype» «stereotype» «stereotype» «stereotype» «stereotype» «stereotype» | +snippet| «stereotype» “

PA:Example PA:From PA:Term PA:Triple PA:Assumed PA:Implied 1.% Snippet
(webel.pa) (webel.pa) (webel.pa) (webel.pa) (webel.pa) (webel.pa) (webel.pa)
[Element] [Dependency] [Element] [Association, Dependency] [Element] [Element] [Comment]

attributes T T ?
aka : String [0..*] L L L
«documentation» acronym: Sting [0..1]
indicates fhatan El RS symbol : String [0..1] «documentation» «documentation» «documentation»

drilr;c:;:ye:r irzii:eralyeéﬂsi?e:rfr orancszgi: pvevtassi i !'ee_lea_me : String [0.%]| | A pseudo semantic triple. Formally, indicates an element that is Formally, indicates an element that is

the Saurce IFibut Zone. Tha tardet ray B id: String [0..1] assumed by the modeler to exist but is implied by one or more domain source
Packags of a%omain s'ource D?:cume:r{ﬂ T In the case of an Association, not (yet) explicitly mentioned or implied text Snippets but not (yet) explicitly

Used igformally for illustrative purposes .onIy I must be uni-directional. The by a domain source text Snippet. May be mentioned by any. May be un-applied

2 name of the Association should un-applied if a Snippet that does explicitly if a Snippet that does explicitly mention
| be shown with a direction mention the element is encountered. the element is encountered.
arrow.
«documentation» /
cf. RDF/S and OWL.
Carries alternative names, human friendly names, ( )

organisation specific names, and symbols (so that
consistent element naming conventions can be used
in parallel with more familiar natural language naming).

Less formally, any element that does not
have a traceable "anchor" to a Snippet is
considered to be either assumed or implied.

PA

«Customization»

By

«Customization»

3

«Customization»

RN

PA:Triple
(webel.pa)

PA:Assumed

(webel.pa) (webel.pa)

«Customization»
customizationTarget = <>PA
keyword = "pa"

«Customization»
customizationTarget = <>PA:Triple
keyword = "pa:triple”

«Customization»
customizationTarget = <>PA:Assumed
keyword = "pa:assumed"

«Customizatio
PA:From
(webel.pa)

n» BN
PA:Term
(webel.pa)

«Customization»

SN

«Customization»
PA:Implied
(webel.pa)

S

«Customization»
PA:Example
(webel.pa)

S

keyword = "pa:from"

«Customization»

customizationTarget = <>PA:From

keyword = "pa:term"

«Customization»

customizationTarget = <>PA:Term

«Customization»
customizationTarget = <> PA:Implied
keyword = "pa:implied"

«Customization»

customizationTarget = <>PA:Example

keyword = "pa:example"

Figure 24: Additional stereotypes for a typical Webel Parsing Analysis profile
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Appendix B — Example applications

Selected Parsing Analysis Diagrams (PADs) and resulting Presentation Diagrams
illustrating elicited model elements from realistic example applications are shown.

For links to the full resources please refer to: Appendix C — Additional examples and

resources (p.52).

CASE STUDY: Wikipedia optical telescopes

Selected diagrams from an online tutorial trail:

TRAIL: Webel SysML Parsing Analysis example: Optical telescopes from Wikipedia:
Structure and port-based light flow model

https://www.webel.com.au/sysml/parsing_analysis/telescopes

«pa»

bdd [ = A telescope is an optical instrument using lenses, curved mirrors, or a combination of both to observe distant objects]

J || Modification date || 26/08/20 12:41 AM ”

«block» 5 «block» Parsing Analysis diagrams are
«emy» region| «em» «block» NOT final presentation diagrams!
«pa:term» 1+ |RegionEM Object
SpectrumEM \
) A : \ BiEek values «valueType»
{fullname = "electromagnetic spectrum"} \ % ’ £blocky isDistant : Boolean q | «pa:implied»
Instrument «pa:implied»distance : Distancel i
| \ \ | Distance «stereotype»
«detectsy | ) 7 X Lr em
| / N Cl
«block» \ Al e U5 o «blocks [Class]
Detector I ol —~— =~ > DistantObjject lr
T \ s elescope 8 J
| / Y ~ values | "
| 157 s iSDistant : Boolean [1]= true{rea?On\y‘redeﬁnes isDistant}q «stereotype»
7 ‘0, ~ AN optical
N
«block» \ «block» 7 ~ «block» > - > < B [Class]
DetectorNonEM| \ «em» ; // < «pa:implied» ~ «snippet» _
M
\ | DetectorEM 74 // g 4 P «em» ~ {member = Instrument, optical, «stereotype»
\ i T /i3 _ TelescopeEM OpticalTelescope, Lens, CurvedMirror, observes
B Tofrences isCurved, Mirror, isCurved, isDistant, —
ion ol * — — isDistant, observes - [Dependency]
«snippet» aon ReglonEM -4 / A GeneralizationﬁeléscopeEM ->
{member = Telescope, Generalization[TelescopeEM -> _ - -implied Telescope], lens, mirror, Curvature, curved,
DeteuctorEl\’/I region, Re: ioniEM reg ic’:n ' «block» /[ «block» [~ ] L WlklPedlaATelésco_pe} : <peLimpliec;
M fRgiON, od nregion; ; lens ! _|A telescope is an optical instrument using Ciitvatiie
source = Wikipedia:Telescope} «optical» [e——3{«optica> L ™| enses, curved mirrors, or a combination
The word telescope now refers to a wide range OpticalTelescope | O- Lens _ | of both to observe distant objects ... o
of instruments capable of detecting different P P2 T NN
regions of the electromagnetic spectrum, and in L 2 | \\ \ NN
some cases other types of detectors. «block» 7 <block»
| mirror «optical» / \ N «optical»
5 > .
«stereotype» 0.* CurvedMirror \ Mirror
detects constraipts N . values N
[Dependency] {curvature != 0} \ isCurved : Boolean g
P il curvature : Curvature
values N
isCurved : Boolean [1]= true{readOnly,redefines isCurved}q

Figure 25: A BDD as focus PAD for eliciting model elements from a Snippet telescopes
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https://www.webel.com.au/sysml/parsing_analysis/telescopes

pkg [ % index |

“ Modification date |[26/08/20 10:42 AM ||

«war A common A | em A |
0:source &L common E SpectrumEM
[2] Wikipedia El DistantObject
5 0-source El Instrument
1 Wikipedia E object
value A telescope A | detector A |

Curvature [=] optical El Detector
Distance 5 telescope £l DetectorEM

El Telescope El DetectorNonEM
«profile» £l TelescopeEM
physics
«» detects mirror A | lens A |
“>em & curvedMirror HLens
«» observes £ Mirror
<> optical

| Modification date || 26/08/20 10:44 AM

«par» D
k | 0-source ’ E%
Pk [ e ] index
i, «pa» A
«organisation» Wikipedia
Wikipedia 2] Telescope
& Wikipedia

«pa»
pkg [ [ Wikipedia]

=]

index

=

«pa»

«organisation»

|[Modification date [ 26/08/20 10:45 AM \|

Parsing Analysis diagrams are
NOT final presentation diagrams!

0-source Wikipedia
«pan ~
Telescope
3 Telescope
[ Wikipedia: Telescope

&2 A telescope is an optical instrument using lenses, curved mirrors, or a combination of both to observe distant objects

pkg [ F telescope ]

B || Modification date |[26/08/20 10:53 AM]

index

«pa»
pkg [ ) Telescope |

2

prrerom (N P ) || Modification date |[26/08/20 10:44 AM||
Instrument | | Detector optical A ikipedi ’
Wikipedia 0-source
(common) (detector) 5 optical N
E] OpticalTelescope N _
. «snippet»
«snippet» PP
«document» {member = Instrument, optical, {member = Telescope,
ikipedia: v o ‘ L Generalization[TelescopeEM ->
«block» «block» Wikipedia:Telescope OpticalTelescope, Lens, CurvedMirror, Telescops
e 4 4 6 S Telescope], Generalization[Telescope
Telescope «em» {org = Wikipedia, isCurved, Mirror, isCurved, isDistant, > Instrument], Instrument,
(telescope) | | DetectorEM url = "hitps://en.wikipedia.org/wikilTelescope’} |isDistant, observes, DetectorNonEM, detects, Detector,
P Generalization[TelescopeEM -> - L L
(detector) Telescope], lens, mirror, Curvature, DetectorEM, region, RegionEM, region,
4 St 2 source = Wikipedia:Telescope]
T curved, Generalization[Telescope -> B pe}
Instrument], The word telescope now refers to
sblocky source = Wikipedia: Telescope} a wide range of instruments
«pa:implied» A telescope is an optical instrument cap_able of detecting dxfferent_
Lemy) using lenses, curved mirrors, or a regions of the electromagnetic
TelescopeEM combination of both to observe spectrum, and in some cases
(telescope) distant objects ... other types of detectors.
— par
- date|[26/08/20 12:41 AM
pkg [ optical | R —r bdd [|£) Atelescope is an optical instrument using lenses, curved mirrors, or a of both to objects ]J \%‘
L By B |[Modification date |[26/08/20 10:52 AM E
index «block» «block Parsing Analysis diagrams are
«em» region|  «em» «locky NOT final presentation diagrams!
«paiterm» 1.+ |RegionEM Object
«block» «block» SpectrumEM \ alues «walueType»
{fullname = "electromagnetic spectrum’} \ \ «block» isDistant : Boolean «pacimplieds
Instrument Detector w \ Instrument «paiimplied» distance : Distancel| | pistance
(common) | |(detector) | ciscasy 8 i :
«detects»
N
I
cblock» T «observes» «blockd [clese]
Teloscope| > i mmnmlyscr
wblocke chlocks T As\ns\lanl,am\ean [1]:lmé(r‘ujw\c nly,redefines isDistanty «stereotype»
=, optical
Telescope «em» ~ ablock» - B \\ [Class]
1 DetectorEM < «paimplieds == «snippet»
(telescope) sem» ~ _|imember = instrument, optical,
T (detector) ¢ TelescopeEM | OpticalTelescope, Lens, CurvedMirror,
isCurved, Mirror, isCurved, isDistant,
! P ~ — isDistant, observes
? «snippet fogion: e ¢ Generalizaton TelescopeEM >
«block» momber = Toescope, GeneralzatonfTelescopeeht > | — = & Tecscpal s, e, G, cu,
DI0cK Telescope], Generalization[Telescope -> Instrument], «paimplied» Generalization[Telescope -> Instrument],
«pa:implied» Instrument, DetectorNonEM, detects, Detector, _|source = Wikipedia: Telescope}
«em» Delector=M; region, RagionEM, reglon; hlocks, A telescope is an optical instrument using
20uroo = Wikipodia:Tolsecope} soptioaly lenses, curved mirrors, or a combination
TelescopeEM The word telescope now refers to a wide range OpticalTelescope _ |of both to observe distant objects ...
(telescope) of instruments capable of detecting different
regions of the electromagnetic spectrum, and in 1
paimplied» some cases other types of detectors. e 7 ebioso
; mirror «optical» s \ - «optical»
- % %
e «s!:m.we» o valdﬁi!nw \ . Mirror
% tect constraipts values
«optical» . = :‘ {curvature 1= 0} % isCurved : Boolean”
OpticalTelescope [Dependency] curvature : Curvature
: isCurved : Boolean [1]= dOnly,redefines isCur
(telescope.optical)

Figure 26: Overview of diagrams after moving elicited elements out of the '0-source' zone
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«pa»
bdd [[£ An optical telescope is a telescope that gathers and focuses light mainly from the visible part of the electromagnetic spectrum]J “ Modification date ” 31/08/20 8:00 PM ||
D % «block»
., [&doctments «pa» Image Parsing Analysis diagrams are
Wikipedia:Optical_telescope Optical_telescope e NOT final presentation diagrams!
{url = "https://en.wikipedia.org/wiki/Optical_telescope"} magnification: Magnificatiorg
isMagnified : Boolean q
stereotype: B
« type «documentation»
collects Collects or gathers
«block»
[Dependency] electromagnetic radiation. «em»
ImageEM
«stereotype» il et e Bl b P 2 Sl s T
focuses «focuses» . |
«block» — - =
[Dependency] «optical» < «block» «forms» _image[™ piockn image «block»
Light «collects» «opticai» 1 «optical» Y «optical» imageSensor
2 ;7T OpticalTelescope {redefines image} | Opticallmage «electronic» 0.+
{imageSensor.data.image = image. viewedlmage OpticallmageSensor
B imageSensor.iinage = image, sensor |1
«snippet» photograph.image = image . 01
_ s {isMagnified
{member = Magnification, collects, focuses, , , data |0.*
electronic, magnification, isMagnified, =) image data =
OpticallmageSensor, imageSensor, image, «block»
photograph, Photograph, Photograph, 1 1 «optical»
Generalization[Photograph -> Photograph], image, OpticallmageData
viewedImage, image, data, OpticallmageData, data, image |1
s ) photograph | 0..*
source = Wikipedia:Optical_telescope}
An optical telescope is a telescope that gathers and «block» | photograph
focuses light, mainly from the visible part of the Photograph |0..*
electromagnetic spectrum, to create a magnified -
image for direct view, or to make a photograph, or «problem»
to collect data through electronic image sensors. «block» Multiplicity: what if have
Photograph multiple exposures?
«valueType» «stereotype»
Magnification electronic
[Element]

Figure 27: PAD with Dependency stereotypes as pseudo-semantic triples

k sensor.em.optical B PE—
pko [} ptoal1 ] B B [Modification date || 5/09/20 8:58 PM
index optical
imagel1 l
«block» |'Mage data «block» data sensor «block»
Image |1 1 ImageData 0.* 1 ImageSensor
(telescope) (sensor.ImageSensor) H (sensor)
AN :
constraints
{data.image = image}
{redefines image}
image 1
«block»  |image data «block» data SOnsor «block»
«em» 1 «em» 0.* 1 «emy»
ImageEM e — (Hodehires gt} ImageDataEM {redefines data} {redefines sensor} | ImageSensorEM
(telescope.em) 9 (sensor.em.ImageSensorEM) & (sensor.em)
AN
{redefines image}
image |1
«block» image s «block» data Seneoy «block»
«optical» 9 «optical» (0] 1 «optical»
Opticallmage 1 ) 1 OpticallmageData {redefines data} {redefines sensor} «electronic»
(telescope.em.optical) | {redefines imagejredefines data} | sensor.em.optical.OpticallmageSensor) @ OpticallmageSensor
(sensor.em.optical)

Figure 28: Package Diagram with elicited Block hierarchy and redefinition sequence
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ibd [Block] SimpleOpticalTelescopeContext[ ] SimpleOpticalTelescopeContext - rela(ionsh]ps])

|[Modification date][1/09/20 8:53 PM]|

: SimpleOpticalTelescope
_______ " " TAimage : Obticallmage [ — — - image| .
«equal» £ ow ntObject object A image| “image : O 9 [,°"" | : Observes
e Py = {isVirtual, |
™ coliects» g e i s isMagnified} 7
e e o e e s
[ : Observes _ _\ _______ «{Oduces/» z r 7L
| | Aobjective : OpticalElement[1] | ~ | /
| | {exists(focalPoint)} | i 74
| | {aka = "primary’} | | &
| | TfocalPiane : FocalPlane [0.1] * lequab — — — —V— — — — 1 /
| (I {aka = "rear focal plane"} | | L i 1 /
________ 4 S S S I & /
| | | \ I
| | / ; 7
I TocalPoint : FocalPoint [0.1] ! . [ N 4
! [ {aka = "rear focal point} |_1“®392” _ "AfocalPoint : FocalPoint [1] | 2 \ I ,
I [ emEaasaanl oo a—= ; b I /
e \ 7/
| oz |
| _ - 1
! «snippet» «snippet»
bttt fo S et {source = Wikipedia:Optical_telescope} {member = , viewedimage, eyepiece,
The basic scheme is that the primary i isVirtual,
light-gathering element, the objective (the convex eyePiece, , ., )
lens or concave mirror used to gather the source = Wikipedia:Optical_telescope}
incoming light), focuses that light from the distant This image may be ... viewed through an eyepiece,
object to a focal plane where it forms a real image. which acts like a magnifying glass. The eye then
sees an inverted magnified virtual image of the object.
pkg [ B Reflecting telescopes comparison ]) =8 l N N
| 9 .
B B 5 || Modification date |[5/09/20 10:17 PM ||

optical

object : DistantObject

isInverting : Boolean [1]

lens : Lens [0..*]

mirror : Mirror [0..*]

image : Opticallmage [1]redefines image}
i i 0.."

«block» «block» gregorian
Telescope «optical» . -
OpticalTelescope &2 GregorianReflector assemblies
references
image : Image [1] references

isErecting : Boolean [1]

«block»
«pa:implied»
«em»
TelescopeEM

k—o
objectimage

references

1sor : O

photograph : Photograph [0..*]
viewedimage : Opticallmage [0..1]

T focalPlane : FocalPlane [1]
objective : OpticalElement [1Jaka = "primary"}
focalPoint: FocalPoint [1]
eyePiece : Eyepiece [0..*subsets lens}
: Opticallmage
film : Film [0..%]
region : RegionOptical [1}redefines region}

] GregorianReflector

[Rl Reduce the impact of the mounting of the field stop on the entrance image
[Rl The field stop must be before the prime focal plane

E AplanaticGregorianReflector

E ClassicGregorialReflector

cassegr: A

E] CassegrainReflector

£ ClassicCassegrainReflector
El RitcheyChrétienReflector

E] NewtonianReflector
& ParabolicNewtonianReflector
£ SphericalNewtonianReflector

region : RegionEM [1..*]
image : ImageEM [1]redefines image}

focalLength :
fRatio : FocalRatio [1}aka = "f-number”, "f-ratio", "f-stop"}
diameter : diameter[metre] [1}aka = "aperture”}
resolution : VisualResolution [0..1]

sphericalAberration : SphericalAberrationMeasure

coma : ComaMeasure

values

FocalLength [1]

ReflectingTelescope

«block»
«optical»
«pa:term»

«rationale»
Option for use in
prime focus mode
(no secondary)

{aka = "reflector", "catoptric telescope"}

isErecting : Boolean [1]= true{readOnly,redefines isErecting}

isErecting : Boolean [1]= false{readOnly,redefines isErecting}

parts ;
ports tube : Tube [1]
iLight: ~F_Light /
oLight: F_Light " ’ e - : «pa:assumed»
ey 1icél|r?|a e F Opticallmage primary : ConcaveMirror [1]{subsets mirror,redefines objective,aka = "objective"} Assumes
0-pE 9 e P 9 secondary : Mirror [0..1}{subsets mirror} d e
iOpticallmage : ~F_Opticallmage used within a
T diagonal
\
\
«block» «block» «block» \
«optical» «optical» «optical»
GregorianReflector NewtonianReflector CassegrainReflector \
references reference: reference: \
secondary : EllipsoidMirror [1]subsets mirror,redefines secondary} secondary : FlatMirror [1subsets mirror,redefines secondary} secondary : ConvexHyperbolicMirror [1]{subsets mirror,redefines secondarx)
values s \
isinverting : Boolean [1]= false{readOnly,redefines isInverting} isInverting : Boolean [1]= true{readOnly,redefines isinverting} isInverting : Boolean [1]= true{readOnly,redefines isinverting} d

isErecting : Boolean [1]= false{readOnly,redefines isErecting}

il

i

i

«block»
«optical»
ClassicGregorialReflector

«block»
«optical»
SphericalNewtonianReflector

«block»
«optical»
ClassicCassegrainReflector

references

primary : HoledParabolicMirror [1}subsets mirror,redefines primary}

references
primary : SphericalMirror [1}subsets mirror,redefines primary}

references
primary : HoledParabolicMirror [1fsubsets mirror,redefines primary}

«block»
«optical»
AplanaticGregorianReflector

«block»
«optical»
ParabolicNewtonianReflector

«block»
«optical»
RitcheyChrétienReflector

references

primary : HoledEllipsoidMirror [1]subsets mirror,redefines primary}

references

primary : ParabolicMirror [1}{subsets mirror,redefines primary}

references
primary : HoledHyperbolicMirror [1{subsets mirror,redefines primary}

Figure 30: Package Diagram overview of hierarchy of elicited reflecting telescope Blocks
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ibd [Block] KeplerianRefractorContext|[ £4] KeplerianRefractorContext - simple image flow model])

Modification date |[2/09/20 10:15 PM|

: DistantObject
|:{ | I:

*oOpticallmage : F_Opticallmage

KeplerianRefractor - simple image flow model - staging

H KeplerianFefractor

V¥ objectimage : Opticallmage_ — — — __
#é] =
KeplerianRefractor AiOpticallmage : ~F_Opticallmage N
1 \
Ly | \

| {isReal} |

| :values [
islnverted : Boolean [1]= true I
isReal : Boolean [1]= true

| isVirtual : Boolean [1]= false |

L

v |
eyePiece : KeplerianEyepiece [1] | __ _ _ |

I

____________ J . . .

| viewedIlmage : KeplerianViewedimage [1] oViewedimage : F_KeplerianViewedimage

| {isVirtual,

: isMagnified}

objectimage : Opticallmage

AiOpticallmage : ~F_Opticallmage

[

objective : KeplerianObjective [1]

{aka = "primary"} it

:references
AocalPlane : FocalPlane [0..1]
AfocalPoint: FocalPoint [0..1]
]
v |
oObjectivelmage : F_KeplerianObjectivelmage [1]

=

VY image : KeplerianObjectiveImage: _

iObjectivelmage : ~F_KeplerianObjectivelmage [1]

T
:values

| isinverted : Boolean [1]= true
isMagnified: Boolean [1]= true
isReal : Boolean [1]= false

| isVirtual : Boolean [1]= true

Y viewedimage : KeplerianViewedImage

q AN

-

[

)
*oOpticallmage : F_Opticallmage

Y viewedimage : KeplerianViewedimage

iOpticallmage : ~F_Opticallmage

52

«shippet»
{source = Wikipedia:Optical_telescope}
The basic scheme is that the
primary light-gathering element, the
objective (the convex lens or
concave mirror used to gather the
incoming light), focuses that light
from the distant object to a focal
plane where it forms a real image.

J

—
.-
—

«shippet»
{member =, viewedimage,
eyePiece, KeplerianViewedlmage,
isVirtual, viewedimage, eyePiece, , , ,
source = Wikipedia:Optical_telescope}
This image may be ... viewed
through an eyepiece, which acts
like a magnifying glass. The eye
then sees an inverted magnified
virtual image of the object.

% T

—

Figure 31: IBD with simplified port-based light flow model and Snippets as commentary
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bdd [ || GregorianReflector assemblies ])

\% =N =h “ Modification date ||5/09/20 11:37 AM ”

tical I Reflecti 1 G «rationale»
optical comparison
L = = . P Modelled as same for every

reflector (but might be in a

different position for each kind)
«block» tube | «block»
«optical» 1 Tube
«pa:term» N
ReflectingTelescope «block» | eyepiece «block» eyepieceAssembly
tical i
(telescope.optical.reflecting) *op |r.:a . EyepieceAssembly 1
Eyepiece (telescope.optical.reflecting)
«pa:term»
primary «block» primary «block» i & bl
1 «optical» o PrimaryAssembly |1 2YASSEMOY
{subsets mirror, redefines objective} | ConcaveMirror 1
{aka = "objective"} (mirror)
«block»
HoledPrimaryAssembly
secondary «blo_ck» secondary «block» secondaryAssembly
0.1 | «optical» [ SecondaryAssembly [
{subsets mirror} Mirror
(mirror)
{subsets mirror, redefines secondary} {redefines secondary} T
«block» i secondary «block» secondary «block» R bl «block»
«optical» 1 «optical» 1 Gregori y y SeconcanyAssembly Ab. gorianTube
GregorianReflector EllipsoidMirror 1
(telescope.optical.reflecting.gregorian) (mirror) {redefines secondaryAssembly}
{subsets mirror, redefines primary} {redefines primary}
«block» primary «block» primary «block» primaryAssembly «block»
«optical» 1 «optical» 1 c g 1 ) ClassicGregorianTube
ClassicGregorialReflector HoledParabolicMirror {redefines primaryAssembly}
(telescope.optical.reflecting.gregorian) (mirror)
g

tube
1
{redefines tube}

?

{subsets mirror, redefines primary} {redefines primary}
«block» primary, «block» primary «block» primaryAssembly «block»
«optical» 1 «optical» 1 A i gorianPrimary 1 AplanaticGregorianTube
AplanaticGregorianReflector HoledEllipsoidMirror {redefines primaryAssembly}
(telescope.optical.reflecting.gregorian) (mirror)
e
tube
1
{redefines tube}

®

AplanaticGregorianReflector - simple light flow model

Figure 32: BDD of hierarchy of assemblies for a Gregorian reflector with redefinitions
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ibd [Block] AplanaticGregorianReflector[ |&4] AplanaticGregorianReflector - finer light flow modei])

AiLight : ~F nght

= | Modification date || 5/09/20 3:34 PM|
The type display can
be omitted if it's clear %
Light from the ItemFlows
AiLight : ~F nght GregorianReflector assemblies
Ll—‘ tube : AplanaticGregorianTube [1] B
Light «shippet»
AjLightPre {source = Wikipedia:Gregorian_telescope}
R v : In the Gregorian design, the primary
se ndaryAssemny : GregorianSecondaryAssembly [1] mirror creates a real image before the
- — secondary mirror. This allows for a field
secondary : EllipsoidMirror [1] stop to be placed at this location, so that
«rationale» the light from outside the field of view
g [l 1 :
Enables effect of | Ly [ P ~ does not reach the secondary mirror.
"spider" and shadow AiLight “oLight
of secondary to be : . A
modalled etrg. MoLight : F_Light B
:’7/ «rationale»
4 : FieldStop [0..1] |~ _|_ _ _ |_ If an optiqna] field stop is
/ - — | mounted inside the shadow of
/ ]7 «satisfy» the secondary any additional
AiLight ; ~F Light\ T - mounting struts for the stop
I_LI . - e won't affect the image.
v L Ly ] ~ I
A H Ajl 1 A, H
oLightPre |L.|ght oLight «requirement»
Light A Light Light Reduce the impact of the
- " . ! mounting of the field stop
AiLight MoLight AiHoleLight on the entrance image
] ‘1'
L
primaryAssembly : AplanaticGregorianPrimaryAssembly [1]
AjLight AoLight J_"|iHoIeLight
I} (] (]

primary : HoledEllipsoidMirror [1]

AoHoleLigh

i

~oHoleLight
Light
iLight
{
AeyepieceAssembly : EyepieceAssembly [1]

AiLight

There are in fact also
IltemFlows for Light
—[ AoLight on the delegation

~ Connectors, but they
1~ 4 —T |are notdisplayed
oLight
Light
V
MoLight
Light

eyepiece : Eyepiece [1]

MoLight : F_Light

L4

Figure 33: IBD of light flow for an aplanatic Gregorian reflector with supporting Snippet
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CASE STUDY: Mars Society Rover Challenge rules

Selected diagrams from a PDF slideset (100 pages) of collated exported SysML diagrams
with a preface and some explanations available for public download:

https://www.webel.com.au/node/2599

Domain source document: ‘The Mars Society University Rover Challenge 2020’

http://urc.marssociety.org/home/requirements-quidelines

Visit also: Screencast video of simulation of some Activities and StateMachines:

https://www.webel.com.au/node/3205

pkg [ B index ]

«pa»
0-source

[1 2020 University
2 0-Source

a

ke =

«pa» «pa»

0-Source 2020 University Rover Challenge

Rover Challenge

iy

& all

&5 Part - Assembly - Leaf
& Assembly

E Leaf

E Part

~

platform A

communication

[=] power - -

B platform
B2 CompositePlatform
Platform

& PlatformSubsystem [€ — —

& simplePlatform

3

rover A

signal A
5 Energy

«profile»
webel requirement A
3 editor S requirement
[ hack & requirement
E5l pa £ requirement
[ webel [E Stand-alone Platform
— [E Rover Size
[ Rover Mass
[& Mission Scoring
profios [ Intervention Penalty
pa [CE Kill Switch
[ Document [E LED Ind_ica(or
I Organisation (& stage Timing
= PA-AssLimed [E Leg Definition
< PA:Implied [E Post and Gate Markers
<= PA:Term [E Leg Requirements
- PA:Triple [E Operations )
<> PA [E Remote / wireless operation
<> Person
> Snippet
actor A
value A & actor
&) value E Advisor
" 2 C Judg
PS £ Director
atitude E FieldJudge
ongitude A Judge
Orientation H Media
Percent 2 NonOperator
PlatformWeight % Operator
Power % Organizer
£ Runner
% Spectator
% Team

% TeamLeader
% TeamMember

[=] indicator

[=] mars

£, rover

B4l Rover

= _Start

[=] AbortAttempt
Exit

5 Kill

51 Move
PowerDown
151 PowerUp

[=] Stop

@ _CeasePower
3 _StopRover
3 AvoidObstacle
@3 D

|

challenge.test

launch simulations

mission.test stage.test

Author

kellyd

Creation date

26/09/20 10:38 AM

Modification date || 5/10/20 11:10 PM

field A

system A | challenge A | event A
& system [ test El BatteryFire
&5 system [=] mission E] Emergency
O MarsField £ challenge Event
EZl MarsRoverContext E challenge El Fire
o MarsRoverSystem E Entry
=l RoverSystem & Penalty
=
— sy
communication A =gy q y
c - =] stage A ]
= C i 23 Cl N [Ctest
@2 CheckTotalEntryWeight &5 stage
—‘ 3 ComputeFinalScore E] MissionStage
powsria 3 DisqualifyEntry [ StageAttempt
=] @ try [3) CompleteStage
2 Pri YPoi (= FailStage
3 WeighRoverTotal €3 AttemptStage

planet A

3 DetectTag

3 KillRover

23 SearchForGateUsingPattern
2 TraverseBetweenGate

3 TraverseToPost

() team = rover.team

mission A

2 DoCheckCompletedStage|
3 DoFailStage
3 EndStageAttemptClock

=
[=] command
[2] mdrs
& field
&% Post - Gate - Marker - Tag
£ 2Course
E Field
H cate
& Location
& Marker
£ obstacle
[E OperatorArea
El Post
E startGate
Step
ETag
E Terrain
(€l TerrainDifficultyKind

{) 3 >= distanceBetweenPosts >= 2

>=30

5 planet @3 ProgressStage {) 100 >= heightFromGround
& Earth = Time 0 nextstep1 = step2
5 Mars % e () stage.next = next.stage &
ul u

award

£ ook [stonomons 2 ]

[=] intervention & mission.autonomous & component

[2] penalty E AutonomousNavigationMission El Antenna

[=] retrieval EJ AutonomousNavigationMissionAttempt [ Battery
mars A [=] science b é |[891 = Camera
£ rover.mars [=] setup =i Legz E] CommunicationRelay
" CompositeMarsRover e} 5‘?9? = €. E Killswitch
E] ExampleModularRover 8 mission Leg3

H ChallengeSection Hlegs = RoboticArm
= roverAtWeighln g Mission ELegs &l sensor
0 dep g [ p é 'I:egs ] spare
) weigl igl €9 El subRover
Ol " @ i K stageANM1 Tool

32 Per issi El stageANM2 O Wheel

@3 PrintAttemptPoints LegDifficulty

Figure 34: Mars Rover Challenge Package Diagram index with most elicited elements
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«PA»
bdd [ 2 A single connected platform must leave the designated start gat&]J

&2

«PA»

Stand-alone Platform

Parsing Analysis diagrams are

Author kellyd

NOT final presentation diagrams!

Creation date

26/09/20 2:57 PM

Modification date

26/09/20 4:22 PM

CompositePlatform

SimplePlatforin

subPlatform «subsystem» «block» location field | «block | field
= Platform Location FleldJ\—
values master values
isComposite : Boolean isOpenField : Boolearg
isPrimary : Boolean ~ ¢0-1 = - gate |1.*
location| location
«block»
Gate
slave values
[0} isStart : Boolearq
T «block» | start =
StartGate |1
‘ {subsets gate}
«subsystem» «block»

values
isComposite : Boolean [1]= true{readOnly,redefines isComposite} g

values
isComposite : Boolean [1]= false{readOnly,redefines isCompesite} ¢

AN

«Snippet»
{member = Stand-alone Platform,
Stand-alone Platform, In the open field,
the primary platform may deploy any
number of smaller sub-platforms, so long
as the combined master/slave
sub-platforms meet all additional
requirements published., isOpenField,
subPlatform, master, slave, isPrimary,
isPrimary, Field, CompositePlatform,
SimplePlatform, isComposite,
isComposite, CompositeMarsRover,
source = 2020 University Rover Challenge}
In the open field, the primary platform
may deploy any number of smaller

design is composite

[ sub-platforms, so long as the combined
B master/slave sub-platforms meet all
f additional requirements published.
«subsystem» «Snippet»
Rover {member = Stand-alone P‘Iatform,
Stand-alone Platform, A single «extendedRequirement»
connected platform must leave the : .
i In the open field, the primary
designated start gate., atf depl b
CompositePlatform, Gate, isStart, plattorm may deploy any number
«subsystem» isComposite, isComposite. start, of sm:"e' su:.-plztforms, 7‘: long
Marss. StartGate a: tletfcom ine trn.'-:ls':edr;t.avt-z :
= P sub-platforms meet all additional
MarsRover source = 2020,Unlversity Rover requirements published.
Challenge} — o
A single connected platform must «satisfy»
leave the designated start gate. P
«subsystem» . «system»
«Mars» «rationale» «extendadRequiremants «satisfy» «s)/ste".]» «PA:Implied»
P . A single connected platform must — —'— —| «PAiImplied» >
CompositeMarsRover It is not assumed = RoverSystem
that every Rover leave the designated start gate. )

Figure 35: PAD with elicited SysML Requirements and related Blocks and Associations

pkg [ B3 Remote / wireless operation ]

«pa»

i)

«pa»

2.b. Communications Equipment

«extendedRequirement»

i)

«pa»
2. Rover Rules

| Author || kellyd
3/10/20 6:04 PM

3/10/20 8:21 PM

Creation date

Modification date

Remote / wireless operation

)

s

I «copy»

«extendedRequirement»
Remote / wireless operation

Id ="36"

Text = "The rover shall be operated remotely using
wireless communications with no time delay. The
operators will not be able to directly view the rover or
the site, and line-of-sight communications are not
guaranteed for all of the missions. Internet is not
available in the field or at MDRS. Teams are
required to power down communications equipment
at the event sites while not competing, so as not to
interfere with other teams. Aerial devices are not
allowed for communications at URC 2020."

I

«shippet»

{member = Remote / wireless operation, The
rover shall be operated remotely using wireless
communications with no time delay., Remote /
wireless operation, MarsRover, Rover, wireless,
isTethered, It is assumed that the
communications subsystem of..., , delay,

source = 2020 University Rover Challenge}

The rover shall be operated remotely using
wireless communications with no time delay.

«snippet»

{member = The operators will not be
able to directly view the rover or the

site, Remote / wireless operation,
Remote / wireless operation, , Operator, ,
source = 2020 University Rover
Challenge}

The operators will not be able to
directly view the rover or the site

«shippet»

{member = Line-of-sight communications
are not guaranteed for all of the missions.,
—{ Remote / wireless operation, Remote /
wireless operation, , Obstacle, ,

source = 2020 University Rover Challenge}
Line-of-sight communications are not
guaranteed for all of the missions.

Figure 36: Breakdown of large imported requirement using Snippets with elicited elements
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req [ & Remote / wireless operation.req ]J

|| kellyd |
|[3110/20 6:07 PM|
[Modification date || 6/10/20 5:32 PM|

R =k | Author

requirement “pan ] Creation date

Remote / wireless operation

«extendedRequirement»
Remote / wireless operation

Id = "2020URC-2.b.i."

Text = "The rover shall be operated remotely using wireless communications
with no time delay. The operators will not be able to directly view the rover or
the site, and line-of-sight communications are not guaranteed for all of the
missions. Internet is not available in the field or at MDRS. Teams are required
to power down communications equipment at the event sites while not
competing, so as not to interfere with other teams. Aerial devices are not
allowed for communications at URC 2020."

«INCOMPLETE»
There is no obligation to
apply Parsing Analysis to
every single text extract!

® «copy»

«extendedRequirement»
Remote / wireless operation
(requirement)

I
|

«extendedRequirement»

The rover shall be operated remotely
using wireless communications with

«extendedRequirement»

The operators will not be
able to directly view the

«extendedRequirement»

Teams are required to power down
communications equipment at the event

no time delay. rover or the site sites while not competing, so as not to

SatisfiedBy = SatisfiedBy = interfere with other teams.
o MarsRoverSystem ElField SatisfiedBy
MarsRoverContext EElCcommandsStation
«extendedRequirement» «extendedRequirement» «extendedRequirement»
Internet is not available in the field Line-of-sight communications are not Aerial devices are not allowed for
or at MDRS. guaranteed for all of the missions. communications at URC 2020.
SatisfiedBy = SatisfiedBy = SatisfiedBy
ElMarsDesertResearchStation QAutonomousNavigationMission
EField ElRetrievalMission

Figure 37: Breakdown of composite Requirement with SatisfiedBy tracking to Blocks

«pa»
bdd [ |Z) The rover shall be a stand-alone, off-the-grid, mobile pIatform.]J |Author

= =

«pa» «pa»

|| kellyd |
||26/09120 11:04 AM]
[Modification date [6/10/20 9:13PM |

|Creation date

Parsing Analysis diagrams are
NOT final presentation diagrams!

2020 University Stand-alone
Rover Challenge Platform
«extendedRequirement»
Stand-alone Platform
«subsystem»
Platform «snippet» T

{member = Stand-alone Platform, Stand-alone Platform, The rover
shall be a stand-alone, off-the-grid, mobile platform.,
isStandAlone, isOffTheGrid, isMobile, isStandAlone, isOffTheGrid,
isMobile, Rover, MarsRover, Generalization[MarsRover -> Rover],
Generalization[Rover -> Platform], , , , ,

values
isStandAlone: Boolearg
isOffTheGrid : Boolearg
isMobile : Boolean [e

«extendedRequirement»
The rover shall be a
stand-alone, off-the-grid,
mobile platform.

source = 2020 University Rover Challenge} -7 T
-
T The rover shall be a stand-alone, off-the-grid, mobile platform. 2 |
=
-
\ ~ A
«subsystem» «satisfy» _ «extendedRequirement»
Rover e 5 The rover shall be
ve ~ stand-alone
-7 N
L. = o «extendedRequirement»
= h o T The rover shall be a
«subsystem» Jd «satisfyy _ — __ > mobile platform
«mars» = e T
MarsRover - < «satisfy» _ —
values = = = - =
isStandAlone: Boolean [1]= true{readOnly,redefines isStandAlone} «satisfy» «extendedRequirement»
isOffTheGrid : Boolean [1]= true{readOnly,redefines isOffTheGridj — — — = — — — — — — > The rover shall be
isMobile : Boolean [1]= true{readOnly,redefines isMobile} q off-the-grid

Figure 38: PAD with Snippet for a Requirement and some other elicited model elements
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bdd R System.bdd
L[ RoverSystembed | | By B B |[Author [[kellyd |
index system rover.mars |Creation date ”3/10/20 9:04 PM |
| Modification date ||5/10/20 11:45 PM|
«system» «system» d
«pa:implied» 1 «pa:implied»
RoverSystem «mars»
(system) MarsRoverSystem
(system)
rover |1 antenna controller |1 @
«documentation» «subsystem» «block» «block» =
Any planetary ] Rover Antenna Controller WArsRaverConts
rover. (rover) (field.command) (field.command)
rover parts
: Display
field [0..*
«pa:term» g
e sl «external» «pa:term»
. 1 OperatorArea «external»
Field ;
field) (field) CommandStation
( (field.command)
properties
: ControlStationJudge

Figure 39: BDD of general RoverSystem (from elements elicited in PADs elsewhere)

pkg [ B2 actor ] ) EEL] D |Author || kellyd |
hdex «document» | Creation date | 28/09/20 12:18 PM|
2020 University Rover Challenge | odification date |[5/10/20 11:57 PM |

*

1
jO( ( ) team member%

Qrganizer 1 TeamMember
Team ZF
NonOperator Operator Runner TeamLeader
Judge Director
‘ Advisor Media Spectator

ControlStationJudge FieldJudge

Figure 40: Elicited Actor roles collated in a Package Diagram
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ibd [System Context] MarsRoverContext [ 5] MarsRoverContext ]J

==

I | AavailablePoints: Real = 100.0 |

mission : Mission [1]
| penalty : Penalty [0..*]
| /rover : Rover

|
|| entry : Entry [1]
|

BE B B

index

Author kellyd

a system field
i
_________ [ e e i e
|| entry : Entry[1] | | sar: SystemA || [ :Misslontiemet
I [t references
- 1. | award : Award [0..1]
values

28/09/20 9:46 AM
5/10/20 10:36 PM

Creation date

Modification date

«snippet»
{source = 2020 University Rover Challenge}
Line-of-sight communications are not

: Mission [4] | stageAttempt : StageAttempt [0..”] guaranteed for all of the missions.
L 1
! arts | ! parts | R
| penaltyl: Penalty [1._.*1 | | clock : Clock | : MarsField
| setupTime : SetupTime [1] Y
stage : MissionStage [0..*] | I 5 . values | - - . values
} | isPenaltiesApplied: Boolean = false | MerrainDifficulty : TerrainDifficultyKind \
| values | penaltyPercentTotal : Percent = 0.0 ]
AavailablePoints: Real = 100.0 | | pointsEarned : Real = 0.0 L | a7 ™ iresatane =i =0
i i | «subsystem»
| isStaged : Boolean : o - i ares d | «block» /
________ rover : MarsRover [0..*] | start : StartGate [1] /
I parts | >
. . | “antenna: Antenna [0..] «block»
«shippet» «snippet» | Af:hi[d :Part[1 1."] I : Obstacle [1..*]
{source = 2020 University Rover Challenge} {source = 2020 University Rover Challenge} “indicator : Indicator [1] |
The operators will not be able to directly The rover shall be operated remotely using | :k'"SW"_Ch: K'"SW",?h 1 |
view the rover or the site wireless communications with no time delay. | 'wheel : Wheel [0.."] «block» «block»
N N | wvalues I post : Post [0..*] gate : Gate [1..*]
- R AdepthAtWeighin: length[metre] |
OperatorArea | tisAccessible : Boolean references references
\ oAt N location : Location [1] location : Location
: CommandStation | "!sAmcuIated : Boolean | post1 : Post [1]
< \ AisBendable : Boolean | D Posi i
\ | “isComposite : Boolean P :
AisDisassembled : Boolean |
: Operator | | AisExterior : Boolean I
| | “isFoldable: Boolean
_l_ _ | AisLeaf : Boolean [1] |
™ Tcontroller | | isMobile : Boolean [1]= true |
 ——] | | isOffTheGrid : Boolean [1]= true
N — : Antenna g «wireless» AisPrimary : Boolean [1]= true |
: ControlStationJudge | EI‘—H : (ke {delay = "0} 1*2] isStandAlone : Boolean [1]= true |
————— = = | AisVisible : Boolean
Aorientation : Orientation |
| “sizeAtWeighin : BoxedSize |
: MarsRoverSystem "weight : PlatformWeight - Fi .
L | weightAtWeighin: PlatformWeight | : FieldJudge = Rurner
Aantenna _‘}fn”fenna :Director  :Organizer  : Media | MweightTotalAllEvents: PlatformWeight I
"contmlle; - Controller [1] | AwidthAtWeighln: length[metre] |
rover : MarsRoverf(1y | 0000000000000 | - - - - === === i |
. : WeighingBox ]
rover : : Weigh % vallies
MarsRover [1] : Judge depth : length[metre] [1]=1.2m % % %
idth : length[metre] [1]= 1.2 An Operator ma!
. erathimetrel 1l " : NonO| : TeamLeader becor%e a Runan!

Figure 41: IBD as MarsRoverContext (including Snippets as

commentary)

bdd [ & Post - Gate - Marke

r- Tag ]) EELI\‘ EELIW

OE@m
EE0- -
"d]

{source = 2020 University

field  mission.autonomous

«snippet» «snippet»

{source = 2020 University Rover Challenge}

Author

kellyd

Creation date

1/10/20 9:01 PM

Modification date

5/10/20 3:48 PM

Rover Challenge} i «shippet»
m H Each marker will display a i:cr[:eﬁo;é W'|1| (;‘(;i\éfnaolf?;%: (zrgzr: dx 20cm) {source = 2020 University Rover Challenge}
black and white AR tag. 9 - Each gate will consist of a pair of posts 2 - 3 m apart.
s 7
% v
«pa:term» tag «block» marker «block» Ipost «block»
«block» : Marker 1 Post 2 Gate
Tag constraints values {union} constraints
{aka = "ARTag"} {heightFromGround >= 30 and heightFromGround <= 100} gps : GPS [0..1]| post1 {distanceBetweenPosts >= 2 and distanceBetweenPosts <= 3}
values i values
width : length[centimetre] = 20.0 cm {unit = centimetre} {subsets post} distanceBetweenPosts : distance[metre] [1}unit = metre}
length : length[centimetre] = 20.0 cm {unit = centimetre} post2 gps : GPS [0..1]
heightFromGround : length[centimetre}unit = centimetre} T
{subsets post}

Figure 42: BDD with Constraints elicited from Snippets
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stm [State Machine] IndicatorSTM[ |53 IndicatorSTM ])

Author

kellyd

| act [Activity] SetAutonomous| = SetAutonomous ])

Author

Creation date

o5

1/10/20 12:26 PM

indicator Modification date

6/10/20 12:27 AM

Success

’ A
entry / SetAutonomous

Tele

[

Auto

Auto

Tele entry / SetSuccessful

Tele
entry / SetTele

Success

Exit 3

IndicatorSTM

«createObject» result i
IndicatorModeAutonomous | ]

kellyd

g) EE Creation date

1/10/20 12:35 PM

indicator Modification date

6/10/20 12:28 AM

Author

«block»
i : IndicatorMode

J

act [Activity] SetindicatorMode [ SetindicatorMode ] ] =

kellyd

indicator

Creation date

1/10/20 12:32 PM

Modification date

6/10/20 12:26 AM

result : Indicator

pbject

Figure 43: Elicited Behaviors: StateMachines and Activities

«block»
in i : MissionAttempt

(‘act [Activity] PerformMission[ -5 PerformMission ]J & < )
a=E & [Author |[ketlyd
mission  missiontest || Greation date |[30/09/20 10:40 AM
«rationale» ’ P
Fork required in Cameo Simulation Toolkit I Modification date || 6/10/20 1:36 AM
to enable concurrent execution with an |
AcceptEventAction that can be reactivated.
\ ] .
«rationale»
d I Placeholder only. Eventually
| this needs to delegate to the
N2 % Mission assigned to each
I | StartClock | ExitClock MissionAttempt for specific
| Awards during mission stages
|
|
|
|
| \
| e
| b - Points Z'IAward
| ) = ﬁ «block»
1 : AwardAttempt o s
| o out o : MissionAttempt
|
|
|
| ®
|
|
| «snippet» «s_nlppfet»
A | {source = 2020 University Rover {80Urss'=2020 University Rover
| Challenge}
- — - >x@E— — — Challenge} ¢
Teams will be penalized 20% of Multiple intervention penalties in a
sdpd A it single mission are additive: e.g. two
the tot‘altpomtst‘ln that mission for interventions would result in a score of
Svenyanonenton: 60% of points earned.
J

Figure 44: PerformMission Activity for MissionAttempt (with Snippets as commentary)
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CASE STUDY: Digital Twin lifecycles vs ANZLIC2019

Selected slides from:
‘TRAIL: A SysML Pattern for Digital Twinning:’

https://www.webel.com.au/sysml/trail/twin

Domain source document:

‘ANZLIC 2019 — Principles for Spatially Enabled Digital Twins
of the Built and Natural Environment in Australia’

https://www.anzlic.gov.au/resources/principles-spatially-enabled-digital-twins-built-
and-natural-environment-australia

Available under Creative Commons Attribution 4.0 International.

[CAVEAT: Some diagrams in this example series include introduced elements that were
not traceably elicited and are not explicitly marked as «pa:implied» or «pa:assumed»]

«snippet» - «snippet»

{source = ANZLIC 2019} {source = ANZLIC 2019}
Digital twins are dynamic, data They encompass potential or actual physical
driven, multi-dimensional digital assets, processes, people, places, systems,
replicas of a physical entity. devices and the natural environment.

«snippet»
{source = ANZLIC 2019}

In contrast to traditional digital models, digital
twins can connect with the physical ‘twin’ they
model, changing alongside the physical
system via real-time sensors and actuators.

«snippet» «snippet»
{source = ANZLIC 2019} ® {source = ANZLIC 2019}
Traditionally, industry has created digital twins by Today this process can occur in reverse,
retrospectively mapping, scanning, surveying, digitising with the digital model developed first followed
or developing a digital copy of a real world object. by the physical asset.

Figure 45: Some Snippets about Digital Twins from ANZLIC2019 (without /member lists)
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«snippet»
{contradictedBy = They encompass potential or actual
physical assets, processes, people, places, systems,
devices and the natural environment.,
member = DigitalTwin, isDynamic, isDataDriven,
isMultiDimensional, isDigitalReplica, PhysicalEntity,

h itity, data, Data, , physical, Digital,
Physical, They encompass potential or actual physical
assets, processes, people, places, systems, devices
and the natural environment., d1,
source = ANZLIC 2019}

Digital twins are dynamic, data driven,

AN

multi-dimensional digital replicas of a physical entity.

AN

«snippet»
{member = TraditionalDigitalModel, Sensor,
Actuator, DigitalTwin, actuator, sensor,
actuator, sensor, ReadTwin, Write Twin,
DigitalTwin - sensor - actuator, physicalEntity,
controlSystem,
source = ANZLIC 2019}
In contrast to traditional digital models, digital
twins can connect with the physical ‘twin’
they model, changing alongside the physical
system via real-time sensors and actuators.

«!ERROR»
Only actuators (a type of
transducer) can do that,
sensors can only read.

AN

«snippet»
{contradicts = Digital twins are dynamic, data
driven, multi-dimensional digital replicas of a
physical entity.,
member = Device, Person, Place, Process,
System, Nature, AbstractAsset,
Generalization[ActualPhysicalAsset ->
PhysicalEntity], ActualPhysicalAsset, asset,
potentialPhysicalAsset, process,
actualPhysicalAsset, PotentialPhysicalAsset,
person, system, device, nature, isPotential,
isActual, isPotential, isActual, DigitalTwin,
potential1, actual1, Digital twins are dynamic,
data driven, multi-dimensional digital replicas of
a physical entity.,
source = ANZLIC 2019}
They encompass potential or actual physical
assets, processes, people, places, systems,
devices and the natural environment.

«snippet»
{member = Only actuators (a type of transducer)
can do that,..., Sensor, Light, Blind, Temperature,
Energy, EnergyConsumption, temperature,
energyConsumption, blind, OfficeBuilding, light,
blind, light, actuator, actuator,
WorkingEnvironment, temperature,
TemperatureSensor, EnergyConsumptionSensor,
temperatureSensorWE, energyConsumptionSensor,
source = ANZLIC 2019}
Sensors in office buildings for example, can
adjust lights, blinds and temperature to
balance optimal working environment with
energy consumption, with the digital twin
managing and adjusting in near real-time.

«snippet»
{member = ActualisePhysicalAsset,
PotentialPhysicalAsset, PhysicalEntity,
ActualPhysicalAsset,
CreatePhysicalEntityFromDigitalEntity,
PopulateDigitalWithDesignModels,
PopulatePotentialWithProcessesAndTrackingDat
a, PopulateDigitalEntity,
UpdateDigitalFromPhysical,
Mani tual romPotenti: 2
source = ANZLIC 2019}
Today this process can occur in reverse, with
the digital model developed first followed by
the physical asset.

AN

«shippet»
{member = Industry, MapPhysicalEntity,
EntityCopyData, EntityDigitisingData,
EntityMappingData, EntityScanningData,
EntitySurveyingData, ScanPhysicalEntity,
SurveyPhysicalEntity, DigitisePhysicalEntity,
DigitalTwin, PhysicalEntity,
DevelopCopyPhysicalEntity, iMapping,
iDigitisingData, iCopyData, iScan, iSurvey,
CreateDigitalEntityFromPhysicalEntity, Today
this process can occur in reverse, with the
digital model developed first followed by the
physical asset., PopulateDigitalEntity,
source = ANZLIC 2019}
Traditionally, industry has created digital
twins by retrospectively mapping, scanning,
surveying, digitising or developing a digital
copy of a real world object.

Figure 46: Snippets with elicited model elements /member lists (with error commentary)

«pa»

bdd [ |2 Digital twins are dynamic, data driven, multi-dimensional digital replicas of a physical entity]J

=™ i

«pa» «pa»
ANZLIC-2019 0-source

Parsing Analysis diagrams are
NOT final presentation diagrams!

Modification date

11/11/20 10:45 PM

Author dkim

«snippet»

devices and the natural environment.,
member = DigitalTwin, isDynamic, isDataDriven,

Physical,
source = ANZLIC 2019}
Digital twins are dynamic, data driven,

{contradictedBy = They encompass potential or actual
physical assets, processes, people, places, systems,

isMultiDimensional, isDigitalReplica, PhysicalEntity,
physicalEntity, data, Data, replicates, physical, Digital,

multi-dimensional digital replicas of a physical entity.

physical entity.,
A process is not a
physical entity

{contradicts = Digital twins are dynamic, data
driven, multi-dimensional digital replicas of a

member = Device, Person, Place, Process,
System, NaturalEnvironment, PhysicalAsset,
Generalization[ActualPhysicalAsset ->

AN

«shippet»

Physit
«stereotype»

replicates
[Association, Dependency]

atity], ActualF
physicalAsset, potentialPhysicalAsset, process,
actualPhysicalAsset, PotentialPhysicalAsset,
person, system, device, naturalEnvironment,
isPotential, isActual, isPotential, isActual,

source = ANZLIC 2019}

They encompass potential or actual physical
assets, processes, people, places, systems,
devices and the natural environment.

Yy 9

«block» | data «block» ‘physwaIEntlty «block»
Data DigitalTwin «replicatesy 1 «physical» pro
PhysicalEntity B
references Phy ¢
physicalAsset : PhysicalAsset [*] q physicalT1 ) '
process : Process [*] q el I values \
potentialPhysicalAsset : PotentialPhysicalAsset [*Jsubsets physicalAsset}q «pa N !sPolentlél_ Boolearg
actualPhysicalAsset : ActualPhysicalAsset [*[{subsets physicalAsset} g isActual : Boolean ¢
person : Person [*] q LP
system : System [*] q 1
device : Device [*] q
naturalEnvironment : NaturalEnvironment q «block»
PotentialPhysicalAsset
values 7
isDynamic : Boolean = true q values
ingtaDriven : Boolean = true d isPotential : Boolean [1]= true{redefines isPotentialy
isMultiDimensional: Boolean = true q
isDigitalReplica: Boolean = true q pre——
«replicates» ActualPhysicalAsset
a:assumed: values
“® digitalEnti:; 1 isActual : Boolean [1]= true{readOnly,redefines isActuallq
«webel» «block» 01 digital
One resolution is to have the DigitalTwin — —|«paassumed»
"wrap" a DigitalEntity that replicates only «digital»
the PhysicalEntity (but no processes) DigitalEntity

Figure 47: Focus PAD for two Snippets about Digital Twins from ANZLIC2019
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ibd [Block] DigitalTwin[ @J DigitalTwin - sensor - actuator ]) EE"l EELl EEL]

[ Modification date |[ 16/11/20 2:36 PM|

index twin «pa» |Auth0r || dkim |
ANZLIC-2019
digitalEntity : @Entity [1] <
WriteTwin «webel»
> - Variants used to explore engineering
digital - ReadTwin  \ and performance options (may depart
-~ £ _— from the physical entity state until
used to update the physical entity).
«rationale» /
The DigitalTwin has access to the sensors and digitalVariant : @Entity [0..*]
physical actuators via a control system and acts as a mediator
(controller) between the physical and digital entities. digitalVariant

;_phy_sic;En_tityTPIEsi;IE:tity_ [1]_I

| “cactuator» |
| Iactuator:Actuator [0..] ||

{aka = "physical twin"} ?/ — o
I ] «sensor» 8 | «equal» | «sensor» |
| sensor : Sensor [0..*] I [} ‘senser: Sensor [*]
|l________ — — — — — — — | sensorsignal
B — |«equal» —_ - — -

«actuator»

actuator : Actuator [*] ControlSignal

controlSystem : ControlSystem [1..*]

«snippet»
{source = ANZLIC 2019}
In contrast to traditional digital models, digital
twins can connect with the physical ‘twin’
they model, changing alongside the physical
system via real-time sensors and actuators.

«snippet»
{source = Wikipedia:Transducer}
A sensor is a transducer that receives and
responds to a signal or stimulus from a
physical system. It produces a signal, which
represents information about the system

«snippet»
{source = Wikipedia:Transducer}
An actuator is a device that is responsible
for moving or controlling a mechanism or
system. It is controlled by a signal from a

control system or manual control.

Figure 48: IBD on Digital Twin control loops with Snippets from ANZLIC2019 and

Wikipedia

bdd Building-Light-Blind-Te ture-Er .bdd! o " n
{16 uitding-Light-Bind-Temperature-Energy.bdd] ] 5 & =N B |& ) Modification date |[16/11/20 9:03 PM
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Figure 49: BDD for building DigitalTwins with Snippet from ANZLIC2019 and commentary
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Appendix C — Additional examples and resources

The following public online tutorial trails and videos demonstrate realistic example
applications of the Webel Parsing Analysis recipe for SysML. (Please note that some of
the best examples of substantial real-world applications of the recipe are subject to
commercial restrictions.)

TRAIL: Theory and best practices for the Webel Parsing Analysis recipe for SysMLv1.6+

https://www.webel.com.au/sysml/parsing_analysis/theory

TRAIL: Webel SysML Parsing Analysis example: A particle physics taxonomy from
Wikipedia

https://www.webel.com.au/sysml/parsing_analysis/particles

TRAIL: Webel SysML Parsing Analysis example: Optical telescopes from Wikipedia:
Structure and port-based light flow model

https://www.webel.com.au/sysml/parsing_analysis/telescopes

DEMO: Webel SysML Parsing Analysis: The Mars Society University Rover Challenge
2020 (PDF slides and simulation video)

https://www.webel.com.au/sysml/parsing_analysis/mars_rover_challenge

TRAIL: A SysML Pattern for Digital Twinning

https://www.webel.com.au/sysml/trail/twin

Slide presentation: ‘The Webel Parsing Analysis recipe for text-driven Model-Based
Systems Engineering (MBSE) with Systems Modeling Language (SysML)’, Kelly 2021

Integrated Project Engineering Conference (IPEC), 28" May 2021, Australia

https://ipecongress.com.au/
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