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Introduction to Metamodeling

What is a Metamodel? Metamodels...what’s the benefit?

» Meta- (Prefix) » Understanding software and modeling

- “More comprehensive; transcending; usually used languages

with the name of a discipline to designate a new » Laying out Terms of Reference
but related discipline designed to deal critically

with the original one” (i.e. metadata)

» Defining Layers of Abstraction

— Merriam-VWebster.com

» Metamodel

...and Crafting
MBSE Style Guides!

« “If models are abstractions of some reality, then
metamodels are abstractions of models.”

—Encyclopedia of Database Systems
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Understanding Style Guides

» Stakeholders » Use Cases
+ Modeling Practitioners « Restrict use of the modeling language
+ Engineering Disciplines & Specialty Engineers - Establish organizational policy & guidance
« Managers + ldentify artifacts needed to support program
. Sponsors objectives
. End Users - Articulate modeling objectives

« Determine modeling approach
« Federate models

« Model architectures consistently

Minimal
Customizations
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Why Metamodels for Style Guides?

» Show unambiguously how to use the modeling » lllustrate how to integrate model elements and

elements to conform with the prescribed style diagrams to form needed artifacts
» Provide concrete modeling examples that can » Capture an organization’s modeling best
be implemented in a variety of situations practices

» Serve as “digital mentor” to exhibit the
preferred approach to modeling

« Aids modelers new to modeling or new to the style _'.‘__,a—-

Metamodels help satisfy the style guide’s use cases and stakeholders’ needs
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Benefits of Having a Model-Based Style Guide

» Provides natural mapping between style guide Natural Mapping Example

X ®
==

Source: Norman, 2013, p. 114

+ No need to mentally toggle between multi-
dimensional nature of model and linear nature of

documents @

» Embraces digital transformation O O O O

QO
QD

« Transition from document-based engineering to
model-based engineering

Pop Quiz!

For each example stovetop above, which knob

do you expect to operate the Rear Right
- Surgically identify modeling elements needed to burner?

meet program objectives

» Enables model-based planning tailored to your
project/program
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Example Metamodel-Based Style Guide
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|Documentation = "This Style Guide is intended for use wilh the SAIC DE Profile, also freely avallable from SAIC. The style described in this model elaborates on the cuslomizations and validation rules in that

Common profile and suggests additional style rules that go beyond those enforced by the validation suite. This style guide is intended for use with SysML and Cameo EA/MagicDraw, no attempt was made to incorporate
TR the UPDMIUAF profiles, gh views for the can be ing this style. A visual key is used to indicate where an equivalent rule exist in the SAIC validation rules for Rhapsody
| Text Box Goals
Anehor - enable large teams o build a model with a consistent style and internal madel integrity
~ - gel the most you can out of the fewest clicks (efficiency + effectiveness = model elegance). We emphasize pragmatic resuls over semantic purity.
Containment - rely on data rather than diagrams (although we build many diagrams to create the data)
Dependency - allow redefinition between architectures (behavioral, functional, logical, physical)
b N - accommodate non-textual requirements (i.e. making model elements contractual)
DEStjfe Suide [vey Image From - accommodate program variation within reason
[21 Project Usages Diagram Overvi - use automation whenever possible to ensure compliance and increase model integrity
Code Engineering Sets
e Assumgtions
Constrint - General Disclaimer: We do NOT claim that somecne not following this style guide is “doing SvshlL wrong.” This style guide is an attempt to guide model development where multiple choices are available and
ensure a team of moedelers always makes the SAME choice. This creates 3 model consistency that is essential for leveraging the power and efficiency of tools used to analyze the technical content in the model
plooe e and validate the interal integrity of the model.
E| Content Diagram,, || |- No valiaation rules or style guidelines are based on model package structure (although we do recommend a good structure). Iodels are often structured for model federation, and we do not wish to impose

rules that require a package struclure that would impede this.

Sh
Content Shape - This guide does not cover how to accomplish multiple model management for a specific program (for example, if ownership of parts of the system are reflect in separate models), although the style does

Package accommodate that
L 3] Create Diagram et
%% Zoom| B Do. Prop. @ Ch. Presentation Fl.. This style guide [alies on the use of metamodels (mock, abstract representation of the model content) annotated with:
. . - Business Requirements: spacify the rule
Change Sets =8 = - Rationale: describe the reason for the rule
2 Updated 215 hours ago =] - Va]\dalm‘n Rule Constraints: pulled directly from the SAIC DE Profile to illustrate which rules are enforced by the validation suite. The style uide, itself, conforms to the recommended style and passes
walidation

[E‘h?:;?’ ﬂ)‘“ ) - Comments: used situationally to elaborate on a rule or explain something that is recommended rather than required.

efault (Active) Where possible, the metamodel S constructed on a MOCk GHaQram of the type Deing GescrDed. For example, we created 3 mock BOD to display te style rules for 2 BOD. However, there are instances where
“No Local Changes Found. Click “Refresh” ... the diagram cannot be readily annotated in this manner (such as matrices and tables). In these cases, a content diagram is used. For a list of all the style guide rules, see the Style Guide Requirements table

linked below.

It is important to emphasize that although the style quide metamodel is presented in a mock package structure which we have found works well for many programs, as stated above in the assumption, no s

fules are implied for package structure.

Training
Training videos have also been created by SAIC which elaborate on this siyle and the system engineering methodology it enables. See the SAIC DE Style Guide TAC content diagram for contadt information to
abtain access. If there is an applicable training video, it s identified in an arlfact to which the Business Requirement traces

Below is an example of how the style guide metamodels are structured and links fo the most important tables and other diagrams that summarize the style.”

«businessRequIrements
Business Requirements If & valdation rul appies to & model element in the style, the constraint is applied to the relsted requirement, and custom derived properties are used to display the
Consiraint Tex = Vaidation ruies Shoud Ve 3 error message and name of the appicable valdation rule. Here, an example of several vakdation rules reisted to medel sty is shown. Note that either a style guide
T T T e T T constraint of some other element is given & venty relationship to each to Many usetul table and matrix
tempiates are provided for casier throughout this stye guide. Copy and adapt them for your own needs.

must have at least one associated rationale., =

Business requirements must be constrained by all - -

validation rules that verify them and be verified by

all that constrain them

Verifying Constraint = -
{1 RULEVERIFY

Validation Method
[ Vaidation Rule | No Magic:
[ Vaiisation Rule | Rhapsody

«comments
A legend wil be used to indicate whether a
particular style rule expressed asa

7 Note (980, 581) a ] @ 100% v | @ 8 @
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Questions

» Heidi Jugovic

+ Heidi.].Jugovic@saic.com

» Mark Payton

« Abraham.M.Payton@saic.com

» SAIC Validation Suite

+ https://www.saic.com/digital-engineering-validation-tool
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SAIC DE Profile & Validation Rules:

https://www.saic.com/digital-engineering-
validation-tool

DigitalEngineering@saic.com

SAIC IENGIFNEERING
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Abstract

As DoD leans further into adoption Model Based Systems Engineering (MBSE) as a core
piece of the digital transformation, many of the benefits are being realized by connecting
models together in a digital thread or conducting analysis across models. Both methods
benefit by having models that are similarly structured to enable the necessary
connections. As a result, model style guides have become a hot topic of the day. However,
ironically, most style guides are expressed in documents. This presentation will present a
rationale for describing model styles in a model using an annotated metamodel, explain
the benefits of doing so (and the pitfalls of doing otherwise), and present a detailed
example of a rigorous, freely available, model-based style guide.
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Presenters

» Heidi Jugovic has |5 years of defense » Mark Payton is a Principal Digital Engineer in

engineering expertise with an emphasis on
results-driven Model Based Systems
Engineering and enabling the digital
transformation. She is an INCOSE Certified
Systems Engineering Professional (CSEP). She
was Chair of the MBE Community of Practice
for Northrop Grumman 2016-2018 and is
currently co-chair of the Digital Engineering
Community of Practice for SAIC. Heidi is an
Army Veteran who served as a Missile Defense
Early Warning Engineer/Operator/Technician
(JTAGS) for two years and finds motivation as
an engineer by making a difference in the
mission and day-to-day effectiveness and safety
of the Warfighter.
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SAIC’s Engineering Innovation Factory. He
develops digital thread capabilities to break
down stove-pipes between digital models. He
integrates requirements engineering, system
architecture models, and computational models.
Mark also teaches a Hands-on Laboratory
(Hol) class that covers Systems Engineering,
MBSE, SysML, and SAIC’s Digital Engineering
Validation Tool. Prior to joining SAIC, he served
20 years as an officer in the United States Air
Force in space operations.
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