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Abstract: Model-Based Systems Engineering (MBSE) methods can
directly address “silos” problems. This paper reports on work by the
INCOSE MBSE Initiative Patterns Challenge Team, focusing on Pattern-
Based Systems Engineering (PBSE) using model-based system patterns
based on the S*Metamodel, speeding and improving multiple SE
processes.

Distinctive are (1) the configurable, model-based nature of the patterns
(not all historical patterns work has been model-based), (2) the
technical scope of the models, encompassing requirements, design,
failure mode, verification, other aspects, (3) the system scope of the
models, encompassing whole systems, configurable product lines, and
platforms, not just libraries of components, (4) the diverse and
integrating cross-enterprise domains of the patterns, encompassing
products, innovation processes, manufacturing, packaging /
distribution, and other domains, and (5) the ability to enable a variety
of COTS modeling languages and tools, PLM, and other enterprise
information systems to integrate support of management and
application of S*Patterns across enterprises.
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Business challenges and opportunities

 Competitive pressure cause departmental optimization

* Business Systems are designed and marketed to departments
* Interactions across departments are not well understood

* Each business systems have disparate methodology

Enterprise: Model Based S* Patterns provide a means to model,
understand and evolve business systems within the Enterprise as
the context
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Representing system patterns with
MBSE models

 The INCOSE Patterns Challenge Team of the
MBSE Initiative was formed in 2013 to pursue
practical use and awareness of system
patterns of a particular type—called
S*Patterns . ..



1. S*Models are MBSE models based on the S*Metamodel:
— Provides explicit semantic meaning for S*Models

— Includes some key systems concepts long established in science
and engineering, but not always found explicitly in contemporary
MBSE Models

— A summary extract of some of the most important aspects:
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2. S*Patterns are configurable, re-usable S*Models:

Earlier engineering patterns were not always based on the use of
explicit MBSE Models.

An S*Pattern may be thought of as a model of a family of systems, a
platform, or a product line—an extended architectural framework.

Once an S*Pattern has been created for an enterprise, it may be
used during delivery projects to rapidly create high-grade S*Models.

Typically an order of magnitude faster than creating a new model,
and configured for the specific needs at hand:
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3. S*Models and S*Patterns are independent of any specific
modeling language:

Typically expressed using any of a variety of the popular standard or
third-party contemporary modeling languages.

A formal mapping into each such language helps (e.g., a profile).
SysML is common but not required for S*Models, S*Patterns.

Strengthens the semantics of existing languages in key areas
required for pattern representation in engineering & science.
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4. S*Models and S*Patterns are independent of any specific
software tool or information system:

May be authored, stored, or managed using a variety of popular third-party
COTS modeling tools, information systems.

This paper illustrates S*Models and S*Patterns in several third party COTS
modeling tool, requirements database, and PLM systems already in use.

Supported by a formal mapping into the schema of each such repository.
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5. SE Processes consume and produce information:

(ISO 15288 Process Areas)
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5. SE Processes consume and produce information:

— Systems Engineering has a tradition of extensive description
of process and procedure.

— In describing SE, less ink is usually devoted to describing
that produced/consumed information than the related
processes and procedures.

— Compare this to the amount of description of underlying
relationships of physics, chemistry, or electromagnetic
phenomena, versus the related engineering procedures of
ME, ChE, or EE.

— Now that we are making more use of explicit system
models—closer to the language of science and
mathematics—we suggest a shift in this balance is in order.

— The idea is that the SE process should be primarily
performed to drive trajectories in (modeled) configuration
space.




6. The processes of SE, even MBSE, most often presented, conceived,
or practiced as if each engineering project is “starting from scratch”:

* And yet, in nearly all cases we are starting from extensive prior
experience, in the heads of the team.

* Much traditional SE guidance is typically offered on discovery,
synthesis, and analysis of stakeholders, requirements, architectures,
allocations, trade-spaces, risks and failure modes, etc.—in a context
that might suggest first-time study of the system of interest.

 But what about formal guidance about use of what we already know?
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MBSE Initiative Patterns Challenge team 1S2015
papers illustrate use of MBSE Patterns in:

— autonomous ground vehicles

— automated safety critical system test

— optimization of design review assignment

— and cross-functional enterprise dependencies in product
manufacturing businesses.
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Integrating S*Patterns, at enterprise and lower levels

e Agricultural silos are designed to minimize unwanted
external interactions harmful to stored silage:

* The “silos” metaphor is an infamous description invoked
to describe certain organizational pathologies.

* This can be an unfair attack on the hard-working staff in
those areas, when it is really an emergent aspect of the
overall enterprise system.

e Dealing with this situation on a system basis provides a
more constructive way to engage. 14



Integrated models, at different levels

* Enterprise System Model, alighing the following:
* Product Application Domain Model

* Manufacturing System Model

* Distribution System Model

* Service and Support System Model

e System of Innovation Model

e Other enterprise subsystem models

For a given project, each S*Model is configured
from its respective S*Pattern.



We are interested in interactions (or their lack) between
enterprise functional areas, along with external actors:

* S*Interactions are exchanges of information, mass flows, energy,
forces

* An overall enterprise behavior emerges, as seen by external actors
(e.g., customers).
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Inclusion of the Embedded Intelligence (El) Pattern
(aka Management Systems Pattern)

* The hierarchy of (human and automated) Management Systems,
below and above the Enterprise level:

Management of:
e MDS Performance

e MDS Configuration
e MDS Faults
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Explicitly modeling and managing the Enterprise level system,
for successful enterprise projects:

1. Pattern Management Process: Creates and improves the re-
usable Enterprise S*Pattern, in appropriate modeling tool.

2. Pattern Configuration Process: Configures and applies the
pattern, for each major enterprise project. Can be managed in a
PLM or other system, using an S*Pattern Configuration Agent:
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The product application domain pattern

* An S*Pattern that describes the enterprise’s products, platform,
product line, in service in its intended application or other domain

@ Global Qil Filter Product Line Family v0.8 - Enterprise Architect

File Edit View Project Diagram Element Tools Analyzer Extensions Settings Window Help
-l # e @ 0 o  [Ey Systematica v0.1 - | @ i A B @ 7 O] @ sasic-Normal i
Q %g FFD Featurs Qverview
o
S A ALy $ ¥ | Defautt style n B B g BF A4 Th Py | Ee A X T
=
4
[=]
=
=
Application Domain Product Features | Manufacturing Domain Product Features |
3
Y e e T e = = = === = = = == =
s ¥ Y i i |
= Mechanical Compatibility Reusable Media Disposable Additive Feature Filter Application Market-Application- ATIIEFEL Manufacturability Feature
EE Feature Feature Media Feature ‘Coverage Feature Configuration Feature
| . I Capacity Component
o —
= Spatial Form Factor Application Type -I FMA 1D reduct Configuration
) } Media T Media Type s o= LV | Facility ID
z [ Mechanical Info Type ] | Y= Application Volume 1 PMA Volume i ] £
w ] Product Config
2 [ Lubricant Type 1 Product Config oy : LEShotion ClEe
a I
@
= Lubricant Flow Rate 1 [ Market Seg .f_ ¢. ':\ ¢ : Annual Volume
Lubricant Pressure l.i Product Applic 1 ! I ] Production Cost
Range ] 1 (| 1
I- = (] I Production Yield
Filter Efficiency Class I I e 4
—_————— —_ —— e e S — LI T A i ! 1
" " " . " L T ]
1 1 : 1 1 Distributicn anain Produbt Features || 1
I 1 v 1 " I —_— ]
1 1 1 1 Market Segment L — — — -
1 Regulatory 1 Ease of Installation 1 Environmentally 1 Coverage Feature 1 ‘l
: Feature Friendly Feature b
] Compliance Feature ] ] y ] i Segment ID FMCF 1D 1 ]
] 1 1 ] 1 ]
Segment Volume
1 L 1 o 1 . FMCF Volume 1 1
] Regulatory Type ] " 5 ] Environmental Issuell | ] ] ]
] Filter Change Time 2
‘:’ \:; < ‘:’ ‘:’ 1| | Seg. Total Size Price at Retail I 1
1 I 1 1
Filter Service Health & Safety Reliability Feature Cost of Operations I L _ —> [ Eisect Marge -
Monitoring Feature Feature Feature 1 o Optimal Package
1 Retail Display Type Configuration Feature
Lubricant Life 1 — — .
L ] Distrib. Cap ackage Type
[ Monitoring Method H&3 Hazard Type [ Reliability [Pmd uct Service Life ———————— Investments
< Package Volume
] Product Config 3
Distribution Channel I

FFD Feature Overview: created: 5/6/2014 4:04:27 PM modified: 10/20/2014 3:25:17 PM  94%

4

Start Page Cover Interaction Relationships ﬂ Relationship Matrix Feature *Feature Overview
@ |t cover | 3 J

"\.JReIati-:mships

1059 x 717

Qil Filter Product Line:
Stakeholder Feature
Model

Pattern is modeled and
maintained in a
modeling tool.

When configured for a
given project, may
reside in a PLM System.



The product application domain pattern

* An S*Pattern that describes the enterprise’s products, platform,
product line, in service in its intended application or other domain
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The product application domain pattern

* An S*Pattern that describes the enterprise’s products, platform,

product line, in service in its intended application or other domain
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The product application domain pattern

* An S*Pattern that describes the enterprise’s products, platform,
its intended application or other domain

product line, in service in
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The manufacturing system pattern

* An S*Pattern that describes the enterprise’s production systems,
during the intended use or other parts of their life cycles

|5 'Domain Diagrams' current 2.0 (OFE) in /Ol Filter Example/2 High Level Requirements-HLR/3 Logical Systems Analysis (Formal module) - DOORS
File Edit View Insert Link Analysic Table Tools Discussions User Change Management Help
d&f | =ao | g Pt | e Xafaig
V\ew|Standard view '|| |.NI levels '| dh = <= [F f“ 4l
= 'D_D"?ihr"ll Di;gl‘:lms 5 D |This module manages the sst of Domain Diagrams in the model. - - -
i1 Manufacturing Domain: - - O I F I IVI f S .
3 1 Manufacturing Domain | 1 ter anu aCturlng VStem .
Ll
Coolhaks Maes
g s Domain Model
| | Mairtenarce
7 Techrician .
Tkl 7%
Manufacturing System [2%
r_lms—-% IPEpection el Requirements-HLR/4 State Analysis (Formal module) - DOORS! Y —
) System ions  User Change Management Help
o Cperaor | "o e L. cwpe FF@FEs | oSy
g T s = EE = = :
ﬂm " TREQIE ttee ! Dbttaes £ < & + 3]
the list of State Diagrams in the model.
s tiaerial DEvEryY | sype: | MeEEAEISIN Sypibs ! Distributon
= ptes
System Transformation Rirtshed Produet Sygem —
Homes Cortiphs Corpnaes Soriats
I} Pigct B Pakaps P
— 4 Pakag
Building System ot Loca Airspace — Utilities Systern System
-:un}ms
Wit Leeal
Errdronment
Pocess Calllding
\ e
Oil Filter Manufacturing System: o |
. ;




The manufacturing system pattern

* An S*Pattern that describes the enterprise’s production systems,
during the intended use or other parts of their life cycles
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The System of Innovation pattern

* The enterprise subsystem responsible for creating
new instance configurations of all the other systems:
— Product System
— Manufacturing System
— Distribution System
— Service and Support System
— Other enterprise subsystems

* Includes product R&D, but also manufacturing
process development, equipment engineering,
distribution, service, and other aspects.



The System of Innovation pattern

* Includes a formal S*Model of 1ISO15288 processes, along with their
subsystem details:

— Tailored to explicitly represent MBSE and PBSE aspects
— Managed as an S*Pattern and configured as an S*Model for each project.

Verification Process

f I H . L H I Verification by
ystem or innovation: LogiCa iz
Architectufe F{‘:’:Ea"c
. s N Behaviors
—
rcnitecuure, rrom _
‘Allocatiofs Allocation of Com; Design
ponent i
Capabilities Deﬂ;& Review
1o Physical vs. Model
Stakeholder Vs
<
N . . . equirements [ corerme | syste Failure
0gical Architecture vView O ITe Cycie vVianagement Processes _ Sysiem  F— Analysis
Alternatiye y. f Failures Model Model
Design:
g Physical | | J 4
Project Processes Architecture} ™ *
phybical
Project Decision Archifrture -
Planning e ameal | | Management Verification Play Verificati
<ontol ‘erification
Risk Contiguration | [ nformation — 8 Model
Measurement Verification by
Simulation, Test Create System perform System
Generate Y
System Verification Simulations Simulations
Concepts Plan - t&
De— : Test&
Technical Processes Margins. Geps, = —Hﬁ':" Simulation
and Effects in
\Design: Top Lavel System Realization: Top Level Sv= Generate Create System Stakeholder Results
System Test Characterizati Perform System Metrics
RO Reaquir — Pian on plan on
equirements Validation (DOE, etc) Tests
Requirements Solution
Cooanisaiona
Projest-enzhiin Create System Perform System
rojec Design
Portiolio Integration i
(by Analysis &
i Baseline|
— Generate Packagd
A\ \ > Bascline
. o | Document |(Consistent)
— Desion: Second (an Ljwen Level Systemis) alzatn: Seonf ot Lowmi ol | | Package [;395?:"2[
Resource Sysgm(s) ocumet
W ment Package

Agreement
Processes

\ aKenorder
Requirements

Requirements

Venicaton
(by Analysis &
mulation

Requirements
Validation

‘Component {evel Design.
‘acouisionfFabrication

Verification
(by Test)

_oiution
Validation

Integration

| E—

Approve
Baseline
Document

Package
ki
Reugable Bocumer
Patfern Capability Template;
D3ta
i
i

System of Innovation: Example

Verification by Test subsystem



Human and Information Systems Agents Enable the System of Innovation

S*Metamodel schema map (profile) is provided for each modeling tool and
engineering, manufacturing, or enterprise information system,

So they can uniformly represent project-specific configured S*Models and
generalized S*Patterns.

S*Configuration Process agents likewise provide a unified approach to configuring
S*Models from S*Patterns:
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Human and Information Systems Agents Enable the System of Innovation

Many third-party COTS tools and information systems provide some means of data exchange
among them, using standards-based or other types of exchange interfaces.

Open standards for information exchange or federation are likewise emerging.
The approach described here extends this by providing a deeper underlying semantic
compatibility between these existing systems, while still taking advantage of those emerging

exchange and transport interfaces.

This is more than an information technology approach, as it also aligns the semantics of how
human users of these systems conceive of the information they manage.

Existing COTS Engineering & Modeling

Tools, PLM Systems Can All Support
Common Underlying S*Metamodel,
Innovation Processes
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Summary and Conclusions

. MBSE and PBSE not only apply across the enterprise—they can directly
address enterprise-level challenges that arise out of interactions of
lower-level enterprise subsystems.

. The expressive power of Models is further leveraged when they do not
have to be developed “from scratch” for each project, but can be derived
from Patterns that also accumulate learning as it occurs, becoming a new
form of IP, increasing the agility of the enterprise.

. This changes the perspective of individuals from “learn modeling” to
“learn the model” (referring to the enterprise’s MBSE pattern IP)—a
different perspective from the more popular “learn how to model”
movement.

. In addition to improving the power and capabilities of individuals,
existing and in-service engineering modeling and simulation tools,
databases, and PLM systems likewise have their power increased when
they are enabled to accommodate the stronger semantics of the
S*Metamodel.
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