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Presenter
Presentation Notes
This slide with all of the collaborators provides an important point about the expanse of the research.

Slide #6 lists all of the researcher that have contributed to this overall effort.


SYSTEMS ENGINEERING
Researc h Center

Opening Thoughts and Perspectives

Introductions after Opening Thoughts
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Copyright and Disclaimer

Research Center

Certain commercial software products are identified in this material. These products were used only for
demonstration purposes. This use does not imply approval or endorsement by Stevens, SERC, NAVAIR,
or ARDEC nor does it imply these products are necessarily the best available for the purpose. Other
product names, company names, images, or names of platforms referenced herein may be trademarks or
registered trademarks of their respective companies, and they are used for identification purposes only.
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SYSTEMS ENGINEERING SE Tra nSformation

Researc h Center

e “You have a choice: you can either create your own future, or you
can become the victim of a future that someone else creates for
you. By seizing the transformation opportunities, you are seizing
the opportunity to create your own future.”

e VADM Arthur K. Cebrowski
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Why this Session?
SYSTEMS ENGINEERING It can be difficult to understand Big PiCturE!

Research Center
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Multi-Mission, Multi-physics, Multi-Discipline, Multi-vendor, etc.

Professor Ed Lee, Cyber-Physical Systems (CPS) - A Rehash or A New Intellectual Challenge?
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SYSTEMS ENGINEERING ObjECtives

Researc h Center

e Dr. Dinesh Verma
—Executive Director for Systems Engineering Research Center

II)

e “Provide Big Picture — Mental Mode

—Use historical context of research investigating "the most
advance and holistic approaches and technologies supporting
state-of-the-art in Model Centric Engineering” aka Digital
Engineering

—Summarize expanse of research thrusts

—Discuss alignment with sponsors’ evolving needs,
transformation, and goals of digital engineering initiative

—Provide awareness of collaborations with other initiatives,
industry, government, academia & open communities

e Format: open discussion

SERC 168/170. 6



Notation Key — Upper Left on Some Slides

Researc h Center

Deep Dive
A Example/Definition
Discussion
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SYSTEMS ENGINEERING

Research Center

Research Tasks and Collaborator Network

RT-48

Mark Blackburn (PI), Stevens

Rob Cloutier (Co-Pl) - Stevens

Eirik Hole - Stevens

Gary Witus — Wayne State
RT-118

Mark Blackburn (PI), Stevens

Rob Cloutier - Stevens

Eirik Hole - Stevens

Gary Witus — Wayne State
RT-141

Mark Blackburn (PI), Stevens

Mary Bone - Stevens

Gary Witus — Wayne State
RT-157

Mark Blackburn (PI), Stevens

Mary Bone - Stevens

Roger Blake - Stevens

Mark Austin — Univ. Maryland

Leonard Petnga — Univ. of Maryland
RT-170

Mark Blackburn (PI), Stevens

Mary Bone - Stevens

Deva Henry - Stevens

Paul Grogan - Stevens

Steven Hoffenson - Stevens

Mark Austin — Univ. of Maryland

Leonard Petnga — Univ. of Maryland

Russell Peak — Georgia Tech

Stephen Edwards — Georgia Tech

RT-168

Mark Blackburn (PI), Stevens

Dinesh Verma (Co-Pl) - Stevens

Roger Blake - Stevens

Mary Bone — Stevens

Brian Chell - Stevens

Andrew Dawson - Stevens

John Dzielski, Stevens

Paul Grogan - Stevens

Deva Henry - Stevens

Steven Hoffenson - Stevens

Eirik Hole - Stevens

Roger Jones — Stevens

Benjamine Kruse - Stevens

Jeff McDonald - Stevens

Kishore Pochiraju — Stevens

Chris Snyder - Stevens

Gregg Vesonder - Stevens

Lu Xiao - Stevens

Robin Dillon-Merrill - Georgetown Univ.
Todd Richmond — Univ. of Southern California
Edgar Evangelista — Univ. of Southern California

RT-176
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Perspectives on Characterizing Challenges of

SYSTEMS ENGINEERING

Research Center ResearCh Space
Mission Effectiveness n Methods for
Concept of Operation .Optlmlzatlon to nght-sgg \dentifying
(CONOPS) Mission & System Capabilities PP
for the critical S
Trade Space Ke?,/ Performance Parameters (KP’!Ds) |
of mission ("All requirements are tradeable”)
alternatives
Trade Space Decision
What &Of sl;ystem Framework
subsystem
alternatives (Performance
VS.
Cost
VS.
Time
VS.
Risk)
Information Model
et ® Capturing Cross-Domain )| ”
@-===2lo » Relationships _ -~
¢ - —~ 7T _ e

Reasoning about completeness and consistency of information across domains

SERC 168/170.




C )]
SYSTEMS ENGINEERING Key Performance ParamEter (KPP)

Research Center

e Performance attributes of a system considered critical to the
development of an effective military capability.

e Example:
—Predator shall have an endurance of 40 hours

—Possibly with other constraint:

0 And carry 340kg of multiple payloads including video cameras, laser designators,
communications

—Meet some availability and cost objectives

http://www.airforce-technology.com/features/featurethe-top-10-longest-
range-unmanned-aerial-vehicles-uavs/featurethe-top-10-longest-
range-unmanned-aerial-vehicles-uavs-5.html SERC 168/170. 10




A i Example: Cross Domain Relationships Needed

asenroh Sontor for System Trades, Analysis and Design
e Scenario Refueling UAV e Operator Domain
* Valve — Cross-domain Object —Pilot remotely send message to

i . control value
e Mechanical Domain

e Communication Domain

—Valve connects to Pipe

) . —Message sent through network
e Electrical Domain 5 8

e Fire control Domain

—Switch opens/closes Value
—Independent detection to shut off

—Maybe software
valve

e Safety Domain

11



SYSTEMS ENGINEERING
Research Center

Formalizing, Automating & Visualization for
Decision Process: Dr. Matthew Cilli (ARDEC)
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Cilli, M. Seeking Improved Defense Product Development Success Rates Through Innovations to Trade-Off Analysis Methods, Dissertation,
Stevens Institute of Technology, Nov. 2015.
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i 5 Trade Space Automation using Semantic Web
Technologies: Dr. George Ball (Raytheon)

e Automating process of extracting
the functional decomposition and
relationships of a system from a
domain ontology, and importing
that information to a design space using
semantic technologies

e Virtually design, manufacture, [ R
Analysis

and verify complex defense systems | or

Alternatives

i . ] . Component Model Library
Establish Design Refine Design ! >

Requirements 'R

Final Concept

N T

=& virtual Verification

SERC 168/170. 13



SYSTEMS ENGINEERING
Research Center

Agenda

8:15
8:30
10:15
10:30

11:30

12:00 (Noon)
12:30

13:00

13:30
13:45

15:15

15:45
16:00

Introductions — Why Here and Goals for the Day
Past - Why and Present - What
Break

Future - How - Digital Engineering Transformations
(Deep Dive a Few Research Topics)
Discussion

Lunch

Integrated Systems Engineering Decision Management (ISEDM) Process
Enabled by Digital Engineering Technologies

Semantic Technologies and Ontologies Research to enable Trade Space
Analytics for Engineered Resilient Systems

Break

Breakout Sessions

* Breakout 1: Risk for Digital Engineering Transformation

e Breakout 2: Priorities for Digital Engineering Transformation
Break out Briefs

Forward Planning and Actions
Adjourn

SERC 168/170.

SERC/Stevens

Dr. Mark Blackburn

Dr. Mark Blackburn

Dr. Matthew Cilli

Dr. George Ball

Dr. Mary Bone
Dr. Peter Korfiatis

ARDEC

All

14



SYSTEMS E

RT-168 Use Case Perspective and Team

NGINEERING

Research Center
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SYSTEMS ENGINEERING
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Deep Dive Topics

Semantic Web Technologies _ > Modeling Methodologies
Enforces Modeling Methods

| Wl eterfion & dysl carsonk |

=
=
=

Multidisciplinary Design,
Analysis and Optimization

MDAO Q
Workflow Q,,

*
\ ‘ ’
Underlying technologies
for reasoning about completeness 2
b !
g
|

and consistency Across
Domains in modeling
tool agnostic way

Guides proper usage to ensure
Model Integrity (trust in model
results) for decision making

Digital System Model: !
Single Source of Truth Integrated Modeling Environment
(authoritative source of truth)
Skilled people Tool-set {lﬂi"inSL:::‘gl:ar:““u‘
Infrastructure ﬁ - ;;[E;a

Reference Model

Provides optimization analysis =
Across Domains i

éyslem Mod;l

to support KPP ==
and alternatives trades = |
at mission, system, iﬁig’
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Interfaces

Knowledge Model
-_—
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\ 4
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SYSTEMS ENGINEERING
Researc h Center

Why?
Historical perspectives —
How we got here and why

SERC 168/170.
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o
SYSTEMS ENGINEERING How DO We Know it WorkS?

Research Center
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Image credit: http://theaviationist.com/2015/01/16/f-35-weapons-suitsERC 168/170.


Presenter
Presentation Notes
Paul Casely from UK MoD – process in necessary, but not sufficient, needs to have evidence


B
Feasibility Study Objectives — Circa 2013

Researc h Center

NAVAIR Problem statement (Phase |):

It takes too long to bring large-scale air vehicle systems from
concept to operation

Primary question:

Is it Technically Feasible to have a Radical Transformation
through Model Based Systems Engineering (MBSE) and achieve
a 25 percent reduction in the time to develop large-scale air
vehicle system (using computer/digital models)?

Corollary:

How do we know that models/simulations used to assess
Performance have the needed Integrity to ensure predictions
are accurate (i.e., that we can trust the models)?

SERC 168/170. 19


Presenter
Presentation Notes
It was stated at the kickoff meeting that the expected result should focus on:
A feasibility assessment 
Identify and report on “what is the current state of the most advanced MBSE”
Identify what is possible in terms of transforming SE through MBSE
This restates the Study Objectives, but as a corollary we received an additional question:
If we are going to rely more heavily on model-centric engineering, with an increasing use of modeling and simulations, how do we know that models/simulations used to assess “performance” have the needed “integrity” to ensure that the performance predictions are accurate (i.e., can trust the models)?



Past: Four Tasks to Assess Technical Feasibility of
Meemaen e - “Doing Everything with Models” (Everything Digital)

1) Global scan and classification of holistic 2) Develop Common Lexicon for Model
state-of-the-art MBSE Levels, Types, Uses, and Representations

Use discussion framework to survey Model Types

government, mdustry and academia Structure/Interfaces

Vision State i
Quantify, link ) — c ProgamPhase Campaign Behavior (functions)

and trace realized -

Mission Concurrency

modeling

Resources/Environment

capabilities

Engagement

to Vision (task 3)

Engineering

&mep:d e — SystemVaidation Ptan_ __ __ = Syslem
teorueng Copsmm g Address two classes of
System Verification Plat
B | i M’;‘ . risk:
f = aseline wmnﬁ - -
— :-..,” Qsten _ Vorfoaton Pian e Airworthiness and
niograted Gapal 1 [Subs; mnzmpmml
High Level \(Sprs Subsysem Safety

Package (ICP}
. Program Execution

Detailed LB_SLE,’@; Unit/Davica
Design Testing
Software [ Hardware Document/Approval

Development
Field Installation
Implementation

Time Line Development Processes

3) Model the Vision of Everything Done with 4) Fully integrate model-driven Risk
Models and Relate to “As Is” process | Management and Decision Making




Model Based System Engineering (MBSE)
versus Model-Centric Engineering (MCE)

e Over 30 organizational discussions “most holistic approach...”:

—Model-Based Engineering (MBE), Integrated Model-Centric Engineering,
Interactive Model-Centric Systems Engineering (IMCSE), Model-Driven
Development, Model-Driven Engineering (MDE), and even Model-Based
Enterprise, which brings in more focus on manufacturability

—NDigital Thread envisions frameworks that merges physics-based models
generated by (cross)discipline engineers during detailed design process with
MBSE’s conceptual and top-level architectural models, resulting in a single
authoritative representation of the system [West, Pyster, INCOSE 2015]

e MCE characterizes the goal of integrating different model types
with simulations, surrogates, systems and components at
different levels of abstraction and fidelity across discipline
throughout the lifecycle with manufacturability constraints

e \We now also use the words Digital Engineering

SERC 168/170. 21



= Scope of Data Collection for Task 1
" aesnaran Cantar Traced to Evidence (not exhaustive)

Instances where discussed (not exhaustive) Characteristics From Kickoff Briefing
iy
+—
3
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{not exhaustive) Zla|ao|luv|z|u|d|a|la|Z2]|a|C a|E|<|=|=|a & - |o|l<ao|loe|csC|XT E
Modeling CONOPS X X | x| x X X X
Modeling Patterns X X X | x| x X X X
Multi-Physics Modeling and Simulation X [ x| x|x X X | x X | x X X X X X
Multi-Discpline/Domain Analysis and Optimization | x | x | x [ x | x | x [ x [ x X X | x| x| x X X X X X
Mission-to-System-level Simulation Integration X | x| x X X X X X X X
Affordability Analysis X X X | x| x| x X X X X
Quantification of Margins X X X [x | x|[x|x X X X X
Requirement Generation (from Models) X X X X | x X X X
Tool agnostic digital representation X | x X X X | x X X X X
Model measures (thru formal checks) X X X X | x X | x| x X X
Modeling and Sim for Manufacturability X X X X [x | x| x|[x]|x X X X X X
Process Automation (workflows) X X X | x X | x X
Iterative/Agile use of MCE X | x| x X X X X
High Performance Computing X | x| x X X | x X | x X | x| x X X X X
Platform-based and Surrogates X[ x [ x X X X X X
3D Environments and Visualization X | X | x|[x|x|x |[x|[x X X | X X X X X
Immersive Environments X | X X X X
Domain-specific modeling languages X[ x [ x| x|[»x|x|[x|x]|x X X [ x X X X X
Set-based design X X X [ x| x|[x X X X
Model validation/qualification/trust X X X X | x X X X
Modeling Environment and Infrastructure X[ x [ x| x[»x|x[x|[x|x|x|[x]|x X [x | x| x|[x]|x X X X X X
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Presenter
Presentation Notes
We wanted to provide some evidence of traceability to different instances of use of MCSE-relevant and cross-domain technologies.
We highlight evidence (marked as an X) if we actually had discussions or demonstrations related to this technology.
We also relate these to their possible impacts/relationships on Characteristics:
Performance
Integrity
Affordability
Risk
Methodology
Single Source of Tech Truth
Lastly, we also relate them to some engineering efforts reflected in slides 6 & 7 from the kickoff meeting
Prioritization & Tradeoff Analysis
Concept Engineering
Architecture & Design Analysis
Design & Test Reuse & Synthesis
Active System Characterization
Human-System Integration


.

SYSTEMS ENGINEERING
Research Center

Cross Domain Model Integration

Continuous refinement of models through cross-domain &

multidisciplinary analysis supporting continuous virtual V&V

from CONOPS to manufacturing (and training systems)
i

=)
=)
-
)

ILdd¢al

\
b pemRMGER & 0

Integrated Environment to Produce Digital System Model:

Single Source of Truth
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Presenter
Presentation Notes
Sponsor believe there is a holistic approach to conceiving innovative concepts and solutions enabled through Model-Centric SE coordinating the efforts across multiple disciplines, while managing relationships with all stakeholders


The to be state:

The role of Systems engineering (SE) is to ensure that the acquisitions of capabilities form an integrated whole across the systems of systems
Since the role of the systems engineer includes working with and coordinating the efforts of multiple disciplines, while managing relationships with all of the stakeholders
NAVAIR leadership is well aware that they need to leverage the revolution in communications, information, knowledge, modeling, simulation, and risk technologies 
This should allow them to Radically transform Systems Engineering through Model-Centric Engineering



Tracing Mission Effectiveness Analysis to
System Capabilities of Evolving Platforms

o) Delivering Integrated Warfnghtmg Capability

MODELWG SJMULAITON‘ --‘
Vel ll l
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Warfare analysis to assess
gaps and conduct trades in
support of investment

decisions
Map Systems into Function
Decision Support Tools D::E:f:e;ﬁ-,m m?:
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Optimized SoS Solution
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to platforms
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Dynamic CONOPS Integrated with Mission Simulations to
e tamay ¢ Better Understand Needed System Capabilities
i == ]

CEITTTTEED T # —rr—

Simulated-based |
Study Views Method Ee =
Structures and Formalizes s
Mission and Operational
Analysis

" e

Vehicle Motion Models Sensor Models
Model vehicle position and attitude Model sensor geometry & pointing

Integrates with libraries of system
and environmental models
o : - 1 (e.g., AGI System Tool Kit)

Environment Models Comms & Radar Models
Model terrain, otmosphere & spoce Model RF propogotion & interference




R Multidisciplinary Design, Analysis and Optimization
Sy S NG EIING Supports Tradespace Analysis Across Disciplines

MDAO Implements Workflows
with Solvers to Evaluate
Trades Systematically Driven by
Design of Experiments

Los
Angales
A
i 1
0 ol |
H ’
’
| r
] F
i #
i ] .
[] L ]
¥
. #
il ¢

Geometry &

Engine

®
Store/
Payloads

“illites”
Propulsion

Vehicle Motion Models Sensor Models
Model vehicle position and ottitude Model sensor geometry & pointing

_ : Detailed Design from Associated
Environment Models Comms & Radar Models Disciplines Across Domains

Model terrain, atmosphere & spoce Model RF propagation & interference
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Need to Better Integrate Multiple Levels of System
" aesnaran Cantar Models with Discipline-Specific Designs

Architectural, System and
Component Models Define
Cross-Domain Relationships
but Integration of Detailed

Behaviors is limited or
challenging

Architecture Models

Systems Models

Component Models

Geometry &

Engine

Store/

Sensors : _ Vehicle Seijeeie
Design

“illites”
Propulsion

Radar

SERC 168/170. 27
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L Methodologies are Critical Because Commercial

SYSTEMS ENGINEERING

Tools are Method Agnostic

Cross-domain methodologies ensure tool usage produces
complete and consistent information compliant with
ontologies of SST

Integration Software Development Kifs (SDKs), and
Support Tools for instantiating RTP Instances

Tl Tl Tewnl Tl
Tl Tl Tl

Tl Tl
Tenl Tewnl Tewnl Tewnl
Tl Trarsl Trarsl Trarsl
Tool Tool Tool Tool

105 Irtagnation 105 Inbagration K5 Inbagration 25 Intagration
Intertcry F Interbycin F Intertacey P Intemrbarge

Tailoring, Instantiation and Deployment Digital System Model:
from End-User Scenarios and Integration Needs Single Source of Truth

SERC 168/170. 28



(%)
P
Workflow Reflects Tool Interfaces

Research Center

Prodas - CFD Muzzle Analysis

Flow to the N = Flow to the
RIGHT --> RIGHT -->
CFD Terminal/ f System/ External
00 Prodas CASRED Muzzle System IWARS Operational | Ballistics
Analysis Effe Effects Effects
Prodas P s /x X
CASRED ASR X
CFD Muzzle D X
Analysis
Terminal/
X
Systems Effects
IWARS X AR
System/ e
Operational X Operationa
Effects 2
External
Ballistics Effects / X X X
Flow tp the = = Flow to the
<— [EFT - <— LEFT

CASRED < Terminal/Systems Effects
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All Major Contractors Have These MDAO
‘-n‘n“)HIEI.S\El‘; rl&ﬁfnﬂl;lnlt.é{rh\(u Environments

Real-Time Customer Interaction in Major Trades Presented at
Facilitated by MDAO Environment NDIA Event

VCAT _Supersonic Strke
parametric CATIA model

LYSIS &
MIZATION

ChiefEng
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Status Requested Against Framework
.‘-S‘n"SF;Il'El S\;‘; rlé?‘( iE],;LZItZEI{rI.\'(i Resea rCh

e Developed MDAO workflow for example of KPP (range) using UAV Weight,
Aero, Propulsion, Performance, which links back to system model to illustrate
method:

— Defining sequence of workflows (scenarios)
— ldentifying a set of inputs and outputs (parameters)

— Define a Design of Experiments (DoE) and use analyses such as sensitivity analysis and
visualizations to understand the key parameter to scope

— Use Optimization using solvers with key parameters and define different (key objective functions
— on outputs) to determine set of solutions (results often provided as a table of possible

solutions)
. . . Component Tree n
— Use visualizations to = ol G -
F.q
. . o=z e . al - .
understand relationships e cemety R, Py
H H w0 emplyiaeight 40000 ! -
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.. # subsystemiaeight 120 = "
mission, system o fuehweight 500 E Lm
w0 payloadwzight I} # L
and subsystems »a stallSpesd 120 : =
#1 maxSpeed 350 E| e ==
# designFlight5peed 300 - Propulsion +
s MALE 40000 : W
0 winglrea i ? =7
# totalPayload a S
+- 2| Weight
+- =] Aera ?
—I-|=| Propulsion Missicn
w1 thrustCoefficient 0.935
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e Organizations are Modeling and
Simulating Manufacturing Before Tooling

SYSTEMS ENGINEERING

e Set-based design selection allows trade space to remain open
longer, and increasingly factor in better manufacturability options



Presenter
Presentation Notes
The to be state:

The role of Systems engineering (SE) is to ensure that the acquisitions of capabilities form an integrated whole across the systems of systems
Since the role of the systems engineer includes working with and coordinating the efforts of multiple disciplines, while managing relationships with all of the stakeholders
NAVAIR leadership is well aware that they need to leverage the revolution in communications, information, knowledge, modeling, simulation, and risk technologies 
This should allow them to Radically transform Systems Engineering through Model-Centric Engineering

Image credit: mosimtec.com


Conceptual Reference Model: Integrated Environment for
M iGniNe 1terative Tradespace Analysis of Problem and Design Space

Appropriate Views for

Stakeholders

Cuestions per Review
s

=

Rich M lin y ” :
(I:nterfc:ci:is 9 Web” Interface integrated
with Rich Visualizations
Computer .
Multidiscipline Design, Augmentation SEneLs
. ... Workflow DocGen
Analysis and Optimization (MDAOQ) & ;
Training Orchestration

Single Source of Truth:

Tool Agnostic, Semantically Precise Cross Domain
Integration & Interoperability enabled by HPC

Cost & Systems,
Performance Integrity “INities” Knowledge L Surrogates &
Schedule Platforms
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B
Critical Technical Feasibility Items

Research Center

|.  Cross-domain and multi-physics model integration

Il. Technologies to establish & quantify model integrity

I1l. High Performance Computing! (HPC)

uctui
lode
Fest S Subsystem —
ey o s 1 Model 1 [% N
w L W e e Sl
Power Oparadons v =’ ;’ 3 aners Mass Roll- b .—'- oy —- el :
Model L v 4 'V“ up v Mod:lﬂl A Modeiex [ ]

B \ /'

Model Input Variables Model Outputs

(BE+U)
Thermal Software
Model Model System Model

Cross-Domain Model Integration Model Integrity HPC

1) In the context of our discussions, this generally relates to Super Computing
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Presenter
Presentation Notes
When we reduced and correlated all of the critical characteristics and technologies that were needed to discuss our findings. We identified three technical feasibility items that subsume the others. They are discussed from multiple viewpoints over the next several slides.


Deep Characterization of Research

Researc h Center

e Provide cross-domain model integration (possibly through
interoperability) to enable cross-domain analyses —
understanding the impacts of a design decision(s) in one
discipline on other disciplines, and also on different levels of
systems and mission operations.

e Also, such “cross-domain integration” needs to allow for “model
integrity” (can we trust the analysis “predictions”), which leads to
defining the appropriate methods — use the tools in the way that
they provide trusted predictions.

e Hypothesis: Semantic Web Technologies provides a means for
doing this and with the reasoning capabilities (going beyond just
ontologies) allows us to demonstrate the “art of the possible” in
Enabling Computation of Systems Engineering.
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Researc h Center

What?
Aligning the research gaps and challenges for
a Systems Engineering Transformation
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SYSTEMS ENGINEERING
Research Center

1) Model Cross-Domain Integration

Targeted discussions with Government, Industry &
Academia on developing and operating in modeling
framework enabling
cross-domain
model integration

& Single Source

of Truth (SST)
methodology

Mission Context
Analysis

I..rferrc.‘e C nst
Analysis

= |
L= s
X - - l
Data, Information, T .
& Knowledge High & Low
Fidelity Codes

Tradespace
Analysis

Present: NAVAIR: SE Transformation Phase i
“Doing Everything with Models — 25% Reduction in Cycle-time”

2) Model Integrity

Define Methodologies for Model Integrity and

Uncertainty Quantification:

* Provide trust in model-based predictions, with
Quantification of Margins & Uncertainties
Framework for integrating risk and understanding

uncertainty in the data
{ ?}Un:mrnn ‘

Subsystem
- Mod.F »
Margin

m b (M)

-
= \ -
Meodel Input Variables Model Outputs
(BE+U)

System Model

», _ b | 1 suh\mom ;|
Model 52 | 1 Modol %
M i

Model-Centric Methodology

3) Modeling Methodology
Implementation at NAVAIR

Develop a roadmap to rollout capabilities addressing

all five perspectives in parallel:

. Technologies and infrastructure for SSTT

. Methodologies and processes

. People, competencies
and SSTT interfaces

. Operational & contractual
paradigms for transformed
interactions with industry

. Governance

MATURITY

4) SE Transformation Roadmap



Presenter
Presentation Notes
The Systems Engineering Research Center (SERC) research tasks (RT-48, 118, 141) focused on a Vision held by NAVAIR’s leadership to assess the technical feasibility of a radical transformation through a more holistic model-centric engineering approach. The expected capability of such an approach would enable mission-based analysis and engineering that reduces the typical time by at least 25 percent from what is achieved today for large-scale air vehicle systems. 

Starting with RT-157, we boiled down the tough research topics as
Cross Domain Model Integration
Model Integrity (Trust in Modes)
Modeling Methodologies
Roadmap


Systems Engineering Transformation
Initiated at NAVAIR

e Organizations (with a few exceptions) were unwilling to share
guantitative data

e Qualitative data in the aggregate suggests that MCE technologies
and methods are advancing and adoption is accelerating

NAVAIR Executive Leadership Response:

* NAVAIR must move quickly to keep pace with other organizations
that have adopted MCE

* NAVAIR must transform in order to perform effective oversight of
primes that are using modern modeling methods for system
development

March 2016: Change of Command has Accelerated the

Systems Engineering Transformation and Broadened the Scope

SERC 168/170. 38




SE Transformation (SET) Expanded
H\SHIEIS\;‘; rlc;(jljlglnltgnr[\(] Resea rCh Areas

Model Integrity

Cross-Domain Model Integration

Expanded Research Modeling Environment Infrastructure
Interest Areas
(Much joint effort =
with NAVAIR and = o > > =
n— = ) (<)) c
SERC teams) = o @ v £o|| E
o = = Ba||E3|| 2R|]| 2%
Modeling Methodology — E 4= T g %‘ = w o ‘2 =
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a
Agile Process Engineering fed
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SET Roadmap { SE Transformation Enterprise Deployment
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e Model-Centric Engineering Can Enable New

SYSTEMS ENGINEERINC

Annmarch Benier Types of Coordination & SET Demands It

e |In a “Digital Engineering” environment, government and
industry need to work in a different way, but workforce,
infrastructure and methods need to advance



Presenter
Presentation Notes
Our System Engineering Research Center (SERC) team was asked to assist NAVAIR in technically evaluating a vision using Model-Centric Engineering (they called it MBSE) 
NAVAIR is looking at two types of transformation:
Dave Cohen, Technical Director, asked our SERC research team about the technical feasibility of a radical transformation (“everything digital”)
Our POC Jaime Guerrero, DIRECTOR, Systems Engineering Development and Implementation Center, is also looking for a more adaptive type of adoption of MBSE
Model adoption is proceeding along
NAVAIR must operate differently as they will need to use a more continuous process and associated methodology which is enabled through model-centric engineering
This can positively impact how they interoperate internally, but also with the contractors

More generally, we need the entire ecosystem supporting the warfighter to have a better way to coordinate all facets of design through manufacturing and operations through digital assets

Image credit: http://www.eonreality.com/hardware/


Framework for New Operational Paradigm

SYSTEMS ENGINEERING
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Sieszareh et Between Government and Industry
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large-scale design reviews
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Increased Focus on “Right” Infrastructure for

Workforce and Industry Collaboration
SET Integrated Modelling Environment (IME)

SYSTEMS ENGINEERING
Research Center

Conceptual View

A mudehng capabmty not just a tool..

Knowledge
management
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SE Transformation “Role-out” Strategy

Research Center

SET “Roll-out” Strategy
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= Present: ARDEC: Systems Engineering Transformation

SYSTEMS ENGINEERING

through Model-Centric Engineering (MCE)

1) MCE Framework

Modeling framework enabling mission/system problem

and design-space, multi-model and cross-domain
model integration with enabling
methodologies

e e Tradespace
ere:yc.'e Cnst Analysis Mission Context

Analysis Analysis

_.?_ : _._,P.tmwmmm f"t“J-"‘ ;o
- = i"*""“

Common Model and Data
Repository (SSTT)

3) Modeling Methodology
Implementation at ARDEC

2) Formalization of Information Model for
ARDEC-relevant Domains

Support capturing and sharing of data and information
as a conceptual System Model (or Digital System
Model), or “Single Source of Truth”:
« Domain information models can be informed by
Army and ARDEC Taxonomy
Ensure the domains are evolvable to address
continual evolution in technologies

Digital System Model:

oata, igi?:da;?n, F“:;’?-& ey 4) Challen ge Single Source of Truth (SST)
Fidelity Codes
Areas
Model-Centric Methodology

Develop a roadmap to rollout capabilities addressing

all five perspectives in parallel:

. Technologies and infrastructure for SSTT

. Methodologies and processes

. People, competencies
and SSTT interfaces

. Operational & contractual
paradigms for transformed
interactions with industry

. Governance

Stage Il
Full Modelin

—" Mechanism to Sustain the change

lechanism to support Wider Roll-out of change

MATURITY

5) SE Transformation Roadmap

cess with pilot programs


Presenter
Presentation Notes
The four tasks being performed for NAVAIR, would generally apply to Picatinny, because they focus on leveraging the best technologies, but also define a practical approach to roll out the capabilities, aligning the roadmap that cuts across technology, people, methods, working with contractors and governance.
The path forward has challenges but also many opportunities, both technical and sociotechnical. It must include a modeling framework with High Performance Computing (HPC) that enables Single Source of Technical Truth (SSTT), integration of multi-domain and multi-physics models, and provides for a method for model integrity. 
The modeling and infrastructure for a digital engineering environment is a critical step to enable a SSTT. While there are literally thousands of tools, they are often federated and there is no one single solution that can be purchased. Every organization providing inputs to this research has had to architect and engineer their model-centric engineering environment, most have selected commercial tools and have developed the integrating fabric between the different tools, models, and data. 
The items to investigate further include but are not limited to:
Cross-domain integration of models to address the heterogeneity of the various tools and environments
Model integrity to ensure trust in the model predictions by understanding and quantifying margins and uncertainty
Modeling methodologies that can embed demonstrated best practices and provide computational technologies for real-time training within digital engineering environments
Multidisciplinary System Engineering transformation roadmap that looks across:
Technologies and their evolution
How people interact through digitally enabled technologies and new needed competencies 
How methodologies enabled by technologies change and subsume processes
How acquisition organizations and industry operate in a digital engineering environment throughout the phases of the lifecycle (including operations and sustainment)
Governance within this new digital and continually adapting environment



Armaments Virtual Collaborative Environment (AVCE)

SYSTEMS ENGINEERING

integrated Model Based Environment (iMBE)
AVCE VISION
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Perspectives on the Challenge Areas

Research Center

Unity n
Concept of Operation VT MAK/HLA Key Performance
Challenge 2 i S
g Graphlcal CONOI?S Distributed HLA Parameters
(“Gaming” Scenarios) l
Early Synthetic Prototyping
Challenge 1 .
Decision
Framework
(Performance
Vs.
Cost
Vs.
Time
Vs.
Risk)
Information Model
_________ ® Capturing Cross-Domain )| ”
®--==2l . ® Relationships L
® ——_ .= =—— T )
Challenge 3 Challenge 5
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RT-168 Use Case Perspective and Team

Research Center

Kishore usc

Produce Counter
UAS

05 Use Mode| Based
Engineering

Physical Realization

07 Research V&V

08 Assess as Chief
Engineer Role

LuigiB RogerJ

01 Research
Graphical Conops

N

Eirik

Robin ~ 02 Research Mission and

System Operational RogerB
- Capabilities
06 Research R Finding
S Decision Framework fﬁ;'%"ﬁf”é:ﬁ"i :
it =2 '
(7
«extend::mf 4 _ . ' A StevenH

ey

00 Develop L
CliffM A Information Model

gextends s,
P ' 0
10R hs ti ""‘
esearch Semantic % 09 Tradeoff Analysis of i

Web Technologies 04 Create System BrianC

lied to AAMODAT " Models Technologies for
i Chiss ‘\}‘ . Integration or

) Interoperabilit
Extends \ P y a

e ()

Mary %
BenK ““ i Glar Mark 11 Assess AVCE iMBE

Lu

SERC 168/170. 47



SYSTEMS ENGINEERING
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How?
Blending and evolving our research results
with
Digital Engineering (DE) Transformations
across the DoD to be in a
Future State by Computationally Enabled DE

SERC 168/170.
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Digital Engineering Strategy

Formalize the development, integration
and use of models to inform enterprise and
program decision making

Provide an enduring authoritative source
of truth

Incorporate technological innovation to DIGITAL
link digital models of the actual system with the | ENGINEERING
physical system in the real world STRATEGY

Establish supporting infrastructure and
environments to perform activities, collaborate,
and communicate across stakeholders

Transform a culture and workforce that adopts
and supports Digital Engineering across the lifecycle

Zimmerman, 2017 Model-based Systems Engineering Sum SERC 168/170. 49



= Future: SERC Research Supports

SYSTEMS ENGINEERING

Rasearen Banter Digital Engineering (DE) Thrust by DoD

e An integrated digital approach that uses authoritative sources of
systems' data and models as a continuum across disciplines to
support lifecycle activities from concept through disposal

e Current DE Goals:

—@G1. Formalize the development, integration and use of models to inform
enterprise and program decision making.

—@G2. Provide an enduring authoritative source of truth.

—@G3. Incorporate technological innovation to link digital models of the actual
system with the physical system in the real world.

—G4. Establish a supporting infrastructure and environment to perform
activities, collaborate and communicate across stakeholders.

—@Gb5. Transform a culture and workforce that adopts and supports Digital
Engineering (DE) across the lifecycle.

e NAVAIR and ARDEC are participating in DE Working Group and
collaborating through SERC on synergistic and complementary
research SERC 168/170. 50
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Presentation Notes
The bottom line is that last bullet, but both Jaime Guerrero (NAVAIR) and Eddie Bauer (ARDEC) are major voices in the the Digital Engineering Working Group (DEWG).

While RT-48/118/141 confirmed the initial research question about the Technical Feasibility of MCE, 

The current DE goals characterize where we need to do more research in conjunction with the Services and DASD.



Mapping Future Research Areas to Goals of

SYSTEMS ENGINEERING
Research Center

Digital Engineering Transformation Strategy

Future Research Areas

G1. Formalize the
development, integration

and use of models to

inform enterprise and

program decision making.

G2. Provide an enduring
authoritative source of

truth.

physical system in the real

link digital models of the
world.

actual system with the

G3. Incorporate
technological innovation to

G4. Establish a supporting

infrastructure and

environment to perform
activities, collaborate and

communicate across

stakeholders.

G5.Transform a culture

and workforce that adopts
and supports DE across

the lifecycle.

Breakout Areas

Cross-discipline integration of models to address the
heterogeneity of the various tools and environments using
semantic technology

X

X

X

X

X

High Performance Computing (HPC) advancements
such as; 1) supporting organizing and analyzing “Big
Data” and 2) being able to program in parallel to take
advantage of HPC capabilities, are needed to support the
DE effort

Model integrity to ensure trust in the model predictions
by understanding and quantifying margins and uncertainty

Modeling methodologies that can embed demonstrated
best practices and provide computational technologies
for real-time training within digital engineering
environments

Model composability to understand the possibilities,
constraints and rulesets for composition of multiple
models

Human-model task allocation to understand what
activities are best performed by human decision makers
and what can effectively be automated or augmented with
model intelligence

Workforce development to understand what is needed
to educate model developers, users and decision makers
to work in a DE environment

MCE acquisition to understand the needed changes to
acquisition and security when developing in the new DE
environment

Risks

Priorities

SERC 168/170.
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Deep Dive Research Topics
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5\511\15 ENGINEERING ReVieW: Deep Dive Topics

Research Center

Semantic Web Technologies _ > Modeling Methodologies
Enforces Modeling Methods

*
| Wl eterfion & dysl carsonk | \
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[ untyrgtose | | for reasoning about completeness % 2
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eonni. | e Lo | Domains in modeling w/
— — tool agnostic way |
i i Guides proper usage to ensure

=
=
=

Model Integrity (trust in model

- results) for decision making

Digital System Model: !

Single Source of Truth Integrated Modeling Environment

Multidisciplinary Design,
Analysis and Optimization

(authoritative source of truth)

Skilled people Tool-set Support
. (training and facilitiesl
e — Ll B | G g i

Infrastructure
Reference Model

Provides optimization analysis =
Across Domains i

éyslem Mod;l

to support KPP ==
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at mission, system, @i}'
MDAO Q & subsystem levels — B—

Interfaces
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Knowledge Model
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ERING
ter

Semantic Web Technologies >
Integrated Modeling Environment >
Modeling Method Alternatives >
MDAO (Time Permitting)

SERC 168/170.
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SYSTEMS ENGINEERING

Research Center

INCOSE MBSE Roadmap

MBSE Capability

Reduced cycle times System of systems Design optimization across broad trade space
interoperability Cross domain effects based analysis

Institutionalized
MBSE across
Academia/Industry

Well
Defined
MBSE

Maturity

Ad Hoc MBSE
Document Centric

Extending Maturity and Capability /4‘7

Distributed & secure model repositories
crossing multiple domains

v

Defined MBSE theory, ontology, and formalisms

= =

Architecture model integrated Refer to activities in
with Simulation, Analysis, and Visualization the following areas:

v

*Planning & Support
Matured MBSE methods and metrics, «Research
Integrated System/HW/SW models

Standards Development
e i >~

: *Processes, Practices, & Methods
Emerging MBSE stancarcs *Tools & Technology Enhancements
\5d J *Qutreach, Tre]ining & Education B

We are tracking

-

2010 2020 2025
Figure 2-4: INCOSE MBSE Roadmap
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RT-168 Use Case Perspective and Team
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Semantic Web Technologies is

SYSTEMS ENGINEERING

Research Center More than ont0|ogies

Most apps use only a subset of the stack

Querying allows ﬂnu—grainud data access

Standardized information exchange is key

Formats are necessary, but not too important

APPLICATIONS
GRERYIRNS

The Semantic Web is based on the Web  _-*"

Linked Data uses a small
selection of technologies

https://adl.gitbooks.io/companion-specification-for-xapi-
vocabularies/content/semantic_web_technology,_linked_data, _and_rdf/ SERC 168/170. 57



i Excellent Videos on Semantic Technologies for
Systems Engineering

e Two videos by Steve Jenkins:
—Model-Centric Engineering, Part 2: Introduction to System Modeling

—Model-Centric Engineering, Part 3: Foundational Concepts for Building
System Models

—https://nescacademy.nasa.gov/category/3/sub/17
e Part 2 is more about Why
e Part 3 is more about What and How

e Ontologies and SWT being open-sourced and investigated by the
Semantic Technologies for Systems Engineering (ST4SE) Initiative

e Using some excerpts from the material

SERC 168/170. 58



: ‘-;YSI\I‘-’ ENGINEERING What is an OntOIogy?

e An ontology describes
concepts and relationships for
a domain of interest Requirement
e Concepts have relationships specifies
to each other
° i i erf resent
Ontologies specify legal Function Component - Im
sentences i ——
e Some concepts form a type eploys
hierarch . executes -
ALerarety HwComponent Mission Project
e Concepts have properties ZF
— e.g., mass _ @
FlightHwComponent
g [
e Ontologies have rules ( mass ) Objective
— e.g., a function is performed
exactly one component
An ontology is
Legend o o Ena Sotar Panc] an agreement
T — ntenna aln engine olar Fane on usage, rather
relationship Reflector Feedhorn than a dictionary
a type of > or a taxonomy

Jenkims, Muodet-Centric Engimeering, Part 2: Introduction to System ModeliRg 168/170. 59
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Presentation Notes

----- Meeting Notes (9/15/11 11:38) -----
speak about models 
ontologies describe sysml model or domain models


M= - Partial Map of Foundation Ontology Concepts

(animated)

represents
Concern ~<—  Stakeholder

Process

Program S, represents
00'?@

pursues

Product Project Mission > Objective
produces . analyzes : deploys
Analysis — | Requirement Interface
WorkPack supplies Y )
orkPackage Component Derforma Funb
Characterization influences contains invokes
265™~| Environment Legend

Think in terms of statements: Mission ontology
* “Requirement specifies Component”
e “Component performs Function”

» “WorkPackage supplies Component”

Project ontology

Analysis ontology

7 relationship
a kind of
Jenkins, Model-Centric Engineering, Part 2: Introduction to System ModélfR§ 168/170. oU
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----- Meeting Notes (9/15/11 11:38) -----
speak about models 
ontologies describe sysml model or domain models


SYSTEMS ENGINEERING
Research Center

Systems Engineering Ontologies

Application Ontologies

Flight System, Sun Sensor, Reaction Wheel, Thruster, Antenna,

uses

uses

Discipline Ontologies

e Mechanical

e Electrical

* Thermal

* Propulsion

* ACS, Physics, ...

uses

Foundation Ontologies

C Base, Mission, Analysis, Eoo y
Uantities=uitss ensions-Values

Jenkins, Model-Centric Engineering, Part 2: Introduction to System ModéliRg 168/170.

Kinds of items that are
modeled in a project

Focus is reuse

Discipline-specific terms
specified and owned by
cognizant organizations

Focus is integration and
interoperation

Scope of this Module

Fundamental terms use in
all projects, disciplines, and
applications

61


Presenter
Presentation Notes
The purpose of the discipline ontology category is to provide experts in the line organizations the opportunity to define the discipline-specific property definitions that will be used across multiple application ontologies. 

The mechanical discipline ontology, for example, will define parameters to specify mass properties. These definitions will be used by mechanical application ontologies (e.g., boom, strut, backshell, etc.) and also by other application ontologies (e.g., propulsion, avionics, AACS, etc.) 

The distinction between discipline and application is that discipline ontologies (mostly) define groups of related properties, and application ontologies (mostly) define things by refining foundation concepts and applying discipline properties.
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Modeling Method Alternatives >
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Modeling Methods Alternatives

Research Center

e Traditional: process guidelines — human review models

—Time consuming and not comprehensive considering evolving complexity

e Template-based generation process; e.g., View and Viewpoint
mechanism supported by OpenMBEE Model Development Kit
(MDK)/DocGen

—Alternative use for concept — see NAVAIR Surrogate Pilot

e Add checks inside tools — increasingly supported concept, but will
be tool-specific, and usually requires “coding”

e Semantic Web Technology concept — see NASA/JPL approach
—Computationally enable Systems Engineering
—Could be unified across Systems Engineering community

—Following scenarios from: Jenkins, Model-Centric Engineering, Part 2:
Introduction to System Modeling

SERC 168/170. 63



SYSTEMS ENGINEERING
Research Center

Model With Typed Elements

«component»
spacecraft

«function»
transmit telemetry

«component»
ground system

«function»
receive
telemetry

«message»
telemetry packet

Jenkins, Model-Centric Engineering, Part 2: Introduction to System Modé&lRg 168/170.

Can be done using
Profiles and Stereotypes with
most SysML-based tools

64



| SYSTEMS ENGINEERING Answering QUEStions

Research Center

What components are present?

«component»
spacecraft

«component»
ground system

«function»
receive
telemetry

«function»
transmit telemetry

«message»
telemetry packet

Jenkins, Model-Centric Engineering, Part 2: Introduction to System ModélfR§ 168/170. 65



| SYSTEMS ENGINEERING Answering QUEStions

Research Center

xeomponents What functions are present? «component»

spacecraft ground system

«function»
receive
telemetry

«function»
transmit telemetry

«message»
telemetry packet

Jenkins, Model-Centric Engineering, Part 2: Introduction to System ModéliRg 168/170. 66



| SYSTEMS ENGINEERING Answering QUEStions

Research Center

«womponent> | \What messages are present? | ccomeoneno

spacecraft ground system

«function»
receive
telemetry

«function»
transmit telemetry

«message»
telemetry packet

Jenkins, Model-Centric Engineering, Part 2: Introduction to System ModéliRg 168/170. 67



.. SYSTEMS ENGINEERING Add Typed REIationShips

Research Center

«component» «component»
spacecraft ground system
«performs» «performs»

. «function»
«function» receive
transmit telemetry
telemetry
«sends» «receives»
«message» Note that
telemetry packet relationships are
now directed.

Jenkins, Model-Centric Engineering, Part 2: Introduction to System ModéliRg 168/170. 68



TSYSTEMS ENGINEERING More QUEStiOI‘IS and Answers

Research Center

What component
performs the function
transmit telemetry? components

ground system

«component»
spacecraft

«performs» «performs»

. «function»
«function»

. receive
transmit telemetry
telemetry
«sends» «receives»

«message»
telemetry packet
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"SYSTEMS ENGINEERING More QUEStiOI‘IS and Answers

Research Center

What functions does the
component ground
«component» SyStem performr) «component»

spacecraft ground system

«performs» «performs»
«function»
receive

telemetry

«function»
transmit telemetry

«sends» «receives»

«message»
telemetry packet
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"SYSTEMS ENGINEERING More QUEStiOI‘IS and Answers

Research Center

What messages does

the function transmit
«component» «component»
spacecraft telemet 'y sen d? ground system
«performs» «performs»
. «function»
«function» receive
transmit telemetry
telemetry

«sends» «receives»

«message»
telemetry packet
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More Questions and Answers

«component»
spacecraft

«performs»

What components perform a

«function»
transmit telemetry

«sends»

function that sends or
receives the message
telemetry packet?

«component»
ground system

«function»
receive
telemetry

«performs»

«message»
telemetry packet

Jenkins, Model-Centric Engineering, Part 2: Introduction to System ModéliRg 168/170.

«receives»

Alternatively, what
component designs
may be affected if the
definition of telemetry
packet changes?
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: 5‘:”1ik-‘lf€ ENGINEERING Reasoning AbOUt MOdeIS

Research Center

e We can use models to answer questions

e The questions may be about the system itself
—What is it?
—How does it work?
—Is the performance adequate?
—What happens if something breaks?

e The questions may be about the model
—Is it complete?
—Is it consistent?
—Does it support required analyses?

e The questions may be about the design artifacts
—Are all required documents present?
—Does each document contain all required content?

e We call answering these kinds of questions reasoning
— It doesn’t necessarily mean exotic, artificial intelligence
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e S Reasoning About Completeness

Research Center

What components

perform no function?

«component» «component»

spacecraft ground system
«performs»

. «function»
«function»

. receive
transmit telemetry
telemetry
«sends» «receives»

«message»
telemetry packet
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e Reasoning About Completeness

Research Center

What functions are not
performed by any
«component» C O m p O n en tf) «component»

spacecraft ground system

«performs»
) «function»
«function» .
. receive
transmit telemetry
telemetry
«sends» «receives»

«message»
telemetry packet
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e Reasoning About Completeness

Research Center

What messages are

«component» r6C6|V6d b ut not Ser]to «component»
spacecraft ground system
«performs» «performs»

. «function»
«function» receive
transmit telemetry
telemetry

«receives»

«message»
telemetry packet
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e Reasoning About Completeness

Research Center

What messages are

S— sent but not received? e
spacecraft ground system
«performs» «performs»

. «function»
«function» receive
transmit telemetry
telemetry

«sends»

«message»
telemetry packet
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"SYSTEMS ENGINEERING Reasoning AbOUt ConSiStenCy

Research Center

Are there illegal or meaningless
relationships in the model?

«component» «component»
Spacecraft round system

«sends» «sends»

«performs» \ \/ /\ \Mm_/ «performs»

«sends» «functiany
«function»

. » receive
transmit telemetr
telemetry
«sends» «receives»

«message»
telemetry packet
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Reasoning About Design

«component»

spacecraft

m,:

m,: 130 kg

{

«contains»

!

«component» «component»
telecom propulsion
mg: me:
m,: 35 kg m,: 80 kg
¥ v ¥ v
«component» «component» «component» «component»

amplifier antenna tank thruster
m,: 8 kg m,: 19 kg m,: 38 kg m,: 30 kg
m,: 10 kg m,: 20 kg m,: 44 kg m,: 29 kg

Jenkins, Model-Centric Engineering, Part 2: Introduction to System ModéliRg 168/170.

Each component has:
» allocated mass (m,)
» estimated mass (m,)

m,: estimated mass
m,: allocated mass
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Reasoning About Design

«component»
spacecraft
m,: 95 kg
m,: 130 kg

|

«contains»

!

«component» «component»
telecom propulsion
m.: 27 kg m,: 68 kg
m,: 35 kg m,: 80 kg
¥ v ¥ v
«component» «component» «component» «component»
amplifier antenna tank thruster
m,: 8 kg m,: 19 kg m,: 38 kg m,: 30 kg
m,: 10 kg m,: 20 kg m,: 44 kg m,: 29 kg

Jenkins, Model-Centric Engineering, Part 2: Introduction to System ModéliRg 168/170.

Each component has:
» allocated mass (m,)
» estimated mass (m,)

Rule: Estimated mass m, of
any component with parts is
the sum of m,, of its parts

m,: estimated mass
m,: allocated mass
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SYSTEMS ENGINEERING

Reasoning About Design

«component»
spacecraft
m,: 95 kg
m,: 130 kg

|

«contains»

!

«component» «component»
telecom propulsion
m,: 27 kg m,: 68 kg
m,: 35 kg m,: 80 kg
¥ ¥ ¥ v
«component» «component» «component» «cox:nt»
amplifier antenna tank t r
m,: 8 kg m,: 19 kg m,: 38 kg m,: 30 kg
m,: 10 kg m,: 20 kg m,: 44 kg m,: 29 kg

Jenkins, Model-Centric Engineering, Part 2: Introduction to System ModéliRg 168/170.

Each component has:
» allocated mass (m,)
» estimated mass (m,)

Rule: CBE mass m, of any
component with parts is the
sum of m,, of its parts

Policy: m, < m, for every
component

m,: estimated mass
m,: allocated mass
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How: Representing Ontologies using OWL and SysML

e OWL is a language for expressing ontologies using a logical formalism

e SysML is a graphical modeling language for representing systems engineering concepts

Component has performs relationship with Function

Hardware specializes Component
FlightHardware specializes Hardware
FlightHardware has mass property
StarTracker specializes FlightHardware

OWL

=3 E 17 A T = ) BT B TR L e

<ol iClass rdf :about="Enission ;Component =
=rdfs:subCloss0f rdf :resource="8bose;ContainedE Lement” /= ’
<rdfsisubCloss0f rdf rresource="8base;Container” /= -
«rdfz:subCloss0f rdf :resource="8base; Identif iedE lement" /=
—rdfs:isubCloss0f rdf s:resource="8nissionjPerformingElement” /=
<rdfsisubClass0fs
-owl :Restrictions
- | onProperty rdf rresource="tbose;izContainedIn® /=
-ow | zal IValuesFrom rdf iresource="8mission;Component” /=
<ol Restriction:
</rdfzisubClass0f>

~rdf s :subCloss0f>
-l :Restriction=
-ow | :onProperty rdf rresource="tbase jcontainz" = %

o | zal IValuesFrom rdf rresource="&mizszion;Component” /=
<o Restrictions
«/rdfzisubClass0f>

owldizjointWith rdf iresource="E&mizsion;Environment” /= S @
ol rdigjointWith rdf rresource="Emizsion;Flow" /= “ @
ol idisjointWith rdf iresource="&mission;Function" /=
owlidisjointWith rdf iresource="Emission;Interfoce" >

ol :disjointiith rdf rresource="&mizzion; Interfacedunction /=

ol idisjointWith rdf iresource="&mission;Iten" /=

=owlidisjointWith rdf iresource="&mission;Mission" >

<owldizjointWith rdf iresource="Emizsion;Objective"/=

-l rdigjointWith rdf rresource="&mizsion;Requirement /=

=dcidescription rdf idatatype="8xsd;string"=&1t jparatgt ;4 &Lt jclossnometqt ;Componentilt ;o lassnametgt ; is o &lt;clag
iclazsnametgt ;Missiontlt;/clazsnanedgt ;. Example

&Lt jclossnomedat ;Component &Lt s /classnometgt ;s include lounch wehicle, spacecraft, telecommunication subsystem,

flight softwore, attitude control software, ond mission operations team.&lt; porafght;«<doidescriptions

</owl:Class>

Logical Automatic Processing

SysML

~onents
‘Component
values
name
id
7
«mission:Companents
Hardware
values
referenceDesignator
1

«mission:Component»
FlightHardware

values
mass
centerOfMass
momentsOfinertia

3

«mission:Components
StarTracker

values
sensitivity

&

«mission:Components

InterferoStarTracker

values
interferoBaseline

a4 2 /!
fimISSIOI’]:SDSCIﬂES»/

«mission:Requirement»
Requirement
ol )

\

«mission:Function»
Function

AN

Attribute
avaluerInterferoStarTracker::interferoBaseline
Inherited Member
avaluenStarTracker::sensitivity
evalue»FlightHardware::mass
avaluenFlightHardware::centerOfMass
avalue»FlightHardware::momentsOfinertia
evalue»Hardware::referenceDesignator
avalue»Component::name
evalue»Component::id

Ad-hoc Automatic Processing

MBSE approach leverages both OWL and SysML

Jenkins, Model-Centric Engineering, Part 2: Introduction to System Modé&lRg 168/170.

82



Presenter
Presentation Notes
The ontology constrains the intended usage of the terms in ontology so that the ontology forms a vocabulary and axioms that can be used to express the knowledge and that can be used for sharing knowledge between different systems.

The specification is formal (like a program is formally written in a programming language), so that the ontology can be processed by a computer. 



f IMCE Vision for OWL/SysML Integration

SYSTEMS ENGINEERING
Research Center

SysML modeling
tool

Mleefsl >‘ Profile
Transformation

convert ontology
to SysML profile

OWL editor
(e.g., Protégé)

edit ontology

Cheok ' . edit
OWL ec cp_nsnstency an system

satisfiability. Compute model
Reasoners entailments.

SPARQL
queries
Custom Model
Analysis Transformation
run integrity convert SysML
checks model to OWL

This is one example of how OWL
and SysML tools might be used
in MBSE
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SYSTEMS ENGINEERING
Research Center

English = OWL = SysML Profile =» Usage

(animated)

English: “Component performs Function”

OWL (RDF)

<owl:Class rdf:about="&mission;Function">

</owl:Class>
<owl:Class rdf:about="&mission;Component">

<rdfs:subClassOf rdf:resource="&mission
</rdfs:subClassOf>
</owl:Class>

<rdfs:subClassOf rdf:resource="&base;ldentifiedElement"/>
<rdfs:subClassOf rdf:resource="&mission;

<rdfs:subClassOf rdf:resource="&base;ContainedElement"/> <rdf:type rdf:resource="&owl;AsymmetricProperty"/>
<rdfs:subClassOf rdf:resource="&base;Container"/> <rdf:type rdf:resource="&owl;InverseFunctionalProperty"/>
<rdfs:subClassOf rdf:resource="&base;ldentifiedElement"/> <rdf:type rdf:resource="&owl;IrreflexiveProperty"/>

;PerformingElement"/> <rdfs:range rdf:resource="&mission;Function"/>

SpecifiedElement"/>

<owl:ObjectProperty rdf:about="&mission;performs">

<rdfs:domain rdf:resource="&mission;PerformingElement"/>
</owl:ObjectProperty>

!
' pkg [Profile] Component performs Function )
E )
SySML «stereotype» «stereotype» «stereotype»
profile mission:Component mission:performs mission:Function
' bdd [Package] Component performs Function )
| «mission:Component» «mission:performs» R «mission:Function»
~Usage Orbiter Spacecraft Transmit Science Data
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Integrated Modeling Environment >

SERC 168/170.
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i OpenMBEE: Model Development Kit (MDK),
‘ T acearen antar MMS, View Editor

Model Development Kit/DocGen
View and Viewpoint Hierarchy

e R e e are ]

== Model Management System

s - —*  MMS repository

= \ View Editor

s e Cuter Fran Sagenmm [ acnangs Aigeem

Fo+aBAE S C

TRt L | s gt Gl al P s § smprmreeris

= s 2.1.6 Time to execute Lhes
Tome s e u-.u.;q.llwll-.u:.; Jﬂhﬂllw .:
of K0 5
A - .
- Pt g Tt I e s B
l :
| ERTR " - - — - — —
s
]
N Tyocu ) rEw
L EEE S .
. A - - it Ko Ragmmnd § i bamgr Bt o Arcatpnis Monad]
Visualization in i oo
- T By Y A == =
. g o s | O e
View Editor et e e
s e e
H e b
Wroioe
Ll
&3s
oo Y b Bt Bl
- = —
s il ] s sl st e
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Using OpenMBEE and Look to Adopt

SYSTEMS ENGINEERING

Semantic Technologies for Systems Engineering

0 olllat: DesIo odeling eMma ep Te ologle
ANa and Op atlo Patte 0 allzed & DPO 0 O s
DAQO) platio Ontologle anad 0de ea e
— & ystem Modeling Environment
Analysis ModelCenter

Tool [
A /
System \J /
Analyst
Y M%aw /

il Teamwork Server

MI System

extension Models

System

[ P_roﬁes N B Formulation
/ A 1 Model Analysis : * Environment
Modeler / [ Framework L
E— y
Constraint ™S
«transforms Solver

Community of Practice Content - . integration | __| o o CAD/
. Project ! Checking Platform “>| cae

—— -
_____ Analysis
e Flight [ SE Practiceﬂ RDF DB iy Well Formedness Data
ESE l—_—_—_—_ I Checking
FP \M | Ontologies | - L
Y

V&V
Scripts/SW )
. GDé —_— . Model A _ | Test Environment
. MOS Training Analyst MMS & Testbeds

1 Alfresco API \
System §rt;tu_re d
Models Data

ti.?l:i‘:'?ésj Model Management
System (MMS)

Single Source of

Visualization Truth (SST)

View Doc
Editor Gen Tom

Sawyer

'eb Appligations

I: T Viewgoints | I ~
System/Subs m i ducts
Developer Engi r
Model Development
Environment

Ontology development
Profile creation

Rules development | InfraStmctureJ Project J Project

Software development (e.g_gifiain, scripts. Infra applications) Provided to . Adaptations
Customization and exteg®n | Proj ect Artifacts _p_ phodoebaid

View Editor DocGen

*An Integrated Model Centric Engineering (IMCE) Reference Architecture for a
Model Based Engineering Environment (MBEE), NASA/JPL, Sept, 2014ERC 168/170. 87
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Modeling Enterprise and Model for
Systems Engineering Transformation Pilot

Containment

/7 Relations
i1 _ToDo

£ 00 Project Structure

E DocBook Library [DocBook Library.md
i3 DeDAF Class Library [UPDM Profile.mc
k1 Enterprise

113, 150-80000 [ISO-BUTSe-mdzip

[3 MD Customization for Requirement
E MD Customization for SysML [MD_cust

[3 MD Customization for ViewsViewpoint;

[ Operational Elements

B3 Mission Level [UAV Example.mdzip
B[ Reference Models

Bk System

B3 System Level [UAV Example.mdzip
E-FET Systems Engineering Transformation
E]—E UML Standard Profile [UML_Standard_f
L1 Viewpoints
T[] Views
[ Free Form Elements Profile [Free_Form
7 Report Profile [Report Profile.mdzip
SoaML Profile [SoaML Profile.mdzip
SysML [SysML Profile.mdzip

ysML Extensions [SysML Extensions. )
UPDM Constraints [UPDM Constraints.
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f UPDM Profile [UPDM Profile.mdzip
]— UseCase Description Profile [UseCase_|
]— Web Report Modeling [Web_Report_M
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.
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i
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&2 Readme
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-
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5 Missionm_
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View and Viewpoint Hierarchy for
AVCE Model

SYSTEMS ENGINEERING
Research Center

: Containment A ~ ~
= g = = = = =
ir Q L= I -
E-[E= a package DocGen [ AVCE Rep-nrtlJ
Relations -
1:Requirements Tools
2:Behavior P sdocumentations Documentation of
3:5tructure ) s This chapter presents the use _|==view=>> element
4:Parametrics 1 Commean cases and their relations of the _aﬁu-r;:émally
o ili wExposes AVCE SysML model. It contains the Inciw a5
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__—W |I0 = 1AVCE Report | | p
= DocGen ake Text Box pS 1
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[&&] AVCE Report ¥ Containment -
H 19 Requirements 7 Abstraction - ]
=5 no real matrix representation (besic -
g™ recursive default viewpoint, provide| || < Dependency Use Cases
kg 150 ) [I50-8 mdzip] [&] Image Shape 1.1 «Exposes __ >
B[ MD Customization for Requirements [V & Diagram Ove -
-3 MD Customization for SysML [MD_custa use Case Diagrams aviews wconforme wviewpoints
B[ MD Customization for ViewsViewpoints El Legend |D = 9Use Case Diagrams Use Case Diagrams
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o RT168 — High Level Integrating and
Interoperability Framework (lolF) Design

Model
Testing lolF - Prototype 5
Environment
Paul Pub-Sub, Dual Model & SWT Integration
Grogan'’s . )
Miceinn Proxy subscribes to linearSpeed &
28888 redLinearspeed angularSpeed itself. No Semantic
PP ) ; h . . ..
redangularSpeed Web Technologies driven Semantic Web Technologies & Decision Layer
@ subscriptions
Controls Subscriptions to
uav.jso Proxies
" - nfile " =" PI'OX has has
o ! y UAV —s2si . Linear Speed [mis] UAV —siel . Angular Speed Proxy UAV Model
0 D [radians/s] Roger Jones (Unity)
D
1
n create...
r‘" : u:\;ejas‘(fl.w” f Des\gnDa_ﬁa J
Mission i using values \ 4 subscribe() Salues from. write ...
H - Model 1 vyriie... ) ~ from Ji L. . linearSpeed & uav.json to file
8%6%Pa%% Simulation I uavjsoniofie | inearSpeed Puplish) Data Acquisition & Aggregation angularSpeed
ds...  leemem—a]
u:/ajsf)n ! angularSpee Layer Publish()
from file to : d
initialize |
Paul simulation s SL‘llbsAc:\"b‘e(redL\nearSpeed‘ redAngularSpeed,
Grogan’s : reeddLinearSpe (rjedAngularSpee zlueAngularSpee
Miccinn |
e ww W 1
LA B A 1
1
9 1
1
uav.jso 1
¢ - -] e le - - Proxy Blue Team C
L] Subscribe() C
blueAngularSpeed
o Software Tool
& |- - -~ - blueAngularSpee
d
Publish(blueAngularSpeed)
@ '
07" %%
Red Team A Proxy Proxy Red Team B
A 3 Subscribe() B
Subscribe()
Software Tool Software Tool
redLinearSpeed ‘___na;a___’ 4.__Data___’ redAngularSpeed
Publish(redLinearSpeed) Publish(redAngularSpeed)
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- lolF Uses SWT for Interoperability Among
“Any” Type of MCE Capability
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Il loIF Integrating High-End Mission and
Simulation with Graphical CONOPS

RT168 — High Level Integrating and Interoperability Framework (lolF) Design
lolF - Prototype 7

Pub-Sub, Dual Active Models & SWT Integration with Continuous Data Communications

Roger Blake . )
Mary Bone Semantic W_el_) Technologies &
Harsh
Kevadia
Paul Grogan & Roger
Blake
UAV Model Data Control Tool A Tool B
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Paul Grogan & Roger y y
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S B ' — === > B
Publish Data Acquisition & Aggregation
(@) Layer
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Subscribe(
)
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UAV Model Proxy
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Subscribe(
)

SERC 168/170. 92




e ] Planned CONCEPT for Integrating Technologies into
s ah e OpenMBEE through lolF
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Why Semantic Web Technologies and
S Ontologies — Realized Benefits in Automotive

e Enabled reusing previous knowledge

e Prevented engineer from entering incorrect information

e Reduce complexity

e Automatically check consistency between two (or more) models

e Makes visible to engineer dependencies in other models, and how
a change in their model might affect corresponding model

e Better management and building of models

e Define meta-rules that constrain correct models, and which can
be checked at model building time

e Improved model management process

S. Biffland M. Sabou, Eds., Semantic Web Technologies for Intelligent
Engineering Applications. Cham: Springer International Publishing, 2016. SERC 168/170. 94



Open Biomedical Ontologies (OBO) Successful
Results from Interoperable Ontologies

e VValue of any kind of data is greatly enhanced when it exists in a
form that allows it to be integrated with other data

—One approach is through annotation of multiple bodies of data using
common controlled vocabularies or ‘ontologies’

—Unfortunately, the very success of this approach has led to a proliferation of
ontologies, which itself creates obstacles to integration

e OBO ontologies, including the Gene Ontology, are undergoing
coordinated reform, and new ontologies are being created on
basis of evolving set of shared principles governing ontology
development

e Resultis an expanding family of ontologies designed to be
interoperable and logically well formed and to incorporate
accurate representations of biological reality

e Collaborator: Dr. Barry Smith
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Gene Ontology (GO) Concept

GO’s three sub-ontologies

biological molecular

process function
biological molecular
Gene process function
Ontologies L T2
development
binding transcription
regulator
pattern activity
speciﬁcation
nucleic acid
binding
axis
specification
DNA binding
adaxial/abaxial

pattern formation

transcription

adaxml}’abaxial factor activity
axis specification I
SERC 168/170.

cellular
component

cellular
componem

v ¥

organelle cell
Y

]
intracellular

I\

membrane- I
bound I
organelle "

b

intracellular
organelle

e

intracellular
membrane-
bound
organelle T4

4 96
V4
L o

nucleus

/

part_of

1
)
)
{
1
I

]
]
I
]
]
I
7

96


Presenter
Presentation Notes
The gene ontology consortium develops ontologies and makes annotation of gene products to those ontologies. The ontologies are databases containing sets of biological processes, molecular functions, and cellular components and the relationships between them. Annotators within the consortium use these ontologies to categorise gene products. During my talk today I’m going to explain about the uses of GO and give a more detailed explanation of the ontolgoies and of the system of annotation. Then Harold Drabkin is going to talk in more detail about annotation and about how you can submit annotations of your own gene products of interest.


Original OBO (Open Biomedical Ontologies)
e Foundry: Creating Interoperable Ontologies

e Resulted in coordination to solve Genome

e Are there parallels to Systems Engineering?

RELATION
TO TIME CONTINUANT OCCURRENT
INDEPENDENT DEPENDENT
GRANULARITY ’
Oreanism Anatomical o
ORGAN AND san's Entity rean
ORGANISM (NCBI (FMA Function _
Taxonomy) C ARd) (FMP, CPRO) PISEZEE }}jlc Biological Process
(PaTO) (GO)
CELL AND Cell Cellular Cellular
CELLULAR (CL) Component | Function
COMPONENT (FMA, GO) (GO)
Molecule .
MOLECULE (ChEBI, SO, Molecu(laGl*Ol;unctlon Molec?gg g’rocess
RnaQ, PrO)

Original OBO (Open Biomedical Ontologies) Foundry
(Gene Ontology in yellow)
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Surrogate Pilot Modeling Concept
for NAVAIR SE Transformation

Update: 7/31/2017

+ Elmnaton of paper DORL artitscts ol
bargi-ecale dadlgn rivires

+  Continuous inskghtioversight via digital
collaborative envirormany and
Enieracton wilth the Single Source of

Distribution Statement D - Limited to DoD and US DoD contractors only.
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Integrated Systems Engineering Decision
Management (ISEDM) Process Enabled by
Digital Engineering Technologies

Dr. Matt Cilli

SERC 168/170.
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Semantic Technologies and Ontologies
Research to enable Trade Space Analytics for
Engineered Resilient Systems

Dr. George Ball

SERC 168/170. 100
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MDAOQO (Time Permitting)
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| Synthesizing Results — Value Scatterplot with
Assessing Impact of Uncertainty*
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Cilli, M. Seeking Improved Defense Product Development Success Rates Through Innovations to Trade-Off Analysis Methods, Dissertation,

Stevens Institute of Technology, Nov. 2015.
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Decision Support Model Construct

Research Center

-
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o FlOW piagram
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Cilli, M. Seeking Improved Defense Product Development Success Rates Through Innovations to Trade-Off Analysis Methods, Dissertation,

Stevens Institute of Technology, Nov. 2015.
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Decision Framework

e SWT application to AAMODAT

e Templates for objective hierarchies

e Can MDAO represent Assessment Flow Diagram?

e Does AFD characterize
needed MDAO workflows?
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MDAQO Workflow for KPP

Key Performance Function
(Key Performance Parameter [KPP])
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SY’]’IZN‘IS ENGINEERING Change in Focus Of MDAO
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Desi Iteration Duration Number of
esign Relative Time Spent Possible
Method Initial Subsequent | Iterations*

Legacy

I - - o - )
MDO . 18% 48% 14 wks 1.5 hrs >1,000**
) 4

* assupiing a 12 week period
** a process set-up has beer| completed

Specification Execution Management Reasoning
(e.g. determining tasks, (e.g. generating options (e.g. representing, documenting (e.g. interpreting results,
staffing, and what information and running analyses) and coordinating existing choosing options)
is used and produced) information

Forest Flager and John Haymaker, A Comparison of Multidisciplinary Design, Analysis and Optimization Processes in the Building
Construction and Aerospace, Stanford, December 2009

SERC 168/170. 106



O o eNEERING Since March Working Session

Researc h Center

e Equation-based Models
—Fixed-wing

—Quadcopter

e Simulation-based Model

—OpenVSP geometry and VSPAero CFD
tool wrapped into ModelCenter

—Extensive debugging completed

—Suitable CFD mesh found balancing
results and computational cost

SERC 168/170.
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Current Model Status

e UAV Geometry

—Easy to change

e ModelCenter Workflow

—Adjusts geometry and flight
conditions for MDAO

—About 1 minute per run

~V

SERC 168/170.
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Optimization

e Tri-objective optimization
using Darwin algorithm:
— Maximize range
— Maximize endurance
— Minimize fuel mass fraction

— ~2600 runs in ~2 days

e 9 design variables
— Fuel mass fraction
— Wing span
— Average wing chord
— Tail span
— Average tail chord
— Tail Y-rotation
— Wing X-location
— Airspeed
— Angle of Attack

Range (10~3)

10 L

MFProp vs. Range

[ ® ParetoFront * Feasible |

12""I""I""I""I""

Blue points show the
Pareto frontier/non-
dominated solutions

| — : B e e
030 035 040 045 050 055 060 065
MFProp
Range (mi) vs. Fuel Mass Fraction
SERC 168/170.
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ns

MFProp vs. Range vs. Endurance MFProp vs. Range vs. Endurance

0.6 0.6

0.5

MFProp MFProp

0.4 e t

50
Ly -
)0 bk Range 30 4 6k
1] = i
Endurance 10 8k Endurance 20 ‘ Range

0 10k
0 10k

Colors Represent Angle of Attack Colors Represent Mach # (airspeed)

e Can likely set angle of attack to maximum to avoid “Curse of Dimensionality”

SERC 168/170.
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Encurance

1 0.8 0.6 -0.4 0.2 0 0.2 0.4 0.6 0.3

0.567, AcA
0.560, Mach
0.444, MFProp
0.279, Wing_Span
0.225, Wing_Chord
0.180, Hstab_Rot

0.086, Hstao_Span
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: Y'IZMS ENGINEERING MDAO Supported by MOdeIcenter

Researc h Center

e | think that there are a number of briefings on the ModelCenter
website that are also informative (http://www.phoenix-
int.com/learn-more/webinars/)

e Here are a few related to NAVAIR contractors that use
ModelCenter and they gave webinars:

e MIDAQ for Conceptual Aircraft Design at Northrop Grumman

¢ Introduction to MBSEPak (explains how the parametrics that are
used in an MDAQO workflow can be captured in a SysML — which
means we could “generate them into the spec”)

e Phoenix Integration and the Skunk Works® A History of Success, A
Path to the Future

e Boeing had videos too.

SERC 168/170. 113
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Collaborators

SERC 168/170. 114



RT-170 Task - Mission Engineering and
Analysis using MDAO Methods

SERC RT170 MCE Project for NAVAIR
ASDL Contact: Russell.Peak@gatech.edu (Pl)

GT-ASDL Subtask:
Model-Centric Engineering (MCE)

Techniques & Demos
POC: Russell.Peak@gatech.edu

SE Transformation Working Session #26
Wed Nov 9, 2016 * Lexington Park MD

Not for distribution outside of project team and its partners without prior review.
May contain project proprietary information or other sensitive information.

Georgia @ Aerospace Systems
Tech || Design Laboratory

(— |
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RT-157/170 — Support Tasks Related to
e e [Vlodel Integration and Single Source of Truth

Semantic-driven Modeling and Reasoning for

Systems Engineering Transformation

Mark Austin

University of Maryland

austin@isr.umd.edu NAVAIR Presentation

November 8, 2016



RT-176 — Supports Model Integrity through
V&YV of System Behavioral Specifications

V'

NAVAL
POSTGRADUATE
SCHOOL

Role of Monterey Phoenix in Early V&V

RT 176: Verification and Validation (V&V) of System Behavior Specifications

Kristin Giammarco, Ph.D.
Department of Systems Engineering
9 MAR 2017

Monterey, California
WWW.NPS EDU




Semantic Technologies Foundation Initiative
for Systems Engineering

Charter

* The Semantic Technologies Foundation Initiative for Systems Engineering is to
promote and champion the development and utilization of ontologies and

semantic technologies to support system engineering practice, education, and
research.

Mission

e The mission of the initiative is to collect a suite of interoperable ontologies that
are logically well-formed and accurate from both scientific and engineering
points of view. The initiative will charter a collective of stakeholders that are
committed to collaboration and adherence to shared semantic principles for
the advancement of systems engineering. To achieve this, initiative working
group participants will voluntarily adhere to and contribute to the
development of an evolving set of principles including open use, collaborative
development, and non-overlapping and appropriately-scoped content. They
will capture and maintain metadata for each ontology to encourage
implementation and reuse.

SERC 168/170. 118
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e Digital Engineering Working Group

e Airspace Industry Association: CONOPS for Industry/Government
Collaborative Framework

e NDIA Working Group— Using Digital Engineering for Competitive
Down Select

SERC 168/170. 119
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Thank You

e For more information contact:

—Mark R. Blackburn, Ph.D.

—Mark.Blackburn@stevens.edu

—Stevens Institute of Technology

—Links to technical reports: http://www.sercuarc.org/researcher-profile/mark-

blackburn/

nnnnnnnnnnnn

Transforming System Engineering through
Model-Centric Engineering

Technical Report SERC-2015-TR-044-3
ranuaey BL 2015

ot e S 13D o 9
et e 380 T e 3

SYSTEMS ENGINERRING
Renanroh Gontar

Transforming System Engineering through
Model-Centric Engineering

Technical Report SERC-2015-TR-D44-3

Faruary B1, 2015

om0 o i L 9
Bt . 0 3 L b

Bt . SEREIN 1.0 0

BEYSTEMS
ENGINEERING
AESEARCH CENTER

Transforming Systems Engineering through Model-Centric Engineering
A013 Final Technical Report SERC-2017-TR-110

Bt S OS5 1

Update: August 8, 2017
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Acronyms

CDD
CONOPS
CDR
CDRL
CFD
DARPA

DASD
DoD
DoE
FEA
HPC
IMCE

IMCSE

loT
JCIDS

KPP
MBSE
MBE
MCE

Capability Description Document
Concept of Operations

Critical Design Review

Contract Data Requirements List
Computational Fluid Dynamics

Defense Advanced Research Project
Agency

Deputy Assistant Secretary of Defense
Department of Defense

Design of Experiments

Finite Element Analysis

High Performance Computing
Integrated Model-Centric Engineering

Interactive Model-centric Systems
Engineering

Internet of Things

Joint Capabilities Integration and
Development System

Key Performance Parameter
Model-based System Engineering
Model-Based Engineering
Model-Centric Engineering

MCSE
MDAO

MDE
NAVAIR
ov
P&FQ
PDR
PLM
RT
SLOC
SE
SET
SERC
SETR
SFR
SRR
SoS
SOW
SSTT
Y
UAV
V&V

SERC 168/170.

Model-Centric System Engineering
Multidisciplinary Design Analysis and
Optimization

Model-Driven Engineering

Naval Air Systems Command
Operational View

Performance and Flight Quality
Preliminary Design Review

Product Lifecycle Management
Research Task

Software Lines Of Code

Systems Engineering

Systems Engineering Transformation
System Engineering Research Center
Systems Engineering Technical Review
System Functional Review

System Requirements Review
System of Systems

Statement of Work

Single Source of Technical Truth
System View

Unmanned Air Vehicle

Verification and Validation

121



®)

.
o .
.'...

+98 Bes
“o®

SYSTEMS ENGINEERING

Research Center

Model-Centric Systems Engineering Methodology

4t Gen Fighter ~ |l-_

20 sub-sys
108 interfaces
40% functions in SW

Document-Centric Methodology

TireLin Developrin! Praceemes

5t Gen Fighter ~
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Single Source of Technical Truth

Design System for Managing Complexity in Aerospace Systems, Sandor Becz1, 2010
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Presentation Notes
Convey the methodology transition from document centric to model centric in part to enhance of our understanding/analysis capability of the increasing complexity in tactical systems.
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Semantic Web Technology Stack
S NN RING Supports Different Levels of Abstraction

Layers of Abstraction

Ontology and reasoning
layers

Analytical Knowledge

Data layers

predicate _

RDEF triple

Representation / syntax layers

Semantic Web Technology Stack

Applications and Interfaces

Trust
Proof

Unifying Logic

Ontology:OWL a
SPARQL ies: |l &
RIF B
RDFS <
3]
&
L

Data Interchange:RDF
XML
Unicode URI

SERC 168/170.
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Presentation Notes
The SWTs are based on a standard suite of languages, models, and tools that are suited to knowledge representation
There are three layers of abstraction [right] (starting from the lowest level):
Underlying representation in eXtended Markup Language (XML)
Data is stored in Resource Description Framework (RDF) triples as Subject-Predicate-Objects
CP hasType PumpType
The semantic meaning comes from Ontologies stored in Web Ontology Language (OWL) 
SPARQL - the Protocol And RDF Query Language is used in the transformation
It provides a mapping from one metamodel (e.g., DSM) to another metamodel (e.g., analytical tool)
Makes aspects of engineering knowledge explicit by formalizing unstructured and tacit knowledge
Definitions:
RDFS (Schema) extends RDF and provides primitives such as Class, subClassOf, and subPropertyOf 


.
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Formalizing Viewpoint Semantics for
Integration of Modeling & Analysis

Metamodel Ontology
M3 3. GRORR 1. OWL
Metametamodel Metametamodel
/j ! \
Instance Of Instar;ce Of Instance Of
== —— ( OntologyDef.\_
~ R ~
4. Metamodel* & 7. Transformation R
_{ 2. OWL
S o - _ -
) et
Instanceof o pFFTETTmEmT==T
Extracts
5. Application 6. RDF
M1 Model r (ABox)
*Simulink, Modelica, Excel, BNF, SQL, SPARQL, and maybe some General Modeling Languages too etc.
MOF, KM3, GRORR, etc.
SERC 168/170. 12474
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Presentation Notes
Generalization of the way that the transformation is accomplished in SWT
OWL metametamodel is embodied in the language and underlying constraints of ontoUML and implemented within OLED 
OLED produces an ontology, which is commonly referred to as terminological component or Tbox
DSM metamodeling language for defining DSM metamodels based on the concepts: graphs, objects, properties, relationships and roles (GOPPR)
P&ID metamodel for the DSM was created using the GOPRR concepts 
Specific application models are developed from the objects, relations, roles and properties of its corresponding DSM metamodel 
New RDF generator extracts the information from the application models and produces RDF, instance statements or ABox compliant with TBox
The Transformation are accomplished through SPARQL
The transformations are accomplished in a tool agnostic way
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Airbus Digital Engineering Environment
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Semantic Data Model for Multi-Disciplinary
Integration
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Uses Cases for Multi-Disciplinary Engineering

(Systems Engineering)

Production System Engineering Needs & Use Cases UC1 [UC2 [UC3 | UC4

N1 |Explicit engineering knowledge representation v v v v

N2 | Engineering data integration v v v v

N3 | Engineering knowledge access and analytics v v |/ v

N4 | Efficient access to semi-structured data in the v v v
organization and on the Web

N5 |Flexible and intelligent engineering applications v v

N6 | Support for multidisciplinary engineering process v v v v
knowledge

N7 |Provisioning of integrated engineering knowledge at Y v
production system runtime

Semantic Web Capabilities & Needs NI N2 |N3 |N4 |N5 N6 | N7

Cl | Formal and flexible semantic modeling |+ | + |+ | + + + +

C2 | Intelligent, web-scale knowledge integration | + |+ |+ |+ |+ |+

C3 | Browsing and exploration of distributed data set | + |++ | + + +

C4 | Quality assurance of knowledge with reasoning | _ ++ | ++ | ++

C5 | Knowledge reuse + + | ++ ++ | +

Semantic Web Technologies for Intelligent Engineering

Applications

SERC 168/170.
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