SoSECIE Webinar

Welcome to the
2020 System of Systems Engineering Collaborators
Information Exchange (SoSECIE)

NDIN MITRE

We will start at 11AM Eastern Time
Skype Meeting +1 (703) 983-2020, 46013573#
You can download today’s presentation from the SoSECIE Website:
https://mitre.tahoe.appsembler.com/blog
To add/remove yourself from the email list or suggest a future topic or
speaker, send an email to sosecie@mitre.orq
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NDIA System of Systems SE Committee

* Mission
* To provide a forum where government, industry, and academia can share

lessons learned, promote best practices, address issues, and advocate
systems engineering for Systems of Systems (SoS)

* To identify successful strategies for applying systems engineering principles
to systems engineering of SoS

* Operating Practices

* Face to face and virtual SoS Committee meetings are held in conjunction
with NDIA SE Division meetings that occur in February, April, June, and
August

NDIA SE Division SoS Committee Industry Chairs:
Mr. Rick Poel, Boeing
Ms. Jennie Horne, Raytheon

OSD Liaison:
Dr. Judith Dahmann, MITRE



Simple Rules of Engagement

* | have muted all participant lines for this introduction and the
briefing.

* If you need to contact me during the briefing, send me an e-mail at
sosecie@mitre.org.
* Download the presentation so you can follow along on your own

* We will hold all questions until the end:
| will start with questions submitted online via the CHAT window in Skype.

* | will then take questions via telephone; State your name, organization, and
question clearly.

* If a question requires more discussion, the speaker(s) contact info is
in the brief.



Disclaimer

 MITRE and the NDIA makes no claims, promises or guarantees
about the accuracy, completeness or adequacy of the contents of
this presentation and expressly disclaims liability for errors and
omissions in its contents.

* No warranty of any kind, implied, expressed or statutory,
including but not limited to the warranties of non-infringement of
third party rights, title, merchantability, fitness for a particular
purﬁose and freedom from computer virus, is given with respect
to the contents of this presentation or its hyperlinks to other

Internet resources.

* Reference in any presentation to any specific commercial
products, processes, or services, or the use of any trade, firm or
corporation name is for the information and convenience of the
participants and subscribers, and does not constitute
endorsement, recommendation, or favoring of any individual
company, agency, or organizational entity.



2020-2021 System of Systems Engineering

Collaborators Information Exchange Webinars
Sponsored by MITRE and NDIA SE Division

June 2, 2020
SERC: Methods to Evaluate Cost/Technical Risk and Opportunity
Thomas McDermott and Cody Fleming

June 16, 2020
Challenges for Systems of Systems / Mission Engineering in a Space Acquisition Environment
Lt Col Benjamin Bennett

June 30, 2020
Mission Engineering Playbook
Dr. Judith Dahmann

July 28, 2020
Addressing Mission Engineering from a Lead Systems Integration Perspective

Dr. Warren Vaneman

More coming soon!
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Digital Engineering Toolchain

Aleksandra Markina-Khusid, PhD
Ryan Jacobs, PhD
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May 19, 2020
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Purpose

OSD Digital Engineering Strategy (June 2018)

Digital Engineering
Expected Benefits

mmmmm

Informed decision Increased Increased ‘ Increased
| making/greater Enhariced =& understanding for confidence that the efficiency in
insight through B e rieaten greater flexibility/ capability will engineering and
increased adaptability in perform as | acquisition
transparency ; design expected practices

DIGITAL
*% ENGINEERING
. STRATEGY

Sponsors are implementing OSD strategy

MITRE is employing modern DE practices to meet sponsor objectives

© 2020 The MITRE Corporation. All rights reserved. Approved for public release. Distribution unlimited 19-03071-1. MITRE
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MITRE Digital Engineering Toolchain Vision

MITRE employs a digital engineering
environment that connects people,

processes, tools and data across an
end-to-end digital enterprise

Key Assumptions:
= Multi-disciplinary teams are required to address sponsor needs
— SMEs use specialized tools of their domains
= Data needs to be exchanged among SMEs’ tools repeatedly on a given project
= Data needs to be “served up” in a format usable in the SME’s environment

© 2020 The MITRE Corporation. All rights reserved. Approved for public release. Distribution unlimited 19-03071-1. MITRE



MITRE Approach To DE Capability Development
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Provide Online

Access to Support
Tools in the Spqnsor
Toolchain Projects

Integrate Into
Peer Review

Digital
Engineering & Share
Toolchain
Identify, Catalog
& Share Reusable _
Identify and

Methods, Processes
and Tools

© 2020 The MITRE Corporation. All rights reserved. Approved for public release. Distribution unlimited 19-03071-1.
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MITRE Digital Engineering Environment
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Lines of Effort

Drives Requirements

Supports MVC Products

Drives Requirements Drives Requirements

Supports SME UX Facilitates Implementation of

© 2020 The MITRE Corporation. All rights reserved. Approved for public release. Distribution unlimited 19-03071-1. MITRE
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DE Toolchain Technical Requirements

The Digital Engineering Toolchain shall...

. Use data from supported authoring tool(s) via a recognized industry standard

. Manage links between resources across tools

. Notify users of changes in data artifacts that are relevant to them

. Transform model data across domain-specific notations to translate key information

. Update data via a recognized standard — to be consumed by supported authoring tool(s)

. Support authoring reports on information to address different stakeholder concerns, organizing them in
accessible reporting dashboards

. Support maintaining a baseline configuration for information (as well as variant configurations)

. Support analyzing information with reasoners and analysis tools using published query end points and APIs
. Assign access permissions

10.Use a common terminology standard for tools that are within the same domain

11.Support new tools and new types of tools (Extensibility)

12.Support new versions of tools without requiring changes to DE Toolchain (Maintainability)

kOOO\I (@) W © » B "N O B\ N6 I

© 2020 The MITRE Corporation. All rights reserved. Approved for public release. Distribution unlimited 19-03071-1. MITRE



Enabling Technologies for the DE Toolchain
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[C:

UNIVERSITY OF SOUTH ALABAMA

SYSTEMS ENGINEERING

How does your organization address the
need to integrate new tools?

Have found integration tools to enable
effective cross-tool integration

We are looking for integration solutions, but
have found none to date

Use the tools in stand-alone capacity

Utilize the best in class tools, and internally
develop integrations to improve cross-tool
synthesis

Utilize the complete toolset from one vendor
so they solve the integration problem

0% 10%

Source: R. Cloutier, “2019 JPL MBSE Workshop Survey Results,” Presented at the
NASA JPL MBSE Symposium, 2019.

20%

Copyright 2019, R. Cloutier Slide 7

No existing technology to rule them all. Approach is to understand the

workflow among SMEs and identify the right composition of technologies to
facilitate repeated data exchanges among tools.
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DE Toolchain Technology Matrix
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Open Services for Lifecycle Collaboration (OSLC) —
Functional

Lifecycle Tool Lifecycle Tool

Tool

= OASIS Standard (since 2013)

= Establish links between
resources in different lifecycle
tools from within those tools

= Use resources in one tool to
affect resources in another tool
(e.g. transformation)

= Add new types of tools (domains)
= Switch versions of tools
= Switch tool used for a domain

Linked

Lifecycle Data
(OSLC)

Lifecycle Tool §
Requirements

Lifecycle Tool
Quaiity
Management

© 2020 The MITRE Corporation. All rights reserved. Approved for public release. Distribution unlimited 19-03071-1. MITRE
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Open Services for Lifecycle Collaboration (OSLC) —
Architectural

= Domain defines vocabulary (resources) for
each type of tool.

= QOSLC Core provides cross-domain services OSLC Domains Vocabularies  Constraints
— Resource Description Framework (RDF) for RM DM CCM QM  Automation
syntax:
Subject Predicate Object - \
Resource Property Value OSLC Core Resource Preview Query
Book “3uthor” “Bob” Discovery Delegated Ul  Attachments

o /

p
— Tracked Resource Sets (TRS) for event-based | LDP Containers, Accept-Post Link Relations  Paging )

= Linked Data Platform (LDP) Open-World Assumptions JSON-LD Turtle Patch
. . -
— HTTP as the application protocol (not ) N
tunneled) HTTP POST GET PUT DELETE REST
— RESTTful services Authentication Resource MIME Types Content Negotiation
\. J

— Linking data across tools via URLSs
— No copying of data

© 2020 The MITRE Corporation. All rights reserved. Approved for public release. Distribution unlimited 19-03071-1. MITRE
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OSLC and Tool Interoperability

Goal of OSLC is tool interoperability which requires the following:

Interoperability

Requirement (IR)  Description How OLSC Meets Requirement
1 Physical Network connectivity between tools TCP/IP
2a Application — Specification of how data will be transferred over REST (HTTP+URLs)

Protocol physical connectivity

2b.1 Application —Data Basic syntax used to represent the data sent via the XML

syntax protocol
2b.2 Application — Data Schema used to define how the data is structured RDF
structure within the syntax
2b.3 Application — Data Meaning of all data elements OSLC Resource Shapes in OSLC
semantic Specifications
3 Business Process Overall process that tools are used to support (tools Delegated User Interfaces and Resource
can be orchestrated or choreographed) Previews but mostly process-dependent

Reference: Mihindukulasooriya, N., Garca-Castro, R., and Esteban-Gutierrez, M.: Linked Data Platform as a novel approach for Enterprise
Application Integration. Center for Open Middleware, Ontology Engineering Group (2013)

© 2020 The MITRE Corporation. All rights reserved. Approved for public release. Distribution unlimited 19-03071-1. MITRE
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A Public Sector Program Example:
Technology Insertion into a Human-Centric Process

Goals:

- Build a framework for reasoning about technology insertion into an
architecture supporting a human-centric process.

« Understand the impact of technology choices and process design on
customer experience.

- Key measures of effectiveness include queue lengths and wait times.

RE Corporation. All rights reserved. Approved for public release. Distribution unlimited 19-03071-1. MITRE
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A Public Sector Program Example:
Multi-Disciplinary Digital Engineering Environment

Technical Approach:
= Capture tradespace parameterization in architecture model

= Generate run matrix for operational simulation from SysML model
= Use MATLAB for preliminary data exploration and analysis

= Built interactive dashboard for visualization of results

Dashboard for Key [
Decision Makers

* Query, Visualize, Review

Operational | ﬂ
Analysis HLENASIT

]
MATLAB
Tradespace ‘

Architecture & t Mo?el Analysis
Design rans.orm
: engine
|
* Incremental,
iterative MS&A Cost and E.ffort x ﬁ
process Analy5|s
|

© 2020 The MITRE Corporation. All rights reserved. Approved for public release. Distribution unlimited 19-03071-1. MITRE



Architecture - Operational Analysis Workflow
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Architecture SME Step 2, Architect runs |
the Tradespace plugin :

Step 1, Architect Modeling tool to generate valid |
makes updates to - designs csv |

Biometrics model

Valid Designs

Step 3, OR SME
is notified of
change by email

Step 4, OR

Operations Researcher

Analysis Tool

Py

Gl

_____________ ‘ Integrated Model Environment

Step 9, Visualize

Step 8, Operational
results P P

SMEs provide
feedback and iterate

Operations SME

© 2020 The MITRE Corporation. All rights reserved. Approved for public release. Distribution unlimited 19-03@971-1.

Step 5,
Extendsim
produces
results csv

Step 7, Review
changes to model
with Operational

SMEs

|
MATLAB ﬁ

Step 6, Systems
Analyst runs
analysis and

visualizes results

Systems Analyst

MITRE




A DoD Program Example: Eliminate Stovepipes
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- Development Stovepipes

Requirements

Design

ﬁ

({(ééﬁ )

Cost Estimation

© 2020 The MITRE Corporation. All rights reserved. Approved for public release. Distribution unlimited 19-03071-1.
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A DoD Program Example:
Multi-Disciplinary Digital Engineering Environment

Technical Approach:

= Link Architecture & Design to other relevant disciplines (Cyber, SWAP-C, Cost) via a scalable model transform
= Perform synchronization of data based on user notifications

= Perform Impact Analysis; Query and Review without having to open an Authoring tool

Dashboard for Key |-~
Decision Makers

Requirements

Analysis

Traceability
via Rhapsody
Gateway

Architecture & t M0?3|
Design ransform
_ engine

* Impact Analysis
* Check & synch on Cost and Effort

3 data updates AnaIVSis

© 2020 The MITRE Corporation. All rights reserved. Approved for public release. Distribution unlimited 19-03071-1.
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Architecture - Cost Analysis Workflow

%mmréy‘lthoring Tool Work Breakdown Structure (WBS)
Step 1, _ e j Step 2’
ArChlltECt == Architect | Step 2.1,
drr,:a es oR =E==== savesa WBS Step 3, ngt
upda e? — == = ;‘"-— == new model | updated via a SME is notified
! egHXS & ; _-!_ — baseline /'  model of change
component to | /4 transform
analyze H Integrated Model Environment
* i
§ Architecture SME ‘ § Cost SME &,
- e —— i Step 5,
SRS Bl ==—=="= ~ CostSME Sten 4
IS notified of ==== E saves a tep 4, Cost
updated cost __d—p———i— | SME updates
: —_—— e = | new :
estimate and —— | baseline the analysis
accepts change |

to model

Analysis Tool

1
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Lessons Learned

" No existing tool addresses all DE integration and interoperability
challenges

— Commercial/open source tools provide indicators on where industry is going
= Need to utilize existing standards as much as possible

— Custom solutions are often difficult to deploy and productize in sponsor
environments

= DE adoption will only be possible if users can work in their
disciplinary tools
— Need to integrate existing engineering workflows and make it easier for
users to do their day-to-day job
= DE is challenging to implement technically and programmatically

— Incremental use case driven progress can help with technical scalability and
required stakeholder buy-in
© 2020 The MITRE Corporation. All rights reserved. Approved for public release. Distribution unlimited 19-03071-1. MITRE



