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Outline

• Digital Threading Through Traditional Engineering 

• Continuity Through Digital Engineering

• Examples and Case Studies

• Digital Thread in AI-ML Workflow
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MathWorks is the leading provider of technical computing software

 5 million users

 Installations at 100,000+ sites in 185 countries

 Used for teaching and research by 6500 universities

 $1.25B revenue in 2021

 6000 staff including 2500 engineers

 Private, profitable every year since founding in 1984

Headquarters

Natick, MA USA Europe
France
Germany 
Ireland
Italy 
Netherlands
Spain
Sweden
Switzerland
UK

Asia-Pacific
Australia
China
India
Japan
Korea

North America
United States

MATLAB, the language of engineers and scientists, is a 
programming environment for algorithm development, 
data analysis, visualization, and numeric computation.

Simulink is a block diagram environment for simulation 
and Model-Based Design of multidomain and embedded 
engineering systems.

Simulink is a block diagram environment for simulation 
and Model-Based Design of multidomain and embedded 
engineering systems.
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Customers in many industries innovate with MathWorks software

Software and Internet Financial Services

Big Data, Agile, DevOps, 
integration with IT systems

Biotech and PharmaceuticalMedical Devices

Neuroscience

Process Industries Industrial Machinery

Biological Sciences

AutomotiveAerospace and Defense

Energy ProductionRailway Systems

Semiconductors

Communications

Electronics

Complex multi-domain systems, software-defined 
and autonomous, model-based and data-driven

Modernization, often on legacy platforms, becoming 
data-centric for optimization and maintenance

Collaboration between science, 
engineering, and informatics

Wide range of compute platforms, 
many kinds of HW/SW integration

Comms infrastructure, plus all types of 
connected systems across industries
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Electrification Connectivity Autonomous Artificial Intelligence

Industries megatrends
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Industries challenges: Increasing systems complexity
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Falling into the complexity trap?
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Workflow challenges

OEM Suppliers OEM

REQUIREMENT 
DOCS

Difficult to manage as 
they change

Difficult to analyze

PAPER SPECS

Slow to revise when 
requirements change

Difficult to integrate 
with design

Easy to misinterpret

PHYSICAL 
PROTOTYPES

Prevents rapid iteration

Expensive and time-
consuming to build

Incomplete behavior

MANUAL CODING

Difficult to reuse

Introduces defects 
and variance

Time consuming

TRADITIONAL
TESTING

Cannot trace back to 
requirements 

Design and integration 
issues found late

SYSTEMS IN
OPERATION

Difficult to get value from 
operational data

Hard to feed insights back 
to developers

Improving uptime

Operations and 
Sustainment

System 
Requirements

System 
Functionality and 

Architecture
Design Implementation

System 
Integration 

and Test

Mechanical system

Communications system

Electrical system

Difficult to verify 
correctness
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OPERATE

DEPLOY

MONITORTEST

DEVELOP

BUILD

Development Operations

Rising demands to extend DevOps to systems, not only software
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Companies are adopting various approaches to deal with these 
challenges

Change management Digital Thread

Rapidly evolving systems Agile & DevOps

Communication of 
complex systems and 

requirements
SysML Modeling

Impact Analysis

Rapid delivery of 
value

Challenge Approach Benefit



NASA and ESA have objectives to advance digital engineering

Image courtesy of NASA 

ESA Agenda 2025:

“ESA will therefore digitalise its full project 
management, enabling the development of digital twins, 
both for engineering by using Model Based System 
Engineering, and for procurement and finance, achieving 
full digital continuity with industry.”  



12

Digital engineering in practice

System
Requirements

System 
Functionality and 

Architecture
Design Implementation

Test and 
Verification
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Digital engineering in practice

System
Requirements

System 
Functionality and 

Architecture
Design Implementation

Test and 
Verification

SysML
Model-Based Design

Software

Mechanical

Electronics
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Digital engineering in practice

System
Requirements

System 
Functionality and 

Architecture
Design Implementation

Test and 
Verification

SysML
Model-Based Design

Software

Mechanical

Electronics

Ad hoc hand-off of static documents

Inconsistent semantics of models breaks the digital thread and loses valuable engineering information

Difficult to leverage simulation for systems analysis

Inability to automate tasks such as requirements verification

Difficult to trace authority between systems and design
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Companies are adopting various approaches to deal with these 
challenges

Change management Digital Thread

Rapidly evolving systems Agile & DevOps

Communication of 
complex systems and 

requirements
SysML Modeling

Traceability

Rapid delivery of 
value

Challenge Approach Benefit
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Requires Human-in-the-loop

Companies are adopting various approaches to deal with these 
challenges

No automation of 
resolving differences.

May not leverage 
traceability or 
automation.

Static diagrams must be 
updated manually.

Challenge Approach Benefit Drawback

Change management Digital Thread

Rapidly evolving systems Agile & DevOps

Communication of 
complex systems and 

requirements
SysML Modeling

Traceability

Rapid delivery of 
value
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Companies are adopting various approaches to deal with these 
challenges

Digital Thread

Agile & DevOps

SysML Modeling

Traceability

Rapid delivery of 
value

Common Modeling Semantics

Automation

Authoritative Source of Truth
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Modeling ▪ Automation ▪ Authoritative Source of Truth 

Building a digital engineering ecosystem

System
Requirements

System 
Functionality and 

Architecture
Design Implementation

Test and 
Verification

Common Modeling Semantics

Automation

Authoritative Source of Truth
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Modeling ▪ Automation ▪ Authoritative Source of Truth 

Building a digital engineering ecosystem

Digital Engineering Ecosystem System
Requirements

System 
Functionality and 

Architecture
Design Implementation

Test and 
Verification

Common Modeling Semantics

Automation

Authoritative Source of Truth
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https://www.mathworks.com/videos/why-models-are-essential-to-digital-engineering-1652969543566.html
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Modeling ▪ Automation ▪ Authoritative Source of Truth 

Building a digital engineering ecosystem

Digital Engineering Ecosystem System
Requirements

System 
Functionality and 

Architecture
Design Implementation

Test and 
Verification

Common Modeling Semantics

Automation

Authoritative Source of Truth
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Modeling

Modeling semantics rich enough for descriptive modeling...

Digital Engineering Ecosystem System
Requirements

System 
Functionality and 

Architecture
Design Implementation

Test and 
Verification
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Modeling

…and precise enough for detailed design, simulation and analysis.

Behavior Diagrams

Design Models

Digital Engineering Ecosystem System
Requirements

System 
Functionality and 

Architecture
Design Implementation

Test and 
Verification

Descriptive Diagrams
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Modeling

Modeling semantics rich enough for descriptive modeling...

Filtered Views
Full System Model

Digital Engineering Ecosystem System
Requirements

System 
Functionality and 

Architecture
Design Implementation

Test and 
Verification
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Authoritative Source of Truth

Full traceability of requirements, architectures, and design

Digital Engineering Ecosystem System
Requirements

System 
Functionality and 

Architecture
Design Implementation

Test and 
Verification
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Authoritative Source of Truth

Automate analysis and assessments of linked artifacts

IBM DOORS

Requirements
Architecture models 

(functional, logical and physical)

Link and Trace Allocate View, Assess, and Compare

REQUIREMENTS 
TOOLBOX

Design and Test

Digital Engineering Ecosystem System
Requirements

System 
Functionality and 

Architecture
Design Implementation

Test and 
Verification
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UAV design using digital engineering

FPG
A

CPU

GPUCode 
Generation

Real-time 6DOF 
simulation Flight 

Controller

Ground 
Station

Real-time testing on hardware

Deployment

Digital Thread

3D visualization



Digital engineering for space systems 

The system shall provide and 
store visual imagery of 
MathWorks headquarters 
[42.2775 N, 71.2468 W] 
1 time daily at 10 meters 
resolution. 
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Automation

Integrate models at every level into CI pipeline

Development

TEST

DEVELOP

BUILD

System Simulation

MBSE ↔ MBD

Code Generation

Model- and 
Code-based V&V

OPERATE

DEPLOY

MONITOR

Operations

Digital Engineering Ecosystem System
Requirements

System 
Functionality and 

Architecture
Design Implementation

Test and 
Verification
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Gulfstream: Electronic System Architecture Modeling using Digital 
Engineering

"System Composer adds 
additional capabilities for 
modeling integration between 
systems, …capturing important 
system and component 
properties, …directly 
connecting system architecture 
models to software functional 
models, and flowing data down 
into specialized design tools."

https://ieeexplore.ieee.org/document/9256753 https://ieeexplore.ieee.org/document/9925816
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OPERATE

DEPLOY

MONITOR

Operations

TEST

DEVELOP

BUILD

Development

Software and systems – Agile to DevOps

Cloud

Desktop

Edge

Data
Data stores

Files

Industrial I/O TCP/IP

Containers/Virtual Machines

Digital Twins

• Physics-based
• Data-driven

Deployment

• Cloud
• Edge
• Embedded systems

Lifecycle Mgmt.

DashboardsData
Files

Industrial I/O

Streaming data

TCP/IP

System Simulation

MBSE ↔ MBD

Code Generation

Model- and 
Code-based V&V

Continuous Integration/ 
Continuous Delivery

Digital Engineering Ecosystem System
Requirements

System 
Functionality and 

Architecture
Design Implementation

Test and 
Verification
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OPERATE

DEPLOY

MONITORTEST

DEVELOP

BUILD

Machine Learning workflow follows the same cycle

Development Operations

Lifecycle Mgmt

DashboardsData
Files

Industrial I/O

Streaming data

TCP/IP

Data
Data stores

Files

Industrial I/O TCP/IP

Deployment

• Cloud
• Edge
• Embedded systems

Containers/Virtual Machines

Digital Twins

• Physics-based
• Data-driven

CI/CD
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Digital Thread in an Airborne Deep Learning System
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Case Study: A Visual Sign Recognition System

System

Component
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Deep Neural 
Network (DNN)
AI Component

Camera
Objects 

highlighted on 
HUD

Defining system requirements and allocate to the AI constituent

System Component

Data
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Link system requirements to data requirements
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Map data requirements to the data
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Review data Manually
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Compute data coverage per data requirement

Examine data coverage in each of the 
operational conditions

Missing requirement on sign rotation
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Thank you 


