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MathWorks is the leading provider of technical computing software

5 m|"|0n users MATLAB, the language of engineers and scientists, is a
programming environment for algorithm development,
|nSta”ati0nS at 100 000.|. Sites in 185 cou ntries data analysis, visualization, and numeric computation.
H

Used for teaching and research by 6500 universities
$1.25B revenue in 2021

Simulink is a block diagram environment for simulation

6000 staff including 2500 engineers and Model-Based Design of multidomain and embedded

engineering systems.

Private, profitable every year since founding in 1984

Headquarters

Natick, MA USA Europe Asia-Pacific
France Australia
Germany China

Ireland India

Italy Japan
Netherlands Korea

Spain

Sweden

Switzerland

UK

North America
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Customers in many industries innovate with MathWorks software

Aerospace and Defense Automotive Communications Software and Internet Financial Services

Complex multi-domain systems, software-defined Comms infrastructure, plus all types of Big Data, Agile, DevOps,
and autonomous, model-based and data-driven connected systems across industries integration with IT systems

Railway Systems Energy Production Electronics Neuroscience

Biologil Sciences
Modernization, often on legacy platforms, becoming Wide range of compute platforms, Collaboration between science,
data-centric for optimization and maintenance many kinds of HW/SW integration engineering, and informatics

Biotech and Pharmaceutical
4

Process Industries Industrial Machinery Semiconductors Medical Devices
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Industries megatrends

Electrification Connectivity Autonomous Artificial Intelligence
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Industries challenges:
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Growing level of integration in avionics architectures
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Falling into the complexity trap?

Growth of software complexity and productivity in automotive systems, relative and indexed'
4 Complexity
3
2
Productivity
1
2010 2020

"When code is king: Mastering automotive software excellence,” February 17, 2021, McKinsey.com.

“ Thousands of source lines of code.
Source: Paulo Soares Oliveira Filho, "The growing level of aircraft systems complexity and software investigation," International Society of Air Safety
Investigators, 2020, isasiorg; McKinsey's SoftCoster embedded software project database



Workflow challenges

4\ MathWorks

Operations and
Sustainment

: OEM Suppliers
System System
System . . . . .
R . Functionality and Design Implementation Integration
equirements .
Architecture and Test
Mechanical system
Electrical system
|
REQUIREMENT PAPER SPECS PHYSICAL MANUAL CODING TRADITIONAL
DOCS PROTOTYPES TESTING

Difficult to analyze

Difficult to manage as
they change

Easy to misinterpret

Difficult to integrate
with design

Incomplete behavior

Slow to revise when
requirements change

Expensive and time-
consuming to build

Prevents rapid iteration

Time consuming

Introduces defects
and variance

Difficult to reuse

Design and integration
issues found late

Cannot trace back to
requirements

SYSTEMS IN
OPERATION

Improving uptime

Difficult to verify
correctness

Hard to feed insights back
to developers

Difficult to get value from
operational data




4\ MathWorks
Rising demands to extend DevOps to systems, not only software

DEPLOY
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Companies are adopting various approaches to deal with these
challenges

Challenge Approach Benefit

SysML Modeling

Communication of

complex systems and
requirements

Change management Digital Thread Impact Analysis
Rapidly evolving systems [l Agile & DevOps Rap'dvfl’l':;'ery of

4\ MathWorks
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NASA and ESA have objectives to advance digital engineering

| R. Franco / B. Laine

24/05/2017

Space Engineering and Technology Final Preseﬁtation Days 5
- " o

Revision: Initial Release Document No HLS-RQMT-001

Page: 7 of 315

RELEASE DATE: September 27, 2019

Title: HLS Requirements Document (SRD)

2 Documents

For the purpose of this document, the term ‘document’ can also refer to ‘digital artifacts,’
‘models,’” or ‘'viewpoints’ as needed to convey and exchange configuration managed
data or information. An objective of the HLS Program is to advance towards a digital
engineering environment and away from the traditional document-based approach for
capturing data, reports and baselines.

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.”

4\ MathWorks




Digital engineering in practice
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Svstem System
¥ Functionality and Design Implementation
Requirements .
Architecture

Test and
Verification

|
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Digital engineering in practice

System
Functionality and
Architecture

System
Requirements

&\ MathWorks

Design

Implementation

Test and
Verification
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Digital engineering in practice

System
System . . . . Test and
. Functionality and Design Implementation e
Requirements . Verification
Architecture

&\ MathWorks

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

Inability to automate tasks such as requirements verification

Difficult to leverage simulation for systems analysis

—]

4= | Ad hoc hand-off of static documents

Difficult to trace authority between systems and design

14



Companies are adopting various approaches to deal with these
challenges

Challenge Approach Benefit

SysML Modeling

Communication of

complex systems and
requirements

Change management Digital Thread Traceability
. Rapi li f
Rapidly evolving systems [l Agile & DevOps ap'dvﬁjzery ©

4\ MathWorks
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Companies are adopting various approaches to deal with these
challenges

Challenge Approach Benefit Drawback

SysML Modeling [ ]

Communication of

complex systems and
requirements

Change management Digital Thread Traceability [ ]

@ Requires Human-in-the-loop
Rapidly evolving systems Agile & DevOps Rapldv(jaT:;Zery of
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Companies are adopting various approaches to deal with these
challenges

Common Modeling Semantics

Authoritative Source of Truth

Automation

&\ MathWorks

17



Modeling - Automation - Authoritative Source of Truth

Building a digital engineering ecosystem

|

System
Requirements

I

&\ MathWorks

System
Functionality and Design Implementation
Architecture

Test and
Verification

Common Modeling Semantics

Authoritative Source of Truth

Automation

18
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Modeling - Automation - Authoritative Source of Truth

Building a digital engineering ecosystem

Common Modeling Semantics

Authoritative Source of Truth

Automation




TLAB EXIPO

The Importance of Models
in Digital Engineering

A Pracl!ulﬂi

Guide 1 SysML

Why Models Are Essential to Digital Engineering

Digital engineering is a trending industry buzzword. It's something that organizations strive to embrace and
tool vendors claim to implement. But what is the practical reality behind the buzz? What are some of the
essential aspects of an engineering ecosystem that actually provide the value promised? In this talk, Brian
Douglas of Control Systems Lectures and MATLAB® Tech Talks, and Alan Moore, one of the original authors
of SysML and co-author of "A Practical Guide to SysML," discuss exactly these questions and show how
models are a central and essential element of digital engineering.

_ E Authoritative
Automation : - i source of truth
Digital
Engineering

_ Semantic Blueprints

https://www.mathworks.com/videos/why-models-are-essential-to-digital-engineering-1652969543566.htmi

&\ MathWorks

20



| &\ MathWorks

Modeling - Automation - Authoritative Source of Truth

Building a digital engineering ecosystem

Common Modeling Semantics

Authoritative Source of Truth

Automation




Modeling

Modeling semantics rich enough for descriptive modeling...

Front Fan

Cooling Control Logical

Rear Fan
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Modeling
...and precise enough for detailed design, simulation and analysis.

ﬁoling Control Logical
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Modeling
Modeling semantics rich enough for descriptive modeling...

Full System Model
Filtered Views
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Authoritative Source of Truth

Full traceability of requirements, architectures, and design
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i Refines
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3 4 i
. <
= = L STAKEHOLDER-20 Need to comply to IECG...
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Authoritative Source of Truth

Automate analysis and assessments of linked artifacts

( Link and Trace ) Allocate View, Assess, and Compare

Architecture models
(functional, logical and physical)

Requirements

e Ela

D

IBM DOORS

Reql®

Design and Test

Implemented Verified
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TOOLBOX
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UAV design using digital engineering
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Digital engineering for space systems
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Automation

Integrate models at every level into Cl pipeline
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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."

System Architecture Modeling for Electronic Systems
Using MathWorks System Composer and Simulink

Data-Message Modeling for Multi-Lane Architectures
on an IMA Platform Using the eSAM Method

Christopher B, Watkin: Jerry Varghese Micheel Kaight
Gulfsresamt Aerospace Corporazion Guitrea devespace Corporaion Gulftream Aerospace Coro
Savannsh GA, US. avannzh, G Sgvannah GA US
chris Teatins Feulfsream com jerry varshs s

Backy Pemers
The ‘.d-rhrrm‘: .

Abstrace—Flectronic system architectures have traditianally
been documented a3 siatic block disgrams in tools such as
Microsoft? Visio® or through & richer modeling spproach such as
Systems Modeling Languaze (SySML). These approaches did
not fully meet the modeling needs for fhe Gulfstream suthors,
which Jed to an elternative approach.

paper introduces the Electronic System Architecture
Modeling (eSAM) method, which leverages a mew system
architecture modeling tool called System Composer™ eSANT
was created by the authors to define s standard method for
applying the generic System Composer modeling constructs to
build functional, physical. and logical architectore models of
electronic systems. The eSAN methods are applisd to an example
avionics architecture fo demonsirate capabilities needed for
system modeling, collsborative OEM-supplier workflors, data
management and ICD generation, systems inferration activities,
‘generation of system architecture deliverables for the aviemics
«certification standards soverned by SAF ARP4TS4A snd a2
Model Based Design approach that connects a software function
to its system-level ICD.

Srstem Compaser is built on AMATLAB* and Simulink? and
leverazes the modeling, anslvsis, and simulation capabilities of
these well-established fools. System Composer sdds additions]
capabilities for modeling integration between systems, filtering
Iarge models into managesble views, capturing important system
and component properties, sllocating between different
descriptive archifecture models, directly commecting sysiem
architecture models to software functional models, and flowing
data down into specialized desizn tools.

This paper summarizes desirable features in system
architecture modeling tooks, introduces the features and concepts
of System Compaser and describes application of the eSAM
method

Eepwords—system _ arciitecoue,  modeling,  Model-Based
Design, MED, MATLAE, Simulink, Systsm Congposer, eSAM

I INTRODUCTION
A traditional systems development wordllow starts with
early comcspts and reguitements and fows down to the
implementafion in bardwars and software. A commen view of
this Frocess s the V-diasrem where the desizn =nd validstion

J\mm@mn‘ sorks com

Figare L: Simplified development process

are performed aleng the night-hand side. Figure 1
sunplified view of the V-dizgram and summarize: thel
desizn activities. [
When zpplying desizn toals to support this pro

are two gaps of imtersst Gap =1 exist: betwaen tf
specification and the implementation of the systan)
emzinssrs mmst sufficienth deseribe the behavior and |
of the systam such that ensinsers can accurately imp)
system Graphicel modeling tools, such zs St
engzmeers to graphically represent and smnulate thed
which zllows them to validate that the behavior of the|
satisfactory. For softwars systems they can
senerzte code for the alonthm fhat i wed m
production softwars. Using this Modal-Based Dasig]
the desizn snzinsers are able to work

level of abstraction in the rephical enviomment)

s paistrned bz his Tl boivad kst et aind v J

mmplementation enginesrs ae able fo slaborats
models when workinz the mxp]emmhnnn datails Th&etcn]_—.
help to bridze this zap between enzimesring disciplines by

v rework and s affective

commuanication in 2 comman tool exvironment

The other significant zap, Gap <2, in the development
workflow occurs sarlier in the procass. when mevine fom
early concepts to desizn. The tool raquirsments for sach staza

architectures host dmlx own ﬁm:l s on their federated
platform components connected via direct wiring (e.g., sensor
dircctly wired to controller, and controller directly wired to
effector). In contrast, an open IMA architecture enables systems
from multiple suppliers to be integrated together on a common
backbone network (e.g., ARINC 664 “Ethernet”). Remote Data
Concentrators (RDCs) gateway data to/from various data buses
and the backbone network. Shared Hosted Application

Michael Knight

poration Guifstream Aerospace Corporation
Savaniish, GA, US.

am com michael knighti oulfstream com

Becky Petteys

- The Mur.wn.m lnc.

s Natic} husets, ULS.

s com

Jessor (HAP) modules host software applications from
iple supplicrs. The transition from federated to IMA
tectures is discussed in prior work [1]. IMA architectures
ide significant integration flexibility. allowing systems with
ent bus protocols to communicate, while providing data
lation scrvices to overcome discrepancics between data
ats (c.g., conversions from Celsius to Fahrenheit). IMA
vs any connected system to subscribe to any data on the
ork. Thercfore, IMA system integration is achieved via data
Ing instead of physical wiring.

A brings the benefit of integration flexibility but also
duces integration complexity. Modeling methods have not
effective in representing the integration of systems on an
‘platform inan casily understandable format (2], To address
ed, the authors have developed a novel modeling method
as the Electronic System Architecture Modeling (eSAM)
od. Gulfstream teamed with MathWorks to implement this
BE method in the System Composer tool (R2022a) [3]. The
fral eSAM method is described in previous work [4]. This
r provides a detailed description of how data exchanges are
led, which is fundamental to this novel method in
ling systems allocated to an IMA platform.

MODELING CHALLENGES FOR IMA ARCHITECTURES

Federaied vs. IMA Architectures

system consists of multiple components thal arc integrated
rform a set of system functions. In a simplified example of
derated architecture, the Radio Altimeter provides an
C 429 (A429) digital bus input to the AutoPilot which
ces an analog voltage 1o command the Throttle position.
kystem architect can perform this integration using point-to-

* fwiring as shown in mg 1.
AutoPilot

rl Throttle

Quadrant
L+ Autopilot2

Fig. 1. Traditional Point-to-Point System Aschitecture

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

4\ MathWorks

https://ieeexplore.ieee.org/document/9925816
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Software and systems — Agile to DevOps

Lifecycle Mgmt. Data Deployment
N Data stores ‘ $reo * Cloud
KJIle Files @ Parquet  RE . Edge
0 glt GitHub Industrial /0 #scanus @@ ost TCP/IP ° Embedded Systems

" 4

Containers/Virtual Machines

|
kubernetes

DEPLOY

‘I.

OPERATE

Development Operations

Digital Twins

o H * Physics-based
Desktop . -dri
S——---  Code Generation MONITOR Data-driven
L. Continuous Integration/ Data Dashboards
_ Continuous Delivery : & Parquet s -
Model- and _ Files parauet R Fr+ablear Qlik Q
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Machine Learning workflow follows the same cycle

4\ MathWorks

Lifecycle Mgmt Data Deployment
Datastores B G ®n=ov « Cloud
XJIRA Files pParuet  IRE - Edge
Q} git GitHub Industrial /O~ #gsccue @ os - 1cpp » Embedded systems

|
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Operations  OPERATE

MONITOR
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Digital Twins
* Physics-based
* Data-driven

Data Dashboards
9 Files @ Parquet i + S — Q'Ik @
ircl i Industrial 1/0 Waoanue @ osi TCP/IP
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Digital Thread in an Airborne Deep Learning System

(Sub)system
requirements
and design

(Sub)system
requirements

verification MLA 02
. i > - VnV
Re1<|:1uiremenrs > 5, e o

Al/ML
allocated to constituent
Al/ML : ‘ ' requirements
constituent verification

Independant
Data data and
management

learning
verification
Learning Learning VoV Inference

process process . .model
AR verification and
management verification
MLA_04
Model

integration [ MLA_05
VnV
Model
training

implementation
MLA_04 MLA 05

Traditional ltem
SW/HW containin
item ML mode
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Case Study: A Visual Sign Recognition System

[ System }
L Sign

Preprocess || ekl 4 . Yolo Bounding Content
Scaling unﬂg | P ] it e Mrﬁ' Box Crop | Detector

DNN e

Component J

Content

Camera
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Defining system requirements and allocate to the Al constituent

[ System }

» (Y8 RSC_CMP
v % RSC_SYS
1 #1 Runway Sign Classifier System Requirements
. B 11 #2 Introdudion
- 1.2 #3 Systemn Description
vigi3 #4 System Functional Requirements >
i 134 223 Detection latency
i 1.35 [#25 Debection predsion
133 &2 Multiple signs detection
i 132 ¥36 Signs Classification
- 131 #5 Signs Detection
v LA #27 Systemn Operational Domain Reguirements —)

B 141 #28 Alrports
W 143 #21 Distance
145 #2322 Horizontal angle of view
i 142 [#20 Light conditions
e 147 £35 Sign rotation
146 234 Vertical angle of view
W 144 #30 Weather conditions

» %l RCS_DATA

[ Data ]

(Sub)system
requirements

m and design

Requirements
allocated to
Al/ML

MLA 02) constituent
= i - e o mm |
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Link system requirements to data requirements

v (Wl RsC_5YS
vig1t #1 Runway Sign Classifier System .,
e 1.1 2 Introduction
12 #3 System Description
v iEl3 #4 System Functional Requirements
B 134 23 Detection latency
W 135 £35 Detection precision
B 133 224 Multiple signs detection
B 132 23 Signs Classification
i 131 #5 Signs Detection
v iE 14 £27 System Operational Domain Re...
E 141 228 Airports
143 221 Distance
B 145 222 Horizontal angle of view
. 142 #£20 Light conditions
B 147 235 Sign rotation
E 146 234 Vertical angle of view
B 144 23 Weather conditions
v (%l RCS_DATA
viE ! #1 RSC DNN Data Requirements
B 11 #2 Introduction
v @12 24 ML Data Requirements
B 1210 AFTN  AFTERNOON time of the day
B 1.2.11 DAWN  DAWN time of the day
El 130 DLICK. DLIEW #, £ e, o

¥ Properties
Type: Functional
Index: 144

Custom ID: | #30

Summary: Weahe: conditions
Description Rationale
i [Aid

-

B

| The RSC shall operate in all expected weather conditions when it is

|possible to see and identify signs within the operational distance

‘range.
Tridex
B 145
142
B 1a7
Keywords: | -
W 146
» Revision Information:
B 144

¥ Links

= 4= Implemented by:
&l FAIR weather condition
= e
& sNo\ 7o
B F =

=l < Related to:
B

b [k RCS_DATA
vE1
& 11
viE12
12.10
L2
129
1214
1.24
1.2.7
122
123
121
128
125

FEEEEFNEEBRNEESEEF

1.2.15

#23
#20
#35
#34
#30

MRNG
RAIN
SIDE

il || WY
Horizontal angle of view
Light conditions:
Sign rotation
Vertical angle of view
Weather conditions

RSC DNN Data Requirements
Introduction

ML Data Requirements
AFTERNOON time of the day
DAWN time of the day

DUSK time of the day
Elevation above ground level
FAIR weather condition

FOG weather condition
KBOS airport

KSAN alrport

KSFO airport

MORNING time of the day
RAIN weather condition

Side shift TBC

(Sub)system
requirements

m and design

Requirements
allocated to

Al/ML

MLA 02) constituent
- - - = .

Requirement: FAIR

¥ Properties

Type: Functional -~
Index: 1.2.4

Custom ID; FAIR

Summary: |FAIR weather condition

[ |Arial v ~/B 7 U@ EEEE v|

' The dataset shall include the images captured in FAIR weather condition

Keywords: |

¥ Revision information:
¥ Links
= = Implements:

&l Weather conditions
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Map data requirements to the data

Requirements
allocated to
non-ML items

Requirements
allocated to
Al/ML
constituent

Data

management
MLA_03

Data Requirement ID Datastore Datastore Size Datastore Link
{'KSFO'} {1x1 matlab.io.datastore.ImageDatastore} 72 1["Open Datastors"]}
{'KBOS "} {1x1 matlab.io.datastore.ImageDatastore} 188 T["Open Datastore”]}
{ KSAN"} (1x1 matlab.io.datastore.ImageDatastore} 24 1["Open Datastore"]]

L{FAIR"} 1x1 matlab.io.datastore, ImaeeDatastorel 114 {["Open Datgstore™]]
{'RAIN'} {1x1 matlab.io.datastore.ImageDatastore} 54 1["0Open Datastore"]}
{"SNOW" } {1x1 matlab.io.datastore.ImageDatastore} 24 1["0Open Datastore”]}
{'FOG" } {1x1 matlab.io.datastore.ImageDatastore} 48 1["0Open Datastore”]}
{'MRNG "} {1x1 matlab.io.datastore.ImageDatastore} 78 1["Open Datastore"]}
{'DUSK"} {1x1 matlab.io.datastore.ImageDatastore} 72 1["Open Datastore”]}
{'AFTN"} {1x1 matlab.io.datastore.ImageDatastore} 36 1["Open Datastore"]}
{'DAWN"} {1x1 matlab.io.datastore.ImageDatastore} 98 1["Open Datastore"]}
{'DIST"} {1x1 matlab.io.datastore.ImageDatastore} 276 {["0pen Datastore”]}
{'AGL" } {1x1 matlab.io.datastore.ImageDatastore} 276 1["0Open Datastore”]}
{“SIDE"} {1x1 matlab.io.datastore.ImagzDatastore} 276 1["Open Datastors"]}
{'ROT" } {8xB double 1 @ 18x@ double }

CONFIDENTIAL | 37



Review data Manually ey | Requirements

allocated to n%rﬁﬁzlteifefl:s
Al/ML ' '

constituent

IMAGE LABELER

Data
management
B Keyboard Shortcuts 9

te L Delate s Aistamate. | Dashbos @ Tutorials ~ e

OH New Project ~ &I ]:I!}I

=1 Open Project

Import Add =
Save Project ~ - Label

FILE LABEL DEFINITION AUTOMATE LABELING MONITOR RESOURCES EXPORT
- ROI Label Definitions i |5 KBOS110_SUMR_MRNG_FAIR_DIST10_SIDE0.74 AGL1A1 H View Labels, Sublabels and Attributes

el

To label an ROI, you must first define one or
more of the following label types:

- Rectangle label

- Rolated Rectangle label
- Point label

- Line label

- Polygon label

- Projected cuboid label

- Pixel label

Label/Sub-Label

,.h e

- Scene Label Definitions

To label a scene, you must first define a scens
label

Image Browser i Visual Summary H

0]

4 All Images - 114/114 <

M

CONFIDENTIAL | 38



Compute data coverage per data requirement

Count

300

250+

200¢

150+

100

50+

Coverage by Data Requirement ID

operational conditions

- Requirements
Requirements allocated to

allocated to Ml
ALML non-ML items

constituent

Data

management
1MLA_03

Examine data coverage in each of the

Missing requirement on sign rotation
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