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SE Vision: Connected Engineering of Systems Across the Lifecycle @1\,«

Systems Engineering

= Begins at the conceptual design phase,
continuing throughout the life cycle

= Defines and validates requirements to
meet user needs

= Designs, analyzes and verifies a system to
meet the requirements

Before there was CAD/CAE, there was
Systems Engineering. Many types of SE

documents and diagrams were produced, |« ‘J‘

maintained and shared manually.

Most SE diagrams are not
intuitive. Domain engineers
are not fluent in them.

Most diagrams are not stored

as data elements in enterprise
level database repositories.

Gaps exist which restrict the
flow of information. The ECAD
gap is the most severe.

ECAD has sub-domain
decomposition layers and the
deepest verification challenge.

If MBSE is to be CAD/CAE for SE,
are we there yet?
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Engineering “V” — Emphasis on Continuous Verification Levels

Verification requires feedback
loops in the life cycle time line

The engineering “V" diagram
emphasizes verification
feedback and detail layers

Requirement verification plans
MUST be continuously refined
and then performed EARLY

SE work-products must share
architecture info to express
requirements to be verified

Electronics Requires Continuous Decomposition and Verification

to Realize “System-to-Silicon” Verification

The epicenter of the complexity explosion:
SoCs executing embedded software




Then Now

GIFAK.NET

IN 10 MONTHS NEARLY - Y .

400 CRASHES

IN THE U.S. INVOLVED ADVANCED
DRIVING-ASSISTANCE TECHNOLOGY

|
PEOPLE DIED

VIDEO 02:08.%% . " . - 5

Nearly 400 crashes in the U8/ 6VéFthe last
10 months involved driver-assistance
technology: Report




Future State: Commonality Across Workflows, System-to-Silicon
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A Solution Pattern Implementation Consists of both Domain Independent (ASoT)
and Domain/Sub-domain Dependent \Workflow Components and Tools

Enabling the ASoT can be
domain independent and non-

ECAD specific

Domain specific tools can
potentially be any design and
verification toolset

Domain specific tools will likely
need automation to increase
efficiency / reduce cycle time

Bottom-up approach:
Implement VCPs for what is

simulated today

Requirement
Parameters

Requirements

g Architecture
] Modeling

Verification

& Capture Points §

Compliance Status
VS

Requirements

o

Model-based
Design and
Verification




Requirement Allocation Example

B BRCYeRIELH ENSCINC|®Ic|c0 @RS #~0viBFIvGra~
¥ *Project Explorer & = O % Voyager-AOB-A-Raw & Voyager AQ.1 Architecture (£ Session 1 - Timeline 2 Landing Gear1

¢ EaPM T Bediv|S| Bruv| mdav @] aa00% | m
* = any string, ? = any character, \ = escape

> & ACC-4 camera A
> G 000155/A - ADAS_Feature_Model W

> 000154/A - Autonomous_Vehicle

> & BeagleB

> &5 JSON_EXPORT

v & landing Gear1

[§ Landing Gear1.afm

[ Landing Gear1.aird

> @ Landing Gear1

> & Representations per category
= Landing Gearl.melodymodeller DBSW CMD HI
[ structure,json |
[ structurexml

> & Landing Gear2

> & 000156/A - Lane Assist Camera
> & Lane Assist Camera (2)

> & 029836/A - Moog-SPP

> & RemoteSystemsTempFiles

> & 000157/A - Stereo Vision Camera v BBSW CMD Low

A Fast Linker i3 % w0

<

<

[0 Properties & Information % Semantic Browser & Console &
Capella

@ SwitchC

& [PAB] Structure 5 *SwitchControl | & *[PAB] Structure 5 |
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kQQRD-RA-
(> Node Components @
+ ENode PC
» B physical Actor
D4 physical Link
O physical Port

A Component Port Allocation
. o S—

(> Behaviour Components @
+ @ Deploy Behavior PC
+ B4 Component Exchange
+ B In Flow Port
&l Manage Behavior PCs Deployment
+ W Behavior PCs

>

& Functions ©
+ @ physical Function
» D¥ Functional Exchange
25 Port Allocation
[ Manage Function Allocation
+ W Allocated Functions

(= Accelerators @
™ Functions from Mode / State
V' Elements from Scenario

(= Common i
() Constraint
= ConstraintElement
"™ Constraints

+ W Applied Property Value Groups

+ B Title Block

(> Requirements Extension @
"W Requirements
=2 Requirement Link
"W All Linked Requirements

<

KRR @vv=D

. 372M of 2716M
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ARCADIA/Capella Uniquely Addresses Continuous Decomposition

Siemens selected
Arcadia/Capella as basis for
System Modeling Workbench

Most modern method and
tooling with most advanced
refinement capabilities

CAD/CAE style of underlying
data model

Guides the user to assure
models are correct and well
formed

What the users of
the system need to
accomplish

What the system
has to accomplish
for the users

How the system
will work to fulfill

expectations

How the system
will be developed
and built

s




Sub-system transition
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Path to Standards Conformance:

Working toward Capella Generative SysML V2 Concrete Syntax

File Edit Diagram Navigate Search Project Run Window Help
H-RA-N-RE-EE NS - A N IERIRE TR AR IR

~

[# Package Explorer 83]

B - == | & [LAB] Camera X |

~ 5 Camera
[ Camera.afm
Camera.aird
= Camera.melodymodeller

v 2 Camera-SysMLV2

B Camera-Capella.sysml

PictureTaking.sysml
v 1 fr.obeo.gen.capella2sysm(2
» m\ JRE System Library [JavaSE-1.8]

a a a3 o
DQVE""niIV[]\"

2 Av B o w.g M X%

» m\ Plug-in Dependencies

v & src
» i fr.obeo.gen.capella2sysml2
v i fr.obeo.gen.capella2sysml2.main
» [J] Generate.java
| generate.mtl
= gen
» 5= META-INF
» (= tasks
[iis build.properties
» i3 sysml.library

Logical Architecture

, Camera-Capella.sysml Sﬂ PictureTaking.sysml

part def Camera {
import PictureTaking::*;

perform takePicture[*] as PictureTaking: :[EIRaataanss;

part FocusingSubsystem {
perform takePicture::focus;

}

part imagingSubsystem {
perform takePicture::shoot;

}

SysML v2 concrete
syntax

Generative
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SysML V2 Example

File Edit Diagram Navigate Search Project Run Window Help
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1. SoC INDEPENDENT s/w

2. SoC Dependent S/W
(e.g. CUDA, Assembler)

3. Embedded Processor IP
Dependent S/W
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Embedded Processor IP and
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Architecture Design Options are Expanding Exponentially

Bandwidth
Performance

Approximate the
electronics to

Size/Weight/Area narrow the

tradeoff space

Thermal
Workload

Power Cost



Architecture Exploration by Transaction Level Simulation;

System-to-Silicon
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Architecture Analysis Example

AN
N-ERIBICYI00 o«uumocm 92008 0EE S # O A G Fvib il orDy [uck Access | s | [ 4 #
it “IE%EP T =0 % ojegerA0B-ARaw & Voyager A01 Architecture 3 | =5
[ = any string, 7 = any character, \ = escape for literals: 7\ IR - ‘ﬁ'|Eﬁ|l'lﬂ'|Qa|75" vl

~

= frames-per-second = 30
& Simulation_time = 5000
> 8 Operational Analysis
> 8 System Analysis
> Hi Logical Architecture
v B Physical Architecture
=5 Simulation_time = 5000
> @ Physical Functions
& Capabilities
& Interfaces
@ Data
v & Structure
> 8 Voyager A0.1 Architecture
& Voyager A0.1 Architecture
> 8 EPBS Architecture
> & Representations per category

= Voyager-V0-1.melodymodeller
> & working_dir
v
A Fast Linker 2 R By =20
N
>
O Prop 8 Inf 1 M S Browser =
4 (DRepresentation Descriptor) Voyager A0.1 Architecture
Capella
Management || Nome: | voyager A0.1 Architecture ]
Description | Package: [ |
Requirements Allocation
':.:s { C Elements : |<undeiined> I B’EI
Documentation | Elements of Interest: | <undefined> | ][]
& Voyager-ADB-A yager-AOB-A-Raw:Physical e:Str yager A0.1 (Syn

1| s ms §l.l 1 E@eh



Verification Capture Point Example

w PARAMETERS
Hide
?umnd
Name = Rev.. & Releas.. $ Desaiption $  Source Vl.lupt
;) Max speed 1.1.1 Speed A Speed Output
(=) Network bandwidth 1.148.. A Bancwicth Output
;) Time to object 1.1.2 Time t.. A Time to object detection Output
L) VnVParaDefDouble 112 Ti.. A Time to object detection Output
v PARAMETERS
?M
Unused
Name =~ Rev... Description

_.J Max speed 1.1.1 Speed A
») Network bandwidth 1.148.. A
_:J Time to object 1.1.2 Timet.. A

_',) VnVParaDefDouble 1.12Ti.. A

_Sme

Speed
Bandwidth
Time to object detection

Time to object detection

Output
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PCB Level
Analysis iy

(I3 Xpedition System Designer - EDM Design:

- o
File Edit Yiew Setup Add Format [B] window Layouts: | Defack v
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rently Open Databases
3 Logical_System_View.1
ok

n

.

nd Buttons

<

Output
CITECK T STarang -
Application will stay in ReadOnly mode while Checking In
Check In started successfully.
Check In finished.
11:26:57 Auto check-in finished successfully.
\ Output ) £om /

iarerface

id Battery

System
Behavior

) Menito
Res

Raspiration

Analysis
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MW to xSD - AH



https://splm.sharepoint.com/sites/CommonAIMInitiative/Shared%20Documents/Planning/White%20Paper%20-%20MBSE%20for%20Electronics/INCOSE2022/slides+videos/SMW%20to%20xSD%20-%20AH1.mp4

PCB Design Example

kU@ CRIPSH|UANIGCINC|IBAC| 002 @RS B0~ G FvOr D~ Quick Access|: 1§ |8
5 *Project Explorer 77 T T R \oyager-AOB-A-Rew A Vopeger AT Architecture B Sessicn 1 - Timeline ¥ Landing Gearl & [PAB] Stnacture | %, *SwitchContiol 1T & A{PAB] Siucture =0

=50 WY workflow of SwitchControl -
* = amy string,. ? = any character. \, = esca)

& ACC-4 camena
o 000155/4 - ADAS_Feature_Model
e 0007154, Autonomous_Vehicle
& Beagled
5 JSON_EXPORT
~ & Landing Gearl
{4 Landing Gearl.afm
~ | landing Gearl.aird
W Landing Gearl
&> Representations per category
= Landing Gearl.melodymodelier
¥ stxtureson
I structwresxml
« Landing Gear2
e 000156/4, - Lane Assist Camera
@ Lane Assist Camena (2)
b 029026/4, - Mocg-SPP
@ RemoteSystemsTempFiles
g 000157/, - Stereo Vision Camera

A Fast Linker 17 X4

v

o

Define Needs and

Capitre and corsolidate operations! needs from stakeholders
Define what the users of the system have 1o accomplish
Identify entties, actars, roles, sctiities, concepts

System

Identify the of the system,
Define wnat the system has to accomplish for the users
Moce functional datsfiows and dynamic behaviour

Develop System Logical Architecture

See the system as a white box
Define howw the system vaill work 50 as to fulfill expectations
Pecfarm a fiest trade-off anatysis

Develop System Physical Architecture

How the system will be dewsicped and built
Software ys. nardhware aliccation, specification of interfaces,
degployment configurstions, trade-off analysis

Manage incustrial critenia and intagration strategy: what is

{rom each o
Specify and d of all itemns
D |oy Analysis | System Anaysis | Logical Architecture| Physical Architecture EPBS
werties & Information % Semantic Browser @ Console &1 KW @~-I-= D
Capella
Go 10 page O Analysis W asmor2iom B
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* dmv.ca.gowv ® ,

How Do You Digitally Thread Design Verification?
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Creating a Verification Thread

Requirements

| @ fecusement < workn x o+

€ > C & ieswwi0iesmentorg com/pol

©Ethermac & | ErhermacTestplan @t Lepot I Verification overage Resulty

> @insight

~ Unresohed X + Q

o E— Name Status Captures Verification Event
S = a_fifo_oflow_chk NotAssted () Wishbone Interfaces
— o s o = a_fifo_oflow_chk Asserted ) wishbone Interfaces
e e ?ZZZL‘::X = mii_tx_cvg:bad_crc 100% () Tx Errors
: R : = mii_tx_cvg:pygmy 98% @ Pygmy
e Bl o orgnt e s

VIQ Test Plan

@ BD Diagnostic Read and Write

@ MIl Interface Operation Polarion Requirement
@ Pygmy \—Verifies Requirement __{ il il Module (Media Independent

@ Register Read & Wiites Bl Rx Dribble Nibble (DribbleNibble

Coverage Results

== a_fifo_oflow_chk

I
=|Questa Testplan Coverage Summary

B a_fifo_oflow_chk

=5 mii_tx_cvg:bad_crc

Tespansecion e el e - ) TxErrors . Status Module Records different
[ 2tepen 210a]__va75] 67 6% [6768% | Temomn [ fond- == mii_tx_cvg:pygmy D TxBD
E—— o o o e [l — @ TxEDs Bl 7x and Rx Buffer Descriptors ..
! == mii_tx_cvg:runt 3 Wishbone Interf
P 1 o [ e = L) Wishbone Interfaces Bl 7 and Rx FIFO Both, TX and R
| =
7 .11 st OpactionTpes | oo i T il oy - Tx Retry Count (RetryCntLatche...
Eerirrmrey R Bl WISHBONE Master Interface Th
> opmac2cop_womaste_cavtwatbons_oig —— 0 ‘m B = - WISHBONE Slave Interface .
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Digital Transformation is Enabled by Digital Twinning and Threading !51.',:;//
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Hybrid Twinning in the Digital Design Cycl&¥#

_
Functional Decomposition

—

>
o
7
r—fm
=
Q)
O
=3
®)
-

—) —)

Manual High Level FPGA
/Guided SYUESE Developer

U

Transformation

uoneollay / sishjeuy

SOlIBUSDS / Sjuswalinbay

SW

uP model

Page 22



Automated Design Synthesis and Analysis®

|

|

mg;dded - Virtual Platform E’j? ;!J,-? .‘LD’ . !

I 1 Simulation s 3 §% !
Algorithmic 1 .
|

Functions = = = = fardware Accaleralor + Progessor P- = < < S ST ZIIIIIIIz

|
Embedded IP T |
II t d f -c ontrol . > o D
Allocated for _ " o ;5 NG
enerate . . < 2
Software Simulation 3 D g @ |
» o o = I
@
|

Implementation

Generated
Software

sisAjeuy

guRS!
pajelauas)
Jsjaweled
asegele
108l01d

G uondo

23

sy



Future State: Seamless Heterogeneous %

Modeling Environment

Scenario Algorithmic TLM
Generation Modeling Modeling

System Modeling Interconnect

W i B (o8 Gt ot

[source: Mentor]

Virtual
Platform Simulation

Physics
Simulations

FMI
Enabled
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Summary and Next Steps vy
» Platforms for digitally threaded design and

verification of electronics are being piloted.

* Initial results are encouraging, as traditionally
siloed tools show seamless interoperable
potential.

» Standards adoption (e.g. SysML V2, FMI,
OSLC) offers promise to realize expansion
into multi-vendor DTDV platforms.
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