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The biggest problem was not
the unit mismatch itself,
but the failure to detect and
correct this mistake
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Challenges — complexity

.. Jlaoos ff .. Jf 2020

' A

FPGAs bigger and better FPGAs SoC = FPGA + ARM

technology

logic interfaces algorithms advanced algorithms

people RECIlelal=Els multiple engineers multidisciplinary team

process EeEigkile VHDL Model-Based Design (MBD) MBD + MBSE??
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How do you create your FPGA architectural block diagrams?

60%

50%

40%

30%

20%

10%

0%

Visio

Might be
okay for simple
architectures

Powerpoint

Best for
complex
architectures

System Composer

MBSE + MBD

SysML MBSE tool

Webinar Oct 29" 2024, An Expert’s Guide to Using MATLAB
and Simulink for FPGA and SoC Design, 385 attendees

s

= 0 B

Napkin No tool We don't create an
FPGA/SoC
architecture diagram



Challenges » complexity
How do models and simulation help?

S

a4

Al

\HDL)

Top-down design processes
— Functional decomposition
— No simulation needed early, but ..... later you will need simulation

Go Beyond Textual Requirements
— Use expressiveness of requirement models and trade studies

— Use views to put stakeholder discussions in context

Validate compliance to requirements through simulation

Deployment
— Generate RTL code from architecture + design models

@\ MathWorks'
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Model-Based Systems Engineering + Model-Based Design

Requirements

S

Architecture

Design

Integrate MBD with
MBSE

4\ MathWorks

Custom Profiles

LogicalProfile \

— AXl4_Light_interface

b

— A¥|4 Stream_Master_interface

— AXl4 Stream_Slave_interface

= External_interface

W — .
t=Function

[EE Icr:-n] [. -]

@ DsPused

D maxDsPallowed

|
N R B - e @ Criticality
| | .
- I ‘ ‘ - =L FunctionGroup [ Icon] . v
‘ ] \ — |nternal_interface )
Voltage To PWM Compare %
Phase)iﬂ\tage%?

boolean
Enable_Current_Control @

T
I sfix16_En1 (3)

sfix16_Ent1 (3)
Phase_Voltage_Command .—g

‘ phaseVoltage

uint16 (3)
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Requirements: Textual, Traceablllty, Interfaces, Interactions

ReqHDL1: Detect o
phaseCu rrentAiB = oV erC rrentht
Only if enableOverCurrentDetect is on

=

ot
Pt
P

Qe Inverter_Inl—{> Enable_lnveﬂer_ln\

[ReqHDL2: Recovery mode from over curre.-
(Once in OverCurrentError, the system
should be able to recover from this error

|——————{ > Phase_CumrentsA

ﬁ B Phase_Cun‘enlsB)

RegFIDL3: Over Current Protector shall n..5
Over Current Protector shall not error in
presence of noise

Establish traceability between

architecture & design and textual requirements

Define interface behaviors using

Sequence Diagrams (SD)

nising(Enable_lInverter_In-1)

Enable_Current_Control hoolean I
Enable_Inverter_In hoolean '1’
Enable_lnverter_Out hoolean "n,}
~ & Encoder
Encoder_Index_Found hoolean

Encoder_Count Al i]

Define and visualize interfaces using
Internal Block Diagrams (IBD)

Enable_Inverter_In

L
/. Enable_Inverter_In

rising(Phase_CurrentsA-10.45) o

7 "Phase_CurrentsA

Phase_CurrenisA
0.04sec <t < 0.06sec

rising(Status_Out. error-1)

b
Status_out /| Status_out

falling(InverterQut-1)

w rterCut

InverterOut



Validate Systems by Re-Using Requirements Models

> [j Model Verification and Validation
¥ | ) Over Current Detection 2 ]
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Test Error Mode phase A @

Test Error Mode phase B @

v SEQUENCE DIAGRAM ASSESSMENT

SEQUENCE DIAGRAMS

QverCurrentDetectedA
|:| QOverCurrentDetectedB
|:| NoOverCurrent

Results and Artifacts

|Filter results by name or tags, e.g. tags: test

B 7

NAME
-~ Results: 2024-Dec-31 14:39:00
- [] Test Error Mode phase A
(] Sim Output (FOC-..
- [lz Seguence Diagram Rasults
(@ OverCurrentDetectedA

STATUS
10
L]

L]

@TelelmrMndephaseﬂ b4 SequenceDiagram Result -\ /-

ns

@

ing(Enable_lInverter_In-1)

!nable_lnve rter_In

rising(Phase_CurrentsA-10.45)

@

Enable_Inverter_In

FPhase CurrenisA

falling(InverterCut-1)

Phase CurrentsA

@

rising({Status_Out.error-1)

Status_out

@

ﬁre rterCut

%U.Msec =t = 0.06sec

Status_Out

InverterCut







Validate System Behavior and Robustness with Fault Injection

v

L] Model Verification and Validation
¥ | 2] Over Current Detection 28
=| Test Error Mode phase A ©@
=] Test Error Mode phase B @
v |71 Radiation Injection 1 @

E] Test Error Normal Current incl Fault Behavior &

Non-intrusive way
to define and inject
faults

4\ MathWorks

>

_/D Phase_CurrentsA

{ > Phase_CurrentsB

SPT| omc Dot St 2HerodsfT B b P m = = & B & @
rorCument,Dutectior, sech (Over_Currers Datector.srch. 7] New Open save | X Run  fun with Paraiel Simulstion odel Preferences | Melp

. veant. 5 [ Over Current Detector (0 Over_Current Detector » (33 DetectOver_ Curnt frvor

= Dashboard
Detect Over Current Error

=1 Tost Error Normal Currentinci F...

The e @ bet meee Oves et Sulecin & .

Test Error Normal Current incl Fault Beh.., &

=
Q ]
Inspect Compare
e
OC_Veocity_Encoder_ Harr @

nnnnnn

[enableOverCurrentDetect] [t uration Ticks, tick ) . =
e s
For R ’
= [~enablsOverCurrentDetect] = »E
o=t | = taise:
vin
vs
Ve
o T —
w0
I > |, o )
 Prase_Curent 1 as e cu rre n « [piose Faut
m [ZFoc_veiocty_En.. [F t_Enc, | Conatonsl FoC
J ‘
K D 3 = Yy P 4 Add v CRevesn [ Deiste
<~ SEQUENGE DIAGRAM ASSESSWENT
[Jover etsctecs
Zino o

Enavies 12l
Herarchy TestFrameorkForOverCu.
Tags

LEETEREETT

- st
f
} % . —

Fault Inport

2l

White Noise

Analyze impact of
faults using simulation

Fault Outport
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enerate HDL code from System Architecture incl Detailed Models

FOC_Velocity_Encoder * - Simulink prerelease u

x

SIMULATION DEBUG MODELING FORMAT HDL CODE

paes —

©® © Code for =) |=] @ Navigate to Code <

Generic Workflow | HDL Property | HDLCode Settings FOC_Velacity_Encader |§| Generate View B Open Report Share
= = HDL Code Code -

Advisor | Inspector v | Advisor -

e = GENERATE CODE REVIEW RESULTS

HDL Code +
rattai] DEPLOY

FOC_Velocity T

.
Interfaces in-sync
Over_Current_Detector_arch
240 ADC_Phase_Currents => ADC_Phase_Currents_Inport_1l, -- uintls [2] V I -d H
S e L alidate architecture an

with detailed design 33 :
design before deployment

-~ Block requirements for Over_Current_Detector_arch
-~ 1. ReqHDL2 Recovery mode from over current error
2. RegHDL1 Detect over current error
3. RegHDL3 Over Current Protector shall not error in presence of moise
u_over_Current_Detecter_arch : Over_Current Detector_arch_variant
PORT MAP( clk => clk,
reset => reset,
enb_1_zeee e => enb_1_2eee_e,
Phase_currentsa —> ADC_Count_to_current_arch_phase_currentsa, --

Fix16 En11

Fixie En1l

Phase_currentss => ADC_Count_to_current_arch_Phase_Currentse, --

N, P
Enable_Inverter_In => Enable_Inverter_In_Inport 3,

OB @

paranovercurrentpuration => param

Code Generation Report

T ‘i paranovercurrentLinit > paramove
status_out_error =» over_current_|
g J5 < @  Find: 4+ W Match Case
u_InverterControlArch : InverterControlArch
PORT MAP( clic => clk, Current model: FOC_Velocity_Encoder ¥
reset =» reset,
enb_1_2008_0 => enb_1_2088_8, . .
status_out_error w over_curenc || ConteNt Generic Resource Report for FOC_Velocity Encoder
Enable_Inverter_In => Enable_Tnve: Summary — —
‘In\fertzrout =>» InverterControlArc| 1 Warnings, T MESSﬂgES
« . Clock Summary Summary
u_Encoder_to_Position_and_velocity_arch : Enc b
. ._‘z_. e e RORT maR( clk => CIK, Code Interface Report
reset = reset, Traceability Report kit
. o i v ; Multipliers 12
| = B | ‘ z:en\:_J . Optimization - General Addefs"Subtracrors 9
T “M o { = O M m—— T eno_1_zeen_p => eno_L_zeee_e, Delay Balancing R 20‘3 85
[rp— Encoder_Encoder_Index_Found => EN . . cgisters
@ ‘ = : Encoder_Encoder_count => Encoder_ Hierarchy Flattening Total 1-Bit Reoisters 236071
BemLras b+ @mmne -"“M e Sy =] e £ncoder_Encoder_Offset =» Encoder Code Reuse - = !
CHIETs & ‘ ity Encoder.vhd Optimization - Area RAMs 0
2 Property Inspector  HDL Code Streaming and Sharing Multiplexers 227
Tnterfaces Optimization - Timing 'O Bits 265
Ready 60% Clock Rate Pipelining Static Shift operators 0
Adaptive Pipelining Dynamic Shift operators 0
Distributed Pipelining
Optimization - /O
l ] Frame to Sample Detailed Report
Timing and Area Report
High-level Resource Report
G t t bl I Critical Path Estimation - -
OK Help

readable RTL code

12



:13?21110 7 r
22:110101111 g

100004044400
..._“““g._:ogogl 004 r

SysML v2 and the Future of FPGA/SoC Development

The Road Ahead




Automation and Interoperability

4‘ MathWorks
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DevOps Automation to Ensure Consistent Build Processes

k 0o + & BX_Stephan /| FPGAmeetsSystemsEngineering / Jobs

@’ B 1. Functional Architecture A B 2 All Finished

Project Issues , s
#l 3. Function To Platform Al Q Search or go to...

References Run Build ||| o
& 5. Analysis unittest Project

FPGAmeetsSystemsEngineering

&p Run Build
FPGAmeetsSyst Pinned

Tasks Issues ¥ R2025a - h265h72a

Merge requests °

clean

evaluateModel Manage #812222: unit-test-job

¥ R2025a -o eaf88b17
Plan

hdlGenerate docker-exec
Code
hdISummary #8B11568: unit-test-job

% R2025a o b&480470

resourceAnalysis Pipelines

Jobs

Build

Options

#811380: unit-test-job
Pipeline editor ¥ R2825a -o 9ec4Baed

Continue on Failure

Pipeline schedules
Run subsequent tasks upon failure .
Artifacts YD e .
#810988: unit-test-job
@ Ssecure % R2025a o 43946a81
docker-exec

From Desktop ...............t0o ............... DevOps Automation

Parallel

It Analyze
#810931: unit-test-job

0} _Settings 00 papar o 1




Automate Locally or in Cl with

- MATLAB has a growing list of capabilities that necessitate
build tasks, resulting in more ad hoc scripts

Check
©

Model Design
Advisor Verifier

4\

codelssues

| Simulink

Generate

i
<

MATLAB
Coder Coder

= HOL PLC
Embedded HDL PLIC
Coder Coder Coder

- The MATLAB Build Tool is a build system that provides a standard

v

Compile

MATLAB Other

jar

: J Code

\4

Test

Testing

Frameworks

Simulink

Test

\4

Package
Application Hadoop
Compiler Compiler
Production Web App
Server Co... Compiler

@\ MathWorks'
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programming interface to create and run tasks in a uniform and efficient

way
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https://www.mathworks.com/help/matlab/matlab_prog/overview-of-matlab-build-tool.html

Description

Tools

Continuous Integration, Delivery and Deployment (CD)

Cl = CD = CD =
Local Continuous Continuous Continuous
development Integration Delivery Deployment
A A A A
' N/ N/ N [
Develop & test Build Deploy to
Release :
models & Test production
Author the Check-in Run tests Generating Use FPGA Download
models, test changes to periodically HDL and C vendor tools for bitstream & SW
locally the source e.g., with code bitstream executable and
control system every check-in generation deploy to System-
on-Chip
‘\ GitLab s AMD Vivado
MATLAB Docker agents ARM Compiler

Simulink
System Composer

Continuous Integration: CI/CD Automation for Model-Based Design (support package)
Cl/CD Automation for Simulink Check (reference book)

4\ MathWorks

17


https://www.mathworks.com/products/ci-cd-automation.html
https://www.mathworks.com/products/ci-cd-automation.html
https://www.mathworks.com/products/ci-cd-automation.html
https://www.mathworks.com/products/ci-cd-automation.html
https://www.mathworks.com/content/dam/mathworks/mathworks-dot-com/hardware-support/files/ci-cd-automation-simulink-check-reference-book.pdf
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What is SysML?

SysML is used for:
Modeling complex systems

= Visualizing system architecture
Describing system behavior

= Verifying system requirements

18
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SysMLv2 and Enhanced Interoperability

H SysML v2 H<-

- Repository

External SysML v2
Services

19



4\ MathWorks

Interoperability in Action

~ B8 views
~ [l FunctionTree N
- ] ADC_Count_to_Current
[ ADC_Count_to_Curreni
[ Adapter
+ ™ Encoder_to_Position_and_

Bt unctionTree

B EE

[5] Encoder_to_Position_al

~ [™} FOC_Current_Control

]

%] ClarkParkTransform

[ DQ_Current_Control
[ ParkClarkinvarseTranst
[ Sin_Cosine

- [ InverterControl

Other MBSE environments

[ InverterControl

A00_Coud o curent
~ [ Over_Current_Detector

+ [E] Over_Current_Detector
+ [ vottage_to_PWM_compare
»

~ Model Components
Search Q
» FOC_Velocity_Encoder

= FOC_Veloclly_EncoerHier ~
- [F] PlatiormAvctiteciure
- inverter

urrent_1->inverter

D Invertercurent_1

th MetadataUsage - Board
- MFpaat
- @, Vetadatausage < FF
£ 55 Veondor
2 Pur
T inveriercurrent_t
Pt

- SensorCuront
- Csowa2
4 Metscatabsage - Board
- Mrroaz
- B MetacataUsage :FF
s vendor

2 Pwr

SysMLvV2 repository

20



| 4\ MathWorks

Where do | start with SysMLv17?
Use the SysML Connector to import your SysMLv1 model into MATLAB

MathWorks Artifacts

<4\ Dej y:
: ea ”‘%E‘ T Hof:\l :E:il g % % P%ct E‘x;%"t MATLAB PrOJeCt
4 == —=== I&= |
e : Requirements, Links,
~ [k SkyzerSystemModel_REQ ’
> B 1 868 Gear Stability and Allocations
E 2 772 155G-2009 A.3.4.1.5.4
Sys M L V1 B 3 900 JS5G-2009 A.3.4.1.3.1.10
E 4 ~ & SkyzerSystemMode|_DD sldd Interfaces
Artifa cts S : & AlternateExtensionCommand k
ERA —_— .
B 72 s = Architecture Models
73 =
B 74 = B J o
B 75 =Ll T @
~ | — .
LR EE, = ! State Machines
2 Ex Final_Stale ] (e i (@ose Tk l
Ea =T Seque nce
Eo l Diagrams
e | & Laftery L emves e .
.7‘ S R B Dlagrams
To request the SysML Connector: e . £ -
https://www.mathworks.com/products/sysml.html —  [lE=

21


https://www.mathworks.com/products/sysml.html
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Concluding remarks

Architecture Design Simulation

& + [Pl + ()

The main FPGA challenge lies in architecture, often informal and overlooked. A
tool is needed to generate RTL directly from the architecture + design in a 9
single model, making it the single source of truth.

- Adam Taylor, Adiuvo -- well known FPGA/SoC influencer and blogger H D L

MBSE at

__ MathWorks
m a ? J
“ . R:n >
» G

Automation Interoperability

22
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