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FPGA Non-trivial Bug Escapes into Production

35%

30%

25%

>85% FPGA projects with non-trivial

20% bugs escaping into production
15%

10%

0% -

0 1 2 3 4 5 6 or More

Number of Non-trivial FPGA Bug Escapes into Production
22016 m2020 = 2024

Source: 2024 Wilson Research Group FPGA functional verification trend report 2
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Root cause of functional flaws

Beter handling of design requirements

DESIGN ERROR CHANGES IN INCORRECT or FLAW IN INTERNAL IP FLAW IN EXTERNAL IP
SPECIFICATION INCOMPLETE
SPECIFICATION

Root Cause of FPGA Functional Flaws

m2016 = 2020 m2024

* Multiple replies possible

Source: 2024 Wilson Research Group FPGA functional verification trend report 3
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Challenges — complexity

' M

FPGAs bigger and better FPGAs SoC = FPGA + ARM

technology

logic interfaces algorithms advanced algorithms

people RREIglellal=11s multiple engineers multidisciplinary team

process EeaEIgtiile VHDL  Model-Based Design (MBD for FPGA) MBD + MBSE??



4\ MathWorks'

Which MBSE tools do you use for FPGA/SoC architecture block diagrams?

Might be
okay for simple

architectures

Microsoft - MathWorks -

Powerpoint, System

Visio, Excel Composer
MBSE + MBD

architectures

Best for
complex

Webinar Nov 18t 2025, FPGA Meets Systems Engineering

e

No Systems Sparx - Other Dassault - IBM - Rhapsody
Engineering Enterprise Cameo or Magic
solution in Architect Draw

place
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Challenges » complexity
How do models and simulation help?

S

S

(T4 (T

\HDL) [ C

.

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
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Adam Taylor is on a good path here ......
£3ADIUVO)

: <
Ad I uvo M Od e I B a Se d F I OW Webinar Oct 29t 2024, An EX|;ert’s Guide to Using MATLAB

and Simulink for FPGA and SoC Design, 385 attendees

) Capture ) Define FPGA
requirements architecture

Analyse system

LANGUAGE

LANGUAGE

Code generate FPGA
structure

Design blocks

Code generate
block contents

e

Verify blocks The main FPGA challenge lies in architecture, often informal and overlooked. A
MATLAB tool is needed to enerate RTL directly from the  chitecture + designin a

SEIMIILINE single model, making it the single source of truth.
AL e Ml st et Adam Taylor, Adiuvo
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Model-Based Systems Engineering + Model-Based Design
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boolean Sfix16_En'1 (3) [
H Enable_Current_Control @ NPl ol Jexazenirin) Jsia @) [ |uintie(3)  uintte @)
n r W I phaseVoltage N f 116 8 PW! mpare
. 3 pwmCompare
Desiagn T T -
Phase_Voltage_Command .—bﬁ LyF Upper Limit = paramPwmC reMax
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paramPwmCompareAlZeroVolt
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Requirements: Textual, Traceability, Interfaces, Interactions

ReqHDL 1: Detect over current error
phaseCurrentA/B >= overCurrentLimit
Only if enableOverCurrentDetect is on

7

Qle Inverter_Inp—{> Enah\e_lnvarter_)

RegHDL2: Recovery mode from over curre.-
Once in OverCurrentError, the system
should be able to recover from this error

|———— > Phase_CurrentsA

ﬁ B FhaseﬁCurrentsBj

(Over Current Protector shall not error in

My A
RegFIDL3: Over Current Protector shall n..0
presence of noise

Establish traceability between

architecture & design and textual requirements

Define interface behaviors using

Sequence Diagrams (SD)

nising{Enable_Inverter_In-1)

Enable_Current_Control hoolean I
Enable_Inverter_In hoolean i
Enable_Inverter_Cut hoolean ":,}
~ & Encoder
Encoder_Index_Found hoolean

Encoder_Count it 6

Encodergifss

Define and visualize interfaces using
Internal Block Diagrams (IBD)

Enable_lnverter_In

L%
4 Enable_Inverter_In

rising(Phase_CurrentsA-10.45) N

“Phase_CurrentsA

Phasze_CurrentsA
0.04sec =t = 0.06sec

rising(Status_Out.error-1)

b
Status_out ‘| Status_Out

falling(InverterOut-1)

i rterCut

InverterOut
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Validate Systems by Re-Using Requirements Models
¥ | 1 Model Verification and Validation

v+ SEQUENCE DIAGRAM ASSESSMENT

. SEQUENCE DIAGRAMS
v | Over Current Detection 2 @

OverCurrentDetectedA
=] Test Error Mode phase A @

|:| OverCurrentDetectedB
NoOverCurrent
Test Error Mode phase B @ .

Results and Artifacts

@ Test Error Mode phase A Sequence Diagram Result -\ /-
|Fi|ter results by name or tags, e.q. tags: test | T
NAME

STATUS

» Results: 2024-Dec-31 14:39:00

—
—

—
—

10
~ [5] Test Emor Mode phase A ]
[JFd Sim Output (FOC... ©
iging(Enable_Inverter_In-1
- [ll Sequence Diagram Results ] ! e
nable_Inverter_In
(@ OverCurrentDetecteds (]

Enable_Inverter_In

Phase_CurrentsA
@ 0 0dsec =t = 0.08sec

@

rising(Phase_CurrentsA-10.45)

Phase_ CurrentsA

rising(Status_Out.ermor-1)

Status_out Status_Cut
©
falling({lnverterOui-1)
he rterChut InverterCut

10
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Validate System Behavior and Robustness with Fault Injection

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

E] Test Error Normal Current incl Fault Behavior &

Phase_CurrentsA DJ\ yAY

Non-intrusive way
to define and inject
faults

4\ MathWorks

>

Phase_Cu...A_fault

|

|

(> Phase_CurrentsA |
s Sl

|

Z\i> Phase_CurrentsB

0
i B o e =ScodiT 5 >HOmM=s @ s 8 | o @
=" . Detect (OverCurrnt Detctor.sch.varan, b (=} Over urre Detector » 8y Ove. Current Detector » T Oetect Over Cormmt fror ¥ o (R0 o0 SE PR - o el Fows
§ e, Wi iid 2
EHE Detect Over Current Error L

a - Tost Exror Normal Curentincl F...

5 Test Error Normal Current incl Fault Beh... &=

o

X f :

®

@

¢

=

®

®

®

@

[

Q © <
Inspect Compars  Phase_Currenta 1

Qs

Fault Inport

sl

White Noise

Fault Outport

Analyze impact of
faults using simulation
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Generate HDL code from System Architecture incl Detailed Models

a

FOC_Velocity. Encoder * - Simulink prerelease u

x

SIMULATION DEBU MODELING FORMAT HDL CODE

4 @ @ Code for &) |=] @ Navigate to Code <

Generic Workflow | HDL Property | HDL Code Settings FOC_Velocity_Encader |H Generate View 5 Open Report Share
HDLCode v | Advisor | Inspector v | Advisor - = = HDL Code Code ~

i ‘GENERATE CODE DEPLOY REVIEW RESULTS VERIFY SHARE
= | HDLcode
I t rf - v| & FOC_Velocity W Q, Search
-
nierraces in-sync
[ — ADC_Phase_currents =» ADC_Phase_currents_inport_1, -- uintis [2] = =
4 - 4 Phase_currentsa => ADC_count_to_current_arch_hase_currentsa, -- sfixis_gnil a I a e a rc I ec u re a n
MK ]
. [ — design before deployment
o T -~ 1. RegHDL2 Recovery mode from over current error
- 2. RegHDL1 Detect over current error
-~ 3. RegHDL3 Over Current Protector shall not error in prese
u_over_current_Detector_arch : Over_current_petector_arch_variant
R PORT MAP( clk => clk,
o reset =» reset,
= 2 enb_1_26@8 @ => enb_1_209@ 8,
Phase_currentsa =» ADC_Count_to_current_arch_phase_currentsa, -- sfixis_Enil
s o Erae o 1 Phase_currentss =» ADC_Count_to_current_arch Phase_currentss, --
Enable_tnverter_In =» Enable_Inverter_In_inport 3,
— S . 1 e paranovercurrentburation => param
paramgvercurrentLinit =» paramove Code Generation Report — a
1 Status_out_error => Over_current_|
[ e 1 T L5 <7 @  Find: 4+ W Match Case
u_Invertercontrolarch : Invertercontrolarch
PORT MAP( clk => clk, Current model: FOC_Velocity_Encoder ¥
reset =» reset,
enb_1_2eee_e => enb_1_2@e@_o, . -
status out_error  ower_arrent 4 | CONtENt Generic Resource Report for FOC Velocity Encoder
Enable_tnverter_In =» Enable_Inve Sun‘”“ﬁry — —
Invertercut =»> Invertercontrolarc .
N 1 Warnings, 7 Messages
Clock Summary .
u_encoder_to_position_and_velocity_arch : enc Summar}
N Code Interface Report
POR (el =» clk,
reset =» reset, Traceability Report :
| enb_1_2006_1 => enb_1_2008_1, N Multipliers 12
_ Optimization - General ; -
i ) | | | —— I enb, ) Adders/Subtractors 19
= } 12000 0 => erb_1_2008 8, Delay Balancing Resi 20385
- . . egisters
: . prmrremermiene 27l Hierarchy Flatening e
" " = p _Ri H 7
e e e S i LG encoder_encoder_offset => Encoder Code Reuse Total 1-Bit Registers 236071
-5} - hdlsrc\Foc_velocity_Encodes city_Encoder.vhd Optimization - Area RAMs 0
» Property Inspector  HDL Code: ~ | | Streaming and Sharing Multiplexers 227
Interfaces Optimization - Timing 'O Bits 263
Readly 60% Clock Rate Pipelining Static Shift operators 0
Adaptive Pipelining Dynamic Shift operators 0
Distributed Pipelining
Optimization - /O
i ] Frame to Sample Detailed Report
Timing and Area Report
High-level Resource Report
G t t I I & Critical Path Estimation - -
oK Help

readable HDL code

15



Re-use System Architecture and Design Models for

RTL Verification & Validation

) compare: almostError - [FOC_Veloc... — O

Variants to select
Model-in-the-Loop or

RTL-in-the-Loop

Owver_Current_Detectw.

Enable_Inverter_In

I+ Enabla_lnverter_1n

[ Phase_Currentsf

[ Phase_CurrentsB
Phase_CurrenisB

Status_out [

&\ MathWorks

ADC_Count_to_Current_arch ] [

Over_Current_Detector_arch ] [

InverterControlArch ]

MEASUREMENTS.

ST

cosim

rising(Enable_Inverier_in-1

Enable_Inverter_In

riging(InverterQut-1)

Enable_Inverter_in

InverterQut

Phase_CurrenisA

[Loey

Phase_CurrerfisA

©

rising(Phase_CurenisA)

@

tising(Phase_CurrentsA-10.45)

Status_out

falling(Phase_CurrentsA-10.45)

Phase_CurrenisA

Phase_CurrentsA

rising(Status_OutaimostEror-1

InverterOut

Phase_CurrensA

Status_out

Phase_CurrentsA

falling(Status_Out.almostError-1)

tajus_Out

w

@t <= 0. 04sec

us_Out

16'h00ao

730120 ns | -

L T U O O T O N A I |
5 400
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SysML v2 and the Future of FPGA/SoC Development

The Road Ahead




Automation and Interoperability

‘ MathWorks
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DevOps Automation to Ensure Consistent Build Processes

BX_Stephan /| FPGAmeetsSystemsEngineering /| Jobs

. EI B 1. Functional Architecture
Project Issues =)

# 3. Function To Platform Al

References Run Build

A 5. Analysis unittest

@, Run Build
FPGAmeetsSyst

Tasks

clean

evaluateModel

hdlGenerate

hdISummary

resourceAnalysis

Options

Continue on Failure
Run subsequent tasks upon failure

Parallel

&

[ 13

Q, Search or go to...

Project

F | FPGAmeetsSystemsEngineering

®

)

Pinned
Issues

Merge requests

Manage

Plan

Code

Build

Pipelines

Jobs

Pipeline editor
Pipeline schedules
Artifacts

Secure

&2

o+ 6

o
o

All Finished

CIED

Job

12235: unit-test-job

#8
¥ R2025a -o b265b72a

#812222: unit-test-job
% R2025a -o eafB8b17

#811568: unit-test-job
¥ R2025a -o b64BOGTE

#811380: unit-test-job
¥ R2025a -o Yec4Baeld

#810988: unit-test-job
¥ R2025a -o 43946281
docker-exec

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

[

Analyze

@ _Settings

nit-test-job




Description

Tools

Continuous Integration, Delivery and Deployment (CD)

Cl= CD = CD =
Local Continuous Continuous Continuous
development Integration Delivery Deployment
A A A A
' A W4 N/ N\ [
Develop & test Build Deploy to
Release i
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 ok ginglg fers Ao DEE
IVI_ATL:AB Docker agents ARM Compiler
Simulink

System Composer

Continuous Integration: CI/CD Automation for Model-Based Design (support package)
Cl1/CD Automation for Simulink Check (reference book)

4\ MathWorks'

21


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

22
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Why is SysML v2 the new leap in Systems Engineering?

2021 2021 2023 2025 2025
August November March March July
Revised 2nd Revised Final Finalized Approved
Submission Submission Submission Specification by OMG

V] ¥ Based on UML

V2 «/ Language

specialized for
systems

X Diagram-oriented
communication

+ Conducive to formal
analysis & flexible
visualizations

X Weak file-based
Interoperability

(

«/ Standard service-
based APl to access
the model

23
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SysMLv2 and Enhanced Interoperability

0
q
o.
®
2]
e

;)
;)
;)

I SysML v2 ‘<_

Repository

External SysML v2
Services

«]

24



Interoperability in Action

~ '3 Views
~ [l FunctionTres
~ [F]ADC_Count_to_Current

[ Adapter

~ [C]FOC_Current_Control

[5] ClarkParkTransform
[%] DQ_Current_Control

[ ADC_Count_to_Curreni

~ [ Encoder_to_Position_and_
[ Encoder_to_Position_al

B EunctionTree

E ParkC T
[E5] Sin_Cosine

~ [ inverterControl
[&] InverterControl

~ [ Over_Current_Detector

[ I—

- Model Components

¥ Qver_Current_Detector
+ [ Voltage_to_PWM_compare .

3

[Search

Q

» [E] FOC_Velocity_Encoder

Sme | Expont |

ot view |uroare | swase |

SysMLv2 repository

Element Browser i | =["FOC_Velocity.

Search: By Labal, Type. or 1D
5 FoC_velaaly_Encadertier
~ [7] PlatiormArchiteciure.

= > inverterCurrent_1-inverter
D Inverercurent_1
D InverterCurrent_t
¥ invertsrCurrent 2-sinverter

- @ MetadataUsage < FF
> vendor

D Pur

‘ MathWorks

25
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Interoperability in Action

~ B8 views
- [l FunctionTree
- [} ADC_Count_to_Current >
[ ADC_Count_to_Curren
<] Adapter B EunctionTree
= [ Encoder_to_Fosition_and_
[ Encoder_to_Position_al
~ [ FOC_Current_Control
[ ClarkParkTransform
[ DQ_Current_Control

[) ParkClarkinverseTrans
[& Sin_Cosine
- [ InverterControl
[ InverterControl
~ [= Over_Current_Detector
+ [ Over_Current_Detector

Other MBSE environments

Vetage_jo P maare |

e r—

» [ Voltage_to_PWM_compare .,
»

~ Model Components H
Search Q
» FQC_Velocity_Encoder

Search: By Labal, Typs. or 1D
{55 FOC_Velaclly_Encoderker
- [F) PistiomAvchitecirs

~ ¢ invertsrCurrent_1-vinverter s

InvorterCurront_t

= > inverterCurrent

inverter
2> inverter

SensorCurrent-»SensorCur
SensorCurrent

nsorCurrent

Bord 1
 Motadatalsage - Board
~ [MFpaar
~ B, Metadatalisage < FF
) = Vondor
% pur

- SensorCurrent

~ [ Boara 2

5, Metacatatisage - Boare
- Mreoa2
- By MetadataUsage :FF
> Vendor

B Pwr

SysMLv2 repository

26
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Concluding remarks

Architecture Design Simulation

& + [P +

The main FPGA challenge lies in architecture, often informal and overlooked. A
tool is needed to generate RTL directly from the architecture + designin 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 : % ,
4 g
Run' |
» [

Automation Interoperability

27



Questions?

‘ MathWorks
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