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Five Biggest Automotive Industry Challenges

Supply Chain Disruption

» Worldwide chip shortage compressing the supply chain
* OEMSs, Tier 1s, New Entrants are designing own SoCs

Overhaul of E/E Architectures

* Demand for new HAD/ADAS features, electrified powertrain, infotainment
* New zonal architectures

Complex Software Development & Deployment

* Millions lines of code
» Software updates over the air
* SW Ecosystems

Increasing Security Challenges

* New vulnerabilities from OTA software updates, self-driving cars, 5G connectivity
« Additional focus on security + safety

Accelerating Time-to-Market to Compete

* New automotive entrants challenging traditional processes
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Conguer the Challenges of HW/SW System Validation

Virtual Prototyping Enables a Software-First Mindset

E\ectronics

o
Physical S\ls"e«l
& Environ™®€

v Supply chain collaboration with executable

specification
v’ Early SW bring-up

v More productive system testing with

« Software-in-the-Loop
» Virtual Hardware-in-the-Loop

* Virtual vehicle

v Supports agile development, continuous integration

and delivery

v Functional safety and security system validation
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What is a Virtualizer Development Kit (VDK)?

Fast software model of the digital hardware ECU or MCU
« Abstracted for Software Execution

For the purpose of executing unmodified binary production software
« Without dependency on real hardware

And providing a higher debugging/analysis efficiency
« And solving hardware accessibility issues, pre and post silicon

Model Creation
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Supply Chain Enablement with GTM use cases

« System Level Test

« Application SW Integration

* Requirements Verification

» Full Stack Regression Testing

OEM

« CDD Development

TIER 1 | ~+ MCAL Integration/Dev/Test
~«  BSW Development/Test

* OeM Customer Enablement

b
" T
P

« Early Concept Studies

« MCAL/Driver development
Syn[]ps\/gﬂ@ (infineon RenesAs « SW/HW Integration and Verification

Automotive Electronics "_I « SW Partner/Tier2 Enablement

Product Information f o  Tierl Customer Enablement

Generic Timer Module (GTM) IP
IP Models

System C
Reference Model BOSCH

Invented for life
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Enabling VDKs with the GTM & Reference Model.

« Multiple VDKs Support GTM Enablement with Multiple Semis
 SNPS partners with top Semis in Automotive
« Synopsys Integrates Bosch GTM Reference Model Sources.
* Including enhancements for debugging/analysis and performance
« Synopsys has a long-term relationship with Bosch
» Delivers feedback from heavy Tierl/OEM usage
» Delivers feedback and performance enhancements

1S/} ST Stellar MCU >
) 4 NXP MCU >
>

RENESAS Renesas RH850 15t Gen MCU > Renesas RH850 2" Gen MCU

infineon Infineon AURIX 1G MCU > Infineon AURIX 2G >| Infineon AURIX 3G
2014 2017 2018 2019 2020
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Semi Customer and Partner Enablement Example @lineon

« ASW Development
* Integration Testing
« System Level Test Cases

« BSW Development
« MCAL/CDD Development

« Compiler
« Debugger
« SW Tooling Providers

« Concept Engineering

Software Team Enablement

SYNoPSYS’
3 ¢
|

Internal and Partner AURIX™ TC4xx VDK Use Cases

(infineon

Dineshkumar Selvaraj

Driver Development (MCAL,...) SystemC

% https://event.webcasts.com/starthere.jsp?ei=1396695

Automotive Electronics
Product Information

Generic Timer Module (GTM) IP

BOSCH

Invented for life

Reference Model
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GTM Reference Model Integration Features
Enabling development, integration and test in the Supply Chain
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Virtualizer GTM Reference Model Integration
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Invented for life

def £
global sy‘mbnl
sim.print_message ("E

sim esune seript() Virtualizer

( coreFrobe = sim.CoreProbe (" H H
W symbol = coreProbe.find symbol SImU|atlon PrObeS
# Attach Memory probe
- - regProbe = zim.MemoryProbe (' /G 0
t t # Attach Signal probes and Function Probe

|_|:_|funcﬂbserver = coreProbe.create_begin_instruction_observer (function_entry_cb, symbol.start_address)

\h m

T — . J
P m |
= o [0 s undi iy (ot hamed by vir bt [Fanciom donied || [l problems ﬂﬂ e fE Consale 53
<terminated > Hitachi STM ERROR [VSP Simulation] C:'u: --2015.06\ampi3\bin\sys_loader.exe
INFO: (0.000 nal in /Tep/IC20u/STHO.STMO : Updating Clocke : kesmel Cleck 0 2, bus Cleck 0 =, Divide Racio 1

Model Debug Tracing in Virtualizer unified Console

INFO: [990.
INFO: [990.000 ns] in /Top/TC29x/STHO.STMO : Fower on Reset is DeRsserted.
INFO: [990.000 ns] in /Top/TC29x/STMO.STMO : Clock signal value: 20 ns
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hird Party Debugger

ooling - Multicore Capable
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Virtualizer GTM Synchronized Debugging and Visibility
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Virtualizer Debugger Scripting supported

oonse for integrated system debuggin
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Scripting

Ox00000000

Y synorsys

© 2022 Synopsys, Inc. 14



Virtualizer GTM

racing and Analysis
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Virtualizer Integration for Software Analysis
* MCS Function Call-Graph Tracing
* MCS Instruction Tracing
« GTM config register tracing
« MCS Memory access tracing

Integrated GTM Ref Model “Internals” tracing in
unified console.
« Controlled via scripting or interactively

Viewing and Debugging in context of mainline
MCU SW execution.
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Virtualizer GTM MCS Code Coverage Solution.

* Non-Intrusive Code Coverage for high level language MCS.

* No ‘gcov’ code modifications needed in MCS code
* Uses Virtualizer’'s non-intrusive instrumentation

* Industry standard LCOV Reports.
» Intermediate formats available for custom report
generation

* Flexible MCS channel coverage reports
« Can be per MCS channel or
» Single merged multi MCS channel report

» Line, Branch and Function coverage stats

a2 H :
a3 H
94 H :
o5 H
98 H :
a7 H
as H :
99 H
100 H
101 H
Current view: top level - snps_g¢ igi : : Hit T,
Test: coverage.TC39x | 104 : : Lines: 27
Date: 2017-04-18 16:21 os : : Functions: 0
Legend: Lines: hit |NFGHAN 107 : S FSITITIEII ST ETEITIITEITETTETETEESFIEAET I ITTFTETEFTEITIEETITTF T T Branches: 0
108 H : // Master - channel 0
109 : S IIIIIIIEIIIT R EIE T EI T IEI TS EI 70 EEDRIEFET IS ETIEITET 1110707
Branch data Ling 110 : H
1 . 111 : : int main( void )
2 112 : EIR
£ . 113 H 1: CTRG = 0xFF;
4 . 114 : 1a master_task(0);
5 L2 : e
& 116 : :
7 :
2 : #include "config.h"
9 :
10 : #define BUSY WAITING 0
11 H
12 : volatile data_struct shared_data;
13 :
14 693 : void wait (unsigned int ID)
15 HER
16 H : Fif BUSY WAITING == O
17 : 693 : _ wurmx{ & STRG, 1 << ID, 1 << ID); // wait until channel gets triggered
13 H 693 CTRG = OxFF; // clear trigger bit for current channg
19 : : ¥else
20 : while(shared data.active_channel != ID);
21 : ¥endif
22 €93 : }
23 :
24 : void trigger (unsigned int ID)
25 :
28 1 #if BUSY_WAITING == 0O
27 €93 : SIRG = 1 << ID: // trigger specific channel
28 1 #else
23 : shared data.active channel = ID;
30 : #endif
31 €93 : }
LCOYV - code coverage report
Current view: top level - snps_gtm_demo Hit Total Coverage
Test: coverage. TC39x_A_system.TC39x.Peripheral_System.G TM.i_gtm2_wrapper_timc.G TM.gtm_wrapper.gtm_top.mcs0.mcs0_ch0.18220 Lines: 27 s2 IS
Date: 2017-04-18 16:21:41 Functions: 0 4 00
Legend: Rating: [IHIEHGEEN medium:>=75%  high: >=90 % Branches: 0 0 >
| Fllename | —Line Coverage ¢ | Functions$ | _ Branches ¢
main.c Cms% 20062 00% 0017
Generated by LCOV version 1.11
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Virtualizer Simulation Probes

(stimulus, fault injection, and analysis)

 GTM integration is compatible with Virtualizer Simulation Probes

 What is Virtualizer Simulation Probes.

— An in-simulation python scripting framework for fault injection, signal stimulus and analysis.

SimProbes Script {my script.
- VDK Pt (my pt.py)

(@

Eldef functicn_entry_ck(cbserver, args):
global symbol
sim.print_message ("Entry callback
sim.resume_script()

Core = sim.CoreFrobe (" /Hardware/Cored™)
Reset =sim.BoolProbe (" /Hardware/ResetGen/Portl™)

Daca = sim.UintFrobe ("/Hardware/Tart/Daca”)

sim.wait_ for(i0,'ms’)
Reset.set_clamp value (™true™)

|__T_| sim,suspend script()

n &2 " 8 symbol.name)

Y synorsys

Allows you to override and control signals
anywhere in the MCU VDK model

Override and control mechanisms are
uniquely supported in the Synopsys
SystemC kernel.

Unlimited number of scripts allowed to run
in parallel.

It runs inside simulation process , so has
high simulation speed.
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Practical GTM use Case on Powertrain Virtual HIL (vHIL)

' PUNCH | Tori
. orino
Stable & Automated Regressions for Auto SW ‘
° Targ et - Presented by Punch Torino at Synopsys Virtual Prototyping Day 2021 . Automotive SW challenges:

« Reliable testing methodology with regressions
« Replacing HIL stimulus with scripted stimulus
* Crank/Cam/Injection....

growing complexity,
sophisticated functionalities,
connectivity, active safety

- HW setup with HIL, board, test
PC complex and unreliable

« Jenkins based regression setup
with VDK and Python scripting
enables DevOps methodology in
auto SW development process

« Methodology -
« Scriptable waveform generation for repeatable .| + Moduar setup repos for models,
stimulus scenarios. A e
 Inject faults into input stimulus or output signals S
to establish system impact.

« Custom analysis for debugging purpose orer a3 F Stimulus Generation

’ RegreSSion enVironment (CI/CD’ Jenkins' - ') Eq::::;zA_mm; %EFSEEEES:} 1 | 1 | 1 1 | 1 | 1 | | 1 | 1 |
Congue. |~ m”u:jlégéﬂ umwmmummmmummmmum

« VDK including an integrated GTM reference
model critical part of the verification.

[Grmn o Fault Injection/ Evaluation

Curren t I Cursorl B j | o
Diff = 0 F330us 3340 us |3350 us 3360 us 3370w 3380us 3390 us |34UU us
F Value Trace AtomOut_30=0x1
| AkomOut_51=0:1 — T 1 I 1 1 I 1 I 1 I 1 I 1
et TER A sewtent 4| Tinin 6020w 7o) )
Configure...l 7 Timln_51=0:0
TomOut_0=0x1 T L [ 1 [ 1 [ 1 [ 1 I 1 I 1 I 1
TomOut_1=0=0 _ Il 1 I 1 1 I 1 1
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Working with GTM through the supply chain

» There is a need for more abstractions as we move up the
design chain and systems become more complex

— Mixing different representations VDK, Silver, ...

« GTM is used along the supply chain from Semi to OEM
— We need an “Optimized Fast GTM” based on the use case
— OEMs can often get away with some abstraction of detail

— Tierl and Semi may not need all details, especially if GTM is not
the focus of a particular test

* Use a switchable GTM model

Product Information

atiol
Generic Timer Module (GTM) IP

— A combination of the reference model with a more abstract S

Reference Model

implementation
— User can decide which one to use, full detail or fast model
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Summary

* Virtual Prototypes are essential to address today's automotive design challenges

 The GTM is a critical component of many MCUs and requires advanced debugging and analysis
features to fully exploit its feature set

» Synopsys has a comprehensive solution around the GTM enabling SW development in the
context of the full system at any point along the supply chain

» Synopsys is actively involved in integrating and optimizing the GTM reference model provided by
BOSCH.
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