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Integration of Stmulink Models into Virtual Platforms
Automotive Mixed-Signal ASICs

» Bosch accelerates progress of
automotive technology with
continued innovations like
ESP or autonomous driving
solutions

» Integral part for these solutions
are automotive sensors

» Example: Inertial sensor
system for ESP
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Integration of Simulink Models into Virtual Platforms
Automotive Mixed-Signal ASICs

Source: Karsten Funk
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Integration of Simulink Models into Virtual Platforms
Sensor ASIC — Architecture Example

» Signal path for sensor signal
processing

» General Purpose Processor
(GPP) subsystem for

» safety monitoring
» communication protocols
> etc.

» Several interfaces

Interface Interface Interface

» On-Chip Architecture H || H
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Integration of Simulink Models into Virtual Platforms
Sensor ASIC — Signal Path Example
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Integration of Stmulink Models into Virtual Platforms
Current Workflow - IP-XACT-Centric Tool Environment

» [P-XACT description as single source

» Generation of various design, test and
documentation outputs

» Ensures consistency throughout the
whole design flow

Automotive Electronics | Andreas Mauderer (AE/EID2), Alexander Schreiber (MathWorks) | 27.06.2017
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Integration of Stmulink Models into Virtual Platforms
Current Workflow - IP-XACT-Centric VP Generation
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» Description of architecture and register
interfaces in IP-XACT

» Automated generation of VP architectures and
TLM register interfaces

» Signal processing algorithm design using
Model-Based Design

» Manual behavioural description of control-
and signal-flow oriented designs




Integration of Simulink Models into Virtual Platforms
Architecture Design - Magillem® IP-XACT Packager (MIP)

F- )
M MIP - ACC_ASIC/complex_designxml - Magillem [E=EE )
File Edit Search Window Help

» Design of On-Chip Architecture
in Magillem® IP-XACT
Packager
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$ Complex_ASIC_¢
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Integration of Simulink Models into Virtual Platforms
Register Interface Design - Magillem® Register View (MRV)

@ ™
M MRV - ACC_ASIC/Signal_Path.xml - Magillem [E=EER

File Edit Search Model Editor Window Help

Design of register interfaces in ©%0 0| ® 55 % oA [GTVRT)
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E memorymap_sensor Prop.. Value
Search: Q ¢ -}QxRE|unnnm| =
4 B ACC_ASIC A Name* Absolute Address  Access Type Address Offset™
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Integration of Stmulink Models into Virtual Platforms
Current Workflow - IP-XACT-Centric VP Generation
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» Automated generation of VP architectures and
TLM register interfaces




Integration of Stmulink Models into Virtual Platforms

Virtual Platforms (VP)

» SoC architecture-centric

» Highspeed pre-silicon development
environment

» Abstracting communication interfaces through
Transaction Level Modelling (TLM)

» Benefits

» SoC concept validation and architectural
exploration

» Concurrent SW and HW development
» Validation of HW/SW interfaces
» Optimization of SW

Automotive Electronics | Andreas Mauderer (AE/EID2), Alexander Schreiber (MathWorks) | 27.06.2017

Virtual Platform

TLM-based Communication Channel
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Integration of Stmulink Models into Virtual Platforms
System Simulation and SW Dev. in Synopsys® Virtualizer™

» Tool for construction and simulation of
Virtual Prototypes

» Large module library

» Comprehensive debugging capabilities

» Export of development kits for SW
development

Automotive Electronics | Andreas Mauderer (AE/EID2), Alexander Schreiber (MathWorks) | 27.06.2017
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Integration of Stmulink Models into Virtual Platforms
Current Workflow - IP-XACT-Centric VP Generation

ASIC Requirements » Signal processing algorithm design using
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Integration of Stmulink Models into Virtual Platforms
Model-Based Design (MBD)
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» Algorithm-centric

» Signal flow-oriented multi-domain simulation

» Differential equation, transfer function, physical
network level

» Time-continuous, time-discrete

» Value-continuous, value-discrete

» Benefits
» Mathematical algorithm design

» Early verification of its functional correctness and
performance in its environment

» Implementation through automatic code generation




Integration of Stmulink Models into Virtual Platforms
Example: Lowpass Filter Design with DSP System Toolbox ™

<
4\ Lowpass Design M
Lowpass Design

Sp@ClﬁCﬂthn: Design a lowpass filter.
Filter output variable name: Hip4

Main \ Data Types | Code Generation

» Filter response:

Filter specificatios u—
’ DCSlgn MethOd Impulse responge: [FIR 'J
Order mode: vl

» 6dB-cutoff frequency: ( order: ’

Filter type: [Singlerate ']

» Stopband attenuation: 6 Frequency specticatons

Frequency constraints: [Cutoﬁ (6dB) frequency =

» Passband ripple: 1 m cssamsttemissnsing 0 1 1) .

Cutoff (6dB) frequency: .25

Magnitude specifications

Magnitude constraints: [Passband ripple and stopband attenuation ']
p

Passband ripple: 1 Stopband attenuation: 60
e

Design method: [Equiripple ']
—

Filter implementation

Structure: [Direct~form symmetric FIR X

[7] use a System object to implement filter

[ oK ][ Cancel ][ Help Apply
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Integration of Stmulink Models into Virtual Platforms
ignal-Flow-based Simulation with Simulink®

[Pa] Block Parameters: Hip4 ) 4 Time Scope =8 %

Discrete FIR Filter Time domain‘ File Tools View Simulation Help
.

Independently filter each channel of the input over time using an FIR filter. You can specify filter coefficients using - BOP® - w-E | FEE
either tunable dialog parameters or separate input ports, which are useful for time-varying coefficients. - — - - - - T Salaeion

A DSP System Toolbox license is required to use a filter structure other than Direct Form. Hipd

7 ¥ Cursor Measurements

Main | Data Types

Coefficient source: [Dialog parameters -
Filter structure: [pirect form symmetric -
Coefficients: [0.0067238818976415324 0.04407849511924547 0.12545944388173169 0.22054678€
Input processing: [Columns as channels (frame based) -
Initial states: 0

Control

1 Show enable port

External reset: |None nd

Sample time (-1 for inherited): -1

Ready T=10.000
(2] Apply b
= =
= (I
» &) Spectrum Ansiyzer @ Spectrum Anshyzer |ESIE =5
_ Lin A IR EEN RO | - | 2 G 5 (X
(B4 1 double num(z) double Scope 37 Spectrum ¥ Spoctrum Softings ax
\ » - o v
1
r - S yram
Chirp Hip4 i
» w ]
Hip4
Chip o
Spectrum
5] Analyzer
»
Ready 150% auto(VariableStepDiscrete)
7V Coreor Messurements
Frequency domain: e ==
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Integration of Stmulink Models into Virtual Platforms
Gap Analysis

] .
ASIC oot » Benefits of Model-Based Design
equirements
I 1 » Verified algorithm meeting signal processing
1 1 1 1 characteristics
Ar(l:)hitc?cture > I]{)f:gi§ter Corgrol.-Flow Alljgé)sriigrllm
esign esign esign (MBD)
y y : : » Workflow Gap
frenene reosers ] I I » Manual behavioural description of algorithm
| | . .
IP-XACT Description v v » Manual integration into SystemC TLM wrapper
SystemC TLM Manual Manual
Wrapper Gen. behav. Description| behav. Description|
= » Potential Issue
D ———
Architecture |- . .
Generation [ » Mismatch between manual behavioural
Y description and implementation

Virtual Platform
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Integration of Stmulink Models into Virtual Platforms
Gap Analysis

] .
ASIC Requirements S Oluthn:
| .
l 1 1 1 » Automatic generation of SystemC
. . Algorithm
el s T I Il B TLM component
y y : » Behavioural algorithmic model
A e ] | » Integration in SystemC TLM wrapper
|
IP-XACT Description v
SystemC TLM Manual Autom. Generation 3 % . L. .
Wrapper Gen. | [oehav. Deseriptionf | SysenCTLM& | % » [P-XACT register definition as input
52
VP D ———
Architecture |-
Generation

Y

» Support of SCML register

Virtual Platform
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Integration of Stmulink Models into Virtual Platforms

Algorithm Design & Model Generation

X

’ [ RESEARCH ] [ REQUIREMENTS ] 5

v V

ALGORITHM DESIGN
Environment Models
Digital Models Analog Models RF Models

Timing and Control Logic

Algorithms
MODEL GENERATION ALGORITHM IMPLEMENTATION
SystemC ~ DPI-C C/C++ HDL .
Virtual Platform | SCE MCU | DSP  FPGA ASIC | Transistor

Sim.

SoC-LEVEL TEST & VERIFICATION

C ALGORITHM INTEGRATION j <

NOILVOIATIHA % LSHL WHLIJODTV

\/
L SoC-LEVEL INTEGRATION J

Extension to classic MBD Workflow

Automotive Electronics | Andreas Mauderer (AE/EID2), Alexander Schreiber (MathWorks) | 27.06.2017

» Extended Model-Based Design Workflow
» Model Generation

» Additional code generation targets
» Virtual platforms (e.g. SystemC TLM 2.0)
» Verification environments (e.g. SystemVerilog
DPI-C)
» Benefits
» Integrated, automated workflow

» Functional equivalence between ..
— Algorithm design
— Virtual Platform model

— Algorithm implementation




Integration of Stmulink Models into Virtual Platforms
Algorithm Design & Model Generation

MATLAB » Algorithm Design
Simulink _ _
» Mathematical representation
l » Multi-domain simulation environment
ool Tes Bamel — Early algorithm verification within its environment

» Model Generation
» Automatic code generation (SystemC TLM)

* » IP-XACT register description as input
[ Simulink Coder / En.wt.)edded Coder [ » Behavioural description integrated in SystemC TLM
HDL Verifier wrapper
TLM Generator IP-XACT .
Target * * Register » Self-testing SystemC TLM testbench
Selecti ipti . .-
slecton - Description » IP-XACT register description as output

DUT _tim.cpp DUT.cpp
DUT_scml.cpp
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Integration of Simulink Models into Virtual Platforms
Model Generation - IP-XACT Register Mapping (I/O, Parameters)

r N
’i DUT_ipxactmem_scml - Simulink @Elg

File Edit View Display Diagram Simulation Analysis Code Tools Help Input : IP - } < ACT I z eglster Mapplng
r-=-8 < SR A=ME RN CN O R ORG- R
DUT_ipxactmem_scml 87
@® @DUT_ipxactnem_sch » v &
@ Configurati DUTj _scml/C ion (Active) 89
& 90
= % Commonly Used Parameters | = All Parameters \ 91
92
=t Select: TLM Mapping ‘ TLM Processing | TLM Timing | TLM Testbench | TLM 93
Solver Socket Mappin
& Data Import/Export PPIng 94
= > Optimization © One combined TLM socket for input data, output data, and control 95 <Spirit . regi ster>
0 Dia%nostics [ © Three separate TLM sockets for input data, output data, and control 96 L. ..
H; Im| tati H .
MaorcI evllaRreeferei:nmgen ation @ Defined by imported IPXACT fle - <spirit:name>ACCl_Out</spirit:name>
Simulation Target 98 <spirit:addressOffset>0x00</spirit:addressOffset>
4 Code Generation Import IP-XACT File
Lin - loouble 99
I Report IPXACT file: C:\04_SBX_ROOT\SystemC_TLM\Signal_Path.xm 100
Comments
Chimp Symbols Implement memory map with SCML 101
Custom Code 102
Interface
— Code Style 103 <spirit:parameter>
104 P P
. <spirit:name>MWMapOutput</spirit:name>
Import IP-XACT File 106 <spirit:value>sym Hlpd4</spirit:value>
107 </spirit:parameter>
108
l IP-XACT file: C:\04_SBX_ROOT\SystemC_TLM\Signal_Path.xml i \

I Implement memory map with SCML I ‘ \

\‘ e Interface mapping between
SCML Register Support [P-XACT and Simulink
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Integration of Simulink Models into Virtual Platforms
Model Generation - SystemC TLM/SCML Adaptor Architecture

DUT_scml_def.h DUT.h
DUT.cpp
SCML Memory

72}
ACC_1_In | 5

= Data Set
ACC 2 In | =
72]
COEF.1 | 8

& Data Set
: s
COEF 5 |&
4]

ACC1 Out a Data Set

= . .
- ACC2 Out | S Timing Sync.
DUT_scml.h Timing Synchronisation
DUT_scml.cpp
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Integration of Simulink Models into Virtual Platforms
Integration and Simulation - Manual Import of SystemC Module

& Import SystemC Modules m ACC_ASIC.xml [E=EEN =)

I Include Paths I Defines l i

| % m ||search: | ¢4 || 5 Wl [osfaut L]

Simulink/DUT_VP/DUT_scml/src/DUT_scml.cpp

& SystemC Build Configuration EE Iu

FromSource <Default>

Add... [~r-Simulation Files =~
- Environment Variables | Setting Add... |
& Import all modules - Path Environment Variables ,a SystemC Build Configuration m‘
- Makefile Includes
¢ Import modules: i
& Dynamic Load FromSource <Default>
- Primitive Channel Payload Headers
- Infrastructure parameters [~ Simufation Files :l
e BN | | Evvionment Variables Setting Compiler | _ Add..
v Update existing end .-Header Files -~ Path Environment Variables C:/PROGRA~1/MATLAB/R2016a/bin/win64 *
- Include Paths - Makefile Includes M
- Library Paths - Dynamic Load Edit
Reset | - Libraries - Primitive Channel Payload Headers |
- Template Fallback Libraries - Infrastructure parameters Move Up
- Compile Flags - Source Files
- Link Flags - Header Files Move Down
- Dynamic Library Search Paths ~Include Paths
- Build Scripts
- Unevaluated Parameter Files -~ Libraries
- Template Fallback Libraries
- Compile Flags
‘ Add... | Clone... | Remove - Link Flags
-~ Dynamic Library Search Paths
ctive library set” L/Users/maa: attormUreator/worl ‘ . .
| - Build Scripts
- Unevaluated Parameter Files Z
Add... Clone... Remove Rename... | Make default oK | Cancel
& J
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Integration of Simulink Models into Virtual Platforms
Integration and Simulation - SystemC Module in Synopsys® Virtualizer™

&4 Virtualizer - K-2015.12-5P1 - Platform Creator /ACC_ASIC.xml =
File Edit Project Diagram Check Export Tools View Simulation Plugins Help
a8 aXm[@Ax A G- &P EE][2 35 m[[search] # || & M [Defaut = [[msci00 <[4 > @

Library Editor |Documenlalion |

Definitions IQuickRef ]

#-3§ACC_ASIC |
= External Definitions
- 33 GENERIC_TLM2 -
-{_4 AddrBias_TLM2 = 'g DACC_Sensor
-8 AddrMux E gl i T initiatorSocket
{3 clock_from_uint = -, {1CAN
&-{ Jclock_to_uint i LTiw Memory
-{_# ComponentStub § o E - {1GPP
{3 ComponentStubl2C i | © i [hwinitiatorSocket
{3 CoreManager 0 — = é =-{Buc_Bus
= .
#-{ §DWC_PCle_Test_RC = £ < =-{Z} BackBone
#-{ BFilelO w| - § IPStage_BB_i_
&#-{_} HostDataXferlf o - C_BB_i_ltv
&312C_TLM2_Bus =) ~C_BB_i_ItV
{3 IMem2IMem64 O -+ C_BB_i_ltv
-3 IMem642iMem = « -wC_BB_i_th
- 3 InitValue b 2 ~g-clk
© 1
- 3 IntCtrl 2 = Srreset
{2} InterfaceSpy_TLM2 . 3 OPStage_BB_
-3 MemMux64 g hid < 3 ~#-C_BB_C_8
- E (&) o = DR : A
&-{_ MemSwitch ) ~wC_BB_i_ltv
#-f=)sc_type_converter o E% T - Beclk
#-{ } sc_type_converter_from_res R 8 -G reset
#-{ sc_type_converter_to_reset OPStage_BB_
#-{_§ SmartRam_TLM2 i| TwC_BB_i_lth
Il 100% - [m1:1 276x574 <] | 5T >
\Default A__ /

[ visibility [ Edit

mw_backdoorcfg_IF::TIMED Default = Visible = Until Simulation Start

Console I Messages | Build Output J Parameter Editor | Memory Map Table I Memory Maps I Constraint Editor

Active library set: C:/Users/maa wr.lib 4

3 0 Automotive Electronics | Andreas Mauderer (AE/EID2), Alexander Schreiber (MathWorks) | 27.06.2017

BOSCH




Integration of Stmulink Models into Virtual Platforms
Integration and Simulation — Simulation in Synopsys® VPExplorer

38 VP Explorer:
File Simulation Analysis Window Custom Help

| O )

P FS B> E "t N 1s - IEHCSSystemC
E=: Design Browser 22 |[F] Memory Map | # Results E:v @ = O |2 Chart View 52 | &5 SystemC Processes ©® e >IN /P Y ‘
/HARDWARE/Signal_Path/S ¥ K/ACC_2 In Basi| Cursor® < [0
. " - Cursor&:0
¥ Design Hierarchy [5] Businterface AddressBlock  0x0 Cun| Cursord ~ | 0
4 & HARDWARE = ACC1_Out 0x0 0xbf8e7369. ..
& ACC Sensor — ACC2_Out 0xe 0x3£502¢1%. .. * ACC_1In_sig
& CAN — COEF1 0x10 0x3£7b2as0. ..
& GPP = COEF2 0x18 0x3£269174. ..
& i_ClockGenerat(| — COEF3 0x20 0x3£c00£0e. . .
& i_ResetGenerato — COEF 4 o0x28 0x3fcc3ae0. ..
& Pt — COEFS 0x30 0x3£d0e379. ..
» @ peripheral Bus ), B 5 ddressBlock 0x0
& RAM — ACC1ln 0x0 Oxbfegd4sl
L = '+ ACC_1 _Outsig | 00
& ROM = ACC21In 0x8 Oxbfeffa2d... *
4|® Signal Path [5] Businterface_Router 0x0
& start_event Sensorlnterface_Router 0x0
& SPI BusInterface <unknown>
# uc_Bus ¢= Sensorlnterface <unknown>
& ACC_1In_sig -0.7583625. ..
© ACC_1_Out_sig -0.0148685. .. =
— ACC_2_| 00
© ACC_2In sig -0.9992894. .. [ A 2In s
& ACC_2_Out_sig 9.87082332...
m Buslnterface_Adapter HARDWARE.S...
m Sensorlnterface_Adapter HARDWARE.S...
) capture 0
Q capture 1
Q targetThread
4 "arge Trea [# ACC_2 Ouis | 00
33 Breakpoints % B % & g‘*‘ >~ ¥ =0
State  Type Location Symbolic Name

@ initial_crunch /

<| 1] LK Y UL

EJ Console | & SystemC Events 52 | [ Details BB Y= 08
Full Name Notify ... Notified (T) Expected (T) Notif.. Trigg.. Call Stack v
/HARDWARE/ACC_Sensor/writeProcess_timeout_ev... NONE 0:00:00.999 000 000 000 5000 5000 [ trace ‘
/HARDWARE/CAN/event 0 NONE 0 0 [0 trace
/HARDWARE/CAN/event_1 NONE 0 0 [0 trace
/HARDWARE/CAN/event 10 NONE 0 0 [J trace
< m » /HARDWARE/CAN/event_2 NONE 0 0 [ trace ~
begin_of_time_step 0:00:01.000 000 000 000 46002 (0]
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Integration of Stmulink Models into Virtual Platforms
Summary — Bosch Workflow
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Integration of Stmulink Models into Virtual Platforms
Summary & Conclusion

» Developed method:
Automated integration of Simulink signal processing behaviour modules into Virtual Platforms

» Generated artefacts:
» Functional core
» SystemC TLM2.0 Wrapper with SCML registers based on IP-XACT description

» Code connecting wrapper and functional core

» Benefits:

» Increase of efficiency for integration signal processing behaviour into VPs
» Earlier availability of functional VPs of signal processing ASICs

» Inherent consistency between Simulink model and VP
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Integration of Stmulink Models into Virtual Platforms
Trademark Attribution

» Accelera, SystemC and IP-XACT are trademarks of Accellera Systems Initiative Inc.
» BOSCH is a trademark of Robert Bosch GmbH.

» IEEE and IEEE 1685: IP-XACT are registered trademarks or trademarks of IEEE.

» Magillem is a registered trademark of Magillem S.A.

» MathWorks, MATLAB, Simulink, Stateflow, DSP System Toolbox, Simulink Coder, Embedded Coder,
HDL Coder and HDL Verifier are trademarks or registered trademarks of The MathWorks Inc.

» Oracle and Java are registered trademarks of Oracle and/or its affiliates.
» Synopsys, Virtualizer, Platform Architect and VCS are trademarks or registered trademarks of Synopsys Inc.

» Other product or brand names may be trademarks or registered trademarks of their respective holders.
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