SYNOPSYs

Silicon to Software”

Accelerating GTM Software Development Integration
and Test using Virtual Hardware ECUs

Jason Niatas

Synopsys Inc
October 2017




Agenda

* Virtual Hardware ECU introduction
* Increasing GTM software development efficiency

« Comprehensive solution for GTM based software development and test
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Virtual Hardware ECU introduction
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What is a Virtual Prototype?
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Software

MCU Hardware
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Fast model of a
microcontroller (MCU) or
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system-on-chip (SoC) that
can execute an unmodified
binary executable
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Start HW/SW Development Early

Better than Hardware — available earlier, easier to use for debug!

SW development 9-12 months earlier

Experience from Automotive Semi and *Faster Debug

Tierl/OEM SW Teams Non Intrusive

* Pre-silicon Dual OS (AUTOSAR & Linux) + *Deterministic
Hypervisor bring up. *HW/SW Correlation |

« Complex driver and communication *OS aware

“““““““““““

—GTM, CAN, Ethernet communication, vision
accelerators/sub-systems, ...

* Algorithm flow from Matlab/Simulink to
embedded software
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What i1s a Virtual Hardware ECU?

Debug, Analyze & Test

Software

ECU Hardware
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Fast model of the ECU

Hardware with the benefits

of virtual prototypes

Infotainment ECU

ADAS ECU

ASIC

Powertrain ECU
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Hardware-in-the-Loop

Development Gap

EFFORT & TIME GAP

PC Target (.exe)

Project Timeline ECU

HIL Limitations: Access due to limited number of HIL systems (cost and access)
Limited visibility and controllability
Hard to deploy in regression
Complex to set up, share, maintain and archive
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Virtual Hardware-in-the-Loop

Start Before Test Benches are Available

MIL SIL
Software
Development Tools Debug, Analysis and Test Tools

Embedded
Software Embedded Software

Virtual HW & MCU Virtual Prototype Plant Model and

Environment (Synopsys VDK) Analog

I
| -
PC Target (.exe) Automotive tool ecosystem support includes Matlab/Simulink,
SABER, Vector CANoe, ...
Project Timeline =
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SW Development Early & Increased Testing Throughput

From Virtual SoCs to Virtual Hardware ECU(s) with Virtualizer and Automotive VDKs

Start early & accelerate
development

« When SoC evaluation
boards or ECU HW
boards are not available

e 12-18 months earlier

e Easier and more
efficient debug

Developers & Test Teams

Debug, Analysis and Test Tools

Virtual HW

Plant Model

ECU & Analog

Start earlier, test faster
and better

* Frontload test
development

« System SW testing
 Fault & coverage testing

» Regression

.......Ef.......................................1‘y..................................-----4.>

arly Software Development
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Availability
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Increase Testing Throughput
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Significantly Increase Test Throughput

Test More and Faster — Higher Software Quality Earlier, at Every Development Milestone

Using HIL

m Configuration Measurement & analysis

>

}

327 Hours

[ 53 Hours

Further Acceleration
through Parallelization
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80% reduction
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Application Example to vFMEA

Actual Results

Inject

MCU % o * Increased test coverage 200 to 900 tests
Virtual Circuit

Prototype Model

(Synopsys Virtualizer) (Synopsys SABER)

Virtual HW ECU

* Testing effort reduced from 3 man/months to
2 man weeks

Vehicle Dynamics Models * Reusable, safer and distributed access

e WTE  Faster analysis of result and change
| e ——— iteration
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Increasing GTM software development efficiency
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Challenges

» Understanding and debugging GTM software efficiently
« Getting the right visibility into GTM itself for debug, analysis and coverage
 Getting visibility in the context of other processor core and debuggers

« Stimulating the GTM — stimulus, fault injection and associated analysis

MCU Virtual Prototypes and Virtual Hardware ECUs accelerate and
simplify GTM based development!
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Integrated and Comprehensive GTM Debug, Tracing and

Analysis

- Visibility

—MCS Function Tracing
—MCS Instruction Tracing
—MCS core register and GTM config register

tracing

—MCS Memory access tracing

* Integrated and comprehensive
— Integrated GTM “internals” tracing in unified

console.

—Viewing and Debugging in context of mainline
MCU SW execution.

— Interactive and offline
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L5 Breakpoints 22 | LI X K 8o~ = 8
State  Type Location
@ initial_crunch /
“® sw_breskpoint  /TC3%x A system/”

>

= Simulation Output | ) Console | & SystemC Events | [ Details 23

Met Prev £# ¥ = 0O

Instruction Trace for TCI9¢ A_system.TC39¢Peripheral_System.GTM.i_gtmi_wrapper_timc.GTM.gtm_wrapper.gtm_top.mestmes_chl (0to -9223372036854775 ps)

Time (ps)

806538180
503520000
905560000
905600000
905628571
Q05657142
205665713
205714284

Function/Address Conttext Address Disassembly ~
slave_task + 0x18 0228 MOV R2, Ré
slave task + Ocdle 022 CALL 154
0c154 MOVL RS, 0x&,
Detailed MCS Instruction ots MUL Rz 5, 019
0cl5c MRD RS, <28
Tracmg (mcs-asm) adéo MOVL RS, 0654
B 0164 DIWU RS, R3, 018
is thmhuld r:a:h:d 014 0cteg ATURZ R4
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Synchronized Debuggin

Edit ‘iew War Break Run

CPU  Misc Trace Perf Cow Window Help

WEAL e »u i 2R SEE B iP N s @ B X & ¢
= B:Data.List [=]=]BE | @ B:Register /SpatLight [=][=][*]
PISi=p || B Over || ADiverae|[ ¢ Retum || @Up || B Bo || M Break || ¥Mode [l Finct EEQ B W U] -
t addr/Tine code Tabel _ mnemonic comnent M - 2 1 SPoNT 3
40 Ti (shered data.status 1= NCS TARSTER CHANNEL)T ol ica = R3 -
P:00000134 |A50°10020° i5_core_.:mrd r5,0%20 g R4 25
unsigned int iz_core_active() 6 - ;g é
40 if (shared_data,status != MCS_MASTER_CHANNEL){ gﬂ = 7 nzac pC 013c =
P ;00000138 |75000003 atul  r5,0x3 o =
. 8510142 Jbs sta,z,0x148 -
a1 return 1;
P 100000140 |12000001 wovl  r2,0x1
return 1;
P 00000144 |E0000150 Jnp 02150
}oelse { =
43 return 0;
P 00000148 | 12000000 wovl’  r2,0x0
} else
43 return 03
P:0000014C Euuuuwsu} Jmp 02150
b LAUTERBACH
P 00000150 |E0040000 ret
unsigned int is_threshold_reached(unsigned int ID) ’ RA‘ :E32®
i
58 if (ID%10 == (shared_data.ade_input3100)) {
P:00000154 |15000004 is_thres.imovl  r3,0x0
unsigned int is_threshold_reached{unsigned int ID) v
58 if (ID¥10 == (shared_data.ade_inputl0n)) { < >
P 00000158 | 2560015 mly r2,rs
BiVarFrame
unsigned int is_threshold reached(unsigmed int ID) =]
D Down [ Args [JLocals [ ] Caller Task:
58 if (ID*10 == (shared_data.adc_input3100)) { v :l :
< [0 5| [fs_core_active()
Ul end of frame
[
= [B:AREA] [=][=][x]
[FEE CPU type: TC3995-A -
e Attaching to the simulation ...
M In TRACE32 the default TRACE method was changed to ART. Change to ANALYZER, the default for
H#t Loading symbols ... ~
< m > <
[compoments | [ taee | [ Data  |[ var  |[ Lt |[ PERF |[ SvStem |[ Step |[ Go  |[ Bresk |[ svmbol |[ Frame | [ Register | [ other
P:0000013C \hsnps_gtm_demotmainkis_care_active s 0 [stopped
-

Development Tools

File Simulstion Analysis Window Custorn  Help
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wacealu ][

Fiy Design Browser 23 H Memory Map | 4 Results

B-raq v=0

JTC3% A _system/TCI%/Peripheral_Systern/GTM/i_gtm?_wrapper_ timc/GTM/gtm wrapper/gtm _top/mesQfmes0_ch0

Offset Value
0x00000000
0x00000000
0x00000001
0x00000000
0x00000022
0x00000001

Multi-MCS Core

4 § GTM ~ | Item
4 gtm_ wrapper = R0
4 T gtm top =Rl
4 @ mesO = R2
& mesl_chd -3
@ mos_cht - R4
a dach? = RS
Multi-MCS =1
Channel : =Cm
. — ACB
Debugging —-pc
= MHB
=2 Q mesl_ch0 = CTRG
& meslchl = STRG
@ mes1_ch? = ERR
@ mesl_chd == CTRL_STAT
& mesl_chd = RESET
& mes_chs - CAT
G meslche | =CWT
< [ ]
aneas | () Menory 5 L

virtual @ [TC35% A _systemTC39x Core _SystemTriCored : 1) <VP Explrer Tradtonal> £3 | & New Renderings...

Icummm: |

OxeRR0003FH100000 25 63 83 10 0 00 60 20 0L 60 68 09 60 0
GxOR0NERRATO100810 00 00 80 00 09 00 B9 07 0B 60 89 0 60
xeRaROI1000 00 60 0 0 19 11 6F 09 00 20 60 00 B4 0

Memory Views

00000 Xoviviriririnins
L1 TR
2 80 60

- Tis e UL 001
1 e == Universal Debug Engine (UDE®) EOPRRBLFRINTE 001
50,22 D ont ne 20716 byt | : Ova0uO0FAINN0R0 00 20
: = = : 3 CORROEILONN 0
Message View
e T e

3 Party Software Debuggers
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Register View

0x00000000
0x00000000
0x00000000
0x00000000
0x00000000
0x00000000
0x00000000

_timc/GTM _REGS/m_reqs/ATOME_CH2_RDADDR
Item Offset
= ATOMS AGC ACTTB  ox£B4c
= ATOMS_AGC_OUTEN_CTF Dx£850
= ATOMS_AGC_OUTEN_STZ 0x£854
— ATOMS_AGC_FUPD_CTRL 0x£858
= ATOMS AGC INT TRIG _ Ox£85c

GTM Config

Register
EERY

= ATOMS_CHI_IRQ_NOTIFY Dxf8al
== ATOM3_CHI_IRQ_EN Ox£éad
== ATOMS_CHI_IRQ_FORCIM Dxf8a8
= ATOMS_CH1_RQ_ MODE OxfBac

[ | [ SystemC

7 ChartView | B VP Disassembly 22 §3j snps_gtm_dem.. | ™ =]
o 0B S0~
Address: | (000000119 v Core: ‘mcsﬂ_chU v|
BP  Symbol Address Instruction Disassembly A
<channel7+ 8> [00000104]  Oxe0030210  CALL Ox210
<channel7+0xc > [00000108]  (0xa2800000 MOV RZ STA
<channel7+0x10>  [0000010c]  Ox42€£fffe  ANDL R2, OKFFFFFE
<channel7+(x14>  [00000110]  0xa8200000 MOV STA,R2
<is_control_loop_..  [00000114]  0xa$010020  MRD RS, 020 =
w  <is_control_loop_, 5, 045
<is_control_loop_. , 05, (x128
<is_control_laop_. YLRZ, 01
<is_control_loop_..  [00000124]  Oxe0000130  JMP (x130
<is_control_loop_..  [00000128]  0x12000000  MOVL RZ, 00
<is_control_loop_..  [0000012c]  0xe0000130  JMP (<130
<is_control_loop_..  [00000L30]  Oxe0040000  RET
<is_core_active+0.. [00000L34]  Oxa5010020  MRD RS, 020
<is_core_active+0..  [00000L38]  0x75000003  ATULRS, 03
<is_core_active+Q..  [0000013c]  Oxe8510148  JBSSTA, 05, 0148
<is core active+0.. 000001401  0x12000001  MOVL R2, (x1 Y
0:00:00.003 582 800 000 #

Value |~
0x00000000
000000000
0x00000000
0x00000000

0x00000000
(00000000
Gx00000000

+ GTM advanced visbility
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Virtualizer Simulation
Scripting
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GTM MCS Code Coverage

* Non-Intrusive Code Coverage for =

" | 93
B 94
as
%6
high level language MCS
97
Software Current view: top level - snps_gtm_demo - main.c (source / fi gg
Test: coverage.TC39x_A_system.TC39x Peripheral 100
Date: 2017-04-18 16:21:41 ig;
Legend: Lines: hit [JSHAME | Branches: + taken Il not take 103
104
105
Branch data Line data Source code 106 : :
. . . o . e 107 : SR EEE LT EE T EEE LA EI R E T RIE T EE IS E I E i}
° N d m d f t d d z ; « main. 108 : : // Master - channel o
0 CO e O I ICa |0nS nee e In Z : : meinee 109 : S IIIIIIIEI I IE S EIE IS IEI T EI T EETEIE RSP IEITEI 1139007
4 : : * Created on: M 4l : T . .
5 : - uthor: @ 111 : : int main{ void )
coae : ; DY : .
7 . . 113 : 1: CIRG = O0xFF:
8 : : $include "config. ﬁ; _1 : e se e s
9 : : N
. 11& : :
10 : : #define BUSY WAITameww v
11 H
1z : : volatile data_struct shared data:
13 : H
14 : €93 : void wait (unsigned int ID)
* Industry standard LCOV Reports i | ¥
18 : 1 #if BUSY_WAITING == 0
17 H 693 : __wurmx( & 5TRG, 1 << ID, 1 << ID}: /f wait until channel gets triggered
18 : 693 - CTRG = OxFF; // clear trigger bit for current channe
19 : : #else
20 : H while (shared_data.active_channel = ID):
21 : : #endif
22 : 693 : 3
. 23 : H
* Per or multi MCS channel 2 : | vota crigger mstonea snc
26 : : #if BUSY WAITING == 0
Covera e re Orts 27 : 693 : STRG = 1 << ID; // trigger specific channel
28 H : #else
29 : : shared data.active_channel = ID;
30 : : #endif
31 : 693 : }

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 o2 I
Date: 2017-04-18 16:21:41 Functions: 0 17 [
Legend: Rating: [NEHIEMGEEN medium: >=75%  high: >=90 % Branches: 0 0 >
R ename e Coverage's 1 “Functionss | Branches® |
e T [ #5%| 27/e2]  00% |  0/17] - 0/0

Generated by LCOV version 1.11
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Testing and Understanding GTM System Impact

scripting framework for fault injection, signal stimulus and analysis.

Baseline | CursorA j [ 0

» Scriptable waveform generation for et [Gme = I“'&
repeatable stimulus scenarios. m;:m.n:. AronOu_S0-0:1 : : ' ' Stimulus Generation
Groupedt TE A svstom 1 mugﬂ_ﬂam mumlrmm | e 1 PR
ut_ SN N N NN SN N N NN NN NN NN NSNS SN EEEEEEESEENENEEEESENEEEEEEEEEEEL
» Inject faults into input stimulus or output
signals to establish system impact.
Baseline |CLrsurA j IO
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« Custom analysis or debugging to R | T T e TR
_ ) G T30 A svstom 1| oot — — n
Investigate Confpee.| ~ o —— — e e e e —
TomOut_1=0x0 —1 1 il ! 1 1 i |l
— Verify data processing
— Investigate race conditions Dif = 0 0 s Hms ELD W
r y - |7 IntegerTrace Trace [ mes0_data_ch0=0
— Playback of “field” issues through the sl ot o

¥ 3 NoSlicing

GTM Reference model in MCU VDK. Confgue..| -
[; EnumTrace Trace mcs0_data_chOMCS0_ch0_\Wir) T CustomAna |y5 is/Debu gg in g
mcs0_data_chOMCS0_ch0_Rd)

nm:ﬂ;#.;_dﬂ ) mes_data_chO(TriCoreQ_'Wr)
v % Slice By Metric mes0_data_ch0(TriCore0_Rd) QNIRRT T T T 0 crr @ i
Configure... | i mesD_data_chO[Nodccess)=Nodccess

T
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Comprehensive solution for GTM based software

development and test -
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The most comprehensive Virtual Hardware ECU Solution

Synopsys Solution from Modeling to Test Bench Deployment

\

CoE VDKs
Semi VDKs

IP Models

om

Models

g B
[ Software Tool Interfaces ]

Scripting

HW/SW Debug and
Analysis

Virtual Prototype

[ Co-Simulation & External Connectivity ]
. /

VDK Extension
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Development
Deployment

Methodology &
services
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Developers & Test Teams

Debug, Analysis and Test Tools

Software

Virtual HW
ECU

Plant Model
& Analog

Virtual Hardware ECU Test Bench
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Integrated Environment to Efficiently Develop and Test

GTM Software
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synchronized multicore
debugging for MCS cores

Development Tools

gine (UDE®)

Universal Debug E
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MasterBus

Cik ffp PMU_PmuTargetSocketd

TriCore0_DATA_FLASH

TriCore0_FWD_FLASH
TriCore0_PROG_FLASH

Virtual Prototypes from
Infineon

«  NXP

* Renesas

_toD0_Siay
AMU1_SriSocket
SRIEKeme!_SlaveBus

f 105
G i} AM1_DamTargetSocket
st || €8u0_vem
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LUUTRAN_EM
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HSSLO_HssISRINASrSocket_SOTAB_MasterBus
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Product Information
Generic Timer Module (GTM) IP

Reference Model

) BOSCH

Invented for life

Execute unmodified GTM binary
code on the reference Model

File Simulation Anshsiz Window Custom  Help

Q0w T

Ty Design .. [T] Memor... |4 R 2 ChartView £2 @ SystemC Processes B VP Disassembly 43 snps_gtm_demoupefy EEEY ¥ 2
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type filter et st
Curent o | [smzons |
Desgr DbjectMeritor Name ¥ Monke T (el |
o Cutert Simisicn Diff = 9320 s v 1 e e Im
+ Function T [_STAAT [ T~
= i ]
oAl | oty vk T ]
= +_conio_ocp_aciive
i
o 1| process_daia
Contpue. | 7| fieet
Seect Funcian
Sl
[# Function r | charnel
| ek
= ie_conolkocp_acihve
s ie_lheshold_sesched
~ & Find iy co | Ficcere_dana
Conligne..| | 2
% WntegerTios
| £
mes0 siaius mesl) staass at
<[ i
= simutation Output| & Console £ SystemC Events |64 Details 12 Nex Pev # = = O
Irstruction Trace for TCI0CA_system, TCHParipheral_Systam,TM L gz wrapper_time. GThe.gtm_arapper.gtm_top mesdmesd_chi (Do -SE2T3T2036E64775 ps)
Time (p3) Function/Address Conteit Address Disassembly
‘ 0 | | evssamnen slave_task + 018 oz MOV R, RE
g 505520000 e rask + B a2z CaLL RS
& Bruakpoints EE S LR =R " " g E

io
global aymbol
sim.print_message (

3im.resume_script()

I {ob3erver, args):

" & symbol.name)

GTM")

symbol = coreProbe.find symbol_by name (function_name,

coreProbe = sim.CoreProbe(”/

# Attach Memory probe
regProbe = sim.MemoryProbe (' /GTH o4, 0)

Synopsys VDK simulation probes

<ter

IN)
IN)
IN)
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Ampi-Tcl-Probe

21 Problems | = properties | 1 console 22

rminated:> Hitachi STM ERROR [VSP Simuiation] C:\usr\synopsys\vir tualizer comet-K-2015.06\ampi3\bin\sys_loader.exe

[0.000 ns] in /Top/TG29x/STMO.STMO : Updating Clocks : kernel Glock O s, bus Glock 0 3, Divide Ratio 1
[0.000 ns] in /Top/TG29x/STMO.STMO : Reset start

[0.000 ns] in /Top/TC29x/5TMO.STMO : Power on Reset is Asserced.

[0.000 ns] in /Top/TG29x/S5TMO.STMO : Updating Clocks : kernel Glock O s, bus Glock 0 3, Divide Ratio 1
0 ps: Setting Register Trace: STMO TIMOSV 0x£0000044

Synopsys VDK unified model debug tracing
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Summary

* New approaches are needed to start development
earlier and increase testing throughput for GTM
based designs

* Virtual prototypes and Virtual Hardware ECUs
deliver key benefits — earlier availability and faster
testing throughput

SYNOPSYS'

Most Comprehensive
GTM-based Virtual

* Synopsys has the most comprehensive solution in Development Solution
the market specifically tailored for GTM Accsleats arly ofvaredevlopment 1218 morth
development . L e

— Tools enhancing GTM debug visibility and control * 6TM supportin MCUs from Renesas, NXP,Infineon and ST

— Full MCU models from companies such as NXP,
Infineon and Renesas

— Proven deployment for more than 10 years

— Financially stable, long term vision and recognized
industry leader
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