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System Model Description and Use-cases
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(Domain Specific Modelling Language)
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-
Benefits of model-driven engineering (MDE) ‘.’

Goal
GPU - Improve insight in dynamic system behavior
EPS m) Core| B B B > Systems in development
DDR 110 I > Systems in field
>
Assess design choices & requirements
b 4

— » Systems in acquisition

' —
g QP g b’%’ » Systems in planning or development

Identify opportunities

S » Derive OS configurations
l___ Il

— » Evaluate mapping of functions, data, and code to
- - hardware platform

» Exploit parallelism of the hardware platform

» Prioritization of critical event-chains
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System design with Capella: the

Initially developed & deployed at Thales

Released in open source: Bl EX G

Used in many industrial sectors (aerospace, energy,
transportation...)

®»\"\\\ Prﬁine

Managers Requirement
Managers

pd

Shared & Capitalised o
Architecture Models

Customers

Architects Logistics
design authority T Engineers
Safety, Performance, - Others
interface... Engineers
B Desighiets & IVVQ Manager

Developpers E

Validating/Justifying
solution against Operational Need
Easing Impact Analysis

Need understanding

Solution architectural design

A : Operational activity
F : Function

ARC

~Y

ADIA

method

q:.

Operational Analysis
What the users of
the system need to
accomplish

Functional &

Non Functional Need
What the system has to
accomplish for the users

Logical Architecture
How the system will work
to fulfill expectations

Physical Architecture
How the system will be
developed and built
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AMALTHEA - a common system model v .

sl Decisions

Aaf /SW System
T, takes 10us on Decisions Core 0 -
Constraints Core0, 20ps on Run T, on Core0 j_L)t
Period T, = 2ms Run T on Coret

Deadline D, = Offset of T, = 1ms Core 1 i -
1.5ms t

Period T, = 5ms
Deadline D, = 5ms

\———/

System Performance Analysis

Platform

EI-I:I

Conflg Generation

AMALTHEA

System
Software Model

Optimization
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Capella vs. Amalthea concepts and Bridge

* Operational & Systen
* Logical architecture
* Overall traceability fq

Capella

AMPERE
Analyses

R
e (‘Q

/I’he incremental Bridge allows synchronising the Amalthea
model with the Capella model non-destructively.

== Model Update o x
Changes P TN 3 v || & Candidate Model @ || & Resulting Model &
g call UKF_50 ~ > 4o call UKF 52 - 5 @ Task Offloaded_CAM A
g call UKF_51 > g call UKF 53 > @, Task Sensor_Fusion
g call UKF_52 > 4o call UKF 54 > @ Task UKFs
4z call UKF_53 g call UKF 55 > (@ Task CCM

+& call UKF_54 > & call UKF 56 > @ Runnable CAN_msgs

+g call UKF_55 g call UKF 57 » € Runnable ETH_CAME

& call UKF_5€ > & call UKF 58 > & Runnable LIDAR_objr

Lgs call UKF_57 2 = © > % Task CCM » @ Runnable RADAR ob

4 call UKF_58 RORE CANHIELS > @ Runnable CAN_msgs_management > & Runnable CAMERA ¢

@ Task CCM (44) > @ Runnable ETH_CAMERA_raw_data_r 5> @ Runnable LIDAR spa
» € Runnable Data_association (44) > @ Runnable LiDAR_object_detection
> € Runnable UKF_management (44) > @ Runnable RADAR object_detection

+ ¢ Runnable UKF_16 (6) » © Runnable CAMERA_object_detectio
~ *@ Activity Graph (5) > @& Runnable LIDAR spati iz

% read UKF_index_16 3 @ Runnable RADAR spatial s » @ Runnabie Data_asso
> [d Ticks (1) > @ Runnable Homography._transf > @ Runnable Track_man %
4% send to Potential obstacle N16 2|12 & >
Details g - BM X <= x

It thus supports consistent concurrent modelling at different
levels of abstraction, e.g., in Agile sprints. /

O NNCoUUTLT CUTISUTTTULTUTIS
o Parallelism inc. SW activation, control flow, scheduling
o Constraints on data / timing / parallelism )
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APP4AMC Ecosystem

Timing
Architects

Simulation

INCHRON
SymtaVision

APP4MC
tools

Optimization Supporting PL specific tools

tools

SW sharing

Validations
Data Consistency
check
Locomo
Flux 2>
AMALTHEA
Generator

Visualization
Multicore Checks
Synthetic Load

AUTOSAR >
AMALTHEA AMALTHEA Exporter

Trace 2> Measures > Binary (ELF)>
AMALTHEA AMALTHEA _ AMALTHEA ECU Software Development Tools

Trace Tooling

Open Source tool

Bosch-internal tool
Bosch-internal tool

(specific for product line)
Third party tool
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AMALTHEA - a common system model

Costs
T, takes 10us on

Co

Period

Deadli ~ (3 Runnables (5)
1.5ms « 3 analysisA
- @ Local Labels

4| Impl (Implementation) #=device_omp

- D Tasks (1)
- St Task1
b i "Parallel” -> (Boolean) true
~ B Modes (1)
~ Fhimplementation
{}host_seq
{-}host_omp
[-}device_omp
{-}device_cuda

N

Optimization

Decisions

Decisions

~ @ analysisA
» D Local Labels
~ =L Activity Graph
~ I, <> Switch
~ 1 case: "host_seq"

v-
I—____________
! —] [ ‘CorerL)t
Core1_¢£,t

arformance Analysis

——————\

\———/

» [ condition: OR
£ read Image

|22 Ticks

& write ResultsA
case: "host_omp"
condition: OR
£ read Image
|22, Ticks

£ write ResultsA
case: "device_omp"
condition: OR
£ read Image

|22 Ticks

b = write ResultsA

Platform

v v T M Y Y Y ¥ MY ¥ ¥

pility to define mutable local
context for a runnable

Context can be set when runnable is called



om model
Support for Pub/Sub Middlewares A
* Support for new data driven task activation schemes I

_ Acmm |

~ [0 Runnables (43)
w 3 ABSCalculation [Runnable]
v [ Local Labels Declaration of local mode labels ~
execution (ExecutionType) [LocalModelabel] / :
initial-fill (FiflLevel) [LocalModelabel]
lzopl (Counter) [LocalModelabel]

\———/

v oly Activity Graph [ActivityGraph]

| » ABSCalculationoopl «- 5 [LocalModelabelAssignment] |——’_’/

w I, <> While Loop [WhileLoop]
~ [ condition: OR _’-___/_4_’_,__/———’_’
» [0 ABSCalculation.loopl » 0 [LocalModeCondition] |

|) ABSCalculationloopl «— (ABSCalculation.loop - 1) [LocalModel abelAssignment] |—4-~‘____ Decrement value of local mode label

| Initial assignment

|| Loop condition

<local label> —» <global label> [ModelabelAssignment] ———— | Values of local mode labels can
be assigned to (global) mode labels

V Possibility to define mutable local
context for a runnable

Optimization Context can be set when runnable is called




Synthetic Load Generator
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SW characteristics

Bosch: Synthetic Benchmark Generator (SLG)

Amalthea as single input source

Synthetic Load
Generator

£

AMALTHEA

Runtime
Memory accesses Configuration
Data types model

Generated
output

e.g. multiple
connected
Executables

.arxml

.Cpp

make

.hpp

TickSnippet &«

int arraySizeWith10Multiples=arraysi

inti=0;

inta=0;

for (i = 0; i < arraySizeWith10Multiples;
ration with 10 reads

LabelSnippet

for (int repeat = 0 ; repeat < labelAccessStatistics; repeat++){
if(numberOfBytes < 4){
numberOfBytes = 4;
}

int arraysize = sizeof(array)/4;

//printf("number of bytes:%d\n",arraysize);
int leftOverElements=arraysize%10;

int arraySizeWith10Multiples=arraysize-leftOverElements;
inti=0;
inta=0;
for (i = 0; i < arraySizeWith10Multiples; i =i + 10) { //ite
ration with 10 reads
a = DummylabelRead[i];
a = DummylabelRead[i+1];
a = DummylabelRead[i+2];
a = DummylabelRead[i+3];
a = DummylabelRead[i+4];
a = DummylabelRead[i+5];
a = DummylabelRead[i+6];
a = DummylabelRead[i+7];
a = DummylabelRead[i+8];
a = DummylabelRead[i+9];

Generating Executables which are directly deployable on the ECU



&
SLG: Software Architecture q.’

AMPEREY | .AMPEREY"

i sttt o iy Ot 0

LAMPEREY

]

. Specific adaptions towards different
middleware's and operation systems

BOSZ/ OpenMP FRED
microRos

- Custom Extensions
- Custom Extensions

2 eclipse

AUTOSAR

=  Internal Autosar Adaptive code generation

- Custom
Extensions

. ROS2, mircoRos, ErikoOS and Linux adapters
are open-sourced

. SLG.Commons:

. ] Contains central synthetic code elements
common for all transformers, are open-
sourced

= Generic transformation framework which
o provides infrastructure for building M2M
transformations.
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v e AMALTHEA model (version 1.1.0)
~ [ Software .

~ @ Runnables (2)

~ @ initialize -
SLG: Extension for Custom Code

w "codehook_overwrite” -> (String) "function1_overwrite()"
@ "codehook" -> (String) "function2()"

™ Optional possibility to add i :::::til;z:;_ovemrite"f>(String) “function2_overwrite()"
application specific code to the SLG ’

2 Ticks
> 2 write LabelA
v @ step

= The user can provide code hooks for L oenock g functomtl
custom code in the model at T
runnable or task level to either

External code

Codehookl.c
his code 1. - d " " =
. . e L A /7 This code is auto-generated Finclude "LbAN | nanyally created library
tnclude “runnables.h®
override or contribute to the
ble initialize---- 1
i i s #include "codehook.h” | External code [M"ﬂude <onp.h> | OpenMP standard library

External code #
functions #include <string.h>
#include "labels.h"

— headers

Sy nt h etic co d e peetiGecennaiiaty

void function1_overwrite()
{

//Runnable initialize----
void run_initialize(char* coreName);

#pragna omp parallel

ar+ coreane)(

printf(“codehookl start \n");

= Paths to external libraries, code
includes, and compiler keywords can
be specified in the configuration
model to enable automatic
generation of the make file

//Runnable step----

vold run_step(char* coreName); int a= omp_get_thread_num(); //returns the identifier of

tcs(100.0, 106, 100); printf("Hello from process: %d\n",a );

erxiere LS g | PR int b= omp_get_num_procs( ); // returns the number of pr
printf("nunber of processors that are available: %d\n",b)
. LibA_fct();

nstant(82228123); de
o et LibB fct():

printf("codehook1 finish \n");

v B HeaderFiles
= codehookType : CodehookType
& headerFilesPaths : EString

¥ 2 CodehookType

. 13 - Runnable = 0 27/06/2023
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Thank you!
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