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AUTOSAR

1 Introduction

1.1 Abbreviations

a CAN Controller Area Network

CAS Collision Avoidance Symbol

cBv Control Bit Vector

CC Communication Controller

Dolp Diagnostics over IP

DTD Document Type Definition

ECU Electrical Control Unit

FIBEX Field Bus Exchange Format

I°C Inter-Integrated Circuit

ID Identifier

IPDU Interaction Layer Protocol Data Unit
ISG Inter-slot Gap

LIN Local Interconnect Network

LPDU Data Link Layer Protocol Data Unit
MOST Media Oriented Systems Transport
NAD Node Address for Diagnostic

NID NOde Identification

NIT Network Idle Time

NM Network Management

NPDU Network Layer Protocol Data Unit
OBD Onboard Diagnostic

PDU Protocol Data Unit

POC Protocol Operation Control

RTE Runtime Environment

SDU Service Data Unit

SID Service Identifier

SPI Serial Peripheral Interface

SWC Software Component

SWC-T Software Component Template
SYS-T System Template

TP Transport Protocol

TTCAN Time Triggered Controller Area Network
UML Unified Modeling Language

VFB Virtual Functional Bus

XML Extensible Markup Language

XSD XML Schema Definition a

Table 1.1: Abbreviations used in the scope of this Document
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1.2 Requirements Tracing

The following table references the requirements specified in [1] and links to the fulfill-

ment of these.

Requirement

Description

Satisfied by

[RS_SYST_00001]

Mixed Systems
(AUTOSAR/NON-AUTOSAR)

[TPS_SYST 01063] [TPS_SYST_05000]

[RS_SYST_00002]

Basic Software Resources
and RTE Resources

[TPS_SYST 01126]

[RS_SYST_00003]

Iterative Development

[TPS_SYST 01000]
[TPS_SYST 01003]

[TPS_SYST 01002]

[RS_SYST_00006]

Compatibility between the
AUTOSAR Templates

[TPS_SYST 01017][TPS_SYST 01019]

[RS_SYST_00007]

Mapping of Software
Components to ECUs

[TPS_SYST 01001]
[TPS_SYST 01021]
[TPS_SYST 02114]

[TPS_SYST _01020]
[TPS_SYST 01022]

[TPS_SYST 01006]
[TPS_SYST 01008]
[TPS_SYST 01010]
[TPS_SYST 01013]
[TPS_SYST 01015]

[RS_SYST 00008] | SWC Cluster [TPS_SYST _01024] [TPS_SYST_01025]
[RS_SYST_00009] | SWC Separation [TPS_SYST 01026] [TPS_SYST 01045]
[RS_SYST 00013] | Topology [TPS_SYST 01004] [TPS_SYST 07005]

[TPS_SYST_01007]
[TPS_SYST 01009]
[TPS_SYST 01011]
[TPS_SYST 01014]

[RS_SYST_00014]

Data Segmentation

[TPS_SYST_01099]
[TPS_SYST 01101]
[TPS_SYST 01103]
[TPS_SYST 01105]
[TPS_SYST 02156]

[TPS_SYST 01100]
[TPS_SYST 01102]
[TPS_SYST_01104]
[TPS_SYST_01106]

[RS_SYST_00016]

Dedicated physical
connections

[TPS_SYST_01043]

[RS_SYST_00017]

Mapping of signals to the
same physical line

[TPS_SYST 01041]

[RS_SYST_00018]

Mapping of signals to different
physical lines

[TPS_SYST _01044]

[RS_SYST_00019]

Mapping of signals to a
specific physical line

[TPS_SYST 01043]

[RS_SYST_00020]

Exclusion of signals from a
specific physical line

[TPS_SYST 01042]

[RS_SYST_00021]

ECU Communication via CAN

[TPS_SYST 01130]

[RS_SYST_00022]

ECU Communication via LIN

[TPS_SYST 01012]
[TPS_SYST 02101]

[TPS_SYST 01129]

[RS_SYST_00024]

ECU Communication via Flex
Ray

[TPS_SYST_01085] [TPS_SYST_01128]

[RS_SYST_00025]

Derivation of COM Stack
Configuration Parameters
from the System Template

[TPS_SYST 01030]

[RS_SYST_00027]

ECU Extract generation rules

[TPS_SYST _01000]

[TPS_SYST 01002]

[TPS_SYST 01003] [TPS_SYST 01016]

[RS_SYST_00028]

IPdu End-to-End
Communication Protection
support

[TPS_SYST 01070]
[TPS_SYST 01072]
[TPS_SYST 01074]

[TPS_SYST 01071]
[TPS_SYST 01073]

[RS_SYST_00029]

Dynamic length signals

[TPS_SYST 01049][TPS_SYST 01065]

[RS_SYST_00030]

Dynamic length IPdus

[TPS_SYST 01049]
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[RS_SYST_00031]

Distribution of Application and
Vehicle Mode Requests

[TPS_SYST_01023]

[RS_SYST_00033]

Software-to-ECU mapping
variants

[TPS_SYST_01001]

[RS_SYST_00037]

Timing properties

[TPS_SYST_01075]
[TPS_SYST_01077]

[TPS_SYST_01076]

[RS_SYST_00038]

Support of SAE J1939
Protocol Features

[TPS_SYST_01106]
[TPS_SYST_02107]
[TPS_SYST_02109]

[TPS_SYST_01132]
[TPS_SYST_02108]

[RS_SYST_00039]

ECU Communication via
Ethernet

[TPS_SYST 01086]
[TPS_SYST 01089]
[TPS_SYST 01091]
[TPS_SYST 01093]
[TPS_SYST 01095]
[TPS_SYST 01097]
[TPS_SYST 01108]
[TPS_SYST 02156]

[TPS_SYST 01088]
[TPS_SYST 01090]
[TPS_SYST 01092]
[TPS_SYST 01094]
[TPS_SYST 01096]
[TPS_SYST 01098]
[TPS_SYST 01131]

[RS_SYST_00042]

Support for Partial Networking

[TPS_SYST_01133]

[TPS_SYST_02165]

[TPS_SYST 02166] [TPS_SYST_02167]

[RS_SYST_00043]

Communication via Complex
Drivers

[TPS_SYST_01115]

[RS_SYST_00044]

Description of custom bus
systems

[TPS_SYST_01127]

[RS_SYST_00045]

Co-existing System artifacts
in the same model

[TPS_SYST_03000]

[RS_SYST_00047]

Network and physical
representation on signal level

[TPS SYST 01062][TPS_SYST 01063]

[RS_SYST_00048]

CAN with Flexible Data-Rate

[TPS_SYST_01154]

[RS_SYST_00049]

Support of Efficient COM for
large data configuration

[TPS_SYST 02015]
[TPS_SYST 02017]
[TPS_SYST 02019]
[TPS_SYST 02021]
[TPS_SYST _02023]
[TPS_SYST _02025]
[TPS_SYST 02027]

[TPS_SYST_02016]
[TPS_SYST_02018]
[TPS_SYST_02020]
[TPS_SYST_02022]
[TPS_SYST_02024]
[TPS_SYST_02026]
[TPS_SYST_02028]

[TPS_SYST 02164] [TPS_SYST _03001]

[RS_SYST_00050]

Data transformation of
inter-ECU communication

[TPS_SYST 02030]
[TPS_SYST 02032]
[TPS_SYST 02034]
[TPS_SYST 02036]
[TPS_SYST 02038]
[TPS_SYST_02040]
[TPS_SYST 02042]
[TPS_SYST 02044]
[TPS_SYST 02046]
[TPS_SYST 02048]
[TPS_SYST 02050]

[TPS_SYST_02031]
[TPS_SYST 02033]
[TPS_SYST 02035]
[TPS_SYST 02037]
[TPS_SYST_02039]
[TPS_SYST_02041]
[TPS_SYST_02043]
[TPS_SYST_02045]
[TPS_SYST 02047]
[TPS_SYST 02049]
[TPS_SYST_02051]

[TPS_SYST 02052] [TPS_SYST 02053]
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[TPS_SYST 02054]
[TPS_SYST 02056]
[TPS_SYST 02074]
[TPS_SYST_02080]
[TPS_SYST 02093]
[TPS_SYST_02121]
[TPS_SYST 02124]
[TPS_SYST 02126]
[TPS_SYST 02128]
[TPS_SYST 02130]

[TPS_SYST 02055]
[TPS_SYST 02057]
[TPS_SYST 02075]
[TPS_SYST 02092]
[TPS_SYST 02094]
[TPS_SYST 02123]
[TPS_SYST 02125]
[TPS_SYST 02127]
[TPS_SYST 02129]
[TPS_SYST 02131]

[TPS_SYST_02132] [TPS_SYST_02156]

[RS_SYST_00051]

Support of COM Based Data
Transformation

[TPS_SYST 02058]

[RS_SYST_00052]

Ethernet Switch Configuration

[TPS_SYST 03002]
[TPS_SYST 03004]
[TPS_SYST 03006]
[TPS_SYST 03008]
[TPS_SYST 03010]
[TPS_SYST 03013]

[TPS_SYST 03003]
[TPS_SYST 03005]
[TPS_SYST 03007]
[TPS_SYST_03009]
[TPS_SYST 03011]

[RS_SYST_00053]

The System Template shall
provide the ability to define
naming conventions for public
symbols

[TPS_SYST 05015]

[RS_SYST_00054]

Support of Secured Pdus

[TPS_SYST_02059]
[TPS_SYST 02148]
[TPS_SYST 02152]
[TPS_SYST 02154]
[TPS_SYST 02172]
[TPS_SYST 02189

[TPS_SYST_02060]
[TPS_SYST 02149]
[TPS_SYST 02153]
[TPS_SYST 02171]
[TPS_SYST 02173]

[RS_SYST_00055]

Support of Container Pdus

[TPS_SYST 01056]
[TPS_SYST 02062]
[TPS_SYST 02064]
[TPS_SYST 02066]
[TPS_SYST 02098]

[TPS_SYST _02061]
[TPS_SYST 02063]
[TPS_SYST 02065]
[TPS_SYST 02097]
[TPS_SYST 02099]

[TPS_SYST 02100] [TPS_SYST_03014]

[RS_SYST_00056]

E2E-protected communication

[TPS_SYST 02067]
[TPS_SYST 02069]
[TPS_SYST_02071]
[TPS_SYST 02073]

[TPS_SYST 02068]
[TPS_SYST 02070]
[TPS_SYST 02072]
[TPS_SYST 02134]

[TPS_SYST_02135] [TPS_SYST_02155]

Table 1.2: RequirementsTracing

1.3 Requirements not fulfilled by TPS requirements

This section contains a list of requirements that are not yet fulfilled by TPS require-

ments.

Requirement

Description

Satisfied by

[RS_SYST_00015]
Bus bandwidth

The System Template shall support
bandwidth calculation as a constraint for
the definition of the Communication

Matrix.

chapter Topology ( 3);
Communication (chapter 6)
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[RS_SYST _00023]
ECU Communica-
tion via MOST

The System Template has to cover the
system communication via MOST.

not covered

[RS_SYST _00025]
Derivation of ECU
Configuration  Pa-
rameters from the
System Template

The System Template shall enable the
configuration of the Com Stack of the
ECU. It handles those parameters that
are necessary to describe the inter-ECU
communication. Configuration
parameters local to an ECU are not in the
scope of the System Template.

Harmonization between
Upstream Templates and ECU
Configuration (chapter C)

[RS_SYST_00026]
Fibex compatibility

Whenever there is a considerable overlap
between the System Template and the
ASAM FIBEX Standard, the System
Template shall adopt the structures of the
ASAM FIBEX Standard.

AUTOSAR System Template
and ASAM FIBEX (chapter 1.8)

[RS_SYST_00032]
Topology Variants

The System Template shall provide the
means to describe topology variants with
optional/alternative ECUs and
communication clusters.

chapter Variant Handling 1.7.2
and chapter Topology 3.

[RS_SYST_00033]
Software-to-ECU
mapping variants

The System Template shall provide the
means to describe alternative mappings
of software components to ECUs.

chapter 1.7.2 Variant Handling
and chapter 5.1 Software
Component Mapping.

[RS_SYST_00034]
Timing variants

The System Template shall provide the
means to describe alternative timing
properties (e.g. trigger type, period,
priority) and timing constraints (e.g.
latency, age).

chapter 1.7.2 Variant Handling
and chapter 6 Communication.

[RS_SYST_00035]
Data mapping
variants

The System Template shall provide the
means to describe data mapping
Variants.

chapter 1.7.2 Variant Handling
and chapter 5.2 Data Mapping.

[RS_SYST _00036]
Communication
variants

The System Template shall provide the
means to describe communication
variants, such as alternative
signal-to-PDU mappings, alternative
communication paths, and alternative
signal and PDU properties (e.g. data
type, data length).

chapter 1.7.2 Variant Handling
and chapter 6 Communication.

[RS_SYST_00040]
Timing constraints

The System Template shall provide the
means to describe the timing constraints
of a system’s dynamics, which are
determined by the consumption of
computation, communication, and other
hardware resources.

Timing Extensions
(chapter 1.7.3)

[RS_SYST_00041]
Variants in ECU
Extract

The ECU Extract shall support variability
of elements taken over or derived during
the transformation from the System
Description.

Variant Handling in ECU
Extract (chapter 12.6)
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1.4 Methodology for Defining Formal Template

Figure 1.1 illustrates the overall methodology used to define formal templates. As is
explained in the "Generic Structure Template" [2], it is important to separate
a precise and concise model of the information that needs to be captured from the
concrete XML-DTDs, XML-Schemas or other technology that is used to define the
actual templates.

«Text Document»

Generic Structure Template

+is p§n|Y/4 tis described in
described N
in / N
ya N
Y N
«Text Document» v
Requirements on System | v
o Model M2
AE Templates
|

|
e L .
specifiesSerialization
|

«Text Document»
SystemTemplate e ————————=

Schema
Generator

+generates!

«XML File» «XML Schema» «XML File»

System Configuration +instance of | Data Exchange Format |+instance of System Constraint
Description —————— > << —————— Description

Figure 1.1: Methodology to define templates in AUTOSAR

The following documents describe the various aspects of the methodology:

1. The document called System Template (this document) describes the informa-
tion that can be captured in the "system constraint” and "system configuration”
description, independently from the mapping of this model on XML-technology.
This document is based upon the AUTOSAR meta-model and contains an elabo-
rate description of the semantics (the precise meaning) of all the information that
can be captured within the relevant parts of this meta-model.

2. The UML and the AUTOSAR Template Profile [2] describes the basic
concepts that should be used when creating content of the meta-model.

3. The document called "XML. Schema Production Rules" [3] describes how
XML is used and how the meta-model designed in the "System Template" should
be translated by the "Schema Generator" (MMT) into XML-Schema (XSD)
"Data Exchange Format". This "formalization strategy" is to be used for all
data that is formally described in the meta-model. In particular this document is
worth to read in order to understand the mapping of the meta-model and the XML
based System template.
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4. The "Generic Structure Template" [2] describes the top level structure
which is common to all AUTOSAR templates and provides AUTOSAR standard
mechanisms of modeling elements and patterns.

5. The concrete "Template", the "Data Exchange Format" is an XML schema
which is generated out of the meta-model described in the "System Template"
using the approach and the patterns defined in the "XML. Schema Production
Rules". This schema is typically used as input to tools. The M1-level system
descriptions are XML files which can be validated against the schema. In that
sense they are instances of the schema defining the XML representation of the
template.

1.5 Scope

This document describes the system template and its use for the System Constraint
Description and the System Configuration Description. In general a filled system tem-
plate defines the relationship between the pure Software View on the System (repre-
sented by a top level SW Component Composition) and a Physical System Architec-
ture with networked ECU instances. The system template is used in two stages of the
"AUTOSAR Methodology" [4] (see Figure 1.2).

e As System Constraint Description it serves as input to the AUTOSAR system
generator

e As System Configuration Description it defines the output of the AUTOSAR Sys-
tem Configuration Generator and serves as input to the AUTOSAR ECU Config-
uration Generator for the different ECUs defined in the description.

e As ECU Extract of the System Configuration Description it describes the ECU
specific view on the System Description. It is individually generated for each of
the System’s ECU as the output of the AUTOSAR ECU Configuration Generator.
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Component !
API ! — ECU Configuration
- : decisions Description
e .g. schedulin
app.h I (e)g scheduling, RTE
1= Extract of
s System : ECU Config
Component Configuration | |
Description Description I
LV ! OS extract
: of ECU config
= ECLr" ECU | /AUTOSAR eg.0IL
D em_u [.;e » System extractof i | ECU
fvc\;' pt||on Configuration System | Configuration Other Basic
(HW only) Generator Configuration 1\ Generator ™ sw Generator |
|
|
System - ECU [
Constraint extract of 1 g(t)rdaﬂ eoﬁf\
Description | (Gecisions Coﬁ}%?gtion : ECU config | p( MCAL- »
L/ |(eg. mapping) | 4 Generator
V 1 list of
1 inplementations
! of SW
1 Per ECU Components
D Information / Database (no files) 1 V
1
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Figure 1.2: AUTOSAR Methodology

The System Template defines five major elements: Topology, Software, Communica-
tion, Mapping and Mapping Constraints, which will be defined in detail in the following
chapters. Figure 1.3 gives an overview how these are used in the two different descrip-
tions.
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SW-Components  E=>

ECU Resource - System Configuration
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Figure 1.3: Scope of System Constraint Description and System Configuration Descrip-
tion

On Figure 1.3 some of the elements are marked optional for the System Constraint
Description. If one starts with a new AUTOSAR project, these elements may not be
present in the System Constraint Description. No (at least partial) functionality has
been mapped yet, thus the communication matrix is not populated. But in most cases,
many functional mappings are already predefined and contribute to the population of
the communication matrix with their associated signals, thus being present in the Sys-
tem Constraint Description.

Reasons for such a predefinition are manifold. In some cases, hardware setup dic-
tates where certain functionality resides, in some cases, a partial or complete commu-
nication matrix and/or completely configured ECUs (HW and SW) of another system
(vehicle) has to be taken over. This approach is eased by the fact that System Configu-
ration and System Constraint Description use the same format. That way it is possible
to reuse parts of a System Configuration Description of the other system/vehicle in the
actual System Constraint Description.

Furthermore, in the figure some of the elements are marked untouched for the Sys-
tem Configuration Description. This can have two reasons:

e The System Generator does not modify neither the Topology (networked ECUs)
nor the Software, so these parts are just moved from System Constraint Descrip-
tion to System Configuration Description during the generation step.

e In a completed System Configuration Description, all SW components and all
ECU-to-ECU communication have been mapped. Thus mapping constraints that
limit the flexibility in the mapping phase of the system generator are obsolete
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and will not be used in subsequent generator steps. They may however still be
present for documentation and validation reasons.

Even if the communication matrix is determined as the result of the system configu-
ration, the ECUs still have to be configured. This is done by the ECU configuration
generator, which takes the System Configuration description as input and generates
the ECU configuration description. The following guiding principles have been used to
determine which information must be part of the System Configuration Description and
which goes into the ECU Configuration Description:

¢ Information that is common for several ECUs and has to be agreed, must be
part of the System Configuration Description and is thus covered by the System
Template.

¢ Information, that only has ECU-local relevance is part of the ECU Configuration
Description.

Thus the ECU Configuration Description will include the OS-schedule, the RTE-
configuration and last but not least the configuration of the ECU basic software in-
cluding the concrete communication drivers on that ECU.

1.6 UML Meta-Model

This chapter gives an overview of the AUTOSAR Unified Modeling Language (UML)
meta-model. All AUTOSAR templates use a common meta-model. The templates de-
scribe software components, ECU resources, the Basic Software Modules, the ECU
Configuration Parameters (ECU Configuration Description and ECU Configuration Pa-
rameter Definition) and the System.

The System Template defines all elements, their parameters and their relations, which
are necessary for the System Constraint Description and the System Configuration
Description.
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Figure 1.4: AUTOSAR Package Overview

Figure 1.4 shows the overall structure of the meta-model.

The dashed arrows in the diagram describe dependencies in terms of import-
relationships between the packages within the meta-model. For example, the package
SystemTemplate imports meta-classes defined in the packages GenericStruc-
ture [2], SWComponentTemplate [5] and ECUResourceTemplate [6].

For clarification, please note that the package GenericStructure contains some
fundamental infrastructure meta-classes and common patterns that are described in
[2]. As these are used by all other template specification the dependency associations
are not depicted in the diagram for the sake of clarity.

Generic Structure provides details about
e Autosar Top level structure,
e Commonly used metaclasses and primitives

e Variant Handling
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e Documentation

The ECU Resource Template deals with the description of the hardware resources of
an ECU. The collection of all ECUs, which are integrated in the car, are described in
the topology part of the System Configuration Description/System Constraint Descrip-
tion. Each of these ECUInstances uses the ECU Resource Template to describe the
hardware resources. That’s the reason, why the topology part has references to the
ECU Resource Description.

The SW component description describes the SW components as well as their com-
munication by data elements. The top-level software composition (Root SwComposi-—
tionPrototype) is part of the System Template (Software). This top-level software
composition contains the functionality of the full system and describes the complete
application software architecture of this system. The definition of the top level soft-
ware composition uses the elements defined in the SW Component Template, like
e.g. SwComponentType, PortInterface, AssemblySwConnector and Delega-
tionSwConnector. That's why the System Description has references to the Soft-
ware Component Description. The top level software composition is described in more
detail in chapter 4.

Every template starts with an element AUTOSAR. While the models created in accor-
dance to this guide are independent of the used formalization, it may still help the
reader’s understanding to note that AUTOSAR would also typically be the root element
of a XML Schema generated from such a model. AUTOSAR can then contain one
or more nested packages, simply allowing to further structure the contents of the M1
model’.

1.7 Document Conventions

Technical terms are typeset in mono spaced font, e.g. PortPrototype. As a general
rule, plural forms of technical terms are created by adding "s" to the singular form, e.g.
PortPrototypes. By this means the document resembles terminology used in the
AUTOSAR XML Schema.

This document contains constraints in textual form that are distinguished from the rest
of the text by a unique numerical constraint ID, a headline, and the actual constraint
text starting after the [ character and terminated by the | character.

The purpose of these constraints is to literally constrain the interpretation of the
AUTOSAR meta-model such that it is possible to detect violations of the standardized
behavior implemented in an instance of the meta-model (i.e. on M1 level).

A model and its meta-model are said to be on different meta levels (also referred to as abstraction
levels). In AUTOSAR a five layer meta-model hierarchy is used, consisting of the five meta levels MO,
M1, M2, M3 and M4 where entities in MO are expressed in terms of M1 entities, M1 is expressed in
terms of M2 entities and so on. The AUTOSAR meta-model hierarchy is described in more detail in the
Autosar Template Modeling Guide [2].
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Makers of AUTOSAR tools are encouraged to add the numerical ID of a constraint that
corresponds to an M1 modeling issue as part of the diagnostic message issued by the
tool.

The attributes of the classes introduced in this document are listed in form of class
tables. They have the form shown in the example of the top-level element AUTOSAR:

Class AUTOSAR
Package M2::AUTOSARTemplates::AutosarTopLevelStructure
Note Root element of an AUTOSAR description, also the root element in corresponding

XML documents.

Tags: xml.globalElement=true

Base ARObject

Attribute Type Mul. | Kind | Note

adminData | AdminData 0..1 | aggr | This represents the administrative data of an
Autosar file.
Tags: xml.sequenceOffset=10

arPackage | ARPackage * aggr | This is the top level package in an AUTOSAR

model.

Stereotypes: atpSplitable; atpVariation

Tags: atp.Splitkey=shortName, variation
Point.shortLabel

vh.latestBinding Time=blueprintDerivationTime
xml.sequenceOffset=30

fileInfoCo FileInfoComme 0..1 aggr | This represents a possibility to provide a
mment nt structured comment in an AUTOSAR file.

Tags: xml.roleElement=true; xml.sequence
Offset=-10; xml.typeElement=false

introductio | Documentation 0..1 aggr | This represents an introduction on the Autosar file.
n Block It is intended for example to rpresent disclaimers
and legal notes.

Tags: xml.sequenceOffset=20

Table 1.3: AUTOSAR

The first rows in the table have the following meaning:
Class: The name of the class as defined in the UML model.

Package: The UML package the class is defined in. This is only listed to help locating
the class in the overall meta model.

Note: The comment the modeler gave for the class (class note). Stereotypes and UML
tags of the class are also denoted here.

Base Classes: If applicable, the list of direct base classes.

The headers in the table have the following meaning:



AUTOSAR

Attribute: The name of an attribute of the class. Note that AUTOSAR does not distin-
guish between class attributes and owned association ends.

Type: The type of an attribute of the class.

Mul.: The assigned multiplicity of the attribute, i.e. how many instances of the given
data type are associated with the attribute.

Kind: Specifies, whether the attribute is aggregated in the class (aggr aggregation),
an UML attribute in the class (attr primitive attribute), or just referenced by it (ref
reference). Instance references are also indicated (iref instance reference) in this
field.

Note: The comment the modeler gave for the class attribute (role note). Stereotypes
and UML tags of the class are also denoted here.

Please note that the chapters that start with a letter instead of a numerical value rep-
resent the appendix of the document. The purpose of the appendix is to support the
explanation of certain aspects of the document and does not represent binding con-
ventions of the standard.

The verbal forms for the expression of obligation specified in [TPS_STDT_00053] shall
be used to indicate requirements, see Standardization Template, chapter Support for
Traceability ([7]).

The representation of requirements in AUTOSAR documents follows the table specified
in[TPS_STDT_00078], see Standardization Template, chapter Support for Traceability

([71).
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1.7.1 Detailed Representation of InstanceRef Associations

As a special type of association "instanceRef" refers to an exact instance of the refer-
enced class, requiring additional information of the target and the context. This is ex-
plained in detail in the AUTOSAR Generic Structure Template [2]. Each "instanceRef"
association can both be represented by the short form and by an detailed representa-
tion. For readability the diagrams in the main body of the specification use the short
form. The detailed descriptions can be found in the Appendix B.

1.7.2 Variant Handling

The System Template supports the creation of Variants in many of its model elements.
In the Metamodel all locations that may exhibit variability are marked with the stereo-
type atpvariation. This allows the definition of possible variation points. Tagged
Values are used to specify additional informations.

There are four types of locations in the metamodel which may exhibit variability:
e Aggregations
e Associations
e Attribute Values
e Classes providing property sets

The reasons for the attachment of the stereotype atpvariation to certain model
elements and the consequences for other model elements are explained in class tables
in the following chapters. More details about the AUTOSAR Variant Handling Concept
can be found in the AUTOSAR Generic Structure Template [2].

1.7.3 Timing Extensions

With AUTOSAR Release 4.0 a new set of concepts for the description and analysis of
end-to-end timing constraints is introduced by the Specification of Timing Extensions.
A subset of these extensions aims for the system level and can be used to enhance
the descriptions that are already available in the System Template.

A dedicated description of the timing extensions that can be used at system level is
given in chapter 3 (System timing) in the Specification of Timing Extensions [8].

1.7.4 Documentation Support

With AUTOSAR Release 4.0 the AUTOSAR XML schema provides support for inte-
grated and well structured documentation. More details about the AUTOSAR Docu-
mentation Support concept can be found in the AUTOSAR Generic Structure Tem-



AUTOSAR

plate [2]. An optional documentation block can be applied to any identifiable element.
Furthermore, as shown in figure 1.5, the System Template provides the possibility of
adding additional documentation to several non-identifiable elements. The documen-
tation of a System is composed of several chapters.

ARElement
AtpStructureElement
System Identifiable
+systemDocumentation g
+ containerlPduHeaderByteOrder :ByteOrderEnum [0..1]| o b Chapter
+ ecuExtractVersion :RevisionLabelString [0..1] «atpVariation,atpSplitablg, *
+ pncVectorLength :Positivelnteger [0..1] + helpEntry :String [0..1]
+ pncVectorOffset :Positivelnteger [0..1]
+ systemVersion :RevisionLabelString
«atpMixed» IPduMapping
DocumentationBlock +introduction
<@ - pdurTpChunkSize :Positiveinteger [0..1]
0.1
+introduction FrameMapping
@
0.1
ISignalMapping
+introduction
g
0.1
+introduction
o ScheduleTableEntry
0.1

+introduction DataMapping

01 > < communicationDirection :CommunicationDirectionType [0..1]

. . MappingConstraint
+introduction S

0.1

. . EcuResourceEstimation
+introduction

0.1

. . SignalPathConstraint
+introduction

Figure 1.5: System Template Documentation Support
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1.7.5 Stereotype atpSplitable in the System Template

The stereotype <atpsSplitable>> is used in the System Template to support step-
wise processes, where the System Configuration Description is completed incremen-
tally over a development process. Example:

1) Description of Communication only consists of interaction signals (ISignal). This
is enough information to create an individual ECU’s RTE, and even contains enough
information to configure an ECU where the actual Frame/Pdu communication is being
handled post-build.

2) In a second step, the communication matrix is being completed for a concrete ve-
hicle. Pdus and Frames, along with their Triggerings are being added to the previous
System Description. This model then contains the full information about an ECU’s
communication, especially containing the additional information to generate the post
build information.

So, in this 2-step approach, an OEM could deliver the incomplete ECU extract from
step (1) to the ECU integrator, who can then build a complete software image for the
ECU. In the 2nd step, the ECU extract will be completed by the previously missing
information, but as the first extract will still be valid due to the <atpSplitable>
construct, the ECU including the flashed image from step (1) can be (re)used as it is,
and just will be completed with the post build information, e.g. Frames and Pdus.

Further details about the <atpSplitable>> stereotype can be found in the Generic
Structure Template [2].

1.8 AUTOSAR System Template and ASAM FIBEX

FIBEX (Field Bus Exchange Format) [9] is an XML exchange format proposed for
data exchange between tools that deal with bus communication Systems. The format
supports the most common automotive data buses: LIN [10], CAN [11], MOST [12],
FlexRay [13]. The covered areas of the exchange format are the functional network,
system topology and the communication level. The functional network describes the
software architecture of the system. In the system topology the logical layout of the
system is described. This means it is documented which ECU is connected to which
bus. The central purpose of a communication system is the exchange of frames with
certain properties. The format is able to describe frames and their timing properties.

In future versions of the System Template a common subset between ASAM Fibex
and Autosar will be harmonized. The current version of the System Template contains
already the ASAM FIBEX description for communication and topology. Due to require-
ments of AUTOSAR some extensions were made to those descriptions. For instance
the communication part is extended by a concept for PDUs (I-Pdus and N-Pdus). The
harmonization between ASAM Fibex and AUTOSAR System Template is not finalized
at this time.
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In the UML Meta-Model the FIBEX contents are located in an own FIBEX UML Pack-
age. The top level FibexElement is referenced by the top level element System of
the System Template. Similar to the usage of the ARE1ement, specializations of the
FibexElement represent elementary building blocks within the FIBEX package. Each
of this elements will be described in more detail in the following chapters.

ARElement
AtpStructureElement
System
________________ «atpVariation» Tags:
«atpVariation» vh.latestBindingTime
postBuild
+fibexElement\|[/*
PackageableElement
FibexElement
«atpVariation» ISignallPduGroup ISignal Frame NmConfig
CommunicationCluster
PdurlPduGroup Gateway Eculnstance Pdu TpConfig ISignalGroup
IPdu NmPdu

Figure 1.6: Fibex Elements
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2 System

The top level element of the System Template is the class System, as shown in fig-
ure 2.1.

SwComponentType
CompositionSwComponentType

{redefines

atpType}
«isOfType»
*

+softwareComposition /]\ 1

AtpPrototype —
Identifiable AAIRE;IIEIen‘gnt ‘ Identifiable
iti +flatMap tpBlueprint SystemMapping
RootSwCompositionPrototype AtpBlueprintable
«atpSplitable» g, 1 FlatMap
+rootSoftwareComposition | g 1 +mapping | 0.*
«atpVariation,atpSplitable» «atpVariation,atpSplitable»
ARElement
AtpStructureElement
System

+ containerlPduHeaderByteOrder :ByteOrderEnum [0..1]
+ ecuExtractVersion :RevisionLabelString [0..1]

+ pncVectorLength :Positiveinteger [0..1]

+ pncVectorOffset :Positivelnteger [0..1]

+ systemVersion :RevisionLabelString

«apVariation» «atpVariation,atpSplitable»
+j1939SharedAddressCluster | 0.*

+fibexElement\|/* +clientldDefinitionSet\[/0..*

Identifiable
J1939SharedAddressCluster

ARElement
ClientldDefinitionSet

PackageableElement
FibexElement

«atpVariation,atpSplitable»
+clientldDefinition | 0..*

AtpStructureElement Identifiable
Identifiable [ +clientServerOperationsjientidDefinition
ClientServerOperation

1 «instanceRef»

+ clientld :Numerical

Figure 2.1: System Template Overview

Class System

Package M2::AUTOSARTemplates::SystemTemplate

Note The top level element of the System Description. The System description defines five
major elements: Topology, Software, Communication, Mapping and Mapping
Constraints.
The System element directly aggregates the elements describing the Software,
Mapping and Mapping Constraints; it contains a reference to an ASAM FIBEX
description specifying Communication and Topology.
Tags: atp.recommendedPackage=Systems

Base ARElement, ARObject, AtpClassifier, AtpFeature, AtpStructureElement, Collectable
Element, Identifiable, MultilanguageReferrable, PackageableElement, Referrable

Attribute Type Mul. | Kind | Note

clientldDefi | ClientldDefinitio * ref | Set of Client Identifiers that are used for inter-ECU

nitionSet nSet client-server communication in the System.
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Attribute

Type

Mul.

Kind

Note

containerl
PduHeade
rByteOrder

ByteOrderEnum

0..1

attr

Defines the byteOrder of the header in
ContainerlPdus.

ecuExtract
Version

RevisionLabelSt
ring

0..1

attr

Version number of the Ecu Extract.

fibexEleme
nt

FibexElement

ref

Reference to ASAM FIBEX elements specifying
Communication and Topology.

All Fibex Elements used within a System
Description shall be referenced from the System
Element.

atpVariation: In order to describe a product-line,
all FibexElements can be optional.

Stereotypes: atpVariation
Tags: vh.latestBindingTime=postBuild

j1939Shar
edAddress
Cluster

J1939SharedAd
dressCluster

aggr

Collection of J1939Clusters that share a common
address space for the routing of messages.

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel
vh.latestBindingTime=postBuild

mapping

SystemMapping

aggr

Aggregation of all mapping aspects (mapping of
SW components to ECUs, mapping of data
elements to signals, and mapping constraints).

In order to support OEM / Tier 1 interaction and
shared development for one common System this
aggregation is atpSplitable and atpVariation. The
content of SystemMapping can be provided by
several parties using different names for the
SystemMapping.

This element is not required when the System
description is used for a network-only use-case.

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel

vh.latestBinding Time=postBuild

pncVector
Length

Positivelnteger

0..1

attr

Length of the partial networking request release
information vector (in bytes).

pncVector
Offset

Positivelnteger

0..1

attr

Absolute offset (with respect to the NM-PDU) of
the partial networking request release information
vector that is defined in bytes as an index starting
with 0.
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Attribute Type Mul. | Kind | Note

rootSoftwa | RootSwCompos | 0..1 aggr | Aggregation of the root software composition,
reComposi | itionPrototype containing all software components in the System
tion in a hierarchical structure. This element is not

required when the System description is used for
a network-only use-case.

atpVariation: The RootSwCompositionPrototype
can vary.

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel
vh.latestBindingTime=systemDesignTime

systemDoc | Chapter * aggr | Possibility to provide additional documentation
umentation while defining the System. The System
documentation can be composed of several
chapters.

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel
vh.latestBindingTime=systemDesignTime
xml.sequenceOffset=-10

systemVer | RevisionLabelSt 1 attr | Version number of the System Description.
sion ring

Table 2.1: System

System has relationships to all elements that define a system constraint descrip-
tion or system configuration description. It aggregates the SystemMapping and
RootSwCompositionPrototype elements. SystemMapping deals with mapping
of software components to ECUs as well as with the mapping of data elements that
are to be exchanged between software components onto signals and frames. The
Root SwCompositionPrototype element contains a reference to the top level soft-
ware composition.

[constr_3028] FibexElements [ Each FibexElement that is used in the System
Description shall be referenced by the system element in the role FibexElement. |

()

FibexElements can be defined in a stand alone and reusable way (hence they can
simply be created in any package like ARElements), but on the other hand it shall be
clear that a certain FibexElement actually belongs to a certain System Description.
Thus, all FibexElements used within a System Description (i.e. contributing to the
specification of the System communication and topology) shall be referenced from the
System element. More details about the integration of FIBEX into the System Template
will be given in chapter 1.8.

[TPS_SYST_01002] System Category | The System shall have a category el-
ement defined which indicates the role of this work product. |(RS_SYST 00003,
RS _SYST _00027)
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[TPS_SYST_01003] Standardized System Category Definitions | The
standardized System category definitions are defined in Table 2.2. | (RS_SYST_00003,

RS_SYST_00027)

category Meaning
The system class is used to describe System Constraints. In this usage, it
SYSTEM_ . o )
CONSTRAINTS forms the core element of a System Constraints Description, serving as an
input to the AUTOSAR System Generator.
SYSTEM The system class is used to describe the System Configuration of a complete
DESCRIPTION AUTOSAR System. In this usage, it forms the core element of a System

Description, the output of the AUTOSAR System Generator.

SYSTEM_EXTRACT

The System class is used to describe a subsystem specific view on the com-
plete System Description. The System Extract is not fully decomposed and
still contains compositions. The SYSTEM_EXTRACT is the basis for design-
ing subsystems.

ECU_EXTRACT

The system class is used to describe the ECU specific view on the complete
System Description. In this usage, it forms the core element of ECU Extract,
the output of the AUTOSAR ECU Configuration Extractor. The ECU Extract is
fully decomposed and contains only atomic software components. The ECU
Extract is the basis for setting up the ECU Configuration.

ABSTRACT_
SYSTEM_
DESCRIPTION

This system is used to describe a functional (solution-independent/abstract)
system design. It can be taken as basis for the development of
the SYTEM_DESCRIPTION. No structural constrains are applied on the
transformation of the ABSTRACT_SYSTEM_DESCRIPTION to the SYS-
TEM_DESCRIPTION.

ECU_SYSTEM_
DESCRIPTION

This System is used to describe the closed view on one ECU (note
that an AUTOSAR ECU is defined being one microprocessor running one
AUTOSAR Stack). It can be derived from a SYSTEM_EXTRACT or it
can be designed independently and mapped to a SYSTEM_EXTRACT. The
ECU_SYSTEM_DESCRIPTION is not fully decomposed and still may contain
compositions.

RPT_SYSTEM

System which describes the rapid prototyping algorithm in the format of
AUTOSAR Software Components. For more details see the Software Com-
ponent Template [5] and TR_Methodology [4].

Table 2.2: System class categories

Note: SYSTEM_EXTRACT does not prescribe the number of micro controllers / cores
for one ECU from the OEM perspective.

e Supplier decides to design one AUTOSAR ECU with multicore support leads to
one ECU_EXTRACT supporting one AUTOSAR stack

e Supplier decides to design two AUTOSAR ECUs (i.e., two micro-controllers) in
one box leads to two ECU_EXTRACTSs supporting two AUTOSAR stacks

[constr_3027] Existence of ecuExtractVersion | In case the category of the Sys-
tem is SYSTEM_EXTRACT or ECU_EXTRACT the ecuExtractVersion attribute

shall be defined. |()
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2.1 ClientldDefinitionSet

Inthe clientIdDefinitionSet all Client Identifiers of the transaction handle used
for a inter-ECU client server communication can be defined that belong to the system
that refers the ClientIdDefinitionSet.

Class ClientldDefinitionSet

Package M2::AUTOSARTemplates::SystemTemplate

Note Set of Client Identifiers that are used for inter-ECU client-server communication in the
System.
Tags: atp.recommendedPackage=ClientldDefinitionSets

Base ARElement, ARObject, CollectableElement, Identifiable, MultilanguageReferrable,
PackageableElement, Referrable

Attribute Type Mul. | Kind | Note

clientldDefi | ClientldDefinitio * aggr | Definition of a Client Identifier that will be used by

nition n the RTE in a inter-ECU client-server

communication.

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel

vh.latestBinding Time=postBuild

Table 2.3: ClientldDefinitionSet

Class ClientldDefinition
Package M2::AUTOSARTemplates::SystemTemplate
Note Several clients in one client-ECU can communicate via inter-ECU client-server

communication with a server on a different ECU, if a client identifier is used to
distinguish the different clients. The Client Identifier of the transaction handle that is
used by the RTE can be defined by this element.

Base ARObject, Identifiable, MultilanguageReferrable, Referrable
Attribute Type Mul. | Kind | Note
clientld Numerical 1 attr | The Client Identifier of the transaction handle used

for a inter-ECU client server communication is
defined by this attribute. If defined the RTE
generator shall use this clientld.

clientServe | ClientServerOp 1 iref | Reference to the ClientServerOperation that is
rOperation | eration called by the client.

Table 2.4: ClientldDefinition

[constr_3117] Allowed value of attribute clientId | Within the context of one
ClientIdDefinition, the value of attribute client1d shall be in the range
of ClientIdRange.lowerLimit and ClientIdRange.upperLimit for the cli-
entIdRange that is aggregated by the EcuInstance onto which the SwCompo-
nentPrototypes included in the ClientIdbDefinition.clientServerOpera-
tion are mapped. |()
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Please note that the c1ientId is bound to the ClientServer relationship and does not
represent a globally unique identifier of the Client call. Clientlds can be reused in the
context of a different ClientServer relationship.

[constr_3118] Valid reference target for ClientIdDefinition.clientServer-
Operation.contextPort | In the context of the definition of a ClientIdDefini-
tion, the reference clientServerOperation.contextPort shall only refer to an
RPortPrototype. |()

Rationale: the definition of a client ID does only make sense in the context of a client
ofacClientServerOperation.
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3 Topology

This chapter explains how a vehicle’s physical System Topology is being modeled
in AUTOSAR (Example: Figure 3.1). A topology is formed by a number of Eculn-
stances that are interconnected to each other in order to form ensembles of ECUs
and CommunicationClusters, which are further detailed by providing information
on bus-specific properties.

CAN CommunicationCluster:
1 PhysicalChannel

L I .

ECU1 ECU2 ECU3 (GW) ECU4 ECUS

e

Redundant FlexRay CommunicationCluster:
2 PhysicalChannels (bold line, thin line)

Figure 3.1: Example for a Communication Cluster within a physical network topology

In the AUTOSAR methodology [4] the topology description is one of the inputs for the
System Generator. It serves as constraints for mapping the Software Components
(see chapter 5.1) contained in the RootSwCompositionPrototype as well as for
defining the System Communication matrix (see chapter 6). Gateways which allow
the exchange of Signals between CommunicationClusters are covered in chapter
8.
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Eculnstance

FibexElement

comConfigurationGwTimeBase :TimeValue [0..1]
comConfigurationRxTimeBase :TimeValue [0..1]
comConfigurationTxTimeBase :TimeValue [0..1]
comEnableMDTForCyclicTransmission :Boolean [0..1]
diagnosticAddress :Integer [0..1]
ethSwitchPortGroupDerivation :Boolean [0..1]
pncPrepareSleepTimer :TimeValue [0..1]
pnResetTime :TimeValue [0..1]
sleepModeSupported :Boolean

v2xSupported :V2xSupportEnum [0..1]
wakeUpOverBusSupported :Boolean

+ o+ F o+ o+ o+ o+ o+ o+

ClientldRange

FibexElement

«atpVariation»
CommunicationCluster

+commController |1..*

Identifiable

«atpVariation»

+clientldRange

0.1

+connector [ *

«atpVariation»
+ lowerLimit :Limit|
+ upperLimit :Limi

«atpVariation» Tags:
vh.latestBindingTime =
postBuild

+ baudrate :PositiveUnlimitedinteger [0..1]
+ protocolName :String [0..1]
+ protocolVersion :String [0..1]

«atpVariation» Tags:
vh.latestBindingTime
systemDesignTime

«atpVariation,atpSplitable»

+physicalChannel | 1..*

CommunicationController 1

wakeUpByControllerSupported :Boolean [0..1]

[
+commController

Identifiable

CommunicationConnector

N
+commConnector|

Identifiable
PhysicalChannel

+ pncGatewayType :PncGatewayTypeEnum [0..1]]

0..xtpVariation»

«atpVariation»

N

+ecuCommpPortinstance [ 0..*

«enumeration»
V2xSupportEnum

CommConnectorPort

v2xActiveSupported
v2xNotSupported

+ communicationDirection :CommunicationDirectionType

]

IPduPort

ISignalPort

+ o+ o+

iPduSignalProcessing :IPduSignalProcessingEnum [0..1]
keyld :Positivelnteger [0..1]

rxSecurityVerification :Boolean [0..1]
timestampRxAcceptanceWindow :TimeValue [0..1]
useAuthDataFreshness :Boolean [0..1]

+ firstTimeout :TimeValue [0..1]
+ timeout :TimeValue [0..1]

«atpVariation» Tags: i
vh.latestBindingTime = «enumeration»
..... postBuild PncGatewayTypeEnum
mm_t.ResnctToStandar e
ds=CP,TC active
passive
Identifiable
«enumeration»
CommunicationDirectionType
in
out
«enumeration»
FramePort IPduSignalProcessingEnum
deferred
immediate

3.1

Within a System Topology, the ECUs actually being connected with each other are
described in the form of EcuInstances. An Eculnstance needs to have one or
more CommunicationController, the actual hardware device by means of which
devices send and receive frames from the communication medium. Furthermore, the
Eculnstance has one or more CommunicationConnectors which describe the

Figure 3.2: Topology elements (Topology)

ECUs and their communication capabilities

bus interfaces of the ECUs and to specify the sending/receiving behavior.

[TPS_SYST_01004] Definition of AUTOSAR ECU | In the AUTOSAR sense an
ECU means a microcontroller plus peripherals and the according software/config-

uration. Therefore, each microcontroller requires its own ECU Configuration.

(RS_SYST _00013)



AUTOSAR

3.1.1 ECU Instance

[TPS_SYST_01005] Definition of EcuInstance | Eculnstance describes the
presence of a microcontroller in the vehicle. Within an EcuInstance class only those
properties are described that are subject to system configuration. |(RS_SYST_00013)

The actual description of the ECU hardware resources is done by the means of the
ECU Resource Template [6]: It uses the HwElement class and its aggregated hard-
ware elements for defining a specific ECU type.

[TPS_SYST_01006] Assign ECU type to EcuInstance | The process of assigning
an ECU type to EcuInstance is a mapping step (chapter 3.4.1) and performed latest
in the System Generation step. |(RS_SYST_00013)

An Eculnstance can serve as a gateway if it is connected to two or more different
clusters by two or more of its CommunicationControllers.

Class Eculnstance
Package M2::AUTOSARTemplates::SystemTemplate::Fibex::FibexCore::CoreTopology
Note ECUInstances are used to define the ECUs used in the topology. The type of the ECU
is defined by a reference to an ECU specified with the ECU resource description.
Tags: atp.recommendedPackage=Eculnstances
Base ARObiject, CollectableElement, FibexElement, Identifiable, MultilanguageReferrable,
PackageableElement, Referrable
Attribute Type Mul. | Kind | Note
associated | ISignallPduGro * ref | With this reference it is possible to identify which
ComIPduG | up ISignallPduGroups are applicable for which
roup CommunicationConnector/ ECU.
Only top level ISignallPduGroups shall be
referenced by an Eculnstance. If an
ISignallPduGroup contains other
ISignallPduGroups than these contained
ISignallPduGroups shall not be referenced by the
Eculnstance. Contained ISignallPduGroups are
associated to an Eculnstance via the top level
ISignallPduGroup.
associated | PdurlPduGroup * ref | With this reference it is possible to identify which
PdurlPduG PduR IPdu Groups are applicable for which
roup CommunicationConnector/ ECU.
clientldRan | ClientldRange 0..1 | aggr | Restriction of the Client Identifier for this Ecu to an
ge allowed range of numerical values. The Client
Identifier of the transaction handle is generated by
the client RTE for inter-Ecu Client/Server
communication.
comConfig | TimeValue 0..1 attr | The period between successive calls to
urationGw Com_MainFunctionRouteSignals of the
TimeBase AUTOSAR COM module in seconds.
comConfig | TimeValue 0..1 attr | The period between successive calls to
urationRxT Com_MainFunctionRx of the AUTOSAR COM
imeBase module in seconds.
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Attribute Type Mul. | Kind | Note
comConfig | TimeValue 0..1 attr | The period between successive calls to
urationTxTi Com_MainFunctionTx of the AUTOSAR COM
meBase module in seconds.
comEnable | Boolean 0..1 attr | Enables for the Com module of this Eculnstance
MDTForCy the minimum delay time monitoring for cyclic and
clicTransm repeated transmissions (TransmissionModeTiming
ission has cyclicTiming assigned or
eventControlledTiming with numberOfRepetitions
> 0).
commCont | Communication 1..* | aggr | CommunicationControllers of the ECU.
roller Controller
connector | Communication * aggr | All channels controlled by a single controller.
Connector
diagnostic | Integer 0..1 attr | An ECU specific ID for responses of diagnostic
Address routines.
diagnostic DiagnosticEcuP | 0..1 aggr | This represents the diagnostic-related properties
Props rops of an entire ECU.
Tags: atp.Status=obsolete
ethSwitchP | Boolean 0..1 attr | Defines whether the derivation of
ortGroupD SwitchPortGroups based on VLAN and/or
erivation CouplingPort.pncMapping shall be performed for
this Eculnstance. If not defined the derivation shall
not be done.
partition EcuPartition * aggr | Optional definition of Partitions within an Ecu.
pnResetTi | TimeValue 0..1 attr | Specifies the runtime of the reset timer in
me seconds. This reset time is valid for the reset of
PN requests in the EIRA and in the ERA.
pncPrepar | TimeValue 0..1 attr | Time in seconds the PNC state machine shall wait
eSleepTim in PNC_PREPARE_SLEEP.
er
sleepMode | Boolean 1 attr | Specifies whether the ECU instance may be put to
Supported a "low power mode"
e true: sleep mode is supported
o false: sleep mode is not supported
Note: This flag may only be set to "true" if the
feature is supported by both hardware and basic
software.
v2xSuppor | V2xSupportEnu | 0..1 attr | This attribute is used to control the existence of
ted m the V2X stack on the given Eculnstance.
wakeUpOv | Boolean 1 attr | Driver support for wakeup over Bus.
erBusSupp
orted

Table 3.1: Eculnstance
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[constr_3008] EcuInstance subelements | The CommunicationConnector and
the CommunicationController that is referenced by the CommunicationCon-
nector must be owned by the same EcuInstance. ()

Class ClientldRange
Package M2::AUTOSARTemplates::SystemTemplate::Fibex::FibexCore::CoreTopology
Note With this element it is possible to restrict the Client Identifier of the transaction handle

that is generated by the client RTE for inter-Ecu Client/Server communication to an
allowed range of numerical values.

Base ARObject

Attribute Type Mul. | Kind | Note

lowerLimit | Limit 1 attr | This specifies the lower limit of the ClientldRange.
Stereotypes: atpVariation
Tags: vh.latestBindingTime=postBuild

upperLimit | Limit 1 attr | This specifies the upper limit of the ClientldRange.
Stereotypes: atpVariation
Tags: vh.latestBindingTime=postBuild

Table 3.2: ClientldRange

[constr_3116] Overlap of clientIdRanges in the context of the enclosing Sys-
tem [ The ClientIdRange defined for an EcuInstance shall not overlap with the
ClientIdRange of any other EcuInstance in the context of the enclosing System.

10

3.1.2 Communication Controller

[TPS_SYST_01007] Definition of CommunicationController [ A Communication-
Controller is a dedicated hardware device by means of which hosts are sending
frames to and receiving frames from the communication medium. |(RS_SYST_00013)

[TPS_SYST_01008] Assign CommunicationController to the AUTOSAR Com-
munication Peripheral | In order to illustrate the relationship of an Communication-
Controller to the HwElement with category CommunicationController de-
fined in the ECU Resource Description, a mapping between these two classes may
be specified using the CommunicationControllerMapping (see chapter 3.4.2). |
(RS_SYST _00013)

Class <atpVariation>> CommunicationController (abstract)
Package M2::AUTOSARTemplates::SystemTemplate::Fibex::FibexCore::Core Topology
Note The communication controller is a dedicated hardware device by means of which

hosts are sending frames to and receiving frames from the communication medium.

Tags: vh.latestBindingTime=postBuild
Base ARObiject, Identifiable, MultilanguageReferrable, Referrable
Attribute | Type | Mul. | Kind | Note
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Attribute Type Mul. | Kind | Note

wakeUpBy | Boolean 0..1 attr | Defines whether the ECU shall be woken up by
ControllerS this CommunicationController. TRUE: wake up is
upported possible FALSE: wake up is not supported Note: If

wakeUpByControllerSupported is set to TRUE the
feature shall be supported by both hardware and
basic software.

Table 3.3: CommunicationController
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3.1.3 Communication Connector

[TPS_SYST_01009] Definition of CommunicationConnector [ An Eculnstance
uses CommunicationConnector elementsin order to describe its bus interfaces and
to specify the sending/receiving behavior. |(RS_SYST_00013)

The relationship between an EcuInstance, @ CommunicationController, and a
PhysicalChannel is expressed by letting a PhysicalChannel reference a Com-
municationConnector (which in turn is aggregated by EcuInstance) and which
also has the ability to reference a CommunicationController.

Class CommunicationConnector (abstract)
Package M2::AUTOSARTemplates::SystemTemplate::Fibex::FibexCore::CoreTopology
Note The connection between the referencing ECU and the referenced channel via the
referenced controller.
Connectors are used to describe the bus interfaces of the ECUs and to specify the
sending/receiving behavior. Each CommunicationConnector has a reference to
exactly one communicationController.
Note: Several CommunicationConnectors can be assigned to one PhysicalChannel in
the scope of one ECU Instance.
Base ARObiject, Identifiable, MultilanguageReferrable, Referrable
Attribute Type Mul. | Kind | Note
commCont | Communication 1 ref Reference to the communication controller. The
roller Controller CommunicationConnector and referenced
CommunicationController must be aggregated by
the same ECUInstance.
The communicationController can be referenced
by several CommunicationConnector elements.
This is important for the FlexRay Bus. FlexRay
communicates via two physical channels. But only
one controller in an ECU is responsible for both
channels. Thus, two connectors (for channel A
and for channel B) must reference to the same
controller.
ecuComm | CommConnecto * aggr | An ECUs reception or send ports.
Portinstan | rPort
ce atpVariation: If signals/PDUs/frames are variable,
the corresponding ports must be variable, too.
Stereotypes: atpVariation
Tags: vh.latestBindingTime=postBuild
pncGatew | PncGatewayTy 0..1 attr | Defines if this Eculnstance shall implement the
ayType peEnum PncGateway functionality on this
CommunicationConnector and its respective
PhysicalChannel. Several Eculnstances on the
same PhysicalChannel can have the PncGateway
functionality enabled, but only one of them shall
have the pncGatewayType "active".

Table 3.4: CommunicationConnector
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Enumeration | PncGatewayTypeEnum

Package M2::AUTOSARTemplates::SystemTemplate::Fibex::FibexCore::CoreTopology
Note Defines the PncGateway roles.

Literal Description

active The active PncGateway functionality shall be performed

Tags: atp.EnumerationValue=0
none No PncGateway functionality shall be performed

Tags: atp.EnumerationValue=1
passive The passive PncGateway functionality shall be performed

Tags: atp.EnumerationValue=2

Table 3.5: PncGatewayTypeEnum

Note: Use-case for the relation of several CommunicationConnectors assigned to
one PhysicalChannel in the scope of one EcuInstance: One safety measure for
a safety relevant ECU can be to have two transceivers (and two controllers) connected
to the same network (Bus). In case a safety violation is detected one transceiver can
be disabled and the respective Frames are blocked. The other transceiver stays active
and keeps the ECU alive for diagnostics.

3.2 Communication Clustering

3.2.1 Communication Cluster

[TPS_SYST_01010] Definition of CommunicationCluster | Communication-
Cluster represents a formal way to express that a number of Eculnstances are
linked by an arbitrary topology (bus, star, ring, tree). Depending on the communication
standard, a CommunicationCluster may either have exactly one or more (redun-
dant) PhysicalChannels. |(RS_SYST_00013)

Note that all ECUs within a CommunicationCluster communicate within the same
address range.

Note that the same ECU can participate in more than one CommunicationCluster
if it has more than one CommunicationConnector being referenced by Physi-
calChannels owned by different CommunicationClusters.
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Class <atpVariation>>> CommunicationCluster (abstract)
Package M2::AUTOSARTemplates::SystemTemplate::Fibex::FibexCore::Core Topology
Note The CommunicationCluster is the main element to describe the topological

connection of communicating ECUs.

A cluster describes the ensemble of ECUs, which are linked by a communication
medium of arbitrary topology (bus, star, ring, ...). The nodes within the cluster share
the same communication protocol, which may be event-triggered, time-triggered or a
combination of both.

A CommunicationCluster aggregates one or more physical channels.

Tags: vh.latestBindingTime=postBuild

Base ARObiject, CollectableElement, FibexElement, Identifiable, MultilanguageReferrable,
PackageableElement, Referrable
Attribute Type Mul. | Kind | Note
baudrate PositiveUnlimite | 0..1 attr | Channels speed in bits/s.
dinteger
physicalCh | PhysicalChanne | 1..* | aggr | This relationship defines which channel element
annel I belongs to which cluster. A channel must be

assigned to exactly one cluster, whereas a cluster
may have one or more channels.

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel
vh.latestBindingTime=systemDesignTime

protocolNa | String 0..1 attr | The name of the protocol used.
me

protocolVe | String 0..1 attr | The version of the protocol used.
rsion

Table 3.6: CommunicationCluster

Some communication clusters need, additional to the general attributes which are valid
for all communication clusters, specialized attributes to describe the individual commu-
nication cluster properties. The bustype-specific specializations of Communication-
Cluster (Figure 3.3) are further detailed in chapter 3.3.

3.2.2 Physical Channel

[TPS_SYST_01011] Definition of PhysicalChannel [ PhysicalChannel repre-
sents the communication medium that is used to send and receive information be-
tween communicating ECUs. Each CommunicationCluster has atleastone Phys-
icalChannel. |(RS_SYST _00013)

[constr_3373] Limitation on the number of PhysicalChannels that are refer-
encing a CommunicationConnector [ A CommunicationConnector shall only
be referenced by at most one PhysicalChannel. |()
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Class PhysicalChannel (abstract)
Package M2::AUTOSARTemplates::SystemTemplate::Fibex::FibexCore::Core Topology
Note A physical channel is the transmission medium that is used to send and receive

information between communicating ECUs. Each CommunicationCluster has at least
one physical channel. Bus systems like CAN and LIN only have exactly one
PhysicalChannel. A FlexRay cluster may have more than one PhysicalChannels that
may be used in parallel for redundant communication.

An ECU is part of a cluster if it contains at least one controller that is connected to at
least one channel of the cluster.

Base ARObiject, Identifiable, MultilanguageReferrable, Referrable

Attribute Type Mul. | Kind | Note

commCon | Communication * ref Reference to the ECUInstance via a

nector Connector CommunicationConnector to which the channel is
connected.

atpVariation: Variable assignment of Physical
Channels to different CommunicationConnectors
is expressed with this variation.

Stereotypes: atpVariation
Tags: vh.latestBindingTime=postBuild

frameTrigg | FrameTriggerin aggr | One frame triggering is defined for exactly one
ering g channel. Channels may have assigned an
arbitrary number of frame triggerings.

atpVariation: If signals/PDUs/frames are variable,
the corresponding triggerings must be variable,
too.

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel
vh.latestBindingTime=postBuild

iSignalTrig | ISignalTriggerin aggr | One ISignalTriggering is defined for exactly one
gering g channel. Channels may have assigned an
arbitrary number of ISignaltriggerings.

atpVariation: If signals/PDUs/frames are variable,
the corresponding triggerings must be variable,
too.

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel

vh.latestBinding Time=postBuild
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Attribute Type Mul. | Kind | Note
pduTrigger | PduTriggering * aggr | One PduTriggering is defined for exactly one
ing channel. Channels may have assigned an

arbitrary number of I-Pdu triggerings.

atpVariation: If signals/PDUs/frames are variable,
the corresponding triggerings must be variable,
too.

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel
vh.latestBindingTime=postBuild

Table 3.7: PhysicalChannel

3.3 Specialized Attributes of the Topology Entities

According to their characteristic features, different communication standards like
FlexRay, CAN, TTCAN, LIN, J1939 and Ethernet have individual attributes that need to

be described additionally to the common topology classes. Figure 3.3 shows the spe-
cialization of the CommunicationCluster into the more specific FlexrayCluster,
CanCluster, TtcanCluster, J1939Cluster, LinCluster and EthernetClus-—

ter.
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FibexElement

«atpVariation»
CommunicationCluster

+ baudrate :PositiveUnlimitedinteger [0..1]
+ protocolName :String [0..1]
+ protocolVersion :String [0..1]

FlexrayCluster LinCluster EthemetCluster

actionPointOffset :Integer
bit :TimeValue
casRxLowMax :Integer
coldStartAttempts :Integer
cycle :TimeValue
cycleCountMax :Integer AbstractCanCluster
detectNitError :Boolean
dynamicSlotldlePhase :Integer
ignoreAfterTx :Integer

listenNoise :Integer

macroPerCycle :Integer

macrotickDuration :TimeValue
maxWithoutClockCorrectionFatal :Integer
maxWithoutClockCorrectionPassive :Integer
minislotActionPointOffset :Integer
minislotDuration :Integer

networkidleTime :Integer CanCluster TtcanCluster
networkManagementVectorLength :Integer
numberOfMinislots :Integer
numberOfStaticSlots :Integer
offsetCorrectionStart :Integer
payloadLengthStatic :Integer
safetyMargin :Integer

sampleClockPeriod :TimeValue [0..1] J1939Cluster
staticSlotDuration :Integer

symbolWindow :Integer
symbolWindowActionPointOffset :Integer
syncFrameldCountMax :Integer
tranceiverStandbyDelay :Float [0..1]
transmissionStartSequenceDuration :Integer
wakeupRxIdle :Integer

wakeupRxLow :Integer

wakeupRxWindow :Integer

wakeupTxActive :Integer

wakeupTxldle :Integer

+ couplingPortSwitchoffDelay :TimeValue [0..1]

+ canFdBaudrate :PositiveUnlimitedinteger [0..1]

+ basicCycleLength :Intege
+ ntu :TimeValue
+ operationMode :Boolean

+ networkid :Positivelnteger [0..1]
+ request2Support :Boolean [0..1]
+ usesAddressArbitration :Boolean [0..1]

E ok F o F ok bk F ok F kb h h ok ok ko F ok F o E o F o F o F o+ A+

Figure 3.3: Specialized CommunicationCluster attributes (TopologyAttributeRefine-
ment)
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3.3.1 CAN

Modeling of the CAN bus is supported in the System Template by the means of four
specialized meta-model classes: CanCluster, CanCommunicationController,
CanPhysicalChannel, CanCommunicationConnector (Figure 3.4).

Identifiable FibexElement

«atpVariation»

«atpVariation» AL
CommunicationCluster

CommunicationController

+ baudrate :PositiveUnlimitedinteger [0..1]
protocolName :String [0..1]
+ protocolVersion :String [0..1]

+ wakeUpByControllerSupported :Boolean [0..1]

+

AbstractCanCommunicationController

AbstractCanCluster

+ canFdBaudrate :PositiveUnlimitedinteger [0..1]

ZF +canControllerAttributes| 1

CanCommunicationController L .
AbstractCanCommunicationControllerAttributes

CanCluster

¢

Identifiable +busOffRecovery | 0..1
PhysicalChannel
CanClusterBusOffRecovery
+ borCounterL1TolL2 :Positivelnteger
+ borTimeLl :TimeValue
+ borTimeL2 :TimeValue
. " + borTimeTxEnsured :TimeValue [0..1]
Canconiollereonigniation + mainFunctionPeriod :TimeValue [0..1]
+ propSeg :Integer[0..1]
+ syncJumpWidth :Integer
AbstractCanPhysicalChannel + timeSegl :Integer
+ timeSeg2 :Integer
J1939Cluster
. . . + networkld :Positivelnteger [0..1]
CanControllerConfigurationRequirements + request2Support :Boolean [0..1]
+ maxNumberOfTimeQuantaPerBit :Integer [0..1] + usesAddressArbitration :Boolean [0..1]
+ maxSamplePoint :Float [0..1]
+ maxSyncJumpWidth :Float [0..1] Identifiable
+ minNumberOfTimeQuantaPerBit :Integer [0..1] s aa w——
] + minSamplePoint :Float [0..1]
CanPhysicalChannel + minSyncJumpWidth :Float [0..1] + pncGatewayType :PncGatewayTypeEnum [0..1]
+canControllerFdAttribute:0..1
CanControllerFdConfiguration ZF
+ paddingValue :Postivelnteger[0..1]
+ propSeg :Positivelnteger _—
N 5pynEJurngithIV'Posit?velmeger AbstractCanCommunicationConnector
+ timeSegl :Positivelnteger
+ timeSeg2 :Positivelnteger
+ trcvDelayCompensationOffset :TimeValue [0..1]
+ txBitRateSwitch :Boolean
+canControllerFdRequirements0..1 4
h
CanControllerFdConfigurationRequirements L
CanCommunicationConnector
+ maxNumberOfTimeQuantaPerBit :Integer [0..1] —
+ maxSamplePoint :Float [0..1] + pncWakeupCanld :Positivelnteger [0..1]
+ maxSyncJumpWidth :Float [0..1] + pncWakeupCanldExtended :Boolean [0..1]
+ maxTrevDelayCompensationOffset :TimeValue [0..1] ¥ (PREE DAY R (iRl a0
+ minNumberofTimeQuantaPerBit :Integer [0..1] + pncWakeupDataMask :PositiveUnlimitedinteger [0..1]
+ minSamplePoint :Float [0..1] + pncWakeupDlc :Positivelnteger [0..1]
+ minSyncJumpWidth :Float [0..1]
+ minTrcvDelayCompensationOffset :TimeValue [0..1]
+ paddingValue :Positivelnteger [0..1]
+ txBitRateSwitch :Boolean [0..1]

Figure 3.4: CAN bus elements (Fibex4Can_Topology)
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3.3.1.1 CAN Cluster

CanCluster specifies the existence of a CAN cluster in the system’s physical topol-
ogy. It contains additional CAN-specific cluster-wide attributes. The common CAN and
TTCAN attributes are collected in the AbstractCanCluster class.

Class <atpVariation>> AbstractCanCluster (abstract)
Package M2::AUTOSARTemplates::SystemTemplate::Fibex::Fibex4Can::CanTopology
Note Abstract class that is used to collect the common TtCAN, J1939 and CAN Cluster
attributes.
Base ARObiject, CollectableElement, CommunicationCluster, FibexElement, Identifiable,
MultilanguageReferrable, PackageableElement, Referrable
Attribute Type Mul. | Kind | Note
busOffRec | CanClusterBus 0..1 | aggr | CAN bus off monitoring / recovery at system level.
overy OffRecovery
canFdBau | PositiveUnlimite | 0..1 attr | Specifies the data segment baud rate of the
drate dinteger controller in bits/s.
Table 3.8: AbstractCanCluster
Class <atpVariation>> CanCluster
Package M2::AUTOSARTemplates::SystemTemplate::Fibex::Fibex4Can::CanTopology
Note CAN bus specific cluster attributes.
Tags: atp.recommendedPackage=CommunicationClusters
Base ARObiject, AbstractCanCluster, CollectableElement, CommunicationCluster, Fibex
Element, Identifiable, MultilanguageReferrable, PackageableElement, Referrable
Attribute Type Mul. | Kind | Note
Table 3.9: CanCluster
Class CanClusterBusOffRecovery
Package M2::AUTOSARTemplates::SystemTemplate::Fibex::Fibex4Can::CanTopology
Note This element contains the attributes that are used to configure the CAN bus off
monitoring / recovery at system level.
Base ARObject
Attribute Type Mul. | Kind | Note
borCounter | Positivelnteger 1 attr | This threshold defines the count of bus-offs until
L1TolL2 the bus-off recovery switches from level 1 (short
recovery time) to level 2 (long recovery time).
borTimeL1 | TimeValue 1 attr | This attribute defines the duration of the bus-off
recovery time in level 1 (short recovery time) in
seconds.
borTimelL2 | TimeValue 1 attr | This attribute defines the duration of the bus-off
recovery time in level 2 (long recovery time) in
seconds.
borTimeTx | TimeValue 0..1 attr | This attribute defines the duration of the bus-off
Ensured event check in seconds.
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Attribute Type Mul. | Kind | Note
mainFuncti | TimeValue 0..1 attr | This attribute defines the cycle time of the function
onPeriod CanSM_MainFunction in seconds.

Table 3.10: CanClusterBusOffRecovery

3.3.1.2 CAN Communication Controller

CanCommunicationController iS a specialization of the abstract Communica-
tionController class. It contains the specific CAN controller attributes needed
for configuring the CAN stack in an ECU connected to a certain CAN cluster. The
common CAN and TTCAN attributes are collected in the AbstractCanCommunica-
tionController class. It is possible to specify the CAN Controller configuration
parameters as exact values or as requirements that have to be respected by the ECU
developer. Therefore the two elements CanControllerConfiguration and Can-
ControllerConfigurationRequirements were created.

Class <atpVariation> CanCommunicationController

Package M2::AUTOSARTemplates::SystemTemplate::Fibex::Fibex4Can::CanTopology

Note CAN bus specific communication port attributes.

Base ARODbject, AbstractCanCommunicationController, CommunicationController,
Identifiable, MultilanguageReferrable, Referrable

Attribute Type Mul. | Kind | Note

Table 3.11: CanCommunicationController

Class <atpVariation> AbstractCanCommunicationController (abstract)

Package M2::AUTOSARTemplates::SystemTemplate::Fibex::Fibex4Can::CanTopology

Note Abstract class that is used to collect the common TtCAN and CAN Controller
attributes.

Base ARObject, CommunicationController, Identifiable, MultilanguageReferrable,
Referrable

Attribute Type Mul. | Kind | Note

canControl | AbstractCanCo 1 aggr | CAN Bit Timing configuration

lerAttribute | mmunicationCo

s ntrollerAttributes

Table 3.12: AbstractCanCommunicationController
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Class AbstractCanCommunicationControllerAttributes (abstract)
Package M2::AUTOSARTemplates::SystemTemplate::Fibex::Fibex4Can::CanTopology
Note For the configuration of the CanController parameters two different approaches can
be used: 1. Providing exact values which are taken by the ECU developer
(CanControllerConfiguration). 2. Providing ranges of values which are taken as
requirements and have to be respected by the ECU developer
(CanControllerConfigurationRequirements).
Base ARObject
Attribute Type Mul. | Kind | Note
canControl | CanControllerF 0..1 | aggr | Bittiming related configuration of a CAN controller
lerFdAttrib | dConfiguration for payload and CRC of a CanFD frame. If this
utes element exists the controller supports CanFD
frames and the ECU developer shall take these
values for the configuration of the CanFD
controller.
canControl | CanControllerF 0..1 | aggr | Additional CanFD ranges of the bit timing related
lerFdRequi | dConfigurationR configuration of a CanFD controller. If this element
rements equirements exists the controller supports CanFD frames and
the ECU developer shall take these ranges as
requirements for the configuration of the CanFD
controller.
Table 3.13: AbstractCanCommunicationControllerAttributes
Class CanControllerConfiguration
Package M2::AUTOSARTemplates::SystemTemplate::Fibex::Fibex4Can::CanTopology
Note This element is used for the specification of the exact CAN Bit Timing configuration
parameter values.
Base ARObject, AbstractCanCommunicationControllerAttributes
Attribute Type Mul. | Kind | Note
propSeg Integer 0..1 attr | Specifies propagation delay in time quantas.
syncdump | Integer 1 attr | The number of quanta in the Synchronization
Width Jump Width, SUJW. The (Re-)Synchronization
Jump Width (SJW) defines how far a
resynchronization may move the Sample Point
inside the limits defined by the Phase Buffer
Segments to compensate for edge phase errors.
timeSeg1 Integer 1 attr | Specifies phase segment 1 in time quantas.
timeSeg1 = Phase_Seg1
timeSeg2 Integer 1 attr | Specifies phase segment 2 in time quantas.
timeSeg2 = Phase_Seg?2

Table 3.14: CanControllerConfiguration
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Class CanControllerConfigurationRequirements

Package M2::AUTOSARTemplates::SystemTemplate::Fibex::Fibex4Can::CanTopology

Note This element allows the specification of ranges for the CAN Bit Timing configuration

parameters. These ranges are taken as requirements and have to be respected by
the ECU developer.

Base ARObiject, AbstractCanCommunicationControllerAttributes

Attribute Type Mul. | Kind | Note

maxNumb | Integer 0..1 attr | Maximum number of time quanta in the bit time.

erOfTimeQ

uantaPerBi

t

maxSampl | Float 0..1 attr | The max. value of the sample point as a

ePoint percentage of the total bit time.

maxSyncd | Float 0..1 attr | The max. Synchronization Jump Width value as a

umpWidth percentage of the total bit time. The
(Re-)Synchronization Jump Width (SJW) defines
how far a resynchronization may move the Sample
Point inside the limits defined by the Phase Buffer
Segments to compensate for edge phase errors.

minNumbe | Integer 0..1 attr | Minimum number of time quanta in the bit time.

rOfTimeQu

antaPerBit

minSample | Float 0..1 attr | The min. value of the sample point as a

Point percentage of the total bit time.

minSyncJu | Float 0..1 attr | The min. Synchronization Jump Width value as a

mpWidth percentage of the total bit time. The
(Re-)Synchronization Jump Width (SJW) defines
how far a resynchronization may move the Sample
Point inside the limits defined by the Phase Buffer
Segments to compensate for edge phase errors.

Table 3.15: CanControllerConfigurationRequirements

[TPS_SYST_01154] CAN Controller support of CAN FD frames | The bit timing
configuration of CAN controllers for CAN FD frames is supported by the canCon-
trollerFdConfiguration element that is aggregated by AbstractCanCommu-—
nicationControllerAttributes. |(RS_SYST_00048)

[constr_3095] canControllerFdAttributes and canControllerFdRequirements are
mutually exclusive | The existence of canControllerFdAttributes and can-
ControllerFdRequirements is mutually exclusive. |()

[constr_3518] Range of CanControllerFdConfiguration.paddingValue and Can-
ControllerFdConfigurationRequirements.paddingValue | The value given for can-
ControllerFdConfiguration.paddingValue and CanControllerFdConfig-—
urationRequirements.paddingValue shall be in the range from 0 to 255. |()
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Class CanControllerFdConfiguration
Package M2::AUTOSARTemplates::SystemTemplate::Fibex::Fibex4Can::CanTopology
Note Bit timing related configuration of a CAN controller for payload and CRC of a CAN FD
frame.
Base ARObject
Attribute Type Mul. | Kind | Note
paddingVal | Positivelnteger 0..1 attr | Specifies the value which is used to pad unused
ue data in CAN FD frames which are bigger than 8
byte if the length of a Pdu which was requested to
be sent does not match the allowed DLC values of
CAN FD.
propSeg Positivelnteger 1 attr | Specifies propagation delay in time quantas.
syncJump | Positivelnteger 1 attr | Specifies the synchronization jump width for the
Width controller in time quantas.
timeSeg1 Positivelnteger 1 attr | Specifies phase segment 1 in time quantas.
timeSeg2 Positivelnteger 1 attr | Specifies phase segment 2 in time quantas.
trcvDelayC | TimeValue 0..1 attr | Specifies the Transceiver Delay Compensation
ompensati Offset in seconds. If not specified Transceiver
onOffset Delay Compensation is disabled.
txBitRateS | Boolean 1 attr | Specifies if the bit rate switching shall be used for
witch transmissions. TRUE: CAN FD frames shall be
sent with bit rate switching. FALSE: CAN FD
frames shall be sent without bit rate switching.
Table 3.16: CanControllerFdConfiguration
Class CanControllerFdConfigurationRequirements
Package M2::AUTOSARTemplates::SystemTemplate::Fibex::Fibex4Can::CanTopology
Note This element allows the specification of ranges for the CanFD bit timing configuration
parameters. These ranges are taken as requirements and shall be respected by the
ECU developer.
Base ARObject
Attribute Type Mul. | Kind | Note
maxNumb | Integer 0..1 attr | Maximum number of time quanta in the bit time.
erOfTimeQ
uantaPerBi
t
maxSampl | Float 0..1 attr | The max. value of the sample point as a
ePoint percentage of the total bit time.
maxSyncd | Float 0..1 attr | The max. Synchronization Jump Width value as a
umpWidth percentage of the total bit time. The
(Re-)Synchronization Jump Width (SJW) defines
how far a resynchronization may move the Sample
Point inside the limits defined by the Phase Buffer
Segments to compensate for edge phase errors.
maxTrcvD | TimeValue 0..1 attr | Specifies the maximum Transceiver Delay
elayComp Compensation Offset in seconds. If not specified
ensationOf Transceiver Delay Compensation is disabled.
fset
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Attribute Type Mul. | Kind | Note

minNumbe | Integer 0..1 attr | Minimum number of time quanta in the bit time.

rOfTimeQu

antaPerBit

minSample | Float 0..1 attr | The min. value of the sample point as a

Point percentage of the total bit time.

minSyncJu | Float 0..1 attr | The min. Synchronization Jump Width value as a

mpWidth percentage of the total bit time. The
(Re-)Synchronization Jump Width (SJW) defines
how far a resynchronization may move the Sample
Point inside the limits defined by the Phase Buffer
Segments to compensate for edge phase errors.

minTrcvDe | TimeValue 0..1 attr | Specifies the minimum Transceiver Delay

layCompe Compensation Offset in seconds. If not specified

nsationOff Transceiver Delay Compensation is disabled.

set

paddingVal | Positivelnteger 0..1 attr | Specifies the value which is used to pad unused

ue data in CAN FD frames which are bigger than 8
byte if the length of a Pdu which was requested to
be sent does not match the allowed DLC values of
CAN FD.

txBitRateS | Boolean 0..1 attr | Specifies if the bit rate switching shall be used for

witch transmissions.
TRUE: CAN FD frames shall be sent with bit rate
switching. FALSE: CAN FD frames shall be sent
without bit rate switching.

Table 3.17: CanControllerFdConfigurationRequirements
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3.3.1.3 CAN Physical Channel

CanPhysicalChannel is a specialization of the abstract PhysicalChannel class.
It contains the specific CAN PhysicalChannel attributes. The common CAN and
TTCAN attributes are collected in the AbstractCanPhysicalChannel class.

Class AbstractCanPhysicalChannel (abstract)

Package M2::AUTOSARTemplates::SystemTemplate::Fibex::Fibex4Can::CanTopology

Note Abstract class that is used to collect the common TtCAN and CAN PhysicalChannel
attributes.

Base ARObiject, Identifiable, MultilanguageReferrable, PhysicalChannel, Referrable

Attribute Type Mul. | Kind | Note

Table 3.18: AbstractCanPhysicalChannel

Class CanPhysicalChannel

Package M2::AUTOSARTemplates::SystemTemplate::Fibex::Fibex4Can::CanTopology

Note CAN bus specific physical channel attributes.

Base ARObiject, AbstractCanPhysicalChannel, Identifiable, MultilanguageReferrable,
PhysicalChannel, Referrable

Attribute Type Mul. | Kind | Note

Table 3.19: CanPhysicalChannel

[constr_3003] Number of CAN channels | CAN clusters shall aggregate exactly one
PhysicalChannel. [()

3.3.1.4 CAN Communication Connector

CanCommunicationConnector is a specialization of the abstract Communication-
Connector class. It contains the specific CAN CommunicationConnector at-
tributes. The common CAN and TTCAN attributes are collected in the Abstract-
CanCommunicationConnector class.

Class AbstractCanCommunicationConnector (abstract)

Package M2::AUTOSARTemplates::SystemTemplate::Fibex::Fibex4Can::CanTopology

Note Abstract class that is used to collect the common TtCAN and CAN
CommunicationConnector attributes.

Base ARObject, CommunicationConnector, Identifiable, MultilanguageReferrable,
Referrable

Attribute Type Mul. | Kind | Note

Table 3.20: AbstractCanCommunicationConnector
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Class CanCommunicationConnector

Package M2::AUTOSARTemplates::SystemTemplate::Fibex::Fibex4Can::CanTopology

Note CAN bus specific communication connector attributes.

Base ARODbject, AbstractCanCommunicationConnector, CommunicationConnector,
Identifiable, MultilanguageReferrable, Referrable

Attribute Type Mul. | Kind | Note

pncWakeu | Positivelnteger 0..1 attr | CAN Identifier used to configure the CAN

pCanld Transceiver for partial network wakeup.

pncWakeu | Boolean 0..1 attr | Defines whether pncWakeupCanld and

pCanldExt pncWakeupCanldMask shall be interpreted as

ended extended or standard CAN ID.

pncWakeu | Positivelnteger 0..1 attr | Bit mask for CAN Identifier used to configure the

pCanldMa CAN Transceiver for partial network wakeup.

sk

pncWakeu | PositiveUnlimite | 0..1 attr | Bit mask for CAN Payload used to configure the

pDataMas | dinteger CAN Transceiver for partial network wakeup.

k

pncWakeu | Positivelnteger 0..1 attr | Data Length of the remote data frame used to

pDlc configure the CAN Transceiver for partial network

wakeup in Bytes.

Table 3.21: CanCommunicationConnector

[TPS_SYST_02165] Derivation of CanNmPnFilterMaskByte | The pncWakeup-
DataMask should not be computed from the pncIdentifier values in order to sup-
port future introduction of additional PNCs.

Note that for one Eculnstance all contributing CanCommunicationConnec—
tor.pncWakeupDataMask will be bitwise ORed to obtain the value of CanNmPnFil-
terMaskByte. Note that this data mask is calculated over the whole payload of the
NmPdu ignoring the leading bytes which do not contain pncVector information. The
number of leading bytes which shall be ignored is equivalent to the value of Sys-
tem.pncVectorOffset. |(RS_SYST_00042)

Example: For pncWakeupDataMask = 2% and pncVectorOffset = 2, pncldentifier with
number 63 in a NmPdu will be masked (see Figure 3.5).

NmPdu Byte 0 Byte 1 Byte 2 Byte 3
Absolute bit position 7[6[5]a[3[2]1]o[15]14]13]12]11]10] o[ 8 [23]22]21]20]19] 1817 16[31]30]29]28]27]26]25] 24
PNC identifiers [l [ulslelo] | T23[22]21]20]19]18]17]16[31]30]29]28]27]26]25]24
NmPdu Byte 4 Byte 5 Byte 6 Byte 7
Absolute bit position 39[38[37]36]35[34[33[32[47]46[45[44]43[42]41]40[55]54]53][52]51]50[49]48]|63][62]61[60][59]58]57]56
PNC identifiers 39]38[37]36]35[34|33[32]47]|46]45[44]43][42]41]40][55]54]53[52]51]50[49]48 62| 61[60]59]58[57]56

Figure 3.5: Example of masked pncldentifiers in a NmPdu

3.3.2 TTCAN

Modeling of TTCAN clusters is supported in the System Template by the means
of four specialized meta-model classes: TtcanCluster, TtcanCommunication-
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Controller, TtcanCommunicationConnector, TtcanPhysicalChannel (fig-
ure 3.6).

ComnunicationController CommunicationCluster
AbstractCanCommunicationController AbstractCanCluster

+ canFdBaudrate :PositiveUnlimitedinteger [0..1]]

TtcanCommunicationController CanCommunicationController TtcanCluster CanCluster
applWatchdogLimit :Integer + basicCycleLength :Integer
expectedTxTrigger :Integer + ntu :TimeValue
externalClockSynchronisation :Boolean + operationMode :Boolean

initialRefOffset :Integer

master :Boolean
timeMasterPriority :Integer
timeTriggeredCanLevel :Integer
txEnableWindowLength :Integer

o b+ o+ o+

PhysicalChannel ComnunicationConnector
AbstractCanPhysicalChannel AbstractCanCommunicationConnector
TtcanPhysicalChannel CanPhysicalChannel TtcanCommunicationConnector CanCommunicationConnector

+ pncWakeupCanld :Positivelnteger [0..1]

+ pncWakeupCanldExtended :Boolean [0..1]
+ pncWakeupCanldMask :Positivelnteger [0..1]
+
+

pncWakeupDataMask :PositiveUnlimitedinteger [0..1]
pncWakeupDlc :Positivelnteger [0..1]

Figure 3.6: TTCAN bus elements (Fibex4Ttcan_Topology)

3.3.2.1 TTCAN Cluster

TtcanCluster specifies the existence of a TTCAN cluster in the system’s physical
topology. Additionally to the common CAN and TTCAN attributes it contains TTCAN-
specific cluster-wide attributes.
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Class <atpVariation>> TtcanCluster
Package M2::AUTOSARTemplates::SystemTemplate::Fibex::Fibex4Ttcan:: TtcanTopology
Note TTCAN bus specific cluster attributes.
Tags: atp.recommendedPackage=CommunicationClusters
Base ARObiject, AbstractCanCluster, CollectableElement, CommunicationCluster, Fibex
Element, Identifiable, MultilanguageReferrable, PackageableElement, Referrable
Attribute Type Mul. | Kind | Note
basicCycle | Integer 1 attr | Length of a basic-cycle. Unit: NTUs
Length
ntu TimeValue 1 attr | Unit measuring all times and providing a constant
of the whole network. For level 1, this is always
the CAN bit time. Unit: seconds.
operationM | Boolean 1 attr | Possible operation modes
ode
True: Time-Triggered False:
Event-Synchronised-Time-Triggered

Table 3.22: TtcanCluster

3.3.2.2 TTCAN Communication Controller

TtcanCommunicationController is a specialization of the AbstractCanCommu—
nicationController class. Additionally to the common CAN and TTCAN attributes
it contains the specific TTCAN Controller attributes.

Class <atpVariation> TtcanCommunicationController

Package M2::AUTOSARTemplates::SystemTemplate::Fibex::Fibex4Ttcan:: TtcanTopology

Note TTCAN bus specific communication port attributes.

Base ARODbject, AbstractCanCommunicationController, CommunicationController,

Identifiable, MultilanguageReferrable, Referrable

Attribute Type Mul. | Kind | Note

applWatch | Integer 1 attr | The Appl_Watchdog_Limit shall be an 8-bit value

dogLimit specifying the period for the application watchdog
in Appl_Watchdog_Limit times 256 NTUs.

expectedT | Integer 1 attr | The Expected_Tx_Trigger shall be an eight (8) bit

xTrigger value which limits the number of messages the
FSE may try to transmit in one matrix cycle.

externalCl | Boolean 1 attr | One bit shall be used to configure whether or not

ockSynchr external clock synchronisation will be allowed

onisation during runtime (only Level 2).

initialRefOf | Integer 1 attr | The Initial_Ref_Offset shall be an eight (8) bit

fset value for the initialisation of Ref_Trigger_Offset.

master Boolean 1 attr | One bit shall be used to distinguish between
(potential) time masters and time slaves. This can
be derived from the frame-triggering’s triggers.
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Attribute Type Mul. | Kind | Note

timeMaster | Integer 1 attr | The time master priority shall contain a three bit

Priority value for the priority of the current time master
(the last three bits of the identifier of the reference
message). This can be derived from the
frame-triggering’s triggers.

timeTrigge | Integer 1 attr | One bit shall be used to distinguish between Level

redCanlLev 1 and Level 2.

el

txEnableW | Integer 1 attr | The length of the Tx_Enable window shall be a

indowLeng four (4) bit value specifying the length of the time

th period (1-16 nominal CAN bit times) in which a
transmission may be started.

Table 3.23: TtcanCommunicationController

3.3.2.3 TTCAN Physical Channel

TtcanPhysicalChannel is a specialization of the AbstractCanPhysicalChan-
nel class. Additionally to the common CAN and TTCAN attributes it contains the
specific TTCAN Physical Channel attributes.

Class TtcanPhysicalChannel

Package M2::AUTOSARTemplates::SystemTemplate::Fibex::Fibex4Ttcan::TtcanTopology

Note TTCAN bus specific physical channel attributes.

Base ARObiject, AbstractCanPhysicalChannel, Identifiable, MultilanguageReferrable,
PhysicalChannel, Referrable

Attribute Type Mul. | Kind | Note

Table 3.24: TtcanPhysicalChannel

3.3.2.4 TTCAN Communication Connector

TtcanCommunicationConnector is a specialization of the AbstractCanCommu—
nicationConnector class. Additionally to the common CAN and TTCAN attributes
it contains the specific TTCAN CommunicationConnector attributes.

Class TtcanCommunicationConnector

Package M2::AUTOSARTemplates::SystemTemplate::Fibex::Fibex4 Ttcan::TtcanTopology

Note TTCAN bus specific communication connector attributes.

Base ARObject, AbstractCanCommunicationConnector, CommunicationConnector,
Identifiable, MultilanguageReferrable, Referrable

Attribute Type Mul. | Kind | Note

Table 3.25: TtcanCommunicationConnector
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3.3.3 SAE J1939

Modeling of J1939 Communication Clusters is supported in the System Template with
the J1939Cluster element that is derived from AbstractCanCluster (see fig-
ure 3.4).

Class <atpVariation>> J1939Cluster
Package M2::AUTOSARTemplates::SystemTemplate::Fibex::Fibex4Can::CanTopology
Note J1939 specific cluster attributes.

Tags: atp.recommendedPackage=CommunicationClusters

Base ARObject, AbstractCanCluster, CollectableElement, CommunicationCluster, Fibex
Element, Identifiable, MultilanguageReferrable, PackageableElement, Referrable

Attribute Type Mul. | Kind | Note

networkld Positivelnteger 0..1 attr | This represents the network ID for the J1939
cluster.

request2S | Boolean 0..1 attr | Enables support for the Request2 PGN (RQST2).

upport

usesAddre | Boolean 0..1 attr | Defines whether the nodes attached to this

ssArbitratio channel use an initial address claim, and whether

n they react to contending address claims of other
nodes. True: The initial address claim is sent, and
the node reacts to address claims of other nodes.
False: The node only sends an address claim
upon request, and does not care for contending
address claims.

Table 3.26: J1939Cluster

To describe the communication on a J1939Cluster CanFrameTriggering$ are
used that are aggregated by a CanPhysicalChannel.

[constr_3050] J1939Cluster uses exactly one CanPhysicalChannel | A
J1939Cluster shall aggregate exactly one CanPhysicalChannel. [()

[constr_1463] Applicable values for J1939Cluster.networkId [ The values of
the attribute J1939C1luster.networkId shall always be within the interval 1..4. |()

Please note that AUTOSAR supports only the four mentioned bus types. Still, an im-
plementation could e.g. support J1708 [14] by means of a complex driver and would
then need to assign the corresponding bus type.
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3.3.4 FlexRay

Modeling of FlexRay clusters is supported in the System Template by the means
of four specialized meta-model classes: FlexrayCluster, FlexrayCommuni-—
cationConnector, FlexrayPhysicalChannel, FlexrayCommunicationCon-
troller (Figure 3.7).

FibexElement Identifiable Identifiable

«atpVariation» ) PhysicalChannel «atpVariation»
CommunicationCluster +phydicalChannel ComnunicationController

+ baudrate :PositiveUnlimitedinteger [0..1] [«atpVariation,atpSplitable» 1. + wakeUpByControllerSupported :Boolean [0..1]

+ protocolName :String [0..1]
+ protocolVersion :String [0..1]

Zﬁ +commController/|\ 1
FlexrayPhysicalChannel

+ channelName :FlexrayChannelNam¢g

FlexrayCluster FlexrayCommunicationController
N - . 0.1 :
aCll'f)nF’Oln'lOffSEl :Integer rchannel «atpVariation» acceptedStartupRange :Integer
bit :TimeValue allowHaltDueToClock :Boolean
casRxLowMax :Integer allowPassiveToActive :Integer [0..1]
coldStartAttempts :Integer +commConnector\|/0..* clusterDriftbamping :Integer

cycle :TimeValue
cycleCountMax :Integer
detectNitError :Boolean
dynamicSlotldlePhase :Integer
ignoreAfterTx :Integer
lislenNoise :Integer
macroPerCycle :Integer
macrotickDuration :TimeValue
maxWithoutClockCorrectionFatal :Integer
maxWithoutClockCorrectionPassive :Integer
minislotActionPointOffset :Integer
minislotDuration :Integer FlexrayCommunicationConnector
networkldleTime :Integer
networkManagementVectorLength :Integer
numberOfMinislots :Integer
numberOfStaticSlots :Integer
offsetCorrectionStart :Integer
payloadLengthStatic :Integer
safetyMargin :Integer
sampleClockPeriod :TimeValue [0..1]
staticSlotDuration :Integer
symbolWindow :Integer
symbolWindowActionPointOffset :Integer
syncFrameldCountMax :Integer msgldMask :Integer
tranceiverStandbyDelay :Float [0..1] msgldMatch :Integer
transmissionStartSequenceDuration :Integer

+fifoRange?2..*

decodingCorrection :Integer
delayCompensationA :Integer [0..1]
delayCompensationB :Integer [0..1]
externalSync :Boolean [0..1]
externOffsetCorrection :Integer [0..1]
externRateCorrection :Integer [0..1]
fallBackinternal :Boolean [0..1]
keySlotID :Positivelnteger [0..1]
keySlotOnlyEnabled :Boolean
keySlotUsedForStartUp :Boolean
keySlotUsedForSync :Boolean
latestTX :Integer

listenTimeout :Integer
macrolnitialOffsetA :Integer [0..1]
macrolnitial OffsetB :Integer [0..1]
maximumDynamicPayloadLength :Integer
microlnitial OffsetA :Integer [0..1]
microlnitialOffsetB :Integer [0..1]
microPerCycle :Integer
microtickDuration :TimeValue [0..1]
nmVectorEarlyUpdate :Boolean [0..1]
offsetCorrectionOut :Integer
rateCorrectionOut :Integer
samplesPerMicrotick :Integer [0..1]
secondKeySlotld :Positivelnteger [0..1]
twoKeySlotMode :Boolean [0..1]
wakeUpPattern :Integer

Identifiable
CommunicationConnector

+ pncGatewayType :PncGatewayTypeEnum [0..1]

+

nmReadySleepTime :Float [0..1]
pncFilterDataMask :PositiveUnlimitedinteger [0..1]
wakeUpChannel :Boolean

+ +

FlexrayFifoConfiguration

admitWithoutMessageld :Boolean| ,fiexrayFifo
baseCycle :Integer
cycleRepetition :Integer 0.*
fifoDepth :Integer

+ o+ 4+ o+ o+ o+

b bk b b F o F ok F o F b E F E ok h ok F o F o F o+ o+

wakeupRxIdle :Integer
wakeupRxLow :Integer
wakeupRxWindow :Integer
wakeupTxActive :Integer FlexrayFifoRange «enumeration»
wakeupTxidle :Integer FlexrayChannelName
+ rangeMax :Integer
+ rangeMin :Integer

B T O I T T T T T A T A S S S S S

channelA
channelB

Figure 3.7: FlexRay cluster elements (Fibex4FlexRay_Topology)

3.3.4.1 FlexRay Cluster

FlexrayCluster specifies the existence of a FlexRay cluster in the system’s physical
topology. It contains additional FlexRay-specific cluster-wide attributes.
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Class < atpVariation>> FlexrayCluster

Package M2::AUTOSARTemplates::SystemTemplate::Fibex::Fibex4Flexray::Flexray Topology

Note FlexRay specific attributes to the physicalCluster

Tags: atp.recommendedPackage=CommunicationClusters
Base ARObiject, CollectableElement, CommunicationCluster, FibexElement, Identifiable,
MultilanguageReferrable, PackageableElement, Referrable

Attribute Type Mul. | Kind | Note

actionPoint | Integer 1 attr | The offset of the action point in networks

Offset

bit TimeValue 1 attr | Nominal bit time (= 1 / fx:SPEED). gdBit =
cSamplesPerBit * gdSampleClockPeriod. Unit:
seconds (gdBit)

casRxLow | Integer 1 attr | Upper limit of the Collision Avoidance Symbol

Max (CAS) acceptance window. Unit:bitDuration

coldStartAt | Integer 1 attr | The maximum number of times that a node in this

tempts cluster is permitted to attempt to start the cluster
by initiating schedule synchronization

cycle TimeValue 1 attr | Length of the cycle. Unit: seconds

cycleCount | Integer 1 attr | Maximum cycle counter value in a given cluster.

Max Remark: Set to 63 for FlexRay Protocol 2.1 Rev. A
compliance.

detectNitEr | Boolean 1 attr | Indicates whether NIT error status of each cluster

ror shall be detected or not.

dynamicSI| | Integer 1 attr | The duration of the dynamic slot idle phase in

otldlePhas minislots.

e

ignoreAfter | Integer 1 attr | Duration for which the bitstrobing is paused after

Tx transmission [gdBit].

listenNoise | Integer 1 attr | Upper limit for the start up and wake up listen
timeout in the presence of noise. Expressed as a
multiple of the cluster constant pdListenTimeout.
Unit microticks

macroPer Integer 1 attr | The number of macroticks in a communication

Cycle cycle

macrotickD | TimeValue 1 attr | Duration of the cluster wide nominal macrotick,

uration expressed in s.

maxWithou | Integer 1 attr | Threshold concerning

tClockCorr vClockCorrectionFailedCounter. Defines the

ectionFatal number of consecutive even/odd Cycle pairs with
missing clock correction terms that will cause the
protocol to transition from the POC:normal active
or POC:normal passive state into the POC:halt
state.

maxWithou | Integer 1 attr | Threshold concerning

tClockCorr vClockCorrectionFailedCounter. Defines the

ectionPass number of consecutive even/odd Cycle pairs with

ive missing clock correction terms that will cause the
protocol to transition from the POC:normal active
state to the POC:normal passive state.
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Attribute Type Mul. | Kind | Note

minislotAct | Integer 1 attr | The Offset of the action point within a minislot.

ionPointOff Unit: macroticks

set

minislotDur | Integer 1 attr | The duration of a minislot (dynamic segment).

ation Unit: macroticks.

networkldl | Integer 1 attr | The duration of the network idle time in macroticks

eTime

networkMa | Integer 1 attr | Length of the Network Management vector in a

nagement cluster [bytes]

VectorLen

gth

numberOf Integer 1 attr | Number of Minislots in the dynamic segment.

Minislots

numberOf | Integer 1 attr | The number of static slots in the static segment.

StaticSlots

offsetCorre | Integer 1 attr | Start of the offset correction phase within the

ctionStart Network Idle Time (NIT), expressed as the
number of macroticks from the start of cycle. Unit:
macroticks

payloadLe | Integer 1 attr | Globally configured payload length of a static

ngthStatic frame. Unit: 16-bit WORDS.

safetyMarg | Integer 1 attr | Additional timespan in macroticks which takes

in jitter into account to be able to set the
JobListPointer to the next possible job which can
be executed in case the FlexRay Job List
Execution Function has be resynchronized.

sampleClo | TimeValue 0..1 attr | Sample clock period. Unit: seconds

ckPeriod

staticSlotD | Integer 1 attr | The duration of a slot in the static segment. Unit:

uration macroticks

symbolWin | Integer 1 attr | The duration of the symbol window. Unit:

dow macroticks

symbolWin | Integer 1 attr | Number of macroticks the action point offset is

dowAction from the beginning of the symbol window

PointOffset [Macroticks].

syncFrame | Integer 1 attr | Maximum number of distinct syncframe identifiers

[dCountMa present in a given cluster. This parameter maps to

X FlexRay Protocol 2.1 Rev. A parameter
gSyncNodeMax.

tranceiver | Float 0..1 attr | The duration of timer t_TrcvStdbyDelay in

StandbyDe seconds. The granularity of this parameter shall

lay be restricted to full FlexRay cycles (cycle). The
transceiver status setting to STANDBY shall be
delayed by this value.
Not specifying a value or a value of 0 shall imply
that the timer is not used.

transmissi | Integer 1 attr | Number of bits in the Transmission Start

onStartSeq Sequence [gdBits].

uenceDura

tion
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Attribute Type Mul. | Kind | Note

wakeupRx! | Integer 1 attr | Number of bits used by the node to test the

dle duration of the ’idle’ or HIGH phase of a received
wakeup. Unit:bitDuration Remarks: This
parameter maps to FlexRay Protocol 2.1 Rev. A
parameter gdWakeupSymbolRxIdle.

wakeupRx | Integer 1 attr | Number of bits used by the node to test the

Low duration of the LOW phase of a received wakeup.
Unit:bitDuration Remarks: This parameter maps to
FlexRay Protocol 2.1 Rev. A parameter
gdWakeupSymbolRxLow.

wakeupRx | Integer 1 attr | The size of the window used to detect wakeups

Window [gdBit]. Remarks: This parameter maps to
FlexRay Protocol 2.1 Rev. A parameter
gdWakeupSymbolRxWindow.

wakeupTx | Integer 1 attr | Number of bits used by the node to transmit the

Active LOW phase of awakeup symbol and the HIGH and
LOW phases of a WUDOP. Unit:bitDuration

wakeupTx| | Integer 1 attr | Number of bits used by the node to transmit the

dle ‘idle’ part of a wakeup symbol. Unit: gDbit

Table 3.27: FlexrayCluster

3.3.4.2 FlexRay Communication Controller

FlexrayCommunicationController is a specialization of the Communication-
Controller class. It contains the specific FlexRay controller attributes needed for
configuring the FlexRay stack in an ECU connected to a certain FlexRay cluster.

Class < atpVariation>> FlexrayCommunicationController

Package M2::AUTOSARTemplates::SystemTemplate::Fibex::Fibex4Flexray::Flexray Topology

Note FlexRay bus specific communication port attributes.

Base ARObject, CommunicationController, Identifiable, MultilanguageReferrable,

Referrable

Attribute Type Mul. | Kind | Note

acceptedSt | Integer 1 attr | Expanded range of measured clock deviation

artupRang allowed for startup frames during integration.

e Unit:microtick

allowHaltD | Boolean 1 attr | Boolean flag that controls the transition to the

ueToClock POC:halt state due to a clock synchronization
errors. If set to true, the Communication Controller
is allowed to transition to POC:halt. If set to false,
the Communication Controller will not transition to
the POC:halt state but will enter or remain in the
normal POC (passive State).
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Up

Attribute Type Mul. | Kind | Note

allowPassi | Integer 0..1 attr | Number of consecutive even/odd cycle pairs that

veToActive must have valid clock correction terms before the
Communication Controller will be allowed to
transition from the POC:normal passive state to
POC:normal active state. If set to 0, the
Communication Controller is not allowed to
transition from POC:norm

clusterDrift | Integer 1 attr | The cluster drift damping factor used in clock

Damping synchronization rate correction in microticks

decodingC | Integer 1 attr | Value used by the receiver to calculate the

orrection difference between primary time reference point
and secondary time reference point. Unit:
Microticks (pDecodingCorrection)

delayCom | Integer 0..1 attr | Value used to compensate for reception delays on

pensationA channel A Unit: Microticks. This optional
parameter shall only be filled out if channel A is
used.

delayCom Integer 0..1 attr | Value used to compensate for reception delays on

pensationB channel B. Unit: Microticks. This optional
parameter shall only be filled out if channel B is
used.

externOffs | Integer 0..1 attr | Fixed amount added or subtracted to the

etCorrectio calculated offset correction term to facilitate

n external offset correction, expressed in node-local
microticks.

externRate | Integer 0..1 attr | Fixed amount added or subtracted to the

Correction calculated rate correction term to facilitate external
rate correction, expressed in node-local
microticks.

externalSy | Boolean 0..1 attr | Flag indicating whether the node is externally

nc synchronized (operating as Time Gateway Sink in
an TT-E Time Triggered External Sync cluster) or
locally synchronized.

fallBackint | Boolean 0..1 attr | Flag indicating whether a Time Gateway Sink

ernal node will switch to local clock operation when
synchronization with the Time Gateway Source
node is lost (pFallBackInternal = true) or will
instead go to POC:ready (pFallBackinternal =
false).

flexrayFifo | FlexrayFifoConfi * aggr | One First In First Out (FIFO) queued receive

guration structure, defining the admittance criteria to the

FIFO.

keySlotID Positivelnteger 0..1 attr | ID of the slot used to transmit the startup frame,
sync frame, or designated single slot frame. If the
attributes keySlotUsedForStartUp,
keySlotUsedForSync, or keySlotOnlyEnabled are
set to true the key slot value is mandatory.

keySlotOnl | Boolean 1 attr | Flag indicating whether or not the node shall enter

yEnabled key slot only mode following startup.

keySlotUs | Boolean 1 attr | Flag indicating whether the Key Slot is used to

edForStart transmit a startup frame.
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Attribute Type Mul. | Kind | Note

keySlotUs | Boolean 1 attr | Flag indicating whether the Key Slot is used to

edForSync transmit a sync frame.

latestTX Integer 1 attr | The number of the last minislot in which a
transmission can start in the dynamic segment for
the respective node

listenTime | Integer 1 attr | Value for the startup listen timeout and wakeup

out listen timeout. Although this is a node local
parameter, the real time equivalent of this value
should be the same for all nodes in the cluster.
Unit: Microticks

macrolnitia | Integer 0..1 attr | Integer number of macroticks between the static

IOffsetA slot boundary and the closest macrotick boundary
of the secondary time reference point based on
the nominal macrotick duration.
(pMacrolnitialOffset). This optional parameter
shall only be filled out if channel A is used.

macrolnitia | Integer 0..1 attr | Integer number of macroticks between the static

IOffsetB slot boundary and the closest macrotick boundary
of the secondary time reference point based on
the nominal macrotick duration.
(pMacrolnitialOffset). This optional parameter
shall only be filled out if channel B is used.

maximum Integer 1 attr | Maximum payload length for the dynamic channel

DynamicP of a frame in 16 bit WORDS.

ayloadLen

gth

microlnitial | Integer 0..1 attr | Number of microticks between the closest

OffsetA macrotick boundary described by
gMacrolnitialOffset and the secondary time
reference point. The parameter depends on
pDelayCompensationA and therefore it has to be
set independently for each channel. This optional
parameter shall only be filled out if channel A is
used.

microlnitial | Integer 0..1 attr | Number of microticks between the closest

OffsetB macrotick boundary described by
gMacrolnitialOffset and the secondary time
reference point. The parameter depends on
pDelayCompensationB and therefore it has to be
set independently for each channel. This optional
parameter shall only be filled out if channel B is
used.

microPerC | Integer 1 attr | The nominal number of microticks in a

ycle communication cycle

microtickD | TimeValue 0..1 attr | Duration of a microtick. This attribute can be

uration derived from samplePerMicrotick and
gdSampleClockPeriod. Unit: seconds

nmVectorE | Boolean 0..1 attr | Flag indicating when the update of the Network

arlyUpdate Management Vector in the CHI shall take place. If
set to false, the update shall take place after the
NIT. If set to true, the update shall take place after
the end of the static segment.
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Attribute Type Mul. | Kind | Note

offsetCorre | Integer 1 attr | Magnitude of the maximum permissible offset

ctionOut correction value. Unit:microtick
(pOffsetCorrectionOut)

rateCorrect | Integer 1 attr | Magnitude of the maximum permissible rate

ionOut correction value and the maximum drift offset
between two nodes operating with unsynchronized
clocks for one communication cycle.
Unit:Microticks (pRateCorrectionOut)
Remarks: This parameter maps to FlexRay
Protocol 2.1 Rev. A parameter pdMaxDirift.

samplesPe | Integer 0..1 attr | Number of samples per microtick

rMicrotick

secondKey | Positivelnteger 0..1 attr | ID of the second Key slot, in which a second

Slotld startup frame shall be sent in TT-L Time Triggered
Local Master Sync or TT-E Time Triggered
External Sync mode. If this parameter is set to
zero the node does not have a second key slot.

twoKeySlot | Boolean 0..1 attr | Flag indicating whether node operates as a

Mode startup node in a TT-E Time Triggered External
Sync or TT-L Time Triggered Local Master Sync
cluster.

wakeUpPa | Integer 1 attr | Number of repetitions of the Tx-wakeup symbol to

ttern be sent during the CC_WakeupSend state of this
Node in the cluster

Table 3.28: FlexrayCommunicationController
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Class FlexrayFifoConfiguration
Package M2::AUTOSARTemplates::SystemTemplate::Fibex::Fibex4Flexray::Flexray Topology
Note One First In First Out (FIFO) queued receive structure, defining the admittance
criteria to the FIFO, and mandating the ability to admit messages into the FIFO based
on Message Id filtering criteria.
Base ARObject
Attribute Type Mul. | Kind | Note
admitWitho | Boolean 1 attr | Boolean configuration which determines whether
utMessage or not frames received in the dynamic segment
Id that don’t contain a message ID will be admitted
into the FIFO.
baseCycle | Integer 1 attr | FIFO cycle counter acceptance criteria.
channel FlexrayPhysical | 0..1 ref | Fifo channel admittance criteria.
Channel
cycleRepet | Integer 1 attr | FIFO cycle counter acceptance criteria.
ition
fifoDepth Integer 1 attr | FrFifoDepth configures the maximum number of
rx-frames which can be contained in the FIFO.
fifoRange FlexrayFifoRan 2..* | aggr | FIFO Frame Id range acceptance criteria.
ge
msgldMas | Integer 1 attr | FIFO message identifier acceptance criteria
k (Mask filter).
msgldMatc | Integer 1 attr | FIFO message identifier acceptance criteria
h (Match filter).
Table 3.29: FlexrayFifoConfiguration
Class FlexrayFifoRange
Package M2::AUTOSARTemplates::SystemTemplate::Fibex::Fibex4Flexray::Flexray Topology
Note FIFO Frame Id range acceptance criteria.
Base ARObject
Attribute Type Mul. | Kind | Note
rangeMax | Integer 1 attr | Max Range.
rangeMin Integer 1 attr | Min Range.

Table 3.30: FlexrayFifoRange
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3.3.4.3 FlexRay Communication Connector

FlexrayCommunicationConnector adds the FlexRay specific attributes to the
CommunicationConnector.

Class FlexrayCommunicationConnector

Package M2::AUTOSARTemplates::SystemTemplate::Fibex::Fibex4Flexray::Flexray Topology

Note FlexRay specific attributes to the CommunicationConnector

Base ARObject, CommunicationConnector, Identifiable, MultilanguageReferrable,
Referrable

Attribute Type Mul. | Kind | Note

nmReadyS | Float 0..1 attr | The value of this attribute influences the shutdown

leepTime behavior of the FlexRay NM. FrNm switches to bus

sleep mode nmReadySleepTime seconds after
the completion of the last repetition cycle
containing a NM vote.

pncFilterD | PositiveUnlimite | 0..1 attr | Bit mask for FlexRay Payload used to configure

ataMask dinteger the FlexRay Transceiver for partial network
wakeup.

wakeUpCh | Boolean 1 attr | Referenced channel used by the node to send a

annel wakeup pattern. (pWakeupChannel)

Table 3.31: FlexrayCommunicationConnector

[constr_3508] Value of nmReadySleepTime [ The nmReadySleepTime value shall
be a multiple of cycle * nmRepetitionCycle. |()

[TPS_SYST_02167] Derivation of FrNmPnFilterMaskByte | The FrNmPnFilter-
MaskByte should not be computed from the pncIdentifier values in order to sup-
port future introduction of additional PNCs.

Note that for one EcuInstance all contributing FlexrayCommunicationConnec—
tor.pncFilterDataMask will be bitwise ORed to obtain the value of FrNmPnFil-
terMaskByte. Note that this data mask is calculated over the whole payload of the
NmPdu ignoring the leading bytes which do not contain pncVector information. The
number of leading bytes which shall be ignored is equivalent to the value of Sys-
tem.pncVectorOffset. |(RS_SYST _00042)

The masking of pncIdentifiers in a NmPdu based on the pncFilterDataMask
is done in the same way as for the CanCommunicationConnector (see Example in
Figure 3.5).

3.3.4.4 FlexRay Physical Channel

FlexrayPhysicalChannel adds the FlexRay specific attributes to the Physi-
calChannel.
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Class FlexrayPhysicalChannel

Package M2::AUTOSARTemplates::SystemTemplate::Fibex::Fibex4Flexray::Flexray Topology
Note FlexRay specific attributes to the physicalChannel

Base ARObiject, Identifiable, MultilanguageReferrable, PhysicalChannel, Referrable
Attribute Type Mul. | Kind | Note

channelNa | FlexrayChannel 1 attr | Name of the channel (Channel A or Channel B).
me Name

Table 3.32: FlexrayPhysicalChannel

Enumeration | FlexrayChannelName

Package M2::AUTOSARTemplates::SystemTemplate::Fibex::Fibex4Flexray::Flexray
Topology

Note Name of the channel.

Literal Description

channelA Channel A
Tags: atp.EnumerationValue=0

channelB Channel B
Tags: atp.EnumerationValue=1

[constr_3018] Number of FlexRay channels | A FlexrayCluster shall use ei-
ther one FlexrayPhysicalChannel with channelName set to either channelA or
channelB or else two FlexrayPhysicalChannels with one channelName chan—

Table 3.33: FlexrayChannelName

nelA and one channelName channelB. |()
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3.3.5 LIN

A LinCluster consists of exactly one master node connected to several slave nodes.
The master is responsible for providing the frame headers on the bus according to a
predefined schedule, whereas the slaves send or receive the actual frame information

([10]).

[TPS_SYST_01012] Different Properties of LinMaster and LinSlave | Inthe Sys-
tem Template the different properties of master and slave nodes are handled by de-
riving the LIN-specific subclasses LinMaster and LinSlave as specializations of
LinCommunicationController. |(RS_SYST _00022)

FibexElement Identifiable
«atpVariation» +physicalChannel PhysicalChannel

>

CommunicationCluster «atpVariation,atpSplitable» 1.%

+ baudrate :PositiveUnlimitedinteger [0..1 A
+ protocolName :String [0..1]
+ protocolVersion :String [0..1]

A

«atpVariation»

+commConnector\|/0..*

Identifiable Identifiable
«atpVariation» +commController CommunicationConnector
CommunicationController
1 + pncGatewayType :PncGatewayTypeEnum [0..1]
+ wakeUpByControllerSupported :Boolean [0..1]
LinCluster LinCommunicationController LinCommunicationConnector LinPhysicalChannel
+ protocolVersion :String + initialNad :Integer [0..1]
+linConfigurableFrame | o « 0.* +linOrderedConfigurableFrame
i i {ordered}
LinMaster LinSlave LinConfigurableFrame LinOrderedConfigurableFrame
+ timeBase :TimeValue [0..1] + configuredNad :Integer + messageld :Positivelnteger [0..1] + index :Integer
+ timeBaselitter :TimeValue [0..1] + functionld :Positivelnteger
+ supplierld :Positivelnteger
+

variantld :Positivelnteger

+linSlaveEcu 0.1
+linSlave |0..* +frame\|/1 +frame\[/ 1

Frame

LinSlaveConfig +linErrorResponse | 1 LinFrame

configuredNad :Integer
functionld :Positivelnteger [*linErmorResponse
initialNad :Integer [0..1] + responseErrorPosition :Integer
protocolVersion :String [0..1] 0.1
supplierld :Positivelnteger
variantld :Positivelnteger

+ident ?O..l

Referrable

LinErrorResponse

+ o+ 4+ o+ o+ o+

LinSlaveConfigldent

Figure 3.8: Specialized LinCommunicationController attributes
(Fibex4Lin_Topology)

Note that the AUTOSAR BSW only supports LIN masters. LIN slaves are seen as
non AUTOSAR ECUs. They can be described in the System Template in order to
configure the LIN Interface for the master correctly, but AUTOSAR does not support
the development of LIN slaves as of AUTOSAR release 4.0 ([15], [16]).
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3.3.5.1

LinCluster specifies the existence of a LIN cluster in the system’s physical topology.

LIN Cluster

Class <atpVariation>> LinCluster

Package M2::AUTOSARTemplates::SystemTemplate::Fibex::Fibex4Lin::LinTopology

Note LIN specific attributes
Tags: atp.recommendedPackage=CommunicationClusters

Base ARObiject, CollectableElement, CommunicationCluster, FibexElement, Identifiable,
MultilanguageReferrable, PackageableElement, Referrable

Attribute Type Mul. | Kind | Note

Table 3.34: LinCluster

3.3.5.2 LIN Communication Controller

LinCommunicationController is a specialization of the CommunicationCon-
troller class. It is an abstract class, to be further specialized by LinMaster and
LinSlave.

Class <atpVariation> LinCommunicationController (abstract)

Package M2::AUTOSARTemplates::SystemTemplate::Fibex::Fibex4Lin::LinTopology

Note LIN bus specific communication controller attributes.

Base ARObject, CommunicationController, Identifiable, MultilanguageReferrable,
Referrable

Attribute Type Mul. | Kind | Note

protocolVe | String 1 attr | Version specifier for a communication protocol.

rsion

Table 3.35: LinCommunicationController

3.3.5.3 LIN Master

LinMaster describes the existence of a LIN master task in a LIN topology node. As

such it contains the attributes specific to a LIN master task.

Class <atpVariation>> LinMaster

Package M2::AUTOSARTemplates::SystemTemplate::Fibex::Fibex4Lin::LinTopology

Note Describing the properties of the refering ecu as a LIN master.

Base ARObject, CommunicationController, Identifiable, LinCommunicationController,
MultilanguageReferrable, Referrable

Attribute Type Mul. | Kind | Note

linSlave LinSlaveConfig * aggr | LinSlaves that are handled by the LinMaster.
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Attribute Type Mul. | Kind | Note
timeBase TimeValue 0..1 attr | Time base is mandatory for the master. It is not
used for slaves. LIN 2.0 Spec states: "The
time_base value specifies the used time base in
the master node to generate the maximum
allowed frame transfer time." The time base shall
be specified AUTOSAR conform in seconds.
timeBasedJi | TimeValue 0..1 attr | The attribute timeBaseJitter is a mandatory
tter attribute for the master and not used for slaves.
LIN 2.0 Spec states: "The jitter value specifies the
differences between the maximum and minimum
delay from time base start point to the frame
header sending start point (falling edge of BREAK
signal).” The jitter shall be specified AUTOSAR
conform in seconds.
Table 3.36: LinMaster
Class LinSlaveConfig
Package M2::AUTOSARTemplates::SystemTemplate::Fibex::Fibex4Lin::LinTopology
Note Node attributes of LIN slaves that are handled by the LinMaster.
In the System Description LIN slaves may be described as non AUTOSAR ECUs
(linSlaveEcu reference). But in an Ecu Extract of the LinMaster the LinSlaveEcus will
not be available. The information that is described here is necessary in the ECU
Extract for the configuration of the LinMaster.
The values of attributes of LinSlaveConfig and LinSlave shall be identical for each
LinSlaveConfig that points to a LinSlave. Please note that this causes redundancy
which is intended to support flexible development methodology.
Base ARObject
Attribute Type Mul. | Kind | Note
configured | Integer 1 attr | To distinguish LIN slaves that are used twice or
Nad more within the same cluster.
functionld Positivelnteger 1 attr | LIN function ID.
ident LinSlaveConfig| 0..1 | aggr | This adds the ability to become referrable to
dent LinSlaveConfig.
initialNad Integer 0..1 attr | Initial NAD of the LIN slave.
linErrorRes | LinErrorRespon | 0..1 | aggr | Each slave node shall publish one response error
ponse se in one of its transmitted unconditional frames.
linSlaveEc | LinSlave 0..1 ref Reference to the LinSlaveEcu.
u
protocolVe | String 0..1 attr | Version specifier for a communication protocol.
rsion Protocol version of the LinMaster and the
LinSlaves may be different.
Tags: atp.Status=shallBecomeMandatory
supplierld Positivelnteger 1 attr | LIN Supplier ID.
variantld Positivelnteger 1 attr | Specifies the Variant ID.

Table 3.37: LinSlaveConfig
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Class LinSlaveConfigldent

Package M2::AUTOSARTemplates::SystemTemplate::Fibex::Fibex4Lin::LinTopology

Note This meta-class is created to add the ability to become the target of a reference to the
non-Referrable LinSlaveConfig.

Base ARObiject, Referrable

Attribute Type Mul. | Kind | Note

Table 3.38: LinSlaveConfigldent

[constr_3219] The existence of LinSlaves in the LinMaster EcuExtract |
LinSlaves shall not be part of the EcuExtract of the corresponding LinMaster. |

()

[TPS_SYST_02101] Usage of LinSlaveConfig in Ecu Extract | In order to config-
ure LinMaster in a System With category ECU_EXTRACT the LinSlaveConfig
aggregated by the LinMaster shall be used. |(RS_SYST_00022)

[constr_3034] Values of LinSlaveConfig and LinSlave attributes [ The val-
ues of attributes of LinSlaveConfig and LinSlave shall be identical for each
LinSlaveConfig that pointstoa LinsSlave. |()

Please note that this causes redundancy which is intended to support flexible develop-
ment methodology.

[TPS_SYST_01046] ShortNames of LinSlaveConfig and LinSlave | The
shortNames of a pair of LinSlaveConfig and LinSlave do not have to be identi-

cal. |()

3.3.5.4 LIN Slave

LinSlave describes the existence of a LIN slave task in a LIN topology node. It
describes the attributes of a single LIN slave node.

Class <atpVariation> LinSlave

Package M2::AUTOSARTemplates::SystemTemplate::Fibex::Fibex4Lin::LinTopology

Note Describing the properties of the referring ecu as a LIN slave.

Base ARObject, CommunicationController, Identifiable, LinCommunicationController,
MultilanguageReferrable, Referrable

Attribute Type Mul. | Kind | Note

configured | Integer 1 attr | To distinguish LIN slaves that are used twice or

Nad more within the same cluster.

functionld Positivelnteger 1 attr | LIN function ID

linErrorRes | LinErrorRespon 1 aggr | Each slave node shall publish one response error

ponse se in one of its transmitted unconditional frames.

supplierld Positivelnteger 1 attr | LIN Supplier ID

variantld Positivelnteger 1 attr | Specifies the Variant ID

Table 3.39: LinSlave
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AUTOSAR doesn’t support LIN slave functionality in an AUTOSAR ECU, thus not the
full FIBEX description of a slave node, but rather the subset of attributes of a Node
Capability File (ncf, see [10]) relevant as requirements for configuring the master are
included in the System Template.

Class LinErrorResponse
Package M2::AUTOSARTemplates::SystemTemplate::Fibex::Fibex4Lin::LinCommunication
Note Each slave node shall publish a one bit signal, named response_error, to the master

node in one of its transmitted unconditional frames. The response_error signal shall
be set whenever a frame (except for event triggered frame responses) that is
transmitted or received by the slave node contains an error in the frame response.
The response_error signal shall be cleared when the unconditional frame containing
the response_error signal is successfully transmitted.

Base ARObject

Attribute Type Mul. | Kind | Note

frameTrigg | LinFrameTrigge 1 ref | Reference to an unconditional frame that

ering ring transmits the response error. The referenced
LinFrameTriggering shall contain a reference to an
unconditionalFrame.

responseE | Integer 1 attr | Specifies the position of the ResponseError bit in

rrorPositio the frame. Each slave node shall publish one

n response error in one of its transmitted
unconditional frames.

Table 3.40: LinErrorResponse

3.3.5.5 LIN Communication Connector

LinCommunicationConnector is a specialization of the CommunicationConnec—
tor class. The LinCommunicationConnector element contains lists of frames pro-
cessed by the slave node.

[constr_3029] Assign-Frame command usage | For the LIN 2.0 Assign-Frame com-
mand the LinConfigurableFrame list shall be used. For the LIN 2.1 Assign-Frame-
PID-Range command the LinOrderedConfigurableFrame list shall be used. |()

Class LinCommunicationConnector

Package M2::AUTOSARTemplates::SystemTemplate::Fibex::Fibex4Lin::LinTopology

Note LIN bus specific communication connector attributes.

Base ARObject, CommunicationConnector, Identifiable, MultilanguageReferrable,
Referrable

Attribute Type Mul. | Kind | Note

initialNad Integer 0..1 attr | Initial NAD of the LIN slave.

linConfigur | LinConfigurable * aggr | LinConfigurableFrames shall list all frames

ableFrame | Frame (unconditional frames, event-triggered frames and

sporadic frames) processed by the slave node.
This element is necessary for the LIN 2.0
Assign-Frame command.
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Attribute Type Mul. | Kind | Note

linOrdered | LinOrderedConf * aggr | LinOrderedConfigurableFrames shall list all

Configura igurableFrame frames (unconditional frames, event-triggered

bleFrame frames and sporadic frames) processed by the

(ordered) slave node. This element is necessary for the LIN
2.1 Assign-Frame-PID-Range command.

Table 3.41: LinCommunicationConnector

Class LinConfigurableFrame

Package M2::AUTOSARTemplates::SystemTemplate::Fibex::Fibex4Lin::LinTopology

Note Assignment of messagelds to Frames. This element shall be used for the LIN 2.0

Assign-Frame command.

Base ARObject

Attribute Type Mul. | Kind | Note

frame LinFrame 1 ref Reference to a Frame that is processed by the
slave node.

messageld | Positivelnteger 0..1 attr | Messageld for the referenced frame

Table 3.42: LinConfigurableFrame

Class LinOrderedConfigurableFrame

Package M2::AUTOSARTemplates::SystemTemplate::Fibex::Fibex4Lin::LinTopology

Note With the assignment of the index to a frame a mapping of Pids to Frames is possible.

This element shall be used for the LIN 2.1 Assign-Frame-PID-Range command.

Base ARObject

Attribute Type Mul. | Kind | Note

frame LinFrame 1 ref | Reference to a Frame that is processed by the
slave node.

index Integer 1 attr | This attribute is used to order the elements and
allows an assignment of Pids to
ConfigurableFrames that are defined in the slave.

Table 3.43: LinOrderedConfigurableFrame

3.3.5.6 LIN Physical Channel

LinPhysicalChannel is a specialization of the PhysicalChannel class. It con-
tains additional Lin-specific PhysicalChannel attributes.

Class LinPhysicalChannel

Package M2::AUTOSARTemplates::SystemTemplate::Fibex::Fibex4Lin::LinTopology
Note LIN specific attributes to the physicalChannel

Base ARObiject, Identifiable, MultilanguageReferrable, PhysicalChannel, Referrable
Attribute Type \ Mul. \ Kind \ Note
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Attribute Type Mul. | Kind | Note
scheduleT | LinScheduleTab * aggr | Schedule tables organize the timings of the
able le frames for LIN.

atpVariation: If the transmitted frames are
variable, the corresponding ScheduleTables must
be variable, too.

Stereotypes: atpVariation
Tags: vh.latestBindingTime=postBuild

Table 3.44: LinPhysicalChannel

[constr_3015] Number of LIN channels | LIN clusters shall aggregate exactly one
LinPhysicalChannel. ()
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3.3.6 Ethernet

The EthernetCluster represents an Ethernet network which may consist of several
ECUs connected.

An essential aspect of modern Ethernet is the possibility to introduce Ethernet switches
in order to partition the EthernetCluster into segments which are used for point-
to-point communication between the respective partners. It is possible to define the
behavior of such Ethernet switches, this is described in chapter 3.3.6.6.

EthernetCluster

Router CouplingElement
CouplingPort ( < CouplingIortConnection /
Switch ———  Switch ————  Switch
1 1 1
ECU ECU ECU
ECU ECU ECU
ECU ECU ECU

Figure 3.9: Example of an EthernetCluster

Figure 3.9 illustrates an example of an EthernetCluster. In this figure the focus is
on the Link Layer and represents the wiring of ECUs, their communication connectors,
switches, hubs, routers, and how these elements are connected electrically.

To describe the Ethernet at the data link- and physical layer the following System
Template meta-model classes are used: EthernetCluster, EthernetCommu-—
nicationController, EthernetCommunicationConnector, EthernetPhys—
icalChannel, CouplingElement, CouplingPort and CouplingPortConnec—
tion (see Figure 3.10).



FibexElement

«atpVariation»
ComnunicationCluster

AUTOSAR

+physicalChannel

+ baudrate :PositiveUnlimitedinteger [0..1]
+ protocolName :String [0..1]
+ protocolVersion :String [0..1]

«at|

EthemetCluster

+ couplingPortSwitchoffDelay :TimeValue [0..1]

¢

1
+communicationCluster

+macMulticastGroup [0..*

+defaultVlan

Identifiable

PhysicalChannel

pVariation,atpSplitable» 1..*

EthernetPhysicalChannel

FibexElement
Eculnstance

+vlanModifier,
0.1

MacMulticastGroup

Identifiable

+

macMulticastAddress :MacAddressString

+macMulticastAddress

0..*

+vlan
1
+vlan(0..1

Identifiable
VlanConfig

+eculnstance’

Y N

«atpVari

+connector|* +commConnector

VlanMembership

ation»

0..*

ComnmunicationConne

Identifiable

ctor

+vlanMembership

FibexElement
CouplingElement
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Figure 3.10: Ethernet topology elements (Fibex4Ethernet_Topology)
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3.3.6.1

Each
Groups.

EthernetCluster

Ethernet Cluster

may have

receivers have all the same macMulticastAddress.

[constr_3047] Uniqueness of macMulticastAddresses | A macMulticastAd-

dress shall be unique in a particular EthernetCluster. |()

Class <atpVariation>> EthernetCluster
Package M2::AUTOSARTemplates::SystemTemplate::Fibex::Fibex4Ethernet::Ethernet
Topology
Note Ethernet-specific cluster attributes.
Tags: atp.recommendedPackage=CommunicationClusters
Base ARObiject, CollectableElement, CommunicationCluster, FibexElement, Identifiable,
MultilanguageReferrable, PackageableElement, Referrable
Attribute Type Mul. | Kind | Note
couplingPo | CouplingPortCo * aggr | Specification of connections between
rtConnecti | nnection CouplingElements and Eculnstances.
on
Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=couplingPortConnection,
variationPoint.shortLabe
vh.latestBindingTime=postBuild
couplingPo | TimeValue 0..1 attr | Switch off delay for CouplingPorts in seconds. It
rtSwitchoff denotes the delay of switching off couplingPorts
Delay after the request to switch off a couplingPort was
issued. (e.g. switch off of Ethernet switch ports).
macMultic | MacMulticastGr * aggr | MacMulticastGroup that is defined for the Subnet
astGroup oup (EthernetCluster).
Table 3.45: EthernetCluster
Class MacMulticastGroup
Package M2::AUTOSARTemplates::SystemTemplate::Fibex::Fibex4Ethernet::Ethernet
Topology
Note Per EthernetCluster globally defined MacMulticastGroup. One sender can handle
many receivers simultaneously if the receivers have all the same
macMulticastAddress. The addresses need to be unique for the particular
EthernetCluster.
Base ARObiject, Identifiable, MultilanguageReferrable, Referrable
Attribute Type Mul. | Kind | Note
macMultic | MacAddressStri 1 attr | A multicast MAC address (Media Access Control
astAddress | ng address) is a identifier for a group of hosts in a
network.

Table 3.46: MacMulticastGroup

globally defined MacMulticast-
MacMulticastGroupsS have a macMulticastAddress (for example
01:00:5E:7F:FF:FF). One sender can handle many receivers simultaneously, if the
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3.3.6.2 Ethernet Physical Channel

The EthernetPhysicalChannel represents a VLAN. VLANs (IEEE 802.1q) divide
physical Ethernet networks in logical subnets. Their realization requires switches with
VLAN support. VLANs are defined on a switch on a port-by-port basis.

The term EthernetPhysicalChannel may be misleading because it actually does
not defined the physical (electrical) attributes of the communication but the Ether—
netPhysicalChannel defines the VLANS as logical broadcast domains in which the
communication partners can interact.

Regardless whether the Ethernet communication uses tagged [TPS_SYST _01095] or
untagged [TPS_SYST_01096] VLANs all communication needs to be defined within
respective EthernetPhysicalChannels as defined in chapter 6.1.

[TPS_SYST_01095] tagged VLANs | In the System Description a VLAN is repre-
sented by an EthernetPhysicalChannel and is identified by its vianIdenti-
fier. |(RS_SYST_00039)

[TPS_SYST_01096] untagged VLANSs | If the V1lanConfig and the vlianIdenti-
fier are not defined for an EthernetPhysicalChannel than the channel is called
“untagged”. |(RS_SYST_00039)

Every Frame that is sent over a “tagged” VLAN is tagged with a VLAN Tag. With this
tag every receiving switch has the information about the VLAN that the Frame belongs
to. The VLAN Tag that is attached to a Frame contains the user priority for the Frame
that is described with the defaultPriority andthe vianIdentifier.

Class EthernetPhysicalChannel

Package M2::AUTOSARTemplates::SystemTemplate::Fibex::Fibex4Ethernet::Ethernet
Topology

Note The EthernetPhysicalChannel represents a VLAN or an untagged channel. An
untagged channel is modeled as an EthernetPhysicalChannel without an aggregated
VLAN.

Base ARObiject, Identifiable, MultilanguageReferrable, PhysicalChannel, Referrable

Attribute Type Mul. | Kind | Note

networkEn | NetworkEndpoi * aggr | Collection of NetworkEndpoints that are used in

dpoint nt the VLan.

Stereotypes: atpSplitable
Tags: atp.Splitkey=shortName

soAdConfi | SoAdConfig 0..1 | aggr | SoAd Configuration for one specific Physical
9 Channel.
vlan VlanConfig 0..1 | aggr | VLAN Configuration.

Table 3.47: EthernetPhysicalChannel

[c