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1.1

1.2

1.3

Introduction

In this chapter, you can find information about the intended use, the addressed
target group, and information about safety and privacy related topics.

Please adhere to the ETAS Safety Advice (accessible via Help > Product Dis-
claimer) and to the safety information given in the user documentation.

ETAS GmbH cannot be made liable for damage which is caused by incorrect use
and not adhering to the safety information.

Intended Use

The ASCET tools support model-based software development. In model-based
development, you construct an executable specification - the model - of your
system and establish its properties through simulation and testing in early stages
of development. When a model behaves as required, it can be converted auto-
matically to production-quality code.

ASCET-SE is the ASCET tool for generating software for embedded microcontrol-
lers, or AUTOSAR XML code, from an ASCET-MD model. ASCET-SE uses the pro-
ject to hold configuration information.

Target Group

This manual addresses qualified personnel working in the fields of automobile
control unit development and calibration. Specialized knowledge in the areas of
measurement and control unit technology is required, as well as knowledge of
ASCET and (at least) basic knowledge of AUTOSAR.

Any user who is not familiar with ASCET should read the ASCET Getting Started
manual before reading the AUTOSAR User Guide.

Any user who is not familiar with AUTOSAR should learn the relevant concepts be-
fore using the AUTOSAR features of ASCET.

Classification of Safety Messages

Safety messages warn of dangers that can lead to personal injury or damage to
property:

A DANGER

DANGER indicates a hazardous situation that, if not avoided, will result in death
or serious injury.

Y, N

WARNING indicates a hazardous situation that, if not avoided, could result in
death or serious injury.
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1.5

CAUTION indicates a hazardous situation that, if not avoided, could result in
minor or moderate injury.

NOTICE

NOTICE indicates a situation that, if not avoided, could result in damage to
property.

Safety Information

Observe the following safety information when using the NVRAM capabilities of
the ASCET-RP or ASCET-SE targets to avoid injury to yourself and others as well
as damage to property:

A WARNING

Harm or property damage due to unpredictable behavior of vehicle or test
bench

Wrongly initialized NVRAM variables can lead to unpredictable behavior of a ve-
hicle or a test bench. This behavior can cause harm or property damage.

ASCET projects that use the NVRAM possibilities of AUTOSAR expect a user-
definedinitialization that checks whether all NV variables are valid for the cur-
rent project, both individually and in combination with other NV variables. If this
is not the case, all NV variables have to be initialized with their (reasonable) de-
fault values.

Due to the NVRAM saving concept, this is absolutely necessary when projects
are used in environments where any harm to people and equipment can hap-
pen when unsuitable initialization values are used (e.g., in-vehicle-use or at
test benches).

Adhere to the ETAS Safety Advice and the safety information given in the online
help and user guides. You can open the ETAS Safety Advice from the main ASCET
window with Help > Product Disclaimer. A PDF version is available on the installa-
tion medium: Documentation\ETAS Safety Advice.pdf

In addition, take all information on environmental conditions into consideration
before setup and operation (see the documentation of your computer, hardware,
etc.).

Further safety advice for this ETAS product is available in the ASCET safety man-
ual, available at ETAS upon request.

Data Protection

If the product contains functions that process personal data, legal requirements
of data protection and data privacy laws shall be complied with by the customer.
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1.6.1

1.6.1.1

1.6.1.2

As the data controller, the customer usually designs subsequent processing.
Therefore, he must check if the protective measures are sufficient.

Data and Information Security

To securely handle data in the context of this product, see the next sections
about data and storage locations as well as technical and organizational
measures.

Data and Storage Locations

The following sections give information about data and their respective storage
locations for various use cases.

License Management

When using the ETAS License Manager in combination with user-based licenses
that are managed on the FNP license server within the customer's network, the
following data are stored for license management purposes:

Data
— Communication data: IP address

— User data: Windows user ID

Storage location
— FNP license server log files on the customer network

When using the ETAS License Manager in combination with host-based licenses
that are provided as FNE machine-based licenses, the following data are stored
for license management purposes:

Data
— Activation data: Activation ID

Used only for license activation, but not continuously during license usage

Storage location
— FNE trusted storage

C:\ProgramData\ETAS\FlexNet\fne\license\ts

Problem Report

When an error occurs, ASCET offers to send an error report to ETAS for trouble-
shooting. ETAS uses the personal information to have a contact person in case of
systemerrors.

The problem report may contain the following personal data or data category:

Data
— Communication data: IP address
e User data: Windows user ID, user name
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Storage location:

— EtasLogFiles<index number>.zipinthe ETAS-specificlog files direc-
tory

Additionally to the problem information that is entered by the users themselves,
ASCET collects the available product-related log files in a zip archive to support
the bug fixing process at ETAS. The zip file is named according to the pattern
EtasLogFiles<index number>.zip.See alsochapter "Support Function for
Feedback to ETAS in Case of Errors” in the ASCET Getting Started manual.

AllETAS-related log files in the ETAS-specific log files directory and the zip ar-
chives created by the Problem Report feature can be removed after closing all
ETAS applications if they are no longer needed.

Technical and Organizational Measures

We recommend that your IT department takes appropriate technical and organi-
zational measures, such as classic theft protection and access protection to
hardware and software.
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AUTOSAR Overview

Today, special effort is needed when integrating software components from dif-
ferent suppliers in a vehicle project comprising networks, electronic control units
(ECUs), and dissimilar software architectures. While clearly limiting the reusability
of automotive embedded software in different projects, this effort also calls for
extra work in order to provide the required fully functional, tested, and qualified
software.

By standardizing, inter alia, basic system functions and functional interfaces, the
AUTOSAR partnership aims to simplify the joint development of software for au-
tomotive electronics, reduce its costs and time-to-market, enhance its quality,
and provides mechanisms required for the design of safety relevant systems.

Toreach these goals, AUTOSAR defines an architecture for automotive embed-
ded software. It provides for the easy reuse, exchange, scaling, and integration of
those ECU-independent that implement the functions of the respective applica-
tion software components

The next sections briefly describe the AUTOSAR process for the development of
application software components. For more detailed information, refer to the
AUTOSAR documents at the AUTOSAR website: www.autosar.org/.

AUTOSAR Basic Approach

Application software is the name given in AUTOSAR to vehicle functions. Each ap-
plication is decomposed into one or more software components (SWCs), which
are designed to be both CPU- and location-neutral. An AUTOSAR application soft-
ware component can be mapped to any available ECU during system configura-
tion.

The abstraction of the SWC environment is called the virtual function bus (VFB).
Ineach real AUTOSAR ECU, the VFB is mapped by a specific, ECU-dependent im-
plementation of the platform software. The AUTOSAR platform software is split
into two major areas of functionality: the runtime environment (RTE) and the
basic software (BSW).

The BSW provides communications, /0, and other functionality that all software
components are likely to require, e.g., diagnostics and error reporting, or non-vol-
atile memory management.

Application SWCs have no direct access to the BSW. This means that compo-
nents cannot, for example, directly access operating system or communication
services. The runtime environment provides the interface between software
components, BSW modules, and operating systems (OS). Concerning the inter-
connection of SWCs, the RTE acts like a telephone switchboard. This is similarly
true of components that reside either on single ECUs or on networked ECUs in-
terconnected by vehicle buses.

IN AUTOSAR, the OS calls the runnable entities of the SWCs through the RTE. RTE
and OS are the key modules of the basic software with respect to controlling ap-

plication software execution. ETAS offers the R7A-R7E AUTOSAR Runtime Envi-

ronment and the R7A-OS AUTOSAR Operating System.
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Based on their AUTOSAR interfaces, basic software modules from third-party
suppliers can be seamlessly integrated with RTA-RTE and RTA-OS.

SWC
description

AUTOSAR
SWC 1

SWC

description

AUTOSAR
SWC 2

SWC

description

AUTOSAR
SWC 3

SWC

description

-
AUTOSAR
SWC n

Virtual Function Bus

d

ECU ll
escriptions

-

.

Tool support deployment of SW
components

VAR ¢

Mapping
ECU | ECU II
AUTOSAR AUTOSAR AUTOSAR
SWC 1 SWC 2 SWC 3
| RTE | | RTE |
| Basic Softwar'e | Basic Software|

System
constraint

description

ECU llI

AUTOSAR
SWC n

RTE

Basic Software

l

Gateway

Figure 1: AUTOSAR software component (SWC) communications are repre-
sented by a virtual function bus (VFB) implemented using the runtime environ-
ment (RTE) and basic software.

What is an AUTOSAR Authoring Tool?

An AUTOSAR authoring tool is a software tool that supports interpreting, pro-
cessing and creating of AUTOSAR descriptions:

- Software Component descriptionsfor the following items:

¢ the operations and data elements that the software component pro-

vides and

requires

e the requirements which the software component has on the infrastruc-

ture



e theresources needed by the software component (memory, CPU-time,
etc.)

e information regarding the specific implementation of the software com-
ponent

— System constraint aescriptions for all system information and the infor-
mation that must be agreed between different ECUs

— ECU gescriptionsfor the resources and configuration of the single ECUs

AUTOSAR SWCs are generic application-level components that are designed to
be independent of both CPU and location in the vehicle network. An SWC can be
mapped to any available ECU during system configuration, subject to constraints
imposed by the system designer. An AUTOSAR software component is therefore
the atomic unit of distribution in an AUTOSAR system; it must be mapped com-
pletely onto one ECU.

Before an SWC can be created, its component type (SWC type) must be defined.
The SWC type identifies fixed characteristics of an SWC, i.e. port names, how
ports are typed by interfaces, how the SWC behaves, etc. The SWC type is
named, and the name must be unique within the system. Thus, an SWC consists
of the following components:

— acomplete formal SWC description that indicates how the infrastructure of
the component must be configured,

- an SWC implementation that contains the functionality (in the form of
C code)

To allow an SWC to be used, it needs to be instantiated at configuration time. The
distinction between type and instance is analogous to types and variables in con-
ventional programming languages. You define an application-wide unique type
name (SWC type), and declare one uniquely named variable of that type (one or
more SWC instance).

In the VFB model, software components interact through ports, which are typed
by interfaces. The interface controls what can be communicated, as well as the
semantics of communication. The port provides the SWC access to the interface.
The combination of port and port interface is named AUTOSAR interface.

A runnable entity is a piece of code in an SWC that is triggered by the RTE (see
section 2.3, What is a Runtime Environment?, on page 14) at runtime.

A software component comprises one or more runnable entities the RTE can ac-
cess at runtime. Runnable entities are triggered, among others, by the following
events:

- Timing eventsrepresent some periodic scheduling event, e.g., a periodic
timer tick. The runnable entity provides the entry point for regular execu-
tion.

- Events triggered by the reception of data at an Rport (DataReceive
events).

AUTOSAR runnable entities can be sorted in several categories. ASCET supports
runnable entities of category 1.
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Inorder to be executed, runnable entities must be assigned to the tasks of an
AUTOSAR operating system.

AUTOSAR elements reference each other in a standardized XML file format, the
so-called ARXML format. The ARXML format can slightly differ depending on the
AUTOSAR release version. AUTOSAR authoring tools are required to be able to in-
terpret, create, or modify ARXML descriptions.

@ NOTE

By default, the ARXML examples provided in this user guide are generated us-
ing the AUTOSAR release version 4.0.2.

Exceptions are labeled explicitly.

What is a Runtime Environment?

The VFB provides the abstraction that allows components to be reusable. The
runtime environment (RTE) provides the mechanisms required to make the VFB
abstraction work at runtime. The RTE is, therefore, in the simplest case, animple-
mentation of the VFB. However, the RTE must provide the necessary interfacing
and infrastructure to allow software components to

A. beimplemented without reference to an ECU (the VFB model); and

B. beintegrated with the ECU and the wider vehicle network once this is
known (the Systems Integration model) without changing the application
software itself.

More specifically, the RTE must do the following:
— Provide a communication infrastructure for software components.

This includes both communication between software components on the
same ECU (intra-ECU) and communication between software components
ondifferent ECUs (inter-ECU).

— Arrange for real-time scheduling of software components.

This typically means that the runnable entities of the SWCs are mapped,
according to time constraints specified at design time, onto tasks provided
by an operating system.

Application software components have no direct access to the basic software
below the abstraction implemented by the RTE. This means that components
cannot, for example, directly access operating system or communication ser-
vices. So, the RTE must present an abstraction over such services. It is essential
that this abstraction remains unchanged, irrespective of the software compo-
nents’ location. All interaction between software components therefore happens
through standardized RTE interface calls.

In addition, the RTE is used for the specific realization of a previously specified ar-
chitecture consisting of SWCs on one or more ECUs. To make the RTE implemen-
tation efficient, the RTE implementation required for the architecture is deter-
mined at build time for each ECU. The standardized RTE interfaces are automati-
cally implemented by an RTE generation tool that makes sure that the interface
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behavesin the correct way for the specified component interaction and the
specified component allocation.

For example, if two software components reside on the same ECU, they can use
internal ECU communication, but if one is moved to a different ECU, communica-
tion now needs to occur across the vehicle network.

From the application software component perspective, the generated RTE there-
fore encapsulates the differences in the basic software of the various ECUs by:

— Presenting a consistent interface to the software components so they can
be reused - they can be designed and written once but used multiple
times.

— Binding that interface onto the underlying AUTOSAR basic software imple-
mented in the VFB design abstraction.

What is a Behavior Modeling Tool?

An AUTOSAR Behavior Modeling Tool is a software tool that allows defining and
implementing the functional behavior of AUTOSAR-compliant vehicle functions
using a behavior modeling language.

A behavior modeling language is a notation primarily used to capture a functional
behavior specification or design of a function or system. Usually, a functional be-
havior modeling language has a graphical notation and is regarded to be executa-
ble, i.e. its semantics is sufficiently precise to execute functional behavior models
by means of a simulation engine. Furthermore, the precision in its semantics then
allows the transformation of the functional model into a source code in a pro-
gramming language like C.

When ASCET is used as a behavioral modeling tool, the internal behavior of the
application software components is specified by means of the block diagram edi-
tor. The internal behavior can consist of variables, parameters, class instances
and modules. AUTOSAR runnable entities can be seamlessly implemented by
means of sequences of methods calls and processes.

Existing ASCET models can be easily adapted to AUTOSAR because many
AUTOSAR concepts can be mapped to interface specifications in ASCET in a simi-
lar form. On the whole, it suffices to rework the interface of the respective appli-
cation to make an existing software module AUTOSAR-compliant. In terms of
time, the expenditure of reworking an existing application is relatively minor.



3 Developing Software Components in ASCET

The following products are required to use the AUTOSAR features of the current
ASCET version:

— ASCET-MD
— ASCET-SE

— RTA-RTE (not part of the ASCET product family, see
www.etas.com/en/products/rta_rte.php for further information)

@ NOTE

ASCET V6.4 supports the AUTOSAR releases R4.0.2, R4.0.3, R4.2.2, R4.3.0,
R4.3.1.

Sample Database

The database AUTOSAR UG Tutoriall isprovided withthe ASCET installation.
The examples depicted in this document are modeled inthe Solutions folder.
The corresponding ASCET-generated code can be found on the Windows file
system, in the subdirectory generated code Solutions containedinthe da-
tabase.

Finding Out More

This user guide is available electronically and can be viewed on the screen at any
time. Using the index, full-text search, and hypertext links, you can find refer-
ences fast and conveniently.

More detailed information on the AUTOSAR features of ASCET is givenin the
ASCET online help, sections "Software Component Editor” and "AUTOSAR Inter-
faces".

The following related documents are installed with the respective software:
— ASCET Getting Started manual (ASCET V6.4 Getting Started.pdf)
— ASCET-SE User Guide (ASCET-SE V6.4 Users Guide.pdf)

— RTA-RTE User Guide and other RTA-RTE documentation (available via the
Windows Start menu, E > ETAS RTA-RTE <x.y» > <document »)

These documents are also available in the Download Center of the ETAS website.

3.1 Configuring ASCET

This section briefly describes how to configure ASCET for developing AUTOSAR
software components. For a more detailed description on how to work with
ASCET, please refer to the ASCET Getting Started manual and the ASCET online
help.

"located in the Database folder of the ASCET data path (selected during installation)


https://www.etas.com/en/products/rta_rte.php
https://www.etas.com/en/products/download_center.php
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311 Configuring the Creation of AUTOSAR Components

ASCET offers the possibility to configure user profiles. In the context of AU-
TOSAR, ASCET provides a configuration option for the creation of AUTOSAR com-
ponents.

To enable the creation of AUTOSAR components:

1. Inthe ASCET component manager, select Tools > Options.

The "Options” dialog window opens.

2. Inthe "Modeling" node, make sure that the Enable Creation of AUTOSAR
components option is activated.

3. Click OK.
E Options
File View
| | <|| Modeing
= m[]pﬁgns ; |:|Use Project Options Template
[~ Appearance & Project Options Template| %:DATA%:\buildSettings. xml B
—m E3 Build
[ Environment & Block Library oWDATA\blockLibrary xml RiE

—[ Experiment

~ ) .
—& EE External Tools Y |:| Use View Configuration
—[ Hardware

B Intearati & View Configuration YaDATA % wiews, i =
—[E Integration
—& Interfa
: Mn drl' = [ & [#]Enable Creation of AUTOSAR Components ]
odeling
L—@ Targets Default Interpolations
.; Default 1D Interpolation  |Lingar -
& Default 2D Interpolation | Linear ~

& | du| | system Defaults

Enable Creation of AUTOSAR Components:
~
Show menu entries in the ASCET component manager which
allow to create AUTOSAR components. If this option is
disabled, AUTOSAR components cannot be created, but v
existing AUTOSAR component are still shown.

OK. Cancel

Figure 2: Enable creation of AUTOSAR components

3.1.2 Code Generation Settings for AUTOSAR

A project is the main unit in ASCET representing a complete software system.
Formulas, implementation types etc. are defined within the context of a project.

To create a project

1. Inthe component manager, select Insert > Project or click the # Insert
Project button to add a new project.

2. Name the project ARProject.
3. Select Edit > Open Component or double-click the project.

The project editor opens.

ETAS ASCET V6.4 | AUTOSAR User Guide
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To set the code generation settings for AUTOSAR

1. Inthe project editor, select File > Properties or click the w0 Project Prop-
erties button.

The "Project Properties” dialog window opens.
2. Inthe "Build" node, select the following options:

e Target: ANSI-C

@ NOTE

Since ASCET V6.3, the ANSI-C targetis the only target that can be
used for AUTOSAR code generation.

+ Operating System: RTE-AUTOSAR x.y.z

Project Properties

File Wiew
| | <y|| Buid
= ~
[El Project Properties (Fe Target ANSI-C v
ASAM-2MC Edit Target Settings
—[] Build .
= Code Generation fﬁ Code Generator Object Based Controller Implementatic
E i t Cod
Ixtzenmin_m © E Edit Code Generation Settings
niteger Arithmetic
[El Optimization (¥ Compiler MinGW GNU 13.2.0 x64 w
Statemachine
Production Code Edit Compiler Settings
—— 05 Configuration [E Operating System RTE-AUTOSAR 4.2.2 i
Code Storage GEMERIC-OSEK

Edit OS5 Configuration |RTE-AUTOSAR 4.3.1
RTE-AUTOSAR 4. 3.0
RTE-AUTOSAR. 4,2.2
~ RTE-AUTOSAR 4.0.3
[z [JGenerate Dependen|RTE-AUTOSAR 4.0.2

W

System Defaults

Operating System: ~

Operating System to be used for Code Generation Vv

CK Cancel

Figure 3: Project settings for AUTOSAR projects

@ NOTE

ASCET V6.4 supports the AUTOSAR releases 4.0.2, 4.0.3, R4.2.2, R4.3.0, R4.3.1.

3. If your SWC directly or indirectly contains a matrix, set up the ANSI-C target
as follows:

i. Follow the Edit Target Settings link.
The ASCET options window opens in the “Targets\ANSI-C\Build” node.

ETAS ASCET V6.4 | AUTOSAR User Guide
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ii. Inthatnode, setthe “Number of dimensions for fixed matrices” option to
Two-dimensional.

Options related to target ANSI-C

File View
| | <7|| Buid
=] Options [ﬁ Generaiing Sparse Arrays
B Targets &E Sparse Array Threshold 50 |i|
=] ANSI-C
— [_ﬁ Resolve System Constants Compile Time w
Filename Templates .
Mame Templates % Cont Implementation Type Phys. Single Precision ~
[&E Number of dimensions for matrixes| Two-dimensional w J
E-E Matrix Orientation Column-major ~
E-E Function Name of memcpy memcpy |
[-ﬁ [CJForce no self pointer optimization
[_ﬁ Generate Method Body Use Component Settings w
(% [ variant Coded Data Structures
% [Joptimize Unused Code
E-E Compile Unused Data
[®: Services File YT ARGET % \services.ini | A
[-ﬁ ECCO configuration Makefile YT ARGET %\custom_settings. mk | =
& | & | system Defaults
Number of dimensions for matrixes: A
In previous versions of ASCET, matrixes were generated as a one-dimensional
array. This option allows to also generate two-dimensional arrays. v
< >
oK Cancel

Figure 4: Matrices in AUTOSAR: target settings for the ANSI-C target

iii. Close the ASCET options window with OK.

4. Inthe "Code Generation” node, select the MISRA compliant casting
strategy from the Casting combo box.

Other casting strategies are not recommended.
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Hr roject Properties

File Wiew
| < Code Generation
[#: []Use Redundant Data Storage A
= Project Properties
—— ASAM-2MC [ Generation of Enums Literal -
—E Build -
E Code Generation EE Add Comment with Implementation Information for each Assignment Statement
Experiment Code [#: [] Add Comment with Spedification Source for each Statement
Integer Arithmetic -
1 Optimization EE Add Comment with Generation Information for each Component
Statemachine E_E Force Parenthesis for Binary Logical Operators
Production Code -
05 Configuration EE Add parenthesis for readability
—— Code Storage

E_E |:| Allow References without Init Value

E_E Prefix for Component Names | |

[k casting MISRA compliant vl
Target Optimized lts

Casting:
9 ~

Please note: This option is deprecated and will be removed in
future versions.

A warning will be generated if the option is used with the
deprecated value.

Select the casting strategy to use at code generation time:

MISRA compliant: casting strictly follows the MISRA-C:2004
casting rules (Rules 10.1 to 10.6 inclusive). Arithmetic services W
can be used with this casting strategy.

OK Cancel

Figure 5: MISRA compliant casting for AUTOSAR projects

To define a memory sections definition file

When generating code in an AUTOSAR project, ASCET loads the memory sections
from an XML configuration file. This file is defined in the project properties, "OS
Configuration” node; see Figure 6.

1. Gotothe "OS Configuration” node of the "Project Properties” dialog win-
dow.

2. Inthe "Memory Sections Configuration File" field, enter or select (via the =
button) path and name of the XML file that contains your memory sections
definition.
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Hr roject Properties

File View

| |-J,J 05 Configuration

Bl Project Properties [z 0STemplate File | =
ASAM-2MC ['E Enable 05 Configuration
[= Build
Code Generation fk Include Paths C\ETAS\RTE\inc;c: \ETAS\RTE \external\ALTOS AR
05 Configuration [ Library Paths c/\ETASRTEib
Code Storage
E'E Libraries
EE Configuration Tool Options —samples:memmap —-deviate-group-calibration-noi
e oL Fie B
% Interpolation Alias Mapping %TARGETROOT %s\common\interpalation \AUTO: | | [
[l AUTOSAR XML Configuration File | %*TARGET%:\arxml400ptions. xml | & |Edit...

S TARGET %\memorySections_ALTOSAR4, xmil | D]

[% Memary Sections Configuration File

Edit Operating System Tool Settings

System Defaults

Memory Sections Configuration File: =

Memaory Sections Configuration Option File

[ LI VRS JURP L RSP U [ DL R,

oK Cancel

Figure 6: OS Configuration settings for an AUTOSAR R4.* project

ASCET provides a sample file, memorySections Autosard.xml
(AUTOSAR R4.*). This file is preselected.

3.1.3 Settings for the AUTOSAR XML Output
The "Project Properties” window offers a possibility to configure the AUTOSAR
XML output, i.e. to set package names or short names, to specify output files, etc.
To configure the AUTOSAR XML (ARXML) output

1. Inthe "Project Properties” dialog window, go to the "OS Configuration”
node.

2. Inthe "AUTOSAR XML Configuration File" field, enter or select the configu-
ration file.

By default, each AUTOSAR Rx.y version uses a separate configuration file. It
is recommended that you do not change this behavior because different
AUTOSAR versions allow different ARXML settings.

3. Click the Edit button to open the "ARXML Configuration Settings” dialog
window.

This window provides a set of options to configure the AUTOSAR XML gen-
eration. The options are grouped in several categories; see Table 1.
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Category Content

Package Templates Each package template allows the specification of an
ARXML package name following the scheme:
/<Root-Package>/<Sub-Package>/.../<Short-
Name>
Specific template parameters can be used.

Short Name Templates | Each short name template allows the specification of
an ARXML short name.

Specific template parameters can be used.

Filename Templates Each filename template allows the specification of a
filename where the associated package will be gener-
atedinto.

Specific template parameters can be used.

Miscellaneous Each miscellaneous template or option represents an
additional option somehow relevant for the ARXML
generation.

Among these options are the following:

¢ Generate System Constants, which is required for
variant handling (see section 7.11on page 156).

= Use Imported ARXML Info, which is used to deter-
mine the way ASCET uses the usage information
from imported ARXML files (see section 3.2.1.2 on
page 25).

The miscellaneous options and templates are de-

scribed in the ASCET online help.

Table 1: Categories for the configuration of generated ARXML code. The con-
tent of the categories depends on the selected AUTOSAR version.

4. Adjust the options in the different categories according to your needs.

The descriptions in the "ARXML Configuration Settings” dialog window con-
tain detailed information on each option.

5. Click OK to confirm the settings and close the "ARXML Configuration Set-
tings” dialog window.

@ NOTE

The changes in the "ARXML Configuration Settings” window are kept
even if you leave the "Project Properties” window with Cancel.

Code Generation

An AUTOSAR project shall contain an AUTOSAR software component and re-
quires the project settings described in the previous section. When generating
code for the project, ASCET creates the AUTOSAR XML description files
(*.arxml files) and the corresponding C code. The generated C code uses the
AUTOSAR API'macros, which are implemented in the RTE.



To create an AUTOSAR software component

1.

2.

In the component manager, select Insert > AUTOSAR > Software Compo-
nent Block Diagram or Software Component ESDL.

Name the software component Swe.

To insert an AUTOSAR software component in a project

1.

2.
3.
4,

6.

Open the project ARProject inthe project editor.
In the project editor, select Insert > Component.
The "Select Item..."” window opens.

Inthe ,Database” or "Workspace" field of the "Select Item...” window, select
the component swe.

3 SelectItem...

1 Database (Filter: Component, SoftwareComponent, Enumeration, Record, Generic)
= @ AUTOSAR_UG_Tutorial -

= il__]Exen:ises
Lg {2l Chapter_3_AUTOSARProject
— [fER
L=

2 Comment

m

1

Figure 7: Select item Swc in the project ARProject

. Click OK to close the "Select Item..." window and insert Swc into the project.

The "Properties for Complex Element” window opens. You can enter a name
and a comment for the swc instance.

Click OK to use the default name and comment.

To generate code in a project

1.

In the project editor, first select Build > Touch > Recursive, then select
File > Export > Generated Code > Recursive.

The "Path to export Items” window opens. The ASCET code generation di-
rectory, Cgen, is preselected.

@ NOTE

The cGen directory in the ASCET installation is a temporary directory
that contains intermediate results from the code generator. It is not rec-
ommended to store code in this directory.

Select a destination folder to export the generated code.

You may use, e.g., a subdirectory of the current ASCET database
C:\ETASData\ASCET6.4\Database\AUTOSAR UG Tutorial.

For the ARProject containing the empty AUTOSAR software component
Swc, the following files are generated.
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w A » Dieser PC » ([C) Windows » ETAS » ASCETE4 = AR_cgen

ETAS ~ [E2]_bat.bat
ASCET6.4 i ARproject.c
AR_cgen E{’AF{p roject.h
cebra [ | asdfiles.mk

[ | AUTOSAR_4-2-2.xsd

coen E{’AUTO SAR_MOD_PlatformBaseTypes_RTARTE.arml
DRkl E{AUTO SAR_MOD_PlatformTypes.arml

FasRes [ globalH.h

Executer [ Makefile

export &'Makelug.tﬂ:

Formats [ Makelog_fileout.tet

Help %{SWC.arxml

icsrun Ezii;

internal

_ _ _ E{SWC_mappings.arxml
Figure 8: ASCET-generated AUTOSAR code for the project ARProject
(*.arxml, *.c,and *.h files) in a non-default directory; AUTOSAR R4.2.2

3.2 Approaches for Creating Software Components

The development of AUTOSAR software components in ASCET can be done using
two approaches: the top-down approach and the bottom-up approach.

In the top-down approach, the software architecture is described in an authoring
tool. Inthis case, ASCET is used as a behavior modeling tool for the implementa-
tion of the software components.

In the bottom-up approach, ASCET is not only used as a behavior modeling tool,
but as an authoring tool for the description of the AUTOSAR software compo-
nents as well.

3.2.1 Top-Down Approach

In the top-down approach, the creation of an AUTOSAR software component is
donein two steps:

A. Inthe first step, the interface of the component is defined. The interface is
specified in an authoring tool and exchanged via ARXML. The ARXML files
are then given to a component APl generator, which transforms the inter-
face description into a header file. As a rule, the component APl generator
is the contract phase part of an RTE generator (see section 3.3.1, Contract
Phase, on page 29).

B. Inasecond step, the ARXML files are imported in ASCET, and the applica-
tion software component developer provides the internal behavior in terms
of C files respecting and using the interfaces as defined in the header file.
Now the * . h and the *. c files of the software components are defined and
can be compiled.
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In the top-down approach, a key feature is the ARXML importer, which is de-
scribed in the next subsections.

ARXML Importer

The ARXML description of a software component can be imported into ASCET
with the "AUTOSAR to ASCET Importer”. This tool transforms the ARXML file(s)
containing all necessary information to describe a software component (i.e. AU-
TOSAR types, interfaces, software component type) into the proprietary ASCET
XML format, the AMD format. Afterwards, ASCET imports the AMD files into the
currently open database or workspace.

The AUTOSAR to ASCET Importer is started from the component manager, with
the Tools > AUTOSAR to ASCET Converter menu option. See the AUTOSAR to
ASCET Importer User Guide for details.

This is especially useful if the ARXML files contain multiple software components,
and only one of them shall be imported.

In addition, ARXML file(s) can be imported using the standard import menu op-
tion.

To import an ARXML file into ASCET
1. Inthe component manager, select File > Import.

The "Select Import File” dialog opens.
2. Select the ARXML file(s) to be imported and click OK.

ASCET imports the selected files in the currently open database or work-
space.

Usage Information from Imported ARXML Files

The ARXML files contain usage information for the interface elementsin the
runnables. Usage information means, e.g., access information for data elements
and operation usage information.

Access information for a data element is stored using one of the following key-
words, with additional information on the port and the data element name.

DATA-READ-ACCESS, DATA-RECEIVE-POINT-BY-ARGUMENT
DATA-RECEIVE-POINT-BY-VALUE DATA-SEND-POINT
DATA-WRITE-ACCESS, PARAMETER-ACCESS

Operation usage information is stored using one of the following keywords, with
additional information on the port and the operation name.

ASYNCHRONOUS-SERVER-CALL-RESULT-POINT ASYNCHRONOUS-SERVER-
CALL-POINT, SYNCHRONOUS-SERVER-CALL-POINT

Prior to V6.4.7, this information was ignored by the ARXML importer. Beginning
with V6.4.7, this information is imported into ASCET. You can use the Use Im-
ported ARXML Info option to determine the way ASCET uses the usage infor-
mation from the ARXML file; see Table 2.



Use Imported ARXML Info Action

value

Ignore Usage information from the ARXML file is ignored.

Match Usage information from the ARXML file is com-
pared with access information derived from the
model.

DeriveAndMatch Usage information from the ARXML file decides

about access semantics prior to comparing it to
the information derived from the model.

Table 2: Possible settings for the Use Imported ARXML Info ARXML configura-
tion option

If you set the ARXML configuration option Use Imported ARXML Info to Match,
usage information from the imported ARXML files is compared on a per-runnable
basis with usage information derived from the model.

If you set Use Imported ARXML Info t0 DeriveAndMatch, the ARXML usage in-
formation is used to determine the access semantics, and an information mes-
Sage IMd1533isissued. The resultis then compared in the same way as for
Match.

If Use Imported ARXML Info is set to Match oOr DeriveAndMatch, and Generate
System Constants is activated, too, usage conditions from the imported ARXML
files are compared with usage conditions derived from the model.

If no match is detected, the following happens:

— If data access information is found in the ARXML usage information, but the
corresponding information in the model-derived usage information is dif-
ferent, or completely missing, a warning wIle533isissued.

— If operation usage information is found in the ARXML usage information,
but the corresponding information in the model-derived usage information
is different, or completely missing, a warning WwIle534 isissued.

— If data access information is found in the model-derived usage information,
but the corresponding information in the ARXML usage information is dif-
ferent, anerrorMIle533 isissued.

— If operation usage information is found in the model-derived usage infor-
mation, but the corresponding information in the ARXML usage information
is different, anerror MIle534 isissued.

— Ifausage conditionis found in the ARXML file, but the corresponding usage
condition derived from the model is different, a warning wile5351 isis-
sued.

- Ifausage condition is completely missing either in the imported ARXML file
or in the model-derived information, TRUE is used instead, i.e. the element
is used unconditionally.

- If no usage information was imported from the ARXML file, but Use Im-
ported ARXML Info is set to Match or DeriveAndMatch, anerror
MIle5331 0rMIle5341isissued.
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Using the Attribute UUID in the ARXML Import

UUIDs (Universally Unique Identifiers) are optional fields in the ARXML specifica-
tion, and most authoring tools support them. ASCET also supports UUIDs in the
AMD format, and this enables ASCET to be easily integrated in AUTOSAR tool-
chains. At present, the ASCET-generated ARXML provides a UUID for those ele-
ments that were imported with this attribute; otherwise, the attribute is empty.

UUIDs are mainly used for the identification of existing elements in the ASCET
database or workspace when importing ARXML files. The use of the UUID attrib-
ute needs to be explicitly enabled.

To use UUIDs for identification

1. Inthe component manager, select Tools > Options.
The ASCET options dialog window opens.
2. Gotothe "Interfaces\Import” node.
3. Enable the option Use UUIDs for Identification.
4. Click OK to close the ASCET options window and accept the setting.

The Use UUIDs for Identification option is also available in the "Select Im-
port File” window, see Figure 9.
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s =

E’H Select Import File
Import File

Options

%. Default Import Path HDATATExport)

=
3

.;. Default Impart Format ASCET Export files (*.exp)

;. [ |1gnore 'Disallow Import'
.;. [ Discard Existing Implementations

;. List Imported Components After Import
EXP Format
& | |Keep Folder Path of Components
AMD/AXL Format
-~

& Keep Hierarchy

[ Import Referenced Items

§:

T T [ s
Cverwrite Referenced Items

§:

Use UUIDs for Identification *

§:

[ Repair M2M Statemaphinas S :
Use UUIDs to identify compenents on import.

§:

;. Decryplion Key

Figure 9: Using UUIDs to identify components on import

322 Bottom-Up Approach

For single application software components, ASCET can be used as authoring
tool and behavior modeling tool. In the bottom-up approach, the AUTOSAR mod-
eling elements supported in ASCET V6.4, i.e. Mode Group, Interface?, Software
Component, are created and maintained in the ASCET database/workspace.

See the ASCET online help for details on how to create and specify SWC, inter-
faces?, and mode groups.

3.3 Working with the RTE Generator

The separation of the development and integration phases in AUTOSAR is re-
flected in a two-phase software component development process:

A. Software Component Development: the specification, design, and imple-
mentation of software components

2Sender-receiver, Client-server, Parameter (named Calibration Interface in ASCET), NVData
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3.3.2

B. Software Component Deployment: the allocation of components to ECUs
and the integration of components with the basic software on the ECU

The two phases of operation allow for initial software component configurations
to be made and integrated onto the VFB (through some auxiliary design and de-
velopment process) and then the RTE interface to be generated so that the soft-
ware components can be implemented before the prototypes are defined and
their particular allocations onto an ECU are known.

The phased development process means that some time can pass between the
development of a component type and the allocation of its component proto-
types to an ECU. Indeed, a component may be developed once and re-used multi-
ple times over many generations of vehicles. Furthermore, the component may be
supplied to an integrator in binary form only, but must be integrated to an ECU
with other components that have not yet been written.

The RTE generator supports the phased process by allowing the interface to the
RTE to be generated in advance of full knowledge of component prototype/ECU
allocation. Given a software component description, the RTE generator has suffi-
cientinformation to generate the interface definition files necessary for engi-
neers to start developing software components. The interface defines the con-
tract between the RTE and the component - what that component must provide
if future integration work is to happen easily. This is known as contract phase.

When the system is integrated, and the mapping of software components to
ECUs is known, the RTE itself can be generated. However, we now know how
many instances of a software component exist, where runnable entities are exe-
cuting, which communication is local to an ECU and which must be routed across
the network, etc. The RTE generator can use this information to re-generate the
interface definition files to include optimizations based on this additional context.
Thisis known as R7E phase.

The following sections discuss the Contract and RTE phases in more detail.

Contract Phase

In the contract phase, the RTE generator produces header files to be used in the
components under implementation. The header files define the contract be-
tween the component and the system as a whole and are suitable for both bi-
nary-code and source-code components. When running in the contract phase,
the RTE generator only needs access to the software component description
file(s). Itis not necessary to have any information about system deployment.

The definitions in the ARXML file are used to define the APIs, and therefore only
valid runnable entities can be declared without an error occurring when the com-
ponent is compiled.

RTE Phase

Prior to using an RTE generator in RTE phase, a significant amount of system en-
gineering is needed. The AUTOSAR development process assumes that there are
a number of inputs to the system engineering process:

— Software component descriptionsthat define the software components,
their ports, internal behavior and implementation characteristic, and the



interfaces provided and required by the ports assuming their connection to
the Virtual Function Bus. These are the same descriptions as used in con-
tract phase.

ECU resource descriptions that define the ECU hardware characteristics
(e.g., communication ports)

A System constraint descriptionthat defines aspects of the system (e.g.,
communication protocols)

To build an AUTOSAR system (i.e. a set of software components mapped to ECUs
that communicate over a network) it is necessary to define the following:

ECU configuration descriptions that define which software components
are mapped to which ECUs, the resources available on the ECU, etc.

A System configuration gescriptionthat defines things like the network to-
pology, how inter-ECU communication is mapped to the physical network
etc.

An ECU Configurationthat defines the mapping between elements; for ex-

ample, the mapping of runnable entities to AUTOSAR Operating System
tasks and the mapping of AUTOSAR signals to AUTOSAR COM signals.

Once you have configured your AUTOSAR system with an allocation of compo-
nent prototypes to ECU instances, the RTE generator is used in R7E Generation
phase to create the following items:

A.
B.

C.
D.

E.

the implementation of the RTE itself

optimized component header files that exploit mapping knowledge pro-
vided by your configuration

operating system tasks that package your runnable entities

(optional) an operating system configuration file for the RTE generated ob-
jects and required behavior

(optional) a communication stack configuration file for inter-ECU commu-
nication configuration

Inthe RTE phase, the RTE generates optimized application header files suitable
for compiling source code components and, optionally, XML configuration files for
the communication stack and operating system. When running the RTE phase,
the RTE generator needs access to all system deployment information.

The RTE is generated as one or more C modules. Each module must be compiled
according to the dependency information output by the RTE. The module Rte. c
contains the core generated RTE.
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4.2

Data Types

The types metamodel for AUTOSAR R4.* is a complete overhaul that replaces the
former system. AUTOSAR R4.* defines three layers of data type abstraction asiil-
lustrated in Figure 10.

Application Data Types

Implementation Data Types

Base Types

Figure 10: AUTOSAR R4.* abstraction levels for describing data types

Application Data Types

Application data typesare defined in physical terms. This allows application au-
thors to create software components without deciding the C data type too early
in the lifecycle.

Application data types contain the necessary information to support measure-
ment and calibration tools.

Application data types also support automatic conversion of values from one unit
to another.

The <SHORT-NAME> of an application data type is used within the scope of a soft-
ware component type (SWCT), so it is possible to have multiple application data
types with the same name when integrating several SWCTs on a single ECU (but
not within a single SWCT).

The <SHORT-NAME> of an application data type is not used in generated code, in
particular the RTE APIs are defined in terms of the mapped implementation data
types.

To support more complex data types, an application data type can be composed
of other application data types. This form of recursive definition permits records,
arrays, and matrices to be defined.

When the RTE is generated, used application data types must be mapped to im-
plementation types; see section 4.4, Type Mappings, on page 32 for details.

Implementation Data Types

Implementation data types represent C types in the generated code. The
<SHORT-NAME> of an implementation data type defines the symbol used in C to
access the type, e.g., in APIs and in user code.

In general, an implementation data type resultsina typedef in the generated
C code, writtento the file Rte Type.h. See the RTA-RTE user guide for infor-
mation on the exceptions.

RTA-RTE always uses implementation data types in generated APIs. If the corre-

sponding <vVariable-Data-Prototype> isdefined by reference to an applica-
tion data type, then the mapped implementation data type is used in the API sig-
nature.
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4.4

Base Types

Finally, base typesdescribe the hardware-specific aspects of the data type, e.g.,
size and encoding. They form the basis on which the implementation data types
are built. A base type can be referenced by several implementation data types
(see section 4.2, Implementation Data Types, on page 31).

A base type's <SHORT-NAME> never appears in the generated code; it is only
used as a reference target within the model. Only implementation data types are
presentin the generated code.

Type Mappings

An SWC-specific data type mapping is used to map application data types (cf.
section 4.1) onto the implementing implementation data types (cf. section 4.2).

Mode type mappings are used to map mode declaration groups onto implementa-
tion types.

@ NOTE

RTA-RTE requires a data type mapping for each application type and a mode
type mapping for each used mode declaration group in order to be able to gen-
erate the RTE.

IN ASCET, these mappings are provided inthe Swc_mappings.arxml file.

The data type mapping for a SWC is held within a <DATA-TYPE-MAPPING-SET>
element:
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<AR-PACKAGE>
<SHORT-NAME>ASCET Mappings</SHORT-HAME:
<AR-PACFRAGES>
<AR-PRCHLGE >
<SHCORT-NAME :DataMappings</SHCRT-NAME -
<BAR-PACFAGES>
<BR-PRACFAGE:>
<SHORT-NAME »Impl</SHORT-HNAME™
<ELEMENTS>
<DBTA-TYFE-MRPFFING-SET>
<SHORT-NLME=SWC< /SHORT -MLME >
<DRATA-TYFPE-MAFPS>
<Data-TYFE-MAFP>

</Data-TYPE-MAP>

< /DATA-TYPE-MAPS>
<MODE-REQUEST-TYFE-MRFS>
<MODE-REQUEST-TYFE-MAF>

< /MODE-REQUEST-TYPE-MAP>
< /HMCDE-REQUEST-TYPE-MAPS:
</DATA-TYPE-MAPPING-SET>
< /ELEMENTS>
< /RR-PRCEAGE>
< /AR-PRCEAGES:>
< /AR-PRCHAGE>
< /AR-PRACKAGES>
< /AR-PRCKRAGE>

Listing 1: ARXML code - mapping application data types and mode type to im-
plementation data types (AUTOSARR4.2.2)

A data type mapping contains one or more data type maps. Each map references
a single application data type and a single implementation data type; see
Listing 3, Listing 7, Listing 10, or Listing 16 for ARXML examples.

For more information on data type and mode mapping, refer to the RTA-RTE user
guide.

4.5 Platform Data Types

AUTOSAR specifies a set of platform data typestor use in C code. These are im-
plementation data types whose purpose is to provide a set of types with the
same semantics across different target hardware. RTA-RTE uses platform data
types when it needs to create types for internal variables.

Unlike most implementation data types, the platform data types are also defined
inClanguage inthe file Plat formTypes . h.

Beginning with R4.0.2, AUTOSAR also specifies the correct definitions and pack-
age name of the platform types. The platform types defined in the AUTOSAR
“Specification of Platform Types” manual (AUTOSAR SWS PlatformTypes.pdf)
and in the standard header file Platform Types.hare:

- sint8 - 8-bit signed integer

— uint8 - 8-bit unsigned integer
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sint16 - 16-bit signed integer

uint16 - 16-bit unsigned integer

sint32 - 32-bit signed integer

uint32 - 32-bit unsigned integer

float32 - single precision floating point

float64 - double precision floating point

uint8_least - at least 8-bit unsigned integer

uint16_least - at least 16-bit unsigned integer
uint32_least - at least 32-bit unsigned integer
sint8_least - at least 7-bit signed integer (plus sign bit)
sint16_least - at least 15-bit signed integer (plus sign bit)
sint32_least - at least 31-bit signed integer (plus sign bit)
boolean - for use with TRUE/FALSE.

Primitive Data Types

The ASCET type system consists of model data types and implementation data
types. Model data types are abstract generic data types that can be realized in
one or more implementation data types.

The basic model data types for scalar elements are:

Logic

Limited Integer
Wrap-Around Integer
Signed Discrete
Unsigned Discrete

Continuous

All scalar elements in ASCET are implemented using one of the following data

types:

sint8
sint16
sint32
uint8
uint16
uint32

Additionally, the model data type "cont” can be implemented as follows:

realo4
real32

The model type "log" can also be implemented as follows:

bool
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To configure the default implementation of model types

1.

In the component manager, select Tools > Options.
The "Options” dialog window opens.

Open the "Modeling\Implementation\Default Implementation Types" node.

Configure the default implementation types, for instance, as shown below.

E options
File View
| | 1_!3 Default Implementation Types
Default Data Types
= EZOptions "
[ Appearance & Default cont Data Type | real4 w
—m A Build - -
| @ Environment s Defaultlog Data Type | uintd ka
¥ Experiment & Default sdisc Data Type | sintd =7
—m E3 External Tools - -
| @ Hardware a Default udisc Data Type | uintd R
—[# Integration
—& Interfaces
—=1 Modeling
Default Block Layout | | & | system Defaulis
[= Implementation
L Pefault Implementation Types|
Default cont Data Type: ~
Reproduce As...
— & [ Targets ; i
& arge Defines the default implementation type for newly created
cont elements v
OK Cancel

Figure 11: Default implementation of model types

4. Click OK.

The implementation of a model element can always be individually configured.
The following instruction shows how to implement a variable sdisc as an 8 bit
signed integer.

To implement a model type sdisc as a sint8

1.

In the component manager, do one of the following:

¢ Double-click the project ARProject created in section 3.1.2 Code Gen-
eration Settings for AUTOSAR.

e Selectthe ARProject project and select Edit > Open Component.
The project editor opens.
In the project editor, double-click the software component Swc.

The software component editor opens.

Use the EI Interrunnable Variable button to create an interrunnable vari-
able.

The "Properties for Scalar Element” dialog window opens.
Do the following:
i. Name the interrunnable variable sdisc.

ii. Selectthe Basic Type Signed Discrete.
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iii. Close the properties editor with OK.

5. Inthe "Outline” tab, right-click the sdisc element and select Implementa-

tion from the context menu.

The "Implementation for: sdisc” window opens.

6. Inthe "Master" field, activate Implementation.

7. Inthe "Type"” combo box of the "Implementation” field, select sints.

8. Close the "Implementation for: sdisc” window with OK.

< |mplementation for: sdisc  Project: ARProject  Target: ANSI-C

Value  aUTOSAR  Additional Information
IUse Implementation Type
Implementation
Transformation
Formula ident ' [ |Rescalable
Conversion fiphys) = phys
Quantization Caloulated | 1.0 Qu. Exp. 1
Master
N
) Model {®) Implementation
Model Implementation
Type sdisc Type sints w
Min -128 Min | -128
Max 127 Max 127
Implementation Interval Adaptation
Limit Assignments
Limit to maximum bit length Automatic '
Memory Location of Instance Default '
Memary Location of Reference Default
Memory Location of Search Result Default
Memaory Segment Automatic e
Consistency
Source ICunﬁict
£ >
Auto Correction Ok Cancel

Figure 12: Implementation of the signed discrete element sdisc as sint8

When generating code for an AUTOSAR R4.* project, ASCET creates the files
Swc_appltypes.arxml and Swc impltypes.arxml, and copies the files
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AUTOSAR MOD PlatformTypes.arxml and

AUTOSAR MOD PlatformBaseTypes RTARTE.arxml?tothe code generation
directory.

The following primitive application data type is defined in
Swc_appltypes.arxml for the variable sdisc with sint8 implementation:

<AR-PRCEALGE>
<SHORT-NAME-ASCET Types</SHORT-NAME:
<RAR-PRCEAGES>
<AR-PRCHAGE:>
<SHORT-NAME>ApplicationDataTypes<,/SHORT-NAME:>
<ELEMENTS:>

<APPLICATICH-PRIMITIVE-DATA-TYFE>
<SHORT-NAME>SInt8</SHORT-NAME>
<CATEGORY>WALUE</CATEGORY >
<SW-DATA-DEF-FROPS>
<SW-DATA-DEF-PROPS-VARIANTS>
<SW-DATA-DEF-PROPS-CONDITICHAL>
<SW-CALIBRATION-ACCESS>READ-ONLY</SW-CALIBRATION-ACCESS:
<CCHMPU-METHCD-REF DEST="COMPU-METHOD">
fASCET_pompuHethods/ident{fCDHPU—HETHOD—REFb
<DATR-COMSTE-REF DEST="DATA-CONSTR">
/ASCET DataConstrs/Physical/dc_SInt8_ Phys
</DLTR-CONSTR-REF>
</5W-DATL-DEF-PROPS-COMDITIONLL>
</5W-DATL-DEF-PROPS-VARIANTS>
</ SW-DLTA-DEF-FROFS>
</APPLICATION-PRIMITIVE-DATA-TYPE>

</ELEMENTS>
</AR-PRACKAGE>
</BR-PACKAGES:>
</BR-PACKAGE>

Listing 2: ARXML code - primitive application data type sTnt8 (AUTOSAR
R4.2.2)

Inthe file Swe_mappings.arxml, the application data type is mapped to anim-
plementation data type:

*In older RTA-RTE versions: AUTOSAR MOD PlatformBaseTypes TC1796.arxml
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<RR-PACEFAGE>

<SHORT-NRME>ASCET Mappings</SHORT-NAME:

<BR-PACKRGES:>
<AR-PRCFAGE>

<SHORT-NAME >DataMappings</SHORT-NAME >
<AR-PACKAGES>
<BR-PACKAGE>
<SHORT-NAME>Tmpl </ SHORT-NAME>
<ELEMENTS>
<DATA-TYPE-MAPPING-SET>

<SHORT-NAME:>Swe</SHORT-NAME:>
<DATA-TYFE-MAFPS>

<DATA-TYFE-MAP>
<BAPPLICATICH-DATA-TYFE-REF DEST=
"APPLICATION-FRIMITIVE-DATA-TYPE">
/ASCET_Types/ApplicationDataTypes/SInt8
< /APPLICATICN-DATA-TYPE-REF>
<TMPLEMENTATICON-DATA-TYPE-REF DEST=
"IMPLEMENTATION-DATA-TYFE" >
/AUTOSAR Platform/ImplementationDataTypes/sint8
</ IMFLEMENTATION-DATA-TYPFE-REF>
</DATA-TYPE-MAP>

<MODE-REQUEST-TYPE-MRPS>...</MODE-REQUEST-TYPE-MRPS>

</DATA-TYPE-MAPPING-SET:
</ELEMENTS>
</AR-PRCHAGE:
</BR-PLCEAGES>

</AR-PACFAGE:>
</AR-PRCHAGES:
</AR-PRCKAGE>

Listing 3: ARXML code - mapping of SInt8 application data type and implemen-
tation data type (AUTOSAR R4.2.2)

The referenced implementation data type is a platform type, it does not appear in
the Swe_impltypes.arxml file.Inthe AUTOSAR MOD PlatformTypes.arxml
file, the referenced implementation data type looks as follows:

ETAS ASCET V6.4 | AUTOSAR User Guide



39| Data Types

<AR-FRCKAGES>
<AR-PRCEAGE>
<5SHORT-NAME>AUTOSAR Platform</SHORT-NAME:>

<RAR-FACKAGES>

<AR-PRCKAGE>
<SHORT-NAME>ImplementationDataTypes<,/SHORT-HNAME>
<LONG-NAME >
<L-4 L="EN":=AUTOSAR Platform types</L-4>
</ LONG-HAME >
<ELEMENTS >

<IMPLEMENTATICH-DATA-TYPE:
<SHORT-NAME>sint8</SHORT-NAME >
<LOHNG-HAME >
<L-4 L="EN">signed integer 8bit</L-4>
</ LONG-NAME >
<CATEGORY>WVALUE</CATEGORY >
<INTROCDUCTICH>
<TRACE:>
< SHORT-NAME -PLATFORMO16</SHORT-NAME =
<CATEGORY>SPECIFICATION ITEM</CATEGORY>
<P N
<L-1 L="EN">This standard AUTOSAR type shall be 8§ bit
signed</L-1>
</P>
</TRACE>
</ INTRODUCTION>
<SW-DATR-DEF-PROFS>
<SW-DATA-DEF-PROPS-VARTLNTS:
<5SW-DATA-DEF-PROFS-CONDITICHAL:
<BLSE-TYPE-EEF DEST="SW-BASE-TYPE" >
/AUTOSAR Platform/BaseTypes/sint8</BASE-TYPE-REF>
</ SW-DATA-DEF-PROPS-CONDITIONLL-
</ SW-DATL-DEF-PROPS-VARILNTS>
</ 5W-DATLR-DEF-FROES>
</ IMPLEMENTATICON-DATA-TYPE>

</ELEMENTS>
</RR-PACHKAGE>

«/BR-PRCKAGES>
</BR-PACHKALGE>
</RR-PRCERGES:

Listing 4: ARXML code - platform data type sint8 (AUTOSARR4.2.2)

The referenced base type is provided in the
AUTOSAR MOD PlatformBaseTypes RTARTE.arxmlfile:

“In older RTA-RTE versions: AUTOSAR MOD PlatformBaseTypes TC1796.arxml
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4.7

<AR-PRCHFRGE>
<SHORT-NZME>AUTOSAR Platform</SHORT-NZME>
<RR-PLCELGES>

<LR-PACKRGE>
<SHORT-NAME >BaseTypes</SHORT-NAME:>
<LONG-N&ME =
<L-4 L="EN">AUTOSAR Base Types for AUTOSAR Platform types for TC1796</L-4>
</ LONG-NAME >
<ELEMENTS>

<SW-BASE-TYPE:>
<SHORT-MAME>sint8</SHORT-NAME:>
<LONG-NAME -
<L-4 L="EN">signed integer 8bit«</L-4>
</ LONG-HAME >
<CATEGCRY>FIXED LENGTH</CATEGORY>
<INTRODUCTICH>
<TRACE>
<SHORT-MAME>PLATFORMO16</SHORT -NAME >
<CATEGORY>SPECIFICATION ITEM</CARTEGORY>
<P -
<L-1 L="EN">This standard AUTOSAR type shall be 8 bit signed</L-1>
< P>
</TRACE>
</ INTRODUCTION>
<BLSE-TYPE-SIZE>B</BASE-TYPE-SIZE:>
<BASE-TYPE-ENCCDING>2C</BASE-TYFE-ENCODING:
</ 5W-BLSE-TYPE>

< /ELEMENTS
</BR-PRACKAGE>
</AR-PACKAGES>
< /AR-PRCKAGE>

Listing 5: ARXML code - base type sint8 (AUTOSARR4.2.2)

The short-name of a data type must be a valid C identifier.

The types files are inputs for the RTE generator. The type definition for the user-
defined primitive type is then included in the generated file Rte Type.h. The im-
plementation of the primitive types created by RTE references the BSW data
types is defined for a particular micro-controller target by the AUTOSAR header
filePlatform Types.h

Primitive Data Types With Semantics
An additional data type in ASCET is Enumerations.

An enumeration in ASCET corresponds to an integer type with semantics. The se-
mantic is given by a compu-method with category 7ext 7able. A compu-method is
a conversion formula from bit-pattern to physical value and vice versa.

To create an enumeration

1. Inthe component manager, select Insert > Enumeration or click the B
Enumeration button.

Name the enumeration Enumeration.
Select the enumeration and switch to the "Contents” pane.

For the value 0, select Enumeration » Rename and set the label red.

IS

Select Enumeration > Add Enumeration > Append or press the <INSERT>
key to create two new enumerators with value 1/ label yellowandvalue 2 /
label green
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I

(28 ASCET-MD-RP-SE
File Edit View Insert Build Tools SCM  Enumeration Help
FBOH R BT a2 @9k -&-EE
(&) \Exerdses\Chapter_4 Types\Types\Enumeration - B
Databasze » | 3 Contents
= @ AUTOSAR _UG_Tutorial Value |Label
— = ] Exercises 0 red
— [+ H,jChapter_3_ALl‘I’OS.ﬁ.RF‘rDject 1 yellow
—E (] Chapter_4 Types 3 green
— = {Types
- Enumeration!
—— W@l ARProject
[H,Swu:
'frll"'-»--.h-.l- C Tebmefs mme

Figure 13: Example of an enumeration in ASCET

6. Inthe software component editor, create an interrunnable variable of basic
type Enumeration and assign the enumeration you just created.

The definition of the data type and the compu-method in configuration language
can be found in the AUTOSAR package ASCET Types. The following application

data typeis definedin Swe_appltypes.arxml for the enumeration Enumera-
tion:

<AR-PRCHALGE:>
<SHORT-HAME>ASCET Types</SHORT-NAME>
<AR-PACERLGES>
<AR-PRCHALGE>
<SHORT-NAME:ApplicationDataTypes«</SHORT-NAME:>
<ELEMENTS>

<BPPLICATICH-PRIMITIVE-DATA-TYPE>
<SHORT-MAME Enumeration</SHORT-NLME>
<CATEGORY>VALUE</CATEGORY >
<5SW-DATA-DEF-PROPS>
<SW-DATA-DEF-PROPS-VARIANTS>
<SW-DATA-DEF-PROPS-CONDITICHNAL>
<SW-CALIBRATION-ACCESS>READ-ONLY</SW-CRLIBRATION-ACCESS>
<DATA-CONSTRE-REF DEST="DATA-CONSTR":>
FASCET DataConstrs/Physical/dc Oto2</DATA-CONSTR-REF>
</ SW-DATA-DEF-PROPS-CONDITIONAL>
</5W-DATA-DEF-PROPS-VARILNTS>
</ SW-DATL-DEF-FROFS>
</BAPPLICATICH-PRIMITIVE-DATA-TYPE>

</ELEMENTS>
</AR-PACKAGE>

«</BR-PACKRAGES>
</BR-PACKAGE>

Listing 6: ARXML code - application data type Enumeration

Inthe file Swe_mappings.arxml, the application data type is mapped to anim-
plementation data type:
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<AR-PACKAGE>
<SHORT-NAME>ASCET Mappings</SHORT-NAMES>
<AR-PACEAGES>
<AR-PACKRGE>
<SHORT-NAME >DataMappings</SHORT-HAME >
<BR-PACKRGES>
<AR-PACKAGE>
<SHORT-NAME>Impl</SHORT-NAME>
<ELEMENTS>
<DRTA-TYPE-MAPPING-SET>
<SHORT-NAME >SWC< [ SHORT-NAME >
<DATR-TYPE-MA&PS>

<DATA-TYPE-MLP>
<APPLICATIOH-DATA-TYPE-REF DEST=
"APPLICATION-PRIMITIVE-DATA-TYPE" >
/ASCET_Types/ApplicationDataTypes/Enumeration
</BPPLICATION-DATA-TYPE-REF>
<IMPLEMENTATICH-DATA-TYPE-REF DEST=
"IMPLEMENTATION-DATA-TYFPE" >
/ASCET Types/ImplementationDataTypes/Enumeration
</IMPLEMENTATION-DATA-TYPE-REF>

</DATR-TYPE-MAP>

</DATA-TYPE-MRPS>
<MODE-REQUEST-TYPE-MAPS></MODE-REQUEST-TYPE-MAPS:>
</DATA-TYPE-MAPPING-SET>
</ELEMENTS>
</BR-PRCERGE:
</AR-PRCHAGES>
</BRR-PRCHRGE:
</BR-PLCKAGES>
</AR-PLCERAGE>

Listing 7: ARXML code - mapping of Enumeration application data type and im-
plementation data type

The referenced implementation data type is not a platform data type, i.e. it ap-
pearsinthe swc_impltypes.arxml file.

<LE-FPRCEKRGE>
<SHORT-NAME>ASCET Types</SHORT-NAME>
<BRR-FRCERGES>
<BR-PRCERGE>
<SHORT-NAME>TmplementationDataTypes</SHORT-NAME:>
<ELEMENTS>

<IMPLEMENTATICH-DATA-TYFPE>
<SHORT-NAME>Enumeration</SHORT-HAME>
<CATEGORYDTYPE_BEFERENCE<HCRTEGORYD
<5W-DATA-DEF-PROPS>
<SW-DATA-DEF-PROPS-VARIRNTS>
<SW-DATAR-DEF-PROPS-CONDITICHAL>
<IMPLEMENTATICH-DATA-TYPE-REF DEST="IMPLEMENTATION-DATA-TYPE">:
fAUTOSAR Platform/ImplementationDataTypes/uints
</IMPLEMENTATICN-DATA-TYPE-REF>
</ SW-DATL-DEF-PROFS-CONDITIONAL
</ S5W-DATL-DEF-FROFS-VARILNTS>
</ 5W-DATL-DEF-FROFS>
</IMPLEMENTATION-DATA-TYPE>

</ELEMENTS>
</BR-PRACEAGE>
</BR-PRCEAGES:>
</BR-PACKAGE>

Listing 8: ARXML code - implementation data type Enumeration
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The implementation data type references the sint8 platform data type; see List-
ing 4 on page 39.

The sint8 platform data type references the sint8 base type; see Listing 5 on
page 40.

Std ReturnType

The AUTOSAR standard defines "status” and "error” values returned by RTE AP
functions. The following values are defined inthe std_ReturnType type:

Code Availablein  Meaning
AUTOSAR
Release
COM_BUSY =R4.22 | The transmission/reception could not be

performed due to another transmis-
sion/reception currently ongoing for the
Ssame signal.

COM_STOPPED all supported | The RTE could not perform the operation
because the communication service is
currently not available (inter-ECU com-
munication only).

IN_EXCLUSIVE_AREA gllsupported |The errorisreturned by a blocking API
and indicates that the runnable could
not enter a wait state.

This can happen, for example, because
one executable entity of the current
task’s call stack has entered an exclusive

area.
INVALID all supported | data elementis invalid
LIMIT all supported | Aninternal RTE limit has been exceeded.

Request could not be handled. OUT buff-
ers are not modified.

MAX AGE_EXCEEDED | allsupported  dataelementisoutdated
Can be combined with other error codes.

NEVER RECEIVED all supported No data received for the corresponding
unqueued data element since system
start or partition restart.

NO_DATA all supported Anexplicit read API call returned no data.
(Thisis no error.)

OK all supported | no error occurred

OUT_OF_RANGE >R4.22  received data element out of range

SEG_FAULT all supported The error can be returned by an RTE API

if the parameters contain a direct or indi-
rect reference to memory thatis not ac-
cessible from the caller’s partition.

HARD_TRANS- =R4.2.2 | Anerroroccurred during transformation.
FORMER ERROR
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4.8.1

Code Availablein  Meaning
AUTOSAR
Release

TRANSFORMER LIMIT = R4.2.2 | Buffer for transformation operation
could not be created.

SOFT_TRANS- =R4.2.2 | Anerror occurred during transformation.

FORMER_ERROR The error is reported even though valid
datais produced as output (comparable
toawarning).

TIMEOUT all supported | A blocking API call returned due to expiry
of alocal timeout rather than the
intended result. OUT buffers are not
modified.

The interpretation of this being an error
depends on the application.

TRANSMIT_ACK all supported | transmission acknowledgment received
UNCONNECTED all supported | The port used for communication is not
connected.

@ NOTE

ASCET uses the error codes exactly as given in this table. The prefix RTE_E_, re-
quired to provide compliance to the AUTOSAR standard, is inserted during
AUTOSAR code generation.

If you enter an error code with the prefix, e.g., RTE_E_NO_DATA, a warning
(Wmd11192) is issued during code generation:

Label <%1> for Rte StdReturnType is deprecated, please use
<%2> instead

Table 3: AUTOSAR error codes

ASCET provides the std_ReturnType type as a built-in enumeration. The error
codes are reserved words in ASCET and cannot be used in other enumerations.

Furthermore, oK is also reserved in ASCET, which denotes that a server runnable
returns no application error. The user shall specify - or import - the possible val-
ues of the application error in a standard enumeration.

Complex Data Types

Record Data Types

Record data types allow new complex data types to be created. A record data
type creates a data structure consisting of one or more named members.

To create arecord in ASCET

1. Inthe component manager, select Insert > Record or click the & Record
button.

2. Name therecord Record.
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3. Select Edit > Open Component or double-click the record.
The record editor opens.

4. Use the B8 Unsigned Discrete Variable button to create a udisc variable.
The dialog "Properties for Scalar Element: udisc” opens.

5. Name the unsigned discrete variable 2.

6. Use the M Logic Variable button to create a 1og variable named B.

t# Element Interface Editor for: Record EI@
File Edit VYiew Insert Extras Tools Help
TS LY
free Fane = E Elements |"’§ Data | & Implementation |341:L_E Layout| @
i outine | @ Database Mame |Type MaxSize |Scope |kind  [Reference [Existence | 5
T oI & - L a "0 udisc|— local  |varizble |- real ﬁ
=] B self::Record (B T log [ local  |Variable |— real
Ii ? | As:udisc
3
Bl
L (] Buleg < | 1 F
g self 8 Data c% Impl

Figure 14: Record with elements A and B

To specify an implementation of a record

1. Intherecord editor, switch from the "Elements” tab to the "Implementa-
tion" tab.

2. Inthe "Implementation” tab, double-click the element a.
The "Implementation for: A" window opens.

3. Inthe "Master" field, activate Implementation.

4. Inthe "Implementation” field, select uint1e6.

5. Right-clickin the "Max" field and select Default Value from the context
menu.

6. Close the "Implementation for: A" window with OK.
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& Implementation for: & Project: Record_DEFAULTPC
Value | Additional Information
Ise Implementation Type
Implementation
Transformation
Formula [| Rescalable
Conversion fiphys) = phys
Quantization Calculated | 1.0 Qu. Exp. | 1
Master
(™) Model "@u Implementation )
Maodel Implementation
Type udisc Type [uintlﬁ - ]
Min a Min a
Max 65535 Max 65535
Implementation Interval Adaptation ~
[] Limit Azsignments
[ Limit to maximum bit length Automatic
Mermaory Location of Instance Default
Mermary Location of Reference Default
Memory Location of Search Result Default
Memory Segment Automatic
Consistency
Source |Cnnﬁict
i | 1 | b
Auto Correction Ok ] [ Cancel

Figure 15: Implementation of the unsigned discrete element Aas uint16

7. Forthe logic variable B, select the implementation type bool.

The "Implementation” tab of the record editor looks like the figure below.
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L’j Element Interface Editor for: Record EI@
File Edit View Insert Extras Teocls Help
TEE P2 #| | B Blements &, Implementation L Layout | i Elements -
3 Datebace s
o pA [ 0= =
¥ E:‘ N M MName Type Impl. |Impl. |Impl. Q |Formula 4
= Lrj || selfi:Record Type  |Min  |Max Ly _ =
*‘ﬁ" ] Asudisc A U udisc |uintis [0 65535 |1 |ident —
T Brilog s T log |bool |0 1 1 |ident
4| n | r
‘Te  false & Phys: Impl: bool

Figure 16: Implementation Impl of Record with elements A and B

Animplementation of a record in ASCET corresponds to a record data type in
AUTOSAR. The record data type in configuration language can be found in the
AUTOSAR package ASCET_types. The RTE generator will generate a C structure
type for each defined <RECORD-TYPE>. The structure definition isincluded in the
generated file Rte Type.h.

To create a new implementation of a record

1. Intherecord editor, select Edit > Component > Implementation.
The "Implementation Editor for: Record” window opens.

2. Select Implementation > Add and name the new implementation, for in-
stance, Tmp132.

3. Setanimplementation uint32 with default min/max for A.
4. Setanimplementation bool for B.
5. Click OK.

% |mplementation Editor for: Record

Implementation  Element
Implementation

&% 1mpl [DEFALLT]

| fimpi32

Local  External Struct

Elements

Ind|Element Type Implementation Rescaling Formula
- | A "0 udiec ident [0,4294967295] nja

- . T log bool nfa

[ ] user defined order of elements

OK

Figure 17: Record type Record Impl32
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Now insert the record as an interrunnable variable into the SWC and generate
code® for the project.

The following application data type is defined in Swe_appltypes.arxml for the
record type Record Impl:

<LRE-PRCELGE>
<SHORT-NAME>ASCET Types<,/SHORT-NAME:
<BLE-PRCHELGES>
<ARE-PRCELGE>
<SHORT-NAME>ApplicationDataTypes<,SHORT-NAME>
<ELEMENTS>

<LPPLICATICH-RECCORD-DATE-TYPE>
<5HGRT—HEHE>REcord_Impl(fSHGRT—HEHE>
<CLTEGCRY>STRUCTURE<,/ CATEGORY >
<SW-DATA-DEF-PRCES>
<SW-DATL-DEF-PROPS-VARIANTS>
<SW-DATL-DEF-PROPS-CONDITICHAL>
<SW-CRLIBRATIOMN-ACCESS>READ-ONLY</SW-CRALIBRLTICH-ACCESS>
</ 5W-DATL-DEF-PROPS-CONDITICHAL>
</ 5W-DLTR-DEF-PROPS-VARILNTS>
</5W-DRTL-DEF-FROES>
<ELEMENTS>
<LPPLICATICH-RECCRD-ELEMENT>
<SHORT-NAME>A</SHORT-MAME>
<CATEGORY>VALUE</CATEGORY>
<TYPFE-TREF LDEZT="APPLICATION-PRIMITIVE-DATA-TYFE">
JASCET Types/ApplicationDataTypes/ULntlé</TYFE-TREE>
</BPPLICATION-RECORD-ELEMENT>
<BPPLICATICH-RECCRD-ELEMENT>
<5SHORT-NAME>B<,/SHORT-NAME:
<CATEGORY>VALUE</CLATEGORY>
<ITYPE-TREF LDEST="APPLICATION-PRIMITIVE-DATA-TYPFE">
JASCET Types/ApplicationDataTypes/Boolean</TYPE-TREE>
</BRPPLICATION-RECORD-ELEMENT>
</ELEMENTS>
</BRFFLICATICH-RECORD-DRTL-TYFE>

</ELEMENTS>
</BR-PRCKRGE>
</AR-PACERGES>
</BR-PRCEKRGE>

Listing 9: ARXML code - application data type Record Impl

®see 7o generate code in a projecton page 23
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Inthe file Swe_mappings.arxml, the application data type Record Implis
mapped to animplementation data type:

<AR-PACKAGE>
<SHORT-NAME>ASCET Mappings</SHORT-NEME:>
<HR-PACKRGES>
<HR-PLCKAGE>
<SHORT-NAME>DataMappings</SHORT-HAME>
<AR-PACKAGES>
<AR-PLCKAGE>
<SHORT-NAME>Impl</SHORT-HAME>
<ELEMENTS>
<DATA-TYPE-MAPPING-SET>
<SHORT-NEME >SWC< / SHORT-NEME >
<DATA-TYPE-MLES>

<DRATR-TYPE-MAP>
<BAPFPLICATICN-DATA-TYPE-REF DEST="AFFLICATION-RECORD-DATA-TYFE">
JASCET_Types/ApplicationDataTypes/Record Impl
< /APPLICATION-DATA-TYPE-REF>
<IMPLEMENTATICH-DATA-TYPE-REF DEST="IMPLEMENTATION-DATA-TYPE":>
/ASCET_Types/ImplementationDataTypes/Record Impl
</ IMPLEMENTATION-DATA-TYPE-REF>

</DATA-TYPE-MAP>

</DRTA-TYPE-MAPS>
<MODE-REQUEST-TYPE-MAPS>< /MODE-REQUEST-TYPE-MAFS>
</DATA-TYPE-MAPPING-SET>
</ELEMENTS>
</BR-PRCHAGE>
</BAR-PACKAGES>
«</BAR-PACKAGE>
</BAR-PACKAGES>
</BE-PRCHKAGE>

Listing 10: ARXML code - mapping of Record Impl application data type and
implementation data type
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The referenced implementation data type is not a platform data type, i.e. it ap-
pearsinthe swc_impltypes.arxml file.

<AR-PRCHLGE>
<SHORT-NAME=ASCET Types</SHORT-NAME:
<AR-PLCEALGES:>
<AR-PRCHKAGE>
<SHORT-HAME>ImplementationDataTypes</SHORT-NAME>
<ELEMENTS>

<IMPLEMENTATICH-DATA-TYPE>
{5HORT—NAHE}REGord_impl{/SHGRT—NBHE}
<CATEGORY>STRUCTURE< /CATEGORY =
<5UB-ELEMENTS>
<IMPLEMEMNTATICN-DATA-TYPE-ELEMENT>
< S5HORT-HAME =A</ SHORT-NAME >
{CATEGGRY}TYPE_BEFEREHEE{/CATEGGRY}
<5W-DRATA-DEF-PROFPS>
<5SW-DATR-DEF-PROPS-VARIANTS>
<SW-DATA-DEF-FROPS-CONDITICHAL>
<IMPLEMENTATICHN-DATA-TYPE-REF DEST=
"TMPLEMENTATION-DATA-TYPE" >
FAUTOSAR Platform/ImplementationDataTypes/uintlé
</ IMPLEMENTATICON-DATA-TYPE-REF>
</ SW-DATA-DEF-PROFS-CONDITIONAL:
</ SW-DATLA-DEF-PROPS-VALRILNTS>
</ SW-DATA-DEF-FPROES>
</IMPLEMENTATION-DATA-TYPE-ELEMENT >
<IMPLEMENTATICHN-DATA-TYPE-ELEMENT>
<5HORT-NAME>B</SHORT-NAME >
{CATEGGRY}TYPE_BEFEREHEE{[CATEGGRY}
<5W-DRATA-DEF-PROFPS>
<5SW-DATL-DEF-PROPS-VARIANTS>
<SW-DATA-DEF-FROPS-CONDITICHAL>
<IMPLEMENTATICN-DATA-TYPE-REF DEST=
"TMPLEMENTATION-DATA-TYPE" >
FAUTOSAR Platform/ImplementationDataTypes/boolean
</ IMPLEMENTATICON-DATA-TYPE-REF>
</ SW-DATAL-DEF-PROFS-CONDITIONAL:
</ SW-DATLA-DEF-PROPS-VALRILNTS>
</SW-DATA-DEF-PROPS>
</IMPLEMENTATION-DATA-TYPE-ELEMENT >
</ SUB-ELEMENTS>
</ IMPLEMENTATION-DATA-TYFE>

</ELEMENTS>
</BR-PACKAGE>
</BR-PRCEAGES>
</AR-PRCKAGE:>

Listing 11: ARXML code - implementation data type Record Impl

The implementation data type Record impl references two platform data
types, one for each record element.

Inthe AUTOSAR MOD_ PlatformTypes.arxml file, the referencedimplementa-
tion data types look as follows (the <INTRODUCTION> elements may be non-
empty in your generated code):
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<IMFLEMENTATICN-DATA-TYPE:>
<SHORT-WAME>boolean</SHORT-NAME:>
<LONG-NAME:>
<L-4 L="EN">Boolean</L-4>
</ LONG-NAME>
<CATEGORY>VALUE</CATEGORY>
<INTRODUCTICH:>

</ INTRODUCTION>
<SW-DATR-DEF-FRCPS:>
<SW-DATR-DEF-PROPS-VLRTANTS>
<5SW-DATL-DEF-PROPS5-CONDITICNAL:>
<BASE-TYPE-REF DEST="SW-BASE-TYFE">
FAUTOSAR PlatformTypes/SwBaseTypes/boolean</BRSE-TYPE-REF>
<!—— CompuMethod for TRUE and FALSE —-->
<CCMPU-METHCOD-REF DEST="COMPU-METHOD" >
/AUTOSAR PlatformTypes/CompuMethods/boolean</CCOMPU-METHOD-REF>
</ SW-DATA-DEF-PROPS-CONDITIOHAL>
</ 5W-DATL-DEF-PROPS-VARILNTS>
</ SW-DATA-DEF-FROPS>
</IMPLEMENTATION-DATA-TYPE>

Listing 12: ARXML code - platform data type Boolean

<IMPFLEMENTATION-DATA-TYPE>
<SHORT-NAME>uintl6</SHORT-MAME:
<LONG-NAME>
<L-4 L="EN"-unsigned integer 16bit</L-4>
</LONG-NAME >
<CRTEGORY>VALUE</CATEGORY>
<INTRODUCTIOHN>

</ INTRODUCTICON>
< SW-DATA-DEF-FROPS>
<SW-DATR-DEF-PROPS-VARIRNTS>
<SW-DATR-DEF-PROPS-CONDITICNAL:
<BRSE-TYPE-REF DEST="SW-BASE-TYFE":
/BAUTOSAR PlatformTypes/SwBaseTypes/uintl6</BASE-TYFE-REF>
</SW-DATA-DEF-PROPS-CONDITIONAL>
</ SW-DRTA-DEF-FROPS-VARILANTS>
</ SW-DATA-DEF-FROFS>
</ IMPLEMENTATION-DATA-TYPE>

Listing 13: ARXML code - platform data type uint16
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4.8.2

The base typesbooleanand uintle, referenced in Listing 12 and Listing 13, are

provided inthe AUTOSAR MOD PlatformBaseTypes RTARTE.arxmlsfile:

<EW-BRSE-TYPE:>
<SHORT-NAME>boolean<,/SHORT -NAME>
<LONG-NAME>
<L-4 L="EN">Boolean<,/L-4>
</ LONG-NAME>
<CATEGCRY>FIXED 1ENGTH</CATEGORY>
<INTRODUCTICH:>
<TRACE:>
<SHORT-NAME >PLATFORMD60< / SHORT -NAME >
<CATEGCRY>SPECIFICATION ITEM</CATEGORY>
<F> -
<L-1 L="EN">The boolean type shall always be mapped to a platform
specific type where pointers can be applied to to enable a passing of
parameters via API. There are specific BIT types of some HW platforms
which are very efficient but where no pointers can point to.</L-1>
<fP>
</TRACE>
<TRRCE:>
<SHORT-NAME>PLATFORMD26< / SHORT-NAME >
<P
<L-1 L="EN">This standard AUTOSAR type shall only be nsed together with
the definitions TRUE and FALSE. See PLATFORMO027 for implementation and
nusage.</L-1>
<fP>
</TRACE>
</ INTRODUCTICH>
<BLSE-TYPE-SIZE>8</BASE-TYFE-SIZE>
<BASE-TYPE-ENCODING>BOOLEAN</BRSE-TYPE-ENCODING>
</5W-BRSE-TYPE>

<SW-BRSE-TYPE:>
<SHORT-NAME>nintl6</SHORT-NAME>
<LONG-NAME>=
<L-4 L="EN">unsigned integer 16bit</L-4>
</ LONG-NAME>
<CATEGCRY>FIXED LENGTH</CATEGORY>
<INTRODUCTICH:
<TRACE:>
<SHORT-NAME>PLATFORMO1 4/ SHORT-NAME >
<CATEGCORY>SPECIFICATION ITEM</CATEGORY>
<P>
<L-1 L="EN">This standard AUTOSAR type shall be of 16 bit unsigned.</L-1>
</B>
</TRACE>
</ INTRODUCTICH>
<BASE-TYPE-SIZE>16</BASE-TYPE-SIZE>
<BASE-TYPE-ENCODING>NONE</BASE-TYPE-ENCODING>
</SW-BASE-TYPE>

Listing 14: ARXML code - base typesbooleananduintl6

Array Data Types

Array data types, like record data types, allow new complex data types to be cre-
ated. An array data type creates a sequence of values mapped to an index posi-
tion.

To create an array

1. Inthe component manager, double-click the project ARProject.

The project editor opens.

®Inolder RTA-RTE versions: AUTOSAR MOD PlatformBaseTypes TC1796.arxml
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2. Inthe project editor, double-click the software component Swc.

The software component editor opens.

3. Usethe E= Array button to create an array.
The properties editor for the array opens.
4. Name the variable array and set the following properties:
DimensionX 16
Kind Interrunnable Variable
Basic type unsigned discrete
Close the properties editor with OK.
Open the implementation editor for array.
In the "Master” field, activate Implementation.

In the "Implementation” field, select uints.

© ® N o» o

Close the "Implementation for: array” window with OK.

Animplementation of an array in ASCET corresponds to an array data type in
AUTOSAR. The array data type in configuration language can be found in the
AUTOSAR package ASCET_types.
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The following application data type is defined in Swc_appltypes.arxml for the
array array:

<BR-PACKAGE>
<SHORT-NAME-ASCET Types</SHCRT-NAME:
<hR-PACKAGES>
<BR-PACKAGE>
<SHORT-NAME>ApplicationDataTypes</SHORT-HAME>
<ELEMENTS>

<RPPLICATICHN-ARELRY-DATR-TYPE:
{SHDRT—NAHE}UIntS_;G{ISHDRT—NAHE}
<=
array of lé &gquot:;ULInti&gquot; wvalues
<CLATEGORY=ARRAY</CATEGORY:
<SW-DATL-DEF-PROES>
<SW-DATA-DEF-PROPS-VARIANTS>
<SW-DATR-DEF-PROPS-CCHDITICHAL:
<SW-CALIBRATION-LACCESS>READ-ONLY</SW-CALIBRATION-ACCESS:>
</ 5W-DATL-DEF-PROPS-CONDITICHAL:
</ SW-DATA-DEF-PROPS-VARIANTS>
</5W-DRTL-DEF-PROPS>
<ELEMENT>
<3HORT-NAME>ElementName< / SHORT-HLME>
<CATEGORY>VALUE<,/CATEGORY >
<SW-DATA-DEF-FROPS>
<5SW-DATA-DEF-PROPS-VARIANTS>
<SW-DATA-DEF-PROPS-CONDITICHAL>-
</ SW-DATR-DEF-PROPS-CONDITIONAL™
</5W-DATL-DEF-PROPS-VARILNTS>
</EW-DATL-DEF-FROES=
<TYPE-TREF DEST="APPLICATION-PRIMITIVE-DATA-TYFE">
fASCET Types/ApplicationDataTypes/ULnt8</TYPE-TREF>
<ARRLY-SIZE-SEMRNTICS>FIXED-S5IZE</LRRLY-SIZE-SEMANTICS>
<MA¥-NUMBER-OF-ELEMENTS>16</MAX-NUMBER-OF-ELEMENT 5>
</ELEMENT>
</BAPPLICATION-ARRAY-DATL-TYPE>

</ELEMENTS>
</AR-PACKAGE>
</AR-PACKAGES>
< /RR-PACKAGE>

Listing 15: ARXML code - application datatype UInt8 16 of category ARRAY
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Inthe Swe_mappings.arxml file, the application data type is mapped to anim-
plementation data type:

<AR-PACKLGE>
<SHORT-NEME>ASCET_Mappings</SHORT-NEME >
<AR-PACKAGES>
<AR-PACKAGE>
<SHORT-NEME >DataMappings</SHORT-NAME >
<AR-PACKAGES>
<BR-PRCKLGE>
<SHORT-NEME>TImpl</SHORT-MNAME:
<ELEMENTS>
<DATR-TYPE-MAPPING-SET>
<SHORT-NAME>SWC</SHORT-NAME>
<DATA-TYPE-MAPS>

<DATA-TYPE-MALP:>
<APFPLICATICHN-DATA-TYPE-REF DEST="APFLICATION-ARRAY-DATA-TYFE">
JASCET_Types/ApplicationDataTypes,/UInts 16
</APPLICATICH-DATA-TYPE-REF>
<IMPFLEMENTATICHN-DATA-TYPE-REF DEST="IMPLEMENTATION-DATA-TYFE">
JASCET Types/ImplementationDataTypes/uint8 16
</ IMPLEMENTATICHN-DATA-TYPE-REF>

</DRTR-TYPE-MAF>

</DATA-TYPE-MAPS>
<MODE-REQUEST-TYPE-MAPS5></MODE-REQUEST-TYPE-MAPS>
</DATA-TYPE-MAPPING-5ET>
</ELEMENTS>
</BR-PRACHELGE>
</AR-PRCKAGES>
«/BR-PRCERGE>
</AR-PRACKAGES>
</BAR-PRCKAGE:>

Listing 16: ARXML code - mapping of UInt8 16 application data type and imple-
mentation data type

The referenced implementation data type is not a platform type, i.e. it appears in
the Swe_impltypes.arxml file.

<AR-PRCERGE>
<SHORT-NAME>TmplementationDataTypes<,/SHORT-N&ME>
<ELEMENTS>
<IMPLEMENTATICN-DATA-TYPE:>
<SHORT-NAME>uint® 16</SHORT-NAME:>
<l——
array of 16 &gquot;uinti&gquot; wvalues
<CATEGORY>ARRAY</CATEGORY:
<5UB-ELEMENTS>
<IMPLEMENTATICN-DATA-TYPE-ELEMENT >
<SHORT-NAME:ElementName</ SHORT-MAME>
<CRTEGORY>TYPE REFERENCE</CATEGORY>
<LREAY-S5IZE>16</LERRLY-SIZE>
<LRELY-S5IZE-SEMRNTICS>FIXED-SIZE</LRRAY-SIZE-SEMANTICS>
<5W-DATA-DEF-PROPS>
<SW-DATR-DEF-PROPS-VARIRNTS>
<5W-DATA-DEF-FROPS-CCNDITICHAL:>
<IMPLEMENTATICHN-DATA-TYPE-REF DEST="IMPLEMENTATION-DATA-TYPE">
fAUTOSAR PlatformTypes/ImplementationDataTypes/uint8
</IMPLEMENTATICN-DATA-TYPE-REF:>
</ SW-DATL-DEF-PROFS-CONDITIONAL>
</5W-DATL-DEF-PROPS-VARIANT S>>
</5W-DATA-DEF-PROPS:>
</IMPLEMENTATICN-DATA-TYPE-ELEMENT >
</SUB-ELEMENTS:
</IMPLEMENTATICN-DATA-TYPE:>

</ELEMENTS>
</BR-PACKAGE>

Listing 17: ARXML code - implementation data type uint8 16
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The implementation data type references the uint8 platformtype. In the
AUTOSAR MOD PlatformTypes.arxml file, the referencedimplementation
data type looks as follows (the <INTRODUCTION> element may be non-empty in
your generated code):

<IMPLEMENTATIOH-DATA-TYFE>
<SHORT-NAME>nint8</SHORT-NLME >
<LONG-NAME >
<L-4 L="EN">unsigned integer 8bit</L-4>
</ LONG-HLME >
<CATEGORY>VALUE</CATEGORY >
<INTRCDUCTICH>
</ INTRODUCTION >
<SW-DATA-DEF-PROPS:
< SW-DATA-DEF-PROPS-VAERILNTS>
<SW-DATA-DEF-PROPS-CONDITIOCHAL>
<BASE-TYPE-EEF DEST="SW-BASE-TYPE">-
JAUTOSAR PlatformTypes/SwBaseTypes/uints
< /BRSE-TYFE-EEF:>
</ 5W-DATA-DEF-FROFS-CONDITIONAL:
</ 5W-DATL-DEF-FROFS-VARILNT S
</ SW-DLTL-DEF-FPROPS>
</ IMPLEMENTATICH-DATA-TYFE>

Listing 18: ARXML code - platform data type uint8

The uint§ platform type references the uint8 base type; the latter is provided
iNthe AUTOSAR MOD PlatformBaseTypes RTARTE.arxml’file:

<IMPLEMENTATION-DATA-TYPE>
<SHORT-NAME>nint8</SHORT-NAME >
< LONG-HNAME >
<L-4 L="EN">:unsigned integer 8bit</L-4>
</ LONG-HNAME >
CATEGORY >VALUE< /CATECORY >
<INTROCDUOCTIOCH>
</ INTRODUCTION
<SW-DATA-DEF-PROPS>
<SW-DATA-DEF-PROPS-VARTANTS>
<SW-DATA-DEF-PROPS-CONDITIONAL>
<BASE-TYPE-REF DEST="SW-BASE-TYFE":>
JAUTOSAR PlatformTypes/SwBaseTypes/uints
< /BLSE-TYFE-EEF>
</ EW-DATA-DEF-PFROFS-CONDITICHAL>
</ SW-DATL-DEF-PROFS-VARILZNTS>
</ SW-DATL-DEF-PROES>
</ IMPLEMENTATICH-DATL-TYFE>

Listing 19: ARXML code - base type uints8

The RTE generator will generate a C array type for each defined <ARRAY-TYPE>.
Therefore, array types must be declared according to the same semantics as the

’In older RTA-RTE versions: AUTOSAR MOD PlatformBaseTypes TC1796.arxml
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C array. The array type definition (e.g., typedef uint8 uint8 16[16];)isin-
cluded inthe generated file Rte Type.h.

@ NOTE

The implementation of arrays in application software components shall be
consistent with their declaration in the generated RTE. For more information,
refer tothe AUTOSAR SWS_RTE.pdf manual of your AUTOSAR release.

4.8.3 Matrix Data Types

Matrix data types, like array and record data types, allow new complex data types
to be created. Inthe ARXML code, a matrix is generated as an array orf arrays.

@ NOTE

If you use matrices, make sure that the “Number of dimensions for fixed ma-
trixes” target optionis set to Two-dimensional.

Otherwise, a warning WMd1 653 is issued during AUTOSAR code generation. By
default, this warning is promoted to an error.

To create a matrix

1. Inthe component manager, double-click the project ARProject.
The project editor opens.
2. Inthe project editor, double-click the software component swe.

The software component editor opens.

3. Use the X Matrix button to create a matrix.
The properties editor for the matrix opens.
4. Name the variable IRV _matrix and set the following properties:
DimensionX 4
DimensionY |3
Kind Interrunnable Variable
Basic type Wrap-Around integer
Min / Max 0/255
Type uint8

5. Close the properties editor with OK.

You do not need to edit the implementation of IRV_matrix. The values
you entered for min, max, and type

An implementation of a matrix in ASCET is represented as an array of arrays in
AUTOSAR. Two data types can be found inthe ASCET types AUTOSAR package
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in Swc_appltypes.arxml, one for the array of arrays®, and one for the arrays®
that form the array of arrays.

The following application data types are defined in Swe_appltypes.arxml for
the matrix (or array of arrays) IRV matrix:

<AR-PACKAGE>
<SHORT-NAME>ApplicationDataTypes</SHORT-NAME>
<ELEMENTS>

<APPLICATION-ARRAY-DATA-TYPE>
<SHORT-NAME>UInt§ 4 3</SHORT-NAME>
<!'--
array of 4 &quot;UInt8_3&quot; values
-=>
<CATEGORY>ARRAY</CATEGORY>
<SW-DATA-DEF-PROPS>
<SW-DATA-DEF-PROPS-VARIANTS>
<SW-DATA-DEF-PROPS-CONDITIONAL>

<SW-CALIBRATION-ACCESS>READ-ONLY
</SW-CALIBRATION-ACCESS>

</SW-DATA-DEF-PROPS-CONDITIONAL>
</SW-DATA-DEF-PROPS-VARIANTS>
</SW-DATA-DEF-PROPS>
<ELEMENT>
<SHORT-NAME>ElementName</SHORT-NAME>
<CATEGORY>VALUE</CATEGORY>
<SW-DATA-DEF-PROPS>
<SW-DATA-DEF-PROPS-VARIANTS>

<SW-DATA-DEF-PROPS-CONDITIONAL>
</SW-DATA-DEF-PROPS-CONDITIONAL>

</SW-DATA-DEF-PROPS-VARIANTS>
</SW-DATA-DEF-PROPS>

<TYPE-TREF DEST="APPLICATION-ARRAY-DATA-TYPE">
/ASCET Types/ApplicationDataTypes/UInt8 3</TYPE-TREF>

<ARRAY-SIZE-SEMANTICS>FIXED-SIZE
</ARRAY-SIZE-SEMANTICS>

<MAX-NUMBER-OF-ELEMENTS>4</MAX-NUMBER-OF-ELEMENTS>
</ELEMENT>
</APPLICATION-ARRAY-DATA-TYPE>

<APPLICATION-ARRAY-DATA-TYPE>
<SHORT—NAME>UInt8_3</SHORT—NAME>
<!--
array of 3 &quot;UInt8&quot; values

-—>

8 <SHORT-NAME>UInt8 4 3</SHORT-NAME> in Listing20
® <SHORT-NAME>UInt8 3</SHORT-NAME> in Listing 20
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<CATEGORY>ARRAY</CATEGORY>
<SW-DATA-DEF-PROPS>
<SW-DATA-DEF-PROPS-VARIANTS>
<SW-DATA-DEF-PROPS-CONDITIONAL>

<SW-CALIBRATION-ACCESS>READ-ONLY
</SW-CALIBRATION-ACCESS>

</SW-DATA-DEF-PROPS-CONDITIONAL>
</SW-DATA-DEF-PROPS-VARIANTS>
</SW-DATA-DEF-PROPS>
<ELEMENT>
<SHORT-NAME>ElementName</SHORT-NAME>
<CATEGORY>VALUE</CATEGORY>
<SW-DATA-DEF-PROPS>
<SW-DATA-DEF-PROPS-VARIANTS>

<SW-DATA-DEF-PROPS-CONDITIONAL>
</SW-DATA-DEF-PROPS-CONDITIONAL>

</SW-DATA-DEF-PROPS-VARIANTS>
</SW-DATA-DEF-PROPS>

<TYPE-TREF DEST="APPLICATION-PRIMITIVE-DATA-TYPE">
/ASCET Types/ApplicationDataTypes/UInt8</TYPE-TREF>

<ARRAY-SIZE-SEMANTICS>FIXED-SIZE
</ARRAY-SIZE-SEMANTICS>

<MAX-NUMBER-OF-ELEMENTS>3</MAX-NUMBER-OF-ELEMENTS>
</ELEMENT>
</APPLICATION-ARRAY-DATA-TYPE>

</ELEMENTS>
</AR-PACKAGE>

Listing 20: ARXML code - application data types UInt8 4 3andUInt8 3 of
category ARRAY (generated for IRV matrix)

Inthe swe_mappings.arxnl file, the application data types are mapped to im-
plementation data types:

<AR-PACKAGE>
<SHORT-NAME>ASCET Mappings</SHORT-NAME>
<AR-PACKAGES>
<AR-PACKAGE>
<SHORT-NAME>DataMappings</SHORT-NAME>
<AR-PACKAGES>
<AR-PACKAGE>
<SHORT-NAME>Impl</SHORT-NAME>
<ELEMENTS>
<DATA-TYPE-MAPPING-SET>
<SHORT-NAME>Swc</SHORT-NAME>
<DATA-TYPE-MAPS>
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<DATA-TYPE-MAP>

<APPLICATION-DATA-TYPE-REF
DEST="APPLICATION-ARRAY-DATA-TYPE">

/ASCET Types/ApplicationDataTypes/UInt8 4 3
</APPLICATION-DATA-TYPE-REF>

<IMPLEMENTATION-DATA-TYPE-REF
DEST="IMPLEMENTATION-DATA-TYPE">/ASCET Types
/ImplementationDataTypes/uint8 4 3
</IMPLEMENTATION-DATA-TYPE-REF>

</DATA-TYPE-MAP>

<DATA-TYPE-MAP>

<APPLICATION-DATA-TYPE-REF
DEST="APPLICATION-ARRAY-DATA-TYPE">
/ASCET Types/ApplicationDataTypes/UInt8 3
</APPLICATION-DATA-TYPE-REF>

<IMPLEMENTATION-DATA-TYPE-REF
DEST="IMPLEMENTATION—DATA—TYPE">/ASCET_TypeS
/ImplementationDataTypes/uint8 3
</IMPLEMENTATION-DATA-TYPE-REF>

</DATA-TYPE-MAP>

</DATA-TYPE-MAPS>
<MODE-REQUEST-TYPE-MAPS></MODE-REQUEST-TYPE-MAPS>
</DATA-TYPE-MAPPING-SET>
</ELEMENTS>
</AR-PACKAGE>
</AR-PACKAGES>
</AR-PACKAGE>
</AR-PACKAGES>
</AR-PACKAGE>

Listing 21: ARXML code - mappingof UInt8 4 3andUInt8 3 application
types and implementation data types

The referenced implementation data types are no platform types, i.e. they appear
inthe swc_impltypes.arxml file.

<AR-PACKAGE>
<SHORT-NAME>ImplementationDataTypes</SHORT-NAME>
<ELEMENTS>

<IMPLEMENTATION-DATA-TYPE>
<SHORT-NAME>uint8 4 3</SHORT-NAME>
<l--
array of 4 &quot;uint8 3&quot; values
-——>
<CATEGORY>ARRAY</CATEGORY>
<SUB-ELEMENTS>
<IMPLEMENTATION-DATA-TYPE-ELEMENT>
<SHORT-NAME>ElementName</SHORT-NAME>
<CATEGORY>TYPE_REFERENCE</CATEGORY>
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<ARRAY-SIZE>4</ARRAY-SIZE>
<ARRAY-SIZE-SEMANTICS>FIXED-SIZE</ARRAY-SIZE-SEMANTICS>
<SW-DATA-DEF-PROPS>
<SW-DATA-DEF-PROPS-VARIANTS>
<SW-DATA-DEF-PROPS-CONDITIONAL>

<IMPLEMENTATION-DATA-TYPE-REF
DEST="IMPLEMENTATION-DATA-TYPE">

/ASCET Types/ImplementationDataTypes/uint8 3
</IMPLEMENTATION-DATA-TYPE-REF>

</SW-DATA-DEF-PROPS-CONDITIONAL>
</SW-DATA-DEF-PROPS-VARIANTS>
</SW-DATA-DEF-PROPS>
</IMPLEMENTATION-DATA-TYPE-ELEMENT>
</SUB-ELEMENTS>
</IMPLEMENTATION-DATA-TYPE>

<IMPLEMENTATION-DATA-TYPE>
<SHORT—NAME>uint8_3</SHORT—NAME>
<l--
array of 3 &quot;uint8&quot; values
-—>
<CATEGORY>ARRAY</CATEGORY>
<SUB-ELEMENTS>
<IMPLEMENTATION-DATA-TYPE-ELEMENT>
<SHORT-NAME>ElementName</SHORT-NAME>
<CATEGORY>TYPE_REFERENCE</CATEGORY>
<ARRAY-SIZE>3</ARRAY-SIZE>
<ARRAY-SIZE-SEMANTICS>FIXED-SIZE</ARRAY-SIZE-SEMANTICS>
<SW-DATA-DEF-PROPS>
<SW-DATA-DEF-PROPS-VARIANTS>
<SW-DATA-DEF-PROPS-CONDITIONAL>

<IMPLEMENTATION-DATA-TYPE-REF
DEST="IMPLEMENTATION-DATA-TYPE">

/AUTOSAR Platform/ImplementationDataTypes/uint8
</IMPLEMENTATION-DATA-TYPE-REF>

</SW-DATA-DEF-PROPS-CONDITIONAL>
</SW-DATA-DEF-PROPS-VARTANTS>
</SW-DATA-DEF-PROPS>
</IMPLEMENTATION-DATA-TYPE-ELEMENT>
</SUB-ELEMENTS>
</IMPLEMENTATION-DATA-TYPE>

</ELEMENTS>
</AR-PACKAGE>

Listing 22: ARXML code - implementation data typesuint8 4 3anduint8 3
generated for IRV_matrix
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The implementation data type references the uint8 platformtype. In the
AUTOSAR MOD PlatformTypes.arxml file, the referencedimplementation
data type looks as shown in Listing 18 on page 56.

The uint8 platformtype references the uint8 base type; the latter is provided
iNthe AUTOSAR MOD PlatformBaseTypes RTARTE.arxml!Ofile; see List-
ing 19 on page 56.

The RTE generator will generate two C array types for each defined matrix. These
array type definitions are included in the generated file Rte_Type . h.
For IRV_matrix, the generated array type definitions look as follows:

typedef uint8 uint8 3[3];
typedef uint8 3 uint8 4 3[4];

@ NOTE

The implementation of arrays of arrays, and arrays in application software
components shall be consistent with their declaration in the generated RTE.
For more information, refer to the AUTOSAR SWS_RTE . pdf manual of your
AUTOSAR release.

'9In older RTA-RTE versions: AUTOSAR MOD PlatformBaseTypes TC1796.arxml
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5.1

Interfaces

When an application consists of multiple software components, it may be neces-
sary for the software components to communicate, either to exchange data or to
trigger some function. Communication between AUTOSAR software components
is designed in terms of ports and interfaces. The following interface types are
available:

A. Sender-receiver (signal passing) - see section 5.1
B. Mode-switch (communication of mode switches) - see section 5.2
C. Client-server (function invocation) - see section 5.3
D. Calibration - see section 5.4
E. NV-data (non-volatile signal passing) - see section 5.5
These communication models are known as interfaces in AUTOSAR.

All ports of a software component (whether a provided or a required port) are
typed by a specific interface. Interface types are defined using either the
<SENDER-RECEIVER-INTERFACE> Of <MODE-SWITCH-INTERFACE> Or
<CLIENT-SERVER-INTERFACE> Or <PARAMETER-INTERFACE> Of <NV-DATA-
INTERFACE> elements.

The definition of sender-receiver, mode-switch, client-server, calibration, and
NV-data interfaces is considered in detail in this section.

Note that the way the software component interacts with the interface is defined
by the <INTERNAL-BEHAVIOR> element that references a software component.
This is discussed in chapter 7, Internal Behavior, on page 105.

Sender-Receiver

Sender-receiver communication involves the transmission and reception of sig-
nals consisting of atomic data elements sent by one component and received by
one or more components.

Each sender-receiver interface may contain multiple data elements, each of
which can be sent and received independently.

To create a sender-receiver interface

1. Inthe component manager, select Insert > AUTOSAR > SenderReceiver-
Interface.

2. Name the sender-receiver interface SRInterface.

3. Insert sSRInterface into SWC.
When generating code for an AUTOSAR project, ASCET defines a <SENDER-
RECEIVER-INTERFACE> elementinthefile Swe_interfaces.arxml.The

<SENDER-RECEIVER-INTERFACE> element has the following structure in the
configuration language:
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HORT-NAME-ASCET Interfaces</SHORT-IAMEX:

<AR-PACKAGE>
<SHORT-NAME>Impl</SHORT-NAME>
<ELEMENTS>
/" <SENDER-RECEIVER-INTERFACE> Y
<SHORT-NAME>SRInterface</SHORT-NAME>
<I5-SERVICE>false</IS-SERVICE>

«DRTL-ELEMENTS>

</DATL-ELEMENTSz-
. % /SENDER-RECEIVER-INTERFACEX sy
</ELEMENT 5~
«/AR-PACHRGE>
</ LR-FACFAGES>
«/LR-PRACFAGE>

Listing 23: ARXML code - sender-receiver interface definition

The name of the sender-receiver interface definition is given by the <SHORT-
NAME>. The name is used within other elements that need to reference the inter-
face type, for example a software component may specify that it uses sender-
receiver interface SRInterface.

The short-name of a sender-receiver interface should be a valid C identifier.

A sender-receiver interface can be used to communicate data (using data ele-
ment prototypes within the <DATA-ELEMENTS> element) or modes (see section
5.2, Mode Switch, on page 67 for more details).

@ NOTE

IN AUTOSAR R4. *, a sender-receiver interface must contain e/therdata ele-
ments ora single mode group. If a sender-receiver interface contains both
kinds of elements, an error is issued during code generation.

Data Element Prototypes

Each sender-receiver interface can specify zero or more data elements that con-
stitute the AUTOSAR signals communicated over the interface. Each data item
defines a prototype of a specific type and can be a primitive data type, a RECORD
Or an ARRAY type. See chapter 4, Data Types, on page 31 for details of defining
data types.

To create data elements in ASCET

1. Inthe component manager, double-click SRInterface.
The "Sender Receiver Interface Editor for: SRInterface” editor opens.

-
2. Usethe 18 Limited Integer Variable button to create a 1imit Int varia-
ble.
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The properties editor for the new variable opens.
3. Name the variable speed and set "Min" and "Max" to -32768 and 32767.

I".—. SenderReceiver Interface Editor for: SRInterface
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PSE B0 X & | e

=252 & E Elements % pata & Implementation {;jf Layout ﬁ Elements ="

9 gl o

E Outline ' [3 Database MName Type MaxSize |Scope |Kind Reference [Existe g Le | Te| V| Co| Em
1\_% LT E_g = | e B speed *F limitint [ local |variable [— real ﬁ ﬁ
=] %. self::SRInterface -3

L Speed::limitln < > Library o x

B »- &

Figure 18: Data element Speed for the sender-receiver interface SRInterface

4. Create alogical variable named log.

To create an implementation of a data element

1. Inthe "Sender Receiver Interface Editor for: SRInterface” editor, go to the
Implementation tab.

2. Inthe Implementation tab, double-click the speed element.
The "Implementation for: Speed” window opens.

3. Inthe "Implementation” field, select the type sint1l6.

4. Close the "Implementation for: sdisc™ window with OK.

The Implementation tab of the "Sender Receiver Interface Editor for: SRIn-
terface” editor shall look like the figure below.

5. For log, select the implementation data type bool.

i",—. SenderReceiver Interface Editor for: SRInterface

File Edit View Insert Extras Tools Help

P W % 'S - baCd
R * E Elements ™ Data & Implementation EEF Layout @
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Type |Min Max bitlength  |Assignment
= selfi:SRInterface .
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T W speed:ilimitint W speed |'T imitint [sint16 |-32768 [32767[1 [ident  [No X
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Figure 19: Implementation Impl of the sender-receiver interface SRInterface
with data elements speed and log

An implementation of a sender-receiver interface in ASCET corresponds to a
sender-receiver interface in AUTOSAR. The sender-receiver interface in configu-
ration language is generated by ASCET inthe file Swc_interfaces.arxml.

The implementation editor of a sender-receiver interface element also contains
an "AUTOSAR" tab with a policy and an invalidation policy. These are written to
the ARXML, the latter can also specify the existance of the Rte IStatus macro.
See the online help, section "RTE Access Macros”, for details.
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IN AUTOSAR R4. *, the declaration of data elements within a sender-receiver in-
terface definition has the following structure:

<BR-PACHKLAGE>
<SHORT-NAME>ASCET Interfaces</SHORT-NAME:>
<RAR-PRCHAGES:>
<AR-PLACERLGE>
<SHCRT-NAME>Impl</SHORT-NAME:>
<ELEMENTS>

<SENDER-RECEIVER-INTERFACE>
<SHORT-NAME>SRInterface</SHORT-NLAME>
<I5-SERVICE:>false</I5-SERVICE:=
<DATA-ELEMENTS:>
<VARTRBLE-DRTL-PRCTCTYPE:
<SHORT-NAME>log</SHORT-NAME:>
<SW-DATR-DEF-PROES:>
<SW-DATA-DEF-PROPS-VARTANTS>
<SW-DATA-DEF-PROPS-CCHDITICHAL>
<SW-ADDR-METHCOD-REF DEST="SW-ADDR-METHOD" >
IASCET_AﬂdrMethodsfRAM_CLEAREDifSW—RDDR—HETHDD—REF}
<SW-CALIBRATICH-ACCESS>READ-ONLY
</ SW-CALIBRATION-ACCESS>
<3W-IMPL-POLICY>STANDARD<,/ SW-IMPL-FOLICY>
</ SW-DATA-DEF-PROPS-CONDITIONAL>
</ SW-DATA-DEF-PROPS-VARIANTS>
</SW-DRTR-DEF-PROPS:
<TYPE-TREF DEST="APPLICATION-PRIMITIVE-DATA-TYPE":>
FASCET Types/ApplicationDataTypes/Boolean</TYPE-TREF>
</VARIARBLE-DATA-PROTOTYPE>
<VARIABLE-DATA-PROTCOTYPE:
<SHORT-NAME =Speed</SHORT-HAME -
<SW-DATR-DEF-PROPS>
<SW-DATA-DEF-PROPS5-VRRIANTS>
<SW-DATA-DEF-PROFPS-CCHDITICNAL>
<SW-ADDR-METHCD-REF DEST="SW-ADDR-METHOD" >
/ASCET_ﬁddrMethodsfRAM_CLEARED{fSW—RDDR—HETHDD—REF}
<SW-CALIERATICH-ACCESS>READ-ONLY
</ SW-CALIBRATICN-ACCESS>
<SW-IMPL-FOLICY>STANDARD<,/SW-IMPL-POLICY>
</SW-DATL-DEF-PROPS-CONDITIONAL:
</5W-DATL-DEF-PROPS-VARILNTS >
</SW-DRTL-DEF-PROPS>
<TYPE-TREF DEST="APPLICATION-PRIMITIVE-DATA-TYFE">
/ASCET Types/ApplicationDataTypes/SIntl16</TYPE-TREF>
</VARIABLE-DATL-PROTOTYPE=
</DATL-ELEMENTS>
</SENDER-RECEIVER-INTERFACE>

</ELEMENTS:
</AR-PRCKAGE >
< /AR-PRCKAGES>
</AR-PACKAGE>
Listing 24: ARXML code - declaration of data elements within sender-receiver
interface

A data element is defined using the <VARIABLE-DATA-PROTOTYPE> element,
and all elements must be defined within an encapsulating <DATA-ELEMENTS> €l-
ement.

Each <VARIABLE-DATA-PROTOTYPE> element must specify:
— the <SHORT-NAME> thatyou will use torefer to the item
— the <SW-DATA-DEF-PROPS> data properties, among them

e the <SW-CALIBRATION-ACCESS>
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— a<TYPE-TREF> reference to the type of the data item

52 Mode Switch

An AUTOSAR system can be configured to operate in one or more application
modes. A mode-switch interface can specify zero or more mode groups that de-

fine application modes.

IN ASCET, mode-switch interfaces are realized as sender-receiver interface com-

ponents that contain mode groups.

Since AUTOSAR R4.0, a sender-receiver interface that contains a mode group
must not contain data elements, and vice versa. Mixing both kinds of elements

leads to a code generation error.

To create a mode group

1. Inthe component manager, select Insert > AUTOSAR > Mode Group.

2. Name the mode group On0Of fMode.

3. Inthe "Database” or "Workspace” pane, select onOf £Mode and go to the

"Contents” pane.

4. Select Mode » Rename to rename the label mode as of £.

5. Select Mode > Add Mode > As Last to create anew mode on.

P

(82 ASCET-MD-RP-SE
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Figure 20: Mode declaration group onoffMode

INn AUTOSAR R4 .*, ASCET declares the <MODE-DECLARATION-GROUP> in the
<swc name> appltypes.arxml file, AUTOSAR package ASCET types, SUb-

package ApplicationDataTypes.
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<hR-PACHELEE>
{SHDRT—NAHE}ASCET_TYpES{fSHDRT—NRHE}
<RAE-PRACERGES:
<AR-PRCEAGE™
<SHORT-NAME:=ApplicationDataTypes</SHORT-HAME=
<ELEMENWNTS=>
<MODE-DECLARAT ICH-GROUE>
<SHORT-HAME »0n0f fMode< / SHORT-HAME >
{CATEGDRY}EKPLIEIT_QRDER{ECATEGDRY}
<INITIAL-MCDE-REF DEST="MODE-DECLARATION"
/ASCET Types/ApplicationDataTypes/OnOffMode/off
<f/INITILL-MODE-REF>
<MCODE-DECLARATICNS:
<MOCDE-DECLARATICH:
<SHORT-MAME =off</ SHORT-HAME >
<VALUE>1</VALUE>
< /MODE-DECLARATION
<MCDE-DECLARATICH>
<SHORT-MAME »on</ SHORT-HAME =
<VALUE>2</VALUE:
</MODE-DECLARATION>
< /MODE-DECLARATIONS>
CON-TRANSITICOH-VALUE>3</ON-TRANSITION-VALUE>
< /MODE-DECLARATION-GROUP>

</ELEMENTS>
</AR-PRCEAGE>
</AR-PRCHAGES:>
< /BR-PRCELGE>

Listing 25: ARXML code - mode declaration group

To create a mode-switch interface

@ NOTE

AUTOSAR R4.* allows a single mode group in a sender-receiver interface with
no data elements.

1. Inthe component manager, select Insert > AUTOSAR > SenderReceiver
Interface.

2. Name the sender-receiver interface ModeInterface.
3. Double-click ModeInterface.

The "Sender Receiver Interface Editor for: Modelnterface” editor opens.
4. SelectInsert > Component.

The "Select Item” window opens.
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Database (Filter: Interface, Enumeration, Mode_Group)
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Figure 21: Selection of the mode group OnoOf tMode

5. Inthe "Database” or "Workspace” field of the "Select Item” window, select
the mode group OnOf fMode.

6. Click OK to close the "Select Item" window and insert onof fMode iNnto Mo-
deInterface.

The "Properties for Element: OnOffMode” window opens. You can enter a
name and a comment for the onof £Mode instance.

7. Click OK to use the default name and comment.

l-'.—. SenderReceiver Interface Editor for: Modelnterface
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Figure 22: Mode-switch interface ModeInterface

8. InsertModeInterface into SWC.
9. Generate code for the AUTOSAR project.

INn AUTOSAR R4.*, the declaration of the mode group within a mode-switch inter-
face definition has the following structure:
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5.3

<MODE-SWITCH-INTERFACE>
<SHORT-HAME >ModeInterface<,/ SHORT-HLME >
<MODE-GROUP>
< SHORT-HAME >0n0Of fMode< / SHORT-HAME >
<TYPE-TREF DEST="MODE-DECLARATION-GROUP"
fASCET Types/ApplicationDataTypes/On0OffMode</TYFE-TREF>
< /MODE-GROUE>
< /MODE-SWITCH-INTERFACE>

Listing 26: ARXML code - declaration of mode group within mode-switch inter-
face

IN AUTOSAR R4.*, a mode group is defined using the <MODE-GROUP> element.
Each <MODE-GROUP> element must specify the following:

— the <SHORT-NAME> that you will use to refer to the item

— the <TYPE-TREF> reference to mode declaration group

The use of mode declaration prototypes within sender-receiver interfaces is con-
sidered in detail in chapter 8, Modes, on page 165.

Client-Server

Client-server communication involves a component invoking a defined "server”
function in another component, which may or may not return a reply. Each client-
server interface can contain multiple operations, each of which can be invoked
separately.

To create a client-server interface:

1. Inthe component manager, select Insert > AUTOSAR > ClientServer
Interface.

2. Name the client-server interface cSInterface.

3. InsertcSInterfaceinto sSwcC.

When generating code in an AUTOSAR project, ASCET defines the <CLIENT-
SERVER-INTERFACE> elementinthe file Swe interfaces.arxml.The
<CLIENT-SERVER-INTERFACE> element has the following structure in the con-
figuration language:

«CLIENT-S5ERVER-INTERFACEX
<SHORT-NAME>CSInterface«</SHORT-HNAME>

<I5-SERVICE»>fal=e</I5-S5ERVICE>

<OFERLATIONS>
</CLIENT-S5ERVER-INTERFLCE>
Listing 27: ARXML code - client-server interface structure (all AUTOSAR ver-
sions)
A client-server interface is named using the <SHORT-NAME> element. The name
is used within other elements that need to reference the interface type.

The short-name of a client-server interface should be a valid C identifier.
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A client-server interface consists of one or more operations defined using the
<OPERATIONS> container element.

Operations

An operationin a client-server interface can take zero or more parameters. The
return value of an operation is either of type Std_ReturnType oOr of anenumera-
tion type, depending on whether or not the operation returns an application error.

To create an operation

1. Inthe component manager, double-click CSInterface.
The "Interface Editor for: CSinterface” editor opens.

2. Inthe "Outline” tab, select the Main diagram.

3. SelectInsert > Method Signature.
An operation is added.

4. Name the operation MaximumValue.

To create arguments in an operation
1. Double-click the operation Maximumvalue.
The "Method Signature Editor for: MaximumValue" window opens.

2. Select Argument > Add and name the first argument Inputa. Setthe fol-
lowing parameters:

e Argument Type: sdisc
e Direction: in
3. Create a second argument InputB with the same type and direction.

4. Create a third argument OutputMaximum with type sdisc and direction
Out.
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25 Method Signature Editor for: MaximumValue
Argurment  Return

Arguments | Return | Settings
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Figure 23: Arguments of the operation Maximumvalue

5. Click OK.

ASCET represents the client-server interface cSInterface with operation
MaximumValue and arguments InputA, InputBand OutputMaximumas
follows.

m} ClientServer Interface Editor for: CSlnterface EI@
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Figure 24: Operation Maximumvalue for the client-serverinterface CSInter-
face

To create an implementation of an operation

1. Inthe "Interface Editor for: CSinterface” editor, go to the "Implementation”
tab.
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2. Inthe "Implementation” tab, double-click the Inputa element.
The "Implementation for: InputA” window opens.

3. Inthe "Master" field, activate Implementation.

4. Inthe "Implementation” field, select sint16.

5. Right-clickin the "Min" and "Max" fields and select Default Value from the
context menu.

6. Close the "Implementation for: InputA” window with OK.

7. Repeat the implementation procedure for the arguments InputB and

OutputMaximum.
[__IL ClientServer Interface Editer for: CSlnterface EI@
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Figure 25: Implementation of the operation Maximumvalue
8. Generate code for the AUTOSAR project.

Animplementation of a client-server interface in ASCET corresponds to a client-
server interface in AUTOSAR. The client-server interface in configuration lan-
guage is generated by ASCET inthe Swc_interfaces.arxml file. The
<OPERATIONS> element encapsulates one or more <CLIENT-SERVER-
OPERATION> elements, each of which defines a single operation in the client-
server interface.
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<CLIENT-SERVER-INTERFACE>
<SHORT-HNLRME>CSInterface</ SHORT-HLME>
<IS-SERVICE>false</IS-SERVICE>
<OFPERATICHS>
<CLIENT-S5ERVER-CPERATICH
<SHORT-MZME>MaximmmValne< / SHORT -HLME >
<BREUMENTS>
<ARRGIUMENT-DATA-PROTOTYFE>
<SHORT-NAME>InputA</SHORT-HNAME>
<IYFE-TREF DEST="APPLICATION-FRIMITIVE-DATA-TYPE">
SASCET_Types/ApplicationDataTypes/SIntlé</TY¥PE-TREEF>
<DIRECTICH>IN</DIRECTICN>
</ LREUMENT-DATR-FROTOTYFE>
<LRGUMENT-DATA-FROTCOTIYEE>
<SHORT-NAME>InputB</ SHORT -HLME >
<TYPE-TEEF DEST="APPLICATION-PFRIMITIVE-DATA-TYPE">
JASCET Types/ApplicationDataTypes/SIntl6</TYPE-TREF>
<DIRECTICON>TN</DIRECTTION >
< /LREUMENT-DATL-FROTOTYPE >
<BRGUMENT-DATA-PROTOTYFE>
<SHORT-MAME>OutputMaximom<,/ SHORT-MNLAME>
<IYFE-TREEF DEST="APPLICATION-FRIMITIVE-DATA-TYPE"»
SASCET_Types/ApplicationDataTypes/SIntlé</TY¥PE-TREF>
<DIRECTION>0UT</DIRECTICON>
</ LREUMENT-DATR-FROTOTYFE>
< /LRETMENTS>
</CLIENT-SERVER-CFERLTICH>
< /OPERLTICHS>
</CLIENT-SERVER-INTERFLCE>

Listing 28: ARXML code - operation in a client-server interface

Each operation is named using the <SHORT-NAME> element. The name specified
here will form part of the name used by the RTE to refer to the operation in your
code.

The <ARGUMENTS> element encapsulates one or more <ARGUMENT-DATA-
PROTOTYPE> elements that define each argument (parameter) of the operation.

Each <ARGUMENT-DATA-PROTOTYPE> definition must define the following:
— the <SHORT-NAME> Of the parameter
— a<TYPE-TREF> reference to the type of the parameter

The referenced type must correspond to a defined type - see chapter 4,
Data Types, on page 31

— the <DIRECTION> of the parameter as "IN" (read only), "ouT" (write
only) or "INOUT" (readable and writable by the component)

If nothing else is specified, operations in client-server interfaces return the RTE
standard returntype std_ReturnType. Itis also possible to return an application
error. This is done by selecting a previously defined ASCET enumeration that con-
tains all possible errors.

To create an enumeration with the possible errors in an application error

1. Inthe component manager, select Insert > Enumeration or click the ®
Enumeration button.
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2. Name the enumeration ApplicationError.
3. Inthe "Contents” pane, select the enumerator.
4. Select Enumeration » Rename and set the labeltoE_NOT OK.
5. Double-click the value 0.
Database ® | Contents
—E RLj Chapter_5_Interfaces + |IValue |Label
—& [interfaces i |E_NOT_OK
— fﬁ ApplicationError =
—— W@ ARProject =
— fﬁ Enumeration
—— [, 5we -

6. Setthevaluetoanumberintherange 2. .63.

@ NOTE

The value range for application errorsis [2..63].If the ASCET enumeration
for the application errors contains a value less than 2 or larger than 63, an error
is issued during code generation.

To assign an application error to the return value of an operation

1. OpencsiInterface inthe client-serverinterface editor.
2. Create another operation (see page 71) and name it Notification.
3. Double-click the operation Notification.

The "Method Signature Editor for: Notification” window opens.

4. Gotothe "Return” tab and open the "Return Type" combo box.
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Argurnent  Return

Retum | settings

Return Value

Properties

Return Type

<enumeration >
Std_ReturnType

Comment

Write for Referenced Element
Read for Referenced Element

Figure 26: Return type for the operation Notification

5. Select <enumeration>.

The "Choose a enumeration type..." window opens.

= i,lj Exercises <

[jChapter_‘&_Types EI
=] {jchapter_ﬁ_lnterﬁces

-

6. Selectthe enumeration ApplicationError.
7. Click OK to close the "Choose a enumeration type..." window.

8. Click OK to close the method signature editor.

The operation Notification and the possible application errors in configura-
tion language are generated by ASCET inthe Swc_interfaces.arxmnl file:
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<CLIENT-SERVER-INTERFACE:>
<SHORT-HAME>CSInterface</SHORT-HAME >
<I5-SERVICE>fal=e«</I5-5ERVICE>
<OPERATICHS>
«CLIENT-SERVER-CFERATICH>
< SHORT-MAME :MaximumValne</ SHORT-HNAEME>

< /CLIENT-S3ERVER-QFERLATICN>
<CLIENT-SERVER-CEFEERATICH>
<S5HCRT-HMAME>Notification«/SHCORT-HAME>
CLREUMENTS»>< /LRGTMENT 5>
<POSSIELE-ERROE-REFS>
<POSSIBLE-ERRCE-REF DEST="APPLICATION-EEROR" >
JASCET Interfaces/Impl/CSInterface/E NOT OK
< /POSSIBLE-ERECE-EEF>
< /POSSIBLE-ERRCE-REEFS>
< /CLIENT-S3ERVER-QFERLATICN>
< /OFERATICHS>
<POSEIBLE-ERRCRS>
<APPLICATICH-ERRCR>
<SHGRT—HEHE>E_EDT_DREISHGRT—HEHE}
<ERRCOR-CODE>2+< /ERROR-CODE>
< /LRFFLICATICH-ERRCE>
< /POS5IBLE-ERRORS>
</CLIENT-SERVER-INTERFLCE>

Listing 29: ARXML code - operation with possible application errors

@ NOTE

Application errors are coded in the least significant 6 bits of Std ReturnType.
The value range for application errorsis [2..63].If the ASCET enumeration
for the application errors contains a value less than 2 or larger than 63, an error
is issued during code generation.

5.4 Calibration

Calibration interfaces are used for communication with Calibration components.
Calibration components are a kind of software component, which uniquely con-
sist of calibration information (parameters and characteristics).

Each calibration interface can contain multiple calibration parameters. A port of a
software component that requires an AUTOSAR calibration interface can inde-
pendently access any of the parameters defined in the interface by making an
RTE API to the required port. Calibration components provide the calibration in-
terface and thus provide implementations of the calibration parameters.

To create a calibration interface

1. Inthe component manager, select Insert > AUTOSAR > Calibration Inter-
face.

2. Name the calibrationinterface calInterface.

ETAS ASCET V6.4 | AUTOSAR User Guide
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When generating code for an AUTOSAR project, ASCET defines a <PARAMETER-
INTERFACE>element inthe file Swe_interfaces.arxml. The <PARAMETER-
INTERFACE> element has the following structure in the configuration language:

~PARLMETER-INTERFRACE>

<SHORT-NAME>»CalInterface</SHORT-HAME >

TTIE oT Tt T T

< I5-5EREVICE>=false«</I5-S5ERVICE=

«/PARLMETERS>
</ PARABMETER-INTERFACE>

Listing 30: ARXML code - calibration interface structure

A calibration interface is named using the <SHORT-NAME> element. The name is
used within other elements that need to reference the interface type.

The short-name of a calibration interface should be a valid C identifier.

A calibration interface consists of one or more calibration elements defined using
the <PARAMETER-DATA-PROTOTYPE> container element.

Calibration Parameters

To create a calibration parameter
1. Inthe component manager, double-click CalInterface.

The "Calibration Interface Editor for: Callnterface” editor opens.

2. Usethe ﬂ Logic Parameter button to create a logic parameter.
The dialog "Properties for Scalar Element: log"” window opens.
3. Name the parameter CalParaml.

4. Create another logic parameter CalParam?2.
5. Create (ﬂ) an unsigned discrete parameter CalParam3.

To create an implementation of a calibration parameter

1. Inthe "Calibration Interface Editor for: Callnterface” editor, go to the "Im-
plementation” tab.

In the "Implementation” tab, double-click the CalParam3 element.
The "Implementation for: CalParam3” dialog opens.

In the "Master" area, activate Model.

In the "Model" area, enter the value 24 in the "Max" field.

Click OK.

SIS I I

The Implementation tab of the "Calibration Interface Editor for: Calinterface” ed-
itor shall look like the figure below.
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Figure 27: Implementation Impl of the calibration interface CalInterface

The implementation editor also contains an "AUTOSAR" tab with policy settings.
These are written to the ARXML files.

Animplementation of a calibration interface in ASCET corresponds to a calibra-
tioninterface in AUTOSAR. The calibration interface in configuration language is
generated by ASCET inthe Swc_interfaces.arxml file. The declaration of cali-
bration elements within a calibration interface definition has the following struc-
ture:
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<PARRMETER-INTERFACE:>
<SHORT-HAME>CalInterface</SHORT-HAME>
<I5-SERVICE>false</I5-SERVICE>
<PARAMETERS>
<PLRAMETER-DATE-PRCTOTIYPE:-
<SHORT-NAME>=CalParaml</SHORT-NAME >
<5SW-DATA-DEF-FROPS>
<ESW-DATA-DEF-PROPS-VARILNTS:
<SW-DATA-DEF-PFROFS-CONDITIONATL >
<SW-RDDR-METHCD-REF DEST="SW-ADDR-METHOD" >
fASEET_ﬁﬂdrHEthodS/EAL_HEH_ELEARED{fSW—RDDR—HETHDD—REF}
<SW-CALIBRATION-ACCESS>READ-WRITE</SW-CALIBRATION-ACCESS>
<SW-IMPFL-POLICY>STANDARD</SW-IMFL-POLICY>
</SW-DATA-DEF-PFROPS-CONDITIONAL>
</ 5W-DATR-DEF-PROPS-VARILANTS>
</5W-DATL-DEF-FPROFPS>
<TYPE-TREF DEST="APPLICATION-PRIMITIVE-DATA-TYFE":>
/ASCET Types/ApplicationDataTypes/Boolean</TYFE-TREF>
</PARRAMETER-DATA-PROTOTYPE >
<PARRAMETER-DATR-PROTOTYPE:
<SHORT-NEME>Cal Param2</ SHORT-N&ME >

</PLRAMETER-DATA-PROTOTYFE >
<PRREMETER-DATRE-PRCTOTYFPE:
<5HORT-NAME>CalParam3</SHORT-N&ME >
<SW-DATA-DEF-PROPS>
<SW-DATA-DEF-PROPS-VARILNTS:-
<SW-DATA-DEF-FROPS-CONDITIONATL:
<SW-RDDR-METHCD-REF DEST="SW-ADDR-METHOD" =
fASEET_ﬁﬂdrHEthods/EAL_HEH_ELEARED{fSW—RDDR—HETHDD—REF}
<SW-CRALIBRATION-ACCESS>READ-WRITE</SW-CALIBRATION-RCCESS>
<5W-IMPL-POLICY>STANDARD</SW-IMFL-POLICY>
</ SW-DATA-DEF-PROPS-CONDITIONAL
</5W-DATR-DEF-PROPS-VARILANTS >
</SW-DATL-DEF-PROPS>
<TYPE-TREF DEST="APPLICATION-PRIMITIVE-DATA-TYPE":
/ASCET Types/ApplicationDataTypes/SInt8 ident p0 p24</TYFE-TREF:>
</PARRAMETER-DATA-PROTOTYPE >
</PLRRLMETERS>
</ PLEAMETER-INTERFACE>

Listing 31: ARXML code - declaration of calibration elements within a calibration
interface definition

A calibration element is defined using the <PARAMETER-DATA-PROTOTYPE> ele-
ment, and all elements must be defined within an encapsulating <PARAMETERS >
element.

Each <PARAMETER-DATA-PROTOTYPE> element must specify the following:
— the <SHORT-NAME> that you will use to refer to the item
— the <SW-DATA-DEF-PROPS> data properties, among them
e the <SW-CALIBRATION-ACCESS>

— a<TYPE-TREF> reference to the type of the data item

55 NVData

AUTOSAR R4.0 introduced the <NV-DATA-INTERFACE> element, which defines
an interface used by an Nv-block software component type. Each NVData inter-
face may contain multiple NVData elements, which can be sent and received in-
dependently.
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To create an NVData interface

1. Inthe component manager, select Insert > AUTOSAR > NVData Interface.
2. Name the NVData interface NvData Interface.
3. InsertNvData_ Interface into SwWcC.

When generating code for an AUTOSAR project, ASCET defines an <NVDATA-

INTERFACE> element inthe file Swc_interfaces.arxml. The <NVDATA-
INTERFACE> element has the following structure in the configuration language:

ET-NAMEZASCET Interfaces</SHORT-NAME:

“LRRE-PACFRGE>
«SHORT-NAME>Tmpl </ SHORT -HNAME>
<ELEMENT5Z-
~CNV-DLRTE-INTERFACE> T
<SHORT-MAME>NVData Interface</SHORT-HAMES
<I5-SERVICE>false</I5-5ERVICE:
<HWV-DATAS>

</ HWV-DARTRS>

MHEEHE—DR?R—:H?ERFRCE} ij
< /ELEMENTS>
—-BLCELEE>

i T

A

ER

CEL

.u A

[ ]

-F

[

</ BE
Listing 32: ARXML code - NVData interface structure

The name of the NVData interface definition is given by the <SHORT-NAME > ele-
ment. The name is used within other elements that need to reference the inter-
face type, for example, a software component may specify that it uses NVData
interface NvData Interface.

The short-name of an NVData interface should be a valid C identifier.

AnNVData interface can be used to communicate non-volatile data using NVData
elements, i.e. variable data prototypes, within the <NV-DATAS> element.

Variable Data Prototypes

Each NVData interface can specify zero or more NVData elements, or variable
data prototypes, which constitute the AUTOSAR signals communicated over the
interface. Each data element defines a prototype of a specific type and canbe a
primitive data type, a RECORD Or an ARRAY type. See chapter 4, Data Types, on
page 31 for details of defining data types.
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To set up an NVData element in ASCET
1. Double-click NVData Interface.

NvData_ Interface opensinthe NVData interface editor.

2. Create an sdisc element named Speed NV, as described on page 64.

3. Create the same implementation for Speed NV as described on page 65.

[?. MVData Interface Editer for: NVData_Interface EIIEI
File Edit View Insert Extras Tools Help
> & ®
Tree Pane ® &5, Implementation | Elements -
:
H
Name Type Impl. [Impl. |Impl. |Q|Formula|Limit:| ™
Type [Min Max bit ler
'S sdisc|sint1s|-32768|32767 (1 |ident  |Auto
?. Speed_MV:isdisc & Speed Ny|'S sdiscsin aen o
< | 1l | *
ﬁ‘. self B Data & Impl

Figure 28: NVData element Speed NV of the NVData interface NvData Inter-
face with implementation Impl

Animplementation of an NVData interface in ASCET corresponds to an NVData
interface in AUTOSAR. The NVData interface in configuration language is gener-
ated by ASCET inthe file Swc_interfaces.arxml. The declaration of NvVData
elements within an NVData interface definition has the following structure:

<NV-DATR-INTERFACE:
{5HDRT—NAHE}HVData_Interface{fSHDRT—NAHE}
<I5-53EEVICE>false</I5-5ERVICE:=
<HV-DATAS>
<VARIABLE-DATA-PROTOTYPE>
{5HDRT—NEHE}SDEEd;ﬂUEHSHDRT—NEHE}
<SW-DATA-DEF-PROPS>
<SW-DATL-DEF-PROPS-VARIANTS
<SW-DATL-DEF-PROPS-CONDITIONAL>
<SW-ADDR-METHOD-REF DEST="SW-ADDR-METHOD":
fASCET_ﬁﬂdrMEthodsfRAH_;LEARED{fSW—ADDR—HETHDD—REF}
<SW-CALIBRATION-ACCESS>READ-ONLY
</ SW-CALIBRATION-LCCESS::
<SW-IMPL-POLICY>STANDARD</ SW-IMPL-POLICY>
</ SW-DATL-DEF-FROPS-CONDITICHAL:
</ 5W-DATL-DEF-PROPS-VARILNTS:-
</ 3W-DATA-DEF-FROES>
<TYPE-TREF DEST="APPLICATION-FRIMITIVE-DATA-TYF
/ASCET Types/ApplicationDataTypes/SInt32</TYPE-TREF>
< /VARIABLE-DATL-PROTOTYFE>

"o,

</NV-DATAS>

< /HV-DATA-INTERFACE>

Listing 33: ARXML code - declaration of NVData elements within NVData inter-
face

An NVData element is defined using the <VARIABLE-DATA-PROTOTYPE> ele-
ment, and all elements must be defined within an encapsulating <NV-DATAS> el-
ement.
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Each <VARIABLE-DATA-PROTOTYPE> element must specify:
— the <SHORT-NAME> thatyou will use to refer to the item
— the <Sw-DATA-DEF-PROPS> data properties, among them
e the <SW-ADDR-METHOD-REF>
e the <SW-CALIBRATION-ACCESS>
e the <SW-IMPL-POLICY>

— a<TYPE-TREF>reference to the type of the data item

5.6 Implementations of Interfaces
The implementation editor for an AUTOSAR interface offers the following set-
tings:
— Interface represents an AUTOSAR service option

If this option is activated, ASCET sets the IS-SERIVCE element to truein
the generated ARXML code (i.e. <IS-SERVICE>true</IS-SERVICE>).
This tellsan AUTOSAR RTE generator that the interface is to be used for
communication between an application software component and a service

component (e.g., an AUTOSAR service, ECU abstraction, or complex driver)
located on the same ECU.

For communication between application software components, this option
must be deactivated.

— "AUTOSAR package name” field

Allows to determine an AUTOSAR package name for the interface. The

AUTOSAR package name must be of the following form:
/<package>/<subpackage>[/<interface>]

Atleast /<package>/<subpackage>must be given; otherwise, an erroris

issued during code generation.

The semantic of the give package name is as follows:

o [fthe name is empty, the general template for the associated interface
kind, specified in the "ARXML Configuration Settings” window, will apply.

o [fthe name is not empty, and of the proper form, it will be used as the
package name (this includes the short-name) of the associated
AUTOSAR interface.

The given name must not contain any template parameter (i.e. %...%), but
istakenasis.

— Interface is defined externally option

If this option is activated, the interface is defined externally and will not be
generated by ASCET, only referred to.

@ NOTE

If Interface is defined externally is activated, the "AUTOSAR package
name" field must not be empty. If it is, an error (MMd16490) is issued dur-
ing code generation.
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— "AUTOSAR Data Type Mapping Set” field

Allows to determine a data type mapping set that will be added to the soft-
ware component for data types used in an external interface.

If the name is empty, the general template specified in the "ARXML Config-
uration Settings” window will apply.
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Software Component Types

A software component is the atomic software unit of application in AUTOSAR.
Software components interact through ports, which are typed interfaces. The in-
terfaces control what can be communicated and the semantics of the communi-
cation.

To create an AUTOSAR software component

1. Inthe component manager, select Insert > AUTOSAR > Software Compo-
nent Block Diagram or Software Component ESDL.

2. Name the software component Swc.

3. Follow the steps described in section 3.1.2, Code Generation Settings for
AUTOSAR, on page 17 to create an AUTOSAR project ARProject and set
the AUTOSAR code generation settings.

4. Insert the software component Swc in the project, as described on page 23.

To open a software component in an AUTOSAR project

1. Inthe component manager, double-click the ARProject project.
The project editor window opens.

2. Inthe "Outline” tab of the project editor, double-click the swc software
component.

The software component editor window opens.

Each software component must have its component type declared in the RTE
generator's configuration. The component type makes the component available
for composition into a larger software system. An application software compo-
nent type is defined using the <APPLICATION-SOFTWARE-COMPONENT-TYPE>
elementinthe <swc name>.arxml file.

<APPLICATION-SW-COMPONENT-TYPE>
<SHORT-NAME>SWC</SHOET-NAME>
<PORTS>

</PORTS>
</APPLICATION-SW-COMPONENT-TYPE>

Listing 34: ARXML code - definition of application software component type

The software component type must be named using the <SHORT-NAME > ele-
ment. The name must be system-wide unique; it is used within other elements to
reference the software component type.

The short-name of a software-component must be a valid C identifier.

Ports

Ports provide the software component access to the interface. There are two
classes of ports: provided ports (Pports) and required ports (Rports).

The ports of a software component are defined within the <PORTS> element.
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6.1.1

6.1.1.1

<PORTS>
<R-PORT-PROTOTYPE>

</R-PORT-PROTOTYPE>
<P-PORT-PROTOTYPE>

</P-PORT-PROTOTYPE>
</PORTS>

Listing 35: ARXML code - port definition structure (all AUTOSAR versions)

Within the <PORTS> element, the <P-PORT-PROTOTYPE> and the <R-PORT-
PROTOTYPE> elements are used to define provided ports and required ports re-
spectively. When two components communicate, then typically both provided
and required ports reference the same interface definition. This guarantees that
they are compatible.

Provided Ports

Pports are used by a software component to provide data or services to other
software components. Provided ports implement senders and servers.

Sender Port
To create a sender port

1. Inthe "Software Component Editor for: Swc”, select Insert > Component.
The "Select item...” window opens.

2. Inthe "Database” or "Workspace” field of the "Select Item” window, select
the interface SRInterface and click OK.

1 Select Item... @
1Database (Filter: Data_Interface, ClientServer_Interface, Enumeration, Record, Component)
L I chapter_&_Ports -
I—EI interfaces
i: [i?_pCSInterface
-
2 Comment

Figure 29: Selection of the item SRInterface

The "Properties for complex element: SRInterface” window opens.

3. Name the Port sender, activate Provided in the "Internal Access" area and
click OK.
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[% Properties for Complex Element: Sender @
General
Mame Sender
Unit
Comment

Interpolation

Kind el |Variable

Basic Type

Complex

Component SRInterface (Exercises\Chapter_&_Ports\Interfaces] -

Scope
B @ Local Imported ) Exported
Attributes External Access
| Reference Set() Method
Virtual Get) Method
L Lot Internal Access
atl Mon-Yolatile Provided
Variants D Required
Redundant
Calibration Access
Write
Read
Alwa}rs Show Editor for new Elements (0] 4 ] [ Cancel

Figure 30: Provided port Sender of type SRInterface

4. If you are working in the block diagram editor for SWC, drag the element
Sender from the "Outline” tab and drop it on the drawing area of the soft-
ware component editor.

The Pport sender with elements speed and 1og appears in the drawing
area as follows.
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i
YOIE SRInterface

—}log [:T't’

— Speed

Sender

Figure 31: Pport Sender in the drawing area of the block diagram editor for
software components

A provided port within a software component type definition is named using the
<SHORT-NAME> element. The name is used within other elements to reference
the port. The short-name of a provided port must be a valid C identifier.

Each provided port definition must specify the interface type over which it will
communicate with other ports. Thisis done inthe <swc name>.arxml file, using
the <PROVIDED-INTERFACE-TREF> element. This <PROVIDED-INTERFACE-
TREF> element must identify the required interface.

In addition, AUTOSAR R4.* requires the <PROVIDED-COM-SPECS> element that
contains details about individual data elements, among them the following:

— <DATA-ELEMENT-REF> - which identifies the data element

— <INIT-VALUE> - which specifies the initial value of the data element
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<LR-PACHRAGE>
{5HDRT—NAHE}ASCET_pomponentTypes{fSHGRT—NAHE}
<ELEMENTS>
<BPPLICATICH-SW-CCMPCHNENT-TYPE>
<SHORT-NAME »SWC</SHORT-NAME >
<PORTS>
[ <P-PORT-PROTOTYPE>
<SHORT-MAME >Sender</SHORT-NEME>
<PRCVIDED-COM-SPECS>
<NCHNQUEUED-SENDER-CCM-SPEC™
<DATA-ELEMENT-REF DEST="VARTARIE-DATA-PROTOTYFE":
/ASCET_Interfaces/Impl/SRInterface/log</DATA-ELEMENT-REF>
<INIT-VALUE:
<HUMERICAL-VALUE-SPECIFICATICH:
<WALUE>FALSE</VALUE>
< /HUMERICAL-VRALUE-SPECIFICLATION>
</INIT-VALUE>
< /MOMQUEUED-SENDER-COM-SPEC>
<NCHNQUEUED-SENDER-CCM-SPEC>
<DATA-ELEMENT-REF DEST="VARIABLE-DATA-PROTOTYPE">
/ASCET Interfaces/Impl/SRInterface/Speed</DATA-ELEMENT-REF>
<INIT-VALUE:>
<MUMERICAL-VALUE-SPECIFICATICH>
<VALUE=>0</VALUE>
</NUMERICAL-VALUE-SPECIFICATICH>
</ INIT-VALUE>
< /HONQUEUED-SENDER-COM-SPEC™>
</PROVIDED-COM-SPECS>
<PRCWVIDED-INTERFACE-TEEF DEST="SENDER-RECEIVER-INTERFACE":
fASCET Interfaces/Impl/SRInterface</PROVIDED-INTERFRCE-TREF>
< /P-PORT-FPROTOTYPE:>
</PORTS>

</APPLICATION-SW-COMPONENT-TYPE>
</ELEMENTS>

</AR-PACKAGE>

Listing 36: ARXML code - provided port Sender definition

By default, initial values in ASCET are given as <NUMERICAL-VALUE-
SPECIFICATION>; see Listing 36. However, AUTOSAR R4.* offers another speci-
fication means for physical initial values, <APPLICATION-VALUE-
SPECIFICATION>, associated with elements typed using application data types
(see section 4.1, Application Data Types, on page 31).

Boolean initial values TRUE/FALSE are generated as 0/1 when using the
<APPLICATION-VALUE-SPECIFICATION>.

To select the specification means for initial values

The selection made here applies to data elements in <PROVIDED-COM-SPECS>
and <REQUIRED-COM-SPECS > of sender-receiver and NVData interfaces, data

elements in <PARAMETER-REQUIRE-COM-SPEC> oOf calibration interfaces, and

interrunnable variables.

1. Openthe parent project or default project of your SWC.
2. Inthe project editor, select File > Properties.
The "Project Properties” dialog window opens.

3. Inthe "OS Configuration” node (cf. Figure 6 on page 21), click the Edit but-
ton to open the "ARXML Configuration Settings” dialog window.
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05 Configuration

[0S Template File

fig Enable OS5 Configuration

fig Indude Paths s(P_0S_ROOT)\nc; $(P_05_ROCT)\external\ALTOSAI

Eig Library Paths gP_0s_ROOT)Vib

[ig Libraries

EE Configuration Tool Options --samples:memmap

i Ol Fie
f_'_@ Interpolation Alias Mapping BLTARGETROOT % \common\interpolation ALUTOS AR«
[f= AUTOSAR XML Configuration File  %TARGET%e\arxm|480ptions. sl
f= Mamnry Sartinme Canfinration File YTARGET % \memorvSections ALUTOSARS, xml [

4. Inthe "Miscellaneous” node of the "ARXML Configuration Settings” dialog
window, do one of the following:

o Activate Generate Application Init Values to select application value
specification (cf. Listing 37 on page 92).

¢ Deactivate Generate Application Init Values to select numerical value
specification (cf. Listing 36 on page 89).
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ARXML Configuration Settings

File View

| | <r|| Miscellaneous

5 ARXML Configuration Setings &E Template for accessing Dt | Dt_%METHOD.NAME%: %_?COMPONENT.IMPL.NAME?%_%COMPON[|

& Filename Templates &E Artificial Type Template 3LIMPL, TYPE.NAME%e_%FORMULA. NAME %%_?IMPL.INTERvAL.LEFr|
Predefined Filenames
T— &E Runnable Symbol %COMPONENT.NAME?4%_?COMPONENT.IMPL.NAME?%_%METHOD |
= Package Templates [ i . ]
Generate Application Init Values *
Predefined Packages “E
= Short Name Templates aE []Generate Internal Data Structure
Miscellaneous

a
5 't Multiple Instantiati
Types -E upport Multiple Instantiation

aE DGenerabe System Constants
Generate API induding SWC type name
Generate System Constant Values

Generate System Constant Variant

2 [&IJ [%J [%J:u

#E Default Binding Time of Variation Points| PreCompileTime

EE Use Imported ARXML Info Ignore v
EE [Juse Explicit Semantics for Access to Mapped Messages

EE [Juse Explicit Semantics for Access to Mapped Non-Volatile Variables

&E [“IRestrict to AUTOSAR Platform Types

EE Support for Dt handling Mone -
aE [Juse Boolean Implementation Type

aE [ Generate type map indude

aE DGenerabe Resource Consumption

aE Memory Allocation Keyword Policy Shortname ~
aE [] Avoid temparary variable for multiply mapped messages

&E Generation of COMPU-METHODSs Simpiify -

| || | System Defaults

Generate Application Init Values: A
Option Enabled: Generate Application Init Values for elements associated with an
Application Data Type. Option Disabled: Generate Mumerical Value as init value for
elements associated with Application Data Type.

oK Cancel

Figure 32: "ARXML Configuration Settings" window, “Miscellaneous” node

5. Close the "ARXML Configuration Settings " window with OK.

6. Close the "Project Properties” window.

@ NOTE

The changes in the "ARXML Configuration Settings” window are kept
even if you leave the "Project Properties” window with Cancel.

7. Generate code for the project.
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<P-PORT-PROTCTYPE>
<SHORT-MAME>Sender</SHORT-NAME>
<PROVIDED-CCM-SPECS>
<HCHQUEUED-SENDER-COM-SPEC>
<DATA-ELEMENT-REF DEST="VARTABLE-DATA-PROTOTYFE">
/ASCET_Interfaces/Impl/SRInterface/log</DATA-ELEMENT-REF>
<INIT-VALUE>
<APPLICATICHN-VALUE-SFECIFICATION
<CATEGORY>VALUE< /CATEGORY >
<SW-VLLUE-CONT >
(A) <UNIT-REF DEST="UNIT":>/ASCET Units/NoUnit</UNIT-REF>
<SW-VALUES-PHYS5>
<V1</ V>
</ SW-VLLUES-PHYS>
</ SW-VALUE-CONT >
</LPPLICATION-VLLUE-SPECIFICATION>
</ INIT-VALLUE>
< /MONQUEUED-SENDER-COM-SPEC
<NCHQUEUED-SENDER-CCM-SFEC>
<DATL-ELEMENT-REF DEST="VARIABLE-DATA-FROTOTYFE">
/ASCET_Interfaces/Impl/SRInterface/Speed</DATA-ELEMENT-REF>
<INIT-VALUE>
<APPLICATICHN-VALUE-SFECIFICATION
<CATEGORY>VALUE< /CATEGORY>
<SW-VLLUE-CONT >
(B <UNIT-REF DEST="UNIT">/ASCET Units/kmgrh</UNIT-REF>
<SW-VALUES-PHYS>
<V0</ Ve
</ SW-VLLUES-PHYS>
</ SW-VALUE-CONT >
</BAPPLICATICN-VALUE-SPECIFICATION>
</ INIT-VLLUE> y
< /MONQUEUED-SENDER-COM-SPEC
</PROVIDED-CCM-SPECS>
<PROVIDED-INTERFACE-TREF DEZT="SENDER-RECEIVER-INTERFACE">
fASCET_InterfaceSfImplfSRInterface<fPRDVIDED—INTERFACE—TREF>
</P-PORT-FROTOTYFE>

Listing 37: ARXML code - provided port Sender definition with <APPLICATION-
VALUE-SPECIFICATION>

AUTOSAR requires the <APPLICATION-VALUE-SPECIFICATION> initial values
torefer to a UNIT; see Listing 37 on page 92. A dummy unit named

ASCET empty unit (seeAinListing 37) is created and referred to by all initial
values with an empty unit specified at the transformation formula (see Figure 33)
selected in the implementation editor of the element.

U@ Project Editor for: ARProject [ANSI-C/Object] ===

File Edit View Inset Build Extras Tools Window Help Glebal Formulas

LEEE X Al 2L RO <showa

rERETE *| |29 Graphics | =] Formuias S5 mmpl. Type | (B Comm. | [ Binding | [+ | 6@
E Outline |ﬂ Navigation | 3 Daiﬁbase| Formulas Filter Rule [AJI V] '%’
‘é 5’2 E'_SIF B | % - MName Contents Unit Type %
£ 6@ @ selfi:ARProject ident f(phys) = phys Identity g

*\‘;"l! dTs:dT ident_unit fiphys) =0 + 1 =phys [km/h Linear ’E‘
m

[E,. SWCSWC

Figure 33: Project editor, "Formulas” tab
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Units are defined inthe Swc_compumethods.arxml file, inthe ASCET Units
package.

<LR-PRCELGEE>
<SHDRT—NAHE>ASCET_EnitscfSHDRT—NAHE>
<ELEMENT 5>
<UOHNIT>
{5HDRT—NAHE}ASCET_gmpty_pnit<ISHDRT—NAHE}
<DI5PLAY—NAHE>ASCET_¢mpty_pnit<fDISPLAY—NAHE>
</UNIT>
<UOHNIT>
«SHORT-MAME >kmgrh< /SHORT -HLME >
«DISPLAY-HNAME>km/h</DISPLLY-HNLME>
</UNIT>
< /ELEMENTS>
«/LE-PLCHLGE>

Listing 38: ARXML code - Swc_compumethods.arxml file, ASCET Units defi-

nition

6.1.1.2 Server Port

To create a server port
1. Inthe "Software Component Editor for: Swc”, select Insert > Component.

The "Select item..." window opens.

2. Inthe "Database” or "Workspace" field of the "Select Item” window, select
the interface CSInterface and click OK.

The "Properties for complex element: CSinterface” opens.

3. Name the Port "server", activate Provided in the "Internal Access" area,
and click OK.
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"

General

Mame Server
Lnit
Comment

Interpolation

Kind L |Varnable

Basic Type

Complex

[E‘_p Properties for Complex Elerment: Server

Component Cilnterface (Exercises\Chapter 6_Ports\Interfaces, =

Scope
B & Lol Imported

Attributes
| Reference

Exported

External Access

Set() Method

Yirtual Get() Method
£ Lot Internal &ccess
o Mon-Yolatile Provided
Variants DRequired
Redundant
Calibration fccess
Write
Read
Alwa}rs Show Editor for new Elements 0K I I Cancel

Figure 34: Provided port Server of type CSInterface

A'message window opens and informs you that all graphical occurrences of

the port will be removed when you set the port to Provided.

4. Confirm the message with OK.

ASCET creates the following items:

e aservernodenamed Server: :CSInterface ynder the folder "Real-

ized Interfaces"

e adiagram Sserver CSInterface

e aserverrunnable for each operation in the client-server interface

CSInterface

In Figure 35 below, ASCET has created the runnables Server Maxi-
mumValue and Server Notification.
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E Outline |'d'g Mavigation I [# Database
BT = M
= I [ self:swc
o [l SRiInterface::SRInterface
= [jﬁ.ReaIized Interfaces
IR, . server::Csinterface
': :_}Maximum'u'alue (InputA: :sdisc;InputB:sdisc; QutputMaximurm: sdisc) return;:Std_ReturnType
:_}'NDtiﬁl:EItiDn {0 return;:ApplicationError
EﬁE?an
= ﬂSErver_CSInterface
= @'Sewer_Maximum'l.-'alue (Inputh: sdisc; InputB: :sdisc; OutputMasimum: : sdisc)
T |#] Inputa::sdisc [In]
S %] nputs::sdisc [In]
?Lﬂ OutputMaximurn: :sdisc [Out]
= @Server_Nuﬁﬁcaﬁun {0 return:: ApplicationError
+E}L_Jretjrnn.ﬂ.pmiu:aﬁnnErrur

Figure 35: Pport server in the "Outline” tab of the software component Swc

The entry function of the server runnable has a return type of voidor
Std_ReturnType, depending on whether or not the server returns an applica-
tion error.

The provided port must specify the interface type over which it will communicate
with other ports using the <PROVIDED-INTERFACE-TREF>. ThiS <PROVIDED-
INTERFACE-TREF> element must identify the required interface.

< F-FORT-PROTOTYFE>
<SHCORT-NAME>Server</SHORT-HAME>
«PROVIDED-CCHM-SFECS>

< /PROVIDED-COM-SFPECS>
<PROCVIDED-INTERFRCE-TREF LDEST="CLIENT-SERVER-INTERFACE">
fASCET Interfaces/Impl/CSInterface</PROVIDED-INTERFACE-TREF>-
</P-PORT-PROTOTYPE>

Listing 39: ARXML code - provided port Server definition

Furthermore, ASCET provides additional information to the internal behavior of
the software component swec. On the one hand, one operation-invoked event is
created for each operation in the server port. On the other hand, a runnable entity
is created for each operation in the server port. Refer to chapter 7, Internal Be-
havior, on page 105 for more detailed information.

@ NOTE

A client-server interface might be edited once a server is inserted in a software
component. In this case, you must update the server interface in the software
component using the menu option Build > Update Interfaces.
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6.1.2.1

Required Ports

Rportsare used by a software component to require data or services from other
software components. Required ports implement receivers, clients, calibration
ports, and NVData ports.

The definition of a required port is identical to that of a provided port, with the ex-
ception that the <R-PORT-PROTOTYPE> element is used.

Receiver Port

To create areceiver port
1. Inthe "Software Component Editor for: Swc”, select Insert > Component.

The "Select item...” window opens.

2. Inthe "Database” or "Workspace” field of the "Select Item” window, select
the interface sSRInterface and click OK.

The "Properties for complex element: SRInterface” window opens.

3. Name the Port Receiver, activate Required in the "Internal Access” area
and click OK.
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r

mﬂ Properties for Complex Element: Receiver @
General
Mame Receiver
Unit
Comment

Interpolation

Kind .l | Variable

Basic Type

Complex

Component SRInterface (Exercises\Chapter &_Ports\Interfaces) -

Scope
B @ Llocl Imported Exported
Attributes External Access
¥ Reference Set() Method
i Yirtual Get() Method
2 Lotz Internal Access
| Meon-Yolatile [ Provided
Variants Required
Redundant
Calibration Access
Write
Fead
[¥] Always Show Editor for new Elernents OK ] [ Cancel

Figure 36: Required port Receiver of type SRInterface

4. If you are working in the block diagram editor for SWC, drag the element
Receiver from the "Outline” tab and drop it on the drawing area of the
software component editor.

The Rport Receiver with element Speed appears in the drawing area as
follows.
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SRInterface

log p—
>0

Speed p—

Receiver

Figure 37: Rport Receiver in the drawing area of the block diagram editor
for software components

A required port within a software component type definition is named using the
<SHORT-NAME> element. The name is used within other elements to reference
the software component type. The short-name of a required port must be a valid
C identifier.

The required port definition must reference an interface definition defined using
the <REQUIRED-INTERFACE-TREF> element.

In addition, AUTOSAR R4.* requires the <REQUIRED-COM-SPECS> element that
contains details about individual data elements, e.g.,

— <DATA-ELEMENT-REF> - which identifies the data element,
— <INIT-VALUE> - which specifies the initial value of the data element,
and others.

<R-PCORT-PROTOTYPE>
<SHORT-HNAME>Receiver<,/SHORT-NAME>
<REQUIRED-CCOM-SPECS>
<NCOHQUEUED-RECEIVER-CCOM-SPEC>
<DATA-ELEMENT-REF DEST="WVARIABLE-DATA-PROTOTYPFE">
/ASCET Interfaces/Impl/SRInterface/log</DATA-ELEMENT-REF>
<INIT-VALUE>
<HUMERICAL-VALUE-SPECIFICATICH>
<VALUE>FALSE</VLLUE>
</HUMERICAL-VALUE-SPECIFICATICN
</INIT-VLLUE>
</MONQUEUED-RECEIVER-COM-SPEC>
<NONQUEUED-RECEIVER-CCHM-SPEC>
<DATA-ELEMENT-EEF DEST="VARTABLE-DATA-FROTOTYFPE" >
/ASCET_Interfaces/Impl/SRInterface/Speed</DATL-ELEMENT-REF>
<INIT-VALUE>
<HNUMERICAL-VALUE-SPFECIFICATIOCHN>
<VALUE>»D< /VALUE>
< /HNIMERICAL-VALUE-SPECIFICATION
</ INIT-VALIE>
< /HONQUEUED-RECEIVER-COM-SPEC™
< /REQUIEED-COM-SPECS>
<REQUIRED-INTERFACE-TREF DEST="SENDER-RECEIVER-INTERFACE">
JASCET Interfaces/Impl/SRInterface</REQUIRED-INTERFACE-TREF:
< /R-PORT-PROTOTYPE>

Listing 40: ARXML code - required port Receiver definition
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By default, initial values in ASCET are given as <NUMERICAL-VALUE-
SPECIFICATION>; see Listing 36. However, AUTOSAR R4.* offers another speci-
fication means for physical initial values, <APPLICATION-VALUE-
SPECIFICATION>, associated with elements typed using application data types
(see section 4.1, Application Data Types, on page 31).

See section 7o select the specification means for initial values on page 89 for an
instruction how to select the specification means.

Client Port

To create a client port

1. Inthe "Software Component Editor for: Swc”, select Insert > Component.
The "Select item..." window opens.

2. Inthe "Database” or "Workspace” field of the "Select Item” window, select
the interface cSInterface and click OK.

The "Properties for complex element: CSinterface® editor opens.

3. Namethe Port"client”, activate Required inthe "Internal Access” area
and click OK.
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P

[T;IJ Properties for Complex Element: Client @
General
Mame
Unit
Comment

Interpolation

Kind L | Vanable

Basic Type

Complex

Component CSlnterface (Solutions' Chapter_6_Ports\Interfaces =

Scope

B @ Lol Imported Exported

Attributes External Access

IE.3] Reference Set() Method
Yirtual Get() Method

& SepenE et Internal Access

wl Mon-Volatile

[7] Provided

Vanants e
Redundant
Calibration Access
Write
Read
Alwa}rs Show Editor for new Elements l 0] 4 l [ Cancel

Figure 38: Required portClient of type CSInterface

4. Inthe block diagram editor for SWC, do also the following:

i. Dragtheelementclient fromthe "Outline” tab and drop it on the
drawing area of the software component editor.

ii. If necessary, activate flexible layout for the interface CSInterface:
a. Gotothe component manager.

b. Inthe "Database” or "Workspace” pane, right-click CSInterface
and select Flexible Class Layout > Activate from the context menu.

c. Inthe"Change Flexible Class Layout State” window, select
CSInterface and click OK.

iii. Inthe drawing area, right-click the c1ient portand select Ports »
Methods from the context menu.

The "Port Editor<CSinterface>" window opens.

iv. Deactivate the method Notification and click OK.
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LF Pert Editor< CSInterface> (==l

Port Settings

[= M Public Select Al

:_} MaximumValue (Inputé::sdisc;InputB::sdisc;OutputMaximum: isdisc) return::Std_ReturnType [ﬁ]
Deselect Al

D - Notification () return::ApplicationErro
o Default

[ OK ] [ Cancel ]

Figure 39: Port editor window to select/deselect methods

v. Resizethe client block and reposition the pins.

The Rport C1lient with operation Maximumvalue appears as follows (or
similar) in the drawing area.

"
- —¥ Inpukd C5Interface :
- — InputE R
Ce D—i Maximumvalue — - -
- —d QukpukbMaximunm
............. Client . . . . . .. ... ...

Figure 40: Rport Client in the drawing area of the block diagram edi-
tor for software components

The required port definition must reference an interface definition defined using
the <REQUIRED-INTERFACE-TREF> element. In addition, the <REQUIRED-COM-
SPECS> element is required, which contains details about individual operations.

<R-PORT-PROTOTYPE>
<SHORT-MAME>Client</SHORT-HAME>
<REQUIRED-CCM-SPECS>
<CLIENT-COM-SFEC>
<COPERATICHN-REF DEST="CLIENT-SERVER-OPERATION">
JASCET Interfaces/Impl/CSInterface/MaximumValnoe
</OPERLTICH-REF>
</CLIENT-COM-SPEC>

< /REQUIRED-CCM-SPECS>
<REQUIRED-INTERFACE-TREF DEST="CLIENT-SERVER-INTERFACE">
FASCET Interfaces/Impl/CSInterface</REQUIRED-INTERFACE-TREF>
</R-PCORT-FPROTCTYEE>

Listing 41: ARXML code - required port Client definition

6.1.2.3 Calibration Port

To create a calibration port
1. Inthe "Software Component Editor for: Swc”, select Insert > Component.

The "Select item..." window opens.

2. Inthe "Database” or "Workspace" field of the "Select Item” window, select
the interface CalInterface and click OK.

ETAS ASCET V6.4 | AUTOSAR User Guide



102 | Software Component Types

The "Properties for complex element: Callnterface” window opens.
3. Namethe Port calibration and click OK.
The "Internal Access” is set to Required; it cannot be changed.

4. If you are working in the block diagram editor for SWC, drag the element
Calibration from the "Outline” tab and drop it on the drawing area of the
software component editor.

TheRport Calibration withelements CalParaml, CalParam2 andCal-
Param3 appears in the drawing area as follows.

e

Callnterface

pa il

CalParaml p—
CalParamz2 p—
CalParam3 p—

Calibration <Dataz

Figure 41: Rport calibration inthe drawing area of the block diagram
editor for software components

The required port definition must reference an interface definition defined using
the <REQUIRED-INTERFACE-TREF> element.

In addition, AUTOSAR R4.* requires the <REQUIRED-COM-SPECS> element that
contains one <PARAMETER-REQUIRE-COM-SPEC> element for each parameter
interface with details about the respective parameter, e.g.,

— <PARAMETER-REF> - which identifies the parameter,

— <INIT-VALUE> - which specifies the initial value of the parameter,
and others.

<R-PORT-PROTCTYPE>
< 3HORT-HAME>Calibration<,/SHORT-HAME>
<REQUIRED-COM-SPECS>
<PRAREMETER-REQUIRE-CCM-5FEC
<INIT-VALUE>
<NUMERICAL-VALUE-SPECIFICATICH>
<VLLUE>FALSE</VLLIE>
</NUMERICLL-VALUE-SPECIFICATICN>
</ INIT-VALLUE>
<PRRAZMETER-REF DEST="PARAMETER-DATA-PFROTOTYFE" >
fASCET Interfaces/Impl/Callnterface/CalParaml</FRRAMETER-REF>
</PARBMETER-REQUIRE-COM-SPEC>

< /REQUIRED-COM-SFPECS>

<REQUIRED-INTERFACE-TREF DEST="PABRAMETER-INTERFACE":>

JASCET Interfaces/Impl/Callnterface</REQUIRED-INTERFACE-TREF>
</R-PORT-PROTOTYPE>

Listing 42: ARXML code - required port Calibration definition
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By default, initial values in ASCET are given as <NUMERICAL-VALUE-
SPECIFICATION>; see Listing 36. However, AUTOSAR R4.* offers another speci-
fication means for physical initial values, <APPLICATION-VALUE-
SPECIFICATION>, associated with elements typed using application data types
(see section 4.1, Application Data Types, on page 31).

See section 7o select the specification means for initial values on page 89 for an
instruction how to select the specification means.

NVData Port

To create an NVData port

1. Inthe "Software Component Editor for: Swc”, select Insert > Component.
The "Select item..." window opens.

2. Inthe "Database” or "Workspace” field of the "Select Item” window, select
the interface Nvbata Interface and click OK.

The "Properties for complex element: NVData_Interface” window opens.
3. Name the Port NvData and click OK.
The "Internal Access” is set to Required; it cannot be changed.

4. If you are working in the block diagram editor for SWC, drag the element
NVData from the "Outline” tab and drop it on the drawing area of the soft-
ware component editor.

The Rport NvDbata with element Speed NV appears in the drawing area as
follows.

o
MVData_Interface

A0

Speed_MV p—

MvData MY

Figure 42: Rport NvData in the drawing area of the block diagram editor
for software components

AUTOSAR R4.* requires the <REQUIRED-COM-SPECS> element that contains one
<NV-REQUIRE-COM-SPEC> element for each NVData element with details about
the respective NVData element, among them the following:

— <VARIABLE-REF> - which identifies the NVData element

— <INIT-VALUE> - which specifies the initial value of the NVData element
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<R-PORT-PROTCOTYPE>
<SHORT-MAME>NVData<,/SHORT-MNAME>
<REQUIRED-CCM-SPECS>
<HV-REQUIRE-CCM-SPEC>
<INIT-VALUE>
<HNUMERTICAL-VALUE-SPECIFICATICH>
<VALUE>D</VLLUE>
</MUMERICAL-VALUE-SPECIFICATION
</INIT-VLLUE>
<VARIARLE-REF DEST="VARTABLE-DATA-PROTOTYPE">
/ASCET_Interfaces/Impl/NVData Interface/Speed NV</VARIRBLE-REF>
</ MV-REQUIRE-CCHM-SFPEC™
</REQUIRED-CCM-SPECS>
<REQUIRED-INTERFACE-TREF DEZT="NV-DATA-INTERFACE":>
JASCET Interfaces/Impl/NVData Interface</REQUIRED-INTERFACE-TREF>
</R-PORT-FROTOTYFE>

Listing 43: ARXML code - required port NvData definition

By default, initial values in ASCET are given as <NUMERICAL-VALUE-
SPECIFICATION>; see Listing 36. However, AUTOSAR R4.* offers another speci-
fication means for physical initial values, <APPLICATION-VALUE-
SPECIFICATION>, associated with elements typed using application data types
(see section 4.1, Application Data Types, on page 31).

See section 7o select the specification means for initial values on page 89 for an
instruction how to select the specification means.
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7/ Internal Behavior

The internal behavior of a software component defines how the code thatimple-
ments the component interacts with the ports. In this chapter, you will see how to
configure the internal behavior.

Internal behavior elements are used to define how the software component will
interact with the RTE at runtime. The internal behavior of a software component
specifies:

- Therunnable entities that belong to the software component and how
they interact (if at all) with the ports of the software component.

— The events that cause runnable entities to be activated at runtime.

— Theinterrunnable variables used for communication between the runna-
bles of a software component.

— The exclusive areas that exist so runnable entities can execute all or part
of their code in mutual exclusion from other runnable entities.

Each internal behavior description is applicable to a single software component
and therefore must reference the software component type to which it applies. In
AUTOSAR R4.*, the reference is established in the <sWC name>.arxml file, using
the <DATA-TYPE-MAPPING-REF> element.

<INTERMNAL-BEHAVIORS>
<SWC-INTERNAL-BEHLVIOR>
<5HORT-HAME=bSwc< /SHORT-HMAME >
<DATA-TYFE-MAFFPING-REFS>
<DATR-TYPFE-MALFFING-REF DEST="DATA-TYPE-MAPPING-SET">
JASCET Mappings/DataMappings/Impl</DARTE-TYFE-MRPPING-REF>
</ DARTA-TYPE-MAPPING-REFS>

<EXCLUSIVE-ARERS>

</

<EVENTS>

</EVENT 5>
<EXFLICIT-INTER-RUNMHNABLE-VARIABLES>
</EXPLICIT-INTER-RUNNABLE-VARTABLES>
<IMPLICIT-INTER-RUNNABLE-VARIARLES>
</IMPLICIT-INTER-RUNNABLE-VARILBLES>

<RUNNABLESZ>

</RUONHABLES>
</ SWC-INTERHNAL-E
E

</ INTERNAL-BEHAVIORS>
Listing 44: ARXML code - internal behavior description for Swc

An internal behavior must be named using the <SHORT-NAME> element. The
name is used within other elements to reference the behavior. ASCET automati-

cally names the internal behavior of a software component with a prefix b fol-
lowed by the name of the software component.
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7.1.1

The short-name of an internal behavior does not need to be a valid C identifier
(but it must pass the syntactic checks enforced by the XML Schema).

The following sections first outline the basic framework for events and runnable
entities before showing how to configure the RTE to achieve different types of
runnable entity/interface interaction.

Events

Events control how runnable entities are triggered by the generated RTE at
runtime. ASCET V6.4 supports the following events:

— TIMING-EVENT - activates arunnable entity periodically. The <TIMING-
EVENT> allows you to execute a runnable entity to poll an Rport to check if
data has been received, periodically call a server (i.e. be a client), periodi-
cally send data on a Pport, or simply to execute some internal software
component functionality. Runnable entities that are activated in response
to atiming event are said to be time-triggered.

— OPERATION-INVOKED-EVENT - activates a runnable entity to handle a
server call for an operation on a provided port characterized by a client-
server interface.

— MODE-SWITCH-EVENT - activates a runnable entity on either entry to, or
exit from, an application mode.

The structure for specifying events is similar to the structure shown in Listing 45.
The actual sequence of events is determined by the event names.

<EVENTS>
<TIMING-EVENT>

</TIMING-EVENT>
<OPERATION-INVOKED-EVENT>

</OPERATION-INVOKED-EVENT>
<SWC-MODE-SWITCH-EVENT>

</SWC-MODE-SWITCH-EVENT>
</EVENTS>

Listing 45: ARXML code - structure for event specification

An event can be used to activate a runnable entity when the event occurs. An
event references the runnable entity that is to be activated when the event oc-
curs.

Timing Events

A <TIMING-EVENT> is used to indicate that a runnable entity will be activated
periodically by the operating system. The RTE generator will use this information
to generate an appropriate schedule table that must be ticked from application
code.
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To create a timing event

1. Inthe "Software Component Editor for: Swc”, go to the "Event Specifica-
tion” tab.

2. SelectEvent » Add Event and name the eventCyclic 10ms.

3. Inthe "EventKind" combo box, select Timing.
4. Inthe "Period” field, enter a period of 0.01 seconds.

The timing event Cyclic_10ms appears in the "Event Specification” tab as
follows.

Events Runnables

=l & Cydic_10ms (Timing - 0.01[s])

— offi:OnOffvode (ModeInte
— on:OnOffviode (Modelnte

-

Buidde [y Ja3aweled e ﬁ

M
i

4 | mn 3

Event Kind:

Timing -

Timing Settings

Guidde |y abessaly |Z|

Period 0.01

uopeaypads uaag & asmoug [ | Lo eDlynads

Figure 43: Definition of the timingevent Cyclic 10ms

ASCET enables the user to specify the modes in which this timing event shall be
activated. For the use of application modes refer to chapter 8, Moges, on
page 165.

When the timing event is mapped to a runnable entity (see section 7.2, Runnable
Entities, on page 110), then ASCET generates the <TIMING-EVENT> element in
the configuration language:

<EVENTS>

<TIMING-EVENT>
<SHORT—NAME>CyCliC_l0mS</SHORT—NAME>
<START-ON-EVENT-REF DEST="RUNNABLE-ENTITY">

/ASCET_ComponentTypes/Swc/bSwc/RunnableEntity

</START-ON-EVENT-REF>
<PERIOD>0.01</PERIOD>

</TIMING-EVENT>

</EVENTS>

Listing 46: ARXML code - definition of a timing event (all AUTOSAR versions)
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7.1.2

Atiming event must be named using the <SHORT-NAME> element. The name is
used within other elements to reference the timing event. The short-name of a
timing event does not need to be a valid C identifier.

The <START-ON-EVENT-REF DEST="RUNNABLE-ENTITY">elementdefines
the runnable entity that is to be activated when the event occurs. The <PERIOD>
element specifies the time raster in seconds to be used by the RTE generator.

Operation-Invoked Events

Operation-Invoked events are automatically inserted in an ASCET software com-
ponent when you create a server port (see section 6.1.1, Provided Ports, on page

86 for how to create a server port).

Events

ﬁCydic_IDms (Timing - 0.01[s])
~# OplInvEvent_Server_MaximumValue (OperationInwg

ﬁOpInvaent_Server_Noﬁﬁcaﬁon {OperationInvoke

W
W

4 T | 3

Event Kind:

OperationInvoke
Operation Invoked Settings
Operation | MaximumValue {InputA::sdisc;Input

Port Server

Runnables

@ runnable
=] ESErver_MaximumValue
ﬁOpInvaent_Server_Maximuml-'alue {OperationInvoke)
Bl @Server_Noﬁﬁcaﬁon
%OpInvaent_Server_Noh'ﬁcation {OperationInvoke)

4 1

Buidde ) 1ayaweiey ‘ﬁ

asmoig ﬁ | uo ey nads E.

uopeaynads juaag &
Buidde ) abessaly E

Figure 44: Operation-Invoked event for the server operations Maximumval and

Notification

An Operation-Invoked event is defined using the <OPERATION-INVOKED-
EVENT> element. Each <OPERATION-INVOKED-EVENT> element must specify:

— the <SHORT-NAME> to refer to the event, which can be edited manually in

ASCET by the user

— A<START-ON-EVENT-REF DEST="RUNNABLE-ENTITY">referenceto

the runnable entity

— an <OPERATION-IREF> reference to the operation prototype and server

port

The Operation-Invoked event for the operation Maximumvalue is defined in the

configuration language as follows:
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<OPERATICH-INVOEED-EVENT >
<SHORT-NAME>OpInvEvent Server MaximumValued< S SHORT-NLME >
<START-COH-EVENT-EREF DEST="RUNNABLE-ENTITY">
SASCET ComponentTypes,/SWC/bSWC/Server MaximunValne
</ STLRT-CH-EVENT-REF>
<OPERATICHN-IREF>
<CONTEXT-F-PORT-REF DEST="P-PORT-PROTOTYFE" >
JASCET_ComponentTypes/SWC/Server</CONTEXT-F-FORT-REF>
<TARGET-PRCVIDED-CPERATICHN-REF DEST="CLIENT-SEREVER-OPERATION">
JASCET Interfaces/Impl/CSInterface/MaximunValne
</ TREGET-FRCVIDED-OFERLTICH-REF>
</OPEELTICH-IREF>
</OPERLATICH-INVCEED-EVENT>

Listing 47: ARXML code - definition of an Operation-Invoked event

713 Mode-Switch Events

Mode-switch events activate a runnable entity on entry to, or exit from, an appli-
cation mode.

To create a mode-switch event

1. Inthe "Software Component Editor for: Swc”, go to the Event Specifica-
tion tab.

2. Select Event > Add Event and name the event ModeEvent.
3. Inthe "Event Kind" combo box, select ModeSwitch.
4. Set the following mode switch settings:

e Activation: entry

e Assigned Mode: on: : OnOffMode

Events Runnables .
[E -+
'ﬁjC\;dic_les {Timing - 0.0[s]) @ runnable vl @
=]
=] %ModeE\rent {ModeSwitch - entry - on::OnOffMode) @Server_h‘laximumlfalue 2z
[¥] off::0nOfMode (ModelnterfacefOnOffviode) @Server_Noﬁﬁcaﬁon FE
[¥] on::0nCffMade (ModelnterfacejOnOfvode) g' g"
ﬁOpInvaent_Server_Maximumi.l'aIue (OperationInwe L=
jst)
ﬁOpInvaent_Server_Noﬁﬁcaﬁon {OperationInvoke, - g 3
]
< 1 | 3 @ [
o
Event Kind: =
m
’ModeSwitch v]
o=
Mode Switch Settings o E
- . m
Activation @) entry () exit ERp
gz
Assigned Mode: r_ﬂt z
==
= E
Ion;;OnOf'ﬁ'dode {Modelnterface /OnOffiMade) '] z\2
o
off::OnOffiMade :odelnterfaceE'OnOf'ﬁdodei =
= on::0nOffMode (Modelnterface/OnOffMode) =

Figure 45: Modeling ModeEvent on entry with mode on of the application mode
OnOf fMode

When the mode-switch event is mapped to a runnable entity (see section 7.3, Re-
sponding to Timing Events, on page 113), then ASCET generates the <SWC-MODE-
SWITCH-EVENT> elementin the configuration language:
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<SWC-MCDE-SWITCH-EVENT >

£ SHORT-HNAME *ModeEvent« / SHORT-HNLME >

<START-CN-EVENT-REF DEST="RUNHNABLE-ENTITY">

JASCET ComponentTypes/SWC/bSWC/ModeRunnable

</ 53TLRT-CHN-EVENT-REEF>

LRCTIVATION>ON-ENTRY < /LCTIVATION::

<MCDE-IREFS>

<MCODE-IREF>
<CONTEXT-PCRT-REF DEST="R-PORT-FROTOTYFE" >
JASCET ComponentTypes/SWC/ModeInterface
</ CONIEXT-PORT-REF>
<CONTEXT-MODE-DECLARATICN-GROUP-PROTOTYPE-REF DEST=
"MODE-DECLARATION-GROUP-PROTOTYFE" >
JASCET Interfaces/Impl/ModeInterface/On0ffMode
</ CONIEXT-MODE-DECLARATION-GROUP-PROTOTYFE-REF>
<TARGET-MCODE-DECLARATICHN-REF DEST="MODE-DECLARATION">
JASCET Types/ApplicationDataTypes/On0ffMode/on
</TRRGET-MODE-DECLARATICHN-REF>
</MODE-IREF>
</MODE-IREFS>
</ SWC-MODE-SWITCH-EVENT >

Listing 48: ARXML code - definition of a Mode-Switch event

In the "Events” field, all modes in the assigned mode group are shown below the
Mode-Switch event. They can be enabled/disabled individually. If at least one
mode is deactivated (see Figure 71 on page 170), the <DISABLED-MODE-IREFS>
elementis added to the configuration language, with one <DISABLED-MODE-
IREF> element for each deactivated mode.

For ARXML code examples, see Listing 90 on page 171.

See section 8.3.3, Disabling Modes, on page 170 for more information on disabled
modes.

A Mode-Switch event must be named using the <SHORT-NAME> element. The
name is used within other elements to reference the timing event. The short-
name of a timing event does not need to be a valid C identifier.

Each <MODE-SWITCH-EVENT> element must specify the following:

— Aa<START-ON-EVENT-REF DEST="RUNNABLE-ENTITY">reference to
the runnable entity

— an<ACTIVATION>value ENTRY or EXIT, for the activation type

— a<MODE-IREF>element, which defines the mode associated with the
event

— optionally, a <MODE-DEPENDENCY> reference to a mode declaration

7.2 Runnable Entities

Arunnable entity, or simply runnable, is a piece of code in a software component
that is triggered by the RTE at runtime. A software component comprises one or
more runnables, and each runnable must have a unique handle so that the RTE
canaccessitatruntime.
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To create arunnable entity

1. Inthe "Software Component Editor for: Swc", select a diagram (e.g., Main)
in the "Outline” tab.

2. SelectlInsert >» Runnable and name it RunnableEntity.

All runnable entities must be defined in the Software Component Template within
the <RUNNABLES> definition in an <SWC-INTERNAL-BEHAVIOR> definition.

<RUNNABLE-ENTITY>
<SHORT-NAME>RunnableEntity</SHORT-NAME>
<CAN-ENTER-EXCLUSIVE-AREA-REFS>

</CAN-ENTER-EXCLUSIVE-AREA-REFS>
<MINIMUM-START-INTERVAL>0.0</MINIMUM-START-INTERVAL>
<SW-ADDR-METHOD-REF DEST="SW-ADDR-METHOD">

/ASCET_ AddrMethods/CODE
</SW-ADDR-METHOD-REF>
<CAN-BE-INVOKED-CONCURRENTLY>false</CAN-BE-INVOKED-CONCURRENTLY>

<SYMBOL>Swc_Impl RunnableEntity</SYMBOL>

</RUNNABLE-ENTITY>
Listing 49: ARXML code - runnable entity definition (AUTOSAR R4.2.2)

A <RUNNABLE-ENTITY>mustbe named using the <SHORT-NAME> element. The
name is used within other elements to reference the runnable entity.

The <SHORT-NAME> denotes the name of the runnable entity in the XML
namespace, but it does not tell the RTE what the associated function body you
will provide in your code is called. This information is provided by the <sYMBOL>
declaration that links the runnable entity to the C function name you will use in
your implementation. The <sYMBOL> name must be a valid C identifier.

IN AUTOSAR R4.*, the <SW-ADDR-METHOD-REF> element is used to determine
the memory class for the generated code.

The symbol of a runnable entity is optional information in ASCET. If not defined,
ASCET takes the name of the function in the ASCET-generated code thatimple-
ments the runnable entity. In the example, ASCET generates the C function
SWC_IMPL RunnableEntity.Ifthe symbolis defined, then ASCET generates
C code for the runnable entity according to the given symbol.

To set the C identifier for a runnable

1. Inthe "Outline” tab of the software component editor, select the runnable
RunnableEntity and select Edit > Implementation.

The window “Implementation for: RunnableEntity” opens.
2. Enter the symbol RteRunnable Swc RunnableEntity.
3. Click OK.
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F.

E’H Implementation for: RunnableEntity () @
Inlining Automatic
Use FPU
Memory Location [Default - ]
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Symbal RteRunnable_SWC_RunnableEntity
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Figure 46: Setting the symbol RteRunnable Swc RunnableEntity forthe
runnable RunnableEntity

With that, ASCET will generate C code for the implemented runnable and name it
RteRunnable Swc RunnableEntity (seefile swc.cinthisexample):

FUNC (void, CODE) RteRunnable SWC RunnableEntity (void)
{

The <RUNNABLE-ENTITY> description is generated accordingly:

<RUNNABLE-ENTITY>
<SHORT-NAME>RunnableEntity</SHORT-NAME>
<CAN-ENTER-EXCLUSIVE-AREA-REFS>

</CAN-ENTER-EXCLUSIVE-AREA-REFS>
<MINIMUM-START-INTERVAL>0.0</MINIMUM-START-INTERVAL>
<SW-ADDR-METHOD-REF DEST="SW-ADDR-METHOD">

/ASCET_ AddrMethods/CODE
</SW-ADDR-METHOD-REF>
<CAN-BE-INVOKED-CONCURRENTLY>false</CAN-BE-INVOKED-CONCURRENTLY>

<SYMBOL>RteRunnable Swc_ RunnableEntity</SYMBOL>

</RUNNABLE-ENTITY>

Listing 50: ARXML code - runnable entity definition with user-defined
<SYMBOL> (AUTOSAR R4.2.2)

This declaration is sufficient if your runnable entity does not need to interact with
the software component's ports. However, if a runnable entity needs to com-
municate through ports, then you need to specify additional information that al-
lows the RTE generator to generate APIs to allow interaction to take place, for ex-
ample:

A. What data items the runnable entity can send.

B. What data items the runnable entity canreceive.
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C. Which servers the runnable entity calls and how it expects the result to be
returned.

You can use the same runnable entity to receive data on one port and send data
on another port, or to receive data on a port and then call a server port to process
the received data. For example, you may create a runnable entity that reads an
integer value from an Rport, multiplies it by two and sends it out on a Pport.

A runnable entity that is not invoked by an Operation-Invoked event can also
specify a minimum start interval to control the rate at which activations occur. A
minimum start interval will delay the activation of a runnable to prevent that the
runnable is started more than once within the interval.

@ NOTE

When using minimum start intervals, check how the runnable activation is im-
plemented by the RTE generator in use.

Responding to Timing Events

Arunnable entity is executed periodically at runtime when the runnable entity is
associated with a timing event. Timing events specify how often the runnable en-
tities should execute.

The <TIMING-EVENT> element specifies the <PERIOD> of occurrence in sec-
onds and must reference a runnable entity defined in the component's internal
behavior using a <START-ON-EVENT-REF> element. A period of zero is illegal.

The following example shows how to configure the RTE to activate a runnable en-
tity every 10 milliseconds.

To assign a timing event to a runnable

1. Goto the "Event Specification” tab of the "Software Component Editor for:
Swc”.

2. Inthe "Events" field, select the event Cyclic 10ms.
3. Inthe "Runnables” field, select the runnable RunnableEntity.

4. Select Event » Assign Event or click the > > button.
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Figure 47: Theevent Cyclic 10ms is assigned to RunnableEntity

Inthe <TIMING-EVENT> element, the <START-ON-EVENT-REF
DEST="RUNNABLE-ENTITY">element defines the runnable entity thatis to be
activated when the event occurs. The <PERIOD> element specifies the time ras-
ter to be used by the RTE generator.

A timing event must be named using the <SHORT-NAME> element. The name is
used within other elements to reference the timing event. The short-name of a
timing event does not need to be a valid C identifier.

See also Listing 46: ARXML code - definition of a timing event (all AUTOSAR ver-
sions), on page 107.

1.4 Sending to a Port

If your software component provides a sender-receiver interface, you must de-
fine at least one runnable entity that sends data over the interface.

The runnable can send data in two ways:

—  Explicitly, in which case the RTE generates an explicit API call that may be
optimized to a macro. The sent datum may be either queued or unqueued.

— Implicitly, in which case the RTE generates an implicit API call that will be
optimized to a macro. The sent datum must not be queued.

For senders, it does not matter how the runnable entity is triggered, so any event
can be used to activate the runnable entity.

7.4 Explicit Communication

To send to a port with explicit communication

1. Add aPport sender to Swc, as described in section 7o create a sender port
on page 86.

2. Insert a literal with value 120.
3. Choose the runnable RunnableEntity in the tree pane.
4. If you are working in the block diagram editorfor SWC, proceed as follows:
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i. Dragthe Pport sender from the "Outline” tab and drop it in the drawing
area of the software component editor.

i. Usethe ™ RTE Access button to create an RTE Access operator and
place itinthe drawing area.

ii. Connect the output of the RTE Access operator with the data element
Speed Of the Sender port.

iv. Double-click the sequence call of Speed.

ASCET automatically assigns a sequence number for the sending of the
data element speed within the runnable RunnableEntity, i.e. the se-
guence 5.

v. Connect the literal to the input of the RTE Access operator.
5. If youare working in the £SDL editorfor SWC, proceed as follows:
i. Enter the following code send to a port without status inquiry:

Sender.speed.explicitWrite (120) ;

You can now generate code (see 7o generate code in a projecton page 23).

log -
0 SRInterface
—b Dg
Speed i
/5/RunnableEntity]
o Speed

Sender

Figure 48: Sending a value 120 to a sender port with explicit communication
(block diagram editor for SWC)

Runnable entities sending data with explicit communication must define a
<DATA-SEND-POINTS> element that specifies the data items that will be sent for
agiveninterface.

INAUTOSAR R4.*, a sent data item is described ina <VARIABLE-ACCESS> ele-
ment. Each <VARIABLE-ACCESS> element must specify the following properties:

— the <SHORT-NAME> that you will use to refer to the item (the short-name
does not need to be a valid C identifier)

— the <ACCESSED-VARIABLE> element that includes the <AUTOSAR-VARI -
ABLE-IREF>element that contains

e a<P-PORT-PROTOTYPE-REF> reference to the Pport

e Aa<TARGET-DATA-PROTOTYPE-REF>reference to the sent element
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7.4.2

<RUNHABLE-ENTITY>
<SHCORT-HAME>RunnableEntity</SHORT-HLME >
<MINIMUM-START-INTEEVAL>D.0<,/ MINIMUM-START-INTERVAL>
< SW-LDDR-METHOD-EREF :ESI=“SH—ADDR—HETHDD”}fASCET_ﬁddrHEthodstODE
</ SW-LRDDR-METHOD-REF
<CAN-BE-INVOEED-CONCURRENTLY >false<,/CAN-BE-INVOEED-CONCURRENTLY =
<DATL-SEND-POINTS>
<VARIABLE-ACCESS>
<SHORT-NAME>DataSendPointl</SHORT-MHNAME>
<ACCESSED-VARIABLE:
<AUTOSAR-VARIABELE-IREF:
<PORT-PROTOTYPE-REF DEST="P-PORT-FROTOTYPE" >
/ASCET ComponentTypes/SWC/Sender</PORT-FPRCOTCTYPE-REF:
<TBRGET-DATRA-FROCTOCTYPE-REF DEST=
"VARTABLE-DATA-PFROTOTYFE" >
/ASCET_Interfaces/Impl/SRInterface/Speed
</ TARGET-DATA-FROTOTYPE-REF>
</AUTOSAR-VARIABLE-IREF>
< /LCCESSED-VARIABLE:>
</VARIABLE-ACCESS:>
</DATA-SEND-POINTS>
<SYMECLrRteRunnable Swo BunnableBntity</SYMBOL>
< /RUNNABLE-ENTITY> -

Listing 51: ARXML code - runnable entity with explicit send

For senders, it does not matter how the runnable entity is triggered, so any event
can be used to activate the runnable entity.

For the ASCET-generated C code, refer to section 9.3.1, Sending to a Port: Explicit
Communication, on page 177.

Implicit Communication

Runnable entities can also communicate using implicit data read/write access.
Such configuration is guaranteed to be implemented as a simple macro that ac-
cesses global storage defined in the RTE rather than through a C function call.

There are two possibilities to model implicit communication in ASCET:
A. Changing the RTE access from explicit to implicit.

B. Modeling the implicit communication without using the RTE access opera-
tor.

To change the RTE access to implicit

This instruction is relevant only for the block diagram editor for SWC.

1. Inthe drawing area, right-click the RTE access operator from the example
of section 7.4.1 and select Access > Implicit from the context menu as
shown in Figure 49.
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o
SRInterface
—}log
Speed m
J3/RunnableEntity
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Views...
Create ASCET Link

Bring To Front
Send To Back

Fill Color...
Show Sequence Calls

Browse Connected Elements

v Explicit

Temporary Variable
Explicit with Status

Figure 49: Changing the access type of the RTE Access operator to implicit
(block diagram editor for SWC)

To send to a port with implicit communication
1. Insert a literal with value 120.
2. Choose the runnable RunnableEntity in the tree pane.
3. If you are working in the block diagram editorfor SWC, proceed as follows:

i. DragthePport sender from the "Outline” tab and drop it in the drawing
area of the software component editor.

i. Connectthe literal to the data element speed of the port Sender.
ii. Double-click the sequence call of the data element Speed.

ASCET automatically assigns a sequence number for the sending of the
data element Speed within the runnable RunnableEntity, i.e. the se-
quence 10.

4. If you are working in the £SDL editorfor SWC, proceed as follows:
i. Enter the following code send to a port without status inquiry:

Sender.speed = 120;
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7.5

................ ;"l:l_,l": SRInterface

L e n;

Figure 50: Writing a value 120 to a sender port with implicit communication
(block diagram editor for SWC)

The configuration of the implicit communication is almost identical to the explicit
communication. Instead of a <DATA-SEND-POINTS> element, the implicit com-
munication is defined using a <DATA-WRITE-ACCESSS> element:

<RUNNABLE-ENTITY>
<SHORT-NAME >RunnableEntity</SHORT-NAME >
<MINIMUM-S5TART-INTEREVAL>0.0</MINIMUM-START-INTERVRL=
<SW-LRDDRE-METHCOD-REF :EST=“SH—ADDR—METHOD“}JASCET_AddrMethodstODE
</ 5W-ADDE-METHOD-REF >
<CAN-BE-TINVOKED-CONCURRENTLY>false</CAN-BE- INVOKED-CONCURRENTLY =
<DARTR-WRITE-ACCESSS>
<VARIABLE-ACCESS>
<5HORT-NAME>DataWriteAccessl </ SHORT-HAME =
<ACCESSED-VARTARLE>
<AUTOSAR-VARILBLE-TREF>
<PORT-PROTOTYFE-REF DEST="P-PORT-PROTOTYFE" >
JASCET ComponentTypes/SWC/Sender</FORT-FROTOTYPE-REF>
<TLRGET-DATA-PRCTCOTYPE-EEF DEST=
"VARTABLE-DATA-PROTOTYPE" >
JASCET Interfaces/Impl/SRInterface/Speed
</ TRRGET-DATL-PFROTOTYPE-REF>
< /AUTOSAR-VARILBLE-IREF>
< /ACCESSED-VARIABLE >
</VARIABLE-LACCESS>
< /DATA-WRITE-ACCESSS>
<SYMBECL>RteRunnable Swo RunnableEntity</SYMBOL>
</ RUNHABLE-ENTITY>

Listing 52: ARXML code - runnable entity with implicit send

For the ASCET-generated C code, refer to section 9.3.1, Sending to a Port: Explicit
Communication, on page 177.

Receiving from a Port

Similarly, if your software component requires a sender-receiver interface, then
you must define at least one runnable entity that receives data over the inter-
face. Data can be received in the following ways:

— Implicitdata read access - your runnable is activated by some event, e.g., a
timing event, and makes an RTE API call to read data

— ExplicitData read access - your runnable entity is activated by an event
and makes an RTE API call to read/receive the data. The receiver uses a
non-blocking API to poll for the data.
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7.5.1 Explicit Data Read Access

Toreceive from a port with explicit communication

1. Add anRport Receiver to SWC, as described in section 7o create a re-
ceiver porton page 96.

2. Insert alimitedinteger variable named Speedswc, withrange [-32768,
327671].

3. Implement the variable SpeedSwc asa sint16.
4. Inthe "Outline” tab, select the runnable RunnableEntity.
5. If you are working in the block diagram editor for SWC, proceed as follows:

i. Dragthe Rport Receiver fromthe "Outline” tab and drop it in the draw-
ing area of the software component editor.

i. Use the  RTE Access button to create an RTE Access operator and
place itin the drawing area.

ii. Connect the data element Speed of the Receiver port to the input of
the RTE Access operator.

iv. Double-click the empty sequence call of the variable SpeedSwec.

ASCET automaticallys assign a sequence number to SpeedSwc within the
runnable RunnableEntity, €.g., the sequence 10.

6. If you are working in the £SDL editorfor SWC, proceed as follows:
i. Enter the following code to receive from a port without status inquiry:

Receiver.Speed.explicitRead (SpeedSWC) ;

L]

SRInterface

a
/10/RuninableEntity
Speed

SpesdsWC

Receiver

Figure 51: Receiving the value speed from the Rport Receiver with explicit
communication (block diagram editor for SWC)

Runnables that are required to receive data with explicit "data read access” must
define a <DATA-RECEIVE-POINT-BY-VALUES> element that specifies the re-
ceived data items.

IN AUTOSAR R4.*, areceived data itemis described ina <VARIABLE-ACCESS> el-
ement. Each <VARIABLE-ACCESS> element must specify the following proper-
ties:

— the <SHORT-NAME> that you will use to refer to the item (the short-name
does not need to be a valid C identifier)

— the <ACCESSED-VARIABLE> element that includes the <AUTOSAR-
VARIABLE-IREF> element that contains
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e a<P-PORT-PROTOTYPE-REF> reference tothe Rport

e A<TARGET-DATA-PROTOTYPE-REF>reference to the received ele-
ment

<RUNNABLE-ENTITY>
<SHORT-NAME>RunnableEntity</SHORT-NAME>
<MINIMUM-START-INTERVAL>D . 0</MINIMUM-START-INTERVAL>
<SW-LDODR-METHCD-REF :EET=“SW—ADDR—HETEOD“>IASCET_AddrMEthodSICODE
</ SW-ADDR-METHOD-REF >
<CAN-BE-INVOEED-CONCURRENTLY>false</CAN-BE-INVOEED-CONCURRENTLY >
<DATL-RECEIVE-POINT-BY-VALUES>
<VARIABLE-LACCESS>
<5HORT-NAME>DataReceivePointl</SHORT-HAME>
<LCCESSED-VARILELE:>
<LUTOSAR-VARTAERLE-IREF>
<PORT-PROTCTYFE-REF LDEST="R-PORT-PROTOTYPE" >
JASCET ComponentTypes/SWC/Receiver</PORT-FROTCTYPE-REF>
<TARRGET-DATL-FROCTOIYFE-REF DEST=
"VARTABLE-DATA-PROTOTYEE" =
/ASCET_Interfaces/Impl/SRInterface/Speed
</ TRRGET-DATA-PROTOTYPE-REF>
</BUOTOSLR-VARILBLE-IREF>
</LCCESSED-VARIABLE>
</VBRILBLE-ACCESS>
</ DATL-RECEIVE-POINI-BY-VALUES>

<5YHEDL>RteRunnab1e_ﬁwq_BunnableEntityifSYH30L>
</RUNNABLE-ENTITY>

Listing 53: ARXML code - runnable entity with explicit receive

Using data read access implies that the runnable entity is polling the Rport for the
specified data item. It is common, therefore, that a runnable entity that defines a
<DATA-RECEIVE-POINT-BY-VALUES> element will be activated by a <TIMING-
EVENT> that specifies the required polling period.

For the ASCET-generated C code, refer to section 9.3.4, Receiving from a Port:
Explicit Communication, on page 180.

752 Implicit Data Read Access
The following possibilities to model implicit communication are available in ASCET:
A. Changing the RTE access from explicit to implicit.

B. Modeling the implicit communication without using the RTE access opera-
tor.

To change the RTE access to implicit

Thisinstruction is relevant only or the block diagram editor for SWC.

1. Inthe drawing area, right-click the RTE access operator from the example
of section 7.5.1and select Access > Implicit from the context menu as
shownin Figure 52.
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Figure 52: Changing the access type to implicit in the RTE Access operator
(block diagram editor for SWC)

Toreceive from a port with implicit communication

1. Insert a signed discrete variable, name it SpeedSwc, and implementitas a
sintle withimplementationrange [-32768, 32767].

2. Inthe "Outline" tab, select the runnable RunnableEntity.
3. If you are working in the block diagram editorfor SWC, proceed as follows:

i. DragtheRportReceiver fromthe "Outline” tab and drop it in the draw-
ing are of the software component editor.

i. Connectthe data element Speed of the Receiver portto the variable
SpeedSwc.

iii. Double-click the empty sequence call of the variable speedswec.

ASCET automatically assigns a sequence number to SpeedSwc within
therunnable RunnableEntity, €.g., the sequence 10.

4. If you are working inthe £SDL editorfor SWC, proceed as follows:
i. Enter the following code to receive from a port:

Receiver.Speed.explicitRead (SpeedSWC) ;

v
SRInterface
a T
J10/RunnableEntity
Speed
SpeedSWC
Receiver

Figure 53: Receiving the value speed from the Rport Receiver withimplicit
communication (block diagram editor for SWC)
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7.6

Likewise, runnables that are required to receive data with implicit data read ac-
cess must define a <DATA-READ-ACCESSS> element that specifies the data
items they will receive.

<RUNHABLE-ENTITY>
<SHORT-NAME=RunnableEntity</SHORT-MAME >
<MINIMUM-STRART-INTERVAL>D.0</MINIMUM-START-INTERVAL:-
<SW-ADDE-METHOD-EEF ZEST=“SH—ADDR—HETEOD”}IASEET_ﬁﬂdrHethodstODE
</ SW-LDDR-METHOD-REF>
<CAMN-BE-INVOEED-CONCURRENTLY»false<,/CAN-BE-INVOKED-CONCURRENTLY >
<DATA-READ-ACCESSS>
<VARIABLE-ACCESS>
<SHORT-NAME:DataReadAccessl</SHORT-NAME
<ACCESSED-VARIABLE>
<AUOTOSAR-VARTABLE-IREF:-
<PORT-PROTOTYPE-REF DEST="R-PORT-PROTOTYFE" >
/ASCET ComponentTypes/SWC/Receiver</PORT-PROTOTYPE-REF>
<TARRGET-DATA-PROTOTYFE-REF DEST=
"WVARIABLE-DATA-PROTOTYPE" >
JASCET_Interfaces/Impl/SRInterface/Speed
</TARGET-DATL-FPROTOTYPE-REF>
</ BAUTOSAR-VARIABLE-IREF>
</ACCESSED-VARIABLE>
< /VARIABLE-ACCESS>
</DATL-READ-RCCESSS>

<SYMBOL>RteRunnable</SYMBOL>
</RUNNALBLE-ENTITY>

Listing 54: ARXML code - runnable entity with implicit receive

A single received data item is described by a <VARIABLE-ACCESS> element. A
<VARIABLE-ACCESS> element must be named using the <SHORT-NAME> ele-
ment. The name is used within other elements to reference the data read access.
The short-name does not need to be a valid C identifier.

For the ASCET-generated code, refer to section 9.3.6, Receiving from a Port: Im-
plicit Communication, on page 182.

Queued Communication

Elements in SenderReceiver interfaces can use queued communication. If set to
gueued, the semantics is that the corresponding element needs to be added to a
gueue (i.e., a FIFO data structure), from which it is later consumed by the actual
receiver software-component.

IN ASCET, queued communication is activated in the AUTOSAR tab of the imple-
mentation editor of a SenderReceiver interface element:
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The following rules apply:
— Queued elements must use explicit access.

If animplicit RTE Access operator is connected to a queued element, an er-
ror MMd11132 isissued during code generation.

— ASCET allows queued communication only for the elements of SenderRe-
ceiver interfaces.

If SW-IMPL-POLICY is setto QUEUED for an element of another interface,
anerror MMd1282 isissued during code generation.

— Calibration access to a queued element must be deactivated, i.e. SW-CAL-
IBRATION-ACCESS mustbe setto NOT-ACCESSIBLE. In ASCET, thisis
done by deactivating both options in the Calibration Access area in the ele-
ment's properties editor.

Calibration Access
Write

[|:| Read ]

If SW—-CALIBRATION-ACCESS issettoReadOnly (realizedin by activating
Read in the Calibration Access area of the properties editor), a warning
WMd1283 isissued during code generation.

Access to queued elements uses special RTE macros, Rte Sendand Rte Re-
ceive. For more information on these macros, see the ASCET online help.

One SenderReceiver interface can have some elements with queued communi-
cation and other elements with non-queued communication.

To activate queued communication for an element

1. Create a SenderReceiver interface (named, e.g., SRI_queued)with two el-

ements.

Name cont queued log gqueued
Calibration access none none

Model data type cont log
Implementationdatatype sintlé bool
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2. Opentheimplementation editor for each element and set the Policy to
Queued.

"!'_? Implementation for: cont_gueued Project: ARProject  Target: AMNSI-C

Value AUTOSAR  Additional Information

Policy QUELED ~

Invalidation Policy dont invalidate b

Figure 54: Implementation editor, AUTOSAR tab, with Policy set to QUEUED

3. AddaPport SRI queued PandanRport SRI_queued RtoanSWC.
If you need help, see sections 6.1.1.1 Senader Portand 6.1.2.1 Receiver Port.
4. Add a cont variable with implementation data type sint16.

5. Specify the functionality, e.g., as shown in the following figure.

‘ .................................
coo ... . log_gueued “
cont_queued , - /5jrunnable-
---------- » —--------—log_gueued

Ao | o

log gueued b— - - - - -
.................... —} cont_queued

T T SRI_gueued P . . .

6. Add the SWC to a project thatis set up for AUTOSAR.

If you need help, see section 3.1.2 Code Generation Settings for AUTOSAR.

The <PROVIDED-COM-SPECS> element in the Pport definition in
<SWC name>.arxml contains a <QUEUED-SENDER-COM-SPEC> element for
each queued element.
<P-PORT-PROTOTYPE>
<SHORT-NAME>SRI queued P</SHORT-NAME>
<PROVIDED-COM-SPECS>

<QUEUED-SENDER-COM-SPEC>
<DATA-ELEMENT-REF DEST="VARIABLE-DATA-PROTOTYPE">
/ASCET Interfaces/Impl/SRI queued/cont queued
</DATA-ELEMENT-REF>
</QUEUED-SENDER-COM-SPEC>

</PROVIDED-COM-SPECS>
<PROVIDED-INTERFACE-TREF DEST="SENDER-RECEIVER-INTERFACE">
/ASCET Interfaces/Impl/SRI queued
</PROVIDED-INTERFACE-TREF>
</P-PORT-PROTOTYPE>

Listing 55: ARXML code - Pport SRI_queued_P definition with queued elements
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The <Required-COM-SPECS> element in the RPort definition in
<SWC name>.arxml cOntains a <QUEUED- RECEIVER-COM-SPEC> element for
each queued element.
<R-PORT-PROTOTYPE>
<SHORT-NAME>SRI queued R</SHORT-NAME>
<REQUIRED-COM-SPECS>

<QUEUED-RECEIVER-COM-SPEC>
<DATA-ELEMENT-REF DEST="VARIABLE-DATA-PROTOTYPE">
/ASCET Interfaces/Impl/SRI queued/cont queued
</DATA-ELEMENT-REF>
<QUEUE-LENGTH>1</QUEUE-LENGTH>
</QUEUED-RECEIVER-COM-SPEC>

</REQUIRED-COM-SPECS>
<REQUIRED-INTERFACE-TREF DEST="SENDER-RECEIVER-INTERFACE">
/ASCET Interfaces/Impl/SRI queued
</REQUIRED-INTERFACE-TREF>
</R-PORT-PROTOTYPE>

Listing 56: ARXML code - Rport SRI queued_R definition with queued ele-
ments

7.7 Responding to a Server Request on a Port

In software components that provide a client-server interface, ASCET defines
one runnable entity for each operation in the interface. These runnable entities
are the servers for the client-server Pports on the software component.

The runnable entity to be regarded by the RTE as a server must be tied to an
<OPERATION-INVOKED-EVENT>. This RTE event allows the RTE to call the runna-
ble entity at runtime in response to client requests. The <OPERATION-INVOKED-
EVENT> must specify what operation request on the server interface will resultin
the runnable entity being activated.

The following example shows how ASCET configures the runnable

Server MaximumValue 10 be executed when the operation called
MaximumValue is called on the Pport server of interface type CSInterface.
See also:

A. section 5.3, Client-Server, on page 70 for the creation of the client inter-
faceCcSInterface

B. section 6.1.1, Provided Ports, on page 86 for the creation of the Server
Pport

C. section7.1.2, Qperation-invoked Events, on page 108 for a detailed descrip-
tion of Operation-Invoked events
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7.7.1

<SWC-INTERMNAL-BEHRVIOR:>
< SHORT-NAME >bSWC< / SHORT-NAME >
<DRTA-TYPE-MEPPING-REFS>
<DATL-TYPE-MAPPING-REF DEST="DATA-TYPE-MAPPING-SET":
FASCET Mappings/DataMappings/Impl/SWC</DATA-TYPE-MRFFING-REF>
< /DATR-TYPE-MRPPING-REFS>
<EVEMNTS>

<OPERATICH-INVOKEED-EVENT >
{SHORT—NAHE>0pInvaent_Server_Maximumvalue{ISHORT—NAHED
<STRRET-CH-EVENT-REF DEST="RUNNABLE-ENTITY":
fASCET ComponentTypes/SWC/bSWC/Server MaximumValue
</5TARRT-ON-EVENT-REF>
<OPERATIOHN-IREF:
<CONTEXT-P-PCRT-REF DEST="P-PORT-PROTOTYPE":
/ASCET_ComponentTypes/SWC/Server</CONTEXT-F-PORT-REF>
<TARGET-PROVIDED-CPFERATICHN-REF DEST="CLIENT-SERVER-OFERATION">
/ASCET_Interfaces/Impl/CSInterface/MaximumValue
< /TAREGET-FROVIDED-OFERATICN-REF>
< /OPERATICH-IREF>
< /OPERATION-INVOEED-EVENT >

</EVENTS>
<RUNMABLESZ

<RUNHNABLE-ENTITY>
<SHORT—NAHE>Server_ﬂaximumvalue<!SHDRT—NAHE}
<SW-ADDR-HMETHOD-REF DEST="SW-ADDR-METHOD">/ASCET AddrMsthods/CODE
=/ 5W-LDDR-METHOD-REF>
CCAN-BE-INVOKED-CONCURRENTLY »false</CAN-BE-INVOKED-CONCURRENTLY >
{SYHEDLDSHC_Impl_ﬁerver_Maximum?hlueifSYHEDL)

</RUNMABLE-ENTITY>

</RUNHNABLES:>
</ SWC-INTERMAL-BEHAVICR:>

Listing 57: ARXML code - internal behavior responding to a server request

An <OPERATION-INVOKED-EVENT> mustbe named using the <SHORT-NAME>
element. The name is used within other elements to reference the event. The
short-name does not need to be a valid C identifier.

Concurrent Invocation of Servers

When a runnable acting as a server is written to be invoked concurrently, then the
RTE can optimize invocation by clients on the same ECU to a direct function call.
This means that no queuing is required (or possible) and therefore multiple invo-
cations of the server can occur concurrently.

The RTE generator needs to know which runnable entities can be called in this
way.

To enable concurrent invocation of a server

1. Inthe "Outline” tab of the software component editor, double-click the
server runnable Serve r MaximumValue.

The server runnable server MaximumValue wasautomatically inserted
by ASCET when the Pport server was created in section 6.1.1, Provided
Ports, on page 86.
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The "Runnable Signature Editor for: Server_MaximumValue" window opens.
2. Select the "Settings” tab.

3. Activate the Can be Invoked Concurrently option.

F

E’f Runnable Signature Editor for: Server_MaximumValue @

Local Vanable

Settings

Properties

Can be Invoked Concurrently

Minimum Start Time (ms)
0.0

Ok ] ’ Cancel

Figure 55: Setting Can be Invoked Concurrently for the runnable
Server MaximumValue

4. Close the runnable signature editor with OK.

Concurrent invocation is defined within the server's runnable entity definition as
follows:

<RUNNABLE-ENTITY>
<SHORT-NAME>Server MaximumValue</SHORT-NAME>
<SW-ADDR-METHOD-REF DEST="SW-ADDR-METHOD">
/ASCET AddrMethods/CODE
</SW-ADDR-METHOD-REF>
<CAN-BE-INVOKED-CONCURRENTLY>true</CAN-BE-INVOKED-CONCURRENTLY>
<SYMBOL>Swc_Impl Server MaximumValue</SYMBOL>
</RUNNABLE-ENTITY>

Listing 58: ARXML code - server runnable with concurrent invocation

@ NOTE

The runnable must be written to be invoked concurrently. If this is not the case,
then data consistency is not guaranteed when there is more than one client
simultaneously requesting the server.
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Making a Client Request on a Port

Similarly, if your software component requires a client-server interface, then you
must define at least one runnable entity that acts as the client.

In ASCET, clients can access servers synchronously, which means that the client
is blocked while the server processes the request. When the server has pro-
cessed the request, the result is passed back to the client and the client contin-
ues the execution. You have to ensure that the client is triggered by an RTE
event.

To make a client request on a port

1. AddanRport Client to Swc, as described in section 7o create a client port
on page 99.

2. Insert a signed discrete variable, name it &, and implementitasa sintl6
with implementationrange [-32768, 32767].

3. Create the signed discrete variables B and C with the same implementation
asA.

4. Choose the runnable RunnableEntity in the tree pane.
5. If you are working in the block diagram editorfor SWC, proceed as follows:

i. DragtheRportclient fromthe "Outline” tab and drop it in the drawing
area of the software component editor.

ii. Deactivate the method Notification, asdescribed on page 100.

ii. Connect A and B to the arguments Inputa and InputB of the Rport
Client.

iv. Connect c to the argument OutputMaximumOf Client.

v. Usethe ™ RTE Invoke button to create an RTE Invoke operator and
place itin the drawing area.

vi. Connect the return value of the operation MaximumValue to the RTE
Invoke operator.

vii. Double-click the empty sequence call InvokeOp.

ASCET will automatically assign a sequence number to InvokeOp within
the runnable RunnableEntity, i.e. the sequence 5.

6. If youare working in the £SDL editorfor SWC, proceed as follows:
i. Enter the following code for a client request without status inquiry:

Client.MaximumValue (A, B, C);

TnoutA, = InvokeOp
—[E =¥ Inpu SR
A CsInterface 15/RunnableEntity
=0 # Inputd EZQ MaximumValue
B
—H B[ —ACutputMaximum

c Tlient
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Figure 56: Request on Rport Client to compute Maximumvalue (A, B) and
storeitin c (block diagram editor for SWC)

Runnable entities that need to call a server synchronously must define a syn-
chronous server call point. The <SYNCHRONOUS-SERVER-CALL-POINT> element
defines which operations the client can call, and specifies a global <TIMEOUT>
value for all called operations. The <TIMEOUT> specifies the maximum time that
the client will wait for any of the servers providing an operation.

<RUNNABLE-ENTITY>
<SHORT-NAME>RunnableEntity</SHORT-NAME>

<MINIMUM-START-INTERVAL>0.0</MINIMUM-START-INTERVAL>
<SW-ADDR-METHOD-REF DEST="SW-ADDR-METHOD">

/ASCET_ AddrMethods/CODE
</SW-ADDR-METHOD-REF>
<CAN-BE-INVOKED-CONCURRENTLY>false</CAN-BE-INVOKED-CONCURRENTLY>

<SERVER-CALL-POINTS>
<SYNCHRONOUS-SERVER-CALL-POINT>
<SHORT-NAME>ServerCallPoint1</SHORT-NAME>
<OPERATION-IREF>
<CONTEXT-R-PORT-REF DEST="R-PORT-PROTOTYPE">
/ASCET ComponentTypes/Swc/Client
</CONTEXT-R-PORT-REF>

<TARGET-REQUIRED-OPERATION-REF
DEST="CLIENT-SERVER-OPERATION">

/ASCET Interfaces/Impl/CSInterface/MaximumValue
</TARGET-REQUIRED-OPERATION-REF>
</OPERATION-IREF>
<TIMEOUT>0</TIMEOUT>
</SYNCHRONOUS-SERVER-CALL-POINT>
</SERVER-CALL-POINTS>
<SYMBOL>Swc_Impl RunnableEntity</SYMBOL>

</RUNNABLE-ENTITY>
Listing 59: ARXML code - runnable entity with client request (AUTOSAR R4.2.2)

A <SYNCHRONOUS-SERVER-CALL-POINT> must be named using the <SHORT-
NAME> element. The name is used within other elements to reference the call
point. The short-name does not need to be a valid C identifier, but it must pass
the syntactic checks imposed by the AUTOSAR schema.

@ NOTE

The global <TIMEOUT> value for all the called operations is always set to 0 in
ASCET.
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7.9.1

For the ASCET-generated C code, refer to section 9.4.2, Making a Client Request
on & Port, on page 184.

The same runnable entity can be used as a server on one interface and client on
another interface. For example, you may create a runnable entity that handles a
server request for sorting on a Pport and uses an auxiliary operation on an Rport.

Interrunnable Variables

In Nnon-AUTOSAR projects, ASCET messages can be used for inter-process com-
munication. These messages are not available in AUTOSAR software compo-
nents. Instead, interrunnable variables are used for communication between dif-
ferent runnable entities.

Communication via interrunnable variables is equivalent in semantics to im-
plicit/explicit sender-receiver communication (see also section 5.1, Sender-Re-
celver, on page 63), but within the scope of the software component instance.

Scalar Interrunnable Variables

To specify scalar interrunnable variables

1. Inthe software component editor, use the | Interrunnable Variable but-
ton to add an interrunnable variable.

The "Properties for Scalar Element: interrunnable” dialog window opens.
Name the interrunnable variable IRV_explicit.

Set the "Internal Access" to Explicit.

Selecta"Basic Type", e.g.,, Signed Discrete.

Close the properties editor with OK.

SIS SN

Create a second interrunnable variable IRV _implicit with Implicitinter-
nal access.

7. Implement both interrunnable variables as sint 8 (see Figure 12).

INn AUTOSAR R4.*, a scalar interrunnable variable is described in a <VARIABLE-
DATA-PROTOTYPE> element. Explicit and implicit interrunnable variables are
stored in different elements of the <SWC-INTERNAL-BEHAVIOR>, i.€.
<EXPLICIT-INTER-RUNNABLE-VARIABLES> (see Listing 60) and <IMPLICIT-
INTER-RUNNABLE-VARIABLES> (see Listing 61).
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<EXPLICIT-INTER-RUNNAELE-VARIABLES>
<VARIABLE-DATA-PROTOTYPE>
<SHDRT—NEHE}IRV_£Iplicit(fSHORT—NAHE}
< SW-DATA-DEF-PROPS>
<SW-DATA-DEF-PROPS-VARIANTS>
<5SW-DATA-DEF-PROPS-COMDITIOCHNAL:
<SW-ADDR-METHCD-REF DEST="SW-ADDE-METHOD" >
fASCET_AddrﬂethodszAH_pLEARED{fSW—HDDR—HETHOD—REF}
<SW-CALIBRATICN-ACCESS>READ-ONLY</SW-CALIBRATICHN-RCCESS:
<SW-IMFL-FOLICY»STANDARD</SW-IMPL-POLICY>
</ SW-DATA-DEF-FROFS-CONDITICHAL:
</ SW-DATA-DEF-FROPS-VARIANTS>
</ SW-DATAR-DEF-FROFS>
<TYPE-TREF DEST="APPLICATION-PRIMITIVE-DATA-TYFE">
fASCET Types/ApplicationDataTypes/SInt8</TYPE-TREF>
<INIT-VALUE:>
<HNUMERICAL-VALUE-SPECIFICATIOCH>
<VALUE>D</VALUE>
</ NUMERICAL-VALUE-SPFECIFICATION>
</ INIT-VRLUIE>
</VLRIABLE-DATL-PROTOTYFE:>
</EXPLICIT-INTERE-RUNNABLE-VLRIABLES:

Listing 60: ARXML code - explicit scalar interrunnable variable

<IMPLICIT-INTEE-RUNNABLE-VARIABLES:
<VARIABLE-DATA-PROTOTYPE:
{SHDRT—NAHE}IHV_impliCit{fSHDRT—NAHE}
<SW-DATA-DEF-PROPS:
<SW-DATA-DEF-PROPS-VERIENTS>
<SW-DATA-DEF-PROPS-CONMDITIONAL-
<SW-ADDRE-METHOD-REF DEST="SW-ADDE-METHOD"
thCET_ﬁddrMEthodszAM_CLEARED{fSW—RDDR—HETHDD—REFb
<SW-CALIBRATION-ACCESS>READ-ONLY<,/SW-CALIBRATION-RCCESS>
<SW-IMPL-POLICY»>STANDARD<,/SW-IMPL-POLICY>
</ SW-DATA-DEF-FROFS-CONDITIONAL>
</ SW-DATA-DEF-FROPS-VARILNTS>
</ SW-DATA-DEF-FROFS>
<TYPE-TREF DEST="APPLICATION-PRIMITIVE-DATA-TYFE">
/BASCET Types/ApplicationDataTypes/SInt8</TYPE-TREF:>
<INIT-VALUE>
<HUMERICAL-VALUE-SPECIFICATION>
<VALUE>0</VALUE>
</NUMERICAL-VALUE-SPECIFICATION:
</INIT-VRALUE>
< /VRRIABLE-DATA-PROTOTYFE>
</ IMPLICIT-INTEE-RUNMABLE-VLRRIABLES:

Listing 61: ARXML code - implicit scalar interrunnable variable

Each interrunnable variable must be named using the <SHORT-NAME> element.
The name is used within other elements to reference the interrunnable variable.

By default, initial values in ASCET are given as <NUMERICAL-VALUE-
SPECIFICATION>; see Listing 36. However, AUTOSAR R4.* offers another speci-
fication means for physical initial values, <APPLICATION-VALUE-
SPECIFICATION>, associated with elements typed using application data types
(see section 4.1, Application Data Types, on page 31).

ETAS ASCET V6.4 | AUTOSAR User Guide



132 | Internal Behavior

See section 70 select the specification means for initial values on page 89 for an
instruction how to select the specification means.

<EXPFLICIT-INTER-RUNNAELE-VARIABLES>
<VARIABLE-DATA-PROTOTYFPE>
<SHORT-NAME>»msg_1</SHORT-NREME>

<INIT-VALUE>
<RBRPFPLICATICH-VALUE-SPECIFICATION>
<CATEGORY>VALUE<,/CATEGCRY >
< SW-VALUE-CONT >
<UNIT-REF DEST="UNIT">/ASCET Units/NoUnit</UNIT-REF>
«<SW-VRLUES-FHYS>
<Vs3.1415</V>
</ SW-VARLUES-PHYS>»
</ SW-VALUE-CCONT>
< /ARPPLICATICH-VALUE-SPECIFICATICH>
< /INIT-VALUE:>
</VARIARBLE-DATA-PROTCTYPE>
</EXPLICIT-INTER-RUNNABLE-VARIAELES>

Listing 62: ARXML code - explicit scalar interrunnable variable with <APPLICA-
TION-VALUE-SPECIFICATION>

79.2 Complex Interrunnable Variables
IN AUTOSAR R4.*, interrunnable variables can also be of a complex type:
— Interrunnable Variables of Array Type on page 133
— Interrunnable Variables of Matrix Type on page 137

— Interrunnable Variables of Record Type onpage 142

Read access toacomplex interrunnable variable, or to an element inside a com-
plex interrunnable variable, can be explicit or implicit.

Write access to an element in a complex interrunnable variable (e.g., an array ele-
ment, or an element inside a record) must be implicit (Figure 61, sequence calll
/20/ModeRunnable). Explicit write access to elements in complex interrunnable
variables causes an error:

— MMd11190 - %1 access to an array element
<array>"[<x>,<y>?] (not mapped) cannot be explicit
— MMd1119 - Write access to a record element
<record>.<record element> (not mapped) cannot be ex-
plicit
Wirite access to a complex interrunnable variable as awhole, i.e. via its Set port,
can be explicit (Figure 63, sequence call /30/ModeRunnable) or implicit (Figure
61, sequence call /10/RunnableEntity).

"includes arrays and matrices
2 only for matrices
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To create an interrunnable of array type
1. Inthe software component editor, use the == Array button to create an
array.
The "Properties for Array Element: *" dialog window opens.

2. Inthatdialog, selectthekind Interrunnable Variable.

@ NOTE

This is the only way to create an interrunnable variable of array type.

You cannot convert an array interrunnable variable into a scalar interrun-
nable variable, or vice versa.

3. Enterthename IRV array, the desired dimension, and other properties,
then click OK to close the window.
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General

Mame
Unit
Comment

Dimension

| IRV _array

Variant Size

<Mo Selection= e

|

Interpolation

Kind

u

Interrunnable Variable

Variable
Interrunnable Variable

Easic Type Parameter

b

| Unsigned Discrete

Scope
o

Attributes
Ll

Local Imported

Reference

Virtual

Edl

Dependent

W

Mon-Volatile
Variants

Redundant

Always Show Editor for new Elements

Exported

External Access
Setf) Method
Get) Method

Internal Access

Implicit

[ Explicit

Calibration Access
Write

Read

OK

Cancel

Figure 57: Interrunnable variable

of array type

IN AUTOSAR R4.*, an interrunnable variable of array type is described in a
<VARIABLE-DATA-PROTOTYPE>element below <IMPLICIT-INTER-
RUNNABLE-VARIABLES> Or <EXPLICIT-INTER-RUNNABLE-VARIABLES> inthe
<SWC-INTERNAL-BEHAVIOR> (see Listing 63 and Listing 64).
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<IMPLICIT-INTER-RUNHABLE-VARILABLES:>

<VARIRELE-DATR-PROTOTYPE:
<5HDRT—NEHE>IR¥_array<f5HDRT—NhHE>
<SW-DATA-DEF-FROPS>
<SW-DATR-DEF-PROPS-VARIANWNTS>
<SW-DATA-DEF-PROPS-CCHNDITICHAL:
<SW-ADDE-METHCOD-REF DEST="SW-ADDR-METHOD">
JASCET AddrMethods/RAM CLEARED</SW-ADDR-METHOD-REF:
<SW-CRLIBRATION-ACCESS>READ-ONLY</SW-CRLIBRATION-ACCESS>
<SW-IMPL-POLICY>STANDARD<,/SW-IMPL-FPOLICY >
</ SW-DATR-DEF-PROPS—-CONDITICOHAL>
</SW-DATA-DEF-PROPS-VARIANTS>
</E5W-DATL-DEF-FROPS>
<TYPE-TREF DEST="APPLICATION-ARRAY-DATA-TYPE">
FASCET Types/ApplicationDataTypes/5Int32 ident n32768 p32767 4«</TYPE-TREF>
<INIT-VALUE>
<ARERAY-VALUE-SPECIFICATICHN:
<ELEMENTS>
<NUMERICAL-VALUE-SPECIFICATICH>
<VALUE>0</VALUE>
</NUMERICAL-VALUE-SPECIFICATICN>
<HUMERICAL-VALUE-SPECIFICATICH>
<VALUE>D</VLLUE>
</NUMERICAL-VALUE-SPECIFICATICN>

< /ELEMENTS >
</BRRAY-VALUE-SPECIFICATION:
</INIT-VALUE>
</VARIABLE-DATA-PROTCTYPE>

</IMPLICIT-INTER-RUNNABLE-VARIABLES>

Listing 63: ARXML code - implicit interrunnable variable of array type
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<EXPLICIT-INTER-RUNNAEBLE-VARIABLES>

<VARIABLE-DATE-PROTOTYPE>
<SHORT-NAME>IRV array e</SHORT-NAME>
<SW-DATA-DEF-PROES>
<SW-DATA-DEF-PROPS—VARIANTS>
£ 5SW-DATA-DEF-PROPS—-CONDITIONAL>
<SW-ADDR-METHCD-REF DEST="SW-ADDR-METHOD" >
/ASCET_AddrMethods/RAM CLEARED</SW-ADDR-METHCD-REF>
<SW-CALIBRATION-ACCESS>READ-ONLY</SW-CALIBRATION-ACCESS>
<SW-IMPL-POLICY >STANDARD</SW-IMPL-POLICY>
</SW-DATL-DEF-PROPS—CONDITIONAL>
</SW-DATA-DEF-PROPS-VARIANTS>
< /SW-DATR-DEF-PROES>
<TYPE-TREF DEST="APPLICATION-ARRAY-DATA-TYPE">
/ASCET Types/ApplicationDataTypes/SInt32 ident n32768 p32767 4</TYPE-TREF>
<INIT-VALUE:
<BRRAY-VALUE-SPECIFICATICH>
<ELEMENTS>
<NUMERICAL-VALUE-SPECIFICATION>
<VALUE>0</VRALUE>
</NUMERICAL-VALUE-SPECIFICATION>
<NUMERICAL-VALUE-SPECIFICATION>
<VALUE>0</VALUE>
</NUMERICAL-VALUE-SPECIFICATION>

</ELEMENTS>
</BARRAY-VALUE-SPECIFICATICN>
</INIT-VALUE>
</VARIABLE-DATA-FROTCOTYPE>

</EXPLICIT-INTER-RUNNABLE-VARIABLES>

Listing 64: ARXML code - explicit interrunnable variable of array type

By default, initial values in ASCET are given as <NUMERICAL-VALUE-
SPECIFICATION>; see, e.g., Listing 63. However, AUTOSAR R4.* offers another
specification means for physical initial values, <APPLICATION-VALUE-
SPECIFICATION>, associated with elements typed using application data types
(see section 4.1, Application Data Types, on page 31).

See section 70 select the specification means for initial values on page 89 for an
instruction how to select the specification means.
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< IMPLICIT-INTER-RUNNABLE-VARTARLES>
“VRARIABLE-DATA-FROTCOTYPE>
<SHORT-NAME>array</SHORT-HAME>

<TNIT-VALUE>
<ARRAY-VAILUE-SPECIFICATICHN>
<ELEMENTS>
<APPLICATICHN-VALUE-SPECIFICATICH>
“CATEGORY»>WALUE< /CATEGORY>
<SW-VALUE-CCHI>
<UNIT-REF :EST=“UNIT“}EASEET_ﬂnitSIHoUnit
< /UHNIT-REF>
<SW-VALUES-PHYS>
<=5, 0</ Vs
</ BW-VLLUES-PHYS>
</ BW-VLLUE-CONT >
< /LPPLICATICHN-VALUE-SPECIFICATICH>

</ELEMENT 5>
</BRRLY-VALUE-SPECIFICATICH>
</INIT-VALUE>
< /VARIAELE-DATA-PROTOTYPE>
</IMPLICIT-INTER-RUNHABLE-VARIABLES:

Listing 65: ARXML code - interrunnable variable of array type with
<APPLICATION-VALUE-SPECIFICATION>

7.9.2.2 Interrunnable Variables of Matrix Type

@ NOTE

If you use matrices as interrunnable variables, make sure that the “Number of
dimensions for fixed matrixes” target option is set to Two-dimensional.

Otherwise, a warning wMd1 653 is issued during AUTOSAR code generation. By
default, this warning is promoted to an error.

To create an interrunnable of matrix type

1. Inthe software component editor, use the I Matrix button to create a
matrix.

The "Properties for Matrix Element: ** dialog window opens.

2. Inthatdialog, selectthekind Interrunnable Variable.

@ NOTE

This is the only way to create an interrunnable variable of matrix type.

You cannot convert a matrix interrunnable variable into a scalar interrun-
nable variable, or vice versa.
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3. Enterthe name IRV _matrix, the desired dimension, and other properties,
then click OK to close the window.

General
Name | IRV_matrix |
Unit | |

Comment | |

Dimension I Variant Size <Moo Selection= e
¥ <MNo Selection>

Interpolation "
Kind || |Interrunnable Variable w
. Variable
Basic Type Interrunnable Variable k‘
Wrap-Around [nParameter |
Pin | 0 | Type |uint3 V|
Max | 255 |
Scope
. Local Imported Exported
Attributes External Access
&J Reference Setf) Method
id | |virtual Getl) Method
% R ' Internal Access
bkl [ | Non-volatile ] Implicit
Variants D Explicit
Redundant
Calibration Access
Write
Read
Always Show Editor for new Elements | Ok | | Cancel

Figure 58: Interrunnable variable of matrix type

Aninterrunnable variable of matrix type is described in a <VARIABLE-DATA-
PROTOTYPE> element below <IMPLICIT-INTER-RUNNABLE-VARIABLES> Or
<EXPLICIT-INTER-RUNNABLE-VARIABLES> inthe <SWC-INTERNAL-
BEHAVIOR> (see Listing 66 and Listing 67).
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<IMPLICIT-INTER-RUNNABLE-VARIABLES>

<VARIABLE-DATA-PROTOTYPE>
<SHORT-NAME>IRV matrix i</SHORT-NAME>
<SW-DATA-DEF-PROPS>
<SW-DATA-DEF-PROPS-VARIANTS>
<SW-DATA-DEF-PROPS-CONDITIONAL>

<SW-ADDR-METHOD-REF DEST="SW-ADDR-METHOD">
/ASCET_ AddrMethods/RAM CLEARED</SW-ADDR-METHOD-REF>

<SW-CALIBRATION-ACCESS>READ-ONLY
</SW-CALIBRATION-ACCESS>

<SW-IMPL-POLICY>STANDARD</SW-IMPL-POLICY>
</SW-DATA-DEF-PROPS-CONDITIONAL>
</SW-DATA-DEF-PROPS-VARIANTS>
</SW-DATA-DEF-PROPS>

<TYPE-TREF DEST="APPLICATION-ARRAY-DATA-TYPE">
/ASCET Types/ApplicationDataTypes/SInt32 2 6</TYPE-TREF>

<INIT-VALUE>
<ARRAY-VALUE-SPECIFICATION>
<ELEMENTS>
<ARRAY-VALUE-SPECIFICATION>
<ELEMENTS>
<NUMERICAL-VALUE-SPECIFICATION>
<VALUE>0</VALUE>
</NUMERICAL-VALUE-SPECIFICATION>

</ELEMENTS>
</ARRAY-VALUE-SPECIFICATION>
<ARRAY-VALUE-SPECIFICATION>
<ELEMENTS>
<NUMERICAL-VALUE-SPECIFICATION>
<VALUE>0</VALUE>
</NUMERICAL-VALUE-SPECIFICATION>

</ELEMENTS>
</ARRAY-VALUE-SPECIFICATION>

</ELEMENTS>
</ARRAY-VALUE-SPECIFICATION>
</INIT-VALUE>
</VARIABLE-DATA-PROTOTYPE>

</IMPLICIT-INTER-RUNNABLE-VARIABLES>
Listing 66: ARXML code - implicit interrunnable variable of matrix type
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<EXPLICIT-INTER-RUNNABLE-VARIABLES>

<VARIABLE-DATA-PROTOTYPE>
<SHORT-NAME>IRV matrix e</SHORT-NAME>
<SW-DATA-DEF-PROPS>
<SW-DATA-DEF-PROPS-VARIANTS>
<SW-DATA-DEF-PROPS-CONDITIONAL>

<SW-ADDR-METHOD-REF DEST="SW-ADDR-METHOD">
/ASCET_ AddrMethods/RAM INIT</SW-ADDR-METHOD-REF>

<SW-CALIBRATION-ACCESS>READ-ONLY
</SW-CALIBRATION-ACCESS>

<SW-IMPL-POLICY>STANDARD</SW-IMPL-POLICY>
</SW-DATA-DEF-PROPS-CONDITIONAL>
</SW-DATA-DEF-PROPS-VARIANTS>
</SW-DATA-DEF-PROPS>

<TYPE-TREF DEST="APPLICATION-ARRAY-DATA-TYPE">
/ASCET Types/ApplicationDataTypes/UInt8 4 3</TYPE-TREF>

<INIT-VALUE>
<ARRAY-VALUE-SPECIFICATION>
<ELEMENTS>
<ARRAY-VALUE-SPECIFICATION>
<ELEMENTS>
<NUMERICAL-VALUE-SPECIFICATION>
<VALUE>1</VALUE>
</NUMERICAL-VALUE-SPECIFICATION>

</ELEMENTS>
</ARRAY-VALUE-SPECIFICATION>
<ARRAY-VALUE-SPECIFICATION>
<ELEMENTS>
<NUMERICAL-VALUE-SPECIFICATION>
<VALUE>2</VALUE>
</NUMERICAL-VALUE-SPECIFICATION>

</ELEMENTS>
</ARRAY-VALUE-SPECIFICATION>

</ELEMENTS>
</ARRAY-VALUE-SPECIFICATION>
</INIT-VALUE>
</VARIABLE-DATA-PROTOTYPE>
</EXPLICIT-INTER-RUNNABLE-VARIABLES>

Listing 67: ARXML code - explicit interrunnable variable of matrix type

By default, initial values in ASCET are given as <NUMERICAL-VALUE-
SPECIFICATION>; Seg, e.q., see Listing 66. However, AUTOSAR R4.* offers
another specification means for physical initial values, <APPLICATION-VALUE-
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SPECIFICATION>, associated with elements typed using application data types
(see section 4.1, Application Data Types, on page 31).

See section 7o select the specification means for initial values on page 89 for an
instruction how to select the specification means.

<IMPLICIT-INTER-RUNNABLE-VARIABLES>
<VARIABLE-DATA-PROTOTYPE>
<SHORT-NAME>matrix</SHORT-NAME>
<SW-DATA-DEF-PROPS>
<SW-DATA-DEF-PROPS-VARIANTS>
<SW-DATA-DEF-PROPS-CONDITIONAL>

<SW-ADDR-METHOD-REF DEST="SW-ADDR-METHOD">
/ASCET_AddrMethods/RAM CLEARED</SW-ADDR-METHOD-REF>

<SW-CALIBRATION-ACCESS>READ-ONLY
</SW-CALIBRATION-ACCESS>

<SW-IMPL-POLICY>STANDARD</SW-IMPL-POLICY>
</SW-DATA-DEF-PROPS-CONDITIONAL>
</SW-DATA-DEF-PROPS-VARIANTS>
</SW-DATA-DEF-PROPS>

<TYPE-TREF DEST="APPLICATION-ARRAY-DATA-TYPE">
/ASCET Types/ApplicationDataTypes/SInt32 2 6</TYPE-TREF>

<INIT-VALUE>
<ARRAY-VALUE-SPECIFICATION>
<ELEMENTS>
<ARRAY-VALUE-SPECIFICATION>
<ELEMENTS>
<APPLICATION-VALUE-SPECIFICATION>
<CATEGORY>VALUE</CATEGORY>
<SW-VALUE-CONT>

<UNIT-REF DEST="UNIT">/ASCET Units/NoUnit
</UNIT-REF>

<SW-VALUES-PHYS>
<v>0.0</V>
</SW-VALUES-PHYS>
</SW-VALUE-CONT>
</APPLICATION-VALUE-SPECIFICATION>

</ARRAY-VALUE-SPECIFICATION>

</ELEMENTS>
</ARRAY-VALUE-SPECIFICATION>
</INIT-VALUE>
</VARIABLE-DATA-PROTOTYPE>
</IMPLICIT-INTER-RUNNABLE-VARIABLES>

Listing 68: ARXML code - interrunnable variable of matrix type with
<APPLICATION-VALUE-SPECIFICATION>
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Interrunnable Variables of Record Type

To create an interrunnable variable of record type

1.

In the software component editor, select Insert > Component.

The "Select Item” window opens. It shows the content of the current data-
pase/workspace.

From the "Database” or "Workspace” list, select the record you want to use
as interrunnable variable.

@ NOTE

Records are the only ASCET components that can be used as complex
interrunnable variable.

. Click OK to add the record.

The properties editor for the record opens.
Name the record instance Record IRV.

Open the "Kind" combo box and select Interrunnable Variable.

@ NOTE

This is the only way to create an interrunnable variable of record type.

You cannot convert this interrunnable variable into a scalar interrunna-
ble variable.

. Adjust the properties according to your needs and click OK.

The complex interrunnable variable is listed in the "Outline” tab. Its ele-
ments are available for message mapping; they appear in the "Internal Ac-
cess"” tab.

See section 9.5.2, Accessing ASCET Messages, on page 190 for more de-
tails on mapping.

A complex interrunnable variable is described in a <VARIABLE-DATA-
PROTOTYPE> element below <IMPLICIT-INTER-RUNNABLE-VARIABLES> Or
<EXPLICIT-INTER-RUNNABLE-VARIABLES> inthe <SWC-INTERNAL-
BEHAVIOR> (see Listing 69 and Listing 70).
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<IMPLICIT-INTER-RUNNABLE-VARTABLES>

<VARIABLE-DATA-PROTOTYFE>
<5HDRT—NAHE}Recqu_IRYEfSHDRT—NAHE}
<SW-DATR-DEF-FROPS>
<SW-DATA-DEF-PROPS-VARIANTS>
<SW-DATA-DEF-PROPS-CONDITIOHAL>
<SW-ADDR-METHOD-REF DEST="SW-ADDR-METHOD" >
thCET_ﬁddrMbthDdsthﬂ_CLEARED{fSW—ADDR—HETHDD—REF}
<SW-CALIBRATICHN-ACCESS>NOT-ACCESSIBLE
</ SW-CRLIBRATION-ACCESS>
<SW-IMFL-FOLICY>STANDARD< / SW-IMFL-FOLICY>
</ SW-DATLA-DEF-PROPS-COMDITIONAL>
</ ESW-DATL-DEF-PROFS-VLARILANTS >
</ SW-DATL-DEF-FROFPS>
<TYPE-TREF DEST="APPLICATION-RECORD-DATA-TYPE":>
JASCET Types/ApplicationDataTypes/Record Impl</TYPE-TREF>
<INIT-VALUE:>
<RECORD-VALUE-SPECIFICATICH>
<l
APPLICATION-RECCRD-DATA-TYPE: Record Impl

—_T

<FIELDS>
<HNIMERICAL-VALUE-SPECIFICATION>
<VARLUE>0</VALUE>
</ NUMERICAL-VALUE-SPECIFICATION

</FIELDS>
«</RECORD-VALUE-SPECIFICATION:
</ INIT-VALUE>
< /VARILABLE-DATA-PROTOTYFPE>

</IMPLICIT-INTER-RUNNABLE-VARIABLES:

Listing 69: ARXML code - implicit interrunnable variable of record type
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<EXPLICIT-INTER-RUNNABLE-VARTABLES:>

<VARITABRLE-DATA-PROTOTYFE:>
{5HDRT—NRME}REGOrd_IR?;gxPI{fSHDRT—NRHE}
<SW-DATA-DEF-PROPS>
<SW-DATA-DEF-FROFS-VAEIANTS>
<SW-DATA-DEF-PROPS-CONDITICOHNAL>
<SW-ADDR-METHCOD-REF DEST="SW-ADDR-METHOD":
fASCET_ﬁddrﬂethodsfRAH_ELEARED{fSW—ADDR—HETHDD—REF}
< SW-CALIBEATICH-ACCESS=NOT-ACCESSIBLE
</ SW-CRLIBRATICH-ACCESS:>
<SW-IMPL-POLICY>STANDARD< /SW-IMFL-FPOLICY>
</ SW-DATL-DEF-FROPS-CONMDITIONAL:
</ SW-DATL-DEF-FPROPS-VARILNTS>
</ SW-DATL-DEF-FROFS>
<TYPE-TREF DEST="APPLICATION-RECORD-DATA-TYPE">
JASCET Types/ApplicationDataTypes/Record Impl</TYPE-TREF>
<INIT-VALUE>
<RECORD-VALUE-SPECIFICATION>
<1—=
APPLICATION-RECORD-DATA-TYPE: Record Impl
<FIELDS>
<HNUMERICAL-VALUE-SPECIFICATICH>
<VALUE>0<,/VALUE>
< /HUMERICAL-VALUE-SPECIFICATION:

</FIELDS>
< /RECORD-VARLUE-SPECIFICATIOCN
</ INIT-VALUE>
</ VARILRBLE-DARTA-PROTOTYFE>

</EXPLICIT-INTER-RUNNABLE-VARIABLES:>

Listing 70: ARXML code - explicitinterrunnable variable of record type

By default, initial values in ASCET are given as <NUMERICAL-VALUE-
SPECIFICATION>; Seg, e.g, Listing 69. However, AUTOSAR R4.* offers another
specification means for physical initial values, <APPLICATION-VALUE-
SPECIFICATION>, associated with elements typed using application data types
(see section 4.1, Application Data Types, on page 31).

See section 7o select the specification means for initial values on page 89 for an
instruction how to select the specification means.
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< IMPFLICIT-INTER-RUNNABLE-VARIABLES>
<VARIRBLE-DATA-PRCOTOTYFE>
< SHORT -NAME >Record< /SHORT-NAME >

<TYPE-TREF DEST="APPLICATION-RECORD-DATA-TYFPE">
JASCET Types/ApplicationDataTypes/Record Impl</TYPFE-TREF>
<ITNIT-VALUE>
<RECORD-VALUE-SPFECIFICATICH>
<FIELDES>
<ARPPLICATICHN-VALUE-SPECIFICATION>
<CATEGORY >VALUE< /CATEGORY>
<SW-VALUE-CONT>
<UHIT-REF :EST=“UNIT“}EASCET_UnitSfNoUnit
</UNIT-REF>
<SW-VALIUES5-PHYS5>
<VF19</V>
</ SW-VRLUES-PHYS>
</ BW-VLLUE-CONT>
< /BPPLICATICHN-VALUE-SPECIFICATION>

</FIELDS>
</RECORD-VALUE-SPECIFICATICH>
</INIT-VALUE>

< /VARIARELE-DATA-FPROCTCTYPE:>
</ IMPLICIT-INTER-RUNNAELE-VARIABLES>

Listing 71: ARXML code - interrunnable variable of record type with
<APPLICATION-VALUE-SPECIFICATION>

79.3 Read and Write Access

Each runnable entity must explicitly specify whether it reads or writes an in-
terrunnable variable at runtime.

Read accessto a complexinterrunnable variable, or to an element inside a com-
plexinterrunnable variable, can be explicit or implicit.

Write access to an element in a complex interrunnable variable (e.g., an array ele-
ment, or an element inside a record) must be implicit (Figure 61, sequence calll
/20/ModeRunnable). Explicit write access to elements in complex interrunnable
variables causes an error:

— MMd11190 - %1 access to an array element
<array>P[<x>,<y>“] (not mapped) cannot be explicit

— MMd11l1lS - Write access to a record element
<record>.<record element> (not mapped) cannot be ex-
plicit

Write access to a complex interrunnable variable as a whole, i.e. via its Set port,
can be explicit (Figure 63, sequence call /30/ModeRunnable) or implicit (Figure
61, sequence call /10/RunnableEntity).

Bincludes arrays and matrices
1 only for matrices
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/25/RuninableEntity /5ModeRunnable
100 | E
IRV explicit limitImt
/30/RuninableEntity
28 =
IRV _implicit

Figure 59: Scalar interrunnable variables used by two runnable entities (block
diagram editor for SWC)

IRV _array array
/35/RunnableEntity % J40/RunnableEntity
pemnll — W[ mmm
Set_value E j Get_value E j
/10/ModeRunnable
Index_set
Index_get

Figure 60: Complex interrunnable variable (implicit, array) used by two runnable
entities (block diagram editor for SWC)

out_y

matrix_Out

in_y
25 ModeR, bl
/5/RunnableEntity . gsj /25ModeRunnable
am
s Setvalue IRV, matrix_i L
/20ModeRunnable J10/RunnableEntity

out_x

Figure 61: Complex interrunnable variable (implicit, matrix) used by two runna-
ble entities (block diagram editor for SWC)

L
Record_IRV
WrapInt P
/A5 /ROnnableEntty Lli
I WrapInt /15ModeRunnable
udisc Wraplnt
Record IRV uMode

Figure 62: Complex interrunnable variable (implicit, record) used by two runna-
ble entities (block diagram editor for SWC)

IRV_matrix_e matrix_Out

matrix [
/30 ModeRunnable |

ST T

i

/40ModeRunnable

Figure 63: Explicit read and write access to a complex interrunnable variable
(explicit, matrix)

The corresponding ESDL code for Figure 59 - Figure 63 is given in Table 4.
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ESDL code

Figure 59
IRV implicit

limitInt =

Figure 60
GetValue =

array =
Figure 61
IRV matrix i
Get value =

Figure 62

uMode =

Figure 63

IRV explicit =

IRV array[Index set] =
IRV array[Index get];

IRV matrix i[in x][in y] =
matrix Out =

Record IRV.WrapInt =

IRV explicit
matrix Out =

100;
28;

IRV explicit + IRV implicit;

Set value;

IRV array;

SetvValue;
IRV matrix i;

= matrix;

IRV matrix ifout x][out y];

udisc;

Record IRV.WrapInt;

= Record IRVe.wrapInt;
IRV matrix e;

Table 4: ESDL code for access to interrunnable variables

Runnable
RunnableEntity

ModeRunnable
RunnableEntity

ModeRunnable
RunnableEntity

ModeRunnable

RunnableEntity
ModeRunnable
ModeRunnable

Access to scalar interrunnable variables is declared within <READ-LOCAL-
VARIABLES>and <WRITTEN-LOCAL-VARIABLES> elements. The example
shownin Figure 59 results in the following description for the runnables
RunnableEntityand ModeRunnable
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<RUNNABLE-ENTITY>

<SHORT-NAME »ModeRunnable</ SHORT -NAME >
<MINIMUM-START-INTERVAL>D.0</MINIMUM-START-INTERVAL>
<SW-ADDR-METHCD-REF DEST="SW-ADDR-METHOD">/ASCET AddrMethods/CODE
</5W-LDDR-METHOD-REF>
<CAN-BE-INVOKED-CCNCURRENTLY>false</CAN-BE-INVCKED-CCNCURRENTLY >
[<READ-LOCAL-VARIABLES>

<VARIABLE-RCCESS>
{5HORT—NAHE}Read_;R?_nglicit{fSHORT—NAHE}
<ACCESSED-VARIABLE:
<LOCAL-VARIABLE-REF DEST="VARITABLE-DATA-FROTOTYPE">
/ASCET ComponentTypes/SWC/bSWC/IRV explicit</LOCRAL-VARIABLE-REF>
</ACCESSED-VARILELE >
</VARIABLE-ACCESS>
<VARIABIE-ACCESS:>
{5HDRT—NRHE?Read_;Hf_implicitﬁfSHDRT—NRHE?
<ACCESSED-VARIABLE>
<LOCAL-VARIABLE-REF DEST="VARTABLE-DATA-PROTOTYPE">
/ASCET ComponentTypes/SWC/bSWC/IRV implicit</LOCAL-VARIABLE-REF>
</BCCESSED-VARILBLE>
< /VLRILBLE-LRCCESS>

|« /RELD-LOCAL-VARIABRLES:> ]
<3YMBOL>SWC TImpl ModeRunnable</SYMBOL>

</BRUNMABLE-ENTITY>

<RUNNABLE-ENTITY>

<SHORT-NAME:>RunnableEntity</SHORT-NAME:
<MINIMUM-START-INTERVAL>D.0</MINIMUM-START-INTERVAL>

<SW-ADDR-METHCD-REF DEST="SW-ADDR-METHOD">/ASCET AddrMethods/CODE
</SW-ADDR-METHCD-REF>
<CAN-BE-INVOKED-CCNCURRENTLY>false</CAN-BE-INVCKED-CCNCURRENTLY >

<WRITTEN-LOCAL-VARIABLES>

<VARIABIE-ACCESS:>
{SHDRT—NRHE>Hrite_;Rf_nglicitﬁfSHDRT—NRHE?
<ACCESSED-VARIABLE>
<LOCAL-VARIABLE-REF DEST="VARTABLE-DATA-PROTOTYPE">
/ASCET ComponentTypes/SWC/bSWC/IRV explicit</LOCAL-VARIABLE-REF>
</BCCESSED-VARILBLE>
< /VLRILBLE-LRCCESS>
<VARIABLE-RCCESS>
{SHORT—NAHE}Hrite_IR?_jmplicit{fSHORT—NAME}
<ALCCESSED-VARIABRLE>
<LOCAL-VARIABLE-REF DEST="VARITABLE-DATA-FROTOTYPE">
/ASCET ComponentTypes/SWC/bSWC/IRV implicit</LOCRAL-VARIABLE-REF>
</ACCESSED-VARILELE >
</VARIRBLE-ACCESS>

</WRITTEN-LOCAL-VARIABLES:
</BRUNMABLE-ENTITY>

Listing 72: ARXML code - runnable entities with read (top) and write (bottom)
access to scalar interrunnable variables

Access to interrunnable variables of array type is declared within <READ-LOCAL-
VARIABLES>and <WRITTEN-LOCAL-VARIABLES> elements. The example
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shown in Figure 60 results in the following description for the runnables
ModeRunnable and RunnableEntity:

<RUNNABLE-ENTITY>
<SHORT-NHAME *ModeRunnable</SHORT-HNAME >
SMINIMUM-START-INTERVAL>0.0</MINIMUM-START-INTERVAL>
<SW-ADDR-METHOD-REF -EST=”SW—ADDR—METEOD”DIASCET_ﬁddrHethodstODE
</ SW-ADDR-METHOD-REF >
<CAN-BE-INVOKED-CONCURRENTLY»false<,/ CRN-BE-INVOKED-CONCURRENTLY >
<RERD-LOCAL-VARTRELES:
<WARIABLE-ACCESS>
{SHDRI—NAHE>Read_IRf_array{KSHORT—NAHE}
<ACCESSED-VALRIABLE:
<LOCAL-VARILBLE-REEF DEST="VARIABIE-DATA-PROTOTYPE">
/ASCET ComponentTypes/SWC/bSWC/IRV array</LOCAL-VARIARBLE-REF>
</ACCESSED-VRARIRBLE>
</ VARIABLE-ACCESS>

< /READ-LOCAL-VARIABLES:

{5YHEDLDSNC_Impl_HodeRunnable{ISYHEDLD

< /RUNHNABLE-ENTITY>

<RUNHABLE-ENTITY:>

<SHORT-NAME >*RunnableEntity«</SHORT-NAME>
CMINIMUM-START-INTEREVAL>0.0</MINIMUM-START-INTERVAL>
<5SW-ADDR-METHOD-REF DEST="SW-ADDR-METHOD">/ASCET AddrMethods/CODE
</SW-ADDR-METHOD-REF>
<CAN-BE-INVOKED-CONCURRENTLY »false<,/ CAN-BE-INVOKED-CCHCURRENTLY >

<RELAD-LOCAL-VARTABLES>
<VARIABLE-RCCESS>
{SHDRT—NAHE}RGad_;Rf_array{fSHGRT—NEHE}
<ACCESSED-VARIABLE>
<LOCAL-VARIRBLE-REF DEST="VARIABLE-DATA-FROTOTYFE">
/ASCET_ComponentTypes/SWC/bSWC/IRV array</LOCAL-VARIRBLE-REF>
</ACCESSED-VARIABLE>
</VARIABLE-ACCESS>

</READ-LOCRL-VARIABLES>

<5YHEGL}SHC_Impl_BunnableEntity<f5YHBOL}
<WRITTEMN-LOCAL-VARILRELES:
<VARTABLE-ACCESS:
{SHDRT—NAHE>Write_IRf_array{fSHORT—NAHEb
<ARCCESSED-VARIAREBLE:
<LOCAL-VARTABLE-REF DEST="VARTABLE-DATA-PROTOTYPE">
JASCET ComponentTypes/SWC/bSWC/IRV array</LOCAL-VARIRBLE-REF:>
</ACCESSED-VARIABLE>
</VARIABLE-ACCESS:>

< /WRITTEN-LOCLRL-VARIABLES>
</RUNNABLE-ENTITY>

Listing 73: ARXML code - runnable entities with read (top, middle) and write
(bottom) access to an implicit interrunnable variable of array type

Access to interrunnable variables of matrix type is declared in the same way as
access to interrunnable variables of array type. The example shown in Figure 61
adds the following blocks to the descriptions of the runnables ModeRunnable

and RunnableEntity:
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<READ-LOCAL-VARIABLES>

<VARIABLE-ACCESS>
<SHORT-NAME>Read IRV matrix i</SHORT-NAME>
<ACCESSED-VARIABLE>

<LOCAL-VARIABLE-REF DEST="VARIABLE-DATA-PROTOTYPE">
/ASCET ComponentTypes/SWC/bSWC/IRV matrix i
</LOCAL-VARIABLE-REF>

</ACCESSED-VARIABLE>
</VARIABLE-ACCESS>

</READ-LOCAL-VARIABLES>
<WRITTEN-LOCAL-VARIABLES>

<VARIABLE-ACCESS>
<SHORT-NAME>Write IRV matrix i</SHORT-NAME>
<ACCESSED-VARIABLE>

<LOCAL-VARIABLE-REF DEST="VARIABLE-DATA-PROTOTYPE">
/ASCET ComponentTypes/SWC/bSWC/IRV matrix i
</LOCAL-VARIABLE-REF>

</ACCESSED-VARIABLE>
</VARIABLE-ACCESS>

</WRITTEN-LOCAL-VARIABLES>

Listing 74: ARXML code - read (top) and write (bottom) access to an implicit in-
terrunnable variable of matrix type
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The example shown in Figure 63 adds the following blocks to the descriptions of
the runnable ModeRunnable:

<READ-LOCAL-VARIABLES>

<VARIABLE-ACCESS>
<SHORT-NAME>Read IRV matrix e</SHORT-NAME>
<ACCESSED-VARIABLE>

<LOCAL-VARIABLE-REF DEST="VARIABLE-DATA-PROTOTYPE">
/ASCET ComponentTypes/SWC/bSWC/IRV matrix e
</LOCAL-VARIABLE-REF>

</ACCESSED-VARIABLE>
</VARIABLE-ACCESS>
</READ-LOCAL-VARIABLES>

<WRITTEN-LOCAL-VARIABLES>

<VARIABLE-ACCESS>
<SHORT-NAME>Write IRV matrix e</SHORT-NAME>
<ACCESSED-VARIABLE>

<LOCAL-VARIABLE-REF DEST="VARIABLE-DATA-PROTOTYPE">
/ASCET_ ComponentTypes/SWC/bSWC/IRV matrix e
</LOCAL-VARIABLE-REF>

</ACCESSED-VARIABLE>
</VARIABLE-ACCESS>

</WRITTEN-LOCAL-VARIABLES>

Listing 75: ARXML code - read (top) and write (bottom) access to an explicit in-
terrunnable variable of matrix type
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Access to interrunnable variables of record type is declared within <READ-
LOCAL-VARIABLES>and <WRITTEN-LOCAL-VARIABLES> elements. The ex-
ample shown in Figure 62 results in the following description for the runnables
ModeRunnable and RunnableEntity:

<RUNNABLE-ENTITY>

<SHORT-NAME >*ModeRnnnable</ SHORT-NAME:
<MINIMUM-START-INTERVAL>0.0</MINIMUM-START-INTERVAL>
<3W-ADDR-METHOD-REF DEST="SW-ADDR-METHOD">/ASCET AddrMethods/CODE
</SW-ADDR-METHOD-REF>

<CAN-BE-INVOKED-CONCURRENTLY =false</CLN-BE-INVOKED-CONMCURRENTLY>
<READ-LOCAL-VARTRELES:>

<VARIABLE-ACCESS>
{5HDRT—NAHE}Read_Fecord_;RﬂwfSHDRT—NAHE}
<ACCESSED-VARTABLE>
<LOCAL-VARIABLE-REF DEST="VARIABLE-DATA-PROTOTYPE":
JASCET ComponentTypes/SWC/bSWC/Record IRV</LOCAL-VARIRELE-REF:>
</BCCESSED-VARILBLE™
</VBRIABLE-ALCCESS>
< /RELD-LOCAL-VARIABLES>
{SYHEDLDSHC_Impl_ModeRunnable{HSYHEDL>
</RUNMABLE-ENTITY>
<RUNNABLE-ENTITY>
<SHORT-MAME>RunnableEntity</SHORT-NAME >
<MINIMUM-STRRT-INTERVAL>0.0</MINIMUM-START-INTERVAL>
<5W-ADDR-METHOD-REF DEST="SW-ADDR-METHOD":>/ASCET AddrMethods/CODE
</ SW-ADDR-METHOD-REF>
<CAN-BE-INVOKED-CONCURRENTLY»false<,/CAN-BE-INVOKED-CONCURRENTLY >
<DATL-READ-RACCESSS>

</DATA-RERD-RCCESSS:
<DATR-WRITE-ACCESSS>

</DATL-WRITE-LCCESSS>
<READ-LOCAL-VARIABLES>

<WVARRIABLE-RCCESS:>
<5HDRT—NAHE}Reaq_ﬁecord_;RV@fSHDRT—NAHE}
<ACCESSED-VARTABLE>
<LOCAL-VARTABLE-REF DEST="VARTARLE-DATA-PROTOTYPE">
JASCET ComponentTypes/SWC/bSWC/Record IRV</LOCAL-VARIRELE-REF:>
<fRCCESSED-VARIABLE>
</VARIABLE-ACCESS>
</RELD-LOCAL-VALRIABLES>
<SERVER-CALL-POINTS>

</5SERVER-CALL-POINTS>
<S5YMBCOL>RteRnnnable<,/SYMBOL>
[<WRITTEN-LOCAL-VLRRILBLES: ]

<VARIABLE-ACCESS:
{SHDRT—NRHE>Write_ﬁecord_;RV@fSHDRT—NEHEb
<ACCESSED-VARTABLE:
<LOCAL-VARTABLE-REF DEST="VARTABRLE-DATA-PROTOTYPE">
/ASCET ComponentTypes/SWC/bSWC/Record IRV</LOCAL-VARIABLE-REF:>
</BCCESSED-VARIAELE>
</VARIABLE-ACCESS>
< /WRITTEN-LOCAL-VARIABLES> y
< /RUNHLBLE-ENTITY>

Listing 76: ARXML code - runnable entities with read (top, middle) and write
(bottom) access to aninterrunnable variable of record type
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7.10

7.10.1

Exclusive Areas

Software components that need to provide mutual exclusion over data shared by
two (or more) of their runnable entities do so by configuring exclusive areas.

The RTE generator uses exclusive area configuration to create operating system
configuration files and to optimize exclusive areas. For example, if the only com-
ponents that access a region are mapped to the same task, then the entire re-
gion can be elided.

Exclusive areas are defined in the XML configuration and are associated with the
runnable entities that use them.

Configuration
Exclusive areas are created by means of ASCET resources.

To create an exclusive area

1. Inthe software component editor, use the =" Resource button to create a
resource.

2. If you are working in the block diagram editor for SWC, place the resource in
the drawing area.

3. Inthe "Outline” tab, right-click the resource, select Rename from the con-
text menu and rename the resource to SwcExclusiveArea.

When the newly created exclusive area SwcExclusiveArea is usedin the soft-
ware component (see section 7.10.2), then the <SWC-INTERNAL-BEHAVIOR>
declaration names the <EXCLUSIVE-AREAS> it USES.

<SWC-INTERMNAL-BEHAVICR>
<5SHORT-HAME >bSWC< / SHORT-HALME >
<DATA-TYPE-MAPFIHNG-EEFS>
<DATA-TYPE-MAPPING-REF DEST="DATA-TYPE-MAPPING-SET":>
/ASCET Mappings/DataMappings/Impl/SWC</DATA-TYPE-MAFFING-REF>
</DATL-TYPE-MLFFING-REFS>
<EXCLUSIVE-AREAS>
<EXCLUSIVE-ARER>
<SHORT-MAME >SwcExclusiveArea</SHORT-NAME»
</EXCLUSIVE-LREL>
</EXCLUSIVE-LRELS>
<EVENTS>

</EVENTS>
<EXPLICIT-INTER-RUNNABLE-VARIABLES:>

</EXPLICIT-INTER-RUNNABLE-VARIABRLES>
<IMPLICIT-INTER-RUNNABLE-VARIARLES>

</IMPLICIT-INTER-RUNNABLE-VARIABLES:
<RUHHABLES>

< /RUNNABLES>
</ SWC-INTERNAL-BEHAVICR:

Listing 77: ARXML code - exclusive area definition
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This means that the scope of any exclusive areas that you define is the software
component instance. It is not possible to define exclusive areas that cross soft-
ware component boundaries. Data that is shared between multiple software-
component instances, which can potentially be accessed concurrently, should
be encapsulated in its own component and then normal sender-receiver or cli-
ent-server communication used to access the data.

Each exclusive area defined within an internal behavior definition must be named
using the <SHORT-NAME> element. The name is used within other elements to
reference the exclusive area and to form the "handle” by which the exclusive area
is accessed at run-time. The short-name of an exclusive area should be a valid

C identifier.

Additionally, the RTE can be informed how to implement the exclusive area with
an ExclusiveArealmplementation element within the ECU description.

@ NOTE

If the definition of the ExclusiveArealmplementation for an exclusive areais
omitted, then the RTE defaults to "OS resource” implementation strategy.

A different exclusive area implementation method can be set for each exclusive
area and SWC instance.

@ NOTE

The InterruptBlocking method will cause all OS interrupts to be blocked in the
worst case for the longest execution time of the protected critical section.

Usage

Each runnable in the <SWC-INTERNAL-BEHAVIOR> section can declare if it uses
one of the named exclusive areas and how it uses the area at runtime.

ASCET defines exclusive areas with explicit access. The <RUNNABLE-ENTITY-

CAN-ENTER-EXCLUSIVE-AREA> element determines that the exclusive areais
accessed using an explicit API. The area’'s name forms part of the generated API
(explicit access is similar to a standard resource in OSEK OS).

Since ASCET V6.2, exclusive areas can only be accessed by assigning sequences
of arunnable entity in a user-defined exclusive area.

@ NOTE

Since ASCET V6.2, messages and the automatically generated exclusive area
ASCET exclusive area arenolonger available in software components.

To assign sequences of a runnable in an exclusive area

1. Inthe block diagram editorfor SWC, proceed as follows:
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i. Editthe sequence call reserve of the SwcExclusiveArea and provide

the sequence number 8 in the RunnableEntity method.

ii. Editthe sequence call release of the SwcExclusiveArea and provide

the sequence number 22 in the RunnableEntity method.

2. Inthe £SDL editorfor SWC, proceed as

follows:

i. Inthe “Outline” tab, select the runnable RunnableEntity.

ii. Enter the code you want to place in the exclusive area between the fol-

lowing lines:

SwcExclusiveArea.reserve () ;

// your code inside the exclusive area, e.g.,

SpeedSwc = Receiver.Speed;

Client.MaximumValue (A, B, C);

SwcExclusiveArea.release () ;

release =
reserve 22 RunnableEntty
/B /RunnableEntty | ‘f SRInterface
log p—
SweEndusivedrea >=D
F10/RuninableEntity
Speed
SpeedSWC
Receiver
S— B InvokeOp
—[E—¥ Inpu /TS RunabIeERTty
A CElnterface 15/RunnableEntity
I InputB [ Maximumyalue
B
—[ B[ A OutputMaximum
¢ Client

Figure 64: Use of the exclusive area SwcExclusiveAreain RunnableEntity

(block diagram editor for SWC)

In the definition of the <RUNNABLE-ENTITY> element, the reference to the
SwcExclusiveArea iS generated as shownin Listing 78.
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7.11

<RUNNABLE-ENTITY>

<SHORT-HAME >RunnableEntity</SHORT-NAME>
<CAN-ENTER-EXCLUSIVE-AREA-REFS>

<CAN-ENTER-EXCLUSIVE-AREL-REF DEST="EXCLUSIVE-AREA">

fASCET ComponentTypes/SWC/bSWC/SweExclusiveArea

</ CAN-ENTER-EXCLUSIVE-LREL-REF>
</ CRN-ENTER-EXCLUSIVE-LREL-REFS>
<MINIMUM-START-INTEREVAL=0.0</ MINIMUM-START-INTERVLAL:
<EW-ADDR-METHCOD-REF :EST=“SH—ADDR—HETEDD“}fASCET_AddrHethodstDDE
</ SW-LRDDR-METHOD-REF>
<CAN-BE-INVCEED-CONCURRENTLY>false</CAN-BE-INVOKED-CONCURRENTLY >
<DATA-READ-RCCESSS>

</DATR-READ-ACCESSS>:
<DATA-WRITE-LCCESSS>

</DRTR-WRITE-RCCESSS:
<READ-LOCAL-VARTABLES>

</READ-LOCAL-VARIABLES:>
<SEEVER-CALL-FOINTS>

</ SERVER-CALL-FPOINTS>
<5YMBEOL>RteRunnable< /SYMBOL>
<WRITTEN-LOCAL-VARILBLES:

</WRITTEN-LOCAL-VARIABLES>
< /RUNNABLE-ENTITY:>

Listing 78: ARXML code - runnable entity with reference to exclusive area

For the ASCET-generated C code, refer to section 9.6, Concurrency Control with
Exclusive Areas, on page 205.

Variant Handling

Since AUTOSAR R4.0, the standard describes variant handling. Elements in the
component description can be annotated with information when an element is
present or which value an attribute has, depending on the value of so-called sys-
tem constants. These annotations are called variation points. The value of a sys-
tem constant can also be used in the C code, if a corresponding #define di-
rective is generated based on a variation point proxy.

Variant handling in ASCET is done by specifying elements with kind “System con-
stant” and then adding conditions with such elements to the behavior specifica-
tion. The code generator then analyzes which code needs to be executed for
each variant, which data is needed, etc. The same approach is used for variant
handling with AUTOSAR. The conditions of the variation points are derived from
the usage in the model.

ASCET knows three different binding times: generation time, compile time, and
run time. For AUTOSAR variant handling, only compile time is supported. The cor-
responding binding time for AUTOSAR iS PRE-COMPILE-TIME.

To enable variant handling, the AUTOSAR options for system constant generation
must be set as shownin Figure 65. See section 3.1.3, Settings for the AUTOSAR
XML Output, on page 21 to find this option.
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[ ARXML Configuration Settings

[ Filename Templates

Predefined Filenames
pliscellanous|

[ Package Templates
Predefined Packages

[ Short Name Templates
Miscellaneous
Types

Miscellaneous

&E Template for accessing Dt | Dt_%l\‘IEI'I—IOD.NAME"fn%_?COMPONENT‘IMPL.NAME?%_%COMF| ~
&E Artificial Type Template %IMPL.TYPE.NAME‘}‘n_‘}‘m‘ORMULA.NAME%%_?IMPL.INTERVAL.L|
&E Runnable Symhal “fnCOMPONENT‘NAME%%_?COMPONENT.IMPL.NAME?%_%I\‘IEI'I'|

~

-E [[] Generate Application Init Values

& [JGenerate Internal Data Structure

aE Suppart Multiple Instantiation

& [ Generate System Constants -
A
- [ Generate API including SWC type name
aE Generate System Constant Values
aE Generate System Constant Variant

aE Default Binding Time of Variation Points | PreCompileTime “
v

& | & | System Defaults

Generate System Constants: P

Option Enabled: Generate System Constants for usage of sw variation, e.g. used for
variation points or variation point proxiys.Cption disabled: ASCET generates the System
Constants, i.e. not known for the Rte.

Figure 65: Variant handling - required settings for system constant generation

See also topic Constants and System Constants inthe ASCET online help and
section Variant-Coded Data Structures inthe ASCET-SE User Guide.

7111 Deriving the Conditions from the Model

ASCET includes a comprehensive analysis for the variant conditions, which takes
the following information into account:

— Conditions with system constants in the behavior specification that affect
the usage of AUTOSAR elements (data elements of data interfaces, opera-
tions of client/server interfaces, interrunnable variables)

— Conditions with system constants in the behavior specification that affect
calls to methods or processes

— The mapping of AUTOSAR elements to messages and parameters

In the example below, the runnable calls a process only for a specific variant (Fig-
ure 66). The messages in that process are therefore only used conditionally, and
this is propagated by the mapping to the AUTOSAR elements (Figure 67):
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Figure 66: Conditional call of a process in arunnable (top) and usage of mes-
sages in the process (bottom)

Mapping

Imparted Parameter Calibration Parameter

€ @ param &' @ calibrationInterface.param

Mapping

| E¥

Messages Variables

"€ [ sndRovMsg &' @ v

Mapping

| EY

5/R|Messages Variables

R '€ T2 rovMsg & T [ Receivelnterface.data
+E'_ I’ﬁ sndMsg @ 1"n:::'_ [ sendinterface.data

SR|'E 4 sndrovMsg D

Figure 67: Mapping of messages and parameters for variant handling (from top
to bottom: parameter mapping, internal message mapping, external message

mapping)

7.11.2 System Constants

All system constants that are used in the conditions of variation points are de-
fined inthe AUTOSAR XML, inthe <swc name> systemconstants.arxml file.
The package name, file name and short name are configured as described in sec-
tion 3.1.3, Settings for the AUTOSAR XML Output, on page 21.
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<AR-PLCELGE>
<SHDRT—NAMEPASCET_ﬁystemﬂonstants<HSHDRT—NAHE}
<ELEMENTS>
<SW-SYSTEMCONST >
<5HDRT—NAHE}SY_ﬁWC_IMPL{fSHDRT—NEHE}
<SW-DATA-DEF-PROPS>
<5SW-DATA-DEF-PRCPS-VARIANTS:
<SW-DATA-DEF-PRCPS-CONDITIOCHMAL:
<SW-CALIBRATIOHN-ACCESS>READ-ONLY
</ SW-CALIBRATICH-ACCESS>
<CCHMPU-METHCD-REF DEST="COMPU-METHOD"
fASCET_CompuMethodsfident{fCDHPU—HETHDD—REFb
<DATA-CONSTR-REF DEST="DATA-CONSTR">
/ASCET DataConstrs/Internal/dc Otol</DATA-CCHSTR-REF>
<IMPLEMENTATION-DATA-TYPE-REF DEST=
"IMPLEMENTATION-DATA-TYFPE" >
SAUTOSAR Platform/ImplementationDataTypes/uints
</ IMPLEMENTATION-DATL-TYPE-REF>
<S5W-IMPL-POLICY>STANDARD<,/SW-IMPL-POLICY>
</ SW-DATA-DEF-FROPS-CONDITICHAL:
</ SW-DATA-DEF-PROFS-VARIANTS>
</ SW-DATR-DEF-FROPS>
</ SW-SYSTEMCONST >
</ELEMENTS>
</ BR-PLCHLGE >

Listing 79: ARXML code - System Constant (AUTOSAR R4.2.2)

In addition, the default values for the system constants are also generated in
<swc name> systemconstants.arxml to provide values for the system con-
stants:

<LE-PRCELGE:
{5HDRT—NAHE}ASCET_ﬁystemﬂonstantvalues{ISHGRT—NﬂHEb
<ELEMENTS:>
<SW-5YSTEMCONSTANT-VALUE-SET:>
<SHORT-NAME>Data</SHORT-NLME =
<SW-SYSTEMCONSTANT-VALUES:™
<SW-SYSTEMCCHST-VALUE>
<SW-SYSTEMCCHST-REF DEST="SW-SYSTEMCONST" -
/ASCET_SystemConstants/SY SWC_IMPL
</ SW-5Y¥STEMCONST-REF>
<VALUE>false</VALUE>
</ EW-S5YSTEMCONST-VALUE>
</ SW-SYSTEMCONSTANT-VALUES>
</ BW-5YSTEMCONSTANT-VALUE-SET >
< /ELEMENTS>
< /LR-PLCKLGE™>

Listing 80: ARXML code - System Constant value (AUTOSAR R4.2.2)

In addition to the built-in system constants, you can add user-defined system
constants. A template file for the creation of user-defined system constants is
given in the ASCET installation directory, Tools\System Constant subdirec-
tory. See the ASCET online help for details on how to create user-defined system
constants.

User-defined constants appear like an additional kind in the properties dialog
(e.g., My System Constant in Figure 68).
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7.11.3

C Properties for Scalar Element: cont

General

Mame | cont |

Unit | |

Comment | |

Interpolation

Kind My Systern Constant b
Yariable
Message
Parameter

Basic Type Constant

) Systern Constant
Continuous M

Figure 68: User-defined system constant My System Constant available for se-
lection in the properties editor

Each user-defined system constant has its own binding time, which can deviate
from the binding time selected in the ASCET options, "Targets\ < target
name >\Build" node.

The binding time of a user-defined system constant can be set in the creation file
and in the ASCET options window, "Modeling\User-defined System Con-

stants\ «system constant name»>" node. The available binding times are de-
scribed in the description field of the ASCET options window.

Variation Points for Interrunnable Variables

If an interrunnable variable is only used for a specific variant, the corresponding
variation point is added to the definition of the interrunnable variable in
<swc name>.arxml (see also section 7.9, Interrunnable Variables, on page 130):
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<VARILBLE-DATA-FROTOTYFE>
<SHORT-NAME »>TRV</SHORT-NAME >
<5SW-DATA-DEF-FPROPS>

</ 5W-DATA-DEF-PROFS>

<TYPE-TEEF DEST="APPLICATION-PRIMITIVE-DATA-TYPE">
fASCET Types/ApplicationDataTypes/5Int32</TYPE-TREF>
<INIT-VALUE>

</ INIT-VALUE>
<VARIATION-POINT >
{5HDRT—LABEL}VP_;RHHfSHDRT—LABEL}
<5SW-5YSCOND BINDING-TIME="PRE-COMPILE-TIME" >
<S5YSC-EEF DEST="SW-SYSTEMCONST">
fASCET SystemConstants/SY SWC IMPL</SYSC-REF>
< BW-5Y¥SCOND:>
< /VARILATION-POINT>
< /VARILBLE-DATA-PROTOTYPE:=

Listing 81: ARXML code - variation point for an interrunnable variable
(AUTOSARR4.2.2)

714 Variation Points for Data Access

If a data element of a data interface (calibration, sender/receiver, NV data) is
used conditionally, the corresponding access is annotated with a variation point
iN <swc name>.arxml:

<DATRA-READ-RCCESSS>
<WVARIABLE-RCCESS>
<SHORT-NAME>DataReadiccessl</ SHORT-HAME >
<ACCESSED-VARIABLE>
<AUTOSAR-VARTARLE-TREF:
<PORT-PROTOTYPE-REF DEST="R-PORT-PROTOTYPE":
JASCET ComponentTypes/SWC /Receivelnterface
< /PORT-FROTOTYFE-REF>
<TARGET-DATA-PROTCTIYFE-EEF DEST=
"WARTABLE-DATA-PROTOTYFE" >
JASCET Interfaces/Impl/Receivelnterface/data
</ TRRGET-DATA-PROTOTYPE-REF>
< fLUTOSAE-VLRILBLE-IREF:>
</BCCESSED-VLRILBLE
<VARTATION-POINT>
{5HDRT—LABEL}VE_DataRﬁadAﬂcesSI{ISHDRT—LABEL}
<SW-5YSCOND BEINDING-TIME="PRE-COMPILE-TIME"
<SYSC-REF DEST="SW-SYSTEMCONST":
IASCET_EEStemﬂonstantsfSY_SﬂC;IHTL{ESYSC—REF}
</ SW-5YSCOND>
< /VBRIATION-POINT>
<fVBRIARBLE-ACCESS>
</DRTL-RELD-LCCESSS:

Listing 82: ARXML code - variation point for a data access (AUTOSAR R4.2.2)
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7.11.5 Variation Point Proxies

To make the value of a system constant available in the C code, a variation point
proxy in <swc name>.arxml instructs the RTE generator to add a #define
directive in the generated header files. The name of the preprocessor symbol fol-
lows the AUTOSAR naming convention and is therefore different from the regular
ASCET system constant names.
<SWC-INTERNAL-BEHAVIOR>
{5HDRT—NAME)bSHC_yar{!SHDRT—NAHE}
<DATA-TYPE-MAFFING-REFS:>
<DATA-TYPE-MAPFING-REF DEST="DATA-TYPE-MAPPING-SET">
FASCET Mappings/DataMappings/Impl/SWC</DATA-TYPE-MAPPING-REF:>

</DATA-TYPE-MAPPING-REF5S>
<EVENTS>

</EVENTS>
<EXPLICIT-INTER-RUNNABLE-VARIABLES:>

</EXPLICIT-INTER-RUNNABLE-VARIABLES:
<IMPLICIT-INTER-RUNNABLE-VARIABLES>

</IMPLICIT-INTER-RUNNABLE-VARIABLES:
<RUNNABLES>

</RUNNABLES>

<VARIATICN-POINT-FROXYS>
<VARIATICHN-FOINT-PROXY:>
<SHORT-NAME>SY SWC IMPL</SHORT-MNAME:>
<CATEGCRY-VALUE</CATEGCRY >
<WVBLUE-RCCESS>
<BCOLEAN-VALUE-VARTATICN-PCINT BINDING-TIME="PRE-COMPILE-TIME">
<5YSC-EEF DEST="SW-SYSTEMCONST">
JASCET SystemConstants/SY SWC IMPL</SYSC-REE>
</BOOLEAN-VALUE-VARIATION-POINT>
</VALUE-RCCESS:
</VARIATICHN-POINT-PROXY:>
< /VARILTICHN-POINT-PROXYS:

</ SWC-INTERMAL-BEHAVIOR>

Listing 83: ARXML code - variation point proxy (AUTOSAR R4.2.2)

If you generate an RTE with RTA-RTE V6.8, this results in the following generated
code:

f* BEGIN: Condition Valus Macros &/
#define Rte SysCon SWC_SY SWC_IMPL (FALSE)

JS* END: Condition Valus Macros *f

Listing 84: C code - Rte_Cfg.h with definition of system constant

#define Rte SysCon SY SWC_IMPL Rte SysCon SWC_SY SWC IMPL

Listing 85: C code - Rte_ SWC.h with definition of system constant
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7.11.6

@ NOTE

Creating an RTE is not part of ASCET. See the RTA-RTE documentation for in-
formation.

As shown in this example, the data access is conditional, which means that the
RTE access macros are also defined conditionally. As a consequence, the pro-
cesses where these macros are used are also defined conditionally:

[#if (Rte SysCon 5Y SWC IMPL)] /* M_IMPL process *,
extern FUNC (void, SWC CODE) M IMPL process (void);
3 if J/* M IMPL process */

Listing 86: C code - M. h with conditional declaration of function

Bif (Rte_SysCD:_SY_SWC_ZHPL]];* M IMPL process */
/% messages used by this process */f
/% public process [] */

FUNC (void, SWC_CODE) M IMPL process (vold)
{

/*% process: seguence call #5 %/
/% assignment to irv: min=-oo, max=+oo, hex=phys, limit=false,
zerg incl.=true */f

Rte IrvIWrite runnable IRV(
ETE Prm CalibrationInterface param() +

Rte IRead runnable Receivelnterface data()):
£

J/* process: seguence call #10 =/
/* assignment to SendInteface.data: min=-oo, max=+o0o, hex=phys,
limit=false, zero incl.=true */

Rte IWrite runnable SendInteface data(Rte_IrvIRead runnable irv()):
}
[#endif)/* M _IMPL process */

Listing 87: C code - M. ¢ with conditional definition of function

Variants

The description of one component does not require values for the system con-
stants, but they are required to compile the software component. In the
AUTOSAR model, all components on one ECU share the same variant, and the se-
lection of the variant (in terms of values for the system constants) is therefore
done in the ECU configuration.

To simplify testing, ASCET also generates this information; it is stored in the
<swc name> variants.arxml file.Itis notintended to replace a proper variant
management tool, which has the ability to define valid combinations of values of
system constants, define constraints, and also track the test status for each var-
iant.
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<LR-PLCEAGE>
{5HDRT—NHHE>ASCET_Variants{fSHDRT—NAHE}
<ELEMENTS>
<PREDEFINED-VARTANT >
<5HORT-NAME =Data</SHORT-NAME >
<SW-SYSTEMCOMSTANT-VALUE-SET-REFS:>
<SW-S5YSTEMCONSTANT-VALUE-SET-REF DEST=
“SW—SYSTEMCONSTANT—VALUE—SET“}jASCET_SystemConstanchluestata
</ 5W-5YSTEMCONSTANT-VALLUE-SET-REF>
</ SW-SYSTEMCONSTANT-VALUE-SET-REFS>
</PREDEFINED-VLRRIANT >
<EVALUATED-VARIANT-SET>
{5HDRT—NAHEDE?_Data{fSHDRT—NhHE}
<EVALUATED-ELEMENT-REFS5>
<EVALUATED-ELEMEMT-REF DEST="APPLICATION-SW-COMPONENT-TYPE":
/ASCET ComponentTypes/SWC var</EVALUATED-ELEMENT-REF>
</EVALUATED-ELEMENT-REFS>
<EVALUATED-VARIANT-REFS>
<EVALUATED-VARTANT-REF DEST="PREDEFINED-VARTANT">
fASCET_Variants/Data{fEVALUATED—VARIANT—REFD
< /EVALUATED-VARRIANT-REFS>
</EVALUATED-VARIAMNT-SET>
<ECOC-MODULE-CONFIGURATION-VALUES>
{5HDRT—NAHE>E5!3{_Data<f5HDRI—NAHE:
<DEFINITION-REF DEST="ECUC-MODULE-DEF":>/AUTOSAR/EcuDefs/EcuC
</DEFINITICH-REF>
<CONTAINERS:
<ECUC-CONTATNER-VALUE:>
{5HDRI—NhHE>EC?_Data{f5HDRT—NAHE>
<DEFINITICH-EEF DEST="ECUC-PARAM-CONF-CONTATNER-DEF">
JSAUTOSAR/EcuDefs/EouC/EoucVariationResolver</DEFINITION-REF>
<PRRAMETER-VRLUES></PRRAMETER-VALUES>
<REFERENCE-VALUES>
<ECUC-REFERENCE-VALUE>
<DEFINITICN-REF DEST="ECUC-FOREIGN-REFERENCE-DEF":
SAOTOSAR/EcuDefs /EouC/EcucVariationResolver/Predefined
VariantRef</DEFINITIOH-REF:
<WALUE-REF DEST="ECUC-PABAM-COMF-CONTAINER-DEF":-
FASCET Variants/Data</VALUE-REF>
< /ECUC-REFERENCE-VALUE >
< /REFERENCE-VLLUES >
< /ECUC-CONTAINER-VALUE >
< /CONTRINERS>
</ECUC-MODULE-CONFIGURATION-VALUES>
< /ELEMENTS>
< /BR-PACKLGE>

Listing 88: ARXML code - Variant (AUTOSAR R4.2.2)
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8 Modes

The previous chapters have explored how an AUTOSAR software-component
type can be defined and configured. In this chapter, you will learn how to define
application modes that can be used by software components to control the exe-
cution of runnable entities.

This chapter summarizes the topics related with modes of the following sections:
— section 5.2, Mode Switch, on page 67
— section7.1.3, Moge-Switch Events, on page 109

8.1 Defining Modes

Modes are declared within a <MODE-DECLARATION-GROUP> element contained
inthe AUTOSAR package ASCET types. The@ ASCET types package contains
software-component-specific types.

INAUTOSAR R4.*, the ASCET Types package is stored in the application types
file of the software component, i.e. the generated file SWC_appltypes.arxml.

<AR-PACKAGE>
<SHORT-NAME>ASCET Types</SHORT-NAME>
<AR-PACKAGES>
<AR-PACKAGE>
<SHORT-NAME>ApplicationDataTypes</SHORT-NAME>
<ELEMENTS>
<MODE-DECLARATION-GROUP>

</MODE-DECLARATION-GROUP>

</ELEMENTS>
</AR-PACKAGE>
</AR-PACKAGES>
</AR-PACKAGE>

Listing 89: ARXML code - mode declaration group

The <MODE-DECLARATION-GROUP> element is used to declare one or more
modes that are subsequently used by interface declarations.

To create a mode group
1. Inthe component manager, select Insert > AUTOSAR > Mode Group.

2. Name the mode group OnOf fMode.

3. Create twomodes, of £ and on, as described on page 67.
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8.2

I "
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Figure 69: Mode declaration group OnOffMode

@ NOTE

A mode declaration group resembles an ASCET enumeration. In contrast to
enumerations, the representing value cannot be set explicitly.

ASCET declares the <MODE-DECLARATION-GROUP> inthe AUTOSAR package
ASCET_types. See Listing 25 on page 68 for an AUTOSAR R4.0.2 ARXML example.

One mode within a <MODE-DECLARATION-GROUP> element is marked as the
group's initial mode through the <INITIAL-MODE-REF>. Mode-Switch events
that are attached to the ENTRY of an initial mode are triggered by the RTE when
thisis started using Rte Start.

A <MODE-DECLARATION-GROUP> can be used (referenced) by multiple mode-
switchinterfaces and therefore inherently used by multiple software-compo-
nents.

Mode Communication

Modes are communicated over a mode-switch interface (see section 5.2, Mode
Switch, on page 67).

In ASCET, mode-switch interfaces are realized as sender-receiver interface com-
ponents that contain mode groups.

INn AUTOSAR R4.*, each mode-switch interface must specify one mode declara-
tion group prototype.
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Each mode declaration group prototype defines a prototype of a specific mode
declaration group.

To create a mode group interface

1.

In the component manager, select Insert > AUTOSAR > SenderReceiver
Interface.

Name the sender-receiver interface ModeInterface.
Double-click ModeInterface.

The "Sender Receiver Interface Editor for: Modelnterface” editor opens.

. SelectInsert > Component.

The "Select Item .." window opens.

. Inthe "Database” or "Workspace" field of the "Select Item” window, select

the mode group Onof fMode (see also Figure 21 on page 69).

Click OK to close the "Select Item” window and insert onOf fMode into
ModeInterface.

The "Properties for Element: OnOffMode” window opens.
Click OK to use the default name and comment.

The mode group interface ModeInterface Now looks as shown in Figure
22 on page 69.

The declaration of mode declaration group prototypes within a mode-switch in-
terface definition has the structure shown in Listing 26 on page 70.

INn AUTOSAR R4.*, a mode group is defined using the <MODE-GROUP> element.

Each <MODE-GROUP> must specify the following:

the <SHORT-NAME> that you will use to refer to the item

the <TYPE-TREF> reference to mode declaration group

IN AUTOSAR R4.*, a sender-receiver interface component that contains a mode
group must not contain data elements, and vice versa. Mixing both kinds of ele-
ments leads to a code generation error.

Using Modes

A software component can be a mode user activated in response to a mode
switch. In this section, you learn how to use modes in a software component.

To insert a mode group interface in a software component

1.

Create and set up a project as shown in section 3.1.2, Code Generation Set-
tings for AUTOSAR, on page 17.

Insert a software component Swc in the project, as described in 7o /nsert
an AUTOSAR software component in a project on page 23.

In the "Outline” tab of the project editor, double-click Swc to open the soft-
ware component editor.

In the software component editor, select Insert > Component.

The "Select item..." window opens.



8.3.1

8.3.2

5. Inthe "Database” or "Workspace” field of the "Select Item” window, select
the interface ModeInterface and click OK.

The "Properties for complex element: Modelnterface” window opens.

6. Make sure that Required is activated in the "Internal Access"” area.

@ NOTE

Mode interfaces can only be used as Rports. If you insert a mode inter-
face as Pport, an error (MMd11285) is issued during code generation.

7. Click OK to add the mode interface.

Software Component Initialization and Finalization

AUTOSAR modes can be used to execute code when the RTE is started, e.g., to
initialize internal data structures, etc. Similarly, when a system is shut down your
software component may need to store data, log operational details, etc.

Each mode declaration group describes an initial mode - to activate a runnable
when the system is started created by a <SWC-MODE-SWITCH-EVENT> for entry
to the initial mode.

To create a mode-switch event

1. Inthe "Software Component Editor for: Swc”, go to the "Event Specifica-
tion" tab.

2. Select Event > Add Event and name the event ModeEvent.

3. Inthe "Event Kind" combo box, select ModeSwitch.

4. Setthe following mode switch settings (see also Figure 45 on page 109):
e Activation: entry
e Assigned Mode: on: : OnOffMode

A runnable entity within a software component can be started when the RTE is
Started by declaring a <SWC-MODE-SWITCH-EVENT> for entry to an initial mode.

Triggering a Runnable Entity on a Mode-Switch

A runnable entity can be activated on either entry to or exit from a mode using a
Mode-Switch event configured, like all other events, in the <SWC-INTERNAL-BE-
HAVIOR> element of a software component.

To create a runnable entity:

1. Inthe "Software Component Editor for: Swc", select a diagram (e.g., Main)
in the "Outline" tab.

2. SelectInsert > Runnable and name it ModeRunnable.

For details on runnable entities, refer to section 7.2, Runnable Entities, on
page 110.

If ModeRunnable is defined for entry, the runnable entity must be of Category 1.
This means that it must not make any (blocking) RTE calls nor access other appli-
cation components.
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Similarly, when a system is defined for exit, your software component may need
to store data, log termination etc. The principle is the same as initialization, ex-
cept that finalization is simply a transition to a new mode that is associated with
shutdown.

To add a Mode-Switch event to a runnable

1. Gotothe "Event Specification” tab of the "Software Component Editor for:
Swc”.

2. Inthe "Events" field, select the event ModeSwitch.
3. Inthe "Runnables” field, select the runnable ModeRunnable.

4. Select Event » Assign Event or click the » > button.

Events Runnables

1+
El ﬁModeSwibdn (ModeSwitch - entry - on::0n = E ModeRunnable bl
o

[l off::0n0ffMode (ModeInterface/OnC I—EI ﬁModeSwitch (ModeSwitch - entry - on::OnOffh ﬁ

[¥] on::0n0fMade {ModeInterface/On0: off::OnOffMode (Modelnterface /OnOffMode) 2
on::OnCffvode (ModeInterface /OnOffMode) Q

=

o : g
=3

Ewent Kind: =
[ModeSwitch vl |

Mode Switch Settings
Activation @) entry () exit

Assigned Mode:

Gudde |y ahessal) @

[on::OnOfﬁ“'Iode (ModeInterface /QOnOffv ']

uapeaypads Juasg % asmolg [ | uopesyypads 5.
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Figure 70: ModeSwitch is assigned to ModeRunnable

When the Mode-Switch event is mapped to a runnable entity, then ASCET gener-
ates the <SWC-MODE-SWITCH-EVENT> element in the configuration language as
shown in Listing 48 on page 10.

A <SWC-MODE-SWITCH-EVENT> element defines the following things:

A. The <START-ON-EVENT-REF> element defines the runnable entity to be
activated. The reference must be to a runnable entity within the same soft-
ware component type.

B. The <ACTIVATION> element defines whether the runnable entity is trig-
gered on entry to, or exit from, the mode. ASCET supports the text ENTRY
or EXIT. AMode-Switch event can apply either to entry to a mode or exit
from a mode, but not to both. If runnable activation is required for entry and
exit, then two Mode-Switch events must be defined.

C. The <MODE-IREF> element defines the mode associated with the Mode-
Switch event. The <MODE-IREF> element must contain three references
(the port prototype, the mode declaration group prototype, and the mode
declaration group that types the declaration group prototype).

One mode within a <MODE-DECLARATION-GROUP> element is marked as the
group's initial mode. Any Mode-Switch events that are attached to the entryof an
initial mode within any group are triggered by the RTE when this is started using
Rte Start.
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@ NOTE

When more than one runnable entity is triggered by the same mode entry (or
exit), the order of execution of runnable entities is not defined. For portability,
therefore, a system should not rely on a particular execution order.

8.3.3 Disabling Modes

A <DISABLED-MODE-IREFS> element permits the behavior of an event to be dif-
ferent in different modes. This allows such use cases as the activation of a runna-
ble entity to be suppressed/permitted when a certain mode is active.

To disable the activation of arunnable

1. Inthe software component editor, go to the "Event Specification” tab.
2. Inthe "Events” pane, select the event ModeEvent.

3. Disablethe mode of £.

Events Runnables
+H
=] ﬁMDdeSwiw (ModeSwitch - entry - on::0On =] "é ModeRunnable b
el
M off::0nOffMode (Modelnterface/OnC I—EI ﬁModeSwibdn {ModeSwitch - entry - on::OnOffh ﬁ
[+] on::0n0ffMade {ModeInterface,/Ond L on::0OnCffvode (ModeInterface /OnOffMode) =
o
5
4 | 1} 3 o =
=3
Event Kind: =
MaodeSwitch - |

Mode Switch Settings
Activation @) entry () exit

Assigned Mode:
[on: :0nOffMode (ModeInterface /OnOffi - ]

Gudde ) abEssa ) @

uapenyynads Juasg & asmoug e | uo|jesynads 5.

Figure 71: Mode of £ disabled in ModeEvent

The <DISABLED-MODE-IREFS> element specifies the disabled modes:
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<SWC-MODE-SWITCH-EVENT>
<SHORT-MAME *ModeEvent </ SHORT-HAME =
<DISABLED-MCDE-IREFS>
<DISABLED-MODE-IREF>
<CONTEXT-PCORT-EEF DEST="R-PORT-PROTOTYPE">
JASCET ComponentTypes/SWC/ModeInterface</CONTEXT-FCRT-REF>
<CONTEXT-MCDE-DECLARATICH-GRCUP-PROTCTYPE-REF DEST=
"MODE-DECLARATION-GROUP-PROTOTYFPE" >
JASCET Interfaces/Impl/ModeInterface/On0ffMode
</ CONTEXT-MODE-DECLARATICHN-GROUP-PROTOTYPE-REF>
<TARGET-MODE-DECLARATICHN-REF DEST="MODE-DECLABATION"X
/ASCET Types/ApplicationDataTypes/OnOffMode/off
</TLRGET-MCDE-DECLARATICH-REF>
</DISABLED-MODE-IREF>
</DISARELED-MODE-IREFS>
<ETART-CH-EVENT-REF DEST="RUNNABLE-EMTITY":>
fASCET ComponentTypes/SWC/bSWC/ModeRunnable</START-ON-EVENT-REF>
COCTIVATION=ON-ENTRY</ACTIVATION:
<MCDE-IREFS>
<MODE-IREF>
<CONTEXT-PORT-EEF DEST="R-PORT-PROTOTYPFE">
JASCET ComponentTypes/SWC/ModeInterface</CONTEXT-PCRT-REF>
LCONTEXT-MODE-DECLARATICHN-GRCUP-PROTCTYPE-REF DEST=
"MODE-DECLARATION-GROUP-PROTOTYPE" >
JASCET Interfaces/Impl/ModeInterface/On0ffMode
</ CONTEXT-MODE-DECLARATICHN-GROUP-PROTOTYPE-REF>
<TAREGET-MODE-DECLARATION-REF DEST="MODE-DECLABATION":
/ASCET Types/ApplicationDataTypes/On0OffMode/on
</TLRGET-MCDE-DECLARATICH-REF>
</MODE-IREF>
</MODE-IREFS>
</ SWC-MODE-SWITCH-EVENT>

Listing 90: ARXML code - definition of a Mode-Switch event with disabled mode

When the mode specified within the <DISABLED-MODE-IREFS> elementis ac-
tive, the RTE will not activate the runnable (the activation is discarded).

For more information about the implementation of mode instances, please refer
to the RTA-RTE User Guide.
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9.1

9.11

9.1.2

9.1.3

Implementing Software Components

This chapter shows how to model software components in ASCET so that the ob-
jectsrequired by the RTE are declared, and how to use the RTE API generated by
the RTE generator.

@ NOTE

The generated C code may differ for different RTE-AUTOSAR R* versions
used as OS (cf. page 18), depending on the settings in the respective memory
sections definition file (see 7o define a memory sections definition file on
page 20).

All C code examples in this chapter have been generated with RTE-AUTOSAR
R4.2.2,unless explicitly stated otherwise.

Basic Concepts

Namespace

AllRTE symbols (e.g., function names, global variables etc.) that are visible in the
global namespace use either the prefix Rte or the prefix RTE .

@ NOTE

You must not create symbols that use either the prefix Rte  or the prefix
RTE , toavoid the possibility of namespace clashes.

Runnable Naming Convention

The RTE generator generates code that activates your runnable entities. To do
this, the RTE's internal mechanisms need to be able to access your code through
defined interfaces.

Each of the named runnable entities defined in your runnable entity <sYMBOL>
declarations must be implemented. Failure to define all runnable entities will be
detected at compile time when your application is linked to form the ECU's exe-
cutable image. The linker error message will reference the missing runnable entity
entry point.

Runnable entities are executed by RTE-generated code when required. The func-
tion providing an entry point for a runnable entity should not be invoked directly
by an application software component.

Like for all executable elements in the model, a symbol can also be specified in
the implementation settings for a runnable and will then take precedence over
the default naming scheme.

APINaming Convention

The RTE AP calls are generated for each software component using names de-
rived from the RTE generator's input. The RTE API provides a consistent interface
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to each software component, but allows the RTE generator to provide different
implementations of the API functionality.

Each API call name is formed from the following parts:

Thus,

prefixRte
call functionality (read, write, etc.)
Either

e port name and data item name (sender-receiver) or operation name
(client-server) through which the call operates

or
e name of the object (e.g., exclusive area) upon which the call operates

RTE API calls involving communication through ports have the format:

Rte StatusType

Rte <API call name> <port> <dataitem/operation>

Whereas other RTE APIs have the format:
Rte StatusType

Rte <API call name> <object name>

AP| Parameter Passing Mechanisms

The RTE API calls may have one or more parameters. The APl parameters (if any)
fallinto one of three classes:

‘In" Parameters - All "in" parameters that are AUTOSAR primitive data types
(with the exception of a string) are passed by value. Strings and other “in”"
parameters that are of a complex data type (i.e. arecord, array, or matrix)
are passed by reference.

Note that while AUTOSAR defines a string as a primitive data type, its inher-
ent size makes it inefficient to pass by value and is therefore treated the
Same as a complex data type.

"In" parameters are strictly read-only.

"Out” Parameters- All "out” parameters are passed to RTE API functions by
reference. Thisis required to ensure that the API functions can modify the
parameter.

"Out” parameters are strictly write-only.

“In/Out” Parameters - All "infout” parameters are passed to the RTE AP
functions by reference except for an asynchronous client-server call when
primitive data types (other than strings) are passed by value to Rte_Call
and by reference to Rte_Result.

"Infout” parameters can be read and written by the API function being
called.
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9.2

9.21

@ NOTE

ASCET configures the identifiers of the APl parameters in the XML configura-
tion file specified in the project properties (see 7o define a memory sections
aefinition file on page 20). The standard configuration of the AUTOSAR
memory sections is provided in the exemplary files memorySections Au-
tosar.xml and memorySections Autosar4.xml.

When generating code in an AUTOSAR project, ASCET loads the memory sec-
tions defined in the specified XML file. Changes in the * . xm1 file will only be
considered if you perform Build » Touch > Recursive before the code genera-
tionis started.

Application Source Code

ASCET is a C code generator, and the RTE also generates C code. ASCET V6.4
supports, at present, single-instance software components.

Application Header Files

Each software component generated in ASCET includes the relevant application
header file <swCname>.h created during RTE configuration.

o] A=

Listing 91: C code - include application header file (<swcname>.h)

The RTE APl is specific to each software component type. Therefore, it must be
included only in the component's application header file for each source code file
that defines a component (whether completely or partially).

@ NOTE

ASCET includes the header files in the application software when exporting
the generated code into a storage directory (see how to generate code in a
project in section 3.1.4, Code Generation, on page 22). The user shall not use
intermediate files taken from the code generation directory.

A single source module must not include multiple application header files, as the
APl mappings they contain may be different for different software components.
The header files generated by the RTE generator protect against such multiple
file inclusion.

The component type specific header file defines the component's RTE API.
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9.2.2

Entry Point Signature for Runnable Entities

The user models in ASCET the implementation of the runnables in the software
component. ASCET generates the source code of all the runnable entities re-
quired to make a software component work at runtime.

ASCET provides an entry point (i.e. a C function) for each <RUNNABLE-ENTITY>
declared in the component description.

* BEGIN: DEFINITICHN OF RUNMABLE 'RteRunnable’
*model NAME . ... csens st s ann s nnnnn 1 'BunnakleEntity’
F mMEMmOTY ClasS8 .. .cccner st annnnsn s nnnnnnrnnn "CODE'
'# messages used by this runnable */f
* public RunnableEntity_ ()

FUNC (void, SWC_CODE) RteRunnable (wvoid)

Listing 92: C code - entry point for runnable entity

The signature of a runnable entity’s entry point function follows the following im-
plementation rules:

— There are no user-defined parameters.
— Thereisnoreturnvalue (i.e. areturn type of void must be specified).
— Thememory class must be CODE.

AllRTE events other than Operation-Invoked events use the same basic signa-
ture for runnable entity entry points, irrespective of the event that actually trig-
gers the runnable entity.

If the runnable entity responds to an <OPERATION-INVOKED-EVENT>, then addi-
tional parameters may be required.
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9.3

[

f* messages used by this
* public Server MaximumVa
(Imputh::sdisc;InputB: rsdisc;OutputMaximuam: : sdisc)

lue

FONC (void, SWC _CODE) SWC Impl Server MaximumValue (

/ IN */ WAR(sintle, AUTOMATIC) Inputh,
f* IN ®/ VAR (sintlé, AOTOMATIC) InputB,
f* OUT */ CONSTPZVAR (sintlé, AUTOMATIC, RTE APPL DATR) OutputMaximum
)

{
f* Server MaximumValus: seguence call $5
S* assignment to OutputMaximum: min=-32768, max=327&7, hex=phys,
limit=(maxBitLength: false, assign: true), =zZero incl.=true
(*CutputMaximum) = ((Input >= InputB) ? InputR : InputB):;

}

Listing 93: C code - server runnable entity

The signature of a runnable entity entry point function invoked as a result of an
Operation-Invoked event follows the following implementation rules:

— Thereisareturn value when a server specifies application errors, in which
case Std ReturnType isused.

— Formal parameters are the operations' IN, IN/OUT and OUT parameters.
These parameters are passed by value or reference depending on the type.

— Thememory class must be CODE.

Sender-Receiver Communication

The RTE API calls for handling non-queued sender-receiver communication differ
for the type of data access.

— Non-queued communication with explicit access
e SendwithRte Write
e Receive withRte Read
e Receivewith Rte DRead

Non-queued communication with explicit access can be optionally imple-
mented with status.

- Non-queued communication with implicit access
e SendwithRte IWrite
e ReceivewithRte IRead

The implicit APl uses a locally cached copy of data to preserve consistency
over a calling runnable entity invocation. Data is read into a global cache
before the runnable entity starts executing and is written from the global
cache after the runnable entity terminates. Data writes are done once, no
matter how many times it is written.
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The RTE guarantees cached data does not change during execution of the
runnable entity.

The implicit APl should be used when you need to guarantee that every ac-
cess to adatumin a runnable entity will provide the same result irrespec-
tive of how many times it is accessed during an invocation of the runnable
entity.

The following sections show how to use these types of data access in your appli-
cation.

9.3.1 Sending to a Port: Explicit Communication

Components communicate data to other components using the Rte_Write call.
The call is defined per port and interfaces data item for each component and
therefore has the following signature:

Rte StatusType Rte Write <Port> <Dataltem>(DataltemType Data)

For the example of section 7.4.1, Explicit Communication,

L_J

log
/O SRInterface

¥log
&

Speed
5/RunnableEntity

[T —f@——fsoees

Sender

(block diagram editor for SWC)

ASCET generates the following C code:

FUONC (void, SWC_CODE) RteRunnable (void)
{
temp. variables

VAR (S5td _ReturnType, AUTOMATIC) ASCET RteStatus:;

_ASCET RreStatus = Rte Write Sender Speed| Vo

}

Listing 94: C code - explicit send (example of section 7.4.1, Explicit Communica-
tion)

9.3.2 Sending to a Port: Explicit Communication with Status
Explicit access can be optionally implemented with status.
To set explicit communication with status (block diagram editor for SWC)

1. Openthe ARProject project and swc software component from the ex-
ample in section 7.4.1, Explicit Communication, on page 114.

2. Inthe drawing area of the software component editor, right-click the RTE
access operator and select Access > Explicit with Status from the con-
text menu (see Figure 72).
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SRInterface

W

Speed

{3RunnableEntity
O Speed

Views...

Create ASCET Link

Bring To Front
Send To Back

Fill Color...
Show Sequence Calls

Browse Connected Elements

Temporary Variable Explicit

v Explicit with Status

Figure 72: Setting explicit communication with status (block diagram edi-
tor for SWC)

3. Usethe  RTE Status button to create an RTE Status operator and place
itinthe drawing area.

4. Createaliteral (& ) and place it in the drawing area.

5. Edit the literal (see the online help for details) and enter one of the sta-
tus/error values listed in section 4.7.1, Std_ReturnType, on page 43.

Thisexample UseSRTE_E NO_ DATA.

6. Add alogic variable ([i@)) named, e.g., noData.

7. Convert the variable's sequence call into a connector (see the online help
for details).

8. Addan = Equal operator.

9. Connect literal, RTE status block, operator, and variable as shown in Fig-
ure73.

10. Connect the pin below the RTE Status block with the connector of the
noData variable
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=
—}og SRInterface
speed I
/5 /RunnableEntity
'@E speed

Sender
] — - /Y
[NO_DATA ——| } _____

Figure 73: Sending a value 120 to a sender port using explicit communication
with status (block diagram editor for SWC)

To set explicit communication with status (ESDL editor for SWC)

1. Openthe ARProject project and swc software component from the ex-
ample in section 7.4.1, Explicit Communication, on page 114.

2. Declare a method-/runnable-local variable of type Sstd ReturnType:
Std ReturnType rteStatus;
This variable will hold the status from the explicit write procedure.
3. Enter the following code to use explicit write with status information:
rt eStatus = Sender.Speed.explicitWrite (120);
4. Specify the status inquiry as follows:
if (rteStatus != RTE E OK)

{
noData = rteStatus == RTE_E NO DATA;

}

For the example, ASCET generates the following C code:

#define noData (SWC_RAM.noData)

FUNC (void, SWC_CODE) RteRunnable (void)
i

* temp. variables */f
VAR (5td ReturnType, AUTOMATIC) ASCET RteStatus;

ASCET RteStatus = Rte_Write Sender Speed( Vs

if {_ASCET RteStatus != RTE E CK)
i
* RIE ExplicitWithStatus-block: sequence call #Explicit write
error/Status #1 J
_noData = ASCET RteStatus == RTE_E NO DATA;
} /% end if */

1

Listing 95: C code - explicit send with status
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9.3.3

9.3.4

Sending to a Port: Implicit Communication

The implicit APl includes a reference to the runnable entity that is declared as ac-
cessing the data in the APl name. Care should be taken when writing a runnable
entity toinvoke the correct APl. The Rte_IWrite APIreads data:
Rte StatusType

Rte IWrite <runnable> <port> <data>( DataltemType Data)
The cache is updated before the runnable entity starts. Rte IWrite writes data
to a cached copy and changes are only made visible after the runnable entity ter-
minates irrespective of the number of times the data is written.

For the example of section 7.4.2, Implicit Communication,

................ 'J"'D_lll': SRInterface

................. —}log m

Sender. . ... (block diagram editor for SWC)

ASCET generates the following C code:

FUNC (void, SWC_CODE) RteRunnabkle (vodld)

i
RunnableEntity sequence call %5
f* assignment to Sender.Speed: min=-32768, max=327&7, hex=phys,
limit=(maxBitLength: false, assign: true), zero incl.=true
Ete IWrite RunnakleEntity Sender Speed( I
}

Listing 96: C code - implicit send (example of section 7.4.2, Implicit Communi-
cation)

Receiving from a Port: Explicit Communication

Components receive communicated data items from other components using
the Rte Read call. The call is defined per port and interfaces data item for each
component and therefore has the following signature:

Rte StatusType Rte DRead <Port> <Dataltem> ()

For the example of section 7.5.1, Explicit Data Read Access,

r
SRInterface

a
S 10/RunnableEntity

Speed = [
SpeedSWWiC

Receiver

(block diagram editor for SWC)
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9.3.5

ASCET generates the following C code:

fine SpeedSWC (SWC_REM. SpeedSWC)

FUNC (vodid, SWC _CODE) ERteRunnakble (vodld)
{

temp. variables

VAR (5td ReturnType, AUTOMATIC) ASCET RteStatus;

}
Listing 97: C code - explicit receive (example of section 7.5.1, Explicit Data Read
Access)

Receiving from a Port: Explicit Communication with Status

Explicit access can be optionally implemented with status. To set explicit commu-
nication with status, see the example in section 9.3.2, Sending to a Port: Explicit
Communication with Status, on page 177.

When setting explicit communication with status to the example of the previous
section,

B
SRInterface 120 -

}'D /10/RunnableEntity
speed . [T~
SpeedSWC

Receiver CE— L _.z"lll-"'
[NO_DATA —| } _____

(block diagram edi-
tor for SWC)

ASCET generates the following C code:
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9.3.6

#define _noData (SWC_EAM.noData)

#define SpeedSWC REF_ (& (SWC_RAM.SpeedSWC) )

FUNMC (void, SWC_CODE) RreRunnable (woid)
i
* temp. variables */f
VAR (Std ReturnType, AUTOMATIC) ASCET RteStatus;

FunnableEntity: =seguence call #10 /
ESCET RteStatus = Rte_Read Receiver 5peed: _SpeedsSWC_REF )
1f ( ASCET RteStatus l— ETE E OE)
{
RTE :xp__d_tw thi3tatus-block: sequence call #Explicit write
error/Status #1 !
_noData = ASCET RteStatus = RTE E NO DATA;
} /* end if */

}
Listing 98: C code - explicit receive with status

Rte Readisnon-blocking evenif no datais present toread. If no data is present,
thereturnvalue fromthe calliSRTE_E NO DATA.

Receiving from a Port: Implicit Communication

The implicit APl includes a reference to the runnable entity that is declared as ac-
cessing the data in the APl name. Care should be taken when writing a runnable
entity to invoke the correct APl. The Rte IRead APl reads data:

DataltemType Rte IRead <runnable> <port> <data>()

The cache is updated before the runnable entity starts and therefore within a sin-
gle execution of a runnable entity the value returned by Rte IReadis guaran-
teed not to change.

For the example of section 7.4.2, Implicit Communication,

"
SRInterface
a T
/10/RuninableEntity
Speed
SpeedSWiC
Receiver

(block diagram editor for SWC)

ASCET generates the following C code:
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9.4

9.41

$define _SpeedSWC (SWC_RAM.SpeedSWC)

FUNC (void, SWC_CODE) RteRunnable (vold)
{

* RunnableEntity: sequence call #10
¥ assignment to SpeedSWC: min=-32768, max=327&7, hex=phvys,
limit=(maxBitLength: false, assign: true), zero incl.=true

_SpeedsSWC = Rte_TRead RunnableEntity Receiwver Speed():

}

Listing 99: C code - implicit receive (example of section 7.4.2, Implicit Commu-
nication)

Client-Server Communication
Client-server communication is initiated using the Rte_Call APl call.

When the CLIENT MODE is set to synchronous, thenRte Call returns after the

operation has been completed by the server. This means that your code will not

continue to execute until the server returns the result. Once the result has been

computed, it is passed back to the component by the return value of the

Rte Call.

Rte StatusType Rte Call <Port> <Operation>( InParamlType In 1,
.

InParamNType In N,

OutParamlType Out 1,

I

OutParamMType Out M)

Implementing a Server Operation

Each component that defines a server port must implement a runnable entity that
responds to an Operation-Invoked event. The signature of the runnable entity
must conform to the rules defined in section 9.2.2, Entry Point Signature for Run-
nable Entities, on page 175.

The following instruction explains how to implement the Server MaximumValue
runnable of section 7.7 Responding to a Server Request on a Port.

To implement a server operation
1. Create aPport server as described in 7o create a server porton page 93.
2. If you are working in the block diagram editorfor SWC, proceed as follows:
i. Loadthediagram Server CSInterface.

ii. Implementthe operation Server MaximumValue asshown inFigure
74.

3. If youare working in the £SDL ediitor for SWC, proceed as follows:

i. Openthe server MaximumValue operation.
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9.4.2

ii. Implement the operation as follows:

OutputMaximum = InputA.max (InputB);

m, Software Component Editor for: Swe [ Server_CSInterface | Project: ARProject [ANSI-C/Qbject]
File Edit View Inset Build Extras Tools Window Help

HBIE,|H!‘?;| |':?\ @|"9‘@*?|m._§g@lﬁ|@" |[<showa||> v| 100%
Tree Pane x

{H outine |'t'§ Navigation I E ] Databasel

THET e - .

N InputAy/Server_Maximumyalue fo‘Server_MammumValue
B @_]Reallzed Interfaces -
o [l Server::CSInterface OutputMaximum/Server _Maximumyalue
£ Main InputBfServer_MaximumValue

= @E{’ Server_CSInterface

"E: ﬂ Server_MaximumValue (InputA::sdisc;.
?Lﬂ InputA::sdisc [In]
?L‘LJ InputB: :sdisc [In]

m

?L‘LJ CutputMaximum: :sdisc [Out]

Figure 74: Implementation of the operation Server Maximumvalue inthe dia-
gram server CSInterface (block diagram editor for SWC)

For the operation Server MaximumvValue, ASCET generates the following
server runnable:

BEGIN: DEFINITION OF RUNNABLE 'SWC Impl Server MaximumValue'

/* messages used by this runnable #/
/% public Server MaximumValus
(Imputh: :sdisc;InputB: :sdisc;0utputMaximum: : sdisc) *

FONC (void, SWC_CODE) SWC Impl Server MaximumValue (
/* IN *f/ VAR(sintle6, AUTOMATIC) Inputh,
f=* IN #*f VAR(sintlé, AUTOMATIC) InputB,
f* OUT */ CONSTP2VAR (sintlé, AUTOMATIC, RTE APPL DATR) OutputMaximum
)

{
il Server MaximumValue: sequence call 5 =
f* assignment to OutputMaximum: min=-32T768, max=32767, hex=phys,
limit=(maxBitLength: false, assign: true), =zero incl.=true */
(*CutputMaximum) = ((Inputid >= InputB) ? Inputk : InputB);

]

Listing 100: C code - server runnable

Servers may be invoked from multiple sources, for example, through a request
from a client received via the communication service or directly via intra-task
communication. Unless marked as concurrently executable within the runnable’s
configuration, the RTE will serialize access to the server, queuing requests on a
first-in/first-out basis.

Making a Client Request on a Port

A runnable entity will be invoked by the RTE each time a request is made for an
operation on the server’s port.

ETAS ASCET V6.4 | AUTOSAR User Guide



185 I Implementing Software Components

9.5

9.5.1

For the example of section 7.8, Making a Client Request on a Port, on page 128,

i InvokeOp

—E—# Inputa [T RurableEntty
A A CSInterface 15/RunnableEntity

—EA—# InputB O=  maximumvalue
B .

—[B [ OutputMaximum (b|ka dlagram
c Thent editor for SWC)

ASCET generates the following C code:
$define A (SWC RAM.R)

#define
$define

(SWC_RAM.B)
_REF_ (& (SWC_RAM.C))

B
-

FUNC (void, SWC_CODE) RteRunnable (woid)
i

'# temp. wvariables */f
VAR (Std _ReturnType, RUTCMATIC) ASCET RteStatus;

/* RunnableEntity: sequence call #15 J

_ASCET RteStatus = Rte Call Client MaximumValues( A, B, C EEF }:
'
Listing 101: C code - client request

Message, NV Variable, and Parameter Mapping

This section describes how ASCET elements, i.e. messages, non-volatile variables
(NV variables), and imported parameters, are mapped to corresponding AUTOSAR
elements.

— 9.5.1, Accessing Calibration Parameters, on page 185

9.5.2, Accessing ASCET Messages, on page 190

9.5.3, Accessing Non-Volatile Variables, on page 196
- 9.5.4, Automatic Mapping, on page 201

To ease reuse of ASCET modules and classes in SWC, it is possible to export
mappings from one SWC and import them into another SWC. See the ASCET
online help for details.

Accessing Calibration Parameters

If a software component declares calibration parameters, then each characteris-
ticis accessed at runtime using the API call:

CalprmElementType Rte Calprm <Port> <CalprmElement>()

The call returns either the calibration data (primitive types) or a pointer to the
data (complex types).

Calibration data in a function is modeled by means of ASCET imported parame-
ters. In an application software component, the calibration data can be mapped
to the calibration parameters of an AUTOSAR calibration component. For this

ETAS ASCET V6.4 | AUTOSAR User Guide



purpose, ASCET provides a special editor in the "Parameter Mapping” view of the
software component editor.

In that editor, imported parameters can be mapped to AUTOSAR elements ac-
cording to the following rules:

— Parameters can be mapped as shown in the following table.

Parameter Mapping
Scalar to scalar elements of calibration interfaces

to scalar elements of complex elements (records)
in calibration interfaces
Composite (arrays,  to composite elements of calibration interfaces
matrices) to composite elements of complex elements (rec-
ords) in calibration interfaces
Complex (records)  to complex elements (records) in calibration inter-
faces
to complex elements of complex elements (rec-
ords) in calibration interfaces

Table 5: Mapping possibilities for ASCET parameters

— Ascalar parameter must be mapped to a scalar element of compatible

type.

Imported parameter type Calibration parameter type
Continuous (cont) cont/ limitint / wraplnt / sdisc / udisc
Limited Integer (limitint) limitint / wrapint

Wrap-Around Integer (wrapint)  wraplnt

Signed Discrete (sdisc) cont/ limitint / wraplnt / sdisc / udisc
Unsigned Discrete (udisc) cont / limitint / wrapInt / sdisc / udisc
Logic (log) log

Enumeration (enum) Enumeration of the same type

Table 6: Parameter types and compatible AUTOSAR types

If you map a scalar parameter to an element of compatible, but non-identi-
cal type, awarning (WMd1635) isissued during code generation.

If you map a scalar parameter to an element of incompatible type, an error
(MMd1635) isissued during code generation.

— Acomposite parameter (array, matrix) must be mapped to an array or ma-
trix of identical size, data type, and implementation.

Otherwise, the mapping is indicated as invalid, and an error (MMd1635) is
issued during code generation.

— Acomplex parameter (record) must be mapped to a record of identical
type and implementation.

Otherwise, the mapping is indicated as invalid, and an error (MMd1635) is
issued during code generation.
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To create a function with parameters

1. Inthe component manager, select Insert » Class > Block Diagram to cre-
ateaclass.

2. NametheclassClassWithParam.

3. OpencClassWithParaminthe block diagram editor.

4. Usethe ﬂ Logic Parameter button to create a logic parameter.
The dialog "Properties for Scalar Element: log” opens.

5. Name the parameter 1ocalLog and change the scope to Imported.

-

T Properties for Scalar Element: locallLog @
General
Name -
Unit
Comment
Interpolation
Kind .. | Parameter -
Basic Type
Lagic -
Scope
@ @ Local @ Imported (7 Exported
Attributes (derived from export) External Access
) Reference Set() Method
£ [ Virtual Get() Method
& L g Internal Access
w Mon-Yolatile Write
Varants Read
Redundant
Calibration (derived from export)
Write
Read
Always Show Editor for new Elerments Ok ] [ Cancel

Figure 75: Parameter 1ocalLog defined as imported

6. Add awrapint parameter ([z)) with name LocalWrapInt and scope
Imported.
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7. Model the following method:

7~ Block Diagram Editor for: ClassWithParam [ Main ] Project: ARProject [ANSI-C/Object]

File Edit View Insert Build Extras Tools Window Help
WICERERE IR 2 Y TS =] | <showal>
Teepane %] ~ b
#H outine "} Navigaton (3 Database {5fcale ]
— Ce—--- -
BT e[ ] locallog z
outlfcalc &
= g B self:ClasswithParam g
?\.J locallog::log . _,/:U @
ﬁu.) localWrapInt: :wrapInt ilﬁ O'L%!c =
= @B’ Main Q
I—E| i Pl e (inl::cont;in2:wraplntout::contoutZ:wr #10jcalc @
ﬂu::;|—L-LJ inl::cont [In] [ ='i‘ W >
W | in2::wraplnt [In] in2fealc outafealc
"€ 1+ outtscont [out] localirapint
W % outZ::wrapInt [Out] w
< > < >

*T locallog o — -

Figure 76: Block diagram of method calc

To map internal parameters of a function to AUTOSAR calibration parame-
ters

—_

Create a project as described on page 17.

Insert swc into the new project as described on page 23.

N

Insert the calibration interface calInterface created in section 5.4, Cali-
bration, on page 77 into the software component Swc.

o

Insert the class ClassWithParaminto the software component Swc.

&

5. Insert the cont variables invaluel and outvValuel.

6. Insertthe wrapint variables invalue2 and outValue?2, both with type
uint16 and default min/max.

7. Createarunnable Runnable Entity.
8. If you are working in the block diagram editorfor SWC, proceed as follows:

i. Connect the variables as shown in Figure 77.
ii. Provide asequence tothe method calc withinRunnable Entity.
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Tree Pange b ~ [l
B outine %} Mavigation (@ Database o _:
o 1}
A L = - calc E
= [&. selfi:SWC 3fRunnableEntity § T
A0y Calinterface::Callnterface = E ﬁ%
r = - = : —ME—i

h ClassWithParam::ClassWithParam inValue1 inl ClassWithParam - E.

¢ W invaluel::cont utl 2
=iy outValuel =

w [ invalue2::wrapInt i b
& W outvalueLcont —DIIMD—P in2 =
ﬁ. outValue2:wrapInt —b@Lmutz o= %
[ Realized Interfaces outValue2 _  :
o @B’ Main ClassWithParam o u;:,';

=]
@ Eﬂ RunnableEntity 0 =) §
v & E
< > g|“

Figure 77: Accessing ClassWithParamin the software component (block dia-
gram editor for SWC)

9. If youare working in the £SDL editorfor SWC, proceed as follows:
i. Enter the following code:

ClassWithParam.calc (inValuel, inValue2, outValuel,
outValue?2) ;

10. In both SWC editors, continue as follows:
i. Gotothe "Parameter Mapping” tab.

The left column of the table lists all imported parameters in modules and
classes of the software component.

The right column of the table contains a drop-down list for each im-
ported parameter. Each list provides the calibration parameters in the
software component matching, in type, the imported parameters.

ii. Forthe parameter localLog, select the calibration parameter
calParaml.

0 Mapping is not complete! Update Auto-Mapping %IMPORTED. NAME % v| 7 |

Mapping

2y
Imported Parameter Calibration Parameter
+‘l:_" & locallog o
W @ localwrapInt 2l=

Callnterface. CalParam2

— o

l Budde ) abessal [1] | Buiddey Jejewe ey ‘ﬁ

Figure 78: Mapping an imported parameter and a calibration parameter

iii. Forthe parameter localWrapInt, select the calibration parameter
calParam3.

With that, parameter mapping is complete.
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952

@ Mapping complete, Update Auto-Mapping %IMPORTEDLNAMES:  ~ | [#| |4
Mapping

EE 3

Imported Parameter Calibration Parameter

T @ locallog @ T ¥ Callnterface, CalParam1

ﬁ & localwrapInt @ ﬁl:_IF ¥ Callnterface. CalParam3

Figure 79: Completed parameter mapping

Forthe class ClassWithParam, ASCET generates the following C code:

FUONC (void, SWC _CODE) CLASSWITHPARREM IMPL calc |

S IN #/ WAR(=sint32, AUTCMATIC) inl,
f* IN “f WAR(uintle, AUTCMATIC) in2,
S* OUT */ CONSTP2VAR(sint32, AUTOMATIC, RTE_APFL DATA) outl,
f* OUT */ CONSTP2VAR(uintle, AUTOMATIC, RTE APFL DATZA) outz
)

{
/% galc: segquence call #

if (Rte_Prm Callnterface CalParaml())
{

f#* If-block: sequence call #5/Then #1
(*outl) =
1
el=se
{
f# If-block: sequence call #5/Else #1
(*outl) = imnl:
} end if
calc: sequence call #10 /
(*out2) = (uintlé) (in2 * (uwint32)Rte Prm CalInterface CalParam3(})

}

Listing 102: C code - class with mapped parameters

@ NOTE

If a calibration interface is edited while the software component is open, up-
date the changes in the "Parameter Mapping"” tab using the menu option Map-
ping > Update.

Accessing ASCET Messages

AUTOSAR does not know the concept of ASCET messages. If your SWC uses one
or more modules that contain ASCET messages, all messages must be mapped to
semantically equivalent AUTOSAR elements.

For this purpose, ASCET provides a special editor in the "Message Mapping” view
of the software component editor.

In that editor, messages can be mapped to AUTOSAR elements according to the
following rules:

— Messages can be mapped according to the following table:
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Message Internal mapping External mapping

Scalar to scalar interrunnable to scalar elements of Sender-
variables Receiver interfaces
to scalar elements of to scalar elements of complex ele-
complex interrunnables  ments (records) in Sender-
(records) Receiver interfaces

Composite | tocomposite inter- to composite elements (array, ma-

(arrays, runnable variables trix) of SenderReceiver interfaces

matrices) o composite elements of | to composite elements of complex
complex interrunnables  elements (records) in SenderRe-

(records) ceiver interfaces
Complex to complexinterrunnable | to complex elements (records) in
(records) | variables (records) SenderReceiver interfaces
to complex elementsof  to complex elements of complex
complex interrunnable elements (records) in Sender-
variables (records) Receiver interfaces

Table 7: Mapping possibilities for ASCET messages

— Scalar and composite elements of nested records (record A contains rec-
ord B, which contains record C, etc.) used as SenderReceiver interface ele-
ments or interrunnable variables are available for message mapping.

@ NOTE

Recursively nested records (record A contains record B, which contains
record A) are forbidden; using them leads to a code generation error
(EMake10).

— Complex elements of nested records (record A contains record B, which
containsrecord C, etc.) used as SenderReceiver interface elements or in-
terrunnable variables are not available for message mapping.

— Ascalar message must be mapped to an element of compatible type.

Message type AUTOSAR element type
Continuous (cont) cont/ limitint / wraplnt / sdisc / udisc
Limited Integer (limitint) limitint / wraplint

Wrap-Around Integer (wrapint) | wrapint

Signed Discrete (sdisc) cont / limitint / wrapInt / sdisc / udisc
Unsigned Discrete (udisc) cont/ limitint / wraplnt / sdisc / udisc
Logic (log) log

Enumeration (enum) Enumeration of the same type

Table 8: Message types and compatible AUTOSAR types

If you map a scalar message to an element of compatible, but non-identical
type, awarning (WwMd1635) isissued during code generation.



If you map a scalar message to an element of incompatible type, an error
(MMd1635) isissued during code generation.

A composite message (array, matrix) must be mapped to an array or matrix
of identical size, data type and implementation.

Otherwise, the mapping is indicated as invalid, and an error (MMd1635) is
issued during code generation.

A complex message (record) must be mapped to a record of identical type
and implementation.

Otherwise, the mapping is indicated as invalid, and an error (MMd1635) is
issued during code generation.

Redundant data storage must not be activated for mapped messages.
If it is, the following error (MMd137) is issued during code generation:

redundant data flag is set for <message>, but redun-
dant data and mapped messages cannot be combined.
A pure send message can only be mapped to an element of a sender-re-
ceiver interface used as Pport (external mapping), since the message
value is not used within the SWC and thus provided to be used by another
SWC.

A pure send message is a send message that appears as a send message
in all modules of the software component, i.e. it is not received by another
module. Its Get method is not activated. Import/export of the pure send
message is permitted.

A send message with activated Get method can be mapped to one in-
terrunnable variable (internal mapping) and/or one or more elements of
SenderReceiver interfaces used as Pport (external mapping).

If you map such a message to an element of an Rport, an error (MMd1271) is
issued during code generation:
Invalid external access mapping for element "<mes-
sage>" in "<component>" - mapping to elements of pro-
vide port supported only
If you map such a message only to an element of a Pport (i.e. no internal
mapping), and use the Get method in the model, an error (MMd1106) is is-
sued during code generation:
Element "<element>" of provide port "<provide port>"
can not be read
A pure receive message can only be mapped to an element of a sender-re-
ceiver interface used as Rport (external mapping), since the message
value is not given within the SWC and must therefore be given by another
SWC. Internal mapping is not provided for pure receive messages.

A pure receive message is a receive message that is not used as send mes-
sage within the SWC. Its Set method is not activated.

A receive message with activated Set method can be mapped to one in-
terrunnable variable (internal mapping) and/or one element of a sender-
receiver interface used as Rport (external mapping).



If you map such a message to an element of a Pport, an error (MMd1271) is
issued during code generation:
Invalid external access mapping for element "<mes-
sage>" in "<component>" - mapping to elements of re-
quire port supported only
If you map such a message only to an element of an Rport (i.e. nointernal
mapping), and use the Set method in the model, an error (MMd1107) is is-
sued during code generation:
Element "<element>" of require port "<require port>"
can not be written
All other messages, i.e. SendReceive messages and messages specified as
send message in one module and as receive message in another module,
can be mapped to an interrunnable variable (internal mapping) or to an ele-
ment of a sender-receiver interface used as Pport (external mapping).

If you map a SendReceive message with activated Get and/or Set method
to an element of an Rport, an error (MMd1271) is issued during code gener-
ation.

Pure receive messages can have one external mapping. Pure send mes-
sages and other messages can have multiple external mappings.

Pure send messages and pure receive messages cannot have an internal
mapping. Other messages can have one internal mapping.

Imported messages must have only one internal mapping. If you apply an
external mapping, too, an error (MMd1274) isissued during code genera-
tion.

Internal mapping is indicated as complete if each mappable message is mapped.
External mapping is indicated as complete if each mappable message is mapped
once. However, you can still map messages that allow multiple mapping.

To create a module with messages

1.

In the component manager, select Insert > Module > Block Diagram to
create a module.

Name the module ModuleWithMsg.

Open ModuleWithMsg in the block diagram editor.

Use the = SendReceive Message button to create a receive message.
The dialog "Properties for Scalar Element: message” opens.

Name the message SendRecMsgl and change the basic type to Signed
Discrete

Click OK to close the properties editor.

7. Add a second SendReceive message with name SendRecMsg2 and basic

8.
9.

type Signed Discrete
Add a send message (&) with name sendMsg and basic type Logic.

Implement sendRecMsgl and SendRecMsg2 as sint8 (see Figure 12).

10. Implement SendMsg as bool.

1.

Model the process as shown in Figure 80.
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SendMsg

Figure 80: Block diagram of process process in ModuleWithMsg

Tomap ASCET messages to AUTOSAR elements
1. Create (cf. page 17) and set up (cf. page 18) a project ARProject.

2. Create a software component swc (cf. page 23) with a runnable entity and
three interrunnable variables (cf. page 130):

name IRV sdiscl IRV sdisc?2 IRV log
basic type Signed Discrete Logic
Impl. type sint8 bool
Internal access implicit explicit implicit

3. Create a sender-receiver interface sRinterface (cf. page 63) with two
sdisc dataelements, implemented as sint8§, and one log element, im-
plemented as bool.

-

@3 SenderReceiver Interface Editor for: SRinterface EI@
File Edit View Insert Extras Tools Help
P & B "% - Mg &2
g & imweneniien 1 [2 I
Qutli m
@ utine | 3 Database [Impl v] g
© A Ef E=
"é Bz E’—" = M MName Type Impl. |Impl. {Impl. Q = i
Type |Min |Max M
Bl mj. selfi:SRinterface s bt i
T W log: o B log T log |bodl [0 |2 1|s
'S W sdisc_1nsdisc B =disc_t |'S sdisc [sint3 |-128 |127 1L
'S W sdisc_20:sdisc W sdisc_2 'S sdisc |sints |-128 [127 1ls
4| I | ¥
'S edisc 2 i 0 &2, Phys: sint32 [-128,127] Impl: sintd [-128,127]

4. Addthe module ModuleWithMsg to Swe, as shown below.
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Tree Pane ®

i outine =% Navigaton (3 Database

= (0 self::swc

— ?. IRV _log::log

— ?. IRV _sdisc1::sdisc

— ?‘ IRV _sdisc?::sdisc

— [+ rE [ g ModuleWithMsg: :ModuleWithMsg
[f?_].ReaIized Interfaces

=] @E? Main

L— @ [:#:] RunnableEntity )

5. Use sRinterface to create a sender portin the SCW (cf. page 86).

6. Add SwctOARProject.

‘é ‘ E:' 10 unn% eEntity

process

Madule'WithMsg

i

Module\WithMsg

7. Inthe "Outline” tab of the project editor, double-click Swc to open the com-

ponentin the project context.

8. Inthe software component editor, go to the "Message Mapping” tab and

the "Internal Access" sub-tab.

The left column of the table lists all messages that can be mapped to in-

terrunnable variables.

The right column of the table contains a drop-down list for each message.
Each list provides the interrunnable variables that can be mapped to the

message.

9. Map the messages to interrunnable variables as shownin Figure 81.

1
@ Internal Access  [fY External Access

@ Mapping complete. Update Auto-Mapping 2EMESSAGE. MAME: v| | |w
Mapping

[ =%

Messages Variables

"§ = sendredvisgl &|'T @ ®rv_sdisct

s = sendRecvsg2 &' B mv_sdiscz

Buidde |y 1ajaweley ‘ﬁ

Budde |y abessajy [I]

uo ey pads U a3

EEe % l uoReaypads 5

Figure 81: Mapping messages and interrunnable variables

10. Go to the "External Access” sub-tab.

The left column lists all messages that can be mapped to data elementsin

sender or receiver ports.

The right column contains a drop-down list for each message. Each list pro-
vides the data elements that can be mapped to the message.

11. Map the messages to data elements as shown in Figure 82.
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9.5.3

& Internal Access f% External Access ﬂm
& m

@ Mapping complete. Update Auto-Mapping SEMESSAGE. MAME % v| # % |z §
o=

Mapping 2 .E.-
. |=% =12
5/R|Messages Variables g @
= SendMsg ] T B sender log 2 %

=

SR('S SendRecMsg1 @[’ B sender.sdisc_1 &

SR|"S = sendrecMsg2 @&|"S W sender.sdisc_2

Budde |y abessaly [7]

uojEdypads Juaa]

Figure 82: Mapping messages and data elements

With that, message mapping is complete.

For the module ModuleWithMsg, ASCET generates the following C code:

FUNC (void, SWC_CODE) MODULEWITHMSG IMPL process (void)

{

}

f* temp. variables */f
VAR (sint8, AUTOMATIC) tlsint8;
VAR (sint8, AUTOMATIC) t2sint8;

f* process: sequence call #5 */f
if (Rte_ IrvRead RunnableEntity IRV sdiscZ () <= 100)

f* If-block: sequence call #5/Then #1 */f
_tlsint8 Rte IrvRead RunnableEntity IRV sdiscl();
tZsintd = ((_tlsint8 <= 126) ? ( tlsint& + 1) : 127);

Rte IrvIWrite RunnableEntity IRV sdiscl{ tisint8);

Rte IWrite RunnableEntity Sender sdisc 1( t2sintd);
}
else
{

f* If-block: sequence call #5/Else #1 */f

Rte IrvIWrite RunnableEntity IRV sdiscl(l);

Ete IWrite RunnakleEntity Sender sdisc 1(l):;
} F* end if */

f* process: sequence call #10 */
Rte IWrite RunnableEntity Sender logl
Rte IrvRead RunnableEntity IRV sdiscZ () <= 100};

Listing 103: C code - module with mapped messages

Accessing Non-Volatile Variables

In case an ASCET class, state machine, or module containing non-volatile varia-
bles (MV variables) is used within an AUTOSAR software component, all NV varia-
bles (except local NV variables in classes) can be mapped to semantically
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equivalent AUTOSAR elements. Unlike messages, however, you do not have to
map NV variables, you can access them in the normal way.

For this purpose, ASCET V6.4.6 introduced a special editor in the “NV-Data Map-
ping” view of the software component editor. In that editor, NV variables can be
mapped to AUTOSAR elements according to the following rules:

NV variables of all scopes - exported, imported, local - can be mapped to
NVData interface elements, with one exception:

Local NV variables in classes cannot be mapped to NVData interface ele-
ments.

You must not map NV variables that are written in your model to NVData in-
terfaces used as Rports.

If you do, an error MMd12761 isissued during code generation.

@ NOTE

You cannot create NVData interface Pports in ASCET, but you canimport
ARXML files that contain NVData interface Pports.

One NV variable can be mapped at most to one NVData interface Rport and
one NVData interface Pport.

NV variables can be mapped as shown in the following table.

NV variable Mapping
scalar to scalar elements of NVData interfaces

to scalar elements of complex elements (records) in
NVData interfaces

composite to composite elements (arrays) of NVData interfaces

(arrays, matri- 1, composite elements of complex elements (records) in
ces) NVData interfaces

complex to complex elements (records) in NVData interfaces
(records) to complex elements of complex elements in NVData in-
terfaces

Table 9: Mapping possibilities for ASCET NV variables

Scalar NV variables must be mapped to scalar elements of compatible type.

NV variable type AUTOSAR element type
Continuous (cont) cont/ limitint / wrapint / sdisc / udisc
Limited Integer (limitint) limitint / wrapint

Wrap-Around Integer (wrapint)  wrapint

Signed Discrete (sdisc) cont / limitint / wrapInt / sdisc / udisc
Unsigned Discrete (udisc) cont / limitint / wrapInt / sdisc / udisc
Logic (log) log

Enumeration (enum) Enumeration of the same type

Table 10: NV variable types and compatible AUTOSAR types



If you map a scalar NV variable to an element of compatible, but non-identi-
cal type, a warning wMd1 635 is issued during code generation.

If you map a scalar NV variable to an element of incompatible type, an error
MMd1635 is issued during code generation.

A composite NV variable (array, matrix) must be mapped to an array/matrix
of identical size, data type and implementation.

Otherwise, the mapping is indicated as invalid, and an error MMd1 635 is is-
sued during code generation.

A complex NV variable must be mapped to a record of identical type and im-
plementation.

Otherwise, the mapping is indicated as invalid, and an error MMd1 635 is is-
sued during code generation.

Redundant data storage must not be activated for NV variables.

Ifitis, anerror MMd137 isissued during code generation.

@ NOTE

SWC that use NV data mapping can only be exported to ASCET V6.4.6 or
newer.

NV-Data mapping is indicated as complete if each mappable NV variable is
mapped once. However, you can still map NV variables that allow multiple map-

ping.

To create a module with NV variables

1.

In the component manager, select Insert > Module > Block Diagram to
create a module.

Name the module Module NVvar.

OpenModule NVvar inthe block diagram editor.

-
Use the '“@ Continuous Variable button to create a variable.

The properties editor for the new variable opens.

. Name the variable NV_cont_e, change the basic type to Continuous, set

the scope to Exported, and activate the Non-Volatile option.
Click OK to close the properties editor.
Add the following NV variables:

Name Type Scope Basic type Min/max

NV_cont_1 scalar imported  continuous

NV_cont_1 scalar exported | continuous

NV_array Array [4]  local or Limited integer  -32768/
exported 32767

NV _wrapInt scalar local or Wrap-around 0/255

exported | integer




8. Add the following scalar volatile output variables:

Name Basic type Min/max
Out_cont continuous

Out_log logical

Out_limitInt Limited integer -32768 132767

9. Add aparameter out x withbasictype Wrap-around integer, type
uint8, and min/maxof 0/3.

10. Implement the elements as follows:

Name Impl. Type Impl. Min Impl. Max
NV_cont_e sint16 -32768 32767

NV _cont i not gpplicable

NV_cont_1 sint16 -32768 32767
NV_array sint16 -32768 32767
out_x uint8 0 3
NV_wrapInt uint8 0 255
Out_cont sint32 -2147483648 | 2147483647
Out_log bool 0 1
Out_limitInt sint32 -2147483648 | 2147483647

11. Model the following process:

™
MV _cont_i MY
[ ]
MV _wrapInt MY /15/process
MV _array MV ————
10 process Out_log

c-3)

[]
Out_limitInt

out_x

Figure 83: Block diagram of process process inModule NVvar

To map NV variables to NVData interface elements

1. Create (cf. page 17) and set up (cf. page 18) a project ARProject.
2. Create a software component swc (cf. page 23) with a runnable entity.

3. Create anNVData interface NvData Interface withthree scalar cont
data elements (implemented as sint16), one scalar wrapInt element
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(implemented as uint8), and one array element array (1imitInt, imple-
mentedas sint16).

I NVData Interface Editor for: NVData_Interface -> Contextproject: NVData,_|... - O

File Edit WView Insert Extras Tools Help
[0 |9 B+ 0 B x|k 5/]|% -
free * ﬁ Elements “® Data (?,5 Implementation ﬁ 4l ﬁ
] outine (3 Database gl v Z
- =
A (3% @= -
r 9 E:' | % Mame Type Impl. |Impl.  |Impl. i
Type |Min Max
&l [y @ self::NvData_Interface -
= imi sintls |-32788 |32757
C-3 @ array::arrayfimitint] & array E:E array [imitint]
“E". cont_e:rcont . cont_e C cont sintls |-32768 |32757
"€ W cont_izcont @ ot |'T cont sint16 |-32788 |32767
1 . =y -
C Wl cont_|::cont W cont ] |'E cont sintls |-32758 |32767
1 -
rrapInt:iwrapInt -
w @l wraplnt::wrapln & vrapint | W wrapint uintd |0 255
£ >
' conti 0.0 &%, Phys: reals4 [-32768.0,32767.0] Impl: sint16 [-32768,32767]

4. Add the module Module NVvar to Swec.

I Software Co mponent Editor for: Swe [ Main | Project: Swe_ DEFAULT [PC/Physica

File Edit Wiew Insert Build Extras Tools Window Help
] RSl haad e
Tree Pane bt
# outiine ! Mavigation [ Database F%EIE
] - ¥
ﬁr’%ﬂ'ﬂé}’” |""_"3:'| v| prncess.
= [E. celfi S Module_MVwvar
rE r Module_Mvvar::Module_Mvvar [i
ﬁ?_}Realized Interfaces
[ @E? Main
@ E%] Runnable 0 Module_MVwvar

5. UseNvData Interface tocreateanNVData portinthe SCW (cf.
page 103).

6. Add Swc tO ARProject.

~

In the "Outline” tab of the project editor, double-click Swc to open the com-
ponent in the project context.

o

In the software component editor, go to the "NV-Data Mapping” tab.

The left column of the table lists all NV variables that can be mapped to
NVData elements.

The right column of the table contains a drop-down list for each NV varia-
bles. Each list provides the NVData elements that can be mapped to the NV
variable.

O

. Map the NV variables to NVData elements as shown in Figure 84.

With that, NV Data mapping is complete.
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9.5.4

& Mapping complete, autotapping | [ %EEVENT.NAME% | (7] [ [=l¢
=2 i
Mapping o § [E
) i | o |
[ I=v A
al=
NV Variables Nv-Data Interface elements § =a
alal|Z
*C 4 v _cont e @' W nvData_Interface.cont_e 2Zle g
T kl MV _conti &[T W npata_interface.cont_i —
C-3 @ self Module_Mvvar NV _array & (2 @ nvoata_Interface.array [T _:
=
ﬂ(::F W self Module_Mvvar.NV_cont_| @ ﬂ(::F Wl NYData_Interface.cont_| = ﬁ
Fr= Fr= o |3 E
Wl self Module_NvvarNV_wrapInt @ W Wl NvData_Interface.wrapInt o % =
=|z¢
T ol
gle|F
a3

Figure 84: Mapping NV variables and NVData elements
For the module Module Nvvar, ASCET generates the following C code:

FUNC (void, ch_CODE) MODULE NVVAR IMPL process (void)
{

/* process: sequence call #5 */

~Out cont

= (sint32)Rte IRead Runnable NVData Interface cont 1()
+ Rte IRead Runnable NVData Interface cont i()
+ Rte IRead Runnable NVData Interface cont e();

/* process: sequence call #10 */

_Out limitInt
= Rte IRead Runnable NVData Interface array () [ out x];

/* process: sequence call #15 */
_Out log
= (sint32)Rte IRead Runnable NVData Interface wrapInt ()
> Out limitInt;
}
Listing 104: C code - module with mapped NV variables

Automatic Mapping

Mapping each individual message, NV variable, or imported parameter can be
time-consuming if you have a lot of these elements. To simplify the task, the soft-
ware component editor provides an auto-mapping function.

By default, auto-mapping maps messages, NV variables, or imported parameters
and AUTOSAR elements with identical names. To make auto-mapping more effec-
tive, you can define patterns that are used to map messages, NV variables, or im-
ported parameters and AUTOSAR elements with different names. With these pat-
terns, you can, for example, take into account prefixes and/or postfixes.

Default patterns are defined in the ASCET options, "Appearance\Editors\Soft-
ware Component” node. These patterns are available in the combo boxes of the
"Parameter Mapping"” view, the "Internal Access” and "External Access" tabs of
the "Message Mapping” view, and the “NV-Data Mapping” view. You can add your
own patterns, either via the ASCET options window or via the combo boxes.
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Auto-mapping automatically maps unconnected messages, NV variables, or im-
ported parameters in the software component to AUTOSAR elements with a
matching name and type (i.e. scalar, array, or record) according to the following
heuristic:

"Parameter Mapping"” tab

e Animported parameter is mapped to a Calibration interface element
with a matching name and type.

"Internal Access" tab

e A message with several matching counterparts is mapped to the first
counterpart. Other counterparts are ignored.

"External Access" tab

e Amessage labeled as Sor S/Rinthe "Mapping” field with several match-
ing counterparts is mapped to each counterpart.

e A message labeled as R in the "Mapping" field is mapped to the first
matching counterpart. Other counterparts are ignored.

‘NV-Data Maping” tab

e AnNVvariable is mapped to an element of an NVData interface with a
matching name and type.

@ NOTE

There is no guarantee that a message/imported parameter and an AUTOSAR
element with matching names represent the same concept.

For example, a message named Speed that represents speed in km/h is not
the same as an AUTOSAR element named Speed that represents speed in
miles/h.

You must therefore verify that any auto-mappings represent valid connec-

tions.

Matching names are derived from the currently selected pattern.

"Parameter Mapping"” tab

$IMPORTED.NAMES is the template for names of elements in the "Imported
Parameter” column, $CALIBRATION.NAMES is the template for names of
elements in the "Calibration Parameter” column.

"Internal Access" tab and "External Access" tab

$MESSAGE . NAMES is the template for names of elements in the respective
"Messages” column, $VARIABLE . NAMES% is the template for names of ele-
ments in the respective “Variables” column.

‘NV-Data Mapping” tab

$NVVARIABLE .NAMES iS the template for names of NV variables in the
“NV Variables” column, $ELEMENT . NAME$ iS the template for names of ele-
ments in the “NV-Data Interface elements” column.

If you add a prefix or postfix to one of these templates, auto-mapping works as
shown in the following table.
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“Parameter

Mapping”
tab

“Internal
Access" tab

"External
Access" tab

Auto-mapping result

An imported parameter name and a Cali-
pbration parameter prefix name of the
same type™ are mapped.

An imported parameter name and a Cali-
pbration parameter name postfix of
the same type®™ are mapped.

Animported parameter prefix name
and a Calibration parameter name of the
same type' are mapped.

Animported parameter name postfix
and a Calibration parameter name of the
same type'™® are mapped.

Names of classes, modules, Calibration interfaces, or rec-

A message name and an interrunnable
variable prefix name of the same
type'™® are mapped.

A message name and an interrunnable
variable name postfix of the same
type™ are mapped.

Amessage prefix nameandanin-
terrunnable variable name of the same
type'™® are mapped.

Amessage name postfixandanin-
terrunnable variable name of the same
type™ are mapped.

@ Names of modules or records are not considered.

A message name and an interface ele-
mentprefix name Of the same type®™
are mapped.

A message name and an interface ele-
ment name postfix of the same type®™
are mapped.

Pattern
prefix
$IMPORTED.NAMES%
$IMPORTED.NAMES
_postfix
prefix
$CALIBRATION.NAMES
$CALIBRATION.NAMES
_postfix

ords are not considered.
prefix
$MESSAGE .NAMES%
$MESSAGE .NAMES%
_postfix
prefix
$VARIABLE .NAMES%
$VARIABLE .NAMES%
_postfix
prefix
$MESSAGE .NAMES%
$MESSAGE .NAMES%
_postfix
prefix

$VARIABLE.NAMES

$VARIABLE.NAMES
_postfix

Amessage prefix name and aninter-
face element name of the same type'™®
are mapped.

Amessage name postfixandanin-
terface element name of the same type'™®
are mapped.

Names of modules, SenderReceiver/NVData interfaces, or
records are not considered.

15i.e. scalar, array, matrix, or record
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“‘NV-Data prefix An NV variable name and an interface el-

Mapping”  SNVVARIABLE.NAMES  ementprefix name of the same type™
tab are mapped.
SNVVARIABLE.NAMES | An NV variable name and aninterface el-
_postfix ementname postfix of the same
type'™® are mapped.
prefix_ AnNV variable prefix name andanin-
SELEMENT . NAME% terface element name of the same
type'® are mapped.
SELEMENT .NAMES An NV variable name _postfixandan
_postfix interface element name of the same
type'™® are mapped.

Names of classes, modules, NVData interfaces, or records
are not considered.

Table 11: Results of auto-mapping with prefix and postfix patterns

Keep in mind the following rules when you define a template:
— You can add a prefix, or a postfix, or both.

- Prefixes and postfixes are case-sensitive; a pattern PREFIX <name> Will
not match a message or AUTOSAR element prefix <name>.

— Youcannot use $IMPORTED.NAMES and $CALIBRATION.NAMES inthe
same pattern for parameter mapping.

— Youcannot use $MESSAGE .NAMES% and $VARIABLE .NAMES% inthe same
pattern for message mapping.

— Youcannot use $NVVARIABLE .NAMES and $ELEMENT . NAMES in the same
pattern for NV data mapping.

Auto-mapping is accessed via the Mapping menu or - in the respective views -
the Auto-Mapping context menu option or the Auto-Mapping button. See also
the ASCET online help.

955 Mapping Conversion

Prior to ASCET V6.4.6, messages used in AUTOSAR SWCs could be mapped to
both SenderReceiver interface elements and NVData interface elements. Since
ASCET V6.4.6, messages can only be mapped to SenderReceiver interface ele-
ments. Existing mappings of messages to NVData interface elements must be
converted to NV data mappings.

When you open a database or workspace that contains mappings of messages to
NVData interface elements, these mappings become invalid; see the example in
Figure 85. Mappings of messages to SenderReceiver interface elements orin-
terrunnable variables remain valid.

18j.e. scalar, array, matrix, or record
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Figure 85: “Message Mapping” tab with invalid mappings of messages to NVData
elements

You must convert the invalid message mappings to NV-Data mappings. To make
this easier, ASCET offers the Convert to NV-Data Mapping option in the Map-
ping menu or the context menu in the lower table of the “External Access” tab.

Details on mapping conversion are given in the ASCET online help.

Concurrency Control with Exclusive Areas

Where a component has multiple runnable entities that require concurrent write
access to the same prototype state, thenthe Rte Enter andRte Exit API
calls must be used to ensure that data consistency is maintained.

A component includes multiple runnable entities each of which can be active sim-
ultaneously. The potential exists for concurrent access to private global data
(e.g. elements in the data memory sections) and/or non-reentrant functions.

Operating system concurrency control mechanisms are hidden from compo-
nents. However, the RTE APl implements explicit access to exclusive areas by ex-
posing an appropriate OS mechanism to components:

- Rte Enter <exclusive area name> entersanexclusivearea.
- Rte Exit <exclusive area name> exXitsanexclusive area.

Where components declare exclusive areas, the generated RTE API for the com-
ponent includes these API calls to allow you to control concurrent access to
shared data.

Sequences of a Runnable Assigned to an Exclusive Area

A component canusethe Rte Enter and Rte Exit APIcalls for any exclusive
area ID you define at configuration time.

For example, for the exclusive area SwcExclusiveArea Of section 7.10, Exclusive
Areas, on page 153, the following C calls are used:
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Rrte Enter JwcExclusiveldrea():
A Code protected from concurrent execution *F

Rre Exit SwcExclusivelreal):
Listing 105: C code - enter/exit exclusive area

For the example of section 7.10.2 on page 154,

releaze -
reserve ;'_*Zi?ﬁunnaE eEntty
/8RunnableEntity SRInterface
log
SweExdusivedrea >'D
/10/RunnableEntity
Speed
SpeedSWIC
Receiver
p— L InvakeOp
—[@[>—# Inpu TS RornabeERTG
A ? Csinterface 15/RunnableEntity
—El—# InputB O=C  maximumvalue
B
—[B [ HCOutputMaximum bl . R
ock diagram edi-
¢ Thent ( g

tor for SWC)
ASCET generates the following C code:

#define & (SWC _RAM.A)

F (& (SWC REM.C))

#define _SpeedSWC (SWC_RAM. SpeedSWC)

FUNC (void, SWC_CODE) SWC _Impl RunnakleEntity (wvold)

{
temp. wvariables
VAR (Std ReturnType, AUTCHMATIC) ASCET RteStatus;
RunnableEntity: sequence call #8
Rte Enter chExc1151veﬂreat},
/ RunnableEnti ty: Sequence call $#10 )
_Speed3SWC = Rte_ IRead | BunnakbleEntity Receiver Speed():
S* RunnableEntity: seguence call #15 !
ASCET RteStatus = Rte_Call Client MaximumValue({ A, B, C REF ):
R:::ab eEntity: seguence call #22 i
Rte Exit chExc1151veAIea:],
}

Listing 106: C code - exclusive area example

@ NOTE

The scope of an exclusive area is the software component prototype and not
the software component type or system wide. Therefore, exclusive areas only
provide concurrency control within one software component.

Wider scope can be achieved using an AUTOSAR component to broker access
to shared data.

ETAS ASCET V6.4 | AUTOSAR User Guide



207 I Implementing Software Components

9.7

9.7.1

Description of Internal Data Structures

IN AUTOSAR, it is possible to add the description of internal data structures to the
ARXML code for two main purposes:

A. Generation of an AZL file describing the internal data for measurement and
calibration

The data structures are still generated by ASCET, but described in the
ARXML code using compu methods, data constraints and implementation
types, so that the description in the A2L is correct and also the addresses
of the data can be retrieved from the executable file.

B. Allow multiple instances of a software component

The data structures are described completely in the ARXML and are gener-
ated by the RTE generator. Special Rte macros are used in the generated
code to access the data. Also an A2L file can be generated. However, this
variant comes with some restrictions.

These variants can be configured in the "ARXML Configuration Settings” window,
"Miscellaneous” node.

E ArxmML Configuration Settings

File Wiew

| | < Miscellaneous

fal
= ARXML Conﬁgurah’on Settings aE Temp|ate for accessing Dt | Dt_%METHOD.MAME%: %_?COMPONENT.IMPL.I’|
El Filename Templates

SE Artifidal Type Template | %IMPL.TYPE.NAME%_%FORMULA. NAME %%a_
-

Predefined Filenames

Miscellaneous @ Runnable Symbol SCOMPONENT . MAME %2 % ?COMPONENT. IMPL |
7 Package Templates aE [] Generate Application Init Values
Predefined Packages
El Short Name Templates [aE Generate Internal Data Structure ]
Miscellaneous A ] o
Types -E [ 5upport Multiple Instantiation

W

& | |4 | system Defaults

Generate Internal Data Structure: A
Option Enabled: Generate Internal Data Structure of SW

component, e.g. static memory. constant memory. per
instance memaory, etc..

OK Cancel

Figure 86: Settings for generation of internal data structure in the "ARXML Con-
figuration Settings” window, "Miscellaneous” node

Measurement and Calibration

If the generation of internal data structures is activated without support of multi-
instance software components, the elements in the generated data structures
are also described in the ARXML code, with the following exceptions:

- elements with both read and write calibration access disabled (unless they
are distributions)

— elements of model type log with implementation type bit
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— fixed characteristic lines/maps

— arrays with variant size, where the system constant is not generated by
the RTE

- reference elements
— group characteristic lines/maps of kind Variable

The internal behavior contains constant memory with parameter data proto-
types, and static memory with variable data prototypes for all non-empty memory
structures of the software component, modules, single-instance classes and ex-
ported elements. These prototypes may be typed by a generated record applica-
tion type to reproduce the nesting of structs as generated by ASCET.

Since the calibration access is specified for all data of a data prototype, it may not
be possible to reproduce the settings in the model for the ARXML description. If at
least one element with read-only calibration access is in the data prototype, the
complete prototype is configured as read-only, and a warning wIile57 is reported
for the affected read-write elements.

Multi-Instance Software Components

If the generation of multi-instance software components is activated, all ele-
ments are described in the data structures, with the following exceptions:

— elements of model type log with implementation type bit

— fixed characteristic lines/maps

— arrays with variant size, where the system constant is not generated by
the RTE

— reference elements
— group characteristic lines/maps of kind Variable
— distributions with a user-defined type for the distribution search results

To keep the data structures generated by the RTE generator as similar as possi-
ble to the data structure generated by ASCET, also a substruct pointer is added.
Since this substruct pointer cannot be statically initialized, itis initialized dynami-
cally in the init runnable. Therefore, the following restrictions apply if a multi-in-
stance class is used in the model:

— Themain structure of the class must be allocated to a writable memory, i.e.
the memory location must be assigned to category Variable in the

memorySections*.xml file
If this is not the case, an error (MMd13462) is reported:

The memory class of the element <element> is <memClass>,
but it has to be a variable memory class (due to dynamic
initialization of substruct pointers for multiple in-
stance SWCs.

— The software component must include exactly on runnable with an init
event.

If this is not the case, an error (MMd13461) is reported:
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There is no init runnable defined, which is not allowed
for multiple instance SWCs due to dynamic initialization
of substruct pointers.

The internal behavior contains per-instance-parameter memory with parameter
data prototype and ar-types-per-instance-memory with variable data prototype
for all non-empty memory structures of the software component, modules, sin-
gle-instance classes and exported elements. These prototypes may be typed by
a generated record application type to reproduce the nesting of structs as gen-
erated by ASCET. These prototypes also contain the initialization.

In the generated C code, all functions have an additional argument named
rtelInstance. Thisargumentis required to invoke Rte macros. All accesses to
data is generated using the Rte CData macros for parameters and Rte Pim
macros for variables.

FONC (void, SWC _CCDE) M IMPL process (/* IN */ VAR(Rte S5elfType SWC,
AUTCHMATIC) rteInstance)
{
/% process: sequence call #15
(Rte Pim M(rtelnstance)->v})
= AddLimit S51651€_ 516 (Rce_IRead runnakle SRIin in(rtelnstance),
(Ete_CData M CAL MEM(rteInstance)-»>p)):;
f# process: seqguence call #15 ori
Rte TWrite runnable SRIout out (rtelnstance, (Rte Pim M({rteInstance
y=>v)):
1

Listing 107: C code - example for accessing items in a multi-instance SWC
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Glossary

ASCET

Development tool for control unit software

ASCET-MD
ASCET Modeling and Design

ASCET-SE
ASCET Software Engineering

AUTOSAR

Automotive Open System Architecture; see https://www.autosar.org/

AUTOSARR4.*

All supported AUTOSAR versions with major version number 4, i.e. R4.0.2,
R4.0.3,R4.2.2,R4.3.0,R4.3.1.

ARXML
EXtensive Markup Language (XML) used to describe AUTOSAR configurations.

BSW

Basic software; provides communications, /0, and other functionality that all
software components are likely to require.

CPU
Central processing unit

ECU
Embedded Control Unit

ESDL
Embedded software development language developed by ETAS

NV variable

Non-volatile variable

oS
Operating system

OSEK

Working group "open systems for electronics in automobiles” (German: Ar-
beitskreis Offene Systeme fUr die Elektronik im Kraftfahrzeug)

Pport

Provided port; used by a software component to provide data or services to
other software components.


https://www.autosar.org/

RE

Runnable entity; a piece of code in an SWC that is triggered by the RTE at
runtime. It corresponds largely to the processes known in ASCET.

Rport

Required port; used by a software component to require data or services from
other software components.

RTA-OS

ETAS real-time operating system for deeply embedded ECUs with the highest
safety level (ISO 26262 ASIL-D). It supports the latest versions of the relevant
AUTOSAR, OSEK*/VDX, ISO 26262, and MISRA C standards.

RTA-RTE
AUTOSAR runtime environment by ETAS

RTE

AUTOSAR runtime environment; provides the interface between software
components, basic software, and operating systems.

SwWC

AUTOSAR software component; the smallest non-dividable software unitin
AUTOSAR.

uuiD
Universally Unique Identifier

VFB

Virtual Function Bus
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