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1 Introduction

This technical reference aims at presenting Data Type modeling with Vector DaVinci tool
chain in Autosar 4.0.3 context.
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2 Data Types and Data Prototypes

Embedded software uses data elements, which are entities containing information
computed by algorithms, carried between application blocks, used as reference value, etc.
Data elements are designed according to the information they need to represent. The
structure definition of a data element is called data type.

In Autosar specification (see [1]) data elements are called data prototypes because they
are the prototype or the instance of a certain data type that they reference. Data
prototypes can be variable elements of a sender/receiver port interface, operation
arguments of a client/server interface, modes of a mode switch interface, calibration
parameters, per instance memory parameters, inter-runnable variables, etc.

Data prototypes may have different levels of representation. They may have a physical
meaning, like speed information, or temperature information. They also must have an
internal meaning which is used at code level, like 8 bit integer, or Boolean.

In order to carry these different levels of representation Autosar defines application data
types and implementation data types. Application data types define data structure
corresponding to the physical world. Implementation data types define data structure used
in embedded code.

For a data prototype the application data type level is optional, whereas the
implementation data type level is mandatory. Autosar allows 2 ways of modeling data
prototypes:

» With a reference to an application data type:

In case a data prototype has a physical meaning, it shall reference an application data
type. In that case, in order to also define the structure of the data prototype at code level,
the application data type must be mapped to an implementation data type in a type
mapping set.

» With a reference to an implementation data type:

If a data prototype does not have any physical meaning, it is possible to reference directly
an implementation data type.

Note

During the design phase of a project, the architect models the data prototypes and
maps them to data types. According to Autosar philosophy it is recommended to use as
much application data types as possible and to reuse implementation data types in
data type mapping. It allows staying at application level during design and avoids
creating too many implementation data types in the code.

©2014, Vector Informatik GmbH Version: 1.1 7180
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3 Design of data prototypes in DaVinci tool chain

Design is realized in DaVinci Developer. In the following chapters, figures and examples
are presented from DaVinci Developer version 3.5.19 (SP1) and MICROSAR RTE 4.01.01.

3.1 Data prototypes

Data prototypes take several different forms in an Autosar ECU project. It can be an
element of a sender/receiver interface, an argument of a client/server interface operation,
an inter-runnable variable, a per-instance-memory variable, a calibration parameter... In
general a data prototype contains the following attributes (see Figure 3-1 with S/R
interface element example):

- Reference to an application data type or implementation data type:
This reference defines the type of the data element.

In case an application data type is chosen, this application data type must be
mapped to an implementation data type in a type mapping set. This mapping set
must be referenced by the application SWCs, which are using the data element.

In case an implementation data type is chosen, no mapping is necessary. The
implementation data type will be used in the code as type of the data element.

- Measurement and calibration access:

In case the data element is intended to be accessed via measurement and
calibration, the access type (ReadOnly or ReadWrite) shall be set here.

If no access is necessary, NotAccessible shall be set.

- Init value (not for per-instance-memory and not for operation arguments):

The init value field defines the initial value that the data element will take at startup
of the software execution.

Note

The init value of a sender/receiver interface element is defined in the Com spec of each
port prototype referencing the interface (see Figure 3-2).

©2014, Vector Informatik GmbH Version: 1.1 81780
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Invalid value handling (for sender/receiver interface elements):
It is possible to specify how invalid value shall be handled:

o None: no specific handling is defined

o Keep: an invalidate function is provided by the Rte to the SWCs that are
sending the data element. The SWCs can report that the value is invalid by
calling this function. The invalid value is kept, and a flag is set to inform the
receivers that the value is invalid.

o Replace: an invalidate function is provided by the Rte to the SWCs that are
sending the data element. The SWCs can report that the value is invalid by
calling this function. The invalid value is replaced by the init value.

Data constraints (for server/receiver interface elements):
o Itis possible to define data constraints at data element level.

5/R Port Interface My_SRInterface — &J
Properties | Data Element Prototypes | package | Attributes [ Desaiption |
;. Properties | Attributes | Description |
Mame: My _SRElement2
Data Type
-]
Data Constraint
HDE
D Use queued communication
Measurement&Calibration
Calibration Access: | NotAccessible ~
Handle Invalid
O Keep I
) Replace
@ Mone
Mew ] [ Delete ] [ Copy

Figure 3-1  S/R port interface element

b

Application Ports | Seryice Ports | Calibration Ports |

Tk,

wé]

aga
(11}

i3

/ | properties [ Part API Options | Commurication Spec | attributes | Description |

Communication Spec |Pruperties I Attributes I Desiption ‘

Textual

My_SRInterface

My _SRElement2 Init Value

[ Uses Tx Acknowledge Array

Record
Reference
MNone

Timeout: msec

[] Uses End-to-End Protection

Figure

3-2 S/R port interface element init value
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3.2 Application data types

In DaVinci Developer tool, it is possible to create application data types in the “Data Types”
library under “Application Data Types” (see Figure 3-3).

Library

Package
#- [ Application Component Types
+-[F Service Component Types

4" Application Data Types
+-Tee Implementation Data Types
+-mee Base Types
+-1°c] Units
- Compu Methods
- Data Constraints
#- 7T Constants
%2 Mode Declaration Groups
+)-O— Application Port Interfaces
+)- B Service Port Interfaces
+-79 Type Mapping Sets

Figure 3-3 DaVinci Developer — workspace library

It is possible to choose the application data type category among Boolean, Value, String,
Array and Record (see Figure 3-4).

Mew Boolean...
Mew Value...
Mew String...
Mew Array...
Mew Record...

MDI Window

Docking Window

Figure 3-4  Application data type categories

An application data type contains several attributes (see Figure 3-5 a Value category
example):

- Compu Method:

The computation method defines the conversion from internal representation to
physical representation, in other words from code perspective to physical meaning.

It is possible to define linear, scale-linear, text table, scale-linear & text table
conversions from internal to physical and/or from physical to internal.

- Unit:
The unit instance defines the physical unit.

©2014, Vector Informatik GmbH Version: 1.1 10/80
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- Note
i If a Compu Method is provided, it is recommended to set the unit in the Compu
Method. If no Compu Method is provided, the unit can be entered directly in the
application data type property dialog.
- Constraint:
With a constraint instance it is possible to define the internal and/or physical valid
range of data values.
- Invalid value:
An invalid value may be defined. It however has no impact on the code. It is only set
as information in DaVinci Developer. To invalidate a data element value, the sender
SWC must call the invalidate function provided by the Rte.
Applicaticn Value My_ApplicaticnDataType &J
; =EE
Compu Method |:| j E
Data Constraint |:| j E
Calibration Access: [ReadOnly =)
P |

Figure 3-5 Application data type Value property dialog

More details and examples are presented in chapter 4.

3.3 Implementation data types

In DaVinci Developer tool it is possible to create implementation data types in the “Data
Types” library under “Implementation Data Types” (see Figure 3-3).

It is possible to choose the implementation data type category among Value, Type
Reference, Data Reference, Array and Record (see Figure 3-6).

©2014, Vector Informatik GmbH Version: 1.1 11/80
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Mew Value...

Mew Type Reference...

Mew Data Reference...

Mew Array...

Mew Record...

MDI Window

Docking Window

Figure 3-6

Implementation data type categories

An implementation data type contains several attributes (see Figure 3-7 with a Value
category example):

Base type reference:

o This reference must be provided in implementation data types of category
Value in order to define the corresponding base type.

o Base types may be created manually in the “Data Types” library under “Base
Types”.

o It is also possible to link the implementation data type to an existing
implementation data type (e.g. to a platform type) by choosing the category
Type Reference.

Note
In case a new implementation data type is based on a type that does not exist, the
designer may need to create a new base type.

If an existing type corresponds to the need of the designer, it is recommended to create
a Type Reference and reference an existing type. In particular it is recommended to
reference the platform types (see chapter 3.5).

Compu method:
It is possible to define a computation method in the implementation data type.

Note

As defined by Autosar the compu method of an implementation data type is not
intended to provide any physical meaning (this is the role of application data type). For
an implementation data type, only TextTable conversion is allowed which generates
enumeration strings in the code that are used instead of the numerical value.

©2014, Vector Informatik GmbH Version: 1.1 12/80
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- Constraint:

It is possible to define constraints at implementation level.

vactor”

T‘I Note
—

range.

A constraint at implementation level will be used generally to define the valid internal

Implementation Value My _ImplementaticnDataType

s

il

Properties |package | Attributes | Description |

Mame: ImplementationDataTyy

Base Type

Compu Method

Data Constraint

Symbal
Name: My_ImplementationDataType_Symbol

Value:  My_ImplementationDataType_CodeSymbal

Measurement&Calibration

Calibration Access: | ReadOnly -

[T use Tnvalid value:

Mative Type Qualifier:

Type Emitter: RTE

B E
B ®E
B ®E

Figure 3-7 Implementation data type Value property dialog
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3.4  Datatype mapping

As previously written, application data types must be mapped to implementation data
types. For this purpose data type mapping sets containing data type mappings must be
created. Data type mappings contain two references, one to the application data type and
one to the implementation data type.

In order to let the Rte generator access the right data type mapping for each data
prototype needing a data type mapping, data type mapping sets must be referenced by the
SWCs using the corresponding data prototypes.

Mode declaration groups may also be mapped to implementation data types in
ModeRequestTypeMap contained also in data type mapping sets. The purpose of this
mapping is not the representation of the mode declaration group in the code because the
type used in the code for mode declaration groups is generated automatically by the Rte
generator according to the number of mode declarations: uint8 for 1 to 256 mode
declarations, uint16 for 257 till 65536 mode declarations, and so on...

The purpose of a ModeRequestTypeMap is to be able to create mode request ports. As
specified by Autosar a component that requests mode changes to a mode master shall
implement a sender/receiver P-Port on which the requests will be sent. The corresponding
port interface’s data element shall be typed by an implementation data type referencing a
compu method containing an enumeration of the corresponding modes. That
implementation data type shall be mapped to the corresponding mode declaration group.

Examples are presented in chapter 4.

©2014, Vector Informatik GmbH Version: 1.1 14 /80
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3.5 Platform types
3.5.1 Definitions
3.5.1.1 Autosar Standard Types

Autosar Standard Types are the following symbols used in C code:

> uint8

> uint16

> uint32

> sint8

>  sint16

> sint32

> boolean
> float

> float32

3.5.1.2 Platform Types

Platform types are implementation data types which have an Autosar Standard Type as
name.

Platform types, as subset of implementation data types, are part of the model.

3.5.1.3 Valid C expression

A valid C expression is a C type optionally combined to a C size qualifier and/or a C sign
qualifier.

> C types are: char, int, float, double, void
> C size qualifiers are: short, long

> C sign qualifiers are: signed, unsigned

©2014, Vector Informatik GmbH Version: 1.1 15/80
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3.5.2 Practice

Implementation data types need to be generated in C code and represented at CPU level.
For this purpose 2 ways can be followed:

» With abstraction of SW from platform
» With dependency between SW and platform

3.5.2.1 Abstraction of SW from platform

This way of representing implementation data types at CPU level is advised, because it
follows the Autosar philosophy of independency between SW and platform.

It consists in linking implementation data types to Platform Types, which are represented
by Autosar Standard Types in C code.

Each implementation data type shall finally be linked to Platform Types. This may be done
in 2 ways:

» The implementation data type’s name is an Autosar Standard Type. In this case the
implementation data type is implicitly the corresponding Platform Type.

» The implementation data type references a Platform Type. The implementation data is
in this case of category “Type Reference” and references directly an implementation
data type which is a Platform Type or which is referencing a Platform Type itself.

Such a reference will generate a “typedef” where the implementation data type will be
defined by the Autosar Standard Type.

Example
Implementation data type name: MylmplementationDataType

Tlg

Platform Type name: uint8
Generation: typedef uint8 MyImplementationDataType;

As defined in [2], a Platform_Types.h file must be integrated into the project and shall
contain the platform specific and/or compiler specific definition of Autosar Standard Types.
In other words, this file contains a typedef for each Autosar Standard Type mapping it to a
valid C expression.

Platform_Types.h is thus the link between SW and platform which are independent from
each other.

©2014, Vector Informatik GmbH Version: 1.1 16 /80
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Note

Platform_Types.h also contains 3 parameters which are CPU specific:
CPU_BIT_ORDER, to define bit alignment, CPU_BYTE_ORDER, to define Byte order,
and CPU_TYPE, to define the processor bit length.

Figure 3-8 summarizes these 2 ways of modelling:

ImplementationDataType

/ Platform_Types.h \

Name: Autosar Standard Type

e.g.
) Is defined via d
e.g. uint8 Platform Types.h typedef unsigned char boolean;
Category: Value typedef signed char sint8;

typedef unsigned char uint8;

typedef signed short sintl6;
typedef unsigned short uintle;

C) typedef signed long sint32;

typedef unsigned long uint32;
References in turn an

ImplementationDataType implementation data typedef float float32;
2 type whith Autosar typedef double float64;
Name: !'= Autosar Standard Type Standard Type as name

e.g. MyDataType

Category: Type Reference Rte generates a typedef

\/e.g. typedef uint8 MyDatatype ‘

Figure 3-8 2 ways of modelling platform independent implementation data types

3.5.2.2 Dependency between SW and platform

In a same way as for Complex Device Drivers, Autosar gives also the chance to break this
abstraction by setting CPU and/or compiler specific information in base types:

An implementation data type of category Value must reference a base type, which
contains a native declaration parameter. Setting a valid C expression as native declaration
will generate a typedef defining the implementation data type as this valid C expression in
Rte_Type.h.

In this way, the implementation data type and the SWCs using this implementation data
type are platform specific.

©2014, Vector Informatik GmbH Version: 1.1 17 /80
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" A ] Example
L ] H . :
iz Implementation data type name: MylmplementationDataType
Native declaration in base type: unsigned char
Generation: typedef unsigned char MyImplementationDataType;

Figure 3-9 summarizes this modelling:

ImplementationDataType References a base type
Name: != Autosar Standard Type with native declaration
e.g. MyDataType

Category: Value

BaseType
nativeDeclaration: !'= empty

e.g. unsigned char

Rte generates a platform specific
typedef

e.g. typedef unsigned char MyDatatype

Figure 3-9 Modelling a platform specific implementation data type

3.5.2.3 Platform types and Vector DaVinci Tool suite

Vector DaVinci Developer provides the Platform Types in the Implementation Data Types
library at workspace creation (see Figure 3-10).

©2014, Vector Informatik GmbH Version: 1.1 18/80
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Library

@[ Application Component Types
@[ Service Component Types
£ Data Types
T Application Data Types
£ Implementation Data Types
& boolean
e floati2
e floatsh
T sintd
T sintl6
i sint32
T uintd
T Uintl6

EpED DB D

it uin32
e Base Types
[el Units
i Compu Methods
£zt Data Constraints
gt float32 DataConstr
gt floatbd_DataConstr
gt sint8_DataConstr
gt sint16_DataConstr
gt sint32_DataConstr
gt uint8_DataConstr
g uintl6_DataConstr
g uint32_DataConstr

Figure 3-10 Platform Types in DaVinci Developer

Package

/DataTypes/PlatformTypes
/DataTypes/PlatformTypes
/DataTypes/PlatformTypes
/DataTypes/PlatformTypes
/DataTypes/PlatformTypes
/DataTypes/PlatformTypes
/DataTypes/PlatformTypes
/DataTypes/PlatformTypes
/DataTypes/PlatformTypes

/DataTypes/DataConstrs
/DataTypes/DataConstrs
/DataTypes/DataConstrs
/DataTypes/DataConstrs
/DataTypes/DataConstrs
/DataTypes/DataConstrs
/DataTypes/DataConstrs
/DataTypes/DataConstrs

According to Autosar it is advised to do the following:

» Use directly Platform Types as implementation data types.

vactor”

» Create an own implementation data type of category “Type Reference” referencing a
Platform Type:

Creating MylmplementationDataType as Type Reference pointing on uint8 (see Figure
3-11) Platform type will generate in Rte_Type.h:

typedef uint8 MyImplementationDataType;

Type Reference MylmplementationDataType

Properties | Package | Attnbutes | Description

Data Type

Compu Method

Symbaol

Name:

Value:

Native Type Qualifier:

Type Emitter:

= Sy Implemen tationDataTyp

oG

=]

=]

&)

@)

Figure 3-11 Implementation data type referencing a platform type
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However other ways are possible:

vactor”

» It is possible to write the name of an Autosar Standard Type as native declaration in
the BaseType referenced by MylmplementationDataType of category Value (see
Figure 3-12). This way is however not very pretty because its intention is to model a
“Type Reference” without expressing it formally in the model. In this case the same

typedef will be generated:

typedef uint8 MyImplementationDataType;

New Implementation Valu‘

==

Base Type MyImpIementationDataType_Base‘ ﬁ

Properties | Package | Attributes | Description |

Name: MyImplementationDataType

Base Type

Compu Method

Data Constraint

Symbaol

MName:

Value:

Measurement&Calibration

Calibration Access:  |ReadOnly A

[T use Invalid Value:
Native Type Qualifier:

Type Emitter: RTE

BRE
BE

[ Ok ] [ Cancel ] [ Apply now ]

Figure 3-12 Native declaration: Autosar Standard Type

Properties | Package | Attributes | Description |

MName: | MyImplementationDataType_Base
Category
@ Fixed length Absolute size [bits]: &

() Variable length

Definition

Enceding: | MONE - Unsigned Integer

Mative Dedaration: uint3

[] Platform spedific

Motorola

OK ] [ Cancel

Apply now

» BaseType with C native declaration: it is possible to generate the platform specific
definition of an implementation data type using the native declaration field. In the

provided example (see Figure 3-13), the following will be generated:

typedef unsigned char MyImplementationDataType;
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Implementation Value MylmplementationDataType

Properties | Package | Attnbutes | Desaription |

Name: MyImplementationDataType

Base Type

Compu Method
Data Constraint

Symbol

Mame:

Value:

Measurement&Calibration

Calibration Access:  |ReadOnly N

[ use Invalid value:
Native Type Qualifier:

Type Emitter: RTE

Base Type MyBaseType

Properties | Package | Atiributes | Description

Name: IEEESRTS
Category
@ Fixed length Absolute size [bits]: &
() Variable length Maximum size [bits]:
Definition

Encoding: | NONE - Unsigned Integer

Native Dedaration: unsigned char

[T Platform specific

Aligrment:

Byte Order: |Motorola

[ oK ” Cancel ] [ Apply now ]

Figure 3-13 Native declaration: valid C expression
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3.6  Generation
The following is generated out of the data type design:

- In code:
o Implementation data types are provided in the generated code as typedef.
o From application data types are generated:

= |nit values: they are calculated from the init value and the computation
method settings.

= Lower and upper range limits as defines: they are calculated out of the
constraint range and the computation method.

= Invalid value handling: the way of treating invalid values depends on
the handling setting. The corresponding invalidate function is
implemented in the Rte and provided to SWC that send the
corresponding data element.

= Enumeration: if the defined computation method is a text table, an
enumeration is provided.

- For measurement and calibration:
o An A2L file can be generated with data prototype access:

= The read and write access is defined by the attribute specified at data
element level. It overrides the attribute provided in application or
implementation data types.
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4 Design examples

' Caution
- Each ECU project is specific and has its own needs.

The examples presented in this chapter aim at showing how to use DaVinci Developer
tool chain and what is generated out of the example configuration.

Not all possible configurations are presented here, and it is up to the ECU designer to
choose the appropriate configuration settings depending on the needs of the project.

4.1 Primitive data element

This example shows the design of a primitive application data type referenced by a
sender/receiver port interface data element.

A sender/receiver port interface is designed to send a temperature value in Celsius.

The physical values can be in the range [-50°C; +150°C] with 0,5°C resolution. In other
words, the values can be -50°C, -49,5°,..., +149,5°C, +150°C.

In order to model the values at code level, a type covering such a range shall be defined.
In this case it is necessary to cover 401 values. An 8 bit integer will not be sufficient
because it covers only 256 values. A 16 bit integer (uint16 or sint16) can be used. The
conversion function will be adjusted to this choice. In this example sint16 is chosen. A
linear conversion from physical to internal with factor 2 and offset 0 (f(x)=2.x+0) will be
used. The corresponding internal range will be [-100; +300].

» An application data type is created to model the physical part of the data type:

> Creation of a new Value application data type:

> Right click on the “Application Data Types” library is done and “Value” is selected
(see Figure 4-1).
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Library
Package
@ Application Compenent Types
w-[F Service Component Types
-l Data Types

TYPE = ~
Mew Boolean..,
+-Tiee Implerr

5[] Units Mew String...
firm Compu New Array...
#- =} Data Cg New Record...
- JL Constants
-2 Mode Decls
-0 Application MDI Window
- H- Service Pur Docking Window
- 53 Type Mapp

Figure 4-1  New Value application data type

> The application data type attributes are filled (see Figure 4-1):
> Aname is given: “My_TemperatureType”

> A computation method is created: “My_ TemperatureType CompuMethod” (see
Figure 4-3):

= (Category is set to linear

= A “Celsius” unit is created (see Figure 4-4) and is referenced in the
compu method

= “Physical to internal” conversion is chosen

= The physical to internal linear scale is configured with factor 2 and
offset 0 over the physical range [-50;+150] (see Figure 4-5)

> A physical constraint is created: “My_TemperatureType Contraint” (see Figure 4-6):

= |t defines the physical range with boundary inclusions: [-50;+150]

Note

The physical to internal conversion is also used for internal to physical conversion in
case the defined function is invertible. It is the case in this example, so it is enough to
specify only the physical to internal conversion.

The linear conversion factor and offset are used in the following way:
With Xi representing the internal value and Xp the physical one.

- Physical to internal: factor Fp and offset Op:
Xi = Fp.(Xp + Op)

- Internal to physical: factor Fi and offset Oi:
Xp = Fi.Xi + Oi

©2014, Vector Informatik GmbH Version: 1.1 24 /80



Technical Reference Autosar 4.0 - DataTypes

Application Yalue M}r_TempEratureTyp‘

Properties |Pad<age | Attributes I Descrlphon|

LSy TemperatureTypel

Unit

v TemperatureType

Measurement&Calibration

Calibration Access:  |ReadOnly -

[T Use Invalid value:

prT— D
@k

Cancel Apply now

=

Figure 4-2 My_TemperatureType

Compu Method My_TemperatureType_CompuMethod

Properties |phys To Int | Package | Attributes | Desaription

[7] use Internal To Physical
Use Physical to Internal

Name: TemperatureType CompuMethod
Symbal:
Category: [Unear v]
i Unit
E= B[R
Compu Contents

Cancel Apply now

Figure 4-3 My_TemperatureType_CompuMethod
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Properties | Package | Attributes | Description |

Mame:
Display Name:
5i to Unit Scaling
Factar: 1
Offset: 0

I OK I[ Cancel ]l Apply now |

Figure 4-4  Celsius unit

Compu Method My_TemperatureType_CompuMethod

Properties | Phys To Int | package | Attributes | Description |

Index Value Identifier Properties | Attributes | Description

-50..150 CompuScale_0

Symbal:

Canstant:

Label: CompuScale_0
Limits
i

Range: Minirmum: Maximurm:

[Min-Max] = -50 - 150

-INF +INF

Scaling
Factor: Offeet:
W 2 + 0

< m ] »
|

‘ New | [ EN ][ L ] ‘ Delete |

l 0K I[ Cancel ][Apdvnow
I

Figure 4-5 Physical to Internal linear scale
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Data Constraint My_TemperatureType i
Properties | package | Attributes | Description
MName: My_TemperatureType
| Physical constraints spedfied
Range: Minimum: Maximum:
|[Min-Max] ~| -50 - 150
-INF +INF
Internal constraints spedfied
Range: Minimum: Maximum:
[[Min-Max] ~| 0.0 - 00
-INF +INF
Cancel Apply no
=

Figure 4-6 Physical constraint

» The internal part of the data type is modeled with the existing platform type sint16.

It is thus not necessary to create a new implementation data type.

» In order to finish the data type modeling, a data type mapping set has to be used to
specify the mapping between “My_TemperatureType” and sint16.

> A new type mapping set is created:

> Right click on the Type Mapping Sets library is done and “New Type Mapping Set...”
is selected (see Figure 4-7).

Note
It is not necessary to create a new type mapping set for each data type mapping. A
single type mapping set can contain several data type mappings.

It is even recommended to gather data type mappings in type mapping sets, not to
have too many data type mapping set.

> Aname is given to the type mapping set (see Figure 4-8).

> The data type mapping is done in the “Data Type Maps” tab of the type mapping set
property dialog (the steps are described Figure 4-9)
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o IS B
| New Type Mapping Set... |
Types | Packages| [ paste Ctrl+V

T MDI Window
] Dacking Window

[
Hide

Figure 4-7  Type mapping set creation

Properties | Made Request Type Maps | Data Type Maps | Package | Attributes | Description
UL o TyoeMappingSet]

l oK I’ Cancel ]| Apply now

a ——

Figure 4-8 Type mapping set naming
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My_TypeMappingSet =

Properties | Mode Request Type Maps | Data Type Maps |Package | Attributes | Desaription|

Appication Data Type * Implementation Data Type

@

Add a new data type mapping

Data Type Map

@ Application Data Type: <NONE>

Implementation Data Type:  <NONE>

2l

Setthe apph cation data type Only show compatible Implementation Data Types

o J[ e ]

= - T ——
B Select Objects [

Filter

Show Al Filter by =

@ Name # Package

<None>
Select the application data type L My_TemperatureType

/Data

Propertes... oK Cancel

_ — 4
Data Type Map ==
@ Application Data Type: My _TemperatureType m
Set the implementation data type || ImPlementation Data Type: | <NORE> @

Only show compatible Implementation Data Types

o ) Comd ]

——— S ————— e
17 Select Cbjects

Fiter

Show All Filter by =

Name: “ Package
@ one .

§ Pifioat32

[DataTypes/PlatformTypes

Select the implementation data type & Tifoetsd [DataTypes/FlatfornTypes
&
g Tlsint32 [DataTypes/PlatformTypes

Data Type Map

)
@ Appiication Data Type: My_TemperatureType D
el

Implementation Data Type:  Sintis
Validate the mapping

[#]only show compatible Implementation Data Types

My_TypeMappingSe ===

[ Properties | Mode Request Type Maps | Data Type Maps | package | Attributes | Desription |

Application Data Type / Implementation Data Type
@ My_TemperatureType sint16

The mapping is in the mapping set

(o | cont ] [aoptvnom |

Figure 4-9 Add a data type mapping to a type mapping set
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In the Data Type Map dialog a check box is available to filter only the compatible data
types. It is checked by default.

T] Note
—

» Now that the data type for the temperature data elements is modeled, it can be used.

In this example a sender/receiver port interface containing a temperature data element is
designed. The port interface “My_Temperaturelnterface” is created (see Figure 4-10) and
“‘My_TemperatureElement” is created inside (see Figure 4-11).

Properties | Data Element Prototypes | Package | Attributes | Desaription |

Mame:  My_Temperaturefnterface

[C]1s service interface

[ ok [ cancel | [ Applynow |
Figure 4-10 My_Temperaturelnterface
Properties | Data Element Prototypes | package | Attributes | Desaription|
# | || Properties | Attmibutes | Desription |
etyAtSwgerainetienent Name: My_TemperatureElement
Data Type
(=]
(&

[C]Use queued communication
Measurement&Calibration
Calibration Access:  NotAccessible -
Handle Invalid

© Keep

() Replace

@ None

new | [Lookie | [Ccomy

[ ok [ cancel | [ Asoynow

Figure 4-11 My_TemperatureElement
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Two SWCs implementing port prototypes referencing this port interface are created.
SWC_Sender is writing “My_TemperatureElement” in “SWC_SenderRunnable” and
“SWC_Receiver” is reading it in “SWC_ReceiverRunnable” (see Figure 4-12 and Figure
4-13). The init value on both sides is set to 20.

SWC Sender

1: Create the SWC

Library

Package
5---5 Application Component Types

[ =) SWC_Sender /ComponentTypes

-[E SWC_Receiver /ComponentTypes

2: Create the port prototype

Application Ports | Service Ports | Calibration Ports |

b
Properties |Port API Options I Communication Spec | Attributes | Description
My_Temperaturelnterface Mame:  My_Temperaturelnterface
¥
Fok. Port Interface
L Name: | My_Temperaturelnterface
E| i‘ Direction
oog @ Sender
111 -
() Receiver
3: Set My_TemperatureElement init value
£, | Appication Ports | service Ports | calibration Ports |
s
+ | || Properties [ Port API Options | Commurication Spec | Attributes | Description |
% My_Temperaturelnterface £ Communication Spec |Pmperties IAttributes Description|
Ffe My_TemperatureElement Init Value
-
B; i‘ [ uses Tx Acknowledge
ulae] Timeout: 0 msec v
111
[ Uses End-to-End Protection
4: Create the runnable and set the port access
- ' Tri Port Access | py i Attributes | D ipti
Runnable Entity rigger | roperties I ibutes I Esip on|
SWC_SenderRunnable B
% Port Access Name
O My_Temperaturelnterface.My_TemperatureElement Direct write SEND_My_Temperaturelnterface_My_TemperatureElement
faf.
H=
g
oog
111
o

Figure 4-12 SWC_Sender modeling
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SWC Receiver

1: Create the SWC

Library

Package
= Application Component Types
B SWC_Sender /ComponentTypes

[ER SWC_Receiver /ComponentTypes

2: Create the port prototype

£ Application Ports | Service Ports | Calibration Ports |

= + | || Properties | port API Options | Communication Spec | Attributes | Description
My_Temperaturelnterface Name:  My_Temperaturelnterface

Port Interface

Name: | My_Temper

Direction

3: Set My_TemperatureElement init value

£ Application Ports | Service Ports | Calibration Poris|
k3

= R e e + | || Communication Spec | properties | Attributes | Description |

Fafe My_TemperatureElement Init Value
-

L R)_( Filter Alive Timeout [g]: 0
o @ Always

(7) MaskedNewDiffersMaskedold

+ | || Properties | Port API Optians | Communication Spec | Attributes | Description |

ueue Length: 1
|1 Uses End-to-End Protection Q 9

["Handle Never Received

|71 Enable Update

4 Create the runnable and set the port access

5 s Tri Port Access | py i Attributes | Descripti
Runnable Entity rigger | roperties I i 5 I SCTip or1|
SWC_ReceiverRunnable

% Port Y Access Name

>0 My_TemperatureInterface My_TemperatureElement Direct read REC_My_TemperatureInterface_My_TemperatureElement

=
e

o=
o=
=)

i gl

=

Figure 4-13 SWC_Receiver modeling
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Both ports are connected via a SWConnector in the graphical editor (see Figure 4-14).

SWC_SenderzSWC_Sender | =~~~ ] SWC_Receiver:SWC_Receiver

hy_T rﬁ]—Dﬁﬁﬁ — [‘]My_T o=

Figure 4-14 Connection of My_Temperaturelnterface ports

If the configuration is left like this a “missing data type mapping” error message will appear
(see Figure 4-15). It is due to the fact that at SWC level “My_TemperatureElement”, typed
by the application data type “My_TemperatureType”, is not mapped to any implementation
data type. Even if the mapping was realized in “My_TypeMappingSet”, this mapping is not
known by the SWCs until it is explicitly referenced.

1D

== - € 40317 Meszage ID: 40317
if 0 Missing data type mapping detected.
B @ 40317
[rescription
-------------------

The fallowing application data twpes of companent type </ComponentTypes/SWE_Receivers are missing the mapping to an implementation data type.

1.</DataTypes/My_TemperatureTypes

- enzure each application data type iz mapped to an implementation data type in context of the component ype

Figure 4-15 Missing data type mapping error message

Each SWC using a data element, typed by an application data type, must reference the
corresponding type mapping set, where the corresponding implementation data type is
specified.

“‘My_TypeMappingSet” shall be referenced in SWC_Sender and SWC_Receiver property
dialog (see Figure 4-16).

- Note
It is possible to reference several type mapping sets in a same SWC.

Note

If the project requires a different mapping depending on a certain context, it is possible
to map the same application data type to different implementation data types using
several type mapping sets.

For instance it could be possible to map “My_TemperatureType” to sint32 in a second
type mapping set, which could be used by 2 other SWCs. In the context of these 2 new
SWCs “My_TemperatureType” would be mapped to sint32.
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1. Right click on the SWC in the "Application Component Types" library and select "Properties..."

- Service Co|  Generate Report...
-7l Data Ty

g r.u: 1;::: B Attached Files...
L | R Check /DataTypes
o 8 Impler| XML Export..
mee Base T DCF Export..

Library
Package
=B Application Component Types
[E] swi — /ComponentTypes
+..[E SWCR Open... fComponentTypes

=l Units Object Usage...
el el Gt Locking , | /DataTypes/Units
el Cel /DataTypes/Units
loc] K S8 Copy Curl+C /DataTypes/Units
el m | aste Ctrl+V /DataTypes/Units
Lop Te /DataTypes/Units
& ﬁ/&’mp MDI Window
B Mlﬁtay\qg Docking Window . /DataTypes/Comp...
gt /DataTypes/DataC...
gkt 7 Properties... /DataTypes/DataC...
- gt me:\:vam'currm— /DataTypes/DataC...

2. Select "Add" in the "Mapping Sets" tab of the property dialog

Compenent Type SWC_Sender |

[

Propeties | Mapping Sets | Induded Data Type Sets | Package | Attributes | Desaription |

Referenced Mapping Sets Package Path

Edit

o (o

Apply now

3. Select the type mapping set and click "Ok"

7 Select Objects

===

Filter

) ) -

Name /  Package

<None: -

L= My_TypeMappingSet /ComponentTypes/DataTypeMappingSets

Propertcs..

Cancel

4. The type mapping set is now referenced by the SWC

Component Type SWC_Sender |

[

| Propeties | Mapping Sets | Induded Data Type Sets | Package | Attributes | Description |

Referenced Mapping Sets Package Path

My_TypeMappingSet JComponentTypes/DataTypeMappingSets

Edit

[ Cancel ][Applynow]

Figure 4-16 Reference a type mapping set in a SWC
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» The system description resulting from the configuration done in DaVinci Developer is
imported in DaVinci Configurator Pro. There the Rte generation and the SWC
generation are performed.

The following code is generated:

In SWC_Sender.c:

Std ReturnType Rte Write My TemperatureInterface My TemperatureElement (sintl6é data)

In SWC_Receiver.c:

Std ReturnType Rte Read My Temperaturelnterface My TemperatureElement (sintl6é *data)

In Rte. SWC_Sender.h and Rte. SWC_Receiver.h:

# define Rte InitValue My TemperatureInterface My TemperatureElement (40)

In Rte_ SWC_Sender_Type.h and Rte_ SWC_Receiver_Type.h:

# define My TemperatureType LowerLimit (-100)
# define My TemperatureType UpperLimit (300)

The data element of the read and write function is typed by sint16.
The init value is 40 (internal value of configured physical value 20).
The generated lower limit is -100 and upper limit 300.

Note
In the Rte generator version (4.01.01) the generated negative included limits are
shifted by +1. If both limits are negative, the lower and upper limits are inverted.

These two issues are known and will be fixed in a future version.
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4.2 Complex data element

This example shows the design of a complex application data type referenced by a
sender/receiver port interface data element.

A sender/receiver port interface is designed to send a record containing a temperature
value in Celsius as first element and a speed value in km/h as second element.

The temperature value is modeled as in chapter 4.1.

The speed physical values can be in the range [0 km/h; 300 km/h] with 0,5 km/h
resolution. In other words, the values can be 0 km/h, 0,5 km/h,..., 299,5 km/h, 300 km/h.

In the same way as the temperature, speed needs an implementation type covering the
possible values at code level. Uint16 is chosen. A linear conversion from physical to

internal with factor 2 and offset 0 (f(x)=2.x+0) is used. The corresponding internal range
will be [0; 600].

» A Value application data type (“My_SpeedType”) is created and mapped to uint16 (see
Figure 4-17). For details about primitive data type creation refer to chapter 4.1.

Applicaion Value My Speedype [NNNNNNS | [ campu Method iy SpeeatypeCompatizrad I p 3 | [ arpu Metnes by Specaype Computicinad IR p N |
Propertes [paciage | Atvutes | Descipn roperies |physTaiod [ Fadage [ s [ Descipion g ] v o | pacage | Atvbates | oescrtion
iame: TTRESERT IR | e o Coroiciiog] Index ol ldenotier Propertes | atwbutes | Descroton
. 0 0.0 Compscie 0
s Sbo
=0
Cotegory: (pneer ComScale
Compas et Lobs; | CompuScale 0
Q) (& unit Limits
[ — (L) Y Rorge:  Mamm:  Mawmum
|18 (& [Mn-Max] =| © - ;0
o8 e
Messurementécabraton
Salrg
Calbraton Access: [ReadOnly act Offaet
2 +0
e b Voloe:
o Cancel
oK Cancel ox Cancel
DalaCun:uamlMy_ipeed‘ypg‘fan!!mw!l [ | - [ hy_Typehappingtel - [———
Praperties | package | Attrbutes | Descrpton Fropertes |package | Atiibutes | Descipton Propertes | Mode Request Type Maps | Data Type Maps | Package | Atiibutes | Description
Neme: My SosedTyps Consvant ame: = Applcation Data Type Tepiementation Data Type
Dy Name: My SpeedTyoe untis
4| pscal consramts specfied My TemperatreTyoe —
et Sito Uit Scafg
g — Masimun: Facon: [
[Envdl =] o 0
" i o
erna consvants spectie
Range e Masrum
[Mn-hae] v| 0.0 00
e e
asd | [CRenowe Edt
oK cancel [ Cancel oK Cancel

Figure 4-17 My_SpeedType settings

» A Record application data type (“My_RecordType”) is created with a temperature
element as first element and a speed element as second element:
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» Right click on “Application Data Type” library is done and “New Record...” is selected
(see Figure 4-18).

Library

Package
B Application Component Types
5 Service Component Types
=Tl Data Types

[=Bd Application Data Types

P My TemperatureType New Boolean...
U My SpeedType New Value...

#i#% Implementation Data Types New String...

jise Base Types New Array..

£ #m Compu Methods
##5 My_SpeedType_Compul
i My_TemperatureType_Co MDI Window

=)-rl} Data Constraints Docking Window
gl float32_DataConstr
@it float6s_DataConstr

Figure 4-18 New Record application data type

» Enter the name of the record application data type and create 2 record elements (see
Figure 4-19).
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1. Enter the name of the record type

Properties | Record Elements | Package | Attributes | Description |

Name:
Measurement&Calibration

Calibration Access:  |ReadOnly -

I l QK I [ Cancel ] | Apply now

2. Click "New" in the "Record Elements" tab

P 3
New Application .

Properties | Record Elements |padage | Attributes | DESG"'pﬁonl
Properties |

Index MName

Mo properties available

Properties | Record Elements |padq,ge I Attributes I DEscl"bﬁon|
Index Name Properties |Desa'pbon|

Lu] TemperatureRecordElement
Mame: TemperatureRecordElement

Data Type

My_TemperatureType D

| [Coew ] (2 )= ) [oeee

4. Create a second record element:
Enter the name "SpeedRecordElement” and set the reference to "My_SpeedType" data type

New Application Record

Properties | Record Elements | package | Attributes | Description |

Index Name Properties |D€W'Ph°"|

[1] TemperatureRecordElement

1 speedRecordElement Name:  SpeedRecordBlement
Data Type

My _SpeedType D

Figure 4-19 Record type creation with 2 record elements
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» The corresponding implementation data type is created:

The corresponding implementation data type shall have a structure corresponding to the
application data type so that each sub element of the application level has a
corresponding element at implementation level. In this example a record implementation
data type with 2 sub elements is used.

» Right click on “Implementation Data Type” library is done and “New Record...” is
selected (see Figure 4-20).

» The record data type is configured (see Figure 4-21):
> The name is set: “My_RecordImplementationType”

» In the “Record Elements” tab, a record element matching with temperature at
implementation level is created:

The name “TemperaturelmplementationRecordElement” is set.

The element type is set to “Type Reference” in order not to create a new
implementation data type, but to use an existing one.

The property button is clicked to open the dialog where this reference is set. The
type sint16 is chosen corresponding to the implementation data type mapped to
“My_TemperatureType”.

» In a similar way a record matching with speed at implementation level is created:
The name “SpeedimplementationRecordElement” is set.

The element type is set to “Type Reference” in order not to create a new
implementation data type, but to use an existing one.

The property button is clicked to open the dialog where this reference is set. The
type uint16 is chosen corresponding to the implementation data type mapped to
“‘My_SpeedType”.

Library

@ Application Component Types
[ Serice Compenent Types
= 7w Data Types
& M= Application Data Types
P My TemperstureType /DataTypes
TFE My _SpeedType /DataTypes
TR \My_RecordType /DataTypes
_____ ion Data Tvoes
e boole| New Value...
e float3, New Type Reference...
W floath  New Data Reference..

B sint MNew Array...

[ypes
WEE sintl6) , L
e sint32 ©

ntg

" uintle  MDI Window

™ uint32 [ ] Docking Window
es

Sfenpoooonm
peEEER® %

Figure 4-20 New Record implementation data type
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1. Setthe name of the record implementation data type

-
Implementation Record My_Recordlm IEnerﬂBlTunTy’p_g
—

Froperties | Record Elements | Package | Attributes | Description |

Name: RecordImplementationType

Symbol

Name:

Value:

Measurement&Calibration

Calibration Access:  |ReadOnly -

Mative Type Qualifier:

Type Emitter: RTE

l OK I[ Cancel H Apply now ‘

2. Create the first record element. Set its type as "Type Reference" and click the property button to open a new dialog where the referenced data type can be selected

—

-
Type Reference Temp i rdElement:Temp... EESE
| - Record Elements | package | Attibutes | Description I Properties | Attributes | Description

Index Mame Propertes ‘DESUD‘]‘”"

(1] TemperaturelmplementationRecordE. ..

Mame: TemperaturelmplementationRecordElement

Data Type
Element Type sint16
Compu Method
e None>
Array <None!
Record
Symbol
MName:
Value:

Native Type Qualifier:

Type Emitter: RTE

Coven | [ ][ =] [oske |

(o< J[ concl ][ apynow |

I OK I [ Cancel ]l Apply now |

3. Repeat the operation for the next record elements
Implementation Record My_RecordImplementationT;

[®=S]] [Type Reference sp i dimple... (ERES) |

i LS
Properties | Record Elements | padkage | Atirbutes | Deseription | I Froperties | Attributes | Deseription i
Properties
Index Name perties. | Description | Name: | SpeedimplementationRecordElement. TypeRef
1] TemperaturelmplementationR ecordElement DataT
SpeedimplementationRecardElement Mame:  SpeedImplementationRecordElement ata Type
Element Type s
—TypeR.efErence -
Compu Method
<Nane:>
Symbol
Name:
Value:

Mative Type Qualifier:

Type Emitter: RTE

[ven | [ o ][ =] (oot

oc | [ conzl | [ ceivnon |

[ox ][ conca ][ Avolynow |

Figure 4-21 Set a record implementation data type

» The record application data type is now mapped with the record implementation data
type (see Figure 4-22).
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Properties | Mode Request Type Maps | Data Type Maps | Package I Attributes I Description

Application Data Type 4 Implementation Data Type
My_SpeedType uint16

My_TemperatureType sint1s

My_RecordType My_RecordImplementationType

[acd [ Remove || it |

[ QK ] [ Cancel ] [ Apply now ]

Figure 4-22 Record type mapping

e 'I Note
) . When the 2 record types are mapped, the “only show compatible Implementation Data
Types” is very useful for 2 reasons:

- It provides a reduced list of available types, which makes the selection easier

- It already gives the information if the 2 records types are compatible or not. In
case the desired implementation data type does not appear in the selection list,
then the designer has already the information that the types do not match and
that the configuration is not correct.

» A sender/receiver port interface is created, where the data element is named
,RecordElement” and typed by ,My_RecordType“ (see Figure 4-23).
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Properties | Data Element Prototypes | package | Attributes | Deseription |
’ Properties | Attributes | Description |
RecordElement
Mame: RecordElement
Data Type
(-]
Data Constraint
=) (0] &)
I:‘Use queued communication
Measurement&Calibration
Calibration Access: | NotAccessible -
Handle Invalid
(O Keep
() Replace
@) Mone
Mew ] [ Delete ] [ Copy

Figure 4-23 Sender/receiver port interface with record element

» A P-Port prototype referencing ,My_ RecordInterface” is created in SWC_Sender and
accessed by ,SWC_SenderRunnable”. A similar R-Port is created at SWC_Receiver
and accessed by “SWC_ReceiverRunnable”.

For both ports an init value shall be set in the com spec. Two ways can be followed to
set the init values:

> Manually at the port (see Figure 4-24 and Figure 4-25).

> With a constant: a constant is created (see Figure 4-26) and this constant is
referenced as init value (see Figure 4-27).
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1. Selet the type "Record"”

f, | Appication Ports | senice Ports | Calibration Forts |
%

+ | || properties | Part AP1 Options | Communication Spec | Attributes | Description |

' My_Recordlnterface ¢ | || Communication Spec | properties | Attributes | Desription

faf, || My-Temperaturelnterface RecordElement Init Value

-
Textual

E, 5 || Uses Tx Acknowledge ::-!E”:

Lelel) . 0

31 Timeout: 0 msec Aeference

= [T Uses End-to-End Protection Nane

2. Click the property button

f. | Apication Ports | service Ports | Caliraion Ports|

+ | |[Properties [ Port API Optians | Communication Spec | Attributes | Desaription |
& My_RecordInterface # ||| Communication Spec | properties | Attributes | Description
Ff || My Temperaturelnterface RecordElement Tnit Value
= 0
B B [ Uses Tx Acknowledge
aog Timeout: 0 msec
(11}
- [ Uses End-to-End Protection
=

3. The init record dialog opens

Child Constant My_Recardlnterface:RecordElement InitValus =

Properties | Record Constant Elements

Name:

Values:
Record Constant Element Value
RecordElement. InitValue.ElementConstant 1]

Edit...

Apply now

Figure 4-24 Record manual init — part 1
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Textual

Reference

3. Inthe "Record Constant Elements” tab create the record element constants as "Numeric”
(‘chita Constant My:Recordinterface:ResordelementinitValus S| ((crid Constant My Recordintafece-RecordBlementintValue [
Propertes | Record Constant Elements [Faparis] Recrd ot eners |
Index  Record Constant Element Properties Index  Record Constant Element Properties
° ementConstent Name: TemperatureEiementConstant mt e Name
Order Indexc:

TemperatureElementConstant.

Order Index:

Child Constant My_RecordInterface

T o

Properties |Record G

RecordElement InitValue

[Properties | Record

Index  Record Constant Element Properties

[ TemperatureElementConstant =

1 SpeedElementCo Name: _ SpeedSlementConstant
Order Index:

o [ e

4. In the "Properties” tab set the single values of the record elements by double clicking on the lines.

ild Constant My_Recordinterface:RecordElementInitValus

===

Numeric Constant ValueSpec_Reserved:RecordElemen. =

Neme:
Values:
Record Constant Element Value
ol ol
RecordElement. InitValue. SpeedElementConstant 0

Ed.

Child Constant My_Recordlnterface:RecordElementInitValue

Froperties |Racord Ct

Name:

2ecordElement. nitvaiue]

Values:

Record Constant Element

RecordElement. ritvalue, Temperatur,
Recordglement Initvalue. Speedlems

Edit.

Cancel Apply now

f, | Awpicaton Ports |Service Ports | Calbration Pars

My _Recordnterface
fof, || My_Temperaturemnterface

Figure 4-25 Record manual init — part 2
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5. After clicking "Ok" the init record value is visible in the port prototype editor.

[ Enable Update

] [ Communicaton Spec |propertes | vt [ Desepton
RecordElement: Tnit Value
Read +] [
RxFier Alve Tmeout[s): O
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ueve Length: 1
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1. Create a new Record constant in the "Constants” library

Mew Textual Constant..,
Mew Mumeric Constant...

Mew Array Constant...

Mew Record Constant...

Mew Reference Constant...

..... [ Paste Ctrl+V

Types | A MDI Window

Docking Window

i Hide
.

gd Constants |

/Portinterfaces
/Portinterfaces

/ComponentTypes...

2 Create the record elements (similar to manual init value creation)

Record Constant My_RecordConstant

Properties | Record Constant Elements | package | Atiributes | Description|
Index  Record Constant Element Prcpertles‘
1 SpeedElementConstant
Order Index: U
[ vew | [ & J[ = | [ Deete |

Mame: TemperatureElementConstant

3 Set the value for each record element by double-clicking on the corresponding line

Record Constant My_RecordConstant

)

Properties | Record Constant Elements | Package | Atiributes | Description |

Name:
Values:
Record Constant Element Value
TemperatureElementConstant 20
SpeedElementConstant 1]

Edit...
Cancel Apply now
Figure 4-26 Record constant creation
Informatik GmbH Version: 1.1
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f. | Applcation Ports | ervice Ports | calbration Ports |
3

1. Select the type "Reference" for the init vale

vactor”

# | || Properties | Port APT Options | Communication Spec | Attributes | Desaription |

= My_RecordInterface

Fof, || My_Temperaturenterface e

wb]

(e}
L1}

£ Application Ports | service Ports
%

Calibration Ports |

# ||| communication Spec | properties | Attributes | Desription

Init Value

[ Uses Tx Acknowledge

Timeout: 0

[ Uses End-to-End Protection

2. Click the property button

Textual
Numeric
Array
Record

None

+ | |[[Properties | port AP1 Options | Communication Spec | Attributes | Description |

L My_RecordInterface

faf, || My_Temperaturelnterface e —

mél

900
(11

Em:

# ||| Communication Spec | properties | Attnbutes | Description

Init Value

[ Uses Tx Adnowledge
Timeout: 0 meec

[ Uses End-to-End Protection

3. Select the record constant

Reference Constant My_RecordinterfacesRecordElement InitValue |

W7 Select Objects

Reference Constant My_Recordinterface:RecordElement InitValue |

Properties | Attributes | Description

Name:

Reference

Constant:

Value:

Filter

oo ] [omnr ]

Name  Value Package

<None> -

FI81y_RecordConstant £20,0% JConstants

Properties | Attributes | Description

Name:

Reference

Constant:

Value:

Co ) Cow

) [omoon ]

Cancel

4 After clicking "OK" the init record value is visible in the port prototype editor

£, | Ppication Ports | Service Ports [ Calbration Ports |
i

¢ | | [Properties | Port API Options | Communication Spec | Attibutes | Desaription |
= My_RecordInterface s Communication Spec |pmpem'es |Amhms Description
fof, || My_Temperaturelnterface oo toeh Init Value
P= 20
5! iﬁ [ Uses Tx Acknowledge
222 Timeout: 0 msec
[ Uses End-to-End Protection

Figure 4-27 Referencing a record constant as init value

The 2 ports are then connected (see Figure 4-28).

SWC_Sender:SWC_Sender

My_Recordinterface

SWC_Receiver::SWC_Receiver

ool

Figure 4-28 My_RecordInterface port connection
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» “My_TypeMappingSet” has to be referenced by SWC_Sender and SWC_Receiver,
which was already done in chapter 4.1.

» The system description resulting from the configuration done in DaVinci Developer is
imported in DaVinci Configurator Pro. There the Rte generation and the SWC
generation are performed.

The following code is generated:

In SWC_Sender.c:

Std ReturnType Rte Write My RecordInterface RecordElement (const My RecordImplementationType *data)

In SWC_Receiver.c:

Std ReturnType Rte Read My RecordInterface RecordElement (My RecordImplementationType *data)

In Rte_Type.h:

# define Rte TypeDef My RecordImplementationType
typedef struct

{
sintl1l6 TemperatureImplementationRecordElement;
uintl6 SpeedImplementationRecordElement;

} My RecordImplementationType;

In Rte.c:

CONST (My_RecordImplementationType, RTE CONST) Rte C My RecordImplementationType 0 = {
40, 0U
bi

CONST (My_RecordImplementationType, RTE CONST) Rte My RecordConstant = {
40, OU
bi

The record data element is typed by My _RecordimplementationType.

The record type has 2 elements, TemperaturelmplementationRecordElement of type
sint16 and SpeedimplementationRecordElement of type uint16.

Two constants are generated for the init values: Rte_My_ RecordConstant corresponding
to the constant created in DaVinci Developer and Rte_C_MyRecordimplementationType 0
corresponding to the init value set manually.
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4.3 Enumeration

Two enumeration examples are described in this chapter. The first one (see 4.3.1)
corresponds to enumeration created at application level. The second one (see 0)
corresponds to enumeration created at implementation level.

4.3.1 Application level

In this example an enumeration application data type is created. It defines 3 text values
and is mapped to uint8.

» A new Value application data type is created: “My_EnumerationType” (see Figure
4-29):

» It references “My_ EnumerationType CompuMethod” which defines a text table
conversion (see Figure 4-30).

» This text table contains 3 values (see Figure 4-31):
- Text_00 corresponding to numerical value 0 (range [0;0])
- Text_01 corresponding to numerical value 1 (range [1;1])

- Text_02 corresponding to numerical value 2 (range [2;2])

» “My_EnumerationType” references “My_EnumerationType_ Constraint”  which
specifies [0;2] as physical range (see Figure 4-32).

» My EnumerationType is then mapped to uint8 in ,My_TypeMappingSet” (see Figure
4-33).

Application Value My_EnumerationType [&J

Properties | Package | Attributes | Description

Mame: My_EnumerationType

Unit

E)
=]
&)

Compu Method

E)
=]

Data Constraint

E)
=]
i)

Measurement&Calibration

Calibration Access:  |ReadOnly -

Use Invalid Value:

[ CK ] | Cancel ‘ | Apply naw

Figure 4-29 My_Enumeration type
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Compu Method My_EnumerationType_CompuMethod

Properties |Int To Phys | Package | Attributes | Desaription

Name: EnumerationType_CompulMethod
Symbal:

Category: [TextTable -
Unit

Compu Contents

Use Internal To Physical

[ use Physical to Internal

Apply now

Figure 4-30 My_EnumerationType_CompuMethod

Compu Method My_EnumerationType CompuMethod

Properties | Int To Phys |Pad<age | Attributes I Description‘

Index Value  Identifier Properties | Attributes | Description
0 0 Text_00 Symbol:  Text_00
1 1 Text_01
2 2 Text_02 Constant:
Label: CompuScale_0
Limits
Range: Minirmum: Maximurm:
[Min-Max] = 0 -0
[F]-nF [F1+mF
Scaling
Factaor: Offset:
%1 + 0
[New][ A][V][Deleh&]

Apply now

Figure 4-31 Enumeration text table setting
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Properties | Attributes | Description

Symbol:  Text_01

Constant:
Label: CompuScale_1
Limits
Range: Minirmum: Maimum:
[Min -Max] - 1 -1
[ -mF [ +nF
Froperties | Atiributes | Description
Symbol:  Text_02
Constant:
Label: CompuScale_2
Limits
Range: Minimum: Maxirmum:
[Min-Max] =~ 2 -2
[ -mF ] +mF
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Data Constraint My_EnumerationType_Constraint ﬁ

Properties |Package IAtIribubes Description

Mame: My_EnumerationType_Constraint

Physical constraints spedfied

Range: Minimum: Maximum:
[Min -Max] = a -2
[ -F [ +INF

[Tinternal constraints spedfied

Range: Minimum: Maximum:
[Min-Max] = 0.0 - 0.0
[]-nF [ +mvF

Figure 4-32 Enumeration constraint

My_TypeMappingSet ﬁ
| Properties | Mode Request Type Maps | Data Type Maps | package | attributes [ Description |

Application Data Type #  Implementation Data Type

\My_EnumeraﬁnnType uint3 \

My_RecordType My_RecordImplementationType

My_SpeedType uint16

My_TemperatureType sint1s

[ Add ] [ Remove ] [ Edit

Figure 4-33 My_Enumeration mapping to uint8

» A sender/receiver port interface “My_Enumerationinterface” is created. It contains one
data element of type “My_EnumerationType” “(see Figure 4-34).

S/R Port Interface My_Enumerationinterface 5
Properties | Data Element Prototypes | Package | Attributes | Description |
4 Properties | Attributes | Deseription |
My_EnumerationElement
Mame:  My_EnumerationElemsnt
Data Type
Data Constraint
N
[ use queued communication
Measurement&Calibration
Calibration Access: | MotAccessible .
Handle Invalid
() Keep
() Replace
@ None
New ] l Delete ] [ Copy

Figure 4-34 “My_Enumerationinterface”
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» A P-Port is created on the SWC_Sender with write access to the data element in the
SWC_SenderRunnable, a R-Port is created on the SWC_Receiver with read access to
the data element in the SWC_ReceiverRunnable, init values are specified and both
ports are connected.

» “My_TypeMappingSet” has to be referenced by SWC_Sender and SWC_Receiver,
which was already done in chapter 4.1.

» The system description resulting from the configuration done in DaVinci Developer is
imported in DaVinci Configurator Pro. There the Rte generation and the SWC
generation are performed.

The following code is generated:

In SWC_Sender.c:

Std_ReturnType Rte Write My EnumerationInterface My EnumerationElement (uint8 data)

In SWC_Receiver.c:

Std_ReturnType Rte Read My EnumerationInterface My EnumerationElement (uint8 *data)

In Rte_ SWC_Sender_Type.h and Rte_ SWC_Receiver_Type.h:

# define My EnumerationType LowerLimit (0U)
# define My EnumerationType UpperLimit (2U)

=

ifndef Text 00
define Text_00 (0U)
# endif

=

ifndef Text 01
define Text_ 01 (1U)
# endif

ifndef Text 02
define Text_02 (2U)
# endif

=

The data element is typed by uint8.
The lower limit is 0 and upper limit is 2.
Each enumeration text is defined with the corresponding uint8 value
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4.3.2 Implementation level

In this example an enumeration implementation data type is created. It defines 3 text
values and has uint8 as reference type.

» A new Reference implementation data type is created: “My_EnumerationimplType”
(see Figure 4-35):
>

It references “My_EnumerationimplType CompuMethod” which defines a text table
conversion (see Figure 4-36).

» This text table contains 3 values, Text 00 for value 0 (range [0;0]), Text_01 for value
1 (range [1;1]) and Text_02 for value 2 (range [2;2]) (see Figure 4-37).

Type Reference My_EnumerationImplType I&
Froperties |Pad<age | Attributes I Description
Neme:
Data Type
(-]
Compu Method
(-]
Symbaol
Name:
Value:
Mative Type Qualifier:
Type Emitter: RTE

Figure 4-35 My_EnumerationimplType

Compu Methad My_EnumerationImplType_Compuldethod @

Properties | Int To Phys | Package | Atmbutes | Description |

MName: EnumerationImplType CompuMethod

Symbal;

Category: | TextTable -

Unit

BE®E

Compu Contents
Use Internal To Physical

[] Use Physical to Internal

Figure 4-36 My_EnumerationlmplType_CompuMethod
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¥
Compu Method My_EnumerationlmplType_CompuMethod
Properties | Int To Phys |Package | Attributes IDescriptian‘
Index Value Identifier Properties |Attr|hutes Description
. a JExE o Symbol:  Text_00
1 1 Text_01
2 2 Text_02 Constant:
Label: CompuScale_0
Limits
Range: Minirnum: Maximum:
[Min-Max] = o -0
[ -mF [ +mnF
Scaling
[New][ ][?][Delebe]

Properties | Attributes I Description

vactor”

Symbal:  Text_01
Constant:
Label: CompuScale_1
Limits
Range: Minimum: Maximum:
[Min-Max] 1 -1
[mE [C1+mF
Properties | Atiributes | Description
Symbol:  Text 02
Constant:
Label: CompuScale_2
Limits
Range: Minimurm: Maximurn:
[Min -Max] = 2 -2
[E] 1 [E +mF

Figure 4-37 My_Enumeration

ImpIType_CompuMethod text table

» A sender/receiver port interface “My_Enumerationimplinterface” is created. It contains
one data element of type “My_EnumerationimplType“ (see Figure 4-38).

S/R Port Interface My_Enumerationlmplinterface

S

Properties | Data Element Prototypes |Packa

ge I Attributes I Description ‘

2

My_EnumerationImplElement

MNew ] [ Delete ] [ Copy

Properties |Attribubes I Description |

Mame: My_EnumerationImplElement

Data Type

) B &

Data Constraint
BEE

I:‘Use queued communication
Measurement&Calibration
Calibration Access:
Handle Invalid
@ Keep
() Replace

(@) None

Figure 4-38 My_Enumerationlmplinterface

» A P-Port is created on the SWC_Sender with write access to the data element in the
SWC_SenderRunnable, an R-Port is created on the SWC_Receiver with read access
to the data element in the SWC_ReceiverRunnable, init values are specified and both

ports are connecte

d.

The system description resulting from the configuration done in DaVinci Developer is

imported in DaVinci Configurator Pro. There the Rte generation and the SWC
generation are performed.
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The following code is generated:

In SWC_Sender.c:

Std ReturnType
Rte Write My EnumerationImplInterface My EnumerationImplElement (My EnumerationImplType data)

* Enumeration Types:

*

My EnumerationImplType: Enumeration of integer in interval [0...255] with enumerators
Text 00 (0U)
Text_01 (10U)
Text 02 (20)

*
*
*
*

In SWC_Receiver.c:

Std ReturnType Rte Read My EnumerationImplInterface My EnumerationImplElement (My EnumerationImplType
*data)

* Enumeration Types:

My EnumerationImplType: Enumeration of integer in interval [0...255] with enumerators
Text_00 (0U)
Text_01 (10)
Text_02 (20)

P S

In Rte_SWC_Sender_Type.h and Rte_ SWC_Receiver_Type.h:

define My EnumerationType LowerLimit (0U)
# define My EnumerationType UpperLimit (20)

=

# ifndef Text 00

# define Text 00 (0U)
# endif

# ifndef Text 01

# define Text 01 (1U)
# endif

# ifndef Text 02

# define Text 02 (2U)
# endif

In Rte_Type.h:

# define Rte_ TypeDef My EnumerationImplType
typedef uint8 My EnumerationImplType;

The data element is typed by My EnumerationimplType which is defined as uint8.
Each enumeration text is defined with the corresponding uint8 value
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4.4 Mode declaration

A mode transmitted via mode switch port interfaces is a data element that can take its
values in a corresponding mode declaration group.

Mode declaration groups can be created in two different ways. The first one is to create a
mode declaration group manually in DaVinci Developer, which will then be used in a mode
switch port interface by SWCs and/or by BswM (see 4.4.1). The second one is to create a
mode service port in the BswM configuration in DaVinci Configurator Pro, which will
automatically create a corresponding mode declaration group (see 4.4.2).

4.4.1 Mode declaration group in DaVinci Developer

» It is possible to create mode declaration groups in DaVinci Developer by right-clicking
“Mode Declaration Group” library and selecting “New Mode Declaration Group...” (see
Figure 4-39).

Library

#-[7 Application Component Types

+-[F Service Component Types

) -rel Data Types

+- T Constants

- O Appli:atl Mew Mode Declaration Group... |
+- W Service A

Find Unused Maode Declaration Groups...
-0 Type Ma

MDI Window
Decking Window

Figure 4-39 New mode declaration group

» The mode declaration group is configured (see Figure 4-40):
» The name is given

» The category is set: alphabetic or explicit. Alphabetic means that the mode
declaration internal values will be attributed automatically in the alphabetical order.
Explicit means that the designer can set these values himself.

» The mode declarations are entered.

The internal values of mode declarations and transition may be entered, but are not
mandatory (see the note below).

= Note

I The Rte generator supports currently only alphabetic category. That means, even if
“Explicit” is set and values are attributed by the designer to the mode declarations, the
mode declaration internal values are automatically generated following the alphabetical
order.
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Masde Declaration Group My_ModeDeclarationGroup =

Properties | package | Description

MName:
My_ModeDedarationGroup

Category:
Alphabetic -

On Transition Value:

Mode Dedarations

Name I Initial Mode  Value
My_A_Mode
My_B_Mode
My_C_Mode
My_D_Mode

Eininis

Figure 4-40 My_ModeDeclarationGroup

» A mode port interface called “My_ModePortinterface” is created. It transmits
“My_Mode” of mode declaration group “My_ModeDeclarationGroup” (see Figure 4-41).

Made Part Interface My_MudEF'DrﬂMErfac- (]
Properties | Mode Declaration Group Prototypes | package | Attributes | Description |
7| || Properties | Description|
Name: y_Mode
Mode Dedaration Group
[e=)

Figure 4-41 My ModePortInterface

» In this example SWC_Sender is the mode master and SWC_Receiver is the mode
user.

SWC_Sender resp. SWC_Receiver implements a sender resp. sender port prototype
referencing “My_ModePortInterface”. They are connected to each other (see Figure
4-42). SWC_SenderRunnable has “Send Mode Switches” port access on the mode
switch port, SWC_ReceiverRunnable has “Read Mode” port access on the mode
switch port (see Figure 4-43).
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SWC_Sender:SWC_Sender |~~~ 7 : SWC_Receiver:SWC_Receiver

My_ModePortinterface [M]

—=] My_ModePortinterface

Figure 4-42 Mode ports connection

1 >0 Read Data...

Of Write Data...

B Send Mode Switches...

{|>E Read Mode...

Send Mode...

Figure 4-43 Mode port access

Note

The type for the mode declaration group in the code is automatically the corresponding
platform type: if the number of mode declarations is lower than 256, then the mode
declaration group is mapped automatically to uint8. If this number is bigger than 256
and lower than 65536, then it is mapped to uint16, and so on...

The system description resulting from the configuration done in DaVinci Developer is
imported in DaVinci Configurator Pro. There the Rte generation and the SWC generation
are performed.

The following code is generated:

In SWC_Sender.c:

* Mode Interfaces:
*

* Std ReturnType

Rte Switch My ModePortInterface My Mode (Rte ModeType My ModeDeclarationGroup
mode)
* Modes of Rte ModeType My ModeDeclarationGroup:
- RTE MODE My ModeDeclarationGroup My A Mode
- RTE MODE My ModeDeclarationGroup My B Mode
RTE MODE My ModeDeclarationGroup My C Mode
- RTE MODE My ModeDeclarationGroup My D Mode
- RTE TRANSITION My ModeDeclarationGroup

Xk % o %
|
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In SWC_Receiver.c:

* Mode Interfaces:
*

* Rte ModeType My ModeDeclarationGroup
Rte Mode My ModePortInterface My Mode (void)
* Modes of Rte ModeType My ModeDeclarationGroup:
- RTE MODE My ModeDeclarationGroup My A Mode
- RTE MODE My ModeDeclarationGroup My B Mode
RTE MODE My ModeDeclarationGroup My C Mode
- RTE MODE My ModeDeclarationGroup My D Mode
- RTE TRANSITION My ModeDeclarationGroup

L S S
|

In Rte_Type.h:

typedef uint8 Rte ModeType My ModeDeclarationGroup;

define RTE MODE My ModeDeclarationGroup My A Mode (
define RTE MODE My ModeDeclarationGroup My B Mode (
define RTE MODE My ModeDeclarationGroup My C Mode (
define RTE MODE My ModeDeclarationGroup My D Mode (
define RTE TRANSITION My ModeDeclarationGroup (4U)

P

The mode declaration group is typed by uint8.
The mode declaration values are attributed in the alphabetical order.
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4.4.2 Mode service port in BswM configuration

In DaVinci Configurator Pro, the BswM BSWMD offers the possibility to create mode
switch ports referencing pre-defined mode declaration groups.

For instance it is possible to create a BswM switch port referencing the ComM mode
declaration group (see Figure 4-44).

[E] BSW Management &3
& BB Mode Switch Ports » BswMSwitchPort

@ + | @ Via mode switch ports the BswM can notify software com
= - it in one of their actions lists.
Meode Switch Ports

[ BswMSwitchPort

g Mode Request Ports r MName ; Mode Switch Interface o
TF Logical Expressions BswhSwitchPort ComM_CurrentMode

4% Actions

%; Action Lists

] Rules

Figure 4-44 BswM configuration

After configuring the BswM in DaVinci Configurator Pro, it is possible to import its service
component description in DaVinci Developer. As shown Figure 4-45 BswM is imported in
the “Service Component Types” library, the mode switch interface referencing the ComM
mode in the “Service Port Interfaces” library.

Mede Port Interface ModeSwitch Interfaces ComM_CurrentMode_ComMMode (read-only) ==

Library Properties | Mode Dediaration Group Prototypes | package | Attributes | Desaription |

Froperties | Desription |

Package arrentviode

B Application Component Types Mode Decration Goup
[F Service Component Types nE

alE BswM SMICROSAR_SWCS_DEV/BswM_swc...
weel Data Types
T Constants
%2 Mode Declaration Groups
O~ Application Port Interfaces
B Service Port Interfaces

B Mode Interface 02 /PortInterfaces
AL ModeSwitch_Interfaces_ComM_C...  /MICROSAR_SWCS_DEV/BswM_swe... cancel

S TR Team o R MeTe o O i

o3

O-&8--E-E-E

Figure 4-45 BswM import in DaVinci Developer

The mode declaration group ComMMode is also imported in the “Mode Declaration Group”
library (see Figure 4-46) and the corresponding mode declarations are visible by opening it
(see Figure 4-47).
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Library

Package
[ Application Compoenent Types
Service Component Types
el Data Types
T Constants
%2 Mode Declaration Groups
g%i ComMMode SMICROSAR_SWCS_DEV/Bswh_swc

-~

Figure 4-46 Mode declaration group import in DaVinci Developer

Maode Declaration Group ComMMode (read-only) @
Properties | package | Description

Foriode]

Alphabetic

Mode Dedlarations
Mame IsInitial M...  Value
COMM_FULL_COMMUNICATION [
COMM_NO_COMMUNICATION [
COMM_SILENT_COMMUNICATION o

Figure 4-47 ComM mode declaration group

This configuration gives then the following generated code:

In SWC_A.c:

Rte ModeType ComMMode
Rte Mode ModeSwitch Interfaces ComM CurrentMode ComMMode currentMode (void)

//Modes of Rte ModeType ComMMode:

// - RTE MODE ComMMode COMM FULL COMMUNICATION
// - RTE MODE ComMMode COMM NO COMMUNICATION

// - RTE _MODE ComMMode COMM SILENT COMMUNICATION
// - RTE _TRANSITION ComMMode

In Rte_SWC_A.h:

//Buffers for Mode Management
extern VAR (Rte_ModeType ComMMode, RTE VAR NOINIT)
Rte ModeMachine BswM ModeSwitch Interfaces ComM CurrentMode ComMMode currentMode

’

In Rte.c:

/* mode management initialization part 1 */
Rte ModeMachine BswM ModeSwitch Interfaces ComM CurrentMode ComMMode currentMode
= RTE MODE ComMMode COMM NO COMMUNICATION;
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In Rte_Type.h:

//define Rte TypeDef ComM ModeType
typedef uint8 ComM ModeType;

//Definitions for Mode Management
typedef uint8 Rte ModeType ComMMode;

# define RTE_MODE ComMMode COMM FULL COMMUNICATION (0U)

# define RTE_MODE ComMMode COMM NO COMMUNICATION (1U)

# define RTE MODE ComMMode COMM SILENT COMMUNICATION (2U)
# define RTE TRANSITION ComMMode (3U)

The mode declaration group Com_ModeType is typed by uint8.

The mode declarations are available as defines and their uint8 value is given in the
alphabetical order.
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4.4.3 Mode request port and mapping

A component requesting a mode change to the mode master shall implement a
sender/receiver P-Port as mode request port. The corresponding port interface’s data
element shall be typed by an implementation data type referencing a compu method
containing an enumeration of the corresponding modes. That implementation data type
shall be mapped to the corresponding mode declaration group.

» The mode declaration group for the example will be My ModeDeclarationGroup
presented Figure 4-48.

Mode Declaration Group My_MedeDeclarationGroup I&

Properties | package | Description

Mame:

Category:
IAJphabeh'c -

On Transition Value:

Mode Dedarations

MName Is Initial M...  Value
My_A_Mode
My_B_Mode
My_C_Mode
My_D_Mode

17171

[ oK ] I Cancel

Figure 4-48 My_ModeDeclarationGroup

» A corresponding implementation data type is created:
My ModeDeclarationGroup_|Type.

» Itis defined as type reference to uint8

» It contains a compu method which defined an enumeration of the 4 modes from
My ModeDeclatationGroup. The same strings shall be used. See Figure 4-49.
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Compu Method My_ModeDedarationGroup_[Type_CompuMethod u
Type Reference My_ModeDeclarationGroup_IType ﬂ | Properties | IntTo Phys |Pad<age | Attributes | DESC’IphﬂH‘
" i Properties | Attributes | Description
Properties | package | Attributes | Description Index Value  Identifier | p
0 0 My_A_Mode Symbol:
Mame: ModeDedarationGroup ITyy 1 1 My_B_Mode
2 2 My_C_Mode Constant: My_A_Mode
Data Type
— - 3 3 My_D_Mode Labels My_A_Mode
- =
Compu Method Limits
My_ModeDedarationGroup_IType_CompuMethod [j Range: Minimum: Madimum:
Symbol [CI-mF [ +nF
Neme: Sealing
Factor: OFfset:
value:
®| 1 +|0
Native Type Qualifier:
itter: RTE
Type Emitter: I MNew ] [ rs H - ] [ Delete ]

Figure 4-49 My_ModeDeclarationGroup_IType

» The mode declaration group and the implementation data type are mapped in a
ModeRequestTypeMap (Figure 4-50).

r

My_TypeMappingSet ﬁ

Properties | Mode Request Type Maps | Data Type Maps | Package | Attributes | Description |

Mode Dedaration Group £ Implementation Data Type
My_ModeDedarationGroup My_ModeDedarationGroup_IType

[ Ok ] [ Cancel ] [ Apply now La

b

Figure 4-50 Mode declaration group mapping

» The corresponding SWC shall implement a port and reference the type mapping set.

» A service sender/receiver port interface is created containing 1 data element typed
by My_ModeDeclarationGroup_IType (Figure 4-51).
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Eli_ Service Port Interfaces

oo = My ModeRequestinterface /Portlnterfaces
S/R Port Interface My_ModeRequestinterface M
Properties | Data Element Prototypes |Packa;e I Attributes I Description ‘
i Properties |Attribubes I Description |

My_ModeRequest
Mame: My_ModeRequest
Data Type
Data Constraint

[--]
I:‘Use queued communication
Measurement&Calibration
Calibration Access: | NotAccessible v
Handle Invalid
O Keep
() Replace
(@) None
MNew ] [ Delete ] [ Copy

Figure 4-51 My_ModeRequestinterface

» A service P-Port prototype referencing this port interface is created on the SWC
(Figure 4-52).

Application Ports | Service Ports | Calibration Ports

Froperties |Port API Options | Communication Spec | Attributes | Description

My_ModeRequestPort Mame: My _ModeRequestPort
Port Interface
Hame:

Direction
@ Sender

) Receiver

Figure 4-52 My_ModeRequestPort

» The type mapping set is referenced by the SWC (Figure 4-53).

Component Type SWC_Sender ﬁ

Propeties | Mapping Sets | Induded Data Type Sets I Package | Attributes I Descripﬁonl

Referenced Mapping Sets Package Path
My_TypeMappingSet [CompeonentTypes/DataTypeMappingSets

Remove Edit

[ oK. ] [ Cancel ] [ Apply now ]

Figure 4-53 Type mapping set reference for mode request
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A runnable of the SWC shall have write access on the created port.

In DaVinci Configurator, the corresponding mode request port on BswM can be
created and mapped to the SWC port.

» The generated code provides the following for the SWC:
Type and enumeration definition:

* Enumeration Types:

*

* My ModeDeclarationGroup IType: Enumeration of integer in interval [0...255] with
enumerators

* My A Mode (0U)
* My B Mode (1U)
* My C Mode (2U)
* My D Mode (3U)

Mode request API for the SWC:

Std ReturnType Rte Write My ModeRequestPort My ModeRequest (My ModeDeclarationGroup IType
data)
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4.5 Implementation data type examples

As a summary, the two following examples are showing how implementation data types
can be created as type reference (see 4.5.1) or as value (see 0).

45.1 Type reference

It is possible to create an implementation data type out of an existing implementation data
type. This is done by right-clicking the “Implementation Data Types” library and selecting
“‘New Type Reference...”.

As shown Figure 4-54, a name is given, as well as a reference to another implementation
data type in the “Data Type” field. For the example uint8 is chosen.

Type Reference Mylmpl_Type Ref il

Properties | package | Attributes | Description

Mame: | MyImpl_Type_Ref|

Data Type

=
)

Compu Method

]
i
&)

Symbol

Mame:

Value:

Native Type Qualifier:

Type Emitter: RTE

Cancel Apply no

Figure 4-54 New type reference

At Rte generation, the following is generated in Rte_Type.h:

# define Rte TypeDef MyImpl Type Ref
typedef uint8 MyImpl Type Ref;

The new created implementation data type is used and typed via typedef by the
referenced data type.
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452 Value

» It is possible to create an implementation data type of category value referencing a
base type. This is done in this example by right-clicking the “Implementation Data
Types” library and selecting “New Value...”.

» The Value implementation data type gets a name: “My_ImplValue” in this example.

» Areference to a base type has to be given in the “Base Type” field (see Figure 4-55).
In this example a “My_ImplValue _base” base type is used (see Figure 4-56). A valid
“Native Declaration” must be set in the base type: unsigned char here.

» It is also optionally possible to set a constraint to the implementation data type, which
is done in My_ImplValue_Constraint (see Figure 4-57). It is set here that the internal
values are limited to the range [0;150].

New Implementation Value [&J

Properties | Package | Attributes | Description

Mame: My_Implvalue

Base Type

)
L]
i)

Compu Method

E)
L]
&)

Data Constraint

]

Symbaol
Name:
Value:

Measurement&Calibration

Calibration Access: | ReadOnly -

Use Invalid Value:
Mative Type Qualifier:

Type Emitter: RTE

[ OK. ] | Cancel ‘ | Apply now

Figure 4-55 Value implementation data type
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Base Type My_Implvalue_base @

Properties |Package IAth'ibubes Description

Name: | My_Implvalue_base

Category
(@ Fixed length Absolute size [bits]: 8
(21 Varizble length
Definition
Encoding: |NOME - Unsigned Integer -

Mative Dedlaration: unsigned char

|| Platform spedfic

Motorola

Figure 4-56 My_ImplValue_base base type

Data Constraint My_ImplValue_Constr @

Properties |Package IAtIIibutes Description

Mame: My_Implvalue_Constr

[ Physical constraints specified

Range: Minimum: Maximum:
[Min-Max] = 0.0 - 0.0
[ - [T +mF

|¥]1nternal constraints spedfied

Range: Minimurn: Maximum:
[Min-Max] = a - 150
[ -mF [ +mvF

Figure 4-57 Implementation type constraint

» The configured implementation data type is generated via Rte generator and the
following can be seen:

In Rte_Type.h:

# define Rte TypeDef My ImplValue
typedef unsigned char My ImplValue;

//Primitive Types:
//
//My ImplValue: Integer in interval [0...150]

The new created implementation data type is typed via typedef by the native declaration of
the referenced base type. As explained chapter 3.5, this example introduces a platform
dependency because “unsigned char” meaning is platform dependent.

The constraint set in the configuration appears only as comments in the code.
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5 Additional information

5.1 Compatibility and conversion

» It is possible to create several implementation data types with the same name if they
belong to 2 different packages.

At code generation only 1 implementation data type is generated. In case the
implementation data types with the same name are not exactly the same (differences
in compu methods, constraints...) an information message #40286 is displayed in
DaVinci Developer and in DaVinci Configurator Pro (see Figure 5-1).

In DaVinci Developer

o

2 5 @ wms Message ID: 40286
E © 2028 4 kole usage of the same name by diferent items wikin the ECU prajsct hierarhy,
— Desoiption

Two or more different items use the same name within the hierarchy of ECU project <Dema_DataTypess

Fesolve following canflicts:
1. Symbol 'My_ImplDouble' usage:
- My_ImpiD ouble </DataTypes, data types
- My_ImplD ouble </DataTppes/My_package, data types

In DaVinci Configurator Pro-
M1y RTE40286 Multiple usage of the same name by different items within the ECU project hierarchy. (1 message)
Two or more different items use the same name within the hierarchy of ECU project <MyECU= .

Resolve following conflicts:
1. Symbol 'My_ImplDouble’ usage:
b RTE40286 - My_ImplDouble </DataTypes, data type>
- My_ImplDouble </DataTypes/My_package, data type>

Help:
- please ensure the items are named uniquely within the hierarchy of the ECU project

Figure 5-1  Info Message #40286

» Compatibility of ports is verified in DaVinci Developer based on the name and the
category of the connected data elements. This check contains:

» Data elements exchanged by both ports shall have the same category (Value,
Record, Array...)

» Primitive data elements exchanged by both ports shall have the same name

» In case of Record:

» For each receiver sub element, there shall be a sender sub element with the same
name:

E.g.

> Sender of {element1; element2; element3} and receiver of {element1; element3}
are compatible.

> Sender of {element1; element2} and receiver of {element1; element3} are not
compatible.

> Sender of {element1} and receiver of {element1; element2} are not compatible.
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» In case of Array, array data elements exchanged by both ports shall have the same
name

» No conversion between data types is realized by the Rte in the generated code.

'T] Note

Compatibility checks are about to be extended in DaVinci Developer and DaVinci
Configurator Pro in the future releases.

5.2 Measurement and calibration

For specific ECU project purposes data elements may have to be accessed via
measurement and calibration tools (MCD tools).

In order to generate an A2L file used by an MCD tool, the A2L generation has to be

activated in the Rte configuration. This configuration is done in DaVinci Configurator Pro
as shown Figure 5-2.

B DaVinci Configurator Pro.MD.WE.RTE - Demo_DataTypes.dpa — S — —
File Edit Navigate View Project Help

DEdl |#%s | FEEA| e -
- Configuration Editors| 58 Generation Result| ™ = O Runtime System General %

a 4 53 RTE » = Measurement and Calibration

Base Services

¥
a = [ a2 version: [160 -~
Communication ¥ & o
Activate Measurement Support: -
Mode Management ¥ 4 52 RTE
9 Measurement and Calibration Use XCP Events: -
Network M. it ¥
rkc Management T Tacing Calibration Support: [ nitislized RAM - -
Runtime System A & STBM
Runtime System General

[ ECU Software Components
[ 05 Configuration

fal® Add Component Connection
ES Add Data Mapping

i

Bf: Add Task Mapping

Figure 5-2  Rte configuration for A2L generation

A2L files are generated in /Config/McData/ folder of the ECU project (see Figure 5-3).

» Config » McData

Bibliothek "Dokumente"

McData

Mame

B Rtea2l

a Rte_XcpEvents.a2l

Figure 5-3  A2L generation folder
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The following lines summarize what is generated and thus accessible from an MCD tool
using the generated A2L file.

» The mode port prototypes are always visible in the A2L file. A text table is joined to it
representing the conversion between internal value and mode declaration name.

» Data elements of Sender/Receiver interfaces are:

» Not accessible if “NotAccessible” is set for the data element in the port interface
editor.

» Read only if “ReadOnly” is set for the data element in the port interface editor.

» Read/Write if “ReadWrite” is set data element in the port interface editor.

- Note

Measurement and calibration settings in application and implementation data types are
over ridden by the setting at the data element in DaVinci Developer.

» Unitis accessible
» Conversion function and text tables are accessible:
» 1:1is setin case factor is 1 and offset 0 in DaVinci developer

» Phys to Int factor Fp offset Op makes (Fp # 0): “int to phys f(x)= (1/Fp).x-Op” in A2L
file

» Int to Phys factor Fi offset Oi makes “int to phys f(x)= Fi.x + Op” in A2L file

Note

| Factors and offsets set for units in DaVinci Developer are not taken into account
in A2L files.

» Operation arguments are not visible in the A2L even if explicitly set in DaVinci
Developer.

» Calibration parameters:

» They are accessible as set in DaVinci Developer (NotAccessible, ReadOnly or
ReadWrite).

» The unit is not available: the calibration parameter is only handled at implementation
level with internal values.
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5.3 Symbols

In DaVinci Developer certain elements may have a “Symbol” field. This is the case of
implementation data types. A symbol field may be used in case the name of the element in
the code shall be different from the name specified in DaVinci Developer.

For instance, the implementation data type created in chapter 4.5.1 can receive a Symbol
name and value as done Figure 5-4. In this example, the name of the symbol is
“‘Mylmpl_Type_Ref Symbol” and the value is “Mylmpl_Type Ref Value”.

Type Reference Mylmpl_Type Ref [
Properties | Package | Attributes | Description
Mame: Mylmpl_Type_Ref
Data Type
[ (D) (=
Compu Method
L) [
Symbeol
Mame: MyImpl_Type_Ref_Symbol
vValue: MyImpl_Type_Ref Value|
Native Type Qualifier:
Type Emitter: RTE
Cancel Apply no

Figure 5-4  Symbol field for implementation data type

The corresponding code generated is:

In Rte_Type.h:

# define Rte TypeDef MyImpl Type Ref Value
typedef uint8 MyImpl Type Ref Value;

The Value of the Symbol field is used as implementation data type name in the generated
code.

Note
Symbols have a name field and a value field.

The name field is the name of the symbol element handled by the tools and the
generators. The name that really appears in the code is what the value field contains.

©2014, Vector Informatik GmbH Version: 1.1 721780



Technical Reference Autosar 4.0 - DataTypes VeCtor [

5.4 Datatype mapping assistant

A data type mapping assistant is available in DaVinci Developer. It is accessible by right
click on the ECU Project root and by selecting “Data Type Mapping...” in the context menu
(see Figure 5-5).

Workspace
ECU Projects

ER =] My ECU 1

5 Softw 2 Qpen..

e Data |
& End-t|

DataType Mapping...

Generate Report...
) Attached Files...

%Bﬁ Check

Library XML Export...

DCF Export...
& Applicati Object Usage..,
B Service G2y Copy Ctrl+C
ril Data Typ
T Constant
72 Mode De
o Applicati MDI Window
B Service P Docking Window
I Type Ma

¥ Delete

E-E-E-E-E

“r Properties...

Figure 5-5 Data type mapping assistant opening

1 | Data Type Mapping @

Packages

New Data Type names Mapped Data Types
(@) Use Platform T
Implementation Data Types: Prefix: i s& Flatiorm Types
) L tom Impl tation Data T
[DataTypes /ImplementationDataTypes_DEV E] e e
Create primitive Data Types
Platform Types: Postfix: [ Create complex Data Types
[DataTypes/PlatformTypes E] Prefer integer to float Data Type
[] Allows selection of incompatible Data Types
Component Type /  Application Data Type Type Implementation Data Type Mapping Set State
SWC_Sender My_AppType_ToMap value

Figure 5-6 Data type mapping assistant
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This assistant is a comfort editor allowing the mapping of application data types to
implementation data types. In this editor it is possible:

» To let the assistant finding and mapping automatically compatible implementation data
types using the “Find Mapping” button

» To let the assistant creating automatically a compatible implementation data types and
mapping it using the “Find Mapping” button

» To create manually the mapping by right-clicking on the application data type line,
choose “Map...” and select the implementation data type among the existing ones.

Note

The assistant is working only in the context of the ECU project. That means only
application data types that are used in an ECU project will be displayed. If an
application data type is only created in the library but not used, it will not appear in the
list.

» Description of the editor fields:

> “Implementation Data Types™: package where the automatically created
implementation data types shall be saved.

> “Platform Types”: package where the assistant shall look for platform types.

> “Prefix”: prefix to add to the automatically created implementation data types.

> “Postfix”: suffix to add to the automatically created implementation data types.

> “Use Platform Types”: if checked, the assistant will search only in the platform types’
list to find a compatible implementation data type to map.

> “Use custom Implementation Data Types”: lets the assistant searching for custom
implementation data types.

> “Create primitive Data Types”: lets the assistant creating new primitive
implementation data types
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> “Create complex Data Types”: lets the assistant creating new complex
implementation data type

> “Prefer integer to float Data Type”: lets the assistant mapping by preference to
integer types than to float types.

>  “Allow selection of incompatible Data Types”: allows that non Autosar compatible
data types are mapped

> “Find Mapping”: starts to search for a compatible implementation data type

> “Reset”: resets to the state when the editor was open

» 2 examples are presented here:
> 1st Example:

After pressing ,Find Mapping®, the mapping assistant proposes to map with uint8 (see
Figure 5-7). The state is set as “new” because it is a new proposal from the assistant.
Pressing “ok” or “apply now” creates the mapping and changes the state to “exists”. The
new mapping creation is reflected by Figure 5-9: a new data type mapping set with the
default name “DataTypeMappings_DEV” is created where the application data type is
mapped to uint8 and the corresponding SWC is referencing that data type mapping set.

Component Type © Application Data Type Type Implementation Data Type Mapping Set State

My _SWC My_ApplType_ToMap value uints - new

Figure 5-7 New mapping

Component Type 4 Application Data Type Type Implementation Data Type Mapping Set State

My_SWC My _ApplType_ToMap walue uints DataTypeMappings_DEV exists

Figure 5-8 Existing mapping
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-3 Type Mapping Sets

2ul DataTypelMappings_DEV
Types | Packages |

DataTypeMappings_DEV @
Properties | Mode Request Type Maps | Data Type Maps | Package I Attributes I Desmpﬁnnl
Application Data Type 4 Implementation Data Type
My_AppType_ToMap uintd
[ Add ] [ Remove ] [ Edit
Component Type My_SWC Iﬁ
Propeties | Mapping Sets | Induded Data Type Sets I Package I Attributes | Description |
Referenced Mapping Sets Package Path
DataTypeMappings_DEV JCompanentTypes/DataTypeMappingSets

Figure 5-9  Created after new mapping

> 2nd example:

,Create primitive Data Types*“ is checked. By clicking “Find Mapping” the state changes to
“create data type” (see Figure 5-10).

Clicking “ok” or “apply now” a new implementation data type is created and mapped to the
application data type. Its name starts with the “Prefix” field, then the application data type
name and then the “Postfix” field. The state changes to “exists” (see Figure 5-11).

The new implementation data type can be found in the implementation data type library,
the mapping in DataTypeMappings_DEV, which is referenced by the SWC (see Figure
5-12).

Packages MNew Data Type names Mapped Data Types
Implementation Data Types: Prefix: 2 L B T
@) Lk tom Impl tation Data T
[DataTypes/ImplementationDataTypes_DEV [I] Created_ 2 Lse custom Implementation Lata Types
Create primitive Data Types
Platform Types: Postfix: [ create complex Data Types
[DataTypes/FlatformTypes E] _Imp Prefer integer to float Data Type

[ Allow selection of incompatible Data Types

Component Type /  Application Data Type Type Implementation Data Type Mapping Set State
My_SWC My_ApplType_ToMap value - - create data type

Figure 5-10 New mapping with implementation data type creation

©2014, Vector Informatik GmbH Version: 1.1 76/80



Technical Reference Autosar 4.0 - DataTypes

vactor”

Packages Mew Data Type names Mapped Data Types
(@ Use Platform T
Implementation Data Types: Prefix: - s& Flatiorm Types
L)l tom I tation Data T
[DataTypes/ImplementationDataTypes_DEV E] JlsaEEminy S AT PR Ty
Create primitive Data Types
Platform Types: Postfix: [ create complex Data Types
/DataTypes FlatformTypes E] Prefer integer to float Data Type
[ Allow selection of incompatible Data Types
Component Type 4 Application Data Type Type Implementation Data Type Mapping Set State
My_SWC My_AppiType_ToMap value Created_My_AppType_ToMap_Imp DataTypeMappings_DEV exists

Figure 5-11 Existing mapping with implementation data type creation

=-mee Implementation Data Types
wee Created My ApplType_ToMap Imp  /DataTypes/ImplementationDataTypes_DEV

Type Reference Created_My_ApplType_ToMap_Imp ﬁ

Properties | Package | Attributes | Description |

Mame:  Created_My_AppType_ToMap_Imp|

Data Type

=) () (=)

) () ]
DataTypeMappings_DEV ﬁ

Compu Method

Properties | Mode Request Type Maps | Data Type Maps |Padcage I Attributes I Desr.:riph'onl

Application Data Type #  Implementation Data Type
My_AppType_ToMap Created_My_ApplType_ToMap_Imp

Figure 5-12 Created after new mapping with implementation data type creation

- Note
i . The assistant needs information from the application data type constraints and/or
“ compu methods to be able to map it. In case this information is not sufficient, then the
assistant will not be able to map automatically and the state will be “no mapping
possible”:
State
no mapping possible
©2014, Vector Informatik GmbH Version: 1.1
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55 Type emitter

As defined by Autosar implementation data types have a “Type emitter” parameter. It
defines the entity that shall provide the code definition of the implementation data type.

If Type emitter is set to “RTE” or is empty, the RTE shall generate a typedef for the
implementation data type according to the native declaration of the referenced base type
(category Value) or according to the referenced implementation data type (category Type
Reference).

If Type emitter has any other value, then the RTE does not generate the corresponding
typedef. It is here intended that the definition of that implementation data type will be
provided by another entity.
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6 Glossary and Abbreviations

6.1 Glossary

Term Description

6.2 Abbreviations

SWC Software Component
BswM Basic Software Manager
ComM Communication Manager
C Programming language C
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7 Contact

Visit our website for more information on

> News

\

Products

\Y

Demo software

\Y

Support

\Y

Training data

\

Addresses

www.vector.com
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