Modeling Guidelines for

dSPACE
v/ 4

MATLAB/Simulink/Stateflow and TargetLink

TargetLink Product Management
dSPACE GmbH

33100 Paderborn

Germany

Contact:

ueisemann@dspace.de
mbeine@dspace.de

Version 1.0




How to Contact dSPACE

Mail: dSPACE GmbH
Technologiepark 25
33100 Paderborn
Germany

Tel.: +4952511638-0

Fax: +49525166529

E-mail: info@dspace.de

Web: http:/mww.dspace.com

General Technical Support: support@dspace.de
+4952511638-941
http://lwww.dspace.com/goto?support

TargetLink Support: support.ti@dspace.de
+4952511638-700

Software Updates and Patches

dSPACE strongly recommends that you download and install the most recent patches for your current
dSPACE installation. Visit http://www.dspace.com/goto?support for software updates and patches

Important Notice

This document contains proprietary information that is protected by copyright. All rights are reser-
ved. Neither the documentation nor software may be copied, photocopied, reproduced, translated,
or reduced to any electronic medium or machine-readable form, in whole or in part, without the prior
written consent of dASPACE GmbH.

© Copyright 2006 by:

dSPACE GmbH

Technologiepark 25

33100 Paderborn

Germany

This publication and the contents hereof are subject to change without notice. dSPACE GmbH makes
no warranty of any kind with regard to this publication, including but not limited to the implied warran-
ties of merchantability or fitness for a particular purpose. dSPACE GmbH shall not be liable for errors
contained herein or direct, indirect, special, incidental, or consequential damages in connection with
the furnishing, performance, or use of this publication.

Brand names or product names are trademarks or registered trademarks of their respective compa-
nies or organizations.



Version and Change History

Version | Date Originator Modification

Draft 2005-09-01 | Eisemann Initial Version compiled

Draft 2005-10-18 | Eisemann Translations and Modifications

0.9 2005-10-31 | Eisemann Version 0.9 completed

0.9.1 2005-11-07 | Eisemann Version 0.9.1 under development

0.9.2 2005-11-20 | Eisemann Review Feedback partially incorporated

0.9.3 2005-12-15 | Eisemann Spelling and grammar corrected, rules ad-
ded for MATLAB R14 SP2, specifically bus
capable blocks (rule 2.1.5), duplicate In-
ports (rule 2.10.3), Data Type Conversion
block (rule 2.11.2), Bus Creator block (rule
2.12.8), Stateflow limitations (rule 2.16.13 to
2.16.20),

0.94 2005-12-15 | Eisemann Additional rules for data types included (now
rule 8.1 to 8.6, previous rules now 8.7
to 8.12), introduction for chapter 8 added,
merging of Stateflow limitation 2.16.9 and
2.16.10.

0.9.5 2005-12-20 | Eisemann Minor layout corrections

0.9.9 2006-04-04 | Eisemann Minor corrections (spelling errors etc.) in di-
verse chapters

1.0 2006-04-06 | Eisemann Small corrections/modifications in 2.7.2,

2.7.3,2.12.5 and other minor changes.

Page 3 of 162

dSPACE

V/ 4




Table of Contents

0 N O 0o b~ W

11
12
13
14

Introduction . . . . . .. e e e e e 5
Exemplary Architectural Aspects . . . . . . . . . e e 7
1.1 ProcessBlocks . . . . . . . . i e e 7
1.2 ComponentBIoCKS . . . . . . 0 e e e e 11

1.3  Execution Order Specification . . . . ... ... . . ... . . ... .. 13
T4 General. . ... e e e e e e 16
Language Subset . . . . . . . . e e e e 18
2.1 General . ... e e e e 18
2.2 ContinuousLibrary . . . . . .. . e 21

2.3 DiscontinuitiesLibrary . . . . . . . .. e e 22
24 DiscreteLibrary . . . . . . e e e 24
2.5 LogicandBitOperationsLibrary . . . . .. ... ... ... .. .. . .. . .. . ... 27
26 LookupTablesLibrary . . . . .. . .. . e 29
2.7 MathOperationsLibrary . . . . . ... .. . . . e e 31

2.8 Model VerificationLibrary . . . . . .. . .. . e 35
2.9 Model-Wide Utilities Library . . . . . . . . . . o e s e e e 37
2.10 Ports&SubsystemsLibrary. . . . .. ... .. . 38
2.11 Signal Attributes Library . . . . . . .. .. 42
2.12 SignalRoutingLibrary . . . . . . . . .. . e e 44
213 SinksLibrary . . . ... e e e e e 52
214 SourcesLibrary . . . . . ... e e e 53
2.15 User-Defined Functions Library . . . . ... ... ... . . . . . . . .. . . ... 54
216 Stateflow . . .. . . e e e e e 55
Model Parameters . . . . . . . . i i e e e e e e 70
NamME SPACES . . v v v v it e e e e e e e e 72
Commentsand Units . . . . . . oo i it e e e e e e e 73
Layoutlssues . . . . . . oo e 77
Simulation Parameters . . . . . . . . . . e e 80
Data Types . . . o i e e e 83
Handlingof Look-up Tables . . . . . . . . . . . i e e 95
FunctionHandling . . . .. ... . . . . . e e 99
Variable Handling . . . . . . . o o 105
Stateflow Code . . . . . . . . . e e 113
Fixed-Point Code Generation . . . . . . . . . o i i i i e e e e 124
MISRACompliance . . . . . . o o i e e e e e 134

dSPACE
Page 4 of 162 I ’



Introduction

| Introduction

Purpose

The modeling guidelines contained in this document help to ensure a seamless development process
from function development in MATLAB®/Simulink®/Stateflow® to automatic production code ge-
neration for electronic control units (ECUs) using TargetLink from dSPACE. The rules described are
only relevant to the development of controllers, but do not apply to the design of plant models, for in-
stance. Adherence to the guidelines helps to minimize the amount of rework necessary to implement
the controller model in highly efficient code.

The issues covered in these guidelines are (among others):
e Specification of a structure for MATLAB/Simulink/Stateflow models to enable code generation
with TargetLink in a subsequent process.

e Style issues for a transparent, well structured modeling style, simplifying model reviews and
model exchange.

e Setting of TargetLink code generation options and implementation information for the genera-
tion of efficient code.

e Issues relating to the reliability and safety of models and the generated code, for instance, com-
pliance with the MISRA C rules.

It should be noted that the guidelines in this document should not be regarded as a substitute for
the TargetLink documentation. The rules in these guidelines do not cover all the above aspects in
their entirety. Customer feedback on topics to be treated in future versions of the guidelines is highly
welcome.

This publication and the contents hereof are subject to change without notice. dSPACE GmbH makes
no warranty of any kind with regard to this publication, including but not limited to the implied warran-
ties of merchantability or fitness for a particular purpose. dSPACE GmbH shall not be liable for errors
contained herein or direct, indirect, special, incidental, or consequential damages in connection with
the furnishing, performance, or use of this publication.

Version Dependency

The modeling guidelines in this document are primarily designed for a function development with the
MATLAB releases R13 and R14, or more specifically:

e R13

e R13 SP1

e R13SP2

e R14

e R14 SP1

e R14 SP2

e R14 SP3
The relevant TargetLink versions in the focus of these guidelines are all releases since TargetLink 2.0
as there are:

e TL2.0

e TL2.0.5

dSPACE
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Introduction

TL2.0.6
TL2.0.7
e TL2.1

e TL2.1.5
e TL2.1.6

Where an individual rule depends on specific MATLAB or TargetLink versions, this is indicated in the
text of the rule. For other MATLAB and TargetLink versions than those listed above, the guidelines
might be a useful addition as well, although absolute compatiblity cannot be assured.

Guideline Contents
As a whole, the guidelines are divided into two distinct parts:

¢ Rules relevant to the function development phase
e Rules relevant to the software development phase in which the model has to be implemented in
highly efficient C code

Rules for function development deal with modeling in Simulink/Stateflow exclusively. No TargetLink-
specific code generation settings or options are described here. However, since code generation with
TargetLink depends on the modeling style in Simulink, TargetLink requirements are naturally taken
into account. Rules for function development are described in chapters 1 to 8.

Rules for software development deal with target implementation information and special code gene-
ration options which are TargetLink-specific. The rules are described in the chapters 8 to14.

Rule Structure

The rules in this document all have a common structure containing some or all of the following secti-
ons:

o Atitle

e Arule description, specifying the content of the rule

e Areason for the rule indicating the consequences of non-compliance with it

e An additional explanation providing some background information

¢ An optional reference to additional documents

¢ One or multiple optional examples for further explanation of the rule or highlighting related issues

In addition, each chapter or section in this document might contain an introduction providing some
background information on the rules, some remarks on their relevance, or a short summary.

dSPACE
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Process Blocks

1 Exemplary Architectural Aspects

The rules in this section provide a partial description of a proper architecture for MAT-
LAB/Simulink/Stateflow models. They are not mandatory in so far as the architecture described here
is only an example. If an architecture is already in use, this chapter can be skipped.

The guidelines in this chapter introduce so-called process blocks (relating to real-time requirements)
and component blocks (relating to functional requirements). Component blocks and process blocks
ensure the construction of a hierarchical model architecture, with which external interfaces to the soft-
ware, interfaces between software components, and software modules can be specified.

It should also be noted, that Target has built-in support for OSEK-compliant operating systems via
the additional TMOS_OSEK module. An architecture based on TargetLink’s OSEK support could be
a partial alternative for the rules in this chapter but is not discussed here.

1.1 Process Blocks

Process blocks are special subsystems to structure the application algorithm according to real-time
requirements. A process block represents a part of software which has a real-time requirement atta-
ched to it (a process). A series of processes with identical real-time requirements is combined in an
operating system task, which is executed in a predefined order.

1.1.1 Realization of Process Blocks

Process blocks must be realized in the form of Atomic Subsystems. It is advisable to use a special
color scheme for process blocks, e.g:

e green subsystem
e green Inports
¢ red Outports

Purpose

Subsystem encapsulation, proper graphical description.

Remark

Process blocks are executed as atomic units at specific time rates as a result of real-time requirements.
Example

A process block has to be realized as Atomic Subsystem by specifying the proper options in the Block
Parameters, see fig. 1.

1.1.2 Contents of Process Blocks

Application algorithms must be modeled entirely within process blocks. Operations which have to be
ported to the target later on must not be modeled outside of process blocks, where only blocks from
the Signal Attributes, Signal Routing, Sinks and Sources library are permitted. Process blocks must
not contain other process blocks.

Purpose
Proper architecture description.

dSPACE
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Process Blocks

Remark

Putting control functions in different process blocks enables the integration of the functionality in
different operating system tasks. Since process blocks constitute atomic units, they cannot contain
further process blocks themselves.

Example

A Model part with three process blocks is displayed in fig. 2. Each process block contains a certain
functionality for the control algorithm, while no arithmetic operations are performed outside the pro-
cess blocks.

1.1.3 Interfaces for Process Blocks

Signal busses crossing the border of process blocks are not permitted in TargetLink versions prior to
TargetLink 2.1. In addition, trigger signals must not lead out and iteration limits for For Iterator Sub-
systems must not lead into a process block.

Purpose
Code generation with TargetLink.
Remark

A process block is transformed into a TargetLink Root Subsystem in subsequent code implementation
steps. TargetLink imposes some restrictions on the signals crossing a TargetLink Root Subsystem.

References

e TargetLink Production Code Generation Guide [1], Limitations in Creating a TargetLink Subsys-
tem, , bus signals

e TargetLink Production Code Generation Guide [1], Block-Specific Limitations

Example

Fig. 3 shows an example of impermissible use of busses for TargetLink versions prior to TargetLink
2.1.

1.1.4 Names of Process Blocks

The names of subsystems for process blocks and their respective Outports should be unique on a
model-wide basis (globally unique). In addition, it is recommended to specify a particular naming con-
vention for those subsystems and ports. The names of corresponding signal lines of Outports and
Inports for process blocks should be identical.

Purpose
Naming conventions, proper graphical description.

Remark

Improper naming of process blocks leads to improper data signal communication during software
integration.

Example
Fig. 4 shows an example of proper signal designation for process block signals.

dSPACE
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Process Blocks

Block Parameters: P_CompressionController |

Sub: m
’VS elect the zettings for the subsystem block.

P,
F

¥ Show part labels
Readwrite permissions: IHEadWrile ﬂ

Name of eror callback function

[¥ Treat as atomic unit

RT'W system code: IAu[O j

F_CompressionCaontroller BT function name options, IAuto j

R Furictior narne:

BT file ruare: optiors: IAutu j

File Edit Wiew Simulation Format Toaols Help

BT file name [no extension];:

| » = [Nomal e ||

DS &ER| s

oK | Cancel | Help Apply

Fig. 1: A proper process block.

Soope

F_SignalConditioning

P_GompressionContraller

Egnaty =

ouiz

Sgnal

F_CalculationOfiset

Fig. 2: Process blocks in a model.
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Process Blocks

N
= ~
_; b_u_hﬂ/\

F_pidcontraller_p10ms

Fig. 3: Improper interface for process blocks for TargetLink versions prior to TargetLink 2.1.

Scope

P_SignalConditioning
F_CompressionController

Fig. 4: Signal designation.
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Component Blocks

1.2 Component Blocks

Component blocks are specially designated subsystems which enable the logical grouping of one or
multiple process blocks. The construction of component blocks shall be based entirely on functional
aspects and not on real time requirements. A component block is the smallest unit which can be
mapped to an ECU and thereby guarantees that all process blocks contained in it are mapped to the
ECU.

A component block represents a logically separable, reusable software component. The set of all
software components and processes forms the application software.

1.2.1 Realization of Component Blocks

The component blocks must be realized in the form of (Virtual) Subsystems. To distinguish between
component blocks and other blocks, it is recommended to use a particular color scheme, for instance:

e Grey Subsystems

e Grey Inports and Outports
Purpose
Encapsulation and reuse, proper graphical notation.
Remark

The model architecture with different component blocks ensures the mapping onto the hardware ar-
chitecture and the reuse of different components.

Example
Fig. 5 shows a component block.

1.2.2 Contents of Component Blocks

Components blocks must consist of process blocks. Multiple process blocks, which serve exactly one
particular purpose, shall be combined in one component block. Component blocks must not contain
other component blocks.

Purpose
Proper model structure.

Remark

The model architecture with different component blocks ensures the mapping to the hardware archi-
tecture and the reuse of different components.

dSPACE
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Component Blocks

Block Parameters: K_Logik¥CFP |

Subsystem
’;elect the zettings for the subsystem block.

P, h
F

[¥ Show part labels
Readwrite permissions: IHead'W'rite ﬂ

Wame of emar callback function:

T R sustem code; IAuto

|
Rt function name options: IAuto j

BTt function name:

K_LogikvCFF

Rt file name options: | &ut -
I kb_realisierung_050117,/K_Logik¥CFP * ftuio [ ]

File Edit Wiew Simulation Format Tools  Help

DSHS| 20| oNma ||
’TI Cancel | Help Aol |

Rt file name [no estension]:

Int

P_SignalConditioning
F_CompressionController

Fig. 5: Component block.
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Execution Order Specification

1.3 Execution Order Specification

The execution order (scheduling) for the simulation of a MATLAB/Simulink/Stateflow model can be
defined by means of a control unit in the form of a Stateflow Chart within the model. Thereby, the
execution order of individual process blocks is properly defined and documented for subsequent im-
plementation in software. The control unit, which only serves simulation purposes in Simulink, is not
to be ported to the target.

1.3.1 Control Unit for Proper Execution Order

The execution order for individual process blocks should be controlled by a central unit, for instance
in the form of a Stateflow chart.

Purpose
Proper task and interface description, specification of the execution order.
Remark

The control unit properly defines the execution order for the process blocks and is entirely user-
adaptable to specific requirements.

References
e Controller Style Guidelines for Production Intent Using MATLAB, Simulink and Stateflow V1.0.0
[8],4.4.1.1
Example
Fig. 6 shows an example of a central control unit in the form of a Stateflow chart.

1.3.2 Activation of Process Blocks

The activation of process blocks by the control unit shall be performed in the form of function-call
subsystems which shall be wrapped around the process blocks.

Purpose
Proper task and interface description, proper simulation order.
Remark

The separation of process blocks and Function-Call Subsystem ensures the simulation of models with
or without schedulers using process block libraries.

References

e Controller Style Guidelines for Production Intent Using MATLAB, Simulink and Stateflow V1.0.0
[8],4.4.1.1

Example

Fig. 7 shows the proper activation of a process block.
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Execution Order Specification

Feriod: 0.040 I
¢ triggert) ™
subl1_p20ms [— - — =ub1_pZ0ms]
% sub1_pl00ms [— - — < Jzub1_p100ms]
subZ_pl00ms [— - — < JzubZ_p100ms
- vy
Scheduler

[sub1_p20msz] 2o

! =ub1_p100ms] =

subd_p20Oms

subq_p100ms

subZ_p100ms] =>—o,

In1

subZ_p100ms

Outd

Fig. 6: Specification of the execution order.
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Execution Order Specification

[P_FuelCalculatian]

function(:

———pfest air_flow

fuel_rate

—_— i 02

————pfteedback_comaction

Addtion

— pftuel_mode

W_P_FuelCaloulation

=1 model_offline,

File Edit View Simulatic

Block Parameters: function

Trigger Part
’;\ace this block in a subsystem to create a tiggered subsystem.

o

Trigger twpe: |0

Kl

States when enabling: Iinham

[~ Show output port

Ll
= H

Dutput data fyps: Iaum

¥ Enable zero crossing detection

=
0O | =E & ‘ % Sample time type. Imggeled j
Sample times
[t
o aK I Cancel Help Apply
est_air_flow
fuel_rate
1ail_oz
feedback_conmection
Addition
fuel_mode
P_FuelCaleulation

Fig. 7: The process block P_FuelCalculation is encapsulated by the function-call

W_P_FuelCalculation.
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General

1.4 General

The guidelines presented in this section ensure proper hierarchies and versioning of models and com-
ponents.

1.4.1 Model Hierarchy

Besides component blocks and process blocks, (virtual) subsystems should be used for the purpose
of proper model structuring whenever appropriate.

Purpose
Proper model structure and design.

Remark
Different hierarchies in the form of subsystems enable transparent modeling and easy inspections.

Example
Fig. 8 shows the grouping of two component blocks in a (virtual) subsystem.

1.4.2 Model Administration

It is generally recommended to store process blocks and component blocks as library block in a Si-
mulink library whenever appropriate.

Purpose
Versioning and proper administration.

Remark

The rule enables proper versioning and reusability of component blocks and process blocks. The
libraries containing them can be administered using a version control system.

Example
Fig. 9 shows the storage of individual process blocks in a Simulink library.

1.4.3 Model Versioning

It is recommended to use version numbers for each Simulink model/library and support a mechanism
for displaying the change history.

Purpose
Traceability of changes.

Remark
Proper versioning of the models/libraries greatly enhances the traceability of changes.

dSPACE
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e In1
outl
P In2
t?
] In
Contraller_HL

E! kb_hierarchisierung_050117/Controller_HL

File Edit ‘Wiew Simulation Formatk Tools Help

DISEHE&| 4 2B [(2 | b oo S#HSs BET®

In1

k_Controller

k_SignalVerification

Fig. 8: Optional subsystems for proper model structuring.

ﬁ Library: lib_sigcond

File Edit Yiew Format Help

DZHE| 4= kE T

INFO_\erslons_und_Aenderungshistorie

INFO_Kommentar_zu_P_SignalConditioning

F_SignalCanditioning

Fig. 9: Simulink libraries can be used for proper versioning of process blocks.
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General

2 Language Subset

The rules in this chapter define a language subset of MATLAB/Simulink/Stateflow that helps to ensure
successful subsequent code generation with TargetLink. The language subset contains a subset of
the blocks supported in Simulink and some limitations with regard to block parameters and as signal
types.

The restrictions listed in this chapter are only relevant for those parts of a model which shall be im-
plemented in code using TargetLink. Other model parts like plant models, a central control logic etc.,
which are not subject to production code generation, can be modeled regardless of the TargetLink
guidelines.

2.1 General

This section contains general rules which are relevant for almost all blocks and signals in the controller
model.

2.1.1 Block Priorities

Block priorities must not be used to specify the block execution order in Simulink.

Purpose
Code generation with TargetLink.

Remark

The use of blockpriorities leads to an intransparent modeling style and is therefore not supported
(ignored) by TargetLink.

References

e TargetLink Production Code Generation Guide [1], General Limitations, Block priorities and
block scheduling

Example

Inadmissible use of priorities in the Block Properties.

=i
Generall BlockAnnotationl Eallbacksl

Uszage
Wil Description: Text saved with the block in the model file.
Priority: Specifies the block's arder of execution relative to other blocks in the
zame rmodel.
Tag: Test that appears in the block label that Simulink generates.

]
ref +
P ddv

Drescription:

\:'riority: /

Tag:
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General

2.1.2 Permissible Signals and Parameters

Matrix parameters with dimensions larger than two (n-dimensional arrays) must not be used neither in
Simulink nor in Stateflow. Two dimensional parameters (two-dimensional arrays) can be used only in
the following blocks:

Look-Up Table (2-D)

Interpolation (n-D) using PreLook-Up
e Direct Look-Up Table (n-D)

¢ Discrete State-Space

Matrix signals (two-dimensional signal arrays) are only permitted for local signals in Stateflow. They
must not be used in Simulink. In addition, all signals must be real not complex.

Purpose
Code generation with TargetLink.

Remark

Matrix signals are not supported by TargetLink and two-dimensional parameters only in the above
mentioned cases.

2.1.3 Unconnected Signals

All signals which are not connected to further blocks shall be terminated using the Terminator block.
Unconnected block input signals shall be terminated using a Ground block.

Purpose
Proper modeling style.

Remark

The use of TerminatorandGround blocks leads to a better modeling style and helps to avoid functional
errors.

References

e Controller Style Guidelines for Production Intent Using MATLAB, Simulink and Stateflow V1.0.0
[8],4.5.1.4

2.1.4 Signal Names

The names of signals should be unique on a model-wide (global) scale if the signals must be measu-
rable later on.

Purpose
Proper signal designation, model readability.

Remark
Unique names are required for signals with global relevance.

Example
Fig. 10 shows one example of improper and one of permissable signal naming.
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signa ? signall
. \ Out1 signals Outl
@ signalz

Inz Inz2
Product Product

Fig. 10: Improper and proper signal designation.

2.1.5 Bus Capable Blocks.

The following nonvirtual blocks, which are bus-capable in Simulink since R14, should not be driven by
abus:

e Unit Delay

e Multiport Switch
o Merge

e Switch

However, the following nonvirtual blocks can be driven by busses:

e Rate Transition
e Zero-Order Hold

Purpose
Code generation with TargetLink.

Remark

If busses are fed into the above blocks, the code generator treats the output like a vector with identical
data types, not like a bus.

Example

Fig. 11 shows the impermissible use of a Unit Delay block, which is driven by a bus.

Unit Delay

Fig. 11: TargetLink currently does not support Unit Delay blocks which are driven by busses.
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Continuous Library

2.2 Continuous Library
This section contains restrictions with regard to the use of blocks from the Continuous library.

2.2.1 No Blocks from the Continuous Library

No blocks from the Continuous library shall be used for the controller part of a model. However, blocks
from the library can naturally be used for modeling plants.

Purpose
Code generation with TargetLink.
Remark

A model implementation in the form of code is discrete by nature. TargetLink therefore supports only
time-discrete blocks, so that potential time-continuous parts of a controller model need to be discreti-
zed before production code generation.

dSPACE
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Discontinuities Library

2.3 Discontinuities Library
This section contains restrictions with regard to the use of blocks from the Discontinuities library.

2.3.1 Permissible Blocks of the Discontinuities Library
Only the following blocks from the Discontinuities library should be used:

e Backlash

e Dead Zone

Dead Zone Dynamic
Rate Limiter

e Relay
e Saturation
e Saturation Dynamic

Purpose
Code generation with TargetLink.

Remark

TargetLink supports only a restricted subset of blocks to ensure the generation of efficient code. The
blocks Backlash and Dead Zone are not built-in TargetLink blocks but implemented as masked sub-
systems and Custom Code blocks. This might lead to increased effort for fixed-point scaling.

Example
Fig. 12 shows the permissible blocks.

Ay
1A 7 i >up7—|—4 vp
(i

Backlash Dead Zone =C
Dead Zonhe
Dynamic
L r.l_l
—1f1 by
Rate Limiter Relay

Saturation

Saturation
Dynamic

Fig. 12: Permissible blocks from the Discontinuities library.

2.3.2 Limitations with Regard to the Dead Zone Block

Vector signals (one-dimensional signal arrays) are not permitted as input signals for the Dead Zone
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Discontinuities Library

Purpose
Code generation with TargetLink.

Remark
TargetLink does not support vector signals for the Dead Zone block.
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Discrete Library

2.4 Discrete Library
This section contains restrictions with regard to the use of blocks from the Discrete library.

2.4.1 Permissible Blocks of the Discrete Library

Only the following blocks from the Discrete library should be used:

Discrete Filter
Discrete State-Space

Discrete Transfer Fcn

Discrete-Time Integrator

Unit Delay
e Zero-Order Hold
Purpose
Code generation with TargetLink.
Remark
TargetLink supports only a restricted subset of blocks to ensure the generation of efficient code.
Example
Fig. 13 shows the permissible blocks.

1 . 3 v (n)=Cx (n) +Du (n) 3 1
1+0.5z71 E (n+1) =Ax (n) +Bu(n z+0.5
Discrete Filter Discrete State-Space Discrete

Transfer Fcn

K Ts 1

A P - p >J11_>
z—1 z

Discrete-Time Unit Delay Zero—Order
Integrator Hold

Fig. 13: Permissible blocks from the Discrete library.

2.4.2 Limitations with Regard to the Discrete-Time Integrator Block

Vector signals (one-dimensional signal arrays) are not permitted for the Discrete-Time Integrator
block. In addition, the level option for the External reset property as well as the Show state port option
are also not permitted.

Purpose
Code generation with TargetLink.

Remark
TargetLink does not support these options/signals for the Discrete-Time Integrator block.
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Discrete Library

References

e TargetLink Production Code Generation Guide [1], TargetLink Limitations, Block specific Limi-
tations, Discrete-Time Integrator

Example
Fig. 14 shows the inadmissible Block Parameters and options for the Discrete-Time Integrator block.
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Discrete Library

Dizcrete-Time
Integrator

Block Parameters: Discrete-Time Integrator k|

— Dizcrete-Time Intearator

Dizcrete-time integration of the input zignal.

— Parameters

Integrator method: | Fanward Euler

L L) L

Initial condition source: |jnternal
Initial condition:
|0

[ Lirnit cutput

I pper zaturation limit:
Jinf

[Lawer saturatiar limit:
[

[~ Show zaturation port
v ark

Sample tirme [-1 far inherited):

|1

(] 4 I Cancel Help Apply

Fig. 14: Options for the Discrete Time Integrator block.
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2.5 Logic and Bit Operations Library

This section contains restrictions with regard to the use of blocks from the Logic and Bit Operations
library, which was newly introduced with MATLAB release R14.

2.5.1 Permissible Blocks of the Logic and Bit Operations Library
Only the following blocks from the Logic and Bit Operations library should be used:

¢ Bitwise Operator
e Logical Operator
¢ Relational Operator

Purpose
Code generation with TargetLink.

Remark

TargetLink supports only a restricted subset of blocks to ensure the generation of efficient code. The
Bitwise Operator is not a built-in TargetLink Block but realized via a Custom Code block.

Example
Fig. 15 shows the permissible blocks.

Bitwisd N N

1 z=ND P AND b <= b
0xD% 7 3

Bitwise Logical Eelational

Operator Operator Operator

Fig. 15: Permissible blocks from the Logic and Bit Operations library.

2.5.2 Limitations with Regard to the Relational Operator and Logical Operator
Blocks

For Relational Operator and Logical Operator blocks, the Output data type mode property must be set
to Boolean, Logical, or float(’double’).

Purpose

Code generation with TargetLink.

Remark

TargetLink supports only the boolean and double data types at the output of these blocks. The data
type is determined by the global Simulink option Implement logic signals as boolean data (vs. double)
available under Configuration Parameters/Optimization.

Example
Proper data type options for the Relational Operator and Logical Operator blocks.
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Relational
Operator

Block Parameters: Relal

— Relational Operator

Applies the selected relational operator to the inputs and outputs the
result, The top [or left] input comesponds to the first operand.

- Show additional parameters -

[~ Reguire all inputs to have same data bupe
C Output data type mode: IBOD|Ean
[¥ Enable zero crossing detection
Sample time [-1 for inherited)

1

ak. Cancel Help Apply |

Logical
Operator

Block Parameters: Logical Opel

r~ Logical Operator

Logical operators. For a single input, operators are applied across the
input wector, For multiple inputs, operators are applied across the inputs.

o

Operatar: IAND

=

Murber of input parts:

- Show additional parameters -
[~ Require al
Output data type mode: IBOD|Ean

output to have same data type

g

Sample time [-1 for inherited)

|1

akK | Cancel | Help | Apply
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2.6 Lookup Tables Library

This section contains restrictions with regard to the use of blocks from the Lookup Tables library.

2.6.1 Permissible Blocks of the Look-up Tables Library

Only the following blocks from the Lookup Tables library should be used:

e Direct Lookup Talbe (n-D)
Interpolation (n-D) using PreLookup

Lookup Table

Lookup Table (2D)
Lookup Table (n-D)

e PrelLookup Index Search

Purpose

Code generation with TargetLink.

Remark

TargetLink supports only a restricted subset of blocks to ensure the generation of efficient code.
Example

Fig. 16 shows the permissible blocks.

2-D T[k]
! [
b
b
Direct Lookup Interpolation (n-D) Lookup Table
Table (n-D) using PreLookup
b N 2-D T (u) u
b X > I S
b 3 f
_Iiookup Lookun PreLookup
Table (2-D) . = —_—
Table (n-D) Index Search

Fig. 16: Permissible blocks from the Lookup Table library.

2.6.2 Limitations with Regard to the Look-up Table (n-D) and Direct Look-up
Table (n-D) Blocks

The blocks Look-Up Table (n-D)and Direct Look-up Table (n-D) must be used only in conjunction with
dimensions smaller than three.

Purpose
Code generation with TargetLink.
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Remark
TargetLink does not support parameters with dimensions greater than two.

Example
Inadmissible configuration of a Look-Up Table (n-D) and Direct Look-up Table (n-D) block with three-

dimensional maps.
3D T(u) ><"'§-D TH

/ Laok-Up Direct Look-Up
Table (n-0 Table (n-0)
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2.7 Math Operations Library
This section contains restrictions with regard to the use of blocks from the Math library.

2.7.1 Permissible Blocks of the Math Library

Only the following blocks from the Math library should be used:

e Abs

e Add

Assignment

¢ Divide

e Gain

e Math Function

e MinMax

e Product

e Product of Elements

e Rounding Function

e Sign

e Subtract

e Sum

e Sum of Elements

e Trigonometric Function
¢ Bitwise Logical Operator
e Logical Operator

o Relational Operator

Purpose
Code generation with TargetLink.
Remark

TargetLink supports only a restricted subset of blocks to ensure the generation of efficient code. The
Bitwise Logical Operator and Rounding Function blocks are not built-in TargetLink blocks but realized
as Custom Code blocks. Since Release R14, the blocks Bitwise Logical Operator, Logical Operator,
and Relational Operator are part of the Logic and Bit Operations library.

Example
Fig. 17 shows the permissible blocks.

2.7.2 Limitations with Regard to Operand Numbers for the Product Block

If a fixed-point data type is specified for the output of the Product block, the number of inputs must not
exceed two. If a vector signal is fed into a product block, the number of elements of the vector must
not exceed two. However, no restrictions apply to the number of input signals (or element numbers) if
a floating-point data type is specified for the output of the Product block.

Purpose
Code generation with TargetLink.
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A+ Jui -> ¥ AKX
ylalp 3 b . b
oA+ quz > ¥(m) o+
Abs Add Assignment Divide
>>> y <% b A min p 1 x|
A
Gain Math MinMax Product
Function
b | | P> Hloorp )]::E 1t .
>_
Product of Rounding Sign subtract
Elements Function
b E P A sin p
Sum of Trigonometric
Elements Function

Fig. 17: Permissible blocks from the Math library.

Remark

The generation of proper fixed-point code for the Product block with more than two operands requi-
res the specification of scaling information for intermediate results. TargetLink therefore requires the
number of input variables not to exceed two for fixed-point data types.

References

e TargetLink Production Code Generation Guide [1], TargetLink Limitations, Block-Specific Limi-
tations, Product Block

Example

Inadmissible use of a Product block with more than two operands for fixed-point code. The block has
to be transformed into a hierarchical structure of Product blocks for fixed-point code generation.

¥ —
Froduct

...I3 -
.:_ ;rl >
h s FProduct

2.7.3 Limitations with Regard to Parameters for the Product Block

Calculating the reciprocal of an input via the Number of inputs: / setting for the Block Parameters is
only permitted for scalar input signals. In addition, calculating the reciprocal value 1/(z - y) of a product
of input values via the settings Number of inputs: // in the Block Parameters ist not permitted either.
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Both restrictions only apply if a fixed-point data type has been specified for the output of the Product
block. No restrictions apply in case of a floating-point output.

Purpose
Code generation with TargetLink.
Remark

Proper fixed-point code generation requires the specification of scaling information for intermediate
results.

References
e TargetLink Production Code Generation Guide [1], TargetLink Limitations, Block-Specific Limi-
tations, Product Block
Example

The following images show how the reciprocal of a product of input values can be calculated in Tar-
getLink.

o | P . [t
- w0 ol
@ »: @&@—— |
Lt 0 Froducti
¥ Product ¥ Fraduct
Block Paramet |
r— Product

Multiply or divide inputs. Choose element-wize or matrix product and
specify one of the following:

a] “ or / for each input part [e.qg., ™)

b) scalar specifies the number of input ports to be multiphed

Scalar value of 1" for element-wize product causes all elements of a single
input wector to be multiphed.

If £ iz specified with matrix praduct, compute the inverze of the
comesponding input.

ramete|
bt of inputs:
Aﬁphcatl IEIementW|se[] j

2.7.4 Limitations with Regard to the Sum Block

The Icon shape: rectangular option should be used for the Block Parameters of the Sum block.

Purpose
Code generation with TargetLink.

Remark

Round icon shapes for the Sum block are transformed into rectangular shapes during conversion from
Simulink to TargetLink. On some occasions, this can lead to improper connections.
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References
e TargetLink Production Code Generation Guide [1], TargetLink Limitations, Block-Specific Limi-
tations, Sum Block
Example
Proper options for the Block Parameters of the Sum block.

Yy

Sum
Block Parameters: Sum |
—Sum
Add or subtract inputz. Specify one af the following:
a) string containing + or - for each input port, | for spacer between ports
[e.g. ++[-|++]
b zcalar »=1. A value > 1 sumgz all inputs; 1 zumsz elements of a single
input vector
:.E:m:rm-:-.l:l _—-"""-n..
< lcon shape: Irectangular j
List of signs:
-
R Show additional parameters -

2.7.5 Restrictions with Regard to the Math Function Block

For the Math Function block, the Function: magnitude”2 option should not be specified. The Func-
tion: square option should be used as an alternative.

Purpose
Code generation with TargetLink.

Remark
The option is not supported by TargetLink.
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2.8 Model Verification Library
This section contains the permitted language subset from the Model Verification library.

2.8.1 Permissible Blocks of the Model Verification Library

The following blocks from the Model Verification library can be used:

e Assertion

e Check Discrete Gradient

e Check Dynamic Gap

e Check Dynamic Lower Bound
e Check Dynamic Range

e Check Dynamic Upper Bound
e Check Input Resolution

e Check Static Gap

e Check Static Lower Bound

e Check Static Range

e Check Static Upper Bound

Purpose
Code generation with TargetLink.

Remark

The blocks listed above have an impact during model-in-the-loop simulation but are ignored during
code generation and software-in-the-loop simulation.

Example
Fig. 18 shows the permissible blocks.
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(0

Assertion

Amax
Amin !

Asig

Check
Dynamic Range

&

AN

+——

Check Static
Lowser Bound

Check
Discrete Gradient

Nsig

Check Dynamic
Upper Bound

&

1 Rl

+—

Check
Static Range

Amax
Amin

Asig

Check
Dynamic Gap

Check Input
Resolution

&

Check Static
Upper Bound

min

sig

Check Dynamic
Lower Bound

Check
Static Gap

Fig. 18: Permissible blocks from the Model Verification library.
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2.9 Model-Wide Utilities Library

This section contains restrictions with regard to the use of blocks from the Model-Wide Utilities library.

2.9.1 Permissible Blocks of the Model-Wide Utilities Library

Only the following blocks from the Model-Wide Utilities library should be used:

e Block Support Table
e Model Info
e Doc Block

Purpose

Code generation with TargetLink.

Remark

TargetLink supports only a restricted subset of blocks to ensure the generation of efficient code.
Example

Fig. 19 shows the permissible blocks.

Block Support Doc
Table Model Info
Text

Fig. 19: Permissible blocks from the Model-Wide Utilities library.
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2.10 Ports & Subsystems Library
This section contains restrictions with regard to the use of blocks from the Ports & Subsystems library.

2.10.1 Permissible Blocks of the Ports Subsystems Library

All blocks from the library can be used with the exception of the Model block, which was newly intro-
duced with MATLAB release R14.

Purpose
Code generation with TargetLink.

Remark

TargetLink supports all combinations of subsystems in Simulink. The Model block however, which is
used for the Model referencing feature, is currently not supported.

Example
Fig. 20 shows the permissible blocks from the Ports & Subsystems library.

2.10.2 Use of the Switch Case Block

The Show default case option for the Switch Case block should be set and the default output must be
properly connected.

Purpose
Proper and transparent modeling.

Remark

All Switch-case instructions in the generated code should have a default branch to avoid undefined
states during program execution.

Example
Figure 21 shows a Switch Case block with activated Show default case option.

2.10.3 Duplicate Inports

Duplicate Inports, which were introduced with Release R14, must not be used.
Purpose

A transparent modeling style, code generation with TargetLink.

Remark

Duplicate Inports lead to an intransparent modeling style prone to errors because the connection
between individual ports gets lost. As a result, it is rather intransparent how many input variables a
subsystem has and modifications can have unexpected side-effects. TargetLink does not support du-
plicate Inports.

Example
Fig. 22 and 23 show the impermissible use of duplicate Inports.
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Inl el B

Atomic Jubsystem

In
Inl uel |
Enabled
Sub=ystem
funetioni)
Inl Tusl

Function—Call
Jubsystem

.

Inl

ca=z=e [ 1 ]:F
ul
default: [

witch Ca=e

]

Inl el B

CodeRerusedubsystem

Inlfor { ... Jutlp

For Iterator
Jubsystem

ifjul > 0) P
ul
eles |

If

Cutl

Action
Irl Tuclp

Switch Ca=me Action

Jub=ystem
Inl
while { ...0jclp
IC

Configurable
Sub=yrstem

While Iterator
Subsystem

n +
Inl Ouel

Enabled and
Iriggered Subs=ystem

Function—Call
Generator

Arotiom
Inl Tutl B

If Action
Jubs ystem

Inl Tutl

Sub=yatem

Inl el B

Iriggered
Sub=ystem

Trigger Enable

Fig. 20: Permissible blocks.

dSPACE
Vy/ 4

Page 39 of 162



Ports & Subsystems Library

=
— SwitchCase Block
Perform a switch-case operation on the input. The input must be a scalar
and its value will be truncated. The case conditions are specified using
case[1]: the MATLAR cell notation, where each case is a cell element. For
example, entering {1,[2,3]} as the case condition implies that port 1is run
when the input is 1 and port 2 is run when the input is either 2 or 3. I the
case[23] . m default case is shown, then port 3 is run for all other inputs.
ut — Parameters
ot 1 cass [4]: Case conditions (2.q. {1.[2.3[}):
[t 2314
| default; )_@ @Show default case:
default [+ Enable zero crossing detection
Switch Case Sample time (-1 for inherted):
[
QK Cancel Help Apply

Fig. 21: Proper options.

U

Inl

B

Inz

Fig. 22: Duplicate Inports are created by performing a copy operation on a Simulink Inport and a
subsequent Paste Duplicate Inport operation. The duplicated Inport is not an independent signal but
a reference to the original Inport. Despite being optically disconnected, both ports are identical as far
as the simulation is concerned, which is indicated through the identical port number. Changes to the
parameters of one Inport are immediately reflected in the other Inport also.
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File R=:id View Simulation Format Tools

O

ody
=1

=1 bu plicatelnports/Subsystem

Undo Move Cirl+Z
Paste Cirl+V
Select Al Ctrl+A
Copy Model To Clipboard

Find... Ctrl+F

Refresh Model Blocks Ctrl+¢

Update Diagram Ctrl+D

1

Fig. 23: Specification of duplicate inports, which are not supported by TargetLink.
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2.11 Signal Attributes Library

This section contains restrictions with regard to the use of blocks from the Signal Attributes library.

2.11.1 Permissible Blocks of the Signal Attributes Library

Only the following blocks from the Signal Attributes library should be used:

e Data Type Conversion
¢ Rate Transition
Purpose
Code generation with TargetLink.
Remark
TargetLink supports only a restricted subset of blocks to ensure the generation of efficient code.
Example
Fig. 24 shows the permissible blocks from the library.

O
¥ Convert P )—+—F—>

Rate Transition

Data Type Conversion

Fig. 24: Permissible blocks from the Signal Attributes library.

2.11.2 Use of the Data Type Conversion Block

The rounding functionality for the conversion of floating-point numbers to integers must not be used.
Moreover, the Saturate on integer overflow option must not be used either. Hence, it has to be made
sure that neither saturation nor rounding operations occur.

Purpose
Code generation with TargetLink.
Remark

The Data Type Conversion block is completely ignored during code generation and only influences the
model-in-the-loop simulation. The saturation functionality as well as the different rounding modes,
which were mainly introduced with R14, are therefore ignored either. The user has to make sure that
neither rounding nor saturation nor overflows occur.

Example

Fig. 25 shows the critical functionality for the Data Type Conversion block, which is currently not sup-
ported by TargetLink. Regardless of the settings, the user has to make sure that neither rounding nor
saturation nor overflows occur.
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=] Function Block Parameters: Data Type Conversion

Data Type Conversion

Convert the input to the data type and scaling of the output.

The conversion has two possible goals. One goal is to have the Real Wordd Values of
the input and the output be equal. The other goal is to have the Stored Integer
Walues of the input and the output be equal. Overflows and guantization emors can
prevent the goal from being fully achieved.

The input and the output support all built4n and foced poirt data types.

Parameters

Output data type mode: | int16 V|
Input and output to have equal: | Real Word Value (RWY) v|

Round integer calculations toward: Zen:n_:) W |
— e

il ESﬁtumte an Integer ove
Sample time -1 for inherted):

H |

oK || Cancsl ][ Heb ][ Ay |

Fig. 25: The above properties of the Data Type Conversion block.
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2.12 Signal Routing Library
This section contains restrictions with regard to the use of blocks from the Signal Routing library.

2.12.1 Permissible Blocks of the Signal Routing Library

All blocks from the Signal Routing library can be used with the exception of the Manual Switch block.
Purpose

Code generation with TargetLink.

Remark

The conversion of other blocks is not supported by TargetLink, partly because there is no reasonable
counterpart in generated code.

Example
Fig. 26 shows the permissible blocks from the Signal Routing library.

:H> )E = A P . N
e i i Data Store Data Store Data Store
BusCreator BusSelector i -

Memory Read Write
_ . 3
[R] »» X [a] {a} B 3
- —e |
o rom Goto
Demux Goto Tag Index

Visibility Vector

o
3
| - N
Merge p (a4 Jo X >:|\_>
— —= 3
Merge Multiport Muzx Selector Switch
Switch

Fig. 26: Permissible blocks.

2.12.2 Restrictions with Regard to the Data Store Memory/Read/Write Blocks

The Data Store Memory, Data Store Read, and Data Store Write blocks must not be used to exchange
data between different TargetLink subsystems. In addition, they should be used only in those caes
where their relationship is still transparent, for instance, within the same subsystem.

Purpose
Code generation with TargetLink.
Remark

Data exchange via the above blocks across subsystems leads to intransparent models. In addition,
code generation with TargetLink is performed for all TargetLink subsystems individually, requiring that
interface variables at the boundary of a TargetLink subsystem must be properly defined.
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References
e TargetLink Production Code Generation Guide [1], Block-Specific Limitations, Data Store

Example

Inadmissible use of Data Store Memory and Data Store Read blocks in combination with a subsystem
to be converted into a TargetLink subsystem later on.

ddv_m

Data Stare
hlemary

EIph_realisierung_l]Sl]l 17/P_SignalConditioning
File Edit Yiew Simulation Format Tools Help

D|@E§|$E|9C’2|b IINormaI 'H

ddi’m +
ata Ston ) B

N

FP_SignalConditioning

2.12.3 Restrictions with Regard to the From and Goto Block

The From and Goto blocks must not be used to connect blocks residing in different TargetLink sub-
systems. In addition, they should be used only in those cases where the relationships between the
corresponding From and Goto block are transparent, for instance within a single subsystem and with
Tag visibility: local.

Purpose
Code generation with TargetLink.
Remark

Data exchange via the above blocks across subsystems leads to intransparent models. In addition,
code generation with TargetLink is performed for all TargetLink subsystems individually, requiring that
interface variables at the boundary of a TargetLink subsystem must be properly defined.

References

e Controller Style Guidelines for Production Intent Using MATLAB, Simulink and Stateflow V1.0.0
[8],4.5.1.5

Example

lllegal use of From and Goto blocks in combination with a block to be converted into a TargetLink
subsystem later on.
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E!me_daI:asl:ore,.-"P_Signall:onditioning

File Edit “iew Simulation Format Tools Help

D|ﬁu§|%E|DQ|P llNormaI '“

Goto

F_SignalConditioning

2.12.4 Restrictions with Regard to the Merge Block

The Allow unequal port widths parameter must not be checked for the Merge block.

Purpose

Code generation with TargetLink.

Remark

TargetLink does not support the option for the reason of code efficiency.

References

e TargetLink Production Code Generation Guide [1], TargetLink Limitations, Block-Specific Limi-
tations, Merge block

Example
Unsopported Block Parameters for the Merge block.
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e
—

Mlerge

Merge

Block Parameters: Merge |

—terge

Merge the input zighals into a single output signal whose initial value is
specified by the Thitial output' parameter. |f nitial output' iz empty, the
Merge block outputs the initial output of one of itz driving blocks.

r— Parameter
Mumnber of inputs:

B
Initial output:
i
v Alla art widths

7 Input port offzets:;

[i

0k I Cancel | Help Apply

2.12.5 No Cascades of Merge Blocks

In TargetLink versions prior to TargetLink 2.1.6, cascades of Merge blocks are not permitted. Instead,
the hierarchy must be flattened using only one Merge block with multiple inputs. Since TargetLink
2.1.6, cascades of Merge blocks are fully supported.

Purpose

Code generation with TargetLink.

Remark

TargetLink does not support cascades of Merge blocks for the reason of code efficiency.
References

e TargetLink Production Code Generation Guide [1], TargetLink Limitations, Block-Specific Limi-
tations, Merge block cascades

Example

Using a Merge block with multiple inputs instead of a cascade.

Tl —
herge
" EE——
erge]
Merge ——- herge —
—b.
_L.’/ herges
Merge
—b.
A
Margez

Merge
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2.12.6 Use of the Multiport Switch Block

The Multiport Switch block in Simulink does not support a default path. Proper behavior of the Mul-
tiport Switchblock under all circumstances should therefore be ensured by restricting the potential
values of the control port, for instance, by employing some additional logic.

Purpose

Proper modeling, compliance with MISRA Rule 30: All automatic variables must have been assigned
a value before being used.

Remark

The rule makes sure that the output signal of a Multiport Switch block is properly defined under all
circumstances.

References
e TargetLink Production Code Generation Guide [1], TargetLink Limitations, Block-Specific Limi-
tations, Multiport Switch
Example
Restriction of the values of the control port of the MultiportSwitch block.

ﬁmpsdefauIt,-"MuItiportSwitchl:untrol = |EI|1|
File Edit Yew Simulation Format Tools Help
DeE&| & 2@ 2| » =[N e mE > ®
i,
ContralPort
minvalue  Relational >
Operater —t
» checkedControlPort
Relational Switch
Operator2
defauliCase madralue
Relational
Operatort
Ready 100% lodeds 4

DataPort Selection

| Conitrol Port cheched Control Port

MultipotSwitch Contral

)

DataPart]

DataPort2

DataPort

DataPortd

Yy ¥y ¥y ¥ 7
-

DataPorts

DataPortf
L

100 DataPort Default

Defaultvalue Multiport
Switch
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2.12.7 Restrictions with Regard to the Multiport Switch Block

The option Use zero-based indexing for the Multiport Switch block must not be used. This applies to

TargetLink versions prior to TargetLink 2.1.

Purpose

Code generation with TargetLink.

Remark

The option is not supported by TargetLink versions prior to TargetLink 2.1.

References

e TargetLink Production Code Generation Guide [1], TargetLink Limitations, Block-Specific Limi-

tations, Multiport Switch

Example

Cortrol Port

checked Cortrol Port
multiportSwitch Control
—
DataPort]
Ll
DataPart? > o
DiataPort3 - o
DiataPortd > o
DiataPorts - o
Diata Parth > o
100 DiataPort Default - o
DefaultValue Multipart
Switch
Block Parameters: Multiport Switch |
 Multi-Port Switch

Fazz through the input signals cormezponding to the tuncated value of the
firzt input. The inputs are numbered top ta battom [or [eft ta right). The first
input port iz the control port, The ather input portz are data porte,

— Parameters
MHumber of inputs:

B

[~ Use fidesing

[~ Require all data part inputs to have same data type

Output data type mode: IInherit wia internal rule

Lef Led

Round integer calculations toward: |F|.;,.;,;

[¥ Saturate on integer overflow

Sample time [-1 for inkerited);

|-1

0K I Cancel Help Apply
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2.12.8 Limitations with regard to the Bus Creator Block

The Output as nonvirtual Bus option of the Bus Creator block must not be used.

Purpose
Code generation with TargetLink.

Remark

The option serves to specify nonvirtual busses, which were introduced with Release R14 but are
currently not supported by TargetLink.

Example
Fig. 27 shows the critical option of the Bus Creator block.
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E! Function Block Parameters: Bus Creator
BusCreataor
This block creates a bus signal from its inputs.

Parameters

| Inhert bus signal names from input ports

Mumber of inputs: |2

Signals in bus

signal 1
signal2

Rename selected signal: |

[#]: Specify properties via bus object :
Bus object: |Bu50bjec1

@Lﬁput as ncnvirtu?tD
< | >
[ 0K ] [ Cancel ] [ Help ] [ Apply

Fig. 27: Non-virtual busses, which can be generated exclusively using a Bus Creator block, must not
be used.
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2.13 Sinks Library

This section contains restrictions with regard to the use of blocks from the Sinks library.

2.13.1 Permissable Blocks of the Sinks Library

Only the following blocks from the Sinks library should be used:

e Display

e Out1

e Scope
Terminator

e ToFile

e To Workspace

Purpose
Conversion to TargetLink.

Remark

TargetLink supports only a restricted subset of blocks to ensure the generation of efficient code. It
should be noted that some of the supported blocks have no impact on code generation but work
propertly during a TargetLink model-in-the-loop simulation.

Example
Fig. 28 shows the permissible blocks.

[— =

- outl
Display Scope

mtitled.md N simout

Terminator

To File To Workspace

Fig. 28: Permissible blocks from the Sinks library.
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2.14 Sources Library
This section contains restrictions with regard to the use of blocks from the Sources library.

2.14.1 Permissible Blocks of the Sources Library
Only the following blocks from the Sources library should be used:

e Constant
e Ground
e In1

Purpose
Code generation with TargetLink.

Remark

The unsupported blocks in this library are time-dependent sources which usually serve as input si-
gnals for a controller and are not part of the appplication algorithm itself.

Example

Fig. 29 shows the permissible blocks.

P = >

Constant Ground Inl

Fig. 29: Permissible blocks from the Sources library.
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2.15 User-Defined Functions Library

This section contains restrictions with regard to the use of blocks from the User-Defined Functions
library.

2.15.1 Permissible Blocks from the User-Defined Functions library

Only the following blocks from the User-Defined Functions library should be used:
e Fcn

Purpose
Code generation with TargetLink.
Remark

TargetLink supports only a restricted subset of blocks to ensure the generation of efficient code. If
legacy code has to be integrated, the TargetLink Custom Code block should be used, as this also
supports the generation of efficient production code.

Example
Fig. 30 shows the permissible blocks.

A £{u) P

Fcn

Fig. 30: Permissible blocks from the User-Defined Functions library.

2.15.2 Restrictions with Regard to the Fcn Block.

The Fcn block shall not be used in conjunction with long, complex expressions for the function to be
implemented.

Purpose
Code generation with TargetLink.

Remark

Complex expresssions for the function do not allow the specification of data types for intermediate
variables, or any overflow or saturation handling. They should therefore be avoided.
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2.16 Stateflow

This section contains restrictions with regard to modeling in Stateflow.

2.16.1 Initialization of a Stateflow Chart

The Execute (enter) Chart At Initialization option in the Chart Properties dialog must not be used.
Purpose

Code generation with TargetLink.

Remark

The use of this option would lead to execution of the default transition of a Stateflow chart whenever
the Simulink model is initialized. TargetLink ignores this option so that default transitions are executed
when the Stateflow chart is executed for the first time.

References
e TargetLink Production Code Generation Guide [1], TargetLink Limitations, Stateflow Limitations,
Execute (enter) Chart At Initialization property
Example
Chart Properties of a Stateflow Chart.

-} Chart sfinitchart _ 1O =|

Hame: sfinitchart
Simulink Subsystem: sfinit/sfinitchart

Parent: [machine] sfint

Update method: ITriggered ar Inherited vl Sample Time: |-1

I~ Enable C-like bit operations

Apply to all charts in machine now I

[~ Mo Code Generation for Custom T argets

[~ Export Chart Level Graphical Functions [Make Global)
v Use Strong Data Typing with Simulink 1/00

[~ Execute [enfes=6

At Initialization

Debugger breakpoint: [~ Onchartenty  Editor: [~ Locked

Description:

Documnent Link: |

4 21 oK | Cancel | Hep | CERRET

2.16.2 Reserved Names in Stateflow

The following keywords are reserved in Stateflow and must not be used for names of variables, events,
states or graphical functions in a Stateflow chart: abs, acos, after, asin, at, atan, atan2, before, ceil, chg,
change, cos, cosh, du, during, en, enter, entry, every, ex, exp, exit, fabs, floor, fmod, in, log, log10, max,
min, matlab, ml, pow, send, sgn, sin, sinh, sqrt, sqrt, t, tan, tanh, tc<digits>, trigger._id.
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Purpose

Code generation with TargetLink.

Remark

The use of reserved keywords leads to erroneous code.
References

e TargetLink Production Code Generation Guide [1], TargetLink Limitations, Stateflow Limitations,
Reserved names

2.16.3 Permitted Dimensionality at the Stateflow Chart Interface

Variables with Input from Simulink or Output to Simulink scope have to be scalar (one-element arrays)
or vectors (one-dimensional arrays). Higher dimensions are not supported for the Simulink-Stateflow
Interface.

Purpose
Code generation with TargetLink.
Remark

Since TargetLink does not support matrix signals in Simulink, the Simulink-Stateflow interface also
has to be free of matrix signals.

Example

Inadmissible two-dimensional array with Input from Simulink scope in Stateflow.

=

Mame: | a

Parent: .. _zignal_H/SubsvstensSubsystemSubsysten/Chart

Scope: | |nput from Simulink j Port: |1 vI
Type: |double - Units:l

~ Fixed-Point

Stored Integer: Iint1E j
IFractiu:un length j: I 1]
v Armay Limit Bange —

Sizes: }94]\ Min: I
First Index: |1 Max: I

Initialize from: Idata dictionary j IEI

[~ Save final value to base workspace
[~ “Watch in Debugger
Dezcrnphion:

Docurment Link: |

ID# 18 ok | Cancel | Help | appy |
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2.16.4 Usage of Constants

The dimensionality of variables with Constant scope must be 2 at most (two-dimensional arrays).
Purpose

Code generation with TargetLink.

Remark

Arrays of three or more dimensions are not suppoprted by TargetLink.

References

e TargetLink Production Code Generation Guide [1], TargetLink Limitations, Stateflow Limitations,
General Stateflow Limitations

2.16.5 Permitted Data Types at the Stateflow Chart Interface

The Use Strong Data Typing with Simulink I/O option in the Chart Properties dialogs shall be checked.
Purpose

Avoidance of implicit type conversions.

Remark

Unless the option is checked, Stateflow performs implicit data type conversions at the Simulink-
Stateflow interface, which may lead to data loss for variables of Input from Simulink or Output to
Simulink scope.

Example
Chart Properties of a Stateflow chart.

) Chart sfiodtchart _1Of x|

Mame: sfiodtchart
Simulink Subsystem: sfiodt/ sfindichart

Parent: [machine] fiodt

Update method: ITriggered ar Inherited vl Sample Time: I -1

[~ Enable C-like bit operations

Apply to all chartz in machine now I

[~ Mo Code Generation for Custom Targets

[~ Export Chart Level Graphical Functions [Make Global)

[¥ Use Strong Data Typing with Simulink 170

[~ Execute [enter] Chart At Initialization

Debugger breakpoint: [~ Onchart entry  Editor: [~ Locked

Description:

Document Link: |

1D 21 g Cancel Help i Apply

dSPACE
Page 57 of 162 I’



Stateflow

2.16.6 Transition Actions

Transition actions generally should be avoided in favor of condition actions. Transition actions must
not be used within loops.

Purpose
Code generation with TargetLink.
Remark

Transition actions can lead to inefficient code and should therefore be avoided. The behavior of tran-
sition actions within loops might be unexpected by many users, which is why they are not supported
within loops.

References
e TargetLink Production Code Generation Guide [1], TargetLink Limitations, Stateflow Limitations,
Transition Loops
Example
Left: Inadmissible use of a transition action. Right: Alternative realization using condition action.

{
i =0 {
a=10 =0
} a=0
i < 10] b li < 10]
{
eb =i+ N LI
=
Ta=esl }
= 7

2.16.7 Bind Actions

The Stateflow Bind feature to bind data and events to specific states must not be used in TargetLink
versions prior to TargetLink 2.1.

Purpose
Code generation with TargetLink.

Remark
Bind actions are not supported in TargetLink versions prior to TargetLink 2.1.

Example
Inadmissible definition of a bind action.
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2.16.8 Order Numbers for Parallel States

An AND state that broadcasts an event to its neighbouring states must have a higher activation order
than the receivers.

Purpose
Code generation with TargetLink.
Remark

This ensures that the receivers of the event are already active at the time when they receive the event.
The modeling of unreachable states and "dead code" is avoided.

Example

Left: Directed event broadcast with improper activation order of the states. Right: Event broadcast
using a correct activation order.

A D
__@[m A2
2 2 H
a="1 a=2 ‘ :
B
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2.16.9 Definition of Events and Variables

Events must not be defined on the Stateflow machine level for TargetLink versions prior to TargetLink
2.1. In addition, it is not recommended to specify data on the Stateflow machine level.

Purpose

Reusability of state charts and avoidance of deviations during the simulation, Code generation with
TargetLink.

Remark

The definition of events at Stateflow machine level is not supported by TargetLink versions prior to
TargetLink 2.1. By defining variables at the state machine level, TargetLink users risk a potential mix
up. If one Stateflow chart within a TargetLink subsystem and outside it use a particular data item on the
machine level, they use the identical data during MIL simulation. However, since TargetLink naturally
generates a variable for machine level data, different variables are used during SIL simulation, which
might lead to simulation differences.

References
e TargetLink Production Code Generation Guide [1], TargetLink Limitations, Stateflow Limitations,
General Stateflow Limitations
Example

Left: Inadmissible definition of a variable and an event at Stateflow machine level. Right: Proper defi-
nition of variables and events using the Stateflow chart level.

.) Exploring - event_top_falsch_tl - (o] x| ) Enploring - event_top_richtig_tl/Subsystem/Subsystes =] 1]
File - Edit - Tools - Add ﬂe\w File - Edit - Taols - Add  Help

Ohject Hierarchy ! S Contents of. (machine) event_top_falsch... \OhjectH\ararchy Contents of: (chart) event_top_richtig_thS

B event_top_falsch_tl Name Scope Trigger Type — o] event_top_richtio_tl Name ope  Trigner Type !
- @ SubsystemiSubsystem/SubsystemiChart |7 &~ Lecal - EIT Chartlll PZFeS Local
+=1 A [ v TLoeal double +E A [BENY Local double
+E B @ sfun += 8 R

| | < i |
[events(1) data(1) targets(1y @ [1:3] levents(T) data(i) fargets(0) 2 [1:2]

2.16.10 No Use of Implicit Events

Implicit events (change, enter, exit) should not be used.
Purpose

Design of transparent models in Stateflow.

Remark

While the receivers of implicit event broadcast are defined through event specifiers (change, chg, en-
ter, en, exit, ex) there is no such specification with regard to the origin of the implicit event. The usage
of implicit events is therefore intransparent concerning potential side effects of variable assignments
or the entering/exiting of states.
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2.16.11 MATLAB Functionality

The MATLAB functionality

o MATLAB functions
e MATLAB actions
¢ time t for the absolute simulation time

must not be used within Stateflow.

Purpose
Code generation with TargetLink.
Remark
The MATLAB functionality listed above is not supported by TargetLink for reasons of code efficiency.
References
e TargetLink Production Code Generation Guide [1], TargetLink Limitations, Stateflow Limitations,
Embedding MATLAB/Simulink functionality
Example
Inadmissible use of MATLAB functionality within Stateflow.

{
2 = MRS,
b = LS,
A }C =K

2.16.12 Alias Types

The usage of user-defined names for data types in Stateflow using Simulink Alias Type objects is not
permitted.

Purpose
Code generation with TargetLink.

Remark
This feature, which was newly introduced with R14 SP2, is currently not supported by TargetLink.

Example
Fig. 31 and 32 show the impermissible use of Alias Type objects for data types.

2.16.13 Execution Order of Transitions

The Stateflow feature User specified transition execution order must not be used in conjunction with

TargetLink versions prior to TargetLink 2.0.7.
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 Model Explorer

File Edit View Tools Add Help
Tu

‘N smBX HMNE%

vl Type: | Scope

Search: |b'_.' Block Type

178 BE 4=
vl Search

Contents of: StateflowAlias Type /controller

Mode! Hierarchy |
=[] Simuiinkc Root Name
E Base Worspace = Of
%Cnrﬁigum’cion Preferences = On
= EStateﬂowNiasType' I+ )

ﬁ Model Workspace
%Corrfigulation {Active)
% Advice for StateflowExecutionQrder

- B

4] x
E=0On [::s.’ v
=0

64 SwitchEvent
4 SwitchEvent
? SwitchEvert

[1+] MyDoubleData

Scope | Port | DataType

Input 1

Local double
Output 1 int8

Local I'Uh'clnubX

Fig. 31: Alias Type objects, which can be defined on the model level, must not be used to introduce
user-defined names for data types in Stateflow. Here, an Alias Type named Mydouble is used to spe-
cify the data type of the MyDoubleData variable, which is not supported by TargetLink.

& Model Explorer

File Edit View Tools Add Help
D@ sl x BHEwH7F0 @D 48
Search: |by Block Type

~| Type: [ Scope v| & Search

%Conﬁgumﬁon Preferences
= EStateﬂowNiasTwe‘

m Model Workspace

%Conﬁgumﬁon {Active)

? Advice for Stateflow ExecutionOrder

=] ‘cnrﬂml\er

=0n
FZ0f

(3]

Model Hierarchy | Contents of: Base Workspace
=] E‘S\mulink Root Value | Daf
Base Workspace i
] <_ T| Mydouble

<B1x... dou

Simulink_Alias Type: Mydouble
Base type: ‘double
Header file: |
Description:
Dies ist ein Alias-Name fur den Datentyp double

Fig. 32: The definition of an Alias Type object called Mydouble in the workspace.
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Purpose
Code generation with TargetLink.
Remark

This feature, which was newly introduced with R14 SP2, is supported only for TL 2.0.7 and succee-
ding versions.

Example

Fig. 33 shows the User specified transition execution order feature in the chart properties dialog in
Stateflow. In the default case, the option is not activated.

2.16.14 Arrays at Interfaces of Graphical Functions

Graphical Functions can only be used in conjunction with scalar input and output signals. Vectors and
matrices are not supported as interface variables.

Purpose
Code generation with TargetLink.

Remark

This feature, which was newly introduced with R14, is currently not supported by TargetLink. However
vector and matrix signals can be used as local variables in Graphical Functions.

Example
Fig. 35 shows the specification of input and output signals for a Graphical Function, see fig. 36.

2.16.15 Cast Operator for Data Type Conversions

The conversion of data types through means of the cast-operator in Stateflow’s action language must
not be used in conjunction with TargetLink versions prior to TargetLink 2.1.

Purpose
Code generation with TargetLink.

Remark

This feature, which was newly introduced with R14, is supported by TargetLink only since version 2.1.
However, type casting in the original form can be used in all TargetLink versions.

Example
Fig. 37 and 38 show the use of the Stateflow cast operator, which is permitted since TargetLink 2.1.

2.16.16 Data on the Level of Stateflow Boxes

Data must not be defined on the level of Stateflow boxes. Instead the hierarchy level above can be
used.

Purpose
Code generation with TargetLink.

Remark
This feature, which was newly introduced with Release R14, is currently not supported by TargetLink.
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E! Chart controller

Mame:  controller
Parert: StateflowExecutionOrder
Machine: {maching) StateflowExeciutionOrder

Update method: | Imherted V| Sample Time: |:|

[] Enable C-hit operations ’ Apphy to all charts in maching now ]

User specified transition execution order

[] Bxport Chart Level Gmphical Functions (Make Global)
lUse Strong Data Typing with Simulink 1/0
[] Execute {enter) Chart At Initialization

Debugger breakpoint: [ ] On chart entry Editor: [ ] Locked

Description:

Document Link: | |

| ok [ camesl ][ Hep [ Aoy |

Fig. 33: By checking the User specified transition execution order feature, each transition can be as-
signed a value specifying the order in which it is checked for execution with regard to other potential
transitions. The feature can only be used in conjunction with TargetLink 2.0.7 and succeeding versi-
ons.

¥ Model Explorer

File Edit View Tools Add Help

D/ smBax EME%70 @0 4 &

- Search: [by Block Type | Type: |Scops v Search

Model Hierarchy Contents of: StateflowAlias Type/contro | Transition SwitchEvent

= E‘ Simulink Roat Name Seope Source: state) StateflowAlias Type
ﬁ Base Workspace Destination: state) StateflowAlias Type
%Conﬁgumﬁon Preferences = off Parent: chart) StateflowAlias Type

= On

=2 EStateﬂowNiasTwe’ £3 2 Debugger breakpoints: [ ] When Tested
ﬁ Mode! Workspace &% SwitchEvert cution arder: | 1

g%Configl.ua’:ion (Active)

Label:
? Advice for Stateflow ExecutionO SwitchEvent Input SwitchEvent
= ¥y controller [:;,\;] x Local
Sn [y Output

Fig. 34: The assignment of an execution order for each transition. The option is disabled, if the User

specified transition execution order option is not checked.
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¥ Model Explorer

File Edit View Tools Add Help

D@ smBX AME%70 (@E 45

: Search: [by Block Type v| Type: | Scope v| Search
Madel Hierarchy Contents of: GraphicalFunctions/controller/ProdVek
= @Simulink Root Mame Scope Port Size | DataType

6§ Base Workspacs [+] x Xdouble

%Conﬂgumﬁon Preferences [:‘.,; ¥ Function input 2 double
=] EGmphicalFunctions' [:; out y double
ﬁ Model Workspace l:é; CONNECTIVE
53

6%“@li:onfiguva'(iu:un (Active)
? Advice for Graphical Function
= Qcorﬂmller
fi() Prod\Viek
=10n

fout =x "y}

Fig. 35: Example of a Graphical Function called prodvek with impermissible input and output signals
(Scope Function input and Function output) with a Size of 2.

funcﬁo‘.? out = ProdVek(x, y)

e’|@ |l

f?r é

{out = x * y}

O

v |El|E = E

=]
=
o]

Fig. 36: Graphical Function called prodvek.

;

On
en: y = cast(x + 0.5, int8);
dury=y+1;

\

Fig. 37: The cast operator can be used in TargetLink 2.1 and succeeding versions to perform a ty-
pecast in Stateflow’s action language. For other TargetLink versions, a typecast can be carried out
explicitly in the usual manner, here for instance, int8 (x+0.5).
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% Model Explorer
File Edit View Tools Add Help

‘D@ s RBx EME%E 70 [@m ¢

Search: |by Block Type | Type: b |:§r Search
Maodel Higrarchy Contents of: StateflowCast/controller
= [E8] Simuiink Root Name Scope | Port DataType | Compilad
ﬁ Base Workspace =) On
%Cﬂnﬁgumﬂﬂn Preferences =] O
= T StateflowCast £ SwitchEvent
ﬁ Model Waorkspace &% SwitchEvert
%Corﬁigumﬂon (Active) [m] ¥ Output 1 inta
@ Advice for untitled [:;;] x Local double
= % controller :27  SwitchEvent Input 1
E1Cn £
E10ff

Fig. 38: Through the cast operator, explicit data type conversions can be specified, here involving the
Stateflow variables x and y.

Example
Fig. 39 and 40 show the impermissible definition of data on the level of Stateflow boxes.

2.16.17 Embedded MATLAB Functionality

The Embedded MATLAB functionality in Stateflow must not be used.

Purpose
Code generation with TargetLink.

Remark

TargetLink serves to generate highly efficient production code. This is why only a limited subset of the
functionality in Simulink/Stateflow is supported. The Embedded MATLAB functionality was introdu-
ced with Release R14 and is not supported by TargetLink.

Example
Fig. 41 shows the Embedded MATLAB functionality in Stateflow.

2.16.18 Complex Expressions for the Size Property

Complex expressions must not be used for the Size property in Stateflow.

Purpose
Code generation with TargetLink.

Remark
This feature, which was newly introduced with Release R14, is currently not supported by TargetL.ink.

Example
Fig. 42 shows an example for the improper specification of the Size property.
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" SensFailCounter
=
LD

INC

i

I NN NN NN RN EEEE g

Fig. 39: A box called MyBox in Stateflow.

e Model Explorer

File Edit View Tools Add Help

D sm@ax EM<E%70 @ 4w

: Search: |by Block Type v | Type: | v| Search
Model Hierarchy | | Cortents of: fuelsys_sf6/fuel

e

= :&Ifuelm’[econ’[mller Name
2] Airflow calculation &) FLO
P EGO 67

[F2] Fuel Caleulation BoxData

E Sensor comection and Fault Redund

= \control logic

= OwygenSensMode

=] Pressure SensMode

=] Throttle SensMode

=] SpeedSensMode

il SensFailCounter

=] MuttiFail |

Fig. 40: The BoxData data item is specified on the hierarchy level of the MyBox box in Stateflow, which
is not supported by TargetLink.
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) Stateflow (chart) EmbeddedMATLABStateflow/controller *
File Edit Simulation Wiew Tools Add Help

tr

¢ B

Fig. 41: The Embedded MATLAB modeling functionality must not be used.

5, Model Explorer

File Edit View Tools Add Help

D sl X EMNE%H 70 @0 48

Search: |b)’ Block Type Vl Type: |Scope v| Search
Model Hierarchy Contents of: Size Expresssion|n Stateflow./controller
= E‘Simulink Root Mame Scope Port DataType = CompiledType | Size
ﬁ Base Workspace =) On
%Conﬁgumﬁon Preferences =1 OF
= ESizeE}q:resssionlnStateﬂow' £ SwitchEvent
ﬁ Model Workspace &4 SwitchEvent
%Conﬁgumﬁon {Active) £y
@ Advice for SizeExpresssion|in g} SwitchEvent Input 1
= Sacontroller [y Local int3 8 W&
E10n double
=0

Fig. 42: The Size property for the Stateflow variables x andy is specified through another Stateflow
constant called Num, which is currently not supported by TargetLink.
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2.16.19 Simulink-Stateflow Inheritance

The inheritance mechanism for the Size and Data Type properties at the Simulink-Stateflow interface
must not be used.

Purpose
Code generation with TargetLink.

Remark
This feature, which was newly introduced with Release R14, is currently not supported by TargetLink.

Example

Fig. 43 shows an example of the impermissible use of property inheritance for a Stateflow variable at
the Simulink-Stateflow interface.

= Model Explorer

File Edit View Tools Add Help

D +a2RX BNE%H70 @@ 48

Search: |byBIock Type v‘ Type: | v| Search
Model Hierarchy Conterts of: Inhertance Simulnk ToStateflow/co | Data Stateflowin
=] @ Simulink Root General | Value Attributes Description
MName Scope  Port
ﬁBase Workspace = 0on Name |Stateﬂowln
Configuration Pref
% D |.gu mn. SreneE = Off Parent: jchart) Inheritance Simulnk To Stateflow /controller
= EInhentanceSlmulnkToStateﬂow &% SwitchEvent Scupe.l nout vl Port: E
] Modt.al ‘.'\I'D.I‘kSDaCE. &% SwitchEvent Type: [inhertedyf | Units:
e&Con{lgumﬂon {Active) [iﬁ] v Output 1 e FAY
% Advics for untiled ] x Local e
= % controller ‘i/’ SwitchEvent Input 1 Store integer: | int16 || Fraction length ||ﬂ
E0n 547 [[] Lock output scaling against changes by the autoscalin
2of T
— w f
% Size: -1 9k, | First index:lI
i

Fig. 43: The specification of -1 for the Size property or inherited for the Type property must not be
used in conjunction with TargetLink.
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3 Model Parameters

This section contains a few recommendations with regard to the handling of model parameters. This
particularly applies to application parameters, which need to be calibratable.

3.1 Parameter Initialization

All application parameters and other parameters required for model initialization shall be properly de-
fined, for instance via MATLAB M-files or the dSPACE Data Dictionary.

Purpose
Correct model initialization.
Remark

Parameters in Simulink blocks must be properly initialized. Handling the paramemters in M-files is a
common way of doing this. As an alternative, the dSPACE Data Dictionary can not only be used to
specify parameter values but also code generation settings.

Example

& Editor - D:\dSPACETL2 1\Demos\tl\fuelsysistart.m*

File Edit Text <ell Tools Debug Deskbop ‘Window Help

Dl BB o« 5 Mf, £ % | BB E RS stk

40 % load parameter f£iles

41 - load f=sysdat:

42

43 % zet times for sensor failures

a4 = T _Sensor = [0 5 10 20 30 35 40 50 &0 70 80 85 55 100 ]1°':
45 - U throttle = [10 1 0o 1 1 1 1 1 1 0o 1 1 171':
46 - T _speed =11 1 1 1 o0 1 1 1 1 1 0O 1 1]1':
a7 = T_EGO =11 1 1 1 1 1 o 1 1 1 1 @ oJq':
45 - T _MAP =111 1 1 1 0o 1 1 1 0O 1 1 1 171':
49 - T_throttle = T 3ensor;

S0 - T speed = T Sensor;

51 - T_EGO = T_Sensor;

S | = T_HMLF = T_Sensor:

53

54 % load Simulink model

55 — open_systemmodel) ;

56 - end

g7

Fig. 44: Use of an M-file for initializing block parameters in Simulink models.

3.2 Definition/Display of Block Parameters

Block parameters in Simulink models should be specified without any algebraic expressions and pre-
ferably without data type conversions. In addition, it is recommended to indicate the presence of ap-
plication parameters in a block by using a special color scheme, for instance using an orange back-
ground.

Purpose
Initialization of block parameters, proper graphical display.
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Remark

Model reviews are simplified and the presence of application parameters is more transparent. The

avoidance of complex expressions for application parameters ensures a proper calibration process
later on.

Example

n_maot_min

Constanta

Block Parameters: Constant3 |

r— Constant

Output the constant specified by the 'Constant value' parameter. |f

‘Constant value' iz a wector and 'Interpret vector parameters az 1-0" iz on,
Constantt treat the constant value az a 1-0 amay. Othenwize, output a matris with the
zame dimensions as the constant value.

— Parareters

Constant walue:

In_mot_min

W drterpret vector parameters az 1-0:

(1] I Cancel Help Apply

Fig. 45: The presence of application parameters in individual blocks should be indicated, for instance
by using a special color scheme.
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4 Name Spaces

In order to support a namespace for MATLAB/Simulink/Stateflow designators, it is useful to apply
naming conventions for all identifiers. This chapter provides some recommendations for such naming
conventions.

4.1 General Naming Convention

Identifiers within a model (in particular for parameters, subsystem names and port names) should be
valid ANSI C identifiers, i.e. they should contain the letters a - z, A - Z, the digits 0 - 9 and an unders-
core. The first character has to be a letter. Names should be unique within the first 31 characters and
different from the following reserved names: auto, break, case, catch, char, const, continue, default,
do, double, else, elseif, end, enum, extern, float, for, function, global, goto, if, int, long, otherwise, per-
sistent, register, return, short, signed, sizeof, static, struct, switch, try, typedef, union, unsigned, void,
volatile, while.

Purpose
Naming convention, avoiding naming conflicts.
Remark

The rule enables seamless conversion and code generation for Simulink models with TargetLink. The
generated code then contains only valid C identifiers that avoid name collisions.

References

e TargetLink Production Code Generation Guide [1], TargetLink Limitations, General Limitations,
Reserved identifiers

4.2 Reserved System Headerfile Names

Subsystems names should be different from TargetLink system header files like tl_types,
tl_target_types, tllimits, dsfxp_a, dsfxp_c or any other compiler or standard library.

Purpose

Naming convention, avoiding naming conflicts, compliance with MISRA rule115: Standard library
function names shall not be reused.

Remark
This rule is required to ensure the correctness of the generated code.

References

e TargetLink Production Code Generation Guide [1], TargetLink Limitations, General Limitations,
Reserved Identifiers
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5 Comments and Units

The guidelines contained in this chapter should be regarded as examples of how model parts can
be suitably commented. This ensures proper documentation of models and simplifies reviews and
maintenance.

5.1 Comments on the Top Level

A comment should be provided on the top level for each Simulink model and Simulink library, descri-
bing its functionality. Additional comments can be placed at proper locations within the model if that
makes the model more understandable.

Purpose
Proper documentation.
Remark

Comments serve to simplify reviews and maintenance, and increase the comprehensibility of the mo-
del.

Example

Fle Edt View Format Help

DEHE B 2 hE T

INFO_Kemmenta_zu_P_SignalCenditizning

[ZlLibrary: lib_sigcond/INFO_Kommentar_zu_P_SignalConditioning *
File Edit View Format Help

DeHS|rBe Qc| wEd

F_signalCenditioning

Kommentar zu P_SignalConditioning

e

....... hier wird das P_SignalC: i

Fig. 46: Proper model comments.

5.2 Comments in Block Properties

All comments provided should be valid ANSI C comments without the enclosing /* and /* symbols. In
particular, this rules out the use of /* and */ as well as umlaut and special characters.

Purpose
Subsequent code generation with TargetLink.
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Remark
The rule ensures that comments on the block level can be transformed into valid C comments.

5.3 Comments for Interfaces

For easier understanding, information about the interfaces of individual subsystems can be described
in the Description field of the Block Properties for Inports and Qutports.

Purpose
Proper interface and data documentation.

Remark
The contents in the Description field help to simplify reviews and maintainability.

Example
Fig. 47 shows an example of proper interface description.

5.4 Comments for Individual Blocks and Signals

For easier understanding, additional comments regarding blocks and signals can be placed in the
Description field of Block Properties or the Code comment and Block comment fields of TargetLink
blocks, if they are being used.

Purpose
Proper documentation.

Remark
The contents in the Description field helps to simplify reviews and maintainability.

Example
Fig. 48 shows an example of proper signal description.

5.5 Units for Block Parameters and Signals

The units of block parameters and signals should be indicated in the Description field of the Block
Properties.

Purpose
Proper documentation.

Remark

The specification of units helps to analyze the functionality of the model.
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+

R

u_hd

) Block Properties: u_M =10l

Black &nnctation | Calbacks |

'y

=PIC

General

Uszage

Diezcription: Test zaved with the block in the maodel file.
Friarity: Specifies the block's order of execution relative to ather blocks in the
zame model.

Tag: Teuxt that appears in the block label that Simulink generates,

N

K.ommentar zum Ausgang u_M des Prozessblocks P_SignalConditioning

Description:

Pricrity:

Tag:

0k | Cancel | Help | Apply |

Fig. 47: Proper interface comments for an Outport block.
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J Block Properties: Gain o ] A |
General | Block Annotationl Callbacksl
|Jzage

Description: Text zaved with the block in the madel file.

W Fricrity: Specifies the block's order of execution relative to other blocks in the
i zame rmodel.

Gain Tag: Test that appears in the block label that Simulink generates.

Description:

Urnrechihung i mea,

Friciity:

Tag:

ak. Cancel Help Lpply

Fig. 48: Proper block commenting, e.g. for a Gain block.
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6 Layoutlssues

The guidelines contained in this chapter should be regarded as recommendations for layout issues.
The rules deal with basic layout questions to help establish a common standard which guarantees
simple model reviews and transparent models.

6.1 Signal Flow

Inports should be located on the left, Outports on the right. Signal flow is usually directed from left
to right with the exception of feedback loops. The signal flow within loops should have clockwise
orientation.

Purpose

Establishing a transparent, standardized layout.

Remark

The guideline helps to simplify reviews and maintenance.

6.2 Signal Lines

Signal lines should have a rectangular shape whenever possible and should not cross blocks or sub-
systems. The number of intersections should be kept as low as possible.

Purpose

Establishing a transparent, standardized layout.

Remark

The guideline helps to simplify reviews and maintenance.

References

e Controller Style Guidelines for Production Intent Using MATLAB, Simulink and Stateflow V1.0.0
[8],4.3.1.3

6.3 Display of Signals and Busses

Signals and busses should be provided with a name at their origin or other suitable locations to indi-
cate names and corresponding signals.

Purpose

Establishing a transparent, standardized layout.

Remark

The guideline helps to simplify reviews, maintenance and further processes.

References

e Controller Style Guidelines for Production Intent Using MATLAB, Simulink and Stateflow V1.0.0
[8],4.6.1.1

e Controller Style Guidelines for Production Intent Using MATLAB, Simulink and Stateflow V1.0.0
[8],4.6.1.2

e Controller Style Guidelines for Production Intent Using MATLAB, Simulink and Stateflow V1.0.0

[8],4.6.1.3
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6.4 Nonscalar Signals

The option Wide nonscalar lines in the Format menu should be used to indicate the dimensionality of
individual signals.

Purpose

Establishing a transparent, standardized layout.

Remark

The guideline helps to simplify reviews and maintenance.

References

e Controller Style Guidelines for Production Intent Using MATLAB, Simulink and Stateflow V1.0.0
[8],4.3.2.1.1

6.5 Display of Blocks

Block symbols should be large enough so that all icons and labels are clearly visible. Important block
parameters should be displayed via Attribute Format String or Block Annotation. Block names should
be located below the blocks.

Purpose

Establishing a transparent, standardized layout.

Remark

The guideline helps to simplify reviews and maintenance.
References

e Controller Style Guidelines for Production Intent Using MATLAB, Simulink and Stateflow V1.0.0
[8],4.5.1.3

e Controller Style Guidelines for Production Intent Using MATLAB, Simulink and Stateflow V1.0.0
[8],4.5.1.1

e Controller Style Guidelines for Production Intent Using MATLAB, Simulink and Stateflow V1.0.0
[8],4.3.1.7

Example
Fig. 49 shows some important block parameters that might be worth displaying.

6.6 Font and Font Sizes

All elements within a model except for text annotations should be displayed in the same font and size.
Common fonts like for instance Arial should be used.

Purpose
Establishing a transparent, standardized layout.

Remark

The guideline helps to simplify reviews and maintenance.

References
e Controller Style Guidelines for Production Intent Using MATLAB, Simulink and Stateflow V1.0.0

(8], 4.3.1.1
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T

—
In1 =1 Dutd
Discrete-Time
Integrator
<initial=0*
“zampla=1r

<limitz=-inf ¥ inf (off)>

J Block Properties: Discrete-Time Integral i ] 4|

Eallbacksl

General | Block. Annotation

Jzage

Teut that appears below the block's label. Enter the text in the annotation field,
The text may inchude any of the Block property takens in the Block property
tokenz list. Simulink, replaces each token with the value of the comezponding
praperty in the generated annotation. Click the »> button to enter the selected
token in the annotation field. Text can be edited on the right side edit field.
See example syntax on the battam.

Black property tokens: Enter text and tokens for annatation:

il <initial==<initialcondition: »
<tzample=k<zampleTime: >
<limitz=%<lowerS aturationLirmit:
f<upperS aturationbimity [%<lmitoutputs 1>

k<BackgroundColor:
Z<¢BlockDescription:
<BlockT ype:r
Z¢Datal ypelveride.
i< Dezoription:
Z¢Diagnostics
E<DropShadow:
ZeErtermalRezeats

% <ForegroundColor:
Ze¢Handlex
Z<HilteAncestors:
Z<InitialCondition:
Z<|nitialConditionS ouw

Z<Integratorbd ethod::
EeLimitOutputs hat Example syntax:
1 I i L4 Mame=%<Mame:

0K | Cancel | Help Apply

Fig. 49:
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7 Simulation Parameters

A correct simulation in Simulink requires suitable simulation parameter settings for the individual mo-
del (Configuration Parametersin the Simulation menu). Although the default settings may be adequate
in some cases, model-specific adjustments might be necessary to produce sufficient simulation re-
sults. The proposed simulation parameter settings described in this chapter should be regarded as
recommendations only, and deviations might be appropriate for specific models.

7.1 Solver Settings

The Solver options should be set to Type: Fixed-step and Mode: Single Tasking. The integration algo-
rithms ode1 (Euler), ode2 (Heun), ode3 (Bogacki-Shampine), ode4 (Runge-Kutta), ode5 (Dormand-
Prince) and the Fixed step size should be set in accordance with the required accuracy.

Purpose
Proper model simulation.
Remark

The Type: Fixed-step option causes the simulation to be performed with the fundamental Fixed step
size. The Mode: SingleTasking option ensures proper simulation of multirate models without the in-
troduction of Rate Transition blocks. If plant models require simulation with adaptive step sizes, the
solver option Type: Variable-step has to be used.

Example
Setting of the Simulation Parameters/Solver:

-} Simulation Parameters: sl_maskter_bi oy ] 4

Workspacela’Dl Diagnosticsl Advancedl Heal-TimeWleshopl

Salver

Simulation time

Start e I n.a Stop bme: I 1.0

Type: IFiHed-step j odel [Euler) j

Fized step size: I Fimztep Mode: ISingIeTasking ’l

COutput options

Fiefine output j Frefine factor: I 1

Ok | Cancell Help | Apply |

7.2 Diagnostics Settings

The simulation options for Consistency checking and Bounds checking should be set to none. In
addition, the following settings should be chosen for the Configuration options:

e Algebraic loop: Error
e Block priority violation: Error
e SingleTask rate transition: Warning
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Check for singular matrix: Warning

Underspecified data types: Warning

Unneeded type conversion: Warning

Vector/Matrix conversions: Warning

Signal label mismatch: Warning
Unconnected block input: Error

Unconnected block output: Error
e Unconnected line: Error

Purpose
Proper diagnostics functionality.
Remark

The Consistency checking and Bounds checking options are used to validate user-written S-functions
and might significantly increase the simulation time. The selected Configuration options serve to si-
gnal warnings and errors in order to prevent functional modeling errors.

Example

Settings for Simulation Parameters/Diagnostics. Deviations from the Simulink default settings are
marked.

-} simulation Parameters: advanced o ] B4 |
Solverl Workspacelfﬂl Diagrostics .L‘n.clvancedl Heal-TimeWorkshopl
Simulation optians
Consistency checking: m Bounds checking: m
Configuration options: .
2 2 Action
———=fnlusr Performanceme o - ————————
= None
< lgebraic loop Error
riority violation Er £ Waming
Min step size wiolation Warning 7 B
—————— Sample Time-----——----——--—-——-
-1 sawple time in source Warning
Discrete used as continuous Warhing
MultiTask it Error
c:gingleTask rate transition Iﬂarn:i.ng =
————— Data CHeCh i — ————~
& _[Check for sinmular matrix DJaEl_i__n-—'_U___)
Data owerflomw Warning
int3i2 to float conversion Warning
Parameter dowmcast Error
Farameter owerflow Error
Parame iad arning
C: nderspecified data types i
< nreeded type conversions
tor/Matrix conversion
---Block ComfEccIvitTY-—--——---—---—-—-
Invall
tmal label mismatch Warni:
Tnconnected block input Error
Tnconnected block output Error
Errn
S-function upgrades needed HNone
=
Ok | Cancell Help | Apply |
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7.3 Advanced Settings

For the Model parameter configuration, the Inline parameters option should be deactivated. On the
Optimizations tab, the following settings should be chosen:
e Block reduction: Off
Boolean logic signals: On
Conditional input branch: On

Parameter pooling: On
Signal storage reuse: Off

e Zero-crossing detection: On

Purpose
Proper model simulation.

Remark

The deactivation of the Inline parameters option enables run-time parameter modification during the
rapid prototyping phase. The activation of Conditional input branch: On reduces the simulation time
since calculations are not performed for deactivated paths for Switch and Multiport Switch blocks.

Example

Settings for Simulation Parameters/Advanced. The deviations from the Simulink default settings are
marked.

-} Simulation Parameters: advanced o ]
Solverl Workspacela’ﬂl Diagnnsticsl advanced | Real-Time W'c-rkshc-pl
Model parameter configuration
[~ Inline parameters Configure...l
Optirnizatiors: _
Action
ock reduction a  On
Eo o Oty
onditional input branch ___—_UD O
Parameter minnlanrm Mt j
Maodel Verification block contral: IUse local settings 'l
Production hardware characteristics: IMicmpmcessor j
Mumber of bits for C 'char' g ﬂ Walue:
Mmher nf hita far 0 'shorr! 1A ¥ I

(] | Eancell Help | Apply |
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8 DataTypes

With regard to the use of data types, it is important to distinguish between two different phases:

e The simulation on the block diagram level in Simulink when the actual control algorithm is desi-
gned and tested using model-in-the-loop (MIL) simulation.

e The code level, where implementation specific details like fixed-point scalings are added and
taken into consideration. The software-in-the-loop (SIL) simulation is the proper place to test
the specifics of the implementation of the algorithm.

The actual development of the algorithm and the MIL-simulation should be devoid of implementation
specific characteristics. This has important implications with regard to the use of data types in a MIL-
simulation because saturation and overflows in integer operations are highly implementation specific
rather than part of the control algorithm.

As a rule of thumb, the following principles should be upheld for the model-in-the-loop simulation:
All signals which are covering a continuous-valued scale by nature have to be modeled in the form of
floating point values with maximum accuracy;, i.e. with the double data type. The fact that those signals
are quantized for digital signal processing in practice and implemented in the form of fixed-point si-
gnals in the generated code shall have no impact for the control algorithm development phase and the
MIL simulation. Implementation specific information shall only be added during the code generation
phase, while the MIL simulation shall be performed with maximum accuracy.

Signals which are discrete by nature having only a definite number of potential values can be mode-
led using integer data types also (see below for restrictions with regard to the blockset stand-alone).
Thereby, it has to be made sure that the limited data range does not lead to problems with saturation,
potential overflows etc. following the principle that implementation specific data shall have an impact
on the generated code only. Saturation and overflows are extremely data type-dependend and their
exact semantics in Simulink are not properly defined.

Fixed-point data types shall be used on the code level exclusively, not in a model-in-the-loop simula-
tion.

Note: The use of integer data types is significantly restricted if the TargetLink stand-alone
blockset is used because the Cast output to TargetLink type flag is mostly ignored in this mode.

With regard to the use of non-double data types in general, one has to be very careful not to use a mo-
deling style with poorly defined semantics in Simulink like saturation in integer operations, overflows,
rounding in integer operations etc. The figures 50 and 51 demonstrate unexpected results which oc-
cur if integer arithmetic is used in conjunction with integer saturation in Simulnk. This semantic is
not emulated by TargetLink which performs saturation on the final output only, thereby producing the
"expected results". The figures 52 and 53 demonstrate how block-specific and intransparent the se-
mantics in Simulink are, if the round integer calculation towards option is used. Such a modeling style
should not be used and the behaviour is not emulated by TargetLink.

8.1 General Use of Data Types

All signals which are continuous by nature should be modeled using the double data type on the block
level. Information with regard to a later fixed-point implementation should be added during the code
generation phase later on, not on the Simulink block level.

Signals which are discrete by nature can be modeled using integer data types like int8, int16 etc. Here,
it has to be taken care that the range is sufficient to make sure that the integer arithmetic is devoid of
any overflows, integer saturations etc. Those are implementation specific characteristics which shall
be handled during the target implementation phase.
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3] Function Block Parameters: Add

Di=playl Add or subtract inputs. Specify ane of the following:
a) string containing + or - for each input port, | for spacer between ports (e.g. ++H++)
b) scalar »= 1. Avalue > 1 sums all inputs; 1 sums elements of a single input vector

P
™

Main |
>
|
[] Require allinputs to have same data type
Dis=play
o0 » €0 tput data type mode: [ int8 V|
Displaya Add Round integer calculations toward: | Floor v|
[v] Saturate on integer overflow
- To0
|
Dis=playZ

[ ok ][ Cancel ” Help ] fpply

Fig. 50: Saturated addition using integer arithmetic: The output of the sum block is specified as int8
and the saturate on integer overflow option is set. Note that not the assumed result 100 + 100 - 100
= 100, which perfectly fits into an int8 variable, is calculated but 27. This is a consequence of the
saturation of intermediate results in Simulink which leads to a somehow unexpected result. Such a
modeling style must not be used.

5] Function Block Parameters: Add g|
Sum

Add or subtract inputs. Specify one of the following:
a) string containing + or - for each input port, | for spacer between ports (2.g. ++H++)
b} scalar == 1. Avalue > 1 sums all inputs; 1 sums elements of a single input vector

100

Displayl

- ]
» Main

[] Require all inputs to have same data type

wutput data type mode:lintﬂ :: v|

Round irteger calculations toward: | Floor v |

I 100
L

-
[ z00] L

Di=play3

Display

[w] Saturate on integer overflow

100

¥

Di=playZ

I QK l ’ Cancel ] ’ Help Apply

Fig. 51: Saturated addition with swapped input signals compared to figure 50. Now the exptected
result 100 is calculated because no saturation of intermediate results occurs. Hence, the addition is
far from being commutative and such a modeling style must not be used.
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L] Function Block Parameters: Add

Sum
10.3

Add or subtract inputs. Specify one of the following:
Dieplagl a) string containing + or - for each input port, | for spacer between ports (2.g. ++H++)
b} scalar == 1. Awvalue > 1 sums all inputs; 1 sums elements of a single input vector

> Main |
» [] Require all inputs to have same data type
Dispiey Qutput data type mode: |intd -
0.8 > @ger calculations toward: NeareD w

Di=playa Saturate on integer overflow

10.23

¥

Di=playZ

OK ] ’ Cancel ] ’ Help ] Apply

Fig. 52: Integer addition with rounding: Since an integer data type is specified for the output and
input signals are non-integer, a rounding operation must be performed. Although the round integer
calculation towards option is set to Nearest, Simulink calculates 30 as result. This is due to the fact
that the input signals of the Sum block are directly cast to the output type applying the specified
rounding functionality. This behaviour is highly block-specific.

=] Function Block Parameters: Product
Product

£

10.3 Muttiply or divide inputs. Choose element-wise or matrix product and specify one of

the following

a) “or / for each input port (e.g., =)

b) scalar specifies the number of input ports to be multiplied

Sealar value of "1"for element-wise product causes all elements of a single input
vector to be muttiplied.

If / is specified with matrix product, compute the inverse of the comesponding input.

10SL !
Main

Dizplay$ 4
0.3 [] Require allinputs to have same data type

Diszplayl

h 4

h 4
X

Displayd Product Cutput data type mode: | int16

EfOund integer calculations toward: | Floor -
. 10.3

[ Saturate on integer overflow

Di=play2?

[ oK ] [ Cancel ] [ Help ] Apply

Fig. 53: Integer Multiplication with rounding. As opposed to the Sum block in figure 52, the rounding
operation is only performed on intermediate results, not on the input signals directly. As a conse-
guence Simulink’s calculated result does not equal 1000. Because this behaviour is highly block-
specific and intransparent, a modeling style requiring such operations should be avoided.
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Fixed-point data types must not be used for simulations in Simulink on the block diagram level (model-
in-the-loop simulation) at all. They should be used for software-in-the-loop simulations (code level)
exclusively.

Logical signals can be modeled using the data type boolean.

Note: The use of integer data types is significantly restricted if the TargetLink stand-alone blockset is
used because the Cast output to TargetLink type flag is mostly ignored in this mode.

Purpose

Proper modeling style and a distinction between control algorithm development and its final imple-
mentation, equal results for Simulink and TargetLink simulation modes.

Remark

Data types during the function development phase should be free from implementation specific de-
tails. The use of fixed-point data types is highly implementation specific and furthermore it is in-
transparent, how exactly the fixed-point operations are carried out with regard to intermediate results.
These details should be adressed during the implementation/coding phase.

8.2 Data Types for Relational and Logical Operator

For the Relational Operator and Logical Operator blocks, the boolean, logical (see Configuration Para-
meters:Optimization) or double data types must be used. Furthermore, the settings should be consis-
tent for the blocks, meaning, they should be either set to boolean, double or logical for all Relational
Operator and Logical Operator blocks.

Purpose

Identical data types for TargetLink and Simulink.

Remark

The output data types of the TargetLink Relational Operator and Logical Operator blocks are either
double or boolean dependent on the global Simulink option Implement logical signals as boolean (vs.
double) in the Simulation/Configuration Parameters/Optimization dialog. The behaviour is therefore
identical to the logical option in Simulink. In order to ensure equal data types in Simulink and Tar-
getLink, the options above have to be specified consistently for all blocks. If necessary, the global
Simulink option Implement logical signals as boolean (vs. double) has to be modified also. If succee-
ding blocks shall be driven by a different data type, then the output signals of Relational Operator and
Logical Operator blocks have to be cast to the proper type using a Data Type Conversion block.

Example
The figures 54 and 55 show the inadmissable and proper use of data types.

8.3 Data Types for Signal Busses at the TargetLink-Simulink Inter-
face

Bus signals crossing the border from a TargetLink Subsystem to Simulink are always of the double
data type during a software-in-the-loop simulation. Hence, if succeeding blocks require other data
types, Data Type Conversion blocks have to be inserted to perform the required typecast.

Purpose
Proper data types at the border of TargetLink subsystems.
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Block Parameters: Logical Operator %]
— Logical Operator

Logical operators. For a single input, operators are applied across the
input vector. For multiple inputs, operators are applied across the inputs.

— Parameters
Operator: [AND ~|
Number of input ports:

[2
W Show addtional parameters ————

[~ Require all inputs and output to have same data type

Output data type mode: | Specify via dialog |

data type 8). sirt(32)):
uint

Sample time (-1 for inhented):
1

ok | _cwes | o | hwy |

Fig. 54: Data types like uint(8) must not be used for the output of a Logical Operator or Relational
Operator block.

Block Parameters: Logical Operator [X]

— Logical Operator
Logical operators. For a single input, operators are applied across the
input vector. For multiple inputs, operators are applied across the inputs.

— Parameters
Operator: [AND ~|
Number of input ports:

2
2 Show additional parameters
[~ Require all inputs an&l.ﬂpm to have same data type

Output data type mode: IBooIean LI
Sample time (-1 for inherited):

[

OKICanoeIIHeIp Applyl

Fig. 55: The otuput data type is set to Boolean. In order to produce the same output data type for the
corresponding TargetLink block (full-featured mode or stand-alone mode), the global Simulink option
Implement logical signals as boolean (vs. double) has to be activated.
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Remark

Busses leading out of a TargetLink subsystem are supported since TargetLink 2.1. However, the Tar-
getLink generated S-function for a software-in-the-loop simulation outputs double signals within bus-
ses exclusively.

Example
Figure 56 shows the use of a Data Type Conversion block at the TargetLink-Simulink interface.

uinttg  junti®

Data Type Conversion

Controlleri

Fig. 56: If data types other than double are required for bus signals coming out of a TargetLink Sub-
system, Data Type Conversion blocks have to be inserted.This is only relevant for the software-in-the-
loop simulation.

8.4 Avoidance of Overflows

For all integer operations, the specified value range for the output data type as well as those of inter-
mediate variables have to be sufficient to avoid overflows. In particular, overflows must not be used
deliberately.

Purpose
Proper modeling style , equal results for Simulink and TargetLink simulation modes.

Remark

Basically, overflows shall not be used as a stylistic element because they are highly implementation
specific and constitute a highly intransparent modeling style. Over- (and underflows) are dependent
on size and kind of the used data types whose use is intransparent and block-dependent in Simulink,
particularly for intermediate results. Moreover, TargetLink does not emulate the over/underflow beha-
viour in Simulink. In the TargetLink blockset stand-alone, over- and underflows are avoided in principal
by saturation.

Example
Figure 57 shows an example of integer arithmetic in which overflows cannot occur.

8.5 Avoidance of Saturation in Integer Arithmetic

Saturation in integer arithmetic via the Saturate on Integer overflow option should be avoided through
the use of data types with sufficient bit lengths for outputs as well as intermediate results. Excepti-
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—»| )

Data Type Conversion2

—p|  (int8)
Data Type Conversion3

Block Parameters: Product1 (%]
— Product
Muttiphy or divide inputs. Choose element-wise or matrix product and
specify one of the following:

a) * or / for each input port (2.g., =)
b) scalar specifies the number of input ports to be multipbed
Scalar value of ‘1" for element-wise product causes all elements of a single

imput vector to ba multiplied,
i /is specified with matrix product, compute the inverse of the

comesponding input.
— Parameters
Number of inputs:

Muttipiication: | Bement-wise{ ") ~|
Dduch v Show additional parameters ————

[~ Require 2l inputs to have same data type

€0 data type mode: [int 16 > 1™
Round mmatnwamggr -

[~ Saturate on integer overflow
Sample time (-1 for inherited):
-1

Fig. 57: Example of a Product block with integer arithmetic. The Int16 output data type ensures that

no overflow occurs.
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ons can only be made for blocks, where it can be assured that the saturation is not carried out on
intermediate results but only on the final output signal, like in the following blocks:

e Gain

e Product block with less than three inputs

e Multiport Switch

If the saturation is part of the control algorithm itself rather than the specific integer arithmetic, the
Saturation block should be used.

Note: In order to avoid saturation, it is irrelevant whether the option Saturate on Integer overflow is set
or not but that the data type is sufficient to make sure that no saturation occurs.

Purpose
Proper modeling style, equal results for Simulink and TargetLink simulation modes.
Remark

In general, implementation specific aspects like saturation in integer arithmetic operations have to be
handled on the code level. Moreover, the semantics on how saturation is performed in integer arith-
metic in Simulink is quite intransparent and blockspecific. The inputs of a sum block for instance, are
directly cast to the output type and potentially saturated just like any other intermediate result. This
may lead to unexpected behaviour and is not emulated by TargetLink where only block outputs are
saturated.

Example
Figure 58 shows an example for integer arithmetic.

E! Function Block Parameters: Add

Sum

Add or subtract inputs. Specify one of the following:
a) string containing + or - for each input port, | for spacer between ports (e.g. ++H++)
— insd b) scalar »= 1_ A value > 1sums all inputs; 1 sums elements of a single input vector

Datva Type Convezaion

Main | Signal data types

— inu

Data Type Comwersioml Qutput data type mode: | int16
Bdd

[] Require all inputs to have same data type

YYy

Round irteger calculations toward: | Zero
» tonl b 4

Data Iype Comnversiona

oK [ Cancel ][ Hep ][ Awmir

Fig. 58: Example of a Sum block with three input signals. If the Saturate on Integer overflow option has
been activated, then the intermediate results are saturated, which is partly intransparent and might
also lead to (incorrect) unexpected results. Here, the data type Int16 at the output ensures that satu-
ration never occurs, just as a potential over/underflow.

8.6 Avoidance of Rounding Operations

Rounding operations within integer calculations via the property Round Integer Calculation towards ...
should be avoided. If a rounding function is required then the Rounding Function has to be used for
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that.

Note: Rounding operations appear if integer output data types are specified for a block in which
floating-point values are used also, or if the results of integer operations are not displayable as integer
variables (for instance divisions).

Purpose
Proper modeling style, equal results for Simulink and TargetLink simulations.
Remark

The semantics on how the rounding operation is performed is partially intransparent and block-
specific in Simulink. TargetLink does not emulate the different rounding methods in integer calucula-
tions.

Example

Figure 59 shows an example where integer rounding operations might be required.

double intlE

5] Function Block Parameters: Gain

Gain %

Element-wise gain fy = K."u) or matrix gain fy = Kuory = u'K).

Main 5

Qutput data type (e.q. sfix(16), uint(8), float(single”):
sint(16)

@ integer calculations toward: | Zero ’ +

[] Saturate on integer overflow

OK ][ Cancel H Help Apply

Fig. 59: Example of a Gain block which is driven by the floating-point data type double and specified
to have the integer data type Int16, which is the reason why a rounding operation might be required.

8.7 Use of Data Types for Discrete Transfer Fcn, Discrete State-
Space and Discrete Filter Blocks

The data types used for input and output variables of Discrete Transfer Fcn, Discrete State-Space and
Discrete Filter blocks must be either consistently floating-point or consistently fixed-point but not a
mixture of the two.

Purpose
Code generation with TargetLink.
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Remark

Mixing floating-point and fixed-point code in these blocks is currently not supported by TargetLink for
reasons of code efficiency.

References

e TargetLink Production Code Generation Guide [1], TargetLink Limitations, Block-Specific Limi-
tations, Discrete Transfer Fcn/Discrete Stae-Space

8.8 Use of Data Types for Trigonometric Blocks

The data types used for the hyperbolic functions sinh, cosh, tanh, asinh, acosh, atanh within a Trigo-
nometric Function block must all be floating-point. For the atan2 function, the use of 32-bit integer
input signals and output signals of unsigned integer type is not permitted.

Purpose

Code generation with TargetLink.

Remark

The combinations of the above functions and data types are not supported by TargetLink.
References

e TargetLink Production Code Generation Guide [1], TargetLink Limitations, Block-Specific Limi-
tations, Trigonometric Function with atan2

8.9 Use of Data Types for Math Blocks

For TargetLink versions prior to TargetLink 2.1, fixed-point code settings for the mod and rem functi-
ons of the Math block have to be specified in the form of power of two-scaling without offset for the
input signal and power of two-scaling for the output signal. The Arbitrary Scaling option is not permit-
ted for the above functions for TargetLink versions prior to 2.1. Since TargetLink 2.1, arbitrary scaling
is supported but the offsets of input and output must be set to zero.

Purpose

Code generation with TargetLink.

Remark

The combinations of the above functions and data types are not supported by TargetLink.

References

e TargetLink Production Code Generation Guide [1], TargetLink Limitations, Block-Specific Limi-
tations, Math with Mod/Rem operator

Example
Inadmissible arbitrary scaling of the output signal of the Math block using the mod function.
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mod

Math

ol
ﬂ@ﬂ@@ Last modified: 23-Mar-2005 08:15:28
Output Logging & Autoscaling | Documentation
Function
Function: mod - [T | Check for exceptions it production code
Production code options
Description: I
Wariable: I _I Hame: |$5_$E— Unit: I—
Class: [[defaut sl [
Type: | Ulnt16 _I Width: IW_ ﬂ [T Cast output signal ta Targetlink tipe
Scaling: I _I Element: IW— ﬂ I Same sealing for al
Implemented Calculated Simulated
LSB: 4 Ma: | 262140 na na. I~ Saturate
Diffset: E Min: | il na na [~ Saturate
I‘”SMCE Apply | Revert | Help | Cancel | Cloze |
Writing data to block ... done.

8.10 Use of Data Types for Selector Blocks

If the external index signal option is specified for the Selector block, all input signals must have identi-
cal data type and scaling information.

Purpose

Code generation with TargetLink.

Remark

TargetLink supports this option under the above mentioned limitations for reasons of code efficiency.

References

e TargetLink Production Code Generation Guide [1], TargetLink Limitations, Block-Specific Limi-
tations, Selector

8.11 Use of Data Types for Look-Up Table und Look-Up Table (2D)
Blocks

Floating-point data types for the Look-Up Table and Look-Up Table (2D) blocks must not be used in
combination with the Equidistant with option.

Purpose
Code generation with TargetLink.

Remark

TargetLink currently does not support floating-point data types in combination with equidistant break-
point data.

References
e TargetLink Production Code Generation Guide [1], TargetLink Limitations, Block-Specific Limi-

tations, Look-Up Table(1D and 2D)
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Example

Inadmissible option in combination with floating-point data for the Look-Up-Table block.

-} TargetLink: lut_equidistant/Look-Up Table (TL_LookuplD)

Tablel Logging &Autoscalingl Documentationl

Table options

¥

Loaok-Up
Table

I [ 3

Last modified: 22-Mar-2005 11:02:58

Y-ads: | tanhi[5:5])
Look-up method:

Heawis: I [-5:5]

Ilnterpnlatinn - Uze End Values

[ Distarces betwesn table entries
lezz than half of implemented range

Scale Table | Table Tool |

Froduction code options

I A&dd boundary poiits
j IEquid\stant with j
Distance: |1

From: | -128

To: [127

Select: I w-awis hd l
Drescription: I
W ariable: I

. | Marme: I $5_$B_»_table Unit; I

Clazs: I default
S

| Address: I—

Type: M _I nfidth: l— ﬂ ™| Cast output signal to T araetlink bipe
Scaling: I _I Element: l_ ﬂ I™ Same sealing for all
Implemented Calculated of wector
LSB _l ] Max: I 3.40282e+038 n.a. 5
Offset: IU Mir: I -3.40282e+038 na 4
ldS’MCE Lpply | Hevertl Help | Eancell Cloge |

“wiriting data to block ... done.

8.12 Use of Data Types for Multiport Switch Blocks

The first input (control port) of the Multiport Switch block should be driven by a signal with an unsigned

integer data type.

Purpose

Ensuring a transparent modeling style.

Remark

The input signal of the control port has to be non-negative and is cast to an integer number by Simulink

during the simulation.
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9 Handling of Look-up Tables

This section contains rules relating to the handling of Look-up Tables for the purpose of efficient code
generation.

9.1 Common Settings for Look-up Table Blocks

The settings for look-up table blocks within one project should be kept as consistent as possible with
regard to data types, search algorithms etc.

Purpose
Generation of efficient code.

Remark

TargetLink generates special C functions for look-up tables. If common settings are specified for mul-
tiple look-up table blocks, the generated table functions can be reused. This leads to a significant
reduction of code size.

References

e TargetLink Advanced Practices Guide [2], Working with Special TargetLink Blocks > Look-Up
Table Blocks > Table Functions > Table Function Reuse

Example

The name and the functionality of the function generated for a look-up table block depends on the
specified data types, search functions, the look-up table method and a couple of other options. The
name of the table function to be generated because of the settings is indicated on the documentation
page of the block dialog, see fig. 60. The fewer separate look-up table functions are generated, the
smaller the resulting code size.

-} Targetlink: fuelratecontroller/Sensor correction and Fault Redundancy/T|

’Table] [Logging & Autoscalingl Documettation
( able function name: TabldxS17T1 _a }

Code comment: (%) Inzert at block variable declaration

Block comment:

Pre Lock-up Index search block of d3PACE TargetLink.

Fig. 60: Name of the generated look-up table function for a look-up table block. If the code generation
options are common for multiple blocks, the generated function is automatically reused for each of
them.
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9.2 Merging of Table Vectors

If the same table(vector) ist to be used in multiple Look-up Table blocks, it must be ensured that only
one variable is generated in the code. This is accomplished by specifying a fixed variable name and a
variable class with the MERGEABLE optimization attribute.

Purpose

Generation of efficient code.

Remark

As aresult, the table is allocated only once, resulting in less ROM consumption.
Example

Fig. 61 shows the selection of a variable class with the MERGEABLE optimization attribute set and a
fixed, block-independent variable name.

=) Targetlink: fuelratecontroller/Sensor correction and Fault Redundancy/Throttl

Table [Logging & AuTDscaIing] [Documer‘daﬂon

Tahkle optiohs
Tahle: ThrotEst Mumber of table dimensions: | 2 j
[[] Distances between table entries Apply interpolation
less than half of implemented range
Scale Takle

Production code options

Select: tatle -]

Description: | table data for thrattle estimate

“ariakle: [I] Maime: Unit:
Clags: [:] Address:

Type: UIrt16 [:]

Soaling [:]

Fig. 61: Required specification in the block dialog to enable variable merging.

9.3 Common Search Function for Multiple Look-up Table Blocks

If multiple Look-up Table blocks use the same input table vector with identical input signal, PreLook-
Up Index Search blocks should be used in conjunction with Interpolation (n-D) using PreLook-up or
Direct Look-up Table (n-D) blocks. Hence, the generated search function and the calculated results
can be reused.

Purpose
Generation of efficient code.

Remark
Reusing of search functions and the calculated results saves execution time.
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References

e TargetLink Advanced Practices Guide [2], Working with Special TargetLink Blocks > Look-Up
Table Blocks > Implementing Look-Up Tables > How to Optimize Table Searches and Reuse
Search Results

Example

Figure 62 shows an excerpt from the TargetLink demo model FuelSys, in which the search results are
reused via PreLook-up Index Search blocks.
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Throttle Estimation
Interpolation {n-0n
using PreLock-Up

- = Iy ) N
Function 255
— -
5 R ol
T L |

feil_THROT. fsil_THROT

(T -—— o
v thebttle
throttle. throttle

Threttle Index Search

throttle

& g a—

throttle switch

-

peed Estimation
Interpolation {n-0n
using PreLogk-Up

20 Tikf)

P,
™

throttle

h 4

»—— >
fsil_SPEED. fail_SPEED
u
(2 =.'}]§:1 -
speed. speed | LRV} (T
Speed Index Search

EGO. EGO Pressure Estimation

lation {n-0}
using Prelook-Ug

throttle

¥

2-D

Press Index Search

¥

¥

Fig. 62: Mutual search function for multiple blocks.
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10 Function Handling

This chapter contains rules relating to the handling of functions for the purpose of efficient code ge-
neration.

10.1 Inlining of Functions

The Compilerinline and Optimization properties for function classes in the Data Dictionary determine
when function calls should be replaced by the expansion of the function code (function inlining).
Purpose

Generation of efficient code.

Remark

Since the function call is eliminated when function inlining is performed, the execution time is reduced
at the expense of increased code size.

References
e TargetLink Advanced Practices Guide [2], Mapping of Subsystems and Functions > TargetLink
Subsystems and Function Inlining
Example

When the Compilerinline property is set for a function class in the Data Dictionary, TargetLink creates
an inline keyword as a prefix for the function definition, see fig. 63, which is a recommendation to the
compiler to inline the function.

For functions which reside in the TargetLink Subsystem and are called from there, it is also possible
to let TargetLink do the function inlining. This behavior is specified via the Optimization property and
an inlining threshold, see fig. 64. The following options are available:

e CG_AUTOL_INLINE: The function is inlined according to an internally calculated cost function
and the global inlining threshold.

e CG_FORCE_INLINE: The function is inlined regardless of the value of the internal cost function.
e CG_NO_INLINE: The function is not inlined.

Functions which are generated implicitly by TargetLink rather than being specified explictly by the user
are inlined if the cost function does not exceed the global inlining threshold.

10.2 Handling of Function Arguments vs. Global Variables

The variables for TargelLink Inports and Outports are created as either function arguments or global
variables, depending on the specified variable class.

Purpose
Generation of efficient code.
Remark

Depending on the choice of function parameters or global variables, either RAM or stack consumption
can be reduced at the expense of the other resource. Passing values as function arguments usually
increases the execution time.
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Eisemann\Demos\fuelsys\fuelsys.dd*

File Edit View Extras Tools Help
E|w"| @| | | | | 3::'| | «| |‘| |:]->| ||B| W Show unset properties  Active Variant: |—
Use Case:View AIII *| DD Object: |5 j
=1-[21 DataDictionary #| | Property | Value
+-[01 Config Description "Function dass for auto-inline”™
--21 Pool TypePrefix -
=] Variables Storage default
: RTOS Macro Boolean off
Di Alias Boolean off
Isps c: gompi erInling :b Boolean off
F:als Interrup Boolean off
+1- =] Scalings SectionName String -
+ Typedefs DeclarationStatements StringArray
+-¥C VariableClasses Mo String -
- Fi# FunctionClasses <Oph’mizaﬁ0n Bitfield CG_AUTO_IMNLINE
GLOBAL FCN odebutputiemplate String "default”
Fra| STATIC_FCN
EXTERMN_FCN
INLIME_FCM .
INTERRUPT _FC
GLOBAL_MACR!
AutoInline
0. Tl Tamnlatae _
¢ | 3 = ' >
Status: Refresh Title Object: 1 (DDO) User Mode ACCESS: TWrw 0 Children 12Pr

Fig. 63: Function class with settings for the Compilerinline and Optimization properties.

B Targetlink: tllib (TargetLink Main Dialog) &o

ﬂ J £| @ Last modified: 22-Feh-2005 11:28:43

Code Generation| Simulati0n| HTDS| Tools| Dptions| Advanced

D ocumentation |

Wariant configuration

Active variant: | J

Code output formatting

Style definition file: | config.<ml Browsze ...

Root style sheet: | TL_CSourceCodeSs.xsl Browsze ...

Advanced production code options

Optimization level; 2 :I Multivalued state variables if number of states > | 5 il

Line break limit: | 100 il |E0nstants in decimal farmat j

nlining threshold: | E
Iv Use bitfields in state machines v Code identifiers max. 31 chars

[~ Use global bitfields for Booleans [~ Omit initializations to zero in restart functions

Iv Use optimized Boolean types [ Share functions between T argetLink subsystems
Iv Functions for B4-bit operations [ Esxtended wariable sharing

[ Keep saturation statements

Set Generic Defaults| |

> | et | b | carca | o |
y< Rewert Help Cancel

Block data cannaot be modified due ta library lock.

Fig. 64: Global setting for the Inlining Threshold in the TargetLink Main Dialog.
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References

e TargetLink Advanced Practices Guide [2], Mapping of Subsystems and Functions > Defining the
Function Interface > Function Interfaces

Example

In the example in fig. 65, the input variables are passed as function arguments on one hand and as
global variables on the other. This can be done for instance, by specifying the predefined FCN_ARG
and FCN_REF_ARG variable classes on one hand and MERGEABLE_GLOBAL on the other for the
TargetLink Inport and Outport blocks (in general: depending on the Scope property of the variable
class). If no TargetLink Inports and Outports are present, the default behavior of the code generator is
applied, i.e. global variables are used.

As aresult, TargetLink generates the following code for both subsystems:
[...]

/* call of function: Schnittstellen/GlobalVars */
Sa3_GlobalVars () ;

/* call of function: Schnittstellen/FcnArg */
Sa2_FcnArg(In, & (Outl));
[...]

10.3 Reuse of Functions

If a TargetLink model contains multiple identical subsystems / state charts, code for them should be
generated in the form of one function only, which should be reused for each instance (function reuse).
If the subsystems are structurally identical but differ in the parameter set used, function reuse should
be applied as well. To make TargetLink generate reused functions, the prototype must be placed in a
library and special settings are required, see the example below.

Purpose
Generation of efficient code.

Remark
Function reuse reduces code size, i.e. ROM consumption.

References
e TargetLink Advanced Practices Guide [2], Mapping of Subsystems and Functions > Function
Reuse
Example

Fig. 66 shows a model with multiple instances of a filter block. Function reuse makes sure that code
for the subsystem is generated only once and called for each instance.

To enable function reuse for the filter blocks, they must be taken from a library into which the block
prototype was previously placed. In the case of a Simulink subsystem, a Function block and Target-
Link Inports and Outports have to be placed within the subsystem. In addition, the Make function
reusable option also has to be specified, see fig. 67. Moreover, each instance must be assigned a
common name for the function to be generated and a proper function interface. For state charts, the
corresponding settings can be specified using the property manager.

For the model in fig. 66, TargetLink generates the following code, applying function reuse:
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.

.
Schnittstellen/.../Schnittstellen/FcnArg * ==

DSHE| & B[] r =S

= Schnittstellen/.../Subsystem/Schnittste. .. E]@ﬁ‘

File Edit WView Simulation Format Tools Help

D | E’* n % | d% E | lf_'_:l Q | P = | g Inl Infors CusPors Cuzl

Class: ECH_ARE ©33R  Class: FCH_REF ARG

e il ousif e —— (1 ) R [100% | | [FixedstepDiscrete Y
In Cutl
- in Fenirg mast - M Schnittstellen/.../Schnittstellen/GlobalVars * =2
pe{In_  Ous_| — = :;_- _ —
=D DS HS S 2@ r = =S

FlobalVars

Flo5% [FixedStepDiscrete -

In_ = Out Out,
Zain Claws=: MERZAELE GLOEAL
VariableName: QutZ

Re [100% | [ |FixedstepDiscrete Yy

Fig. 65: Passing input parameters as global variables or function arguments.

¥ FunktionsWiederverwendung/.../Subsystem/NRadMittel =)o)
File Edit View Simulation Format Tools Help
DESHSE (28 9 » s d RET@®
L
WRadVE_  ypagvm E +
T=ZuIPelVR TplFiltexr
(2 —t—
WRadVL_ NWRadVL E +
TsZuTPelVL TplFilterl
plfilses > _
| E— + -
(3 gl WRadMisel NRadMivcel
WRadHR_ ymadmm E + s Eroduce
T=ZuIPtlHR TplFfilter2 Consztant
(=) =
WRadHL  ypagHT E +
T=sZuIPelHL TplFilterd —
Sum
Ready 99%. |FixedStepDiscrete Y

Fig. 66: Function reuse of a subsystem: There are multiple instances TplFilter, TplFilter1, TplFilter2,

TplFilter3 for which only one function should be generated.
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/* call of function: NRadMittel/TplFilter */
TplFilter (Sal_NRadVR, 32 /* 0.25 */, &(SFTP11_SignalGefiltert),
& (tagISV_SFTP1ll_TplFilter));

/* call of function: NRadMittel/TplFilterl */
TplFilter (Sal_NRadVL, 32 /* 0.25 */, &(SFTP11_SignalGefiltert_a),
& (tagISV_SFTP11l_TplFilterl));

/* call of function: NRadMittel/TplFilter2 */
TplFilter (Sal_NRadHR, 32 /* 0.25 */, &(SFTPll_SignalGefiltert_Db),
& (tagISV_SFTP11l_TplFilter2));

/* call of function: NRadMittel/TplFilter3 */

TplFilter (Sal_NRadHL, 32 /* 0.25 */, &(SFTPll_SignalGefiltert_c),
& (tagISV_SFTP1l_TplFilter3));
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B Function [S]E!
< C |EH®
Options | Arguments | Ineremental Documentation |
Code options
Drescription: I
Step function name: I Tp1Filker
Step function class: I GLOBAL_FCH _I
Fiestart function name: I I™ Force
Fiestart function clazs: I _I
It function name: I INIT_Tp1Filter I~ Farce
Init function class: I GLOBAL_FCM _I
Term function name; I I~ | Force
Term furction class: I _I
Subsystem ID: |FTR1
Code file options
C code file narme: I
[wao extengion)]
I~ Link external code file
,dS’PACE 0] 4 | Cancel | Fevert | Apply |

Fig. 67: Settings in the dialog of the Function block to enable function reuse.
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11 Variable Handling

This chapter contains rules relating to the handling of variables for the purpose of efficient code ge-
neration.

11.1 Use of Bitfields

Bitfields allow memory-efficient storage of boolean variables and Stateflow state variables. Two sepa-
rate options Use global Bitfields for booleans and Use bitfields in state machines, are available in the
TargetLink Main Dialog.

Purpose
Generation of efficient code.
Remark

Using bitfields can reduce memory consumption at the cost of increased execution time for accessing
variables stored in bitfields.

Example
Fig. 68 shows the two options for bitfields on the Advanced tab of the TargetLink Main Dialog.

Please note that boolean variables are only stored in bitfields if they are scalar, not logged, and if the
selected variable class is default. A Boolean data type also has to be selected.

If the option Use bitfields in state machines is selected, the storage of the current state in Stateflow is
coded in bitfields in which the variables are allocated with the proper length.

11.2 The Impact of Variable Classes on Optimization

A variable class other than default should only be specified if this is really necessary, for instance to
make a variable calibratable, measurable etc. If user-defined variable classes are used, a maximum
number of optimization attributes should be set whenever possible.

Purpose
Generation of efficient code.
Remark

Specifying a variable class other than default affects the optimization performed by the code gene-
rator. Variables with default variable class can be merged, moved into conditional branches or even
erased entirely. If a user-specified variable class is selected, the optimizations performed by the
code generator depend on the optimization attributes ERASABLE, MOVABLE, MERGEABLE and
SCOPE_REDUCIBLE.

Example

Fig. 69 shows the specification of the default variable class which grants the code generator the ma-
ximum freedom with regard to optimizations to be performed.

If a variable class other than default is specified, the attributes for the Optimization property of the
variable class determine the optimization mechanisms of the code generator, see fig. 70.

dSPACE
Page 105 of 162 I’



Variable Handling

TargetLink: bitfields (TargetLink Main Dialog) =E

00| &| €| M| Last modified: 23-Feb-2005 16:42:52

Code Generati0n| Simulati0n| HTDS| Tools| Dptions| Advanced

D acumentation |

Wariant configuration

Active variank: | J

Code output formatting

Style defirition fie: | ecanfig sl Browse ...
Roat style sheet: | TL_CSourceCodeS55s. el Browse ...

Advanced production code options

Optimization level: 2 j Multivalued state variables if number of states > | 5 i‘

Lire break limit: | 100 i‘ |Constants in decimal farmat j

Irliving threshold: £ =4

v Uze bitfields in state machines v Code identifiers max. 31 chars

v Use global bitfields For Boolears | [ Omit initizlizations ta zera in restart functions

| Use optimized Boolean types | Share functions between Targetlink subsystems
[v Functions for B4-bit operations | Extended variable sharing

[ Keep saturation statements

Set Genernc Defaults | |

- | Revet | b | coneel | _cose |
yr Apply Revert Help Cancel Cloze

Ready

Fig. 68: Advanced page of the TargetLink Main Dialog with the available bitfield options.

oD & € i, K Last modified: 27-Feh-2004 14:27:10

Outpout IThreshoId] lLogging & Autoscaling] IDocumentaﬁon

Production code options

Description: | estimated throttle angle L\} |
Wariahble: Marme: $5_%B Unit: I:I

Type: Uint18 | [ et
Scaling: | | E Eletnert:
Implermerted Calculsted Simulated
LSB: ? Ma: |:| 127 865 na. na. [ ssturste
dSPACE ’ Hel ] [Cancel] ’ Cloze ]
V7 4 il
Ready

Fig. 69: Selection of the default variable class in the block dialog.
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DD) D:\Eisemann\Demos\fuelsysifuelsys.dd*

File Edit View Extras Tools Help
E|w"'| @| | | | | él;:l'| | ﬁ| |:| |:].>| ||B| [ Show unset properties  Active Variant: -
Use Case:|View Al j DD Object: | AT T GLOEA jl
= Variables # | | Property Type | Value
+ RTOS % Description String “global variables which are fully optimizable (RAM)™
Disps Storage Enum default
4] cals Scope Enum global
=
+-[=] Scalings Arlgc!iass Hanldle {;
# [T Typedefs Carst Booean  off
--WC VariableClasses Macro Boolean off
O cLosAL Alias Boolean off
[Z2 STATIC_GLOBAL InitAtDefinition Boolean on
[l EXTERM_GLOBAL RestartFunctionMame String
21 MERGEABLE_GLOBAL SectionMame String
[E) OPT_GLOBAL TypePrefix String
(£ NOPT GLOBAL DedarationStatements StringArray
- LseMName Boolean an
(21 STATIC_LOCAL Module string .
0 oPT_LOCAL Info Enum none
(01 caL AccessFunctionTemplate Handle <
[ STATIC_CAL c ptimization Bitfield e I0VABLE, ERASABLE
[Z1 EXTERM_CAL ScopeReducedClass Handle <=
[Z1 MERGEABLE_CAL
21 oPT_caL | |£ 5
Status: Refresh Tite Cbject: 1772 (DDO) User Mode ACCESS: MWrw 0 Children 19 Properties

Fig. 70: Optimization property of a variable class.

11.3 Erasing of Variables

If the ERASABLE optimization attribute is set for a variable class, all the variables of that class can be
erased by the code generator if their values are not needed.

Purpose
Generation of efficient code.

Remark
The erasing of superfluous variables and code reduces code size and execution time.

Example

Fig. 71 shows an example with two variables which are irrelevant to the rest of the model. The code
generator uses the ERASABLE optimization attribute to decide whether the variables must be deleted
or not. The attribute is set for the DISP_ERASABLE variable class and cleared for the other variable
class, see fig. 72.

As aresult, TargetLink generates the following code:

Void Subsystem (Void)

{
/* Gain: Subsystem/Class DISP_NOT_ERASABLE */
Sal_Class_DISP_NOT_ERASABLE = Sal_In * 5;
/* Outport: Subsystem/Out. */
Sal_Out = Sal_In;
}

The calculation of the variable sa1l_Class_DISP_NOT_ERASABLE is carried out, although the result is
not necessary for the rest of the model. The calculation of the variable sal_Class_DISP_ERASABLE
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% VarClassErasable/.../Subsystem/Subsystem ==

File Edit View Simulation Format Tools Help

Dt HS| BR[| o

R e

» > »E

Class DISF_ERASABLE

O —t =)

g 5

Class DISF_NWOT ERASABLE

Ready  [98% [ |FixedStepDiscrete 4

Fig. 71: Model with two irrelevant variables which could be erased.

BED Eisemann\Demos\fuelsys\fuelsys.dd*
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(13 sTATIC_GLOBAL ArgCl Handle <

5 erm com s Soden

@ MERGEABLE_GLOBAL Macro Boolean off

@ oPT_sLOBAL Alias Boolean off

(23 NOPT_GLOBAL —! | InitAtDefinition Boolean on

(21 STATIC_LOCAL RestartFunctionMame String -

21 oPT_LOCAL SectionMame String -
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Fig. 72: The ERASABLE attribute is set, enabling the code generator to delete the variable if possible.
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is avoided due to the specified optimization attribute. In general, intermediate variables are only erased
if the ERASABLE attribute is set.

11.4 Merging of Variables

The MERGEBALE optimization attribute of a variable class enables the generation of only one varia-
ble in the C code for multiple variables in the model with identical names. Without the MERGEABLE
attribute, the code generator would issue an error message.

Purpose
Generation of efficient code.

Remark

The merging of variables in one single instance in the generated code saves RAM and simplifies cali-
bration, since only one variable needs to be adapted.

References

e TargetLink Advanced Practices Guide [2], Configuring TargetLink and Adapting Code to Com-
pany Coding Styles > Variable Classes > Example of Merging Multiple Declarations of Variables

Example

Fig. 73 shows a variable class with the MERGEABLE attribute set. Variables with identical names are
only merged in one variable if the MERGEABLE attribute is set for the respective variable classes.

O® D:\Eiseman n\Demos\fuelsys\fuelsys.dd*

File Edit View Extras Toolz Help
> 8] ¥ [dg v i i jant:
H|w| @| | | | | I | | ﬁl |‘| |:].>| || v Sho»&nse’: propetties  Active Variant
Usze Case:|\~"iew All ﬂ DD Obiject: |EEel AT j
--WC VariableClasses # | | Property | Type | value
(@ MERGEABLE Diescription String "Mergeable Variable dass”
(21 DISP_ERASAELE Storage Enum default
21 GLOBAL Scope Enum global
(£ STATIC_GLOBAL Argc!ass Handle <
5 erm oo ke e [
g EIE'?G(ELAC?IB_EEGLOBAL Macro Boolean off
— Alias Boolean off
(11 NOPT_GLOBAL InitAtDefinition Boolean on
@ STATIC_LOCAL RestartFunctionName String
(3 oPT_LOCAL SectionMName String
(3 caL TypePrefix String -
[E1 STATIC CAL DedarationStatements StringArray
- UseName Boolean an
(3 EXTERN_CAL Module String
(11 MERGEABLE_CAL Info Enum none
(11 oPT_caL AccessFunctionTemplate Handle
21 p1sp c timization Bitfield MERGEAELE
(21 sTATIC_DISP ScopeReducedClass Handle B
(11 EXTERN_DISP v||< >
J5tatus: Refresh Title Object: 5 (DDO) User Mode ACCESS: W 0 Children 19 Properties

Fig. 73: Setting the MERGEABLE attribute for a variable class.

11.5 Reducing the Scopes of Variables

The scope of variables can be reduced via code generator optimizations if the SCOPE_REDUCIBLE

attribute is set for the respective variable class.
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Purpose

Generation of efficient code.

Remark

From a software engineering point of view, variables should always be generated with minimum scope.
The code is then better structured and name collisions are avoided. If reduction down to the function-
local level is possible, RAM size can be reduced at the cost of increased stack consumption.

References

e TargetLink Advanced Practices Guide [2], Optimizing the Production Code > Optimizing an En-
tire TargetLink System > Optimizing the Code by Scope Reduction

Example

Fig. 74 shows the Optimization and Scope Reduced Class properties of a variable class, which are
relevant to the scope reduction of variables. To enable scope reduction, the SCOPE_REDUCIBLE
attribute has to be set for the corresponding variable class. The Scope Reduced Class property de-
termines how far the scope should be reduced. The following four different levels exist:

¢ Global

e Module global (static global)
¢ Static function local (static local)

e Function local

If default has been selected for the variable class, TargetLink tries to reduce the scope in the above
order down to the lowest level possible.

DD D:'\WVariablenSichtbarkeitsreduzierung.dd B|E =
Eile Edit View Extras Tools Help
n|@| @| X| & E @C‘l | ﬁl |‘| |:]->| || [~ Show unset properties
Use CaseqView Al v| DD Object: |Ponl A ariableClasses/SR_GLOBAL |
- DataDictionary Property | Value
+- [ Config Description “global variables (RAM)"
=21 Poal Storage default
* Variables Scope global
+]- =] Scalings ArgClass <
T Typedefe volatile off
+ ”\;pe & Const off
T var Macro off
@ Alias off
@ sk . InitAtDefinition an
(Z1 SR_STATIC_LOCAL RestartFunctioniMame -
(X1 sr_LocaL SectionName
+- i FunctionClasses TypePrefix
+. T Templates DeclarationStatements o
RTOS UseName on
+- G Module
(21 subsystems Info nane
AccessFunctionTemplate <
Optimization SCOPE_REDUCIBLE
ScopeReducedClass <5R_STATIC_GLOBAL =
<] 2]
Status: Ready Object: 1 (DDD) User Mode ACCESS: PWIW 0 Child

Fig. 74: Variable class with enabled scope reduction.
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11.6 Moving of Variables

The MOVABLE optimization attribute for variable classes signals to the code generator that the code
for variables of that particular class can be moved into dependent branches whenever possible.

Purpose
Generation of efficient code.

Remark

When code is moved into dependent branches, intermediate results are calculated only if they are
really required. This reduces execution time.

References
e TargetLink Advanced Practices Guide [2], Optimizing the Production Code > Optimizing an En-
tire TargetLink System > Optimizing Logging > The Variable Class Attribute ’Movable’
Example

Fig. 75 shows a subsystem which contains branches that do not need to be calculated. The MOVABLE
optimization attribute is set for the DISP variable class, see fig 76.

W/ VarClassMovable/.../Subsystem/Subsystem ==
File Edit View Simulaton Format Tools Help
0= EES B | » & BE T ®
- 2 |_.
- . Cla== DISF ol Y
o uZ 3= 0
Class DISE_NOT MOVABLE
Ready 100% FixedStepDiscrete

Fig. 75: Model with two Gain blocks, only one of which has a movable output variable that can be mo-
ved into a dependent branch. As a consequence, the variable is only calculated if the result is required
for the subsequent Switch block.

TargetLink generates the following code:

Void Subsystem (Void)

{
/* Gain: Subsystem/Class DISP_NOT_MOVABLE */
Sal_Class_DISP_NOT_MOVABLE = Sal_In * 5;

/* SwitchSubsystem/u2 >= 0 */
if (Sal_In >= 0) {

/* Gain: Subsystem/Class DISP */
Sal_Class_DISP = Sal_In * 3;

/* # combined # Outport: Subsystem/Out. */
Sal_Out = Sal_Class_DISP;
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3% D:\Eiseman ni\Demos\fuelsys\fuelsys.dd*

File Edit View Extras Tools Help %
H|@| @| | | | | }:I'| | ﬁ| |"| |:].>| ||E| [ Show unset properties  Active Variant: E
Use Case:|\~"iew Al ﬂ DD Ohject; [H& jl
(21 STATIC_GLOBAL #| | Property Type | Value
(13 EXTERN_GLOBAL Description String “global observable variables (RAM)"
(21 MERGEABLE_GLOBAL Storage Enum default
3 OPT_GLOBAL Scope Enum global
(13 NOPT_GLOBAL ArgClase Handle P
[Z1 STATIC LOCAL Volatile Boolean off
iy Caonst Boolean off
@ orr_toca Macro Boolean off
@ ca Alias Boolean off
(3 sTaTIC_CAL InitAtDefinition Boolean on
(21 EXTERN_CAL RestartFunctionMame String -
[Z1 MERGEABLE_CAL —' | SectionMName String -
1 oPT_cAL TypePrefix String -
&1 DIsP DedarationStatements StringArray b
LUseMame Boolean an
(23 STATIC_DISP Module String -
(3 EXTERN_DISP Info Enum readonly
(1 MERGEABLE DISP AccessFunctionTemplate Handle <
(23 oPT_DISP < Bptimization Bitfield OVABLE
23 MacRrO ScopeReducedClass Handle B
(Z1 STATIC_MACRO v | | >
Status: Refresh Title Object: 1764 (DDO) User Mode ACCESS: rWrw 0 Children 19 Properties

Fig. 76: The MOVABLE optimization attribute is set for the DISP variable class. As a consequence,
variables of that class can be moved into dependent branches.

else {

/* # combined # Outport: Subsystem/Out. */
Sal_Out = Sal_Class_DISP_NOT_MOVABLE;

}

As aconsequence, the Sal_Class_DISP variable is calculated only if it is really required, whereas the
DISP_NOT_MOVABLE variable, which stems from a non-movable class, is calculated in each time step
whether it is required or not.
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12 Stateflow Code

This chapter contains rules for the generation of efficient production code for Stateflow.

12.1 Use of Transitions in Control Flow

In a control flow graph, each junction with outgoing transitions should have one transition with neither
an event nor a condition specified. The only exception to this rule are situations in which only one
transition exists.

Purpose
Generation of well-structured and efficient code.
Remark

Adherence to this rule enables the control flow to be translated directly into structured C code con-
structs.

Example

Figures 77 and 78 show examples of proper and improper transition modeling.

Fig. 77: Proper modeling. A transition devoid of events and conditions is present.

12.2 Specification of Range Information for Variables

The properties sf.min and sf.max shold be specified for each Stateflow variable. In addition, the range
information should be as tight as possible, meaning a high minimum and low maximum.

Purpose
Generation of optimal code.

Remark

The tighter the ranges for Stateflow variables, the smaller the data types of intermediate result varia-
bles that can be chosen by TargetLink’s internal stateflow scaling algorithm. This leads to operations

with smaller bit sizes.
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Hedo

Fig. 78: Improper modeling. The outgoing transitions of the junction all have a condition or an event
specified.

12.3 Avoidance of Complex Fixed-Point Expressions

Using complex expressions for fixed-point operations within the Stateflow action language shall be
avoided. If a condition or an assignment contains multiple fixed-point operands, intermediate variables
with Temporary scope should be introduced for each operation to which the intermediate result is
assigned.

Purpose
Generation of optimal code.
Remark

Without intermediate variables, the explicit specification for ranges and data types for intermediate
results cannot be performed. TargetLink therefore has to assume a maximum range for intermediate
results, which often requires 32-bit arithmetic. Introducing intermediate variables allows the ranges to
be restricted so that smaller bit lengths can be used.

References
e TargetLink Production Code Generation Guide [1], TargetLink Basics, Integer Calculation Ba-
sics, Implementation of Integer Calculation Operations
Example

Fig. 79 show improper use of a complex fixed-point expressions in Stateflow. This leads to the follo-
wing code fragment, which contains lots of 32-bit data types:

Sbl _Outl_ = (Intl6) ((((Intl6) (UIntl6) (((UIntl6) ((((UIntl6) Cbl_a) *
((UIntl6) (Intl6) (Sbl_In2_ << 8))) >> 8)) +
((UIntl6) (((UInt32) (((UInt32) (((UIntle6)
(((UIntle6) (-((UIntl6)Cbl_a))) + 256)) *
((UIntl6) (Intl6) (Sbl_In3_ << 8)))) << 15)) >> 23)))) * 100)
>> 8);

Proper modeling in Stateflow requires the splitting of complex expressions into operations with two
operands each and the introduction of auxiliary variables for intermediate results, see fig. 80. The
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following code fragment is now generated, requiring no 32-bit arithmetic:

Sbl_Outl_ = (Intl6) ((((Intl6) (((Intl6) ((((UIntl6) Cbl_a) * ((UIntl6)
(Intl6) (Sbl_In2_ << 8))) >> 8)) + ((Intl6) ((((UIntle)
(((UIntl6e) (-((UIntl6) Cbl_a))) + 256)) * ((UIntle) (Intle6)
(Sbl_In3_ << 8))) >> 8)))) * 100) >> 8);

{out=100%fa™x+(1-a)"y) !

Fig. 79: Complex expression involving multiple 16-bit fixed-point operands which leads to the gene-
ration of 32-bit arithmetic.

12.4 Local or Output Variables as State Variables

If the current state of a Stateflow block should be made available through a variable or a given variable
has to implement the state using predefined values, a variable with Output or Local scope has to be
specified. The corresponding state value must be assigned to the variable in the first instruction of the
entry action.

Purpose
Generation of optimal code.

Remark

The code generator has to store the current state in a variable anyway. Adherence to the rule might
save some memory if the state has to be made available.

References

e TargetLink Advanced Practices Guide [2], Working with Stateflow, Optimizing the Code for a
State Machine, Using State Variables as State Flags

12.5 Avoidance of TargetLink Specifications for Stateflow Input Va-
riables

The explicit specification of TargetLink properties for input variables to Stateflow charts shall be avoi-
ded.

Purpose
Generation of optimal code.
Remark

TargetLink uses the output variables of preceding blocks as input variables for Stateflow. If TargetLink
properties are specified for Stateflow input variables, these variables are generated and used for cal-
culations instead of the output variables of the preceding blocks. The Stateflow input variables need
function parameter classes assigned to them only if functions with a well-defined interface have to be

generated for the Stateflow chart.
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t1=a*x
t2=(1-a)"y;
t3 = t1 +t2;
out =100 *t3;
J Exploring - allowed/Subsystem,/Subsystem/Subsystem /Char - | Ellll
File - Edit - Tools - Add  Help
|Object Hierarc by |Contents of: {chart) allowedrSubsystemiSubsysterniSubsystamiChart
+$\—_ sflib Name Scope Trigger Type Size Min Max Initval F
- allowed E Input(1) double o1
Input(2) double 0 1
Input(3) double 0 1
Qutput(1) double 0 100 0
Tempar... double 0 1 0
Ternpatr... double 0 1 0
Tempar... double 0 1 0
23 I E—| KN [ >
[ [events(0) datai?) targets(0y 7 [1:7]

Fig. 80: 32-bit arithmetic can be avoided by introducing auxiliary variables.

Example
The model in fig. 81 shows a Stateflow input variable a with double type.

If code is generated and no TargetLink properties are specifed, see fig. 82, the Stateflow input variable
is eliminated and replaced by the output variable of the preceding Gain block.

However, if TargetLink properties like the name in the generated code or the variable class are speci-
fied for a, see fig. 83, the variable automatically appears in the generated code.

12.6 Temporary Variables

If the value of a Stateflow variable is not required for subsequent time steps, this variable shall be
specified with Temporary scope.

Purpose
Generation of optimal code.
Remark

Temporary variables can be allocated on the stack by TargetLink, while local variables are usually lo-
cated in RAM.

12.7 Usage of States
States should only be used for modeling where real state machine behavior is required. Model frag-

ments which are basically intended for implementing pure control flow should be modeled using tran-
sitions and junctions exclusively, not states.
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E!disallowed,.-"...,.-"Suhsysl:em,.-"Suhsystem &5 - | Ellll
File Edit Wew Simulation Format Tools Help

DISE&| s 2l () = =8y RE
2 % os —

Cutt

Fain Chart

=

Cut2
Ready  [100% |odeds Y

Fig. 81: Model with a Stateflow input variable a which is driven by a Gain block.

(@ TargetLink Property Manager - [disallowed]

E. File Edit Yew Tools ‘Window Help

~=1al |
== ]

2| B2 mE]s] 2

IDn and below current level j [~ Elockiype I

- disallowed disallowed |
Tame | sf.name | sf.stepfunctionclass | sf.class | sf.sftvpe |
[ ot $C_$0 default  inti6
[es| Chart $C_$0 GLOBAL_FCM
iF event $C_$0
fla $C_$0 default  double
& TargetLink M...
(ain
[S3

Ready

3 TargetLinkt 2

Fig. 82: No specified TargetLink properties for the input variable a.

(@i TargetLink Property Manager - [disallowed]

a_ File Edit Wiew Tools window Help

g [=[ 3]
== x|

| 22| o | = 2 |

IDn and below curent level j [ Elockiype I

-l disallowed disallowed |
IMame | sf.name | sf.stepfunctionclass | sf.class | sf.sftvpe |
[+ aut $C_$0 default  int16
&3] Chart $C_$0  GLOBAL_FCN
i event $C_§0
fla Jyname GLOBAL  double
& TargetLink M...

& Gain
QInl_
& outl_
& outl_1

Ready

9 TargetLinkb 2

Fig. 83: Specification of TargetLink properties for Stateflow input variable a leads to inefficient code.
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Purpose
Generation of optimal code.

Remark

The usage of states leads to the generation of state variables and code to implement the respec-
tive behavior. States should therefore only be used if their usage is required in principal to avoid the
generation of superfluous code fragments.

Example

Examples of improper usage of states for control flow modeling are shown in fig. 84, while the proper
way is demonstrated in in fig. 85.

A
en out=1in1"in2,

Fig. 84: Control flow modeling using superfluous states.

{out=in17in2 } [in1 < in2]
{out=int;}

Fig. 85: Elimination of the state in fig. 84 representing pure control flow.

12.8 Usage of Design Patterns for Control Flow

If language constructs like loops, For statements, While statements etc. have to be modeled in State-
flow, special design patterns should be used.

Purpose
Generation of optimal code.

Remark

The usage of design patterns makes sure that TargetLink can translate individual segments of the
control flow into efficient C language constructs.

Example
The following design patterns for control flow should be used whenever applicable:
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event? [condition]

events [condition3] event? [condition?] event] [condition]

Fig. 87: Design pattern for a logical or condition.
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event
[condition]
faction1}

laction 2}

Fig. 88: Design pattern for an If~Then conditional statement.

laction3]

event?
[conditionz]
factionz}

b 4

o'

. )

i
i 2
i -

Ll

event]
[condition1]
faction}

Fig. 89: Design pattern for an If-Then-Else-If conditional statement.
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L 7 [variable == constant1){action 1}
Qf ()

[variable == constant2[iactionZ2}

¥ variahle == constant3]{action?3 3
-\ [ i } , f’)
.
default _action 3
O—" {2
r ; 8

Fig. 90: Design pattern for a Switch statement with default branch.

[condition ]
faction}

Fig. 91: Design pattern for a While loop statement.
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[condition ]

: faction?}
laction2]

b
FY

Fig. 92: Design pattern for a While loop statement.

[condition ] faction}

Fig. 93: Design pattern for a Do-While loop statement.
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loop_var = init_expr}

[loop_condition]
d
loop_action
loop_var = modify_expr

}

Fig. 94: Design pattern for a For loop statement.
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13 Fixed-Point Code Generation

This chapter deals with TargetLink settings that are relevant for the generation of highly efficient fixed-
point code.

For the rules in this chapter, it is helpful to consider TargetLink's scaling method. TargetLink uses a
scaling factor S, and an offset O, to represent a real world value = using an integer representation z’
in the following form:

=8, -2+ 0,

The proper setting of O, and S, is the main objective of the rules in this chapter.

13.1 Power of Two-Scaling

Power of Two-scaling factors are preferable to arbitrary scaling factors.
Purpose

Generation of efficient code.

Remark

Scaling factors which are specified as powers of two lead to very efficient implementations via bits-
hifts, particularly if divisions and multiplications are involved. On most processors, bitshifts require
less execution time than multiplications and divisions.

References

e TargetLink Production Code Generation Guide [1], TargetLink Basics, Integer Calculation Ba-
sics, Implementation of Integer Calculation Operations

Example

Scaling factors are specified as power of two in the block dialog by selecting 2~ for the LSB control
element, see fig 95.
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TargetLink: subsystem,;/Sum (Sum) _I- _ID 5'
0| & Last modified: 30-Mar-2005 17:44:23
Output | Logging & Autoscaling | Drocumentation |
List of signs
Lizt of zigns: I ++
Production code options
Degcription: I
W aniable: I L. I Mame: I $5_%B Unit: I
Class: I default 500 I Address: I
Type: | Int16 . I width; I 1 ﬂ I~ | Cast output signal ta Targetlink e
Sealing: I 000 I Elemant: I 1 ﬂ I~ | Same sealing for all
Implemented Calculated Simulated
LSE: aj Max: I 163835 n.a. n.a. [~ Saturate
Offzet: 1} hin: I -16384 n.a. n.a. [~ Saturate
IdISFACE Aol | Fewert | Help | Cancel | Cloze |
Ready

Fig. 95: Selection of power of two-scaling.

For the example model in fig. 96, the scalings of the inputs and output are combined and implemented
as bitshifts, leading to the following code:

4

Sal_OutPort = (Intl6) (((Intl6) (Sal_InPortl >> 3)) +
((Intlo6) (Sal_InPort2 >> 2)))

13.2 Offsets at Block Inputs and Outputs

Offsets should be preferably set to zero if the accuracy is sufficient or at least chosen in a coordinated
manner for block inputs and outputs.

Purpose
Generation of efficient code.

Remark

Non-zero offsets for block inputs, outputs, states and parameters lead to the generation of additional
code and hence to increased code size and execution time.

Example

Taking scaling parameters (scaling factors S; and offsets O;) into consideration, an addition for in-

stance can be written as
"= hm’ _i_@x/ Oz1+ Ogz2 — O,
Y Sy ! Sy 2 Sy

where 2, z,and y'are the fixed-point representations of the summands and the result.
A multiplication with scaling parameters can be expressed as

/ Swl'SwQ / / Swl'Oa:2x/ +Sa:2'ox1 / +011'Ow2_0y

Yy = s, Zp Ty + S, 1 s, Ty s,
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_.._I__l—
InForti e
[Int 16 2% —
- +
—P—||=— Sum
[Int16 21]
InPort2
[Int 16 23]

Fig. 96: Model with power of two-scaling. Data types and scaling factors are indicated in brackets.

Setting offsets to zero or choosing them in an appropriate, coordinated manner eliminates some of the
terms and operations above. If setting offsets to zero is not an option, then the following coordinated
settings for the offsets lead to optimal code:

| flaze) | Offsets
Addition Oy = Og1+ Oy

Subtraction Oy = Oz1 — Ogo

Multiplication | O, = 0,1 - Oy2

Division each O; = 0 helps

13.3 Product Block with Arbitrary Scaling

If arbitrary scaling factors are chosen for the input and output variables of a Product block, they should
be chosen such that the resulting scaling factor in the multiplication/division can be implemented
easily (via bit-shifts).

Purpose

Generation of efficient code.

Remark

Unsuitable arbitrary scaling factors lead to additional operations and increase the required bit length,
especially for a multiplication.

A division without offsets can be expressed as follows (scaling factors S;):

Y :SI2-Sy xy D-z

/ /!
/ Sey w  N-xy

The resulting rescaling operation is expressed as a division of two integer numbers N/D.To save an
additional multiplication, it is preferable to choose the scaling factors so that D = 1 holds true, resul-
ting in multiplication by Nonly.

A multiplication without offset can be expressed as

_Sml'SwZ / r
Y= —(g T Ty =

5 ()

Sl=
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To limit the bit length required for the numerator (3 factors), the scaling factors should be preferably
set such that N = 1 holds true, resulting in division by D only.

References

e TargetLink Production Code Generation Guide [1], TargetLink Basics, Integer Calculation Ba-
sics, Implementation of Integer Calculation Operations

Example

0250 (1 )—p—fp——
In InPort e % A

[Int 16 0.0076525] —>—=',—>®
' +

QutPort Clut

[0,100] ®_p_,'=_ Product [Inti6 7 .707e-005]
[Int16 7 707e-005]

In InFort2
[Imt16 0.00307]

Fig. 97: Division example.

The scaling factors in fig. 97 are chosen such that the rescaling operation results in a single multi-
plication with a constant. Hence, multiplication in the denominator with wider bit length is avoided,
leading to the following code:

Sal_OutPort = (Intl6) ((((Int32) Sal_InPortl) * 32343) / Sal_InPort2);

Example

The scaling factors in fig. 98 are chosen such that the scaling operation results in a single division
through a constant. Hence, an additional multiplication with 64-bit data type is avoided, leading to the
following code:

Sal_OutPort = (Intl6) ((((Int32) Sal_InPortl) *
((Int32) Sal_InPort2)) / 30236);

13.4 Constants and Multiplications with Constants

The efficiency of the code can be enhanced if gain or constant parameters of Gain / Constant blocks
are either chosen appropriately or specified with a permitted tolerance.

Purpose

Generation of efficient code.

Remark

Real constants are implemented as divisons of two integer numbers if fixed-point code is generated.
This is particularly efficient if, numerator or denominator can be expressed as a power of two, which
leads to bitshift operations. If a certain tolerance is specified for the constant/gain parameter or the
values are chosen appropriately, the numerator or denominator can be chosen as power of two-values
by the code generator.
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[0.100] @—P—;‘=—

In InPart e
[Irt16 00022063 ” —
I QOutPort Ot
[0,250] ®_p_;=_ Product [Irt16 0. 765]
[Irt16 0 .765]
In1 InFort2

[Irt 16 0.00FE524]

Fig. 98: Multiplication example.

References
e TargetLink Production Code Generation Guide [1], TargetLink Basics, Integer Calculation Ba-
sics, Implementation of Integer Calculation Operations
Example

If no permitted tolerance is specified for the gain parameter with the constant value 23.74, see fig. 99,
the following code is generated:

33in

Fig. 99: A constant multiplication in a Gain block. Minor modifications of the gain parameter lead to
more efficient code.

Sal_Gain = (Intlé) ((((Int32) Sal_InPortl) * 1187) / 50);

The division can be replaced by a more efficient bitshift operation if the gain parameter 23.74 can be
modified to 23.75, which leads to the following code:

Sal_Gain = (Intl6) ((((Int32) Sal_InPortl) * 95) >> 2);

As an alternative, an acceptable deviation (tolerance level) can be specified in the block dialog, see fig.
100, which results in the following efficient code:

Sal_Gain = (Intl6) ((((Int32) Sal_InPortl) * 24309) >> 10);

13.5 Use of Constraint Limits

Value ranges of block outputs that are known in advance shall be specified as constraint limits in the
block dialog.

Purpose
Generation of efficient code.
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Bl 1argetLink: subsystem/Gain (Gain) =l
0| & Last modified: 01-4pr-2005 15:52.07
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Gain walye
Production code options
[Vescription: I
“Wariable: I _I Idame: I— [tz l—
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Sealing: I _I Elemert: I_ ﬂ I~ | Same sealing for all
|mplemented of element
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Fig. 100: Specification of an acceptable tolerance level. A deviation of 1% is the default setting for
Gain blocks.

Remark

The code generator evaluates range information and propagates them as far as possible through the
model. Giving the code generator information these ranges might prevent the necessity to use wider
data types, particularly 64 bit, to avoid over/underflows.

References
e TargetLink Production Code Generation Guide [1], TargetLink Basics, Integer Calculation Ba-
sics, Implementation of Integer Calculation Operations, Range Determination Basics
Example
Fig. 101 shows a model with specified scaling that requires the generation of a 64-bit multiplication.
It leads to the generation of the following code:

Int32 Aux_S32 /* LSB: 27”2 OFF: 0 MIN/MAX: -8589934592 .. 8589934588 */;
UInt32 Aux_U32 /* LSB: 272 OFF: 0 MIN/MAX: O .. 17179869180 */;

/* Product: subsystem/Product */
F_ I164MULI32I32(Sal_InPortl, (Int32) Sal_InPort2, & (Aux_S32), & (Aux_U32));

/* Outport: subsystem/Out */
Sal_OutPort = C_ TI32SHRI64C6_LT32 (Aux_S32, Aux_U32, 2, 30);

The generation of 64-bit code contained in the called functions can be avoided by specifying cons-
traint limits for the input variables if these are known in advance, see fig. 102. The code generator now

detects that the result of the multiplication can be stored in an Int32 variable under all circumstances,
thereby avoiding the use of 64-bit arithmetic:

Sal_OutPort = (Int32) ((Sal_InPortl * ((Int32) Sal_InPort2)) >> 2);

dSPACE
Page 129 of 162 I’



Fixed-Point Code Generation

_.._I__l—
InForti  E—
[Int32 270] ® —
—»
—.-—||=— Product
[Irit32 272
InPortz
[t 2%0]

Fig. 101: Model with specified data types and scalings.

u TargetLink: subsystem/InPort2 {Inport)

def
|

B

Fig. 102: Specification of constraint limits for the Inports.
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13.6 64-Bit Operations

64-bit operations should be avoided, particularly if only ANSI C code and no target-specific code is
generated.

Purpose
Generation of efficient code.

Remark

Only few compilers for microcontrollers provide support for 64-bit data types. Although TargetLink is
shipped with optimized libraries for 64-bit operations, their usage leads to an increase in execution
time and code size. It should be noted though that the use of 64-bit operations cannot always be
avoided if wide data types are specified.

References

e TargetLink Production Code Generation Guide [1], TargetLink Basics, Integer Calculation Ba-
sics, Implementation of Integer Calculation Operations

Example

64 bit operations are generated by TargetLink if 32-bit data types are used as block inputs and due
to enabled saturation or scalings, an intermediate 64-bit variable for the result must be introduced to
prevent an undesired over- or underflow. See fig. 103 for an example.

_.._I__l—
InPortd I
[Int32 270] H —
—»
—.-—||=— Product
[Irit32 272
InPortz
[t 2%0]

Fig. 103: Specified data types leading to the generation of an intermediate 64-bit variable. The inter-
mediate result for the multiplication cannot be stored in a data type <32 bit.

13.7 Consistency of Scaling Parameters

Consistent scaling parameters and data types within a model lead to efficient code with regard to
execution time and code size.

Purpose
Generation of efficient code.
Remark

The combination of variables with different scaling parameters requires additional rescaling opera-
tions, leading to additional code. Type conversions also lead to additional assembly statements by
some compilers.
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Example
Fig. 104 shows an example of improper scaling due to inconsistencies.

InF ot " T
[Int16 27 —
€D
——{p—%::: Sum
[Irt 16 2%1]
InPort2
[Int16 23]

Fig. 104: Model fragment with unnecessarily inconsistent scaling that could be avoided.

Although the scaling factor of 2~ (-2) at the Gain block is sufficient to store the result of InpPort1
multiplied by 20, it is more useful to use the scaling of the succeeding Sum block 2~ (-1) to avoid a
subsequent shift operation for rescaling.

13.8 Avoidance of Saturation Specification

Block outputs with specified saturation should be avoided whenever possible. It is often preferable to
prevent over- and underflows by choosing wider data types < 32 bit or modified scaling rather than by
saturation.

Purpose
Generation of efficient code.
Remark

The saturation of block output variables is implemented via range checking using conditional state-
ments. This leads to increased code size and execution time.

References

e TargetLink Production Code Generation Guide [1], TargetLink Basics, Integer Calculation Ba-
sics, Implementation of Integer Calculation Operations

Example

If no saturation is specified for the output variable of the Sum block in fig. 105, the following code is
generated:

Sal_Sum = (Int8) (((UInt8) (Int8) (Sal_InPortl << 2)) +
((UInt8) (Int8) (Sal_InPort2 << 1)));

If (upper and lower) saturation is specified, the following less efficient code is generated:

Intl6 Aux_S16;

Aux_S16 = (Intl6) (((Intle6e) (((Intle6) Sal_InPortl) << 2)) +
((Intl6) (((Intl6) Sal_InPort2) << 1)));
Sal_OutPort = ((Aux_Slo6 > 127) 2 127:

((Aux_Sl6 < -127) ? -127: (Int8) Aux_S16));
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_.'_I—_I_
InFaort e
[Irtd 270] —
- +
—.-—||=— Sum
[Intd 2%2]
InFornt2
[Irtd 2™1]

Fig. 105: Sum block with or without specified saturation of the output variable.
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14 MISRA Compliance

This chapter contains rules relating to the compliance of TargetLink-generated code with the MISRA
C 1998 standard. Since compliance with individual MISRA rules occasionally depends on code ge-
neration settings as well as the modeling style in Simulink, adherence to the rules in this chapter ma-
kes TargetLink compliant with a maximum number of MISRA rules. It should be noted, however, that
the MISRA rules were developed with the primary focus on hand-programming rather than automatic
code generation, and that code performance can be significantly reduced by following the guidelines
in this chapter. In addition, compliance with individual MISRA rules might impose significant restricti-
ons on the modeling style, which might be inappropriate in some cases. It should be noted also that
the MISRA standard explicitly allows deviations from the standard if they are carefully thought through
and documented. In some instances, TargetLink does indeed deviate from the standard for the reason
of code efficiency.

Detailed MISRA compliance analysis can be found in the documents MISRA Compliance Documen-
tation For TargetLink 2.0 [3] and MISRA C:2004 Compliance Documentation For TargetLink 2.1 [4]

14.1 Generic Code without Pragmas

For C code generation according to ISO 9899, the Assembler and C extensions and Enable secti-
ons/pragmasl/inline/ISR/user attributes options should not be selected.

Purpose
MISRA C compliance.
Remark

This rule is necessary for compliance with MISRA rule 1. If one of the options is selected, TargetLink
may generate code which does not conform with ISO 9899 in general.

Example

The options for generic ANSI C code generation are available in the TargetLink Main Dialog, see fig.
106.

14.2 Assembly Code

In order to avoid target-specific assembly code generation, the Assembler and C extensions checkbox
in the TargetLink Main Dialog has to be cleared.

Purpose
MISRA C compliance.

Remark

Adherence to this rule makes sure that the generated code complies with MISRA rules 2 and 3. MISRA
rule 3 requires that assembly code shall be used only if it is encapsulated in a C function, which Tar-
getLink does not adhere to in the case of some macros. Clearing the Assembler and C extensions
checkbox also makes sure that no language other than ANSI C will be generated, ensuring compliance
with MISRA rule 2.

Example

The settings regarding the generation of non-ANSI C code can be found in the TargetLink Main Dialog,
see fig. 107.
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-} TargetLink: SqrtMdl {TL_MainDialog) - | Ellﬂ

00| G| €| Mgl Last modiied: 05-4pr-2005 15:12:41

Code Generation

Simulationl HTDSl Toolsl Dptionsl Advancedl Documentationl

Targetlink subsystemns Simulation frarme optiahs

frware-in-the-loop, 10 = &) Global logging option:
IIog according to block data j

Target simulation configuration:

| default Evi =] show .|
LI ¥ | Evaluate stack consumption
Change 1D ... | Gererate Code | ¥ | Measure execution time
Build Host |
Code generation options
Build T arget
[Erdvees | M C16e/T askBT =] show..
Simulation mode: Compile Host | .
ssembler and C extensions
= Maodelinthedoop (MIL) Campile Target | 5
; nable sectlons.-"p@gmas.-"
% Software-in-the-locp [SIL) Download | inline|5 Rfuser attributes

= Processor-in-the-loop (PIL) Code Size [~ Clean code

o | _pevet | _tob | cancol [ oo |
V74 Apply Fevert Help Cancel Cloze

Irvoking T argetlink Production Code Generator ... done.

Fig. 106: Generic code without pragmas.

.} TargetLink: vcfp (TargetLink Main Dialog) - IEllél
00| & €| Me| Last modified: 05-Dec-200317:12:38

Code Generationl Simulationl FlTDSl Toolsl Dptionsl Advancedl Documentationl

TargetLink, subsystems Simulation frame options

idcaontroller [Modekinthe-oop, ID = a] Global lagging option:

Ilog according to block data j

T arget simulation configuration:

| default EvM x| Show |

LI ¥ | Ewaluate stack consumption

Change ID ... | Generate Code | ¥ | (easure execution Hme
Biyild Hon
Generate production code Eration aptions

Build Target
i i : Compile Host |
SRR e Zlp e @ssembler ahd C extensions
s Modelin-the-loop [MIL) Compile Tiarget

v Enable sections/pragmas.

" Software-irthe-loop [SIL] Diovirload | inlineISF Auser attributes
= Processar-in-the-loop (PIL) Code Size | [~ Clean code

o | _Rovr | _top | Concl | s |
V72 Apply Rewvert Help Cancel Cloze

Feady

Fig. 107: The Assembler and C extensions option shall not be selected if the generated code has to

be compliant with MISRA rules 2 and 3.
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14.3 Avoidance of 64-Bit Arithmetic

64-bit arithmetic should be avoided if a high degree of compliance with individual MISRA rules has to
be achieved.

Purpose

MISRA C compliance.

Remark

This rule serves to make TargetLink generated code compliant with MISRA rules 5, 45, 59, 66, 67,
90, 96, 109 and 110. Pointer casts (treated in rule 45) for instance are used in the implementations
of some 64-bit multiplication macros. Rules 109/110 are not adhered to in some 64-bit divisions and
multiplications because unions are used to access certain memory areas. 64-bit divisions are also not
compliant with rules 66 and 67, and some 64-bit macros do not adhere to rules 90 and 96.

Note: The macros and library functions used for 64-bit arithmetic have been tested extremely tho-
roughly by the vendor. It is therefore extremely unlikely that noncompliance with the above rules using
64-bit arithmetic results in unsafer code.

Regardless of the MISRA compliance aspect, 64-bit operations should be avoided whenever possible
to ensure efficient code.

Example

The model in fig. 108 contains a Gain block, whose predecessor is an InPort with Int32 output, see
fig. 109. The Gain parameter is set to 3/5 and the output is saturated, see fig. 110.

[ Bite4Arithmetik/.../Subsystem/Subsystem - o] x|
File Edit Wiew Simulation Format Tools Help

D& BR[| o | @B F

1
In. InPort E OutPort out.

Gain

Rea [100% | T=0.00 |ode45 A

Fig. 108: Example model.

This results in the following code, containing functions for 64-bit arithmetic (F__164MULI32U32,
C__T16DIVI64C32_SAT):

Void Subsystem (Void)

{
/* SLLocal: Default storage class for local variables | Width: 32 */
Int32 Aux_S32;
UInt32 Aux_U32;

/* Gain: Subsystem/Gain */
F_ _I64MULI32U32(Sal_InPort, (UInt32) 3, & (Aux_S32), & (Aux_U32));
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IN =100 x|
oo & & fial Last modiied: 08-Apr-2005 15,0138

Ouwtl Logging & Autoscaling

-} TargetLink: Subsystem/InPort {Inport)

Documentation

Inbertask communication

Message: Idefaut d Manage Mesagesl

Component: I =] Receiver I |

Production code oplions

Deescription; |

Variskle: | | Meme [esE wee [
Class: [ detauit N S

Type: [in3z _| widke [T ﬂ ™ Cast output signal to Tasgetlink Iype
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Implemented  Calculated Simulated

Lse: 2o Max: | 21474824009 s na

Dffset: Jo Hire | 21474824003 na na

ldimm Spafy | Peverfl Help ‘ Cawdl Cloze: I
Ready

Fig. 109: Settings of the InPort.

)} TargetLink: Subsystem/Gain {Gain} . B =1 9

00| %] & | A Last mecied: 06 Ape 2005150301

Uu;\ull Gainl Logging & Autoscaling | Documentation

Praduction code oplions

Descrigtier: |
WVariable: | | Name: |95 38 Urit: |
Clags: | default | Addiess: |

Type:  [mne | wsn [T 2 T Castoutputsignalto TarosiLink e
Scalng: | _I Element: II_. ﬂ [ | S scaling for 2l

[Data Dictioniary key referencing sacalingI object i Calculated Simulated
LSE: il 1] baw: I 32767 na 1., ¥ Saturate
Ofiset: [0 Mirc | 32788 na na I Saturate
’diﬂﬁ oy Fewvert I Help ‘ Cancel | Close |

‘wiiting data bo block ... done.

Fig. 110: Saturated output variable of the Gain block.
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C__I16DIVI64C32_SAT (Aux_S32, Aux_U32, 5, 0, 163835, 32767, Sal_OutPort);
}

In order to avoid overflows under all circumstances, 64-bit calculation cannot be avoided entirely. Ho-
wever, if a constraint range is specified at the InPort, the calculations can be performed with a smaller
bit length. In this case, even the saturation can be avoided and 64-bit operations are no longer ne-
cessary. This results in the following code without 64-bit arithmetic:

Void Subsystem (Void)

{
/* Outport: Subsystem/out.
# combined # Gain: Subsystem/Gain

Sal_OutPort = (Intl6) ((((Intl6) Sal_InPort) * 3) / 5);
}
il
oo| & & A E Last modified: 06-Aps-2005 15:04.51
Ouiput | Loaging & Autassaling | Dacumentation
Inbertask communication
Messoge: | defaul El Manage Messages|
Component: | | FReceiver: | |
Prodisstion code oplions
Descrigtior; |
Waisble: | N N o —
Class: [ detauit P T
Type: [int3z | waan [T 2] T Castouput signal to Targeilink ype
Seaing | L | Eement [T 2 | Gene sealina ol
Implemented  Caloulated  Simulated
LSE: il 0 b aw: I 1000 1000 na n.a.
Offzat: [0 Mirc | -1000 -1000 fa 3
stace st | P | Hep | concel | oo |

‘wiiting data bo block .. dore.

Fig. 111: Specification of Constraint Ranges for the InPort block.

14.4 Function Calls in Logical Expressions

Situations should be avoided in which optimized (erased) block output variables lead to the appea-
rance of function calls as second operands in logical expressions.

Purpose
MISRA C compliance.

Remark

Adherence to this rule makes sure that the generated code complies with MISRA rules 33 and 46.
MISRA rule 33 requires that the second operand in a logical expression is side-effect free. However, if
a block output variable is erased through optimization, leading to a function call appearing as second
operand in a logical expression, MISRA rule 33 is violated. This also violates MISRA rule 46, requiring
that the execution order of an expression must be irrelevant.
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Example

For the model in fig. 112, TargetLink generates a look-up table call, whose result is compared to the
constant 1. The result is used in a logical operation.

Using a default variable class for the output of the Look-up Table block, see fig. 113, the following
code is generated:

Sal_OutPort = Sal_InPort && (((Intl6) TablDS0I2T1563_a(
& (Sal_Look_Up_Table_map), (Int8) Sal _InPortl)) > 1 /* 1. */);

Obviously, the function call Tab1Ds012T1563_a, which is generated for the look-up table, appears as
a second operand in the logical operation.

=] TableFcncall/.../Subsystem/Subsystem * = |E||£|
File Edt View gmulabtion Format Tools Help
D SE& ' BR 2> [mSs hET®
CO+———
in. InPart ) _ |®
| anp OutPort aut.
I{/_ Logical
— PR S— Oparator
in.1 Inf et _)r
Lok Up
Table *
Relational
Oparater
1
Constant
Ready [100%% | =00 [odeds | -

Fig. 112: Example model with a Look-up Table block, whose output is evaluated in a subsequent
relational and logical expression.

However, if a non-optimizable variable class like NOPT_LOCAL is used, see fig. 114, the following
code is generated:

Sal_Look_Up_Table = (Intl6) TablDS0I2T1563_a (& (Sal_Look_ Up_Table_map),
(Int8) Sal_InPortl);
Sal_OutPort = Sal_InPort && (Sal_Look_Up_Table > 1 /* 1. */);

This code fragment violates neither MISRA rule 33 nor MISRA rule 46.

14.5 Fixed-Point Sqrt

The square root function of the Math block should not be used in combination with fixed-point code
if compliance with a maximum number of MISRA rules is desired.

Purpose
MISRA C compliance.
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Fig. 113: A default variable class is used at the output of the Look-Up Table block. As a consequence
the variable is erasable during code optimization.
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Remark

Adherence to this rule serves to comply with MISRA rules 5, 59, 90 and 96, which are violated by
TargetLink’s fixed-point implementation of the sqgrt function.

Note: The macros and library functions used for the sqgrt function have been tested extremely tho-
roughly by the vendor. It is therefore extremely unlikely that non-compliance with the above rules re-
sults in unsafer code.

Example

The model in fig. 115 results in two generated calls to the sqgrt functions. The upper path of the model
is specified entirely for fixed-point code generation including a call a fixed-point implementation of the
sgrt function, here c__11650RTI32. This results in the following code fragment:

C__T16SQRTI32((Int32) (((Int32) Sal_InPort) << 10), Sal_OutPort);

The lower path is partly specified for fixed-point and partly for floating-point code generation, which
results in a call to the sqrt standard function. This ensures compliance with the MISRA rules.

if (Sal_InPortl >= 0) {

Sal_FlpSqrt = (Float32) sqgrt((Float64) Sal_InPortl);
}
else {
Sal_FlpSqgrt = (Float32) (-sgrt(-((Float64) Sal_InPortl)));
}
14.6 FIR Filter Block

The FIR Filter block should not be used in combination with fixed-point code if compliance with a
maximum number of MISRA rules is desired.

Purpose
MISRA C compliance.

Remark

Adherence to this rule serves to comply with MISRA rules 5, 30, 47, 59 and 74. The code for the FIR
Filter block is implemented with macros and library functions which do not comply with the MISRA
rules above.

Note: The macros and library functions used for the FIR Filter block have been tested extremely tho-
roughly by the vendor. It is therefore extremely unlikely that non-compliance with the above rules re-
sults in unsafer code.

14.7 Avoidance of Fixed-Point Code for Trigonometric Functions

Trigonometric functions should not be used in combination with fixed-point code if compliance with a
maximum number of MISRA rules is desired.

Purpose
MISRA C compliance.

Remark

Adherence to this rule serves to comply with the MISRA rules 5, 45 and 74, which are partially violated
by TargetLink’s fixed-point implementation of trigonometric functions. The implementation of the 32-
bit Sin and Cos functions contain for instance calls to 64-bit macros which violate MISRA rule 45.
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Fig. 114: The specification of a non-erasable variable class for the output of the Look-Up Table block.
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Fig. 115: Fixed-point and floating point sqrt.
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MISRA rule 74 is violated by a 16-bit Sin function, in whose declaration and definition the parameter
names differ. Since the comments of the function headers of all trigonometric functions contain an @
symbol, MISRA rule 5 is also violated.

Note: The fixed-point trigonometric functions are implemented as macros or library functions that
have been tested extremely thoroughly by the vendor. It is therefore extremely unlikely that non-
compliance to the above rules results in unsafer code.

14.8 Avoidance of Identical Identifier Names

Identical names for identifiers (variables, types etc.) should be avoided even if the names do not over-
lap.

Purpose
MISRA C compliance.

Remark

Adherence to this rule serves to comply with MISRA rules 12 and 21. TargetLink does not check
whether identifiers with identical names in completely independent namespaces exist, which might
result in a potential violation of MISRA rule 12. Under certain circumstances TargetLink generated
code might also not comply with MISRA rule 21, which requires that identifiers with identical names
shall not overlap.

Example

The model in fig. 116 contains two independent subsystems. Both contain a Gain block, which is
named Gain, see fig. 117. The output variables of the Gain blocks are both local, each using the name
macro $B, see fig. 118. If code is generated for this model, two functions are created, each with a local
variable called Gain. Although this is perfectly correct code, it violates MISRA rule 12.

E!Rulel2,.-"...,.-"5uhsysl:en'|f5d)syst em ¥ = | Dlﬂ
File Edit Wiew Simulation Format Tools Help
ODeEHES| 2R » o @
—_ o1 et —
in. InFort OutPort out.
Subsystem
—_ o101 —
in.1 InFort! Outf ortd out.1
Subsystem1
Re |100%: [T=0.00 odedS i

Fig. 116: Example model with two independent subsystems.

14.9 Local Macros

Local macros should not be used.

Purpose
MISRA C compliance.
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Fig. 117: A Gain block is contained in each of the two subsystems.
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Fig. 118: Use of the name macro $B for the output variable of the Gain block. As a consequence, the
variable inherits its name Gain from the block.
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Remark

Adherence to this rule serves to comply with MISRA rules 91 and 92. TargetLink generates #define
and #unde £ preprocessor directives for local macros, which violates MISRA rules 91 and 92.

Example
The model in fig. 119 contains a Gain block, whose gain parameter’s variable class is specified to

be MACRO, see fig. 120. Because of these settings, TargetLink generates the following code, which
violates the MISRA rules 91 and 92:

Void Rule_91_92 (Void)

{
#define Sal_Gain_gain (Intle6)1l

/* Outport: Rule_91_92/out.

# combined # Gain: Rule_91_92/Gain */
Sal_OutPort = Sal_InPort * Sal_Gain_gain;
#undef Sal_Gain_gain

[Z]rulea1_az/.../Subsystem/Rule 91 a2 ] |
Filz Edit Wiew Simulation Formast Tools  Help

DS LB || » o @S

in. InPart QutPort out.
Gain

F 1005 | T=0.00 Iode45 y

Fig. 119: Model with Gain block.

14.10 Use of Custom Look-up-Table Functions

A custom Look-up Table implementation should be used if compliance with a maximum number of
MISRA rules is desired.

Purpose

MISRA C compliance.

Remark

This rule is necessary for compliance with MISRA rules 45, 81 and 82. Rule 45 requires that no casts
to pointer types shall be used, which TargetLink’s Look-up Table implementations do. They appear
occasionally in the initialization of the so-called map structure or within assignments to auxiliary varia-
bles within the look-up functions. In addition, TargetLink generated Look-up Table code might violate
the MISRA rules 81 (function parameters should be const whenever possible) and MISRA rule 82

(single exit point).
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.} TargetLink: Rule_91_92/Gain {Gain}
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Production code options

Description: I

“ariable: I _I Mame: IW Uit l—
Class: CEACHD _) _I Address: I—
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Fig. 120: The MACRO variable class is specified for the gain parameter. As a consequence, the gain
parameter is implemented in the form of local macros using preprocessor directives.

Example

A violation of MISRA rule 45 can be found in the code generated for the TargetLink demo Table, model
1D Table. The auxiliary variable x_t ab1e is initialized via pointer cast in a Look-up Table function, see
the last line.

typedef struct UserRecord_tag {
const volatile UIntl6 z_table[8];
const volatile UIntl6 x_table[8];
UIntl6 Nx;

} UserRecord;

UIntl6 TablDSO0IOT521_a(const UserRecord * map, UIntl6 x)

{
*/ s

const UIntl6 * x_table /* Scaling may differ through function reuse.

x_table = (const UIntl6 *) map—->x_table;

}

Code for the TargetLink demo Fuelsys contains an example of a pointer cast for the initialization of the
map structure, which violates MISRA rule 45 (see the last lines):

#define MERGEABLE_CAL const volatile

typedef struct MAP_Tab2DS17I2T4169_a_tag {

UInt8
UInt8
const
const

Nx;
Ny;
UIntl6e * x_table;
UIntl6 * y_table;
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const UIntl6 * z_table;
} MAP_Tab2DS17I2T4169_a;

MERGEABLE_CAL UIntl6 axis_SpeedVect[18] =

{
/*[0..91*/ 200, 300, 400, 500, 600, 700, 800, 1000, 1200, 1400,
/*[10..17]1*/ 1600, 1800, 2000, 2400, 2800, 3200, 3600, 4000
/* 50., 75., 100., 125., 150., 175., 200., 250., 300., 350.,
400., 450., 500., 600., 700., 800., 900., 1000. */

}

Void IntakeAirflowEstimation (Void)
{

/* SLStaticLocalConst: Default storage class for static local const
variables| Width: N.A. */
static const MAP_Tab2DS17I2T4169_a Sa2_Pumping Constant_map = {
18 /* Nx: */,
19 /* Ny: */,
(const UIntl6é *)& (axis_SpeedVect[0]) /* x_table: vector with x-values */,
(const UIntl6é *)& (axis_press[0]) /* y_table: vector with y-values */,
(const UIntl6 *)é& (pumpCon_z_table[0][0]) /* z_table: matrix with z-values */

}i

14.11 Multibyte Characters

Comments, for instance those entered in the Code comment field of block dialogs, should be free of
any multibyte characters and wide-string literals.

Purpose
MISRA C compliance.
Remark

Adherence to this rule serves to comply with the MISRA rule 8. TargetLink does not check for the use
of multibyte characters or wide-string literals.

14.12 Identifier Length

The length of identifiers should be restricted to 31 characters via the Code identifiers max. 31 chars
option in the TargetLink Main Dialog.

Purpose
MISRA C compliance.
Remark

Adherence to this rule serves to comply with MISRA rule 11. MISRA rule 11 requires that identifiers
like variable, function or type names are distinguishable within the first 31 characters. The option Code
Identifiers max. 31 chars makes sure that all identifiers are limited to 31 characters.
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Example
The option is available in the TargetLink Main Dialog, see fig. 121.

-} TargetLink: vcfp (TargetLink Main Dialog}) = |EI|£|
00| & €| Me| Last modified: 05-Dec-2003 17:12:38

Code Generationl Simulationl FlTDSl Toolsl Dptionsl Advanced Documentationl

W ariant configuration

Active varant: IVC‘I j

Code output formatting

Style definition file: I cconfig.xml Browse ... |
. TL C% Iy o 1
st el ieet I - OUICE |Name of the %5L style sheek used For code output Fe

Advanced production code options

Optimization lesel: I 2 ﬂ ultivalued state wariables if number of states > I 5 ﬂ

Line break. limit: I 100 ﬂ IEonstants in decimal farmat j
Inlining threshold: I 5 ﬂ
v Use bitfields in state machines ode identifiers max. 31 chars

I~ Use global bitfields for Booleans [~ Orit initislizations to zer in restart functions
¥ Use optimized Boolean types ¥ Share funchions between Targetlink subspstems
¥ Functions for G4-bit operations [~ Extended variable sharing

I~ Keep saturation statements

Set Generic Defaultsl Set Tk Defaults |

o | _Fovrt | _top | Concl | s |
V742 Apply Rewert Help Cancel Close

Feady

Fig. 121: Option Code identifiers max. 31 chars.

14.13 Use of Bitfields

The option Use bitfields in state machines should not be selected if compliance to MISRA rule 13 is
desired.

Purpose
MISRA C compliance.

Remark

Adherence to this rule is required if the generated code must comply with MISRA rule 13. MISRA rule
13 demands that no basic types like long, int, short etc. shall be used. Instead, platform-independent
types shall be applied, which take the bit sizes into account, like Int8, Uint8, Int16 etc. TargetLink
adheres to this rule with the exception of bitfields, which are usually unsigned int variables. This be-
havior is usually uncritical. It may be the case though, that bitfields are assigned to other non-bitfield
variables which are then cast to unsigned int, which violates MISRA rule 13. An example would be the
assignment of a bitfield for states to a NextState variable.

Note: For bitfield assignments in Stateflow, it can be guaranteed that no overflows occur because the
value ranges for the variables are chosen properly.

Example
The option is available in the TargetLink Main Dialog, see fig. 122.
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-} TargetLink: SqrtMdl (TargetLink Main Dialog) - |EI|1|

0D| 6] €| me| Last modified: 05-4pr-2005 15:12:41
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V4 Apply Fewvert Help Cancel Cloze

Feady

Fig. 122: Options for the use of bitfields.

14.14 Variable Scopes

Variables should be defined on the function level whenever possible. Local or default variable classes
should be used for that purpose. If that is impossible, the selected variable class should possess
the SCOPE_REDUCIBLE attribute for the Optimization property. A value for the ScopeReducedClass
property can also be specified. If the latter is not the case, TargetLink derives a class with reduced
scope on its own.

Purpose
MISRA C compliance.

Remark

Adherence to this rule serves to comply with MISRA rule 22. TargetLink’s scope reduction mecha-
nism makes sure that variables have a minimum scope (exceptions are look-up table maps and reuse
structures). In order to make this mechanism work, each variable class must be scope reducible.

Example
Whether a variable is scope reducible or not depends on the settings of its variable class, see fig. 123.

14.15 External Variables

External variables should either be specified in the Data Dictionary directly or have their origin speci-
fied via the module entry.
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File Edt Wew Extras Tools Help
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(@ STATIC_GLOBAL Const off -
[ = Macro off v
- Alias off M
s | MERGEABLE_GLOBAL InitAtDefinition on e
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(21 NOPT _GLOBAL Sectionhlame
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(21 OPT_LOCAL DeclarationStatements i+
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— | Madule "
(23 STATIC_CAL Info — -
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(21 MERGEABLE_DISP

(22 OPT_DISP
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|Status: Refresh Title |Object: 135 (DDO) |User Mode [Access: runw |0 Children |21 Properties v

Fig. 123: Specifying the scope reduction mechanism for the STATIC_GLOBAL variable class for which
the SCOPE_REDUCIBLE optimization attribute is set.

Purpose
MISRA C compliance.

Remark

Adherence to this rule serves to comply with MISRA rule 27, which requires that variables shall be
declared extern only once. If a variable is declared as extern and TargetLink is unaware of its origin, a
declaration for this variable might be generated on multiple occasions, not only once.

Example

The model in fig. 124 contains a gain variable with external scope, see fig. 125. TargetLink generates
an extern variable declaration for the gain value into the code, which is undesired if an additional code
file with an extern variable declaration is included:

/**********************************************************************\

EXTERN_GLOBAL: external global variables (RAM) | Width: 16

\**********************************************************************/

EXTERN_GLOBAL Intl6 MyGain;

However, if the variable for the gain value is specified in the Data Dictionary, see fig. 126, the generated
code contains only an include statement for the file with the extern variable declaration for the gain
value.

14.16 Uninitialized Variables and the Switch Block

The MultiPort Switch block should not be used if compliance to MISRA rule 30 is desired.
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E!RuIEZT,.-"...,.I"Suhsystem,.-"ﬁuhsrstErn - | Ellﬂ
File Edit Wiew Simuolabion Format Tools  Help
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Fig. 124: Example model with an extern gain variable.

) TargetLink: Subsystem;Gain (Gain) _ =101x]
oo] & €1 & Lt roclied 06 Api 2005 1327:43
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Geirc [ Feda [ %
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Veaistle: | | Meme  [WyGan e —
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Type: [im5 | e [

Scaling: I _I Elemment F ﬂ ™ | Same sealing far 2l

Implemented of element

Lse: 2o Max: | 32767 1

Offzet: [0 | 32768 1
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Fig. 125: An extern class is selected for the gain value. However, the variable is not explicitly specified
in the Data Dictionary and TargetLink is therefore unaware of its origin.
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Fig. 126: Specification of the extern gain value and its origin via the Module property in the Data Dic-
tionary.

Purpose
MISRA C compliance.

Remark

Adherence to this rule serves to comply with MISRA rule 30, which requires that all variables must
be assigned a value before they are used. Code generated for the Multiport Switch block violates this
rule, because there is no place to specify a default branch in the Simulink Multiport Switch block and
TargetLink therefore simply reflects the behavior of the Simulink block.

Note: Proper modeling of the control input of the MultiPort Switch block ensures that its output is
always defined properly. Simple MISRA checkers will nevertheless signal a violation of rule 30 though.

Example

For the example model in fig. 127 and no constraint limits specified for the control signal (the first
input) of the Multiport Switch block, TargetLink generates the following code:

/* Multiport switch: Subsystem/Multiport Switch */
switch (Sal_InPort) {

case 1l: {
Sal_Multiport_Switch = Sal_InPortl;
break;

}

case 2: {
Sal_Multiport_Switch
break;

Sal_InPort2;

}

case 3: {
Sal_Multiport_Switch
break;

Sal_InPort3;

}
default: {

/* Default case could be executed! In case, the output value of
the block 'Multiport switch: Subsystem/Multiport Switch’
will be undefined */
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/* Outport: Subsystem/out. */
Sal_OutPort = Sal_Multiport_Switch;

Should the control signal have a value unequal 1, 2 or 3, then the variable sal_Multiport_Switch
is not initialized before its first use in an assignment in the last line.

ﬁ Regel30/.../Subsystem /Subsystem * - | Ellil
Fil=  Edit Wew Simulation Format Tools Help
DFEH&S| spR(22r s BB T ®
D —
in. InFort
»5
=z
in.1 InPortl ___l\‘—
d OutPert out.
—3
Multiport
in2 InFori2 Sweitch
o —
in3 InPort3
Ready 100% T=0.00 lode4s Y

Fig. 127: Multiport Switch Block

Since the Multiport Switch block in Simulink provides no way to specify the behavior for a default case,
it has to be ensured that the control signal is clipped to one of the permissible values using additional
input logic on the modeling level.

The generation of a default branch without content in the code can be suppressed by specifying cons-
traint limits for the control signal, see fig. 128, but the generated code still violates MISRA rule 30:

/* Multiport switch: Subsystem/Multiport Switch */
switch (Sal_InPort) {
case 1: {
Sal_Multiport_Switch = Sal_InPortl;
break;
}
case 2: {
Sal_Multiport_Switch
break;

Sal_InPort2;

}

case 3: {
Sal_Multiport_Switch = Sal_InPort3;
break;

/* Outport: Subsystem/out. */
Sal_OutPort = Sal_Multiport_Switch;

dSPACE
Page 153 of 162 I’



MISRA Compliance
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Fig. 128: A specified constraint range for the control signal indicates the set of real values to the code
generator.

14.17 Avoidance of Recursions in Stateflow

To avoid recursive function calls in the code, the modeling style in Stateflow has to avoid recursive
function calls in graphical functions and loops with multiple inputs and outputs. In addition, event
broadcasting shall be used only in the form of directed broadcasts for local events whose recipients
are neither the currently active state nor one of its predecessors.

Purpose
Restricted language subset for safety-critical systems, MISRA C compliance.

Remark

Adherence to this rule serves to comply with MISRA rule 70, which forbids the use of recursive func-
tions. In general, recursive functions have to be avoided when code has to be generated for safety-
critical systems.

Example
First of all, recursions can be modeled directly using graphical functions, see fig. 129

Secondly, if a local event is cast during the entry, execution or exiting of a state, and triggers the execu-
tion of the state itself, one of its predecessors in the hierarchy or the entire chart, a recursive function
call is generated, see fig. 130. Local events should therefore be used only in the form of directed
broadcasts whose recipients should be neither the state itself nor one of its predecessors.

Thirdly, a control flow structure for a loop leads to recursive function calls if it cannot be transformed
into a While, For or Do While loop immediately. Examples of such situations are loops with multiple
entry or exit points, see fig. 131. To avoid these recursive function calls, the design patterns for effi-
cient control flow in this document should be used.
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Fig. 129: Recursive function call as a result of a recursion in a graphical function.
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Fig. 130: Recursive function call as a result of event broadcasting.
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Fig. 131: Recursive function call as a result of special control flow structures.

14.18 Include Statements and Custom Code

Preprocessor include directives in Custom Code blocks should not be used, but replaced by AddFile
blocks.

Purpose
MISRA C compliance.

Remark

Adherence to this rule serves to comply with MISRA rule 87. Include directives in the Custom Code
block section are appended to the usual variable declaration section. This behavior violates MISRA
rule 87, which says that only preprocessor directives may be placed before include directives.

Example
The file MyFile.his included in the declaration section of a Custom Code block.

#HAHHE A A AR

Enter declaration code for production code simulation below
FhEFHH A A AR A AR A A A AR S

/* fxp_decl_begin (top, common) */

# define DBUFLENGTH 255

# include "MyFile.h"

/* fxp_decl_end */

The code generated for the Custom Code block entails the include directive for MyFile.h below the
variable declarations, which violates MISRA rule 87:

static UInt8 Sal_transport_delay_nDelays = 40 /*
Description: delay time as multiple of sample time (0 .... 255) */;
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/* Custom code: custom_demo/transport delay << declaration code (common, top) >> */

#define DBUFLENGTH 255
#include "MyFile.h"

However, if an AddFile block is used to include MyfFile.h, see fig. 132, the include directive is generated
into the proper section:

#include "MyFile.h"

Now the generated code is compliant with MISRA rule 87.

+J TargetLink: custom_demo/Addfile’ (Addl ;lglzl
Fﬂ :@1 g @ Last modified: 0E-Apr-200511:53: 40

O ptions

Dacument tion |

Code file: J tyFile.h Erowse |

" Compile & ink to production code application
{* |nchude in gensrated fle

I~ System headerfile

v Wisible in subsystems below current level

,dgACE Anply | Be -| Help | Eancell Clase |

Wwiiting data to Block ... dane.

Fig. 132: Use of the AddFile block to include MyfFile.h.

14.19 Avoidance of Library Function Names

No function shall have the same name as one of the library functions used.

Purpose
MISRA C compliance.

Remark

Adherence to this rules serves to comply with MISRA rule 115. TargetLink does not check whether
identifiers possess identical names as library functions.

Example

Fig. 134 shows an example in which a subsystem called sin contains a Function block. If the name
macro $B is used for the TargetLink step function, this leads to the generation of a function called sin,
which is also the name of a standard library function.

If the name of the TargetLink subsystem is *sin, the generated function is called _sin because special
characters are replaced by underscores. If there is a library function _sin(), MISRA rule 115 is violated
and the code might not compile.

14.20 Volatile Variables in Logical Expressions

Situations should be avoided in which volatile variables appear as second operands in logical expres-
sions if compliance to a maximum number of MISRA rules is desired.
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Fig. 133: Function name specified by the name macro
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Fig. 134: TargetLink subsystem with identical name as a library function.
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Fig. 135: Subsystem called *sin.
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Fig. 136: Subsystem called *sin with a Function block.
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Purpose
MISRA C compliance.

Remark

Adherence to this rule serves to comply with MISRA rules 33 and 46. MISRA rule 33 requires that
the second operand of logical expressions is side-effect free. A volatile variable violates this rule. In
addition, MISRA rule 46 is affectecd which demands that the execution order must be irrelevant.

Example

In the model in fig. 137, a volatile variable (the output of the Constant block) is used in a compari-
son and a subsequent logical expression. The output of the Constant block is volatile, because the
STATIC_CAL variable class has been specified for it, see fig. 138. Since the default variable class is
chosen for the additional variables, TargetLink generates the following code:

Sal_OutPort = Sal_InPort && (Sal_InPortl > Sal_Constant);

The volatile variable sal_Constant appears as a second operand in a logical expression, thereby
violating the MISRA rules 33 and 46.

If compliance to those rules is intended, a non-erasable variable should be specified for the output of
the Relational Operator block, see fig. 139. Hence, the output variable cannot be eliminated and the
volatile output of the Constant block does not appear in the logical expression:

Sal_Relational_Operator = Sal_InPortl > Sal_Constant;
Sal_OutPort = Sal_InPort && Sal_Relational_Operator;

Now the generated code is compliant with MISRA rules 33 and 46.

E!||I'uIatiIeLugil:,.-"...,.-"Suhsystem,.-"Suhsvstﬂn A - | Ellﬂ

File Edit View Simulation Format Tools Help

D& sl o[5S E BBt *
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in. InFart AND

[
: OutPort out.
in1 InPartt Logical
> Operator
Felational
1

Dperator

Constant

Ready [100%% [ T=0.00 lode4s g

Fig. 137: Volatile constant used in a logical expression.
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Fig. 138: The variable class for the output variable of the Constant block is specified as STATIC_CAL.

The class has the volatile property set.
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Fig. 139: Specification of a non-erasable output variable for the Relational Operator block. The output
variable then appears in the code, preventing the volatile constant from serving as a second operand

in a logical expression.
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