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Getting Started

What Is MPF? (p. 1-2)

When Do I Need to Use MPF? (p. 1-4)

MPF General Operations and
Specific Overrides (p. 1-5)

MPF Settings (p. 1-6)

Basic Tutorial (p. 1-8)

Selecting the Desired MPF
Procedure (p. 1-24)

Explains the module packaging
features (MPF) of Real-Time
Workshop Embedded Coder.

Provides questions to help determine
whether or not you should use MPF.

An overview of the typical tasks you
can perform using module packaging
features.

Identifies settings for all module
packaging features to be available.

Explains how to do basic MPF tasks,
using a simple model.

Identifies the main MPF procedures
that are provided in subsequent
chapters of this guide.
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What Is MPF?

The Real-Time Workshop® Embedded Coder generates C/C++ code for a
Simulink® or Stateflow® model. Module packaging features (MPF) extend the
code customization and formatting controls of Real-Time Workshop Embedded
Coder. It allows you to work collaboratively to develop and deploy large-scale,
multimodel control system applications. With MPF, you can control packaging
needs, with the following features:

® Package generated code into a desired number of .c/.cpp and .h files.

® Control the internal organization of each generated file by choosing a
MathWorks supplied template. Or, if you know TLC (Target Language
Compiler), you can modify a MathWorks supplied template or create a new
template. For example, for readability, your company may have software
standards that define where to place comments and sections of code within
files.

® Control whether generated files contain definitions for a model’s global
identifiers. And, if definitions exist, you determine the files in which the
code generator places them. Also, you can specify the generated files where
the code generator places global data (extern) declarations.

In addition, MPF allows you to

® Register user-defined data types.
® Customize comments.

® Locate variables in target memory where desired.



What Is MPF2

The MPF interface consists of dialog boxes, templates you can define, and the
use of M-scripts for applying these features to your application.

Real-Time Workshop Embedded Coder Feotures
Generutes Optimizes duto initiolizotion
- deterministic multirote scheduler — Redutes ROM ...
. L egucy Code
- single ond multiple instonee ) Product on-Reaty ‘/V
Modwe Packaging Feafures

- C -~ Third-Purty
- integer only code Softwure
Sourte Code

- S-function wroppers \
- ASAP 2 dutu export file j Turget Memory
User-defined orgunization

- floating-point code

- HTML report

Dinlog boxes, User-defined /
templutes ond Meseripts

Module Packaging Features in Code-Generation Process

The term module (in module packaging features) refers to one or more models.
For example, a module might be named Fuel and the model files associated
with it might be named open_loop fuel.mdl and closed loop fuel.mdl.
Thus, "module" captures the fact that many users generate code for a
multimodel system. Using MPF, users generate code for one model at a time.
The term "packaging" refers to the ability to organize files.

When this document refers to a variable, it follows the distinction made in
C/C++ programming texts between declaring and defining. Declaring names
the variable and specifies its type, but does not allocate memory. Defining
names, specifies the type, and allocates memory for the variable. A variable is
declared in one of two ways: by placing an extern statement in a . h file or by
placing the extern statement at the top of the .c/.cpp file that references
that variable. A variable is defined in a .c/.cpp file.
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When Do | Need to Use MPF?

Real-Time Workshop is the foundation for Simulink code generation. It
generates ANSI/ISO-C compliant code for an entire model or for an individual
subsystem. The code runs on any microprocessor or real-time operating
system. Real-Time Workshop Embedded Coder extends Real-Time Workshop.
It generates C/C++ code from Simulink and Stateflow models that has

the clarity and efficiency of professional handwritten code. This code is
compact in size and fast in execution time, meeting the needs of embedded
systems, on-target rapid prototyping boards, microprocessors used in mass
production, and real-time simulators. MPF extends the code customization
and formatting controls of Real-Time Workshop Embedded Coder.

Use MPF if you answer yes to any question like the following:

® Do you need to control the organization of one or more generated files?

® Do you need to control where (which file) the code generator places
definitions of global identifiers?

® Do you need to insert any kind of comment into a generated file?

® Do you need to control how model parameters and signals are named in
generated files?

14



MPF General Operations and Specific Overrides

MPF General Operations and Specific Overrides

The figure below shows an overview of some of the typical tasks you can
perform using module packaging features. First, you can create a data
dictionary for a model. The data dictionary consists of data objects that are
created from a model’s signals, parameters, data stores, and states. You can
apply one of more module packaging features to all of these data objects in
one general operation. You can also override a general operation for specific
data objects.

Some General MPF
Operotions on All Dutn Objects

Some Specific MPF
Operations on Single Dutu Objects

Crente
Dutn
Dictionury

Ploee globul dotn objects inseporote file,
Insert custom und globol comments.

Chunge numes of duta objects (noming
rules).

Orgunize files with templates.

Ploee o globol doto object in its own file.

Override noming rules with olios.
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MPF Settings

To enable module packaging features, the Configuration Parameters dialog
box must have the settings indicated in the table below:

MPF Settings

Setting on Configuration
Parameters Dialog Box

Purpose

Select Fixed-step in the Type field
of the Solver pane.

Allows you to choose one of the set
of fixed-step solvers that Simulink
provides: discrete or continuous.
Required to enable any module
packaging feature.

Select the Inline parameters check
box on the Optimization pane.

Instructs Real-Time Workshop to
embed the numerical values of model
parameters (constants), instead of
symbolic parameter names, in the
generated code. This improves code
efficiency, because the constants
become nontunable. Then, you can
specify individual parameters to be
tunable, if desired. Preferred for
MPEF.

Select an ert.tlc (or a system
target file derived from an ert.tlc)
in the System target file field on
the general Real-time Workshop
pane.

Sets code generation parameters for
your embedded target. (The Target
Language Compiler generates
target-specific C/C++ code from

an intermediate description of
your Simulink block diagram
(model.rtw). The system target
file, at the top level of this program,
controls the code generation
process.) Required to enable any
module packaging feature.




MPF Settings

MPF Settings (Continued)

Setting on Configuration
Parameters Dialog Box

Purpose

Clear the Ignore custom storage
classes check box.

Supports all custom storage classes.
Required to enable any module
packaging feature.

Select the Include comments
check box on the Comments pane,
and click the Apply button, if it is
available.

Makes available all other options on
the Comments pane. Required to
enable the adding custom comments
feature of MPF.

1-7
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Basic Tutorial

This section explains some basic MPF tasks, using a simple model:

® “Creating a Data Dictionary for a Model” on page 1-8

“Defining All Global Data Objects in a Separate File” on page 1-15
“Defining a Specific Global Data Object in Its Own File” on page 1-16

“Changing Names of Identifiers” on page 1-17

“Changing the Organization of a Generated File” on page 1-19

“Inserting a Comment into Generated Files” on page 1-21

Creating a Data Dictionary for a Model

In this procedure, you create a data dictionary for a model using the Data
Object Wizard, inspect the data dictionary, and generate code. Notice that the

data objects in the dictionary are defined in the generated file:

Using the Data Object Wizard

1 Open the demo model rtwdemo_mpf by clicking the link or by typing

1-8

rtwdemo_mpf in the MATLABe Command Window.

E!rtwdemuimpf e
File Edit view Simulation

Format Tools  Help

1H[=] E3

DEEH&| 2R 9|y sfiin [om - EHHaBEs | BEE G ®
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in Qa1 2]

TriggerQ

T
=
Dats Stare

Wfrite

DS

M
EMN pata Stere
Readz

Ready

Data Store 1

nvoke Data
Ohbject Wizard
{Double click.)

Imvoke Model Explorer
{Double click.)

F

Yy

Merge
Final

o Triga=r)

Subsystem2

[100%

[FixedStepDiscrete




Basic Tutorial

In this model,

® A B, and C are input signals, and L and Final are output signals.
(Signals H and K are inputs to a Merge block. So they will not appear as
identifiers in the generated code.)

® Subsysteml receives inputs A and E, and contains constants G1 and G2.
Signal E is an output from Data Store Readl.

® Subsystem2 receives inputs C and D. Signal D is an output from Data
Store Read2. There is a constant in Subsystem2 named G3. Also, this
subsystem has a Unit Delay block whose state name is SS.

2 Double-click the Stateflow chart and notice it has constants F1, Gain1,
and Gain2, as shown below:

.} Stateflow (chart) rtwdemo_mpf/Chart =10 x|
File Edit WYiew Simulation Took Add Help »

FEHS (1 h@ 5 | BE ) | HeE BRAO| W

_I -

[ InSF1 = 10

{

out = in * Gain1 * Gain2:
g 1

}

y BEEE e

4

S [

|Ready

3 Change to a work directory that is not on an installation path and save the
model in that work directory. Real-Time Workshop does not allow you to
generate code from an installation directory.
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4 Double-click the Invoke Data Object Wizard button on the model. Or,
type dataobjectwizard('rtwdemo_mpf') in the MATLAB Command
Window. The Data Object Wizard opens and rtwdemo_mpf appears in the
Model name field, as shown below.

<) Data Object Wizard 5 ] S |

Analyzes the model specified below and finds its unresolved data
ohjects and data types that will be created

| Object Hame | Class | Package

Check &l | Urickieck Alll

Chaose package for selected data obiscts: |Simulink - ARl Rackane |
Model name: hwdemo_mpf Erowse. . |
Fired opticn:
¥ Roctinputz [V States ¥ Block outputs [V Alias types
¥ Roct outputs W Data stores [V Parameters

Fird | Createl Cancell Help I

5 Click Find on the Data Object Wizard. After a moment, the model’s
parameters and signals appear in the Data Object Wizard. These "data
objects" make up the data dictionary.

6 Click Check All, to select all data objects for the data dictionary.

7 In the Choose package for selected objects field, select mpt. For an
explanation of “package,” see “Overview of the Data Dictionary” on page 3-3.

1-10
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8 Click Apply Package. The Data Object Wizard associates the selected
data objects with the mpt package, as shown below.

) Data Object Wizard =10l

Unresaolved data objects and data types found in analyzed model
Select each data object and data type you wish to create for the
model:  rwdemo_mpf

| Object Hame | Class | Package
]2 Signal tmipt
| Signal mipt
c Signal mpt
| Signal mpt
[ Sighal mmipt
“|E Signal rmipt
[+ | Final Signal mpt
#|L Signal mpt
¥lss Signal mipt
[#[F1 Parameter rmpat
WGt Parameter trpt
wG2 Parameter gt
| [e] Parameter trpat
[+ Gairn Parameter it
W] Gainz Parameter trpt

Check All | Uncheck Al

Choose package for selected dats objects: Impt - I A
Model name: hwdemo_mpf Erowse. .. |

Firel opdicn:
¥ Roctinputzs [V States ¥ Block outputs v Alias types
¥ Roct outputs W Data stores [V Parameters

Find | Createl Cancell Help I
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9 Click Create. The Data Object Wizard creates a data dictionary, consisting
of data objects for the selected parameters and signals. The Data Object
Wizard removes the objects from its object view. Also, the objects are added
to the MATLAB workspace, as shown below.

«JMATLAB B 1ol x|
File Edit view Graphics Debug Desktop Window Help

0 E’:‘ & B o o |ﬁ ﬂl 7] | Currert Directory: | DriworkiR145P1twork | J

Shorteuts @] How to Add (7] What's New

‘Workspace A [Command Window 2 x
B E @S| e - s o]

To get sterted, select MATLAE Help or Demos from the Help menu.

Name £ [ vaiue [ cass

(2]~ <11 mpt Signal>  mpt Signal »> datachjsctuwizard (' rrwdemo_wpt.mel')

2 B <1x1 mpt.Signal>  mpt.Signal 3 -

@l ¢ <1x1 mpt Signal>  mpt Signal

(@D <1¥1 mpt Signal>  mpt Signal

(@] DS <1x1 mpt.Signal>  mpt. Signal

G E <11 mpt.Signal>  mpt. Signal

(@] F1 <1x1 mpt Parame. . mpt Parameter

(@] Final <1x1 mpt.Signal>  mpt. Signal

@] &1 <1x1 mpt.Parame... mpt.Parameter

(@] 52 <1x1 mpt Parame. . mpt Parameter

(@] 53 <1x1 mpt.Parame... mpt.Parameter

6] Gain1 <1x1 mpt.Parame... mpt.Parameter

(@] Gairnz <1x1 mpt Parame. . mpt Parameter

[@]L <1x1 mpt.Signal>  mpt. Signal

(@] 55 <11 mpt.Signal>  mpt. Signal

4] | |

Current Directory | orkspace

Command History A X

4-- 9/22/04 12:39 PH —-%
datachjectwizard [ rrodems wpf.mdl’) _Ij
4 »
I
4\ start 4

10 Close the Data Object Wizard.

Inspect the Data Dictionary
You can verify that each data object you selected in the Data Object Wizard is
in the data dictionary, using the Model Explorer:

1 Open the Model Explorer.

2 In the left pane, select Base Workspace. Notice that all data objects that
you placed in the data dictionary appear in the middle pane.

1-12
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3 In the middle pane, select data objects one at a time, and notice their
property values in the right pane. The figure below shows this for signal A.
All of the data objects have default property values. Note that for an mpt
data object, the default in the Storage class field is Global (Custom). For
descriptions of the properties on the Model Explorer, see Parameter and
Signal Property Values on page A-20.

& Model Explorer

-0l x|
File Edit Yiew Tools Add Help
D[t mRX[BH<%07f0@n4+a]aamzA
Search: [by Block Type =] Tupe: [ | Search
Model Hisrarchy I Contents of: Base Workspace ‘ mpt.Signal: A
=[] Simulink Root Value | DataTyp | Datatype:  [double | Units: | =
FERaseWokpace | | [ —— Complrty: [0 =
=+ tadl f
= Er oeme_ e Sample time:|-1 Sample mode; | auta LI
bl i ot Masimam: [inl
double -
double —Code generation option:
double Storage class: | Global [Custom) |
2 auto Custom attribuk
doubls Memary sectior: [ Defaul =]
b aute Header file: |
26 aun :
3 ab B I
5 auo Defirition fle: |
Customize Contents 3 auo Persistence level |1
(- W Cunent Properties double:
0l Propstties double |- Ales [ e
[~ Fised-Point Properties Initial value: |
Description
] | =
4 | || Contents | Search Resuts fievert Help tonly |
Open the Simulink Library Browser /ﬁl

Generate and Inspect Code

1 In the left pane of the Model Explorer, expand the rtwdemo_mpf node.
2 In the left pane, click Configuration (Active).

3 In the center pane, click Real-Time Workshop. The active Real-Time
Workshop configuration parameters appear in the right pane.

4 (Click the General tab.

1-13
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5 In the General pane, select Generate HTML report and Generate code
only, and then click Generate code. After a few moments, the names
of the generated files are listed on the Real-Time Workshop Report, as
shown below.

[Z|Real-Time Workshop Report =of x|

= ==l Code Generation Report

Contents

Extn for rtwdemo_mpf

Subsystems
Code mapping Summary
Code reuse exceptions
Generated Source Files Real-Time Workshop code generated for Simulink model "riwdemo_mpf mdl™.
eff_main.c
rwclema_mpf.c i
rtwiclerno,_mpfh Model .Ver5|on . 176

rwderno_mpf_private h Real-Time Workshop version: 8.3 (R145P3 TC1) 14-Jul-2005
rwiderno_mpf_tyoes h C source code generated on © Tue Jul 26 16:38:36 2005
riwtypes h

Configuration Settings at the Time of Caode Generation: click to open

List of inserted blocks

oK I Cancel | Help | Apply I

6 Open and inspect the content of the model source file rtwdemo_mpf.c. The
data objects in the data dictionary are defined in this file.

real T A;
real T B;
real T C;
real T D;
real T DS;
real T E;
real T Final;
real T L;
real T SS;
real T F1 = 2
real T G1 = 6.
real T G2 = -2.6;
real T G3 =
real T Gainf
real T Gain2

|
©
in i -
o
Ol -
w -
- O
O -
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Defining All Global Data Objects in a Separate File

The previous procedure placed all of the model’s data objects in the model

source file. Now you place all of the global data objects in a file separate from
the model source file:

1 In the center pane of the Model Explorer, select Real-Time Workshop.
2 In the right pane , select theData Placement tab.

3 Set Data definition to Data defined in single separate source file
and accept the default for Data definition filename, global.c.

& Model Explorer

ol x|
File Edit view Tools Add Help
D+ maxEME%f fod0n46 [ arm=a)
Seatch: [by Block Type =1 Type: [Chan =] & Seach . ‘
Model Hierarchy Contents of: twdemo_mpk/Canfiguratior || Real-Time Workshop
E+E9Simuink Root [Hame [StopTime [Save|| | CustomCode | Debug | Intetface | Templates | Data Placement | Data Type Aeplacement | 4| »
?HE“:W”"STE” @ Soler 1 e e e [ e e e e )
=1 g rtwdemo_mpf*
= 8 Data Inport/Export r okt e Dats defined in a single separate source (i |
Bjtods! wiorkspace & Optivization
%Conligurauon [Bctive) @ Diagnostics Drata definition filename: |global
= b Code for twdemompl || gy [ e, Data declaration ) =]
- g Adviee fot tudemo_mel || 110e) Freferencing Hinclude file defiviter. | Aute =
Lifeuid EAT 8 ReskTime Work
[EElpuid ERT1 ~Global data placemert [MPT data abiects an
~Build GRT
Module ]ging Mot speciied -
BaChat {gra  Motweehed =l
e fComicht Signal display levet  [10 Parameter tune level.[10
-~ 2|D ata Object Wizard Source of inifial values: [ Model |
el ubeystem
[alsubsysenz

|¥ Generate code only Generate code

<1 2l
Contents | Search Results Revert Hep | Spply |

RS

4 Set Data declaration to Data declared in a single separate header

file and accept the default for Data declaration filename, global.h.
Then, click Apply.

5 Click Generate code. Notice that the code generation report lists
global.c and global.h files.

1-15



1 Getting Started
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6 Open global.c and rtwdemo_mpf.c. Notice that
® The data objects are defined in global.c and not in rtwdemo_mpf.c.
® The file rtwdemo_mpf.c includes rtwdemo_mpf.h.

e A #include "global.h" statement appears in the file rtwdemo_mpf.h.

Defining a Specific Global Data Object in Its Own File

The previous procedure placed all global data objects in a separate definition
file, in one operation. You named that file global.c. (You named the
corresponding declaration file global.h.) MPF allows you to override this and
place a specific data object in its own definition file. In this procedure, you
move the Final signal to a file called finalsig.c, and keep all the other data
objects defined in global.c:

Right Most Pune of Model Explorer Dinlog

mpt.Signol Final

Definition

Generote
Code

—>

— el T Firel - 053]
real TL = 0.0;
real T S5
real T F1
real T G1
real T G2
real T G3 =
real T Gaini
real T Gain2

o non
[ =]

.0
.0
.0
.0
.0

'
3
= 0.0;
= 0.0

finalsig.c

LJp-| real T Final = 0.0;

globul.h

extern real T A;
extern real T B;
extern real T C;
extern real T D;
extern real T DS;
extern real T E;
extern real T L;
extern real T S55;
extern real T F1;
extern real T G1;
extern real T G2;
extern real T G3;
extern real T Gainl;
extern real T Gain2;

p

finolsig.h

extern real T Final;

1 In the Model Explorer, display the base workspace and select the Final
signal object. The mpt.Signal properties appear in the right pane.

2 In the Code generation options section, type finalsig.c in the
Definition file text box, and click Apply.

3 Display the active Real-Time Workshop configuration parameters.

4 In the right pane, click Generate code. The code generation report still
lists global.c and global.h, but adds finalsig.c.
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5 Open all four files to inspect them. Notice that the Final signal is defined
in finalsig.c. All other data objects in the dictionary are defined in
global.c.

Changing Names of Identifiers

This procedure changes the names of all signal identifiers, except one, so that
they are spelled with all lowercase letters. For example, A in the definition
statement located in global.c is changed to a. The one exception is the
Final signal in the finalsig.c file. You change this identifier name to
Final Signal. The names of the rest of the identifiers in the generated files
remain the same:

1 In the center pane of the Model Explorer, click Real-Time Workshop.
2 In the right pane, click the Symbols tab.

3 In the Simulink data object naming rules section, set Signal naming
to Force lower case, and click Apply.

& Model Explorer o [=] 3]
File Edit View Tools Add Help

D+ maxENE%ffod0n46[aarm=a)

Search: [by Block Type | Type: [Chan =l (2] Seach ‘
Madel Hieraichy Canterts of: twdemo_mpf/Configuratior |[Real-Time Workshop
E+[E9] Simuiink Root TNeme [StopTime [ Save|| | Symbols IEuslomCude | Debug | Interface | Templstes | Data Placement | Data Type Repl « | »
?HEES:WD"*STE“ & Solver 1 to-generated identifier naming ru
= rtwdemo_mpf*
- # Data Inport/Export r bt e
Bjtods! wiorkspace € Optiization
GyConfigwation (icive] || @) piognootics Miritnum mangls lengit i
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[8puid ERT & FiealTime Work
F{Buid ERT ~Simuink, data objsct naming rule
~2]Build GRT
Signal nain Force lower case -
B Chart & 2 E I
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[rafsubspstemz

¥ Genersts oode oy Benersts code
e | |
Conterts [ Search Resulls At I

A

4 Display the base workspace and select Final.
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5 In the right pane, type Final Signal in the Alias text box, then click

Apply.

 Model Explorer =loix|
File Edit View Tools Add Help
D@ deaxBHc%HS fodDa+s v x|
Search: [by Block Type | Type: [Chart | Search
Model Hierarchy Cantertts of: Bave Warkspace mpt-Signal: Final
- [EH|Simuink oot [Hame _+ [DataType | Dime|| Datatwpe: [doubie =] Units | =
- 18 Base Workspace = double Dimensions: [1 Complesity: [ auto |
1 frderna_apf double 1 Sample time:[1 S ample mode: | auto 4|
% Modsl Workspace doble 1
&gy Conliguration [Active) PR | i [nf Masmum: — [ind
& Code for rtwdema_mpf double 1 ||[Code generatian opt
% Adice for ttwdemo_mef double 1 Storage class:| Global [Custom] =l
[Zpuid ERT ado 1 Custom alir
- FEBuild ERTY
%Md i double -1 Memer section: | Defaul =]
ado 11
Bcha o 1 Header fle
i2]Copyright ate 1 Duiner
~[H¥]Data Object Wizard o 11 Definition file:
[Pe]Subsystemt auto 1] Persistence level [1
[rafsubsystemz double 1
-
double -1 IAhas [Final_Signal I -
Trital value: ][]
Desoiiption
sl =
Conterts [ Search Resulls Ve Ao e |
4

6 Display the active Real-Time Workshop configuration parameters.

7 Click Generate code. Now the signal identifiers in global.c and
global.h appear with lowercase letters.

real T F1
real T G1
real T G2 =

real T G3

real T Gainf
real T Gain2

real T a;
real T b;
real T c;
real T d;
real T ds;
real T e;
real T 1;
real T ss;

|
- a a0
ocooo
SN -ITR"
oo
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The statement defining the Final signal in finalsig.c looks like this:

real T Final_Signal;

The statement declaring this identifier in finalsig.h looks like this:

extern real T Final Signal;

Changing the Organization of a Generated File

The files you generated in the previous procedures are organized according to
the general template that Real-Time Workshop Embedded Coder provides.
This template has the filename ert_code template.cgt, and is specified by
default in templates panes of the Configuration Parameters dialog box.

B Model Explorer

File Edit View Tools Add Help

ol

D+ maxEME%f fod0n46[aarm=a

i |

Search: [by Block Type | Type: [Chan 4| E Search
Muodel Hisrarchy Contents of: twdemo_mpk/Canfiguratior || Real-Time Workshop
E+E9Simuink Root [Hame [StonTime [ Save|| Genersl | Comments | Symbols | CustomCode | Debug | Intettace | e |DataP\ace< »
HEES?W”“SD:*” @ Soler 1 G —
- Bltvcemo_mef @ Data Import/Evpon r e o 5 =
-~ 8 Modsl workspace  Optizaion aurce file [*.c) template: [ent_code_template.cgt fonse. . i,
3 Configuration (Active] & Diagnostics Header file [*h] template: [ert_code_template. cat Browse. Edit.
i ik Cade for twdema_mpf @ Hardware Imple.,
- G Advive for tudemomot || ool Referencing - Data templas
[2]Build ERT =
& Redl Time Work. . i
Epuid ERTI Source fle (*.¢] template: [en_cade_template.cot Browse. .. Edit.
~Build GRT Hesader file [*h] template: [ert_code_template. oot Browse Edit
B Chart
A2 Copyight Custom templat
- F|Dals Object Wizard File custamizatian template: [example_fle_pracess. i Browse... Edi.
[ra]subspstemt :
Fasubsystemz ¥ Generates an example main program

Taiget operating system: | BareBoardE sample

- |

J¥ Generate code only

Contents | Search Results

Resert

Help

Generate code

Apply |

ENS
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The following fragment illustrates the organization that results from using
this default template:

/*
* File: rtwdemo_mpf.c

* Real-Time Workshop code generated for ... model rtwdemo_mpf.

*

* Model version: 1 1.36

* Real-Time Workshop file version : 6.0 (R14) 5 May-2004

* Real-Time Workshop file generated on : Wed Aug 18 17:27:20 2004
* TLC version : 6.0 (Apr 27 2004)

* C source code generated on : Wed Aug 18 17:27:22

You can change the organization of generated files using code templates and
data templates. Code templates organize the files that contain functions,
primarily. Data templates organize the files that contain identifiers. In this
procedure, you organize the generated files using the supplied MPF code
template and data template:

1 Display the active Real-Time Workshop Templates configuration
parameters.

2 In the Code templates section of the Templates pane, type
code c_template.cgt into the Source file (*.c) templates text box.

3 Type code_h_template.cgt into the Header file (*.h) templates text box.

4 In the Data templates section, type data_c_template.cgt into the
Source file (*.c) templates text box.

5 Type data_h_template.cgt into the Header file (*.h) templates text
box, and click Apply.
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6 Click Generate code. Now the files are organized using the templates you
specified. For example, rtwdemo_mpf.c now is organized like this:

/**
khkkkhkkhkkkkhkkhkhkhkkhkhkhkhkhkkhkkhkhkhkkhkhkhkhhkkhkhkhhkhkkhkhhhkkhkkhkhkkkkhkkkkkkkk%x*%
** FILE INFORMATION:

** Filename: rtwdemo_mpf.c
** File Creation Date: 18-August-2004
* %

** ABSTRACT:

* %

* %

Inserting a Comment into Generated Files

MPF provides a variety of ways to enter comments in the generated files, as
explained in Chapter 4, “Customizing with Additional Options”. In this final
step of the basic tutorial, you place a Simulink annotation on the model so
that it also appears as a comment in the "NOTES" section of a generated file.

Recall the templates that you specified in the previous procedure. Below is a
list of generated files and templates used to organize them:

Generated File Template Used

finalsig.c data_c_template.cgt
global.c data_c_template.cgt
rtwdemo_mpf.c code_c_template.cgt
global.h data_h_ template.cgt
rtwdemo_mpf.h code_h_template.cgt
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Of the templates you used, only the code _c_template.cgt file has the
<%Notes> template symbol, as shown in the file fragment below:

/**

EEEREEEE R E R RS S S EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
** FILE INFORMATION:

** Filename: %<FileName>

** File Creation Date: %<Date>

* %

** ABSTRACT:
<%Abstract>

* %

** NOTES:

%<Notes>

* %

** MODEL INFORMATION:

** Model Name: %<ModelName>

This template was used to organize rtwdemo_mpf.c. So the annotation you are
about to add using the <%Notes> template symbol will appear in this file only.
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1 Double-click the unoccupied area on the model where you want to place the
annotation, and type the following, as shown in the figure below:

<S:Notes>This is the annotation I want under NOTES.

Flrtwdema_mpf H=]
File Edit Wiew Simulation Format Tools Help
DSEE&| s BR[| =fiir (emd - HHBed REE T €
-
aut >z
R .
W2 - — - 3o Inwoke Data
Yo . Object Wizard
¥ (Double click.)
Trigger)
o > Invoke Model Explorer
(Double click.)
L >—»
Gotel From4
_ o Subsystem 1 <Hr
H ht
Fram ¥ e
Triggerty
LB >—w
Framz
<Kx

e ’ <8:Notess This is the annotation | want under NOTES |
Subsystem2 j
Ready [100% [ [T=0.00 [FixedStepDiscrete v

2 Click outside the annotation rectangle and save the model.

3 Generate code. The annotation appears under NOTES, in rtwdemo_mpf.c

** FILE INFORMATION:
** Filename: rtwdemo_mpf.c
** File Creation Date: 18-August-2004

* %

** ABSTRACT:

* %

** NOTES:

**This is the annotation I want under NOTES.**
** MODEL INFORMATION:

** Model Name: rtwdemo_mpf

1-23



1 Getting Started

Selecting the Desired MPF Procedure

The following chapters document MPF tasks in detail:

e Chapter 2, “Selecting and Defining Templates”
e Chapter 3, “Managing the Data Dictionary”
¢ Chapter 4, “Customizing with Additional Options”

® Chapter 5, “Managing File Placement of Data Definitions and Declarations”
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Templates

Overview of Templates (p. 2-2)

Selecting Preexisting Templates
(p. 2-5)

Defining Templates (p. 2-8)

Explains what a template is.

Explains how to select default
templates or user-defined templates
that already exist.

Explains how to create a new
template or edit an existing
template.
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Overview of Templates

You can select and define (create) templates so that the code you generate is
organized the way you want. A template defines exactly where all parts of a
generated file’s contents will be placed. Then, when you instruct Real-Time
Workshop Embedded Coder to generate code, it will organize all generated
files according to the templates you selected.

The table below lists all of the files that Real-Time Workshop

Embedded Coder generates, and the supplied MPF templates that

organize them. The MPF template files are code _c_template.cgt,

code_h template.cgt, data _c_template.cgt, and data _h template.cgt.
(The ert_code_template.cgt file is the default template that Real-Time
Workshop Embedded Coder provides. The example file process.tlc fileis
the custom template, referenced below.)

Generated Files and Templates That Organize Them

example_

ert code |code ¢ |code h_ |data c |data_h_ | file_
Generated template.| template. template. template. | template.| process.
File cgt cgt cgt cgt cgt tlc
your_code.c file or X X X
files
your_code.h file X X X
your_data.c file X X X
your_data.h file X X X

Template files are grouped into three types: code, data, and custom.

A Code template organizes all of the generated files that, primarily, contain
functions but not identifiers. The source code template organizes C/C++ code
files. These include, for example, the main .c or any of the .c files that
contain functions that Real-Time Workshop Embedded Coder generates for
the open model.



Overview of Templates

The quantity and filenames of these .c files are based on the function
partitioning selected in Simulink for the model. See “Nonvirtual Subsystem
Code Generation” in the Real-Time Workshop documentation and “Generated
Code Modules” in the Real-Time Workshop Embedded Coder documentation.

There will always be at least one .c file generated that contains the model’s
functions. The code generator uses the source code template that you select
to organize all of the function .c files, regardless of how many there are for
this model. The header code template, on the other hand, organizes the .h
file that includes the prototypes of these functions.

A Data template organizes all of the generated files that contain only
identifiers (data), not functions (code). The source data template organizes
the .c file that contains definitions of variables of global scope. The header
data template organizes the .h file that can contain declarations to those
definitions.

A Custom template has priority over the code and data templates in
organizing the generated files. As its name suggests, this template is for
advanced users who want to customize how the generated files are organized,
by using this one template. A custom template lets you

® Generate virtually any type of source (.c) or header (.h) file.

® Organize generated code into sections (such as #include preprocessor
directives, typedef statements, functions, and more).

® Generate code to call model functions such as model_initialize and
model step.

® Generate code to read and write model inputs and outputs.
® Generate a main program module.

¢ Obtain information about the model and the files being generated from it.
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The chapter has two main subprocedures:

® “Selecting Preexisting Templates” on page 2-5 describes how to select
preexisting code and data templates.

® “Defining Templates” on page 2-8 describes how to create your own code or
data templates.

For details describing the custom template, see the discussion of “CFP
Template Structure” in the Real-Time Workshop Embedded Coder
documentation.



Selecting Preexisting Templates

Selecting Preexisting Templates

The following figure shows the Templates pane of the Configuration
Parameters dialog box, as it appears in the Model Explorer.

Real-Time Workshop

~Cade templat

Sourcs fle o) template: [cods_c:_template, cot

Header fle [* h) template: [code_h_template.cal

—Diata templat

Saurce file [*.c) template: |data_c_temp\ale.cgt

Header file [* h) template: |data7h7temp\ala cgt

—Customn templat

File custamization template: [example_file_pracess.tic

[V Generate an example main program

Target operating system: | BareB oardE sample

W Generate code only

Gereral | Commerts | Symbols | Custom Code | Debug | Inkerfoce | Tamplbies! | DataPhce 4 | »
Browse Edt
Browse... Edi..
Browse... Edit...
Browse Edit
Browse... Edi..
Gengrate codel
Rever Hee | s |
¥

The fields on this pane allow you to specify template files that Real-Time

Workshop Embedded Coder uses to organize all of the generated .c or .h files.

To modify template options.

1 Open the Configuration Parameters dialog box.

2 Select the Real-Time Workshop > Templates pane. For an explanation
of fields on this pane, see “MPF Panes on the Configuration Parameters
Dialog Box” on page A-2.
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Note A directory path to the MPF templates is created during installation
in the MATLAB folder. It is toolbox/rtw/targets/ecoder. For a filename
that you typed, that filename must be in either the current MATLAB
working directory or on the MATLAB path.

In the Source file (*.c) template field of the Code templates pane, select
the desired filename. Real-Time Workshop Embedded Coder uses this file
to organize the .c file or files that contain the source code for the model’s
functions. The supplied MPF source file template is code_c_template.cgt.

In the Header file (*.h) template field of the Code templates pane, select
the desired filename. Real-Time Workshop Embedded Coder uses this file
to organize the .h header file that contains the model’s function prototypes.
The supplied MPF header file template is code_h_template.cgt.

In the Source file (*.c) template field of the Data templates pane, select
the desired filename. Real-Time Workshop Embedded Coder uses this file
to organize the .c file that contains the definitions of variables of global
scope. The supplied MPF source file template is data_c_template.cgt.

In the Header file (*.h) template field of the Data templates pane,
select the desired filename. Real-Time Workshop Embedded Coder uses
this file to organize the .h file that contains declaration statements
(extern, typedef, #define). The supplied MPF header file template is
data_h_template.cgt.

If you want to use a custom template, follow the “Custom File Processing”
instructions in the Real-Time Workshop Embedded Coder documentation.
Otherwise, proceed to the next step.

Click Apply to save all your choices on the pane and keep it open. (Clicking
OK saves the choices but closes the pane.)

Now you can generate code using the selected template files.
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Generating Code and Inspecting Files

You have selected the desired templates. Now you can generate code and
inspect the files to ensure they are what you want:

On the Configuration Parameters dialog box, click Real-Time Workshop
on the left pane.

In the Documentation pane, select the Generate HTML report check
box.

When you select the Generate HTML report check box, Real-Time
Workshop Embedded Coder automatically selects the two check boxes
under it: Include hyperlinks to model and Launch report after code
generation completes. For large models, you may find that HTML report
generation takes longer than you want, after performing step 4 below. In
this case, consider clearing the Include hyperlinks to model check box.
The report will be generated faster.

On the Configuration Parameters dialog box, select the Generate code
only check box. The Build button changes to Generate code.

The generate code process generates the .c and . h files. The build process
adds compiling and linking to generate the executable. For details on
building, see “Build Process” in the Real-Time Workshop documentation.

Click the Generate code button. After a moment, Real-Time Workshop
Embedded Coder creates all files according to the Simulink partitioning for
the model. It organizes each file according to the respective template you
have chosen. The HTML report appears, listing the generated files on the
left pane (under Generated Source Files).

To inspect a file, click its filename on this window.

If you want a file to be organized using a different existing template, close
the file, and repeat the relevant steps in “Selecting Preexisting Templates”
on page 2-5.

If you want to change a template, or create a new one, close the file, and
follow “Defining Templates” on page 2-8.
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Defining Templates

Follow this procedure to create a new template or edit an existing template.
When creating a new template, we recommend that you modify its
supplied template and save it with a new filename. Templates have the
extension .cgt, which stands for "code generation template." A default

path to templates is created during installation in the MATLAB folder:
toolbox/rtw/targets/ecoder. So templates are located there (unless you
changed this path). For a filename typed in a template field on the Templates
pane to be selected, the file must be in either the current MATLAB work
directory or on the MATLAB path. For an example that compares a template
with its associated generated file, see “Comparison of a Template and Its
Generated File” on page 2-9:

1 Open the Configuration Parameters dialog box and select Templates on
the left pane. The Templates pane now appears on the right, like that
shown in the section “Overview of Templates” on page 2-2.

Each Stateflow or Simulink model can have up to five types of templates
from which .c or .h files are generated. These templates are accessible
on this pane. Generated Files and Templates That Organize Them on
page 2-2, identifies all the files that Real-Time Workshop Embedded
Coder generates and the supplied templates that organize each file. MPF
Elements on Configuration Parameters Panes on page A-2, describes the
supplied code templates and data templates.

2 To edit a code or data template, first type its filename in the desired
template field on the Templates pane, or select it using the Browse
button. Then click Edit. The file opens in an editor.

The location of a template symbol in one of the MPF template files
identified in Generated Files and Templates That Organize Them on page
2-2 determines where the items associated with the symbols are located
in the generated file, according to certain rules.

3 Modify (edit) the template file as desired, while consulting the following:
e Template Symbol Groups on page A-11
e Template Symbols on page A-13
e “Rules for Modifying or Creating a Template” on page A-17
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4 Perform a Save or Save As operation, naming the template file as desired.
Performing a Save operation on an existing template file will replace
the original. This is desirable if your intent is to update an existing
user-defined template. If you are modifying a supplied template, perform
a Save As operation, not a Save.

5 Follow “Selecting Preexisting Templates” on page 2-5, selecting the
template you just defined.

6 Click Generate Code.
7 Inspect the generated file or files to see how the template organized them.

8 Repeat this procedure only if the organization of the generated file or files
is not acceptable.

Note Practice is the best way to learn how a user-defined template affects
the organization of a generated file. Create a template. Generate code.
Compare the two. Repeat this process to see the results that changes on
the template have on its respective generated file or files.

Comparison of a Template and Its Generated File

The next figure shows part of a user-modified MPF template and the resulting
code generated by the Real-Time Workshop Embedded Coder. This figure
illustrates how you can use a template to

® Define what code the Real-Time Workshop Embedded Coder should add
to the generated file

e Control the location of code in the file

¢ Optionally insert comments in the generated file

Notice %<Includes>, for example, on the template. The term Includes is a

symbol name. A percent sign and brackets (%< >) must enclose every symbol

name. You can add the desired symbol name (within the %< > delimiter) at a

particular location in the template. This is how you control where the code
generator places an item in the generated file.
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Template and Generated File

Portion of
Example Template Corresponding Portion of Generated File
/*#INCLUDES*/ 26 /*#INCLUDES*/

%<Includes> (1)> D 27 #include "rtwdemo_codetemplate.h"
/*#DEFINES*/ 28 #include "rtwdemo_codetemplate_private.h"
%<Defines> @ > None 29

#pragma string1  (3) ——— > 30/#DEFINESY

I'DEFINITIONS"/ (4) >

31 #pragma string1
%<Definitions>

[~ 32 /*DEFINITIONS*/
#pragma string2 5) 33 /* Block states (auto storage) */
Zo<DecIarations> (6) gg rtDWork;
b<Functions>
™ 36 /* External output ( fed by signals with auto storage) */

37 rtY;
38
39 /* Real-time model */
40 rtM_;
41 itV = &rtM_;
42 #pragma string2
43

None — 44 /* Model step function */
45 void rtwdemo_codetemplate_step(void)

47
48 /* local block i/o variables */
49

50 rtb_Switch;
51 rtb_RelOpt;
52

53 /* Sum: " incorporates:
54 * UnitDelay: "
55 */

56 rtb_Switch = ()(()rtDWork.X + 1U);
57

58 /* RelationalOperator: " */

59 rtb_RelOpt = (rtb_Switch 1= 16U);
60

61 /* Outport: " */

62 rtY.Out = rtb_RelOpt;

63

64 /* Switch: " */

65 if(rtb_RelOpt) {
66 } else {

67 rtb_Switch = 0U;
68}

69

70 /* Update for UnitDelay: " */
71 rtDWork.X = rtb_Switch;

72

73 /* (no update code required) */
74}
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How the Template Affects Code Generation

This part of the template... | Generates in the file... Explanation
Line Description
(1) | /*#INCLUDES*/ 26—28 | An /*#INCLUDES*/ | The code generator adds
%<Includes> comment, followed | the C/C++ comment as a
by #include header, and then interprets
statements the %<Includes> template
symbol to list all the necessary
#include statements in the file.
This code is first in this section
of the file because the template
entries are first.
(2) | /*DEFINES*/ 30 A */DEFINES*/ Next, the code generator places
%<Defines> comment, but no the comment as a header for
#define statements | #define statements, but the file
does not need #define. No code
is added.
(8) | #pragma stringi 31 #pragma statements | While the code generator
2 requires %<> delimiters for
(5) | #pragma string2 42 template symbols, it can also
interpret C/C++ statements in
the template without delimiters.
In this case, the generator adds
the specified statements to the
code, following the order in
which the statements appear in
the template.
(4) | /#DEFINITIONS*/ 32-41 /*#DEFINITIONS*/ | The code generator places
%<Definitions> comment, followed the comment and definitions
by definitions needed in the file between the

#pragma statements, according
to the order in the template.
It also inserts comments (lines
33 and 36) that are preset

in the model’s Configuration
Parameters dialog box.
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How the Template Affects Code Generation (Continued)

This part of the template... | Generates in the file... Explanation
Line Description
(6) | %<Declarations> 43 No declarations The file needs no declarations,

so the code generator does not
generate any for this file. The
template has no comment to
provide a header. Line 43 is left
blank.

(7) | %<Functions> 44-74 Functions Finally, the code generator adds
functions from the model, plus
comments that are preset in
the Configuration Parameters
dialog box. But it adds no
comments as a header for the
functions, because the template
does not have one. This code is
last because the template entry
is last.

For a list of template symbols and the rules for using them, see Template
Symbol Groups on page A-11, Template Symbols on page A-13, and “Rules for
Modifying or Creating a Template” on page A-17. To set comment options,
from the Simulink menu, select Configuration Parameters > Real-Time
Workshop > Comments. For details, see “Configuring Real-Time Workshop
Code Generation Parameters” in the Real-Time Workshop documentation.
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Managing the Data
Dictionary

Overview of the Data Dictionary
(p. 3-3)

Creating Simulink and mpt Data
Objects (p. 3-5)

Saving and Loading Data Objects
(p. 3-19)

Applying Naming Rules to Identifiers
Globally (p. 3-20)

Creating User Data Types (p. 3-25)

Selecting User Data Types for
Signals and Parameters (p. 3-31)

Describes the data dictionary
created for Simulink and Stateflow
models (the "code generation data
dictionary").

Explains how to add Simulink
and mpt data objects to the code
generation data dictionary.

Explains how to save the set of data
objects (and their properties) that
you have created so that you can
load them for subsequent use.

Explains how to change the case
or spelling of all identifier names
according to the same rule, when
code generation occurs.

Explains how to register user-defined
data types so they can be associated
with the corresponding MathWorks
C/C++ data types.

Explains how to select registered,
user-defined data types for signals
and parameters.
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3-2

Registering User Object Types
(p. 3-38)

Replacing Built-In Data Type Names
in Generated Code (p. 3-44)

Explains how to register one or more
sets of user-defined properties and
property values that can be applied
automatically to user data objects as
desired.

Explains how to replace built-in
data type names with user-defined
replacement data type names in
generated code.



Overview of the Data Dictionary

Overview of the Data Dictionary

A data dictionary contains all of the parameters and signals that the source
code uses, and a description of their properties. The data dictionary that

is created for Simulink and Stateflow models is called the code generation
data dictionary. (You can use the data dictionary for simulation. This does
not require that you have a Real-Time Workshop Embedded Coder license.)
The dictionary is the total number of data objects that appear in the middle
pane of the Model Explorer. These data objects also appear in the MATLAB
workspace. The procedure described in this chapter allows you to create or
edit the dictionary. The procedure allows you to control property values for
each data object. This, in turn, determines how each parameter and signal is
defined and declared in the automatically generated code.

The values of data object properties can affect where the code generator places
a parameter or signal in the generated file. This is because some property
values are associated with different template symbols. The location of a
symbol in a template determines where the associated parameter or signal is
located in the generated file. For details about templates and symbols, see
Chapter 2, “Selecting and Defining Templates”.

It is helpful to define terms you will see when managing the dictionary,
especially when you view them using the Model Explorer. In Simulink, there
is a hierarchy of terms that are drawn from object-oriented programming. For
details, see “Working with Data Objects” in the Simulink documentation. The
sketch below summarizes this hierarchy.

Package
Class - Class
|P |P T T P = Property
PV PV PV =1Y; PV = Property Value
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Simulink or mpt is the package. Parameter and Signal are two classes in each
of these packages. Each class has a number of properties associated with it.
Sometimes properties are called attributes. Data objects (the parameters
and signals) are the instances of a package.class that make up the data
dictionary. All parameter data objects have a set of properties. All signal
data objects have a different set of properties than that for parameters. For
each data object, each property in the set has its own property value that
must be specified in the dictionary.

Note In this document, "signal" refers to a named wire on a Simulink model,
a discrete state, or a data store.
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Creating Simulink and mpt Data Objects

There are different ways of creating Simulink and mpt data objects for a
data dictionary.

® One-by-one, either using the MATLAB command line or using the Model
Explorer Add menu and selecting Simulink Parameter, Simulink
Signal, MPT Parameter, or MPT Signal. For more information, see
“Working with Data Objects” in the Simulink documentation.

e All at once, invoking the Data Object Wizard for an existing model. For
more information and examples, see Data Object Wizard in the Simulink
documentation and “Creating Data Objects with Data Object Wizard” on
page 3-5.

® Creating data objects based on an external data dictionary. You can do
this manually item by item, or all at once automatically using a script.
For more information, see “Creating Data Objects Based on an External
Data Dictionary” on page 3-17.

The following sections illustrate how to create Simulink and mpt data objects
and compares their properties as data types.

Creating Data Objects with Data Object Wizard

You can use the Data Object Wizard to create data objects for your model (see
Data Object Wizard in the Simulink documentation).

The Data Object Wizard is especially useful for creating multiple data objects
for

¢ Existing models that do not currently use data objects.

¢ Existing models to which you have added signals or parameters and
therefore you need to create more data objects.
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Creating Simulink Data Obijects
This procedure creates Simulink data objects using the Data Object Wizard

1 Open the model whose data objects you want to be in the data

dictionary. For example, open rtwdemo_mpf.mdl (which is located in

toolbox/rtw/rtwdemos). This model appears as shown below.

E!rtwdemn_mpf 3

File Edit View Simulation Format Tools Help

DIBEHE| 2R |92 » sfior (o ~|Bales mEET @

ot —»Z )
i Rlbrig_1 1#]
. oto Invoke Data
trig Ohject Wizard
Chart {Double click.)
Triagger
O+ » Invoke Model Explorer
— {Double click.)
; 5 |
Data Store
Data 5t
wite Resdt ! w
[~ Merge
[m = e
Fram T
Data Store bS g
Memary [rata Store K
L L ) —
T
Subsystem2
Ready [100% |FixedstepDiscrete 4
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2 Open the Data Object Wizard by entering dataobjectwizard at the
MATLAB command line or by selecting Data Object Wizard from the
Tools menu of your model. The Data Object Wizard dialog box appears,
as shown below.

<) Data Object Wizard

=10l

Analyzes the model specified below and lists its unresolved data
ohjects and data types that will be created

| Object Hame

Class | Package

Check Al Uncheck 21 |
Choose package for selected data objects: ISimuIink - l Apply Packene |

hiodel name: |

Erowse... |

Find option
[¥ Roct inputs
¥ Root outputs

[V States
[¥ Data stores

[¥ Block outputs ¥ Aliss types
[¥ Parameters

Fiticd |

Creste: Cancel Help

3 In the Model name field, type the name of the model you opened in step
1 and press the Enter key, or navigate to it using the Browse button.
The Find button becomes available. Notice the check boxes in the Find
options pane.

4 In the Find options pane, select the desired check boxes. For descriptions
of each check box, see Data Object Wizard in the Simulink documentation.

Be sure to check the Alias types option. This finds all user-registered data
types in the custom_user type registration.m file plus all data type
replacements specified for the model in the Data Type Replacement pane
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of the Configuration Parameters dialog box. The Data Object Wizard can
create Simulink.AliasType objects from these.

Click the Find button. After a moment, a list of all of the model’s potential
data objects appear that are not yet in the code generation data dictionary,
as shown below. This includes all of the model’s signals (root inputs, root
outputs, and block outputs), discrete states, data stores, and parameters,
depending on

® The check boxes you selected in the previous step

e The constraint mentioned in the note above

The Data Object Wizard finds only those signals, parameters, data stores,
and states whose storage class is set to Auto. The Wizard lists each data
store and discrete state that it finds as a signal class.

Click Check All to select all data objects. Notice in the Choose package
for selected data objects field that Simulink, the default, is selected.
So all of the data objects are associated with the Simulink package, as
shown below.

-} Data Dbject Wizard E g [ |
Unresolved data ohjects and data types found in analyzed model
Select each data object and data type you wish to create for the
model.  rtwdema_mpf

F ] Object Hame T Class [ Packege
s Signal Sirulink
e Signal Sirmulink
| Signal Simulink
D Sighal Simulink
7|05 Signal Simulink
F|E Signal Sirulink
[ |Final Signal Sirmulink
L Signal Simulink
ss Sighal Simulink
v F1 Parameter Simulink
2

=i Parameter Situlink
G2 Parameter Sirmulink
v 1G3 Parameter Simulink
2

[ Gaint Parameter Sitnulink
|| Gain2 Parameter Simulink

Check Aii | Unichsck All

Choose package for selected data objects: |Simulink d Apply Package

Modlel hatties twetsrnn_pt Browse
Find optio
¥ Rootinpuls [ States ¥ Block outputs ¥ lias types
¥ Root outputs [ Datastores [# Parameters
Firnd Create Cancel Hedp
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7 Click Create. The data objects are added to the MATLAB workspace, and
they disappear from the Data Object Wizard.

8 Click Cancel. The Data Object Wizard disappears.

Now you can set property values for the data objects.

Setting Property Values for the Simulink Data Objects. Most of the
property values of data objects are supplied by defaults. A few are from the
model. Note that for Simulink data objects, the default storage class is Auto.

1 Type daexplr on the MATLAB command line, and press Enter. The Model
Explorer appears.

2 In the Model Hierarchy (left) pane, select Base Workspace. All of the
Simulink data objects in the code generation data dictionary appear in the
Contents of (middle) pane, as shown below.

5 Model Explorer =lolx|

File Edit Yiew Tools Add Help

|ossmax[BHe%Hf ol O+ anrmza

H Seaich: |by Block Type | Tupe |Ehard | % Seaich

Model Hierarchy Contents of: Base Workspace Base Workspace

E--@Slmuhnk Root | Marne | Value | DataType | De|| | The base MATLAB) workspace contains variables that are visible to
P K5 Base Workspace all Simulink modsls. These varisbles can be used to parameterize

: ao certain model, block and signal parameters
W twactemo_mp auo

auto
auto
auto
auto
auto
auto

auto
2 auto
6 auta
26 auto
9 auta
g auto
2 auto

o
Contents [ Search Resuls Hievert Help Apply

N
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3 To see the properties of a Simulink data object, select a data object in the
middle pane. The right pane displays the property names, as shown below.
(For descriptions of the properties, see Parameter and Signal Property
Values on page A-20.) These property names also appear as column
headings in the middle pane. You have control over the values specified
for these properties.

& Model Explorer =10] x|
File Edit Yiew Tools Add Help

| tmaxHE<%EHS fodDn 458 Anrn: A

HSealch |by Block Type ;I Type: |Chart ;I Search
Model Hierarchy | Cantents of Base Workspace ||gimufink Signal: &
E--@Slmuhnk Root Name Walue | DataType || Data tpe |auln LI Urits: |
- Wi Base Woikspace Dimensions: [ Complerity: | auto =1
tharcema_mpf
E e adlo Sample tirne: |-1 Sample mode; | auto LI
aulo Minimum;[rf Masimum: [inf
sue Cod fon op
i —Cade generation optio
auto Storage class: | Auto |
auto Alias: |
auta
auto Description:
2 auto
)
26 auto
auto
5 auto
auto
ol
Contents | Search Results Revert | Help | Aprly |

4

4 For this example, while pressing the Ctrl key, select signal data object A
and parameter data object F1 in the middle pane.
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5 In the middle pane, move the scroll bar so that you can see the
StorageClass column, as shown below.

& Model Explorer =10] x|
File Edit Yiew Tools Add Help
[OF sl x[HHE%HF f0® D48/ W mz A
HSealch |by Block Type ;I Type: |Chart ;I Search
Model Hierarchy | Cantents of Base Workspace ||gimutink Signal: &
=+ ElSimulink oot on | Complesity | Storagellase | Min | Mas|| Data tpe: [ | Uits |
- Wi Base Woikspace Dimensions [ Compley: [0 =l
b t
1 e auto Auta AnfInf | Sample tlme:l-‘\ Sample mode:l auto =l
o Auo Aot AnE N i [ Masimum: [l
auto Auta Anf Inf -
Ao Ao Inf It i~ Code generatian optior:
autn Aute Inf Inf Storage class: [ Ao =l
auto Auta Anf Inf Alias |
autn Auta Anf Inf
auta Auto Ant Inf Description:
real At Anf Inf
real At Anf Inf
real At dnf Inf
real Auto Anf Inf
real Auto Anf Inf
<l o n
Contents | Search Results Revert | Help Aprly
VA

6 For this example, click one of these rows and select Default (Custom).
The StorageClass property value for both of these Simulink data objects
changes from the default Auto to Default (Custom), as shown below.

& Model Explorer =10] x|
File Edit Yiew Tools Add Help
| tmaxHE<%EHS fodDn 458 Anrn: A
HSealch |by Block Type ;I Type: |Chart ;I Search
Model Hierarchy | Cantents of Base Workspace Simulink Signal: A
(23] Simulink Raot Data type: |auln | Units: |
& 1 Base Workspace | oimersions: [ Complesty: [0 =l
b t
E Er HaEmo_rp auta Inf Sample tlme:l-‘\ Sample mode:l auto LI
auto M i [T Masimum: [l
auto Inf -
auo Inf i~ Code generatian optior:
auto Inf Storage class: [ Default [Custom] =
auto Inf Alias |
alito Inf
auta Inf Description:
real Inf
real Inf
real Inf
real Inf
real Inf
<l R
Contents | Search Fesults Flavait e ol
VA
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Generating and Inspecting Code. All data objects for the model are in the
code generation data dictionary. You have specified property values for each
data object’s properties as needed. Now you generate and inspect the source
code, to see if it needs correction or modification. If it does, you can change
property values and regenerate the code until it is what you want.

1 In the Configuration Parameters dialog box, click Real-Time Workshop
in the left pane.

2 In the Documentation pane, select the Generate HTML report check
box.

Note When you select the Generate HTML report check box, Real-Time
Workshop Embedded Coder automatically selects the two check boxes
under it: Include hyperlinks to model and Launch report after code
generation completes. For large models, you may find that HTML report
generation takes longer than you want, after performing step 4 below.

In this case, especially for large models, consider clearing the Include
hyperlinks to model check box. The report will be generated faster.

3 In the Configuration Parameters dialog box, select the Generate code
only check box. The Build button changes to Generate code.

Note The generate code process generates the .c/.cpp and .h files. The
build process adds compiling and linking to generate the executable.
For details on build, see “Build Process” in the Real-Time Workshop
documentation.

4 Click the Generate code button. After a moment, the HTML report
appears, listing the generated files on the left pane (under Generated
Source Files).

5 Select and review files in the HTML report.
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Creating mpt Data Objects, Setting Property Values, and
Generating Code

Create mpt Data Objects using the Data Object Wizard the same way you
did for Simulink data objects, as explained in “Creating Simulink Data
Objects” on page 3-6, except select mpt as the package instead of Simulink.
The mpt data objects contain all the properties of Simulink data objects plus
additional properties.

Set the property values for the mpt data objects the same way you set them
for Simulink data objects, as explained in “Setting Property Values for the
Simulink Data Objects” on page 3-9, except note these exceptions:

® Accept the default custom storage class for mpt data objects,
Global(Custom)

* For data objects A and F1, type mydefinitionfile in the Definition file
field on the Model Explorer.

Then generate and inspect the code.

Note The Alias field is related to “Applying Naming Rules to Identifiers
Globally” on page 3-20.

Comparing Simulink and mpt Data Obijects

You can deduce the added control available for mpt data objects compared with
that for Simulink data objects, by comparing the

® Properties that appear on the Model Explorer

¢ FElements that appear on the Configuration Parameters dialog box

® Generated code

In summary, the different custom storage classes on the Model Explorer for
mpt data objects provide control over the appearance of the generated code.
The additional custom attributes (owner, definition file, persistence level,
memory section) provide more control over data packaging of the generated

code. For signals, the initial value property allows you to initialize the
generated code. In the Configuration Parameters dialog box for mpt data
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objects, the custom comments feature allows you to add a comment just
above a signal or parameter’s identifier in the generated code. With signal
display level, you can specify whether or not the code generator declares a
signal data object as global data. The parameter tune level allows you to
specify whether or not the code generator declares a parameter data object as
tunable global data. The source of initial values feature allows you to select
whether the model or the data object initializes each of the model’s signals
in the generated code.

Properties on Model Explorer

The properties that appear on the Model Explorer when mpt is the package
include all the properties that appear when Simulink is the package plus
additional properties. Notice this by comparing the next two figures. (For
descriptions of all properties on the Model Explorer, see Parameter and Signal
Property Values on page A-20.)

& Model Explorer =10l x|
File Edt View Tools Add Help

P R EE L Y EEECIET RS )

Mode Hierarchy [ conterts of. Base Warkspace Simulink. Signal: A
= [EA]Simaln Foot Name | Datalype | Value | Compler | Datatype:  [auto =] unis |
- 1 Base Workspace
% Configuration Preferences aulo auto Cleliogs |'1 Gttty Iautu ;I
- g twwdemo,_mpt auto auto Sample time: |1 Sample mode: | auto |
auto auto Minimum: — [Inf Maimur:—— [inf
auto auto . "
Code generation option;
auto auto
auto 2 1eal Storage class: | Ao =l
auto auto Blias I
auto B 1zl
auto 26 real [——
auto 9 real
auto 5 real
auto 2 real
auto auto
auto auto
LI Revert Help Apply

S
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F& Model Explorer o [=] 53]
File Edit Yiew Toolks Add Help
D2t mBX [ HH<%HF0[on 45w mz A
Model Hisraichy \ Cantents of: Base \Workspace mpt.Signal: A
A Sinuiink Roct TDataType || User obiect type [ auto - =
T Base Warkspace Gouble BnlEs double = Units
- Confi tion Pref
8 Confguralon Prelrences dauble Dimensions: |1 Complesity: | auto |
- Trtwderno_rnpf double
Sample time: |1 Sample mode: [ auto |
double i ;
Mirimum: nf Magioum: [Inf
auto
double ~Code generatian apt
auto Storage class: | Global (Custom) |
dauble Custom atib
auto
L] ti Default -
o emory section: | Defaul =
auto Header file: [
auto Ovaner |
auto Definition file: |
double: Persists | II1
Customize Contents auto SISEIencs (6vel
[V Current Properties
: Alias: | —
I Al Properties
[~ Fixed-Point Propetties Inital value:  [[1
Desciplion
] | _>||‘| | 0| Revert Help ™™ Spply |
4

Configuration Parameters Elements
The following elements on the Configuration Parameters dialog box reflect
the Real-Time Workshop Embedded Coder module packaging features, when
the selected system target is ert.tlc (or a system target file derived from

an ert.tlc):

¢ Custom comment (MPT objects only) on the Real-Time Workshop

Comments pane

¢ Global data placement (MPT data objects only) on the Real-Time
Workshop Data Placement pane:

= Module naming
= Signal display level

Parameter tune level

Generated Code

Source of initial values

In the example used in “Setting Property Values for the Simulink Data
Objects” on page 3-9, you selected Default (Custom) in the Storage class
field for signal A and parameter F1. You selected the default Auto in the
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Storage class field for the remaining data objects. But for the mpt data
objects you used the default Global (Custom) in the Storage class field for
all data objects. When you generated code, these selections resulted in the
definitions and declarations shown in the table below.

Simulink Data Object with
Auto Storage Class

Simulink Data Object with
Default (Custom) Storage
Class

mpt Data Object with

Global (Custom) Storage
Class and Definition File
Named mydefinitionfile

In rtwdemo_mpf.c:

/* For signal A */
ExternalInputs rtu;

/* For parameter F1 */

if (rtU.A * 2.0 > 10.0) {..

In rtwdemo_mpf.h:

/* For signal A */

typedef struct {
real T A;

} ExternallInputs;

extern ExternallInputs rtu;

In global.c:

real T A;
real T F1 = 2.0;

In global.h:

extern real T A;
extern real T F1;

In mydefinitionfile.c:

real T A;
real T F1 = 2.0;

In global.h:

extern real T A;
extern real T F1;

The results shown in the second and third columns of the preceding table
require the following configuration parameter adjustments on the Real-Time
Workshop > Data Placement pane:

® Set Data definition to Data defined in single separate source

file.

¢ Set Data definition filename to global.c

e Set Data declaration to Data declared in single separate source

file.

¢ Set Data definition filename to global.h
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See the left column of the table, which shows generated code for Simulink
signal and parameter data objects, whose Storage class field is Auto. The
input A is defined as part of the structure rtU as shown above. In the case
of the Simulink parameter data object F1, since the StorageClass was set
to auto, the code generator chose to include the literal value of F1 in the
generated code. F1 is a constant in the Stateflow diagram whose value is
initialized as 2.0:

if(rtu.A * 2.0 > 10.0) {

For more details, see “Introduction to Custom Storage Classes” in the
Real-Time Workshop Embedded Coder documentation and “Summary of
Signal Storage Class Options” in the Real-Time Workshop documentation.

See the middle column of the table. The Simulink data objects whose Storage
class is not Auto are defined in a definition statement in the global source
file (global.c) and declared in a declaration statement in the global header
file (global.h).

In the right column, Simulink data objects whose Storage class is not Auto
are defined in mydefinitionfile, as you specified. The declarations for those
objects are in the global header file.

Creating Data Objects Based on an External Data
Dictionary

This procedure creates data objects based on an external data dictionary
(such as an Excel file). You can do this manually (that is, one-by-one) or
automatically (all at once).

Manually Creating Objects to Represent External Data

You can create data objects (and their properties) one-by-one, based on an
external data dictionary, as follows:

1 Open the external file that contains the data (such as a spreadsheet or
database file).

2 Determine all of the data in this file that correspond to the parameters and
signals in the model. In the code generation data dictionary, parameters
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9

in the external file belong to the Simulink parameter class and signals
belong to the Simulink signal class.

On the MATLAB command line, type daexplr and press Enter. The Model
Explorer appears.

On the Model Hierarchy (left) pane, expand Simulink Root, and select
Base Workspace.

On the Add menu, select MPT Parameter or Simulink Parameter. The
default name Param appears in the Contents of (middle) pane.

Double-click Param and rename this data object as desired.

Repeat steps 5 and 6 for each additional data item in the external file that
belongs to the mpt.Parameter class or Simulink.Parameter class.

Now you will add data items in the external file that belong to the
mpt.Signal class or Simulink.Signal class.

On the Add menu, select MPT Signal or Simulink Signal. The default
name Sig appears in the Contents of pane.

Double-click Sig and rename the data object as desired.

10 Repeat steps 8 and 9 for each additional data item in the external file that

belongs to the mpt.Signal class or Simulink.Signal class.

All external data items for the mpt.Parameter or Simulink.Parameter
class, and the mpt.Signal or Simulink.Signal class now appear in the
Contents of pane and in the MATLAB workspace. Therefore, they have
been created in the code generation data dictionary.

Note The property values for these data objects are supplied by default.

Automatically Creating Objects to Represent External Data

You can create data objects (and their properties) all at once, based on

an external data dictionary by creating and running a .m file. This file
contains the same MATLAB commands you could use for creating data objects
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Saving and

one-by-one on the command line, as explained in “Working with Data Objects”
in the Simulink documentation. But instead of using the command line, you
place the MATLAB commands in the .m file for all of the desired data in

the external file:

1 Create a new .m file.

2 Place information in the file that describes all of the data in the external file
that you want to be data objects. For example, the following information
creates two mpt data objects with the indicated properties. The first is for a
parameter and the second is for a signal:

% Parameters

mptParCon = mpt.Parameter;
mptParCon.RTWInfo.CustomStorageClass ='Const';
mptParCon.value = 3;

% Signals

mptSigGlb = mpt.Signal;

mptSigGlb.DataType = 'int8';

3 Run the .m file. The data objects appear in the MATLAB workspace.

Note If you want to import data from an external data dictionary, you can
write functions that read the information, convert these to data objects, and
load them into the MATLAB workspace. Among available MATLAB functions
that you can use for this process are xmlread, xmlwrite, x1sread, x1swrite,
csvread, csvwrite, dlmread, and dlmwrite.

Loading Data Objects

In a .mat file, you can save the set of data objects (and their properties) that
you have created and load this information for later use or exchange it with
another user. You can save some of the data objects in the workspace or all of
them. See Opening, Loading, Saving Files in the MATLAB documentation.
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Applying Naming Rules to Identifiers Globally

Note This feature applies both to Simulink and mpt data objects.

Signal and parameter names appear on the model. The same names appear
as data objects on the Model Explorer. By default, these names are replicated
exactly in the generated code. For example, "Speed" on the model (and
workspace) appears as the identifier "Speed"in the code, by default. But you
can change how they appear in the code. For example, if desired, you can
change "Speed" to SPEED or speed. Or, you can choose to use a different
name altogether in the generated code, like MPH. The only restriction is that
you follow ANSI C/C++ rules for naming identifiers.

There are two ways of changing how a signal name or parameter name is
represented in the generated code. You can do this globally, by following this
procedure. This procedure makes selections on the Configuration Parameters
dialog box to change all of the names when code generation occurs, according
to the same rule. Or, you can change the names individually by following
“Setting Property Values for the Simulink Data Objects” on page 3-9. The
relevant field in that procedure is Alias on the Model Explorer.

If the Alias field is empty, the naming rule that you select on the Configuration
Parameters dialog box applies to all data objects. But if you do specify a
name in the Alias field, this overrides the naming rule for that data object.
The table below illustrates these cases. The table assumes that you selected
Force lower case as the naming rule. But with the information provided,
you can determine how any of the naming rules works for an mpt data object
or a Simulink data object (Force upper case, Force lower case, or Custom
M-function).
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Naming Rules and Alias Override (Global Change of Force Lower Case Rule)

Name of Data Name in Alias

Object in Model Field Package Result in Generated Code
A Simulink or mpt | a

A D Simulink or mpt | D

1 Open your model.

or Model Explorer.

Simulink data object naming rules.

Real-Time Workshop

General I Comments |S

—Auto-generated identifier naming rul

ICustom Code I Debug | Interface I Templates I Dat-<| 3

You specify data object naming rules on the Real-Time Workshop > Symbols
pane of the Configuration Parameters dialog box. To access that pane,

2 Open the Configuration Parameters dialog box from the Simulation menu

3 Open the Real-Time Workshop > Symbols pane. See the section

Syrmbol format: |$N$M
tinimum mangle length: I'I
b aximumn identifier length: |31

Generate scalar inlined parameters as.l Literals

L

—Simulink. data object naming rul

Signal naming: | Force lower caze

Farameter naming.l Mone

{tdefine naming: I Maone

K1 [EN{EN

¥ Generate code only

s

Fevert Help

Generate codel

| Apply |
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Notice the preconfigured settings on this pane. If all of these are acceptable as
is, proceed to “Creating User Data Types” on page 3-25. Otherwise, follow the
procedures below, as desired, to change parameter names, signal names, or
parameter names you want to use in a #define preprocessor directive. “MPF
Panes on the Configuration Parameters Dialog Box” on page A-2 describes all
fields on this pane and their possible settings for these procedures.

® “Defining Rules That Change All #defines” on page 3-22
¢ “Defining Rules That Change All Parameter Names” on page 3-23
¢ “Defining Rules That Change All Signal Names” on page 3-24

Defining Rules That Change All #defines

This procedure allows you to change all of the model’s parameter names
whose storage class you selected as Define in “Creating mpt Data Objects,
Setting Property Values, and Generating Code” on page 3-13, using the same
rule. The new names will appear as identifiers in the generated code:

1 In the #define naming field, click the desired selection. (“MPF Panes
on the Configuration Parameters Dialog Box” on page A-2, explains the
possible selections, under the Symbols pane.) The default is None. If you
select Custom M-function, go to the next step. Otherwise, click Apply and
proceed to “Defining Rules That Change All Parameter Names” on page
3-23.

2 Write a function in M-code that changes all occurrences of the parameter
name whose storage class you specified as Define in “Creating mpt Data
Objects, Setting Property Values, and Generating Code” on page 3-13 so
that it appears the way you want as an identifier in the generated code.
(An example is shown below.)

3 Save the function as a .m file in any folder that is in the MATLAB path.

4 In the M-function field under #define naming, type the name of the
file you saved in the previous step.

5 Click Apply and then define rules that change all parameter names.
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Defining Rules That Change All Parameter Names

This procedure allows you to change all of the model’s parameter names, using
the same rule. The new names will appear as identifiers in the generated code:

1 In the Parameter naming field, click the desired selection. (“MPF Panes
on the Configuration Parameters Dialog Box” on page A-2, explains the
possible selections, under the Symbols pane.) The default is None. If you
selected Custom M-function, go to the next step. Otherwise, click Apply,
and proceed to “Defining Rules That Change All Signal Names” on page
3-24.

2 Write a function in M-code that changes all occurrences of parameter
names in the model to appear the way you want as identifiers in the
generated code. For example, the code below changes all parameter names
as necessary to make their first letter uppercase, and their remaining
letters lowercase.

function

revisedName = initial_caps_only(name, object)
INITIAL_CAPS_ONLY: User-defined naming rule causing each
identifier in the generated code to have initial cap(s).

o® o° o°

o°

name: name as spelled in model.
object: the object of name; includes name's properties.

o® o°

o°

revisedName: manipulated name returned to MPT for the
code.

o°

- O\O

revisedName = [upper(name(1)),lower(name(2:end))];

3 Save the function as a .m file in any folder that is in the MATLAB path.

4 In the M-function field under Parameter naming, type the name of the
file you saved in the previous step.

5 Click Apply and then define rules that apply to all signal names.
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Defining Rules That Change All Signal Names

This procedure allows you to change all of the model’s signal names, using the
same rule. The new names will appear as identifiers in the generated code:

1 On the Signal naming field, click the desired selection. (MPF Elements
on Configuration Parameters Panes on page A-2, explains the possible
selections, under Symbols pane.) The default is None. If you selected
Custom M-function, go to the next step. Otherwise, click Apply and then
generate and inspect code.

2 Write a function in M-code that changes all occurrences of signal names
in the model to appear the way you want as identifiers in the generated
code. (An example is shown in “Defining Rules That Change All Parameter
Names” on page 3-23.)

3 Save the function as a .m file in any folder that is in the MATLAB path.

4 In the M-function field under Signal naming, type the name of the file
you saved in the previous step.

5 Click Apply and then generate and inspect code.
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Creating User Data Types

Note This feature applies both to Simulink and mpt data objects.

By default, MathWorks data types (such as real32 T and uint8 T) are
used to define data in the generated code. Instead, if you prefer using

your company-standard data types (such as DBL and U8), you can create
user-defined data types. To use this feature, you must register your data
types so that the code generator can associate them with the corresponding
MathWorks C/C++ data types. Then, the code generator will use your user
data types in the generated code instead of the MathWorks C/C++ data types.

You can register user data types by making calls to the appropriate API
functions in the custom_user_ type registration.m file, whose arguments
specify information about the user data type and its associated MathWorks
C/C++ data type. This procedure explains how to register user data types:

Note Real-Time Workshop automatically associates the MathWorks C/C++
data types with the equivalent ANSI C/C++ data types.

1 Observe the default MathWorks C/C++ data types listed below:
® poolean_ T
® int8_ T
* int16_ T
® int32 T
® real32 T
® real T
e yint8 T
® uinti16_T
e uint32. T
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If you want to use only these, then you do not need to register your own
data types. In this case, proceed to “Registering User Object Types” on page
3-38. Otherwise, go to the next step.

If desired, make a copy of Equivalent Data Types Worksheet on page 3-29
and, in the user-defined data types column, list all of your data types. This
table serves as a convenient reference for performing the next steps. You
can associate as many user-defined data types with a single MathWorks
C/C++ data type as you want.

On the MATLAB command line, type

edit custom_user_type registration

The preexisting file named custom_user type registration.m opens in
the MATLAB editor. The code generator executes this file’s code to register
user-defined data types, only if these have been added to the file. Initially,
this file contains no user-defined data type information.

In custom _user_type registration.m, you must register every user
data type to be added to the dictionary by a call to the M-function

utype _register. You must provide the arguments in this function call in
the prescribed left-to-right order and syntax. See the figure below for an
example and Arguments to Place in utype_register Function Call on page
3-29 for an explanation of each argument.

Bxample of call to the function that registers a user data type
utype_establish;
utype_register('real32 T', 'userfloat', <userdata types.h>");

Function name ‘ User data type*
MathWorks C data type* Header (.h) flle

*Equivalent data types

Type a utype_register function call for every user data type that you
listed in Equivalent Data Types Worksheet on page 3-29.
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5 Ensure that the header file, referenced in the fourth argument of
utype _register, contains a typedef statement for each user data type.
Note that the base type of each user data type is required to match the base
type of the MathWorks data type it is intended to replace. (For comparison,
the typedef statements for the MathWorks data types can be found in the
generated file rtwtypes.h.) For example, to define user data types f32 and
U8 to replace MathWorks data types real32 T and uinit8 T, use:

typedef float f32;
typedef unsigned char U8;

Caution Failing to match the base type of each user data type to the
base type of the corresponding MathWorks data type can lead to compiler
warnings, errors, and incorrect numerical results.

6 Ensure that the header file is in the appropriate directory. (That
is, appropriate to the chosen #include delimiter: angle-brackets or
double-quotation marks.)

Caution During code generation, a consistency checker looks for the
required filename custom_user_type registration.m. So do not change
the name of this file when doing the next step.

7 Save the custom user_type registration.m file outside of the MATLAB
installation directory in a work folder on the MATLAB path. The path must
be above toolbox/rtw/targets/mpt/user_specific in the MATLAB
search path.
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Note Step 8 automatically creates the Simulink.AliasType objects that
correspond to the registered data types. Alternatively, you can create a
Simulink.AliasType object one at a time using the Simulink Alias Type
selection on the Add menu of the Model Explorer. Or, you can create

a Simulink.AliasType object one at a time by typing userdatatype =
Simulink.AliasType on the MATLAB command line, where userdatatype
is a registered user data type. See Simulink.AliasType in the Simulink
documentation. Note also that if there are data type replacements specified
in the Data type replacement pane of the Configuration Parameters
dialog box for the model, the next step also will create Simulink.AliasType
objects from these. For details, see “Replacing Built-In Data Type Names
in Generated Code” on page 3-44.

Create all Simulink.AliasType objects by typing the MATLAB command,
ec_create_type obj. These Simulink.AliasType objects, which
correspond to registered user data types, appear in the MATLAB base
workspace. Now they are registered and you can use them in a model.

Proceed to “Selecting User Data Types for Signals and Parameters” on
page 3-31.
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Equivalent Data Types Worksheet

MathWorks C/C++ Data Type

User-Defined Data Types

boolean_T

int8_ T

int16_T

int32_ T

real32 T

real T

uint8 T

uint16_T

uint32_T

Arguments to Place in utype_register Function Call

Argument (Left to Right) to Place in
utype_register Function Calls

Description

MathWorks C/C++ Data Type

The MathWorks C/C++ data type, listed in Equivalent
Data Types Worksheet on page 3-29, that is equivalent
to the specified user data type.

User Data Type

The user-defined data type that is equivalent to the
MathWorks C/C++ data type specified in the function
call. The name must conform to ANSI C/C++ rules
and the base type must match the base type of the
corresponding MathWorks data type.

You can add a fifth argument in the utype register
function call to specify that the user-defined data type
can be used with a signal, a parameter, or both. To
do so, after the header file delimiter argument, add
'Signal', 'Parameter', or 'Both'. Omitting a fifth
argument is interpreted as 'Both'.

Header file

Specifies the user’s existing header file. For the
generated code to compile, you must account for this
header file with an #include in the appropriate
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Arguments to Place in utype_register Function Call (Continued)

Argument (Left to Right) to Place in
utype_register Function Calls

Description

generated file. Also, this header file must contain

the required typedef statements for the registered
user data types. Place the filename between

the ANSI C/C++ angle-brackets or double-quotes
delimiters. The directory that each delimiter indicates
varies by compiler and is explained in the compiler
documentation. Usually (but not always), the angle
brackets indicate that the compiler will find the .h
file in the default directory where the standard C/C++
library is located (the "source" folder).
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Selecting User Data Types for Signals and Parameters

This procedure assumes you followed “Creating User Data Types” on page
3-25, in which you

® Registered user data type 32, associating it with MathWorks C/C++ data
type real32_T

® Specified <userdata_ types.h> as the #include.h file for f32 in
custom_user_type registration.m.

An example of the typedef statement you placed in the #include file,
userdata_types.h, is

typedef float f32;

Open a model and create a data dictionary. (See “Creating Simulink and mpt
Data Objects” on page 3-5.) The example model used in this procedure and its
resulting Model Explorer, are shown below. The three data objects are signals
sig1 and sig2, and parameter g. The registered, user-defined data type, 32,
appears in the middle pane. The "T" indicates f32 is an alias data type.

=] sampleUserD T 1 [=]
File Edit “iew Simulation Format Toole Help
DISE&| + 229 | » =fioo [Homa ]|
In2 =
Fieady  [1003 [ [T=0.00 |FixedStepDiscrete v
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The Model Explorer for the preceding model looks like this:

B Madel Explorer =10] x|
File Edit Wiew Tools Add Help

DS/ smmx B EMKF O @E 48

Model Hierarchy ‘ Contents of: Base Waorkspace Base Workspace
B @S' lirk. Fioot The base [MATLAB] warkspace contains
i - I Hamel DB I Valuel ompley variables that are visible to all Simulink models.
" " = £ sig2  aute auto These variables can be used to parameterize
GConfiguiation Preferences | = s autg auto certain madel, block and signal parameters.
EsampleUserDT I[‘I‘:‘j a auto 1 1eal
[T] ra2
7 | | —>|. Bevert Help Apply

Proceed to the following, as applicable:

® “Selecting User Data Types for Simulink Signals” on page 3-32
e “Selecting User Data Types for Simulink Parameters” on page 3-35

Selecting User Data Types for Simulink Signals

This procedure explains how to use user-defined data types for Simulink
signals and for their corresponding identifiers in the generated code. You can
use user-defined data types with signals whether or not they have Simulink
signal objects associated with them.

1 For an mpt signal object that is associated with a signal in your model,
select the desired user data type in the Data type field. For example,
select £32, for sig1, as shown below.

S Model Explorer

~=1olx|
File Edit View Tooks Add Help
[D[tmax[BHcH 70 on4n[unmzal
Model Histarchy Contents of: Base Workspace mpt.Signa: sigl
- S imulink Root [Hare = [Dalalyee [Seturated] | Use: obieet pe:f aua | =
1 Base Workspace £ sig2 Aty Dala type [aue | Units:
s %::’D‘fe‘:f‘;;:’e'””m Eé sigl aulo Dimensians Alompledy: Jowe ]
o S ample time: samplemede:[ a0 =]
[T] 132 — =
irimum: Masimur:— [inf
Code generatio
Storage class: | Rl
Custom atibf double
Jr— =
Header f:
uner
Definiion fe:
Persistence levet [1
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This selects 32 for the sig1 data object in the data dictionary, but does
not select 32 for the corresponding labeled signal in the model. So the
two may be in conflict. If you tried to update the model, you could get an
error message.

For a Simulink signal object, type 32 into the Data type field.

2 Select the model and double-click the signal’s source block. (The source
block of a model signal controls the signal’s data type.) For example, since
the source block for sig1 is the Sum block, double-click the Sum block. The
Function Block Parameters dialog box appears.

E! Function Block Parameters: Sum x|
Sum

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

I Signal data types

lzan shape: I round LI

List of zigns:

||++

Sample time [-1 far inherited]:

|1

oK I Cancel | Help | Lpply |

3 Select the Signal data types tab. In the Output data type mode field,
select Specify via dialog. The dialog expands.
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4 As shown below, in the Output data type field, type the same user data
type name that you selected for the data object (step 1), and then click

Apply. The user data type of the signal in the model and that of the signal
object now are the same.

= Function Block Parameters: Sum

x|
Surn

Add or subtract inputs. Specify one of the following:
&) string containing + or - for each input port, | for spacer between ports (B0, ++H++)
b) scalar »= 1. A walue > 1 sums all inputs; 1 sumg elements of a single input vectar
Main ‘ |
I~ Require all inputs to have same data type
Output data lype mude.l Specily via dialog ;I
Output data twpe [e.g. sfix[16]. uint(8]. flaat('single])
[
Output sealing value (Slope. e.a. 29 or [Slope Biasl. e.q. [1.25 3]:
|20
I~ Lock output scaling against changes by the autoscaling tool
Round integer calculations toward: | Floor ;I
[~ Saturate on integer overtlow
Ok I Cancel I Help I Apply I

Instead of specifying a specific data type (step 4), you could do what is

termed dictionary-driven data typing: In the Output data type field,
specify object.DataType, where object is the case-sensitive object name.
For example, sig1.DataType, as shown below.

= Function Block Parameters: Sum

x|
Surn

Add or subtract inputs. Specify one of the following:

] string containing + of - for each input port, | for spacer between ports (.0, ++|-++]
b) scalar »= 1. A walue > 1 sums all inputs; 1 sumg elements of a single input vectar

Main ‘ Signal data types |

I~ Require all inputs to have same data type

Output data lype mude.l Specily via dialog

Output data twpe [e.g. sfix[16]. uint(8]. flaat('single])
Islg'\ DataType

Output sealing value (Slope. e.a. 29 or [Slope Biasl. e.q. [1.25 3]:
|20

I~ Lock output scaling against changes by the autoscaling tool

Round integer calculations toward: | Floor

[~ Saturate on integer overtlow

0K Cancel

Apply
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The advantage of referencing like this is that subsequent changing of the
user data type in the dictionary for this object automatically changes the
user data type of the corresponding model signal.

5 Repeat steps 1 through 5 for each remaining model signal that has a
corresponding signal object for which you selected a user data type.

6 Save the model and save all of the data objects in the MATLAB base
workspace in a .mat file for reuse later. After generating code, you would
see the following code fragment for the example model sampleUserDT.mdl
(that has the default MPF settings):

In sampleUserDT.c: 32 sigl;

In sampleUserDT_types.h: #include <userdata_ types.h>

Selecting User Data Types for Simulink Parameters

This procedure explains how to use a registered, user-defined data type as the
data type for a Simulink parameter and for its corresponding identifier in the
generated code. Unlike mpt signal objects, described in “Selecting User Data
Types for Simulink Signals” on page 3-32, registered user data types cannot
be used directly with Simulink parameter objects, as shown below.

F% Model Explorer o =101 x|
File Edit Wew Tools Add Help
ozt mmx BH<%f0 on 48
Mads| Hisrarchy | [ contents of: Baseworkspace Simulink.Parameter: g
E'@S!‘;“g“kﬁvimk [ Name [ DataType [ Vialue | Comples | Value [1
Gy Contnaon e | e e | oaaveer o L
- Wb samplells=D T Dimerwsions:  [[1 1] Complesity [real
Hinirnuim; |-\nf 1 aimuirn: |\nf
1~ Code generation optian:
Starage class: |Autn LI
Alias |
Description:
Ja1 ) Fievert Help Apply
v
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Note that f32 appears in the middle pane and thus is a registered user data
type. But it is not available for selection in the right pane.) Instead, for some
blocks (like Gain), you can specify the user data type by double-clicking the
block and using the Parameter data types tab on the Function Block
Parameters dialog box.

The steps below illustrate this method. However, for many blocks, the
Parameter data types tab is not available. In these cases, the data type of

the block’s input or output signal determines the block’s parameter data type.

1 Double-click the parameter’s source block. For example, the source block
for g is the Gain block. The Function Block Parameters dialog box appears.

=) Function Block Parameters: Gain =l

Gain

’7 Element-wize gain [ = K. *u] or matriz gain [ = Ky ar p = uK).

Main ISignaIdata types I Parameter data types I
Gair:

Ja

Multiplic:ation: I Element-wiselk. *u] ;I

Sample time [-1 far inherited):

-

2 Select the Parameter data types tab. In the Parameter data type
mode field, select Specify via dialog. The dialog expands.
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3 As shown below, in the Parameter data type field, type the desired,
registered user data type name, and click Apply.

=) Function Block Parameters: Gain =l

Gain
’7 Element-wize gain [ = K. *u] or matriz gain [ = Ky ar p = uK).

tdain I Signal data types | Parameter data types

Farameter data type mode:l Specify via dialog LI

Parameter data type [e.g. sfis(16]. uint(3], float('single’])):
[EZ

Parameter scaling model Best Precision: Matnix-wise LI

4 Repeat steps 1 through 4 for each remaining Simulink parameter for which
you want to specify a registered user data type.

5 Save the model and save all of the data objects in a MATLAB base
workspace in a .mat file for reuse later. After generating code, you would
see the following code fragment for the example model sampleUserDT.md1:

In sampleUserDT.c: real32 T g = 1.0F;

In sampleUserDT_types.h: #include <userdata_ types.h>
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Registering User Object Types

Note This feature applies only to mpt data objects.

This procedure registers one or more fixed sets of user-defined property values
that can be applied to mpt data objects. Each set, called a "user object type,"
is given a unique name. Use this feature when you want to apply the same
set of properties and their values to multiple data objects. You can apply the
predefined set automatically to selected data objects, rather than having to
follow “Creating mpt Data Objects, Setting Property Values, and Generating
Code” on page 3-13 for each of these data objects.

You register the set of property values by placing code in a file named
custom_user_object _type _info.m. The table below explains the content of

this file.

Content of custom_user_object type_info.m

Required (R) or
Optional (O) Field

Item Description in Structure
custom_user_object type A function that specifies user object | N/A
info type information
objectType A cell array, each element of which N/A
is a structure for a user object type.
The fields of the structure specify all
of the desired information about this
user object type.
Field names in each structure: | Corresponding element on the Model | N/A
Explorer, if applicable:
Name Name of object type R
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Content of custom_user_object_type_info.m (Continued)

Required (R) or
Optional (O) Field

Item Description in Structure
Type Specifies that you can apply the data | R
object type name (specified for Name,
above) only to signals ('Signal'),
only to a parameters (' Parameter'),
or to both a signals and parameters
('Both").
DataType Data type of the mpt data object. R
This can be one of the user-defined
data types or a MathWorks data type
(boolean, int8, int16, int32,
single, double, uint8, uinti6,
uint32). Data type on the Model
Explorer for an mpt.Signal data
object. Value on the Model Explorer
for an mpt.Parameter data object.
Units Units O
Owner Owner O
Level Persistence level O
InitialValue Initial value 0
Value Value 0
Max Maximum O
Min Minimum (@)
DefinitionFile Definition O
Description Description O
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Content of custom_user_object_type_info.m (Continued)

Required (R) or
Optional (O) Field

Item Description in Structure
HeaderFile Header file O
CustomStorageClass Storage class O

You can register as many user object types in the file as you want. For
example, the following code registers three, EngineSpeedType (used only
for signals), CalType (used only for parameters), and AirFlowInSpeedType
(used for both):

function objectType = custom_user_object_type_info
objectType = '';

%
%Registering EngineSpeedType object type for signals
objectType{end+1}.Name = 'EngineSpeedType';
objectType{end}.Type = 'Signal’;

objectType{end}.DataType = 'S32';

objectType{end}.Units = 'rmp';
objectType{end}.DefinitionFile = 'EngSpeedDef.c';
objectType{end}.Description = 'This is Engine Speed Type';
objectType{end}.CustomStorageClass = 'Global';
objectType{end}.Level = 5;

%
%Registering CalType object type for parameters
objectType{end+1}.Name = 'CalType';
objectType{end}.Type = 'Parameter';
objectType{end}.DataType = 'single';
objectType{end}.Units = ' ';
objectType{end}.CustomStorageClass = 'Const';
objectType{end}.HeaderFile = 'CalibrationInclude.h';
objectType{end}.Value = 5;

%
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%Registering AirFlowInSpeedType for parameters and signals
objectType{end+1}.Name = 'AirFlowInSpeedType';
objectType{end}.Type = 'Both';

objectType{end}.DataType = 'int32';

objectType{end}.Units = 'mm"3/s';

objectType{end}.Min = -2712;

objectType{end}.Max = 2%12;

%
When you register at least one user object type, the User object type field
appears on the Model Explorer. (Otherwise, this field is unavailable.) The
unique names of the registered user object types are selectable in the User
object type field. The property values you specify in the file for a particular
user object type name appear automatically in the corresponding fields on the
Model Explorer when you select that name.

Never change the following two lines in the file:

function objectType = custom_user_object type info
objectType = {};

As indicated in Content of custom_user_object_type_info.m on page 3-38,
when you register a user object type name, you must specify values for

its Name, Type, and DataType structure fields. Specifying values for the
remaining fields is optional. If you do specify values in any of these remaining
fields, they automatically populate the corresponding elements on the Model
Explorer. Otherwise, default values appear in these elements.

The custom _user_object type info.m file must be on the MATLAB path:

1 Using a text editor, create a file named custom_user _object type info.m.
Note that an example custom _user_object type info.m
file that you can modify is available in the
matlab/toolbox/rtw/targets/mpt/user_specific
directory.

2 In the file, register a unique user object type name and the desired set of
properties and property values you want associated with this name.

3 Repeat the preceding step to register any additional user object type or
types.
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4 Save the file on the MATLAB path.

5 Restart MATLAB.

6 In an open model, create mpt data objects. See “Creating Simulink and mpt
Data Objects” on page 3-5.

7 Open the Model Explorer, and select a signal data object in the middle pane.
8 On the right pane, click the down arrow beside the User object type field.

Notice in the example below that the registered AirFlowInSpeedType and
EngineSpeedType are selections, as expected. EngineSpeedType

appears because you specified its Type as 'Signal' in
custom_user_object_type info.m. AirFlowInSpeedType

appears because you specified its Type as 'Both'. (If you select a parameter
data object in the middle pane, AirFlowInSpeedType and CalType appear
instead.)

 Model Explorer =1olx]
File Edit wiew Tools Add Help
D[t maxHHc%H 70 En45ua == A
Model Hisrarchy Conterts of: Base Workspace mpt.Signal: A
E-ESimulink Root [DataType | SaturateDnivi | User abiect ype [ auta =l =
~ I Base Workspace intg Data type: auto Urits: i
faConfiguration Preferences AifFlowlrS peedType
int32 Dimensions: s A Complety: [ auta ~
Bhrtwdemo_mpf double LE ype
Sampleting: |1 S ample mode:|[aute: ~
double
Minimur Jo Mainum: [255
aute
double ~Code generalian op!
double Storage class: | Globsl (Custom) =]
double Custom attib
aute
M tior: | Defaul ~
e ooty sestion: | Defo =
o Header e
auta Owner
auto Definiion fie:  [EngSpeedDef
aute Persistence levek [5
auto
Alias: [
Initil value: [0
Description:
This is Engine Speed Type _
5 m Aever Help | Apply |
2

Note For any new selections to be available, you must restart MATLAB.
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9 Select EngineSpeedType. The property values that you specified in
custom_user_object _type info.m for EngineSpeedType populate the
right pane, as shown below.

& Model Explorer =] 5
Fle Edt view Tools Add Help

D[+ maxHHE%H 70 En45ua == A

Model Hisrarchy Conterts of: Base Workspace mpt.Signal: A
- ESimulink Root [Name [ DataType | Saturetentivi | User obiect ype: [ EngineS peedType =] =
- [ Base Workspace =) B Data type: sl ] urits: i
Configuration Pref
SpConlouralion Preferences || 32 Bz | Complet: [ aute |
Bhrtwdemo_mpf
=1 double
Sample tne:  [1 Sample mode: [ auto |
=L double
= 0s o Mirimum: 0 Marimum: 255
EE double ~Code generalian op!
E Final double Storage class: [ Blohal [Cusion) =
double Custom atiib
aute
M tior: | Defaul ~
e ooty sestion: | Defo =
o Header e
auta Owner
auto Definiion fie:  [EngSpesdbel
aute Persistence levet [5
auto
Alias: [
Initil value: [0
Description:
This is Engine Speed Type _
5 m Revert Help | Apply |
2

10 Click Apply, and generate code.

Note To apply the property values of a user object type to more than one
data object simultaneously, you must use the middle pane: Select the data
objects using the Ctrl or Shift key, scroll to the UserObjectType column,
click any selected row and select the desired user object type.
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Replacing Built-In Data Type Names in Generated Code

If your application requires you to replace built-in data type names with
user-defined replacement data type names in the generated code, you can do
so from the Real-Time Workshop > Data Type Replacement pane of the
Configuration Parameters dialog shown below.

E! Configuration Parameters: untitled/Configuration

D |x

Select: [ Replace data tupe names in the generated code
- Solver

- [ ata Import/E xport

- [ ptimization

[=1- Diagnostics

- Sample Time

- Data Walidity

- Type Conversion

- Connectivity

- Compatibility

- Model Referencing
-~ Hardware Implementation
-~ Model Referencing
[=-Real-Time Workshop

- Comments

- Symbals

- Custom Code —
- Debug

- |nterface

- Templates

- Data Placament

- Data Type Replace... -
« | _'I_I
oK. I Cancel | Help | Apply |

This pane is available for ERT target based Simulink models. In addition
to providing a mechanism for mapping built-in data types to user-defined
replacement data types, this feature:

® Performs consistency checks to ensure that your specified data type
replacements are consistent with your model’s data types.

¢ Allows many-to-one data type replacement, the ability to map multiple
built-in data types to one replacement data type in generated C code.
(Many-to-one data type replacement is not supported for C++ code
generation.) For example, built-in data types uint8 and boolean could
both be replaced in your generated C code by a data type U8 that you have
previously defined.
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If you select Replace data type names in the generated code, the Data
type names table is displayed:

E! Configuration Parameters: untitled /Configuration x|
Select: [v PReplace data type names in the generated code 1=
- S olver —Data type nam
-~ Data Import/E xpart
DP“m‘Zat'm Simulink  Real-Time Workshop  Replacement
E- Diagnostics . MHame Mame MName
-~ Sample Time
- Dala ity . double  real T |
- Typpe Conversion
- Connechivity single real32 T I
- Compatibilty N3z a2 T |
- bodel Referencing
-~ Hardware Implementation ri1s int16_T I
-~ odel Referencing intd inté_T |
=~ Real-Time ‘wWaorkshop Lint32 wint32 T I
- Comments
- Symbols uintlE  uirtlE_T |
- Custom Code uint8 uintd_T |
-~ Debug boolean  boolzan T | [
- Interface
- Templates int int_T |
- Data Placement il uint_T I
-~ Data Type Replace...
char char_T I LI
aK I Cancel | Help | Apply |

The table Data type names lists each Simulink built-in data type name
along with its Real-Time Workshop data type name. Selectively fill in fields in
the third column with your replacement data types. Each replacement data
type should be the name of a Simulink.AliasType object that exists in the
base workspace. Replacements may be specified or not for each individual
built-in type.

For each replacement data type entered, the BaseType property of the
associated Simulink.AliasType object must be consistent with the built-in
data type it replaces. For double, single, int32, int16, int8, uint32,
uint16, uint8, and boolean, the replacement data type’s BaseType must
match the built-in data type. For int, uint, and char, the replacement data
type’s size must match the size displayed for int or char on the Hardware
Implementation pane of the Configuration Parameters dialog. An error
occurs if a replacement data type specification is inconsistent.
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For example, suppose that you have previously defined the following
replacement data types, which exist as Simulink.AliasType objects in the
base workspace:

User-Defined Name Description

FLOAT64 64-bit floating point
FLOAT32 32-bit floating point
832 32-bit integer

S16 16-bit integer

S8 8-bit integer

u32 Unsigned 32-bit integer
ui6 Unsigned 16-bit integer
us Unsigned 8-bit integer

You can fill in the Data Type Replacement pane with a one-to-one
replacement mapping, as follows:

] configuration Parameters: untitled,/Configuration x|
Select: [v FReplace data type names in the generated code =
- Solver —Data type n.
- [ata Impaort/Expart
DPtII‘nIZatIDn Simulink  Real-Time Workshop  Replacement
(- Diagnostics Mame MName Mame
- Sample Time
- Data Integrity
; double  real T |FLOATES
Conversion
Connectivity single real32_T IFLDAT32
Compatibiity N3z intE2T [532
tadel Feferencing X
Hardware Implementation 16 int16_T IS‘I 3
Madel Referencing int8 int8_T ISB
Ei-Real- Time 'workshop W32 uint2T [032
- Comments
. Symbols uintl6  uintlE_T juis
- Custom Code uinté uintd_T Jus
-~ Debug boolean  boolean T || i
- Interface
- Templates it int_T |
- Data Placement ufill uint_T I
-~ [ata Type Replace...
char char_T I LI
ok I Cancel Help Apply |
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If you are generating C code, you can also apply a many-to-one data type
replacement mapping. For example, in the following display:

® int32 and int are replaced with user type S32

® int8 and char are replaced with user type S8

® uint32 and uint are replaced with user type U32

® uint8 and boolean are replaced with user type U8

] configuration Parameters: untitled,/Configuration x|
Select: [v FReplace data type names in the generated code =
- Solver —Data type n.
- [ata Impaort/Expart
DPtII‘nIZatIDn Simulink  Real-Time Workshop  Replacement
(- Diagnostics Mame MName Mame
- Sample Time
~Data Inh.agnty double  real T ||
Conversion
Connectivity single real32 T I
Campatiblity 2 k3T [532
tadel Feferencing X
Hardware Implementation 16 int16_T I
Madel Referencing int8 int8_T ISB
Ei-Real- Time 'workshop W32 uint2T [032
- Comments )
. Symbols uintl6  uintlE_T |
- Custom Code Lintg Lints_T IUE
-~ Debug boolean  boolean T IUE b
- Interface
- Templates int int_T [s32
- Data Placement ufill uint_T |U32
-~ [ata Type Replace...
char char_T ISB LI
ok I Cancel | Help | Apply |

The user-defined replacement types you specify will appear in your model’s
generated code in place of the corresponding built-in data types. For example,
if you specify user-defined data type FLOAT64 to replace built-in data type
real T (double), then the original generated code shown in Generated

Code with real_T Built-In Data Type on page 3-48 will become the modified
generated code shown in Generated Code with FLOAT64 Replacement Data
Type on page 3-48.
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3 Managing the Data Dictionary

Generated Code with real_T Built-In Data Type

/* Model initialize function */
void sinwave_initialize(boolean T firstTime)
{

if (firstTime) {

{real_T *dwork_ptr = (real_T *) &sinwave_ DWork.lastSin;

Generated Code with FLOAT64 Replacement Data Type

/* Model initialize function */
void sinwave_initialize(boolean T firstTime)
{

if (firstTime) {

{FLOAT64 *dwork_ptr = (FLOAT64 *) &sinwave_ DWork.lastSin;
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Customizing with
Additional Options

This chapter describes the following module packaging features:

Ensuring Delimiter Is Specified for
All #Includes (p. 4-2)

Selecting Source That Initializes
Signals (p. 4-3)

Adding Custom Comments (p. 4-5)

Adding Global Comments (p. 4-7)

Selecting Persistence Level for
Signals and Parameters (p. 4-12)

Explains how to instruct the code
generator to use the angle-bracket
delimiter for all data objects whose
Header file property has no delimiter
specified.

Allows you to select the source that
initializes each of the model’s signals
in the generated code.

Explains how to add the selected
data object’s property values as a
comment in the general code above
that data object’s identifier.

Explains how to add a comment

to the model so that the comment
appears in the generated files where
desired.

Controls the persistence level
of signal and parameter objects
associated with a model.
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Ensuring Delimiter Is Specified for All #Includes

Understanding the purpose of this procedure requires understanding the
Header file property of a data object, described in Parameter and Signal
Property Values on page A-20, and applied in “Creating mpt Data Objects,
Setting Property Values, and Generating Code” on page 3-13. For a particular
data object, you can specify as the Header file property value a .h filename
where that data object will be declared. Then, in the IncludeFile section of
the generated file, this . h file is indicated in a #include preprocessor directive.

Further, when specifying the filename as the Header file property value,
you may or may not place it within the double-quote or angle-bracket
delimiter. That is, you can specify it as filename.h, "filename.h", or
<filename.h>. The code generator finds every data object for which you
specified a filename as its Header file property value without a delimiter.
By default, it assigns to each of these the double-quote delimiter.

This procedure allows you to specify the angle-bracket delimiter for these
instead of the default double-quote delimiter. See the figure below.

1 In the #include file delimiter field on the Data Placement pane of the
Configuration Parameters dialog box, select #include <header.h> instead
of the default #include "header.h".

2 Click Apply.

Real-Time Workshop
Jmments | Symbals | Custom Code | Debug | Interface | Templates | DataPlacement | 4| »

—Global dats placement [custom storage classes only]

D ata definition: I Data defined in a single separate source file ;I

D ata definition filename: Iglnha\

D ata declaration: I Data declared in a single separate header file ;I
D ata declaration filename: |alobal
I Hinclude fils defimiter | Hincluds: <hearer hy - I

—Global data placement [MPT data objscts only|

Module naming Mot specified -

Signal display level: 10 Parameter tune level: |10
Source of initial va\ues.l Model ;I
v Generate code only Generate cadel
S T I A |
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Selecting Source That Initializes Signals

This procedure allows you to select the source that initializes each of the
model’s signals in the generated code. This has no effect in model simulation.
You make the selection in the Source of initial values field on the Data
Placement pane of the Configuration Parameters dialog box. There are
two possible selections: Model and Data object. The default is Model.

If you accept Model, the Simulink default data initialization controls the
initialization for each signal.

If you select Data object, the initial value of the data object determines
the initialization statement. By default, mpt signal objects use dynamic
initialization in the model initialization function of the generated code.
Alternatively, you can choose static initialization in a data definition. See the
relevant discussion of dynamic and static data initialization in “Designing
Custom Storage Classes” in the Real-Time Workshop Embedded Coder
documentation.

For dynamic or auto data initialization of custom storage class, the code
generator places the appropriate initialization statement in the generated file.
The identifiers that correspond to the model’s signals then are initialized to
the desired values during the initialization phase when the program runs.

For static data initialization of custom storage class, the code generator
places the initialization in a definition statement of the generated file, using
the following form:

datatype identifier[dimension] = {...};

Note that some blocks in a model can overwrite this initial value setting, like
the output of a constant block, for example.

1 Open the model and the Configuration Parameters dialog box.
2 Open the Real-Time Workshop > Data Placement pane.
3 In the Source of initial values field, select Model or Data object.

4 Click Apply.
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5 Ifyou selected Data object in step 3, type the initial value for the desired

signal or signals in the Initial value field. You must specify a numeric
value of data type double. If you specify a non-double, a warning appears
on the command line informing you that the non-double value will be
converted to a double data type. Also, the value’s dimension must be the
same as that specified in the Port dimension field of the corresponding
signal in the model.

Note For a block that stores states in a Dwork vector, such as Unit Delay
or Data Store Memory, Real-Time Workshop Embedded Coder uses the
initial value specified in the block parameter dialog box in the generated
code instead of any initial value you might specify for an mpt signal, using
the Source of initial values option.

Click Real-Time Workshop on the left pane of the Configuration
Parameters dialog box, and click Generate code.

If an error message occurs indicating the dimension is not consistent with
port width, return to step 5 and specify the correct dimension. Or, return
to step 5 and specify [ ] for the value so that the Simulink default data
initialization takes place.
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Adding Custom Comments

This procedure allows you to add a comment just above a signal or parameter’s
identifier in the generated code. This is accomplished using

® A function that you write in M-code or TLC-code and savein a .mor .tlc file

¢ The Custom comments (MPT objects only) check box on the
Comments pane of the Configuration Parameters dialog box

® Selecting the .m or .tlc file in the Custom comments function field on
the Comments pane of the Configuration Parameters dialog box.

You may include at least some or all of the property values for the data
object. Each Simulink data object (signal or parameter) has properties, as
described in Parameter and Signal Property Values on page A-20. This
example comment contains some of the property values for the data object MAP
as specified on the Model Explorer:

/* DocUnits: PSI */
/* Owner: */
[* DefinitionFile: specialDef */

real T MAP = 0.0;

You can type text in the Description field on the Model Explorer for a signal
or parameter data object. If you do, and if you select the Simulink data
object descriptions check box on the Comments pane of the Configuration
Parameters dialog box, this text will appear beside the signal’s or parameter’s
identifier in the generated code as a comment. This is true whether or not you
select the Custom comments (MPT objects only) check box discussed in
this procedure. For example, typing Manifold Absolute Pressure in the
Description field for the data object MAP always will result in the following
in the generated code:

real T MAP = 0.0; /* Manifold Absolute Pressure */

1 Write a function in M-code or TLC-code that places comments
in the generated files as desired. An example .m file
named rtwdemo_comments _mptfun.m is provided in the
matlab/toolbox/rtw/rtwdemos directory. This file contains instructions.
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The M-code function must have three arguments that correspond to
objectName, modelName, and request, respectively. The TLC-code must
have three arguments that correspond to objectRecord, modelName, and
request, respectively. Note also, in the case of the TLC file, you can use the
library function LibGetSLDataObjectInfo to get every property value of
the data object.

Save the function as a .m file or a . tlc file with the desired filename and
place it in any folder in the MATLAB path.

Open the model and the Configuration Parameters dialog box.

Click Comments under Real-Time Workshop on the left pane. The
Comments pane appears on the right.

Select the Custom comments (MPT objects only) check box.

In the Custom comments function field, either type the filename of the
.m file or . tlc file you created, or select this filename using the Browse
button.

Click the Apply button.
Click Generate Code.

Open the generated files and inspect their content to ensure the comments
are what you want.



Adding Global Comments

Adding Global Comments

This procedure allows you to add a comment to the model so that the comment
appears in the generated file or files where desired. This is accomplished by
specifying a template symbol name with a Simulink DocBlock, a Simulink
Annotation, or a Stateflow Note. For details on template symbols, see
“Template Symbols and Rules” on page A-11.

Note Template symbol names Description and ModifiedHistory,
referenced below, also are fields in the Model Properties dialog box. If you use
one of these symbol names for global comment text, and its Model Properties
field has text in it too, both will appear in the generated files.

Using a Simulink DocBlock to Add the Comment

1 With the model open, select Library Browser from the View menu.

2 Drag the DocBlock from Model-Wide Utilities in the Simulink library
onto the model.

3 After double-clicking the DocBlock and typing the desired comment
in the editor, save and close the editor. See DocBlock in the Simulink
documentation for details.

4 Right-click the DocBlock and select Mask Parameters. The Block
Parameters dialog box appears.
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5 Type one of the following Documentation child into the RTW Embedded
Coder Flag field, illustrated below, and then click OK: Abstract,
Description, History, ModifiedHistory, or Notes. Template symbol
names are case sensitive.

[CJBlock Parameters: DocBlock 2=
—DocBlock [mask)] (link]

Usze this black to save long descriptive text with the madel. Double-clicking the block
will open an editor.

P,
F

RTw Embedded Cader Flag
IAbslracﬂ

Diocument Type | Text j

Ok I LCancel | Help | Apply |

6 In the Block Properties dialog box, select %<ECoderFlag> as shown in the
figure below, and then click OK. The symbol name typed in the previous
step now appears under the DocBlock on the model.

‘h Block Properties: DocBlock ] |

Generall Elock Annntatinnl Callbacksl

Usage
Text that appears belowy the block's label. Erter the text in the annotation
field. The text may include any of the block property tokens in the Block
propetty tokens list. Simulink replaces each token with the value of the
carresponding property in the generated annatstion. Click the == button to
enter the selected token in the annotation field. Text can be edited on the
right side edit field. See example synitax on the bottom.

Block property tokens: Enter text and takens for annatetion:

So=tncestorBlock= & il
% =BackgroundColor=
%6=BlockChoice=
#=BlockDescriptions
Ho=BlockType=
Ho=DataTypeCverride:
Ho=DataTypeCverride,
H=Description=
H=Diagnostics=
Ho=DocumentType=
F=DropShadown=

oderFlag=

%=ErrarFocn= b Example syriax:
» Mame=2%t=MName:=

ok | cancel Help Apply
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Save the model. After you generate code, the code generator places the
comment in each generated file whose template has the symbol name you
typed. The code generator places the comment in the generated file at
the location that corresponds to where the symbol name is located in the
template file.

To add one or more other comments to the generated files, repeat steps 1
through 7 as desired.

Using a Simulink Annotation to Add the Comment

Double-click the unoccupied area on the model where you want to place the
comment. See “Annotating Diagrams” in the Simulink documentation for
details.

Note If you want the code generator to sort multiple comments for the
Notes symbol name, replace the next step with “Using Sorted Notes to Add
Comments” on page 4-10.

Type <S:Symbol_name> followed by the comment, where Symbol_name is one
of the following Documentation child : Abstract, Description, History,
ModifiedHistory, or Notes. For example, type <S:Description>This is
the description I want. Template symbol names are case sensitive.
(The "S" before the colon indicates "symbol.")

Click outside the rectangle and save the model. After you generate code,
the code generator places the comment in each generated file whose
template has the symbol name you typed. The code generator places the
comment in the generated file at the location that corresponds to where the
symbol name is located in the template file.

To add one or more other comments to the generated files, repeat steps 1
through 3 as desired.
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Using a Stateflow Note to Add the Comment

Right-click the desired unoccupied area on the Stateflow chart where you
want to place the comment. See “Using Notes to Extend Chart Diagrams”
in the Stateflow documentation for details.

Select Add Note from the drop down menu.

Note If you want the code generator to sort multiple comments for the
Notes symbol name, replace the next step with "Using Sorted Notes To
Add Comments" below.

Type <S:Symbol_name> followed by the comment, where Symbol_name is one
of the following Documentation child : Abstract, Description, History,
ModifiedHistory, or Notes. For example, type <S:Description>This is
the description I want. Template symbol names are case sensitive.

Click outside the note and save the model. After you generate code, the
code generator places the comment in each generated file whose template
has the symbol name you typed. The code generator places the comment
in the generated file at the location that corresponds to where the symbol
name is located in the template file.

To add one or more other comments to the generated files, repeat steps 1
through 4 as desired.

Using Sorted Notes to Add Comments

The sorted-notes capability allows you to add automatically sorted comments
to the generated files. The code generator places these comments in each
generated file at the location that corresponds to where the Notes symbol is
located in the template file.

The sorting order the code generator uses is

e Numbers before letters

® Among numbers, 0 is first

* Among letters, uppercase are before lowercase.
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You can use sorted notes either with a Simulink annotation or a Stateflow
note, but not with a DocBlock:

¢ In the Simulink annotation or the Stateflow note, type <S:NoteY> followed
by the first comment, where Y is a number or letter.
® Repeat for as many additional comments you want, except replace Y with a

subsequent number or letter.

The figure below illustrates sorted notes on a model, and where the code
generator places each in a generated file.

Slecdemot * oy ] 54

File Edit Yiew Simulation Format Tools Help

it uints )
INC Wry —{ Ui
Fy

=5:Moteb>This iz the third comment.

nt [Poolean

equal_to_cou

¥
£

) int32 N
INPUT

switch_out Amplifier

int32 1)
OUTPUT

|-

uints

X <25:Mote1=This is the first comment L veant

<5:Note2=This iz the second comment | want under Notes, associated with the Notes symbol.

ol I

Here is the relevant fragment from the generated file for the above model:

** NOTES

** Notel: This is the first comment I want
associated with the Notes symbol.

Note2: This is the second comment I want under Notes.
Noteb: This is the third comment.
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Selecting Persistence Level for Signals and Parameters

With this procedure, you can control the persistence level of signal and
parameter objects associated with a model. Persistence level allows you to
make intermediate variables or parameters global during initial development.
At the later stages of development, you can use this procedure to remove
these signals and parameters for efficiency. Notice the Persistence Level
field on the Model Explorer, as illustrated in the figure below. For descriptions
of the properties on the Model Explorer, see Parameter and Signal Property
Values on page A-20. Notice also the Signal display level and Parameter

tune level fields on the Configuration Parameters dialog box, as illustrated
in the next figure.

Real-Time Workshop

omments | Symbols | Custom Cade I Debug | Interface | Templates

Global data placement [custom storage clazzes only]

Drata definition: | Data defined in a single separate source file

Drata definition filename: Igluba\

[Drata declaration: I Data declared in a single separate header file

[Diata declaration filename: Igloba\

Hinclude file delimiter | Ao

Global data placement [MPT data objects only]

Module naming: Mot specified -
I Signal display level: 10 Farameter tune level: |10 I
Source of initial values: | Model d
[¥ Generate code only Generate codel
Fewvert | Help | Apply |

4

The Signal display level field allows you to specify whether or not the code
generator defines a signal data object as global data in the generated code.
The number you specify in this field is relative to the number you specify in
the Persistence level field. The Signal display level number is for all mpt
signal data objects in the model. The Persistence level number is for a
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particular mpt signal data object. If the data object’s Persistence level is
equal to or less than the Signal display level, the signal appears in the
generated code as global data with all of the properties (custom attributes)
specified in “Creating mpt Data Objects, Setting Property Values, and
Generating Code” on page 3-13. For example, this would occur if Persistence
level is 2 and Signal display level is 5.

Otherwise, the code generator automatically determines how the particular
signal data object appears in the generated code. Depending on the settings
on the Optimization pane of the Configuration Parameters dialog box,

the signal data object could appear in the code as local data and thus have
none of the custom attributes you specified for that data object. Or, based on
expression folding, the code generator could remove the data object so that it
does not appear in the code. (See “Tips for Optimizing the Generated Code” in
the Real-Time Workshop Embedded Coder documentation and “Optimizing

a Model for Code Generation” in the Real-Time Workshop documentation

for details on optimization.)

The Parameter tune level field allows you to specify whether or not the
code generator declares a parameter data object as tunable global data in the
generated code.

The number you specify in this field is relative to the number you specify in
the Persistence level field. The Parameter tune level number is for all
mpt parameter data objects in the model. The Persistence level number is
for a particular mpt parameter data object. If the data object’s Persistence
level is equal to or less than the Parameter tune level, the parameter
appears in the generated code with all of the properties (custom attributes)
specified in “Creating mpt Data Objects, Setting Property Values, and
Generating Code” on page 3-13, and thus is tunable. For example, this would
occur if Persistence level is 2 and Parameter tune level is 5.

Otherwise, the parameter is inlined in the generated code, and Real-Time
Workshop settings determine its exact form.

Note that, in the initial stages of development, you may be more concerned
about debugging than code size. Or, you may want to ensure that one or
more particular data objects appear in the code so that you can analyze
intermediate calculations of an equation. In this case, you may want to
specify the Parameter tune level (Signal display level for signals) to be
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higher than Persistence level for some or all mpt parameter (or signal) data
objects. This results in larger code size, because the code generator defines
the parameter (or signal) data objects as global data, which have all the
custom properties you specified. As you approach production code generation,
however, you may have more concern about reducing the size of the code
and less need for debugging or intermediate analyses. In this stage of the
tradeoff, you could make the Parameter tune level (Signal display level
for signals) greater than Persistence level for one or more data objects,
generate code and observe the results. Repeat until satisfied.

1 With the model open, in the Configuration Parameters dialog box, click
Data Placement under Real-Time Workshop.

2 Type the desired number in the Signal display level or Parameter tune
level field, and click Apply.

3 In the Model Explorer, type the desired number in the Persistence field
for the selected signal or parameter, and click Apply.

4 Save the model and generate code.



Managing File Placement
of Data Definitions and
Declarations

Overview of File Placement (p. 5-2)  Identifies MPF selections that are
interdependent, and explains how
these manage file placement of data
definitions and declarations.

Priority and Usage (p. 5-3) Identifies the priorities that exist
among the interdependent MPF
selections, and their frequency of
use.

Data Placement Rules (p. 5-9) Provides a complete set of data
placement rules.

Example Settings (p. 5-9) Provides example settings of the
interdependent selections, and
explanations of their results.
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Overview of File Placement

This chapter focuses on interdependent selections. Their combined settings,
along with the Simulink partitioning, determine what is termed "data
placement." This term refers to

The number of files generated.

Whether or not the generated files contain definitions for a model’s global
identifiers. And, if a definition exists, the settings determine the files in
which MPF places them.

Where MPF places global data declarations (extern).

The following six MPF selections are distributed among the main procedures
and form an important interdependency:

The Data definition field on the Data Placement pane of the
Configuration Parameters dialog box.

The Data declaration field on the Data Placement pane of the
Configuration Parameters dialog box.

The Owner field of the data object on the Model Explorer, and the Module
naming and Module name fields on the Data Placement pane of the
Configuration Parameters dialog box. For discussion purposes, we use

the term "Ownership" to refer to these three (Owner, Module naming,
and Module name)

The Definition file field of the data object on the Model Explorer.
The Header file field of the data object on the Model Explorer.
The Memory section field of the data object on the Model Explorer.



Priority and Usage

Priority and Usage

There is a priority among the interdependent selections. From highest to
lowest priority, these are called

® Definition File priority

® Header File priority

® Ownership priority

e Read-Write priority or Global priority

But as to usage, the order is reversed. This distinction is illustrated below.

Override Globol or Rend-Write
for selected duto ohjed.

./

Lenst used

Highest priority Definition File

A

Header File

Ownership

Reu d-Write Global Y

Lowest priority Most used

Unless they are overridden, the Read-Write and Global priorities place in the
generated files all of the model’s MPF-derived data objects that you selected
using the Data Object Wizard. (See “Creating Data Objects with Data Object
Wizard” on page 3-5 for details.) Before generating the files, you can use the
higher priority Definition file, Header file, and Ownership, as desired, to
override Read-Write or Global priorities for single data objects. Most users
will employ Read-Write or Global, without an override. A few users, however,
will want to do an override for certain data objects. We expect that those users
whose applications include multiple modules will want to use the Ownership
priority.
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The priorities are in effect only for those data objects that are derived

from Simulink.Signal and Simulink.Parameter, and whose custom
storage classes are specified using the Custom Storage Class Designer.

(For details, see “Designing Custom Storage Classes” in the Real-Time
Workshop Embedded Coder documentation.) Otherwise, Real-Time Workshop
determines the data placement.

Read-Write Priority

This is the lowest priority. Consider that a model consists of one or more
Simulink blocks or Stateflow diagrams. There can be subsystems within
these. For the purpose of illustration, think of a model with one top-level block
called fuelsys. You double-clicked the block and now see three subsystems
labeled subsys1, subsys2 and subsys3, as shown in the next figure. Signals
a and b are outputs from the top-level block (fuelsys). Signal a is an input
to subsys1 and b is input to subsys2. Signal c is an output from subsys1.
Notice the other inputs and outputs (d and e). Signals a through e have
corresponding data objects and are part of the code generation data dictionary.

As explained in Chapter 3, “Managing the Data Dictionary” MPF provides
you with the means of selecting a data object that you want defined as an
identifier in the generated code. MPF also allows you to specify property
values for each data object. For this illustration, we choose to include all of
the data objects to be in the dictionary.

Model

=]

subsysd [—mm e

e}

a b

A

fuelsys
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The Generated Files

We generate code for this model. As shown in the figure below, this results in a
.c source file corresponding to each of the subsystems. (In actual applications,
there could be more than one .c source file for a subsystem. This is based on
the file partitioning previously selected in Simulink for the model. But for
our illustration, we only need to show one for each subsystem.) Data objects a
through e have corresponding identifiers in the generated files.

A .c source file has one or more functions in it, depending on the internal
operations (functions) of its corresponding subsystem. An identifier in a
generated .c file has local scope when it is used only in one function of that
.c file. An identifier has file scope when more than one function in the same
.c file uses it. An identifier has global scope when more than one of the
generated files uses it.

A subsystem’s source file always contains the definitions for all of that
subsystem’s data objects that have local scope or file scope. (These definitions
are not shown in the figure.) But where are the definitions and declarations
for data objects of global scope? These are shown in the next figure.

Model Generated Files
Results of Read-Write Priority

a—- subsys1.c subsys3.c

int c; int e;

Cc_ extern int a; extern int c;

subsysd |—m= e extern int d;

d“—‘
subsys2.c fuelsys.c

b subsys? - H Y
int d; int a;
extern int b; int by

"

fuelsys

When the Read-Write priority is in effect, this source file contains the
definitions for the subsystem’s global data objects, if this is the file that first
writes to the data object’s address. Other files that read (use) that data object
only include a reference to it. This is why this priority is called Read-Write.
Since a read and a write of a file are analogous to input and output of a
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model’s block, respectively, there is another way of saying this. The definitions
of a block’s global data objects are located in the corresponding generated file,
if that data object is an output from that block. The declarations (extern) of a
block’s global data objects are located in the corresponding generated file, if
that data object is an input to that block.

Settings for Read-Write Priority

The generated files and what they include, as just described, occur when the
Read-Write priority is in effect. For this to be the case, the other priorities are
"turned off." That is

¢ The Data definition field on the Data Placement pane is set to Data
defined in source file.

* The Data declaration field on the Data Placement pane is set to Data
declared in source file.

® The Owner field on the Model Explorer is blank, and the Module naming
field on the Data Placement pane is set to Not specified. (When Not
specified is selected, the Module name field does not appear.)

¢ Definition file and Header file on the Model Explorer are blank.

Global Priority

This has the same priority as Read-Write (the lowest) priority. The settings
for this are the same as for Read-Write Priority, except

¢ The Data definition field on the Data Placement pane is set to Data
defined in single separate source file.

* The Data declaration field on the Data Placement pane is set to Data
declared in single separate header file.

The generated files that result are shown in the next figure. A subsystem’s
data objects of local or file scope are defined in the .c source file where the
subsystem’s functions are located (not shown). The data objects of global
scope are defined in another .c file (called global.c in the figure). The
declarations for the subsystem’s data objects of global scope are placed in a .h
file (called global.h).
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For example, all data objects of local and file scope for subsys1 are defined
in subsys1.c. Signal ¢ in the model is an output of subsys1 and an input

to subsys2. So c is used by more than one subsystem and thus is a global

data object. Since global priority is in effect, the definition for ¢ (int c;) is
in global.c. The declaration for ¢ (extern int c;)is in global.h. Since
subsys2 uses (reads) ¢, #include "global.h" isin subsys2.c.

Model Generated Files
Results of Global Priority

a— subsys1.c subsys3.c

#include 'glohal.h'l |#include ‘global.h’|

c-—_
subsysd [—mm e
a subsys2.c fuelsys.c
|#include 'global.h' | | #include 'global.h'|
b

- ; global.c global.h
int a; extern int a;
* + int by extern int b;
fuelsys int c;. extern int c;
int d; extern int d;
int e; extern int e;

Remaining Priorities

As mentioned previously, the Read-Write and Global priorities operate on all
MPF-derived data objects that you want defined in the generated code. The
remaining priorities allow you to override the Read-Write or Global priorities
for one or more particular data objects. There is a high-to-low priority among
these remaining priorities: Definition File, Header File, and Ownership, for a
particular data object.

Ownership

As mentioned previously, Ownership refers to what you do or do not specify
for the Module naming and Module names fields on the Data Placement
pane of the Configuration Parameters dialog box, and the Owner field on the
Model Explorer. These settings have no effect on what files are generated.
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Their effects only have to do with definitions and extern statements. There
are five possible configurations, as indicated in Effects of Ownership Settings
on page A-30.

The Memory Section Setting

Regarding Memory section, Parameter and Signal Property Values on
page A-20 explains that you can select Default, MemConst, MemVolatile

or MemConstVolatile as the Memory section selection. So, if you specify

a filename for Definition file, and select either Default, MemConst,
MemVolatile or MemConstVolatile for Memory section, Real-Time
Workshop Embedded Coder generates a .c file and a .h file. The .c file
contains the definition for the data object with the pragma statement or
qualifier associated with the Memory section selection. The .h file contains
the declaration for the data object. Then the .h file, with the preprocessor
directive #include, can be included in any file that needs to reference the data
object. You can add more memory sections. See “Designing Custom Storage
Classes” in the Real-Time Workshop Embedded Coder documentation.



Data Placement Rules

Data Placement Rules

For a complete set of data placement rules in convenient tabular form, based
on the priorities discussed in this chapter, see “Data Placement Rules and
Effects” on page A-30.

Example Settings

Example Settings and Resulting Generated Files on page A-31, provides
example settings for one data object of a model. Eight examples are listed so
that you can see the generated files that result from a wide variety of settings.
Four examples from this table are discussed below in more detail. These
discussions provide adequate information for understanding the effects of
any settings you might choose. For illustration purposes, the four examples
assume that we are dealing with an overall system that controls engine idle
speed.

The next figure shows that the software component of this example system
consists of two modules, IAC (Idle Air Control), and IO (Input-Output).

TAC (Idle Air Control) Module 10 Module

(External to MPF)
Generated File for Chart spd_filt

Depends on MPF Settings /* Definitions*/

real T meas_spd = 0.0;

real T iac cmd = 0.0;

Generated File for Chart iac_ctrl To.h

/* External Data */
Depends on MPF Settings extern real_T meas_spd;

extern real_T iac_cmd;

Engine Idle Speed Control System
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The code in the IO module controls the system’s IO hardware. Code is
generated only for the IAC module. (Some other means produced the code for
the IO module, such as hand-coding.) So the code in IO is external to MPF,
and can illustrate legacy code. To simplify matters, the IO code contains one
source file, called I0.c, and one header file, called I0.h.

The TAC module consists of two Stateflow charts, spd_filt and iac_ctrl.
The spd_filt chart has two signals (meas_spd) and filt spd), and one
parameter (a). The iac_ctrl chart also has two signals (filt spd and
iac_cmd) and a parameter (ref_spd). (The parameters are not visible in the
top-level charts.) One file for each chart is generated. This example system
allows us to illustrate referencing from file to file within the MPF module,
and model to external module. It also illustrates the case where there is no
such referencing.

~=10l=]

File Edit “iew Simulation Format Tools Help

Dzl &| & BR| 2] II1D.D INormal '“nlz-l.@

meas_sp@ fitt_spd

spd_filt

Outz

ige_chrl

Ready 100% oded5
VA

Proceed to the discussion of the desired example settings:

¢ “Read-Write Example” on page 5-11

® “Ownership Example” on page 5-12

e “Header File Example” on page 5-13

¢ “Definition File Example” on page 5-15



Example Settings

Read-Write Example

These settings and the generated files that result are shown as Example
Settings 1 in Example Settings and Resulting Generated Files on page A-31.
As you can see from the table, this example illustrates the case in which only
one .c source file (for each chart) is generated.

So, for the IAC model, select the following settings. Accept the Data defined
in source file in the Data definition field and the Data declared in
source file in the Data declaration field on the Data Placement pane of
the Configuration Parameters dialog box. Accept the default Not specified
selection in the Module naming field. Accept the default blank settings for
the Owner, Definition file and Header file fields on the Model Explorer.
For Memory section, accept Default. Now the Read-Write priority is in
effect. Generate code. The next figure shows the results in terms of definition
and declaration statements.

TAC (Idle Air Control) Module [0 Module
reeTT T m T T T - (External to MPF)
Generated File for Chart spd_filt
r—-——-=-=-"=-"=-"=-"=—-=-= il
I0.c

spd_filt.c

- — -
/= Definitions */ J* Definitions */

const real T a = 0.9;
real T filt spd = 0.0;

real T meas spd = 0.0;

real T iac_emd = 0.0;
real T meas_spd = 0.0;

I0.h

iac_ctrl.c

/* External Data */

extern real T meas spd;

/* Definitions */
const real_T ref spd = 0.0;
real T iac_cnd = 0.0; extern real T iac_cmd;

/* Declarations */

extern real T filt spd;

|
|
|
|
|
|
|
|
|
|
Generated Files for Chart iac_ctrl |
|
|
|
|
|
|
|
|
|

Engine Idle Speed Control System (Read-Write Example)

The code generator generated a spd_filt.c for the spd_filt chart and
iac_ctrl.c for the iac_ctrl chart. As you can see, MPF placed all definitions
of data objects for the spd_filt chart in spd_filt.c. It placed all definitions
of data objects for the iac_ctrl chart in iac_ctrl.c.
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However, notice real T filt spd. This data object is defined in spd_filt.c
and declared in iac_ctrl.c. That is, since the Read-Write priority is in
effect, filt spd is defined in the file that first writes to its address. And, it is
declared in the file that reads (uses) it. Further, real T meas_spd is defined
in both spd_filt.c and the external I0.c. And, real T iac_cmd is defined
in both iac_ctrl.c and IO.c.

Ownership Example

See tables Effects of Ownership Settings on page A-30 and Example Settings
and Resulting Generated Files on page A-31. In the “Read-Write Example” on
page 5-11, there are several instances where the same data object is defined in
more than one . c source file, and there is no declaration (extern) statement.
This would result in compiler errors during link time. But in this example,
we configure MPF Ownership rules so that adequate linking can take place.
Notice the Example Settings 2 row in Example Settings and Resulting
Generated Files on page A-31. Except for the Ownership settings, assume
these are the settings you made for the model in the IAC module. Since this
example has no Definition file or Header file specified, now Ownership
takes priority. (If there were a Definition file or Header file specified, MPF
would ignore the Ownership settings.)

On the Data Placement pane of the Configuration Parameters dialog box,
select User specified in the Module naming field, and specify IAC in the
Module name field (case sensitive). Open the Model Explorer (by issuing the
MATLAB command daexplr) and, for all data objects except meas_spd and
iac_cmd, type IAC in the Owner field (case sensitive). Then, only for the
meas_spd and iac_cmd data objects, type IO as their Owner (case sensitive).
Generate code.



Example Settings

The results are shown in the next figure. Notice the extern real T meas_spd
statement in spd_filt.c, and extern real T iac_cmd in iac_ctrl.c.
MPF placed these declaration statements in the correct files where these data
objects are used. This allows the generated source files (spd_filt.c and
iac_ctrl.c) to be compiled and linked with I0.c without errors.

TAC (Idle Air Control) Module IO Module
re-Tr T T T s = 1 (External to MPF)
Generated File for Chart spd_filt 1
spd_filt.c r B

/* Definitions */

const real T a = 0.9;
real T filt_spd = 0.0;

/* Declarations */

/* Definitions */
real T meas spd = 0.0;

real T iac_cmd = 0.0;
extern real T meas spd;

Generated File for Chart iac_ctrl T0.h

iac ctrl.c

/* External Data */

extern real T meas_spd;

/* Definitions */

const real T ref_spd = 0.0;
extern real T iac _cmd;
/* Declarations */ - -

extern real T filt_spd;

extern real T iac_cmd;

Engine Idle Speed Control System [Ownership Example)

Header File Example

These settings and the generated files that result are shown as Example
Settings 3 in Example Settings and Resulting Generated Files on page A-31.
Since this example has no Definition file specified, it allows us to describe
the effects of the Header file setting. (If there were a Definition file, MPF
would ignore the Header file setting.) The focus of this example is to show
how the Header file settings result in the linking of the two chart source files
to the external IO files, shown in the next figure. (Also, Ownership settings
will be used to link the two chart files with each other.)

As you can see in the figure, the meas_spd and iac_cmd identifiers are defined
in I0.c and declared in I0.h. Both of these identifiers are external to the
generated .c files. You open the Model Explorer and select both the meas_spd
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and iac_cmd data objects. For each of these data objects, in the Header file
field, specify I10.h, since this is where these two objects are declared. This
setting ensures that the spd_filt.c source file will compile and link with
the external I0.c file without errors.

Now we configure the Ownership settings. In the Model Explorer, select the
filt spd data object and set its Owner field to IAC. Then, on the Data
Placement pane of the Configuration Parameters dialog box, select User
specified in the Module naming field, and specify IAC in the Module
Name field. This ensures that the spd_filt source file will link to the
iac_ctrl source file. Generate code. See the figure below.

IAC (Idle Air Control) Module IO Module
r,o oo T B (External to MPF)
Generated File Chart spd_filt
spd filt.c r B
— I0.c

J* Includes */
#include <I0.h>
/* Definitions */

const real T a = 0.9;

/* Definitions */

real T meas spd = 0.0;
real T iac_emd = 0.0;
real T filt_spd = 0.0;

Generated File Chart iac_ctrl 0.h

iac_ctrl.c

/* External Data */

extern real T meas_spd;

/* Includes >/
#include <I0.h>
/* Definiti - extern real T iac_cmd;
efinitions

const real T ref_spd = 0.0;

/* Declarations */

extern real T filt_spd;

Engine Idle Speed Control System [Header File Example)

Since you specified the I10.h filename for the Header file field for the
meas_spd and iac_ctrl objects, the code generator assumed correctly that
their declarations are in I0.h. So the code generator placed #include I0.hin
each source file: spd_filt.c and iac_ctrl.c. So these two files will link with
the external IO files. Also, due to the Ownership settings that were specified,
the code generator places the real T filt spd = 0.0; definition in
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spd_filt.c and declares the filt spd identifier in iac_ctrl.c with extern
real T iac_cmd;. Consequently, the two source files will link together.

Definition File Example

These settings and the generated files that result are shown as Example
Settings 4 in Example Settings and Resulting Generated Files on page A-31.
Notice that a definition filename is specified. The settings in the table only
apply to the data object called a. You have decided that you do not want this
object defined in spd_filt.c, the generated source file for the spd_filt
chart. (There are many possible organizational reasons one might want an
object declared in another file. It is not important for this example to specify
the reason.)

For this example, assume the settings for all data objects are the same as those
indicated in “Header File Example” on page 5-13, except for the data object a.
The description below identifies only the differences that result from this.

Open the Model Explorer, and select data object a. In the Definition file field
you specify any desired filename. Choose filter constants.c. Generate
code. The results are shown in the next figure.

IAC (Idle Air Control) Module 10 Module
—————————————— (External to MPF)
Generated Files for Chart spd_ctrl r—- _IE ————— bl
.c

spd_filt.c

/* Includes */

#include “I0.h”

#include “filter_constants.h”
/*Definitions*/

/* Definitions */
real T meas_spd = 0.0;
real_T iac_cmd = 0.0;

real T filt_spd = 0.0;

filter_constants.c

/* Definitions */
const real T a= 0.9;

| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| global.h |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |

10.h

/* External Data */
extern real T meas_spd;
extern real T iac_cmd;

/* Declarations */
extern real T a;

Generated Files for Chart iac_ctrl
iac_ctrl.c

/* Includes */
#include <IO0.h>

/* Definitions */

const real T ref_spd = 0.0;
/* Declarations */

extern real T filt_spd;
extern real T iac_cmd;

Engine Idle Speed Control System (Definition File Example)
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The code generator generates the same files as in the “Header File Example”
on page 5-13, and adds a new file, filter_ constants.c. Data object a now is
defined in filter_constants.c, rather than in the source file spd_filt.c, as
it is in the example. This data object is declared with an extern statement
in global.h
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Referenced Tables

MPF Panes on the Configuration
Parameters Dialog Box (p. A-2)

Template Symbols and Rules
(p. A-11)

Parameter and Signal Properties
(p. A-19)

Data Placement Rules and Effects
(p. A-30)

Lists and describes all elements
on MPF-related panes on the
Configuration Parameters dialog
box.

Lists and describes all MPF and
template symbol rules.

Lists and describes all mpt
parameter and signal properties and
property values, and illustrates how
changing these affect the generated
code.

Shows the effects that example
changes to the interdependent MPF
settings have on the generated code.
Also, provides a complete set of data
placement rules.



A Referenced Tables

MPF Panes on the Configuration Parameters Dialog Box

The following tables define elements on each MPF-related pane on the
Configuration Parameters dialog box. Elements that are not related to MPF
are not described. Select Real-Time Workshop on the Select pane.

MPF Elements on Configuration Parameters Panes

Pane

Element

Description

General

Ignore custom storage
classes

To make module packaging features available,
this check box must be cleared.

Comments

Simulink data object
descriptions

When this check box is selected, and you
type text in the Description field of the
Model Explorer, that text will appear beside
the signal’s or parameter’s identifier in the
generated code as a comment.

Custom comments
(MPT objects only)

When selected, this check box allows you to
add a comment above a signal or parameter’s
identifier in the generated code. You control
the content of the comment by writing a
function in M-code (.m file) or TLC-code
(.tlc file), and specifying its filename in the
Custom comments function field.

Custom comments
function

In this field, you specify the .m filename or
.tlc filename that contains the function
mentioned just above. This field is available
only when the Custom comments (MPT
objects only) check box is selected.

Symbols

#define naming

This rule applies only to those parameters
whose storage class you selected as Define in
“Creating mpt Data Objects, Setting Property
Values, and Generating Code” on page 3-13.
Allows you to specify one rule by which all of
these parameters change the same way. Then,
they appear as identifiers in the generated
code as you want.




MPF Panes on the Configuration Parameters Dialog Box

MPF Elements on Configuration Parameters Panes (Continued)

Pane

Element

Description

For example, in “Creating mpt Data Objects,
Setting Property Values, and Generating
Code” on page 3-13, a parameter is named
parama. For this parameter, you specified
Define (Custom) in the Storage class field
of the Model Explorer, and you specified

its Value property as "1." So, in terms

of ANSI-C/C++ syntax, you have said
#define parama 1;. Now you select Force
upper case in the #define naming field

of the Symbols pane of the Configuration
Parameters dialog box. The result of all of
this is as follows. "PARAMA" appears in the
generated code file every time this parameter
name appears. In the compiled executable
file, "1" appears every time "PARAMA" appears
in the generated code file.

In the #define naming field, select Custom
M-function to write your own naming rule
that changes all of these parameter names

in the model to identifiers in the generated
code, in the same way. Then you must write
an M-function to accomplish this. For details
on writing a MATLAB function, see Functions
in the MATLAB documentation.

Of course, there is a wide variety of
possibilities. Some examples are
¢ Remove all underscore characters in all

signal names

® Add underscores before a capital letter in
all parameter names

® Make all identifiers in the generated code
uppercase




A Referenced Tables

MPF Elements on Configuration Parameters Panes (Continued)

Pane Element Description

Then you save the function as a .m file, place
it in any folder in the MATLAB path, and type
its filename in the M-function field under
the #define naming field.

Select Force upper case or Force lower
case to change case as desired.

Select None to make no change to the
#define names. With this selection, after
code generation, all of them will appear as
identifiers in the source code exactly as they
appear in the model.

M-function If you selected Custom M-function in the
#define naming field, place the name of the
.m file here, with or without the .m extension.
Otherwise, ignore this field.

Parameter naming Allows you to specify one rule by which all

of the model’s parameter names change the
same way, so that they appear as identifiers
in the generated code as you want. The
selections in this field have the same functions
as described above for #defines, except they
apply to parameter names.

M-function If you selected Custom M-function in the
Parameter naming field, place the name
of the .m file here, with or without the .m
extension. Otherwise, ignore this field.

Signal naming Allows you to specify one rule by which all of
the model’s signal names change the same
way, so that they appear as identifiers in the
generated code as you want. The selections in
this field have the same functions as described
above for #defines, except they apply to
signal names.




MPF Panes on the Configuration Parameters Dialog Box

MPF Elements on Configuration Parameters Panes (Continued)

Pane Element Description
M-function If you selected Custom M-function in the
Signal naming field, place the name of the
.m file here, with or without the .m extension.
Otherwise, ignore this field.
Templates Code templates A code template organizes all of the generated

files that, primarily, contain functions but not
identifiers.

Source file (*.c¢)
template

The source code template organizes C code
files. These include, for example, the main .c
or any of the .c files that contain functions
that Real-Time Workshop Embedded Coder
generates for the open model.

Header file (*.h)
template

The header code template organizes the .h
file that includes the prototypes of these
functions. (See Source file (*.c) template
just above.)

Data templates

A data template organizes all of the generated
files that contain only identifiers (data), not
functions (code).

Source file (*.c)
template

The source data template organizes the .c file
that contains definitions of variables of global
scope.

Header file (*.h)
template

The header data template organizes the . h file
that can contain declarations of variables of
global scope. (See Source file (*.c) template
just above.)
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MPF Elements on Configuration Parameters Panes (Continued)

Pane

Element

Description

Custom templates

A custom template has priority over the
code and data templates in organizing the
generated files. As its name suggests, this
template is for advanced users who want
to customize how the generated files are
organized, by using this one template. For
details, see “Custom File Processing” in
the Real-Time Workshop Embedded Coder
documentation.

Data Placement

Data definition

In this field, you select the . c file where the
definitions of variables of global scope will be
located. You can place these in a single .c file
that is separate from the .c files where the
model’s functions are located, if desired.

If you choose Data defined in single
separate source file, the data source
template specified in the Source file (*.c)
template field of the Templates pane (for
Data templates) will be used. This template
file organizes the single separate source file.
You must also specify the filename of this
single separate source file itself in the Data
definition filename field below.

Or, you can place these definitions in the .c
files where the functions are located. To do
this you select Data defined in source file.
In this case, the source template will not be
used. There may be one function .c file or
multiple function .c files, based on the file
partitioning previously selected in Simulink
for the model. If there are multiple files, and
you select Data defined in source file,
all of the definitions will be placed in their
respective function files.
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MPF Elements on Configuration Parameters Panes (Continued)

Pane

Element

Description

If you choose the default Auto, Real-Time
Workshop Embedded Coder determines where
the definitions will be located.

Data definition
filename

This field is available only if you selected Data
defined in single separate source file
in the Data definition field. Specify here the
name of this source file.

Data declaration

In this field, you select the file where
declarations will be located (extern, typedef
and #define statements). You can place these
in a single . h file that is separate from the .c
files where the model’s functions are located,
if desired.

If you choose Data declared in single
separate header file, the data header
template specified in the Header file (*.h)
template field of the Templates pane (for
Data templates) will be used. This template
file organizes the single separate header file.
You must also specify the filename of this
single separate header file itself in the Data
declaration filename field below.

Or, you can place these declarations in the .c
files where the functions are located. To do
this you select Data declared in source
file. In this case, the data header template
will not be used. As mentioned previously,
there may be one function .c file or multiple
function . c files, based on the file partitioning
previously selected in Simulink for the model.
If there are multiple files, and you select
Data declared in source file, all of the
declarations will be placed in their respective
function files.
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MPF Elements on Configuration Parameters Panes (Continued)

Pane

Element

Description

If you choose the default Auto, Real-Time
Workshop Embedded Coder determines where
the declarations will be located.

Data declaration
filename

This field is available only if you selected Data
declared in single separate header
file in the Data declaration field. Specify
here the name of this header file.

#include file delimiter

This field allows you to select the #include
file delimiter used in those generated files that
contain the #include preprocessor directive
for mpt data objects. This applies the selected
delimiter to all mpt data objects, except any
whose delimiter is overridden by the Header
file field on the Model Explorer.

If you select Auto, Real-Time Workshop
Embedded Coder determines the delimiter.

If you select #include "header.h", the
double-quotation delimiter is used.

If you select #include <header.h>, the
angle-bracket delimiter is used.

Module naming

In this field, you select whether or not to
name the module. This is used in conjunction
with the Owner field of a data object in the
Model Explorer to constitute what is termed
"ownership." For details, see “Ownership” on
page 5-7 and Effects of Ownership Settings
on page A-30.

If you do want to specify the module name,
you can select the convenient Same as model.
This avoids having to type in a name in the
Module name field described below.




MPF Panes on the Configuration Parameters Dialog Box

MPF Elements on Configuration Parameters Panes (Continued)

Pane

Element

Description

Module name

This field is available only if you selected User
specified in the Module naming field. Type
the desired module name according to ANSI
C/C++ conventions for naming identifiers.

Signal display level

This field allows you to specify whether or
not the code generator declares a signal data
object as global data in the generated code.
The number you specify in this field is relative
to the number you specify in the Persistence
level field on the Module Explorer dialog box.
The Signal display level number is for all
mpt signal data objects in the model. The
Persistence level number is for a particular
mpt signal data object.

Parameter tune level

This field allows you to specify whether or
not the code generator declares a parameter
data object as tunable global data in the
generated code. The number you specify in
this field is relative to the number you specify
in the Persistence level field on the Module
Explorer dialog box. The Parameter tune
level number is for all mpt parameter data
objects in the model. The Persistence level
number is for a particular mpt parameter
data object.

Source of initial values

This field allows you to select the source that
initializes each of the model’s signals in the
generated code. You can select Model or Data
object. Model is the default.

If you accept Model, the Simulink default data
initialization controls the initialization for
each signal.

If you select Data object, the initial value of
the data object determines the initialization
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MPF Elements on Configuration Parameters Panes (Continued)

Pane

Element

Description

statement, according to the data initialization
configuration of the custom storage class.
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Template Symbols and Rules

The following tables describe all MPF template symbols and rules for

using these. The location of a symbol in one of the MPF template files
(code_c_template.cgt, code h template.cgt, data c_template.cgt,

or data_h_template.cgt) determines where the items associated with

this symbol are located in the corresponding generated file. The first table
identifies the symbol groups, starting with the parent ("Base") group, followed
by the children in each parent.Template Symbols on page A-13 lists the
symbols in alphabetical order. “Rules for Modifying or Creating a Template”

on page A-17 lists the rules.

Template Symbol Groups

Symbol Group

Symbol Names in This Group

Base (Parents)

Declarations
Defines
Definitions
Documentation
Enums
Functions
Includes

Types

Declarations

ExternalCalibrationLookup1D
ExternalCalibrationLookup2D
ExternalCalibrationScalar

ExternalVariableScalar

Defines

LocalDefines

LocalMacros
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Template Symbol Groups (Continued)

Symbol Group Symbol Names in This Group

Definitions FilescopeCalibrationLookupiD
FilescopeCalibrationLookup2D
FilescopeCalibrationScalar
FilescopeVariableScalar
GlobalCalibrationLookup1D
GlobalCalibrationLookup2D
GlobalCalibrationScalar
GlobalvVariableScalar

Documentation Abstract

Banner

Created

Creator

Date
Description
FileName
History
LastModificationDate
LastModifiedBy
ModelName
ModelVersion
ModifiedBy
ModifiedComment

ModifiedDate

Modified History
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Template Symbols

Template Symbol Groups (Continued)

Symbol Group

Symbol Names in This Group

Notes
ToolVersion
Functions CFunctionCode
Types This parent has no children.

Symbol Name*

Symbol
Group

Symbol
Scope

Symbol Description
(What the symbol puts
in the generated file)

Abstract

Documentation

N/A

User-supplied description of
the model or file. Placed in
the generated file based on
the Stateflow note, Simulink
annotation, or DocBlock on the
model.**

Banner

Documentation

N/A

Comments located near top of

the file. Contains information

that includes versions of model
and Real-Time Workshop, and
date file was generated.

CFunctionCode

Functions

File

All of the C/C++ functions.
Must be at the bottom of the
template.

Created

Documentation

N/A

Date when model was created.
From Created on field on
Model Properties dialog box.

Creator

Documentation

N/A

User who created model. From
Created by field on Model
Properties dialog box.
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Template Symbols (Continued)

Symbol Description

Symbol Symbol | (What the symbol puts
Symbol Name* Group Scope in the generated file)
Date Documentation | N/A Date file was generated. Taken
from computer clock.
Declarations Base Data declaration of any signal
or parameter. For example,
extern real T globalvar;.
Defines Base File Any necessary #defines of .h
files.
Definitions Base File Data definition of any signal
or parameter.
Description Documentation | N/A Description of model. From
Model description field on
Model Properties dialog box.**
Documentation Base N/A Comments about how to
interpret the generated files
from Real-Time Workshop.
Enums Base File Enumerated data type
definitions.
ExternalCalibrationLookupiD | Declarations External | ***
ExternalCalibrationLookup2D | Declarations External | ***
ExternalCalibrationScalar Declarations External | ***
ExternalVariableScalar Declarations External | ***
FileName Documentation | N/A Name of the generated file.
FilescopeCalibrationLookupi1D | Definitions File EES
FilescopeCalibrationLookup2D | Definitions File BRES
FilescopeCalibrationScalar Definitions File EES
FilescopeVariableScalar Definitions File ohk
Functions Base File Generated function code.
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Template Symbols (Continued)

Symbol Description

Symbol Symbol | (What the symbol puts

Symbol Name* Group Scope in the generated file)

GlobalCalibrationLookupiD Definitions Global SRES

GlobalCalibrationLookup2D Definitions Global EES

GlobalCalibrationScalar Definitions Global ohk

GlobalvariableScalar Definitions Global ke

History Documentation | N/A User-supplied revision history
of the generated files. Placed
in the generated file based on
the Stateflow note, Simulink
annotation, or DocBlock on the
model.**

Includes Base File #include preprocessor
directives.

LastModificationDate Documentation | N/A Date when model was last
saved. From Last saved
on field on Model Properties
dialog box.

LastModifiedBy Documentation | N/A User who last saved model.
From Last saved by field on
Model Properties dialog box.

LocalDefines Defines File #define preprocessor
directives from
code-generation data
dictionary.

LocalMacros Defines File C/C++ macros local to the file.

ModelName Documentation | N/A Name of the model.

ModelVersion Documentation | N/A Version number of the

Simulink model.
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Template Symbols (Continued)

Symbol Description

Symbol Symbol | (What the symbol puts
Symbol Name* Group Scope in the generated file)
ModifiedBy Documentation | N/A Name of user who last

modified the model. From
Model version field on Model
Properties dialog box.

ModifiedComment Documentation | N/A Comment user enters in the
Modified Comment field on
the Log Change dialog box.
See “Creating a Model Change
History” in the Simulink

documentation.
ModifiedDate Documentation | N/A Date model was last modified

before code was generated.
ModifiedHistory Documentation | N/A Text from Modified history

field on Model Properties
dialog box.**

Notes Documentation | N/A User-supplied miscellaneous
notes about the model or
generated files. Placed in

the generated file based on
the Stateflow note, Simulink
annotation, or DocBlock on the

model.**

ToolVersion Documentation | N/A A list of the versions of the
toolboxes used in generating
the code.

Types Base Data types of generated code.
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* All symbol names must be enclosed between %< >. For example,
%<Functions>.

** This symbol can be used to add a comment to the generated files. See
“Adding Global Comments” on page 4-7. The code generator places the
comment in each generated file whose template has this symbol name. The
code generator places the comment at the location that corresponds to where
the symbol name is located in the template file.

*##% The description can be deduced from the symbol name. For example,
GlobalCalibrationScalar is a symbol that identifies a scalar. It contains
data of global scope that you can calibrate .

Rules for Modifying or Creating a Template

The following are the rules for creating any MPF template. “Comparison of a
Template and Its Generated File” on page 2-9 illustrates several of these rules.

1 Place a symbol on a template within the %< > delimiter. For example, the
symbol named Includes should look like this on a template: %<Includes>.
Note that symbol names are case sensitive.

2 Place a symbol on a template where desired. Its location on the template
determines where the item associated with this symbol is located in the
generated file. If no item is associated with it, the symbol is ignored.

3 Place a C/C++ statement outside of the %< > delimiter, and on a different
line than a %< > delimiter, for that statement to appear in the generated
file. For example, #pragma message ("my text") in the template results
in #pragma message ("my text") at the corresponding location in the
generated file. Note that the statement must be compatible with your
C/C++ compiler.

4 Use the .cgt extension for every template filename. ("cgt" stands for code
generation template.)

5 Note that %% $Revision: 1.1.4.10.4.1 $ appears at the top of the
MathWorks supplied templates. This is for internal MathWorks use only.
It does not need to be placed on a user-defined template and does not show
in a generated file.
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6 Place a comment on the template between /* */ as in standard ANSI C.
This results in /*comment*/ on the generated file.

7 Each MPF template must have all of the Base group symbols, in predefined
order. They are listed in Template Symbol Groups on page A-11. Each
symbol in the Base group is a parent. For example, Declarations is a
parent symbol.

8 Each symbol in a non-Base group is a child. For example, LocalMacros is
a child.

9 Except for Documentation children, all children must be placed after their
parent, before the next parent, and before the Functions symbol.

10 Documentation children can be located before or after their parent in any
order anywhere in the template.

11 If a non-Documentation child is missing from the template, the code
generator places the information associated with this child at its parent
location in the generated file.

12 If a Documentation child is missing from the template, the code generator
omits the information associated with that child from the generated file.
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Parameter and Signal Properties

The following table describes the properties and property values for all
mpt.Parameter and mpt.Signal data objects that appear on the Model
Explorer.

The figure below shows an example of the Model Explorer. When you select an
mpt.Parameter or mpt.Signal data object in the middle pane, its properties
and property values display in the right-most pane.

In the Properties column, the table lists the properties in the order in which
they appear on the Model Explorer. Another table describes the effects that
example changes to property values have on the generated code.

2 Model Explorer =[5
File Edit Wew Tools Add Help
D[t mRX[BH<%07f0@n4+a]aamzA
Search: [by Block Type =] Tupe: [ | Seach ‘
Model Hisrarchy I Contents of: Base Workspace ‘ mpt.Signal: A
- FERSimulink Fioot Datatype: [double ] Uits: =
- EyDase Workspacs ji | Dimensions: [1 Complesity: | auto ~
v i
1Brtwdemo_mpl double || Sample time:|-1— Sample mode: | auto =
double | i [ Masmum:  [ind
double || o oot
double —Lode gengration ophionh:
double Storage class: | Global [Custom) |
auto Custom aflibul
dauble: Memary sectior: [ Defaul =
!
o Header file: |
auto
auto Dwner |
auto Defirition fle: |
Custamizs Contents auto Persistence level |1
¥ Cunent Properties double
I Al Propetiss double || Alias [ o
-7 Fised-Point Properties Initial value: |
Desaiiption
wl! =
4 | || Contents | Search Resuts Fevert Help Apply |
Open the Simulink Library Browser /ﬁl
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Parameter and Signal Property Values

Class:
Parameter,
Signal, or
Both

Property

Available
Property Values
(* Indicates
Default)

Description

Both

User object
type

*auto

Prenamed and predefined property

sets that are registered in the
custom_user_object _type info.m
file. (See the procedure “Registering
User Object Types” on page 3-38.) This
field is unavailable if no user object type
is registered.

Select auto if this field is available but
you do not want to apply the properties
of a user object type to a selected data
object. The fields on the Model Explorer
are populated with default values.

Any user object type
name listed

Select a user object type name to
apply the properties and values that
you associated with this name in the
custom_user_object type info.m
file. The fields on the Model Explorer
are automatically populated with those
values.

Parameter

Value

*0

The data type and numeric value of

the data object. For example, int8(5).
The numeric value is used as an initial
parameter value in the generated code.

Both

Data type

Used to specify the data type for an
mpt.Signal data object, but not for an
mpt.Parameter data object. The data
type for an mpt.Parameter data object
is specified in the Value field above.
See “Working with Data Types” in the
Simulink documentation.
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Parameter and Signal Property Values (Continued)

Class: Available

Parameter, Property Values

Signal, or (* Indicates

Both Property Default) Description

Both Units *null Units of measurement of the signal or
parameter. (Enter text in this field.)

Both Dimensions *-1q The dimension of the signal or
parameter. For a parameter, the
dimension is derived from its value.

Both Complexity *auto Complexity specifies whether the signal

real or parameter is a real or complex
number. Select auto for the code

complex generator to decide. For a parameter,
the complexity is derived from its value.

Signal Sample time *-1 Model or block execution rate.

Signal Sample mode *auto Determines how the signal propagates
through the model. Select auto for the
code generator to decide.

Sample based The signal propagates through the
model one sample at a time.

Frame based The signal propagates through the
model in batches of samples.

Both Minimum *0.0 The minimum value to which the

parameter or signal is expected to be
bound.

Any number within
the minimum range
of the parameter
or signal. (Based
on the data type
and resolution of
the parameter or
signal.)
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Parameter and Signal Property Values (Continued)

Class: Available
Parameter, Property Values
Signal, or (* Indicates
Both Property Default) Description
Both Maximum *0.0 Maximum value to which the parameter
or signal is expected to be bound. (Enter
information using a dialog box.)
Code
generation
options
Storage class Note that an auto selection for a storage
class tells Real-Time Workshop to decide
how to declare and store the selected
parameter or signal.
Both Default Real-Time Workshop Embedded Coder
(Custom) decides how to declare the data object.
Both Global Global (Custom) is | Ensures that the code generator
(Custom) the default storage | places no qualifier in the data object’s
class for mpt data declaration.
objects.
Both Memory *Default Memory section allows you to specify
section storage directives for the data object.
Default ensures that the code generator
places no type qualifier and no pragma
statement with the data object’s
declaration.
Parameter MemConst Places the const type qualifier in the
declaration.
Both MemVolatile Places the volatile type qualifier in
the declaration.
Parameter MemConstVolatile | Places the const volatile type

qualifier in the declaration.
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Parameter and Signal Property Values (Continued)

Class:
Parameter,
Signal, or
Both

Property

Available
Property Values
(* Indicates
Default)

Description

Both

Header file

Name of the file used to import or export
the data object. This file contains the
declaration (extern) to the data object.

Also, you can specify this header
filename between the double-quotation
or angle-bracket delimiter. You can
specify the delimiter with or without the
.h extension. For example, "object.h"
or "object" has the same effect. For
the selected data object, this overrides
the general delimiter selection in the
#include file delimiter field on the
Configuration Parameters dialog box.

Both

Owner

*Blank

The name of the module that owns this
signal or parameter. This is used to help
determine the ownership of a definition.
For details, see “Ownership” on page
5-7 and Effects of Ownership Settings
on page A-30.

Both

Definition file

*Blank

Name of the file that defines the data
object.

Any valid text string
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Parameter and Signal Property Values (Continued)

Class:
Parameter,
Signal, or

Available
Property Values
(* Indicates

Both Property Default) Description
Both Persistence The number you specify is relative to
level Signal display level or Parameter
tune level on the Data Placement
pane of the Configuration Parameters
dialog box. For a signal, allows you
to specify whether or not the code
generator declares the data object as
global data. For a parameter, allows
you to specify whether or not the code
generator declares the data object as
tunable global data. See Signal display
level and Parameter tune level in
MPF Elements on Configuration
Parameters Panes on page A-2.
Both Bitfield Embeds Boolean data in a named bit
(Custom) field.
Struct name Name of the struct into which the
object’s data will be packed.
Parameter Const (Custom) Places the const type qualifier in the
declaration.
Parameter Header file See above.
Parameter Owner See above.
Parameter Definition file See above.
Parameter Persistence See above.
level
Both Volatile Places the volatile type qualifier in
(Custom) the declaration.
Both Header file See above.
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Parameter and Signal Property Values (Continued)

Class:
Parameter,
Signal, or

Available

Property Values

(* Indicates

Both Property Default) Description

Both Owner See above.

Both Definition file See above.

Both Persistence See above.
level

Parameter ConstVolatile Places the const volatile type
(Custom) qualifier in declaration.

Parameter Header file See above.

Parameter Owner See above.

Parameter Definition file See above.

Parameter Persistence See above.
level

Parameter Define Represents parameters with a #define
(Custom) macro.

Parameter Header file See above.

Both ExportToFile Generates global variable definition,
(Custom) and generates a user-specified header

(.h) file that contains the declaration
(extern) to that variable.

Both Memory See above.
section

Both Header file See above.

Both Definition file See above.
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Parameter and Signal Property Values (Continued)

Class: Available

Parameter, Property Values

Signal, or (* Indicates

Both Property Default) Description

Both ImportFromFile Includes predefined header files

(Custom) containing global variable declarations,
and places the #include in a
corresponding file. Assumes external
code defines (allocates memory) for the
global variable.

Both Data access *Direct Allows you to specify whether the
identifier that corresponds to the
selected data object stores data of a data
type (Direct) or stores the address of
the data (a pointer).

Both Pointer If you select Pointer, the code generator
places * before the identifier in the
generated code.

Header file See above.

Both Struct Embeds data in a named struct to

(Custom) encapsulate sets of data.

Both Struct name See above.

Signal GetSet Reads (gets) and writes (sets) data using

(Custom) functions.

Signal Header file See above.

Signal Get function Specify the Get function.

Signal Set function Specify the Set function.
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Parameter and Signal Property Values (Continued)

Class:
Parameter,
Signal, or

Available
Property Values
(* Indicates

Both Property Default) Description
Both Alias *null As explained in detail in “Applying
Naming Rules to Identifiers Globally”
on page 3-20, for a Simulink or mpt data
object (identifier), specifying a name
in the Alias field overrides the global
naming rule selection you make on the
Configuration Parameters dialog.
Any valid ANSI
C/C++ variable
name
Signal Initial value [] Numeric value used as an initial value
in the generated code.
Both Description *null Text description of the parameter or

signal. Appears as a comment beside
the signal or parameter’s identifier in
the generated code.

Any text string
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Some Examples of the Effect of Property Value Changes on Generated Code

What | noticed when
inspecting the .c/.cpp file

Change | made to property
value settings

What | noticed after
regenerating and
reinspecting the file

A-28

Example 1:

Parameter data objects

can be declared or defined
as constants. I know that
the data object GAIN is a
parameter. I want this to
be declared or defined in the
.c file as a variable. But I
notice that GAIN is declared as
a constant by the statement
const real T GAIN = 5.0;.
Also, this statement is in the
constant section of the file.

In the Model Explorer, I
clicked the data object GAIN.

I noticed that the property
value for its Memory section
property is set at MemConst. I
changed this to Default.

I notice two differences. One
is that now GAIN is declared as
a variable with the statement
real T GAIN = 5.0;. The
second difference is that the
declaration now is located in
the MemConst memory section
in the .c or .cpp file.

Example 2:

I notice again the declaration
of GAIN in the . c file mentioned
in Example 1. It appears as
real T GAIN = 5.0;. Butl
have changed my mind. I want
data object GAIN to be #define.

I changed the Storage class
selection to Define (Custom).

GAIN is no longer declared

in the .c file as a MemConst
parameter. Rather, it now is
defined as a #define macro by
the code #define GAIN 5.0,
and this is located near the top
of the .c file with the other
preprocessor directives.

Example 3:

I changed my mind again
after doing Example 2. I

do want GAIN defined using
the #define preprocessor
directive. But I do not want
to include the #define in this
file. I know it exists in another
file and I want to reference
that file.

On the Model Explorer, I
notice that the property value
for the Header file property
is blank. I changed this to
filename.h. (I chose the
ANSI C/C++ double quote
mechanism for the #include,
but could have chosen the
angle bracket mechanism.)
Also, it is necessary that

I make the user-defined
filename.h available to the

The #define GAIN 5.0 is no
longer in this .c file. Instead,
the #include filename.h
code appears as a preprocessor
directive at the top of the file.
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Some Examples of the Effect of Property Value Changes on Generated Code (Continued)

What | noticed when
inspecting the .c/.cpp file

Change | made to property
value settings

What | noticed after
regenerating and
reinspecting the file

compiler, placing it either
in the system path or local
directory.

Example 4:

I have one more change

I want to make. Let us
say that we have declared
the data object data_in,
and that its declaration
statement in the .c file reads
real T data_in = 0.0; I
want to replace this in all
locations in the .c with an
alias.

In the Model Explorer, I
selected the data object
data_in. I noticed that the
Alias field is blank. I changed
this to data_in_alias, which
I know is a valid ANSI C/C++
variable name.

The identifier
data_in_alias

now appears in the .c file
everywhere data_in appeared.
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Data Placement Rules and Effects

The following tables show the effects that example changes to the
interdependent MPF settings have on the generated code. See “Example
Settings” on page 5-9. Data Placement Rules on page A-33 provides a

complete set of data placement rules.

Effects of Ownership Settings

A-30

Row Module Naming

Number Setting Owner Setting | Effect*

1 Not specified** Blank** There is a definition for the selected
data object. The code generator places
this definition in the .c/.cpp source
file that uses it. There is also an
extern declaration for this data object.
The code generator places this extern
declaration in one or more .h header
files, as needed.

2 Not specified** A name is Same effect as stated above.

specified.

3 Either Same as Blank** Same as Row 1.

model or User
specified is
selected.
4 Either Same as A name is Same as Row 1.
model or User specified and
specified is it is the same
selected, and this as that specified
name is the same as | in the Module
that specified as the | naming
Owner property. (Module name)
field.
5 Either Same as A name is There is no definition for the selected

model or User
specified is
selected, and this

specified but it
is different from
that specified in

data object. However, there is an
extern declaration for the object. The
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Effects of Ownership Settings (Continued)

Row
Number

Module Naming
Setting

Owner Setting

Effect*

name is different
than that specified as
the Owner property.

the Module
naming

(Module name)

field.

extern declaration is placed in one or
more header files, as needed.

* See also “Ownership” on page 5-7.

** Default

Example Settings and Resulting Generated Files

Data Data

Defined Declared | Owner- | Defined | Header

In... In... ship* File** File Generated Files
Example Source file | Source file | Blank Blank Blank .c/.cpp source file
Settings 1
(Rd-Write
Example)
Example Source file | Source file | Name of | Blank Blank .c/.cpp source file
Settings 2 module
(Owner- ship specified
Example)
Example Source file | Source file | Blank Blank Desired | .c/.cpp source file
Settings 3 include | .h definition file
(Header File filename
Example) specified.
Example Source file | Source file | Blank Desired Desired | .c/.cpp source file
Settings 4 definition | include .c/.cpp
(Def. File filename | filename | definition file*
Example) specified. | specified.| .h definition file*
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Example Settings and Resulting Generated Files (Continued)

Data Data
Defined Declared | Owner- | Defined | Header
In... In... ship* File** File Generated Files
Example Single Source file | Blank Blank Blank .c/ .cpp source file
Settings 5 separate global .c/.cpp
source file
Example Single Single Blank Blank Blank .c/ .cpp source file
Settings 6 separate separate global .c/.cpp
source file | header file global.h
Example Single Single Name of | Blank Blank .c/ .cpp source file
Settings 7 separate separate module global.c/.cpp
source file | header file | specified global.h
Example Single Single Blank Blank Desired | .c/.cpp source file
Settings 8 separate separate include | global.c/.cpp
source file | header file filename | global.h
specified.| .h definition file

* "Blank" in ownership setting means Not specified is selected in the

A-32

Module naming field on the Data Placement pane, and the Owner field on
the Model Explorer is blank. "Name of module specified" can be a variety of
ownership settings as defined in Effects of Ownership Settings on page A-30.

** The code generator generates a definition .c/.cpp file for every data object
for which you specified a definition filename (unless you selected #DEFINE for
the Memory section field). For example, if you specify the same definition
filename for all data objects, only one definition .c/.cpp file is generated.
The code generator places declarations in model.h by default, unless you
specify Data declared in single separate header file for the Data
declaration option on the Real-Time Workshop > Data Placement pane
of the Configuration Parameter dialog box. If you select that data placement
option, the code generator places declarations in global.h. If you specify a
definition filename for each data object, the code generator generates one
definition .c/.cpp file for each data object and places declarations in model.h
by default, unless you specify Data declared in single separate header
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file for Data declaration. If you select that data placement option, the code
generator places declarations inglobal.h.

Note If you generate C++ rather than C code, the .c files listed in the
following tables will be .cpp files.

Data Placement Rules

Global Override Settings for
Settings: Specific Data Object: Results in Generated Files:
Where | Where | Dec.
Storage Class Data | Data | Def. Header| Data Data Inclusion
Setting Def. |Dec. |File | Owner | File Def. Is | Dec. Is | Approach
mpt or Simulink Noncustom Storage Classes:
auto N/A N/A | N/A N/A N/A Note 12 | model.h| Note 1
Exported- Global | N/A N/A N/A N/A N/A model.c| model.h| Note 1
Imported- N/A N/A N/A N/A N/A None. model_ | Note 2
Extern, External| privatelh
Imported-
Extern- Pointer
Simulink- Global | N/A N/A | N/A N/A N/A Note 13 | model.h| Note 1
mpt or Simulink Custom Storage Class: Imported Data:
Imported- D/C D/C | D/C N/A null None model | Note 3
FromFile privateth
Imported- D/C D/C D/C N/A hdr.h | None model | Note 4
FromFile privateth
Simulink Custom Storage Class: #define Data:
Define D/C D/C | N/A N/A N/A N/A #define) Note 5
model.h
mpt Custom Storage Class: #define Data:
Define D/C D/C N/A N/A null N/A #define| Note 5
model.h
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Data Placement Rules (Continued)

Global Override Settings for
Settings: Specific Data Object: Results in Generated Files:
Where | Where | Dec.
Storage Class Data | Data | Def. Header| Data Data Inclusion
Setting Def. |Dec. |File | Owner | File Def. Is | Dec. Is | Approach
Define D/C D/C N/A N/A hdr.h N/A #define| Note 6
model.h
mpt or Simulink Custom Storage Class: Get Set:
GetSet D/C D/C N/A N/A hdr.h N/A External Note 4
hdr.h

mpt or Simulink Custom Storage Class: Bitfield, Struct:
Bitfield, Struct | D/C D/C N/A N/A N/A model.c| model.h| Note 7
mpt Custom Storage Class: Global, Const, ConstVolatile, Volatile:
Global, Const, auto |auto |null null or | null model.c| model.h| Note 1
Const- Volatile, locally
Volatile owned
Global, Const, src auto | null null or | null src.c model.h| Note 1
Const- Volatile, locally
Volatile owned
Global, Const, sep auto | null null or | null glb.c model.h| Note 1
Const- Volatile, locally
Volatile owned
Global, Const, auto | src null null or | null model.c| src.c Note 8
Const- Volatile, locally
Volatile owned
Global, Const, src src null null or | null src.c src.c Note 8
Const- Volatile, locally
Volatile owned
Global, Const, sep src null null or | null glb.c src.c Note 8
Const- Volatile, locally
Volatile owned
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Data Placement Rules (Continued)

Global Override Settings for
Settings: Specific Data Object: Results in Generated Files:
Where | Where | Dec.

Storage Class Data | Data | Def. Header| Data Data Inclusion
Setting Def. | Dec. | File Owner | File Def. Is | Dec. Is | Approach
Global, Const, auto | sep null null or | null model.c| glb.h Note 9
Const- Volatile, locally
Volatile owned
Global, Const, src sep null null or | null src.c glb.h Note 9
Const- Volatile, locally
Volatile owned
Global, Const, sep sep null null or | null glb.c glb.h Note 9
Const- Volatile, locally
Volatile owned
Global, Const, D/C D/C data.c | D/C null data.c | See Note 10
Const- Volatile, Note
Volatile 10.
Global, D/C D/C data.c | D/C hdr.h data.c | hdr.h Note 11
Const, Const-
Volatile,
Volatile
Global, auto | D/C null null hdr.h model.c| hdr.h Note 11
Const, Const-
Volatile,
Volatile
Global, src D/C null null hdr.h src.c hdr.h Note 11
Const, Const-
Volatile,
Volatile
Global, sep D/C null null hdr.h glb.c hdr.h Note 11
Const, Const-
Volatile,
Volatile
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Data Placement Rules (Continued)

Global Override Settings for
Settings: Specific Data Object: Results in Generated Files:
Where | Where | Dec.

Storage Class Data | Data | Def. Header| Data Data Inclusion
Setting Def. |Dec. |File | Owner | File Def. Is | Dec. Is | Approach
Global, D/C auto | null External null External| model.h| Note 1
Const, Const- owner user-
Volatile, supplied
Volatile file
Global, D/C src null External null External| src.c Note 8
Const, Const- owner user-
Volatile, supplied
Volatile file
Global, D/C sep null External null External| glb.h Note 9
Const, Const- owner user-
Volatile, supplied
Volatile file
Global, D/C D/C null External header.hExternal| hdr.h Note 11
Const, Const- owner user-
Volatile, supplied
Volatile file
Global, D/C D/C null External header.hExternal| hdr.h Note 11
Const, Const- owner user-
Volatile, supplied
Volatile file
mpt Custom Storage Class: Exported Data:
ExportTo- auto | auto |null null null model.c| model.h| Note 1
File
ExportTo- src auto | null null null src.c model.h| Note 1
File
ExportTo- sep auto | null null null glb.c model.h| Note 1
File
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Data Placement Rules (Continued)

Global Override Settings for
Settings: Specific Data Object: Results in Generated Files:
Where | Where | Dec.
Storage Class Data | Data | Def. Header| Data Data Inclusion
Setting Def. |Dec. |File | Owner | File Def. Is | Dec. Is | Approach
ExportTo- auto | src null null null model.c| src.c Note 8
File
ExportTo- src src null null null src.c src.c Note 8
File
ExportTo- sep src null null null glb.c src.c Note 8
File
ExportTo- auto | sep null null null model.c| glb.h Note 9
File
ExportTo- src sep null null null src.c glb.h Note 9
File
ExportTo- sep sep null null null glb.c glb.h Note 9
File
ExportTo- D/C D/C data.c| null null data.c | See Note 10
File Note
10.
ExportTo- D/C D/C data.c| null hdr.h model.c| hdr.h Note 11
File
ExportTo- auto | D/C null null hdr.h src.c hdr.h Note 11
File
ExportTo- sep D/C null null hdr.h glb.c hdr.h Note 11
File
Simulink Custom Storage Class: Default, Const, ConstVolatile, Volatile:
Default, auto |auto |N/A N/A N/A model.c| model.h| Note 1
Const, Const-
Volatile,
Volatile
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Data Placement Rules (Continued)

Global
Settings:

Override Settings for
Specific Data Object:

Results in Generated Files:

Storage Class
Setting

Data
Dec.

Data
Def.

Def.
File

Owner

Header
File

Where
Data
Def. Is

Where
Data
Dec. Is

Dec.
Inclusion
Approach

Default,
Const, Const-
Volatile,
Volatile

src auto

N/A

N/A

N/A

src.c

model.h

Note 1

Default,
Const, Const-
Volatile,
Volatile

sep auto

N/A

N/A

N/A

glb.c

model.h

Note 1

Default,
Const, Const-
Volatile,
Volatile

auto src

N/A

N/A

N/A

model.c

src.c

Note 8

Default,
Const, Const-
Volatile,
Volatile

src src

N/A

N/A

N/A

src.c

src.c

Note 8

Default,
Const, Const-
Volatile,
Volatile

sep src

N/A

N/A

N/A

glb.c

src.c

Note 8

Default,
Const, Const-
Volatile,
Volatile

auto | sep

N/A

N/A

N/A

model.c

glb.h

Note 9

Default,
Const, Const-
Volatile,
Volatile

src sep

N/A

N/A

N/A

src.c

glb.h

Note 9
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Data Placement Rules (Continued)

Global Override Settings for
Settings: Specific Data Object: Results in Generated Files:
Where | Where | Dec.

Storage Class Data | Data | Def. Header| Data Data Inclusion
Setting Def. |Dec. |File | Owner | File Def. Is | Dec. Is | Approach
Default, sep sep N/A N/A N/A glb.c glb.h Note 9
Const, Const-
Volatile,
Volatile
Simulink Custom Storage Class: Exported Data:
ExportTo- auto |auto |[N/A N/A null model.c| model.h| Note 1
File
ExportTo- src auto | N/A N/A null src.c model.h| Note 1
File
ExportTo- sep auto | N/A N/A null glb.c model.h| Note 1
File
ExportTo- auto | src N/A N/A null model.c| src.c Note 8
File
ExportTo- src src N/A N/A null src.c src.c Note 8
File
ExportTo- sep src N/A N/A null glb.c src.c Note 8
File
ExportTo- auto | sep N/A N/A null model.c| glb.h | Note 9
File
ExportTo- src sep N/A N/A null src.c glb.h Note 9
File
ExportTo- sep sep N/A N/A null glb.c glb.h Note 9
File
ExportTo- auto | D/C N/A N/A hdr.h | model.c| hdr.h | Note 11
File
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Data Placement Rules (Continued)

Global Override Settings for
Settings: Specific Data Object: Results in Generated Files:
Where | Where | Dec.
Storage Class Data | Data | Def. Header| Data Data Inclusion
Setting Def. |Dec. |File | Owner | File Def. Is | Dec. Is | Approach
ExportTo- src D/C N/A N/A hdr.h src.c hdr.h Note 11
File
ExportTo- sep D/C N/A N/A hdr.h glb.c hdr.h Note 11
File
Notes

In the previous table:

® A Declaration Inclusion Approach is a file in which the header file that
contains the data declarations is included.

e D/C stands for don’t care.

® Dec stands for declaration.

® Def stands for definition.

® gbl stands for global.

® hdr stands for header.

® N/A stands for not applicable.

e null stands for field is blank.

® sep stands for separate.

Note 1: model.h is included directly in all source files.

Note 2: model private.h is included directly in all source files.

Note 3: extern is included in model private.h, which is in source.c.

Note 4: header.h is included in model private.h, which is in source.c.
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Note 5: model.h is included directly in all source files that use #define.

Note 6: header.h is included in model.h, which is in source files that use
#define.

Note 7: model.h is included in all source.c files.

Note 8: extern is inlined in source files where data is used.

Note 9: global.h is included in model.h, which is in all source files.

Note 10: When you specify a definition filename for a data object, no header
file is generated for that data object. The code generator declares the data
object according to the data placement priorities.

Note 11: header.h is included in model.h, which is in all source files.

Note 12: Signal: Either not defined because it is expression folded, or local
data, or defined in a structure in model.c, all depending on model’s code
generation settings. Parameter: Either inlined in the code, or defined in

model data.c.

Note 13: Signal: In a structure that is defined in model.c. Parameter: In a
structure that is defined in model_data.c.
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delimiter for all #includes 4-2
introduction 4-1
source of initial values 4-3
Alias A-27
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Bitfield (Custom) A-24
Build button 2-7

C

changing identifier names 1-17 3-20
changing organization of generated file 1-19
2-2
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Code generation options A-22
code template 2-2 A-5
code c_ template.cgt 2-2
code_h_ template.cgt 2-2
comments
adding custom 4-5
adding global 4-7
Complexity A-21
Const (Custom) A-24
ConstVolatile (Custom) A-25
creating a data dictionary 1-8 3-5
custom comments 4-5
Custom comments (MPT objects only) A-2
Custom comments function A-2
custom template 2-3 A-6
custom_user_type_registration.m 3-25

D

daexplr command 3-9

Data access A-26
Data declaration A-7
Data declaration filename A-8
Data definition A-6
Data definition filename A-7
data dictionary 3-3
introduction 3-3
See also data objects
data object wizard 3-5
data objects
adding missing 3-5
naming rules
changing all #defines 3-22
changing all parameter names 3-23
changing all signal names 3-24
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setting property values 3-9
wizard 3-5
data template 2-3 A-5
Data type property A-20
data types
creating 3-25
table of MathWorks and user 3-29
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data_h_template.cgt 2-2
dataobjectwizard 1-10 3-7
declaring versus defining 1-3
Default (Custom) storage class A-22
Define (Custom) A-25
#define naming A-2
#defines
changing all 3-22
defining all objects in separate file 1-15 5-6
A-6 to A-7
defining one object in its own file 1-16
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Definition File priority 5-7
Description 4-5 A-27
Dialog boxes
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Model Explorer 3-9
Dimensions A-21
Direct A-26
DocBlock 4-7

edit custom_user_type_registration.m 3-26

ert _code template. cgt 2-2
example file process.tlc 2-2
ExportToFile (Custom) A-25
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importing data objects from 3-17
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File placement
introduction 5-2
settings 5-2

Frame based A-21

G

Generate code only 2-7
generate code versus build 2-7
Generated Source Files 2-7
Get function A-26
GetSet (Custom) A-26
Global (Custom) storage class A-22
global comments
using DocBlock 4-7
using Simulink annotation 4-9
using sorted notes 4-10
using Stateflow note 4-10
Global priority 5-6
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header file 3-30
Header file 4-2 A-23
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ImportFromFile (Custom) A-26
#include

specifying delimiter 4-2 A-8
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Initial value A-27
Initializing signals

Data object 4-3

Model selection 4-3
inserting comment into generated file 1-21
inserting comments 4-5 4-7
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Launch report after code generation
completes 2-7
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M-functions

#define naming 3-22

parameter naming 3-23

signal naming 3-24
MathWorks data type 3-29
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MemConst A-22
MemConstVolatile A-22
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MemVolatile A-22
Minimum property A-21
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Module name A-9
Module naming A-8
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package 3-4
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Sample mode A-21
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Source file (*.c) template A-5

source of initial values 4-3
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