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Notice

All information included in this document is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sal es office. Also, please pay regular and careful attention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights
of third parties by or arising from the use of Renesas Electronics products or technical information described in this document.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights
of Renesas Electronics or others.

Y ou should not ater, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. Y ou are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by
you or third parties arising from the use of these circuits, software, or information.

When exporting the products or technology described in this document, you should comply with the applicable export control
laws and regulations and follow the procedures required by such laws and regulations. 'Y ou should not use Renesas
Electronics products or the technology described in this document for any purpose relating to military applications or use by
the military, including but not limited to the development of weapons of mass destruction. Renesas Electronics products and
technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited
under any applicable domestic or foreign laws or regulations.

Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errors in or omissions from the information included herein.

Renesas Electronics products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific’. The recommended applications for each Renesas Electronics product depends on the product’s quality grade, as
indicated below. You must check the quality grade of each Renesas Electronics product before using it in a particular
application. You may not use any Renesas Electronics product for any application categorized as “ Specific” without the prior
written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. Renesas Electronics shall not be in any way
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an
application categorized as“ Specific” or for which the product is not intended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is“ Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home el ectronic appliances, machine tools; persona electronic equipment; and industria robots.

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.

“Specific™: Aircraft; agrospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or heathcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

Y ou should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especialy with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.

Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physical injury, and injury or damage caused by fire in the event of the failure of a
Renesas Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire
control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because
the evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or system
manufactured by you.

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental
compatibility of each Renesas Electronics product. Please use Renesas Electronics products in compliance with all applicable
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS
Directive. Renesas Electronics assumes no liability for damages or losses occurring as a result of your noncompliance with
applicable laws and regulations.

This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas
Electronics.

Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this
document or Renesas Electronics products, or if you have any other inquiries.

(Note 1) “Renesas Electronics’ as used in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

(Note2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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Keep safety first in your circuit designs!

1. Renesas Technology Corp. puts the maximum effort into making semiconductor products
better and more reliable, but there is always the possibility that trouble may occur with them.
Trouble with semiconductors may lead to personal injury, fire or property damage.
Remember to give due consideration to safety when making your circuit designs, with ap-
propriate measures such as (i) placement of substitutive, auxiliary circuits, (i) use of non-
flammable material or (iii) prevention against any malfunction or mishap.

Notes regarding these materials

1. These materials are intended as a reference to assist our customers in the selection of the
Renesas Technology Corp. product best suited to the customer's application; they do not
convey any license under any intellectual property rights, or any other rights, belonging to
Renesas Technology Corp. or a third party.

2. Renesas Technology Corp. assumes no responsibility for any damage, or infringement of any
third-party's rights, originating in the use of any product data, diagrams, charts, programs,
algorithms, or circuit application examples contained in these materials.

3. All information contained in these materials, including product data, diagrams, charts, pro-
grams and algorithms represents information on products at the time of publication of these
materials, and are subject to change by Renesas Technology Corp. without notice due to
product improvements or other reasons. It is therefore recommended that customers contact
Renesas Technology Corp. or an authorized Renesas Technology Corp. product distributor
for the latest product information before purchasing a product listed herein.

The information described here may contain technical inaccuracies or typographical errors.
Renesas Technology Corp. assumes no responsibility for any damage, liability, or other loss
rising from these inaccuracies or errors.

Please also pay attention to information published by Renesas Technology Corp. by various
means, including the Renesas Technology Corp. Semiconductor home page (http://
WWww.renesas.com).

4. When using any or all of the information contained in these materials, including product data,
diagrams, charts, programs, and algorithms, please be sure to evaluate all information as a
total system before making a final decision on the applicability of the information and
products. Renesas Technology Corp. assumes no responsibility for any damage, liability or
other loss resulting from the information contained herein.

5. Renesas Technology Corp. semiconductors are not designed or manufactured for use in a
device or system that is used under circumstances in which human life is potentially at stake.
Please contact Renesas Technology Corp. or an authorized Renesas Technology Corp.
product distributor when considering the use of a product contained herein for any specific
purposes, such as apparatus or systems for transportation, vehicular, medical, aerospace,
nuclear, or undersea repeater use.

6. The prior written approval of Renesas Technology Corp. is necessary to reprint or reproduce
in whole or in part these materials.

7. If these products or technologies are subject to the Japanese export control restrictions, they
must be exported under a license from the Japanese government and cannot be imported
into a country other than the approved destination.

Any diversion or reexport contrary to the export control laws and regulations of Japan and/ or
the country of destination is prohibited.

8. Please contact Renesas Technology Corp. for further details on these materials or the
products contained therein.




Preface

These application notes explain methods for the efficient creation of application programs
which capitalize on the function and performance of the Renesas Technology M16C family
using the NC308WA V.5.20 Release 02 and NC30WA V.5.30 Release 02.

For Detailed specifications of the C compiler please refer to the NC308 User’s Manual and
NC30 User’s Manual.

Related Manuals

® Renesas Technology M16C Family Hardware Manuals
High-performance Embedded Workshop User’s Manual

NC308 User’s Manual

NC30 User’s Manual

M16C/80 & M32C/80 Series Programming Guidelines <C Language>

Symbols and Conventions used in this Application Note
[1: Indicates that the enclosed item can be omitted.

(RET): Indicates the Return (Enter) key is to be pressed.

A: Indicates one or more spaces or tabs.

abc:  Boldfaced items are to be input by the user.

<>: Items enclosed in these brackets should be specified.

... :Indicates that the immediately preceding item is specified one or more times.
H: Integer constants followed by H are in hexadecimal.

0x: Integer constants preceded by Ox are in hexadecimal.

Ob: Integer constants preceded by 0b are in binarydecimal.

UNIX is a registered trademark in the United States and other countries, licensed exclusively through
X/Open Company limited.

MS-DOS® is a registered trademark of Microsoft Corporation in the United States and other countries.

Microsoft® WindowsNT® operating system, Microsoft®,Windows®98 and Windows 2000 operating
system, Microsoft® WindowsMe® operating system, Microsoft® WindowsXP® operating system are
registered trademarks of Microsoft Corporation in the United States and other countries.

IBM PC is a registered trademark of International Business Machines Corporation.
Linux is a trademark of Linus Torvalds.

Turbolinux and its logo are trademarks of Turbolinux, Inc.

Solaris is a registered trademark of Sun Microsystems, Inc.

It is recommended that these application notes be read in the following manner.
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Section 1. Overview

1.1 Summary

The NC30WA and NC308WA compilers enable effective creation in the C language of programs that
take advantage of the functions and performance of the Renesas Technology M16C family of
single-chip microcomputers for embedded applications.

This document explains procedures for creating application programs using these C compilers.

111 Specification Summary

Language specification ANSI standard

INT type 16 bits

Supported data types 8, 16, 32, and 64 bit integer types

32 and 64 bit floating-point types

Features Multi-memory model
Japanese character support
High ROM efficiency




1.2 Features

The following table shows the features of the M16C family compilers NC30WA and NC308WA.

Performance Top-class ROM efficiency.
Memory model Memory can be specified in detail, using "near/far" specifications.
Extensibility Robust support for embedded functionality, such as interrupt function

and address declarations, using #pragma.

Regional characters |The EUC character encoding is supported, allowing string constants
and comments to be specified in European and Asian languages.

Utilities ROM compression utilities are supported.

Tools included Integrated development environments (TM and High-performance
Embedded Workshop)

An assembler that supports structured code

A simulator




1.3 Method of Installation

PC Version

To perform installation, start the installer and follow the instructions displayed. Be sure to check the
license 1D before starting installation, as it needs to be entered during installation.

The data entered during the installation process is used to create a user registration file (this file is only
created for the PC version).



1.4 Method of Execution

1.4.1 Starting the Compiler

e Command input format for compile drivers

A compile driver runs the compiler commands, assembler commands, and link commands, and creates
a machine language data file. The following information (input parameters) is needed to run a compile
driver:

1. Csource file

2. Assembly source file

3. Relocatable object file

4. Command line options (items specified as necessary)

Enter these items on the command line. Enter at least one item among 1, 2, and 3. Figure 1.1 shows the
input format, and Figure 1.2 shows an input example. In the input example, the following operations
are performed, and the absolute module file "sample.x30" is created:

1. The startup program "ncrt0.a30" is assembled.

2. The C source program "sample.c™ is compiled/assembled.

3. The relocatable object file "ncrt0.a30™ is linked to "sample.r30".
The start options are as follows:

e Option for specifying the name of the absolute module file "sample.x30": "-o0
e Option for specifying the list file (*.Ist) output during assembly: -as30 "-1"

e Option for specifying the map file (*.map) output during linking: -In30 "-ms

% nc3o0{A}[start-options}{A}<[name-of-assembly-language-source-file]{A}
[name-of-relocatable-object-file]{A}[name-of-C-source-file]>

%: Indicates the command prompt.

< >!Indicates required items.

[ I: Indicates optional items.

A: Indicates a space.

Figure 1.1 Input Format for Compile Drivers

o

% nc30 -osample -as30 "-1" -1n30 "-ms" ncrt0.a30 sample.c{return}
{return}: Indicates the Return key being entered.

Be sure to specify the start-up program first when linking.

Figure 1.2 Input Example for the Compile Driver Command




1.4.2 Starting the Embedded Workshop

When installation is performed correctly, the Embedded Workshop is placed in a folder named
[Renesas High-performance Embedded Workshop], in the [Programs] folder of the Windows [Start]
menu, along with shortcuts to each executable program of the Embedded workshop. Note that the items
displayed in the [Start] menu differ depending on which tools are installed.

kS '
‘1% Set Progranm Access and Defaulks

Windows Update

&

E E Programs

c g Renesas High-performance Embedded Workshop ¥ |'_£515j High-performance Embedded 'Waorkshop Help

7 @ Dacuments r @ High-perfarmance Embedded Warkshop Read Me

E§3 High-perfarmance Embedded Warkshap

% Settings 3 2t

E ki Manual Mavigator

p @ Search 3

g

£ @ Help

§ Rur...

§ 1 Shut Down, ..

] start

"

Figure 1.3 Starting the Embedded Workshop from the Start Menu

From the Start menu, when you click the Embedded Workshop, a start-up message is displayed,
followed by the [Welcome!] dialog box (as shown in Figure 1.4).

Welzome! : ilil
—Options: oK
% ¥ Create a new project workspace Ciancel
" Open a recent project warkzpace: Bdministration...
é IG:¥ Hew3#test] ¥test] bous ;I
k= .
% = Browse to another project workspace

Figure 1.4 [Welcome!] Dialog Box

When using the Embedded Workshop for the first time, or creating a new project, select [Create a new
workspace], and then click the [OK] button. Otherwise, to work on a project already created, select
[Open a recent project workspace] or [Browse to another project workspace], and then click the [OK]
button. You can also click the [Administration...] button to add or remove the system tools used with
the Embedded Workshop.



1.5 Procedure for Program Development

Figure 1.5 shows an example flow for program development using NC308. The following is an
overview of this program (items 1 through 4 correspond to those in Figure 1.5).

(1) The C source program ("AA.c") is compiled by nc308 and assembled by assembler as308, and
the relocatable object file ("AA.r30") is created.

(2) The settings for section location, section size, and interrupt vector table are changed to match
systems in which the include file "sect308.inc" is embedded. This file contains code for startup
program "ncrt0.a30", as well as section information.

(3) The changed startup program is assembled, and as a result, the relocatable object file "ncrt0.r30"
is created.

(4) The two relocatable object files, "AA.r30" and "ncrt0.r30", are linked by linkage editor In308,
which is executed from nc308. The absolute module file ("AA.x30") is then created.

!

[1]
[2]
| nc308 "
ect308.ing,
[ as308__ | as308
| [3]
AA.r30 ncrt0.r3
[4]
| In308 |
1

Figure 1.5 Flow of Program Development
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Section 2. Procedure for Creating a Program

2.1 Creating a Project

1) Specify the project

When you have selected the [Create a new project workspace] radio button and clicked [OK] on the
[Welcome!]" dialog box, the [New Project Workspace] dialog box (Figure 2.1), which is used to create
a new workspace and project, will be launched. You can specify a workspace name (when a new
workspace is created, the project name is the same as the default), a CPU family, a project type, and so
on, in this dialog box. For example, when you enter "tutorial”, in the [Workspace Name] field, then the
[Project Name] field will show "tutorial” and the [Directory] field will show "C:¥Hew3¥tutorial". If
you want to change the project name, enter a new project name manually in the [Project Name] field. If
you want to change the directory used for the new workspace, click the [Browse...] button and specify
a directory, or enter a directory path manually in the [Directory] field.

New Project Workspace ed 4

Frojects |

' & pplication Wiorkzpace Mame:

5§ Empty Application butarial
'@ [rport b akefile

@ Library

Project Marme:

tukarial

Directany:

C:AHew3\utorial Browse. . |

CPU Farnily:
| M16C/30.M32C |

Toal chain:
I Fenesas MI2C Standard j

Froperties. .. |

Ok, Cancel

Figure 2.1 New Project Workspace Dialog Box



(2) Selecting the target CPU

When you click [OK] on the [New Project Workspace] dialog box, the project generator will be
invoked. Start by selecting the CPU that you will be using. CPU types shown in the [CPU Type] list are
classified into the CPU series shown in the [CPU Series] list. The selected items in the [CPU Series:]
list box and the [CPU Type:] list box specify the files to be generated. Select the CPU type of the
program to be developed. If the CPU type which you want to select is not displayed in the [CPU Type:]
list, select a CPU type with similar hardware specifications or select [Other].

o Clicking [Next>] moves to the next display.
e Clicking [<Back] moves to the previous display or the previous dialog box.
e Clicking [Finish] opens the [Summary] dialog box.

e Clicking [Cancel] returns the display to the [New Project Workspace] dialog box.

[<Back], [Next>], [Finish], and [Cancel] are common buttons of all the wizard dialog boxes.

Mew Project-1/ ot Targ ] i _ﬂ EI

Toolchain versian
T - |
Which GPU do vou want to use for this
project?

CPU Series:

|I"-'11 B0
M2/ 80

GPU Tvwpe:

It there iz no GPLU tvpe to be selected, select
the "GP Type” that a similar to hardware
specification or select " Other”,

|  <Back | Mext> Finish Cancel

Figure 2.2 New Project Step 1 Dialog Box



(3) Selecting the RTOS

Clicking the [Next>] button on the Step-1 screen opens the dialog box shown in Figure 2.3. In this
window, you can select whether or not to use an RTOS, as well as whether to use the default startup file
or a user-defined file.

Target tvpe :

RTOS Inn:une |
Startup file type : IDefauIt ;I
Startup files :

Ell@ Froject b
a C source file A
EIE fizsembly source file S
Pk ncrtl.as0 e
i ] x [}
Ela fzzembly include file

fo sect308.inc Eemave
1] | i
[T Show file path
< Back || Mext » I Finizh | Cancel |

Figure 2.3 New Project Step 2 Dialog Box




(4) Setting the input/output library, and heap size

Clicking the [Next>] button on the Step-2 screen opens the dialog box shown in Figure 2.4. In this
window, you can select whether or not to use the 1/O library, which whether or not to generate a "main”

function file, and the size of the heap area.

be Generated

What kind Df'initializatinn routine
would wou like to create?

21x|

[T l=e Standard IO Library!
v Use Heap Memory

Heap Size: |IIIEEIIIIH

Giererate maint Function
IG zource file j

<Back [ MNext> | Finish

Cancel |

Figure 2.4 New Project Step 3 Dialog Box




(5) Setting the stack area

Clicking the [Next>] button on the Step-3 screen opens the dialog box shown in Figure 2.5. You can
use this window to set the stack size and interrupt stack size.

What are the stack settings?

—User Stack Pointer
atack Size:

1300H

2]

—Interrupt Stack Fointer :
Stack Size:

0:200H

< Back || Mext I Finizh

Cancel

Figure 2.5 New Project Step 4 Dialog Box




(6) Setting the debugger options

When the [Next>] button is clicked in the Step-4 screen, the screen shown in figure 2.6 is displayed.
You can use this window to perform settings for external package debuggers. Use this window to
specify the debugger target, by selecting from [Targets:] the debugger target to be used. You may also
leave the debugger target unselected.

Note that you can also select a debugger for an external package, if any exist.

tar Debugeing _?IEI

—Targets :

simulator

— External Debueeer

Target type : | M16C/60 |

<Back |[ Mext> |  Finish Gancel |

Figure 2.6 New Project Step 5 Dialog Box




(7) Setting the configuration file name

In the window for Step 5, click the [Next >] button to display the window shown in Figure 2.7.

In this window, set a configuration file name for each target selected.

A configuration refers to a file in which non-target High-performance Embedded Workshop statuses are

saved.

tting the Debusger Options

Tareet name :

M1GC REC Simulator

Configuration name :

[Debug_M16C_REC_Simulator

— Detail options :

Item | Setting

Figure 2.7 New Project Step 6 Dialog Box




(8)Confirming settings (Summary dialog box)

Clicking on [Next >] on the Step-6 screen displays the screen shown in Figure 2.8. This Window,
displays the source file information for the project to be created. After confirmation, click [Finish].

When you click [Finish] on the screen in Figure 2.8, the project generator shows a list of generated files
on the [Summary] dialog box (Figure 2.9). Confirm the contents of the dialog box and click [OK].

When [Generate Readme.txt as a summary file in the project directory] checkbox is selected, the
project information displayed on the [Summary] dialog box will be stored in the project directory under
the text file name "Readme.txt".

hanging the File Mam 3 e _'?I EI

The fallowine source files will be

generated:
File Ma.. | Ext.. | Dezcription
test o Main Program
ncrtl] a0 Start up file

zectal ine Start up file

4 | i3

Mewt » I Finizh | Cancel |
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SUMmmary il EI

Project Summary:

———————— FROJECT GEMERATOR ——————— :I
FROJECT WAME : tutarial

PROJECT DIRECTORY : Co¥ Hewa¥tutor ialEtutarial

GPLU SERIES : rA1 EC 20

ZPU TYPE : Cither

TOOLSGHAIM HAME : Fenesas M32C Standard Toolchain
TOOLCHAIN YWERSIOMN : 5200

GEMERATION FILES :

CriHewd¥tutor ial¥tutarialEtutorial.c
Main Program

START UP FILES :

i Hew 3 tutor ial¥tutorialEncet0.230

i Hew ¥ tutor ia¥tutor ial¥sect308 inc

ID.':'.TE & TIME : 2004/08/03 16:28:58

n o

Click OF to generate the project or Cancel to abort,

¥ Gererate Beadmetxt as a summary file in the project directory

(0] 4 | Cancel

Figure 2.9 Summary Dialog Box



2.2 Start-up Programs

22.1 Purpose of Startup Programs

For built-in programs to run correctly, before processing, the microcomputer must be initialized, and
the stack area must be set. Since such processing cannot usually be performed using C code, a program
separate from the C source program is used that performs initialization and settings via assembly code.
This is called a startup program. The following explains the sample startup programs "ncrt0.a30" and
"sect308.inc", as prepared by NC308.

Purposes of the startup programs:

Securing the stack area

Performing initial settings for the microcomputer
Initializing the static variable space

Setting up the interrupt table register INTB

Calling the maiin function

®© 0 6 0 0 6

Setting up the interrupt vector table

2-10



ncrt0.a30

Setting the size of the heap area

Setting the size of the stack area

Setting the head address of the
interrupt vector table

.include sect308.inc

sect308.1inc

Setting the location of each section

Setting the section start address

Setting up the variable vector table

Setting up the fixed vector table

Setting the SB area

Defining a macro to initialize the
variable area

Initializing the stack pointer

Setting the processor operation
mode

Initializing the FLG register
Initializing the FB and SB registers
Initializing the INTB register
Initializing the near area of the data
Initializing the far area of the data
Initializing the heap area

Initializing the standard input/output
function library

Calling the main function

Figure 2.10 The Structure of a Startup Program
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2.2.2 Setting Up a Startup Program
1) Adding a section name

The sections created by NC308 are defined in the section definition file "sect308.inc". When you
change a section name in "#pragma SECTION", the section base name created by NC308 is added. As
a result, you must add such definitions in the section definition file "sect308.inc".

; Arrangement of section

; Near RAM data area

; SBDATA area

.section data_SE,DATA

.org 400H
data_SE_top:

.section bss_SE,DATA
bss_SE_top:

.section data_NO,DATA

data_NO_top: Defining an additional section name
; changed in "#pragma SECTION."

section new_data_NE,DATA

new_data_NE_top:

Defining an additional section name
changed in "#pragma SECTION."

section new_bss_NE,DATA

new_bss_NE_top:

; code area

.section interrupt

-section program Defining an additional section name

changed in "#pragma SECTION."

.section new_program

Figure 2.11 Adding Section Names (sect308.inc)

2-12



When adding a data section or bss section, in addition to adding a definition of the section name, you

need to include initial value transfer processing and zero clear processing for each area. So, be sure to
add these to "ncrt0.a30".

: NEAR area initialize.

; bss zero clear

BZERO bss_SE_top,bss_SE
BZERO bss_SO_top,bss_SO

BZERO bss_NE_top,bss NE Adding zero clear processing for the new
bss section.
BZERO bss_NO_top,bss_NO"
BZERO new_bss NE_top,new_bss NE
; initialize data section

BCOPY data_SEIl_top,data_SE_top,data_SE
BCOPY data_SOI_top,data_SO_top,data_SO .

Adding initial value transfer
BCOPY data_NEI_top,data_NE_top,data_NE processing for the new data
BCOPY data_NOI_top,data_NO_top,data_NO section.

BCOPY new_data_NEI_top,new_data_NE_top,new_data_NE

Figure 2.12 Adding Initialization Processing for the Added Sections
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(2) Registering interrupt functions

To use interrupts correctly, you need to specify an interrupt processing function, and register it in the
interrupt vector table. The following explains how to perform registration in the interrupt vector table.

To specify an interrupt processing function, perform registration by changing the interrupt vector table
in the sample startup program "sect308.inc".

Perform the following changes to the interrupt vector table:

0

Use the ".glb™ instruction command to make an external reference declaration for the interrupt
processing function.

For the interrupt to be used, change the dummy function name dummy_int to the name of the
interrupt processing function.

;. variable vector section

.section vector ; variable vector table
.org VECTOR_ADR

Iword dummy _int ; vector (BRK)

.org (VECTOR_ADR + 32)

Jword dummy_int ; DMAO (software int 8)
Jword dummy_int ; DMA1 (software int 9)
Jword dummy_int ; DMA2 (software int 10)
Jword dummy_int ; DMAS (software int 11)

-glb_ta0 Registering the function ta0()
Jword _ta0 ; TIMER AO (software int 12) {r the TAO interrupt

Jword dummy_int ; TIMER A1 (software int 13)

Jword dummy_int ; TIMER A2 (software int 14)

Jword dummy_int ; TIMER A3 (software int 15)
Jword dummy_int ; TIMER A4 (software int 16)

Figure 2.13 Interrupt Vector Table (sect308.inc)
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Section 3. Compiler

3.1 Interrupt Functions

3.1.1 Coding Interrupt Processing Functions
NC308 allows you to code interrupt processing as C functions. The procedure consists of four steps.
@O  Coding interrupt processing functions
@  Registering the functions on the interrupt vector table
@  Setting the interrupt enable flag (I flag)
e Use the inline assembling.
@  Setting the priority level of the interrupt
e Set the interrupt priority level before enabling the interrupt.

This subsection describes how to code the functions according to the type of interrupt processing.

Q) Coding the hardware interrupt (#¥pragma INTERRUPT)

[ #pragma INTERRUPT interrupt-function-name ]

This declaration causes the compiler to generate the following instructions at the entry and exit points
of the specified function, in addition to the regular function procedure: The instruction for saving and
restoring all the registers used in the function and the reit instruction. Only the void type is available for
parameters and return values of the interrupt processing function. If the declaration contains any other
type, a warning will be output during compilation.

#pragma INTERRUPT intr .section program
glb _intr Save the
. B registers.
void intr(void) _intr:
{ pushm RO,R1,R2,R3,
Expanded AO0,A1,FB
Interrupt processing
Interrupt processing Restore the
registers.
}
popm RO,R1,R2,R3,
A0,A1,FB
reit
Only the void type is available for both E

the parameters and return values.
Return by the reit instruction

Figure 3.1 Expansion of the Interrupt Processing Function
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2 Coding the interrupt using the register bank (#pragma INTERRUPT/B)

For the M16C/80 Series, you can switch the register bank to reduce the time for starting the
interrupt processing, while maintaining the contents of the registers. To use this functionality, declare
the following coding:

[ #pragma INTERRUPT/B interrupt-function-name ]

The above coding causes the compiler to generate the instruction for switching the register bank,
rather than the instructions for saving and restoring registers. However, you can only specify one
interrupt because the M16C/80 Series product provides the register banks 0 and 1. Use this
functionality for an interrupt that requires a faster startup.

#pragma INTERRUPT/B intr .section program
glb  _intr
P . . Use register
void intr(void) _intr: banki.
{ fsetB
Expanded
Interrupt processing Interrupt processing

} reit

_ A\

Return by the reit instruction

Figure 3.2 Expansion of the Interrupt Processing Function Using the Register Bank
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(3) Coding the interrupt for enabling multiple interrupts (#pragma INTERRUPT/E)

When the M16C/80 Series compiler accepts an interrupt request, the interrupt enable flag (I flag) is set

to "0", disabling interrupts. By setting the | flag to 1" at the entry point of the interrupt processing

function (immediately after entering the interrupt processing function) to enable multiple interrupts,

you can improve interrupt response. To use this functionality, code as follows:

[ #pragma INTERRUPT/E interrupt-function-name ]

The above coding causes the compiler to generate the instruction for setting the | flag to "1" at the entry
point of the interrupt processing function (immediately after entering the interrupt processing function).
However, if you want to enable multiple interrupts in the middle of the interrupt processing function,

declare "#pragma INTERRUPT", and then use the asm() function in the middle of the interrupt

processing function to set the | flag to "1".

#pragma INTERRUPT/E intr

void intr ( void )

{ Expanded

Interrupt processing

\

Only the void type is available for both the
parameters and return values.

.section program

.glb _intr

Cintr: Set the | flag.

fset | —_—

pushm RO, R1,R2,R3,
A0 ,A1,SB,FB

Interrupt processing

popm RO, R1,R2,R3,
AO,A1,SB,FB

S

Return by the reit instruction

Figure 3.3 Expansion of the Interrupt Processing Function that Enables Multiple Interrupts

3-3




3.1.2 Coding Fast Interrupt Processing Functions

NC308 allows you to code fast interrupt processing as C functions that respond to an interrupt in five
cycles, and return from the interrupt in three cycles. However, you can only set a single interrupt at the
interrupt priority level 7 for the fast interrupt. The procedure consists of five steps.

@D  Coding fast interrupt processing functions

@  Setting the interrupt priority level of the fast interrupt

e Set the interrupt priority level before enabling the interrupt.

(®  Setting the fast interrupt bit

@  Setting the vector register (VCT).

(®  Setting the interrupt enable flag (I flag)

e Use the inline assembler.

This subsection describes how to code the functions according to the type of fast interrupt processing.

Q) Coding the fast hardware interrupt (#pragma INTERRUPT/F)

[ #pragma INTERRUPT/F interrupt-function-name

The above declaration causes the compiler to generate the following instructions at the entry and exit
points of the specified function, in addition to the regular function procedure: Instructions for saving
and restoring all the registers used in the function and the freit instruction for returning from the fast
interrupt routine. Only the void type is available for parameters and return values of the interrupt
processing function. If the declaration contains any other type, a warning will be output during

compilation.

void intr ( void )

{

Interrupt processing

#pragma INTERRUPT/F intr

Expanded

Only the void type is available for both
the parameters and return values.

.section program

.glb _intr

_intr:

pushm RO, R1,
A0, A1

Interrupt processing

2 Save the registers.

R2,R3,
,SB,FB

Restore the
registers.

popm RO, R1, R2,R3, [

A0, A1

freit

,SB, FB

Return by the freit instruction

Figure 3.4 Expanding the Fast Interrupt Processing Function




(2 Coding the fast interrupt using the register bank (#pragma INTERRUPT/F/B)

For the M16C/80 Series, you can switch the register bank to reduce the time for starting the fast
interrupt processing, while maintaining the contents of the registers. To use this functionality, declare
the following coding:

[ #pragma INTERRUPT/F/B interrupt-function-name }

The above coding causes the compiler to generate the instruction for switching the register bank, rather
than the instructions for saving and restoring registers. However, you can only specify one interrupt
because the M16C/80 Series product provides the register banks 0 and 1. Use this functionality for an
interrupt that requires the fastest startup.

#pragma INTERRUPT/F/B intr .section program
.glb _intr
, Use register
void intr ( void ) _intr: bank1.
{ fset B
Expanded
Interrupt processing Interrupt processing
} freit
1

Return by the freit instruction

Figure 3.5 Expansion of the Fast Interrupt Processing Function Using the Register Bank
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3.1.3 Coding Functions for Software Interrupt (INT Instruction) Processing

Q) Coding the software interrupt that calls assembly language functions (#pragma INTCALL)

To use a software interrupt (INT instruction) for the M16C/80 Series, specify "#pragma INTCALL".
This function allows you to generate a pseudo interrupt during debugging.

The coding method differs depending on whether the body of the function to be called by the software
interrupt is written in the assembly language or in C.

If the body of the function to be called is written in the assembly language, code as follows:

#pragma INTCALL software-interrupt-number assembly-language-function-name

(register-name, register, ...)

If the body of the function to be called is written in the assembly language, you can pass the parameters
via registers. You can also receive return values of other than the structure or union type.

The body of the function is written
in the assembly language.

The prototype declaration of the function must
come before the #pragma INTCALL declaration.

=
extern void call32 (int, int);

Software interrupt number (decimal)

The available register names are

[— | 7 rero,Rar1,

#pragma INTCALL 32 call32 (RO, R1) 4\ RO R1 R2. R3. AO. A1

ROL, ROH, R1L, and R1H.

Parameters are passed to the function via

void main ( void )
{

intm, n;
call32(m,n); I

these registers.

} ‘I The function "CALL32" is called by the INT instruction.
]
} _main:
Set the parameters in
enter #02H the registers.
Expanded
pushm R1

mov.w -2[FB],R1; n
mov.w -4[FB],R0 ; m
int #32

popm R1

exitd

Figure 3.6 Coding Example of #pragma INTCALL that Calls the Assembly Language Function
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(2 Coding the software interrupt that calls C functions (#pragma INTCALL)

If the body of the function to be called by the software interrupt (INT instruction) is written in C, code
as follows:

[ #pragma INTCALL software-interrupt-number C-function-name () ]

If the body of the function to be called is written in C, you can only specify the functions in which all
parameters are passed via the registers, according to the parameter passing rules. The coding cannot
include any parameter of the functions that declare "#pragma INTCALL". Return values of other than
the structure or union type can be received.

The body of the function is written in C.

\ The prototype declaration of the function must
void call32 (int ); come before the #pragma INTCALL declaration.

Software interrupt number (decimal)

\

#pragma INTCALL 32 call32 ()

void main ( void )

{
int The function "CALL32" is called by the INT instruction.
int m;

call32 (m) ;V

} /\
Set the parameters

Expanded main: in the registers.

_——

enter #02H
mov.w -2[FB],R0 ; m

L int #32
The function "CALL32" is called by —
the INT instruction. ’/ exitd

Figure 3.7 Coding #pragma INTCALL that Calls the C Function
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3.1.4 Registering Interrupt Processing Functions

To use interrupts normally, you must specify interrupt processing functions and register them to an

interrupt vector table.

This subsection describes how to register interrupt processing functions to the interrupt vector table.

Q) Registering the functions in the interrupt vector table

When you specify an interrupt processing function, register it by changing the interrupt vector table in

the sample startup program "sect308.inc".

To change the interrupt vector table:

(D  Use the .glb instruction to declare the name of the interrupt processing function for external

reference.

@  Change the dummy function name "dummy_int" for the interrupt to the name of the

interrupt processing function.

)

; variable vector section

Register the ta0() function
to a TAO interrupt.

.section vector ; variable vector table

.org VECTOR_ADR

Jword dummy_int ; vector (BRK)

.org (VECTOR_ADR + 32)

word dummy_int ; DMAQO (software int 8)
Jword dummy_int ; DMA1 (software int 9)
word dummy_int ; DMA2 (software int 10)
word dummy_int ; DMAS3 (software int 11)

glb _ta0

word _ta0 ; TIMER AO (software int 12)

word dummy_int ; TIMER A1 (software int 13)
Jword dummy_int ; TIMER A2 (software int 14)
word dummy_int ; TIMER A3 (software int 15)
word dummy_int ; TIMER A4 (software int 16)

Figure 3.8 Interrupt Vector Table (sect308.inc)
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3.1.5 Coding Example of Interrupt Processing Functions

This subsection provides an example of coding a program that clears the contents of "counter" to zero
each time an INTO interrupt occurs, and increases the contents of "counter™ each time an INT1 interrupt
occurs.

Q) Coding example of interrupt processing functions

/* Prototype declaration *****ssssssssssrrsy
void int0 ( void ) ;

void int1 ( void ) ;

#pragma INTERRUPT/F intO
#pragma INTERRUPT int1

/ /

unsigned int counter ;

void int0 ( void ) /* Fast interrupt function */

{
counter=0;
}
void int1 ( void ) /* Interrupt function */
{
if (counter <9 ) {
counter ++ ;
}
else {
counter=0;
}
}

void main ( void )

{
INTOIC = 0x07; /* Setting the fast interrupt priority level */
RLVL = 0x08; /* Fast interrupt specification */
asm (" LDC #_int0O,VCT " ); /* Setting the vector register */
INT1IC = 0x01 ; /* Setting the interrupt priority level */
asm (" fseti"); /* Interrupt enabled */
while (1) ; /* Interrupt wait loop */

}

Figure 3.9 Coding Example of Interrupt Processing Functions
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(2) Registering the functions in the interrupt vector table

Figure 3.10 shows an example of registering the functions in the interrupt vector table.

.section vector ; variable vector table
.org VECTOR_ADR

.org (VECTOR_ADR + 32)

Jword dummy_int ; DMAO (software int 8)
Jword dummy_int ; DMA1 (software int 9)
word dummy_int ; DMA2 (software int 10)
word dummy_int ; DMA3 (software int 11)
word dummy_int ; TIMER AO (software int 12)
Jword dummy_int ; TIMER A1 (software int 13)
word dummy_int ; TIMER A2 (software int 14)
Jword dummy_int ; TIMER A3 (software int 15)
word dummy_int ; TIMER A4 (software int 16)
Iword dummy_int ; uartO trance (software int17)
Iword dummy_int ; uartO receive (software int18)
word dummy_.int ; uart1 trance (software int19)
word dummy_int ; uart1 receive (software int 20)
word dummy_int ;TIMER BO (software int 21)
Jword dummy_int ;TIMER B1 (software int 22)
word dummy_int ;TIMER B2 (software int 23)
Jword dummy_int ;TIMER B3 (software int 24)
Jword dummy_int ;TIMER B4 (software int 25)
word dummy_int ; INT5 (software int 26)

word dummy_int ; INT4 (software int 27)

lword dummy _int ; INT3 (software int 28)

word dummy_int ; INT2 (software int 29)

.glb _int1

Jdword _int1 ; INT1 (software int 30)

.glb _int0

Jword _int0 ; INTO (software int 31)

word dummy_int ; TIMER B5 (software int 32)

Figure 3.10 Example of Registering the Functions in the Interrupt Vector Table
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3.2 Assembler Macro

NC308 allows you to code some assembly language instructions as C functions (these functions are
called assembler macro functions).

The assembler macro functions let you directly code, in C programs, assembly language instructions
that NC308 does not expand in ordinary C coding. This enables easier tuning of programs.

This subsection describes how to specify and use the assembler macro functions.

321 Assembly Language Instructions that can Be Specified Using Assembler

Macro Functions

NC308 allows you to use assembler macro functions to specify 18 types of assembly language
instructions.

The assembler macro function names are the same as the assembly language instructions shown in
lowercase letters. These function names are followed by *_b", " w", or "_I" indicating the bit length for
operations. Tables 3.1 and 3.2 show the assembly language instructions that can be specified using the
assembler macro functions.

Table 3.1 Assembly Language Instructions that can Be Specified Using Assembler Macro

Functions (1)

Assembly Assembler Description Format
language macro
instruction function
name
DADD dadd_b Returns the result of char dadd_b(char val1,char val2)
decimal addition on val1 |~ : :
dadd_w plus val2. int dadd_w(int val1,int val2)
DADC dadc_b Returns the result of char dadc_b(char val1,char val2)
decimal addition with : : :
dadC_W carry on val1 p|us val2. int dadC_W(lnt val1 ,int Va|2)
DSUB dsub_b Returns the result of char dsub_b(char val1, char
decimal subtraction on val2 );
val1l minus val2.
dsub_w int dsub_w(int val1, int val2 );
DSBB dsbb b Returns the result of char dsbb_b(char val1, char
decimal subtraction with | val2);
borrow on val1 minus
dsbb_w val2. int dsbb_w(int val1, int val2 );
RMPA rmpa_b Returns the result of a long rmpa_b(long init, int count,
sum-of-products char *p1, char *p2);
operation, using init as . .
rmpa_w the initial value. count as long rmpa_w(long init, int count,int
the number of times, and | P1 int"p2);
p1 and P2 as the start
addresses where
multipliers are stored.
MAX max_b Returns the value val1 char max_b(char val1, char val2 );
or val2 whichever is ) i )
max_w found larger. int max_w(intr val1, int val2 );




Assembly Assembler Description Format
language macro
instruction function
name
MIN min_b Returns the value val1 char min_b(char val1, char val2 );
or val2 whichever is
min_w found smaller. int min_w(intr val1, int val2 );

Table 3.2 Assembly Language Instructions that can Be Specified Using Assembler Macro

Functions (2)

Assembly | Assembler Description Format
language macro
instruction function
name
SMOVB smovb_b Transfers strings from the void smovb_b(char *p1, char *p2,
address p1 to the address unsigned int count );
2 as many times as
smovb_w i?wdicated b); count in the void smovb_w(int *p1, int *p2,
backward direction. unsigned int count );
SMOVF smovf_b Transfers strings from the void smovf_b(char *p1, char *p2,
address p1 to the address unsigned int count );
p2 as many times as
SmOVf_W indicated by count in the void SmOVf_W(int *p1, int *p2,
forward direction. unsigned int count );
SMOVU smovu_b Transfers strings from the void smovu_b(char *p1, char
address p1 to the address *p2 );
p2 as many times as . e
smovu_w indicated by count in the void smovu_w(int *p1, int *p2 );
forward direction until zero is
detected.
SIN sin_b Transfers strings from the void sin_b(char *p1, char *p2,
fixed address p1 to the unsigned int count );
address p2 as many times
sin_w as indicated by count in the | void sin_w(int *p1, int *p2,
forward direction. unsigned int count );
SOuUT sout_b Transfers strings from the void sout_b(char *p1, char *p2,
address p1 to the address unsigned int count );
p2 as many times as - VR
sout_w indicated by count in the void sout_w(int *p1, int *p2,
backward direction unsigned int count );
SSTR sstr_b Stores strings, using data val | void sstr_b(char val, char
to be stored, address p, and | *p,unsigned int count );
count as the number of _ ) . _
sstr_w times to transfer data. y0|d sstr_w(int val, int *p,unsigned
int count );
ROLC rolc_b Returns the value of val after | unsigned char rolc_b(unsigned
rotating it left by 1 bit char val );
includi .
rolc_w inciuding carry unsigned int rolc_w(unsigned int

val );




Assembly | Assembler Description Format

language macro

instruction | function

name

RORC rorc_b Returns the value of val after | unsigned char rorc_b(unsigned
rotating it right by 1 bit char val );
including carry.

rorc_w g Y unsigned int rrlc_w(unsigned int
val );

ROT rot_b Returns the value of val after | unsigned char rot_b(signed char
rotating it as many times as | count,unsigned char val );
indicated by count. . . .

rot_w unsigned int rot_w(signed char
count,unsigned int val );

SHA sha b Returns the value of val after | unsigned char sha_b(signed char
arithmetically shifting it as count, unsigned char val );
many times as indicated b

sha_w coun); y unsigned int sha_w(signed char
' count, unsigned int val );
sha_| unsigned long sha_lI(signed char
count, unsigned longval );

SHL shl_b Returns the value of val after | unsigned char shi_b(signed char
logically shifting it as many count, unsigned char val );
times as indicated by count. - - :

shl_w unsigned int shl_w(signed char
count, unsigned int val );
shi_| unsigned long shi_I(signed char

count, unsigned longval );




3.2.2Decimal Addition Using the Assembler Macro Function *"dadd_b**

When you call and use the NC308 assembler macro functions, you must include the "asmmacro.h" file
that defines the assembler macro functions.

Figure 3.11 shows an example of decimal addition using the assembler macro function "dadd_b".

asmmacro.h must be included.

)

#include <asmmacro.h>
char result;
void main ( void )
{
result = dadd_b(0x01,0x09);

Assembler macro function call

dadd instruction macro call

-

L._7

;#iHH ASM START
_dadd_b .macro
dadd.b ROH,ROL

.endm

} /\ #H#HH ASM END
.SECTION program
/ \ .glb _main
_main:

mov.b #01H,ROL
mov.b #09H,ROH
_dadd_b

movb ROL, result:16

SECTION bss_NO,DATA
.glb _result

_result:

.blkb 1

.end

dadd macro
definition

Expanded

Figure 3.11 Decimal Addition Using the Assembler Macro Function "'dadd_b"*
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3.2.3 Transferring Strings Using the Assembler Macro Function **'smovf_b"

Figure 3.12 shows an example of transferring strings using the assembler macro function "smovf_b".

Include asmmacro.h.

/

char

void

{

\/

#include <asmmacro.h>

src_string[] = "ABCDEFG" ;

char dest_string[8];

main ( void )

smovf_b( src_string, dest_string,

sizeof(src_string ));

/L

Assembler macro function call

Macro call for the smovf instruction
Actually, the following is expanded:
pushm R3,A0,A1

smovf.b

popm R3,A0,A1

-

7 _smovf_b

;#HHHE ASM START
_smovf_b .macro

pushm R3,A0,A1

smovf.b Macro definition of
popm R3,A0,A1 the smovf instruction
endm

#HiHH# ASM END
.SECTION program
.glb _main
_main:
pushm R3,A0,A1
mov.w #0008H,R3
mov.w #(_dest_string&0FFFFH),A1
mov.w #(_src_string&0FFFFH),A0

popm R3,A0,A1
rts

.SECTION data_NE,DATA
.glb _src_string
_src_string:
.blkb 8
.SECTION data_NEI,ROMDATA
.byte 41H ;'A’
.byte 42H ;'B'
.byte 43H ;'C'

.SECTION bss_NE,DATA

.glb _dest_string
_dest_string:

.blkb 8

.end

Expanded

Figure 3.12 Transferring Strings Using the smovf_b Assembler Macro Function
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3.2.4 Sum-of-Products Operation Using the Assembler Macro Function "rmpa_w"'

Figure 3.12 shows an example of sum-of-products operation using the assembler macro function

"rmpa_w".

Include asmmacro.h.

\

~Y

#include <asmmacro.h>
int str1[10] = {0,1,2,3,4,5,6,7,8,9};
int str2[10] = {0,1,2,3,4,5,6,7,8,9};

long result;

void main (void ) Operation count

{

Initial value

result = rmpa_w(0, 9, str1,str2 );

y ]

— Assembler macro function call

Macro call for the rmpa instruction
Actually, the following is expanded:
pushm R1,R3,A1,A0

mov.w #00H,R1

rmpa.w

popm R1,R3,A1,A0

;#HH# ASM START

_rmpa_w .macro
pushm R1,R3,A1,A0
mov.w #00H,R1
rmpa.w
popm R1,R3,A1,A0
.endm
;#iHHE ASM END
.SECTION program
.glb _main
__main:
mov.w #(_str2&0FFFFH),A1
mov.w #(_str1&0FFFFH),A0
mov.w #0009H,R3
mov.| #00000000H,R2R0
_rmpa_w
mov.| R2R0,_result:16

.ECTION data_NE,DATA
.glb _str1
_str1:
.blkb 20
.glb _str2
_str2:
.blkb 20

.SECTION data_NEI,ROMDATA
.word 0000H
.word 0001H
.word 0002H
.word 0003H

.SECTION bss_NO,DATA
.glb _result
_result:
.blkb 4
.end

Expanded

Figure 3.13 Sum-of-Products Operation Using the Assembler Macro Function "rmpa_w"
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3.2.5 #pragma _ ASMMACRO

For NC308, you can use #pragma__ ASMMACRO to make any assembler instruction string into
assembler macro functions.

Function

Declares a function defined by the assembler macro.
Syntax

#pragma __ ASMMACRO function-name (register-name,...)
Rules

1. You must enter a prototype declaration of the function before the #pragma __ ASMMACRO
declaration. You must declare the assembler macro functions as static.

2. You cannot declare a function that does not have any parameter. Parameters are passed via
registers. Specify the register matching the parameter type (based on #pragma PARAMETER).

3. When you define an assembler macro, the macro name must be the declared function name
prefixed by an underscore ().

4. The return values are set as shown below according to the function calling rules. You cannot
declare the compound types (structure and union types) as a return value.

char and _Bool types: ROL float type: R2R0
int and short types: RO double type: R3R2R1R0
long type: R2R0 long long type: R3R1R2R0

5. Registers whose contents will be changed in the assembler macro must be saved at the
beginning of the assembler macro. The registers must be restored immediately before the return.
(You do not need to save or restore the register storing the return values).

Example

static long mul( int, int ); /* Be sure to declare "static". */
#pragma _ ASMMACRO mul( RO, R2))
#pragma ASM
_mul .macro
mul.w R2,R0 ; The return value is set in R2RO0.
.endm
#pragma ENDASM
long |;
void test_func( void )
{
I=mul(2,3);
by

Figure 3.14 Example of Using Assembler Macro



3.3 Pragma Functions and Options for Reducing ROM Area

Table 3.3 Pragma Functions and Options for Reducing ROM Area

Subsection Title Description

3.3.1 #pragma SBDATA Uses SB relative addressing to access variables.

3.3.2 #pragma SB16DATA Uses 2-byte SB relative addressing to access
variables.

3.3.3 #pragma BIT Generates one-bit manipulation instructions in the
16-bit absolute addressing mode.

3.34 #pragma SPECIAL Compresses a jump subroutine instruction from four
bytes to two bytes.

3.35 -fisrw Uses the JSR.W instruction to call a function.

3.3.6 -OR Performs maximum optimization of ROM efficiency.

3.3.7 -fno_align Does not align the start address of the function.

3.3.8 -Wno_used_function Outputs a warning for unused functions.

3.3.1#pragma SBDATA

This option accesses the specified variables in the relative addressing mode using the SB register. By
changing the access mode for frequently accessed variables to the SB relative addressing, you can
improve the efficiency of the code. The variables specified for the SB relative addressing are assigned
to the SBDATA attribute section, and are referenced using the offset from the start address of the
SBDATA attribute section saved in the SB register. This causes the expanded code to be more compact
than the one that loads addresses for referencing, and helps improve the ROM efficiency. The format is
as follows:

#pragma SBDATA variable-name

The maximum access area for the SB register-based addressing is 256 bytes from the SB register. The
address specification only requires one byte. Specifying this type of addressing for frequently-used
variables will reduce the ROM area.

Before using SBDATA Using SBDATA
int a; #pragma SBDATA a
a=1; int a;
a=1;
.GLB __SB__ .GLB __SB__
.SB__SB__ SB__SB__
.FBO .FBO
.SBSYM _a
mov.w #0001H, a
mov.w #0001H, a

Figure 3.15 Example of Using Addressing Mode with SBDATA




3.3.2 #pragma SB16DATA

SBDATA specifies addressing that uses one-byte offset from SB register. SBI6DATA specifies
addressing that uses two-byte offset. For this type of addressing, the maximum access area is 64 Kbytes
from the SB register. The address specification only requires two bytes. Specifying #pragma
SB16DATA for frequently-used variables will reduce the ROM area. The format is as follows:

#pragma SB16DATA variable-name

Before using SB16DATA Using SB16DATA
int a; #pragma SB16DATA a
a=1; int a;
a=1;
.GLB _ SB__ .GLB __ SB__
SB__SB__ SB__SB__
.FBO .FBO
.SBSYM16 _a
mov.w #0001H, a
mov.w #0001H, a

Figure 3.16 Example of Using Addressing Mode with SB16DATA




3.3.3#pragma BIT

This option declares that the specified external variable is in the range of addresses (from 00000H to
01FFFH) available for one-bit manipulation instructions in the 16-bit absolute addressing mode. This
allows you to generate one-bit manipulation instructions in the 16-bit absolute addressing mode. (This
function is only available for NC30WA).

The format is as follows:

#pragma BIT variable-name

Before using #pragma BIT Using #pragma BIT

int sym #pragma BIT sym
sym=0x01|sym int sym
sym=0x01|sym

or.w #01H,_sym bset 0,_sym

Figure 3.17 Bit Operation Using #pragma BIT
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3.3.4 #pragma SPECIAL

The special page compresses a jump subroutine instruction from four bytes of JSR.A _func to two
bytes of JSRS number. This reduces the ROM area.

The format is as follows:
#pragma SPECIALA[/ C]Acall-numberAfunction-name()
#pragma SPECIALAJ/ C]Afunction-name(vect=call-number)

The functions declared in #pragma SPECIAL are mapped to the addresses created by adding
OFFO000H to the address set in the special page vector tables, and are therefore subject to special page
subroutine calls. You may specify the following switch in the declaration:

[/C]
This switch generates the code for saving the required registers when the declared function is called.
You can specify a call number in the declaration.

Specify a call number and the compile option -fmake_special_table (-fMST) for compiling source files.

The compiler will automatically generate a special page vector table.

Functions declared using #pragma SPECIAL are mapped to the program_S section.

You must map the program_S section between OFFO000H and OFFFFFFH.

You can specify call numbers from 18 to 255 in decimal only. As a label,
" SPECIAL _calling-number:" is output to the start address of functions declared using #pragma
SPECIAL. Set this label in the special page subroutine table in the startup file.

The above setting is unnecessary if the -fmake_special_table (-fMST) option is specified.

If you specify different call numbers for a function, the call number declared later takes effect.

Example:
#pragma SPECIAL func(vect=20)

#pragma SPECIAL func(vect=30)// Call number 30 takes effect
If functions are defined in one file and function calls are defined in another file, you must

specify this declaration in both files.

Before using #pragma SPECIAL

Using #pragma SPECIAL

void func(unsigned int, unsigned int);

void main()

{
inti, j;
i = OX7FFD;
j = 0x007F;
func(i,j);

}

#pragma SPECIAL 20 func()
void func(unsigned int, unsigned int);
void main()

inti, j;

i = OX7FFD;
j = 0x007F;
func(i, j);

push.w -2[FB] ; j
mov.w -4[FB],RO ; i
jsr $func

push.w -2[FB] ; j
mov.w -4[FB],RO ; i
jsrs #20

Figure 3.18 Example of Using the #pragma SPECIAL Declaration
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3.3.5 —fjsrw

The compiler uses the JSR.A instruction to call a function that has been defined outside the file.
However, most functions can be called by the JSR.W instruction if the program is not so large.

In this case, you can reduce the amount of code in the ROM as follows :

Compile with the source files with the -fJISRW option. Then, use "#pragma JSRA function-name" to
declare the functions that caused an error during linking.

Note: When you use the -OGJ option, the most suitable jmp instruction is selected during linking.

C source Without -fijsrw With -fjsrw
[*file 1%/
void () {} GLB __SB__ .OPTJ JSRW
SB__SB__ GLB __ SB__

1* file 2*/ FBO SB__SB__
int main() .FBO
{ jsr_f

f(); jsr_f
}

Figure 3.19 Example of Using —fjsrw
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3.3.6-OR

This option performs the maximum optimization to minimize the amount of code in the ROM, although
the speed may be compromised. This option can be specified with the -g and -O options. Optimization
with this option may partly modify the source line information. This may cause the program to behave

differently during debugging. If you do not want to modify the source line information, use the
-Ono_break_source_debug (-ONBSD) option to suppress optimization.

Figure 3.20 shows an example of optimization using the -OR option. The common expressions are

unified to reduce the amount of code in the ROM.

C source Without optimization With optimization
If(b==1) ### C_SRC: if(b==1) ###C _SRC: if(b==1)
sub(); cmp.w #0001H, b:16 mov.w _b:16,R0
return a; jne L1 cmp.w #0001H,RO
} else if(b==2){ i # C_SRC: sub(); jne L5
sub() jsr _sub ### C_SRC: sub();
return a; ### C_SRC: return a; L31:
}else { mov.w _a:16,R0 jsr _sub
return 0; rts ### C_SRC: return a;
} ###C_SRC: else if(b==2) mov.w _a:16,R0
L1: rts
cmp.w #0002H, b:16 ##H#C SRC: else if(b==2)
jne LM L5:
### C_SRC : sub(); cmp.w #0002H,R0
jsr _sub jeq L31
### C _SRC: return a; ###C _SRC: return O;
mov.w _a:16,R0 mov.w #0000H,RO
rts rts
### C_SRC: else
L11:
### C_SRC: return O;
mov.w #0000H,R0O
rts

Figure 3.20 Example of Optimization Using —OR:
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3.3.7-fno_align

This option does not align the start address of the function. This option prevents .align from being
inserted to the beginning of the function, thus reducing the ROM area.

C source Without -fno_align With -fno_align

int () ###  FUNCTION f ### FUNCTION f

{ ### ARG Size(0) Auto Size(0) ### ARG Size(0)  Auto Size(0)
return 0; Context Size(4) Context Size(4)

} .SECTION program,CODE,ALIGN .SECTION program,CODE

._inspect 'U', 2, "program", "program",
0
._file
'C:/Hew3/fno_align/fno_align/fno_align.c'
._type 256,'x',16,0
._func 'f,'G',0,256,_f,0
._inspect 'F','s',"f","_f','G', 4
.align
### C_SRC: {
glb_f
f:

._inspect 'U', 2, "program", "program", 0
._file
'C:/Hew3/fno_align/fno_align/fno_align.c'
._type 256,'x',16,0

._func 'f,'G',0,256, f,0

._inspect IFI, ‘S" Ilfll, ll_f“, IGI, 4
#4#C_SRC: {
glb_f

f:

Figure 3.21 Example of Using —fno_align
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3.3.8-Wno_used_function

This function displays unused global functions during linking. Deleting unused functions will reduce
the ROM area.

C source Warning message

void f() C:¥Hew3¥test2¥test2¥test2.c(20) : Warning (In308): Global function 'f'is never used

{
}
int main()
{
}

Figure 3.22 Example of Using -Wno_used_function
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3.4 Pragma Function and Options for Speeding UP Processing

Table 3.4 Pragma Function and Options for Speeding Up Processing

Subsection Title Description

3.4.1 #pragma STRUCT Performs the alignment for the structure to improve
the access speed.

3.4.2 -Ostack_frame_align | Performs the alignment for the stack frame to improve
the access speed.

3.4.3 -0S Performs maximum optimization of speed.

344 -Oloop_unroll[=count] | Unrolls the loop.

345 -Ofloat_to_inline Performs inline expansion of the routine at runtime for

floating point operations.
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3.4.1#pragma STRUCT
This option performs the alignment for the structure to improve the access speed.
Format 1.#pragma STRUCT structure-tag-name unpack

2.#pragma STRUCT  structure-tag-name arrange

In the compiler, structures are packed. For example, the members of the structure in Figure 3.23 are
arranged without any padding in the order they are declared.

struct s
{ . —]
int i;
c
charc;
int j; . j ]
|3

Figure 3.23 Example of Mapping Structure Members (1)
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The extended function of the compiler allows you to control the mapping of structure members. Figure
3.24 shows an example of mapping the structure members when packing of the structure shown in
Figure 3.23 is inhibited using #pragma STRUCTunpack.

#pragma STRUCT s unpack

struct s

{ ! ]
inti; c
char c; j
int j;

%

Padding

Figure 3.24 Example of Mapping Structure Members (2)

As shown in Figure 3.24, if the total size of the structure members is an odd number of bytes, #pragma
STRUCTunpack adds 1 byte as packing after the last member. Therefore, if you use #pragma
STRUCTunpack to inhibit padding, the size of all structures will be an even number of bytes.

The extended function of the compiler allows you to map all the odd-sized structure members first,
followed by even-sized members. Figure 3.25 shows an example of mapping when the structure shown
in Figure 3.23 is arranged using #pragma STRUCT arrange.

#pragma STRUCT s arrange
struct s e I T
{ - . |
inti; J
charc; c
int j;
%

Figure 3.25 Example of Mapping Structure Members (3)

3-28



Using #pragma STRUCT unpack and #pragma STRUCT arrange together aligns the even-sized
members.

Default unpack
struct A #pragma STRUCT A unpack
{ struct A
int a; {
char b; int a;
intc; char b;
b int c;
J3
f()
{ f()
struct A a,b; {
a.a=1; a.b=2; a.c=3; struct A a,b;
b.a=4; b.b=5; b.c=6; a.a=1; a.b=2; a.c=3;
} b.a=4; b.b=5; b.c=6;
}
### C_SRC: a.a=1; ###C _SRC: a.a=1;
mov.w #0001H,-10[FB]; a mov.w #0001H,-12[FB]; a
### C_SRC: a.b=2; ### C_SRC: a.b=2;
mov.b #02H,-8[FB] ;o a mov.b #02H,-10[FB] ; a
### C_SRC: a.c=3; ###C _SRC: a.c=3;
mov.w #0003H,-7[FB] ; a mov.w #0003H,-9[FB] ; a
### C_SRC: b.a=4; ### C_SRC: b.a=4;
mov.w #0004H,-5[FB] ; b mov.w #0004H,-6[FB] ; b
## C _SRC: b.b=5; ##H#C SRC: b.b=5;
mov.b #05H,-3[FB] . b mov.b #05H,-4[FB] i b
### C_SRC: b.c=6; ### C_SRC: b.c=6;
mov.w #0006H,-2[FB] ; b mov.w #0006H,-3[FB] ; b

Figure 3.26 Example of Using #pramga STRUCT (1)
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arrange arrange+unpack
#pragma STRUCT A arrange #pragma STRUCT A arrange
struct A #pragma STRUCT A unpack
{ struct A
int a; {
char b; int a;
int c; char b;
b int c;
J3
f()
{ f()
struct A a,b; {
a.a=1; a.b=2; a.c=3; struct A a,b;
b.a=4; b.b=5; b.c=6; a.a=1; a.b=2; a.c=3;
} b.a=4; b.b=5; b.c=6;
}
### C_SRC: a.a=1; ###C SRC: a.a=1;
mov.w #0001H,-10[FB]; a mov.w #0001H,-12[FB]; a
### C_SRC: a.b=2; ### C_SRC: a.b=2;
mov.b #02H,-6[FB] ;o a mov.b #02H,-8[FB] ;o a
### C_SRC: a.c=3; ### C_SRC: a.c=3;
mov.w #0003H,-8[FB] ; a mov.w #0003H,-10[FB]; a
### C_SRC: b.a=4; ### C_SRC: b.a=4;
mov.w #0004H,-5[FB] ; b mov.w #0004H,-6[FB] ; b
## C _SRC: b.b=5; ##H#C SRC: b.b=5;
mov.b #05H,-1[FB] . b mov.b #05H,-2[FB] i b
### C_SRC: b.c=6; ### C_SRC: b.c=6;
mov.w #0006H,-3[FB] ; b mov.w #0006H,-4[FB] ; b

Figure 3.27 Example of Using #pragma STRUCT (2)
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3.4.2 -Ostack_frame_align

If an even-sized auto variable is mapped to an odd address, memory access requires one more cycle
than when the variable is mapped to an even address. This option causes the alignment that maps the
even-sized auto variable to the even address. This enables fast memory access. (This option is available
only for NC30WA).

void func(arg)
char arg;
{ arg
char c;
. return PC
int a;
int b; FB
I e
save FB
c
}
Alignment
e
a
SP
Figure 3.28 Example of Alignment by —Ostack_frame_align
C source Without -Ostack_frame_align With -Ostack_frame_align
void f() ### C_SRC: a=1; ### C_SRC: a=1;
mov.w #0001H,-2[FB] ; a mov.w #0001H,-5[FB] ; a
int a; ### C_SRC: b=2; ### C_SRC: b=2;
int b; mov.w #0002H,-4[FB] ; b mov.w #0002H,-3[FB] ; b
a=1;
b=2;
}

Figure 3.29 Example of —Ostack_frame_align
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3.4.3-0S

This option performs the maximum optimization to obtain the fastest speed as possible, although the
amount of code in the ROM may increase. This option can be specified along with the -g and -O

options.
C source With optimization Without optimization
for(i=0;i<100;i++) #H## C_SRC: for(i=0;i<100;i++) mov.w #0000H, i:16
a[il=1"4; mov.w #0000H, i:16 mov.w _1:16,R0
L1: shlw #2,R0
### C_SRC: for(i=0;i<100;i++) L3:
cmp.w #0064H, i:16 ._line 26
jge L5 ###C _SRC: a[il=I*4;
### C_SRC: ali]=1*4; indexwd.w _i:16
mov.w _1:16,R0 mov.w RO,_a:16
shl.w  #2,R0 add.w #0001H,_i:16

indexwd.w _i:16
mov.w RO, a:16
add.w #0001H,_i:16
jmp L1

L5:

cmp.w #0064H,_i:16
jit L3

Figure 3.30 Example of Optimization by -OS
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3.4.4 -Oloop_unroll[=count]

This option unrolls the code as many times as the loop count without revolving the loop statement. You
may omit the loop count. If you omit the loop count, this option is applied to up to five loop statements.
This option removes branches and counter calculations to improve the execution speed. However, this
reduces the ROM efficiency.

C source Without optimization With optimization
for(i=0;i<3;i++) ### C_SRC: for(i=0;i<3;i++) mov.w #0000H,-2[FB] ; i
{ mov.w #0000H,-2[FB] ; i mov.w #0002H,A0

a[il=i; L1: mul.w  #0000H,A0
} ### C_SRC: for(i=0;i<3;i++) mov.w A0,A0

cmp.w #0003H,-2[FB] ; i mov.w #0000H,_a:16[AQ]
jge L5 mov.w #0001H,-2[FB] ; i
;## # C_SRC : alil=i; mov.w #0002H,A0
indexwd.w -2[FB] ; i mul.w #0001H,AQ
mov.w -2[FB],_a:16 ; i mov.w AQ,A0
add.w #0001H,-2[FB] ; i mov.w #0001H, a:16[A0]
jmp L1 mov.w #0002H,-2[FB] ; i
L5: ### C_SRC: alil=i;
mov.w #0002H,R0
indexwd.w RO
mov.w #0002H,_a:16
mov.w #0003H,-2[FB] ; i

Figure 3.31 Example of Unrolling a Loop
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3.4.5 -Ofloat_to_inline

This option performs inline expansion of floating-point runtime libraries to speed up the processing of
floating-point operations (only for comparison and multiplication). This option is available only for the
M32C/80 Series. When using this option, you must also specify the compile option "-M82".

Source code Without -Ofloat_to_inline With -Ofloat_to_inline

float f; push.l 16 ##E# C_SRC: I=f;
long [; jsra __ fdtoi4 mov.w _f+2:16,R0
|=f; add.l #04H,SP mov.w _f:16,R2
mov.l R2RO0,_|:16 btst7,ROH

scc R3

mov.w RO,R1
shl.w #-07H,R1
and.w #OffH,R1
xchg.w R0O,R2
and.w #07fH,R2
mov.w R1,R1

jne ?+

mov.l R2R0,R2R0
jeq M1

btst7,R1L

jc 7+

cmp.w #07fH,R1
jne M1

add.w #062H,R1

tstw  #OffOOH,R1

jeq M2

mov.w R3,R3

jeq 7+

mov.l #80000000H,R2R0
jmp M3

mov.l  #7fffffffH,R2R0
jmp M3

M2:
decw R1
orw  #0080H,R2
shinc.l #8H,R2R0

incw R1
cmp.w #0100H,R1
jeq M4
shinc.l #-1,R2R0
jmp ?-

M4:

cmp.w #1,R3

jne M3

notw RO

notw R2

add.l #01H,R2R0

jmp M3

M1:
mov.l #0,R2R0

M3:

Figure 3.32 Example Optimization with —Ofloat_to_inline
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3.4.6 —Ostatic_to_inline

This option treats a static function (a function declared to be static) as an inline function (a function
declared to be inline), and generates an inline-expanded assembling code.

The compiler treats the static function as an inline function and generates an inline-expanded
assembling code when the following conditions are satisfied:

(1) This option is applicable to a static function whose entity is specified before a function call.
(The function call and the entity of that function must be contained in the same source file.)
(Ignore this condition if you specify the -Oforward_function_to_inline option.)

(2) Address acquisition for the target static function is omitted in the program.

(3) The recursive call of the target static function is not performed.

(4) The construction of a frame (reservation of an auto variable, and so on) is not performed in the
assembling code output of a compiler. (Whether the frame construction is performed depends on
the contents of the description of the target function, and another optimization option.)

(Ignore this condition if you specify the -Oforward_function_to_inline option.)

C source Without -Ostatic_to_inline With -Ostatic_to_inline

static int f(int a,int b) push.w #0003H mov.w #0005H, c:16
{ mov.w #0002H,R0

return a+b; jsr $f
} add.l #02H,SP
int c; mov.w RO,_c:16
void main()

c=f(2,3);
}

Figure 3.33 Example of Using —Ostatic_to_inline
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3.5 Pragma Functions and Options for Reducing ROM Area and
Speeding Up Processing

Table 3.5 Pragma Functions and Options for Reducing ROM Area and Speeding Up Processing

Subsection Title Description

3.5.1 -0[1-5] Performs optimization.

3.5.2 -Osp_adjust Performs optimization that corrects the stack pointer
at a time.

3.5.3 -fuse_ DIV Uses the div instruction to perform division.

3.54 -Wno_used_argument | Outputs a warning for unused arguments.

3.5.5 -fsmall_array Calculates subscripts of arrays in 16 bits.

3.5.6 -fdouble_32 Handles double data as float data.
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3.5.1-O[1-5]

This option perform the maximum optimization for faster processing and reduced amount of code in
the ROM. This option can be specified with the -g option. The system assumes -O3 if you do not
specify any number (level).

-O1: Same as when -O3, -Ono_bit, -Ono_break _source_debug, -Ono_float_const_fold, and
-Ono_stdlib are valid.

-02: Same as -01.

-03: Performs the maximum optimization for faster processing and reduced amount of code in the
ROM.

-04: Validates -O3 and -Oconst.

-O5: Performs the maximum optimization that improves common subexpressions (when the -OR
option is concurrently specified), transfer of character strings, and comparison (when the -OS option is
concurrently specified).

However, a normal code may be unable to be output when the following conditions are satisfied:
o Different variables point to the same memory position simultaneously.

e These variables are used within the same function.

Example:
int a=3;

int *p=&a;

test()
{
int b;
“p=9;
a=10;
b="p; //Optimization will replace "p” with "9”.
print(“b=%d(expect b=10)¥n",b);

Result)
b=9(expect b=10)

Figure 3.34 Example of the Source Specification with "'-O5" that Causes Incorrect Operations

Note:
You cannot use the BTSTC or BTSTS bit manipulation instructions to write to or read data
from registers in the SFR area.
If you use the optimization option (-O5), the compiler may generate the bit manipulation
instructions (BTSTC and BTSTS) for the assembler code. If you use the -O5 optimization
option in the following compile specification, an interrupt request bit cannot be determined
correctly, resulting in unexpected operations.
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[Example: C source that cannot be used with the optimization option]
#pragma ADDRESS TAOIC 006Ch /* M16C/80 Timer A0 interrupt control register
*/
struct {
char ILVL : 3;
char IR : 1; /* An interrupt request bit */
char dmy : 4;
} TAOIC;
void wait_until_IR_is_ON(void)
{
while (TAOIC.IR == 0) /* Wait for 1 */
{
}
TAOIC.IR=0;/*Return1to 0 */

Figure 3.35 Example when Optimization Options Cannot be Used

If you find that the bit manipulation instructions (BTSTC and BTSTS) are output to the SFR area, take
the following measures before performing the compilation. Make sure that the generated code does not
have any problem in these settings:

e Use an optimization option other than -O5.
e Use the ASM function to directly specify the instruction in the program.

e Add the -Ono_asmopt (or -ONA) option.
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3.5.2-Osp_adjust

This option performs optimization by combining stack correction codes after function calls. Usually,
the compiler corrects a stack pointer to release the parameter area for functions each time a function is
called. When this option is specified, the stack pointer is corrected collectively, rather than for each
function call. The -Osp_adjust option reduces the amount of code used in the ROM and speeds up the
processing. However, the amount of stack used may increase.

C source Without -Osp_adjust With -Osp_adjust
main() _main: _main:
###C SRC: f(1.1); ### C SRC: f(1.1);
f(1.1); push.l #3ff19999H push.l #3ff19999H
g(1.1); push.l #9999999aH push.l #9999999aH
} jsr _f jsr _f
add.l #08H,SP # # C_SRC : g(1.1);
### C _SRC: g(1.1); push.l #3ff19999H

push.l #3ff19999H

push.l #9999999aH

push.l #9999999aH jsr _g

jsr g add.l #010H,SP

add.l #08H,SP ### C_SRC: }
### C_SRC: } rts

rts
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3.5.3 -fuse_DIV

This option changes generated code for division.

The compiler generates div.w (divu.w) and div.b (divu.b) microcomputer instructions for the following

divisions:

- The dividend is a 4-byte value, the divisor is a 2-byte value, and the result is a 2-byte value.

- The dividend is a 2-byte value, the divisor is a 1-byte value, and the result is a 1-byte value.

If the division results in an overflow when this option is specified, the compiler may operate differently
from stipulated in ANSI. If the division results in an overflow, For the div instruction of the M16C, the
result is unpredictable if an overflow occurs.

Therefore, when NC308 compiles the program in default settings, it calls a runtime library to correct
the result for this problem even in cases where the dividend is 4-byte, the divisor is 2-byte, and the

result is 2-byte.

Source program Default When using -fuse_DIV
long [; ts.w R1 divw _j:16
k=llj; exts.w mov.w RO,_k:16
push.l R3R1
mov.l _1:16,R2R0 Use the div instruction.
glb __i4div
jsr.a __i4div
add.| #4H,SP
mov.w RO,_k:16
Output the code, considering an
overflow.

Figure 3.37 Example of Using -fuse_DIV
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3.5.4 -Wno_used_argument

When a function having arguments is defined, this option outputs a warning for unused arguments. By
correcting the source program based on the warning, you can save the memory space and speed up the
processing.

C source Warning message
int f(int a,intb,intc) | C:¥Hew3¥test1¥test1¥test1.c(68) : [Warning(ccom)] function "f()" has no-used
{ argument(b).

return a+c;
}

Figure 3.38 Example of Executing -Wno_used_argument
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3.5.5 -fsmall_array

When referencing a far-type array whose total size is unknown during compiling, this option calculates
subscripts in 16 bits, assuming that the array's total size is within 64 Kbytes. When referencing
elements of a far-type array of unknown size, the compiler calculates subscripts in 32 bits by default, so
that arrays of 64 Kbytes or longer can be handled. See the following example:

extern int array[]:
inti = array[j];

In this case, because the total size of the array is not known to the compiler, the subscript "j" is
calculated in 32 bits.

When this option is specified, the compiler assumes that the total size of the array is 64 Kbytes or less
and calculates the subscript "j" in 16 bits. This can increase the processing speed and reduce the amount
of code.

We recommend you use this option whenever the size of one array does not exceed 64 Kbytes.

Source program Without -fsmall_array With -fsmall_array
extern far int a[l; mov.w -2[FB],RO ; |j indexws.w -4[FB] ; j
inti,j; exts.w RO mov.w:g_a,-2[FB] ; i
i=afj]; mov.l R2R0,A0

shl.l  #1,A0
mov.w _a[A0],-2[FB] ; i

Figure 3.39 Example of Using —fsmall_array
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3.5.6 -fdouble_32

This option causes the compiler to process the double type as the float type.

Notes:

1. When you specify this option, you must declare a function prototype. Without a
prototype declaration, the compiler may generate an invalid code.

2. When you specify this option, the debug information of the double type is processed as
the float type. Therefore, the double data is displayed as the float type on the C watch
window and global window of debugger PD308 and simulator PD308SIM.

C source

Without -fdouble 32

With -fdouble_32

float data;
data=data+123.456;

push.l _data:16

.glb __ f4tof8

jsr.a __ f4tof8

add.| #04H,SP
pushm R3,R2,R1,R0
push.| #405edd2fH
push.l #1a9fbe77H
.glb _ f8add

jsr.a __f8add

add.| #010H,SP
pushm R3,R2,R1,R0
.glb __ f8tof4

jsr.a __ f8tof4

add.| #08H,SP

mov.l R2R0,_data:16

push.l _data:16
push.| #42f6e979H
.glb _ f4add
jsr.a__f4add

add.| #08H,SP

mov.| R2R0 _data:16

Figure 3.40 Example of Using the —fdouble_32 Option
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3.6 Other Pragma Functions and Options

3.6.10ther Pragma Functions

Q) Extended functions for memory mapping
Extended function Description
#pragma ROM Maps the specified variable to the rom section.

Syntax: #pragma ROMA variable-name
Example: #pragma ROM val

Note: This facility is provided to maintain compatibility with NC77 and
NC79. The variable normally must be located in the rom section using
the const qualifier.

#pragma SECTION Changes the section name generated by the compiler.

Syntax: #pragma
SECTIONAexisting-section-nameAnew-section-name

Example: #pragma SECTION bss nonval_data

2 Extended functions for use with target devices

Extended function Description

#pragma ADDRESS | Assigns a variable to the absolute address.

(#pragma EQU) Syntax: #pragma ADDRESSAvariable-nameAabsolute-address
Example: #pragma ADDRESS port0 2H
#pragma Assigns a variable to the bit position of the specified absolute
BITADDRESS address.

Syntax: #pragma BITADDRESSAvariable-nameAbit-position,
absolute-address

Example: #pragma BITADDRESS io 1,100H

#pragma DMAC Assigns a DMAC register for the external variable. (Only for
NC308WA)

Syntax: #pragma DMACAvariable-nameADMAC-register-name
Example: #pragma DMAC dma0 DMAO

#pragma INTCALL Declares the function to be called by software interrupt (int
instruction).

Switch [/c] generates the code for saving the required register when
calling the function.

Syntax 1:

#pragma INTCALLA[/C]A INT-numberAassembler-function-name
(register-name)

Example 1:
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Extended function

Description

#pragma INTCALL 25 func( RO, R1)

#pragma INTCALL /C 25 func( RO, R1)

Syntax 2:

#pragma INTCALLA INT-numberAC-function-name()
Example 2:

#pragma INTCALL 25 func()

#pragma INTCALL /C 25 func()

Note: You must declare the prototype of the function before entering
this declaration.

#pragma
INTERRUPT

(#pragma INTF)

Declares the interrupt processing function written in C. This
declaration causes the compiler to generate the code, at the entry
and exit points of the function, that performs a procedure for the
interrupt processing function.

Syntax:
#pragma INTERRUPTA[/B|/E}/F]Ainterrupt-processing-function-name

#pragma
INTERRUPTA[/BJ/E}/F]Ainterrupt-vector-numberAinterrupt-processing
-function-name

#pragma
INTERRUPTA[/B}/E}/F]Ainterrupt-processing-function-name(vect=inte
rrupt-vector-number)

Example:

#pragma INTERRUPT int_func

#pragma INTERRUPT /B int_func

#pragma INTERRUPT 10 int_func
#pragma INTERRUPT /E 10 int_func
#pragma INTERRUPT int_func (vect=10)
#pragma INTERRUPT /F int_func (vect=20)

Note: You can also use #pragma INTF for maintaining compatibility
with C77.

#pragma
PARAMETER

Declares that the parameters are passed via the specified registers
when calling an assembler function.

Switch [/C] generates the code for saving the required register when
calling the function.

Syntax:

#pragma PARAMETERA[/C]Afunction-name(register-name)
Example:

#pragma PARAMETER asm_func(RO, R1)

#pragma PARAMETER /C asm_func(RO, R1)
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Extended function

Description

Note: You must declare the prototype of the function before entering
this declaration.

3) Extended functions for MR308 support

Extended function

Description

#pragma ALMHANDLER

Declares the name of the MR308 alarm handler.
Syntax: #pragma ALMHANDLERAfunction-name
Example: #pragma ALMHANDLER alm_func

#pragma CYCHANDLER

Declares the name of the MR308 cyclic start handler.
Syntax: #pragma CYCHANDLERAfunction-name
Example: #pragma CYCHANDLER cyc_func

#pragma INTHANDLER
#pragma HANDLER

Declares the name of the MR308 interrupt handler.
Syntax 1: #pragma INTHANDLERA[/E]Afunction-name
Syntax 2: #pragma HANDLERA[/E]Afunction-name
Example: #pragma INTHANDLER int_func

#pragma TASK Declares the name of the MR308 task start function.
Syntax: #pragma TASKAtask-start-function-name
Example: #pragma TASK task1

4) Other extended functions

Extended function

Description

#pragma ASM
#pragma ENDASM

Specifies the area in which coding is made in assembly
language.

Syntax: #pragmaAASM
#pragmaAENDASM
Example:

#pragma ASM

mov.w RO,R1

add.w R1,02H

#pragma ENDASM

#pragma JSRA

Calls a function by using JSR.A as the JSR instruction.
Syntax: #pragma JSRA Afunction-name
Example: #pragma JSRA func
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Extended function

Description

#pragma JSRW

Calls a function by using JSR.W as the JSR instruction.
Syntax: #pragma JSRWAfunction-name
Example: #pragma JSRW func

#pragma PAGE

Specifies a new-page point in the assembiler listing file.
Syntax: #pragmaAPAGE
Example: #pragma PAGE

#pragma __ ASMMACRO

Declares the function defined by the assembler macro.

Syntax: #pragma __ ASMMACROAfunction-name
(register-name)

Example: #pragma _ ASMMACRO mul(R0,R2)
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3.6.20ther Options

Q) Options for controlling the compile driver

Option

Function

Creates a relocatable file (extension .r30), and ends
processing.

-D identifier

Defines an identifier. This option has the same function as
#define.

-1 directory-name

Specifies the name of the directory that contains files to be
referenced by the #include preprocess command. You can
specify up to 16 directories.

-E Processes only the preprocess commands and outputs the
result to standard output.

-P Starts only the preprocess commands and creates a file
(extension .i).

-S Creates an assembly source file (extension .a30), and ends

processing.

-U predefined-macro-name

Makes the predefined macro to undefined one.

-silent

Suppresses the copyright message at startup.

-dsource

Generates an assembly source file (extension ".a30") with a C
source list output as a comment. (This file is not deleted even
after assembling.)

-dsource_in_list

Generates an assembly language list file (extension .Ist), in
addition to performing the "-dsource" function.

(2 Options for specifying output files
Option Function
- o file-name Specifies the name of a file (absolute module file, map file, and

so on) generated by In308. You can also specify a pathname
including a directory name. Do not specify file name
extensions.

-dir directory-name

Specifies the directory to which files (absolute module file, map
file, and so on) generated by In308 are output.
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(3)Options for displaying version information and command line

Option Function
-V Displays the name of the command program being executed and the
command line.
-V Displays the startup messages of the compiler programs, then ends

processing (without compiling anything).

(4) Options for debugging

Option Function
-g Outputs debug information to an assembly source file
(extension .a30). This enables C-language level debugging.
-genter Always outputs an enter instruction during function call. You must
specify this option when using the debugger's stack trace function.
-gno_reg Suppresses the output of debug information for register variables.

(5) Optimization options

Option Function
-Oconst Performs optimization by replacing references to
const-modified variables with constants.
-Ono_bit Suppresses optimization based on grouping of bit

manipulations.

-Ono_break _source_debug | Suppresses optimization that affects source line information.

-Ono_float_const_fold

Suppresses constant folding processing of floating-point

numbers.
-Ono_stdlib Suppresses inline padding of standard library functions and
modification of library functions.
-Ono_logical_or_combine Suppresses optimization that puts consecutive ORs together.
-Ono_asmopt Suppresses optimization by the assembler optimizer "aopt30."
-Ocompare_byte to word Compares consecutive bytes of data at contiguous addresses

in words.

-Oforward_function_to_inline | Performs inline expansion for all the inline functions.

-Oglb_jmp

Optimizes external references to jump instructions.

(6)Options for modifying generated codes

Option

Function

-fansi

Validates -fnot_reserve far_and_near,
-fnot_reserve_asm, -fnot_reserve_inline, and
-fextend_to_int.
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Option

Function

-fnot_reserve_asm

Exclude asm from reserved words (only "_asm" is
valid).

-fnot_reserve _far_and_near

Exclude far and near from reserved words (only
" far" and "_near" are valid).

-fnot_reserve_inline

Exclude inline from reserved words (only "_inline"
will be a reserved word).

-fextend_to_int

Performs operation after extending char-type data to
int-type (use the expansion conforming to the ANSI
standards.)

-fchar_enumerator

Handles the enumerator type as the unsigned
char-type, not as the int-type.

-fno_even Allocates all output data to the odd attribute section
without separating odd data from even data.

-ffar_ RAM Changes the default attribute of RAM data to "far."

-fnear_ROM Changes the default attribute of ROM data to "near."

-fnear_pointer

Changes the default attribute of the pointers and
addresses to "near."

-fconst_not ROM

Does not handle the types specified by const as
ROM data.

-fnot_address_volatile

Does not regard the variables specified by #pragma
ADDRESS (#pragma EQU) as variables specified by
volatile.

-fenable_register

Validates the register storage class.

-finfo Outputs the information required for the Inspector,
Stk Viewer, Map Viewer, and utl30.
-M82 Generates the code for the M32C/80 Series.

-fswitch_other_section

Outputs a table jump for the switch statement to a
section other than the program section.

-ferase_static_function=function-name

Does not generate any code if the function specified
in this option is a static function.

-fno_switch_table

Generates the code that branches after making
comparison for the switch statement.

-fmake_vector_table

Automatically generates a variable vector table.

-fmake_special_table

Automatically generates a special page vector table.

(7)Library specification option

Option

Function

-I library-file-name

Specifies the library to be used during linking.
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(8) Warning options

Option

Function

-Wnon_prototype

Outputs a warning if a function without prototype declaration is
used.

-Wunknown_pragma

Outputs a warning if unsupported #pragma is used.

-Wno_stop

Does not stop the compilation even if an error occurs.

-Wstdout

Outputs an error messages to standard output (stdout) of the
host machine.

-Werror_file<fileame>

Outputs tag files.

-Wstop_at_warning

Stops compiling if a warning occurs during compiling.

-Wnesting_comment

Outputs a warning for a comment including "/*."

-Wccom_max_warnings

=warning-count

Allows you to specify the maximum number of times ccom308
can output a warning.

-Wall

Displays all detectable warnings (however, not including
warnings output by "-Wlarge_to_small" and
"-Wno_used_argument").

-Wmake_tagdfile

Outputs a tag file for each file if an error and warning occurs.

-Wuninitialize_variable

Outputs a warning for auto variable that have not been
initialized.

-Wlarge to_small

Outputs a warning for implicit assignment of variables in
descending sequence of size.

-Wno_warning_stdlib

This option specified with "-Wnon_prototype" or "-Wall" inhibits
the "warning for standard libraries that do not have prototype
declaration."

-Wno_used_static_function

Displays the static function name that does not require code
generation.

-Wundefined_macro

Displays a warning if an undefined macro is used in #if.

-Wstop_at_link

Suppress the generation of an absolute module file if a warning
occurs during linking.

(9) Assembly and link options

Option Function
-as308A<option> Specifies the options for the as308 assemble command. To
pass two or more options, enclose them in double quotes (").
-In308A<option> Specifies the options for the In308 link command. To pass

two or more options, enclose them in double quotes (").
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3.7Sections

3.7.1Sections Managed by NC308

NC308 manages the data and code mapping areas as sections.

This subsection describes the types of sections managed by NC308, and how to manage them.

Q) Structure of sections

NC308 manages data according to the type as individual sections. Table 3.6 shows the structure of
sections that NC308 manages.

Table 3.6 Structure of Sections for NC308

Section base name

Contents

data Stores static variables with initial values.

bss Stores static variables without initial values.

rom Stores character strings and constants.

program Stores programs.

program_s Stores programs specified in #pragma SPECIAL.

vector Variable vector area (The compiler does not generate this area.)
fvector Fixed vector area (The compiler does not generate this area.)
stack Stack area (The compiler does not generate this area.)

heap Heap area (The compiler does not generate this area.)
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void func(void);
#pragma SPECIAL 20

Static variable

func()

inti=1;
charc='0";

inti, k: /

constcharcc="'a'; —
void main(void)
{
intl, m;
i=i+k;

func();

with initial
values

Static variable

data section

bss section

without initial
values RAM
stack section
Auto variable (Not generated by the
compiler)
program section
Program specified
in #pragma program_S section
SPECIAL ROM

Strings and

AN

void func(void)

{
}

constants

rom section

data_| section

Initial values

Figure 3.41 Mapping Sections according to Type of Data

2 Section attributes

The sections generated by NC308 are further classified according to their attributes, including whether
they have initial values, which area they are mapped to, and their data size.

Table 3.7 shows the symbols indicating the attributes.

Table 3.7 Section Attributes

Attribute Contents Applicable section
base name

I Section containing initial values of data data

N/F/S N: "near" attribute (area from 000000H to O0OFFFFH) data, bss, rom
F: "far" attribute (area from 000000 to FFFFFFH)
S: SBDATA attribute (area available for SB relative data, bss
addressing)

E/O E: Data size is an even number. data, bss, rom
O: Data size i an odd number.

3) Naming rules of sections

The names of sections generated by NC308 are determined using the section base names and attributes.

Figure 3.42 shows the combination of the section base name and attribute.
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[ Section name = Section base name Attribute

Section base name

data bss rom program
Attribute Meaning
N "near" attribute
F "far" attribute
S SBDATA attribute
E Even data size
O odd data size

With initial values

Figure 3.42 Section Name Naming Rules
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3.8 Issues Related to Cross-Software

3.8.1 Issues Related to Assembly Language Programs

Almost any kind of program can be written in C. However, you use the assembly language when you
want to improve performance or use special instructions. This section reviews the issues you must keep
in mind when linking C programs to assembly language programs.

1) Calling assembler functions from C programs

(@) Assembler function without parameters

When calling assembler functions from C programs, use the name of the assembler functions the same
way for calling functions written in C.

The first label name in an assembler function must be preceded by an underscore (). To call the
assembler function from the C program, use the first label name without the underscore. The calling C
program must include a prototype declaration of the assembler function.

Figure 3.43 shows an example of calling the assembler function asm_func.

extern void asm_func( void ); « Prototype declaration of the assembler function
void main()
{
(Omitted)
asm_func(); « Calling the assembler function
}

Figure 3.43 Example of Calling the Assembler Function without Parameters (smpl.c)

.glb _main

_main:

(Omitted)

jsr _asm_func « Calling the assembler function (preceded by " ")

rts

Figure 3.44 Compiled Results of smpl.c (Excerpt) (smpl.a30)
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(b) Passing parameters to assembler functions
When passing parameters to assembler functions, use the extended function #pragma PARAMETER.

#pragma PARAMETER passes parameters to the assembler functions via 32-bit general-purpose
registers (R2R0, R3R1), 16-bit general-purpose registers (RO, R1, R2, R3), 8-bit general-purpose
registers (ROL, ROH, R1L, R1H), and address registers (A0, Al).

The following shows the procedure for calling an assembler function using #pragma PARAMETER:

(D  Enter a prototype declaration of the assembler function before the #pragma PARAMETER
declaration.

You must also declare the parameter types.

@  For #pragma PARAMETER, declare the name of the registers to be used in the parameter
list of the assembler function.

Figure 3.45 shows an example using #pragma PARAMETER to call the assembler function asm_func.

extern unsigned int asm_func(unsigned int, unsigned int);
#pragma PARAMETER asm_func(R0, R1) «— Pass the parameters to the assembler function

via RO and R1 registers.

void main()

{
int i = 0x02;
int j = 0x05;

asm_func(i, j); < Calling the assembler function

Figure 3.45 Example of Calling the Assembler Function with Parameters (smp2.c)
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.glb _main
__main:
enter #04H
pushm R1
._line6
### C_SRC :inti=0x02;
mov.w #0002H,-4[FB] ; i
._line7
;## # C_SRC : intj = 0x05;
mov.w #0005H,-2[FB] ; j
._line9
;## # C_SRC : asm_func(i, j);
mov.w -2[FB],R1 ; j « Pass the parameters to the assembler function
mov.w -4[FB],RO ;i via RO and R1 registers.
jsr _asm_func < Calling the assembler function (preceded by " ")
._line10
;### C_SRC :}
popm R1

exitd

Figure 3.46 Compiled Results of smp2.c (Excerpt) (smp2.a30)

(c) Limits on parameters in the #pragma PARAMETER declaration
You cannot declare the following parameter types in a #pragma PARAMETER declaration:

e Parameters of structure type and union type
e 64-bit integer type (long long) parameters

e Double precision floating-point type (double) parameters

You cannot define return values of the structure or union type for assembler functions.

2 Coding assembler functions

(@ Coding the assembler function to be called

The following describes the procedure for coding the entry processing of an assembler function:

@D  Use the assembler pseudo instruction .SECTION to specify the section name.
Use the assembler pseudo instruction .GLB to specify the function name label as global.
Add an underscore () to the function name to write it as a label.

If you want to modify the B or U flag, save the flag register into the stack.

© ® 0 O

Save the registers that may be destroyed within the function.
The following describes the procedure for coding the exit processing of an assembler function:
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©® Restore the registers that have been saved during entry processing of the function.

@  If you modified the B and U flags within the function, restore the flag register from the

stack.

Code the RTS instruction.

Do not change the contents of the SB and FB registers within the assembler function.

If you change the contents of the SB and FB registers, save them in the stack at the entry to the function,
and then restore them from the stack at the exit of the function.

Figure 3.47 shows an example of coding the assembler function. In this example, the section name is
"program”, which is the same as the section name output by the compiler.

.SECTION program ~®
.GLB _asm_func ~ @
_asm_func: 0
PUSHC FLG ~®
PUSHM R3,R1 ~0®
MOV.L SYM1, R3R1
POPM R3,R1 ~®
POPC FLG ~®
RTS —
.END

* ® to ® correspond to the steps descried above.

Figure 3.47 Example Coding of an Assembler Function

(b) Returning values from an assembler function

Values of the integer, pointer, and floating-point types can be returned from an assembler function to a
C program via registers. Table 3.8 shows the calling rules for return values. Figure 3.48 shows a coding
example of an assembler function to return a value.

Table 3.8 Calling Rules for Return Values

Return value type Rule
_Bool type ROL register
chartype
int type RO register

near pointer type

float type When the value is returned, the 16 low-order bits are stored in the
RO register and the 16 high-order bits are stored in the R2 register.

long type

double type When the value is returned, it is stored in 16 bits each, beginning

long double type

with the MSB, in order of registers R3, R2, R1, and RO.

long long type

When the value is returned, it is stored in 16 bits each, beginning
with the MSB, in order of registers R3, R1, R2, and RO.
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Return value type Rule
structure type Immediately before calling the function, the "far" address indicating
ion t the area for storing the return value is pushed to the stack. Before
union type the return to the calling program, the called function writes the
return value to the area indicated by the "far" address pushed to the
stack.

.SECTION program
.GLB _asm_func

_asm_func:

(Omitted)

MOV.I #01A000H, R2R0

RTS
.END

Figure 3.48 Example of Coding Assembler Function to Return long-type Return Value

(c) Referencing C variables

Since assembler functions are written in different files from the C program, only the C global variables
can be referenced.

To include the names of C variables in an assembler function, precede them with an underscore ().
You also need to use the assembler pseudo instruction .GLB to declare variables for external reference
in the assembly language program.

Figure 3.49 shows an example of referencing the C program global variable "counter” from the
assembler function asm_func.

3-59



[C program]

unsigned int counter; «C program global variable

main()

{

(omitted)

}

[Assembler function]
.GLB _counter < Declare the C program global variable for external reference
asm_func:

(omitted)

MOV.W _counter, RO «— Reference

Figure 3.49 Referencing a C Global Variable

(d) Notes on specifying interrupt processing in assembler functions

The following must be performed at the entry and exit points of a program (function) for interrupt
processing:

1. Save the registers (RO, R1, R2, R3, A0, Al, and FB) at the entry point.
2. Restore the registers (RO, R1, R2, R3, A0, Al, and FB) at the exit point.
3. Use the REIT instruction to return from the function.

Figure 3.50 shows an example coding of an assembler function for interrupt processing.

.section program

.glb _func

_func:

pushm RO,R1,R2,R3,A0,A1,FB «— Save all the registers.
MOV.B #01H, ROL

(Omitted)

popm RO,R1,R2,R3,A0,A1,FB < Restore all the registers.
reit «— Return to the C program.
.END

Figure 3.50 Example Coding of an Interrupt Processing Assembler Function
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(e) Notes on calling C functions from the assembler
Not the following when calling functions written in C from an assembly language program:

@O  Tocall a C function, use a label name preceded by an underscore () or a dollar ($).

@  For NC308, the RO register and registers used for return values are not saved during entry
processing of the function. You must save these registers before calling the C function from
the assembler.

For NC30, C functions do not save or restore registers. Before calling a C function, save the registers
used in the assembler function. Restore them after returning from the C function.

3) Notes on coding assembler functions

Note the following when coding assembly language functions (subroutines) that are called froma C
program.

(@ Notes on handling the B and U flags

When returning from an assembler function to a C program, resume the B and U flags to the same
condition as they were when the function was called.

(b)  Notes on handling the FB register

If you modified the value of a FB (frame base register) in an assembler function, you cannot return to
the calling C program normally. Therefore, do not modify the FB value in the assembler functions. If

you need to change the FB register due to system design, save it at the start of the function and restore
it when returning to the function from which it was called.

(c) Notes on handling the general-purpose registers and address registers

When modifying the contents of the general-purpose registers (R1, R2, and R3, except for R0) and
address registers (A0, Al) in an assembler function, you must save them at the entry processing of the
assembler function and restore them at the exit processing.

However, if the assembler function is declared using #pragma PARAMETER /C, the codes for saving
and restoring the registers are generated in the calling program. Therefore, it is unnecessary to save and
restore the registers in the assembler function. (The amount of code becomes somewhat larger.)

(d) Notes on passing parameters to an assembler function

If you want to pass parameters to a function written in assembly language, use the #pragma
PARAMETER function to pass these parameters via registers. Figure 3.51 shows the format
("asm_func" is the name of the assembler function).

unsigned int near asm_func(unsigned int, unsigned int);
T Prototype declaration of the assembler function
#pragma PARAMETER asm_func(RO, R1)

Figure 3.51 Coding Example of an Assembler Function

#pragma PARAMETER passes parameters to assembler functions via the 16-bit general-purpose
registers (RO, R1, R2, R3), 8-bit general-purpose registers (ROL, ROH, R1L, R1H) and address registers
(A0, Al). In addition, the 16-bit general-purpose registers are combined with the address registers to
form 32-bit registers (R3R1, R2R0, A1A0) through which parameters are passed to the assembler
functions.

You must enter the prototype declaration of the assembler function before the #pragma PARAMETER
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declaration.

However, you cannot declare the following parameter types in the #pragma PARAMETER declaration:
e Parameters of structure type and union type
e 64-bit integer type (long long) parameters

e Double precision floating-point type (double) parameters

You cannot define return values of the structure or union type for assembler functions.
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3.9 long long Type

The compiler supports long long and unsigned long long types data.

This data type is represented as "long long" for signed integer, and "unsigned long long" for unsigned

integers.

To create a long long type integer constant, append the suffix LL after the integer value. To create an

unsigned long long type integer constant, append the suffix ULL after the integer value.

Table 3.9 Integer Types and Range of Values

Type Range of values Data size
char 0 to 255 1 byte
signed char -128 to 127 1 byte
unsigned char 0 to 255 1 byte
short -32768 to 32767 2 bytes
unsigned short 0 to 65535 2 bytes
int -32768 to 32767 2 bytes
unsigned int 0 to 65535 2 bytes
long -2147483648 to 2147483647 4 bytes
unsigned long 0 to 4294967295 4 bytes
long long -9223372036854775808 to 9223372036754775807 8 bytes
unsigned long long | 0 to 18446744073709551615 8 bytes
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3.10 "near/far" Type

The maximum access area for the M16C/80 Series is 16M bytes. NC308 manages this area divided into
a near area (from 000000H to OOFFFFH) and a far area (from 000000H to FFFFFFH). This subsection
describes how to map variables and functions to these areas and how to access these areas.

3.10.1 Near and Far Areas

To manage the access area of a maximum of 16M bytes, NC308 divides this area into near and far areas.
Table 3.10 shows the characteristics of these areas.

Table 3.10 Near and Far Areas

Area Description

Near area This area helps the M16C/80 Series access data efficiently.

This 64-Kbyte area extends over absolute addresses from 000000H to
OOFFFFH. Stacks and internal RAM are mapped to this area.

Far area Full memory space accessible from the M16C/80 Series. This 16-Mbyte
area extends over absolute addresses from 000000H to FFFFFFH.

Internal ROM is mapped to this area.

3.10.2 Defaults of the ""near' and "'far'" Attributes

For NC308, variables and functions mapped to the near area have the "near" attribute and those mapped
to the far area have the "far" attribute. Table 3.11 shows the default attributes of the variables and
functions.

Table 3.11 Defaults of the ""'near"* and "*far'* Attributes

Category Attribute
Program Fixed to "far"
RAM data near (However, the pointer types has the "far" attribute.)
ROM data “far"
Stack data Fixed to "near"

To change the defaults of near and far attributes, specify the following options when starting NC308:
-ffar_RAM (-fFRAM): Change the default attribute for the RAM data to "far".
-fnear_ROM (-fFNROM): Change the default attribute for the ROM data to "near".
-fnear_pointer (-fNP):  Change the default attribute for the pointer type data to "near".

3.10.3 "'near™ and "*far™ Specification for Functions

Due to the architecture of the M16C/80 Series, the attribute for NC308 functions is fixed to the far area.
If you specify "near”, NC308 outputs a warning during compiling and forcibly maps the functions to
the far area.
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3.10.4 ""near" and "'far"* Specification for Variables
[storage-class] type-specifier near/far variable-name;

If you do not specify "near" or "far" in the type declaration, RAM data will be mapped to the near area.
Data with const modifier and ROM data will be mapped to the far area.

static int data; P data

static int near n_data;

static int far f data;
static const int c data=0x1234; —
- n_data [ |
near area
far area
P f data | —
L c data [ 0x1234 ___|

Figure 3.52 Static Variable's near/far
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The specification of "near" or "far" does not affect the mapping of auto variable because they are all
mapped to the stack area.)

Whether the stack area is mapped to the Stack area
near or far area depends on the system.
l\\
P i_near
void func(void)
{
int neari_near; | ]
int fari_far ; > i_far
int near *addr_near ;
int *addr_far ; | P addr_near [— —
}
—— P addr_far [ |

Figure 3.53 Auto Variable's near/far
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3.10.5 ""near' and "*far" Specification for Pointers

Specify "near"” or "far" for a pointer to specify the size of the address to be stored in the pointer and the
area to which the pointer is mapped.

(1) Specifying the size of the address to be stored in the pointer

If you do not specify anything, the pointer is handled as a 32-bit (4-byte) pointer variable pointing to
the variable in the far area.

[[storage-class] type-specifier near/far * variable-name; ]

near: The size of the address to be stored in the pointer variable is 16 bits.
far: The size of the address to be stored in the pointer variable is 32 bits.

int near *near_data;

int far *far_data;
near_data [ -
far_data — —

*near_data — — 4 —
near area
far area

*far_data — — t—

Figure 3.54 Specifying the Address Size Stored in the Pointer
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(2) Specifying the area to which the pointer is mapped

If you do not specify anything, the pointer variable to mapped to the near area.

[[storage-class] type-specifier * near/far variable- name; }

near: Map the area for the pointer variable to the near area.
far: Map the area for the pointer variable to the far area.

int *near near_data;
int *far far_data; l _
near_data I —
near area
far area
*near_data — —
44—
*far_data — — ¢
far_data — —

Figure 3.55 Specifying the Pointer Mapping Area
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3.10.6 Difference in Pointer's ""near/far* Specification between NC308 and NC30

For the NC30 C compiler for the M16C/60 and M16C/20 Series, the "near" attribute is assumed for all
pointers if "near" or "far" is not specified. For NC308, if nothing is specified for the size of the address
to be stored in the pointer, the size of the pointer variable is assumed to be 32 bits (4-bytes). The
pointer is then handled as a pointer variable pointing to the variable in the far area.

3.10.7 Assigning Variable Address in the Far Area to the ""near’ Pointer

If an attempt is made to assign a variable address in the far area to the "near” pointer, NC308 outputs a
warning message, indicating that the pointer will be assigned, ignoring higher-order part of the address.

NC308 also outputs a warning message indicating that the "far" pointer is explicitly or implicitly
converted to the "near" pointer.

/J_J A function that receives the "near" pointer as a parameter.

void func(int near * );

int near i_near;

int fari_far; /

int *addr_far;

Provide a pointer variable for the far area.

Provide a pointer variable for the near area.

int near *addr_near;

void main(void
( ) A warning occurs!

addr_far = &i_far; A warning occurs!

addr_far = &i_near; Assign the pointer, ignoring the higher-order address.

addr_near = addr_far; %

addr_near = (near *)addr_far; —— A warning occurs!

func(addr_far);

) e

%
¢ ‘4/ Assign the pointer, ignoring the higher-order address.
addr_near= &i_far; I

/

— |

I

\

The "far" pointer is explicitly converted to the "near"
\
\

pointer.

void func(int near *ptr )

{ A warning occurs!
} The "far" pointer is implicitly converted to the "near”
pointer.

Figure 3.56 Assigning a Variable Address in the far Area to the near Pointer
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3.11 Inline Expansion

You can specify an inline storage class the way as you would for C++. By specifying the inline storage
class for functions, you can perform inline expansion for the functions.
3.11.10verview of the Inline Storage Class

The inline storage class specifier declares that the function is subject to inline expansion. For the
functions specified for the inline storage class, the code is directly embedded at the assembly language
level.

3.11.2Format of an Inline Storage Class Declaration

In a declaration, enter an inline storage class specifier using the same syntax as for the static, extern
type storage class specifier. Figure 3.57 shows the declaration format.

inlineAtype-specifierAfunction;

Figure 3.57 Declaration of an inline Storage Class

Figure 3.58 shows an example of a function declaration. Figure 3.59 shows the compiled result.

inline int func(int i) «— Declaration and definition part of the inline function
{
return i++;
}
void main()
{
ints;
s = func(s); « Calling part of the inline function
}

Figure 3.58 Sample Program for the Inline Function
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. LANG 'C''X XX.XX''REV.X'

;## NC308 C Compiler OUTPUT

## ccom308 Version X. XX. XX

## COPYRIGHT(C) XXXX(XXXX-XXXX) RENESAS TECHNOLOGY CORPORATION
;## ALL RIGHTS RESERVED AND RENESAS SOLUTIONS CORPORATION ALL RIGHTS
RESERVED

;## Compile Start Time Thu April 10 18:40:11 1995,1996,1997,1998,1999,
2000,2001,2002,2003

;## COMMAND_LINE: ccom308 D:¥MTOOL¥nc308wa5¥TMP¥sss.i -0 .¥smp.a30

ds

;## Normal Optimize OF F

;## ROM size Optimize OF F

;## Speed Optimize OF F

#i Default ROMisfar

#i# Default RAM is near

GLB_SB__
SB__SB__
FBO

;## # FUNCTION func
;## # FUNCTION main
;## # FRAME AUTO ( s) size 2, offset -4
;## # FRAME AUTO (i) size 2, offset -2
;## # ARG Size(0) Auto Size(4) Context Size(8)
.SECTION program,CODE,ALIGN
._file 'smp.c'
.align
_line 7
### C_SRC : {
.glb _main
_main:
enter #04H
pushm R1
._line 9
;## # C_SRC : s = func(s);
mov.w -4[FB],RO ; s
._line 2

### C_SRC: {
mov.w RO,-2[FB] ; i
._line 3

### C_SRC :return i++; «— The inline function is embedded.
mov.w RO,R1
add.w #0001H,R0

._line 9

;## # C_SRC : s = func(s);
mov.w R1,-4[FB] ; s
._line 10
##E#C_SRC:}
popm R1
exitd
E1:
.END
;## Compile End Time Tue Jul 16 13:12:00 20xx

Figure 3.59 Compiled Results of the Sample Program
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3.11.3 Rules for the Inline Storage Class

Note the following when specifying the inline storage class:

About inline function parameters
You cannot use the structure or union types for parameters of the inline functions.

If you use these types, a compile error occurs.

About the indirect call of inline functions

You cannot perform the indirect call of an inline function. A specification of a indirect call causes a
compile error.

About the recursive call of inline functions

You cannot the recursive call of an inline function. A specification of a recursive call causes a
compile error.

About the definition of an inline function

When you specify the inline storage class for a function, you must define the body of the function
in addition to the declaration. This body definition must be included in the same file as the
functions.

Figure 3.60 shows a coding that the compiler handles as an error.

inline void func(int i);
void main( void )
{

func(1);

[Error message]
[Error(ccom):smp.c,line 5] inline function's body is not declared previously
===> func(1);

Sorry, compilation terminated because of these errors in main().

Figure 3.60 Example of Inappropriate Coding of Inline Function (1)
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If you used a function as an ordinary one and then define it as an inline function, the inline
specification is disabled and all functions are handled as static functions. In this case, the compiler
outputs a warning.

int func(int i);
void main( void ¥
func(1);
}
inline int func(int i){
return i;
}
[Warning message]
[Warning(ccom):smp.c,line 9] inline function is called as normal function before

,change to static function

Figure 3.61 Example of Inappropriate Coding of Inline Function (2)

e About the address of an inline function

Since the inline function itself does not have an address, using the & operator for the inline function
causes an error.

inline int func(int i)

{
return i;
}
main()
{
int (*f)(int);
f = &func;
}

[Error message]
[Error(ccom):smp.c,line 10] can't get inline function's address by '&' operator
===> f = &func;

Sorry, compilation terminated because of these errors in main().

Figure 3.62 Example of Inappropriate Coding of Inline Function (3)
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e Declaration of static data

If static data is declared in an inline function, the body of the declared static data is allocated in
units of files. For this reason, if the inline function extends over two or more files, different areas
are to be accessed.

The static data to be used in the inline function must be declared outside the function. The compiler
outputs a warning if a static declaration is found in the inline function. We do not recommend a
static declaration in the inline function.

inline int func( int j)
{

staticinti=0;

i++;
return i + j;

}

[Warming message]

[Warning(ccom):smp.c,line 3] static valuable in inline function

===> static inti=0;

Figure 3.63 Example of Inappropriate Coding of Inline Function (4)

e Debug information
The compiler does not output C-language level debug information for inline functions.

This means that the inline functions are debugged at the assembly language level.
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Section 4. Using the High-performance Embedded
Workshop

4.1 Specifying Options in the High-performance Embedded Workshop

You can specify options from the Options menu. The following shows how to specify options from
Renesas Integrated Development Environment. Select "Renesas M32C Standard Toolchain™ from the
Options menu.

Eﬁ!’rez’r - High—perfarmance Embedded Warkshop

File Edit Miew Project | Options  Build  Memory  Tools  Window  Help

= H ﬁ |§ | cH Fenezaz M3IZ2C Standard Toaolzhain.. :?E %
P I Euild Phases.. ||De|:|ug

JJ ENEINE} n Build Configurations..
I

Debue Sezsions..

E‘@m Debue Settines.
El- IE test
EI a fzzembly so Badi

b | E] pert0.a3
EI a G zource file

------ . test C

;-f_“—nn

Figure 4.1 High-performance Embedded Workshop Options Menu
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4.1.1 C Compiler Options

Select the [C] tab in the [Renesas M32C Standard Toolchain] dialog box.

—  Category:[Source]

Table 4.1 Correspondence between Items on the Category:[Source] Dialog Box and Compiler

Options

Dialog Box

Option

Show entries for :
Include files directories

Defines

Predefines

I<directory name>
D<sub>

<sub>: <macro name> [= <string>]
U<sub>

<sub> : <predefined macro name>

Renesas M32C Standard Toolchain

Configuration ;

I Debug j

-3 All Loaded Projects
Ell@ test
[+ C source file
&[] Assembly source file

1 |

2=

c |.ﬁ.sseml:||_l,l| Link I LiI:urarianI Lme: I Cfg I b 4 I *l

Categony : ISDurI:E: j

Show entries for

Ilnclude file directaries j

Include file directones specified in

Defines

Predefines
Add. . |
|rzert.. |
Eemove |
| +
Up  Dowr

Optionz C

-z ~finfa -dir FICONFIGDIR]Y

k. Cancel

Figure 4.2 Category:[Source] Dialog Box



- Category:[Object]

Table 4.2 Correspondence between Items on the Category:[Object] Dialog Box and Compiler

Options
Dialog Box Option

Output file type :
[-c] Relocatable file (*.r30) c
[-S] Assembly language source file (*.a30) S
[-P] Preprocessed source file (*.i) P
[-E] Preprocessed output E
Debug options :

[-finfo] Outputs information needed for Inspector, Stk Viewer, and finfo
utl30

[-g] Outputs debugging information. Therefore you can perform g
C-language-level debugging

[-genter] Always outputs an enter instruction when calling a function. | genter
Be sure to specify this option when using the debugger's stack trace
function

[-gno_reg] Suppresses the output of debugging information for gno_reg

register variables

[-dir] Specifies the directory to output the file(s) to :

dir<directory name>




Renesas M32C Standard Toolchain 2=

Configuration : C |.-'-‘-.ssem|:||_l,l| Lirik. I LiI:urarianI Lric I Cfg I MLI_"I
I Debug j Category :
By % Loaded Projects Dutput file type - [1.c] Relocatable file (*.30] |
&[] C source file Debug options :

B Assembly source fil [w][-firfa] Outputs infarmation needed for Inspector, Stk Yiewer,

[1[-g] Outputs debugging information. Therefore you can perfor
[I[-genter] Always outputz an enter instruction when calling a f
[I[-gno_req] Suppreszes the output of debugging information f

«| | i

[-dir] 5 pecifies the directary to output the file(z) to

|$[EEINFII3DIFE]"~ Modify... |

Optionz C
-c -finfo -dir SICONFIGDIR]Y ;I

k. Cancel

Figure 4.3 Category:[Object] Dialog Box

- Category:[List]

Table 4.3 Correspondence between Items on the Category:[List] Dialog Box and Compiler
Options

Dialog Box Option Shortcut

[-dS] Outputs C source code as comments in the output dsource ds
assembly language source list.

[-dSL] Outputs C source code as comments in the output | dsource_in_list | dSL
assemble list.
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Renesas M32C Standard Toolchain

2%

Configuration : C | Azzembly I Lirik I Librarian I L I Cig I b A I k I
I Debug j Categony ;
E‘@ Al Loaded Projects [-d5] Outputs C gource code as comments in the autput
EII@ ezt azzembly language zource list.
D C source file [-A5L] Dutputs C source code as comments it the output
- Aszzembly zource filk assemble [ist.
Options C
-¢ -finfo -dir ${COMFIGDIR] ;l
1| | »] =

Figure 4.4 Category:[List] Dialog Box

- Category:[Optimize]

Table 4.4 Correspondence between Items on the Category:[Optimize] Dialog Box and Compiler

Options
Dialog Box Option Shortcut
Optimization level :
[-O1] Makes —O3,-ONB,-ONBSD,-ONFCF,and o1 None
—ONS valid
[-O2] Makes no difference with —O1 02 None
[-O3] Optimizes speed and ROM size to the maximum | O3 None
[-O4] Makes —O3 and Oconst valid 04 None
[-O5] Effect the best possible optimization 05 None
Size or speed :
[-OR] ROM size followed by speed OR None
[-OS] Speed followed by ROM size oS None




Dialog Box Option Shortcut

Miscellaneous options :

[-OC] Performs optimization by replacing references Oconst oC
to theconst-qualified external variables with constants

[-OCBTW] Compares consecutive bytes of data at Ocompare_byte to | OCBTW
contiguous addresses in words _word

[-OFFTI] In line deployment is performed to the Oforward_function_ | OFFTI
function described ahead. to_inline

[-OFTI] A floating point runtime library function is Ofloat_to_inline OFTI
developed.

[-OGJ] Optimizes the branch instruction which refers Oglb_jmp 0GJ
to the global label.

[-ONA] Suppresses execution of assembler optimizer | Ono_asmopt ONA
aopt308

[-ONB] Suppresses optimization based on grouping of | Ono_bit ONB
bit manipulations

[-ONBSD] Suppresses optimization that affects Ono_break source | ONBSD
source line information _debug

[-ONFCF] Suppresses the constant folding processing | Ono_float_const _fo | ONFCF
of floating point numbers Id

[-ONLOC] Suppresses the optimization that puts Ono_logical_or_co | ONLOC
consecutive ORs together mbine

[FONS] Inhibits inline padding of standard library Ono_stdlib ONS
functions and modification of library functions

[-OSA] Performs optimization to remove stack Osp_adjust OSA
correction code after calling a function

[-OSTI] A static function is treated as an inline function | Ostatic_to_inline OSTI
[-OLU] Expands sentences the number of times to loop | Oloop_unroll=<num | OLU

without loop :

eric value>




Renesas M32C Standard Toolchain : d By
Configuration : C |.ﬁ.sseml:-l_l,l| Link I Lihrarianl Lric I Ciqg I MLI_*I
IDebug j Cateqgory imize
El@ All Loaded Projects [~ Optimization level :
E."--EE ones e | 03] Optimizes speed and ROM size to the maximum 7|

- (2] Assembly source fik | T Size or speed: [[5R] RN sioe (olowed by speed 7]

Mizcelansous options :

[][-OC] Performz optimization by replacing references to thﬁ
[J[-OCET'W] Compares consecutive bytes of data at conti

[J[-OFFTI] In line deployment iz performed to the function d
|_||-|-I FTI & flnatinn deeirnal nniiﬂ rohirne keam Fonehine iz
4

s

[-OLU] Expands zentences the number of
times to loop without loop

Optionz C
-c -finfo -dir ${COMFIGDIR]

uu;|

] Cancel

Figure 4.5 Category:[Optimize] Dialog Box

—  Category:[Code Modification]

Table 4.5 Correspondence between Items on the Category:[Code Modification] Dialog Box and
Compiler Options

Dialog Box Option Shortcut
Miscellaneous options :
[-fansi] Makes —fNRA,-fNRFAN,-fNRI,and —fET]I valid fansi None
[-fCE] Handles the enumerator type as an unsigned fchar_enumerator | fCE

char, not as an int type

[-fCNR] Does not handle the types specified by const | fconst_not ROM | f{CNR
as ROM data

[-fD32] Handles the double type as the float type fdouble_32 fD32
[-fER] Make register storage class available fenable_register fER
[-fETI] Performs operation after extending char-type fextend_to_int fETI

data to the int type.




Dialog Box Option Shortcut
(Extended according to ANSI standards.)
[-fFRAM] Changes the default attribute of RAM data to | ffar RAM fFRAM
far
[-fFJISRW] Changes the default instruction for calling fISRW None
functions to JRSW
[-fMST] Generates special page vector table. fmake_special ta | fMST
ble
[-fMVT] Generates variable vector table. fmake_vector_tab | fMVT
le
[-fNA] Does not align the starting address of functions | fno_align fNA
[-fNAV] Does not regard the variables specified by fnot_address_vol | fNAV
#pragma ADDRESS as those specified by volatile atile
[-fNE] Allocate all data to the odd section, with no fno_even fNE
separating odd data from even data when outputting
[-fNP] Changes the default type of pointer data to near. | fnear_pointer fNP
[fFNRA] Exclude asm from reserved words. fnot_reserve_asm | fNRA
(Only _asm is valid.)
[-FNRFAN] Exclude far and near from reserved words. | fnot_reserve far_ | fNRFAN
and_near
(Only _far and _near are valid.)
[-fNRI] Exclude inline a reserved words. fnot_reserve_inlin | fNRI
e
(Only _inline is valid.)
[-FNROM] changes the default attribute of ROM data to | fnear ROM fNROM
near
[-FNST] To a switch sentence, it always compares and | fno_switch_table | fNST
branched code is generated.
[-fSA] When referencing a far-type array, this option fsmall_array fSA
calculates subscripts in 16 bits if the total size of the
array is within 64K bytes
[-fSOS] Outputs the from ROM table corresponding to | fswitch_other_sec | fSOS
the section differing from the program section tion
[-fUD] Ignores an overflow when using a divide fuse_DIV fub
operation.
[-FESF] If the function specified is a static function, no ferase_static_func | fESF=<func
codes are generated. tion=<function tion name>

name>




Renesas M32C standard Toolchain

d b
Configuration : C |.-'-‘-.ssemhly| Link. I Lihrarianl Lmc I Cfg I Mﬂ_"l
| Debug j Category

Code Modification

El--@ Al Loaded Projectz
EHE ) [[-farzi] Makes -NRA -IMRFAN -fMRIand -FETI walid -
I:I L source file _ [1[+CE] Handles the enurmeratar type a3 an unsigned char
-] Assembly source fil [1[fCMR] Does not handle the wpes specified by const as
[[-f032] Handles the double type az the float twpe
[I[-fER] M ake register storage clazs available

[I[-fETI] Performs operation after extending char-type data
I_Ii-fFFl.-'l‘LI‘-.-'H Charnnes the Hrfaulr attribnite of Bébd Aata rf
L | k

Mizcellaneous options :

[-FESF] IF the function specified iz a static function. no
codes are generated.

Optionz C :

- firfo -dir ${COMFIGDIR) ]
1] | ] =

k. Cancel

Figure 4.6 Category:[Code Modification] Dialog Box
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- Category:[Warning]

Table 4.6 Correspondence between Items on the Category:[Warning] Dialog Box and Compiler

Options
Dialog Box Option Shortcut

Miscellaneous options :

[-Wall] Become effective all options for Wall None
warning

[-WLTS] Outputs an alarm for implicit transfers | Wlarge_to_small WLTS
from large size to smaller size

[-WMT] Outputs error messages to every file Wmake _tagfile WMT

[F-WNC] Outputs a warning for a comment Whnesting_comment WNC
including /*

[-WNP] Outputs warning messages for Whnon_prototype WNP
functions without prototype declarations

[F-WNS] Prevents the compiler stopping when | Wno_stop WNS
an error occurs

[F-WNUA] Outputs a warning to a function Wno_used_argument | WNUA
having an unused argument

[-WNUF] Outputs a warning for the unused Whno_used_function WNUF
function names.

[F-WNUSF] A static function name is output that | Wno_used_static_func | WNUSF
does not require code generation tion

[-WNWS] Suppresses the warning for missing | Wno_warning_stdlib WNWS
include file using standard library

[-WSAL] Link processing is stopped when Wstop_at_link WSAL
warning occurs at the time of a link.

[-WSAW] Stops the compiling process when a | Wstop_at_warning WSAW
warning occurs

[-Wstdout] Outputs error messages to the host | Wstdout None
machine's standard output (stdout)

[F-WUM] Output the warning for undefined Wundefined_macro WUM
macro in #if .

[-WUP] Outputs warning messages for Wunknown_pragma WUP
non-supported #pragma

[-WUV] Outputs the warning for uninitialized Wuninitialize_variable | WUV
auto variables
[F-WCMW] Specifies the maximum number of Wccom_max_warning | WCMW=<num

. s=<numeric value> eric value>

warnings output by ccom30 :
[F\WEF] Outputs error messages to the specified | Werror_file=<file WEF=<file
file : name> name>
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Renesas M32C Standard Toolchain el |

Corfiguratian : C |.¢‘-.sseml:ul_l,l| Lirk: I LiI:urarianI Lrnc I Cfg I MLI_*I
I Debug j Categony :

-3 AllLoaded Projects
B D C source file [ [ all] Become effective all options Far warning
|:| Assembly saurce fil [J[*LTS] Outputz an alarm for implicit transfers from large
[][*MT] Dutputs eror mezzages to every file
[][*MC] Qutputs & warming for a comment including #~
][ MF] Qutputs warning meszages for functions without |

[ Chawf] Specifies the masimum number of
warnings output by coom3d

W arring

Mizcelaneous options ;

L]

gl

-
1l

[~ [*WEF] Outputs ermor meszages to the specified file ;
| Modifi...

Optionz C
-c finfo -dir ${COMFIGDIR]

1 | 2

I;I'_\_

k. Cancel

Figure 4.7 Category:[Warning] Dialog Box
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- Category:[Other]

Table 4.7 Correspondence between Items on the Category:[Other] Dialog Box and Compiler
Options

Dialog Box Option

Miscellaneous options :

[-silent] Suppresses the copyright message display at startup silent

[-v] Displays the name of the command program and the command v
line during execution

[-V] Displays the startup messages of the compiler programs, then \Y,
finishes processing (without compiling)

[-1] Library file :

I<file name>
User defined options :
Renesas M32C Standard Toolchain d By
Contiguration : C |.ﬁ.sseml:-l_l,l| Lirik: I Lihrarianl L I Ciqg I b A | *l

[Debug =l Categon: -
E--@ All Loaded Projects
SR =t . : .
E-[23 C source fle [[-zilent] Supprezses the copyright meszage dizplay at starﬂ

|:| Assembly saurce fil [1[-+] Dizplays the name of the command program and the
rll-‘«-“] Dizplays the startup meszages of the compiler progra ™
4 3

Mizcellaneous options :

™ [-] Library file : I

Uszer defined ophions :

H O

Optionz C
-¢: -finfo -dir FCOMFIGDIR]

N I

OE I Cancel |

Figure 4.8 Category:[Other] Dialog Box
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4.1.2 Assembler Options

Select the [Assembly] tab in the [Renesas M32C Standard Toolchain] dialog box.

Renesas M32C Standard Toolchain 2| x|
Carfiguration : C Assembly | Link | Librarian | Lme | Crg | M| »]
IDE}huEI j Lategory |2y
El--@ &l Loaded Projects Show entries far :
B —
[:I C source file Ilnc:luu:le file directories j

L0 Assembly souce i | 11} The nclude fle specifed by " INCLUDE" thatis witen

it the zource file is zearched from a specified directon.

| Moy, |

Options Azzembly ;

0__HEAPSIZE_ =0300H:__USTACKSIZE__=0300H:__| ﬂ
STACKESIZE__=0300H -finfo -OFCOMFIGDIRT, LM

d | 2] [~

OFk. Cancel

Figure 4.9 [Assembly] Tab Dialog Box
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- Category:[Source]

Table 4.8 Correspondence between Items on the Category:[Source] Dialog Box and Assembler
Options

Dialog Box Option

Show entries for :
Include file directories

[-] The include file specified by ".INCLUDE" that is I<directory name>
written in the source file is searched from a specified
directory.

Defines

[-D__HEAP__=1] Disable heap are in startup D HEAP_ =1
(ncrt0.a30).

[-D__STANDARD_IO__=1] Enabile initialization for D STANDARD IO =1
standard 1/O library.

[-D] Sets constants to symbols : D<sub>

<sub>: <macro name> [=
<string>]

Renesas M32C Standard Toolchain el |
Canfiguratior C Assembly | Link | Librarian | Lmc | Cfg | M ]
I Debug j Categony : I S aurce j

Show entries for

=3 All Loaded Prajects
B
D C zource file
-0 Aszembly source filk

E" that iz written
I TFE SOUncE e & seanched fom a spectied direchon.

| odifi.. |

Optionz Aezembly :

D__HEAPSIZE__=0300H:__USTACKSIZE__=0300H_| = |
STACKSIZE__=0300H -finfo -O$(CONFIGDIRT, LM

« | 2] [

k. Cancel

Figure 4.10 Category:[Source] Dialog Box
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- Category:[Object]

Table 4.9 Correspondence between Items on the Category:[Object] Dialog Box and Assembler

Options
Dialog Box Option

[-S] Specifies the local symbol information be output. S
[-SM] Specifies system label and local symbol information output. SM
[-finfo] Generates inspector information. finfo
[-N] Disables output of macro command line information. N
[-mode60] Running AS308 with this parameter to process a mode60
program written in AS30 allows some code to be assembled by
AS308.
[-mode60p] Runs structured processor(pre30) and processes mode60p
parameter —-mode60.
[-M] Generates structured description command variables in byte M

type.

[-O] Output file directory :

O<directory name>

Renesas M32C Standard Toolchain ed |
Configuration : C Azzembly I Link I Lihrarianl L I Cg I YK I bI
IDEbUQ || categon: o
E‘@ Al Loaded Projects [~ [5] Specifies the lozal symbol information be output.
EI@ lest [-5h] Specities zystemn labell and lozal spmbaol nfarmaticrn
#-_] C source file output.

by 45308,
proceszes parameter -modekl,

byte type,
[-07 Dutput file directary :

|:| Assembly source il V¥ [Hinfo] Generates inspectar informatiarn.

[ [M] Dizables output of macro command ling infarmation.
[-rnodekd] Bunning A5 308 with this parameter o process a
program written in 4530 allows zome code to be azzembled
[-rodetlp] Buns stiuctured processerpredl] and

[-h] Fererates stiuctured description commatnd wariables in

|$ICONFIGDIR]:

Optiohz Azzembly ;

taodify... |

<] | 2

-0 HEAPSIZE_ =0300H:__ USTACKSIZE_ =0300H:_| :I
STACKSIZE__=0300H -finfo -0F[COMFIGDIR] -LM

Figure 4.11 Category:[Object] Dialog Box
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- Category:[List]

Table 4.10 Correspondence between Items on the Category:[List] Dialog Box and Assembler
Options

Dialog Box Option
[-L] Generates assembler list file. L
File format:™*
[+C] Line concatenation is output directly as is to a list file LC
[+D] Information before .DEFINE is replaced is output to a list file LD
[+1] Even program sections in which condition assemble resulted in false LI

conditions are output to the assembler list file

[+M] Even macro description expansion sections are output to the assembler | LM
list file

[+S] Even structured description expansion sections are output to the LS
assembler list file

[-H] Header information is not output to an assembler list file. H

*1: "L" is prefixed to the items selected for the option.

Example: When the items [+C], [+D], [+]] are selected, the option is -LCDI.

Renesas M32C Standard Toolchain el |
Configuration C Assembly | Link | Librarian | Lme | Cfg | M| ]
I Debug j Categony :

El@ %Lﬂadﬂd Frojects W [L] Generates assembler list fils.

-] C source file

H-[23 Assembly source fil [1[+C] Line concatenation is output directly a3 is bo a list £
[1[+D] Information before . DEFIME iz replaced iz output te
[][+|] Even program sections in which condition azsemble
[w][+M] Even macro description expansion sectionsz are ov
[][+5] Even structured description expansion zections are

File format

1| I i

-H] Header information iz not output bo an aszembler liz
I—[H]Hu:l f t E output £ bler lizt
file.

O ptiohe Aszembly

-D__HEAPSIZE__=0300H:__ISTACKSIZE_ =0300H_| = |
STACKSIZE_ =0E00H -finfo -0$(COMFIGDIR], LM

<] | ] =l
Ok, I Cancel |

Figure 4.12 Category:[List] Dialog Box
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- Category:[Tuning]

Table 4.11 Correspondence between Items on the Category:[Tuning] Dialog Box and Assembler
Options

Dialog Box Option
[-fTMST] Generates special page vector table. fMST
[-fMVT] Generates variable vector table. fMVT
[-abs16] Selects 16-bit absolute addressing. abs16
[-[JOPT] Optimizes the branch instrument which refers to the JOPT

global label.

[-PATCH_TA] Escaping precautions No.1 on the timer functions | PATCH_TA[n]

for three-phase motor control : .
[n] : Numeric value

Number : specified in Number

Renesas M32C Standard Toolchain d By
Configuration : C Azzembly |Link I Lihrarianl L I Cig I YK | hl
|Debug | Categon: -

EI--@ Al Loaded Projects
B
-] C zource file

M- Assembly source file | [ [-abs16] Selects 16-bit sbsolute addiessing,

[T [-M5T] Generates special page wectar table,
[T [-iMYT] Generates variable vector table.

r [-JOPT] Optimizes the branch instrument which refers bo the
global label.

[-PATCH_TA] Ezcaping precaution: Mo.1 an the timer
functions for three-phase motor contral @

™| Humber: m

Optionz Aezembly

-D_HE.i'-.F'SIZE_=EIEEIEIH:_LIST.-’-‘-.EKSIZE_=I33EIEIH:_I;I
STACKSIZE__=0300H -finfo -OFHCOMFIGDIR] LM

Jd| | »] [

Ok, Cancel

Figure 4.13 Category:[Tuning] Dialog Box
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—  Category:[Other]

Table 4.12 Correspondence between Items on the Category:[Other] Dialog Box and Assembler

Options

Dialog Box Option

Miscellaneous options :

mac30 and asp30

[-.] Disables message output to a display screen

[-C] Indicates contents of command lines when as30 has invoked C

[-F] Fixes the file name of ..FILE expansion to the source file name

[-T] Generates assembler error tag file T

[-V] Indicates the version of the assembler system program

User defined options :

Renesas M32C Standard Toolchain

Configuration

IDehug j

=3 Al Loaded Frojects
B
D C zource file
-0 Aszembly source filk

2lxi
L Assembly |Lik | Librarian| Lme | Cfg | M| 2]
Categon -
Mizcellaneous options :
[][-.] Dizables meszage output to a display screen -

[][-C] Indicates: contents of command linez when az30 has
[][-F] Firez the file name of ..FILE expanzion to the source
[][-T] Generatesz azzembler error tag file

Lo T B P L ] . Ll L1 L hat
* i PSR | R 1 PO - - _.._I_. [ Np—— _--_-"-

Uzer defined optionz :

[-
[

Optionz Aszembly

D__HEAPSIZE__=0300H:__ISTACKSIZE__=0300H__| =
STACKSIZE__=0300H -finfo -0$(CONFIGDIRT, Lk

k. Cancel

Figure 4.14 Category:[Other] Dialog Box
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4.1.3 Linkage Editor Options

Select the [Link] tab in the [Renesas M32C Standard Toolchain] dialog box.

Renesas M32C Standard Toolchain - d b
Configuration : C I fssembly  Link |Li|:|rarian| Lmc I Cfg I [ I *l
[oetus | caeoon: -
E--@ &l Loaded Projects Shaw entries far :
=15 —
-1 C source file |L|I:|rar_l,l file:s j

[ Azsembly source file [-L -LD] Specifies directary of brary and
libramy file to be referenced

Path " File [
nc 308k Eemave

&dd

1}

Up Down

[-E] Specifies ztart addresz
of abzolute module ; I

Options Link ;

L ne308lib -G -MS -0 =]

FCONFIGDIRMNWHPROJECTHAME ] »30

< | »] =
] Cancel

Figure 4.15 [Link] Tab Dialog Box
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- Category:[Input]

Table 4.13 Correspondence between Items on the Category:[Input] Dialog Box and Linkage

Editor Options

Dialog Box

Option

Show entries for :

Library files

LA<file name>

LDA<directory name>

module :

[-E] Specifies start address of absolute

EA<sub>

<sub> : <numeric value> | <label name>

Renesas M32C Standard Toolchain

Configuration ;

IDel:uug

EI--@ All Loaded Projects
B
-] C source file
-] Azzembly zource file

~

el
C I fszembly  Link ILiI:urarianI Lmc I Cfg I [ | "I

Category: -

Show entries for :

I Library files

[
ddd. . |
| [rzert... |
Hemove |
EA

g Do

[-L -LD] Specifies directom of library and
libram file to be referenced :

Fath

| File
me 080

[-E] Specifies start addreszs
of abzolute module ;

Optionz Link ;

-L rie308lb -G -5 -0
HCOMFIGDIR$PROJECTHAME] =30

=
=

] Cancel

Figure 4.16 Category:[Input] Dialog Box
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- Category:[Output]

Table 4.14 Correspondence between Items on the Category:[Output] Dialog Box and Linkage

Editor Options

Dialog Box Option

[-G] Outputs source debug information to absolute module file.
[-U] Outputs a warning for the unused function names. U
[-W] Link processing is stopped when warning occurs at the time of a link.
Generate map file :

None -

[-M] Generates map file M

[-MS] Includes symbol information MS

[-MSL] Includes the fullname of symbol information MSL
[-O] Specifies absolute module file name : OAc<file name>

Renesas M32C Standard Toolchain d e
Configuration : C | Assembly Link |Li|:urarian| Lmz | Cfg | M4 [+
IDEbUEI ~|| categon: Bt -
E‘@ Al Loaded Projects v [-G] Outputs zource debug infarmation b abzolute module

file.

g

I:I Agzembly zource file

the time of a link.

Generate map file :

-] C source file [T [U] Outputs a warning for the unused function names.

r [*#f] Link, processing i stopped when warning ocours at

I[-MS] Includes spmbol information

[-0] Specifies abzolute module file name

|$[EEI MFIGDIRS$FROJECT MAME). =30

Optionz Link :

L nic308ib G M5 -0
$ICONFIGDIR A SPROJE CTHAME] 30

Ok,

Cancel

Figure 4.17 Category:[Output] Dialog Box
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- Category:[Tuning]

Table 4.15 Correspondence between Items on the Category:[Tuning] Dialog Box and Linkage
Editor Options

Dialog Box Option
[-fTMST] Generates special page vector table. fMST
[-fMVT] Generates variable vector table. fMVT

[-VECT] Sets the address to the free area at the result of VECTA<sub>

performing automatic generation of a variable vector table. )
<sub> : <numeric value> |

<label name>

[-[JOPT] Optimizes the branch instrument which refers to the | JOPT
global label.

Renesas M32C Standard Toolchain i
Configuration : C I dssembly  Link |Li|:urarian| Lrnc I Cfg I b4 I *l
|Debug | category. -

EI--@ All Loaded Projects
25
-] C source file
-] Azzembly zounce il

[ [4M5T] Generates special page wector table.
[ [4T] Generates variable vectar table,

r [*YECT] Setz the addrezs tojthe free area at the result of
perfarming automatic generation of & varnable wectar table,

r [-JOPT] Optimizes the branch instiument which refers ta the
global label.

Optionz Link :

L nic308lb -G -MS -0 |
$ICONFIGDIRBASPROJECTHAME]%30

k. Cancel

Figure 4.18 Category:[Tuning] Dialog Box
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- Category:[Section]

Table 4.16 Correspondence between Items on the Category:[Section] Dialog Box and Linkage
Editor Options

Dialog Box

Option

Show entries for :

Section Order

Section Location

ORDERA<sub>[,...]
<sub>: <section name>[=address]
LOCA<sub>[,...]

<sub> : <section name>=<address>

Renesas M32C Standard Toolchain

Configuration :

IDEI::ug

~

=R

=G5 All Loaded Projects
. test

-] C source file
-2 asembly sounce fil

21x]
C Azzembly  Link ILiI:urarianI Lrnc I Cfg I b 4 | *I
Cateqory

Show entries for

ISectil:un Crder j
[[-ORDER] Specifies section address and allocation
SEOUENCE |
I ame | Address | Add... |

Bemaove |
2|+

Up  Dowr

Optiosz Link,

L nc3080b -G -MS -0 =]

$COMFIGDIRPASPROJECTHNAME] =30

QK I Cancel |

Figure 4.19 Category:[Section] Dialog Box
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—  Category:[Other]

Table 4.17 Correspondence between Items on the Category:[Other] Dialog Box and Linkage

Editor Options

Dialog Box Option
Miscellaneous options :
[-.] Disables message output to screen
[-NOSTOP] Outputs all encountered errors to screen NOSTOP
[-T] Generates link error tag file T
[-V] Indicates version number of linkage editor \%
User defined options :
Renesas M32C Standard Toolchain =

Configuration ;

IDel:uug j

EI--@ Al Loaded Projects
E@ test
-] C source file
-7 Azzembly zource filk

C I &zsembly - Link ILiI:urarianI Lmc I Cfg I b 4 | *l

Category : M

v Start-up pragram is inked to a head.
Mizcellaneous options :

[1[-.] Dizables message output o screen

[J[MHOSTOP] Qutputs all encountered errors to screen

[1[-T] Generates link erar tag file

][] Indicates wversion number of linkage editar

Uzer defined options :

Optionz Link ;

H O

L re308lE -G -M5 -0
FHCONFIGDIRSPROJECTHAME] =30

H I

ak.

Cancel

Figure 4.20 Category:[Other] Dialog Box
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- Category:[Subcommand file]

Table 4.18 Correspondence between the Item on the Category:[Subcommand file] Dialog Box and
Linkage Editor Option

Dialog Box Option

[@] Use external subcommand file. @<file name>

Renesas M32C Standard Toolchain ed |
Caonfiguration : C I Azzembly  Link ILihrarianI Lrie I Cfg I b A I "I
IDEbuQ j Categary : Subcommand file
E‘@ Al Loaded Projects [ [@] Use external subcommand file.
E@ Subcammand file path:

#-_] C source file

I:I Azzembly zource fil I Fmdifi.. |

Options Link

L nc:3080b -G M5 -0 =]
$ICONFIGDIR MASIPROJECTHAME ).%30

1] | ] =
| ] I Cancel |

Figure 4.21 Category:[Subcommand file] Dialog Box
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4.1.4 Librarian Options

Select the [Librarian] tab in the [Renesas M32C Standard Toolchain] dialog box.

Configuration :

Renesas M32C Standard Toolchain

IDel:nug j

563 Al Loaded Projects

=&
[:l C zource file

-] Assembly source fik

2 x

C | Assembly| Lik  Librarian |Lme | Crg | Mo ]

Category

Uperation : I[-E] Creates new liorary file

[nput relocatable files

Dutput file name

I$[EDNFIGDIH]"-."-.$[F"F|DJEET MAME] ik

Optionz Libranan ;

L $CONFIGDIRMWSPROJECTHAME] b

ak.

Figure 4.22 [Librarian] Tab Dialog Box
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- Category:[Operation]

Table 4.19 Correspondence between Items on the Category:[Operation] Dialog Box and

Librarian Options

Dialog Box

Option

Operation

[-C] Creates new library file

[-L] Generates library list file
[-R] Replaces modules

[-U] Updates modules

[-X] Extract

[-A] Adds modules to library file

[-D] Deletes modules from library file

X Cc »m - OO »

Renesas M32C Standard Toolchain

Configuration :
I Drebug

-3 All Loaded Projects
E@ test
- C source file
B2 Assembly source fil

=~

2]
Librarian |Lm|: I Cfg I MLI_’I

C | dssembly | Link

Category :

Operation : I[-I:] Creates new litran file

Iniput relocatable files :

Output file name :

[$CONFIGDIRRSPROJECTNAMELlb

Optionz Librarian ;

-C ${COMFIGDIRSHPROJECTHAME]. b

Cancel |

Figure 4.23 Category:[Operation] Dialog Box
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—  Category:[Other]

Table 4.20 Correspondence between Items on the Category:[Other] Dialog Box and Librarian

Options

Dialog Box Option

Miscellaneous options :

[-.] Disables message output to screen

[-V] Indicates version of librarian \%

User defined options :

Renesas M32C Standard Toolchain

2=

Configuration C | Assembly| Link  Librarian |Lme | g | 4|2
IDebug =l|  categoy: -
E‘@ All Loaded Projects Mizcellaneous optiohs :
[:l C source file -] Disgble& ITIESSE.IQE‘-' Dulfput F-:n FCIEEn
&5 Assembly source fil [C1[-¥] Indicates version of librarian

U zer defined options

Dptionz Librariar ;

o I

-C $[COMFIGDIRHPROJECTHAME] b

H I

OE.

Cancel

Figure 4.24 Category:[ Other] Dialog Box
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—  Category:[Subcommand file]

Table 4.21 Correspondence between the Item on the Category:[Subcommand file] Dialog Box and
Librarian Option

Dialog Box Option

[@] Use external subcommand file. @<file name>

Renesas M32C Standard Toolchain d By
Configuration : C I Azzembly | Link Librarian | Lric I Cig I b A I Fl
IDEhuEI j BRI | Command file

E‘@ % Loaded Projects [T [®] Use external subcommand file.
= :
: Sub d fil b

-] C zource file SuBgauliEitlils 52

I:I Agzembly zource file I T mdifi.. |

Optionz Librarian :

-C $ICONFIGDIR]A$PROJECTHAME] D :I

] I Cancel |

Figure 4.25 Category:[Subcommand file] Dialog Box
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4.1.5 Load Module Converter Options
Select the [Lmc] tab in the [Renesas M32C Standard Toolchain] dialog box.

Renesas M32C Standard Toolchain 2| x|
Canfiguratian : C | Assembly| Lik | Librarian Lme | cig | me ]
IDEhUEI j Categary : -
EI’E?% Loaded Projects Format : |h-1-:|t-:|r|:|Ia S type format ~|
C source file ™ [E]Sets the starting address : |EI>:EIEIEIEIEIEIEIEI :I

- (0 Assembly source fi I [L] Selects maximum length of data record area.

[T [-4] Specifies output data range ;
Start addrezs ; [T Endaddress:
| B00000000 =] . |0<00FFFFFF =

[-0] Specifies output file name ;

|$[EEI MFIGDIRSEPROJECTHAME]. rat Modify... |

Ophions Lme

L -0 $ICONFIGDIR\WEPROJECTMAME]. ot ﬂ

d | »] [~

Qk. Cancel

Figure 4.26 [Lmc] Tab Dialog Box
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- Category:[Output]

Table 4.22 Correspondence between Items on the Category:[Output] Dialog Box and Load

Module Converter Options

Dialog Box Option
Format :
Motorola S type format -
[-H] Converts file info Intel HEX format H
[-E] Sets the starting address : EA<address>

[-L] Selects maximum length of data record area. L

[-A] Specifies output data range :

AA<start address>[:end address]

[-O] Specifies output file name :

OA<file name>

Renesas M32C Standard Toolchain

Configuration ;

IDEI:uug j

-3 All Loaded Projects
o6
-] C source file
-0 Aszembly source filk

x|

C | Assembly| Link | Librarian Lme | crg | M|

Categary . |fj) oLt hd
Format : IMl:ut-:nrl:uIa 5 type Format [~
[ [-E]Sets the starting address : ||:|H|:||:||:||:|EIEIEIEI j

W [-L] Selects maximum length of data record area.

[ [&] 5pecifies output data range ;
Start address [T End address :
| 000000000 = . |0<00FFFFFF =

[-0] Specifies autput file name :

[${CONFIGDIRA$PROJECTNAME L mot Modify... |

Dptionz Lme :
-L -0 $CONFIGDIR M $PROJECT MAME]. rot ﬂ
k. Cancel

Figure 4.27 Category:[Output] Dialog Box
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- Category:[Code]

Table 4.23 Correspondence between Items on the Category:[Code] Dialog Box and Load Module
Converter Options

Dialog Box Option

[-ID] ID code check ID code setting : ID[sub]

[sub] : <code protect setting> |
<#numeric value>

ROM code protect function :
[-protectl] Level 1 setting protectl
[-protect2] Level 2 setting protect2

[-protectx] Set the ROM code protect value | protectxA<numeric value>

[-F] Sets the fill data in the free area : FA<data value set in the free area>[sub]

[sub] : <:start address>[:end address]

Renesas M32C Standard Toolchain el bt
Configuration : C | Assembly| Link | Librarian Lme | g | Mo
I Debug j Categorny :

E‘@ %Luaded Projects [T [HD]ID code check 1D code setting ;
[:I C source file I
-] Azzembly zource file

[ EOM code protect furnction : Pratect walue :

I[-pru:utect'l] Level 1 zetting j IDHDDFF ::I

[ [-F] Sets the fill data in the free area
Data: [T Start address: | End address :
Jox0000 = . [0x00000000 =5 . |O<O0FFFFFF =

Optionz Lme

L -0 $CONFIGDIRNAEPROJECTNAME ] it ;I

] Cancel

Figure 4.28 Category:[Code] Dialog Box
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- Category:[Other]

Table 4.24 Correspondence between Items on the Category:[Other] Dialog Box and Load Module
Converter Options

Dialog Box Option

Miscellaneous options :
[-.] Disables message output to screen

[-V] Indicates version of load module converter \Y

User defined options :

Renesas M32C Standard Toolchain d
Configuration : C | dssembly| Link | Librarian  Lmc |Efg I Mt ]
IDEbUEI j Categary : =
E‘@ Al Loaded Projects Mizcellaneous options :
ED C source file [][-.] Dizables message output o screen

B1-@8 Assembly source fils [1[V] Indicates wversion of load module converter

U zer defined options :

il

L

Optionz Lme

-L -0 $ICONFIGDIREPROJECTHAME | mat

H I

Qk. Cancel

Figure 4.29 Category:[Other] Dialog Box
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4.1.6 Configuration Options
Select the [Cfg] tab in the [Renesas M32C Standard Toolchain] dialog box.

Renesas M32C Standard Toolchain 7| x|
Configuration : C | Azzermbly I Link I Librarian | Lz Cfg | b 4 | 4 I
IDEhUEI j Category :  [{¥jems
E@ All Loaded Projects [-rn] Creates the LML standard or IMI=-compatible
EI@ m r system generation procedure description file [makefile). [f
-] C zource file this option iz not selected, makefile creation does not
D Agzzembly source file DTEUIE.
Optionz Cfg
kY, ;I
1 | ] [~

OF. Cancel

Figure 4.30 [Cfg] Tab Dialog Box
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- Category:[Makefile]

Table 4.25 Correspondence between the Item on the Category:[Makefile] Dialog Box and

Configurator Option
Dialog Box Option
[-m] Creates the UNIX standard or UNIX-compatible system m
generation procedure description file (makefile). If this option is not
selected, makefile creation does not occur.
Renesas M32C standard Toolchain 2=

Configuration : C | Assembly| Lik | Librarian| Lme  Cfa | 1o 2]
IDEbUQ j Categary : |19
E‘@ All Loaded Projects [-m] Creates the UMI= standard ar UMIE=-compatible
EI@ best r zpztemn generation procedure description file [mak.efile]. |f
#-_ C source file thiz option is not selected, makefile creation does not
-] Azsembly source file DEELIE.
Optionz Chy :
Y] ;I
1] | [~

ak.

Cancel

Figure 4.31 Category:[Makefile] Dialog Box
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- Category:[Other]

Table 4.26 Correspondence between Items on the Category:[Other] Dialog Box and Configurator
Options

Dialog Box Option

Miscellaneous options :
[-V] Displays the information on the files generated by the command | V

[-v] Displays the command option descriptions and detailed v
information on the version

User defined options :

Renesas M32C Standard Toolchain =
Canfiguration : C I Azzembly I Lirik I Litrarian I Lmz  Cfg | MLI_*I
IDEI:uug j Cateqary : -
El@ All Loaded Projects Miscellaneous options ;
E| C sournce file [w][4'] D.ispla_l,ls the information on the files.ge.nerated by th_e co
BH-@ Assembly source fil [[-+] Dizplays the command option descrptions and detailed i

a |

I zer defined options :

d

H O

Optionz Chy :
Af

H D

Ok, Cancel

Figure 4.32 Category:[Other] Dialog Box
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4.1.7 CPU Options
Select the [CPU] tab in the [Renesas M32C Standard Toolchain] dialog box.

Renesas M32C Standard Toolchain d A
Configuration Link | Librarian | Lme | Cfa | MimATEL CFU | 4] »]
|Detug | PuThpe:
563 Al Loaded Projects i
B

[:l C zource file
-] Assembly source fik

Ok, Cancel

Figure 4.33 [CPU] Tab Dialog Box

Table 4.27 Correspondence between Items on the [CPU] Tab Dialog Box and Compiler Options

Dialog Box Option

CPU Type:
With no specification -
Generates code for M32C/80 series M82
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4.2 Builds

4.2.1 Makefile Output

B Description:

The High-performance Embedded Workshop allows you to create a makefile based on the current
option settings.

By using the makefile, you can build the current project without having to install the High-performance
Embedded Workshop completely. This is convenient when you want to send a project to a person who
has not installed the High-performance Embedded Workshop or manage the version of an entire build,
including the makefile.

B How to generate a makefile:
- Make sure that the project that generates the makefile is the current project.

- Make sure that the build configuration that builds the project is the current configuration.
- Choose [Build > Generate Makefile].

- The following dialog box appears. In this dialog box, select one of the makefile generation
methods.

* Far the current configuration in the currently active project:

" For all configurations in the currently active project Cancel |

i~ Far all configurations in all loaded prajects in the current workspace

[¥ Scan dependencies whilst building make file

B Makefile generation directory:

The High-performance Embedded Workshop creates a "make" subdirectory in the current workspace
directory and generates makefiles in this subdirectory. The name of a makefile is the current project or
configuration name followed by the extension .mak (debug.mak, for example). The High-performance
Embedded Workshop-generated makefiles can be executed by using the executable file HMAKE.EXE
contained in the directory where the High-performance Embedded Workshop is installed (c: ¥hew3, for
example). However, user-modified makefiles cannot be executed.

[ ] How to execute a makefile:

Open the [Command] window and move to the "make" directory that contains the generated
makefile.

2. Execute HMAKE. On the command line, enter HMAKE.EXE <makefile-name>.
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4.2.2 Makefile Input

B Description:

The High-performance Embedded Workshop allows you to input the makefiles that were generated by
the High-performance Embedded Workshop or used in the UNIX environment.

From the makefile, you can automatically obtain the file structure of the project. (However, you
cannot obtain option settings or similar specifications.) This facilitates the migration from the
command line to the High-performance Embedded Workshop.

B How to input the makefile:

1. When creating a new workspace, select [Import Makefile] from the project type options in the
[New Project Workspace] dialog box.

Mew Project Workspace

Projects

Application

Empty &pplication
[rport b akefile

@ Library

Iy

Froperties. . |

Wiorkzpace Mame:

abcdefg

Project Marme:

abcdefg

Directary:

C:hHewabodelg

CPLI Farnily:

| M16C/30.M32C

T ool chain;

I Renezas M32C Standard

2

Browsze. . |

Ok

Cancel
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2. Inthe [New Project-Import Makefile] dialog box, specify the makefile path in the [Makefile path]
field, and then click the [Start] button.

Makefile path

I = | |
[~ Import options Start |

Source files ©
Ell@ Project g
Ld2H] C source file
. fidd...
“d2H] Azzembly source file
Ki
Bemave
[~ Show file path
et > | Fifiizh Cancel

3. The [Source files] pane shows the source file structure of the makefile. In this structure chart, any
file marked 2) has been analyzed to make sure it does not contain any entity. This file will not
be added to the project. (It is ignored.)

Mew Project=1/4-Impart Makefile _‘?I 5'
Makefile path :
|D:¥wu:urk¥F'.F‘Rnnte¥tmp¥test¥make¥{est.m- &I
[~ Import options il
Source files o
El@ Project g

Ea G zource file A

i |E] inteste i
(20 out testc xil

- [F] teste

Ea fzzembly source file Bemoye

- [F] nert0.a30

Ea fbzolute file
i |E] temtx30

[~ Show file path
<Back |  Mext> | Finish Gancel

4. By following the wizard, specify the CPU and other options and open the workspace. You can
then begin a development work.
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4.2.3 Creating Custom Project Types

W Description:

This feature allows a user to use a project created by another user, as a template for developing a
program on another machine.

The template may contain all information about the project, including the project file structure, build
options, and debugger settings.

B How to save the project type:

Activate the target project. This is because information about the project that is active when the
workspace is open will be saved. To activate a project, choose [Project -> Set Current Project]
and select the project.

-5 Interrupt] The active project is identified by boldface

-z Sample €—— characters

2. Choose [Project -> Create Project Type]. The following project type wizard appears. Enter the
name of the project type you will use as the template, and specify whether to include the
configuration directory containing the post-build executable files and other resources in the
template.

Here, you can click the [Finish] button to quit the project type wizard.

What title would you like to be used for the new
project type?

Sample

Projects generated uzing the new type will include
all of the files in the project directory and below.
Would wou like to inchide the contents of the
configuration directories

{* ez please
" Mo thanks

Wiew directories to be included..

fipprox. size of generator: G265KE

Menct > Finigh Cancel
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3. Inthe [New project type wizard — Step 1] dialog box, click the [Next >] button. The following
wizard appears. In (1) below, specify whether to display project information and bitmaps when
the project type template opens.

In (2), you can change the project type icon to a user-specified icon. Click the [Finish] button.
These settings are not mandatory.

N 2=
hat tvpe of generator would wou like?
+ Mo dialog
" Information dialog with default bitmap <+ Q)
(" Information dialog with bitmap:
Browee.. |

What Icon would vou like to be used?

&+ The default Tzon 4+— (2)

{ fn icon contained in the file:

I Eroweze,. |
Ihage: I@

Approx. size of generator: A2 65KB

<Back | o tew> | Einish | [ Cangel

4.  The above actions create a project type template named "Custom Project Generator". To use this
template on another machine, choose [Tools -> Administration]. The following dialog box
appears.

Select the [Show all components] check box to display the [Project Generators — Custom] folder.
In this folder, click the created project type and click the [Export...] button.

Toolz Adminiztration : ll il

Registered components: ITI
Component Werzion || Cancel
SERE T |

-1 System Tools Regizter

[ Utility Phases _ Besister. |
[ Debugeer Components Unreeister |

-2 Extenzion Gomponents

—[C3 Communication Tools Froperties.. |

-] System Extension Components

-] Project Generators Export.. |
I'_—'IE Project Generators - Custom e G
P e m Sample 1.0 |

3] T Version Corarol System s Tool infor mation, |

[:l Toolchain Support -
‘_l oo T | p| Uninztaller.. |

IF Shove all componentsl

Ciurrent HEW tools database location:

|D:¥Hew3 Modify... |
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The following dialog box appears. Select a directory to which you want to output the Custom Project
Generator template. The directory must be empty.

This completes the saving of the project type.

Export Custom Project Generatar 7] x|

Directory to export to {must be empty or not exist:
D¥Hew3¥project Brovse.. |
Cancel |

B |Installing Custom Project Generator:

The following shows how to install the Custom Project Generator template created above on another
machine.

1. The following installation environment is created in the directory that was created at step 5 in
How to save the project type:

(Installation environment directory)

[Jproject
zamplehsc
zamplehuf
@Setup.exe

2. Copy the above installation environment and install the copy on another machine.

When you run Setup.exe, the following dialog box appears. Specify the location in which the
High-performance Embedded Workshop is installed, and then click the [Install] button.

(Directory example: C:¥Hew-exe¥ReneHew2¥HEW2.exe)

-_:'-[r Ihetall custom eenerator

What iz the lozation of the HEW executable®

¥ Hew—exed Rene Hew= ¥ HEWE exe| Browse... | o |
arnce |

3. This completes the building of the environment.

@ Ihztallation complete
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B Example of using the Custom Project Generator:

The following gives an example of using the installed Custom Project Generator template.

1.  Start the High-performance Embedded Workshop and choose [Create a new project workspace]
in the [Welcome!] dialog box. The installed project type is added to the [Projects] list. Click the
project type and click the [OK] button.

You can now proceed with program development using the stored project template for any new

project.

Mew Project Workspace

Projects |

Application
@ Erpty Application
T@ Irnpiort b akefile

Library
Sample

Created project type

Froperties. .. |

Wwarkspace Mame:

Fraoject Mame:

Directany:

C:hHew3

CPU farmly:

|M16C/80M32C

T ool chair:

-~

I Renesas M3Z2C Standard

[

Browse. . |

ak.

Cancel
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424 Multi-CPU Feature

B Description:
When inserting a new project in the workspace, you can insert a CPU of another type.

This enables you to manage different projects, such as M16C and SH, in a single workspace.

B Example of inserting a different CPU family:

When an M16C (SH) project is open, click [Project -> Insert Project...]. In the [Insert Project]
dialog box, select a new project and click the [OK] button.

2. The [Insert New Project] dialog box appears. Select M16C (SH) for the project name and CPU
family, and click the [OK] button. You can place different CPU types in addition to the current
CPU types in the workspace.

Insert New Project 2|
Projects |
' & pplication Workzpace Mame:
Demonstration |M1 EC
Iﬁ Empty Apphcéhm Broject Mame:
T@ Irnipark b akefile
ﬂ Library ISH3
Directon:
IC:'\H ewM1BCAVSHI Browsze. .. |
[ ETTIR
SuperH RISC engine j

Properties... |

(] I Cancel

3. With the procedure above, you can install M16C and SH projects in a single workspace.

? [ MI6C
b1 Aszembly source file
f-C] G =ource file
@

Dependencies

fizzembly source file
C zource file
|:| Dependencies

i ZJ Projects l L] Templates I ] Maviga. . I
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4.2.5 Networking Feature

B Description:

The High-performance Embedded Workshop allows different users to share workspaces and projects
via a network.

This allows the users to learn changes that other users have made, by manipulating the shared project at
the same time.

This system uses one computer as its server.

For example, if a client adds a new file to a project, the server machine is notified. Then the server
notifies the other clients of the addition.

In addition, users can be granted rights for access to specific projects or files.

Server

Report on file addition

File addition

ClientA Client B Client C

B Setting the network access:

Choose [Tools -> Options], and then select the [Network] tab. Select the [Enable network data
access] check box.

2. Anadministrator is added. Since the administrator does not have a password initially, you need to
specify a password. The administrator should be granted the highest access right.

Click the [Password] button and specify a password for the administrator.
4.  Click the [OK] button. This allows the administrator to access the network.
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[Network] Tab of the [Options] dialog box

Buaild I Editor I Wurkspacel Confirmation  Metwark |

v Enable network data access % Select.

Metwark databaze access:

Izer: Adrnin

Pazaword... |

f——

Button

L
‘| Password setting

FPazaword: e

Arccess rights...l

User addition

Access rights  clou
setting 2EleC SE[".-'E[...l

ok,

Cancel

[Change password] dialog box

IF'.dm ir
Cancel |

Qld Pazsword:
[
FMew Password:

Confirm Mew Pazsword:
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B Adding a new user:

By default, an administrator and a guest have been added. You can register new users.

1.  Click the [Log in...] button shown on the previous page. Log in as a user who has administrator
access right.

2. Click the [Access rights] button. The [User access rights] dialog box appears.

User access rights el B
m Uzer acocess rights |
zers I Access level I
Adrmin Admin

Guest A

/ Bemove

User name list

| 1=
[wl
o

—Access:
/ € Administrator
Access rights selection " Full readAwrite access

" ReadAwiite file access only

" Read only access

Ok I Cancel

3. Click the [Add...] button. The [Add new user] dialog box appears.
4.  Enter a new user name and password. (Password specification is mandatory.)

Add new user El

ILlser
Cancel |

Paszzword:
I*m

Confirm Password:
Iw*

5. The new user name is then added to the user list. Select the user name and specify access right for
the user.

Click the [OK] button to enable your specification.
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u Selecting the server machine:

Select the machine that will work as the server. If you want to make your own machine the server, you
do not have to do anything.

If you want to specify another machine as the server, click the [Select server] button in the [Network]
tab. Select [Remote] in the following dialog box, and then specify the computer name.

Click the [OK] button to enable your specification.

Select Server Location

* Local

™ Remote Cance|

Browse.. |

Computer name:

B Remarks:
Use of this feature will lower the High-performance Embedded Workshop performance.
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Section 5. Efficient Programming Techniques

While the NC308WA compiler performs its own optimization, resourceful programming can also yield
increased performance. This chapter describes several techniques that users can employ to create more
efficient programs. A program can be evaluated using two criteria: how fast it executes, and how small
it is. The following are important principles for creating efficient programs:

(1) Maximizing execution speed

Execution speed is determined by both frequently executed statements and complex statements. It is
important to understand how these statements are processed, and to improve them selectively.

(2) Minimizing program size

To keep the program as small as possible, similar processing sections should be shared, and complex
functions should be simplified whenever possible.

Due to optimization by the compiler, results regarding execution speed may differ from what they
would theoretically be. As such, make use of various methods to improve performance, testing them on
the compiler as you go.

Table 5.1 lists the efficient programming techniques explained in this chapter.

Table 5.1 List of Efficient Programming Techniques

No. ltem RAM ROM Execution
efficiency | efficiency speed
5.1 | Register passing for arguments v v v
5.2 | Using register variables v v v
5.3 | Using M16C-specific instructions - v v
5.4 | Using the "carry" flag for bit operation -- v v
branching
5.5 | Moving determinate items within a loop -- -- v
to outside of the loop
5.6 | SBDATA SBDATA - v -
declaration and declarations
fSquuCOInAL page SPECIAL page -- v x
declaration utility function declarations
5.7 | Using "switch" instead of "else if" - - v
5.8 | Comparison operators for loop counters -- v v
5.9 | restrict -- v v
5.10 | Using _Bool -- v --
5.11 | Explicitly initializing auto variables v v v
5.12 | Initializing arrays -- -- v
5.13 | Increments / decrements v v v
5.14 | "switch" statements - -- v
5.15 | Immediate floating-points - v
5.16 | Zero clearing external variables -- v v




No. Item RAM ROM Execution
efficiency | efficiency speed
5.17 | Organizing start-up -- v v
5.18 | Using temporary values within loops x - v
5.19 | Using 32-bit mathematical functions -- v v
5.20 | Using unsigned wherever possible -- v v
5.21 | Array index types v v v
5.22 | Using prototype declarations v v v
5.23 | Using the char type for functions that - v -
return only char type values
5.24 | Commenting out clear processing for bss -- v v
areas
5.25 | Reducing generated code v v --

5.1 Register Passing for Arguments

There are two ways to pass an argument to a function: stack passing, where the argument is passed by
being pushed to the stack, and register passing, where the argument is passed by being assigned to the
register. Whereas stack passing entails the cost of pushing to and popping from the stack, register
passing entails so such cost, and can be performed quickly. Register passing is used under the following
three conditions:

@O  Aprototype declaration exists for the function.
@  The ... variable argument is not used in the prototype declaration.
@  The function argument type matches one listed in the following table.

Figure 5.1 shows a condition under which the existence of a prototype declaration changes whether
register passing is used or stack passing is used.

Table 5.2 Types for Register Passing

Compiler First argument Second argument

NC30WA _Bool type int type
char type near pointer type
int type

near pointer type

NC308WA _Bool type None.
char type
int type

near pointer type
Note that allocation to the register is as follows when register passing is used.

Table 5.3 Argument Allocation for Register Passing




Argument type Compiler First Second Third and
argument argument subsequent
arguments
_Bool type NC30WA R1L Stack Stack
char type NC308WA ROL
int type NC30WA R1 R2 Stack
near pointer type NC308WA RO Stack
Other types NC30WA Stack Stack Stack
NC308WA
Before After
int f(int a);
?nt main () %nt main ()
£(3); £(3);
) ) .
int f(a) int f(int a)
int a; {
{
}
}
push.w #0003H mov.w #0003H,RO
jsr £ jsr  Sf

Figure 5.1 Example of Register Passing for an Argument

5.2 Using Register Variables

You can allocate a frequently used variable to the register by adding the register modifier to the
variable declaration, to speed up the program considerably. However, if you use the register modifier
too much, register space may become insufficient, which can actually slow down the program. Also,
with NC30WA, when a variable remaining from a function call is allocated to the register, register
save/restore instructions are created before and after the function call, which can also slow down the
program. The "-fER" option is required at compile-time for the register modifier to take effect. Figure
5.4 gives an example of such an improvement.



int £()
The variable i is force

{ placed in the register.
register int i;

for(i=0;1i<100;i++)

{
}
}
Figure 5.2 Declaring a Register Variable
int a;
int f£()
{
register int ij;
i=a;
0 Inefficient, as register save/restore
ghli instructions are generated for
i=a+1; NC30WA.
}
Figure 5.3 Register Save/Restore
Before After
int i; register int i;
sum=0; sum=0 ;
for(i=0;1i<100;1i++) for(i=0;1i<100;i++)
sum+=a [i]; sum+=al[i];
;## # C SRC : sum=0; ;## # C_SRC : sum=0;
mov.w #0000H,-4[FB] ; sum mov.w #0000H,-2[FB] ; sum
;## # C_SRC : for(i=0;1<100;1i++) ;## # C_SRC : for(i=0;1<100;i++)
mov.w $#0000H,-4[FB] ; 1 mov.w #0000H, RO
L1l: Ll:
;## # C_SRC : for(i=0;1i<100;1i++) ;## # C_SRC : for(i=0;1<100;1i++)
cmp.w #0064H,-4[FB] ; 1 cmp.w #0064H,RO0 ; 1
jge L5 jge L5
;## # C_SRC : sum+=alil; ;## # C SRC : sum+=alil;
mov.w -4[FB],A0 ; i mov.w RO,A0 ; 1 1
shl.w #1,A0 shl.w #1,A0
add.w _a:16[A0],-2[FB] ; sum add.w _a:16[A0],-2[FB] ; sum
add.w #0001H,-4[FB] ; i add.w #0001H,RO0 ; 1
jmp L1 jmp L1
L5: L5:

Figure 5.4 Using Register Variables




5.3 Using M16C-specific Instructions

By replacing code that uses an "if" statement to assign a value to a variable with code that uses both an

"if" clause and an "else" clause to assign an immediate value to the same variable, you can reduce
branching by expanding the "STZX" instruction, and increase ROM efficiency. This is shown below.

Before After
void main (void) void main (void)
{ {
int 1=2; int 1;
int port; int port;
if ( port == ) { if ( port == ) {
i = 3; i = 3;
} lelse(
} i=2;
}
}
mov.w #0002H,RO ; i cmp.w #0001H, -2 [FB] ; port
cmp.w #0001H, -2 [FB] ; port stzx.w #0003H,#0002H,R0 ; i
jne L3
mov.w #0003H,RO ; 1
L3:

Figure 5.5 Using M16C-specific Instructions
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5.4 Using the ""Carry"" Flag for Bit Operation Branching

In code such as the following, & (|) should be used instead of && (||).

Before

After

struct A

int a:1;

int b:1;

int c:1;
} oa;

if(a.a && a.b && a.c) func();

struct A

int a:1;

int b:1;

int c:1;
}oa;

if(a.a & a.b & a.c

)

func () ;

btst 00H,-2[FB]; a
jz L1
btst 01H,-2[FB]; a
jz L45
btst 02H,-2[FB]; a
jz L47
jsr _func
L47:
L45:

Ll:

btst 00H, -2 [FB] ;
band 01H, -2 [FB] ;

band 02H, -2 [FB] ;
jnc L29
jsr _func

L29:

a
a
a

Figure 5.6 Using the ""Carry" Flag for Bit Operation Branching
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5.5 Moving Determinate Expressions Within a Loop to Outside of the

Loop

In code such as the following, by moving determinate expressions that are within a loop so that they are
outside the loop, you can reduce the number of calculations required, and thus speed up the program.
This can be done automatically by enabling the optimization option in the compiler.

for(i=0;1<100;1i++) {

k+=1+1%*4;

g

tmp=1%*4;
for(i=0;1<100;1i++) {

k+=i+tmp;

Figure 5.7 Moving Determinate Expressions Within a Loop to Outside of the Loop

C source

Before optimization

After optimization

for(i=0;1i<100;i++)
alil=1*4;

;## # C SRC : for(i=0;i<100;i++)
mov.w #0000H, i:16

Ll:

. line 18

;## # C_SRC for(i=0;i<100;1i++)
cmp.w #0064H, i:16
jge L5
JH# # C SRC :  alil=1*4;
mov.w _1:16,R0
shl.w #2,R0
indexwd.w _i:16
mov.w RO,_a:16
add.w #0001H, i:16
jmp L1
L5:

;## # C_SRC :for(i=0;1i<100;i++)
mov.w#0000H, 1:16
mov.w 1:16,R0
shl.w #2,R0

Ll:

;## # C_SRC : alil=1*4;
indexwd.w 1i:16
mov.w RO, _a:16
add.w #OOOlH,_i:l6
cmp.w #0064H, i:16

jlt L1

Figure 5.8 Performing Optimization to Move Determinate Items Within a Loop to Outside

of the Loop
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5.6 SBDATA Declaration and SPECIAL Page Function Declaration
Utility

utl308, the SBDATA declaration and SPECIAL page function declaration utility, processes absolute
module files (*.x30), and outputs the following:

1. SBDATA declaration
This declaration is for performing allocation from frequently used variables, to the SB area.
(#pragma SBDATA)

2. SPECIAL page function declaration

This declaration is for performing allocation from frequently used functions, to the special page
area.

(#pragma SPECIAL)

To use utl308, at compile-time, specify the command line option "-finfo" in the compile driver to
generate absolute module files (*.x30).

Figure 5.9 shows the processing flow for NC308. You can use this tool for optimum usage of SBDATA
functionality and SPECIAL page functionality. For details, in the NC308 User's Manual, see Appendix

G.
@ nc30 command
Compile driver line options

| nc308 I—— [-finfo I
|

L Preprocessor
| cpp308
Preprocessed
C source file Compiler
| ccom308
Assembly
source file Generation by
Assembler s.?_eci{'ying
-TInro
Absolute command line
module file | option for nc308
p——————
Rg_locaft_?ble ! SBDATA declaration
object file . ) and SPECIAL page
Inker utl308 function declaration
| In308 | utility
|

SPECIAL page SPECIAL page
function vector definition
eclaration file file

SBDATA
declaration file

© File output by nc308

Figure 5.9 SBDATA Declaration and SPECIAL Page Function Declaration Utility
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5.7 Using "'switch" Instead of "else if*'

When comparing arrays or other structures multiple times, it is faster to use a "switch™ statement than
an "else if" statement. This is because "else if" statements perform comparisons through indirect
addressing, while "switch™ statements secure space and perform comparisons within the register.

Before After
if(alil==0){ switch(al[i])
} else if(alil==1){ case 0:
} else if(alil==2){ break;
P case 1:
} else { -
break;
} case 2:
break;
default:
beak;
}
j## # C_SRC if(a[i]l==0) indexws.w RO ; i
mov.w RO,R1 ;101 mov.w:g _a:16,R0

shl.w #1,R0

cmp.w #0000H, RO

mov.w RO,A0 jeq L3
mov.w _a:16[A0],RO cmp.w #0001H,RO
jne L1 jeqg L5
.. cmp.w #0002H,RO
;## # C _SRC else if(alil==1) jeq L7
Ll:

mov.w R1,A0
shl.w #1,A0
cmp.w #0001H, a:16 [A0]

;101

jne L11
i## # C _SRC else if(alil==2)
L11:

mov.w R1,A0 ; 1 1

shl.w #1,A0
cmp.w #0002H, a:16[A0]

jmp L9

Figure 5.10 Using ""switch™ Instead of "else if*"
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5.8 Comparison Operators for Loop Counters

Within a loop, comparisons to 0 both use less ROM, and execute faster.

Before

After

for (i=0;1i<10;1i++) {

po

for(i=10;1i!1=0;1i--){

po

add.w #0001H, i
cmp.w #000aH, i
jlt label

adjnz.w #-1,_ i,label

Figure 5.11 Comparison Operators for Loop Counters

5.9 restrict

You can facilitate optimization by using the restrict modifier, as long as you are sure that you do not
point to the same areas as variables. Note that if you use the restrict modifier when pointing to the same

areas as variables, a malfunction may occur.

Before After
int a; int a;
int *q; int * restrict qg;
Yoid £f() void £ ()
a=10; a=10; This is replaced with
*q=20; a needs to be loaded. *q=20; a=10.
sub (a) ; sub (a) ;
}
_E: _f:
i## # C_SRC : a=10; ;## # C_SRC : a=10;
mov.w #000aH,_a:16 mov.w  #000aH,_a:16
i## # C_SRC : *g=20; i## # C _SRC : *g=20;
mov.w #0014H, [_g:16] mov.w #0014H, [_qg:16]
;## # C_SRC : sub(a); ## # C_SRC : sub(a);
mov.w _a:16,R0 mov.w #000aH,RO
jsr $sub jsr S$sub
;## # C_SRC : } ;## # C_SRC : }
rts rts

Figure 5.12 Example Usage of restrict
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5.10 Using _Bool

Bool is a Boolean type, which can be either O or 1.

exception processing.

You can use the _Bool flag to prevent unnecessary

Before

After

char flag;

if (flag==0) {

} eiéé if( flag==1) {
Jelse{

// exception processing

_Bool flag;
if (flag==0) {
} else {

Lo

Figure 5.13 Example Usage of _Bool

5.11 Explicitly Initializing auto Vari

When you initialize an auto variable, it is allocated

ables

to the register. Otherwise, it is stored in the stack.

The optimization option is required for this optimization.

Before

extern unsigned int *p, max_val, min_val;

void func(void)

{
unsigned int max = 0;
unsigned int min; // Pushed to
// stack
while (1) {
if (max == 0) min = max = *p;
if (max < *p) max = *p;
if (min > *p) min = *p;
p++;
if (*p == 0) break;
¥
max_val = max;
min_val = min;
}

After
extern unsigned int *p, max_val, min_val;
void func(void)
{
unsigned int max = 0;
unsigned int min=*p; // Allocated
// to register
while (1) {
if (max == 0) min = max = *p;
if (max < *p) max = *p;
it (min > *p) min = *p;
p++;
it (*p == 0) break;
}
max_val = max;
min_val = min;
¥
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-glb_func
_Ffunc:
enter #02H
pushm R1
;## # C_SRC : unsigned int max = O;
mov.w #0000H,RO ; max
;## # C_SRC = while (1)
L3:
;## # C_SRC : if (max == 0) min =
max = *p;
cmp.w #0000H,RO ; max
jne L7
mov.w [_p:16],R0O
mov.w RO,R1
mov.w R1,-2[FB] ; min
L7:

;## # C_SRC : if (max < *p) max = *p;
cmp.w [_p:16],R0; max

jogeu L17
mov.w [ _p:16],R0O
L17:

;## # C_SRC : if (min > *p) min = *p;
cmp.w [_p:16],-2[FB] ; min
mov.w [ _p:16],-2[FB] ; min

L27:

sH# # C_SRC : p++;
add.l #00000002H,_p:16

;## # C_SRC : if (*p == 0) break;
mov.w [ p:16],R1
jne L3

;## # C_SRC : max_val = max;
mov.w RO, max_val:16 ; max

;## # C_SRC : min_val = min;
mov.w -2[FB],_min_val:16 ; min

;## # C_SRC - }
popm R1

exitd

.glb _func
_func:
pushm R1
;## # C_SRC : unsigned int max = 0;
mov.w #0000H,RO ; max
;## # C_SRC : unsigned int min=*p;
mov.w [ p:16],R1 ; min
;## # C_SRC : while (1)
L3:
;## # C_SRC - if (max == 0) min = max = *p;
cmp.w #0000H,RO ; max
jne L7
mov.w [_p:16],R0O
mov.w RO,R1

L7:
._line 27
;## # C_SRC : if (max < *p) max = *p;
cmp.w [p:16],R0 ; max
jgeu L17
mov.w [_p:16],R0O
L17:
._line 28
;## # C_SRC : if (min > *p) min = *p;

cmp.w [ p:16],R1 ; min

jleu L27
mov.w [_p:16],R1
L27:

J#H# # C_SRC : p++;
add.l #00000002H, p:16
;## # C_SRC : if (*p == 0) break;
cmp.w #0000H, [ _p:16]
jne L3
;## # C_SRC : max_val = max;
mov.w RO, max_ val:16 5 max
;## # C_SRC : min_val = min;
mov.w R1, min_val:16 ; min
;## # C_SRC : }
popm R1
rts

Figure 5.14 Explicitly Initializing auto Variables

5.12 Initializing Arrays
When two arrays are initialized within a loop statement, move one of them to a separate loop. This
allows the loops to be expanded using the sstr instruction, to increase execution speed.

However, when initializing three or more arrays, perform initialization within the same loop to improve
ROM efficiency. This is because the sstr instruction requires an initial setup for each register, degrading
ROM efficiency when 3 or more arrays are initialized.
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Before

After

/* Initialization within the same loop */
void loop2 1 (void)

/* Initialization within a separate loop */
void loop2 2 (void)

int 1i; int i;
for(i = 0; i < 10; i++){ for(i = 0; i < 10; i++)
ali] = 0x0a; [i] = 0x0a;
b[i] = 0x0b; for(i = 0; i < 10; i++)
b[i] = 0x0b;
1 }
_loop2_1: _loop2_2:
pushm A0 pushm R3,Al
mov.w #0000H,RO mov.b #0aH,ROL
L3: mov.w #( a&0FFFFH) , Al
mov.w RO,A0 mov.w #0aH,R3
mov.b #0aH, a:16 [A0] sstr.b
mov.b #0bH, b:16 [A0] mov.b #0bH,ROL
add.b #01H,AO0 mov.w #(_b&OFFFFH),6 Al
mov.w AO0,RO mov.w #0aH,R3
cmp.w #000aH,RO sstr.b
jlt L3 popm R3,Al
popm A0 rts
rts

Figure 5.15 Initializing Arrays

5.13 Increments / Decrements

Separate increments and decrements from expressions. The compiler will attempt to keep the value

before the increment/decrement.

Before After
ali++]=b[j++]; alil=b[j];

i++;

J++;
mov.w -22[FB],R0 ; 3 indexws.w -4[FB] ; 3
§dd.w #0001H, -22[FB] ; J mov.w:g -24[FB],R0 ; b
indexws.w RO indexwd.w -2[FB] ; i
mov.w:g -22[FB],R0 ; b . !
indexwd.w -2[FB] ; i mov.w RO,-24[FB] ; a
mov.w RO, -22[FB] ; a add.w #0001H,-2[FB] ; 1

add.w #0001H, -2 [FB]

H 1

add.w #0001H,-4[FB] ; 3

Figure 5.16 Increments / Decrements
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5.14 "'Switch'" Statements

For more efficient code, in "switch" statements with several case values, reduce the intervals between
the case values when possible. This is because code for large intervals is expanded to" if else™ formats,

while that for small intervals is expanded to branch tables. It is also a good idea to use the enum type

for case values.

Before

After

switch (a)

switch (a)

case 100: case 1:
case 200: case 2:
case 300: case 3
} }
cmp.w #0064H,RO S2:
jeq L5 jmpi.w L47
cmp.w #00c8H,RO L47:
jeq L7 .word L45-S2&0ffffH
cmp.w #012cH,RO .word L23-S2&0ffffH
j .word L25-S2&0ffffH

jeq L9

Figure 5.17 "'switch™ Statements

5.15 Immediate Floating-points

When precision is not an issue, append the f suffix to floating-point numbers. A number without the f

suffix is processed as a double type.

Before

After

float f;
f=f+123.456;

float f;
f=f+123.456f;

push.1l _f:16

.glb _ fatofs
jsr.a _ f4tofs
add.l  #04H,SP
pushm R3,R2,R1,R0
push.l #405edd2fH
push.l #1la9fbe77H
jsr.a _ f8add
add.l  #010H,SP
pushm R3,R2,R1,R0
jsr.a _ f8tof4
add.l  #08H,SP
mov.1l R2R0O, f:16

push.l _f:16
push.l #42f6e979H
jsr.a _ f4add
add.l #08H,SP
mov.l R2RO,_f:16

Figure 5.18 Immediate Floating-points
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5.16 Zero Clearing External Variables

During startup, the initial value of all external variables is zero cleared, even when not explicitly set as
such. When you explicitly zero clear a variable, since a 0 is secured in ROM and transferred during
startup, ROM space is wasted. As such, do not zero clear the initial value of an external variable.

Before After
int i=0 int 1i;
.SECTION data_NE, DATA .SECTION bss_NE,DATA
._inspect 'u', 1, "data NE", "data NE", 0 ._inspect 'U', 3, "bss NE", "bss NE", 0
.glb 1 .glb i
i i
.blkb 2 .blkb 2
.SECTION data_NEI, ROMDATA
._inspect 'U', 1, "data NEI", "data NEI", O
;## # init data of 1i.
.word 0000H

Figure 5.19 Zero Clearing External Variables
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5.17 Organizing Startup

If you know that no standard 1/O functions or memory management functions will be used, you can
speed up the program by omitting their initial setup. By specifying "-D__STANDARD_IO__=1"and
"-D__HEAP__=1" at assembly-time for ncrt0.a30, you can disable initialization processing for these
functions. Figure 5.21 shows the High-performance Embedded Workshop dialog box for setting
"-D__STANDARD_I10__ =1"and "-D__HEAP__=1".

.if HEAP == 1 ; for HEW
HEAPSIZE .equ Oh

.else
.if  HEAPSIZE == 0

HEAPSIZE .equ 300h

.else ; for HEW
HEAPSIZE .equ _ HEAPSIZE
endif
endif

.if  STANDARD IO  I= 1
.glb _init
.call init,G
jsr.a _init

.endif

Figure 5.20 Organizing Startup
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standard Toolchain

Caontieuration :

|Debug
El--@ All Loaded Frojects

~

|:| C zource file
F-1G - Azzembly file
-2 Aszembly source file

2|
G Assembly |Link | Librarian | Lme | Gfe | MKMRTBL4|* |
Categary

|Su:uuru:e ;I
Show entries faor :
Dief|

-

[~ [-D_HEA&P_=1] Dizable heap are in startup ‘hortl.as0n.

r [-D_STAMDARD ID_=1] Enable initialization for standard A0
library.
[-D] Sets constants to symbols
Symbal | Strine | gdd. |

Optionzs Azsembly

~finfo ~O${GONFIGDIFDY ~LM -
[~
ok | weutn |

Figure 5.21 The High-performance Embedded Workshop Dialog Box for Organizing Startup
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5.18 Using Temporary Values within Loops

When an external variables is used within a loop,

memory is referenced for each iteration. You can

facilitate calculation in the register by using temporary variables.

Before After
int total; int total;
void func(int pl[]) void func(int pl[])
int i; int i,tmp;
total=0; tmp=0;
for(i=0;i<100;1i++){ for (i=0;1<100;i++) {
total+=p[i]; // Memory referenced tmp+=p[i]; // Calculation performed
// each time // in register.
}
} total=tmp;
1
_func: _func:

enter #02H
pushm R2,A0

;## # C_SRC : total=0;
mov.w #0000H, total:16

;## # C SRC : for(i=0;i<100;1i++){
mov.w #0000H,-2[FB] ; i

Ll:

;## # C SRC : for(i=0;i<100;1i++){
cmp.w #0064H,-2([FB] ; 1
jge L5

;## # C_SRC : total+=pl[i];

//Memory referenced each time.
mov.w -2[FB],R0O ; 1 ]
exts.w RO Memory is
mov.l R2RO,A0 referenced for
shl.1l #1,A0 each iteration
add.l 8[FB],A0 ; p in the loop.
add.w [AO0], total:16
add.w #0001H,-2[FB] ; i
jmp L1

L5:

;H## # C_SRC : }
popm R2,A0
exitd

enter #00H
pushm R1,R2,R3,A0,AL

mov.l 8[FB],A0 ; p p

;## # C_SRC : tmp=0;
mov.w #0000H,R1 ; tmp

;## # C_SRC : for (1i=0;1<100;i++)
mov.w #0000H,RO; i

Ll:

;## # C _SRC :tmp+=pl[i];

// Calculation performed in
mov.w RO,R3 i i
exts.w RO

register.

7

mov.l R2RO,Al Replaced by a
shl.l #1,A1 calculation in
add.l AO,Al ; p the register.
add.w [Al],R1
add.w #0001H,R3; 1
mov.w R3,RO ; 1 1
cmp.w #0064H,RO0; 1
j1t L1
i## # C_SRC : total=tmp;
mov.wR1l, total:16 ; tmp
;## # C_SRC : }
popm R1,R2,R3,A0,Al
exitd

Figure 5.22 Using Temporary Values within Loops
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5.19 Using 32-bit Mathematical Functions

You can use 32-bit mathematical functions for variables of the float type to increase execution speed.
When the standard mathematical functions are used, the arguments are first converted up to the double
type, and the resulting double type value is converted back to a float type value when substituted for
the variable. When 32-bit mathematical operations are used, all calculations are performed using the

float type.

Before

After

#include<math.h>
float fdata, result;

result=gin (fdata) ;
\Eouble conversion

float conversion

#include<mathf .h>
float fdata, result;
result=sinf (fdata)

Calculation as float

;## # C_SRC : result=sin(fdata);
push.l _fdata:16

.glb  f4tofs

jsr.a __ f4tofs

add.l #04H,SP

pushm RO,R1,R2,R3

jsr _sin

add.l #08H,SP

pushm R3,R2,R1,R0
.glb _ f8tof4

jsr.a __ f8tof4

add.l #08H,SP

mov.l R2R0, result:16

;## # C_SRC : result=sinf (fdata);
push.l _fdata:16

jsr _sinf

add.l #04H,SP

mov.1l R2R0O,_result:16

Figure 5.23 Using 32-bit Mathematical Functions
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5.20 Using unsigned Whenever Possible

Use unsigned integers whenever possible, to improve code efficiency for branching instructions (note,
however, that this can worsen code efficiency for only the M16C/20 and M16C/60 series, as adding
"unsigned" in NC308 incurs sign extension). Also, when comparing signed integers, use the != and ==
operators instead of the <=, >=, <, > operators to improve code efficiency whenever possible.

Before

After

int datal[100];
void main()

int 1i;
int sum=0;
for(i=0;1i<100;i++) sum+=datalil];

int data[100];
void main()

unsigned int i;
int sum=0;
for(i=0;1!=100;1i++)sum+=datalil];

;## # C_SRC : int sum=0; ;## # C_SRC : int sum=0;
mov.w #0000H, -4 [FB] ; sum mov.w #0000H, -4 [FB] ; sum

;## # C SRC :for(i=0;1<100;1i++)sum+= ;## # C SRC :for(i=0;1!=100;i++)sum+=
datali]; datali];
mov.w #0000H, -2 [FB] ; 1 mov.w #0000H,-2[FB] ; i

Ll: Ll:

;## # C_SRC : for(i=0;1<100;i++)sum+= i## # C_SRC :for(i=0;1!=100;i++)sum+=
datal[i]; datal[i];
cmp.w #0064H,-2[FB] ; i cmp.w #0064H,-2[FB] ; 1
jge L5 jeq L5
mov.w -2[FB],A0 ; 1i mov.w -2[FB],A0 ; 1
shl.w #1,A0 shl.w #1,A0
add.w _data:16[A0],-4[FB] ; sum add.w _data:16[A0],-4[FB] ; sum
add.w #0001H,-2[FB] ; 1 add.w #0001H, -2 [FB] ; 1
jmp Ll jmp Ll

L5: L5:

Figure 5.24 Example Usage of Unsigned
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5.21 Array Index Types

Type expansion is performed during calculation for array indexes, based on the size of an element in
the array.

(1) For sizes 2 bytes or larger (for types other than the char type or signed char type):
Calculation is performed by extending the index to the int type.

(2) For far-type arrays of 64K or larger:
Calculation is performed by extending the index to the long type.

As such, when you use a char-type variable as the array index, it must be extended to the int type,
making for inefficient code. So, use the int type, instead of the char type, for array indexes. Note that
this optimization is for NC30WA only.

Before After
char i; int i;
int al10]; int af[10];
alil=0; alil=0;
mov.b -1[FB],ROL ; 1 mov.w -2 [FB],R0 ; i
mov.b #00H,ROH shl.w #01H,RO
shl.w #01H,RO mova -22[FB],A0 ; a
mova -21[FB],A0 ; a add.w RO,A0
add.w RO,A0 mov.w #0000H, [A0Q]
mov.w #0000H, [AOQ]

Figure 5.25 Array Index Types

5.22 Using Prototype Declarations

With this compiler, you can use function prototype declarations to perform more efficient function calls.
In other words, if you do not use function prototype declarations with this compiler, when such
functions are called, their arguments are pushed to the stack area by the rules shown in the following
table.

Table 5.4 Stack Usage Rules Pertaining to Arguments

Data type

Rule when pushed to a stack

char type
signed char type

Extended to the int type.

float type

Extended to the double type.

Other types

Not extended.

This means that when function prototype declarations are not used, redundant type extension may be

performed.

You can use function prototype declarations to improve efficiency of function calls, to avoid redundant
type extension and allow arguments to be allocated to the register.
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Before

After

int main()

char datal;

char data2;

char data3;

int data;

data=f (datal,data2,data3) ;

int £( i, j, k)
char i,73,k;

int f(char ,char ,char);
int main()

char datal;

char data2;

char data3;

int data;

data=f (datal,data2,data3) ;

}

int £( 1, j,k)
char i,3,k;

extz -2[FB],R0 ; data3
push.w RO

extz -2[FB],R0 ; data2
push.w RO

extz -2[FB],R0 ; datal
push.w RO

jsr _f

push.b -2[FB] ; data3
push.b -2[FB] ; data2
mov.b -2[FB],R0L ; datal
jsr Sf

Figure 5.26 Using Prototype Declarations
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5.23 Using the char Type for Functions that Return only char Type
Values

You can decrease the amount of ROM space used by using the char type for the return value of
functions that only return values of this type.

Also, use smaller data types whenever possible.

Before After
int func2 (void) char func2 (void)
switch (x) { switch (x) {
case 0: case 0:
return 255; return 255;
case 1: case 1:
return 254; return 254;
default: default:
return 253; return 253;
} }
} }
.glb func2 .glb func2
_func2: _func2:
;## # C_SRC : switch (x) { ;## # C_SRC : switch (x)
mov.w x:16,R0 mov.w x:16,R0
jeq L3 jeq L3
cmp.w #0001H, RO cmp.w #0001H,RO
jeq L5 jeq L5
jmp L7 jmp L7
;## # C_SRC : case O0: ;## # C_SRC : case O0:
L3: L3:
;## # C_SRC : return 255; ;## # C_SRC : return 255;
mov.w #00ffH, RO mov.b #0ffH,ROL
rts rts
;## # C SRC : case 1: ;## # C SRC : case 1:
L5: L5:
;## # C_SRC : return 254; ;## # C_SRC : return 254;
mov.w #00feH, RO mov.b #0feH,ROL
rts rts
;## # C SRC : default: ;## # C_SRC : default:
L7: L7:
;## # C_SRC : return 253; i## # C_SRC : return 253;
mov.w #00fdH, RO mov.b #0fdH,ROL
rts rts

Figure 5.27 Using the char Type for Functions that Return only char Type Values
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5.24 Commenting Out Clear Processing for bss Areas

The startup program ncrt0.a30 contains bss area clear processing. This processing exists to satisfy the C
language specification that uninitialized variables should have 0 as their initial value.

For example, since the code shown in Figure 5.28 contains a variable with no initial value, processing
(bss area clear processing) is required during startup to set 0 as the initial value.

[ static int 1i; ]

Figure 5.28 Example Declaration for a Variable that Has no Initial Value

Depending on the application, variables without an initial value may not need to be zero cleared. In this
case, you can speed up startup processing by commenting out the part of the startup program where bss
area clear processing takes place.

; N_BZERO bss_SE_top,bss_SE
; N BZERO bss SO top,bss SO
; N_BZERO bss_NE_top,bss_NE
; N BZERO bss NO top,bss NO

(6mitted)

BZERO bss FE top,bss FE
BZERO bss_FO_top, bss_FO

Figure 5.29 Example of Commenting Out of Clear Processing for bss Areas
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5.25 Reducing Generated Code

You can reduce the amount of generated code for data that is declared using the int type, and is within

the following ranges:
From 0 to 255: Change to the unsigned char type.
From -128 to 127: Change to the signed char type.

By decreasing the size of the variable type, you can reduce the size of comparison, addition, and other

instructions, and thus increase ROM efficiency.

Before After
int type unsigned char type
int datal[128]; void main (void)
void main (void)
unsigned char cnt = 128;
unsigned char i;
int cnt = 128;
int 1i; int datal[128];
int sum;
int sum=0;
for( i =0 ; i < cnt ; i++ ){
for( i =0 ; i < cnt ; i++ ){ sum += datal[i];

sum += datali];

}

1
1
;## # C_SRC : int cnt = 128; ;## # C _SRC : unsigned char cnt = 128;
mov.w #0080H, -6 [FB] ;  cnt mov.b #80H,-2[FB] ; cnt
;## # C SRC : for(1i=0;1i<cnt; i++) ;## # C SRC : for(i=0; i <cnt ; i++)
mov.w#0000H, -4 [FB] ; 1 mov.b #00H,-1[FB] ; 1
Ll: Ll:
;## # C_ SRC : for(1=0; 1i<cnt ; i++) ;## # C_SRC : for(1i=0; i<cnt ; i++)
cmp.w -6[FB],-4[FB] ; cnt 1 cmp.b -2[FB],-1[FB] ; cnt i
jge L5 jgeu L5
i## # C SRC : sum += datali]; ;## # C SRC : sum += datalil;
mov.w -4[FB],A0 ; 1 mov.b -1[FB],A0 ; 1
shl.w #1,A0 shl.w #1,A0
mova -262[FB],Al ; data mova -260[FB],Al ; data
add.1l Al1,R0 add.l Al,A0
add.w [AO],-2[FB] ; sum add.w [AO0],-4[FB] ; sum
add.w #0001H,-4[FB] ; 1 add.b #01H,-1[FB] ; 1
jmp L1 jmp Ll
L5: L5:
;## # C_SRC : } ;## # C_SRC : }
popm AO0,Al popm AO,Al
exitd exitd

Figure 5.30 Reducing Generated Code (1)
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You can reduce the amount of generated code for data that is declared using the long type, and is within
the following ranges and meets the following criteria:

From 0 to 65535: Change to the unsigned int type.

From -32768 to 32767: Change to the signed int type.

By decreasing the size of the variable type, you can reduce the size of comparison, addition, and other

instructions, and thus increase ROM efficiency.

Before

After

unsigned int datal[65535];

void main(void)

long cnt = 65535;

long i;
int sum;
for( 1 =0 ; i < cnt ; i++ ){

sum += datal[il;

unsigned int datal[65535];
void main (void)
unsigned int cnt = 65535;
unsigned int i;
int sum;

for( 1 =0 ; i < cnt ; i++ ){
sum += datal[i];

1 }

;## # C SRC : long cnt = 65535; ;## # C_SRC : unsigned int cnt = 65535;
mov.l #000O0ffffH,-10[FB] ; cnt mov.w H#HOffffH,-6[FB] ; c¢cnt

;## # C SRC : for(i=0; 1i<cnt ; i++ ) ;## # C SRC : for(1i=0; 1i<ocnt ; i++)
mov.l #00000000H,-6[FB] ; i mov.w #0000H,-4[FB] ; 1

Ll: Ll:

;## # C SRC : for(i=0; 1i<cnt ; i++ ) ;## # C SRC : for(1i=0; 1i<ocnt ; i++)
cmp.l -10[FB],-6[FB] ; cnt 1 cmp.w -6[FB],-4[FB] ; cnt i
jge L5 jgeu L5

i## # C SRC : sum += datali]; ;## # C SRC : sum += datali];
mov.l -6[FB],A0 ; 1 mov.w-4[FB] ,A0 ; i
shl.1l #1,A0 shl.l #1,A0
add.w _data:16[A0],-2[FB] ; sum add.w _data:16[A0],-2[FB] ; sum
add.l #00000001H,-6[FB] ; i add.w #0001H,-4[FB] ; i
jmp L1 jmp L1

L5: L5:

;## # C_SRC : } ;H## # C_SRC : }
popm A0 popm A0

exitd exitd

Figure 5.31 Deleting Generated Code (2)
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Section 6. Using the Simulator Debugger

This chapter explains how to use the simulator debugger supplied with the NC30WA effectively, and

consists of the following contents:

No. Category Item Section
1 Using the Virtual Inserting a Virtual Interrupt by Button Click 6.1.1
Interrupt Function e R S
2 Inserting a Virtual Interrupt at a Regular Interval | 6.1.2
3 Inserting a Virtual Interrupt at a Specified Cycle | 6.1.3
4 Inserting a Virtual Interrupt When an Instruction | 6.1.4
at a Specified Address Is Executed
5 Using the Virtual Entering Data by Button Click 6.2.1
Port Input/Output o i o
6 ; Entering Data from a Virtual Port When a 6.2.2
Function o
Specified Address Is Read
7 Entering Data from a Virtual Port at a Specified | 6.2.3
cycle
8 Entering Data from a Virtual Port When a Virtual | 6.2.4
Interrupt Occurs
9 Checking Data Output to a Virtual Output Port | 6.2.5
10 Using a Virtual LED or Label to Check the Memory Contents 6.3
11 Using printf for Debugging 6.4
12 Using I/O Scripts 6.5
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Section 6 Using the Simulator Debugger

6.1 Using the Virtual Interrupt Function

6.1.1

Inserting a Virtual Interrupt by Button Click

Description:

An interrupt can be generated manually by clicking a virtual interrupt button as if the button click is a
cause of the interrupt.

Set the interrupt priority and interrupt condition for the button.

B How to create a button for generating a virtual interrupt manually:

1
2.

From the menu, choose [View -> Graphics -> GUI 1/0] to display the GUI window.

Either click the button creation icon, or right-click and choose [Create button] from the menu
displayed to create a button for generating a virtual interrupt.

GUI 10 - new panel H
X |OE .
4] | P

Figure 6.1 GUI Window

Click the created button to display the settings window for the button.

GUI I/0 - new panel * A
Ax|aE= S

[ T T

[ | Button

| L i u
4 | ' 4

Figure 6.2 GUI Window (After Button Placement)
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Section 6 Using the Simulator Debugger

4.  For the button type, select [Interrupt], and then set the interrupt vector and IPL (interrupt priority
level).

Set Button Dialog |

Button Mame: TEST

— Select Button Tupe
" Input % Interupt " Input and Intemupt
= It
Type; I.&ddresx j
Sddress; I j E
[rata; I Length: IB_I,Ite 'I
Bt M azk
¥ Mot lse
azk [ata: I
AN = T A G - S [
ST e
Bit: Symbal: I 'I Bit Walue: IEI 'l
r Intermupt
Wectar: |12 IPL: I?

0K I Cancel |

Figure 6.3 Button Settings Window

5. Inthe file for which the vector table is set, set the interrupt vector. In this case, in the [vector 12]

line, [.lword dummy_int] is changed to [.Iword _test], and the test function in the source code is
called when the button is pressed.

.sectionvector, ROMDATA ; variable vector table
.org VECTOR_ADR

.lword dummy int ; vector O

.lword dummy int ; vector 1
.glb _test
.lword _test ; vector 12

During debugging, click the button created in step 2 to generate a virtual interrupt.
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Section 6 Using the Simulator Debugger

6.1.2 Inserting a Virtual Interrupt at a Regular Interval
B Description:

A virtual interrupt that occurs in sync with a set time interval can be set up in the [I/O Timing Setting]
window.

B How to set up:

1. From the menu, choose [View -> CPU -> 1/0O Timing Setting] to display the [I/O Timing Setting]
window.

2. Either click the time interval sync interrupt icon, or right-click and choose [Timer] from the menu
displayed to display the window for setting the interval sync interrupt.

I/0 Timing Setting

HEE = Bwmd| G
Input: cycle | Cycle
Address Bit 0/ 1 2/3|4|5|6/|7 8|9 10/11/12/13/14|15|16|17 18|10|20

output: ecycle | Cycle
Address Bit O|1/2|3|4|5|6(7 (8|09 10/11|12|13]|14|15[16[17|18[10(20

Interrupt: cyclel Cycle |||
Vec. Pri. O|1/2|3|4|5|6(7 8|9 10/11|12|13]|14|15|16|17|18|18(20

Figure 6.4 1/0 Timing Setting Window

3. Click the [Load...] button to import a settings file.

4.  Unless you are importing a settings file, enter the time interval, vector, and priority, and then click
the [Add] button.

Set Timer Dialog

Ix

Intereal IED ' msec add
 uzec

Wectar |12 Close |

Pricrity: I?'

Temp Directany: |C:'\ Refer... |

Tirmer:

Dl
Delal
Erabile

Al Enable
Dizable
A Dizable

L

Figure 6.5 Set Timer Dialog Box
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Section 6 Using the Simulator Debugger

5.
6.

7.
8.

The input settings are displayed as entered.

Click the [Save...] button to save the current settings.

Set Timer Dialog

Load... | Save... |
[rteryal: I—
Yectar: I—
Pricrity: I—

¥ MEEc

 usec
Cloze

Temp Directon: Il::'\

e .
Refer... |

Timer:

|

Uec[12] Prio[7] Time[58]m:

el
Del &l
Eratile
&l Enable
Dizatle
il Dizable

Bl

| H

Figure 6.6 Set Timer Dialog Box (After Settings Are Input)

You can add multiple settings as necessary.

You can also toggle each setting, to enable or disable it, as necessary.

Set Timer Dialog

|x

% mzec

 usec
Cloze

Refer...

Load... | Save.. |
Inkerval: I
Wectar: I—
Priority: I—
Temp Directorny: |C:\
Timer:

d|

Uec[12] Prio[7] Time[50]m:
Uec[21] Prio[6] Time[18]m:

=

£
Del Al
Enable

&l Enable
Disable

Al Dizable

[ |
I
T
e
[ |
I
|

| ©

Figure 6.7 Set Timer Dialog Box (Multiple Settings)
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6.1.3 Inserting a Virtual Interrupt at a Specified Cycle
B Description:

A virtual interrupt that occurs at a specified cycle can be set up in the [I/O Timing Setting] window.

B How to set up:

1. From the menu, choose [View -> CPU -> I/O Timing Setting] to display the [I/O Timing Setting]
window.

2.  Either click the data settings icon, or right-click and choose [Setup] from the menu displayed.

HER | s Amd GH

Input: cycle | Cyole
Address Bit 01,23 /4|5 6|7 |8|9/10/11]12|13|14|/15]/16 17|18 /19|20

Cyole
12 |3 /4|5 6|78 |9/10|11)12|13|14 /15|16 17|18 19|20

Cutput: cycle |

Address Bit ]

Interrupt: cycle | Cyole
Veco. Eri. 01,23 /4|5 6|7 |8|9/10/11]12|13|14|/15]/16 17|18 /19|20

Figure 6.8 1/0 Timing Setting Window

3. Select [Set a virtual interrupt], and then click the [Next>] button.

Select Type
 Set Vitual Port [nput

 SetVirtual Port Output

< Prev | Hext > | Cancel |

Figure 6.9 Setting a Virtual Interrupt
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4.
5.

For the timing at which the interrupt is to occur, select [Cycle].

Set the start cycle, end cycle, vector, and priority, and then click the [Next>] button.

" Executed Address

|'Interrupt Generation Timing

= Cycle
Executed Address: I j
Start Cycle: |1 ]
End Cycle: {10000
Weohaor: |‘|3
PFricrity: I?
< Prev | [ Hext > | __Gancel |

Figure 6.10 Setting a Cycle and Vector

Position the mouse pointer at the cell of the desired cycle at which you would like to set a virtual
interrupt, and left click to set an interrupt to occur.

Once all interrupts to occur are set, click the [Next>] button.

Up | Down

Cycle 8 | 1| 23| 4|5 |6 7| 8|9 =
1000 L= | j 1 j 1 i 1

< Prev | Hext > | Cancel |

Figure 6.11 Setting Interrupts to Occur
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8.  Save the I/O script file, as it is modified automatically.

21|

Save jm: Ia teouFiles j - e ER-

File name: Im Save I
Save as ype: [1/0 Seript Files [ .ios ) | Cancel |
e

Figure 6.12 Save Dialog Box

9.  The I/O script file is as follows.

IOSCRIPT FILE FOR I/O WINDOW (INT WAITC)

{
cycle 1001
int 13 , 7
waitc 31
int 13 , 7
waitc 20
int 13 , 7
waitc 12
int 13 , 7

}
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6.1.4 Inserting a Virtual Interrupt When an Instruction at a Specified Address Is
Executed

B Description:

A virtual interrupt that occurs when an instruction at a specified address is executed can be set up in the
[1/0 Timing Setting] window.

B How to set up:

1.  Performsteps 1to 3in 6.1.3 Inserting a Virtual Interrupt at a Specified Cycle, to display a dialog
box for setting up a virtual interrupt.

2. For the timing at which the interrupt is to occur, select [Execution address].

3. Set the execution address, vector, and priority, and then click the [Next>] button.

i Executed Address

"Intenupt Generation Timing

" Cycle
Executed Address: |3fD d
Shart Syl |
End Cycle: I
Wector: |13
Fricrity: I?
< Prev | Hext > | __Cancel |

Figure 6.13 Setting the Execution Address and Vector

4.  Set the number of times the instruction at the execution address is to be executed for the virtual
interrupt to occur. Position the mouse pointer at the cell of the desired execution count, and left
click to set the interrupt to occur.

5. Once all interrupts to occur are set, click the [Next>] button.

x|

uUp | Doun

Hum a|1|2|3|u|5|ﬁ|?|s|9i|

_____ e T T R TR DU RN T

< Prev | Hext > | Cancel |

Figure 6.14 Setting Interrupts to Occur

RENESAS



Section 6 Using the Simulator Debugger

6.  Save the I/O script file, as it is modified automatically.

2|

Save_in:la MeuFiles j - =5 -

File name: Im Save I
Save as type: [1/0 Script Files [ *.ios ) =l Cancel |
i

Figure 6.15 Save Dialog Box

7. The I/O script file is as follows.

IOSCRIPT FILE FOR I/O WINDOW (INT ISFETCH)

{
pass #isfetch:0x3f0 , 2
int 13 , 7

pass #isfetch:0x3f0 , 31
int 13 , 7

pass #isfetch:0x3f0 , 19
int 13 , 7

}
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6.2 Using the Virtual Port Input/Output Function

6.2.1 Entering Data by Button Click
B Description:
A virtual port input can be generated manually by clicking a button.

Specify the address or the bit symbol for the button.

B How to create a button for generating a virtual port input manually:

1. Place abutton in the GUI window. For details, in 6.1.1 Inserting a Virtual Interrupt by Button Click,
see steps 1 to 3.

2. For the button type, select [Input].
3. For the type, select [Address], [Address & Bit No.], or [Bit Symbol].

4.  If [Address] is selected, specify the address, data, and data size.

Set Button Dialog x|

Button Marne: |TEST

Select Button Type
’7(3" Input " Intermupt " Input and Intermupt |

— Input

Type: IAddress j
Address: I_TEST ;I

Data: ID:-:D'I Length: IB_-,ute vl
Bit Mask
¥ Mot Uz
fdask [ata: I

A = RN T - A IR 1

ST 4 e

Eit Symbal: I 'I Bit Walue: ID 'I
r— InterrLph

Weston I IFL: I

aK I Cancel |

Figure 6.16 Button Settings
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5. If [Address & Bit No.] is selected, set the address and bit number if no mask is to be used on a bit
basis. If a mask is to be used on a bit basis, specify the address, data, data size, and mask value.

Set Button Dialog X

Button Mame: ITEST

— Selzct Button Type
& lnput  © Interupt € Input and Intermupt

r Input
Type: | ddress & Bit Ho. =]
Address: I_TEST j
Dater:  J0x01 Length: IByte =l
Bit Mask
[v NotUse

fiazk Dnata: I

766 43 21

BitNo: - | 0| -| 0| -|o] . [1
Bit Syrbal. | | Bitvaue o =]
| mterrupt
Yecton I |PL: |
0k, | Cancel |

Figure 6.17 Button Settings

6. If [Bit Symbol] is selected, set the bit symbol and the value.

Set Button Dialog x|

Buttan Marne: |TEST

Select Button Type
’VF E O Imterupt  © Imput and Intermupt |

~ Input
Type: IBit Symbol j
pddiess | TEST = &l
[ atar IDHD1 Length: IByte j

I ask Data: I

Bt ki azk
’7 |

O T B G A [R
e R o A o
Bit Symbal: |B|T1 'I Bit Walue: I'I 'l
= [rterrupt
Wecton: I IFL: I

0K I Cancel |

Figure 6.18 Button Settings

7. When the button is clicked, the value of the specified address or bit symbol is entered.
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6.2.2 Entering Data from a Virtual Port When a Specified Address Is Read
B Description:

Input that occurs from a virtual port when a specified address is read can be set up in the [I/O Timing
Setting] window.

B How to set up:

1. From the menu, choose [View -> CPU -> 1/0O Timing Setting] to display the [I/O Timing Setting]
window.

2.  Either click the data settings icon, or right-click and choose [Setup] from the menu displayed.

1,0 Timing Setting |

HER = Amd &
Inpu cyele

: |
Address | Bit |0 1]2|3]4a[s5]6]7]8

Cycle |
9 |10(11/12|13|14|15/16|17 |18 19|20

Output: cycle |

Address Bit

Cycle |
0123|456 7|8 |8 |10j11|12|13]14|15]|16|17|18|19]20

Interrupt: cyclel Cycle |
Vec. Eri. 012|345 6|7|8/|9/10/11|12|13|14/ 15|16/ 17|18|10|20

Figure 6.19 1/0O Timing Setting Window

3. Select [Set a virtual input port], and click the [Next>] button.

Setup Dialog x|

—Select Type

¢ SetWitual Part Input
£ Set Wirtual Part Dutput

™ Set Virtual Intarupt

% Prew |

Cancel |

Figure 6.20 Setting the Processing Type
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4.  Set the data input timing to [Read access].

5. Inthe [Input address] field, use a hexadecimal number to enter the address for which virtual port
input is to be performed.

6. Inthe [Read address] field, use a hexadecimal number to enter a memory address (virtual port input
is performed when read access occurs for the memory address specified here).

7. When the same address is used for the input address and read address, the next piece of data is
referenced when the address is accessed.

8.  Click the [Next>] button.

Setup Dialog X
[ata Input Timing
{* Read Acocess
" Cycle
" Interupt
Imput &ddress: |3f|:| j
Read Addiess: |30 =]
Start Cycle: |
End Cyele: I
Yechorn I
< Prev | Next > | Cancel |

Figure 6.21 Read Access Settings

9.  Setthe data entered from the virtual input port. Position the mouse pointer at the cell of the desired
read access occurrence count for setting the data, and double-click the left button to display the
input console, and use a hexadecimal number to input the data.

10. Once the data is input, click the [Next>] button.

X

Up | Down

Hum ﬂ|1|2|3|u|5|6|?|8|9i|

_________________________________________

———————————————————————————————————————————————————————

————————————————————————————————————————————————————

____________________________________________________

< Prev | Next > | Cancel |

Figure 6.22 Input Data Settings
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11. Save the I/O script file, as it is modified automatically.

2|

Save in: Ia MeuFiles j - =5 E-

File name: Im Save I
Save as type: [1/0 Script Files [ *ios ) =l Cancel |
i

Figure 6.23 Save Dialog Box

12.  The I/O script file is as follows.

; IOSCRIPT FILE FOR I/O WINDOW (SET ISREAD)
{

pass #isread:0x3f0 , 1
set [0x3f0] = 0x68
pass #isread:0x3f0 , 1
set [0x3f0] = 0x65
pass #isread:0x3f0 , 1
set [0x3f0] = 0x6cC
pass #isread:0x3f0 , 1
set [0x3f0] = 0x6cC
pass #isread:0x3f0 , 1
set [0x3f0] = Ox6f
pass #isread:0x3f0 , 1
set [0x3f0] = 0x21
pass #isread:0x3f0 , 1
set [0x3f0] = 0x21
pass #isread:0x3f0 , 1
set [0x3f0] = Oxa

pass #isread:0x3f0 , 1
set [0x3f0] = 0x0

pass #isread:0x3f0 , 1
set [0x3f0] = 0x0

}
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13. The following code is an example of virtual port input.

#include <stdio.h>
char *PORT IN;

int 1i;

char buf[10];

void main (void)

{

PORT_IN = (char *)0x3f0;

for(i=0; 1i<10; i++){

buf [i] = *PORT_IN;
if (buf[i] == '¥0')
break;

printf ("%$s", buf);

— Address specified in [Input address]
or [Read address]
— for statement

— Next piece of data referenced
when read occurs

— 0x00 is used as the end code

— Outputs the input data to the standard output
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6.2.3 Entering Data from a Virtual Port at a Specified Cycle
B Description:

Data entry from a virtual port input at a specified cycle can be set up in the [I/O Timing Setting] window.

B How to set up:

1.  The data settings dialog box is displayed from the [I/O Timing Setting] window. Perform steps 1 to
3in 6.2.2 Entering Data from a Virtual Port When a Specified Address Is Read.

2.  Setthe data input timing to [Cycle].

3. Inthe input address field, use a hexadecimal number to enter the address for which virtual port
input is to be performed.

4.  Set the start cycle and end cycle, and then click the [Next>] button.

Setup Dialog x|

Data Input Timing
" Fead Access

* Cycle
= Intermpt
Input Address: I3f[| j
Fead Address: I j
Start Cycle: |1 Qoo
End Cycle: {10000
Wecton I
< Preu | Hext > | __Cancel |

Figure 6.24 Cycle Settings

5. Set the data entered from the virtual input port. Position the mouse pointer at the cell of the desired
read access occurrence count for setting the data, and double-click the left button to display the
input console, and use a hexadecimal number to input the data.

6.  Once the data is input, click the [Next>] button.

Setup Dialog

Cycle a1 2] 3| 4|5 ]| 6]

1888 . . . . . . .
e |
1e20 T AR
1638 i i i i i 1 i
1648
16858
1868
16878
1880 | i
1898 : . : : . . : . . .:J

' ' '
[ o TR [ - TR [ TR [Ip—
| ' h | ' v | v

————————————————————————————————————————

' ' ' ' ' ' '
[ TR [ - TR [T R
| ' h | ' v |

————————————————————————————————————————

' ' ' ' ' ' '
[ B — oo Lomoodo oo oo Loooodooo
1 ' T 1 ' ' 1

........................................

< Preu | Hext > | Cancel |

Figure 6.25 Input Data Settings
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7. Save the I/O script file, as it is modified automatically.

2]

Save_in:la MeuFiles j - = ER-

File name: Im Save I
Save as type: |1/0 Script Files | *.ios ) =l Cancel |
g

Figure 6.26 Save Dialog Box

The 1/0 script file is as follows.

; IOSCRIPT FILE FOR I/O WINDOW (SET WAITC)
{

cycle 1001

set [0x3f0] = Oxba

waitc 22

set [0x3f0] = 0xaOl

}
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6.2.4 Entering Data from a Virtual Port When a Virtual Interrupt Occurs
B Description:

A port input that occurs with a virtual interrupt can be set up in the [I/O Timing Setting] window.

B How to set up:

1.  The data settings dialog box is displayed from the [I/O Timing Setting] window. Perform steps 1 to
3in 6.2.2 Entering Data from a Virtual Port When a Specified Address Is Read.
2. Set the data input timing to [Interrupt].
3. Inthe [Input address] field, use a hexadecimal number to enter the address for which virtual port
input is to be performed.
4.  Specify the vector of the interrupt to be monitored, and click the [Next>] button.
Setup Dialog x|

Drata Input Timing
" Read &ccess

Input Address:  [0003FO =l
Readéddiess | [Z]
Start Cycle; |
End Cycle; |
Veotar: E
[ < Prev | [ Mext > | ﬂl

Figure 6.27 Interrupt Settings

5. Set the data entered from the virtual input port. Position the mouse pointer of the cell of the desired
read access occurrence count for setting the data, and double-click the left button to display the
input console, and use a hexadecimal number to input the data.

6.  Once the data is input, click the [Next>] button.

Up | Down

Hum “'1|.2|.3|.“|.5|.'5|.7|.3|.9‘
a - 68 . 65 ; 6C ; 6C ; 6F ; 21 ;21 ; BA ; 88

e[e0 [ | YT

< Preuv | Hext > I Cancel |

Figure 6.28 Input Data Settings
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Save the 1/0 script file, as it is modified automatically.

21|

Savejn:la MouFiles j - £ ER-

File name: Im Save I
Save as type: [1/0 Seript Files [ .ios ) | Cancel |

Figure 6.29 Save Dialog Box

4

7. The I/O script file is as follows.

; IOSCRIPT FILE FOR I/0 WINDOW (SET ISINT)
{

pass #isint:13 , 1
set [0x3f0] = 0x68
pass #isint:13 , 1
set [0x3f0] = 0x65
pass #isint:13 , 1
set [0x3f0] = Ox6cC
pass #isint:13 , 1
set [0x3f0] = 0x6c
pass #isint:13 , 1
set [0x3f0] = 0x6f
pass #isint:13 , 1
set [0x3f0] = 0x21
pass #isint:13 , 1
set [0x3f0] = 0x21
pass #isint:13 , 1
set [0x3f0] = Oxa
pass #isint:13 , 1
set [0x3f0] = 0xO0
pass #isint:13 , 1
set [0x3f0] = 0xO0

}
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6.2.5 Checking Data Output to a Virtual Output Port

B Description:

Data output to a virtual output port can be checked from the [I/O Timing Setting] window and Output
Port window.

(1) [I/O Timing Setting] window

1. From the menu, choose [View -> CPU -> I/O Timing Setting] to display the [1/O Timing Setting]
window.

2. Either click the data settings icon, or right-click and choose [Setup] from the menu displayed.

s Rwd ey

Input: cycle | Cyele

il i

Address Bit 0| 1/2|3 /4|5 6|7 |8|9/10[/11/12|13|14|15|/16/ 17|18 18|20

Output: ecyele | Cyele
Address Bit 0|1/2[3 4 6| 7|8|9|10/11|12|13|14|15|16|17|18 |18/ 20

Interrupt: cycle | Cyele |
Vec. Pri. 0| 1|2|3/4|5|6/|7 6|9 10/11/12|13/14/15/16 17|18 19|20

Figure 6.30 1/O Timing Setting Window

3. Select [Set a virtual port output], and click the [Next>] button.

Setup Dialog |

Select Type
™ SetVitual Port [nput

% Set irtual Port Dutput

™ Setitual Intemupt

< prev | [ Hext > | Cancel |

Figure 6.31 Selecting the Processing Type
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4.  Set the output address, and click the [Next>] button.

Output Sddress: I j

< Preu | Hext > | Cancel |

Figure 6.32 Setting the Output Address

5.  Adialog box is displayed, allowing you to specify the 1/0 script file to which the virtual port output
results are to be saved. Specify a file name, and save the file.

2|

Save_in:la MeuFiles j - =5 -

File name: Im Save I
Save as type: [1/0 Script Files [ *.ios ) =l Cancel |

Figure 6.33 Save Dialog Box

p

#include <stdio.h>
char *PORT OUT;
static int i;

char buf[10];

void main (void)

{

PORT_OUT = (char *)O0x3fl; — Address specified for the output address
sprintf (buf, “hello!!”); — Data output
for(i = 0; i < 10; i++) — for statement
*PORT_OUT = buf [i]; — Output is performed for the port
if (buf [i] == '¥0') — 0x00 is used as the end code
break;
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7.

The [1/0 Timing Setting] window for the output results is as follows.

I/0 Timing 5etting

HER = Fed W

Cycle = 0000000769

6B 6

Cutput: cycle
Address| Bit
af1 | 87
afl | #e
afl | #5
afl | g
af1 | #3
afl | sz
afl | #1
af1 | #0
K1

700 720 740 760 780 500 520 540 860

Figure 6.34 1/0O Timing Setting Window

When the code in step 6 is executed, the 1/O script specified in step 5 is as follows.

; IOSCRIPT FILE FOR I/O WINDOW (SET WAITC)

{

waitc 1145
set [0x3f1l]
waitc 30
set [0x3f1l]
waitc 30
set [0x3f1l]
waitc 30
set [0x3f1]
waitc 30
set [0x3f1l]
waitc 30
set [0x3f1l]
waitc 30
set [0x3f1l]
waitc 30
set [0x3f1l]

0x68

0x65

0x6C

0x6C

ox6f

0x21

0x21

0x0
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(2)  Output Port window
1. From the menu, choose [View -> CPU -> Output Port] to display the [Output Port] window.

2. Either click the port settings icon, or right-click and choose [Set...] from the menu displayed.

OutputPort |

& (& B B W E

Port: 3fl Log File:

Nurnber | —===h———=-l-—==—+-——--4
1
2
3
4
5
B
=
8
=)

Figure 6.35 Output Port Window

3. The port settings dialog box is displayed.
4.  Select [Address], and enter a label or address.

5. Click the [OK] button to complete the settings.

Set Port Dialog x|
& Part Address: |3f'| |
 Printf: IU*E*HT-I j

Clutput Format;
Window: [TExT =~
Filk: [TEXT R
Temp Directon: ||:;h
Refer...
)4 Cancel

Figure 6.36 Port Settings
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6.  When output is performed to the specified address while the program is running, the contents
output to the port are displayed in the [Output Port] window.

EEEE 3R

Port: 3f1l Log File:
Hgigsge | ====df====ll====i====7

L e B S 0 o P R R SN R

Figure 6.37 Output Port Window

7. Click the log start icon to output also to a log file the contents output to the port.
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6.3 Using a Virtual LED or Label to Check the Memory Contents

B Description:

The color of a virtual LED or displayed text of a label can be changed in real-time, according to the
contents of the memory being monitored.

B How to check the memory contents by using a virtual LED or label:
1. From the menu, choose [View -> Graphics -> GUI 1/0] to display the GUI window.

2.  Eitherclick the LED creation icon or label creation icon, or right-click and choose [Create LED] or
[Create Label] from the menu displayed. Then, place the virtual LED or label.

GUI I/0 - new panel |
Lk Omm s
4] | H

Figure 6.38 GUI Window

3. Click the placed object to display the settings window.

GUI I/0 - new panel * |

e

NEXT

< | vl

Figure 6.39 GUI Window (After Placement)
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4.  Set the address, and select either [Bit] or [Data] for the data type.
5. Foravirtual LED, set the display color. For a label, set the displayed string.

6.  For the [Bit] data type, select either [Positive] (display color 1 or displayed string 1 is used when
the condition evaluates to positive) or [Negative] (display color 1 or displayed string 1 is used
when the condition evaluates to negative).

Set LED Dialog x| Set Label Dialog x|
Address: |_TEST_LED =] ckdress: [LTEST_LABEL |
Bit Or Data Bit OrData
. * Bt '
{* Bit Bit Mum. ID_ ¢ Data Bit Murn, I'I
" Data
coort | [ Mamel:  [TRUE
| Mame2  [FALSE
Colaor2 I:l
— Logic r Logic
& Posiive ¢ Megative f* Positive " Megative
—[Data = Data
Dizplay Calard: I Display Marme:
Display Calorz: I Display Hame2: I
(] I Cahcel | (] I Cancel |
Figure 6.40 Set LED Dialog Figure 6.41 Set Label Dialog

7. The following is a code example. In this case, the virtual LED and label change by referencing the
0 bit and 1 bit of an integer from 0 to 200.

void main (void)
{
for (i = 0; 1 < 200; i++){
TEST_LABEL = i;
TEST LED = i;
while ( NEXT != 1);
NEXT = 0;
}
}
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8.  For the [Data] data type, enter the data corresponding to Display 1 and Display 2.

x| Set Label Dialog x|
Addhess: | TEST_LED =] Addess: |_TEST_LABEL =]

Bit Or Data
" Bit Bit i I.I—
; I it arr,
it urm. f00 & Data

Namel:  [DATA

Calor | -
Coo2 | [] Name2:  |DATAZ
r— Logic - Logic

¥ Positive. €0 Hegative & Pasitive &) Hegative

—Data Data

Display Color1: |1 Display Name1: I‘I
Dizplay Color2: |2 Dizplay Mame2: Izi

Ok I Catcel | 0K I Cancel |

Figure 6.42 Set LED Dialog Figure 6.43 Set Label Dialog

9.  When the following code is executed with the settings in step 8, the operations are the same as
those in step 7.

void main (void)
{
for (1 = 0; 1 < 200; i++){
TEST LABEL = ((i >> 1) & 1) ? 1 : 2;
TEST LED = (i & 1) ? 1 : 2;
while ( NEXT != 1);
NEXT = 0;
}
}
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6.4 Using printf for Debugging

B Description:

The contents output via printf in the source code can also be output to the [Output Port] window and log
file.

H  How to output:

1. From the menu, choose [View -> CPU -> Output Port] to display the [Output Port] window.
2. Either click the port settings icon, or right-click and choose [Set...] from the menu displayed.

ODutputPort k|
B [&d BB EHE
Fort: 3fl Log Pile:
Nurber | ————+-———1-———4———-2
1
Z
3
4
)
B
=
8
=]

Figure 6.44 Output Port Window

3. The port settings dialog box is displayed.
4.  Select [printf], and then [UART1].
5. Click the [OK] button to complete the settings.

Set Port Dialog X|
" Port Address: |3f'l j
{* Printf: IU-"B'-HT'I j

Output Farmat;
Wwindaw: |TEXT |
File: |TEXT =l
Temp Directany: ||:;h
Refer. ..
Ok, Cancel

Figure 6.45 Port Settings
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Section 6 Using the Simulator Debugger

6.  When printf is used for output while the program is running, the contents output to the port are
displayed in the [Output Port] window. The output for when the following code is executed is
shown below.

for(i = 0; 1 < 10; i++) {
#ifdef DEBUG

printf ( "i=%d¥n",i);
#endif

}

A~ %
B EEE R
Port: UARTI1 Loy File:
e | —=—=gpmmo=ll—mmmfpmmm =R m —m s pe = e
1| i=0
Z | i=1
3| i=2
4 | i=3
5| i=4
£ | i=5
7| i=6
g | i=7
9 | i=8
10 | i=9
11

Figure 6.46 Output Port Window

7. Click the log start icon to output also to a log file the contents output to the port.
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6.5 Using I/O Scripts

B Description:

Settings for virtual port input and virtual interrupts can be specified in script format, in files. Such scripts
are called /O scripts, and the files in which they exist are called 1/0O script files. Although 1/0 script files
can be created automatically using the [I/O Timing Setting] window, they can also be edited directly, for
even more flexibility in settings. For example, the following kinds of settings can be performed outside
of the [I/O Timing Setting] window.

e |f you want to generate a cyclic virtual interrupt like timer interrupts, you can use the while
statement to specify a repetition of virtual interrupt generation

®  You can specify that the priority levels set in the interrupt control register's interrupt priority level
select bits be referenced to resolve the interrupt priority of virtual interrupts generated.

®  As conditions for entering virtual port inputs or generating virtual interrupts, you can specify a
combination of program fetch, memory access for read/write, or memory comparison.

B Method for using an 1/O script file.
1.  Use atext editor to create an 1/0 script file in advance. Set the file extension to ios.

2. Inthe [I/O Timing Setting] window, either click the import icon, or right-click and choose [Load]
from the menu displayed to display the dialog box for importing 1/O script files.

3. Select the 1/O script file to be imported.

2l

Load I/0 Script File

Lok jn: Ia MeuFiles j - £k Ef-
s8] TEST.ios

File narne: Im Open I
Files of type: II.-’D Script Files [ *ioz ) j Cancel |

Figure 6.47 Load 1/O Script File Dialog Box

v
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B Example definition for the timer AO timer mode
The procedure in the following example is an example definition of the timer AO timer mode.

In this example, the timer AQO interrupt occurs every divide-by-ratio (number of cycles)
specified for timer AO. The value specified in the interrupt control register is referenced to
determine the priority of this timer interrupt.

; Virtual interrupt example
{ — Procedure start
while (1) { — while statement
if ([0x380] .b & 0x01) { — Checks timer A0's count start flag
waitc[0x386] .w+1l — Waits before I/0 script execution, for the number
of cycles for the frequency set for timer A0
int 21, [0x55] & 0x7 — Makes timer A0 interrupt occur
(The interrupt control register is referenced
to determine priority)
} else {
waiti 100 — Waits before I/0 script execution,
for 100 instructions

B Example definition for a virtual port input in sync with a cycle

The procedure in the following example is an example definition for a virtual port input in
sync with a cycle.

In this example, virtual port input is performed when 5000 cycles are executed in the program.
The [1/0 Timing Setting] window can only be used to set virtual port input on a byte basis, but
the 1/0 script file can be used to set virtual port input on a word or long word basis.

; Virtual port input example

{

Procedure start

A

waitc 5000

{

Waits before I/O script execution,
for 5000 cycles

set [0x3e0] = 0x34 — Inputs 0x34 to the 0x3e0 address
waitc 5000
set [0x3e0] .w = 0x4126 — Inputs 2-byte data 0x4126 from
the 0x3e0 address
} — Procedure end
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Section 7. MISRA C

7.1 MISRAC

711 What Is MISRA C?

MISRA C refers to the usage guidelines for the C language that were issued by the Motor Industry
Software Reliability Association (MISRA) in 1998, as well as the C coding rules standardized by those
guidelines. The C language itself is very useful, but suffers from some particular problems. The MISRA
C guideline divides these problems into five types: programmer errors, misconceptions about the
language, unintended compiler operations, errors at execution, and errors in the compiler itself. The
purpose of MISRA C is to overcome these problems, while promoting safe usage of the C language.
MISRA C contains 127 rules of two types: required and advisory. Code development should aim to
conform to all of these rules, but as this is sometimes difficult to accomplish, there is also a process to
confirm and document times when the rule conformance is not followed. Compliance to various issues
is also required separate from these rules, such as when software metrics need to be measured.

7.1.2 Rule Examples

This subsection introduces some actual MISRA C rules. Figure 7.1 shows Rule 62, that all switch
statements shall contain a final default clause. This is categorized as a programmer error. In a switch
statement, if the "default” label is misspelled as "defalt”, the compiler will not treat this as an error. If
the programmer does not notice this error, the expected default operation will never be executed. This
problem can be avoided through the application of Rule 62.

Example:

switch (x) {

defalt: « Misspelled

err = 1;

break;

Figure 7.1 Rule 62

Figure 7.2 shows Rule 46, that the value of an expression shall be the same under any order of
evaluation that the standard permits. This is categorized as a misconception about the language.
Namely, if ++i is evaluated first, the expression becomes 2+2, but if i is evaluated first, the expression
becomes 2+1. Likewise, since no provision exists for the evaluation order of function arguments, if ++j
is evaluated first, the expression becomes f(2,2), but if j is evaluated first, the expression becomes
f(1,2). This problem can be avoided through the application of Rule 46.



Example:
i=1;
X = ++1 + 1; X =2 + 27 X =2 + 17
jo=1;
func(j, ++3); func (1, 2)? func(2, 2)°?

Figure 7.2 Rule 46

Figure 7.3 shows Rule 38, that the right hand operand of a shift operator shall lie between zero and one
less than the width in bits of the left hand operand. This is categorized as an unintended compiler
operation. In ANSI, if the shift number of the bit-shift operator is a negative number or larger than the
size of the object to be shifted, the calculation results are undefined. In Figure 7.3, if the shift number
when us is shifted is not between 0 and 15, the results are undefined and the value will differ depending
on the compiler. This problem can be avoided through the application of Rule 38.

Example:

unsigned short us;
us << 16; Undefined action
us >> -1 Undefined action

Figure 7.3 Rule 38

Figure 7.4 shows Rule 51, that the evaluation of constant unsigned integer expressions should not lead
to wrap-around. This is categorized as an error at execution. When the result of an unsigned integer
calculation is theoretically negative, it is unclear whether a theoretically negative value is expected, or
a result based on a calculation without the sign will suffice. This situation could lead to a malfunction.
Also, the results of an addition calculation may cause an overflow, resulting in a very small value. This
problem can be avoided through the application of Rule 51.

Example:
if ( 1UL - 2UL )« What is intended: -1 or OXFFFFFFFF?

* (char*) (OXfffffffeUL + 2);« Results in a 0 address.

Figure 7.4 Rule 51
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7.1.3 Compliance Matrix

With MISRA C, source code is checked for compliance with all 127 rules. In addition, a table as the
one shown in Table 7.1 needs to be made, showing whether or not each rule is upheld. This is called a
compliance matrix. Given the difficulty of visually checking all rules, we recommend that you use a
static check tool. The MISRA C guideline also indicates such, stating that the use of a tool to adhere to
rules is of utmost importance. As not every rule can be checked using such a tool, you will need to
perform a visual review to check such rules visually.

Table 7.1 Compliance Matrix

Rule number Compiler Tool 1 Tool 2 Review (visual)

Warning 347

Violation 38

Warning 97

AW |IN|PF

Pass

714 Rule Violations

Rule violations can consist of those that are known to be safe, and those that may have more effects.
Rule violations such as the former should be accepted, but some degree of safety is lost when rule
violations are accepted too easily. This is why MISRA C states a special procedure for accepting rule
violations. Such violations require a valid reason, as well as verification that the violation is safe. As
such, locations and valid reasons for all accepted rules are documented. So that violations are not
accepted too easily, the signature of an individual with appropriate authority within the organization is
added to such documentation after consultation with an expert. This means that when a rule that is the
same as one already accepted is violated, it is deemed as an "accepted rule violation", and can be
treated as accepted, without performing the above procedures again. Of course, such violations need to
be reviewed regularly.

7.15 MISRA C Compliance

To encourage MISRA C compliance, code needs to be developed in compliance with the rules, and rule
violation problems need to be resolved. To show whether code complies with the rules, documentation
for the compliance matrix and accepted rule violations is needed, along with signatures for each rule
violation. To prevent future problems, you should train programmers to make the most of the C
language and tools used, implement policies regarding coding style, choose adequate tools, and
measure software metrics of various kinds. Such efforts should be officially standardized, along with
the appropriate documentation. MISRA C compliance requires more than just development of
individual products according to the guidelines, but rather of the organization itself.




7.2 SQMIint

7.2.1 What Is SQMIint?

SQMlint is a package that provides the Renesas C compiler with the additional function for checking
whether it conforms to the MISRA C rules. SQMlint statically checks the C source code, and reports
the areas that violate the rules. SQMlint runs as part of the C compiler in the Renesas product
development environment. SQMlint can be started simply by adding an option at compile-time, as
shown in Figure 7.5. It in no way affects the code generated by the compiler.

Table 7.2 lists the rules supported by SQMlint.

— Renesas C Compiler

C source

+

Preprocessor

Preprocessed C
source

- -

C compiler SQMlint

Rule violation
message

Assembly source

Figure 7.5 SQMIlint Positioning



e 7.2 Rules Supported by SQMIint
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Table 7.3 Number of Rules Supported by SQMlint

Number of testable rules

Rule category (Supported by SQMIlint / Total)
Required 67/93
Advisory 19/34
Total 86/127
7.2.2 Using SQMlint

SQMlint start options can be set easily from the window for setting the High-performance Embedded
Workshop Compile Options. Figure 7.6 shows the dialog box for specifying the High-performance
Embedded Workshop options, in which [MISRA C rule check] should be selected from [Category].

Renesas M16C Standard Toolchain 2=l
Corfiguration : C |Assembl_l,l| Litlk I Librarianl L I Cfg I 1 A | 'l
|Debug | catsgon: [MI5Ra C rule check |
E'@ &l Loaded Projects ¥ [-misra_...] To check the conformity of MISRA-C
=@ Inspection gption:  Fiule umbe ;
5L C source file nspection option : ule number :
[:l Azzembly zource file Ia" j [(1FRul=1 ﬂ Enatle &l I

o — Fiue 5 :
apply CJFule & [Dizable Al I

ighare IRule 12

required
required_add [(JRule 13
required _remove JRule 14
CJRule 17
0 - 10 j

[ [-misra_report] Repart file name
|$[CDNFIEDIH]\$[FILELE.&F].C$\-’ Madify... I

Options C :
- -finfo -dir ${COMFIGDIR) -migra_all ;I

| | 2] =
(] I Cancel |

Figure 7.6 High-performance Embedded Workshop Options Window

Thus, SQMIint will start at compile-time. The following gives the meaning of each option:

[all]: Performs testing for all rules.

[apply]: Performs testing only for specified rules.

[ignore]: Performs testing for all rules other than those of the specified numbers.
[require]: Performs testing only for rules necessary according to the MISRA C rule.

[require_add]: Performs testing for all rules necessary according to the MISRA C rule, as well as
for those of subsequent numbers only.

[require_remove]: Performs testing only for rules necessary according to the MISRA C rule, except
for those of the specified numbers.



7.2.3 Viewing Test Results

Test results can be output in the following three ways:

(@) Standard error output
Messages are output the same as the High-performance Embedded Workshop compile errors. Tag
jumping can be performed, allowing source code to be corrected easily using the same operations
as for compile errors.

(b) CSVfile
A file format that can be read by spreadsheet software, allowing reviews to be performed more
easily.

(c) SQMmerger
Displays both the source file and test results, as shown in Figure 7.7.

1 : void func(void);
2 : void func(void)
3 :{
4 : LABEL:
[MISRA(55) Complain] label ("LABEL") should not be used
5:

6 - goto LABEL;
[MISRA(56) Complain] the “goto® statement shall not be used

7}

Figure 7.7 SQMmerger



724 Development Procedures

Figure 7.8 shows how to perform development using SQMIint.

Code completion

Can be corrected
quickly

Compile and
perform MISRA C test

Correct =

Investigation
necessary

List of violation areas

Unacceptable rule
violations

Review source
code

Correct ¢

Acceptable rule
violations

Documentation

Figure 7.8 Development Procedure Using SQMIlint

(1) Collect all compile errors. SQMIint assumes that the C source code is valid.

(2) Find errors detected by SQMlint.

(3) Correct the errors that can be easily corrected.

(4) Create a list of the locations of rule violations that require investigation, and perform a review.
(5) Perform corrections for rules deemed unacceptable upon review.

(6) Document rules deemed acceptable upon review, to leave a record.

7.2.5 Supported compilers

The following compilers are supported by SQMlint:

e  M3T-NC30WA, Version 5.20 Release 1 and later
e M3T-NC308WA, Version 5.10 Release 1 and later
e M3T-CC32R, Version 4.10 Release 1 and later



Section 8. Frequently Asked Questions

This chapter contains answers to questions often asked by users.

8.1 C Compiler (M3T-NC308WA)

8.1.1 Bit Fields

B Question:

How can | declare a bit field combining a 10-bit width, 11-bit width, and 3-bit width, without any
empty bits (padding) between the fields?

[ ] Answer:

By declaring the entire sequence of fields as the same type, where the type contains more bits than the
sum of the bits in the fields, you can create packed bit fields with no empty bits.

Example program:

typedef struct {
unsigned long BITO_9 :10;
unsigned long BIT10_20 :11;
unsigned long BIT21 23 : 3;
} BITO 23;
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8.1.2 Memory Management Functions

B Question:

How can | prevent functions such as MALLOC() and MEMCPY (), which are not needed for an
application, from being linked in NCxxWA?

| Answer:

The MALLOC() and MEMCPY () functions are used to secure the HEAP area set using the
"ncrt0.a30" and “sectxx.inc" startup programs. When not using memory management functions such
as MALLOC() and MEMCPY (), specify the "-D__HEAP__=1" assembly option when assembling
"ncrt0.a30" and "sectxx.inc".



8.1.3 -ONBSD Option

B Question:

What kind of optimization is suppressed by the compiler optimization option "-ONBSD"? Is it
possible to perform more detailed settings for optimization suppressed by "-ONBSD"?

| Answer:

The following kinds of optimization are suppressed:

(1) Optimization in which common expressions are factored (so that the same expression is not
performed multiple times)

(2) Optimization in which common instruction blocks are grouped (such as for branches to
identical series of instructions)

(3) Optimization in which per-byte storage to consecutive areas is performed by word

(4) Optimization in which consecutive push operations for 1-byte constants are performed by
word

(5) Optimization in which consecutive shifts are grouped (such as turning b=a<<2; h<<=2; into
b=a<<4;)

(6) Optimization in which bit operations are grouped into OR and AND calculations

(7) Optimization in which comparison operators in the for statements are moved to the end of the
loop to reduce the number of times evaluation is performed)

(8) Optimization in which condition-less branches to return statements are replaced with return
(for NC308 only)

(9) Optimization in which exponential calculations using an exponent of 2 are changed to shift
operations

(10) Optimization in which auto variables are automatically allocated to the register
(11) Optimization in which constants are folded in

® Note that these optimizations are not always applied, based on the code immediately before or
after the corresponding location.

There are no options to perform more detailed settings for optimization suppression.



8.14 Priority of Optimization Options

B Question:

When multiple optimization options are specified, with what priority are the options processed?
Also, which takes priority: options that perform optimization, or options that suppress it?

| Answer:

When multiple optimization options are specified, those that take effect are as follows:

(1) When multiple "-O1" to "-O5" options are specified, the last one specified takes effect.
(2) When an "-Onumber™" option and the "-OR" option are specified, both take effect.

(3) When an "-Onumber" option and the "-OS" option are specified, both take effect.

®  Note that the "-OR" and "-OS" options cannot be specified together.

For example, if both "-OR" and "-O1" are specified, -OR optimization is performed, but optimization
suppressed by -O1 is not.

When both options that perform optimization and options that suppress optimization are specified,
the latter take priority, and optimization is performed based on the specified optimization suppression
options.



8.15 Adding Functions to the Library

B Question:

How can | add a function to the compiler library?

[ ] Answer:

You can add a function to the compiler library as shown in the following example, which is based on
NC308WA.

Compile the C source file to generate a relocatable file.
To generate "new.r30":

>nc308 -c new.c

Use librarian Ib308 to add the relocatable file to the library.
To add the "new.r30" file to the "nc308" library file:

>1b308 -a nc308lib.lib new.r30

Note:
For details about how to use 1b308, see the documentation for AS308, which can be found in the
nc308wa/manual directory, on the product CD-ROM. For Windows, this documentation is also
installed during product installation, so you can also find it from the Windows [Start] menu.



8.1.6 Placing const Declarations in the ROM Section

B Question:

I thought that anything declared using const was placed in the ROM section, but with the following
codes, it is placed in the data section. What should | do to have it placed in the ROM section?

const S_TBL *sp_tbl[]={
p0o0, /* pointer to the structure */
p0l, /* pointer to the structure */
p02, /* pointer to the structure */

}i

| Answer:

Code such as the above can be changed as follows to place sp_thl in ROM:

S_TBL *const sp tbl[]={
p00, /* pointer to the structure */
p0l, /* pointer to the structure */
p02, /* pointer to the structure */

}i
Also, you can use the following to place p00, p01, and pO2 in ROM, in addition to sp_tbl:

const S _TBL *const sp_tbl[]={
p00, /* pointer to the structure */
p0l, /* pointer to the structure */
p02, /* pointer to the structure */

bi

Note:
When using the const declaration for a pointer, what is placed in ROM differs depending on
the const position.

For the following example, a, b, and ¢ are placed in ROM:

const int *i={a,b,c};

For the following example, i is placed in ROM:

int * const i={a,b,c};
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8.1.7 Passing Parameters via Registers

B Question:

When are function parameters passed via registers?

Also, what is the difference in size and speed when function parameters are passed via registers, as
opposed to being stack-passed?

[ | ANnswer:

Function parameters are passed via registers under the following conditions:

(1) A prototype declaration exists for the function, and the parameter type is stated at the time of the

function call.

(2) The prototype declaration does not use the ... variable parameter.

(3) The types of function parameters match that shown in the following table:

For NC30:
Parameter Parameter type Register used
First parameter char type R1L register
First parameter int type or near pointer type R1 register
Second parameter int type or near pointer type R2 register

For NC308:
Parameter Parameter type Register used
First parameter char type ROL register
First parameter int type or near pointer type RO register

Also, passing parameters via registers is better in terms of both size and speed.




8.1.8 How Function Parameters are Passed

B Question:

Does the way in which function parameters are passed affect program portability?

[ ] Answer:

If a prototype declaration exists for the function, the compiler decides how function parameters are
passed. As such, the portability of the program is not affected.



8.1.9 Prototype Declarations

B Question:

Does the prototype declaration decide how function parameters are passed?

[ ] Answer:

Prototype declarations not only decide how function parameters are passed, but also specify such
properties as the parameter size. As a result, when a function is called for which no prototype
declaration exists, there may be consistency issues with parameters, for functions existing in a
separate file. To prevent such a problem, we recommend using the prototype declaration.
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8.1.10 Member Placement in a Structured Bit Field

B Question:

I have defined a structured bit field in a C program, but when | compile the program, the order of the
bit field members is changed. How can | prevent this?

| Answer:

The placement of members in a structured bit field is determined as follows:
(1) "unpack" and "arrange" are not used in #pragma STRUCT*.
(2) If consecutive bit fields of the same type exist,the members are placed consecutively.

(3) If bit fields of different types exist, and there is a previous bit field of the same type, the
members are placed in succession next to this previous bit field.

(4) If no previous bit field of the same type exists, the members are placed from the next address.
(5) Members are not placed consecutively across non-bit-field members.

To place members that meet the above conditions in the order in which they are specified, use one of
the following countermeasures:

Countermeasure 1: Enclose each bit field of a different type in its own struct { }.

Countermeasure 2: Use the same type when declaring fields that you would like to place
consecutively.

#1 This cannot be changed using options or #pragma STRUCT.

The following is an example in which the order of members is changed, and examples for each of the
above countermeasures.

Example in which the member order is changed:
struct tagData ({

unsigned char cO0a : 5; /* (1) */
unsigned char cOb : 3; /* (2) */
unsigned char cla : 6; /* (3) */
unsigned char clb : 2; /* (4) */
unsigned int i2a : 10; /* (5) */
unsigned int i2b : 6; /* (6) */
unsigned char c4a : 3; /* (7) */
unsigned char c4b : 5; /* (8) */
unsigned char c5; /* (9) */
unsigned char c6a : 5; /* (10) */
unsigned char céb : 3; /* (11) */

} s

For the above code, members are placed as follows:

(1), (2), (3), and (4) are placed consecutively.

Since the type differs for (5) and (6), members of the same type, (7) and (8), are placed first.
Since (9) is a non-bit-field member, (10) and (11) cannot continue from (7) and (8).

(5) and (6) are placed from the address after (7) and (8), as their type is different.

(9) is placed from the address after (5) and (6), as it is a non-bit-field member.

(10) and (11) are placed from the address after (9).
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Countermeasure 1: Enclose each bit field of a different type in its own struct { }.
struct tagData {

struct {
unsigned char cOa : 5; /* (1) */
unsigned char cOb : 3; /* (2) */
unsigned char cla 6; /* (3) */
unsigned char cilb 2; /* (4) */
}Sl;
struct {
unsigned int i2a : 10; /* (5) */
unsigned int i2b : 6; /* (6) */
}82;
struct {
unsigned char c4a : 3; /* (7) */
unsigned char c4b : 5; /* (8) */
}S3;
unsigned char c5; /* (9) */
struct {
unsigned char c6a : 5; /* (10) */
unsigned char céb : 3; /* (11) */
}54;

}oss
®  Note that areas referencing this structure need to be changed.
Before: s.cOa = 1;
After: s.sl1.cO0a =1,

Countermeasure 2: Use the same type when declaring fields that you would like to place
consecutively.

struct tagData {

unsigned int cla 5; /* (1) */
unsigned int c0b 3; /* (2) */
unsigned int cla 6; /* (3) */
unsigned int clb : 2; /* (4) */
unsigned int i2a : 10; /* (5) */
unsigned int i2b 6; /* (6) */
unsigned int c4a 3; /x (7)) %/
unsigned int c4b 5; /* (8) */
unsigned char  c5; /* (9) */
unsigned char céa 5; /* (10) */
unsigned char céb 3; /* (11) */

}osi
Members (1) to (8) and (10) to (11) are placed consecutively.

Using this method may increase the amount of code slightly.
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8.1.11 Increment and Decrement Operators

B Question:

I have programmed the C code shown in (1).

When looking at the generated code, it appears that the variable x is compared to 5 before it is
incremented. To have the variable x compared to 5 after it is incremented, do | need to change this
code to something like that shown in (2)?

(1) if (x++ == ){
aaasub () ;
1
(2) X++;
if (x ==5){
aaasub () ;
1
B Answer:

There are two ways to use the ++ increment operator and —- decrement operator: before the variable,
and after the variable.

After the variable: increment/decrement is performed after the variable is used.
Before the variable: increment/decrement is performed before the variable is used.

Since the increment operator used in your program is placed after the variable, the variable x is
compared to 5 before increment is performed. To achieve the expected results, place the increment
operator before the variable as follows:

if (++x == 5){
aaasub () ;
}
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8.1.12 Placing External Variables

B Question:

When writing a C program, how can | have external variables placed in the order in which they are
defined?

| Answer:

With the standard NCxxWA, external variables are placed as grouped into each of the following
attributes:

near ——71— Initialized = ———— Even-sized data — Definition order
—— Odd-sized data — Definition order

— Uninitialized —T71— Even-sized data — Definition order

—— Odd-sized data — Definition order

far Initialized ——71— Even-sized data — Definition order
— Odd-sized data — Definition order

Uninitialized —— Even-sized data — Definition order

— Odd-sized data — Definition order

You cannot group initialized and uninitialized data together, but you can specify the "-fno_even"
command option at compile time to group even-sized data and odd-sized data, placing external
variables as follows:

near ———— Initialized —— Definition order
— Uninitialized — Definition order
far —— Initialized  — Definition order
—— Uninitialized — Definition order
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8.1.13 Placing an Array in the far Area

B Question:

What declaration in NC30WA should I use to place an array in the "far" area, but the pointer that
references it in the "near" area?

| Answer:

As an example, use a declaration like the following to declare a 64-byte array of the short type:

/* (1) declaring the array itself */
short far datal[64];

/* (2) declaring the pointer to the array */
short far *pdata;

The pointer in (2) is stored in the "near" area as shown below. This pointer points to the "far" area.

—— pdata —— <-- 4 bytes (the start address of the array is stored)

You can also change the area in which the pointer to the array is placed, and the area to which the
pointer points, as shown below.

short * far pdata
In the above, pdata is placed in the "far" area, and that to which it points is placed in the "near"
area. If "far" is omitted, this is handled as "near".

short far * far pdata
In the above, pdata is placed in the "far" area, and that to which it points is also placed in the "far"
area.

short far * pdata
In the above, pdata is placed in the "near" area, and that to which it points is also placed in the
“far" area.

short * pdata
In the above, pdata is placed in the "near" area, and that to which it points is also placed in the
"near" area.
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8.1.14 Placing a Function at a Fixed Address

B Question:

How can | place the functions in a C program at an absolute (fixed) address?

[ ] Answer:

NC30WA places functions in the program section. As such, to place functions in an absolute address,
specify the location of the program section.

Since addresses in the program section come after the .section program line in the "sect30.inc" file,
they can be specified using the .org pseudo-instruction.
To place a function at the 10000H address, specify the following in the “sect30.inc" file:

.section program
.org 10000H

To place each function at a separate address, use #pragma SECTION for each function to create a
section with a name other than that of the program section, and change the code so that the address of
the section is specified.

To place the func() function in a section called programl, and place the section at 20000H:

(1) You can specify the name of the section in which to place the function as follows:

#pragma SECTION program programl
func ()

{
}

(2) In the "sect30.inc" file, specify the section address as follows:

.section programl
.org 20000H
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8.1.15 Specifying an Absolute Address Using #pragma ADDRESS

B Question:

How can | use #pragma ADDRESS to specify the same absolute address as the following?

#define AAA (*(volatile unsigned char *)0x000406)

| Answer:

To use #pragma ADDRESS to specify 0x0406 as shown above, use the following:

#pragma ADDRESS AAA 000406h
unsigned char AAA;

Note that the variables declared by #pragma ADDRESS have a volatile attribute without its
specification.
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8.1.16 Using #define to Define a String

B Question:

When | use the preprocessing command #define to define a numerical value in a string, why do
expressions using the defined string return unexpected results?

For example, in the following, the value of cul is not 0X04AAAA, as | would expect.

#define V1 0x040000
#define V2 O0x0AAAA + V1
cul = (WORD *)V2

[ | Answer:

For the above program, the expression for the results of the #define expansion are as follows (note
that #define expansion involves only string replacement):

cul = ( WORD *)O0xOAAAA+ 0x040000;

In this expression, (WORD *) is casted only to 0OXOAAAA, to which 0x040000 is added. Since this
ends up being added to the pointer to int, it becomes 0x80000.

To obtain the expected value, enclose in parentheses the expression defined by #define, as follows:

#define V2 (0x0AARAA + V1)
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8.1.17 Types of Bit Field Members

B Question:

When executing the following program, | thought that the long-type variable | would be substituted
with -1, but instead it was replaced with OxF (15). How can | set it to -1?

void main( void )

{
struct
{
short r : 10 ;
short i : 4 ;
short s : 2 ;
} buf ;
long 1 ;
buf.i = -1 ;
1 = (long)buf.i ;
}
[ | Answer:

The bit field member is processed with unsigned as its type. As a result, variables with large types are
zero-extended when stored or transferred.

As shown below, to handle such variables as sign extensions, declare the type of the bit field member
explicitly, as "signed".

struct

{
signed short r : 10 ;
signed short i : 4 ;
signed short s : 2 ;

} buf ;
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8.1.18 Duplicate Variable Definitions

B Question:

In a C program, if a variable of the same name and type is declared more than once in the same file,
will an error occur?

| Answer:

No error or warning will occur when a variable of the same name is declared more than once in the
same file.

This is due to the adoption of the following ANSI specification:

Note:
""As long as the type of variable allocated to a given does not change within the same file, any
number of external declarations can exist for that name."

No error occurs for the following:
int i;

int i=1;

main ()

{
}

A duplicate definition error occurs for the following:
int i;

char i;

main ()

{
}
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8.1.19 Prototype Declarations for a Function

B Question:

Why is the error message "function-name: value is undefined" output during linking, even though the
function exists?

| Answer:

This happens when the function name on either the side calling the function or the side being called is
_function-name, while the other side is $function-name. This is often due to the fact that no
prototype declaration exists for the function, or the types of the parameters for the functions do not
match. Check the prototype definition.
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8.1.20 External References for Functions Without an extern Declaration

B Question:

Does a compiler error occur when a function performs an external reference without performing an
extern declaration?

| Answer:

If no extern declaration (prototype declaration) exists, the ANSI specification dictates that the return
value of the function is interpreted as an int value. As such, when you use the int type for an external
reference, no error occurs.

To detect functions that have no extern declaration (prototype declaration), specify "-Wno_prototype
(-WNP)" or “-Wall" at compile-time. This will output a warning for any function without a prototype
declaration.
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8.1.21 Code Deletion During Optimization

B Question:

Why is no code output for expressions such as reading a port when an optimization option is used?

[ ] Answer:

This is because the code is deleted as meaningless during optimization. For operations that have a
purpose such as reading, use the volatile declaration to declare any variables.
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8.1.22 Consolidating Bit Access

B Question:

Since consecutive bit access operations are consolidated into one operation, when an interrupt occurs
during bit access, the program sometimes malfunctions. What should | do?

| Answer:

Sometimes malfunction occurs because consecutive bit calculations are consolidated into one
calculation, due to optimization. To avoid such malfunction, you can suppress this kind of
optimization by specifying the "-ONB (-Ono_bit)" option at compile time.
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8.1.23 Placing a Library Function at a ROM Address

B Question:

How can | specify a ROM address at which to place a library function during linking? Also, is there a
section for library functions so that | can specify section placement during linking?

| Answer:

Unfortunately, there is no section for library functions.

To change the section of any library function, in the source program of the library function, specify
the section name in the #pragma SECTION extension function. Both NC30WA and NC308WA come
with the source for each library.

At the start of the library function, add the following #pragma SECTION line.

#pragma SECTION program library

The name of the section in which the library function will be placed is "library". You can specify the
section name as you wish.

Then, after compiling and assembling the library function as you would for a regular function, place
the "library" section at the intended address, and perform linking.

Notes:
#pragma SECTION cannot be used to change the name of a section for libraries in the
assembler. Change .section program directly.

The source for library functions is stored in src30¥lib(src308¥lib), in the NC30WA(NC308WA)
installation directory, if selected as such during installation.
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8.1.24 Processing for Negative Integer Calculations

B Question:

Regarding how processing is performed for the following calculations:
(1) Inwhat direction are the results of negative integer division using the / operator rounded?
(2) What is the sign of the result of modulo operation using the % operator?

(3) When a negative integer is bit-shifted using the >> operator, which is performed: an arithmetic
shift (where the MSB becomes the sign bit) or a logical shift (where the MSB becomes 0)?

| Answer:

(1) The results of negative integer division using the / operator are rounded to 0.

Expression Result
(-10) / 3 -3
(-10) % 3 -1
10 / (-3) -3
10 & (-3) 1
(-10) / (-3) 3
(-10) % (-3) -1

(2) The sign of the result of modulo operation using the % operator is the sign of the dividend.

Expression Result
(-10) % 3 -1
10 & (-3) 1
(-10) % (-3) -1

Note:
If the "'-fround_under_div(-fRUD)"" option is specified, the sign of the divisor is used.

(3) When a negative integer is bit-shifted using the >> operator, an arithmetic shift is performed,
where the MSB becomes the sign bit.
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8.1.25 int Type Sizes

B Question:

In the following program, why does the right-hand side of the aaa = (signed long)( BBB << CCC);
expression yield 0x0000f000? In VISUAL C++, it yields 0x0ffff000.

Example program Generated assembly code

#define BBB (unsigned short) Oxffff
#define CCC (unsigned char) 12
signed long aaa; _test:

El g ! mov.w #0£000H, aaa
test ( void ) mov.w #00000H, aaa+2
{ rts

aaa = (signed long) ( BBB << CCC );
}
B Answer:

The compiler processes the expressions in the above program in the following order:
(1) BBB is converted to the int type.
(if the former value can be expressed as the int type, signed int is used)
(if the former value cannot be expressed as the int type, unsigned int is used)
(2) Shift is performed with CCC.
(3) The result is converted to the signed long type, and stored in aaa.

Since NC30 and NC308 handle conversion to the int type in 16 bits, the expression aaa = (signed
long)( BBB << CCC); is processed as follows:

(1) Oxffff -> Oxffff (this cannot be expressed as the int type, and is converted to the unsigned int
type)

(2) Oxffff<<12 -> 0xf000
(3) Since 0xf000 has no sign, it remains 0x0000f000 even when casted to a signed long. -> aaa.
The result is 0x0000f000.

In NC30 and NC308, to have the result of the expression aaa = (signed long)( BBB << CCC); be
OxOffff000, specify the code to cast the BBB variable instead of casting the shifted results to the
signed long type.

#define BBB (unsigned short)Oxffff
#define CCC (unsigned char)12

signed long aaa;

test ( void )

{
}

aaa = (signed long)BBB<<CCC;
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The following assembly code is generated when the above program is compiled.

;## # C_SRC : aaa = (signed long)BBB << CCC;
mov.w #0£f000H, aaa
mov.w #00f£ffH, aaa+2

Note:
VISUAL C++ handles the int type as 32 bits.

As such, in VISUAL C++ the expression aaa = (signed long)( BBB << CCC); is processed as
follows:

(1) Oxffff -> 0x0000ffff
(2) Ox0000ffff << 12 -> OxOffff000

(3) OxOffffO00 -> aaa
The result of this calculation is Ox0ffff000.
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8.1.26 Controlling the enter Instruction

B Question:

With NC308WA Version 3.00 Release 1, the enter instruction is output at the beginning of functions.
But since this is not output with Version 3.10 Release 2, stack parameters cannot be referenced with
inline assembly code. Is there any way of controlling the enter instruction?

[ | Answer:

With NC308WA Version 3.10, optimization has been strengthened not to output unnecessary enter
instructions. However, since processing within inline assembly code is not taken into account, when
parameters and automatic variables are not referenced outside the range from #pragma ASM to
#pragma ENDASM or other than asm(), the enter instructions are deemed unnecessary and not
output.

NC308WA supports the use of asm("... $$ or $@ ...", variable-name); to use inline assembly code to
reference C variables.

Since this method allows you to properly check from the compiler whether the value is used, you can
generate enter instructions as necessary. If you use another method to reference C variables,
operation may become unpredictable, or compatibility between versions may be lost. When using
such a method to reference variables and parameters, do not set function return values.

We recommend that you use code such as that in the following examples.
Example 1:

void memset (char *p, char c, unsigned short n)

{

asm(" PUSHM Al1,RO,R3 " // The registers used must be saved
asm(" MOV.L $S$[FB],Al1 ", d); // Parameter d is transferred to Al
asm(" MOV.B $$[FB],ROL ", c); // Parameter c is transferred to ROL
asm(" MOV.W S$S$[FB],R3 ", n); // Parameter n is transferred to R3
asm(" SSTR.B ")

)

asm(" POPM Al,RO,R3 "

Example 2:

void memset (char *p, char c, unsigned short n)

{

; // The registers used are restored

asm(" PUSHM Al,RO,R3 "); // The registers used must be saved
asm(" MOV.L S$@,Al ", d); // Parameter d is transferred to Al

asm(" MOV.B $@,ROL ", ¢); // Parameter c is transferred to ROL
asm(" MOV.W $@,R3 ", n); // Parameter n is transferred to R3

asm(" SSTR.B ")

asm (" POPM Al1,RO,R3 "); // The registers used are restored

For automatic variables, $$ is replaced with the offset from the FB register value. For external
variables, symbols, or register variables, $3 is replaced with the register name.

$@ is replaced with an operand indicating an automatic variable, external variable, or register
variable. The type of variable corresponding to $@ is automatically determined by the compiler.

Optimization may change the function parameters and automatic variables to register variables, but
not variables specified using asm("$$ or $@",variable-name). As such, no situation exists where, for
example, a $$ intended to be written for the offset from an automatic variable FB becomes a register
variable, and is accidentally expanded to the register name.
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8.1.27 Performance for the Floating-point Library

B Question:

What can you tell me about performance for the floating-point library?

[ ] Answer:

Performance for the floating-point library is as follows:

Measurement conditions

(1) Compiler used: M3T-NC30WA V.5.30 Release 02

(2) Emulator used: Compact emulator for the M16C/Tiny series (M30290T2-CPE)
Clock 20 MHz High-speed mode

Measurement results

e Arithmetic operations

float double

Addition (7.1+2.9) 33 usec 37 usec
Subtraction (7.9-2.9) 35 usec 40 psec

Division (3.5/0.5) 79 usec 164 usec
Multiplication (7.5*10.2) 22 usec 37 usec

e Mathematical functions

acos(0.5) 9.718 msec
asin(0.5) 10.682 msec
atan(0.5) 7.984 msec
atan2(1.5,0.5) 13.119 msec
ceil(10.8) 0.104 msec
c0s(0.5) 2.775 msec
cosh(0.5) 1.934 msec
exp(10.4) 1.533 msec
fabs(x) 0.010 msec
fmod(10.5,1.5) 0.218 msec
Idexp(10.4,3) 0.006 msec
log(2.4) 4.587 msec
0g10(100.3) 5.295 msec
pow(10.3,4.5) 7.061 msec
sin(0.4) 3.047 msec
sinh(0.6) 1.938 msec
sqrt(100.1) 2.112 msec
tan(0.5) 2.717 msec
tanh(0.9) 1.966 msec
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8.2 Linker

8.2.1 "-LOC" Option for In308 and In30

B Question:

In what situations should I use the "-LOC" option for In308 or In30?

[ | Answer:

This option can be used for applications in which the program runs in RAM. In this case, the RAM
address of the program running in RAM is defined using the "-ORDER" option. Then, the ROM
address registering the program transferred to RAM is defined using the "-LOC" option.

Note that the "-LOC" option functionality only registers the defined program at the specified address,
and does not have any functionality to transfer the program to an address area during execution.
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8.2.2 Warnings During Linking

B Question:

The warning "16-bits unsigned value is out of range 0 -- 65535. address="xxxx"" that is output during
linking, does not occur when the RAM size is decreased. What is wrong?

| Answer:

The above warning is output when bit operations are output for areas not reachable by bit operations
(outside of OH to 1FFFH). The reason that decreasing the RAM size prevents the warning from being
output is that variables in areas other than from OH to 1FFFH are fit into the area from OH to 1FFFH,
and can be reached by bit operations. The address at which variables are placed cannot be determined
at compile-time, as this is determined during linking.

Perform the following to remove settings for outputting bit operations:
(1) If -fbit (or -fB) is specified during compile-time, clear this specification.
(2) If the corresponding variable is specified in #pragma BIT, clear this specification.
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8.2.3 Changing a Start Address

B Question:

How can | convert a program for which the start address is coded as 0XFC0000 to the Motorola S
format with a start address of 0x000000?

Also, why doesn't the start address change when | run Imc308 as follows?

>1lmc308 -E 00 test.x30

B Answer:
Imc308 cannot change start addresses. The "-E" command option is for registering an execution start

address, which is registered in digits 5 to 8 of the S8 record on the last line of the Motorola S format.
However, keep in mind that this option cannot change the start address.
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8.3 Stk Viewer

8.3.1 Stk Viewer Stack Size

W Question:

The stack size displayed in Stk Viewer was secured, but an overflow occurred nonetheless. Is the
stack size displayed in Stk Viewer not sufficient?

| Answer:

The stack size displayed in Stk Viewer is for reference only.

Stk, which is called by Stk Viewer, calculates the stack size based on stack information in the
absolute module files output by the compiler, but since this size is only theoretical, it is not the actual
size as calculated from the tracing the program.

Also note that Stk does not take interrupt functions into account.

To calculate the stack size with interrupt functions taken into account, add the stack size of the
functions or assembly routines for which interrupts occur as displayed in Stk Viewer, to the stack size
of the interrupt function.
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84 SQMLint

8.4.1 Selecting Test Rules

B Question:

Is there a way to select only the necessary rules from those that can be tested with SQMIint?

[ | Answer:

You can select specific rules to be tested, from those that can be tested with SQMIint. You can select
these rules as follows:

(1) Testall rules that can be tested with SQMlint.
(2) Of the rules that can be tested with SQMlIint, test only those deemed "required" by MISRA C.

(3) Of the rules that can be tested with SQMlint, test all deemed "required", as well as those
deemed "advisory" whose numbers are specified.

(4) Of the rules that can be tested with SQMlIint, test only those whose numbers are specified.

For details about rules that can be tested with SQMIint and their numbers, in Chapter 7, see Table 7.2
Rules Supported by SQMlint.
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8.4.2 Outputting Report Files

B Question:

I want to compile multiple C source files while outputting the results, as checked with SQMlint, to a
report file. How can | output a separate report file for each source file?

| Answer:

Use the High-performance Embedded Workshop or TM Embedded Workshop.
® For High-performance Embedded Workshop:
For M3T-NC30WA or M3T-NC308 WA:
(1) Choose the [Options] menu, and then [Renesas M16C Standard Toolchain].
(2) Inthe [C] tab of the displayed dialog box, select [MISRA C Rule Check] for [Category].
(3) Set [[-r] Report file name:] as follows:

$ (CONFIGDIR) ¥$ (PROJECTNAME) . csv

For M3T-CC32R

(1) Choose the [Options] menu, and then [Renesas M32R Standard Toolchain].

(2) In the [C] tab of the displayed dialog box, select [MISRA C Rule Check] for [Category].
(3) Set [-misra_report Report file name:] as follows:

$ (CONFIGDIR) ¥$ (PROJECTNAME) .csv

® ForTM:
For M3T-NC30 WA or M3T-NC308 WA:
(1) Choose the [Project] menu, and then [Option Browser].
(2) Choose [CFLAGS], and then [Edit...].
(3) For the option change category, select [MISRA-C check option].
(4) Select the [-sgmlint] option, and set the parameter string as follows:

-misra all -r $*.csv

For M3T-CC32R

(1) Choose the [Project] menu, and then [Option Browser].

(2) Choose [CFLAGS], and then [Edit...].

(3) For the option change category, select [MISRA-C check option].

(4) Select the [-misra_report] option, and set the parameter string as follows:

S*.csv

Note:
When entering commands from the command line, specify the name of the report file for each
compiled file, as follows:

>nc308 -c test.c -sq -sgmlint "-misra all -r test.csv"

In other words, compile one C source file for each command.
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For example, when the following is executed on the command line, only the report results for
test2.c are saved in the "'report.csv' file:

>nc308 testl.c test2.c -sq -sgmlint "-misra all -r report.csv"
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8.4.3 Report Messages (1)

B Question:

When | specify the enum type for the parameter of a prototype declaration, and specify an
enumerator as the actual parameter when calling the function, the following message is output even
though they are of the same type. Why is this message output?

Example C source:

enum E { A, B, C };
void funcl(enum E);

void func2()

funcl(A);

Message output:

Rule 77 (Complaining) "parameter type shall be compatible with prototype,
the 1st parameter"

[ | Answer:

The type for enumerators is int.

Since SQMIint performs strict comparison for dummy parameters and their corresponding actual
parameters, the enum E type and int type are treated as distinct, and the report message is output.
Disregard any such messages.
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8.4.4 Report Messages (2)

B Question:

When | specify an enumerator on both sides of the : ternary operator, and substitute the resulting
return value with an enumeration variable, the following message is output even though they are of
the same type. Why is this message output?

Example C source:

enum E { A, B, C };

void func(int 1)

{

enum E e;
e=((i=0)7?A:B;
3

Messages output:

Rule 43 (Complaining) "information loss conversion (from 'signed int' to
'enum E') in assignment operation"

Rule 29 (Complaining) "enum type object to which has not been assigned own
enumerator"

[ ] Answer:

When you specify enumerators for both sides of the : ternary operator, the operator returns a value of
the int type. As such, this is the same as substituting an int-type constant for an enumeration variable,
and the report message is output. Disregard any such messages.
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8.5 High-performance Embedded Workshop

8.5.1 Link Order for Files

W Question:

I want to create a project in the High-performance Embedded Workshop, but the links for the files
end up being alphabetized by file name. How can | have the startup file (ncrt0.r30) linked first?

H  Answer:
Perform the following:

e For M3T-NC30WA Version 5.20 R1:
(1) Choose the [Options] menu, and then click [Renesas M16C Standard Toolchain...].
(The [Renesas M16C Standard Toolchain] dialog box appears.)
(2) Click the [Link] tab.
(3) For [Category:], select [Input].
(4) For [Show entries for:], select [Relocatable files].
(5) Click the [Add] button.
(The [Add Relocatable Files] dialog box appears.)
(6) For [Relative to:], select [Configuration directory].
(7) For [File path:], enter "ncrt0.r30".
(8) Inthe [Add Relocatable Files] dialog box, click the [OK] button.
(9) Inthe [Renesas M16C Standard Toolchain] dialog box, click the [OK] button.
This will allows you to link "ncrt0.r30" first.

e For M3T-NC30WA Version 5.30 R1, M3T-NC308WA Version 5.20 R1, and M3T-NC8C Version
5.30 R1:

When a new project workspace is created, the file will automatically be linked first only if the name
of the startup program is "ncrt0.a30".

Otherwise, this can be accomplished as follows:
(1) Choose the [Options] menu, and then click [Renesas M16C Standard Toolchain...]**.
(The [Renesas M16C Standard Toolchain] dialog box appears.)

#1
For M3T-NC308WA, this is [Renesas M32C Standard Toolchain...].

For M3T-NC8C, this is [Renesas R8C Standard Toolchain...].
(2) Click the [Link] tab.
(3) From [Category:], select [Other].
Select the [Start-up program is linked to a head.] option to have the startup file linked first.
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For startup programs whose file name is not "ncrt0.a30", use the first one of the above methods.
Overview of the [Relocatable files] list:

When files registered in the workspace are added to the [Relocatable files] list, they are linked
before the files registered in the workspace.

When files not registered in the workspace are added to the [Relocatable files] list, they are
linked after the files registered in the workspace.

Files added to the [Relocatable files] list are linked in list order.
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8.5.2 Link Order for Relocatable Files

B Question:

How can | change the order in which relocatable files are linked?

[ ] Answer:

Relocatable files are linked in the following order:

(1) Files registered in both the workspace and the [Relocatable files] list are linked in the order of
the [Relocatable files] list.

(2) Files registered only in the workspace are linked in alphabetical order.
(3) Files registered only in the [Relocatable files] list are linked in list order.
Add files to the [Relocatable files] list as necessary.
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8.5.3 Generating Motorola S Format Files

B Question:

How can | generate Motorola S format files?

[ ] Answer:

Perform the following:
(1) Choose the [Options] menu, and then click [Build Phase].
The [Build Phase] dialog box appears.
(2) Click the [Build Order] tab.
The order list of the build phase appears.
For M3T-NC30WA Version 5.20 Release 1, select [M16C Stype Converter].
For M3T-NC30WA Version 5.30 Release 1; select [M16C Load Module Converter].
For M3T-NC308WA Version 5.20 Release 1; select [M32C Load Module Converter].
For M3T-NC8C Version 5.30 Release 1; select [R8C Load Module Converter].
For M3T-CC32R, select [M32R Stype Converter].
(3) Click the [OK] button to close the dialog box.
(4) Choose the [Options] menu, and then click [Renesas M16C Standard Toolchain...]".
The [Renesas M16C Standard Toolchain] dialog box appears.

#1
For M3T-NC308WA, this is [Renesas M32C Standard Toolchain...].

For M3T-NC8C, this is [Renesas R8C Standard Toolchain...].
For M3T-CC32R, this is [Renesas M32R Standard Toolchain...].
(5) In the [Renesas M16C Standard Toolchain] dialog box, click the [Lmc] tab.
The [Option Settings for Loading Module Converters] window appears.
(6) Set the necessary options, and click the [OK] button to close the dialog box.
This completes these settings.
From now on, the loading module converter is executed at build-time.
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8.5.4 Installing High-performance Embedded Workshop (1)

B Question:

I installed the version of the High-performance Embedded Workshop that comes with
M3T-NC30WA, on a machine on which the High-performance Embedded Workshop environment
was already installed. But even when | start the High-performance Embedded Workshop, M16C is
not displayed as a toolchain.

| Answer:

When installing the version of the High-performance Embedded Workshop that comes with
M3T-NC30WA, be sure to install it in the same directory as the already installed the
High-performance Embedded Workshop, overwriting the previous installation. Also, since the
High-performance Embedded Workshop environment needs to be installed before M3T-NC30WA,
be sure to use the installer for the M3T-NC30WA compiler.

For those using SHC Version 7 and H8C Version 5:

Be sure to download and install the High-performance Embedded Workshop revisions for the
updated compiler package from the following URL, and then install the M3T-NC30WA
compiler:

http://download.renesas.com/eng/mpumcu/upgrades/IDEs_and project manager
s/hew/index.html
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8.5.5 Installing High-performance Embedded Workshop (2)

B Question:

When | start the High-performance Embedded Workshop and try to create a new project workspace,
I cannot, since nothing is displayed in the project type field. Why is this?

| Answer:

For the version of the High-performance Embedded Workshop environment that comes with
M3T-NC30WA, be sure to use the M3T-NC30WA installer. Also, when installing M3T-NC30WA for
the High-performance Embedded Workshop on a machine on which the High-performance
Embedded Workshop environment is already installed, be sure to perform installation by overwriting
the existing the High-performance Embedded Workshop environment.

If this does not solve the problem, perform the following for toolchain registration:
(1) Start the High-performance Embedded Workshop.
(2) When the [Welcome!] dialog box appears, click the [Cancel] button.

(3) In the High-performance Embedded Workshop menu, choose [Tools], and then click
[Administration]. The [Tool Administration] dialog box appears.

(4) Inthe [Tool Administration] dialog box, click the [Registration] button. The [Choose HEW
Registration File] dialog box appears.

(5) In the [Choose HEW Registration File] dialog box, for the file location, navigate to the
M3T-NC30WA installation directory (which is "¥MTOOL" by default).

(6) Select "nc30wa.hrf", and click the [Select] button.
(7) When you return to the [Tool Administration] dialog box, click the [OK] button.
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8.5.6 Cancelling a Build

B Question:

How can | cancel a build when a compiler error occurs while the build is being performed?

[ ] Answer:

With the default High-performance Embedded Workshop settings, even when an error occurs during
a build, the build is not cancelled, and processing is performed through to linking. You can perform
the following settings to cancel a build whenever an error occurs.

(1) From the [Tools] menu, click [Options]. The [Options] dialog box is displayed.
(2) Inthe [Options] dialog box, click the [Build] tab. The settings for build processing are displayed.
(3) Select [Stop build if the number of errors is exceeded:].
(You can specify this number of errors in the adjacent test box.)
(4) Click the [OK] button to close the dialog box.

To cancel a build when a warning occurs, select [Stop build processing if the number of warnings is
exceeded:]. Just as with errors, you can specify this number of warnings in the adjacent test box.
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8.5.7 Selecting a Build Target

B Question:

When | perform a build with the High-performance Embedded Workshop3, the file built is not the
one specified (the file selected in the tree of the [Project] tab, in the workspace window), but the one
open in the editor. Why is this?

Hm  Answer:
When the file open in the editor has focus (you can see the cursor), it becomes the build target. This is

because source files are often built after being edited. If the editor does not have focus, the file
selected in the tree of the [Project] tab, in the workspace window, is the build target.
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8.5.8 Build Configuration

B Question:

Why is it that even if a build error occurs when [Release] is selected for the build configuration,
compile can be performed properly when [Debug] is selected?

| Answer:

This is because the options set for [Debug] and [Release] are different.
About the utility of build configurations:

When a project is created in the High-performance Embedded Workshop, two build
configurations are created: [Release] and [Debug]. Different option patterns can be set for each
configuration, so that these option patterns can be easily switched by switching the build
configuration.

® Note that when the High-performance Embedded Workshop first creates these build
configurations, the option patterns of each are identical.

For the above reasons, when option patterns are changed for one of the configurations in the
High-performance Embedded Workshop, the changes are not automatically applied to the other
configuration.
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8.5.9 Outputting Debugging Information

B Question:

I am using NC8C Version 5.30 Release 1. Is debugging information output by default when a project
is created?

| Answer:

Debugging information is not set to be output by default when a work space is created.
To output debugging information, set the corresponding options as follows:

(1) From the [Options] menu, click [Renesas R8C Standard Toolchain].

(2) The [Renesas R8C Standard Toolchain] dialog box appears.

(3) Click the [C] tab.

(4) From [Category], select [Object].

(5) From the [Debug options] list, select [-g].

(6) Click the [OK] button.
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8.6 SBDATA Declaration Utility

8.6.1 SBDATA Declaration Utility

W Question:

Why are some variables commented out when | use the SBDATA declaration utility (utlxx) to
generate "sbdata.h"?

| Answer:

Variables already declared as SBDATA in a program are mapped first to the SBDATA area. The
SBDATA declaration utility maps the remaining parts to variables. As such, variables not mapped to
the SBDATA area are output as comments. There are two kinds of comments output:

(1) Comments for variables already declared in #pragma SBDATA.
The @ character is appended to the end of the comment.
//#pragma SBDATA ***kkxkkkkx /* size=( 1) / ref=[ 22] @
*/
(2) Comments for variables that could have been but were not mapped to SBDATA.

//#pragma SBDATA  *x%xkkkkxkx* /* size=( 1) / ref=[ 221 */
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Appendix

Appendix A. Added Features

A.l Features Added between Ver 1.00 Release 1 and Ver 2.00 Release 1

Q) SB308: SBDATA declaration utility

This utility analyzes information on variable usage, and outputs the SBDATA declarations
(#pragma SBDATA) in order of access frequency.

You can reduce code size by including the output header file, and then recompiling.
(2 SP308: Special page declaration utility

This utility analyzes information on function calls, and outputs special page declarations (#pragma
SPECIAL) in order of number of times functions are called.

You can reduce code size by including the output header file, and then recompiling.

3 Levels for optimization options

e Optimization options have been divided into five levels, "-O1" through "-O5", to facilitate
specification.

-01 Only performs optimization that does not affect debugging information (line
information).

-02 With Version 2.00 Release 2, this is the same as -O1.

-03 Performs optimization, including that which affects debugging information.
Specifying -O is has the same effect as specifying -O3.

-04 In addition to the optimizations performed with -O3, performs optimization whereby
references to the const external variable are replaced with a constant.

-05 In addition to the optimizations performed with -O4, performs common
sub-expression optimization whereby variable aliases (such as indirect references)
are disregarded.

Note that when the same variable is used, if operation involves both direct and
pointer indirect references, or multiple pointers are used indirectly, code may be
created that behaves unexpectedly. As such, use this option only after taking
generated code into careful consideration.

e -Ono_logical_or_combine (-ONLOC)

Prevents optimization in which consecutive logical ORs are combined. This takes effect when the
level specified is "-O3" or greater.

o -Ocompare_byte to_word (-OCBTW)
Performs comparison by word for sequential bytes in sequential memory.

This option takes effect regardless of the other options specified.
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(4)Warning options

o -Wilarge_to_small (-WLTS)
Issues a warning for implicit type conversions from large sizes to small sizes.

This option does not take effect unless explicitly specified, even when the "-Wall" option is
specified.

e -Wuninitialize_variable (-WUV)
Issues a warning when an uninitialized auto variable is used.

When the "-Wall" option is specified, this option takes effect automatically, even when not
specified.

Note that in a user application, when initialization is performed by branching by means of such
conditions as "if" or "for", the compiler will evaluate this as initialization not performed, and a
warning will be output.

Example:
main ()
{
int i;
int wval;
for (i=0;i<2;i++) {
£0);
val = 1; //Initialization always performed here
}
ff£f( val );
}

(5)Options to change output code
e -finfo
Outputs information files for SB308 and SP308.
e -fuse CLIP (-fUC)
Generates code, using CLIP instructions.
o -fuse_ MAX (-fUM)
Generates code, using MIN and MAX instructions.
(6)Variable name expansion processing for the asm function
Support has been added for variable name expansion, using $@. When $@ is specified, the

compiler performs output after evaluating whether the corresponding variable is an auto variable,
register variable, or external variable.

Example: asm(** mov.w  #10H,3$@",1);
(7)AS308 functionality

Operations that contain strings can now be specified in assembler directions and mnemonic
operands.

(8)XRF308 functionality

The maximum number of files that xrf308 can open concurrently has been changed to 600.
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A.2 Features Added between Ver 2.00 Release 1 and Ver 2.00 Release 2

None.
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A.3 Features Added between Ver 2.00 Release 2 and Ver 3.00 Release 1

1) aopt308: assembler optimizer

The assembler optimizer aopt308 has been added, allowing conditional branches using the adjnz
command to be optimized. Note that aopt308 is run automatically when compilation is performed
with compile driver nc308, with one of "-O", -"03", "-04", "-O5", "-OR", or "-OS" options
specified.

(2 utl308: SBDATA declaration and special page declaration utility

The SBDATA declaration utility and special page function declaration utility have been merged into
utl308, and the existing sb308 and sp308 utilities have been discontinued.

You can reduce code size by including the output header file of this utility.
3) STK viewer (for W95J and Solaris versions only)

A GUI has been created for the stack usage calculation utility, to increase usability and viewing.
4) Map viewer (W95J version only)

A utility for viewing map information has been added, allowing map information to be viewed
more easily.

(5) Support for the integrated development environment TM Version 3.00 (W95J version only)
Support has been added for integrated development environment TM Version 3.00.
Note that TM version 2.01 and earlier is no longer supported.

(6) Merging of stack information and utility information

Until now, stack information (.stk) and information for the SBDATA declaration and special page
declaration utility (.utl) have been output individually for each source file. These have been merged
with inspector information, so that separate data files no longer need to be created.

Note that inspector information is used by integrated development environment TM Version 3.00,
and is stored in relocatable files (.r30) and absolute module files (.x30).

@) NC308 functionality

(@) Optimization options
e The -"Oloop_unroll[=maximum-number-of-loops](-OLU)" command option

Improves execution speed by expanding, during compilation, “for" loops for which the number of
loops is clear.

If the maximum number of loops is specified, loops that loop within the specified number of times
will be expanded.

If the maximum number of loops is omitted, "for" loops that loop five or fewer times will be
expanded.

(b)  Strengthened warning functionality and suppression options
e Warnings for missing includes in the header files of standard library functions

When the "-Wno_prototype" or "-Wall" option is specified, the standard library functions are used.
If header files needed for these functions are not included, a warning message will be output.

e The "-Wno_warning_stdlib(-WNWS)" command option
Suppresses the warning messages output when the above header files are not included.

This option takes effect when the "-Wnon_prototype (-WNP) or "-Wall" option is specified.
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(c) Function start alignment by default, and corresponding suppression option
Even alignment for instruction positions of function starts can now be performed by default.

With this, the "-fno_align" option has been added to suppress even alignment for instruction
positions of function starts, and the "-falign" option to perform even alignment has been
discontinued.

(d) Changes to utility information output options
e Changes in functionality for the "-finfo" command option

As stack information and utility information have been merged, inspector information (including
stack information and utility information) can now be output using the "-finfo" option.

The previous "-fshow_stack usage(-fSSU)" option has been discontinued.

(e) CLIP, MAX, and MIN instructions used by default

The "-fuse_CLIP(-fUC)" and "-fuse_ MAX(-fUM)" options to use the CLIP, MAX and MIN
instructions have been discontinued, so that these instructions can be used without specifying
anything.

(8) AS308 functionality

(@ Functionality to create inspector information
e The "-finfo" command option

The "-finfo" command option has been added, to create inspector information.

e Directives

The following directives have been added.
e INSF: Shows function (subroutine) start information for the inspector information.
e _EINSF: Shows function (subroutine) end information for the inspector information.
e .CALL: Shows function (subroutine) call destination information for the inspector information.
e .STK: Shows stack information for the inspector information.

(b)  Branch optimization implementation

Branch optimization can be performed using the adjnz and shjnz instructions. Note these are
equivalent to conditional branch instructions for optimal choice rules.

9 LMC308 functionality

e The "-A" command option

The "-A" command option was added, to specify the address range of machine-language data
output to the created file.

e The "-F" command option

The "-F" command option was added, to output optional data for addresses not registered in the
specified absolute module file.

e Extension functionality for the output file name specification option

The output file name specification option "-O" can now be used to specify the extension of the
output file name.

e Changes to functionality for generation conditions of original Mitsubishi HEX format files
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Previously, when the "-H" command option was specified, files were created in the original
Mitsubishi HEX format for all sections registered in the specified absolute module file, based on
the maximum address value of the set data. With this version, this only happens when addresses for
sections that have the CODE or ROMDATA attribute exceed 1MB. Note that when an original
Mitsubishi HEX format file is created, the "Original HEX format for mitsubishi microcomputers is
generated" warning message is output.

Changes to functionality when no ROM data exists

Previously, when sections in the specified absolute module file that had the CODE or ROMDATA
attribute contained no data, a machine-language file containing no data was created. With this
version, an error will occur.

Execution path display

The execution status of Imc308 is now displayed as a path, the same as with the assembler.
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A.4 Features Added between Ver 3.00 Release 1 and Ver 3.10 Release 1

(1)
(a)

(b)

(©)

(d)

()

®3)

NC308 functionality

Strengthened optimization

Optimization for conditional branching, bit operations, and register variables in the compiler
architecture has been strengthened.

Optimization for the assembler has also been improved, including that for combining like logical

operations for sequential areas and registers, and for machine-fixed instructions such as btsts.
Strengthened warnings and additional options

The "-Wno_used_argument(-WNUA)" command option has been added.

When this option is specified, warnings are issued for unused parameters during function
definition.

This function does not take effect, even when "-Wall" is specified, and needs to be specified
separately.

Options for assembling list files
The "-dsource_in_list(-dSL)" command option has been added.

When this option is specified, whenever a relocatable file is created, an assembling list file is also
created, and output as commented C source lines.

Note that this has no effect when the "-P", "-E", or "-S" option is specified, as assembling is not
performed.

Changes to "-dsource(-dS)" option functionality

When this option is specified and commented C source lines are output to the generated assembly
source, unnecessary relocatable files (.r30) will no longer be remain undeleted.

AS308 functionality

When absolute addressing "base:19" is specified for the "BTST" operand of a bit operation
instruction, code is now generated in S format.

Strengthened functionality for utl308: SBDATA declaration and special page function
declaration utility
e The "-sh308" and "-sp308" command options can now be specified simultaneously.
SBDATA processing and special page processing can now be performed concurrently.
e The "-fsection" command option has been added.

When this option is specified, variables and functions used in #pragma SECTION to change
location sections are also processed.

e Processing for the "-0" command option has changed, and "-fover_write(-fOW)" has been
added.

When an output file is specified with the "-0" option, if the file already exists, the results will
be output to the standard output, and the file will not be overwritten.

When the "-fover_write(-fOW)" option is specified simultaneously, if an existing file is
specified for "-0", the file will be force overwritten.
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A.5 Features Added between Ver 3.10 Release 1 and Ver 3.10 Release 2

1) NC308 functionality

(@ Increased maximum nesting for #include
The maximum number of nested files that can be loaded using the #include directive has been
increased from 8 to 40.

(b) Changes in how comments are processed
Comment processing has been changed to match that used for common C++ processing.

In previous versions, portions between // and line feed codes were processed after portions
enclosed between /* and */ were processed. In this version, comment processing takes place from
the comment delineator character first.

As a result, keep in mind that comment processing has changed as shown in the following example.

i=4 /[ comment*/
+2;

In previous versions, everything between /* and */ was treated as a comment, leaving i =4/ +2;.
In this version, everything between // and the end of the line is treated as a comment, leaving i = 4
+2;.

(c)  Support for lowercase #pragma extension function names

The designated extension function words following the #pragma directive (such as ADDRESS,
INTERRUPT, SBDATA, and ASM) can now be specified using lowercase letters. The functionality
does not change regardless of the case used.

(d) Changes to #pragma ASM, #pragma ENDASM

In previous versions, if non-paired quote characters (™ or **) were specified between #pragma ASM
and #pragma ENDASM, an error would occur during token analysis. With this version, this is
allowed.

#pragma  ASM
nop ; Insert "NOP" /I The double quote characters are paired, and no problem exists.
nop ; Don't care /I Only one quote character exists.
/I This would lead to an error in previous versions,

/I but is now allowed.

#pragma ENDASM

(e)  Strengthened warning functionality

In previous versions, when the "-Wno_used_argument(-WNUA)" command option was specified,
warnings would be issued for unused stack passing arguments. With this version, warnings are also
issued for unused register passing arguments.
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A.6 Features Added between Ver 3.10 Release 2 and Ver 3.10 Release 3

None.
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A.7 Features Added between Ver 3.10 Release 3 and Ver 5.00 Release 1

1) Linux version
A Linux (supporting Japanese Turbolinux 7 workstation) version has been added.

2 NC308 functionality

(@)  Support for the "long long" type, "' _Bool" type, and "restrict" modifier
Support has been added for the newly created types ("long long" type, and "'_Bool" type) and
"restrict" modifier, for ISO/IEC 9899:1999 (ANSI C99).

(b)  Extension function #pragma BITADDRESS
The extension function #pragma BITADDRESS has been added, allowing "_Bool" type external
variables to be allocated to 1 bit of a specified absolute address.

(c) Extension function #pragma SB16DATA
The extension function #pragma SB16DATA has been added, allowing external variables to be
accessed using dsp16[SB] addressing.

(d) Extension function #pragma DMAC
The extension function #pragma DMAC has been added, allowing external variables to be allocated
to the DMAC register, so that C can be used to access the DMAC register. This functionality
supports DMAC channels 0 and 1.

(e)  Strengthened optimization functionality

Optimization (especially that improving execution speed) including the following has been
strengthened:

¢ Inline function functionality
¢ Constant transmission optimization
e Optimization of analysis for branching, such as using "if" statements

e Optimizations such as those for arithmetic calculations

(f)  Changes to how extension function #pragma SECTION is processed

Processing for #pragma SECTION has been changed to allow the "data” and "rom" section names
within a given source file to be changed multiple times.

() Changes to predefined macros for the M32C/80 series
When the "-M82" code generation option for the M32C/80 series is used, "M32C80", and not
"M16C80", is now defined as the predefined macro.

(h)  Faster interrupt processing functions
Register save and restore processing for interrupt processing functions has been made faster.

(i)  asm function extension
Up to two $$ and $@ can now be used within the asm function.

(i)  Binary support for integer constants

Binary numbers can now be specified for integer constants. Integer constants starting with the "0b"
prefix are treated as binary numbers. For example, you can specify "0b00010010" in binary to
represent the hexadecimal number "0x12".
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3) Inline expansion macro for standard library functions

An inline expansion macro for the strcpy, strcmp, memcpy, and memset standard library functions
has been added to the standard header "string.h".

(@) Strengthened AS308 functionality

(@) Optimization for address register relative addressing

When the address register relative value 0 is used for standard instructions and bit instructions,
address register indirect addressing is selected.

mov.w #1234h,0[A0] — mov.w #1234h,[A0]
bclr 1.0[AQ] — bclr 1,[A0]

(b) The .SBSYM16 directive
When symbols defined with this directive are referenced, dsp16[SB] addressing is selected.

.glb sym

.sbsym16 sym

abs.b sym - dsp:16[SB] is selcted
(5) Strengthened LN308 functionality

(@ Changes to specification rules for command files
The number of characters that can be specified on one line has been increased from 255 to 2,048.

(6) Strengthened map viewer functionality
The following functionality has been added to the map viewer.
e Map information printing
e Scrolling in the left window

e Displayed expansion/reduction of the memory size image
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A.8 Features Added between Ver 5.00 Release 1 and Ver 5.10 Release 1

1) NC308 functionality

(@ The "-fdouble_32[-fD32]" command option
Specifies that double types be handled as 32-bit data lengths, the same as float types.

Note:
When using this option, be sure to indicate the function prototype. If no prototype declaration
exists, code may not be generated properly.

(b) The "-Wno_used_static_function[-WNUSF]" command option

When the "-Ostatic_to_inline[-OSTI]" option is specified, the following warning message will be
displayed when the static function is expanded inline, or is not referenced from anywhere:

[Warning(ccom) :xxx.c,line xx] Code generation for static function
(function-name) can be suppressed by using -ferase_static_function(-fESF)
option.
(c) The "-ferase_static_function=name-of-the-static-function[-fESF=name-of-the-static-function]"
command option
Prevents code from being generated for the specified static function.

Note:
Specify this option for static functions detected by the
"-Wno_used_static_function[-WNUSF]"* command option.

(d) Strengthened "-Oconst” command option
Replaces references to array data initialized by a constant with references to the constant.

(e)  Strengthened processing for sum calculations
The rmpa instruction is now generated for sum calculation processing within "for" statements.

Program example:

signed charchl[10];
signed charch2[10];
int ihi[10] ;
int ih2[10] ;

#define LOOP_MAX 9

signed char *pcl, *pc2;
int *pil, *pi2;
inti;

long 1;

void func_cl(void)

{

int J;

i = 0;

for( j=0; j<LOOP MAX; j++ ){
i =1 + (int)*pcl * (int) *pc2;
pcl++;
pc2++;

}
}

void func_ c2(void)
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int J;

j=0; j<LOOP MAX; j++ ){
= 1 + (int)chl[j] * (int)ch2[j];

——

}
Generated code example:

_func _cl:
pushm R1,R2,R3,A0,A1
mov.w #0000H, 1i:16
mov.w _i:16,R0
mov.1l _pcl:16,A0
mov.1l _pc2:16,A1
mov.w #0009H, R3
rmpa.b
mov.w RO, 1i:16
add.1l #00000009H, pcl:1l6
add.1l #00000009H, pc2:16
popm R1,R2,R3,A0,A1
rts

_func _c2:
pushm R1,R2,R3,A0,A1
mov.w #0000H, 1i:16
mov.w ~1i:16,R0
mov.w #( _chl&OFFFFH) , A0
mov.w #( ch2&0FFFFH) ,Al
mov.w #0009H,R3
rmpa.b
mov.w RO, _1i:16
popm R1,R2,R3,A0,A1
rts

Notes:
®  One of the ""-O[3-to-5]", "*-OS", or ""-OR"* optimization options needs to be specified.
® The rmpa instruction may not be generated, depending on the processing for the sum
calculation in the ""for' statement.

2 AS308 functionality

(@) AS308 options "-PATCH_TA" and "-PATCH_TAnN"
Generates code to save precautions for timer functionality, for controlling three-phase motors.

(b) LN308 option "-U"
Outputs a warning message output for unused functions.

(c) LMC308 option "-F"
Ranges can now be specified for processing to embed arbitrary data in free areas.
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A.9 Features Added between Ver 5.10 Release 1 and Ver 5.20 Release 1

1) NC308 functionality

(@ High-performance Embedded Workshop
The High-performance Embedded Workshop, an integrated development environment that
combines and batch manages various tools, including editors and debuggers, has been added.
(b) The "-fno_switch_table [-fNST]" command option
Generates branching code that always performs comparisons for "switch™ statements

Note:
Specify this option to prevent code from being created that uses table jumps for *"switch™
statements.

(c) The "-fswitch_other_section [-fSOS]" command option
Specifies table codes for "switch" statements in a section other than the program section.

Note:
This option does not take effect when the ""-fno_switch_table [-fNST]"" option is specified.

(d) The "-fmake_vector_table [-fMVT]" command option
Automatically generates interrupt vector tables.

(e) The "-fmake_special_table [-fMST]" command option
Automatically generates special page tables.

() The "-Oforward_function_to_inline [-OFFTI]" command option
Performs inline expansion for all inline functions.

(g) The "-Ofloat_to_inline [-OFTI]" command option

Performs inline expansion of floating-point runtime libraries, to increase speed for floating-point
calculation processing.

Note:
This option takes effect when specified simultaneously with the **-M82" compile option.

(h)  The "-Oglb_jmp [-OGJ]" command option
Selects the optimum branching instruction, based on the branching distance during linking.

(i)  The"-Wno_used_function [-WNUF]" command option
Outputs a warning when an unused formula is detected.

(J))  The "-Wstop_at_link [-WSAL]" command option
Prevents an absolute module file from being created when a warning occurs during linking.

(k)  The "-Wundefined_macro [-WUM]" command option
Outputs a warning when an undefined macro is used within an "#if" statement.

()  Options for the extension function #pragma INTHANDLER (#pragma HANDLER)
Multiple interrupts are now allowed immediately after an interrupt handler is entered.

Note:
This functionality takes effect when the "'/E™ option is specified in #pragma INTHANDLER
(#pragma HANDLER).

Appendix-14



2 AS308 functionality

(@  The"-fMVT" command option
Automatically generates variable vector tables.

(b) The "-fMST" command option
Automatically generates special page tables.

(c) The"-JOPT" command option
Optimizes branching instructions that reference global labels.

(d) The .ID directive
Sets the ID code for the ID code check function.

() The .PROTECT directive
Sets a value for the control address for ROM code protection.

() The .RVECTOR directive
Sets the software interrupt number and software interrupt name.

(9) The .SVECTOR directive
Sets the special page number and special page name.

3) LN308 functionality

(@  The"-fMVT" command option
Automatically generates variable vector tables.

(b) The "-fMST" command option
Automatically generates special page tables.

(c) The"-VECT" command option
Sets addresses for free areas when automatic generation is performed for variable vector tables.

(d) The "-JOPT" command option
Optimizes branching instructions that reference global labels.

() The"-W" command option
Prevents an absolute module file from being created when a warning occurs.

()  Removal of precautions for the "—L" command option
The following precautions from the previous version have been removed:

When multiple library files are specified, the linker references them in the order they are specified.
As a result, an undefined symbol error will occur when the following conditions are satisfied:

e The relocatable file (sample.r30) references a global symbol registered in the library file
(A.LIB).

e The relocatable module in the library file (A.LIB) linked in (1) references a global symbol
registered in another library file (B.LIB).

e Inthe "-L" option, the library file (B.LIB) from (2) is specified before the library file (A.LIB)
from (1), such as in the following example:
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>1n308 sample.r30 -L B.LIB A.LIB

(4) LMC308 functionality

(@) The "—protectx" command option
Sets a value for the control address for ROM code protection.
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